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Abstract 1 Several plant materials were tested for cyanide lberating capacity. Two
of these materials were able toliberate cyanide from purified linamarin. However, the
mechanisims of liberation appears to be dissimilar to that of the linamarase of manioc.
Although ginger carmot liberate significant amounts of cyanide from purified Tinamarin,
some samples have beea found to relesse it from boiled manioc. In this case too this
effect does not appear to be due 10 a “manioc-type” linamarase. Coliforms cannot
Liberate BCM from linamarin. A reputed antidote for manioc poisoning, guava leal
extract, contains 2 potent linamarase inlibiter.  Further details on acid and cnzvmic
bydrolysis of inamarin are also reported.

aduction

Linamarin is one of a group of ¢ olrponad@ known as the eyanogenic  glucosides
(Figure 1), These compounds occur widely in plants, notably in manioc, Manihot
esculenta Crantz.  Linamarin (R, R, = CH,) is the major cyanogenic glucoside of
manioc, comprising 93 % of the total cyanogenic glucosides,* the rest heing made up
by lotaustralin (R, -= CH,, R, = C,H,).
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Fieure L.

Linamarin on hydrolysis produces hydrogen cyanide ;  this reaction is of interest
in connection with : (1) methods of assay of total cyanide and (2) the fate of lina-
marin after ingestion.

Assay of Jinamarin is usually performed after acid hydrolysis or enzymic hydrolysis
(linamarase). Some studies on the assay of linamarin have been previously communi.
cated by this group.>™® This paper presents further results vsing model systems.

Processed manioc contains considerable quantities of cvanogenic glucosides and it
has been shown that in some instances a lethal dose of uydnide can be produced if all
the Imamarin ingested is hydrolysed to HCN, 7 Tt has been suggested that uncooked
vegetables,S gut flora® or even intestinal enzymes! can bring about this reaction. This

*The studies on boiled manioc form a part of & M.Sc. dissertation (University of Sri Lanka,
Colombo Campus) of Nirmala Pleris.
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paper includes a prelimiary survey of the cyanide liberating capacity of some plunt
materials which are generally consumed in a raw or semi-cooked state, where the
method of preparation may not be expected to destroy all enzyvme activity.

2. Experimenfal
2.1, Preparation of material
Linamarin and linamarase were prepared b the method of Wood.'" Boiled manioc
was prepared as described previousty.?  Vegetable extracts (from 10 to 15 g fresh
weight) were preparad either by homogenisation in a Waring blendor or by .,x wding

-

in a mortar with aqucous 0.1M citrate bu,(ic at approximately tissue pli.

L

2.2 Acid hydrolysis of linamarin
Linamazrin (30 to 40 mo\; was stcam distiled with acid of the appropriate normality
kep'pi'no the volume of the distilled fluid vnchanged.  Total time for the operation
vas 90 min within which 200 ml distillate was collected in 25 ml of 2.0°/ NaOH.
Rr stdual linamarin was determiined by adjusting Lho M‘l Lo 5, adding 300 units of
linamarase and 10 ml of citrate buffer (0.2M, pH 5.0) followed by m_uibs_tmg or 18 h
atroom temaperature. The HCN formed was distill cd and collected as desceribed
above.

2.3.  Assays
Linamarin, linamarase and HON wers assayed as deseribed proviously 700,01

3. Resalts

3.1, Studies with model ¢

bt

The basic method of Wood." modificd as reported previously,” for studying (he

linamarase-tinamann enzyme system by direct determination of HCN 1n the reaction

o0/

mixtare was tsied out. The standard error was within &° Typical time-course
curves for the reaction at two substrate concentrations which are (o) fimiting and (b}
sufficient to saturate the enzyme are shown m Figure 2

The method has been applied in thi% study to fest the effect of vegetable proteins
on linamarase activity and the effect of some bacteria on linamarin. It has not been
morve widely used because, unless the material under consideration is freed of sugars
and other small molecules which interfere with the picrate tost, blanks are unaccep-
tably high. For this reason hydrogen cyanide lberaticn from crude extracts was
always assayed after distillation into Na,CO,.7

32. Acid hydrolysis ‘

Results of these studies ha\fc been reported earlier.® More detailed studies have
since revealed that the vield of HCN by hydrolysis of hnamarin by linamarase was
guantitative (1009 recovery) and that the 83 7] yicld reported inthatpaper?® for the
enzyme reaction was due to an ervor in the standard curve caused by effect of NaOH
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om the picrate-cyanide colour reaction. Due io this the values for acid hydrolysis
increase proportionately ;o the bast yield by acid hydrolysis being brought about by
TN H,S80, which gives a vield of 689, 1t should, however, be noted that the use of
fower acid concentrations results in considerable quantitics of residual glucoside.
Betier overall yields might be obtained by increasing the reaction tune when using the
Jower acid concentrations.
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Frourk 2. Liberation of cyaride from hinamarin,
The reaction mixtures contained:
(@) O0———0 limamarin, 3.5 mg ; linamarase, 15 units ;
(b) x——x linamarin, 5.0 mg ; linamarase, 4 units :
in a reaction volume of 5 ml, 0.08 M with respect
to citrate buffer (pH 5.0).
Aliquots used foce assay were 0.5 and 1 ml respectively.

