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Cassava processing was studied in villages in southern Tanzania. The established 
method of 17 days sundrying of longitudinally split roots only reduced cyano- 
genie glucosides to 27-370/o, leaving more than 100 mg HCN equiv per kg dry wt 
of flour, that is 10 times the safe level set by FAO/WHO. The cyanohydrins 
yielded remained high during sun-drying but fell to safe levels in dry products. 
Short-cut processing by alternating pounding and drying to make flour in a day 
removed glucosides more effectively but cyanohydrin levels ranged between 23 
and 124 mg HCN, equiv per kg dry wt, in such flour. Ingested cyanohydrins will 
yield cyanide in the alkalinic environment of the gut and may be much more toxic 
than equimolar amounts of glucosides, because high levels of glucoside are found 
to be excreted intact in humans ingesting flour with high glucoside content. 

INTRODUCTION 

Bitter cassava varieties have become a staple crop in 

many drought-prone areas of East Africa; probably 
because they yield better than other staples under adverse 
environmental conditions (Essers et al., 1992). The desig- 
nation of bitter and sweet varieties depends on taste that 
is associated with the levels of cyanogenic glucosides, 
mainly linamarin (Sunderesan et al., 1987). The bitter or 
sweet distinction is relative since roots can become bitter 
with an increase in glucoside levels because of environ- 
mental factors such as drought, pests and diseases. To 
avoid dietary cyanide exposure, the glucosides and their 
breakdown products, jointly known as cyanogens, must 
be removed by processing before consumption. 

Effective cassava processing methods disintegrate the 
root tissue completely, thereby releasing an endogenous 
enzyme, linamarase, that hydrolyses the glucosides to 
corresponding cyanohydrins. These will decompose 
above pH 6 to volatile hydrogen cyanide (HCN) that is 
rapidly lost from the system (Cooke & Maduagwu, 
1978). Processing can reduce all cyanogens in cassava 
products to below the safe level of 10 mg HCN 
equiv per kg dry weight set by FAO in 1988 (FAO/ 
WHO, 1988). Consumption of cassava products with 
high cyanogen levels may cause acute intoxications 
(Mlingi ef al., 1992), aggravate goitre (Bourdox et al., 
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1982) and, in severe circumstances, induce paralytic 
diseases (Tylleskar et al., 1992). 

Masasi district in southern Tanzania experienced 
drought and an outbreak of acute intoxications in 
1988. The intoxications were attributed to consumption 
of insufficiently processed cassava. Due to food short- 
age the established processing by sun-drying peeled cas- 
sava roots for 2 weeks to a product known as makopa 
was replaced by a short-cut method yielding a product 
known as chinyanya. This method provided flour the 
same day by alternate pounding and sun-drying of 
peeled roots. Remaining levels of cyanohydrins in the 
flour obtained were held responsible for the cyanide 
exposure found in the populations affected by the acute 
intoxications (Mlingi ef al., 1992). 

To identify the critical stages in removing cyanogens 
during normal and short-cut methods of cassava 
processing in the affected area, a field study was carried 
out in three villages of Masasi district in September 1991. 

MATERIALS AND METHODS 

The study area 

Masasi district is located in Mtwara region in southern 
Tanzania. In 1988 the population was 335000 corre- 
sponding to 38 inhabitants per km2. Mean annual 
precipitation was 940 mm and temperatures varied 
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from a minimum of 18°C in July to a maximum of 
35°C in December. Maize is the primary staple while 
cassava is secondary during favourable years but in 
drought years cassava becomes a primary staple. 

Chemical analysis 

District authorities were asked to select villages in 
different parts of the district that were known to have 
high cultivation of bitter cassava varieties and that had 
reported cases of acute intoxications from consumption 
of insufficiently processed cassava in the previous years. 
The three selected villages that met these criteria were 
situated 40-70 km east, south and west of the district 
headquarters. In each village representative households 
were selected for the study with the assistance of village 
leaders. General information on cassava processing was 
obtained through informal interviews and observations 
in all villages studied. 

