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The Manioc (cassava, mandioca, yuca) plant originating in tropical America, 
i s  witlcly c~iltivated i n  Africa, Asia and Latin America. There are over 200 
cultivars oi' the plant and these have been classified on external morphology", 
cyanogenic glucoside content and oth.er criteria. Worlters tend to classify 
the varieties ol' the plant ill  diKerent ways : Manikot utili.s.rima Pohl and 
Mariihot e.vc~t/c~~zfa Crantz are considered to  be one species by solme g r o ~ ~ p s ~ ~  
while others3' class these two as different species. 

Most of the data 011 manioc in this review has been takcn fro111 work published 
under th3ic two names. They have been treated as synonyms including all 
varieties yielding an edible tuber. 

'Tile notionYQhat "sweet" varieties of n~anioc that contain 110 cyanogenic 
coinpounds are available, has not h e n  recog~lised in any of thc cxtcrisjvc 
studies on this aspect40,GY It is common to  rerer to  "swert", "ui,era,qe toxic" 
and "bitter" varieties of manioc ; these terms generally refer to thosc 
variet~es in which the edible portion contains less than 50, 50-100 and lnorc 
than 100 lng of cyanide per kg flesh respectively. However, this 
classificatioli is basically incorrect, as the cyanide content of a singlc cultivar 
varies when it is grown ~rnder different environmental co~ id i t i ons~~ .  Fi~rtlier, 
Sinha and NairX9 have shown that the bitterness of tubers cannot bc attributed 
to the concentration of cyanogenic glucosides alone. 

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

* CISIR Library. 



2. L .  Chemistry: Tlierc are two cya~~ogenic gl~~cosides of manioc: L ~ I I N T ~ I ~ I - ~ I I ~ '  
(A) and smaller amounts of Lolaurtr-alirll' (B). 

('4) (R) 

CH, CH; 
CH, c - c  N c,H,-&-c--N 

I I 
0 C,H,,O, 0 - C,HI,O, 

I'n nature, linamarin was found to be the $ anomerls. The zmino acids 
valine and isoleucine were round to be, t1l.e precursors for tlle aglycone moieties 
oi' the giiic:)sicles (A) and (B) rcspectively70. Methods are available Tor the 
isolation and purification of l i n a m a ~ i n ~ ~ ~ ~ ~ .  The method by Wood99 has been 
tested by one o!' the authors a l ~ d  i t  was fouod that the glucosides can be isolated 
efficiently by this method ( -0.3 % the wet weight of rind for local types). 

The glucosicles wh~ch are soluble In water, are stable to  bo~lirlg but are 
decomposed at 150°C1' m7rl by the enzymc l~l~amarase (linase) which acts on 
hoth Illlamarin and lotaustral~n~() to produce glucose, hydrogen cyaliide and 
tll,: c.>rrc,pond~ng ketone. COIIII'~ has described the action of I~yduolysing 
thc glucoside to HClV as a two step proccss : 

:a) The conversion ol' thc gIi~coside to the corresponding cy:inoIiydrin by a 
spczific $ gl~icosidasc (linamarase) 

( h )  Hydrolysiq ol' the cya11ohydri11 by a hydrovynitrilelyasc to givc I-ICN and the 
corrcspondtng Itetonc (acctonc or propanono). 

K R CH, 
( 1 )  - >  C H I - C - O H  I (2)  

-+ 
\ 

CH, 6 0 C,H,,O, C = O  
I I 
CN' CN li / 

-t . I. 
CiLUCOSE HCN 

l i  :=. CH,.  C,H, 

Li11arnar;lse is reported to be deactivated at 72*C 

Varioua mztl~ods of US.YLIJ~ for tlic cyanogcnic glucosides have been i~scd 
The assay generally has three phases : 

(i) liberation of HcN from the glucoside 

(ii) isolation of the cyanide nrld 

(iii) q~~antitation of the cyanide. 
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Autolvsis oT the glucoside following maceration, acid hydrolysis, addrtion 
o f  extra enzyme or a combination of these methods yields HCN which is then 
d~stilled and estimated after reaction with alkaline picrate, silver- nitrate, 
ben~idine  derivatives, S e r r o ~ ~ s  sulphate o r  with other reagents that Iornm 
coloured compounds with the cqanidc. 

