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ABSTRACT 
The aim of this study was to determine the concentrations of hydrogen cyanide in 
different cassava varieties from four districts of two regions namely Tanga and 
Mtwara and to determine how Senna singueana leaf extract reduce the amount of 
hydrogen cyanide in the selected samples at different temperatures of 26 °C and 36 
°C. From each district most cultivated variety of cassava sample was collected in the 
particular area. Titrimetric method was used to determine free hydrogen cyanide in 
it. The concentration of hydrogen cyanide was also estimated by the measurement of 
pH. 
In Tanga region, the highest mean concentration of hydrogen cyanide was found in a 
variety called Dide, cultivated at Mlola village in Lushoto district with 28.466 mg/kg 
while the lowest concentration of hydrogen cyanide 6.27 mg/kg was found in the 
cassava sample called Msufi which was found in Korogwe district. In Mtwara 
region, the samples collected at Kidumbe Mtoni Village, Newala district had the 
highest concentration of 35.1 mg/kg in a variety called Sumu ya panya while lowest 
concentration of hydrogen cyanide was found in the cassava sample called 
Mnalikuchumbani with the mean concentration of 0.5 mg/kg. 
The percentage reduction in concentration of hydrogen cyanide in cassava after 
treatment with Senna singueana leaves extracts of ethanol, water, acetone and 
mixture was 40.9, 34.30, 29.13 and 22.86, respectively. The results showed that the 
treatment is efficient at 36 °C than at 26 °C. This study showed that the leaf extracts 
of Senna singueana can be used to treat the cassava inorder to reduce the 
concentrationsof hydrogen cyanide. 
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CHAPTER ONE 
INTRODUCTION 

1.1Introduction 
This chapter includes sections on the background of the study, statement of the 
problem, objectives of the study, significance of the study. 
1.2 Back Ground of the Study 
Manihot esculenta crantz (cassava) also known in SWAHILI as muhogo, is 
aperennial crop native to tropical America. Cassava is a woody shrub which belongs 
to the genus of the natural order or family of Euphorbiaceae (Agre et al., 2017; 
Allem, 2002). The Manihot genus is reported to have about 100 species, among 
which the only commercially cultivated one is Manihot esculenta crantz (Augusto & 
Alves, 2002). Cassava is consumed in large quantities throughout the tropics and is a 
major source of calories for approximately 800 million people (Iwuoha et al., 2013). 
In Africa, cassava is the staple food in Nigeria, Congo, Tanzania, Senegal, Uganda, 
and Mozambique (Agre et al., 2017). It is easy to grow and yields well in good 
conditions and even in poor soils subjected to dry conditions (Bradbury & Holloway, 
1988). Globally, in terms of annual production, it is the fifth most important food 
crop after maize, rice, wheat and potatoes (Guede et al., 2013). 
Cassava species are generally classified as sweet or bitter depending on the quantity 
of linamarin in the tuber (Guede et al., 2013). Bitter species contain high 
concentrations of linamarin distributed throughout the tissue (Agre et al., 2017), 
where as in sweet cassava, the interior of the tubers of cassava has a small amount of 
linamarin (Bradbury et al., 2011). Cassava contains two cyanogenicglucosides, 
linamarin and a small amount of lotaustralin (methyl linamarin) (Guede et al., 
2013). These cyanogenic glucosides are hydrolyzed by using the enzymelinamarase 
as a catalyst, to produce a cyanohydrin and glucose and in a second reaction the 
cyanohydrin breaks down spontaneously above pH of 5 and temperature of 30 °C to 
give hydrogen cyanide gas and a ketone (Bradbury et al., 2011). 
Cyanide is a chemical group consisting of one carbon atom connected to one atom of 
nitrogen by three molecular bonds (Gerberding, 2006). Cyanide compounds include 
cyanide salts, such as sodium cyanide (NaCN), potassium cyanide (KCN) and 
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calcium cyanide (Ca(CN)2)and the gas hydrogen cyanide (HCN) also known as  
hydrocyanic acid gas  or prussic acid. 
Although cyanide is highly toxic, its salts are used in the extraction of metals such as 
gold and silver from their respective ores. Other activities involving cyanide salts are 
electroplating and metal cleaning. Hydrogen cyanide gas and liquid are highly 
flammable and are mainly used in the manufacture of other chemicals. The cyanide 
salts are also chelating agents. Exposure of cyanides to strong oxidizing agents such 
as nitrates and chlorates may cause fires and explosions. HCN is a liquid at below     
2 °C. Numerous plant species contain cyanogenic glycosides that can release 
hydrogen cyanide upon biodegradation or ingestion, example almonds, millet 
sprouts, lima beans, soya, spinach, bamboo shoots, and cassava (Gerberding, 2006; 
Islamiyat etal., 2016). Consumption of cassava and its products that contain large 
amounts ofcyanogens may cause cyanide poisoning with symptoms of vomiting, 
nausea, dizziness, stomach pains, weakness, headache and diarrhoea and 
occasionally, death (Canberra, 1993). Cyanide exerts its primary toxicological effects 
by binding to the metallic cofactor in metalloenzymes (Gerberding, 2006). It 
produces intracellular hypoxic poisoning by binding the cyanide ion to the ferric ion 
of mitochondrial cytochrome oxidase (Hall et al., 1986). The result is the reduction 
in oxygen which causes tissue hypoxia that leads to death. This happens when the 
concentration of cyanide is ≥ 2,000 ppm for humans (Gerberding, 2006). 
Fresh cassava contains varying amounts of cyanide which must be removed before 
the cassava is consumed (Hahn & Keyser, 1985). Most of the traditional cassava 
processing methods, used to reduce the amount of HCN including sun drying, 
soaking and fermentation followed by cooking (Guede et al., 2013). The mostly used 
method for cyanide detoxification involves the addition of a sulphur to form the 
much less toxic thiocyanate ion (Beasley & Glass, 1998). Traditionally, 
Sennasingueana medicinal plant species has also been used to reduce the effects of 
cyanidepoisoning in Tanzania. 
Senna is a genus of flowering plants in the legume belonging to family Fabaceae 
withabout 600 species, and was formerly included in the genus Cassia (Sobeh et al., 
2017). Senna singueana occurs throughout the tropical and a small number of species 
in high temperature regions. It is distributed throughout Angola, Botswana, 
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Comoros, Eritrea, Ethiopia, Kenya, Malawi, Mozambique, Namibia, Tanzania, 
Uganda, Zambia, and Zimbabwe (Orwa, et al., 2009). Senna singueana 
(Cassiasingueana) species are rich source of secondary metabolites which 
includeanthraquinones, quinoids, sterols, alkaloids, terpenes, saponins, phenols, 
tannins, flavonoids, glycosides and carbohydrates (Alsiede et al., 2016). Figure 1 
shows different parts (A) leaves; (B) flowers and (C) pods (fruits) of Senna 
singueana plant, as directly captured at the University of Dodoma campus. 
 
 
 
 
 
 
 

(A)     (B)    (C) 
Figure 1: Different parts of  Senna singueana plant (A) leaves (B) flowers and 

(C) pods (fruits). 
Both traditional and scientific reports indicate that the Senna singueana plant 
possesses a number of medicinal applications and can be a potential phyto-drug of 
multiple medicinal values. In Africa, Senna singueana is used traditionally to treat 
diabetes, stomach pains, leprosy, rheumatism, inflammation, fever, skin cancer, 
malaria, microbial and sexually transmitted infections (Sobeh et al., 2017). 
Scientifically, it is used for enzyme inhibition activities (strong-acetylcholinesterase 
and carboxylesterase inhibitory activities and weak glutathione-s-transferase and 
xanthine oxidase inhibitory activities) (Gebrelibanos, 2012). Senna singueana has 
been attracting interest due to its natural antioxidant and biological capacities to 
protect the human body from free radicals retarding the progression of many chronic 
diseases (Gebrelibanos, 2012). 
1.3 Statement of the Problem 
Cassava is one among plants that contain large amounts of cyanogenic glucosides 
leading to cyanide toxicity if ingested. It is thus creating major health problems that 
can even cause deaths in several parts of the world (Gegos et al., 2010).  In Tanzania 
for example, at Migambo village in Lushoto district, Tanga region, two children from 
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the same family died after taking a cassava meal that was not well boiled (Personal 
observation). It is reported that 13 deaths and 14 hospitalized in Eastern, Central, 
Nyanza and Western provinces of Kenya due to cyanide poisoning from cassava 
between 1980 and 1986 (Howlett et al., 1990). Although I did not find any scientific 
study which was done on how Senna singueana can reduce the poison effects of 
cassava on animals and human beings, locally, at Mlola village in Lushoto district, 
Tanga region, Tanzania the leaves of the plant have been used for treatment of 
people and animals who ingested cassava which is believed to have poison. 
 
To the best of my knowledge, there are no any scientific reports on the quantification 
of HCN present in cassava in Tanga and Mtwara regions of Tanzania and on the 
reduction of cyanide from cassava by using Senna singueana leaves. Therefore the 
aim of the study is to investigate the reduction of hydrogen cyanide in cassava by 
using Senna singueana leaf extracts. 
1.4 Objectives of the Study 
1.4.1 General Objective 
To evaluate the efficacy of the Senna singueana leaves extracts to reduce the amount 
of cyanide in the cassava tubers. 
1.4.2 Specific Objectives 

i. To determine the concentrations of cyanide in different varieties of cassava 
tubers in Tanga and Mtwara regions. 

ii. To prepare different extracts from the Senna singueana leaves for the 
treatment of cassava tubers. 

iii. To evaluate the efficacy of Senna singueana leaves extracts to reduce the 
cyanide poisoning in cassava tubers at different temperatures of 26 and        
36 °C. 

iv. To identify the class of compounds which are responsible for the reduction of 
cyanide in Cassava. 
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1.5 Hypotheses 
i. Hydrogen cyanide is present in cassava tuber with different concentrations in 

different varieties of the cassava grown at different places of Tanga and 
Mtwara regions. 

ii. Extracts of Senna singueana leaves efficiently reduces the poison effects of 
hydrogen cyanide in cassava tubers. 

iii. One of the extracts of Senna singueana is more efficient than the other 
extracts. 

iv. Alkaloids are major compounds that are found in Senna singueana which are 
responsible for reduction of cyanide concentration in cassava tubers. 