Determination of cyanogen levels in extracts of cassava 
samples collected from the households and in other 
experimental treatments was made according to the 
method described by Cooke (1978), as modified by 
O’Brien et al. (1991). As earlier reported, cyanide expo- 
sure was estimated in nine men, 13 women and 10 chil- 
dren from 12 households in Masasi district by 
determination of urinary thiocyanate and cyanogen lev- 
els in makopa flour eaten the same day (Mlingi et al., 
1992). The frozen 32 urines were then assayed for lina- 
marin with a new enzymatic diffusion method with 
solid state detection on picrate impregnated sheets as 
described by Brimer and Rosling (1993). 

Makopa processing RESULTS 

To ascertain cyanogen levels at different stages of sun- 
drying makopa, two batches of cassava roots from mixed 
bitter varieties were harvested according to local practice. 
Longitudinal quarter sections of randomly selected fresh 
roots were cut in pieces of approximately 1 cm3 dimen- 
sions, a sample for chemical analysis taken and the 
cyanogens extracted immediately in the field (O’Brien et 
al., 1991). The remaining peeled roots were sun-dried in 
the villages. After 8 and 17 days, samples of roots were 
pounded and sieved into flour from which a representa- 
tive sample was taken and stored frozen before analysis. 

Makopa processing 

Interviews consistently revealed that the population had 
a clear belief that makopa should be well dried before 
pounding into flour for consumption and that it should 
be possible to hear a brittle sound on breaking makopa 
when sufficiently sun-dried. Depending on size and type 
of roots as well as weather, makopa would be ready for 
pounding after about 2 weeks of drying. 

Makopa products were also sampled from 31 house- 
holds belonging to one IO-cell unit (the smallest adminis- 
trative unit of about 10 households) in each of the 
villages. Each household was visited and requested to 
provide a sample of makopa pieces which were ready for 
consumption. The woman in each household pounded 
and sieved the makopa into flour from which a sample 
was drawn. Each woman was asked how many days 
or weeks the makopa pieces had been sun-dried and 
stored. 

The multiple stage sampling during sun-drying of 
two batches of makopa showed that glucoside levels 
had dropped to 53 and 24% of original values after 
8 days and 37 and 27%, respectively, after 17 days. 
The cyanohydrin levels remaining increased after 8 
days but, after 17 days when a low moisture level was 
reached, cyanohydrin levels dropped to below 10 mg 
CN equiv per kg dry wt in both batches (Table 1). 

Chinyanya processing 

To assess cyanogen removal during chinyanya process- 
ing, three batches of roots were harvested from bitter 
cassava varieties. Samples of fresh roots were taken as 
described earlier. The remaining peeled roots from each 
batch were pounded into small pieces and sun-dried for 
2-3 h before repounding. One sample was taken from 
the first pounding after sieving. The unsievable pieces 
were again sun-dried for 2-3 h and then repounded and 
sieved into flour, from which another sample was drawn. 

Makopa flour samples collected from 31 households 
had a wide variation in cyanogen levels (Table 1). The 
mean glucoside and HCN levels in these samples were in 
the same range as those obtained for day 17 in the two- 
batch multiple stage study. The duration of drying period 
for makopa ranged between 1 and 9 weeks. Out of the 12 
makopa samples dried for l-2 weeks five had moisture 
levels above 13% and, of the 18 samples dried for longer, 

Table 1. Cyanogen levels (mg HCN equiv per kg dry wt) at 
different stages of sun-drying makopa and in makopa flours 

The variation of cyanogen levels in chinyanya flour 
was studied by asking two women in each village on 
two consecutive days to process a total of 11 batches of 
chinyanya according to their individual practices. They 
were required to complete the processing the same day. 
Fresh roots were sampled as described above and sam- 
ples of chinyanya flour were collected in the evening 
and stored frozen before analysis. 

Batch I 
Fresh root 1039 35 16 60.3 
After 8 days 548 25 18 14.4 
After 17 days 383 8 10 11.1 

Batch 2 

Fresh roots 462 26 5 71.4 
After 8 days 109 31 5 11.2 
After 17 days 123 5 4 11.0 

Households” 145 f 26 17f3 6f0.4 12.1 f0.3 
(mean f SD, n = 31) (67-757) (c61) (311) (94-16.1) 

“Ranges are given in parentheses. 