It appears that most of  the early controversy on HCN content of manioc 

and manloc products, was due to incomplete l~beration of HCN, by the 
tncthods of assay used 

M:xt of thc early assays 24> 53$ 71 ,  depended on either autolysis with 
en.dogenous l i ~ l a m a ~ a s e  o r  on acid hydrolysis with varying strengths of sulphu- 
ric acid. Autolysis is not satisractory as  endogcnoc,~ enzynle levels are low 
ancl it therelhre requires long incubation times, during which competing 
reacti.311~ appear to lower the total potential yield of the cyanideso. Acid 
llydrolysis has been a popular  neth hod inspite of the studies of Woudg!' who 
warned that amidcs and ammonia are ibrnied under these con.ditions, which 
lowers tlmc amount of HCN released, drastically. In order to  test this theory. 
pure l inan~arin was hydrolysed with varying nor~nalities of sulphuriu acid4". 
Thc r c s ~ ~ l t s  (Tnhlc I )  showed that : 

(17) Reduced yic!ds arc obtainccl with acid llyd~-oIysis 

( h )  Thc nor~nality of' acid ~ ~ s e d  alrec:s yield markedly 

A similar C O I I C ~ L I S ~ O I ~  11~1s been reacimecl wit11 studies using plant tissucxo. 

I / 1 . 1 ~ ~  refease<l I App:~ rcn! ~lucosidc  Treatl-nent 
I (%I i rcma~~iin~!* 
1 ....................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . (%, 

Enzymc hydrolysis 1 i 83 i 

0.1 N acid 
0.2 N 

~Linntnarin wlth tne appropriate strcngt~l of acid was steam dislil!ed for 1.5 1io~11.s 

*TIE glucoside remaining afl.er acid hydrolysi4 was delerli3i1ied by adj~lstjng pH to 5.0 
followed by hydrolysis by the enzyme. The results arc corrected for residual free 
cyanide I'rorn acid treatment (approximately 2%). 
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localisation?). Crushillg and soaking in water facilitates contact betwecn the 
two and hydrogen cyanide is liberateds3. Most methods of detoxification 
involve this principle7'; but it is critical to give the enzyme sufficient time to 
acth7. 

Boiling has been used to eliminate toxic factors. This has been successful 
in the case of leaves wh.ere en.zyme concentration is high and diffusion barriers 
are smallz5. Boiling tissues wit11 low concentration of enzyme wllile causing 
elimination of most of the cyanide, probably results in the quick elimination 
of enzymic activity (wh.ich accoucts for the remaining glucoside). According 
to de Br~i jn '~ ,  90 7: of th.e glucoside was still prexent after boiling. However, 
earlier s t~ ld i e s '~~  78 did not report an.y glucosideafter boiling (pcor analysis?). 
Several intermediate valucs have been reported. The amcunt of glucoside 
could he predicted to vary widely depending fin: 

(i) the extctit tubers are sliccd 
(ii) the a~nount or washing 

(iii) enzyme activity 

(iv) tinle taken for the temperature to risc to 70' C 
(v) initial concentra!ion or glucoside, etc. 

Adriaens' suggested that glucose can detoxify HCN formed b~ l t  this has been 
disclaimed by de Rruij11~~. 

2.4. ingestion of toxic factors: Toxic factors of maniocinclude free cyanide, 
cya~~oh.ydrins and glucoside. The toxicity of cyanide is well .known. The 
leth.al, dose of prussic acid varies from person to person. The average lethal 
close lor an  ad.ult is reported to be between 50 an,d 60 n1.g4 but the amo~lnt  
also appears to be affected by the type of other foods eaten with it72. The 
leth.al oIfect of cyanide is caused by its reaction with the iron in hen~oglobin (and 
possibly cytocl~ro~nes) and copper in cytochrome oxidase. However, very 
little Tree cyanide ('less than 5 p.p.m.) is consumed alter tlie normal cooking 
procedi.~res i n  this country for manioc : peel, cut, wa,rh, boil in ope/? i~e.crcl, 
t11i.o~~ o ~ ~ t  water a17d reboil. On the other hand, considerable amounts of 
glucoside could be in.gested especially if the initial glucsside c0nten.t is .Ii,igh.. 
St might be expected that quan.tities of glucoside consum,ed might, in some 
cases, exceed the toxic level if it were .free cyanide. Although. the glucoside 
itself may not be toxic it has to be considered as a potential source of cyanide. 

