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Abstract : Scver-nl plant nlaterinls 'vcre i c~ ted  for cya~ide  liberating capacity. Two 
of ihcse inni.sria!s wel-e able :0 iiberiiie cyanide from p:ll.ificd lina~narin. I-lowever, the 
necl~>mjsm of liberaiion appeirrs to be dissitndar lo that oC the iinamarase of' luanioc. 
Altho~~gil g;lger came t liberatr: sigr~if7ca.n t arnol~L11tt of cyanide from put-ificd linamar-in . 
sc!me sampics have been S o ~ ~ n d  to rele:~;e it from boiled manioc. 111 this cast: too this 
eKect does not appear to be ciuc to a "manioc-type" !iaamarase. Coiifonns cannot 
libcratc RCN from linamarin. A I-eputed antidott: fcr ~nacioc poisoning, guava leal: 
extxaci, contains a potent linamarase inl:ibito,'. Further details on acid and ci~i..v~;l?c 
hy&o!ysis o i  :inamal-lz are &so reported. 

I .  Hiz:.roductiom 
. . 

Ir,inan;ar~n. is one or  a group of coil;pouncl.s kr:own as thc cyanagenic: glucosides 
(Figorc 1). These cr:mpoiznds eccur v~ideljr in plants, noiahljr i n  m:+illoc, .A.L~lilih~f 
csculerria Crantz. I,i!lamarin (R,, R., - CH,) is the n;ajor cynnogc~:ic glncoside of 
manioc, corn2risil;g 93 "/, oi-ihe total cyanogenic glu~osic les,~ th.e rest hei:~g made up 
by lotatistralirt (R, -= GH,, R, -7: C,I3,). 

R. I 
I 

RI- C-CN 
I 

Lin.amarin on hydmlysis proriuces Ixycirogen cys~li de  ; this reaction is of interest. 
i-n connection with : ( i )  mctli,ods of assay of total cyanide and (2) the fate of lii~a- 
alarir, after ingestion. 

Assay of li~lamarjn is us:ial!y perfcjrnled aft-cu acid hydrolysis (:I enzymic kLyd.rolysis 
(linamarase). So~ne ~f:udies on th.c assay ef linamarin have been prc~ioi.ts!y c o n ~ ~ u n i -  
cated by t1i.i~ 7his paver p r c se~ t s  rur-tlier rcsr!lfs uGng model systen~s. 

Proccssixl mai-iioc co~ta ias  considerable quantities of c:yaitogenic gluco:;itles and it 
has been. shown th.2.t in somc instances a lethal dose of cyanide can be prt.dl.rced i f  all 
Ihe linamarin ingested is hydro!ysed to HCN. Tt bas been suggested thai unccoked 
vegetablesS6 gut iioraQns even intesti~al enzymes1 can bring about. this reaction. Tlxis 

*The studies on boded manioc Corm a pait ot a M.Sc &sserlatlon jU~~~\~srsxcy d Sn Lanka, 
Colombo Canlpus) of Nkmala Pieris. 



paper includcs a preliminary survzy of the cyaniilc liberating capacity of some plant 
materials ~vl~icl l  are generally consu!ned In a raw or semi-cnok:ed sr:tte, whesc thc 
mctly-3~1 of prcparatioii may not be expected to ctest:roy all cnzysilc sctivity. 

2. Experin~enf-al 

2.1, Preparation of material 

Linar-narin and lh~amarase -ere prepared by the 111cth~id of Wood." Boiled ixanioc 
was prcparetl as described previo~~s:y.~ Vegetzblc e:its:;~.ts (frog: ! O  lo 15 g ,.I-csli 
weight) were prepared either by hoixogenisstio!: in a W:i~:ing bleacior 01- by gl-iudirlg 
in a. rnortar with. zqi.tcvus 0. : rd cCitl-;l-te Ix!J'CCI- ~t approxin~:lteJy tisb~rz p11. i j  