Glucoside Cyanohydrin HCN Moisture (%) 
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Fig. 1. Cyanogenic glucoside levels versus moisture in 31 
makopa samples from households. 
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Fig. 2. Cyanohydrin levels versus moisture in 31 makopa 
samples from households. 

only one had a moisture above 13%. Figure 1 shows that 
only makopa samples with moisture above 13% had glu- 
coside levels above 200 mg CN equiv per kg and that 
ghtcoside levels did not continue to fall below this limit. 
Figure 2 shows that cyanohydrin levels also tend to be 
higher when moisture was still high but, in contrast to 
glucoside levels, the levels of this cyanogen continued 
to fall to negligible levels with falling moisture content. 

Cllinyanya processing 

The short-cut processing method of making chinyanya 
was known to all women but it was only used in food 
shortage situations without any clearly established pro- 
cedures. The multiple stage sampling of three batches 
of chinyanya processing indicated a very rapid decrease 
of glucoside levels. The remaining glucosides in the 
flour obtained were 7-14% of initial levels in the fresh 
roots. The cyanohydrin levels found were mostly higher 
than glucoside levels and they correlated with the mois- 
ture level (Table 2). 

The mean f SD in the fresh roots used for chinyanya 
processed by individual women was 503 f 231 mg 
HCN equiv per kg and the large variation in cyanogen 
level found in the flour obtained from the 11 batches of 
chinyanya is shown in Table 2. Glucoside levels did not 

Glucoside Cyanohydrin HCN Moisture (“) 

Batch I 
Fresh roots 1518 28 I 60.3 
First flour 90 124 12 23.1 
Second flour 216 56 4 19.4 

Batch 2 
Fresh roots 463 26 5 71.4 
Fit flour 34 35 4 19.5 
Second flour 41 23 3 9.7 

Batch 3 
Fresh roots 484 22 7 62.0 
First flour 6 39 3 21.4 
Second flour 35 37 3 12.2 

Households’ 95 f 60 23 f 14 4fl 13.4 f 2.8 
(mean f SD, n = 31) (22-232) W9) (l-5) (104-18.4) 

Laanges are given in parentheses. 

correlate with moisture but cyanohydrins were above 
25 mg HCN equiv per kg in four of five flours with 
moisture above 13% and below that level in all the six 
flours with lower moisture. 

Urinary excretion of ingested gIuco6i~ 

Mean f SEM urinary linamarin was 263 f 52 eel/ 
litre in the frozen urines collected from 32 subjects in a 
village in Masasi district in 1989 when they consumed 
makopa flour as the dominant staple food. Mean $ 
SEM of the main cyanide metabolite thiocyanate was 
68 f 9 pmol/litre in these urines which is slightly higher 
than the 42 It 5 pmol/litre observed in non-smoking 
healthy Swedish adults (Lundquist et al., 1979). 

DISCUSSION 

Makopa processing 

Prolonged sun-drying of bitter cassava roots into 
makopa considerably reduces the amount of cyanogenic 
glucosides. However, independently of the rate and com- 
pleteness of drying, it seems that about 10% of initial 
glucosides remain in the flour as indicated by both the 
experiment and the makopas collected from households. 
Our findings of about 100 mg HCN equiv per kg dry wt 
of glucosides correspond to an earlier observed level of 
128 mg HCN equiv per kg dry wt in makopa flour col- 
lected during a previous study in the same district in 
1989 (Mlingi et al., 1992). A similar level of 90 mg 
HCN equiv per kg dry wt was found in flour from sun- 
dried bitter cassava roots in Northern Mozambique 
(Ministry of Health, Mozambique, 1984). 

The relationship between moisture and glucoside lev- 
els in the flours obtained from multiple stage sampling 
and household survey of makopa indicates that enzy- 
matic hydrolysis of glucosides halts when moisture 
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drops to below 12 or 13%. A possible explanation is 
that the remaining glucosides were never exposed to the 
enzyme until moisture became too low for enzymatic 
hydrolysis. If roots are cut into small finger size pieces, 
they dry faster than whole or half-split roots but higher 
glucoside levels will remain (Mlingi et al., 1992). The 
implication is that sun-drying of fresh roots with a 
cyanogenic potential of greater than 100 mg HCN 
equiv per kg dry wt will not reduce glucoside levels to 
below 10 mg HCN equiv per kg dry wt. 

