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Abstract: Consuming a cyanogenic plant is an etiological factor to the persistence of iodine deficiency in the post salt iodization 
phase. Ghana, notably the Northern belt, still reports of iodine deficiency after 14 years of mandatory consumption of iodized salt by 
an Act of Parliament. The study aimed at determining the cyanide contents of leaves of commonly consumed cassava varieties in 
Ghana and investigating the effects of some environmental factors on cyanide content. Three communities each from Southern, 
Middle and Northern Ghana served as the study sites from where young, non-diseased and fully-spread cassava leaves were sampled 
from plants of commonly consumed cassava varieties. Cyanide was analyzed by the standard colorimetric method based on the 
chloramine-T/pyridine-barbituric acid protocol (4500-CN E). Cassava leaves from Northern Ghana had significantly higher mean 
cyanide content (177.22 ± 20.82 ppm) than those from Middle (130.83 ± 33.00 ppm) and Southern Ghana (127.24 ± 37.54 ppm) (P < 
0.001). Two-factor ANOVA showed significantly higher adverse environmental effects on cyanide contents of leaves of unimproved 
cassava varieties than improved ones (R2 = 0.627, P = 0.023). From multiple regression analysis, temperature was the most 
significant environmental factor explaining 33% of the variability in cyanide content (R2 = 0.331, P = 0.002), followed by altitude 
(R2 = 0.106, P = 0.049) and rainfall (R2 = 0.084, P = 0.062). The high cyanide contents of cassava leaves from Northern Ghana, due 
principally to the high atmospheric temperature, may be a contributory factor to the high prevalence of goiter and the persistence of 
iodine deficiency in that geographic region. 
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1. Introduction 

Cassava leaves are rich in protein (crude protein is 

7.4 g/100 g), especially in the young apical leaves, 

which are the most appropriate for vegetable [1]. Even 

though cassava leaves are limiting in the 

sulphur-containing amino acids (methionine and 

cysteine), when consumed with cereals such as maize, 

rice and wheat staples (which are rich in the 

sulphur-containing amino acids but deficient in lysine), 

a good complementary effect is produced. Cassava 

leaves are significantly high in alanine, arginine, 

aspartic acid, glutamic acid, glycine, histidine, lysine, 
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proline, threonine and tyrosine [2]. Cassava leaves are 

also rich in micronutrients. For example, the β-carotene, 

iron and zinc contents of cassava leaves are 20,803.0 

µg/100 g, 5.6 mg/100 g and 5.0 mg/100 g, respectively 

[1]. 

By virtue of their nutritional value, cassava leaves 

have the potential to address protein and micronutrient 

deficiencies in hungry populations, as noted 

specifically for vitamin A deficiency by some 

investigators [3, 4]. This potential is further enhanced 

by the fact that cassava cultivation is relatively cheaper, 

being drought-tolerant and its ability to do well in less 

fertile soils. Also, cassava leaves are readily affordable 

and supply may extend over longer periods in the 

course of the year. For these reasons, reliance on 
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cassava (leaves) is expected to increase in the coming 

years, in the context of the global climate change [5]. 

Cassava leaves may therefore be considered a very 

important plant source of micronutrients and protein 

especially in populations which are hard-to-reach with 

fortified foods. Given these nutritional potentials, some 

authors have long advocated cassava leaves be made 

into acceptable edible forms through industrial means 

and backed up with educational programs to promote 

their consumption [6]. In Ghana, cassava leaves are 

being consumed by some segments of the population, 

most notably Northern Ghana. 

One constraint with the nutritional potential or the 

consumption of cassava leaves is the presence of 

cyanogenic glycosides which release cyanide. One of 

the pathological disorders that have been associated 

with cassava cyanide consumption is iodine 

deficiency, especially in the form of goiter. This is 

because the major cyanide metabolite, thiocyanate is a 

known goitrogen. Goitrogens take their name from 

goiter and inhibit the uptake of iodine by the thyroid 

gland. As a result, the gland is not able to form thyroid 

hormones. Some goitrogens act non-competitively 

and cannot be neutralized by taking extra iodine. 