3.3. Effect of vegetable juices ou lpamarin

Seventeen vegetables, chosen because they are commonty eaten raw, or semi-cooked,
or because they are in some way associated with manioc consumption, were tested
for cyanide liberating capacity. In a preliminary set of results (Table 1), it was found
that only in 4 cases was cyanide liberated from linamarin. The results also show thatin
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many of the 17 cases it was possible to account for all the linamarin added (within 10 %)
either as cyanide or residual linamarin. Deviations were observed with ginger
rhizome, carrot and karapincha (positive deviations) and guava leaf, red chillies and
betel (negative deviations).  Ginger, betel and red chillies gave bigh blanks and hence
the deviations were not surprising. In all the other 14 cases, blanks werc in the order -
of 2 to 109 total optical density reading.

Tarie 1. Cyamde hberation from lmmmarm by plant material.
}

“Cvanide Glucoside
liberated rematning

Name of specics (%% %)

Turmeric J]\LLO(‘]L Curcuma . Longa L. 0 92
Murunga leaf Moringa prerygesnerma Gaertn. 0 105
Katuruwmurunga leaf Sesbenia grandiflora Pers. 64 37
Ginger thizome Zingiber oﬁ/cma/e R osC. 0 143
Gotukola leal Centella asiarica 1. 0 93
Gotukola deal Hydrocotyls asiatica Urb. S 85
Mukunuwenna leaf and stem Alternaniiiera sessilis R Br. 100 0
Red onion bulb Alfivm Cepa L. 0 93
Chillie capsule (green, fresh) Capsicum anmuun 1. 0 110
Chillie capsule (red, dry) Capsicum annunm 0 51
Kankun leaf and stem fpormea aguarica ¥« 95 06
Betad feafl ) Piper Betle 1 8] 69
Karapincha leal Murraya Koeaigii Spreng. G 122
Carvotl fuber Daucws Carota 1. 0 164
Coconut endosperm Cocos nuciferc L. §3 12
Uuava, leaf Psidityn Guajava 1. 0 14
upan -batu leaf ”/zv/m,ft/zu:; S () 108

Plant extracts (from i5 g {re\h Wl re incubated vt
Cyanide liberated was determined after distiffation. The gluc ¢ remaiping was determin
od after incubation witl namarase (150 units) for 24 . In sach case appropriate coitrols
{with Hinamarin omitted) were used to obtain blank values which were subtracted before
caleulations were made.

=

Anamann (“5 Imr) 'or 24

After some of the experiments microbial spoil was evident.  The experiments
were therefore repeated with sterilized apparatus,  The negative results obiained
above were cssentially the same ; but no release of cyanide was obtained with

coconut endosperm and katurumurunea leaf (Table 2). The cyanide liberating
activity of kapkun and rukunuwenna was destroved by boiling for 10 min and

deactivated to a considerable extent insemi-cooked preparations such as “matiung”

%

Casen 2. Cyamde biberation from linamarin,

c vam(‘c 1melatud /mw)

Material Bm ed (1(‘ mm) bcmi cook Lmu)olml blankt
Mukunuwenna leal 0.11 0.51 &.07 0.23
Kankun leaft 0.00 0.04 3.9% 0.00
Katurumuringa leaf 0.00 .13 0.07 0.16

Coconut cudos;aerm 0.00 0.00 0.20 0 03

Plant material extracts (from 5g fresh weight) Incubated with lm.lmd'm 40 mg) for 24 4,
k

*  Cooking for about 3 min as in the preparation of “mallung”

T Control value for plani material incubated and distilled in the ahsence of Unamarin.
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3.4. Kffect of coliform bacteria

As it appeared posmble that in at least some cases the release of cyanide from lina-
marin might be due to microbial action, coliform bacteria were tested for their ability
to hydrolyse linamarin.  Tests showed that none of the 7 coliform types tested were
able to release a significant amount of cyanide from lnamarin (Table 3).

TasrLy 3. Cyanude liberation from linamarin by coliform bacteria.

