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Abstract : A nethod fcl- the de:cr;l:ination of Il-te ldz l  cy:inide conler?l c?f manioc 
pr-oikrcrs is de.ici.ibed. Exr;.~e~~uas liiiami:rase hn: been :.~:;eci !ci hydi.olyse ihe linainrric 

. . 
in the pkcir~t materiai. E:lzyri~e r;cti\.~i:/, irlcubaticn time and volu:ric of c!isl.illa~.> have 
be-n varicd sv.cl~ that m a x i i l ~ ~ ~ m  recove!-y af  ic;tal cyrinide was ohinincd. J<t:cove~y 
oi' ui!:lcd !!CN aiid 1i:laiii;~rin Cram rminioc subsvare viils fa~i:lcl to be satisf-i~clory. 
TJlc meti~nd v!::s a:,iiicd to ds:cnnine Ihe told cyanide conlei;? oi' boilal jnanioc, 
rnni1if.i Conr :i:d ;ii:;:?i~c siai-ch. !Saw n;::nioc on boiiing was fsunc! lo lase lu 3 

its icj!;!i c,;inido. S~.;~pifig witi: l,;.;ves prior to boi!iilg did ~ ; o t  ai~er. liiese S;L~~:.C:: 
. . 

sry~j:lic~nrly. 11. \?as fo~:.rid !hat i:~!iilc i~laiiioc stat-ch contair;cd only s~nail c!uanli!ics 
. . 

of f.okii cy;a~:;;:e. e;;i!:icc fi:;~~i- :i;:ic;s spcrialiy j?;occss.$. to rccluce cyanjde content. 
CU-... Q L L c L j j ~ ~ ( l  5C to :.!5i; ;::.Q.:z. ;zcL:; cyzr!i<i.:. 
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in iiigil HCN blanks) and a h  used the rion-specific Aziu'9, titr:itio:i to ~ici.;r.- 
mi=: cyi?.de.  Furthermore, ht cljd not pay atientiol! t;. sox:: variab!es thirt 
have been cozslderztl io this study. 



2.5. Assay ug liaamnrase 
C -- ir,~: la2thod of wC73:il' \;rns ~ ~ s z - 5  . sc~pt  :hsr ~ h e  reactions bvC1.e cgi-~ictf out i;? a. 

2y r in~c  (j ~~11) sllcb ri.,tt there :.!as 30 5:: S P Z C ~  abcive iiq:-~ld. '?lie renctlvn 
mixf~lr-e contained a sjiita'ole voh~me ~ 1 '  ii;.amarasc extract ant1 cxccss iinaolarin. 
(qgiroximrrtcjy 2.5 jng) jn 5 m! which w ~ s  9.98 ht xv/it!i xespect i-o cifr-ate bufier 

. 7 (TR 5.0). The reactinr, wa.s carrieci out :it room te;ll?erat~il-e. Alir;:iots ( I  i j ~ l )  

iy2i-e car::Eiilly Ii~trod~~ced at 3 or 5 mirl intervals into tile tlctcc!.i!;g mktgre 
a;#i cy~;ljde detzrminec! by the inethod of Wood . I 3  Enzyme activipj \;ir:zs 
cz ., LE < -.>- 7 , .  .-.'-- ; .  

.I!..:. ic iLL:L ~lsizr~; ttlrz linca: part i?f the reaction cilrve. A staridard ccrrvc 
eqw;,~lar i:.mcu~lts of cyanide a n 6  giccuse ~ 2 ; s  L~SCC! in the caic~il;~tion. T!:c 
curve i s  bip:liasic where -r --z .014 From 5 pg to 1.5 yg cya71ic';e ;%nil ,021 fron1 
15 p.g to 50 pg cya.ni:lc. 