These are called goitrins and may be found in turnips 

and some cabbages [7]. The goitrogen thiocyanate, 

however, acts competitively. It competitively inhibit 

iodide uptake in the thyroid gland at 100 μmol/L of 

blood [8]. At this level, thiocyanate disrupts 

homeostatic feedback mechanisms that control 

biosynthesis, secretion and transport of thyroid 

hormones, leading to iodine deficiency, 

predominantly in the form of goiter. 

In Ghana, iodine deficiency is a problem precisely in 

Northern Ghana and some mountainous areas of the 

country. In 1994, goiter was reported endemic in 

Northern Ghana [9]. Exactly, a decade of mandatory 

consumption of iodized salt by an Act of Parliament, 

iodine deficiency in Northern Ghana was reported to 

have improved but to the mild stage [10]. Most recent 

data on iodine nutrition in Ghana depict that iodine 

deficiency still persists in Northern Ghana despite the 

use of iodized salt in households [11].  

From literature, consuming a cyanogenic plant is an 

etiological factor to the persistence of residual goiter in 

the post salt iodization phase [12]. The study therefore 

aimed at determining the cyanide contents of the leaves 

of most commonly consumed cassava varieties from 

Southern, Middle and Northern Ghana and 

investigating the effects of some environmental factors 

(altitude, rainfall, relative humidity and temperature) 

on cyanide concentration. 

2. Materials and Methods 

2.1 Selection and Description of Study Sites 

Three Agricultural Research Stations (ARS), one 

each from the South, Middle and North of Ghana were 

selected. These were based on the fact that they were 

the most important ARS within the root and tuber 

improvement and marketing program (RTIMP) in 

Ghana. These were the Asuansi ARS, Wenchi ARS, 

and Damongo Agricultural Settlement (Fig. 1). 

Asuansi ARS is located in the 

Abura-Asebu-Kwamankesi district in the Central 

Region (Southern Ghana) and is situated in the moist 

semi-deciduous forest agro-ecological zone (Fig. 1). 

Wenchi ARS is in the Wenchi district of the 

Brong-Ahafo Region (Middle belt) and is sited within 

the transition agro-ecological zone (Fig. 1). Damongo 

Agricultural Settlement is not an ARS but a place 

where there is commercial production of cassava, 

within the West Gonja district of the Northern Region 

(Northern Ghana). The West Gonja district is the 

leading producer of cassava in Northern Ghana [13]. 

This site is located in the guinea savanna 

agro-ecological zone. The South, Middle and the North 

belts were considered in order to obtain a wider scope 

as some varieties as Filindiakong, Eskamaye and 

Nyerikobga popularly known as the Northern improved 

varieties, are documented to thrive only in the guinea 

savanna zone [14]. 
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Fig. 1  Surveyed areas in the South, Middle and North of Ghana.  
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2.2 Sample Size and Selection of Respondents  

The population under survey was cassava farmers. A 

total of 100 cassava farmers were interviewed on 

cassava varieties they were growing. This was 

weighted as follows: there were 12,818, 14,255 and 

7,695 cassava farm holders in the 

Abura-Asebu-Kwamankesi district (Southern Ghana), 

Wenchi district (Middle Ghana) and West Gonja 

District (Northern Ghana), respectively [15]. 

Proportion-wise, 37, 41 and 22 cassava farmers were 

interviewed in each geographical region on most 

commonly consumed cassava varieties. 

2.3 Sampling and Sample Collection 

In each belt, farmers who satisfied 

inclusion/exclusion criteria (Section 2.4) were randomly 

selected to provide cassava leaves. For a single cassava 

variety (primary sample) in each belt, three sub-samples 

were obtained as shown in Fig. 2, using a 

semi-structured questionnaire. In the farm, leaves were 

obtained from randomly selected non-diseased plants. 

