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INTRODUCTION

Simple or endemic goitre, a morbid enlargement
of the thyroid gland was known in China as early as
%000 B.C. In India, this condition appeared to have
been known even from Vedip times and the ancient Hindu
medical experts like Charaka and Susruta were apparently
referring to goitre when describing the condition called

'gelaganda'® (Murthy, 1982).

Chatin (1850) convineingly proved that goitre
developed due to iodine deficiency by stimulation of
the anterior pituitary to produce and release increased
emounts of thyrotropin and thus causes a compensatory
enlargement of the thyroid gland. Bauﬁann (1895)
analysed the thyroid gland and showed that it contained
iodine in small amounts. Through animzl and human
studies it was proved that deficiency of iodine cgused
goitre and this deficiency could be prevented by in-

clugsion of iodine in the food.



Goitre has been an age old health problem in
the southern slopes of the Himalayas caused mainly
due to iodine deficient soil and food grown in this
goil. Recent observations show that goitre is elso
distributed widely in the subcontinent with varying
degrees of severity, The world's most clessic and
intense endemic goitre belt occurs slong the slopes
and foothills of the Himelayas, extending over 2400 km
from Kashmir in the west to the Naga Hills in the east.

Enlerged thyrold glend (goitre) can also be
caused by eating large amounts of goltrogenic foods
such as turnips, cabbage, rutabaga and cassava over
long periods of time. These foods, contain natural
antithyroid compounds celled goitrogens which inhibit
the formation of thyroid hormones necessary for vital
metabolic processes and which make them unsafe for

humen consumption,

Several health problems are gsaid to be associated
with chronic cassava ingestion namely goitre, cretinism,
atexic neuropathy and diabetes, But among millions of

cassava consumers worldwide, chronic cyanide toxicity



occursg only in certain areas., This effect is enhanced

by a severely protein deficient diet, or in an area
where endemic goitre is present and where cassava is

the staple food.

Kerale, is the only state in India where cassava
is a major dietary component. It is the most popular
éubsidiary food crop of the middle and low income group
of people in Kerala, being the cheapest and easily
cultivable gource of food energy. According 1o the
latest availeble estimates, certain endemic goltre
pockets are identified in southern parts of Keralsa
where cassava culfivation and consumption is high,
thereby wmeking it necessary to investigate the éoitro—
genic action of prolonged cassava consumption.‘ The
present investigztion wes taken up as a step to study-
the effect of prolonged consumpiion of cassava on experi-

mental enimals with special reference to:

1) the entithyroid action of caasava

2) the influence of calorie, protein and iodine
supplementation on the anti thyroid action of
cassava.
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REVIEW OF LITERATURD

Kerale in Southern India with approximately
twenty five million people is more populous than meny
states. Cock (1985) reported that rice, cassava and
coconut predominated the Keraglz diets, which were
deficient in both protein and calories. Cassava
production in India had expanded dramtically since
1950, largely because yields had risen from five
tonnes per hectare to six tonnes per hectare. According
to Cock (1985) these yields were zmong the highest in
the world even though Xerala had infertile soils and a
shorter growing season than many other cassava growing

arcag.

Annual production of cassava in India as reported
in Agricultural Situation in India (1986) was 5.8 million
tonnes of fresh tuber and accounted for 4.5 per cent of
the total world production. It was z2lso reported that
Kerala accounted for nearly 75 per cent of thé area
under cassava cultivation and 71 per cent of the production
of cassava in India, According to the Economic Review

(1985) production of cassava in Kerala was 39.53 lakh tonnes



and the areg under production was 2, %2, 753 hectares.
Production of cassava per hectare in Kernateka, Tamil

Naedu and AndhvePradesh in 1985-84 was 10.18;, 31.1% and

6 .03 tonnes respectively (Lakshmi and Pal, 19856). The
areg under cagsava production during 1984-85 were highest
in Trivahdrum followed by Quilon, Kottayém, Pathanemthitta,
Idukki, Trichur and Wynad districts in Kerala (Agriculturel

Situation in India, 19€6).

" Cock (1985) reported that Kerala is the only State
in India where cassava is used as a diétary component .
Although 1ts use in the diet is widespread throughout the
atate it is meinly consumed by poorer people, particularly
slong the coastal disiricts where poverty is et a maximum.
Accordihg to Poulose et al. (1984) the increase in popu-
lation and decrease in production of rice has made cassava
an important food item. About one fifth of the total
celorie intake in Kerala, as had been pointed ouﬁ by
Cock (1985), comes from subsidized ration rice which, per

calorie was similary in price 10 cassava.

People living on a cassava diet with little of

other foods are likely to suffer from protein deficiency



(Gopalan, 1979). According to Okigbo (1980) replacement
of more protein rich weaning foods by cassava preducts
should be avoided in order to safeguard young children
from cassava toxicit& and protein deficiency. Similerly
Mata et gl. (1982) reported thet in Costa Ricor cassava
consuﬁption contributed little to the proﬁein content
of the diet. .-Maberly et al. (1976) found that there
was miriimel consumption of seafoods and other common
food crops in certain coastael areas of Sarawak, with
near dépendence on caspava roots.

Cock (1985) has reported that in Kerale, cassava
provided more anount of calories per adult equivalent
and the total~prg§gin intake of the population wes low.
However, GoPalaﬁ (ﬁ979) observed that in Keralse cassava
is generally eaten slong with fish, which contains ex-
cellent proteins as well as lodine and thereby balencing
the diet. Dorozynski (1978) reported that marine products
and cessave are the two main food products in Kerala. An
analysis of the dietary habits of Keralites by Poulose
et al. (1984) revealed that 75 per cent of the people

were regular consumers of cassava and salted fish,



Results of a survey conducted by Prema et sl. (1980)
among 250 ferm femilies in Trivendrum and Quilon districts
in Kerala indicated that cassgva was ugsed by all families

irrespective of their income.

According to Poulose et al. {(1984) the first report
of endemicity of golitre in Kerale came from Idukki district
were a 3% per cent incidence of goitre was found among the
legbour population in tea estates. But Kochupillai ggigl.‘
(1976) stated thab endemic goitre is not prevalent in
people residing along the coastal stripa_of two districts
in Keralas as well as in midlends where cassava is widely

consumed .

The goitrogenic action of cassave was first sus—~
pected to be due 10 a goltrogen present in the tuber
Ekpechi et al., 1966 and Nwokolo et al. (1966) suggested
that cassava contained a golitrogen similar to ones
present in brassica vegetables and thiourea derivatives,
Ermans (1979) gave new data on the pathogency of endemiec
goitre and certain goitrogenic foods. Ermens et al.(1983)
reporied that cassave ingestion was one of the key factors

in the etiology of endemic goitre and ecretinisum in



Central Afrieca. Maberly et al. (1976) observed a
goitre incidence of T4 per cent in a coastel community
of Sarawsk,Malaysia . probably due to the consunption

of large quantities of cassava.

There are a number of studies by various authors
t0 support the fact that consumption of cassava did not
cause goitre. Studies conducted by Nestel (1973) and
Pnillips (1974) indicated that goitre and cretinism were
not found. in all populations vhose staple food was cassava
(Kelly and Snedden, 1960; Kochupillai et al., 1980;
Medeiros - Weto eand Dunn, 1980). Hennart et al. (1982)
indicated that a cassava baged diet did not necessarily
result in the development of goitre. Delange et al. (1982)
reviewed the nmutritional factors involved in three rural
areas in Zasire end found that chronic consumption of
cassavea in 1arge-}quantities did‘not necesgsarily result
in the development of endemic goitre. However they found
that poorly detoxified cassava caused fen inhibition of

the penetration of iodine into the thyroid in wman,

Eltpechi (1973) showed that cassava had an sdverse
action on the function of the thyroid comparable to that

of thionamide goitrogen. Delange and Ermens (1971) stated



gstated that the absorption of cassave grown in the
goitrous areas of Idjwi island inhibited the penetration
of iodine into the human thyroid. Ermans (1979) reported
that in severe goitrous endemic areas in Zaire prolonged
consumption of cassava affected the adaptation process

of the thyroid gland.

The first reference to the noxious principle
namely 'hydrocyanic acid' present in cassava was made by
Clusius in 1605 and later by Henry and Charland in 1836.
This compound was identified by Peckolt (1886).

Dunsten et al. (1906) igolated another glucoside end

an enzyme linamarase or linase which was capable of
hydrolysing the glucoside from cassava. Linamarin from
’CassaVa peel, in a pure form was isolated by Wood (1966).
Clapp et al. (1966) observed that among the cyenogenie
plants, cassava in which the principal glucoside was
linamarin was the most important in éerms of human intake.
Van der velden et gl. (1973) observed that the human body
detoxified the cyanide which was liberated from the
cyanogenic glucoside, linamarin, contained in cassava.
The cyanide in cessavae roots and tissues was mainly

found in a bound form as a cyanogenic glucoside (linamarin),
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which accounted for epproximately 90 per cent of the

total cyanide contert, the remainder being present as
free cyenide (Nartey, 1978). Lencaster et al. (1982)
studied the ill effects of cyanogenic glucosides of
cassava vhich released cyanide on hydrolysis. Cock (1985)
reported that raw cassava contained the glycosides
linamarin end lotausterelin, which when in contact

with linamerase, was converted into a poison.

Delange et al. (1982) had also found that the
antithyroid action of cassava was due 40 the release
of thiocyanate from the cyanide (hydrocyanic acid)
produced by the hyédrolysis of linamerin. They also
stated that the efficiency of the detoxification process
would be effected by processing, the varieties used
and the portions commonly consumed. Cassava was
classified into three c%tegories based on its hydro-
cyanic acld content ag innocuous tubers with less thean
50 mg hydrocyenic acid/kg fresh peeled roots, moderately
poisonous ones with 50-100 mg hydrocyanic acid/kg ang
dangerously poimonous ones over 100 mg hydrocyanic
acid/kg (Bolhius (1954), De Bruijn (1971) and
Coursey (1973)).



Oyenuga and Amazigo (1957) and (Oke, 1973-) found
that hydrocyenic acid in cassava varied according to
gseason, Cermody (1900) found that sweet cassava
verieties might contain as much cyanide ag the bitter
ones. He stated that in the former, the cyanide was
concentrated in the peels end outer cortical layers,
while in bitter ones it was distributed uniformly in
the root, hence peeling the sweet varieties reduced

the cyanide considerably.

De Bruijn (1971) had shown that the glucoside
content varied between the proximal (near the peduncle)
and the distal parts of the roots, although the varia-
tions appeared t0 be purely random. He also confirmed
that the hydrocyanic acid content of fresh peel, pulp

-and whole cagsava root was consistently higher in bitter
varieties then in sweet strains. Evaluation of 24
varieties of cassava for their hydrocyanic acid content
by Dharmalingem et al. (1973) revealed a wide veriation
ranging from 10 to 55 ug/g of hydrocyanic acid in the
fresh and 105 to 375 ug/g in the rind. Low toxic levels
of hydrocyenic acid in the edible portion of the tubers
contributed to.their suitability for raw consumption.

It was also observed that hydrocyanic acid in the flesh
hed no direct relationship with thet of the rind in the

varieties studied.
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According to Muthuswemy &t al. (1973) varietal
différenceé ranged from 5 $0 125 ppm with an average
of 41.21 pom on a fresh weight basis. While Anon (1962)
reported thét bitter types contained 770 ppm while sweet
types conteined leas then 160 ppm on & fresh weight
bagsis. Aw~yong as quoted by Mahendranathan (1971) stéted
that the flesh of the sweet type contained about 70 ppm,
while the bitter type sbout 200 to 300 ppm.

Grace (1977) stated that the glucoside content in
the cagssava plent was markedly increased by drought and

potassium deficiency.

Bourdoux et al. (1980) stated that there was no
significant correlation between the weight and the length
of the roots and their hydrocyanic acid content., The |
study also showed that the majority of glucoside was
eliminated at different steges of preparation. The
usefulness of cassava'as food and feed increased by
adding Mga* during processing. Hollo et al. (1981)
found that Mg®® activated linemerinase which in turn

degraded the (CN ) containing linemarin, liberating
~ hydrocyanic acid, thus degreding toxicity of the product.
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Cock (1985) repeated that although occasional deaths
from consuming raw cassava roots had been reportved the
traditional processing snd cooking methods reduced the

cyanide levels.

