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Abstract 
 

      Cassava (Manihot esculenta Crantz) is a major 

carbohydrate source in the human diet, yet certain varieties 

harbor high cyanogenic glycoside concentrations, posing risks 

of cyanide toxicity. This study sought to determine cyanide 

concentration levels in leaves, peels, and pulps of cassava 

varieties selected from earlier morphological characterization 

studies carried out in Kenya. A total of 32 varieties were 

selected for cyanide content analysis using picrate paper and 

spectrophotometric methods. Similarly, an on-field study was 

conducted in Migori County, Kenya to assess cyanide 

concentrations in cassava varieties grown by farmers using 

picrate paper method. Using the spectrophotometric method, 

the leaves, peels and pulps had overall average cyanide 

concentrations of 5.89 mg/L CN-, 7.42 mg/L CN- and 8.20 mg/L 

CN- respectively. The same trend was realized using the picrate 

paper analysis where the leaves had average cyanide 

concentration of 3.13 mg/L CN-, the peels had average 5.44 

mg/L CN- and the pulp had the highest average cyanide 

concentration of 7.97 mg/L CN-. Using the spectrophotometer 

analysis of the leaves, the variety Nyarkadera exhibited the 

highest cyanide concentration of 26.93 mg/L CN-, while the 

lowest was observed in the varieties Nyatanga – 002, 

Nyakanyamkago and Kasukali (0.40 mg/L CN-). Peels of 

Kazanzwara recorded the highest cyanide concentration of 

17.82 mg/L CN-, whereas Kasukali showed the least cyanide 

concentration of 1.19 mg/L CN-. Results obtained from the 

pulps showed that the variety Nyatanga had the highest cyanide 

concentration of 26.93 mg/L CN- while the least cyanide 

concentration was recorded on the variety Mzungu (0.40 mg/L 

CN-). Based on the two techniques of analyses, the study 

established moderate positive correlations (r=0.547 and 

r=0.570) between cyanide levels in leaves and peels of different 

cassava varieties respectively. A strong positive correlation of 

r=0.936 was found in the analysis of pulps indicating high 

consistency of the two methods. In the field study 15 varieties 

out of 32 had high cyanide concentrations between 10-30 mg/L 

CN- while 17 varieties had low cyanide concentration. This 

showed that farmers still planted high and low cyanide varieties 

in almost equal proportions. The picrate paper analysis was 

found appropriate for use effectively in assessing cyanide 

concentrations in the field. The variability in cyanide levels 

among the cassava accessions appeared to emphasize need to 

characterize varieties by cyanogenic potential for breeding 

programs and consumer guidance. 
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Introduction 

      Cassava (Manihot esculenta Crantz) is a staple crop widely 

cultivated in tropical and sub-tropical regions due to its 
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adaptability to diverse environmental conditions and its role in 

food security of many countries (Lambebo and Deme, 2022; 

Mbinda and Mukami, 2022; FAOSTAT, 2023). However, 

different cassava varieties have been shown to contain varying 

levels of cyanogenic glucosides, primarily linamarin and 

lotaustralin, which release toxic hydrogen cyanide (HCN) when 

hydrolyzed (Ndubuisi and Chidiebere, 2018). High cyanide 

levels in cassava pose health risks in populations that rely on 

cassava as a primary food source (Mosayyebi et al., 2020). 

Chronic exposure to cyanide has been associated with health 

risks including tropical ataxic neuropathy, goiter and Konzo - a 

paralytic disease, when adequate detoxification is not 

conducted (Ernesto et al., 2000; Cliff et al., 2011; Alitubeera et 

al., 2019; Nyamekye, 2021). 

 

      The cyanide concentration in cassava varies significantly 

among cultivars, as it is influenced by both genetic (Ndubuisi 

and Chidiebere, 2018) and environmental factors (Ospina et al., 

2024). Nyirenda, (2021) reported that every cassava variety 

contains cyanogenic glycosides in varying quantities. In 

general, cyanogenic compounds were observed to be higher 

within the cortex (~804 ppm) than in the root parenchyma 

(~305 ppm) (Ospina et al., 2024). Hawashi et al., (2019) 

explained that cassava leaves contain 5 to 20 times more 

cyanogenic glycosides than in the cortex (peels) and 

parenchyma (pulp) and are considered potentially more toxic if 

consumed than the root tubers. 