It is possible that the reason why deaths recorded due to  n~anioc consunlption 
arc rare, is due to a detoxification mechanism suggested by Clarkl? His 
hypotl~esis is that the sulphoamino acids of proteins react with the cyanogenic 
glucoside and prevent the liberation of HCN. The hypothesis has been given 
nlore credence by his later studiesz0, which showed that high cassava diets short 



In mctli~on~ne resi~lted 111 symptoms of HCN poisoning and by t h o ~ e  ofosunto- 
kun et ~ 1 1 ~ '  and Montgomery6%ho showed that consu~vption of manioc as a 
staple food (2 to 3 nieals a day) was associated with n rise of the blocd thiocy- 
anatc level. HoV,vever, there rezlns to be no cvidcnce that it is the glucos~dc 
and not frec cyanide that i5 dctoxlfied. 

More recently M o n t g o ~ l ~ e r y ~ ~ ~  outlined the pathlz-rq:~ c?fn7etaholi.!nz of inorganic 
cyanide. At least three pathways appear to exist : (a )  the conversion of 
cyanide t3  tliiocyanate by thiosulphate catalysed by tlic enzyme I-li.odanase, 
(h)  the conversion of cyanide to thiocyanate by reaction with 3 - mercapto- 
pyruvate catalysecl by another sulphotransferase. Cystcine and cystine are 
(lie precursors of 3 - mercaptopyruvate, (c)  upt:lke of cyanide by vitamin 
R -  12. 

Tlic concept that lethal quantitic:; 0;' cyanide could be ingested as glucoside 
without toxification is significant when one considers the effect said to be 
c a ~ ~ s e d  by some vegetable juices on manioc consumers. It has been commonly 
rep:)rlcd that ii' uncooked vegetable foods are taken with manioc, the consu- 
mer is :;~il>ject to violent discoml'ort that may even r e s ~ ~ l t  in deatW4. Jn this 
country, ginger is popularly believed to cause this en'ect. It is also believed 
Illat some vegetable juice:; contain an enzyme that will decompose lina.marin. 
I t  seem:; ecl~~ally possible th.at these vegetable juices may he interfering with a 
detoxi.licatio~z mecl1anislil. 

Recent work, by our groi~pjl h.ave shown that very s~nall  aniounts ol'cyaniclc 
can bc released from lir-r.am.ari~~ by ginger extracts: the efyecl- is only 1.0 

10-"times t1i.at I'rom an  e q ~ ~ a l  weight of 1na11ioc iznd is likely lo be due lo the 
cKect of r~oli-specific & glucosidases. .Hence it is difficult t:, explain the POPLI- 
lnrly believed elPects on this basis. .However, it is not possible to rille out 
adverse effects being caused by eating lnanioc and gingcr together becai~se 
t1i.e mechanis~i~ 01' the efPect may not be as what it was hitherto assumed. 

I t  liaa also been suggested that gut flora can cause the convcrsio~~ ofglucosidc 
to cyanide .Vowever  work in  this laboratoryj' has shown that coliforms 
( 7  types tested) car-uiot do this : work with other bacteria is planned. 

A~iotlier probleni I S  the popular belief of toxificatioti after the consi~~iiption 
of' old and da~v~aged tubers. Although thesc ti~bers will contain Inore frcc 
cyanide, the Intter will be driven ofY to a large extent by boiling. These tubers 
generally have lbl~~isll or greyish areas said to  be due to the formation of metal 
cyan~des. Some nietal cyanides are insoluble and would not be eliminated 
bv slandard c30klng procedures but would be converted lo frec cyanide i n  the 
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stomach. More scientific data are needed to answer three questio~ls In t h ~ s  
area : 

(i) how r-elatively tox~c are these o l d  tubers 7 

(il) arc metal cyanides the only possible cause Tor the presumcd increasc in  toxicity? 

(iil) do cyanohydrins play any role in this connection ? 

All these indicate that provided the tubers are T1-es11, and normal precautions 
(ol' eliminating cyanide) are f'ollowed, there would be little, if  any. danger of' 
loss oS lii'c. Worthy of more con.sideration is the possibility that repeated 
r.;ub-lethal doses of cyanide (or glucoside) might cause cu~i~ulative poisoning. 