It was reported that the variaetion of cyanide
content in cassava was influenced more by practices
than by variety (Phillips, 1974.; Yech et al., 1974).
Gomez (1983) discovered that processing of cassava
roots led to the repid conversion of bound cyanide 1o
free ¢yanide, which was then released. The cyanide
content of the processed products, therefore was con-
siderably lower than that of the fresh roots. In his
regsearch Normanha (1965) had found that intoxication
due to excess consumption of bitter cassava was due to
insufficient cooking time, resulting in partial hydrolysis
of the cyanogenic glucogide or in total liberation of
bydrocyanic acid. Stenbury (1985) pointed out that
poorly prepared cagsave yielded an abundance of cyanide
which was converted to thiocyasnate after ingestion,

vhich competed with iodide for entry into the thyroid.
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In an experiment to extract cassava starch
Arguedas et al. (1982) found that the dried end
product contazined less per cent of cyanide than had
been present in the raw matérial. The International
Ingtitute of Tropical Agriculture (1983) found that
in cassava products that had undergone fermentation
before being processed (Chickwangue, foofoo, ntuka)
both total and free hydrocyanic acid were almost
totally eliminated. OStudies conducted on different
processing methods at CTCRI (198%) depicted that baking
and steaming reduced cyanoglucoside content by 20 per
éent, drying at 65°C by 27 per cent and boiling in water
by 50 per cent, They also discovered that cyanoglucoside
retention decreased with the decrease in size of the
processed cassava pieces. The importance of the modes
of preparation and procegsing of cassava had been studied
by Bourdoux et al. (1982). They found that there were
higher concentrations of {hioecyanate in serum and urine
of the population of Bas Zaire, Kivu and Ubangi when
compared to the control populetions in Kinshasa and
Brussels. They suggested thal this was nearly due to

different detoxification methods used in these areas.
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A survey conducted by Frema et al. (1980) among
250 ferm femilies in Trivendrum end Quilon districts
revealed that steaming and deep frying methods of
cooking were commonly used for preparing cassava.
Fermented preparations and salted preparations with

cassave were not commonly used by these farm families,

The effect of dry heat methods like beking,
boiling, roasting end frying were found to be signi-
ficéntly superior to both steaming and boiling in deto-
xification of cassava as reported by Vimalakumeri et al.
(1980). They also found that tarmeind pulp and lime
Jjuice were highly éffective in reducing hydrocyanic acid,
end the addition of papaya elso decreased it significantly.
Besides this, sugar and honey when added also produced

ginmilar resulis.

A long term feeding trial of seven months by
Tewe (1975) demonstrated that fresh and dried cassava
diets with upto 402.3 ppm hydrocyanic acid did not cazuse
pathological changes in the thyroid of female rats and
their offspring.
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An epidemic of spastic paraparesis assoclated
with chronic cyanide intoxication was revealed by
Cesadel et g1, (1984), They suggested that detoxifi-
cation of the bitter varliety by sun drying was inadequate
because of general food shortage and metabolic detoxi-
fication which was probably reduced owing to the absence

of sulphur.

El Tinay et al. (1984) studied the extent of loss
of hydrocyanic aecid during fermentation of cassava tubers
from both sweet and bititer varieties in the treditional
method (whole unpeeled tubers) compared with the fermen-
tatlon of peeled tubers and crushed pulps with or without
the eddition of water. The loss of cyanide from the
whole sweet tuber was not significant afier 5 days. There
was a marked decrease in free cyanide in the firsi day of

fermentation of the peeled tubers compasred %0 whole tubers.

Gomez and Valdivieso (1985) studied the effect of
drying temperature end loading rates on cyanide elimi-
nation from cassava whole root chips, one with high and

the other with intermediate cyanide. They found that
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the main factor determining cysnide elimination was

the loeding rate rather than the drying temperature.
Artifiéiaf drying et the temperature and loadings
assayed allowed total cyenide loss of 87 per cent and

69 per cent for chips of intermediate and high cyenide
varieties respectively. According to Nembisen et al.
(1985) bgked, fried and steamed tubers retained maximum
(>80 per cent) cyanoglucogside. They also found that
retention yaried from 30 - 60 per cent depending on
chip thickness in eun dried chips. In the case of
cgssava boiled in waﬂer smaller chip size and sufficient
water was found to be ideesl for mexlimum cyanoglucoside
removal. They further stated that more thar 95 per cent
cyanoglucoside vwas removed by crughing the fresh tuber

and subsequent sun drying.

Cock (1985) stated that the principel method of
detoxificémion of cyenide from cassava to thiocyanate
in the blood was by the action of an eanzyme called
rhodanese. Reinwein (1961), Auriga et al. (1975) hed
found that rhodenese was widely distributed in the body
with the highest concentration in liver and kidney.
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Himwich gnd Seunders (1948) hed expleined that, the
gusceptibility to hydrocyenic acid intoxication veried
from species to species probably due to the veriation
in the amount of the enzyme rhodanese in the liver.
According to studies done at CTCRI (1982) rhodanese
activity of cerebrum and cerebellum was meximum in
rabbits fed with raw cassava meal and the engyme activiiy
in liver was more in animals fed with coocked cassava
meal., They also found that the rhodenese activity was
high in animels fed with raw casseva meal when comparvred
t0 the control. Izokun-Ethiobhio and Ugochukwu (1984)
through animal experiments found that the reaction
catalysed might not be the mein pathway of detoxification
of cyanide. Rutkowiski et gl. (1985) suggested that
hepatic rhodsnese was not principally involved in the
detoxification of cyanide even when exogenous thio-
sulphate was provided. PFurther studies by Rufkowiski
et al. (1986) had shown that a healthy liver was not
essential to give protection from cyanide.. The mito-
chondria} membrane might be a barrier since lysedmito-
chondria had increasgsed rhodanese activity. They also
stated that the major detoxification pathway for cyanide

was 2 biotransformation to the less toxic thiocyanate.
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Tewe @end Maner (1978) found that rhodanese activity was
consistently higher in growing rats fed fresh end dried
cassava based diets. Bourdoux et al. (1980) found

that in the presence of its specific enzyme, cyanide
was detoxified and this provoked an increase in serum
.end urinery thiocyanate levels. According %o Mahedevan
et al. (1980) prolonged feeding of rats with a variety
of cassave containing high hydrocyanic acid led to
Increased levels of plasma thiocyanate. Increased
seruz thiocyanate levels associated with cassave based
diets in rats and humans were reported by Ermans et al.
(1980). Significaﬁt elevation in plasme thioeysnate
level in animals fed a casgsava diet was observed in
CTCRI (1982). Osuntokun (1973) reported significant
rise in plasme thiocyanate and urinery thiocysnate when

cassava consumption increesed.

Investigations by Tewe (1984) on African gient
rats hed shown that serum, orgen and'urinary thiocyanate
were higher (p< 0.08) on cassava based diets. Serum

urea concentrations increased proportionally with dietary
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hydrocyenic acid level but no pathological lesions were
obgerved in spleen, kidney, liver and thyroid glands of
the enimels. Ermans (1973) discovered thet there was a
moderate increasse of plasma thiocyangte in rats fed
cassava for a long term. Mehoney et g2l. (1983) confirmed
in their study that the urine thiocyanste excretion of
the non goitrous population on a low cassava diet was
gignificantly lower than that found in an endemic
goitrous population. Guzmen (1975) found that the
urinary excretion of thiocyenate was closely related

to the protein quality, food intake and weight gein

in a bitter cassave based diet. Courtois et gl. (1983%)
reported thet urinary thiocyanate excretion increased in
proportion to the increased consumption of unsosked roots.
Smith (1961) and Cock (1985) reported that this thio-
cyanate excreted in the urine played its toxic role by
using up body sulphur in detoxification, thereby
increasing the body's demand for sulphur containing
emino acids or by interfering with the iodine uptake

of the thyroid resulting in goitre. According to Cock
(1985) in both cases high cassava consumption aggravated

problems associated with low levels of sulphur amino acids



end iodine in the diet. According to Lang (1933);
Wheeler et gl. (1975) and Barett et al. (1978) the
fequirements for iodine and sulphur ampinoacids were
slightly increased when cagsava consumption was high.
étuﬂies by Dencaster et al. (1982) and Gomez and Valdivieso
{(1983) revesled that cassava had a low protein content
end allow content of sulphur containing amino acids and
the cyanogenic glucOgides contained in a cassava based
diet produced an above normal nutritional need fox
certain sulphur bearing emino acids. Spath (1971)
pointed out that methionine and cystine in particuler
appeared to be the sources of sulphur for thiosulphates
used by the body in the detoxificafion of cyanides. He
algo reported that populations depending primarily on
cagsava ought to have reliable sources of sulphur
bearing protein such as fish., Maner (1972) found that
sixty per cent of cassava in the diet effected body
welght gain and efficiency and that supplementation
with methionine improved the condition probably by
providing the sulphur needed for detoxification of
hydrocyanic acid. Hamid and Jalaludin (1972) found

that methionine was the limiting factor on high



cassava ratlons. Adegbola (1977) found that added

methonine helped to improve the protein gquality of
cagsava based diets., Hennart et al. (1982) found
that even extreme protein calorie malnutrition in
humans apparently did not seem t¢ critically impeir
the endogenous conversion to thioyanate of hydro-
cyanic acid released from cassava. According to
Tewe (1984) the interaction of cassava peel and
protein defdciency decreased white blood cell count.
Tewe et al. (1984) found that cyanide intake in pigs
had significent effects on thyroid and protein

metabolign,

Meister (195%) revealed the other ways of
detoxification which involved sulphur containing
amino acids like cysteine and cystine. Fielder znd
Wood (1956) stated thet 3 mercaptopyruvate formed from
deamination or trangamination of cysteine combined with
cyenide by the action of a2 sulphur transferase to form
thiocyanate and pyruviec acid. According to Meister
et al, (1954) this enzyme also has been found princi-
pally in liver, kidneys, spleen and panéreass. Wood

and Cooley (1956) reported that cystine was capable of
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reacting directly with cysnide, leading to a cleavage
of the disulfide bond znd formation of cysteine and beta
thiocyanoalenine which decomposed to thiocyanate and

could be execreted aé guch in the urine.

Delange et al. (1980) found that thiocyanate
inhibited the iodine accunulation in the thyroid so
that the long term effects were similar to those of
iodine deficiency, when the iodine-thiocyanate ratio
fell below a critical level goitre developed. |
Ermans (1979) carried out studies in severe goitrous
endemic areas in Zaire and in iodine deficient rats
and the results showed that in iodine defieciency as
well as in prolonged consumption of cassava along with
iodine deficiency there was cndogenous production of
abnormal amounts of thiocyanate énd a marked decrease
of thiocyanate blood levels., Hennart et al. (13982)
their study conducted in Bas Zaire, Kivu and Ubangl
showed that the dietary supply of iodine also played a
crucial role in the development of goitre in cassava
baged diets. They indicated that goitre did not
necegsarily develop provided that the iodine intake

was high enough or the hydrocyanic acid conient of



cagsava was low enough. Ermens et sl. (1973) revealed
thet ingestion of cassave entailed marked deple§ion of
iodine stéres. They also found that depletion was
fairly moderate in iodine supplemented rats and

severe in iodine deficient rats. The studj also
depicted that chronic¢ ingestion of thiocyamate did

not necessarily ceuse blocking of the thyroided pump
but inereased the iodine upteke by the gland, Frmans
et al. (1983) reported that the mein difficulty en-
countered was to distinguish between the goitrogenic
effects of thiocyanate and those of iodine defieienecy.
Bourdoux et gl. (1980) found that linamerin in the
presence of its specific enzyme decreased radioactive
iodine upteke by the thyroid, whereas Ermens (1979)
stated that the thyroid uptake of ﬂf:::! remained
unchanged during prolonged consumpition of cassava in
rats. Delange et al. (1982) commented that the iodine -
thiocyanate ratio was determined by the level of iodine

inteke and hydrocyenie acid content of cassava.