 

      According to Kwok (2008), the toxic hydrogen cyanide 

(HCN) is released as a result of enzymatic hydrolysis by β-

glucosidase following the maceration of plant tissues as they 

are consumed or by gut microflora, leading to the breakdown of 

cyanogenic glycosides. This process can be represented by the 

following biochemical equation: 

 

 

 

 

 

      A complex molecule (cyanogenic glycoside) being broken 

down into two parts (aglycone and glucose) (Equation 1). One 

of those parts (aglycone) is still unstable and breaks down 

further into two more pieces (hydrogen cyanide and a 

ketone/aldehyde).  Thus, equation (2) is a direct consequence of 

equation (1), showing the further breakdown of the aglycone 

produced in the initial hydrolysis of the cyanogenic glycoside. 

This leads to cyanide toxicity, which could manifest as nausea, 

headache, confusion, feebleness, unconsciousness and 

eventually death in both animals and humans (Mosayyebi et al., 

2020). The acute threshold fatal doses of cyanide ranges from 

0.5–3.5 mg/kg body weight (WHO, 2011), whereas the chronic 

cyanide dose for daily consumption is 0.02 mg cyanide/kg body 

weight (Harenčár et al., 2021).  

Even though, it has been established that improved cassava 

cultivars generally have lower cyanide concentrations 

compared to traditional varieties, whose cyanide levels often 

exceed the safe limit of 10 mg/kg set by the World Health 

Organization (FAO, 1991), and while certain cultivars are 

generally classified as sweet (or low cyanide) or bitter (having 

high cyanide) based on their cyanide levels, such classifications 

can be ambiguous, as the threshold for bitterness is subjective 

and depends on consumer tolerance (Ndubuisi and Chidiebere, 

2018). The objectives of this study were to determined cyanide 

concentration levels in the leaves, peels and pulp using picrate 

paper method and spectrophotometer. The picrate paper method 

was further used to analyze cyanide levels in cassava varieties 

under farmers’ condition.  

 

 

 

Materials and Methods 

 

The plant materials 

 
      A total of 32 popular cassava varieties grown in Kenya were 

sampled from four distinct clusters derived from earlier 

morphological characterization studies (Nyamwamu et al., 

2023). These were grown at the Rongo University (RU) farm. 

Young leaves and tubers were collected from 12-months old 

plants, separately packed in labeled polythene bags and 

transported to laboratory for cyanide content analysis. 

 

Processing of cassava leaves 

 
      The petioles were removed from the leaf samples. Exactly 

30 g of each sample was weighed using analytical balance 

(Pioneer Model PX 5231/E (0.001G Precision, Max. 520G) 

manufactured by Ohaus Corporation, New Jersey, USA). 

Samples were ground into a paste using a mortar and pestle as 

described by Onukwa, (2005). The resulting paste was placed 

in vials for analysis. 

 

Processing of cassava peels (cortex) 

 
      The tubers were cleaned thoroughly using tap water to 

remove any soil or debris. Each sample was then sectioned 

using a sharp blade into distinct parts: (a) peels and (b) pulp. 

Thirty grams of the peel was weighed and ground into a paste 

https://onlinelibrary.wiley.com/doi/full/10.1002/fes3.573#fes3573-bib-0105
https://onlinelibrary.wiley.com/doi/full/10.1002/fes3.573#fes3573-bib-0110
https://onlinelibrary.wiley.com/doi/full/10.1002/fes3.573#fes3573-bib-0073
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using a mortar and pestle as described by Onukwa, (2005). The 

resulting paste was transferred into labeled reaction vials for 

analysis. 

 

Processing of cassava pulps (parenchyma) 

 
      Similarly, exactly 30 g of each of the pulp samples was 

weighed and ground into a paste and placed in labeled reaction 

vials for analysis. 

 

Samples analysis 
 

Qualitative determination of cyanide in leaves, peels 

and pulp using picrate paper method 

 
      Cyanide test kit Quantofix (A007858/91318/0242.5) was 

supplied by Macherey-Nagel GmbH & Co. KG, Germany. 

Using a micropipette, 5 mL of distilled water was added to each 

the sample.  One level spoon of CN-1 buffer was added to each 

vial to stabilize the pH and support the release of cyanide gas. 

Five drops of CN-2 were then added to each of the reaction 

vials. Picrate paper strips were carefully placed into each 

reaction vial using forceps, with the strips suspended just above 

the sample mixture while care was taken to avoid any direct 

contact between the strips and the paste. Each vial was then 

sealed tightly using a stopper. The reaction vials were incubated 

in a water bath at 30–35°C for 30–60 min. The vials were then 

opened and the color of the picrate papers matched against a 

picrate color chart (Figure 1). The total amount of cyanide in 

each sample was read in mg/L CN- from the color chart and 

recorded. 