1.6 Significance of the Study 
This study will increase the awareness to the society about the cyanide toxicity of 
cassava with its connection to bitterness. It will also educate the people to use the 
simplest and cheapest method of treatment with these leaves for reducing 
concentrations of hydrogen cyanide from cassava tubers which inturn reduce cyanide 
toxicity. Through this study even raw cassava can be used safely after being treated 
with any extract of Senna singueana leaves. The study will also open the way to 
other researchers to find specific natural products responsible in reducing the 
quantity of cyanide from the same or different plants. This study will also help herbal 
medical practitioners to prepare a formulation that will effectively reduce the cyanide 
poison contents in cassava tubers. 
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CHAPTER TWO 
LITERATURE REVIEW 

2.1 Introduction 
This chapter reviews the literature on the studies which relate with this study. The 
research reviewed both printed and electronic sources of information, being the 
references of this study. This chapter describes cassava, cyanide in cassava, 
biosynthetic pathway of cyanogenic glycoside in cassava, factors affecting cyanide 
concentration in cassava, effect of cyanide to the human body, and quantitative 
determination of cyanogenic compound. At the end it also covers the reviews of 
related studies on reducing poison effect of hydrogen cyanide in Cassava 
(Manihotesculenta crantz) using local methods. 
2.2 Description of Cassava 
Cassava is a perennial shrub belonging to the family Euphorbiaceae, cultivated 
mainly for its starchy tubers. The tubers can be harvested from 6 to 24 months after 
planting, depending on cultivar and the growing conditions (Augusto & Alves, 
2002). The cultivation and processing provide household food security, income and 
employment opportunities for 500 million people in Africa, Asia and the America 
(Hahn & Keyser, 1985). The crop is tolerant of low soil fertility, drought, and most 
pests and diseases with no critical date of harvest (Bokanga, 1999). The top five 
cassava producing countries are Nigeria, Thailand, Indonesia, Brazil and the 
Democratic Republic of the Congo (OECD, 2016). In Tanzania cassava is widely 
cultivated in coastal regions and is mostly the staple food especially during bad 
weather seasons like long-term droughts. The largest cassava producers in Tanzania 
are Mtwara, Lindi and Coast ( Pwani ) regions (Mlingi et al., 1990). 
2.3 Cyanide in Cassava 
There are at least 2650 species of plants that contain cyanoglycosides and usually 
also a corresponding hydrolytic enzyme (β-glycosidase), which are brought together 
when the cell structure of the plant is disrupted by a predator, with subsequent 
breakdown to a  sugar and a  cyanohydrin, that  rapidly decomposes to 
hydrogencyanide and an aldehyde or a ketone (Wangari, 2013). The tubers and 
leaves of Manihot species are known to release hydrogen cyanide which can be toxic 
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tohumans and animals when consumed (OECD, 2016). The HCN is toxic to human 
beings and hence much of the processing of cassava tubers is to promote release and 
removal of the HCN prior to consumption (Akiinpelu et al., 2011). The physical 
properties of HCN are given in Table 1. 

 

Table 1: Physical properties of hydrogen cyanide, Hine & Weimar (1965); 
Edwards et al., (1978); Gaffney et al., (1987).) 

2.4 Biosynthetic Pathway of Cyanogenic Glycoside in Cassava 
The biosynthetic pathway for the production of linamarin, the primary cyanogenic 
glycoside in cassava, and degradation to cyanide and acetone (Valente et al., 2002) is 
as follows: 

i) In the first synthetic step, valine is catalyzed by one of the two P450 
enzymes to form an oxime (Burns et al., 2010). 

ii) The oxime is then converted to a cyanohydrin which is catalyzed by 
another enzyme to form glucosides. 

iii) Then stabilized by a glucosidic bond, in a reaction catalyzed by a 
glucosyltransferase (Wangari, 2013). 

iv) Cyanogenesis is the process whereby the linamarin comes into contact 
with specific linamarase to release glucose, and the unstable α-
hydroxynitrile which dissociates either spontaneously or in the presence 
of α-hydroxynitrile lyase, releasing a ketone (acetone) and hydrogen 
cyanide (Figure 2), which is toxic (Bradbury et al., 2011). 

v) Linamarin and lotaustralin are synthesized in the leaves of cassava plants 
and transported to the tuberous roots (Burns et al., 2010). 

S/N Property Value 
1 Relative molecular mass 27.03 
2 Boiling point (°C) 25.70 
3 Solubility at 30 °C Miscible with water; soluble in ethanol 
4 Specific density at 31 °C 0.7 mg/m3 in air 

0.17  mg/dm3 in water 
5 Vapor pressure (kPa) 35.2 at 0 °C 107.2 at 27.2 °C 
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vi) The hydrolytic enzymes which are capable of breaking down Linamarin 
(cyanogenic glycosides) to free cyanide are also present in the plant, but 
under normal conditions, they are extracted separately from the substrate. 

vii) Any process that ruptures the cell walls will bring the enzymes into 
contact with the glycosides and converted into hydrogen cyanide for 
release as free cyanide (Piero, 2015). 

 
 
 
 
 
 
 

Figure 2: Conversion of linamarin to hydrogen cyanide. 
2.5 Factors Affecting Cyanide Concentration in Cassava 
The cyanide concentration in cassava varies in different parts of the plant, according 
to variety, location, age, agricultural practices and environmental conditions 
(Akiinpelu et al., 2011). Certain ecological stress factors, such as pest attacks, 
prolonged drought and low phosphorus and potassium levels in the soil may cause 
tubers to acquire bitterness, and this coincides with an increase in the levels of 
cyanogenic glucosides (Wangari, 2013). The highest cyanide concentrations have 
been found in the young leaves, newly germinated seedlings and the outer layers of 
the tuber (Burns et al., 2010). Cassava crops grown in low altitude areas have also 
been reported to contain high levels of cyanogenic glycosides while those grown in 
high altitude areas contain low levels of cyanogenic glycosides (Bolarinwa et al., 
2013). 
2.6 Effect of Cyanide to the Human Body 
Cyanide released from the degradation of cyanogenic glycosides is highly toxic to all 
aerobic organisms including humans because it binds to cytochrome oxidase that is 
preventing oxygen uptake (Burns et al., 2010). Since the lethal dose of cyanide is 
proportional to body weight, children tend to be more susceptible. 
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There is a defensive mechanism of the human body against cyanide toxicities caused 
by direct ingestion of cassava with high concentration of glucocyanides and 
cyanohydrins. The defense mechanism can be divided into two categories (Baskin, 
etal., 2010). The first one is trapping of cyanide that enters the blood stream 
fromeither the lungs or gastro-intestinal tract done by methemoglobin fraction in the 
red blood cells (Akinpelu et al., 2011). The fraction constitute about only one percent 
of all hemoglobin, and can reversibly bind 10 mg of hydrogen cyanide as 
cyanomethemoglobin (Lundquist,1989). Passively the cyanide can be released 
according to the law of conservation of mass. Secondly, the cyanide is converted into 
thiocyanate (SCN-) by the enzyme Rhodanese which is also known as thiosulphate 
sulphurtransferase. 
 

 
Figure 3: The conversion of cyanide to thiocyanate by Rhodanese. 

Rhodanese converts cyanide to thiocyanate as shown in Figure 3. The conversion 
requires divalent sulphur (Sulphane sulphur substrate). The substrate is provided by 
dietary sulphur amino acids from different metabolic pathways. Substrate availability 
is the one that can limit the rate of detoxication (the rate-determining factor). The 
two processes take part in the liver and kidneys (Mlingi, 1995). Acute intoxication 
occurs when cyanide saturates the methemoglobin pool and cyanide exposure rates 
are greater than the conversion rate. 
2.7 Quantitative Determination of Cyanogenic Compound 
Different methods are available for the quantitative determination of cyanogenic 
compounds (linamarin, cyanohydrin and free cyanide) (Piero, 2015). According to 
Piero (2015), there are three major steps. 

i. Extraction of cyanogens, is normally carried out in dilute acid to stop the 
degradation of cyanogenic compounds. 
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ii. Degradation of linamarin to cyanohydrin and glucose and subsequently, to 
HCN. This can be achieved either by autolysis, which relies on the 
endogenous linamarase, through enzymatic hydrolysis by adding exogenous 
linamarase or through alkaline hydrolysis by addition of NaOH. 

iii. Determination of HCN, where by various methods have been developed and 
applied, such as titration with AgNO3, UV-Visible spectrophotometric and 
picrate paper method in different foods including cassava. In UV-Visible 
spectrophotometric method hydrogen cyanide gas trapped is allowed to react 
with picric acid solution and the resulting composite is taken to the UV-Vis. 
spectrophotometer for measurement of its absorbance through which the 
concentration can be calculated (Moriasi et al., 2017). 

Development of the same method gave the invention of picrate paper method 
whereby the hydrogen cyanide gas that evolved during hydrolysis of linamarin is 
absorbed by a picrate paper. Treating the picrate paper with picric acid forms 
intermediate composite which upon subsequent dissolving in distilled water gives a 
solution whose absorbance can be measured using UV-Vis. spectrophotometer. 
In titrimetric method, the cyanide released from cassava is trapped by sodium 
hydroxide and converted to sodium cyanide which is then titrated against the 
standard silver nitrate solution and the concentration of cyanide will be calculated 
through the stoichiometric equation. 
2.8 Local Methods for Cyanide Removal from Cassava 
Locally, different methods, such as boiling, fermentation, treating with 
SennaSingueana and addition of sulphur are used to reduce the amount of cyanides 
fromcassava to make it valuable for human and animal consumption. 
2.8.1 Boiling 
According to William (2012), fresh cassava is boiled for the meal by peeling and 
cutting into pieces of about 40 cm. However, if it is of large girth, it is split into two 
to aid the cooking process. When cassava does soften enough it was found that about 
50% of cyanide was removed. When cassava was boiled grated, cyanide loss was 
around 80% of its concentration. The high loss was expected since grating allows 
more linamarase to come in contact with linamarin thus releasing HCN. The grated 
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sample further improved cyanide removal by hydrolysis and leaching (William, 
2012). 
2.8.2 Fermentation 
The cassava tubers are peeled and washed using cold water, then soaked in water-
without cutting to pieces for 3 days to soften them. Once fermented, they are cleaned. 
Then the central section is removed. The clean pieces are crushed to make the 
fermented cassava paste used in the production of cassava flour (Kouakou et al., 
2016). This results to the drop in the concentration of HCN to only 10% (Howlett 
etal., 1990). 
2.9Senna singueana 
The genus Senna is represented by 350 species and is distributed throughout the 
world (Oliur Rahman et al., 2013). Senna singueana is a shrub or small tree with 1-
15 m high; glabrous branches to densely pubescent leaves, crown open, bark reddish, 
becoming grey- brown and rough with age (Orwa et al., 2009). The plant is used in 
northern Nigeria for the treatment of acute malaria attack (Adzu, et al, 2003; 
Bandopadhyaya & Ramakrishnan, 2015). Scientific reports indicate thatthe plant has 
anthelminthic properties and reduce both gastric free-HCl and total acids (Alsiede et 
al., 2016). The plant is reported to contain anthraquinones, quinoids, sterols, 
alkaloids, terpenes, saponins, phenols, tannins, flavonoids, glycosides and 
carbohydrates (Adzu et al, 2003; Adeyanju et al., 2011). In Tanzania,the plant is 
found in Morogoro, Tanga and Arusha regions. In Dodoma region, it isfound in all 
areas around the University of Dodoma as shrubs. A study was done in Kilosa 
district in Morogoro region to check for the chemical composition of 
Sennasingueana leaves and it was found to contain 3.65% of nitrogen, which enables 
it tobe good for making organic manure (Nduwayezu et al., 2005). 
Traditionally, in Africa cassava is treated by fermentation of the peeled or unpeeled 
cassava tubers by soaking in water for three to six days and the products known as 
makopa in Tanzania, lafun in Nigeria, chikwangue in Congo DRC and agbelima in 
Ghana are obtained with low amount of cyanide (Howlett et al., 1990). In animals, 
cyanide reacts with thiosulphate derived from amino acids cysteine or methionine in 
the reaction catalized by the enzyme rhodanese, resulting in less toxic thiocyanate as 
shown in the equation below. Therefore, one of the the scientific methods of 
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reducing hydrogen cyanide concentration in cassava is by addition of sulfur to the 
food material in order to convert cyanide to less toxic thiocyanate. 
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CHAPTER THREE 
MATERIALS AND METHODS 