C/un!dt released (mrumdn mmamlng,

(1ngf ml) (vg/ml as cyam(lg)

Coliform tvpe e -

Cufture r MoV O 0Oh 4 h h 0 h 4 ,h 24 v
A SRR SEP - 0 0.0 1.5 49 % 50.0 54.90
5 4+ 0 0.0 0.5 470 490 500
1~ — 4+ — 4+ 0 0.0 0.5 50.0 52.0 47.5
1 T S S 0 0.0 1.0 31.5 48.4) 51.%
L — k4 + 6 0.0 00 500 475 475
M e 0.5 20 500 500 500
O —_— 4 & 0 0.0 1.0 9.0 460 475

N

|

vg/ml as cyanide. bmnddul deviation for gluco-
alues obtained lor cyanide release are not signi-

Concentration of linamarin added :
de estimation: I 3 pge/ml as cvanm
cant.

3.5, Further studies with ginger

walt experiments with several samples of ginger showed that incubation with
!mam"ur refeased, 3f at all, only small Imumm.ﬁ; of cyanide.  Similar results were
obtained with purified ginger, proteins and with different protein {ractions ,lso!q'(:»ed
from ginger. Tn fact, ginger proteras inhibit the lnwmarase-linamarin reaction
slightly.  No activity was obtained with ginger essences.

However, meubation with boiled manioc.led to the release of’ cyanide in the case of
some ginger samples o this active principle was beat labile.  Another ginger sample
ne release. The conflicting resuits were rather puzzling, e%pccial]\/ as i all cares
singer sampies were used and thervefore there was Umc chunee of the loss of an
i h 15, however, likely that the divergent results obtained were due to
iffe of ginger used.  In addition, a sample which released cyanide
from bo hd manioc did not release cyanide from linamarin (Table 43,

3.6, Further studies with mokuanuwenos

Although mukunuwernna showed very high cyanide releasing activity from linamagin,
cyanide release from boiled manioc was very much less and this too only after 24
(Table 5). Similar results were obtained with kankun. Kawurumurunga , however,
did not release cyanide ﬂfom boiled mﬁuior. Results similar to katurumurunga
were also obtained n the case of coconut.  This reduction in ac uvxty was somewhat
puzzling and further investigation revea led that the release of cyvauide from linamarin
by mukunuwenna was no;nlm, r, @ distinet lag being observed (Table 6). This
activity was not inhibited sence of the microbial wnhibitor p. hydroxy ethyl
benzoate (1000 p.p.m.).




62 E. R, Jansz, E. E. JeyaRaj, Nirmala Picris and D. J. 4beyvratne

Tarrs 4. Cyanide liberation by ginger.

Materials and treatment Cyanide release {(ig)
. A. Mapioc (1)+ Ginger (1) 321
4 h incubation
B. Manioc (1) -+ Ginger (1) 2190
24 h wcubation
C. B followed by linamarase action 645
(Total residual glucoside) .
D. Manioc (1) : Total cyanide 2674
B.  Manioc (1) -~ boiled ginger (1) N.D.*
24 h incubation
F. Ginger (1) -+ linamarin 13
24 h incubation .
G. Manioc (2) 4+ Giager (1) 975
24 h incubation
H. Manioc (2) 4 Ginger (2) N
24 b incubation
I Mamoc (2) : Total cyanide 2129
Ginger (10 g fresh weight) was incubated with boiled manioc (10 g dry welght) o

limamarin (20 mg).

Free cyanide in the manioc samples was in the order of 100 yg. Ginger blanks
were in the order of 1000 p.g; values given above have been corrected for ginger
blanks.

* NID. notdetected ;  optical density was Jess than that of blank.

TasLe 5. Cyanide liberation from boiled manioc by leaf extracts.

Cyanide released (or equivalent O.D)

(he)
Control* _ ~-

Plant tissues 4 hipeubation 4 hoincubation 24 h incubation
Mukunuwenna leaf 26 157 306
Kankun Leaf 28 (51 312
Katurumurunga leaf : 108 252 167

Fresh leaf extract (from 10 g fresh weight) was incubated with boiled smanioc (10 g
dry weight).  Free cyanide in boiled manioc was 113 pg.  Total potential cyanide
was approximately 2500 wg (Most of this can be recovered by manioc linamarase).

*  Control : Plant material incubated and distilled in absence of manioc.

**  The low value may be due to some cyanide binding by cyanide utilizing
reactions, but this is not important as the cyanide liberated is in any case very low.
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TasLe 6. Cyanide release from hinamann by mukunowenna extract.

Experiment Time of incubation (h) Cyanide liberated (j1g)
Experiment A 2 0

4 75

6 150

16 1116

24 1344
Experiment B 22 ) _ 1150

22 4 Microbial 1233

inhibitor s

Linamarin (approximately 15 mg) was incubated with mukunuwenna extract
(From 5 g fresh weight).  Total volunie of reaction nuxture was 100 ml
{0.02 M with respect to citrate buffer).