Underwood 1962) steted that serum protein
bound iodine levels varied significantly with aspecies,
age, pregnancy, level of thyroid activity and diet but
not with sex, Agarwal ¢t gl. (1982) reported that serum
PBI was found to decrease as the severity of goitre in-

creesed in goitrous children. In rats fed cassava for
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a long term Ermans (1973) discovered that there was
deplétion of thyroidal iodine stores, major abnorma-
lities of intrathyroidal metabolism, reduction of

27 31

while thyroidal 1 "I uptake was not

inhibited at all. Experiments conducted by Ekpechi

plasma PBI1

et al. (1966) indicated marked decreases in precursor
and hormone iodine stores and increases in serum
protein bound iodine end thyroid weight after feeding

cassave with iodine supplements.,

In the presence of iodine deficiency the
rigk of irreversible slterations to the centrel nervous
system of young children sgsociated with cassava in-
gegtion bj pregnant women had been studied by Colinet
et gl. (1982). They studied the role of hydrocyenic acid
and found that in the cerebellum there was decrease of
protein, RNA and cholesterol which slowed down cellular
growth when hydrocysnic acid was given with an iodine
deficient diet. These anomalies were not observed when
the same hydrocyanic acid overload was administered in
the presence of a normal supply of iodine. Serum
cholesterol levels were found t0 increase with severity
of goitre in children of both sexes by Agarwal et al. (1982)
in Gorskhpur. In rats fed cassava an increasse in serum

high density lipoprotein cholesterol and a decrease in
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low density lipoprotein and very low density lipo-
protein chplesterol were seen as compared with thoge
fed ribe.:.Premakumari and XKurup (1982) also stated
that the activity of some hepatic lipogenic enzymes
increased thle aetivity of lipoprotein lipase and
triglyceride lipese in the extras hepatic tissues
decreaesed. Faecal exceretion of neutral sterols and
bile acidg wag significantly more in rats fed cassava.
Another important study done at CTCRI (1982) revealed
that chclesterol and phospholipid walues were reduced
significantly when rabbits were fed cooked cassava
meal. According to Adamson et al. (1983) cassava based
diets resulted in the highest cholesterol levels when
compared to yam end alfalfg diets.



MATERIALS AND METHODS



MATERTALS AND MEPHODS

The present study on 'Butritional Factors
involved in the Goitrogenic Action of Cassava' was

based on the asgessment of:

I. Antithyroid zction of cassave.

II . Influence of calorie, protein and iodine
supplementation on the antithyroid action
of cassava.

A, The antithyroid action of cassava is influenced
by the hydrocyanic acid present in the tubers.
Therefore to assesa the antithyroid action of

cassava the following experiments were plenned:

1. Estimation of hydrocyamic acid (HCN) content
in different varleties of cascava,.

2, Effect of cooking on hydrocyanic acid content
of different varieties of cassava,

%. Bffect of addition of different ingredients
on the hydrocyanic acid content of cassava,



28

B. Antithyroid ection of cassava was further

agsessed by:

I, Condueting feeding experiments with two
varieties of rfaw, cooked and 4dry cassava.

11. Conducting feeding experiments with
protein and iodine free cassava besed diets.

I11, Conducting feeding experiments with cessava
"based diets supplemented with lodine and
protein.

The different varieties of cessava seleeted for the

feeding trials were:

1. Menihot esculenta Crantz veriety l1-4, it has
" a low hydroeyanic acid content and is the
popular staple because of its gquality.

2, Menihot esculenta Crentz variety H-165 it
has a high content of hydrocyenic acid.

1. Hydrocyanic aecid content in different varleties

of ecassava ., Bstimation of Hydrocyenic acid(HCHN).

Fregh casseva tubers of six varieties were

enalysed for the hydrocyanic acid (HCN) content by
the method of Indira and Sinha (1969).
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OCne gram of fresh tuber semple (without rind)
was homogenised with distilled water in a morter with
pestle and transferred into a 500 ml conical flask
immediately (volume of homogenate being 25 ml). A
Whatman No.1-filter paper st&ip (10 x 2c¢m), spaked
in alkaline sodium picrate (25g of sodium carbonate
and 5g of picric acid powdér in 1 litre of distilled
water), dried and suspended under a suitable rubber
cork (with a bent pin) was placed on the mouth of the
flask end closed tightly. The strips were kept over-
night (18 hours) and were eluted in 60 ml distilled
water, gbsofhency wes recorded in a colorimeter using
a green filter (515-550 mu), The amount of hydroeyanic
acid was celculated from a standard curve, drawn using

gtandard KCN solution.

Resgent Blank:

A Vhatmen No.1 filter paper strip (10 x 2em),
soéked in alkaline gsodium picrate, was dried and sus—
pended under a suitable rubber cork (with-a bent pin)
was placed on the mouth of the 500 ml conical flask
(containing 25 ml distilled water) and closed tightly.
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It was kept overnight and the strip was eluted in 60ml
distilled water. Absorbency was recorded in a colori~

meter using s green filter (515-550 mu).

The different varieties of cassava used for

enalysis are given below:

1. Manihot esculenta Crentz - variety M-4, This

1g the most popular variety consumed and has

a low hydrocysnic acid content.

2: Menihot esculente Crantz variety H-165. Thie
has a high hydrocyanic acid content.

The remeining . four verieties were chosen because

they are the common locally availasble varieties.

3; Manihot esculenta Crantz variety Kaliksglan.

4; Menihot esculenta Crantz variety Panniyur.
5. Manihot esculenta Crantz variety Nyarukku.

6. Manihot esculenta Crentziveriety Prevuvella.

2, Effect of cooking or processing on hydrocyenic acid

(HCN) content of different varieties of ecassava.

Fresh cassava tubers of itwo varieties namely

Menihot esculenta Crantz veriety M-4 end Menihot esculenta




Crantz veriety H=-165 were cooked and semples snalysed

for the Hydrocyemic acid content. '

calculatien of loss or gsin in hydrocyanic acid content.

The difference in hydrocyanic acid content
betveen the fresh rew sample and the cooked oOr processed
sample waa calculated and the percentege was worked out

from that.

The different methods of cooking selected for
the experiment were baking, grilling, boiling, sundrylng,
steaming, 'soaking, sosking and sundrying, frying.

[

2.1. BAKﬁNG:

A éet of triplicate samples of peeled cassava
of 5g eac# were placed in sn oven at a temperature of
60°C end kept for 20 minutes. The experiment was
repeated et different baeking temperatures of 105°C and
165°C forithe seme duration. The three sets of baked

samples wére removed after 20 minutes and cooled.
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2.2. GRILLING:

Triplicate samples of 10g each of peeled cassava

of Menihot esculents Crantz variety M-4 and Manihot

esculenta Crentz variety H-165 were grilled on hot coals
for ten minutes.
2.3, BOILING:
o -
Triplicaete samples of 5g of peeled cassava tubbr
of Manih&t esculenta Graqtz veriety M=-4 =nd Mgnihot
esculents Crantz variety H-165 were boiled with 50 mli
of water'for 15 minutes. EThe experiment wes repeated
with 30'ﬁ} of water. The cagsava samples were cooked
wntil thélWaxer was completely absorbed. The cooked

senples qf the two experiments were cooled.

244, SUNDRYING:

1
'
'

Triplicate semples of 5g of peeled cassava pieces
of Manihd% egsculenta Crantz variety M-4 and Manihot
escuientglcrantz veriety H-165 were added to 50 ml of
Just boiléng water and bolled for 3 minutes., All the

samples were removed and sundried for five hours.



33

Triplicate samples of 5g of peeled cassava

pieces of Manihot esculenta Crantz variety M-4 and

Manihot espculenta Crantz variety H-165 were sundried

for 5 hours without eny prior treatment.

Triplicate semples of 5g of peeled cassava

pieces of Manihot esculenta Crantz variety M=-4 and

Manihot esculenta Crantz variety H=105 were steamed

for three minutes 2nd sundried for 5 hours.

2.5. STEAMING:

Triplicate samples of 10g of peeled cassava

pieces were steamed for 20 minutes and cooled.

2.6. SOAKING:

500g of peeled cassava of the two varieties

Manihot esculenta Crantz variety li=4 and Mghihot
esculenta Crantz variety H-165 were soaked in water
for 4 days. Each day triplicate samples of 5 g of the

soaked cassava was taken for analysis,
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2.7. SOAKING AND SUNDRYING:

500g of peeled casseva of two varieties Manihot

egeulente Crentz variety M=4 and lManihot esculenta Crantz

variety H~105 was soaked for 4 days. Each day triplicate
semples of 5g of the soaked cassava was taken and sun-

dried for % hours,

2.8, FRYING:

Shallow fat frying - Triplicate semples of 10g

of peeled fresh cassava 0of two varieties Mgnihot esculenta

Crantz variety lM=4 and Mgnihot esculenta Crantz variety

H-165 were cut into thin slices and shallow fried in
10ml of o0il, then cooled. Deep fat frying - Triplicate
gamples of 10g of peeled fresh cassava of two varieties

Manihot esculenta Crantz variety M-4 end Manihot esculenta

Crantz variety H-165 were cut into thin slices and deep

fried in 40 ml of oil and cooled,

From g1l the semples of cassava cooked by different
methods, 1 g cassava was weighed and the hydrocyanic acid
content was determined by the method of Indira and Sinha
(1969). Triplicate samples of every treatment were used

for this estimetion.



REAGENT BLANK:

A Whatmen No.1 filter paper soaked in alkaline
sodium picrate was dried end suspended from a rubber
cork (with a bent pin). The cork was placed on the
mouth of 2 500 ml conical flagk (containing 25 ml water)
and closed tightly. The strlp was kept overnight and
eluted in 60 ml'distiiled water, Absorbency was recorded

in a colorimeter using a green filter (515-550 mu),

%« Bffect of addition of different ingredients on the

hydrocyenic acld content of cassava.

The effect of eddition of ingredients such as
common salt, sugar, baking soda (Sodium bicarbonate),
tomato,lime juice, tamarind pulp, vinegar, honey,
drumstick leaves and raw papaye vwhile cooking on hydro-

cyanic acld content of fresh cassava tubers was assessed.

Cassava tubers of two.varieties namely Menihot

egculenta Crantz variety M-4 and Menihot esculents Craniz

variety H~165 were treated identically. In the experi-
ments 5g of peeled cessava was boiled in 50ml of water

for 25 minutes with added materials such as:
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1. Sg'of common selt

2. 5g of sugar ,
3., 500mg of sodium bicarbonate (beking soda)
4. 5g tomato

5. 5ml lime juice

6.: 5ml tamarind pulp

7. 5ol vinegar

8. 5ml honey

9., 5g drumstick 1egves
10. 5g raw papaya

11. 5g of peeled cassavae was boiled in 50 ml
water for 25 minutes as control.

Triplicate sets of 15 each of the samples from
the above 11 treatments were taken end analysed for the
hydrocyanic acid content by the method of Indira end

Sinhe (1969),

Antithyroid action of casseva was further assessed
by conducting feeding trials to study the effect of
linamarin on iodine metabflisn in rets fed cagsava diets.
Cassava contains a cyanogenic glucoside linamarin which
on hydrolysis yields hydrocyanic acid (HCH), a cyanide
containing coppound. In the body hydrocyenic acid is
detoxified to a less toxic compound - thlocyanate. This
detoxification takes places by the action of hepatic

rhodanese.
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T6 assess the antithyroid action of cessava
feeding trials were conducted with two varieties of

Taw, cooked and sundried cassava.. .

Male albino rats (Sprague -~ Dawley strain weight
50-~70 g) were divided into seven groups of six rats each
end fed caSsava in three different forms nemely raw,
cooked in \;:ater and sundried (Fig. I1). The hydrocyenic
acid content of tlie three samples were analysed. Two

varieties of cassava namely Manihot esculenia Crantz

variety M-4 and Msnihot esculenta Crantz variety H-165

were chogen for the experiment.

The rats were fed ag follows:-—

Group I - Cooked cassava (M-4) (TEST DIET)
Group II - Raw cassava (M-4) (TEST DIET)
Group III - Dried cassava (M-4) (TEST DIET)
Group IV - Cooked cassava (H-1655(TEST DIET)
Group V - Raw cassava (H=-165)(TEST DIET)
Group VI - Dried cassava (H~165)(TEST DIET)
Group VII - Control Diet (No Cessava)

Three rats were housed in each cage with wire

mesh floors (Fig.II ).



Pig. 1 . Different forms of cassava namely

cooked,raw and sundried.

Pig. I1X. Hats housed In cage with wire mesh floor
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The diets used for the experiment had the

following composition:

ggg;g; GROUP T GROUP II GROUP III GROUP IV GROUPV GROUP VI GROUP VI

Cassava ' . -
(g) 50 50 50 50 50 50

Variety M-4 N-4 M-4 H-165 H~165 H-165 -
Formi Cooked  Raw Dried Cooked Raw Dried -
Skim
mi Tic( g) 33 33 33 33 33 33 52 .6
Groundnut ‘
011 (g) 9 9 9 9 9 9 9.0
Vitamin
Mixture(g) 4 4 4 4 4 4 4.0
*Dextrin (gi B - - - - 30 4
¥*¥Mineral

100 100 100 100 100 100 100

¥ In the control diet group VII Dextrin was used instesd
of cassava.