3.1 Research Methodology 
This chapter discusses the procedures and techniques that were applied during the 
experimental work. It includes description of study area; equipments and chemicals 
used for the study; sample design, collection and preparation. Treatment of cassava 
for reducing poison effect of HCN.Finally, identification of class of compounds 
responsible for reducing HCN present in cassava. 
3.2 Description of the Study Area 
Two regions were selected based on the production and usage of cassava by the 
people where the samples were collected. The regions were Tanga located in the 
Northern East part of Tanzania and Mtwara located in Southern East of Tanzania . 
Tanga region is found between 5.3050 degrees South and 38.3166 degrees East. To 
the East it borders with the Indian Ocean while in the West it borders with Manyara 
and Morogoro regions. In the South it borders with Pwani (Coast) region while in the 
North it borders with Kilimanjaro region. Mtwara region is found between 10.3112 
to 40.1760 degrees South and 38 degrees East. It borders with the Indian Ocean in 
East while in West it borders with Ruvuma region. In South it borders with 
Mozambique while in North it borders with Lindi region as shown in Figure 4. 
In Mtwara, TARI-Naliendele Agricultural Research Institute was visited for getting 
information about cassava  , and it was found that the varieties that were grown in the 
area were categorized into two: local varieties and improved (hybrid). Some of the 
local varieties are Badi, vicent, arbart,kamtukane, Mnalikuchumbani, nanchinyaya, 
kifuu cha nazi, limbanga (Sumu ya panya) and sharia while the improved varieties 
are Kiroba, chereko and Mkuranga.Local varieties are those varieties which have 
been cultivated for long period of time with productivity of about 2.5 tons per hectare 
while improved varieties are those which have been provided by TARI after they 
have been breeded to improve their productivity up to 20 to 50 tons per hectare with 
improvement in resistance to diseases such as cassava brown steak (michirizi 
kahawia) and cassava baloket (mosaic disease). Also during breeding the choice of 
the society is considered for example its sweetness and how is easily cooked. 
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Figure 4:Map of Tanzania presenting two regions where the samples were 

collected. 
3.3 Equipment and Apparatus 
Hoe was used for digging cassava tubers from the ground in the farms. Knife was 
used for peeling and cutting cassava tubers. Cool box was used for storing cassava 
samples in iced condition for transportation from the field farms to the laboratories 
inorder to prevent decomposition of linamarin during tranportation. Blender was 
used for grinding both cassava samples and Senna singueana leaves. Digital 
analytical balance was used for measuring weight of samples of both cassava and 
Senna singueana powder. An oven was used for drying apparatus after 
cleaning.Water bath was used for heating during distillation of cassava samples. 
Liebig condenser was used for distillation of cassava samples to obtain hydrogen 
cyanide solution. Soxhelet apparatus was used for extracting different compounds 
from Senna singueana leaves powder. Heating mantle was used for heating the 
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solvent forrecycling. Thermometer was inserted in a soxhlet apparatus for 
temperature control. Rotary evaporator was used for accelerating the rate of 
evaporation of the solvent after extraction process. 
3.4 Chemicals and Reagents 
The reagents involved were NaOH (Central Drug House (P) Ltd India, Batch no. 
430515, Assay 98%), NH4OH (Loba Chemie, CAS no. 1336-21-6, Assay min 25%, 
specific gravity 0.91, lot no. A137021406), KI (Extra pure; LOBA CHEMIE Pvt Ltd 
India, lot no. L 167511507, Assay 99%), AgNO3 (CAS 88-8, lot no. SZBB0340V, 
Poland), HCl (Griffchem Fine Chemicals, specific gravity 1.83, India, Batch no. 
SAL061820), lead acetate, ferric chloride (CAS no. 10025-77-1, B. No. 
AIPL/0061/29), acetate anhydride (Merck, CAS no. 102-24-7, Assay 98%, density 
1.082 at 20 °C), and mayer solution. 
3.5 Sample Design and Collection 
A representative sampling design was used to collect cassava samples. The samples 
were collected from each district of two regions of Tanga and Mtwara. Four villages 
from each of the two regions were selected from where samples were collected. 
From Tanga region the villages were Gofu from Tanga urban district; Hale from 
Muheza district; Kwasamangube from Korogwe district; and Mlola from Lushoto 
district (Figure 5). The varieties of cassava grown in this region are Kibandameno, 
Kigoma, Kikombe, Msufi and Dide. Several samples were collected either from the 
same farmer or spread amongst different farmers, depending on the availability of the 
variety. The collected samples were pooled to represent each variety from each 
village of a district. Four varieties of samples were collected from each village 
except Lushoto where only three varieties were available and sampled. For each 
variety four samples were collected making the total number of samples per village 
to be 16. The expected number of samples was 64 (4 x 16 = 64). But, in Lushoto 
district only three varieties were available and sampled, making the total number of 
samples from this district to be 12 instead of 16. Therefore, as a whole the total 
number of samples from Tanga region to be 60. 
 
 
 



16 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5: Map of Tanga region indicating the districts and villages where 

cassava samples were collected. 
From Mtwara region the villages were Mtoni from Newala district; Madaba from 
Tandahimba district; Naumbu from Mtwara rural district; and Naliendele from 
Mtwara urban district (Figure 6). The varieties of cassava available in this region are 
Badi, Mnalikuchumbani, Kiroba, Sumu ya panya and Mkuranga. Sampling was 
made similar to that of Tanga region. Four varieties of samples were collected from 
each village making the total number of samples per village to be 16 and per region 
to be 64. Therefore, the total number of samples collected from both regions are 124. 
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Figure 6: Map of Mtwara indicating the districts and villages where cassava 
samples were collected. 

Advantage was taken on having sample of a very bitter variety locally known as 
Sumu ya panya besides others from Newala district. This variety is used only for 
thepreparation of local alcohol, and it was also sampled as a special task for the 
determination of HCN concentration due to its high level of bitterness. On the other 
hand, Mnalikuchumbani is another variety on the extreme side of the scale. It is so 
sweet that it is not cooked but chewed raw. Sample collection (A), cutting (B) and 
packaging (C) is shown in Figure 7. 
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(C) 

Figure 7: (A) Collection (B) cutting and (C) packaging of cassava samples from 
Mlola village, Lushoto district, Tanga region. 

The tubers of the selected samples were peeled and washed with cold water. Starchy 
flesh was cut into large pieces, packed into the plastic bags, labeled and stored in an 
iced cool box for transportation from the field to the laboratory to avoid the 
decomposition of any compound present in the tubers. 
3.6 Preparation of Cassava Sample 
The preparation was performed according to Piero (2015), with slight modification. 
Cassava tubers were cut into pieces by using a sharp knife and washed three times 
with cold water. Since cyanide content varies both longitudinally and radially, 
homogeneous samples were obtained by removing both the stem end and the distal 
end of the tuber and cutting the tuber into cubes. The cubes were ground by using 
blender and 20 g of the blended sample was weighed and kept in a labeled beaker. 
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Per each district, the variety was given a number to represent its name. Samples were 
labeled according to its origin region and district for example T for Tanga and L for 
Lushoto was labeled TL1. Sample varieties with their respective labels are presented 
in Tables 2 and 3. 

Table 2: Labeling of samples from Tanga region. 
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1 TL1 Dide 5 TK1 Kigoma 9 TM1 Kigoma 13 TT1 Kigoma 
2 TL2 Kiband

ameno 
6 TK2 Kiband

ameno 
10 TM2 Kiband

ameno 
14 TT2 Kibandamen

o 
3 TL3 Kikom

be 
7 TK3 Kikomb

e 
11 TM3 Kikomb

e 
15 TT3 Kikombe 

4 TL4 Msufi 8 TK4 Msufi 12 TM4 Msufi 16 TT4 Msufi 
 

Table 3:Labeling of samples from Mtwara region. 
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1 MN1 Sumu ya 
panya 

5 MR1 Mnalikuc
humbani 

9 MU1 Mnaliku 
chumbani 

13 MT1 Mnaliku 
chumbani 

2 MN2 Badi 6 MR2 Badi 10 MU2 Badi 14 MT2 Badi 
3 MN3 Kiroba 7 MR3 Kiroba 11 MU3 Kiroba 15 MT3 Kiroba 
4 MN4 Mkuranga 8 MR4 Mkuran

ga 
12 MU4 Mkuran

ga 
16 MT4 Mkuran

ga 
3.7 Collection of Senna singueana Leaves 
Sufficient quantity of about 5 kg of matured Senna singueana leaves were collected 
randomly from different trees around the University of Dodoma and at Mlola village, 
Lushoto district, Tanga region. Mlola is the area where cows were treated locally by 
some medical practitioners, after they have been poisoned from eating cassava leaves 
and discarded peels. The leaves were detached from their mother plant by using hand 
during the early morning before sunrise to avoid photochemical reaction after 
collection. The leaves were then washed with distilled water and air-dried at room 
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temperature and packed in opaque plastic bags for transportation to the laboratory 
(Teklemedhin & Gopalakrishnan, 2018). Figure 8 shows the Senna Singueana leaves 
collection process. 
 