2.2 AcicR hgdn-rolysis of IIifiarnnrin 
Linarnarin (30 to 40 mgj was stc:im distills:! with acid o f  illi; appr,>p~.i:jtc nol-suullt;q 
keeping th,e voli~rne oF the distilled liwd i!nckangcii. Tot::! ti~iie Sol- thc opera.tion 

k 

was 90 111iil ilritiiil; wllicll 200 1111 disti1l:lte was ool!et:tecl in 25 rnl oi' 2.0"; N:IO.H. 
licsidua! 1in.amarl~: was dcteniiinec! by acijiisting t l ~  pl1 13 5 ,  :~tlilir;g 300 units of 
linamarase aad 10 ml cf ci-trate buE-2~ (O.27\/ii, pH 5.0) Coilowed by i~~cubat ic i~  f a -  18 h 
atrooin temperature. The .HCN brtned was distii'ccd i i ~ ~ c i  collcc.tc-.tl 2;; tlcscribcil 
above. 

2.3, Assays 
P, inamar i~~,  lii~ainarasc rri~d . H C N  wer?: assayed as clcscr.il,cd ~ > : - C \ ) ~ < ? ~ . I S I Y . ~ , ~ ~ ) , J ~  

3. Resalts 

3,R. Studies with mxteE. syslcms 

'Th.e ba.sic metl:.od ot' Wooci.ll n~cdi.fied as reported ~ I - c v ~ o . L I : ; ~ ~ , ~  Foi ~ L ~ ! d y i $ i ~  tile 
linama1:ase-iinamnrin cilzyl2le sy s t~m by ctlirect delcr!nil;a Lion o!' I-!(IN i 11 tile ;eiir:tiot~ 
mixture was tried cut. The sta:idard error wa. within 6Y.i. '!:,;pica1 tii~lt:-c~~i-si: 
curves for the reactiol: at two substr-at.; co;~cerrll-ations whici; are (cr.) ii~lri~ing a i ~ t l  (b)  
s:~fficicni lo  sattirnte the enzyme arr shaw:~ iil. Figure 2.  

The ~nefllod has l~cen.  appiied in tliis st~irly to test (.hi: dl.ixt 01' vcgeta ble pr.r.)iein:: 
on linamarase activity r:ricl the e-lTect c-i' soine bacl:i.i-ia GI] Iii~aniarin: ft h.as not been 
morc v~iclely used because. unless the mriterial i171dc.1- c~>nsi~ler.ittio;l i r :  J'r-ecti uf sugar:; 
aocl other small. rnoieculcs whicli jiltel-ferc with il1cpicr:itr test., hlanlts are ilnaccep- 
tahly high. For this reason bdr-ogc~i  c2;aniclc !ibcraticsi C I C . ~ ? ~  cr-ucic cxlr-acts was 
always assaycd aRer. cii.sl.illaticii into Na,CC13.7 

3.2, Add lkydrotysis 

Results of these studies I~.ave beeil reported eal-!ier.VMore cletailecl studies have 
since revcaied that the yield o-f .HCN by Ilydr-oiysjs ot' linamarin by linamarasc was 
quantitative (100% recovery) arld that the 83 % yield reported ii~tlra-tpsper2 [or tJ~c 
enzyme reaction was due to an error in. the standard curve caused by eiTec~ izf P-3~01-1 



on the picrate-cyanide colour reaction. D u e  io this the values f ~ r  acid hydrolysis 
incrzase propor:tionats!y ; ti12 best yield by acid ilydro!ysjs bein.g brought zbo-ut: by 
7W I-I,SO, which gives a yield of 68 %. It should, howevcr, be noted that the use of 
lower acid conc.cntrations results ia coasii!erable quantities or residual gl~lcoside. 
B-~.- LLLLL - ovel-;ill ylclds xight bs obiaiileci by i3creasin.g thc reaction lime wllen using the 

lower acid corrcen.trations. 

FIGURE 2. T.ibe1-aii011 of cyanide Tram lin;trnar.in. 

l'hc reaction n-rixturcs containcdr 

in) 0-----0 linamarin, 3.5 m!: ; linamarase, 15 units ; 

(b) x--x lir:amarin, 5.0 mg ; l i~~amarxe ,  4 units : 

in a I-eactio~2 ~rolumc of 5 o ~ l .  0.08 M ~ y i r h  rcspcct 
to c . ? ~ I . ~ I ~  bufTcr ( p q  5.3). 