 

 

 
Figure 1: Cassava Cyanogen Kit color chart for cyanide determination 

Source: Adopted from Cyanide test kit Quantofix (A007858/91318/0242.5); Macherey-Nagel GmbH & Co. KG, Germany 

 

Semi-quantitative determination of cyanide using 

Spectrophotometer 

 

      Following the qualitative assay, each picrate paper strip was 

removed from the reaction vials using forceps and soaked in a 

cuvette containing 5 mL of distilled water for 3 min while 

gently swirling to allow the color to transfer from the paper into 

the solution. The cuvettes containing the color extract solutions 

were then placed into the spectrophotometer and absorbance of 

the picrate solution read at 510 nm using UV-visible 

spectrophotometer (Model BK-D590; Libra S12, Biobase, 

China) (Bradbury et al., 1999). 

 

Sample preparation of cassava accessions collected from 

field survey 

 

      A survey was carried out in farmers’ fields in Migori 

County. Plants chosen were 9-15 months old. The farmers were 

requested to provide local names for each variety sampled. One 

plant was uprooted to represent the variety grown. The cassava 

tubers were obtained and washed to remove soil and other 

debris. Thin slices (approximately 2 mm thick) were cut from 

the tubers using a sterilized knife to expose the inner tissue 

(peels and pulp) for analysis. The pulp was ground using mortar 

and pestle. Cyanide concentration was determined using the 

picrate paper method (as described above). The cyanide levels 

in the peels were analyzed for samples with high levels of 

cyanide in the pulp. 

 

Spectrophotometer data Analysis 

 

      Calculation of the total cyanide content (ppm) in each of the 

cassava sample was determined using the equation of Bradbury 

et al., (1999) and Rezaul et al., (2002): 

 

𝑇𝑜𝑡𝑎𝑙 𝑐𝑦𝑎𝑛𝑖𝑑𝑒 (𝑝𝑝𝑚) = 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 × 396 

     (3) 

 

where the constant 396 is a conversion factor that relates the 

absorbance obtained from a spectrophotometric analysis to the 

cyanide concentration in parts per million (ppm). 
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Correlation analysis was carried out to determine the strength 

and direction of the linear relationship between picrate paper 

(color chart) and spectrophotometer. The level of significant 

difference was determined at p < 0.01 using SPSS program 

(version 27) IBM. 

 

Results 
 

Spectrophotometer analysis 

 

      The results of analyses of cyanide levels in the leaves, peels 

and pulps of the different cassava accessions as determined by 

the two methods is presented in Table 1. The average cyanide 

levels observed in leaves, peels and pulp was 5.89 mg/L CN-, 

7.42 mg/L CN- and 8.20 mg/L CN- respectively. The highest 

cyanide concentration in the leaves was observed in the 

varieties Nyarkadera (Accession 075) collected from Migori 

County (26.93 mg/L CN-) and Karembo (Accession 093) 

collected from Kilifi County (24.55 mg/L CN-) while the lowest 

cyanide content in the leaves was observed in the varieties 

Kasukali (Accession 015), Nyakanyamkago (Accession 114) 

and Nyatanga-02 (Accession 036) all of which had 0.40 mg/L 

CN- (Table 1). The highest cyanide concentration in the peels 

was observed in the varieties Kazanzwala collected from 

Makueni County (17.82 mg/L CN-) and Wild cassava - 002 

collected from Homa bay County (16.63mg/L CN-). The lowest 

cyanide content in the peels was observed in the varieties 

Kasukali and Karembo which had 1.19 mg/L CN- and 1.58 

mg/L CN- respectively (Table 1). The spectrophotometer 

analysis for the pulp indicated that the highest cyanide content 

was in the varieties Nyatanga (26.93 mg/L CN-) and NyaRanen 

(26.53 mg/L CN-). Similarly, the lowest cyanide content in the 

pulp was observed in the varieties Mzungu (0.40 mg/L CN-) and 

Kasukali (0.79 mg/L CN-) (Table 1). 

 

 

Picrate paper test method 

 

      Results presented in Table 1 showed that the average 

cyanide content in the leaves, peels and pulp were 3.13mg/L 

CN-, 5.44 mg/L CN- and 7.97 mg/L CN- respectively. 

 

      Cyanide in leaves: Several varieties including Nyarkadera 

(Acc. 075), Karembo (Acc. 093), Nyakanyamkago (Acc. 114), 

Fumbachai (Acc. 132) all showed the highest level of cyanide 

concentration of 10 mg/L CN-. Results presented in Table 1 

indicated that 12 varieties had low score of 1 mg/L CN- in the 

leaves. 

 

      Cyanide in peels: The highest score for cyanide content in 

the peels was 10 mg/L CN-. A total of 14 varieties were 

recorded with this score. On the other hand, a total of 10 

varieties had a score of 1 mg/L CN- while 8 varieties had a score 

of 3 mg/L CN- (Table 1). 

