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Abstract : On preparation of manioc starch, bound cyanide is converted to free 
cyanide and remove with the wash water. Whereas, aging of moist manioc chips 
leads to a decrease in total cyanide content, aging of whole tubers results in increased 
total cyanide content of the flours prepared by these processes. The cyanogenic 
glucosides of manioc flour are partly lost when bread and 'roti' are prepared. How- 
ever, 'roti' contains free cyanide. Preparation of 'pittd from manioc flour and fried 
manioc chips from fresh manioc gave products with negligible free cyanide but nearly 
the full amount of bound cyanide. The above results are discussed in terms of the 
linamarin-linamarase reaction. 

1. Introduction 

Manioc contains cyanogenic glucosides and also the enzyme (linamarase) which 
causes its hydrolysis. In the plant material the enzyme and glucosides are localised 
such that they do not interact unless the cells are damaged. When this occurs, reactions 
take place which result in the liberation of ~yanide.~ 

Traditionally manioc has been consumed in this country in the form of the boiled 
product (the cyanogenic glucoside content of boiled manioc has been reported pre- 
viously4). However, the manioc tuber has poor storage characteristics and in addition 
to quick microbial spoilage, it has also been reported that the cyanide content of the 
tuber $creases on kee~ing .~  In this study we present results that are consistent with 
the above report. As a result, it is clear that if manioc is to be used extensively, it must 
be processed to a form with better keeping qualities. 

The two main forms of processed manioc are starch and flour. Starch is the product 
of a wet extraction process of manioc and contains very little cy~nide ,~  while flour 
prepared by a dry-milling process contains considerable quantities of cyanogenic 
glucosides when no special detoxification process is used.3 Manioc flour would be 
used in preference to manioc starch as a substitute for wheat flour in several bakery 
products and other traditional types of food such as ' roti ', ' pittu ', etc. because of 
its lower cost. Although meth~ds of detoxifying flour were a~ailable,~ the flcur used 
for cooking purposes usually contains sizeable amounts of cyanogenic glucosides. 

+This paper forms a part of the Ph.D. thesis (University of Sri ~ a n k a .  Colombo Campus) of 
Nirmala Pieris. 
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In this study, the-effect of cooking processes sucll as frying, roasting, baking and 
steamins on the cyanogenic glucosides of the manioc flour used has been investigated. 
The fate of bound cyanide when starch is prepared and also when manioc is 
processed after aging of the moist chips has bcen studied. 

All assays have been done after enzynlic hydrolysis of cyanogenic glucosides using 
excess linamarase to ensure complete hydr~lysis.~ 

2. Experimental 

2.1. Sampling C, 

2.1.1. Tubers for aging experiments (for section 3.3) 

Manioc (50 to 60 lbs) of the same variety was harvested with supervision and divided 
at random into 10 batches each containing 5 to 6 Ibs. Each batch contained about 
10 tubers. Two batches were processed for each experimental point. 

2.1.2. Sarwpling of chips (for sectio~l 3.2) 

Method (I) : Manioc was sampled by the method of quartering described earlier4 
which were uniformly chipped to give 2 samples of similar cyanide content. 

Method (2) : Manioc (about 20 lbs) was chipped and sampled into batches as 
describeda3 

2.2. Preparation af manioc flour 

The manioc chips (spread out as much as possible to give quick drying) were dried 
in a forced draft oven at 55O C .  For aging experiments, each experimental point was 
done in duplicate. The dried chips (of each sample) were powdered separately and 
the total cyanide content determined. Flours for the preparation of ' pittu ', ' roti ' 
and bread were assayed and used after sieving (600,~). 

2.3. Preparation of manioc starch 

Manioc starch was prepared by homogenisation of the peeled, washed manioc 
tuber (approx. 600 g) with 1 litre of water in a Waring blendor. The starch milk was 
sampled for total cyanide determination and separated from the pulp by sieving to 
give the 1st pulp wash. The pulp was washed twice with similar volumes of water 
and sieved each time to give the 2nd and 3rd pulp washes. The remaining material 
which does not pass through the sieve (unbroken cellular material) is termed the 
pulp waste. After the specified time, the wash water of each pulp wash was separated 
from the starch cake to give the 1st starch wash waters. Each starch cake was resus- 
pended in water and left to settie to give the three 2nd starch washes. Free and bound 
cyanide were determined on each of the starch washes, the pulp waste and starch (on 
the former directly and on the other two after drying in a forced-draft oven for 24 h). 
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2.4. Preparation and sampling of cooked products 

Manioc bread (30 % manioc flour and 70 % wheat flour) was prepared by incubating 
the mixture (containing yeast and other requirements) for 3 h and 5 h and baking 
at 220°C for 25 min. A wheat flour bread control was used as a blank. The bread 
crust (- 1 cm) was separated from the rest of the loaf and both types of sample 
were cut into pieces about 1 cm cube. Random samples containing about 10-15 g 
dry weight were withdrawn for cyanide and moisture determination. 