Sub-leth.al doces OF cynn.ide (and/or glucoside) are reported to  ca1l.e high 
blood tlliocyanate lcvels wh.ich are associated with neurological diseases7"74. 
No doubt so~v.e ofthe diseases attributed to  manioc have been due to nutritional 
imbalance caused by regular co~lsumption of manioc without an adequate 
supplen~ent of proteins and vitamins. However, Nigerian Ataxis Neuropathy 
was not relieved by the administration of vitamins, the lack or  which was 
supposed to cause the disease. Although evidence is not co~npletc i t  is highly 
suggestive. Extensive manioc consumption (staple food, 2--3 lncals a day 
over a period 01' years) is also associated with: 

( I )  Goilrc25,33,34 probnhlv due t o  higher levels o f  thiocyanatc which i s  reportcci 
to be goitrogenic 

( i i )  L.ci,bers Optic Atrophy98 which is reported to he due to hetedit;nr!l defect i n  
cyanidc detoxification cctttl 

(iii) '1.; Diahctes76. 

It nlight be pertinent to n.ote that most methods of preparation of manioc 
products still result in residual glucoside." Also, several studies Ii.ave sllown 
the presence of glucoside and/or cyanide in manioc chips and flour, in some 
c u e s  the qi~a~ztity bei13.g high8O,sS wliile othcrstudies did not detect toxic I'actors8. 

- 3 r l1.e con.clusion reacheti is th.at several aspects pertaining to the toxic factors 
in ma11,ioc are still i1nkn.0~13. The situation. deniands estensive res'earch cf 
an i~lterdisciplinary nature. 

Two colnllloll forms of manioc carbohydrate are available (il Starch and 
(ii) Hour.. Starcllis the pure carbohydrate while flour, (the ground product of 
chips) in addition to starch, contains protein, cellulose and other constituc~~ts 
or the t~lber  cells. 
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Two types of .starch can be prepared from manioc : (i) edible starch and 
(ii) industrial starch. The essential difference between the two are that edible 
starch needs : (a) better raw rliaterial and hygiene ; (b) equipment made of 
brass, bronze, aluminiuni or stainless steel9 or  other equipni.ent which would 
not form insoluble products with HCN (sucll as iron or mild steel). Some 
questions may be raised on the use of some of the above materials suggested 
by Biema & Shipmany ; ( c )  precautions to be taken during the settling and 
drying process to prevent n~icrobial growth ; (cl) water which has been treated 
(e.g. lime-alum) and is bacteriologically satisfactory. 

Sti~dies in several laboratories, including the CISIR4Y, have shown that a 
clean manioc starch is not difficult to prepare. However, the big problem is 
the efficient disintegration or  cells ; although manioc contains 28-35% 
starch, generally only two thirds of this is available due to inconlplete disintegra- 
tion of cells. 

Manioc consists mainly of carbohydrate which is highly digestible12,41. 
However, its protein, content is very lowh' (around I "/,) but tlie quality of 
proteins is good. Due to its low protei17 content, manioc cons~~mption in the 
absence of adequate protein is not advisable. Studies liavc shown, however, 
that i f  an additional protein. source is provided, manioc could be used extensi- 
vely a:; a staple rood (assunling of course, that cyanide has been eliminated). 
Protein sources that can be used i n c l u d e g r o u n d ~ i ~ ~ t ~ ~ ~ ~ ~ ~ ~  gram flour and fish 
tIo~1rX7, chick pea and coconut soya flourP4. Yeast protein and skim milk have 
also been used as a protein supplement. 

Processed manioc can be used as a source of calories in the ~~~anufac tu rc  ol' 
food pr~ocluct.~ such as ( I )  bread13>3x, rotiS3, s t r i n g h o p ~ e r s ~ ~  macaroniy2 and 
chappati". Drawbacks to its extensive use in bread are, (a) thc lack of protcjn 
which affects the textural quality of tlie products and (h) possible toxic factors. 
Considerable work has been done to  improve textural quality and nutritional 
value by blending with other flours and by addition of sources of 
prot~in",27,5~,5X,S~. 

Several minor products have been produced for consun~ption from nlanioc, 
si~cli as gari and f'arinha (microbioJogicalJy fermented products) and tapioca 

Manioc starch, has been used as a starting ~naterial for the production o r  
glz,t~o.se'fl>3", 77, 84. 

Glucose can be produced by acid hydrolysi~ or enzymically with the starcli 
liydrolysing enzyme glucoanl ylase. This enzyve has been produced using 
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local raw materials by our group'(' rind it is capable of giving a 90:;, y~cld (on 
thcorctical), of glucose. 