2.6. Assay OF tieametrin 
TFVO ~ n e t k o d ~  werc used: (I) the disrillaiion inethod. (after iili:r.!>ation with excess 
linanlarase for 20 11) aild (2) direct determiration in a sy~:ir~gl: u.s:ilg exi;ess 
Iinamar.ase (300 units) and abo;,.,:: i mg linamarin. Readings were taker; ;!t 2 t i  
intervals until no i'ustller cyanide was libernied. Other cletails \yere the s;trrte as 
in thc assay f ~ r -  Iin-?inarasc. 

Variation of the quantity of enzyme used and ilicubation timz (Tables 1 and 2) 
sliowed th::t i n a x i ~ ~ g m  cyaiiidc recovery cm~ld be obtained asing the conditionr, 
describeil (2. Experimental). Zero time and. zero enzyme values in tfrp, data 
a.re due to free cyanide and pnssibly residual enzyme activity. 

TabJc 3 sl~ows that thc bulk of the cyanidc present in the reacticn mixture 
can be collected in the first 125 ml of distillate. Howevcr, in practice, 200 rnl 
of distillate was collected. Under these corlditions it was found that if .KCN i s  
added info the incubatiorx mixture, then HCN co~lld be rccovcred quar~titatively. 

ThnLa 1. Effect of incubatioc tlrne 
on cyanide liberation 

Cyarllde liberated 
Inc~tbat~on tlme (P P.m 1 

(h) Sample A Sarnple A 

Boiled manioc was incubated w ~ t h  136 unils of 
linamarase ; for further detalls see 2. Experimental. 



Tn'nr.~ 2. EKect of enzyme act l \ ,~p 
on cyanide 5bc1ation. 

-pppp-p 
~ 

I.,inamarasc activit;~ Cp~uiide libcrntml 
(~,g/~ni.) (*.;>.Ill.) 

i-~,. r ,L\? : i;g separ:>tcly de:c*.~i- .,.;!?:)ec! - fl;e ~p l l i ? i~ ! f i~  cciidilions k,r I i b c r a ~ ; ~ n  i > T  !-iCN 

ii-9~:: bocnd cyrini?.e 2;;d i t s  Iecovery, i t  ~ ' 3 5  ,-;:cide.i tc? c<>iifir!n !;:is meihi.jii 
, by testing tixi: i:i-cijver> of liCN ho:il j : - ; l ~ m ; : ~ i ~ .  i iyz F~:;I-~!;S <l\>i;:i:ic<: ~t1-e 

Table 4 which sil.;i\v;s a~p::rent?y big11 \/~iiiet;. Ftlr:l:sr e~p;:riii:r;:-il.; -d&r.!: or~--e:l 
. . . . 4 gcve recovcr~cs a!?3u: i0:: higher -;h;:;? rxpectcs. J :  SclK;::.:t i!:,;:~ lii!.; r j  dxle 

to a c  error ill the astiii~atior~ o f  !ir::tm:lrig (Tab!e 5). 



TABLE 4. RKOV~TY of li.nzm2rin adcied La 
bai!cd rna~ioc. 

- - - -- - . . -. .. . . . -.. .- - 
I_inan~ari_n. added 
(as :J.& cyanide) O/ iecovcry 

177 104 - - 
2 34  i 07 
531 98 
708 119 
S Y 5  114 

t. 1032 I 17 - - - - -- . .. -- 

Lin;!ui::rin was xd:i.;~l iuco a s ~ ~ ~ n p ! e  cf 
bcilzl-1 n?c:nioc col?t~.ini:lg 600 1.3 7UJ !I.# iolai 
polentiai cyanide and -thi; cyrinide cks5ay carried 
out as cicscribeil iii 2 .  Expe:-in-:c,nta:. Linlrmarin 
ci,ncci?trat;or.s were cs1lr:izie~l by ilie syri~?gc 
nlethad. 