*# The test diets did not contain iodine in the mineral mix,

while the control diet contained iodine.
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The compoasition of the Wesson's sali mixbure used in
P

the above diets is as follows:

Sodium Ghloride

Potagsium Bhloride

Potassiur dihydrogen Phosphate
Calcium Fhogphate

Calcium Carbonate

Mengenese Sulphate (anhydrous)
Potassiun Aluminium Sulphate
Megnesium Sulphate (anhydrous)
Ferrous Phosphate

Copper Sulphate

Sodium Fluoride

Wesson's salt mixture(g/kg) |

105.90
120,00
310.00
149.00
210.00
0.20
0.09
90.00
14.70
0.39
0.57

Potassium Iodide (only in the control diet) 0.05

In addition the following trace elements were also

added per kg diet.

Zine Chloride

Cobalt Chloride

15.00 mg

0.15 mg



The vitamin mixture had the following composition
(mg/100 g diet).

Thiemine 0.8
Riboflavin . 0.8
P&ridoxine hydrochloride : 0.6
Nieecin 530
Caleium Pantothenate 4.0
Inoﬁitol 20.0
Folic Acid 0.4
Vitemin By, 2.0 ¥z
Biotin 20.0 ug
Retinyl acetate 1000 1IU
‘Ergoceleiferol 150 IU
Alpha tocopherol 12.0
Menadione 0.3
Choline Chloride 200.0

Water was provided ad libitum In group VII
(control diet) the recommended dietary allowence of
protein 20 per cent for rats was provided and iodine
was added in the mineral mix. Thé protein inteke in
the test diets was fixed at 12.5 per cent.

e

[ S



‘ The rats were meintained on the respective diets
for thirty dsys. A% the end of this period the weights
were recorded, (Fig.I1I) and they were deprived of food
overnight, then stunned by a blow at the back oﬂf the
neck and killed by decapitation. The blood was collected

and kept for the serum to separate out.

The tissues were removed to ice cold containes

for the following estimations.

1) Weight of different tissues

2) Rhodenese enzyme activity of liver,
kidney and spleen.

%) Total liver protein
4) Serum thiocyanate

5) Liver and serum cholesterol
1. Weight of different tissues were recorded. The
accuracy was observed to 1 g.

2. Rhodanese activity of tissues liver, kidney and
spleen were estimated by the method of Sirbo (195%).



Pig- 1l11. Weighing of rat in Triple Beam Balance.
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Reggents:

0.125 M Na, S, 03.

0.5% bovine serum albumin (stock solution).

0.20 M KH2 P04.

0.25 M KCN.

38 per cent formaldehyde

Ferric nitrate reagent. 100g of Fe(N03)3. 9H,0+

200 m1 of 65 per cent I:II\IO3 per 1000 ml,
Enzyme: Dilute the enzyme in the presence of 00,0125 M
thiosulfate and 0.025 per cent albumin (which protect
the enzyme against inactivation by dilution) to obtain
0.% t0 1.6 R.U./ml.

Definition of unit and specific activity: One rhodanese

unit (R.U) is defined as that amount of enzyme which
forms 10 microeguivalents of thiocyanate under the above
conditions. OSpecific activity is expressed as rhodanese
units per milligrem dry weight, with purified enzymne

preparations.

Procedure: One ml of Na, 5, 03, 0.5 ml of KH, P04 and
0.5 ml of KCN are mixed in a 50 ml Erlenmeyer flask.
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One-helf wl of the enzyme was added, end the reaction was
gtopped éfter 5 minutes at 20 by the addition of 0.5 ml
38 per cent formaldehyde. Then 2.5 wl of Ferric nitrate
reagent end 25 ml of distilled water were added, and the
optical density at 460 mu was determined. One micro
equivalent of thiocyanate in the test gives the optical
density, 0.104. The colour is stable for atleast 1 hour.
A blanﬁ determination is always carried out by edding

the formaldehyde t0 the test before the ensyme.With crude
extracts or tissué homegenates it is necessary to remove
the inte#ferring tﬁrbidity by‘centrifugation or filteration

before the optical density is determined.

Enzyme proteins were egtimated by the Biuret Method.,

Reagentg:

1. Biuret reagent: Dissolved 4,25 g of potassium sodium

tarsarate (KNa Cy H406 4H, 0), 1.5g of cupric sulphate
(Cu 804. 5H20) and 2,5 g Potassium Iodide in sbout
500 ml of distilled water. Digsolved 4 g of WalOH in

the solution and made up the volume to 1 litre.

2. Standard: The standard protein solution may be either

a pooled normal humen serun (standardised by Kjeldahl
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method) or a solution of pure albumin in saline.

Procedures To 0.1 ml aliquots of standard, test
plasma and blank (saline or distilled water) added
5 ml of biuret reagent. NMixed well and kept for
30 minutes. Read absorbance of test end standard

sgaingt blank at 540 nm.

Total liver protein was estimated by Nesselerisation,

Total liver protein was estimeted in the dry

defatted tissue by microkjeldahl digestion followed by’

Nesselerisation.,

4.

Serum thiocyenate was estimated by the method of

Aldridge (1944).

Reagentg:

Ferric nitrete reagent = 100 g Ferrie nitrate 9H,O +
200 w1l of 65 per cent HNO3 are dissolved in 1000 ml

water.

Thiocyanate stendard - 20 mg Ammoniuvm Thiocyanate
wag dissolved in distilled water (100 ml) - 20mg/
100 ml or 200 ug/ml.
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Agsay: Separated the plasme from 5 ml of blood by
centrifuging the blood collected in a fluoride or
oxalate test tube for 15 minutes. Removed the

supermatant plasma with a capillary pipette.
To 0.5 ml of plasma add 5.0 ml of ferric nitrate

reagent. Mixed well reed at 460 mm. The colour was

gtable for 1 hours

5. Dxtraction of tigsuesg for lipid estimation:

a) Extraetion of serum:

The serurm wags extracted according to the procedure
of Foleh et 21. (1957).
'n’ ml of the serum sample was edded dropwise to 5 'n’
volume of methanol in a stoppered tube.. To this 5 'n'
volume of choloroform was added so that the proportion
of chloroform to methanol was 2:1 (V/V). It was filtered
and the residue was washed with chloroform: methanol at

least three times,

To the filterate, 0.02 per cent calcium chloride
(20 per cent of the total volume of the extract) was sdded
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in e stoppered tube, mixed vigorously and allowed to

stand for SQme time. The agueous upper phaselwas‘removed
with 2 pasteur pipette and the lower layer was washed

three times eech time with 5 ml of chloroform: methenol:
caleium chloride solution (%:48:48 va).l The washed

lover layer éf chloroform was evaporated to dryness and
the residue was dissolved in g known volume of chloroform
(1 ml of serum coresponds to 25 ml of chloroform solution).

Pror this, aliquots were used for lipid analysis,

b) Extrasction of liver for lipid estimation:

The tissue wes homogenised with washed, powdered
glass end extracted with chloroform: methanol (2:1) and

processed ag described for serum. 0.25g of the tissue

corresponded to 25 ml of the extract in the case of liver.

Ll

Fatimation of Cholesterol:

Total cholesterol was estimated in the tissues
by the method of Abell et gl. (1952),

Reagents:
1) 33 per cent Potassium Hydroxide (KCH)

2) Absolute ethanol.
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%) Ethanolic KCH - 6 ml of 3% per cent KOH in
. water was added to 94 ml of absolute ethanol.

4) Petroleum ether (60 — 80°C) (AR).
5) Colour reagent - 20 ml of acetic anhydride was

cooled in ice.

1 ml of concentrated sulphuric scid was added

t0 this with sheking.

1% was agein cooled for 10 minutes and 10 ml of
glacial acetic acid was added and allowed to attein

room temperature, .

An aliguot from the lipid extract was pipetted
out into a glass stoppered centifuge tube and evaporated'
+t0 dfyness. 5 ml of ethenolic KOH wes added, stoppered
end was sheken well. It was then warmed in a water bath
at 37-40°C for 55 minutes. After cooling to room tem-
perature, 10 ml of petroleum ether (60-80°C) was added
end mixed. 5 ml of water was added to this and shaken
vigorously for one minute., It was then centrifuged ét
a lov speed for 5 minutes. 4 ml of the petroleum .ether
layer was pipetted out into a test tube and evaporated
$0 dryness at 60°C, A standard (2mg cholesterol/ml) was



also treated in the same manner, 6 ml of colour reagent
was added t0 each tube and kept at 25°C after thorough
shaking. 6 ml of colour reagent was taken as the blaﬁk.
After 30-%35 minutes, the optical density ﬁas read at 620nm.
Antithyroid action of casseve was further

assessed by con&ucting.feeﬂing trials with protein and
iodine free cassava diets as well ag feeding trizls with
diets supplemented with‘iodine ang §rotein. After the

preliminsry study Manihot esculenta Crantz variety M-4

of cassava was gelected and a feeding experiment was

econducted for 90 days on rets,

Male albino rats (7 Sprague = Dawley strein, weight
40-50 g) were-divided into 5 grecups of 6 rats each and
fed M~4 variety of cassava in the cooked form. The rats

were divided into the following groups:

Cassava 2lcone

Group I

Group II Cassava + Iodine
Group IIT -~ Cassava + Protein
Group IV = Cessava + Iodine + Protein

-

Group V

Contxrol dies.

Three rats were housed in each cage with wire

mesh flooxrs.



The diets used hed the following compogition:

Ingredients

Group I  Group II Group II1 Group IV Group V

Cassava (g)
Variety
Porm
#*Dextrin(g)
Skim milk(g)

Groundnut
0il (g)

Vitamin
nixture(g)

Mineral
nixture(g)

69 185 69 085 30 -4 30 04 -

M—4 M4 M- M=4 -

Cooked Cooked Cooked Cooked -
- = - = 20 .4
1%5.15 13.15 **¥52 .0 *%#52 .0 ®##50 .6
4.0 4-0 4--0 4-0 4--:0
*4%¥4.,0 L 0 ®u%4 .0 4.0 40
100 100 100 100 100

¥  Group I (control diet) contains Dextrin

instead of Cagsava.

**_ In Group III, IV and V 20 per cent of

protein was provided which is therecommended

allowance of protein for rats while in
Group I and II (low protein diets) protein
was provided only for existence.

was fed with 15 g of diet (Fig.IV)

Bach rat

##% In Group I and Group II1 the mineral
mixture does not contain potassium iodide.

Water was provided ad libitum.



Fig, 17. Weighing of the diet.
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The rats were maintained on the respective diets

for 90 days. At the end of this period weights were

recorded and they were deprived of food overnight,urine

semples were collected (Fig.¥). The rats stunned by a

blow at the back of tbe neck and killed by decapitation.

The blood
out. The

wag collected and kept for the serum to .separate

tigosues were removed to ice cold conteiners for

the following estimations,

1.
2.

Weight of different tissues were recorded.

The rhodanese enzyme activity in liver, kidney
and spleen were egtimated by the method of
S6rbo (1953) as described earlier.

Total liver protein was estimated by neese-
lerisation as described earlier.

Serum and urinary thiocyanate were estimated
by the method of Aldridge (1944) as described
earlier.

Liver and Serum cholesterol were estimated by
the method of Abell (1952) as described earlier.

Serum protein bound iodine was estimated by the
method of Foss et al. (1960) as described below.

10 per cent Zinc sulphate (fresh) solution
Dissolve 100g of ZnSo4, 7H20 in water and make
upto 1 litre. '



Pig. V. Rat housed in metabolic cage.



2. Sodium Hydroxide, 0.5 N
3. Potagsiun Hydroxide, 2 N

4, Sodium Arsenite 0.1 N, 6.50 g per litre or
disgolve 4.95 g of Arsenious oxide in 25 m}
of godium hydroxide and make t0 a litre with
water.

5. Sulphuric acid - Hydrochloric acid mixture.
Pour 98 ml concentrated 32304 into about %50 mi
digtilled water, cool, add 27 ml concentrated
HC1 and meke t0 500 ml with water.