 
 
 
 
 
 
 
 
 
 

Figure 8: Collection of Senna singueana leaves. 
3.8 Preparation of Senna singueana Leaves Sample 
The air dried Senna singueana leaves were ground to powder by using a blender. The 
powder was stored in an airtight, light-resistant container for later extraction. 
3.8 Determination of Cyanide Concentration 
i. Preparation of 0.02 M silver nitrate solution. 
Preparation of silver nitrate was done by dissolving 6.792 g of the silver nitrate 
crystals in distilled water in a 2000 mL volumetric flask, and filled it up to the mark. 
The solution was stored in the absence of light to avoid oxidation. 
ii. Preparation of sodium chloride 
Sodium chloride (0.02 M) was prepared for the standardization of silver nitrate. 
Sodium chloride was dried at the temperature of 100 oC for 24 hours to remove 
moisture content and then kept in the desiccator to protect it from the moisture in the 
environment. 0.29 g of the dried NaCl was weighed using an analytical balance, and 
dissolved by distilled water in 250 mL volumetric flask followed by dilution up to 
the mark. 
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iii. Standardization of silver nitrate using sodium chloride 
Solution of silver nitrate was standardized by titrating against standard sodium 
chloride. K2CrO4 was used as an indicator to determine the end point of the titration. 
When AgNO3 is added to a solution of sodium chloride a white precipitate of AgCl is 
formed as it is less soluble than Ag2CrO4. But at the endpoint, when all the chloride 
ions are consumed, the excess of silver nitrate solution reacts with chromate ion to 
give red or light brown Ag2CrO4 precipitate. 

Ag+ + Cl- → AgCl 
2Ag+ + CrO42- → Ag2CrO4 

This method is used only in case of neutral solutions as silver chromate is soluble in 
acids, and in alkaline solutions, silver hydroxide precipitates earlier than silver 
chromate which gives erroneous result in both cases. The standardization procedure 
is as follows: 
10 mL of 0.1 M NaCl solution was transferred to the conical flask and diluted with 
distilled water to about 50 mL then4 drops of K2CrO4 indicator were added. Silver 
nitrate solution was gradually added from the burette with continuous shaking the 
mixture in the conical flask. White precipitate of AgCl was formed. It was also 
observed that red precipitate appeared and disappeared at the point of addition. 
Shaking was continued to coagulate the precipitate and to discharge the red color. As 
the titration was progressing and nearing to the end point, the discharge of the red 
color was getting slow, and at the endpoint one drop imparted a light brownish-red 
color to the solution which did not disappear by further shaking. 
iv. Determination of concentration of HCN 
The cyanogenic glucosides in the cassava sample were determined by titrimetric 
method according to AOAC (Association of Official Agricultural 
Chemists).Powdered cassava (20 g) was transferred to a Kjeldahl flask.250 mL of 
water were added and mixed with the sample and left for two hours. The pH of the 
solution was then measured and recorded for the theoretical calculation of HCN 
concentration. The solution was distilled to remove all the hydrogen cyanide (Figure 
9). The distillate was collected in a flask containing 20 mL of 2.5% NaOH solution 
(0.5 g in 20 mL H2O) for stabilization of the cyanide solution, until the distillate 
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became 150 mL (Howrd et al., 1994). Distilled water was added to the distillate to 
make the total volume of 250 mL. Two aliquots of 100 mL were measured and 
transferred to two separate conical flasks. To each flask, 8 mL of 6 M NH4OH was 
added as buffer solution and 2 mL of 5% KI solution were added as an indicator 
before titration. The flask was placed on a sheet of black paper, and the mixture was 
then titrated against standard 0.02 M silver nitrate by dropwise addition from the 
burette. When one drop produces permanent light brownish-red colored precipitate, 
the end-point has been reached. The concentration of HCN was calculated as: HCN 
(mg) = mL of 0.02M AgNO3×1.08 (Hongzhi Yang et al., 2004). 
 
A blank solution was prepared in the same procedure as that of sample without any 
cassava sample. All the measurements were made in triplicate and mean 
concentrations were reported after calculations. 
 
 
 
 
 
 
 
 
 

 
Figure 9: The distillation process. 

The results obtained from the titration of the distilled solutions were recorded and 
compared with the calculated concentration of HCN mg/kg based on the measured 
pH values of solutions before the distillation of the sample. The formula was derived 
from the definition of pH which is defined as the negative logarithm to base ten of 
hydrogen ion concentration. 
3.10 Calculation of Mass of Cyanide from pH 
Fromdefinition, pH is the negative logarithm of concentration of hydrogen ion, but 
the number of hydrogen ions produced per mole of hydrogen cyanide equals to the 
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number of cyanide ions. The formula for calculating the concentration of HCN 
theoretically from the measured pH of sample before distillation is given below: 
From pH = -log[H+] which implies [H+]= log-1(-pH). 
 But, [H+] = n/V,  
n=w/Mr   
where; n  = number of moles (mol)   
V  = volume (mL)   
          Mr = molar mass (g/mol)  
           W = weight of the sample 
Therefore, [H+] = (w/Mr)/V. However, since the weight of ground cassava taken was 
in gram but the concentration was required to be in mg/kg, therefore all the 
concentrations were converted into mg/kg.Thus, since X mg was found in 20 g of 
cassava sample, and then mathematically, Y mg of HCN was calculated from 1000 
grams of cassava which gave out the concentration of HCN in mg/kg of a sample.  
3.11 Extraction of Natural Products from Senna singueana Leaves 
The Senna singueana leaves were dried at room temperature and then ground to 
powder using a grinder (Adeyanju, et al., 2011). Powdered sample (7.5 g) was 
subjected to soxhlet extraction by using 150 mL of each of the solvent (water, 
ethanol, and acetone) (Alkali, et al., 2018; Bart & Pilz, 2011) (Figure 10 A). 
 
 
 
 
 
 
 
 
 
 
 

(A) (B)    (C) 
Figure 10: Extraction process (A) Soxhlet extractor, (B) Acetone extract 

obtained and (C) Concentration of Senna singueana leaf extracts. 
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A cumulative crude extract was also collected by passing all solvents, water, ethanol, 
and acetone with variable polarities in a gradient manner. The resulting 
extracts(Figure 10 B) were concentrated (Figure 10 C) on a hot water bath and kept 
for the treatment of cassava samples. 
3.12 Treatment of Cassava Sample with Senna singueana Leaf Extracts 
20 g of the ground cassava were transferred to a Kjeldahl flask. 200 mL of water 
were added and mixed with the sample. After 2 hours, the solution was distilled. This 
duration was selected based on the minimum time required for releasing HCN from 
the sample (Yang, H., Mao, Z., & Tan, H. 2004). The distillate was collected in a 
flask containing 20 mL of 2.5% NaOH solution until distillate became 150 mL. 
 
0.25 g of each of the Senna singueana leaf extract was added to the mixture and left 
for 20 minutes to react with the cyanide. The treated sample was again taken to the 
measurement of hydrogen cyanide concentration. The concentrations of HCN in 
cassava before and after treatment were used for the calculation of percentage 
reduction in the concentration due to treatment. Bar graphs were also drawn to show 
the concentration of HCN in cassava after treatment compared to that of before 
treatment. This was done for the selected varieties with all four extracts namely 
water, ethanol, acetone and the mixture of all. The samples of row number one in 
Table 2 and 3 from each district were selected for treatment with different extracts of 
Senna singueana at room temperature of 26 °C and raised temperature of 36 °C. 
3.12 Testing for the Class of Compounds Present in Senna singueana 
LeafExtracts 
The presence of five classes of compounds was tested in different extracts of 
Sennasingueana. These classes are tannins, saponins, terpenes and steroids, 
flavonoidsand alkaloids. 
i. Testing for the presence of tannins 
Plant extract (10 g) were mixed with 25 mL distilled water and stirred using 
magnetic stirrer. The mixture was boiled in a water bath for two minutes and then 
filtered. The filtrate was treated with a few drops of 1% lead acetate solution 
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(Altemimi et al., 2017). The development of greenish-blue precipitate is an indicator 
for the presence of tannins (Sasikala & Sundaraganapathy, 2017). 
ii. Testing for the presence of saponins 
5 mL of each extract of the plant were added to 3 drops of 3% ferric chloride 
solution. A white precipitate developed indicates the presence of Saponins (Zohra, 
etal., 2012). 
iii. Testing for the presence of terpenes and steroids 
1 mL of each extract was precipitated in a few drops of chloroform, then a drop of 
acetate anhydride and drop of concentrated sulfuric acid was added. If the brown 
precipitate appears, then it indicates the presence of terpenes. But if dark blue color 
appears after few minutes, then it indicates the presence of steroids (Hambone, 
1984). 
iv. Testing for the presence of flavonoids 
Each extract (2 mL) was partitioned with 20 mL of petroleum ether. The aqueous 
layer was mixed with the ammonia solution. The appearance of grey color indicates 
the presence of flavonoids (Altemimi et al., 2017). 
v. Testing for the presence of alkaloids 
10 g of the extract were boiled with 50 mL of distilled water. Hydrochloric acid (4%) 
was added. Then the solution was filtered and cooled. 0.5 mL of the supernatant was 
tested with the Mayer solution. The appearance of white precipitates indicates the 
presence of alkaloids (Sasikala & Sundaraganapathy, 2017). 
3.13 Data Analysis 
All the titrations performed for the determination of HCN in cassava samples were 
done in triplicate. Mean values of the triplicate values were reported. In addition, 
standard deviations were calculated to check the precision of the results. Inorder to 
check whether there is significant difference in the  concentrations of HCN in 
different varieties and samples from different districts of a region, two way ANOVA 
was used. To check the reliability of the data obtained, standard solution of NaCN 
was analyzed with the similar procedure used for samples. 
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CHAPTER FOUR 
RESULTS AND DISCUSSION 

4.1 Introduction 
This chapter gives the presentation of results, interpretation and discussion of the 
findings based on the research objectives in the form of tables and graphs. 
4.2 Calculated Concentrations of HCN in Cassava Samples from Tanga Region 
Theoretically calculated concentrations of HCN from the measured pH’s of the 
sample solutions of cassava from Tanga region are shown in Figure 11. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11: Calculated concentrations of HCN in cassava samples from Tanga 
region. 