Leaves were collected from eight month-old (completed 

months) plants only. Young, tender and fully-spread 

cassava leaves, numbered 1-2 from the uppermost 

leaves of the randomly selected plants were harvested. 
 

 
Fig. 2  Sampling procedure for collecting cassava leaves.  
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The leaves were immediately put in labeled plastic 

bags and transported on ice packs to the laboratory. 

Global positioning system (gecko 201, Garmin) was 

used to determine the altitudes and the exact locations 

of the farms where samples were taken.  

2.4 Exclusion/Inclusion Criteria for Selecting Farmers 

Without any external influences, the contents of 

cyanogenic glycosides in cassava increases to a peak 

level at three months, and then decreases to a constant 

level at six months and throughout the growth period 

[16]. Farmers who provided leaves were therefore 

those who could give exact information on plant age. 

Selected farmers did not intercrop their cassavas 

with groundnuts, beans or any other leguminous crops, 

in order to rule out any interferences of nitrogen 

fixation since this is known to be one of the most 

important exogenous factors and the number one soil 

nutritional factor that influences the actual level of 

cyanogenic glycoside or cyanide level of plants [17]. 

Selected farmers did not apply nitrogen, phosphorus, 

potassium or any other inorganic fertilizers in the farm 

since this is known to influence cassava cyanogenesis 

[18, 19]. 

2.5 Preparation of Analytical Samples 

In obtaining food samples in the field for chemical 

analysis, it is suggested that, besides analysis on 

each primary sample obtained for the same type of 

sample in the same geographical location, a 

composite sample could also be prepared from 

primary samples of the same sample type [20]. In 

accordance with this, composite samples were 

prepared from the three primary samples obtained 

for each sample type in each belt. For each leaf, the 

petiole was removed. Cyanide content of cassava 

leaves is found to increase from the tip to the stalk 

end [21]. Therefore, in order to obtain representative 

samples for analysis, only the central portions of the 

leaves were used. These central portions were cut 

into smaller pieces and quickly ground on ice packs 

using pre-chilled glass mortar and pestle until a 

homogenous marsh was obtained. Each composite 

sample (homogenous mash) was quickly transferred 

into a labeled plastic bag and kept at -4 °C until 

analysis. 

2.6 Determination of Cyanide Concentration  

Cyanide analysis was done using the standard 

colorimetric method based on the 

chloramine-T/pyridine-barbituric acid protocol 

(4500-CN E) at the Société Générale de Surveillance 

(SGS) laboratory in Tema-Ghana [22]. To avoid 

cyanide loss from pounded cassava leaves, due to the 

high enzymatic catalytic activity at room temperature 

[21, 23], weighing the analytical sample prior to 

analysis was done as quickly as possible. Analyses 

were done in duplicates. 

2.7 Data Analysis 

Climatic data (temperature, rainfall and relative 

humidity) for the year 2010 (the year when the 

cassavas were cultivated) for each belt, were obtain 

from the Ghana meteorological agency. 

One-way ANOVA was used to determine whether 

any significant differences in cyanide concentration 

existed in the three geographical belts. Multiple 

regression analysis was used to determine the potential 

environmental factors that predict cyanide 

concentration. Two-way ANOVA was used to study 

the interactive effects of environmental factors 

(geographical location) and type of variety 

(improved/unimproved). 

3. Results and Discussion 

3.1 Cyanide Contents of Leaves of Most Commonly 

Consumed Cassavas 

Nine cassava varieties were found to be most 

commonly consumed (i.e., ≥ 5% of the respondents 

were growing the variety, and therefore important). 

Five were improved, four were unimproved (Table 1).  
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Table 1  Moisture and cyanide contents of the leaves of most commonly consumed Ghanaian cassava varieties (duplicate 
analyses). 