 

 

 

 

 

 

            

Table 1: Cyanide determination in cassava leaves, peels and pulps      

                                                                                                           

Accession  

No. 

Accession County 

collected 

 Spectrophotometric analysis 

(Aggregate cyanide (mg/L CN-)= 

Absorbance x 396) 

Picrate paper method (Color 

chart readings 

(concentration in mg/L CN-) 

Leaves Peels Pulp Leaves Peels Pulp 

075 

093 

061 

074 

068 

090 

020 

018 

062 

099 

029 

002 

127 

004 

089 

035 

088 

026 

Nyarkadera 

Karembo 

Machoberi 

Nyarkogotu-002 

Madam 

Adhiambo lera 

Kazanzwara 

Katune 

Adhiambo lera 

Nyatanga 

Wild cassava-002 

Mzungu 

NyarMaseno 

Mbale-001 

Mtwapa-009 

Selele-004 

F 119 

Wild cassava -001 

Migori 

Kilifi 

Migori 

Homa Bay 

Migori 

Kilifi 

Makueni 

Makueni 

Migori 

Migori 

Homa bay 

Kilifi 

Busia 

Kilifi 

Kilifi 

Migori 

Kilifi 

Migori 

26.93 

24.55 

13.07 

9.90 

8.32 

7.92 

7.92 

7.92 

7.92 

6.34 

5.94 

5.94 

5.94 

5.54 

5.15 

3.96 

3.96 

3.96 

3.56 

1.58 

6.34 

11.48 

2.34 

2.77 

17.82 

13.86 

14.26 

10.30 

16.63 

1.98 

9.90 

9.50 

3.56 

13.86 

4.75 

11.88 

2.38 

9.11 

3.56 

5.15 

10.30 

3.17 

5.54 

14.65 

7.13 

26.93 

5.94 

0.40 

6.34 

3.96 

4.76 

6.34 

2.36 

5.54 

10 

10 

3 

1 

1 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

1 

3 

10 

1 

1 

3 

10 

3 

10 

3 

10 

10 

10 

1 

10 

3 

1 

1 

10 

10 

3 

10 

3 

10 

3 

1 

3 

3 

30 

30 

1 

3 

10 

1 

3 

1 

3 

1 
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067 

102 

008 

014 

084 

132 

122 

025 

060 

091 

024 

015 

114 

036 

Agriculture-012 

Obaro dak-001 

NyaRanen 

Kamgundho 

Nyasuna 

Fumbachai 

Ratena 

Nyaeta 

Busia-002 

Katsuhanzala 

Selele-002 

Kasukali 

Nyakanyamkago 

Nyatanga-002 

Migori 

Homa bay 

Migori 

Migori 

Migori 

Busia 

Migori 

Migori 

Busia 

Kilifi 

Migori 

Makueni 

Migori 

Migori 

3.56 

3.56 

3.56 

3.17 

3.17 

2.77 

1.98 

1.58 

1.19 

0.79 

0.79 

0.40 

0.40 

0.40 

3.56 

8.71 

4.36 

4.75 

5.54 

3.17 

2.77 

3.56 

10.30 

9.11 

15.04 

1.19 

5.94 

3.17 

1.98 

2.77 

26.53 

2.38 

9.50 

11.09 

20.20 

4.75 

17.42 

18.22 

5.94 

0.79 

13.07 

4.36 

3 

3 

3 

1 

1 

10 

1 

1 

1 

1 

1 

1 

10 

1 

3 

1 

10 

3 

1 

1 

1 

10 

10 

10 

10 

1 

3 

3 

1 

30 

10 

10 

1 

1 

3 

30 

3 

1 

3 

30 

10 

3 

Average 5.89 7.42 8.20 3.13 5.44 7.97 

1 mg/kg or 1 mg/L = 1 ppm       

 

 
Correlation analysis between picrate paper method (color 

chart readings) and cyanide content from 

spectrophotometer analysis 

 

      Correlation analysis was carried out on the two methods 

used for cyanide analysis. The results presented in Table 2 

indicated that the correlation coefficient on the two methods for 

cyanide  

analysis on the leaves was 0.548** (p=0.001) while the 

correlation between the two methods on the cyanide content in 

peels was 0.570** (p=0.001) (Table 3). The highest correlation 

between these two methods was observed in the cyanide 

analysis of the pulp which showed a correlation of 0.936 (Table 

4). 