6. Ceric Ammonium Sulphsaste - this should have an
extinction as the standard blank of about 0.8.
Foss et al. (1960) used 12,65 g of the dihydrate
¢e2 (804)3, 2(NH4)2 804, 2H,0 per litre in 1.6 N
sulphuric acid but the exact concenitration may be
a little different from this and should be deter-
mined.

T. Iodide standards - Dissolved 130.8 mg of potassium
iodide in water and made upto 1 litre. These
solutions contain 100 micrograms of iodine per ml.
Prepared a more dilute stock solution by diluting
2 ml of thig to one litre.

The standards should be prepared for use at least
weekly by diluting 10, 20 and 30 ml of the dilute stock
soluﬁion to 100 ml with water. These now contain 0.02,
0.04 and 0.06 ug of iodine per ml. All these solutions
should be kept in the refrigerator.
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Procedure; Measured 1 ml of serum into a pyrex centrifuge
tube (125 x 15 mm), diluted with 7 ml of distilled water
and added 1 ml of 10 per cent zinc sulphate. Mixed with
a narrow gless rod (zbout 2 mm in diameter), added 1 ml
of 0.5 N sodium KRydroxide and mixed well. Removed any
materisl adhering to the-;od by rotating it against the
inner wall of the tube allowed to stand about 15 minﬁtes
then centrifuged for 10 minutes at 2,000 rpm. Decanted
the supernatant fluid, Added 10 ml of distilled water
and resuspended the protein precipitate with the stirring
rod already used. It was not stirred vigorously but Bniy
sufficiently to obtain a uniform suspension. Centrifuged
again end discarded the supernatent fluid. Carried out
two further washings in the seme way. After finally
pouring off the supernatant added 1 ml of 2N potassium
hydroxide znd stirred with the seme stirring rod. Washed
down the rod with 0.5 to 1.0 ml of water added drop by
drop down the rod. Placed the tubes. overnight in an oven
at 100-105°C to drive off water. After thorough drying,
ashed in a mufflé furnace. Placed in the furnace cold
with the oven door closed and no draught during the heating.
Vapour containing iodine forms during the latter part of
the heating up and conditions simed to keep this in the
tubes. Heat at 660°C., Brought t0 this temperature
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in 30-45 minutes. Heated for one hour. Opened the door

at 5, 24, 45 minutes after reaching 600°C. Then removed
and allowed to cool to room temperature., Added 10 ml of
water and stirred well with the glass rod, removing any
material from the walls of the tube, centrifuged for 10
minutes. Pipetted duplicete 4 ml portions (equel to 0.4 ml
serum) of the clear supernatent fluld into pyrex test tubes.
To each added 0,5 ml of arsenite and then slouwly 1 ml of
the sulphuric acid, hydrochloric acid. Mixed and placed
the tubes in a congtant temperature bath at 37 + 0.1°C for
10 minutes, Warmed the ammonium sulphate in the same way,
then at 1 minute intervals added 1 ml of this to each of
the tubes, mixed quickly by flicking with the fingers. At
a fixed time which varies with the reagents but is in the
period 15-20 minutes and which gives a fall in extinction
from about 0.8 to 0.2 with the stromgest of standards read
the extinction at 420 mm in en SP 600 spectrophotometer or
similar instrument. Ren a reagent blank in duplicate with
each set of tests using 1 wml of water instead of 1 ml of
serun put through the entlre procedure., To the stendards
add 0.4 ml 2N potassium Bydroxide end proceed with the

addition of arsenite etec. as for the test.

Statistical analysis was. done using student's ‘'t°

test (Bennet and Franklin: (1967)).
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RESULTS AND DISCUSSION

A. The antithyrolid action of cassava is influenced
by the hydrocyanic acid present in the tubers.
Therefore to assess the antithyroid action of

cassave the following experiments were plauned,

1. Estimation of hydrocysnic acid (HCN) content

in different varieties of cassava.

Table 1 presents the hydrocyanic acid content

of fresh casseva tubers that are commonly used in Kerala,

Table 1. Hydrocyanic acid content of six wvarieties of

cassava.
Hydiocyanig acid/
content + SEM ng
No. Variety 100 # (fresh Per cent
welght basisg)
1 M-4 15.81 * 0.49 15 .81
2 H~-165 28.1 * 0.70 28.1
3 Kalikalan 17.34 + 0.50 17.34
4 Panniyur 18.29 + 0.54 18.29
5 Nyarukku . 17.63% + 0.51 17.63
6 Pravuvella 18.58 + 0.57 18.58

Mean of three determinations.
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As reveagled in the table there was cénsiderable
difference in the hydrocyanic seld content of the
freshly peeled verieties among which H-165 rated most
bitter due to its high hydrocyanic acid content (28,1
ng per cent). M~4-had the least hydrocyanic acid.
content (15.81 mg per eent) which made it more accept=-
able for consumption. Hydrocyenic acid content of the

other popular verieties like Kalikalen, fanniyur, Nyerukloa

and Prevuvella were in betﬁeen the former and latter

varieties (17.34, 18.29, 17.63 and 18.58 mg per cent

respectively) (Fig.Vl). It is generally agreed that
the zmount of hydrocyanic acid in cassava tubers
varied greatly due to a number of factors including
the veriety of the cessava and environmentel conditions
under vhich it was grown (Bourdoux et gl. (1982) and
ARC (1967 and 1969)). In the utilisation of cassava
ag food, the high hydrocyanic acid content is very
detrimental as it imparts residual bitter taste even
after cooking. However tubers with high hydrocyenic
acid content can be used for the menufacture of indu-
strial starch and sterch derived products like
adhesives.
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2. Bffect of cooking on hydrocyanic acid content of

different varieties 0f cassava.,.

Table 2.1 presents the effect of baking on |,

hydrocyanic acid content of M~4 and H-165 varieties.

Table 2.1. Effect of baking on hydrocyanic acid '

content of cassava.

" Tempe~ Hyglrocyailic )
o, Variety rature acid content  Yer cent
+ SEM mg/100 g

1 M4 Fresh 15.81 + 0.49
60° 17.1 % 0.58 8.16
105 ° 10,714 + 0.25 ° 35.86
165° . 2,21 + 0.04 8.0

2 H~-165 Fresh 28.1 + 0,70
60° ' 30.1 + 0,90 Tl
105° 18.5 + 0.59  34.2
165° , 8.'23 + 0.18 70.-7

—— — — - — — e

Mean of 3 determinations

In both M~4 and H=-165 varieties, slight heating

(60°C) produced an increase in the hydrocysnic acid

A
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cohtent due to the loss of water (8.16 and 7.1 per cent
increase respectively). At 105°C in both varieties
however about 35 and 34 per cent of the initial hydro-
'cyanic acid content wes lost, and at 165°C about 86

pef cent of the initial hydrocyanic acid content in
M-4 variety and about 70 per cent in H-165 variety

wasg reléaéed. This finding is in line with the results
obtained by previous studies conducted by Vimalakumari
et gl. (1980) where theré was 82 per cent loss in
hyérocyanic acid content while bzaking at high tempe-
ratures. These latter temperatures were chosen becaﬁse
they exceeded the decomposgition temperéture reported
for linemarase a2t 72°C (Joachim‘and Pendittesekere
(1944 ) and linemarin et 150°C (Cerighelli, 1955).

Such temperatures however are néver achieved by the

traditional cooking methods of cassava.

Table 2.2 presents the effect of grilling
on hydrocyanic acid content of M-4 and H-165

varieties.
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Table 2.2. Effect of grilling on hydrocyanic' acid

content of czssava.

0 e ik e A S - -

Hydrocyenic acid

Varieby Ireatment eontent + SEM - Per cent
(mg/100 &) L
M=-4 1 Fresh 15.81 + 0,49
. 2 Grilled 8,26 + 0.21% 47.75
H~165 1 Fresh 28.1 + 0.7
2 Grilled  11.32 + 0.33%% 59.72

- — - . Ot W o e

Mean of 3 determinations
a=p< 0,01

Group 1 ig compared to Group 2 in each variety.

'$' value for table 2.2

t between groups t valué
M4
1 ang 2 14,16
1 ang 2 21.68

As depicted in table 2.2 during grilling of M-4
variety, 47.75 per cent of initial hydroeyanic acid

content was lost while for H-~165 the reduction is



59.72 per cent.
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Reduction in hydrocyanic acid

content while grilling was found to be significant

in both var;eties.

Table 2.3 presents the effect of boiling on

hydrocyenic acid content of M-4 and H-165 varieties.

Table 2.3, Effect of boiling on hydrocyanic acid

content of cassava.

‘Hydrocyanic acid

Variety Treatment content * SFEM Per cent
(mg/100 g)
M=-4 1 Uncooked 15.81 + 0.49
2 discerding a
cooking water ©6.93 + 0.22 56.2
3 cooked with
enough water 14.84 + 0.43 6.1
H-165 1 uncooked 28,1 * 0.7
2 disgcarding a
cocking water 16.0% * 0.45 43.0
3 cooked with
enough water 26.95 + 0.65 7.3
Mean of 3 determinations.
Group 2 and 3 were compared with Group 1

In each variety.
a=p< 0.01.
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‘%' value for table 2.3

t between groups t value

-—— - - o —

s
1 ang 2 16,53
1 end 3 .49

H=~165 '

. 1 and 2 14.50
1 and % 1 .20

. The free hydrocyenic acid éontent of fresh tubers
were rapidly removed in boiling water. In M-4 variecty
the hydrocyanic acid content was reduced to 6.93 mg
per cent and in H~165 variety 16.03 mg per cent, when
cooking water was removed and ﬁhis-reduction in hydro=-
cyanic acid content was found to be gtatistically
significent. WYheress there was no significent change
in the hydrocyanic acid content of cassava cooked
with just sufficient water without discarding cooking
water in both M~4 and H-165 varieties. GTarlier
reports of hydrocyanic acid losses through boiling
were quite variable logsses of 9 to 100 per cent by
Raymond et al. (1941) and Paula and Rangel (1939),
50-80 per cent by Joechim and Pandittesekere (1944)

and Pieris gt gl. (1974) and logsges of 10 per cent
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by De Bruijn (1971). The percentage loss of hydrocyenic
acid by the boiling and discarding method was found
Thig is the traditional cooking

In Kerala, it

to be 80 per cent.
method adopted for cooking cassava.,
can be assumed that on an average 50 per cent of the
hydrocyenic acid content from the cassave varieties

wvere removed before consumption.

Table 2.4 presents the effect of sundrying on

hydrocyanic acid content of M-4 and H-165 varieties,

Table 2.4. Effect of sundrying on hydrocysniec acid

content of cassava.

-

Hydrocyznic acid Per cent

Veriety Treatment content + SEM
(mg/100 &) Gain Loss
M-4 1 Raw 15.81 2 0,49 "fz =
. 2 Raw sundrying 17.8 * 0,52 12.58 =

% Boiling and 4.1 +0.12% - 74 .1

sundrying
4 Steaming and '~ a
. irying 575 hd (')717 65.2
H-165 1 Raw 28.1 + 0.7
% Boiling and _ a
4 Steaming and a ‘
sundrying 11.3 + 0,33 - 60

Mean of % determinations.
Groups 2, 3 and 4 were compared with Group 1

in esch variety.
a=p< 0.01.
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1

'$' value for table 2.4

- -~ ———

t between groups -t value

ws o »
1 end 2 ~2.78
1 and 3 23,21
1 and 4 19.87
E~165 | o
1 and 2 1.77
1 end 3 21.97
1 end 4 21 .70

It was observed that 'there waé en increase in
the 'hyd;rocyanic acid content in both varieties when
"sundried. In M~4 wvariety the increase was 12.58 .
per cent where as in H-165 variety the increase was
7 per cent. The main effect of drying was the removal
of water from the roots. Consequently a lerge part of
the hydrocyanic acid remained in the roots and the
apparent increase in hydrocyenic acid content resulted
only from disappearance of water., Bourdoux et al.
(1982) also observed an increase in the hydrocyanie

acid content of the roots dried for 1-2 days.
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There was a significant decrease in hydrocyanic
acid confent when the roots were boiled for 3 minutes
and then sundried. In M-4 variety about 74 per cent
of the initial hydrocyasnic acid was lost and in H-165
the reduction was about 62 per cent. FPaula and Rangel
(1939) hed found that steeping in boiling water for
short periods before sundxrying could reduce the hydro-
cyanic acid content to a2 considerable degree espe-
ciglly if the root was grated as well, It is one of
thé most populer methods of processing cagsava for
‘

storage purposes which is usually known as "Vattukappa'

in Keralé.