Manioc ' roti ' was prepared by mixing manioc flour and scraped coconut .in the 
ratio of 2 : 1. A small amount of water was added to give the correct consistency and 
the mixture made into a mass of approximately + cm thick and 15 cm diameter 
and left to stand (for the given time) before roasting. Roasting was done on an alu- 
minium plate heated by a direct Aame, a little coconut oil being smeared to-prevent 
sticking. After the roasting process, the roti was cut up into pieces of about 1 cm 
square and random samples were withdrawn for analysis. Parallel wheat flour 
samples gave no blank values on assaying for total cyanide. 

Manioc pittu was prepared using a 1 : 1 mixture of scraped coconut and manioc 
flour. Water was added to the mixture until discrete peIIets formed and the mixture 
was immediately introduced into a steamer of about 7 cm diameter and 20 cm long 
and the pittu steamed for 15 min over boiling water. The pittu was then crushed 
and sampled for analysis. 

Fried manioc was prepared by frying chips approximately 2 mm thick in coconut 
oil until .slightly brown in colour (moisture level of 1-2%)). The fried chips were 
powdered for the determination of free and bound cyanide, moisture and linamarase 
activity. 

2.5. Determination of free and bound cyanide 

This was done by the methods de~cribed.~ However, for studies on cooked manioc 
products. about 300 units of linamarase were used on samples of about 15 g dry 
weight. 

2.6. riamarase activity 

In this study we have attempted to gauge the relative linamarase activity of samples 
of flour by estimating the amount of cyanide released at fixed intervals after incubating 
10 g dry weight of flour with 100 ml of water. This is not the absolute linamarase 
activity as the substrate linamarin (in the material) is not saturating. There also 
appeared to be a time-lag for this reaction possibly for the absorption of water by the 
flour. We would prefer to call this set of data an ' enzyme activity index ' and it is 
felt that this index is more significant than absolute linamarase activity in this instance. 
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3. Results 

3.1. Fate of cyanide in the preparation of-starch 

Results showed that more than 80% of the glucoside was converted to cyanide 
and removed in the wash water (Table 1). Results of other experiments showed that 
complete conversion of the glucoside to cyanide may occur as early as 4 h after dis- 
integration ef the cells (depending on the material used). It was also found that both 
the pulp waste and the starch, after drying in a forced-draft oven, contained only 
small quantities of total cyanide. 

TABLE 1. Fate of cyanide during processing of manicc to 
starch. 

Cyanide 
mg/kg Tuber (fresh wt) 

Pulp wash Starch wash Fr& Bound 

The original manioc sample contained 163 mg CN-/kg 
fresh weight. The pulp was washed 3 times (Ist, 2nd and 
3rd pulp washes) and sieved and left to settle for 24 h. The 
supernatant (1st starch wash) was tested for free and bound 
cyanide and the starch cake resuspended in water and left 
to settle for a further 24 h for the 2nd starch wash. 

- not determined. 

3.2. Effect of aging of moist chips 

These experim.ents were dcne to {check the commonly believed h.y~othesis that 
moist chjps on aging followed by dry.ing gave reduced total cyanide levels in the flour 
prepared from it. The experiments were done with two methods of sampling. Both 
methods resulted in the duplicate samples of flours giving total cyanide levels that 
tallied to within 15 % error. Table 2 shows the results obtained usin.g sampling method 0 
1. Each batch originated from different manioc san,.ples and a strict comparison on 
the effect cf aging cannot be m d e  from one batch to another due to differences in 
enzyme levels from batch to batch.. The results show that there is a progressive loss 
of cyanide with aging. A similar conclusion was reached with method 2 of sampling 
(Table 3) where all pciints were obtained from. the same batch of manioc. It must be 

* 

noted, however, that although 16 to 24 h agins results in the loss of a large part of 
the cyanide, the chips frequently showed sliminess and odour, associated with bac- 
teriological spoilage. 



TABLE 2. Effect of aging moist nlanioc cl~ips 

Total cyanide 
alg/kg (dry n~i) 

Time of Initial Firm1 
Batch No. aging (h) (no agin_e) 

- -- - - 

Manioc was sampled by method 1, chipped, dried 
zt 550C for 24 h in a f o s c e ~  drafr oven and powdered after 
which ~ o i a i  cyanide was determined. 