 

 

Table 2: Correlation analysis on leaves 

 

Picrate paper method Pearson Correlation Picrate paper method Spectrophotometer method 

1 .548** 

Sig. (2-tailed)  .001 

N 32 32 

Spectrophotometer 

method 

Pearson Correlation .548** 1 

Sig. (2-tailed) .001  

N 32 32 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

Table 3: Correlation analysis on peels 

 

Picrate paper method Pearson Correlation Picrate paper method Spectrophotometer method 

1 .570** 

Sig. (2-tailed)  .001 

N 32 32 

Spectrophotometer 

method 

Pearson Correlation .570** 1 

Sig. (2-tailed) .001  

N 32 32 

**. Correlation is significant at the 0.01 level (2-tailed). 
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Table 4: Correlation analysis on pulps 

 

Picrate paper method Pearson Correlation Picrate paper method Spectrophotometer method 

1 .936** 

Sig. (2-tailed)  .000 

N 32 32 

Spectrophotometer 

method 

Pearson Correlation .936** 1 

Sig. (2-tailed) .000  

N 32 32 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

Cyanide concentration levels in cassava accessions collected 

from farmers in Migori county, Kenya 

 

Results presented in Table 5 indicated that 13 Accessions (206-

230) exhibited the highest detectable level of 30 mg/LCN-.  

Two Accessions (225 and 227) showed a moderate 

concentration of 10 mg/L CN-. Eleven accessions had the 

lowest recorded concentration of 1 mg/L CN- (Table 5). 

 

 

 

 

Table 5: Cyanide concentration levels in cassava samples collected from farmers in Migori county, Kenya 

 
Accession No. Accession name Color chart readings (concentration in mg/LCN-) 

Leaves/peels 

206 

207 

208 

209 

210 

211 

212 

213 

214 

215 

228 

229 

230 

225 

227 

200 

201 

205 

217 

226 

231 

203 

204 

216 

218 

219 

220 

221 

222 

223 

224 

232 

Waite Nyaabasi-002 

Waite Nyabasi-003 (peels) 

Waite Nyabasi-004 

Waite Nyabasi-005 (peels) 

Sudhe-001 

Sudhe-002 (peels) 

Machicha-001 

Machicha-002 (peels) 

Dar- saalam-001 

Dar- saalam-002 (peels) 

Agriculture-001 

Nyakade-001 

Nyakade-002 (peels) 

Bondeni-002 

Bondeni-004 

Nyasakwa 

IFAD 

Waite Maeta-001 

Rateng yellow-002 (peels) 

Bondeni-003 

Grade-001 

Nguruna-001 

Nguruna-002 

Rateng yellow-001 

Rateng black 

Roteng 

Rabuor 

Bith Nyadundo-001 

Bith Nyadundo-002 

Sagero 

Bondeni-001 

Kanyamwa 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

10 

10 

3 

3 

3 

3 

3 

3 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 mg/kg OR 1 mg/L = 1 ppm 
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Discussion 
 

      All cassava varieties contain cyanide at different 

concentrations with the “sweet” varieties containing low 

cyanide while the “bitter” varieties containing high cyanide 

concentrations. The WHO-recommended threshold of safe 

cyanide concentration for food is 10 mg/L CN- (WHO, 2016). 

High cyanide levels can lead to acute poisoning, causing 

symptoms such as dizziness, vomiting, and, in severe cases, 

death (Burns et al., 2010). Chronic exposure is linked to 

neurological disorders such as Konzo, particularly in 

populations relying on cassava as a staple food (Ernesto et al., 

2000). 

 

      The observed variations in cyanide levels between 

accessions and within plant parts are consistent with the 

complex genetic control of cyanogenic glycoside production in 

cassava, as well as the influence of environmental factors such 

as soil conditions, climate, and agricultural practices (Egan et 

al., 1998). 

 

      Analysis of cyanide in cassava is essential due to its 

potential toxicity to humans and livestock. Different methods 

are used for cyanide quantification in cassava, including 

titration, the picrate paper method, and spectrophotometric 

analysis (Bradbury et al., 1999). The current study compared 

the picrate paper method with spectrophotometric analysis, 

showing low correlation, particularly in peels and leaves (Table 

1). The spectrophotometric method showed that the leaves had 

the least average cyanide concentration (5.89 mg/L CN-) while 

the peels had average cyanide concentration of 7.42 mg/L CN-. 

The pulp had the highest average cyanide concentration of 8.20 

mg/L CN-. The same trend was observed using the picrate paper 

method. 

 

      This general trend of higher cyanide in roots (pulp and peels 

combined) compared to leaves aligns with studies by Selmar, 

(1994) and Nambisan, (2011). These authors noted that leaves 

are the primary site of cyanogenic glucoside synthesis, but these 

compounds are often translocated and accumulate in the roots. 