Name of variety Mean moisture content (Mean ± SD) (%) Dry matter mean cyanide (Mean ± SD) (ppm) 
aAfisiafi (IV-SB) 87.20 ± 0.28 107.06 ± 2.36 

Bankyehemaa (IV-SB) 70.36 ± 0.43 175.82 ± 2.52 
aBosomensia (UV-SB) 70.50 ± 0.71 99.97 ± 2.40 

Afisiafi (IV-TB) 75.90 ± 0.42 72.79 ± 1.11 
bAfosa (UV-TB) 72.90 ± 0.42 140.85 ± 2.21 
bBankyehemaa (IV-TB) 71.30 ± 0.71 144.53 ± 3.56 

Bensere (UV-TB) 72.85 ± 0.28 165.81 ± 1.73 

Capevas Bankye (IV-TB) 76.36 ± 0.42 131.64 ± 2.33 

Afisiafi (IV-NB) 73.10 ± 0.71 144.42 ± 2.69 
cBosomensia (UV-NB) 73.70 ± 0.14 187.64 ± 1.01 
cEskamaye (IV-NB) 71.90 ± 0.71 181.01 ± 4.55 

Gbanfuful (UV-NB) 74.90 ± 0.42 203.50 ± 3.44 

Nyerikogba (IV-NB) 71.20 ± 0.57 171.20 ± 3.37 

IV = Improved variety; UV = Unimproved variety; SB = Southern belt; TB = Transition belt; NB = Northern belt. Same superscripts 
do not show significant difference in mean cyanide concentration. 
 

As depicted in Fig. 3, one-way ANOVA showed the 

mean cyanide content of varieties in the Southern belt 

(127.24 ± 37.54 ppm), Middle belt (130.83 ± 33.00 

ppm) and the Northern belt (177.22 ± 20.82 ppm) to be 

significantly different (P = 0.003). Post-hoc analysis, 

however, revealed no difference between the Southern 

and the Middle belts in mean cyanide concentration. 

3.2 Impacts of Environmental Factors on Cyanide 

Contents 

Investigation into finding what factors may plausibly 

explain the results revealed temperature as the most 

significant environmental factor predicting cyanide 

concentration from multiple regression analysis (R2 = 

0.331, P = 0.002), followed by altitude (R2 = 0.106, P 

= 0.049), and then rainfall (R2 = 0.084, P = 0.062). 

Overall, about 52% (R2 = 0.521, P < 0.001) of the 

variability in cyanide concentration was explained by 

these environmental factors. 

Of note, is the high temperature in the Northern belt 

of Ghana. The average temperature recorded in that 

geographical region was 29.28 °C (range: 

21.4-38.1 °C). This significantly differed (P < 0.001) 

from that of the transition belt (mean: 26.97 °C, range: 

20.3-35.4 °C), and the Southern belt (mean: 27.97 °C, 

range: 23.1-33.8 °C). One degree rise in temperature 

significantly (P = 0.002) increased cyanide level by 

20.71 ppm. The high atmospheric temperature in the 

Northern belt of Ghana may therefore explain the high 

cyanide contents of the cassava varieties found there. 

This is consistent with literature as some investigators 

have reported greater frequency of Trifolium repens 

(another cyanogenic plant) at high temperatures in the 

United States [24]. Our findings justify the question 

posed by some researchers, as to whether cassava 

(leaves) would continue to be safe under the influence 

of the global climate change, which is characterized by 

high atmospheric temperatures, as reliance on this crop 

increases in tandem [25]. 

High incidence of konzo (one of the pathological 

effects of cassava cyanide consumption) has been 

reported during periods of drought (lack of rainfall 

events) in Democratic Republic of Congo and 

Mozambique [26, 27]. According to the authors, this 

was due to increased cyanogenic potential in cassava 

products during periods of drought. From our data, 

rainfall correlates negatively with cyanide (r = -0.192), 

and 1 mm increase in rainfall reduced cyanide 

concentration by 0.49 ppm even though this was not 

found statistically significant. Rainfall patterns in 

Ghana show minimal rainfall in the Northern belt 

(1,159.1 mm annual rainfall) compared to 1,459.0 mm 
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Fig. 3  Mean cyanide concentration of cassava leaves by geographic region. 
 

in the transition belt and 1,218.20 mm in the Southern 

belt. These may further help explain the higher cyanide 

concentration in the varieties of the Northern belt, and 

are supportive of the high cyanogenetic frequency of 

Trifolium repens reported by the US investigators at 

low summer precipitation [24]. 