TABLE 3. Effect of aging moist manioc chips. 
- -- - 

Total cyanide niglkg 
(dry wt) 

Time of aging (h) A B 

Manioc w ~ s  sampled as in method 2 ,  cbippd, 
dried at 550C for 24 h and powdered. Duplicate 
samples (A and B) were tested for total cyanide after 
aging (room ternpcrature). 

3.3. Aging of manioc tabers 

This set of experiments -was 6 ; : ~ s  in. order to determine if the total cyanide content 
of manioc flour ~ 2 s  zffected by the aging of the tubers. Results obtair~cd showed that 
duplicate preparations of flour shov?red deviations oil some occasions. Tt was feit that 
this r.,.zs due to i~adeqvate sa.111pIi~g of tubers (the cyanide conteni of t~rf,;ers varies 
very widely 2nd therefore a representative safi~ple of tubers cz11 be crbinii:ed by using 
a very large number ef tubers per san~ le ) .  Sowever, the resuits obtai~lcc! (Table 4) 
show a definite trend of increrrsec! cyanide conter;t, the magnituc!e of whish tallied 
with the hdirigs of R a j a g u ~ . ~  
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TABLE 4. Effect of aging manioc tubers. 

Total cyanide 
mg/kg (dry wt) 

Time of aging A B 
Batch (h) 

Duplicate batches' of manioc tubers (A and B) 
samnpled as in methods (Section 2.1.1) were chipped, 
dried at 550 C for 24 h, powdered and total cyanide 
determined after aging for the above periods. 

TABLE 5. Cyanoge~c glucoside content of manioc 
'roti'. 

Cyanide in 'roti' 
Incubation time mg/kg manicc flour ( d ~ y  wt) 

-- --- 

Batch (min) Free Bound 
- -. -. - - .- -. - 

Original flour for Batches A. B and C were 138, 106 
and 106 mg CN-/kg (dry weight) respectively. 'Roti' 
was masted after incubating the flour--coconut mixture 
for the above times. 
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3.4. Cyamogenic glucoside content of maaloc %ti' 

Preparati:>n of ' roti ' (roasting) using samples cf manioc fhur of kno~m total 
cyanide content showed (Table 5) thzt there was: (1) a loss in Ixund cyanide and 
(2) an increase in free cyanide. The loss of bound cyanide i~xreased with (i) time 
of ixubation before roasting and (ii) linamarase activity of flour (Table 6). The 
prepared roti (after roasting) contzined no iinamarzse activity. 

TABLE 6. Enzyme activity index of manioc flours. 
- --- -- -- 

Tiine of Cyanide liberated 
Batch incubation (min) &kg (dry wt)  

Batches A, B and C were the same as those given in 
Table 5. Cyanide liberated by linamarase present in thc 
Rour was determined after incubation for the above times. 

3.5. Cyanogenic glucoside coatent of manioc brezd 

A similar loss of total cyanide was observed oil baking. The loss in the crust was 
more than that in tlie inner portion of the bread (Table 7). This reduction is possibly 
due to the decomposition of the glucoside (v;li>.ich m:dergoes thermal decomposition 
at - 150°C) ; the temperature of tlie surfac: of the bread being higher than the 
inner portion by more than 100°C. 

3.6. Cyanogenic glucoside conkilt of manioc ' gittu ' 

' Pittu ' (which is prepared by a process of steaming) was found to lose very little 
total cyanide (Table 8). The preparation was steamed i~~mediately after ~nixing. 
Pittu samples had, w!len presefit, relatively sinall-.amounts of free cjlanide and no 
linamarase activity. 
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TABLE 7. Cyanogenic glucoside content of manioc bread. 

Time of Total cyanide 
fermentation Part of bread mg/kg &mioc flour 
6) analysed (dry wt) 

3 Crust 

Crust 

3 Inner portion 97 
103 - 

5 Inner portion 104 
106 

Manioc fior~r sample used contzined 196 mg total CN--/kg 
(dry weight). Wheat flour blanks were equivalent to 5 and 7 
mg CN-/kg for the crust and inner portion of the bread 

respectively. 

TABLE 8. Cyanogenic glucoside content of manioc 'p,ttu'. 

- -. --- - - -- -- - - - - 

Cyanide, mg/kg manioc flour 
(dry wt) 

- - -. 

Free cyanide in Bound cyan~de 
Batch Onginal flour 'plttn' 'pittu' 

B 106 N.D. 101 
C 106 N.D. 89 
D 178 09 1 24 

'Pittu' was prepared without an incubation period. The 
product did not have linamarasc activity. 