However, the current study's contrasts with other studies. 

Moriasi et al., (2017), studying cassava in Kenya, found the 

highest cyanide levels in the cortex of both edible and 

poisonous cassava varieties.  Also, Udeme et al., (2017) 

reported the highest levels in the peels of yellow cassava 

varieties intended for livestock feed, while in a related study, 

Fekadu et al., (2017), while examining sweet cassava in 

Ethiopia, found the cortex to have the highest concentration, 

followed by parenchyma (pulp), and then the pith.  In a related 

study, Ospina et al., (2024) also found the highest concentration 

in the cortex, followed by leaves and then parenchyma. The 

study noted that this pattern was likely due to the cortex's 

primary function in storage and transport, allowing for higher 

accumulation of substances. The leaves, being sites of active 

metabolism, exhibited moderate concentrations as they 

continuously process and redistribute compounds. In contrast, 

the parenchyma, mainly responsible for structural support and 

basic physiological functions, retained the lowest concentration 

due to its reduced involvement in storage and transport 

(Cardoso et al., 2005). 

 

      This current study's observation of significant variation in 

cyanide levels among different cassava varieties strongly agrees 

with previous findings (Aalbersberg and Limalevu, 1991; 

Cardoso et al., 2005; Ndubuisi and Chidiebere et al., 2018) 

which consistently demonstrated that cassava varieties 

exhibited a wide range of inherent capacities for cyanide 

production and thus, some varieties are naturally low-cyanide, 

while others are inherently high-cyanide. The wide range of 

cyanide concentrations observed in the current study, from very 

low to high levels, affirms the importance of screening cassava 

germplasm for cyanide content, as different varieties can pose 

varying levels of risk for consumption (Hahn and Keyser, 1985; 

Akiyama et al., 2006).  This variability is further exemplified 

by studies such as Diallo et al., (2014), who reported varying 

levels of cyanide in different parts of Senegalese cassava 

cultivars, with some varieties exhibiting high toxicity levels in 

the roots. 

 

      Researchers have used different methods for cyanide 

analysis such as titration, spectrophotometer and picrate paper 

and this could have led to the different results obtained.  The 

correlation between cyanide concentration measurements 

obtained through the picrate paper test (color chart) and 

spectrophotometry varied across different cassava plant parts. 

In both leaves and peels, a moderate positive correlation was 

observed; r = 0.547 and r = 0.570, respectively. This suggests a 

discernible, though not strong, linear relationship between the 

two methods. While increases in color chart readings tended to 

correspond with increases in spectrophotometer readings, the 

moderate correlation indicates some variability and suggests 

that the two methods are related but not perfectly 

interchangeable for these tissues. This implies that while the 

picrate test can provide a general indication of cyanide levels in 

leaves and peels, it might not be as precise as 

spectrophotometry. 

 

      However, in the pulp, a very strong positive correlation (r = 

0.936) (Table 4) was found between the two methods. This 

near-perfect correlation suggests a high degree of consistency 

between the color chart readings and spectrophotometer 

readings for pulp samples. The strong relationship implies that 

the picrate paper method can serve as a reliable proxy for 

spectrophotometry when measuring cyanide concentrations in 

cassava pulp, especially in resource-limited settings where 

spectrophotometers may not be readily available. The differing 

correlations across tissues might be due to variations in the 

distribution of cyanogenic glycosides and the influence of other 

compounds present in the different plant parts that could 

interfere with the colorimetric reaction. 
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      However, it's crucial to acknowledge that the picrate paper 

method, while useful for screening, might not be as precise as 

spectrophotometry. The discrepancies between methods are 

reflected in the current study's data, where absolute cyanide 

values obtained from the two methods varied.  This difference 

in precision was also noted by Azucena-Topor et al., (2008), 

who used spectrophotometry to validate color chart readings. 

 

Cyanide concentration levels in cassava samples collected 

from farmers in Migori County, Kenya 

 

      The observed variation in cyanide concentration among 

cassava accessions in Migori County reflects a similar pattern 

noted in earlier studies on cassava characterization using 

cyanide levels. For instance, a study by McMahon et al., (1995) 

noted that cyanide content varies significantly across cassava 

genotypes, environmental conditions, and processing methods. 

High cyanide concentrations, such as the 30 mg/L CN- recorded 

in accessions like Waite Nyabasi – 002 (Accs. 206) and Dar-

salaam – 001 (Accs. 214) (Table 5) align with findings by 

Cardoso et al., (2005), who reported elevated levels in bitter 

cassava accessions that are traditionally used for industrial 

purposes or in regions with low rainfall. These high levels 

suggest that certain cassava accessions in Migori may require 

additional detoxification steps before consumption to ensure 

food safety. 