:j . . 3 . S:~,mqtling 
Sa:npijng ~ 2 : ;  !_lo!le a s  cicscj.iLeti (2. Er-:pzrii?~enta?j. TI-re t;vo sample- i>blniile<l 

ficm. cai-;?. fl:!)El. =,-,.a ,s:,, ,., - it ; . 2 ; T l - i  ..,_,, L, sc~arzi-;i:;iy srr..! t.be to la l  eynr3i:ic c<>~'trn! c!e!cr- 
. . . - 

nlijl.eci. E.(y;:!!ts s~~ : . : \ i . ' ~d  i . ? i ~ t  ::?2 ~ Y l i ? i . C ! i :  ~~jllel;,i: of $lie twu sninpics wel-c ai:::ost 
~<j.;;itica! (Tai?ic 6) a.;?ii c.!; a - - - - - a  8 L h t l l ( .  Lhj; r:r::.!.ho~:l war; ~ ~ s e d  ir: ::li stuci iex c j ~ ~ ~ i , ~ ! c ~ c i l  
bj1jtjl \i;!l<)lc i i l ~ i ~ ~ ~ c c  ti~!!]~;.:;. 

Tola1 cyanide (;j.ii.nl. Tsesh wl) 
p, 2.\pei'r~r!crit n.3. i'. scinlple A Saniple i3 

?-. :ul;ers were ciiviiied inlo rwo par:: 3s descl.ib:;i! 1 ; ~  2. 
~ -. cxpe;ime!ira! acz ass:--r-.-: ;t ;..T- 

. . 
-=; .- :..L,,dr ? ~ o : ~ : : ~ g e i ~ ! s : ~ t ~ ~ ~ )  wii!+ 

crushe.! ice. 



3.4. Total cyaaid? ctlntcnd ~f rat7 manEoc 
.. . 

Aft21 several ar,c!irn;nnry experirnsnts it was f<>i,~iil -Chat tjlc tiizh:.s 1 yickd of tc?[a! 
,- -, cyanide was obtained dxzn the rnaterk.1 was irom<~geaised wi'iil. cr-usi~er! icc. l ae 

va !:re, obtai::ed ~ 2 s  :;light$ hi&er than x~iFter; 1!12 tissue ,,%as jl:::i:.~:~~11j~~d i:l 
5. IN N,S04 to  denctivate the csc',oger?.nus Ijna.marr\.se, ~ n c !  cox;,-:ider::isijl I?.igiler: i:i:r:n 

svl~en the manioc cubes were wa.zi:;,ed in thc sFme strezigtb. o-F i:.cid. iJ:;:i<>~~htc:.i~ jf, 

even homog~nisntion iil ice rss:lts in some (very sit!:!!!\ l oss  oi' cyaiiidc b;ir 
. . 

results obtained by this mcthod w x e  highly rcprod~inble. 

3.5. Ta4a3 cyarnide content rif RoiFed menioc 

On zpplication of tlrc assay azd srimp!in;. .-. tcc:l:~iqilcs to tesr the eEect :)r ~ll:r~iial 
cooking prcceciure:; 911 total cyanide c-ontcnt c>f :nailic;c, it i71:;s CCI rnd ;hi?': 
boi!ing reduccd the oo~cccci7tratioi1 of tota! cylri~ide "L + I.<: 5 of ;.he v-alr.le 41f 
raw .manioc (Table 7). T11~e p2i:ce:liagc :iecrei:se varier.: frorr-1 sampl:: to sample. 
The total cyanide content sf ';-,oiled ~nanioc x r : i s  Fc^:?~ln:i to ?:ary bntwi:ei; 1 1 a ~ l ~ l  
180 p. p. n. (011 fresh .;.?lght:). 

It was I 'ou~d that the size to which the r11ater-jal is seduced prin; to boiling, 
affects the final anxori:~t of total cya.nidc sli~?lily; work is ,proceeding GI? %.his 
aspect and also oil the eE'cct of c!penir,g and closing the lid oi'thc. cooking :ressel. 

it has bzen ~ecently repnrtedqhat  whcn ch:>ppecl raw mn~lioc is steeped with 
certain vegetables. the cyanide conient of the boiled product is recltlccd. Sklclies 
with leaves, however, sl~owcd f i a t  the total cyanide contcnt 17f nanioc was not 
signlifica~ltly aEected by this procecLuure (Table 8). 