The samples from Lushoto district, TL1, TL2, and TL3 with pH values of 4.71, 4.98 
and 5.05 had calculated HCN concentrations of 26.32, 14.13 and 12.03 mg/kg, 
respectively. The absence of sample TL4 was due to unavailability of Msufi variety 
of cassava in the area where the samples were collected. TL1 that is Dide variety of 
cassava contained the highest concentration. This is the variety having highest 
bitterness and it is not used for chewing in raw state if untreated. The treatment 
should be done properly to avoid deaths. 
The samples from Korogwe district, TK1, TK2, TK3, and TK4 with pH values of 5.00, 
5.09, 4.97 and 4.43 had calculated HCN concentrations of 13.50, 10.97, 14.46 and 
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6.17 mg/kg, respectively. In this district, the highest calculated HCN concentration 
was found in Kikombe variety of cassava whereas lowest was found in Msufi 
variety. 
The samples from Muheza district, TM1, TM2, TM3, and TM4 with pH values of 5.05, 
5.10, 7.03 and 5.18 had the calculated HCN concentrations of 12.03, 9.13, 12.60 
and8.92 mg/kg, respectively. Highest concentration of HCN found in this district is 
12.60 mg/kg in Kikombe variety of cassava. The lowest concentrationfound in Msufi 
variety. 
The samples from Tanga urban district, TT1, TT2, TT3, and TT4 with pH values of 
5.02, 5.13, 5.00 and 5.25 had calculated HCN concentrations of 12.70, 9.90, 13.10 
and 7.59 mg/kg, respectively. In this district also, the highest calculated HCN 
concentration was found in Kikombe variety of cassava whereas the lowest was 
found in Msufi variety. This is similar to the result obtained from Korogwe and 
Muheza districts. 
4.3 Calculated Concentrations of HCN in Cassava Samples from Mtwara region 
Theoretically calculated concentrations of HCN from the measured pH’s of the 
sample solutions of cassava from Mtwara region are shown in Figure 12. 

Figure 12: Calculated concentrations of HCN in cassava samples from Mtwara 
region. 

The samples from Newala district, MN1, MN2, MN3, and MN4 with pH values of 
4.63, 5.25, 5.17, and 5.41 had the calculated HCN concentrations of 31.65, 7.59, 9.14 
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and 5.25 mg/kg, respectively. The variety of cassava Sumu ya panya, MN1 showed 
the highest concentration. This is the bitterest variety of cassava found in Mtwara 
region available only in Newala district. This is not used for chewing in raw state 
without any treatment. 
MR1, MR2, MR3, and MR4 with pH values of 6.35, 5.43, 5.27, and 5.55 had the 
calculated HCN concentrations of 0.5, 6.6, 7.2, and4.2mg/kg, respectively. MR3 
which is Kiroba variety of cassava had highest concentration of 7.2 mg/kg, whereas 
MR1 which is Mnalikuchumbani had lowest concentration of 0.5 mg/kg. 
 
The samples from Mtwara urban district, MU1, MU2, MU3, and MU4 with pH values 
of 6.23, 5.35, 5.36 and 5.42 had the calculated HCN concentrations of 0.79, 6.73, 
5.89, and 5.15 mg/kg, respectively. The variety of cassava, Badi (MU2) had the 
highest concentration of 6.73 and the variety Mnalikuchumbani (MU1) had the 
lowest concentration of 0.79 mg/kg. 
The samples from Tandahimba district, MT1, MT2, MT3, and MT4 with pH values of 
5.73, 5.22, 5.12 and 5.35 had the calculated HCN concentrations of 2.51, 8.13, 10.24, 
and 6.03 mg/kg, respectively. The sample MT3 of Kiroba variety of cassava had 
highest concentration of 10.24 mg/kg, whereas lowest concentration of 2.51 mg/kg 
found in MT1, the Mnalikuchumbani variety of cassava. 
4.3 Experimental Concentrations of HCN in Cassava Samples from Tanga 
Region 
Experimentally determined concentrations of HCN in cassava samples using 
titrimetric method are presented in Figure 13. 
The samples from Lushoto district, TL1, TL2, and TL3 had the mean concentrations 
of HCN, 28.47, 14.47 and 12.07 mg/kg, respectively. The highest concentration was 
28.47 mg/kg for Dide variety (TL1) whereas the lowest concentration was 12.07 
mg/kg for Kikombe (TL3) variety of cassava. Standard deviations for the 
concentrations of HCN in Dide, Kibandameno and Kikombe is 0.15, 0.15 and 0.2, 
respectively. The variation of concentrations of HCN in different varieties from each 
district was tested using ANOVA. The calculated F is 7845.33 for all the samples of 
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Lushoto district and critical F is 5.14. Since calculated F is greater than critical F, 
there was a significant difference in the concentrations of different varieties. 
 
 
 
 
 
 
 
 
 
 

Figure 13: Experimental mean concentrations of HCN in cassava samples of 
Tanga region. 

The samples from Korogwe district, TK1, TK2, TK3, and TK4 had the mean 
concentrations of HCN, 13.6, 11.37, 14.67 and 6.27 mg/kg, respectively. The highest 
concentration of 14.67 mg/kg was found in the Kikombe variety whereas the lowest 
concentration of 6.27 mg/kg was found in Msufi. Standard deviations of 
concentrations of HCN in the varieties Kigoma, Kibandameno, Kikombe and Msufi 
were 0.10, 0.15, 0.07 and 0.21, respectively. F calculated was 1702.75 for all the 
samples while F critical was 4.066181 in ANOVA. Since F calculated is greater than 
F critical, there is significant difference in the concentrations of HCN between 
different varieties. 
The concentrations of HCN in the samples from Muheza district, TM1, TM2, TM3, 
and TM4 were 12.5, 9.2, 13.5 and 8.7 mg/kg, respectively. The highest concentration 
was 13.5 mg/kg for Kikombe, and the lowest concentration was 8.7 mg/kg for the 
variety Msufi. Standard deviations were 0.1, 0.1, 0.1 and 0.1, respectively for 
thevarieties Kigoma, Kibandameno, Kikombe, and Msufi. Calculated F is 1702.75 
for all the samples from Muheza district whereas F critical was 4.07. Since calculated 
F is greater than critical, there is significant difference between the concentrations of 
HCN in different varieties of cassava samples from Muheza district. 
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The concentrations of HCN in the samples from Tanga urban district, TT1, TT2, TT3, 
and TT4 are 12.89, 10.01, 13.50 and 7.80 mg/kg, respectively. The highest 
concentration found was 13.5 mg/kg in Kikombe, while the lowest concentration was 
8.7 mg/kg in Msufi. Standard deviations in the values of HCN concentrations were 
0.10, 0.0, 0.1 and 0.1, respectively for Kigoma, Kibandameno, Kikombe and Msufi 
varieties of cassava. The F calculated was 2491.67 for all the samples while F critical 
was 4.07. Since F calculated is greater than F critical, there is significant difference 
between the concentrations obtained. 
The low values of standard deviations show the precision in the repeated titrations 
per variety. The data is validated by analyzing the standard solution of NaCN. There 
is significant difference in the concentrations of HCN between different varieties of 
cassava. This difference was observed in all the districts. Which means the variety of 
cassava is major reason for having different concentrations. In addition there is also 
age effect, climatic conditions and type of soil in which they are grown (Akiinpelu et 
al., 2011; Wangari, 2013). 
4.4 Experimental Mean Concentrations of HCN in Cassava Samples of Mtwara 
Region 
Experimentally determined concentrations of HCN in cassava samples using 
titrimetric method are presented in Figure 14. 
Samples from Newala district, MN1, MN2, MN3, and MN4 had concentrations of 
HCN, 35.1, 7.37, 9.40 and 5.03 mg/kg, respectively. The highest concentration was 
found in Sumu ya panya (limbanga) with 35.1 mg/kg, whereas the lowest 
concentration was 5.03 mg/kg in Mkuranga. Mnalikuchumbani variety is not 
available in this region, but another variety Sumu ya panya was found and analyzed. 
The variety Sumu ya panya is very bitter in tase and found to have highest 
concentration of HCN. The bitter taste might be due to high level of linamarin 
present in the cassava. Standard deviations in concentrations of HCN are 0.03, 0.0, 
0.13 and 0.1 respectively in the varieties of cassava Sumu ya panya, Badi, Kiroba 
and Mkuranga. The F calculated was 5408.68 for all the samples while F critical was 
4.07. Since F calculated was greater than F critical, there is significant difference in 
concentrations of HCN between the different varieties of cassava. 
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Figure 14: Experimental mean concentrations of HCN in cassava samples from 
Mtwara region 

The concentrations of HCN in the samples from Mtwara rural, MR1, MR2, MR3, and 
MR4 are 0.52, 6.67, 7.27 and 4.23 mg/kg, respectively. The highest concentration of 
7.27 mg/kg was found in Kiroba variety whereas the lowest was 0.52 mg/kg in 
Mnalikuchumbani. Standard deviations in concentrations of HCN are 0.51 for 
mnalikumbani, 0.0 for Badi, 0.1 for Kiroba, and 0.1 for Mkuranga. The F calculated 
was 5408.68 for all the samples while F critical was 4.07. Since F calculated was 
greater than F critical there is significant difference in concentrations of HCN 
between the samples of different varieties. 
The concentrations of HCN obtained for the samples from Mtwara urban, MU1, 
MU2, MU3, and MU4were 0.60, 6.03, 5.80 and 5.00 mg/kg, respectively. The highest 
concentration of 6.03 mg/kg was found in Kikombe whereas the lowest 
concentration was 0.6 mg/kg in Mnalikuchumbani variety of cassava. The standard 
deviations in concentrations of HCN are 0.51 for Mnalikuchumbani, 0.0 for Badi, 0.1 
for Kiroba and 0.1 for Mkuranga. The F calculated was 5408.68 for all the samples 
while F critical was 4.07. Since F calculated is greater than F critical there is a 
significant difference in concentrations obtained for different varieties of cassava. 
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Samples from Tandahimba district, MT1, MT2, MT3, and MT4 had the concentrations 
of HCN 2.48, 8.30, 10.30 and 6.20 mg/kg, respectively. The highest concentration 
was 10.3 mg/kg for Kiroba whereas the lowest concentration was 2.48 mg/kg for 
Mnalikuchumbani variety of cassava. Standard deviations in concentrations of HCN 
for Mnalikuchumbani, Badi, Kiroba and Mkuranga varities are 0.1, 0.0, 0.1 and 0.1, 
respectively. The F calculated was 2491.67 for all the samples while F critical was 
4.07. Since F calculated was greater than F critical, there is significant difference in 
the concentrations of HCN between different varieties of cassava. 
The concentrations of HCN in different varieties are different. There is also   
difference in concentrations found in the same variety from different districts of the 
same region. The small values of standard deviations indicate that the experimental 
results are precise. The ANOVA test indicates significance difference in 
concentrations of HCN in different varieties as well as same variety from different 
districts. 
4.5 Comparison of HCN Concentration in the Same Variety of Cassava from 

Different Districts of Tanga Region 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 15: Comparison of HCN concentration in the same variety of cassava 
from different districts of Tanga region. 