High cyanogenic cassavas have been reported at low 

altitudes in Nigeria in places of endemic tropical ataxic 

neuropathy, a neurological disease attributable to 

monotonous cassava (cyanide) consumption; whereas 

low cyanogenic cassavas have been reported in 

Tanzania at locations of high altitudes [28]. Consistent 

with our results, 1 m increase in altitude above sea level 

was associated with 0.52 ppm decrease in cyanide 

concentration, though not statistically significant. 

Moreover there was a strong correlation between 

altitude and rainfall (r = 0.99, P < 0.001). High rainfall 

is therefore expected in places of high altitudes. This 

may explain why the transition belt, the location with 

the highest average altitude (287.95 ± 27.04 m above 

sea level, compared to 168.27 m in the North and 

100.22 m in the South) had the highest rainfall pattern 

(annual rainfall = 1,459.0 mm compared to 1,218.2 

mm in the South and 1,159.1 mm in the North). High 

altitude and high rainfall in the transition belt could 

therefore be the reason for the 32% and 18% respective 

decreases in cyanide levels of Afisiafi and 

Bankyehemaa in the Southern belt when the same 

varieties were located in the transition belt (Table 1). 

The transition belt could thus be thought as the safest 

zone with respect to cassava cyanogenesis. 

3.3 Gene-Environment Interaction 

Two-way ANOVA showed significant interaction 

between geographical location and type of variety 

(unimproved/improved) (P = 0.023, R2 = 0.627). What 

this suggests is that the impact of the environment on 

cyanide level is dependent on the type of variety, 

whether improved or unimproved. In other words, 

depending on the environmental exposure, improved or 

B A A 
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unimproved variety would accumulate more 

cyanogenic glycosides than the other. This is clearly 

depicted in the data (Table 1). It was found that the 

unimproved varieties accumulated more cyanogenic 

glycosides, as depicted in their mean cyanide contents 

(improved: 141.06 ± 35.93 ppm; unimproved: 159.55 

± 38.51 ppm). Of note is the fact that this difference 

was not significant statistically but when stratified by 

geographical location, it was found significant in the 

Northern belt (P = 0.014). 

To shed more light on this, Afisiafi (improved 

variety) in the Southern belt recorded cyanide 

concentration of 107.06 ± 2.36 ppm; the same Afisiafi 

in the Northern belt increased cyanide concentration by 

35% (144.42 ± 2.69 ppm). Under the same prevailing 

environmental conditions, Bosomensia (unimproved 

variety) increased cyanide concentration by 88% 

(99.72 ± 2.39 ppm, in the Southern belt and 187.36 ± 

0.98 ppm, in the Northern belt). It is documented that 

genotype-environment interaction could be very strong 

to the extent that if a particular variety finds itself under 

different environmental conditions; cyanogenic 

potential could increase up to five folds [29]. This 

extent of increase was not recorded in this study, but 

close to 90% increase in cyanogenic potential is very 

significant. This further suggests that the 

genotype-environment interaction in Ghanaian 

cassavas may have more adverse effects on the 

unimproved varieties compared to the improved ones. 

4. Conclusions 

The mean cyanide content of cassava leaves from the 

Northern belt of Ghana was significantly higher than 

that from the Middle and the Southern belts. 

Temperature was found to be the most significant 

environmental factor responsible for high 

cyanogenesis in cassava leaves. The impact of 

environmental factors on cassava cyanogenesis was 

found to be stronger (pointing to higher accumulation 

of cyanogenic glycosides) in the unimproved varieties 

compared to the improved ones. The high cyanide 

content of cassava leaves from Northern Ghana due 

principally to the high atmospheric temperature may be 

a contributory factor to the high prevalence of goiter 

and the persistence of iodine deficiency in that 

geographic region of Ghana. 
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