A!iquots xsed for assay weIe 0.5 and i rnl ~.cspectively 

3.3. E&ct of vegetable juices on Ei~aanarin 
Scve;cnt.l.cn vegetables, ch-osen became they are common~y eatell raw, or semi-cocked, 
or bcci~~rse they are in some way associated. with manioc co~~sl*~?~ptioa, were tested 
Tor cyanide liberating capacity. En a preliminary set of results (Table I), it was fmnd 
that only in 4 cases was cyanide liberated from linamarin. The results also show th2.i- in 



many of the 17 cases it was possible to account for all the 1inam;rrin acided (witllin 10 
either as cyanide or  residual linamarin. Deviations were ubscrvcd ~vii-h ginger. 
rhizome, carrot and karaph:lla (posiiive dcviaiir?ns) and g w n r a  leaf, red chillies and 
betel (negative deviations). Ginger, betel and red chiiiics gave high blanks znc! I>ence 
the deviations were not sur-prising. In 211 ?bc  other- 14 csses, blanks wcrc -in -the order 
of 2 to 10% total opticai d.ensit;rrcacling. 

T n s t ~  1. Cyanide libcr-ation from lin'marin by plant r?l::~e:.iill. 
~. - . 

C y ~ n  i cic Gliic:~sitle . . 
libera~cd rcn.r:~ ~nnng 

Tissue 
---- - -- - -- . .. . - - - - 

Tlj.rl1lel-l~ rl~izome 
Mu]-anga leaf 
I<a t~uunur~~ngn  leaf 
.Ginger rli~zo~ne 
GotuLcoia leaf 
Gotukola Icaf 
I\/lu kun~rwenna. !mi' aad stcm 
Red onion bulb 
C11illic capsuie (grecn. fresh) 
Cbillie caps~le  (red, ckyj  
Kankun leaf and sicm 
:GcLcl leal' 
I<arapinclia lea[ 
Carrot tuber 
Cccouut cndixycnn 
Uuav2 leaf 
Japzn-batu leal 

Name of species 
---- ~ . 

C~li'cl/ii!~ ..Loil?fl L. 
Mori1rgflpizl7:qcsn~~1-1~?~~ G;lerLn 
Sesbariic grrrn~I$/or.a Per-s. 
Z'izgibr7r nficirrnle Rurc. 
Cei:!e!lc: asiulico L. 
Ry~~~rirocol~~l- ~.~.~iaiic(z L71.b. 
Allrrr;a:7ihel.n .sessi!i.~ !? . Bi.. 
,4iiflm7 C ~ J C ;  L. 
Cf l j ) .~ i~~ i? !  f2 i7 i l fL I f !? l  :I>. 
C'Cp~i~il?:7 fl!liiIillt?: L. 
/poni.~rc ny:irrris.i . I  L:. sc. 
Piprr Brtlr L. 
ivliirrnp Khcnixii Sgr~ilg. 
L)a!rc~:s Car-olo L. 
Cocos nrtciferr: L. 
Psiriiicrn Gzr~jflvcr 1,. 
pIrylin;:l/?r~s sg. 

Plant cxtrncts {frcnl 15 & fresh xxiglit) wcl-c incubated v..i?il lin;tnla:-in (15 tag) !br 24 h. . . 
Cyarildc libevatecl was diit~:rnii~;,ed afi-cr distilialion. Thc glc~cc ;ide r-ciii:t~niiig ~ v r t s  dctcl-~nir: 
ed aRt:r incubatioii with linamarr:sc ( I50 uniis) for 24 h.  li; ei~ch c c ~ c  approp;.i:u.e C O ~ ; [ I - O I S  
~.viL11 lina~nann omitted) , wcrc ~tsed lo obtain blank \ ~ a ! ~ ~ c s  which wcrc sublr-actc.ii bcio!-c 
calcul;~tio;ls were n:acle. 

Aftel- seine of t l ~ c  experiments :.l~icrobial spoilcgc wa.s evidcilt. The c~pe~iii-tc~ii?; 
-ir=reilzererol:e rzpcated wich steriliz~:d ap1:aratus. The !~cga t l~ i c  rcsillts obiainec! 
;].hove were csscntialiy file sa.me ; but no raiea.sc :;i' cy~nxidl: wci:; o!)i:i I ~):;tl wit:? 
coco?lal e~id:~sperm and kai~u-~~!;~i:ru?:~z lci~!' (-Teblc: 3.- I'hc cy;1.nide li';li:rating 
acti~ily of kanki~n an.! ~uuk.~~nn~~vc::?rla : i ~ s  ciezti-o\.red by boiling i'nl. .LO nzii~ and' 
dcactiiiat.cd to a co:widerable extent iv semi-cookcd pr-epal-ations ?rich as "m:rllung". 