The variety Kigoma was not found in Lushoto district. Another variety Dide was 
found and analyzed instead of Kigoma. The highest concentration of HCN in 
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Kigoma was found in the sample obtained from Korogwe district with 13.60 mg/kg 
(Figure 15). The lowest concentration was 12.10 mg/kg in the sample obtained from 
Tanga urban district. 
The highest concentration of HCN in Kibandameno variety was found in the sample 
obtained from Lushoto district with 14.70 mg/kg. The lowest concentration was 9.2 
mg/kg found in the sample from Muheza. 
The highest concentration of HCN found in Kikombe sample was 14.70 mg/kg. The 
lowest concentration was 12.47 mg/kg, which was for the sample from Lushoto 
district. 
The cassava variety Msufi was not available in Lushoto district. The highest 
concentration of HCN in Msufi was found in the sample obtained from Muheza 
district with 8.70 mg/kg. The lowest concentration was 6.27 mg/kg in the sample 
obtained from Korogwe district. 
 
This comparison indicates that the same variety of cassava grown in different 
locations (districts) had different concentrations of HCN. That means the 
concentrations of HCN and, hence linamarin depends not only on the variety but also 
on the type of the soil, age, climatic conditions and agricultural practices (Akiinpelu 
et al., 2011; Wangari, 2013). 
4.6 Comparison of HCN Concentration in the Same Variety of Cassava 
fromDifferent Districts of Mtwara Region 
The cassava variety Mnalikuchumbani available in the entire district except Newala. 
Another variety Sumu ya panya was selected from this district. This varity is very 
bitter in taste and has abnormally high concentration of 35.10 mg/kg (Figure 16). The 
highest concentration of HCN found in Mnalikuchumbani variety of cassava is from 
Tandahimba district with 2.48 mg/kg whereas lowest comes from Mtwara urban 
district with 0.50 mg/kg. 
 
 
 
 



 

Figure 16: Comparison of HCN concentration in the same variety of cassava 

 
 
 
 
 
 
 
 
 
For the Badi variety of cassav
Tandahimba district with 8.3 mg/kg and the lowest concentration was found in the 
sample from Mtwara urban district with 6.03 mg/kg.
For Kiroba variety of cassava, the highest concentration was found in 
from Tandahimba district with 10.3 mg/kg and the lowest concentration was found in 
samples from Mtwara urban district with 5.8 mg/kg.
Among the Mkuranga variety of cassava samples, the highest concentration was 
found from Tandahimba district 
found from Mtwara rural district with 4.23 mg/kg.
The results obtained sho
higher in districts that are far from the Indian Ocean. Near the ocean, ther
level of rainfall compared to other parts therefore rainfall might be one among the 
factors that counts for the variation in concentration of HCN in cassava varieties
(Wangari, M. F. 2013). 
and Mtwara rural may be caused by age difference because the ages of cassava used 
in the study were not known.  
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Comparison of HCN concentration in the same variety of cassava 
from different districts of Mtwara region 

Badi variety of cassava, the highest concentration was found in sample from 
Tandahimba district with 8.3 mg/kg and the lowest concentration was found in the 
sample from Mtwara urban district with 6.03 mg/kg. 

Kiroba variety of cassava, the highest concentration was found in 
from Tandahimba district with 10.3 mg/kg and the lowest concentration was found in 
samples from Mtwara urban district with 5.8 mg/kg. 
Among the Mkuranga variety of cassava samples, the highest concentration was 
found from Tandahimba district with 6.2 mg/kg and the lowest concentration was 
found from Mtwara rural district with 4.23 mg/kg. 
The results obtained shows that the concentrations of HCN of the same variety are
higher in districts that are far from the Indian Ocean. Near the ocean, ther
level of rainfall compared to other parts therefore rainfall might be one among the 
factors that counts for the variation in concentration of HCN in cassava varieties
Wangari, M. F. 2013). A small variation of concentration of HCN in Mtwara ur

and Mtwara rural may be caused by age difference because the ages of cassava used 
in the study were not known.   

Comparison of HCN concentration in the same variety of cassava  

a, the highest concentration was found in sample from 
Tandahimba district with 8.3 mg/kg and the lowest concentration was found in the 

Kiroba variety of cassava, the highest concentration was found in the samples 
from Tandahimba district with 10.3 mg/kg and the lowest concentration was found in 

Among the Mkuranga variety of cassava samples, the highest concentration was 
with 6.2 mg/kg and the lowest concentration was 

the same variety are 
higher in districts that are far from the Indian Ocean. Near the ocean, there is a high 
level of rainfall compared to other parts therefore rainfall might be one among the 
factors that counts for the variation in concentration of HCN in cassava varieties 

A small variation of concentration of HCN in Mtwara urban 
and Mtwara rural may be caused by age difference because the ages of cassava used 
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4.7 Comparison of Experimental Concentrations of HCN with Calculated 
Figures 17 and 18 shows the comparison of mean experimental concentrations of 
HCN with that of theoretically calculated from the measured pH values for the 
samples from Tanga and Mtwara regions respectively. Slight difference between the 
theoretically calculated and experimentally determined concentration of HCN might 
be due to other sources of hydrogen ions from the sample.  

Cassava samples of different varieties from four districts of Tanga region 
Figure 17: The comparison of experimental concentrations of HCN with 

calculated for sampling from Tanga region. 
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Cassava samples of different varieties from four districts of Mtwara region 
Figure 18: The comparison graph of experimental concentrations of HCN with 

calculated for samples of Mtwara region 
The experimental results from all the samples are very close to the calculated results 
from their respective pH. Therefore, the experimental result obtained in this study is 
reliable which is also proved by analyzing standard solution of NaCN. 
4.8 Concentrations of HCN After Treatment at 26 °C in the Samples from 

Tanga Region 
The ability of different solvent extracts from Senna singueana leaves to reduce the 
concentration of HCN in selected variety of cassava from each district is shown in 
Figure 19. The blank column in the figure shows their respective concentrations 
before treatment. 
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Figure 19: Concentrations of HCN in cassava samples from Tanga region after 
treatment with different extracts of Senna singueana leaves at 26 0C. 

For the sample TL1, the ability of ethanol extract of Senna singueana leaves in 
reducing hydrogen cyanide in the cassava sample was higher compared to the rest of 
the extracts. This is because ethanol is highly polar organic solvent which can extract 
different classes of compounds. Ethanol extract reduced the concentration of HCN 
from 28.5 mg/kg to 21 mg/kg; followed by acetone and water with the reduction to 
23 mg/kg. The lowest efficacy observed in the mixture of all the extracts with the 
reduction to 25 mg/kg. 
For sample TK1, the ability of extract mixture of Senna singueana leaves in reducing 
hydrogen cyanide in the cassava sample was higher compared to the rest of the 
extracts. This might be due to the synergistic effect of the mixture to reduce the 
concentration of HCN. The ability of different extracts in removing HCN decreased 
in the order of mixture > ethanol > water > acetone. 
For sample TM1, similar to the sample TK1, the ability of extract mixture of 
Sennasingueana leaves in reducing hydrogen cyanide in the cassava sample was 
highercompared to the rest of the extracts. This might be also due to the synergistic 
effect of the mixture to reduce the concentration of HCN. The ability of different 
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extracts in removing HCN decreased in the order of mixture > ethanol > water > 
acetone. 
For sample TT1, the ability of ethanol extract of Senna singueana leaves in reducing 
hydrogen cyanide in the cassava sample was higher compared to the rest of the 
extracts. This is because ethanol is highly polar organic solvent which can extract 
different classes of compounds. The ability of different extracts in removing HCN 
decreased in the order of ethanol > water > acetone > mixture. 
Different extracts were able to reduce the concentrations of hydrogen cyanide from 
different cassava samples. It was observed that ethanol and mixture had more ability 
of reducing HCN concentration in cassava samples. 
4.9: Comparison of efficacy of Senna singueana in treating HCN in cassava at 
26 °C and 36 °C 
i. Sample TL1 
The efficacy of a single solvent to reduce the concentration of HCN at different 
temperatures shows that the reduction of HCN in cassava increases by increasing 
temperature. For water extract from Tanga region, TL1 shows the reduction in the 
concentration of HCN from 28.5 to 23 mg/kg, which is 19.298% at 26 °C (Table 4) 
while at 36 °C the changes are from 28.5 to 22 mg/kg which is 22.807% (Table 5). 
There is an increase of 3.50% / 10 °C. 

Table 4: Comparison of the efficacy of Senna singueana leaf extracts in 
reducingHCN in cassava samples from Tanga region at 26 °C. 
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Table 5: Comparison of the efficacy of Senna singueana leaf extracts in 
reducingHCN in cassava samples from Tanga region at 36 °C. 