TABLE 7 Bffccct of b o ~ l ~ n g  o ; ~  total cya111dc content 
-- - .. - - 

'Total. cyanide content 
(p.p.m. fresh. wt ) "j, remaining after 

Sample Raw Boiled boiling 
- - -- . - . - 

1 117 46 39 
4r; 39 
46 39 

2 128 66 52 
3? 298 97 3 3 
- ...- . . 

Manias tubers .ryere divided into two sarnples (2.2. Sampling); 
one was assayed raw and the other after boiling. 

' T k s  sampk was f r ~ m  the branched trec form 01 manloc 
locally termed "rubbar manloc" 



Toea! cyanirk canlent 
I -..' lise @.p.m. Fresh wrl 

-~ ~ 

C ~ i l ~ m ~ n  r ?am Bgtaj;ical r:a;ile i7a~t1ai Espcrimcntal 
~ .~ ~ 

!< :~:urr;!z~..r:?riga C ;  7 0  55 45 
K:~2~trrurnar!lnge Se.sba;z;a grnndii7crn 49 49 
I<3;~r~::1~.1~ui?pa s S ? , s b ~ j l ~ ~ ? ~ ? ~ 9 ' i ~ ; ~ ~ ~  33 38 
Knn!;:xil 1,7er.;cn au&rico 6 '; 51 
fi:I~k:~;?~.~~:~c:{:~:~. .:: / f g ? . : : ~ : ~ : j : p ~ u  

sessi2i's 60 56 
- -  ~ - -  -.. ~ ~ - . ~. -- . 

Mp-:-,ioc. s a . i l ? F  es &scrj.i:eri <sc:vs, w::s s;  ccj:ed with cpely s!icei! !cas~cs 
2 I! l i :!ci  501;~.8-., ?Tt;e stc.;jr,i :aijyj{c :\:AS ijl,iit:d iii ille ::ci.,;ls! wi:y and 

asec: ar: Cc;n;roi. 

?.., j ~p.;c~;-t~~zcc-f ~ j -~h ; ; , , : , ~~~ : : , ~ i z  i l  ::;l i:i2 :.;~kt:--. * haad, yieid i'lour 91' ~ ~ ~ i . ! ~  i :~w ti!ti> i 
. .. 

(-x!., ,- < r < z l  ,. .- 3- nr>+ .. ,,,.. I?!.l\, <.! l : > t 5 . ~ L 2 .  

?.. r ,>T:l.r g 'rcia': c:inl;i*:c: cs.i:ent i;f filnnioc h; ,r .  
.. . .- ~ 

~ . i  .gin i.,..,. ,.+.t.,idecor~tcnl 

!'ZOCSi.i (p.3?.nl.) 
- -- - - - . --- - -. - 

1. eLe?,.zy:i ,.,, :i ;!> 1'. ~.;?c,.,:ll.c::;~:!: ! 97 
? -. A,': G,:sc:-i!:.cd i;; 2. Ex:;erirne; i:::: 58-( 
3.  As deps~.i.bcri i;i 2. Exy:i-lmena:.; >&,Jx:': -. . 
4. As rie.;cril.e::l 1 ~ .  2 .  Exycri~.;.i::.~t.i! 201; 
5. A s  dcsc;ii:w-i iin 2. l::-.F.c-rjn>cili.:~ / il 1 -. ,I: 
6 .  R;caQ~irc~ n?ethc.cii 1 N . D .  
7. I<a,iagu-u !ncthcii. 6 
8. JfyaRr~j process" X 
3 .!eyaRaj :?recess 3 t 

10. 3cyaR;:j j;;.oces-. ! 0% "- 

-- ~ 

* , ir~it:!>e~- :I;.:,:;~<>c ' ' 
* * . . 

r2111e Ti:.\<' ilihc0l l;?l 
7 s?.ll:e .aw l ~ r l t ~ ; , l . i ~ l  
%.I>. nut detected, Icss i ian 2.5 n.p.r:x. 