-. - -. -- ~ - - . -. - -.. - ... 
Cyanide iiberatcd ((mg) 

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

?vl:~teria! Boiled (10 tn~itj Semi-cooked* ilncoukerl b:ankt 
- - . -- -p - -- - - -. -. -. -- - .. - -- -. - - - - - - .-- - .. . . a 

Mukunuwenna !car 0.1 1 3.51 4.37 
7 7 -, 

0.23 
Kalikun leal' 0.00 0.04 . ~ . 4 h  0.00 
Raturumvrirnga leaF 0.00 0.13 0.07 0.16 
Coconlul cnclosperm 0.00 G.GO 0.110 0.03 

Plan~. materia1 extract:: (from 5g fri.es11 weight) incubateid wil!: Iin;~~-nari~i (40 nig) fer- 24 h 
" Cooking for about 3 rnin as in the prsparalio:: or "miillurig". 

Cantrol vajuz f ~ r  p!aat ma:crial incubated al~d distiller1 in  :he absencc of iin;lc;arin. 



3.4. Effect of coliform bacteria 
As it. app?peared possible that in at  leas^ some cases the rzlcase of c;panide fro111 lina- 
marin miglzi bz due to microbial action, coliform bacteria were ic:;ted lor thelr ability 
to isy:lrolyse Ijnansari:l. Tests sl-tox,ved that none of the 7 colifornl Lypes tcsied were 
r?bie in  rclease a significa;~t alnount of cyanide f ~ o m  liilamari~r (Tablz 3). 

TABU? 3. Cyanicie liberation iron1 linamnrin by coliforin bacteria 
.- .-. - ~ ~ . 

Cyanide released G h!cusicle remaining 
( !~g/rd)  (p.g/ml as cyanick) 

ColifSrm lypc - .- -. . . . - - - - 
C.,llture (I M t'i C) 0 h 4 h 2-1. h O h 4 11 24 h 

.. -. ~.-. .. -- -- - . 

Canccntration o f  linamarii? -2ci.;lcd : 4 . 5  ~.g/:n! :is cyanide. Sfantlaril deviiuion for gluco- 
side esiimr! tion: ? 3 g:c:n11 as cyi!cide. V;:luc, obiaineJ !'or. cyanidti relcase ; L J ~  not signi- 
iictint. 

3.5. Fttsihcr studies ~rith ghger 
.Rsp::al e sp~ r i rne~~ t s  uii!h. sev,:ral sanipizs of zinger showecl t[l:!.t inc~r b:rt.ion b\ijth 
linal-n;:rin released, i T  at all, only smsil z.rli:.:ufits n!' cyanide. Si~ui!a~- 1-es~r1ts wcre 
obtainer! wit!: pur-ihed giilgzr, pro ir;:?~:; and with dilTcre~l~ pi:u%cin iiactions iso!xlctl 
froxi-1 j;ii.~,gcr. 111 fact; eingei- pr:);;:'as i!-tili!jit the l i i l i ~ ~ n ~ r ~ ~ ~ ~ . - l i r ~ ; t ~ ? - ~ i ~ r i ~ l  i.caction 
s!igl~lly. No activiiy wa; .;bt:llncd with s~ii~gcr cs;c:~ct>s. 

.Howaveri iiic~br.ction with boilcd rnilnic;c.lc-ci 1.0 the reieasc tic c!,rait!du ji: rile case of 
502-ic gi:?z:i: samp!es ; this active priilcipiz \;la; beiit Iabilc. Aootjicr ginger sample 
gaife i1.3  ele ease. The cot~lictlng rcsu~cs wzre rather p u ~ r . l i ~ ~ g ,  especi~;lly a s  iii :;I! ca:cs 
rrc.h ginger- san:ples u;e:-e uszd an:l t>.ei.efbrc tilere was littie chnrlcc of (hc loss of an 
act:ve princip!~. f i  is, Imwcver, like!y ilia1 the divergeri~ 1-es111ts obtained ~nlcrc. due  ti) 
di.f%i-e12ces ill vari?%ies (GT gicger- used. IIJ. addition, :L sanspie \~thich r5le:zsetl cyailitle 
froill boiled manioc :I ici not  release cyanitlt: fi-om liriaina~ill (l'able 3).  