Manioc has been L I S C ~  as a raw material for prcduction by a ,jer171enta1iori 
IJI.&ICL?.Y.V or becrl, etha!lo16, vegetable c l ~ e e s e s l ~ ~ ,  yeast2? glycerol6' and citric 
acid7? Manioc starch also finds a place as a minor component in several food 
products. 

Manioc has been used ey,tensively in animal and poultry .feed"44,6? Maniac 
starch has enormous potential for industrial use. The use of manioc starcli 
i n  the t-xtilex', paper4 and adhesive industries is well ltnown. Manioc glue 
(NaOH tre;ltment) has haci co~lsiderable use in wood f i ~ r ~ ~ i t u r c  ma11~1facture3~ 
b~i'ore the success of syatl~etic adhesives. 

Manioc siarch can be used as a raw material for the manufacture ofmodjied 
.ctarchc.s ; cationic starch15; starch. esters'", dialdellyde starch~,ooxidiscd 
s t a r c l ~ ~ ~ . ~ ~ ~ ~ ~ l ,  AICI, trcakd starzh"";tarch ethersm; cross-link.ed s t a ~ - c h ~ ~ ~ ~  
etc. The wi:ie applicability or  modified starches in industry is well recogniseciw. 
Manioc starcli has properties which differ fioin that of other starclies and it is 
probable that highly t;pcciaiised modified starches rnay be prepared from it. 

Tilt: LISC o;'rnai~ioc starch i n  the a ~ / / ~ c ~ i ~ > e  industry deserves special mention. 
'Tl~is source ofi<tarcli was considered indispensable in the prod~~ction of remois- 
tcning $;urns4? Allcalinc oxidized rnanioc starchs and enzyme modilied 
manioc starc11'~ have also bee11 extensively used as adh.esives. 

Manioc has also bee11 used as source of raw material for the production of 
i~.cctone 2nd b i ~ t a n o l ~ ~ ,  cellu!oseh3, partick board From stalks3'' and 1-ICN for 
coagi~lating rubber latex"" manioc leaves have been ~ ~ s e d  as a protein 
>;OLll.C~32,79,)12, 

'rlie manioc starch industry is a significant source of watcr pollution in 
'Thailand" and Brazil7. In  Thailand, heavy pollution gives a strong 01Tensive 
odour and the fauna and flora of' waterways into which the eflluent is discharged 
are greatly affectcdy3. Pollution can be observcd even in the sinall scille 
operations in Sri Lanka. 

The main waste prod~rcts in  a manioc starch industry are (i) pulp wastcs 
a n d  (ii) wash water. The pulp waste contains large amounts of starch and is 
clilickly susceptible to ~nicrobial attack. The wash water has a biological 
oxygen clemsuid ol' over 4,000 mg/l and contains about 1 % total solidsw. 
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Further, the water will have a cyanidc content (free and bound) probably well 
over the allowed level for surface disposal. 

Altlio~lgh waste treatment is desirable it is often restricted by financial 
resources. The ideal solution would be the utilization of wastes, (which could 
off.;et costs of treatment or possibly even result in a profit). Such studies 
have been made in Thailand". In this country manioc pulp waste has been 
made use of as a cattle feed after drying and milling. (Private commr~tlication). 
Laboratol y trials by our research have shown that manioc pulp waste 
can be used as a source of carbohydrate for yeast production. A mixture of 
a c ~ d  hydrolysed p~rlp w ~ t h  added wash watcr and (NH,)2S0, can produce a 
15"/; yield (on manioc pulp) of yeast cell material. Thc wash water itself 
si~pports yeast growth 

The authors thank : the Director CISTK f o r  facilities provided, MI-. E. E. Jey:~ Raj 
He:ld, Industrial Microbiology Section CIS1 R for encouragement during work on the I-evicw, 
Miss I , .  Winlalasekera and othcrs on the CISTR Library Staff for collecting ths literat~~rc 
references on the topic, Mrs. N .  M. Pieris, Mr. D. .r.'Abevratne and the other Slam of thc 
Industrial Microbiology and Analytical Chemistry Sections of the ClSlR for assis!ancc in the 
laboratory work and finally Mrs. 1. Bandal-a for Sca-ctarial assistance. 
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