3.8. Free cya~EfIe cf)~f~x'rP ill ~ T O C F S S C ~  nlani~c 

fn nearly all cases the free q:ariicle coiltent was k w ,  gciler-ai;~ !~etwccrl 0 2nd I0 p.p.iil. 
. .  . . 

Littlt; -;attc~liii;n was paid k> free cyall:.rie in :hts sii.<dy ;.;:$ zcs~ i ! :~  i i? rang" o[c.r;ac.-;1- 
lratiolr are not easily c:tlculz:cd with tlic cictccting rel:;ir.li: ;.:;.:xi !%ere ; bcsidr;:;, Sz:e 

. , cyzn!as gcricraljy f~)r-ms one: a. $m;;.!l :>erc:c::iagc !?i' ti12 :o'ial cys!-:ide i!? ino::[ ji,z::ik>c 

products. 

7 --I ~ .<- L ,re ~ ; s t  part of this ztiu(;y i>?a.s &i..ot-6 so the :iseerini!;::ijon of t i ~ ~  i)@i:il;iln c:jncii- 
tiolrs ofliit.:ratioil 2nd jsolatic.r; ::)f cyanide. -\;:>as rcl;ir;;-j !-i.-.+- L C I  L I _ r\G L:nils of  jiI?;iir!i;rase 
used wit;l an i:lr;abation ti= >:'2 h :x;ils y;?ECienf: to iibc:..atc h!3ili-tri c:y2i?jdc. 'i-jow;;~rer, 
-j this stc.cig, ti;:? jnc;jl,ati.iil tij:T2 war, :--- zi,i,>e~--.:, - - ---.' .I t<> 4 j i  ;!:, :>!: ;!<i:{i[i!-!il:~! ~ r e ~ ; : . i i i i ~ n .  

. . . 'The !ibzyat,;& cyaslar; .+,a. r~covzj;,-,d ljy stexni r:t,,.?ii j2:ioji, :'m i-.)i <,r .jis:ii l:.,.ti: bsi;?. ., 
coiicclacl. xes&:: silowecl !!?,ai. f:i':lPtil;); ;jl:'*Cpi"i,;!: (1) ih;; :7: e:x::iitp i:-:<y ri;,: ,;scd, 

. . . , (2) inuhat ion ci,ne a n i i  (3)  vol.ume sf <ii~{,:llaiz ~.:i!::i;i..:<.i p!-::r;i!ceti I':krther 
recoveiy of cyznide. 

p7 -., .+: ,, ,: -. -. <: ' '. - + 7: - 4..-. 
. ". 

- f X - > l :  1- { i .~ ;:,., !>.Z> <:;,g :..: :;:??2pd;;l z.;!x<l ,J?;;:!., z:,;:>l:;.j:;i;,:i ;5;>,: tJr:.;:;2,<;G 2) 

coic,:lr !--3,c;io;? isrj~ii iJic:j-ai3. i'h-s is r12:-:Ir-:-! >,y ;,ir; iil,t; 'jf-;;{:y, ; i l  ,, ;... :?*.~!;.;./cCb . - r . , - . . - i - -  

. -  . . . x.vjth no -7r?.-v: cya,il'<i: do .?-,t 2r-:;.!:l.c: 277 - - ' -~ - - - -  
. ?  

;..!:-:3 :::<?.I .::;. ,.:.,,I:: ;:!>~(:;j,3.:< <:jf :;t..;L!<;<j Ji.i.7.- 
7 . .  . ( ,  , : ;  ; - .,.;.-, . .  . ..-d . L: - , < -  - .,i! s>ii : s:;rsn,.liy, Rs~ii- ~:.cc.:s:: : :c] 

. . 
to G--- oCtr.ts! c-.~;>2i.:i2 i;.is g;;lert .;;.:~::sl:i dcr;s$j.;:,; 2; i.;i~! 3 s  0,603 {.kl-j-,cr-r tlic 

. . 2 -- 
. - optical densrt::s :re In t,;l: yang.-, of G.10 to 9.5g). 