Again by steaming end sundrying, there was con-
giderable reduction in the nydrocyanic acid content
in both varieties and the results were comparable to
boiling and sundrying. Rezafimeherry (1953) reported
that the Madagascer food product 'bourncka’ which was
prepayed from gteamed sundried cassave product was

free of hydrocyanic acid.

Table 2.5 presents the effect of steaming on
the hydrocyanic acid content of M-~4 and H=-165 varieties.
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Table 2.5. Effect of steaming on the hydrocyanie

acid content of cassava.

- - v

Hydrocyanic aecid

. No. © Variety content + SEM Per cent
_ (mg/100 g) '

1 M=-4
1 rav 15.81 + 0.49
2 steamed 4.9 + 0.09% 69

2 H~165
1 raw 28,1 + 0.70
2 stepmed 8.1 # 0,16% 71

Yean of 3 determinations.
Group 2 was compared to Group 1 in each variety.
a=p< 0.01

't" walue for table 2.5

- et

t between groups t value
M4
T and 2 21.83%
H-165%

By steéming ,She hydrocyanic acid content in M-4
variety was reduced significantly to 4.3 mg per cent

and in H-165 variety 8.1 mg per cent. In Kerala and



Sri Lanka, traditional breakfast preparations such as
pittu, hoppers and string hoppers (Idiaﬁpaﬁ)'are also
prepared from cassava by steaming which will detoxify

most of the hydrocyenic acid present in them.

Teble 2.6 presents the effect of sogking on the

hydrocyanic acid content of cassava.

Teble 2,6. 2ffect of sosking on the hydrocyanic ecid

content of cessava.

Soaking Hydrocyanic acid content mg/100 g * SEM

f§§§§§ . _M-4 per cent H-165.per cen
0 15.81 + 0.49 28.1 + 0.70
1 735 * 021 53,5 17.1 x 0,44 39.14
2 5.48 * 0415 65.3 15,17+ 0.33 53,13
3 3.11 4+ 0:07 80,3 8.76+ 0,18 68.8
4 1.04 + 0.02 93.42 4.13+ 0.08 85.3

Mean of 3 deteruinations

To explore the effects of soaking on detoxifi-
cation the remaining hydrocyanic acid content of roots
gogked for 1-4 days was measured. Soaking for only



one day released 53 per cent of the initial hydroeyanic
acid content of M-4 variety and 39.1 per cent in H-165
variety. The release was gradual and soaking for

4 days decreaged- the hydrocyanic acid content by about
9%.4 per cent in M-4 and 85.3 per cent in H-165,
Soaking for more than 5 deys was tested but the roots
decomposed entirely., Similer results wefe obtained

by Bourdoux et al. (1982) and he observed that the

low hydrocyenic acid content after 4 days of sozking
was actually due to the release of the linamarin
originally present and not a result of the deactivation

or release of the enzyme.

Table 2.7 presents the effect of soaking and
gundrying on hydrocyanic acid content of M=4 and H-165

varieties.

Table 2.7. Effect of sosking and sundrying on the

hydrocyanic acid content of caasava.

Soeking and Remaining hydrocyenic acid content (mg/100g¥y+SEM

sundrying -
period(days) M=4 per cent H=-165 per cent

0 15.81 + 0.49 28:1 + 0470 .

1 5.14 + 0.13 67 .48 13.85 * 0.30 50 .71

2 3.27 + 0.07 79.32 9.41 + 0.19  66.51

3 1.98 + 0.04 ‘B34  %.14 + 0.08 85.26

4 0.905% 0.02  94.27 2.76 + 0.07 90.17

Meann of % determinations.
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The effect of gosking end sundrying as a
_gg;oxificatipn procedure was studied. It was
found that the hydrocyenic acid content of M=4
roots soaked for only one day and then sundried
was deq;eased to about 67.48 per cent while thab
of H-165 decreased to 50,71 per cent. The hydro-
:cyaniclgci§>confent decreaged es the sosking period
ingreased and by the end of 4 days soaking, the
dried preoducts of ﬁr4 variety lost about 9%.42
per cent of the initlal hydrocyeniec acid and of
H~165 variety 85.3 per cent of hydrocyanic acid
was lost.‘ In this coniext sosking and sundrying
may bhe regarded as the most efficient detoxifi-
cation process for cassava. However, this‘method

of detoxification is not popular in Kérala.

Table 2.8 presents the effect of frying
on the hydrocyaniec acid content of 1-4 and

H=165 varieties.
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Table 2.8. Effect of frying on the hydrocyaniec acid

content of cassava.

C : v Hydroeysnic acid:
Variety Treatments content + SEM Per cent
L oo 0 (mg/100°g)

M~4 1. Raw .15.81 +.0,.,49
2 Shellow frying . 9.43 * 0,24% 40 4
'3 Deep. frying 5.80 + 0.12% 62.‘%
H-165 1 Raw 28,1 +0.70

2 Shallow frying 19.8 + 0.47%  '29.5
3 Deep frying 10.81 + 0.24% 61 .5

Méan of % determinstions.

Group 2 and 3 were compered to Group 1 in
each variety.

a=p< 0.,01.
b=p between 0.01 and 0.05.

't' value for table 2.8

t between groups t value

M4
1 and 2 11.7%
1 and 3 19.68
H=-165 '
1 and 2 9.81

1 and 3 2%.16
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In observing the effect of frying on the
hydrocyenic acid content of cassava it was seen
that there was a significant reduction in hydrocyanic
acid content in both shallow fat frying and deep fet
frying. It is 10 be noted thqt in deep frying method,
the percentage loss of hydrocyanic acid from the two
varieties was found to be 62,7 per cent and 61.5
per cent respectively, even though there was wide
_variation in the hydrocyanic acid content of fregh
tubers of these two varieties. From £his it can be
assuned that cassava verieties with high hydroeyanie
acid content can be safely used for the preparafion
of. “chips" which‘is-a very popular snack, in the state.
The effect of the type of fat used for frying was not
studied in the present iInvestigation. But data is
available from Nigeria that the'effect of hydrocyanic
acid doxicity was counteracted by using palm oil in

the preparation of cassava fooeds (Formmyan (1982)).

5. Effect of sddition of different ingredients on

the hydrocyenlc acid content of caasava.



Table 3 presents deta on the influence of some
of the sided meterials while cooking on the hydrocyenic

aeid content of cooked cassava of M=4 and H~165 varieties_a.

Table 3. Effect of added materials on the hydrocyanic

acid content of cooked cegoava.

- - ——

‘Added in- Hyarocyenic acid content(mg/100 g)s+ SEM
No. gredients

M=4 Per cent H~165 Per cent

1 Boiled . ‘ o
cassagva alore 6.9% +« 0,22 .. 16.03 * 0.45 ...

2 Common selt 4.01 + 0.17 42.13 T.52 + 1,26 53.08
3 Cooking soda 3.47 + 0,153 49,92 5.98 + 1.01 62.69
l4 Tomato 3.04 + 0.11 56.13 5,91 » 1.86 63.13
5 Lime juice 1.84 * 0,03 73.44 | 3.48 + 1.41 78.29
6 Temarindpip 1.91 + 0.04 72.44 3.55 +0.08 77.98
7 Vinegar 3.04 + 0,11 56.13 5,74 + 1.75 64.19
8 Honey 2.11 + 0.07 69,55 4.06 * 1.75 T74.67
7 Jrmetlck  3.51:0.14 43.35 6,11+ 2,04 61.88
10 Papaya 2.48 + 0,09 64.21 4,21 + 1.08 T3.74
11 Suger 1.94 + 0.05 72.00  3.78 + 1.01 76.42

Mean of 3 determinetions.



The date revealéd that all the materials added,
that were commonly used for cooking,were'effective in
reducihg the hydrocyanic ecid content. The most common
ingredient aﬁdéd to foods while cooking is common salt,
In the present experiment though it reduces .the hydro=
cyanic acid content, the loss was only 42.1% per cent
inM-4 and in the case of H~165 it was 53.08 per ¢ent,
Acid containing fooﬁs such as lime”juice'anﬂ’tamariﬁd
pulp were found L0 be more effectivo in detoxifying’

hydrocyanic aoid. While using lime auioe with M=-4
variety the loss was 73.44 per cent end in H~165 the
loss was T8 per cent. Thi- was the most effective
oookxng material Whlch reduced the hydrocyanic acid
oontent to e signxficant extent., Dime juice was followed
by the tamarind pulp which 1s usuelly added in curry
Preparations. In M—4 veriety tamarind pulp reduced the
hydrocyanic acid content upto 72.44 per oent and in
H=-165 77.98 per cent. Sugar and honey were also able
to decrease the hydrocyanic acid content, the_loss
being 72 per cent and 76.42 per cent for sugar and
©9.55 per cent and-T4.67 per cent in case of honey for

M-4 and H-165 respectively, Vhile adding papays,
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73.74 per cent of the hydrocysnic was lost for H-165
variety but the loss was only 64.21 per cent in the

cage of M-4 wariety. These results are in agreement
with the observations of Adricens (1946) end Vimela-
kumari et gl. (1980). The added materials selected

for the experiment were ingreﬁients‘generalij used

in ‘the ‘conventional preparations of cassava and hence

it csn be assumed thet the preparations made with

these lngredients mey have less hydrocyanic acid content.

B. 'Assessment ot thg sntithyroid action of cagsavea
was done by conducting feeding experinment with
two varieties (M-4 and H~165) of raw, cooked end
suﬁ dried cassava, The results of the feeding
experiment are discugsed under the following

lines.

1. Gain in weight of rats fed on different forma
of cassava dlets and veriation in weight of

. different tissues.

&9



Table 4..1 « Gain in weight of rats fed 'd:l.'i‘ferenf.

forms of cassava diets.

Veriety Groups® Perticulars Gain in weight(g)+SIM

| Ml
H=~165

Control

1 Cooked
IT ' Raw
IiI Sandried

Iv- Cooked
'y Raw
Sundried
Vi1 No cassave

82,46 + 1.,65%
67.9 '+ 1,83%
63.5 + 1.90%
70.41 + 2,112
68,23 + 1,902
67.88 + 1.83%

94.8 + 2.37

I+

I+

Average of the values from 6 rats + SEM,
Groups I, II, III, IV, V and VI were

compared to @Group VIiI,

a=p< 0.:01

't' value for table 4.1,

t between groups t value
VII ond I 4,27
VII and II 8.98
VII and IV 7.68
Vil and V 8.74
VII and VI 8.99
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As revealed in the table there 'was significant
reduction in the body weight of animals fed different
formg of caséava diets when compared to the control.

The gein in weight of the two experimental groups vere
statistically compared to the control group and the

mogt signifiéant result was found between groups fed dried
cassava (i M-4.) end control, followed by Group V and

II.. All these three groups contained Be-d., variety opr Hles
cassava which was the bitter variety.-‘ﬁmong the three
forms of cassavao diets, weight gained by the animals

fed cooked cassave was maxinum followed by raw cagsava
diet and lastly by sundried cagsava. Similar jrends

were shown wheﬁ ﬁwc varieties of cagsava in three forus
were fed compared to the . .comkrol .. - .. group... The
weight geined by thejanimale in the control group was
highest, The difference in weight gein could be due to
protein deficiency. In the experimental groups, 12.5

per cent protein was supplied wheress the recaommended
allowvance for rats was 20 per cent (NIW, 1983). The
recommended allowance of 20 per cent proivein was included
in the control diet. In addition to a protein : deficient

diet, the presence of cyanogeniec glvcogides in cassava
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would cause further protein deficiency because sulphur
containing amino acids such as mef,hioni.ne end cysteine
are éilready deficiclznt in caésé.va and they are required
for cyéni@e deﬁ'oxification (Geevarghese, 1983). This |
may be the reason for the llow weight gein in rats fed

on different cassava based diets.

Table 4.2, Tissue weights(g) of rats fed different

forms of cassava diets.

Tissue weight(g)+ SEM

Variety Group Parti- -
culars TLiver Kidney Spleen
M=4. I  Cooked 5.24+0.17% 1,.8410,4% 0.69+0.003
II Rav 4.9920.11% 1.65+0.23 0.6520.001%

111 -
o Sl 5.1130.14%  1.7820.21 0.670.010
H-165 IV Cooked 5,1540,15% 1,7320.84 0,675+0.028

Vv  Raw 4.7740.09% 1.54+0.03%0.64120.002%

" Sgﬁiea 5,08+0,13% 1.6240.01" 0.6620.007%

Control ViI No ca-

ocown 7-1830.25  1.9920.04 0.700.007

-—— -

Average of the velues of 6 rots ¢ SEM,

Groups I, 11, III, 1V, V and VI were
compared to Group VII.