 

      Conversely, the low concentrations (1–3 mg/L CN-) 

recorded in varieties such as Rateng black (Accs. 218), Roteng 

(Accs. 219) and Kanyamwa (Accs. 232) (Table 5) reflect traits 

typically associated with sweet cassava accessions, which are 

safer for direct human consumption. These findings are 

consistent with the results of a study by Burns et al., (2012), 

which showed that sweet cassava varieties often have cyanide 

levels below 10 mg/L CN-, posing minimal risk to consumers. 

The study also highlights the importance of considering cyanide 

concentrations in peels, which were consistently higher in 

certain accessions. This observation corroborates findings by 

Amelework et al., (2021), who emphasized that cassava peels 

contain higher cyanogenic glycosides than tuberous flesh, 

suggesting the need for proper disposal or processing of peels 

to prevent accidental poisoning by either livestock or humans. 

Therefore, the use of the picrate paper method in this field study 

demonstrated its practicality for on-farm cyanide analysis. This 

method has been widely acknowledged for its simplicity, cost-

effectiveness, and suitability for resource-limited settings (Egan 

et al., 1998). It enables farmers and researchers to obtain rapid 

and semi-quantitative results without requiring sophisticated 

laboratory equipment. However, while effective for screening 

purposes, the picrate paper method may lack the precision and 

sensitivity of laboratory-based techniques such as 

spectrophotometry or gas chromatography. However, the 

method is susceptible to environmental factors, such as 

humidity and temperature and these can influence the stability 

of picrate papers and the accuracy of colour readings (Bradbury 

et al., 1999). Additionally, the semi-quantitative nature of the 

method may not detect low cyanide levels accurately, 

potentially underestimating the risk in sweet varieties. Despite 

these limitations, its ease of use and accessibility make it a 

valuable tool for preliminary assessments of cyanide content in 

cassava on farms, particularly in rural areas where laboratory 

facilities are unavailable. 

 

      Despite the toxicity risks, farmers continue cultivating high-

cyanide cassava varieties due to their unique properties and 

cultural significance. Communities have developed several 

processing methods to reduce cyanide levels in leaves, peels 

and pulp. These methods include sun drying, fermentation and 

cooking (Akintonwa et al., 1994; Diallo et al., 2014; Ndubuisi 

and Chidiebere et al., 2018). Fermentation, a common 

traditional processing method, not only detoxifies cassava 

(Tumwesigye et al., 2014), but also enhances the texture and 

taste of flour used in preparing ugali or mealy and porridge. In 

contrast, improved cassava varieties such as ‘Agriculture’ 

contain low cyanide levels and require no fermentation. 

However, these improved varieties are often reported to 

produce tasteless porridge and ugali, reducing their preference 

among local consumers. 

 

      In Migori County, cassava tubers (pulp) with high cyanide 

content are frequently fermented for the production of local 

brews such as "busaa" among the Luo community and "busara" 

among the Kuria. This practice highlights the cultural and 

economic significance of high-cyanide cassava varieties 

beyond direct consumption, further explaining their continued 

cultivation. 

 

Cassava leaves 

 

      Fresh cassava leaves are important vegetables and are 

cooked fresh. Of interest in this study was the Wild cassavas-

001 (Acc. 026) and wild cassava (Acc. 029) (Table 1). These 

are perennial plants and are commonly believed to be of high 

cyanide concentrations in the leaves and in the roots. In this 

study these plants had low cyanide contents in the leaves that is 

below the WHO maximum recommended threshold. The leaves 

are characteristically large (Figure 2) as compared to the 

common varieties grown such as and relatively low cyanide 

levels in the foliage, making it a potential vegetable crop. When 

compared to other accessions, Wild cassava-001 exhibits the 

highest high biomass production, followed by Kasukali 

(Acc.015) with medium-sized leaves and Selele-002 (Acc. 

(024) with the smallest leaves (Figure 2). Given their perennial 

growth habits, low cyanide concentration in the leaves, large 

leaf surface area, and in inference high yield as compared to all 

the other accessions, Wild cassava-001 and Wild cassava-002 

(Table 1) could be promoted for cultivation as a vegetable crop. 

This would contribute to food security and dietary diversity. 
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Cassava tubers (peeled or unpeeled) 

 

      Traders in Migori and Kisii counties prefer to buy unpeeled 

cassava chips. This gives them higher biomass than the peeled 

chips (Figure 3). The outer skin and fibrous layers account for 

a considerable portion of the tuber’s total mass, which is lost 

when cassava is peeled. This weight reduction directly affects 

the market value and potential revenue farmers can earn from 

selling their produce. Consequently, most farmers prefer selling 

unpeeled cassava tubers to maximize their income, as buyers 

often purchase based on weight and or volume. The unpeeled 

cassava chips also reduce peeling labour cost to the farmers. 