Conc. of HCN (mg/kg) after treatment with different extracts 
    Extracting reagent 
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TL1 28.5 22 6.5 22.8 20 8.5 30 21.5 7 25 23 5.5 19 
TK1 13.7 11.1 2.6 19 8.5 5.2 38 11 2.7 20 8.9 4.8 35 
TM1 12.5 11 1.5 12 9.3 3.2 26 11.4 1.1 8.8 9 3.5 28 
TT1 12.7 9 3.7 29.1 7.5 5.2 41 10.5 2.2 17 10.8 1.9 15 
 
For ethanol extract from Tanga region, TL1 shows the reduction in the concentration 
of HCN from 28.5 to 21mg/kg which is 26.3158% at 26 °C while at 36 °C the 
changes are from 28.5 to20 mg/kg which is 29.82456%. There is an increase of 
3.51%/10 °C. 
For acetone extract from Tanga region,TL1 showed the reduction in concentration of 
HCN from 28.5 mg/kg to 23 mg/kg which is 19.2982% at 26 °C while at 36 °C the 
changes are from 28.5 mg/kg 21.5 mg/kg which is 24.5614%.There is an increase of 
5.26% / 10 °C. 
For mixture extract from Tanga Region, TL1 shows the reduction in the 
concentration of HCN from 28.5 mg/kg to 25 mg/kg which is 12.28% at 26 °C while 
at 36 °C the changes are from 28.5 mg/kg to 23 mg/kg which is 19.29%. There is an 
increase of 7.01% /10 °C. 
The sample TL1 (Dide) obtained from Lushoto District had the highest amount of 
28.5 mg/kg (measured directly from the experiment) and 26.32 mg/kg estimated 
from pH value before distillation. Rainfall tends to lower the concentration of HCN, 
thus its concentration during dry season could be greater than that of in rainy season. 
Additionally, it’s in this season when most of the death cases occur.   
ii. Sample TK1 



40 
 

The efficacy of a single solvent to reduce the concentration of HCN at higher 
temperatures showed a great improvement in the reduction process. For water extract 
from Tanga region, TK1 showed a reduction in the concentration of HCN from 13.7 
to 11.5 mg/kg which is 16.0584% at 26 °C; while at 36 °C the reduction is from 13.7 
to 11.1 mg/kg which is 18.9781%. There is an increase of 2.39 % / kg / 10 °C. 
For ethanol extract from Tanga region, TK1 showed the reduction in the 
concentration of HCN from 13.7 to 10 mg/kg which is 27.0073% at 26 °C while at 
36 °C the reductions are from 13.7 to 8.5 mg/kg which 37.9562%. There is an 
increase of 10.95 % / 10 °C. 
For acetone extract from Tanga region, TK1 showed the reduction in the 
concentration of HCN from 13.7 to 12 mg/kg which is 12.4088 % at 26 °C while at 
36 °C the reductions are from 13.7 to 11 mg/kg, which is 19.70%. There is an 
increase of 7.30 % / 10 °C. 
For mixture extract from Tanga region, TK1 showed the reduction in the 
concentration of HCN from 13.7 to 9 mg/kg which is 34.30% at 26 °C while at 36 °C 
the reductions are from 13.7 to 8.9 mg/kg which is 35.03%. There is an increase of 
0.73% / 10oC 
In the sample TK4, the experimental concentration was observed to be 5.03 mg/kg. 
Butwhen calculated from its pH it was observed to have the concentration of 6.20 
mg/kg. The concentration of HCN was lowered in the sample from Korogwe District 
because of heavy rainfall which tends to reduce the concentration of hydrogen 
cyanide. 
iii. Sample TM1 
The efficacy of a single solvent to reduce the concentration of HCN at different 
temperatures showed a great improvement of the reduction process. For water extract 
from Tanga region, TM1 showed the change in concentration of HCN at 26 °C from 
14 to 11.5 mg/kg which is 18% while at 36 °C the reductions are from 14 to11 mg/kg 
which is 21%. There is an increase of 3% / 10 °C. 
For ethanol extract from Tanga region, TM1 showed the reduction in the 
concentration of HCN from 12.5 to 9.5 mg/kg which 24% at 26 °C while at 36 °C the 
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reductions are from 12.5 to 9.3 mg/kg which 25.60%. There is an increase of 1.60% 
/10 °C. 
Treatment with acetone extract from TM1 of Tanga region showed the reduction in 
the concentration of HCN from 12.5 to12 mg/kg which is 4.00% at 26 °C while at 36 
°C the reductions are from 12.5 to 11.4 mg/kg which is 8.80%. There is an increase 
of 4.40 % /10 °C. 
Treatment with mixture extract from TM1 of Tanga region shows the reduction in 
concentration of HCN from 12 to 8 mg/kg which is 36 % at 26 °C; while at 36 oC the 
reductions are from 12.5 to 9 mg/kg which is 28.00%. There is an increase of 6.00% 
/10 oC. 
iv. Sample TT1 
The efficacy of a single solvent to reduce the concentration of HCN at higher 
temperatures showed a great improvement in the reduction process. Treatment with 
water extract on the sample from the TT1 of Tanga region shows that the 
concentration of HCN was reduced from 12.7 to 10.2 mg/kg which is 19.67 % at 
26oC while at 36oC the reductions are from 12.7 to 9.11 mg/kg which is 29.13 %. 
There is an increase of 9.45% /10oC. 
Treatment of sample TT1 from Tanga region with ethanol extract showed the 
reduction in the concentration of HCN from 12.7 to 9.8 mg/kg which 22.83%at      26 
oC; while at 36 oC the reduction is from 12.7 to7.5 mg/kg which 40.95%. There is an 
increase of 18.11% /10 oC. 
Treatment of sample TT1 from Tanga region with acetone extract showed a reduction 
in the concentration of HCN from 12.7 to 11 mg/kg which is 13.39% at 26 oC; while 
at 36 oC the reductions are from 12.7 to 10.5 mg/kg which is 17.32%. There is an 
increase of 3.94% / 10 oC. 
Treatment of sample TT1 from Tanga region with mixture extract showed reduction 
in the concentration of HCN from 12.7 to11.3 mg/kg which is 11.02% at 26 oC; 
while at 36 oC the reductions are from 12.7 to 10.8 mg/kg which is 14.96%. There is 
an increase of 3.94% / 10 oC. 



 

4.10:  Concentrations of HCN After
Mtwara Region

The ability to reduce the concentration of HCN in the samples of Mtwara region after 
treatment with different solvent extracts was compared using the selected varieties 
from each district (Figure 20).
 
 
 
 
 
 
 
 
 
 
 

Figure 20: Concentrations of HCN in cassava samples from Mtwara region 
after treatment with different extracts of 

Reduction ability to reduce hydrogen cyanide in cassava sample MN
the ethanol extract compared to the rest of extracts. This is due to its high polarity, 
which causes more extracts to be dissolved in it. The ability to reduce the 
concentration of HCN in cassava was decreasing from ethanol with a reduction from 
35 to 22.7 mg/kg follow
acetone with the reduction to 29 mg/kg. The lowest efficacy was observed for water 
in with reduction to 30 mg/kg.
Reduction ability to reduce hydrogen cyanide in cassava sample MR
the ethanol extract compared to the rest of extracts and this is due to its high polarity, 
which caused more extracts to be dissolved in it. The arrangement of ability to 

42 

Concentrations of HCN After Treatment at 26 °C in the Samples from 
Mtwara Region 

The ability to reduce the concentration of HCN in the samples of Mtwara region after 
treatment with different solvent extracts was compared using the selected varieties 
from each district (Figure 20). 
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reduce was higher for ethanol and acetone with an equal reduction from 0.5 to 0.4 
mg/kg followed by water with a reduction from 0.5 to 0.5 mg/kg and the lowest 
efficacy was observed in the mixture with the reduction to 0.6 mg/kg. The reduction 
in the concentration of HCN in mixture extract was much less than the blank. This 
might be due to chemical interaction between the extracts and water. The reducing 
ability of water was expected to be higher due to its high polarity compared to other 
extract solvents but its high boiling point might cause the denaturation of the 
alkaloids present in Sennasingueana before been extracted. 
The reduction ability to reduce concentration of hydrogen cyanide in cassava sample 
MT1 was higher in the ethanol extract compared to the rest of extracts and this is due 
to its high polarity, which causes more extracts to be dissolved in it. The ability to 
reduce the concentration of HCN in cassava was decreasing from ethanol with a 
reduction from 2.5 to 2 mg/kg followed by water with a reduction to 2.3 mg/kg and 
acetone and mixture with reduction each to 2.4 mg/kg being the lowest efficacy 
observed. 
The reduction ability to reduce hydrogen cyanide in cassava sample MU1 was higher 
in the ethanol and acetone extracts compared to the rest of extracts and this is due to 
its high polarity, which caused more extracts to be dissolved in them. The ability to 
reduce the concentration of HCN was decreasing from ethanol and acetone with the 
same reduction from 0.6 to 0.5 mg/kg followed by water and mixture extract with a 
reduction of each 0.6 mg/kg, the lowest efficacy observed. The absence of reduction 
observed here may suggest that at lower concentrations reduction does not take 
place. 
4.11:Comparison of efficacy of Senna singueana in treating HCN in cassava at 

26 °C and 36 °C 
i. Sample MN1 
The efficacy of a single solvent extract to reduce the concentration of HCN at higher 
temperatures showed the great improvement of the reduction process. The treatment 
with water extract in the sample MN1 from Mtwara region showed the reduction in 
the concentration of HCN from 35 to 30 mg/kg which is 19.298% at 26 °C (Table 6); 
while at 36 °C the changes are from 35 mg/kg to 29 mg/kg which is 22.807% (Table 
7). There is an increase of 3.51%/10 °C. 
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The ethanol extract reduced concentration of HCN in cassava sample MN1 from 
Mtwara region from 35 to 22.7 mg/kg which is 35% at 26 °C; while at 36 °C the 
changes are from 35 to 25 mg/kg which is 29%. There is a decrease of 6% /10 °C. 

 

Table 6: Comparison of the efficacy of Senna singueana leaf extracts in 
reducingHCN in cassava samples from Mtwara region at 26 °C. 
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MN1 35 30 5 14 22.7 12 35 29 6 17.1 28.3 6.7 19 
MR1 0.5 0.5 0 0 0.4 0.1 20 0.4 0.1 20 0.6 -0 -20 
MT1 2.5 2.3 0.2 8 2 0.5 20 2.4 0.1 4 2.4 0.1 4 
MU1 0.6 0.6 0 0 0.5 0.1 17 0.5 0.1 16.7 0.6 0 0 

 
Table 7: Comparison of the efficacy of Senna singueana leaf extracts in 

reducing HCN in cassava samples from Mtwara region at 36 °C 

 

Treatment of concentration of HCN in MN1 of Mtwara region with acetone extract 
showed the reduction in the concentration of HCN from 35 to 29 mg/kg which is 
17.1% at 26 °C while at 36 °C the reduction is from 35 to 27 mg/kg which is 23%. 
There is an increase of 5.9% / 10 °C. 
Treatment with mixture extract in sample MN1 from Mtwara region showed the 
reduction in the concentration of HCN from 35 to 28.3 mg/kg which is 19% at 26 °C 

Conc. of HCN (mg/kg) after treatment with different extracts. 
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MN1 35 29 6 17 25 10 29 27 8 23 27 8 22.9 
MR1 0.5 0.5 0 0 0.4 0.1 20 0.4 0.1 20 0.6 -0.1 -20 
MT1 2.5 2 0.5 20 1.8 0.7 28 2.1 0.4 16 2.2 0.3 12 
MU1 0.6 0.5 0.1 17 0.4 0.2 33 0.5 0.1 17 0.6 0 0 
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while at 36 °C the reductions are from 35 to 27 mg/kg which is 22.9%. There is an 
increase of 3.9% / 10 °C. 
ii. Sample MR1 
The efficacy of a single solvent extract to reduce the concentration of HCN in the 
cassava sample higher temperatures showed the great improvement in the reduction 
process. Water extracts reduced concentration of HCN from 35 to 30 mg/kg which is 
14% at 26 °C while at 36 °C the reductions are from 35 to 29 mg/kg which is 17%. 
There is an increase of 3% / 10 °C. 
Ethanol extract reduced the concentration of HCN in the sample MR1 from Mtwara 
region from 35 to 25 mg/kg which is 29% at 26 °C; while at 36 °C the reduction is 
from 35 to 22.7 mg/kg which 35%. There is an increase of 6% / 10 °C. 
 