3.6, Fo~thea. strrrlics wiih ~ ~ a a % ~ u ~ u t ~ ~ ; ~ t j ? , z  
.Al~ho~.lgh nukunu\i~enila showed very hial; a^ cy:inide r.c-len:.i:?g ~~ctivily Srom lin;imacir,, 
cyanidc release frcal boileci manioc was ver-y muc'it. less ;iitd this ioo only zfer 24h 
cfabic. 5). Simil:.;r- result-s i-~erc obtained with ka~fkun. K~a~:rrurnurung~~.,, however, 
cljcl not release cyzriide TI-om boiled msriioc. Rcsults sinlilar to ka lur i~rn~~~-unga  
were also obtained in the case of coc:~ni:t. This reduction irl irclivity was so1ewT1a-l: 
puzzling ,?-i~d flather invesiigz~ion rcveaied th3.t the release of cyanide f ro~n  li~l;tinn,rin 
by muhrnuwenna \%as non-lii.ll.;~r, a cilsti~ict lag bejng observed (Table 6). This 
activity w72s not inhibited it1 the preserice of the n~iiroSia(irrhibito-i p. hytlroxy ctbyl 
benzoate (1000 p.p.ai.). 



TARLC 4. C y ~ ~ d e  liberaion by ginger. 
--. -- - - -. - -- ..- .- -- - -- 

Materials and treaincnt Cyai~iclc rc:easc ( ;~ .g )  

, A Maaioc (I) + Gingci- (I) 
4 h ~ncubxtlorl 

E. Manioc (I) + -Gic&i-r (1) 
24 h incubation 

C .  B followd by linarnarasc zc!it.n 
(Total resiciual glucoside? 

D. Man:oc (1) : Total cy2.nide 
E. Manioc (1) -i- Foiled ginger (1) 

24 h i.ncubat?ou 
F. Ginger ( I )  + linamaiin 

24 h incubation 
C. Manioc (2) -C Ginger (1) 

24 11 incubation 
1-1. Manioc (2) -1- Ginger (2) 

24 b Incubation 
1.. Manioc (2) : Tota.1 cyaiiide 

Gjilgcl- (10 g fresh weight) mas incubntd 9:.ir11 boiletl m:aliioc (I0 g dry weiglll.) OJ 

Iinamai-in ('20 ing). 

Free cyaniilc in the m:.nioc samples was iil the order of 104 yg. Ginger blanks 
were in the order of 1000 yg; values given r?bove have been corrected for ~Uiger 
blanks. 

" N.D. not det.eztcd ; crpticdl cirnsity ~~:nr .  less than Ihac of blank 

TAUJ~E 5. Cyanidc libel-ation from boilcd manioc by leaf extl-acts. 

Cyanide released (or equiuale~lt 0.n) 
(Vd 

C~ntrol* 
Plant tissues 4 h incubation I 11 illcubadon 24. 11 i~ic~~h:~t?on 

K a n h n  Leaf 28 151 312 

Katurumurunga leaf I GX 251 167"" 

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

Fresh ~~~~~~~~act (from 15 g fresh weight) \~:is ij~ci~bxtcd with hoilcd manioc (10 g 
dry weight). Free cyai~ide in boiled ~na,nioc was 113 ~ . g .  'fotal potential c.y311ide 
was approxim;~lely 2500 pg (Most cf this czn be recover-ed by 111aoioc hiiamarase). 

Control I Plant: ma.teria! iilcobated and cbistillecl in absencc or manioc 

'* Tlie lcw value may be beue to some cya~~icle birlding by cyanide utilizing 
reactions, but this is not important as the cyanide liberated is in any case very low. 



TABLE 6.  Cya~lide release from linamarin by r n u l c r ~ n ~ ~ w e n ~ ? a  extract. 
- - - - -  ~ - ~ 

Experiment Timc of jncr~bztion (11) Cyznide JiberatctL [[).g) 

Expcrimen t .R 22. 1150 
22 f - Microbir!l 1233 

inhibilor ::: 
...... ............... ............ , .............. 