 

 

 

Figure 2: From left to right: Leaves of Wild cassava-001, Kasukali and Selele-002 cassava varieties 

 

 

Figure 3: Peeled and unpeeled cassava tubers 

 

      When cassava is peeled (Figure 3), not only does it lose 

mass, but it also becomes more perishable, limiting the duration 

within which it can be stored or transported before spoilage sets 

in. In contrast, unpeeled cassava has a longer shelf life due to 

the protective outer layer, making it more convenient for 

transportation and storage. To the consumer, the unpeeled 

cassava chips contain more fibre in the flour which is beneficial 

for food digestion. The wholistic nature of this study is that we 

are able to select cassava varieties with low cyanide 

concentrations in the peel and in the pulp. Examples of such 

varieties are Nyatanga -002 (Accs. 036), Agriculture -012 

(Accs. 067), Mtwapa -009 (Accs. 089) and Adhiambo lera 

(Accs. 090) (Table 1). 

 

Conclusions 

 

      Cassava varieties exhibit significant differences in cyanide 

concentration across leaves, peels, and pulp, influenced by 

genetic variations and enzymatic activity in the cyanogenesis 

pathway. Varieties like Nyatanga and Nyarkadera with high 

cyanide levels pose potential health risks if not adequately 

processed, highlighting the importance of detoxification 

methods to ensure safety. 

 

      The cyanide concentration in cassava varieties generally 

increased from the outer tissues (peels) to the inner tissues 
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(pulp). Both spectrophotometric and picrate paper test methods 

confirmed this trend, with the pulp showing higher cyanide 

levels than the peels. Variations among cassava accessions 

emphasize the need for careful variety selection to reduce 

cyanide exposure. 

 

      Despite the risks, farmers continue to grow high-cyanide 

cassava varieties due to desirable traits like taste, texture, and 

suitability for specific products (e.g., local brews). 

 

      Wild cassava varieties generally displayed moderate 

cyanide levels, likely linked to their genetic adaptations. It 

shows potential as a vegetable crop due to its low cyanide levels 

in the foliage and high biomass production make it a promising 

option for improving food security and dietary diversity. 

 

      The observed variability in cyanide levels across different 

cassava accessions affirms the importance of characterizing 

varieties based on cyanogenic potential to guide breeding 

programs and consumer recommendations. 

 

      Unpeeled cassava has advantages for farmers since it 

maintains higher biomass (and therefore market value), has a 

longer shelf life, and reduces labour costs associated with 

peeling. 

 

      The correlation coefficient (r) measures the strength and 

direction of linear relationships between variables. Moderate 

positive correlations (r=0.547 and r=0.570) in leaves and peels 

suggested noticeable but not strong consistency between 

cyanide measurements from the colour chart and 

spectrophotometer. In pulps, a strong positive correlation 

(r=0.936) indicated high consistency, supporting the colour 

chart as a reliable spectrophotometer proxy. 

 

Recommendations 
 

      Farmers should prioritize cultivating low-cyanide cassava 

varieties such as Mbale-001 and Agriculture-012 to minimize 

health risks. High-cyanide varieties like Nyatanga and 

Nyarkadera require proper detoxification through fermentation, 

drying, soaking, and thorough cooking to ensure safety. 

 

      Exploring wild cassava as a vegetable crop and for breeding 

low-cyanide varieties can enhance food security. Additionally, 

farmers should balance market demands by optimizing sales 

between peeled and unpeeled cassava. 

 

      Researchers and breeders should focus on characterizing 

and breeding low-cyanide cassava varieties while leveraging 

wild cassava for genetic improvement. Standardizing cyanide 

analysis, particularly using the picrate paper method, is 

essential for consistency, as it shows a strong correlation in pulp 

analysis (r=0.936). 

 

      Consumers should choose low-cyanide cassava varieties 

whenever possible and always process cassava properly to 

eliminate any cyanide risks. Proper cooking and detoxification 

methods should be followed regardless of cyanide content. 

Raising awareness about the risks associated with improper 

cassava consumption will empower consumers to make 

informed decisions about their food choices. 

 

      Governments should establish and enforce clear cyanide 

level regulations in cassava and cassava-based products to 

protect public health. Investments in research on cassava 

breeding, processing, and cyanide detection are crucial for food 

safety. Additionally, public education and awareness 

campaigns should be launched to inform farmers and 

consumers about the importance of proper cassava handling and 

processing. 
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