Acetone extract reduced the concentration of HCN in the sample MR1of Mtwara 
region from 35 to 29 mg/kg which is 17.1% at 26 °C, while at 36 °C the reduction is 
from 35 to 27 mg/kg which is 23%. There is an increase of 2.9% / 10 °C. 
Treatment with mixture extract in the sample MR1 from Mtwara region showed the 
reduction in the concentration of HCN from 35 to 28.3 mg/kg which is 19% at 26 °C 
while at 36 °C the reduction is from 35 to 27 mg/kg which is 22.9%. There is an 
increase of 3.9 mg/10 °C. 
iii. Sample MT1 

The efficacy of a single solvent extract to reduce the concentration of HCN at higher 
temperatures showed a great improvement in the reduction process. Treatment with 
water extract from Mtwara region, MT1 showed the reduction in the concentration of 
HCN from 2.5 to 2.3 mg/kg which is 8% at 26 °C while at 36 °C the reductions are 
from 2.5 to 2 mg/kg which is 20%. There is an increase of 16% mg/kg / 10 °C. 
The ethanol extract reduced concentration of HCN in MT1 Mtwara region from 2.5 
to 0.4 mg/kg which 20% at 26 °C; while at 36 °C the reduction is from 2.5 to 0.5 
mg/kg which 25.6%. There is an increase of 5.6 mg/kg / 10 °C. 
The treatment of sample MT1 of Mtwara region with acetone extract showed the 
reduction in the concentration of HCN from 2.5 to 2.4 mg/kg which is 4% at 26 °C 
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while at 36 °C the reduction is from 2.5 to 2.1 mg/kg which is 16%. There is an 
increase of 12 mg/kg / 10 °C. 
The mixture extract reduced the concentration of HCN in MT1 from Mtwara region 
from 2.5 to 2.4 mg/kg which is 4% at 26 °C while at 36 °C the reductions are from 
2.5 to 2.2 mg/kg which is 12%. There is an increase of 8 mg/kg / 10 °C. 
iv. Sample MU1 

The efficacy of a single solvent extract to reduce the concentration of HCN at higher 
temperatures showed a great improvement in the reduction process. Water extract 
reduced the concentration of HCN in MU1 from Mtwara region from 0.6 mg/kg to 
0.6 which is 0% at 26 °C; while at 36 °C the reduction is from 0.6 to 0.5 mg/kg 
which is 17%. There is an increase of 17% / 10 °C. 
The ethanol extract reduced concentration of HCN in MU1 from 0.6 to 0.5 which was 
17% at 26 °C while at 36 °C the reduction is from 0.6 to 0.4 mg/kg which 33%. 
There is an increase of 16 % /10 °C. 
The treatment with acetone extract reduced the concentration of HCN in sample MU1 
from Mtwara from 0.6 to 0.5 mg/kg which is 16.7% at 26 °C while at 36 °C the 
reduction is from 0.6 to 0.5 mg/kg which is 16.7%. There is an increase of 0.0 
mg/kg/10 °C. The mixture extract reduced the concentration of HCN in MU1 from 
0.6 to 0.6 mg/kg which is 0% at 26 °C while at 36 °C the reduction is from 0.6 mg/kg 
to 0.6 mg/kg which is 0%. There is an increase of 0 % / 10 °C. 
The results above show that the reduction at 36 °C gives better value compared to the 
reduction at 26 °C. This is good news because 36 °C is the same as the human body 
temperature and is a favorable temperature for the convention of HCN to the non-
toxic materials. 
For the low HCN concentration, the treatment shows to fail by giving zero change in 
concentration of hydrogen cyanide, and sometimes it gives negative values. An 
example, for sample MU1 (Mnalikuchumbani) the concentration of hydrogen cyanide 
was 0.6 mg/kg before treatment and after treatment at 26 °C it remained the same 
without seeming to improve at 36 °C. Instead, the concentration was recorded to drop 
to 0.5 mg/kg. This is about 88.3% of the cyanide that remained. 
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4.12 Comparison of the Results with Literature 
i. Morias, et al., (2017) reported in “The Journal of Food and Nutrition” the 

determination of concentration of hydrogen cyanide through different 
methods on two varieties called Nyakatanegi and Mariwa. They used the 
titration method, whereby parenchyma (the succulent part) of Nyakatanegi 
had the lowest concentration of 41.40 mg/kg while the same part of Mariwa 
variety had the lowest concentration of 22.40 mg/kg. 

ii. The spectrophotometric assay revealed that the parenchyma of Nyakatanegi 
had the lowest amount of 15.00 mg/kg while the parenchyma of the edible 
cultivar (Mariwa) had less than 10 mg/kg of HCN. The poisonous variety 
(Nyakatagi) had the highest amount of HCN (36.10 mg/kg), while the 
ediblecultivar had 15.00 mg/kg. 

iii. Compared to the results obtained in this research whereby the highest 
concentration was found in two varieties; Sumu ya panya obtained from 
Newala district with the mean concentration of 35.1 mg/kg and Dide from 
Lushoto District with the mean concentration of 28.47, these two varieties fall 
within the categories of Nyakatanegi. They are therefore poisonous. 

iv. However, Sumu ya panya is used by the natives for the production of local 
brew, while Dide is fermented used for making stiff porridge known as Bada. 

v. The lowest mean concentration of HCN was for Tanga region samples 6.2 
mg/kg obtained in Korogwe district followed by 0.5 mg/kg from Mtwara 
rural district. 

4.13 Comparison of percentage concentrations of HCN obtained by other local 
methods with the percentage concentrations of HCN obtained by reducing with 
Senna singueana results. 

i. According to William (2012), when cassava is softened enough through 
boiling, it was found that about 50% of cyanide was removed. Also, around 
40% was observed to be removed for disturbed steamed cassava; while 
cyanide loss of around 80% for grated boiled cassava. 

ii. The maximum ability of different extracts to reduce the concentration of 
HCN from cassava are 38.00% for ethanol at sample TK1 at 36 °C; 35.14% 
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for ethanol at 26 °C and for TK1, 24.5% for acetone at 26 °C; TL1, 29.13% 
for water at 36 °C, for sample TT1, 34.30% for sample TK1 at 26 °C. 

iii. Compared to percentage loss by treatment with Senna singueana the local 
methods for removing hydrogen cyanide in cassava seems to be more 
efficient than those methods which use extracts of Senna singueana. The 
results show that it is more convenient to use local methods. Nonetheless, we 
aim to make safe use of raw cassava. 

4.14 The Class of Compounds Present in Senna singueana Leaf Extracts 
The results of different tests for the presence or the absence of different classes of 
compound are presented in Table 8. In the table, plus sign (+) indicates the the 
presence of that particular class of compounds in the respective extracts. Minus (-) 
sign indicates the absence. More number of signs indicated the intensity of positive 
result. 

Table 8: Class of compounds present in senna singueana leaf extracts. 
 

S/N Class of compound 
tested 

Water extract Ethanol 
extract 

Acetone 
extract 

01 Tannins + _ + + 
02 Saponins + + + + 
03 Terpenes and Steroids _ + + + _ 
04 Flavonoids _ + + + + 
05 Alkaloids + +++++ + 
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CHAPTER FIVE 
CONCLUSIONS AND RECOMMENDATIONS 

5.1 Introduction 
This chapter provides conclusion and recommendations drawn from the research 
findings. A broader objective was to study on how to reduce the poisonous effect of 
hydrogen cyanide in Cassava (Manihot Esculenta Crantz) by using Mumba 
(SennaSingueana) leaves extracts. 
5.2 Conclusion 
In Tanga region, the highest mean concentration of hydrogen cyanide was found in a 
variety called Dide, cultivated at Mlola village in Lushoto district with 28.466 mg/kg 
while the lowest concentration of hydrogen cyanide 6.27 mg/kg was found in the 
cassava sample called Msufi which was found in Korogwe district. In Mtwara 
region, the samples collected at Kidumbe Mtoni Village, Newala district had the 
highest concentration of 35.1 mg/kg in a variety called Sumu ya panya while lowest 
concentration of hydrogen cyanide was found in the cassava sample called 
Mnalikuchumbani with the mean concentration of 0.5 mg/kg. The results showed 
that the varieties of Dide and Sumu ya panya which are bitter in taste had higher 
concentration of HCN compared to the other varieties. The sweetest variety of 
cassava Mnalikuchumbani from Mtwara region contain the least concentration of 
HCN. 
 
The percentage reduction in concentration of hydrogen cyanide in cassava after 
treatment with Senna singueana leaves extracts of ethanol, water, acetone and 
mixture was 40.9, 34.30, 29.13 and 22.86, respectively. The results showed that the 
treatment is efficient at 36 °C than at 26 °C. This study showed that the leaf extracts 
of Senna singueana can be used to treat the cassava inorder to reduce the 
concentrationsof hydrogen cyanide. 
5.3 Recommendations 
Since time did not allow for carrying out further research outside the scope of this 
work, the following are the recommendations as follow up on this work: 
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Further research for the concentration of hydrogen cyanide in different varieties of 
cassava is recommended to be carried out throughout the whole country in particular 
where cassava is cultivated and used mostly. 
The researcher recommending other researchers to find out the best methods or 
compounds that will provide the highest reduction of hydrogen cyanide 
concentration in cassava. 
A study should be done on the use of powdered form of the Senna singueana as an 
organic manure for the future environmental conservation and cost reduction since 
the plant is abundant, thrives in all conditions in the country and the leaves are easily 
retrievable. 
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