Cyanohyd~n levels remained high during sun-drying 
of makopa but were reduced to negligible levels when 
moisture content dropped below 12 or 13%. Moder- 
ately high levels of cyanohydrin were observed in 
makopa samples from some households but this could 
be explained by a weakness in the study design. House- 
holds which did not have makopa ‘ready for consump- 
tion’ gave the best available makopas, which were 
sometimes still insufficiently dried. 

The low cyanohydrin and HCN levels found in suffi- 
ciently dried flours are in accordance with findings in 
other cassava products (Banea et al., 1992). The practi- 
cal importance of these findings is that completeness 
of disintegration before drying determines glucoside 
removal whereas cyanohydrin removal only depends on 
completeness of subsequent drying. Thus in flour from 
sufficiently sun-dried makopa and chinyanya, low 
cyanohydrins will be found even if glucosides remain 
much higher. HCN is always rapidly lost and will not 
constitute a dietary cyanogen. 

A previous study in Masasi district indicated a very low 
cyanide exposure as estimated by urinary thiocyanate lev- 
els in the normal range in people who consumed makopa 
flour with high glucoside levels (Mlingi et al., 1992). A 
new analytical method for determination of urinary lina- 
marin could now be used which showed four times higher 
linamarin than thiocyanate in the urines of these people. 
This shows that ingested cyanogenic glucosides, in great 
part, may be absorbed and excreted intact in the urine, 
thus explaining why flour with 10 times ‘safe cyanogen 
levels’ can be consumed without clinical or chemical 
effects. That these glucosides can pass the body 
unchanged has been shown in animal experiments (Barret 
et al., 1977) and the same tendency was also recently 
reported from Morbid cassava-eating subjects (Brimer 
& Rosling, 1993). An improved understanding of the 
fate in humans of ingested cyanogenic glucosides is 
needed for definition of safe levels in food products 
(Speijers, 1993). 

Chinyanya processing 

Chinyanya processing rapidly reduced glucoside con- 
tent to low levels. A reduction of about 80% was 
attained in batches processed by individual women. 
This reduction was mainly a result of the initial pound- 
ing stage. The high degree of cellular disintegration 
achieved in this procedure released the linamarase 
enzyme that immediately hydrolysed the glucosides to 
release the corres~nding ~yanohyd~ns. Variation in 

cyanohydrin levels observed in these flours is probably 
mainly explained by variations in the technique of sun- 
drying which was done on rocks, mats, the ground or 
on raised platforms. Suilicient time and utensils for 
sun-drying and storage could reduce cyanohydrins to a 
low level and thereby render this type of flour safe for 
consumption. Chinyanya processing can in fact be 
regarded as a rudimentary form of gari processing, a 
common cassava processing method in West Africa 
that is unknown in East Africa. Gari processing in- 
volves grating of peeled cassava roots, dewatering, fer- 
menting for a required number of days, pressing and 
finally roasting. 

Chinyanya processing in its present form should be 
discouraged or improved by the following modifica- 
tions: grating peeled roots to obtain uniform tissue 
disintegration for release of the hydrolytic enzyme lina- 
marase, followed by dewatering, fermentation, pressing 
and lastly heat-drying or, as an option, extensive sun- 
drying to reduce moisture level for cyanohydrin removal 
and improved storability. 

CONCLUSION 

The prolonged sun-drying of cassava roots used in 
southern Tanzania will not reduce cyanogenic gluco- 
sides in bitter cassava roots to the safe limit set by 
FAO (FAOAVHO, 1988). 

The short-cut method of alternate pounding and dry- 
ing of cassava roots resulted in a sharp decline in glu- 
coside levels but high cyanohydrin levels may remain if 
the products are not sufficiently dried. 

Ingestion of cyanohydrins is probably more impor- 
tant for cyanide exposure than ingestion of intact 
glucosides since the latter substance may be largely 
excreted unchanged in the urine. 

The short-cut processing of cassava in southern Tan- 
zania could be improved by sufficient sun-drying 
to obtain flour with low moisture, and hence low 
cyanohydrin content. 
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