I.inaii1ariii (a:>proxin\ately 15 ~ n g )  was incubated w!!h rn~!ktn~awenna estJ:aci 
(TI-om 5 g fresh \c,eigkl). 'Total volcme OF rc;~clion rnixtu1.c was 100 nil 
(0.32 Rji wiil: I-cspect to  cirrale bull-er). 

3.7. Fml-her studies ~ l t h  girova lea% 

RCSL!ILS in Tablz 1 sh.ow tila'i the r-eco\ier-y o!' lillilniari-n hool 211 incubation niixture 
wjtF guava ienf ~ ~ ; ; s  only 1476.. T!:ik; could 11:lrre beell clue-lo : (I:) bi~lding of 1-ICN 
formcd :i~?ct (2) itlhibiiion. of lini?ma~.ase useti io eslimate the r-esiclual glncosicies. 
A.ctdillon or r;icre !iuamar,asc and 21: iilcrcase of incubaiion !inx rcs~.iltec! i l l  11112 
release of more cyanide. l ' i l ix showcd Llml the effect :i;is !most likely due t o  an. 
inliibi6~:!1 of linarn;:!r-asc ; the e~~j.)/,i?l: was ialtibited to at 1c;lst 90% by a12 cxtl:;zc.t 
fro::; '1 5 2 cf gua.\l\in k&f. 

T h i s  was ii~nt!?er con.l?i-!ned by ~iinc--cr;t~rsc stuclies un the eKcct of guava cx[r.act c?n 
L~IC lii~;!i~i;?i~i!t-li:?;.',11~e.rase reac:tior: (Tab!c 7). 7hes r ;  sti.!c!ies showetl t l ~ t  guava Icaf 

,~-- 
contain.ec! a. potent inhibitor of linamal-ax. -illis Liccor w a s  both heal. st3.blc arid 
diaiysablrl. Asi;l;i!:~rir:hibit!on vtra:; obsel-vec! wllcrl boilsil manicrc was used as a 
source o f  1inalnai.ir-i (Tz.,b!c 8). 

T'nnj>~ 7. Tnhihi~iun o i  Jinarxirnse acliun o : ~  linamarkl by guava cxtracl. 
.............. ............. .- . . ....... --- . ... 

Cynnid.e liberated ($.g) 
.. .- ..... - - -- -- - . - . - ....... - .... 

Conc!itior,,; Txicubation rime 9.5 il I h 2 h ~ i -  h 6 h i 8  XI 
... ..-..... ..... 

(i) Guava extract OJII~  tted 1240 1790 

(ii) Guava c5tl:aci 32 60 180  2.10 540 

(iii) Gu.ava extmct dial yszle 672 

Guava leaf extract (from 10 g) was incubaied with linamarin (18 illy) antL licamnras;: 
(140 units). Total vo!i:me of reaction :~,ixrure v ~ s  1C)O ml, O. iM M with respect lo 
citi-ate bufl'cr (pFJ 5.C))). 



E. R. Jansz, E, E. .2ya RU/, &-ir~xrr[n l'ieris ond D. .I. :lb~j:rcrrini. 

TABLE 8. Inhibition oC cya~iide liberation fro111 boiied mar~iuc. 

h4aterials Cya~iidr: ii berated (p.g) 
- .-- -- ~ 

Ecilcd rnanioc 84 

Boilcd manioc, lina,nlarasc 1596 

Eol:ed ~ n ~ n i o c .  Imamarase, guava extract 0 
. - - -- - -- 

Boiled ~nanioc (10 g dry weight) was jncuba~ed for 4 h in thc abovc n~;rnner. 
Wgiglrt df guava leaf used was J 0 g (,ii-esh wcighl). i.inami:.rase :tcri\;ity: 1 4 0  
un1is. 