N.D. Not detected. . 

3.7. Cyamgenic g'lncoside c~atmt 05 fried maaraioc chips ib 

Manioc clzigs (50 to 60 0/, moisture) on frying also did not lose significant amounts 
of tctal cyanide wllm the final ~iloisture collterxt was 1 to 2 %. However, on overfrying 
s.iln3.e loss c.f cyanide ivzs observed probably due to the thermal decomposition of the 
glucoside (Table 9). In tliis case too: very snall amounts offree cyanide were present 
in the product. Linamarase activity was absent in the fried chips. 
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TABLE 9. Cyanogenic glucoside content of fried manioc chips. 

Total original cyanide Free cyanide Bound cyanide 
mg/kg (dry wt) mg/kg (dry wt) mg/ki (dry wt) 

Sampling was done by method I. Fried chips were tested for free 
and bound cyanide. Fried chips did not contain linamarase activity. 

+Chips were charred. 

4. Discussion 

The fate of bound cyanide in manioc and its products depends mainly on one factor, 
viz. the linamarin-linamarase reaction. The reaction is dependent on : (1) enzyme 
substrate contact, (2) enzyme activity of material and (3) rate and extent of 
deactivation of enzyme (reversible deactivation by drying of material or irreversible 
deactivation by denaturation heating in liquid medium). In s~ecialized instances, as 
in the soaking of the dried chip, permeability of the tissueto theglucosideisalso 
~igniiicant.~ The absence of free cyanide in products depends mainly on how much 
the system is heated, not only for removing free NCN but also for the thermal 
decomposition of the cyanohydrins. 

Results of experiments described in this paper and those described previously3 
show that fast drying prevents enzyme activity. This results in no significant 
hydrolysis of the glucoside and therefore a product (dried chip or flour) with the full 
complement of bound cyanide as well as an enzyme system that can be reactivated 
by moistening. It  is this type of flour which is generally used for cooking purposes. 

Preparation of .flour by the method of keeping in the shade f ~ r  24 h causes the loss 
of 60 to 80% of the bound cyanide (increased enzyme substrzte contact due to auto- 
lysis of the tissue) but levels of total cyanide are greater than that observed by the 
process described earlier ;3 in addition flour obtained by this nlethod may not be 
bacteriologically suitable for hnman consumption. 

Use of flours containing linamarase (that can be activated) in addition to bound 
cyanide is not desirable for ccol<ing ybrposes uliless eilher tlie enzyme is de~ctivated 
before or during coolting snd any free cyanide is driven off by the cooking process. 

Tllis appears to be the case with manioc ' pittu ' and with fried-manioc cl~.ips ~!hich 
contain high levels of bsund cyanide (quick deactivation or linamarase) but no signi- 
ficant amounts of free cya~lilide (any free cyaiiide being driven off by cookingj. 
Althougli the relative absence cf free cyanide is enccuraging it IS felt that it woulci be 
far Illore desirable if the bound cy2nide.i~ also elin-iinated befcre the ilcjur is used-l 



50 Nirmala Pieris and E. R. Jansz 

The situation with manioc ' roti ' is more serious as the final roasting does not 
remove the free cyanide formed. The experiments on 'roti ' clearly illustrate that 
the factor involved is the linamarin-linaniarase reaction. The enzyme activity index 
of the flour used was C > A > B. This tallied with residual bound cyanide in the 
' roti ' which was in the order of B > A 3 C .  The experiments also clearly illustrate 
the effect of incubation time on the system. Free cyanide levels in the ' roti ' do not 
have any fixed trcnd. This is understandable as the level of free cyanide is dependent 
on the amount of heat the material is subjected to, which, in these experiments, 
cannot be effectively controlled. 

The experiment with manioc bread, in addition, shows the elfect of tem~erature 
on total cyanide content. The outer crust of the bread is subject to a very high 
temperature which no doubt causes the lower total cyalide ccntent of the crust 
in comparison to that of the inner part of the bread. Whether this is due to thermal 
decomposition of the glucoside or of the cyanohydrin or both is still under 
investigation. 

The results concerning the aging of tubers is consistent with the general idea of old 
manioc being more toxic than fresh manioc ; the total cyanide levels of the flour 
show a general trend of increased cyznide content with aging. Inadequate san~pling 
reduces the values of these results, but the trend closely resembles that reported by 
RajaguruQecently. Increased cyanide in the unpeeled tuber could be caused by 
either a synthesis of glucoside in the edible part of the tuber or a migration of gluco- 
side from the rind (which is rich in glucoside) to the edible part of the tuber. 
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