ft seemed possible that  some volatile compound mighi c~lhance tS1.e colGur for~ileti. by 
picric acid and cyazide (esgxcially a i  high cyanide concentrations) a.lxci "i~crefore lead 
to spr~rious results. 7111s appears 11.ot to be the case as : (I) drastic uariztion u l  
sample size does not: alter the quantity of cyanideliberated ig of sample. (2;) the abso.rp- 
tion spectrum of ihi: cyanide-picrate colour react.ion of the distillate is identical to 
t11.at fol-lued 1 5 7  the same quantity of pure HCN and (3) the eit.rly studies (usilrg 
aspiration) slxowed that estjlnztion of cyanide liljerate~l by rhc picr3t.e :neth.od and 
'A.lrldges rnethorl' gmfe the  same result (-:2. oj, -error). T1;ese points f:ogethcr with 81e 
high reepr:c?.duci hiiit-4. of th.e I-csults obtained in. this st.11~1~ underli~e -the validity of thc. 
method. Furtl~ennore, a sir~~ple teclzniq~ie o:f sa..~llp!ing -wh.oie ma1;joc snclx that ally 
two given i:reatments inay be relkbly com.pared Ilas been clcviscd. 

.Applic,atious of the techniqm to boiled manioc sho\vcd that !, to > of tlie gI~lcnsidc 
still rexilains after t l ~ s  s~andard cooking groced~rre. Jn some inst-a~lc.es (LS 01.11 of 26) 
the amount remail%-ng is not sufficient to pr~cluce a lethal dosc of cyanide i.11 ;a meal 
(for the pvcragc healthy adull.) cven if all the glucoside is !-tyclrolysecl in the a l i m e n t a ~  
canal. I n  otllcr cases (8 o m  of' 26), however, the q~ra~rtity a l  total. cy;inicIc exceeds 
40 111g/250 g dry weight and in these instances complete h>rdrolysis in thc aiin~cntasy 
i:a.nal co-~11ci produce a leflial efxect. Fortrmate!~, it appcars probable that t i ~ c  extent 
oTgl~~cosicie I~ydro-olysis after consumption is relatively small ; this [nay e~piairr w11y 
a nxal of manioc is rarely F;?I-al. 

Th.ese studies bwe  also shown that steeping with. \fezetabXe leaves, etc. (3.s recom- 
-mencled recently to the &ublic" does not significantly aKect total cyanide concemra-. 
tion. This is to be expected a.s the manioc glucoside and the leafenrgrrile jifl~resent) 
have 110 chance of interacting. Similar result-s have becn obtaincd by z~~other 

ii~depcnden-t stttdy." 

Slutlies on manioc havc clearly s l l o ~ ~ n  thc need Ibr wrell organiscd procesxag of 
lrrsnloc produds. Dependable r n e t h o d ~ ~ . ~ l  sre now available ( t h ~ s  paper presents 
1 hc results) that reduce cyanide Ic\lel from an nlarrninz level of 200 p.p.m. lo a rcla(ively 
hnr~nless levcl of 0-10 p.3.m. 

.h.cknowIedgernents 

The authors thank Mr. S. F. Laur-entius, Deputy DDirect:c~r (Rcscarch), CIS1 R anti 
Mr.  E. E, Jeya-Raj, Rend, Industrial Microbiology Section, CFSIR Tor enc:onrage- 
meat, Mr, D, f. Aheyratnc f o r  technical assistar~ce. 2nd Ms .  I. 13ancfara 3.nd 
M i  s:; D, Otadagc for secretarial zssj?.t:lnce. 



76 ~Vi r l~ in lu  Pkrts,  3. J C .  Jatrsz and I?ad!za . K u ~ z c I n ~ ~ ~  

Referensxs 
1. ~ R X D G E ,  W. N. (194.4) A~terrlj~sr 69 : 262-263. 