[nhibitor, . hydroxy ethyl benzoate (1000 p.p.m.)
3.7, Further studies with guava leal

Resulis in Table | show that the recovery of linamarm from an 1ncubation mixture
with guava ieal was only 1497, This could have been dueto : (1) binding of HCN
formed and (2) inhibition of linamarase used to estimate the residual glucosides.
Addition of micre limamarase and an increase of incubation time resulted in the
release of more cyanide. This showed that ihe eflect was most likely due to an
inhibiticn of linamarase ;  the enzy.ne was inhibited to at least 909 by an extract

fromi 15 g of guava leaf.

This was further confirmed by dme-course studies on the effect of guava extract cn
the linamarin-linamarase reaction (Table 7). These studies showed that guava leaf
contained a potent inhibitor of linamavase.  This factor was both heal stable and
dialysable. A simifarinhibition was cbserved when boiled manioc was used as a

source of hnamarin (Table §).

Tapie 7. Inhibition of linamarase action on inamarin by guava exiract.

Cyanide liberated {(.g)

Conditions Incubation time 0.5 h  1h 2 h i 6h 18h
(1)  Guava extract omitted 1240 1790
(i)  Guava extract 3260 180 240 540
(i)  Guavaextract dialysate 672

Guava leaf extract (from 10 g) was incubated with linamarin (18 mpg) and linamarass
(140 units).  Total volume of reaction mixiure was 100 ml, 0.04 M with respect {o
citrate bufler (pk 5.0).
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Tapre 8. Inhibition of cyanide liberation from boiled manioe.

Materials 7 éyauide nberated (p.g)
A~Boiled manioc o 7 34
Boiled manioc, linamarase 1596
Boiled manioc, linamarase, guava extract 0

Boiled manioc (10 g dry weight) was incubated for 4 I in the above manner.
Weight of guava Jeaf used was 10 g (fresh weight).  Linamarase activity: 140
units.

4. Discussion

Studies comparing the relative efficiency of acid and enzymic hydrolysis ot linamarin
have established that the latter method is superior.  However, the method of acid
hydrolysis at low acid concentrations for an increased period of time warrants furthe)
imvestigation. On comparison of the results of one such technique,® that of Rajaguiu,
with the method used in this study, it wes found that cnzymic hydrolysis gives values
5 to 1097 higher. However, as AgNO, (which was used in the acid hydrolysis
studies) overestimates cyanide by 8 to 149 12,1 it appears that the reiative efficiency
of this method of acid hydrolysis is in the region of 80 to 85 %.

The nature of liberation of cyanide from hnamarin by plant tissucs has proved to be
somewhat comiplex.  Heat labile factors in kankun end mukonuwenna can bring
about this liberation, possibly by a mechanism quite distinet from the linamarasc
reaction.  The latter 1s suggested by : (1) the lag in cyanide liberation and (2) libeia-
tion of very little cyanide from boiled manioc. The sccond obscrvation sugeests
considerable inhibition of the cyanide liberating process by manice substrale ;  such
levels of inhibition are not shown by manioc linamarase in the presence of manioc
substrate.

The effect of ginger is yet more complex.  Once again these studies show that th
cyanide liberating factor is not a linamarase. It apnears that ginger provides a heai
labile factor that helps in cyanide liberation.  The studics of K¢ dagoda ef al? suggest
that ginger could be pmwdmg an activator to the deactivated manioc }inm‘mrz‘»ﬂc ; the
results of this study are consistent w:th this suggestion.  Alternatively, it is postible
that the factor produced by ginger an enzyme whose action is dcpcvwcqi on
a minimum level of some unknown com >tor that could be present in sither or both
manioc or ginger. This alternative would explain the lack of liberation of cyanide
from purified linamarin and the observation that some samples of ginger did not
liberate cyanide from boiled manioe.

‘The imhibiticn of linamarase activity by guava leaf extracts is of significance becanse
these extracts are used as an antidote for manicc poisoning 1 rural Sri Lanka.
Although several extracts used in this study inhibit linamarase activity, none of them
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is as effective as guava leaf. This potentinhibitor is a dialysable, heat stable molecule;
it 15 interesting to note that gluconolactone is also an effective inhibitor of manioc
linamarase. 1!

5. Conclusion

Extracts of some plant tissues can hydrolyse linamarin but the factors responsible are
not the sume as linamarase. It is difficult to extrapolate these results to obiais
mformation on the effect of these materials on ingested lnamarin, as the cyanide
fiberating process is very likely to involve an interplay of activators and inhibitors of
enzymes superimposed on the complex physiological changes that occur in the
digestive system.  Further work is needed to determine the exact mechanism of the
cyanide liberating processes. This study shows that plant tissue extracts can liberate
cyanide from cyvanogenic glucosides and, therefore, should serve as a deterrent to the
consumption of manioc with raw or semi-cooked plant material.
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