=p< 0.01.
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't' value for table 4,2.

t betweenl b Yalue

groups Iiver Kidney Spleen
VII and I 6.417 0.347  1.313
VII and II 8.018 1.456 7.071
ViIi end I1I T.224 . 0.045 2.458
VII end IV 6.96% 0,309 1,039
VII and V 9.070 3.000 8.104

. VII end VI T»452 0.228 4.041

As revesled in Table 4.2 weights of the liver in
the test diets were significantly lower than that of
the control group, The group which was fed cooked M-4
variety was ranked next to control. This group wes
followed by the group fed cooked H-165 variety. 1In
both the varieties sumdried cassave groups gave better
results when compared to the grﬁups fed raw cassava.
However the weight of the liver tissues of all the
experimental groups were significantly lower (at 0.01

level), compared to the control group.

The difference in the weight of kidneys of the
experimental groups and control group was not significant

except for Group V. which was fed < 28wW:1 H-165 cassava.



Among the three test groups, in both the varieties,
gain in weight was highest for groups fed cooked cassava
followed by groups fed sundried cassava and raw cassava.
Similar trend was observed in the gain in weight of liver

tigsue also,

The weights of the spleen of animals belonging
to groups fed raw M—-4 and H-165 verieties as well as
sundried H~165, were significantly lower than the control
group. The trend in weight gain of spleen was similer

to the results observed in the case of liver and kidney.

The difference in weight gain especially in the
case of the liver is probably due to protein deficiency
since only 12.5 per cent of protein was provided in the
experimentel groups whereas the control group was given
the recommended quantity of proﬁein. Another notable
point in this context is that the cassava itself is
deficient in sulphur containing amino groups which are
required for the detoxification of hydroeyanic acid to

thiocyanate in the body.



2, Rhodanese enzyme sctivity in liver, kidney

and spleen.

The prineipal detoxification pathwsy of hy-
drocysnic acid in the body was controlled by rhoda-
nese or thiosulphate cysnide - sulphur transferase,
which catalyses the reaction by favouring the
trensfer of sulphur atom, coming from a donor
(thiosulphate, persulphide) to a nucleophilic
acceptor (cyanide ion). Thiosulphate (5203-") was
formed from sulphur containing emino acids

(Lang! 1933) .

——

5,05 + CN_ rhodanese SCN =+ 505
—_—

The activity of the enzyme rhodanese in
different tlssues of experimental animalg fed
_ different cassava diets was assessed and the

details are presented in Teble 5 and FPig.VII.

83
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Table 5; Activiﬁy of enzyme Rhodanese in liver, kidney

end spleen of rets fed different forms of

cassave diets.

Parti-.

Rnodenase activity (R.U) + SEM

"Liver Kidney " Spleen

Variety Group ..4..o
M=4 I Cooked
i1 Raw
TI1 Sun-
dried
H=-165 1V Cooked
v - Raw
Sun~
dried
Control VII  No ca-
) ssava,

0,41720.004 0,39120.00 0.4520.018
0.50140.005° 0.41 40.02 0.48+0.007
0.51 $0.005% 0.42 +0.08° 0.4940.008
0.57120,001%.0.41 20.10° 0.,4740.005
0.58 #0.010% 0.48+ 0.05 0.51+0.04

0.58 +0.011% 0.48 +0.04% 0.49+0.056

0.48 +0.004 0.38 20,01 0.45+0.08

Average of the values of 6 rats + SEM

Groups I, 1I,
asp< 0,01,

III, IV, V and VI were compared %0
Group VII.

b=p between 0.01 and 0.05,

't'

value for Table.5.

W

t between groups Tive

t_value
r Kidney Spleen

ViI and I 1.46 1.007 0.0
ViI and II 3.27  1.342  0.37
VII and III 4,57 % .265 0.49
VII and IV 6.15 3,134  0.25
ViI end V . B.15 1.821 0.67
VII and VI “

8.15 4.12% 0.41




83

RHODANESE aAcTIVITY (R.U)

FIG., VI GRAPHICAL REPRESENTATION ©OF RHoDANRESE

ACTIVITY N LIVER,KIDNEV AND SPLEEN
OF RATS FED DIFFERENT FORMS QF
CASSAVA DIETS,

o ek @ S e . g e e

Jp——
et —

e
,
—-"/
/,__.___,.._—-"‘--._. ._/
/4/ ""'-.._____ P
g
s
s
7
—————— - — LIVER
KIDNEY
e e s SPLEEN
——
——
.J? .

SROUP

Ky




86

As revealed in Table 5, compared 10 the control
group there was slight increase in the activity of the
enzyme in groups fed cassava diets. The activity of
the enzyme was found to be more in groups fed sundried
~ cassava vhich had the highest hydrocyesnic acid content
in both the varieties. Among the experimental groups
the enzyme activity was lowest in groups fed cooked '
cassava diets of both varieties, probsbly becemse the
detoxification of hydrocyanic acid occurred during

cooking,

Experircents conducted by Wheeler et al. (1975)
revealed that sulphur conteining amino acids are ‘

egsential for the activity of enzyme rhiodanese.

Among the three ﬁisspes in which rhodanese
activity was estimated, liver was found to have higher
concentration of the enzyme. The results were well
supported by the earlier studies of Auriga and Koj
(1975) which revealed that concentration of the enzyme

wag more in the liver.

The statistical analysis of the results indi-

cated that the enzyme activiiy was significantly high
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only in liver and kidney. Comparison between the two
verieties of cassave also reveesled that the activity
of rhodanese was significantly higher in H=-165 which

contained higher concentrations of hydrocyanic ecid.
3, Total liver protein.

Table 6 presents the values of liver proteins

estimated in rats fed casseva diets.

Table 6. Liver proteins in rats fed different forms

of cassava diets.

- — - — —— - - ——

Variety Groups Particulars Diver proteins mg/g+SIEM

- e s ——— g T i S Sl L ] e

M=-4 1 Cooked 27345 #+ 4.81
11 Raw ' 268,839 * 3.94
11T Sundriea 261.84 + 4.54°

H=165 1V Cooked 270,85 + 4,05
v Raw 269:95 + 5.04

Sundried 208.74 r 3.02

Control VII No cassava 283.30 + 4.85

Aversge of the values of 6 rats + SEH.

Group I, II, III, IV, V and VI were compared
with Group VII.

b=p between 0.01 and 0.05
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'$' value for table 6.

t between groups %t value
VII and T 1.442
VII and II 2305
VIii and III 3.230
VII and 1V 1.970
VII and V 1,909
VII and VI 2.548

From Teble 6 it was found thét the group fed
rew cassava, lM-4 variety had the highest liver protein
value (273.45 mg/g). The group which was fed dried
cassava (M-4) had the lowest liver protein content
(261.84 mg/g). It was significantly lower than the
eontrol group which had a liver protein content of
28%.3 mg/g . Similar results were observed in H-165
baged diets also. Group IV which was fed the cooked
H-165 diet had the highest liver protein content
(270.85 mg/g), followed by Groups V end VI. However
the results were not statistically significsnt except
in Group IIT vhere the diet was sundried M—-4 variety |
of cassava. The slight differences present smong the

groups may be due to protein defieiency of the diet.
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A nutritional factor thet may have been involved in
the goitrogenic action of casseva was the protein ilntake
since the endogenous conversion of cyanide (hydrocyasnic acid)
into thlocyanate required sulphur amino dcids (Ermsns et al.
1972; Oke, 1973; Bourdoux et al., 1980). This may have been
the reason for low liver protein concentration in groups
fed cassava diet with high hydrocyanic acid content. Suiteble
processiné of cassava can help to minimise this effect by
effective detoxification of hydrocyenic acid present.

4., Serum thiocyanate. -

Table 7 and Fig.VIII revealed the serum thiocysnate

levels in rats fed cassava diets.

Table 7. Concentration of %hiocyanaﬁe in serum of rats

fed different forms of cassava diets.

Veriety - Group Particulars Thiocyanate mg/dl
M-4 I Cooked 0.741 % 0.015
11 Raw 0.762 + 0.019
IITI Sundried 0.754 » 0.017
H-165 IV  Cooked '0.82 + 0.025%
V  Raw 0.861 + 0,028%
Vi Sundried 0.845 + 0.026%
Control VII No cassava 0.7 0,014

- < —n g s o -

Average of the velueg from 6 rats + SEM
Groups I, II, ITII, IV, V and VI were compared
a=p< 0.01 ) to Croup VIi

=p between 0.01 and 0.05
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't+' value for taeble T.

t between groups t value
VII and I 2,011 -
VII and II 2.622
VII and III 2.42%
VII end IV 4.239
VII and V 4.977

VII and VI 4,307

As revealed in Table 7, égrum thiocyanete levels
were found to be alightly increessed in rats fed cassava
diets. In both M-4 and H-165 varietics, thiocyenate
level was high in réts fed raw form of cassava thet is
0.762 mg/dl end 0.861 mg/dl respectively. But this '
level de'_creased to 0.754 mg/dl and 0.845 mg/dl when the
feeding was condtceted with dried cassava. However the
results were not signif;cant in the case of groups fed
cooked M-4 cassava énd sundried M-4 cassave. In groups
fed raw M-4, the concentration of serum thiocyenate level,
when compared to control, was increased significéntly
only at 0.05 per cent level. The resulis of feeding
cooked cassava were compareble to that of the control,
indicating-&etoxificaﬁian of cyanide during cooking.
While in the case of H~165 variety of cassava the diff-
erence in concentration of thiocyanate was statistically

significent for all the three groups at 0.01 level.
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The inhibitory action of thiocyanate on thyroid
uptake had been clearly shown experimentally by
several scientists (Delange et gl., i980). The
antithyroid effect of cagsava is éirectly linked_
t0 endogenous ﬁhiocyanate production following
cassava ingestion. The toxicity of casseva
regulted from the degradation of linsmarin and
the concomitent production of cyenide. Sublethal
doses of cysnide activates the body's own mecha-
nisms of detoxification that ensure the trans-
formation of cyanide into less toxic substances
principally thioc&anate. Halmi (1961), Wollman
(1962) and Scranton églg;. (1969)_had shown that
thiocyanate even in low concentrations, would

inhibit the iodide transport.
5. Liver and serum cholesterol.
Table B presents the liver and serum

cholesterol levels of rats fed on different

cegsgave diets,
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Table 8. Concentration of cholestercl in serum and

liver in rats fed diffe;ent forms of cassava

diets.

Variety Groups Particulars

Choiesterol + SEM

Serum nig/100 wl Liver ng/100 g

M4

H-165

Controi

Raw

| Cooked

Sundried

Cooked

Raw

Sundri=a

6%.01
70.11
67.21
65,35
70.96
68.35

Yo casgava 62.92

+ 1.88
+ 2,235°
+ 3.1
3133
+ 2.18°
* 2,13

+ 1,47

360.81 + 5.21
371.55 *+ 3.56
368.44 + 4.21
364 .11 + 3.14
372.98 + 2.22
369.37 + 3.47
359.91 *+ 7.56

Average of the values from 6 rats + SEM

Groups 1, II, I11, IV, V and VI were compared
to Group VII
b=p between 0.01 and 0.05.

'$' value for table 8

VII
Vi1
Vil
VIiI
VII
Vil

t between groups Serzmvalégiver
end I 0.038 0.098
and IT 2.691 1,393
and III 1.247 0.986
and IV 1.216 0.513
and V %3.058 1.659
and VI 2.098 1,137
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The results indicated that there:qas iﬁcrease in
gerum cholesterol levéls in rats fed cassava diets,
vhen compared to the control group, L However the increase
was statistically significant only in the case of groups
fed raw cassava in bothTVarieties. lSimiI@r trends were
shown in the cholesterol content of.liver alsd. But
there vas no signifiqgnt change in the cholésterol level
of liver of all the groups. This may be dune to the low
hydrocyenic acid content in M<4 #ariety and more over
by cooking 50 per cent of the initial hydrocyanic acid
was lost, This result is in 1ine'with the sﬁudy done
on children in Gorskhpur where they observed significent
increase in serum cholesterol values, when severity of

goitre increased (Agearwel et al., 1982).