2. C~-OP@RATIVL W~~OLESALE ESTABLISHMENT. K,zsearch & Dc~elopmcnt Division. (i1.E 3 
ilfnriioc os food  [41?1. Colombo : Sri Lal~ka Gov:?rnrnea: Press- (Research work .:lipervised 
by N. N. cle Si1i.a. Leaflet of 4p,: I.text : 2p. ir1 Sirlhala, ly .  in English). 

3. C Q ~ S E I * ,  D. G. (1973) IE Clzrorzic cassava fr~xicify: peroc~e:f;~?,y..r 01- uit it~fcr:Iisc@finn,y ,yo-k-. 
shcp, .London. fTrl~land, 29-30 J~z~zuary i973, pp. 27-36. OLtaw~ : Inter.r\atior?al Dcvclop- 
rr,e:lI Rc~errrc?~ Ceatre. (lSRC-O!Oc). 

4. DR BRUIJN. G .  I:[. (1971j Erride dl1 cur-aciare cyoimogei:erii,~i~c clrt ril:~llioc (iWu~ri11or escrilenlr~ 
Cralltz) : .? S?IIL$ 0): ihc C J ' ~ : Z O , ~ B ~ F ~ ~ C  c\lur~cfei. qf cnssnvn, pp. 71, 13. M'agenirrgcn : 
FL. Veenman &. Zone11 M. V. (?dededali.ngcri J :andboicwhog~~~ch~301. Wagaliclgen. Nedcrlaild 
71-13) (1971). 

5. .Dl! BRUIJN. 6. H. (1973) 111 t"izro?;ic ca.vsavu IoxiciO~ : pi-oreerlF~rxs o j  a~r i~rlo.rIi,,~c<~li?:~~~y 
worksl.:sl?op. .T:nndon, E~r,q!and. 29-30 Jnrrrr:~ly 1973, Ilp. 43-48. Ottnw;! : Intariu~tionn! 
Dcvellopment Research Ceiltre. (1DP.C. - 0106). 

G. 1;. A. 0. {i97lj Arric. Seer. Bnli. (8) : 15-44. 

'7. IANSZ, E. R., & NETJTSINGHA, C -  (1973) J .  Nntn. Sci. C'ou-I. .Sri Lar: X-a. X (2) : 83-96 

8. h y ~ R a a ,  E. E.. JANSZ, E.  I<. & ABEYR..\TNE, U.  I .  (1974) fJiiprtblisl:~rl rcsirlts. 

9. h ~ c ~ l h i ~  A.. W. R. & PAXDITTASE~;E~E, D. G.  (1944) TI-OP. A f ~ i c .  IaK! : 1 3 - 1 6 3 .  

10. Prsws. N., PREMADASX, G.  (3. & Li&~?i%; E. R. (1.973) J. 1V~rtti. Sci. Corm. ,Sri L,onktr I (2) : 
207-2 !O. 

11. RAYAG~U.  I\. S. 8. (1971) A o c .  Czylon -4.r.~.~4rivrnt .Sci. 29 (1) : 70-71. 

2 2 .  W Q ~ ~ D ,  'F. (1965) 1. Zci. Fd Agric. 16 : ;00-305. 

13. WOOD, T. (1466) J.  Sci. 'PC[ A,cyic. 17 : 85-90. 

14. Z~TNAK, A. (19733 112 Chronic cassava ioxicifl: : pr.oceel;!in~r of an in:erdisci;,li~~ury xvoriisJ~op, 
Lonilon, Englaad, 29- 30 ./rzu~rmry 1!71. pp. 89- 95. Otiawa : Xnic;rr~;rtional Devcl:,pniunt 
Rcssoarch Centre. (XDRC-OlOe). 


	JNSF2_1_67.pdf
	JNSF2_1_67 (2).pdf
	JNSF2_1_67 (3).pdf
	JNSF2_1_67 (4).pdf
	JNSF2_1_67 (5).pdf
	JNSF2_1_67 (6).pdf
	JNSF2_1_67 (7).pdf
	JNSF2_1_67 (8).pdf
	JNSF2_1_67 (9).pdf
	JNSF2_1_67 (10).pdf