St~tc1i.e~ cornpar-ing the relati~ie ~Ecieilcy of acicl and elszymie J~ydsolysis of linalnariiz 
have estabfislled that ths latter mcliiod is st:p;rior. Howevei-, tbc n~e t l~od  of acid 
.hydroiysis at low acid conce;~t;ratii?n.s fs r  &!I incrcasccl period of time \.vari-ants ltrr!,ilcr 
investigi tion. 017 C O ~ ~ ~ T ~ S O I I  or the rest~ll-s of' o:le s:;c!~ tccilniqr!c,"tlia'i of Rajagnru, 
ivith the il~ethoct i.lsed in thi5 study, ii >:i;;;s ~ O L I ~ I ~   hat eiizymlc li.~;Jrolysis gives valocs 
5 to 10% higher. Howe\lcr, 2s &NOi (wh.ich was lisccl In l i ~ s  acid J~~lc;;-o!ysis 
studies) overestimetcs cya~:irie by 8 to 14 7; l % l 1  i t  a?peii.rs that tilt i.ei:~iivc eiE::3;"iel1cy 
of t!lis meth-od 3f acid hj~cirolysis is jn thc regio:~ of 80 is 85 %. 

The nature of iiberatign of cyan-ide fi-o!x lin:::-narin by nlant tissues I-~as provcc! to bt; 
somewl~at con:plcx. Heat Tzbile [actors in 1:a;ibni and ~nl.~kcll.~uwenna cnil britlg 
.ahout this liberation, possibly by a mec:taui.sru c;i~ltc distinct Cram the lirzaniarnsc 
reactios~.. The latter is stlggested by : ( I )  !:he lag ir, cyanide liberatio:~ a d  (2) 1lbei.i~- -- Pion of very little cyanide fic1111 boilcd in2cnioc. rhe second observation suggcsls 
considerable inllibition cl' 1:he cyanide liberating process hy mxnicc subs:i.alc ; siicl: 

. . 
levels of inhibition arc 113t S I ~ ~ W I I  by Ji\r?ll.tOC I:naninrase in [.he presertcc of mailioc 
subsiratc. 

The elTect of ginger is yet more coi11p:~s. Qnce again thcsc stuciies show that the 
cyanide liberating factor i? imt a i.inama.rase. Tt F.p;x,ars that gii1g!!;i3~ T J ~ O V ~ ~ ~ C S  TL heat 

. ,  labile f;~ctor that helps iii cyan::ie liberation. T!.:c st-uclics cC Kodagoda e/  UI.' saggcst 
that gingcr could be providiilg an activator to the dcasi.i~a:.ed mnnioc ;inar~xxasc ; thc 
re salt:^ of this study arc cor~sist:eol with rllis sciggestlon. Alternatively, it is pcsqible 
that.tbe factor pkduced by gkger is a.il enzyme wi:i;se action is dep-ndent on 
a mininlunl level of some U:I~.I~?VJII cofactor that could be present iil ..ither- or both 
manioc or ginger. This alternative wouid explain the lack u l  liberaiioa of cyatricic 
frons p~urified ljnamarii~ a:ld the 0bservatio.n that sorne samples of ginger did 113t 
liberate cy&nidc- froill boiled manioc. 

The inhibiticn oflina~narase actkivity by guava leaf extracts is of significance because 
these extracts are used as an antidote for manicc poisoning in rural Sri 1,ank.a. 
Although several extracts used in this study i ~ b i b i t  ljnarnarase activity, none or'thern 



is as effective as guava leaf. This potent is a dialysable, heat stable mofecale ; 
~t 1s ~nterest~ng to note that gluconolacto~~e is also an effective inhrbltor of manioc 
Ilnamarase 

5. Conclusiolt 
Extracts oT some plant tissues can hydrolyse linamarirl but the factors responsible are 
not ihe  sai:;e as ljnamarase. It is d i B c ~ l t  to extrapolate these results to obtain 
information ctl. the efiect of these materials on iugestecl finarnarin, as the cyanide 
I'iberating process i s  very likely to invol.v.ve an interplay of activa.tors and inhihitors of' 
enzymes superimposer1 on the conlpIex physiological changcs that occur in the 
digestive sptein. F ~ t h c r  work is needed to deterrnille tile exact ~lxect~arrism of thc 
cyanide liben~ting processes. This study shows that plant tissue extracts can liberate 
cyanide fi-orn cyauogenic gIucosides and, therefore, chould serve as 2, cteierrent to the 
consusllption of manioc with raw or semi-cooked plant twaterial. 
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