II. Influence of célorie protein deficiency end effect
of Iodine supplementation on the antithyroid action

of Cassava,

 Antithyroid acpion of cassava was further
agsessed by feeding cooked M-4 diets for 90:days with-
out protein and iodine and supplemented Qith protein
and iodine. The results of this study are discussed

on the following lines.
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1., Gain in weight of rats end variation in weighi{ of

different tissues.

' Table 9.1 presents the gain in weight of rats
fed protein end iodine free cassava diets and cassava

diets .supplemented with iodine and protein.

Table 9.1, Gain in weight of rats fed protein and
iodme free diets and diets supplemented

| with protem and iodine.

Groups - Particulars Gain in weight(g)+SEM
1 Cassava alone ' 163,42 + 3.89°
11  Cassava + Iodine ' 168,91 + 3.52%
IITI  Cassava # Protein 190.54 + 2.58
IV Cagsava + Protein+
~ Iodine 191.93 + 3.76
A No Cassava 192.81 + 3.08

Average of the values from 6 rats + SEM

Group I, II, IXI and 1V were compared to
Group V.

a=p< 0.01.
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't' value for table 9.1

t between, groups b value
V and Il 51
V and III 0.6
V and IV 0.2

As revealed in Table 9.1 thgré was no signi-
ficant difference in weight gain among Groups III,
IV when compared to Group V probebly because the
recomﬁended allowance of protein waé met in the
diets provided to these groups. The gain in weight
was lowest in the group fed cassava alone foilowed
by Group II where cassava was suppleménted with
iodine. Gain in weight of the control group was
significently greater when compared to these 'two
groups. This mey be due to the low protein snd high
cassava levels of the diets of the Groups I and II.
It was also to be noted that the presence of cyanogenic
glycosides in cassavs would cause further protein

deficiency.
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Tablel9.2‘presents the tissue weights of rate

fed protein and iodine free cassava diets and diets

supplemented with protein and iocdine

Table 9,2, Tissue weights of rats fed protein end

iodine free cassava diets and cassava

diets supplemented with=protein and iodine,

Groups Particulars

Liver

Kidney

Tissue weight(g)

e el ) Yy Y PP S Wy o sl =k by

.Spleen

I1
III

v

Cagsava
alone

Cassava +
Iodine

Cessava +
Protein

Cassava +
Protein +
Iodine

No cassava

4.01 + 1.39%

4.25 + 1.87%

5.48 * 2,07

T.47 * 3.21

7.58 *+ 0,16

1.43 2 0.20

1.54 + 0.04

2.01 +0.08

2.21 + 0.06

2.31 + 0.43

1.08 * 0.43
1.17 * 0.05

1.35 + 0.01

1.48 # 0.08

Average of the values of 6 rats * SEM.
Group I, II, III and IV were compared to Group V

a=p< 0.01.
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'$' value for table 9.2

——— s — - — —_——— . . a

t between ____ t value -
groups Liver Kidney Spleen
V and I 4,95 1.86 0.18
V and II 6.25 1.78 0.0%
V and III ~ 1.01 0.69 1.78
Veand IV  0.0%3 0.2% 2.25

! el e W Y W G —— e —

Ag revealed in Table 9.2 the weight of liver
in the CGroups I end IT weze significantly lower than
that of the coentrol group while the weights of liver
of the remaining two, Groups III and IV were comparable
to the control. Protein level of the diet may have

been regponsible for the variastion.

In the case of other tissues like kidney and
spleen, there was slight reductién in the weight of
tissues but the difference was not statistically sig-
nificent when compared to the control. However, the
trend in weight gain of kidney and spleen were similer

to the results observed in the cage of liver.
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2. Rhodenese enzyme activity in liver, kidrney. and spleen.

The major pathway for the detoxiflication of hydro-
cyanic acid infected through cassava was by the action of
the enzyme rhodenese with the production of thiocyanate.
1t utilizes sulphur containing amino acids for its activity.

Table 10 and Fig.IX reveal the activity of the
enzyme rhodanese in different tissues of rats fed protein
and iodine free cassava dlets and diets supplemented with

p:éotei.n end iodine,

Table 10. Activity of the enzyme rhodanese in liver, kidney
and spleen in rate fed protein and iodine free
cassave diets and cassava diets supplenented with

protein and iodine,

L L Lad ——— -

Rhodanege activity (R.U)+SEM

Groups Particulars

Liver Kidney Spleen
.
I Cassava alone 0.48 + 0.008 0.348 *+ 0.014 0.458 + 0.081
I1 Cassava+lodine 0.499+ 0.012 0.355 *+ 0.01 0.462 + 0.101
IIT  Cassava+Protein0.534+ 0.012° 0.428 + 0.091%0.545 + 0.052

IV Cassavedodines, 51 4 0,010 0.401 £ 0.007%0.512 2 0.02°

v No Cassave 0.49 # 0.009 0.341 * 0.008 0.456 + 0.071

Average of the values from 6 rats + SEM

Group I, II, III and IV were compared to Group V
=p < 0.01

b=p between 0.01 and 0.05
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"' value for teble 10. .

t value

t between groups = .
Liver Xidney Spleen

V and I 0.83 0.43  0.02
V and II 1439 1.09 0.05
V and III - 2.89 7.95 7.73
V ang IV 2.59 5.64  4.13

U S vt

As reveeled in Teble 10, the activity of the
enzyme rhodanese was found %o be bigher in all the
test groups except in Group I for liver which was fed
cassava alone. The rhodanese activity waes signi-
ficantly higher in groups fed protein supplemented
diets., The rhodanese activity was significantly
higher at 0.01 level in Kidney end spleen, while in
the case of liver the significance was at 0.05 per
cent level. The increésed activity of the enzyme
may ﬁe due to the presence of ﬁrotein in the diet.
Since'proiein thus availaeble would be utilised for .
the detoxification of hydrocyanic zcid to thiocyanate.
In protein free casseva diets (Groups I and II) the
ectivity of the enzyme was low due t0 the absence of

protein. Experimentally it has been proved that
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protein deficiency protects ageinst the entithyroid
action of cassava by reducing the quantity of thio-
cyanate arising from hydrocyanic acid (Tewe, 1976).

It has also been shown experimentally that the
presence of protein deficiency impairs the development
of goitre due to a goitrogenic diet (Aschkenazy et al.,
1962, Cowan and Mprgossian, 1966 and Shrader e} gl.,
1977,

3. Total liver protein in rats fed protein and iodine
free cassava diets and casseva diets supplemented

with protein and iodine.

Teble 11 gives the liver protein concentration
in rats fed protein and iodine free cassava diets and
cassave diets supplemented with protein and iodine.
Table 11. Liver protein concentration in rats fed

protein and iodine free cassava diets and

cassava diets supplemented with protein
end iodine.

Groups Particulars Liver protein mg/g+SEM
I Rassava alone 198.99 + 7.56%
II  Cassava+lodine 200:82 + 8.03%
IIT  CassavatProtein 291.3 * 9.90

Iv Cassavéf?rotein+Iodine 294.5 * 8,25
v No cassava 294.8 +10.42




Average of the values of 6 rats + SEM
Group I, II, III and IV were compared to Group V
a=p< 0,01

'$' value for table 11

t between groups t value

V and I 7.68
V and II T37
V and IIX 0.45
V and IV 0.25

As depicted in Table 11, liver protein was
found to be significantly lower in groups fed
cassava diets without protein in Group I and II
while liver protein content of Groups III and IV
were comparable to0 the control group. The low
liver protein concentration in Group I and II

nay be due to0 2 protein deficient diet.
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4. Serum end urinary thiocyanate levels in rats fed
protein and iodine free cassava diets and cassava

diets supplemented with protein and iodine.

Table 12 and Fig.X) present the serum and urinary
thiocyanate levels in rats fed protein and iodine free
' cassava diets and dlets supplemented with protein and

iodine.

Table 12, Serum end urinary thiocyenate levels in rats
. )}

fed protein and iodine free cassava diets and
cagsave diets supplemented with protein and

iodine.

Thiocyanate mg/dl

Groups Particulars

Sexrum Urine
I Cassava elone 0,752 + 0,017 1,064 + 0.029
I1 Cassavarlodine 0.721 *# 0.025 1.034 + 0,032

I1I  Cassava+Protein 0.755 + 0.031 1.08 + 0.029

IV Cagsava+Protein+ 0.732

Iodine X 0.019 1.034 + 0.041

Average of the values of 6 rats + SEM
Group I, II, III and IV were compared to Group V.
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't+' value for table 12

t between __t valus
groups Serum Urine
V and 1 1.331 1.149
V and II 0.03% . 0.49
V and III 0.98 1.489
Vand IV 0.47 0.54

i

As ?evealed in Table 12, serum end urinary

' thiocyanafe level was found to be higher-in all the
test groups, compared to control group, However the
variation was not stavistically significant. 1In
Group I11 where. cassava diet supplemented with protein
elone was fed, the serum end urinary thiocyanate
levels were the highest among the test groups. This
nay be due to the increased activity of the enzyme
rhodanese as reported in Table 12 in the present study.
Studies conducted by Wheeler et al.(1975) and Barrett
et al. (1978) had revealed that in the presence of
sulphur containing emino acids, this enzyme is res-
ponsible for the conversion of hydrocyenic acid to

thiocyanate. Earlier studies conducted by Smith (1961)
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¥

haed already proved that thiscyanate, the product of

. this pethway of Qetoxificafiéﬁ was eliminated from
the body mainly through excretion in urine. Probably
the higher level of uwrinery thiocyanate in Group III

may. be because of this detoxification pathway.

In Group II where basséva diet was supplemented
with iodine alone, the serum and urinery thiocyanate
levels were nearerlto the control values suggesting
that a cassava based diet did not necessarily result
in {the development of goidtre, provided fham the iodine

intake ‘was high enough,

In Group'I where there was protein and iodine
deficiency 2gain, there Qas increase in the seruvm and
urinary thiocyanate level and the values were nearer
to the ones atteined in Group III. ﬁowever in this
case, the increased level of serun and urinary thio-
cyanate may be due to0 protein deficiency sinee in
protein calorie malnutrition, plasme iodine is in-
creased through a reduction in thyroid uptake and

kidney clearance (Benmiloud et al. (13982).
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5. Liver end Serum cholestercl of rats fed protein
and iodine free cassava diets end cassava dliets

supplemented with iodine and protein.

Table 13 presents the liver and serum chole-~
sterol levels in rats fed protein and iodine free
cassava diete and cessava diets supplemented with

ilodine and protein.

Table 13, DLiver and 'serum cholesterol levels in rats
fed protein and iodine free cassave diets
and cassava diets supplemented with protein

and io&ine.

Cholesterol * SEY

Groups " o-
Serum mg/100 ml Liver mg/100 &
I 66.99 *+ 1,60 359.22 + 11.14
11 66.98 + 1.67 358,63 + 14.70
III 64.23 » 2.31 353,87 + 1%.45
Iv 64.85 + 1.62 354,12 + 13.10

v 62.31 + 1.56 350,11 + 15.65

Average of the values from 6 rats + SEM
Group I, II, III and IV were compared to Group V
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't' value for table 13

+ value

t between _
groups Serum Liver

V and I 2,13 . 0.52

V and II 2,04 0.42

V and III 0.69 0.19

V and IV 1.5 0.21

The resulis presented in Table 13 indiceted an
increase in the liver and serum cholesterol levels in
the test groups. The increase was highest in Group I
where casgava diet without protein and iodine was fed,
but this increase wes not significsnt when compared to

the control group.

In Group II, where cassava diet was supplemented
with iodine alone the values were comparsble to Group I.
Butlin groups II1 and 1V where the cassave diet was
supplemented with protein, the values for serum and
liver cholesterol levels decreased but the results
were higher then the velues obtained for the control
group. These results were in line with the study
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conducted by Agerwel et al. (1982) among children in
Goralkkhpur where gsignificant increase'in serum chole-

sterol wes observed as the severity of goitre increased.

6. Serum protein bound iodine in rats fed protein
and iodine free casseva diets and cassava diets

supplemented with protein and iodine,

Table 14 and Fig.XI present the serum protein
bound iodine in rats fed protein and iodine free cagsava
diets and cassave diets supplemented with protein énd

iodine,

Table 14, Serum protein bound iodine in rats fed
protein and iodine free cassava diets end
cassava diets supplemented with protein

end iodlne,

Group Particularg Protein bound iodine ug/100ml

I Cassava alone 0.065 *+ 0.002%
II  Cassava+lodine 0.078 + 0.004
III Cesseva+Protein 0.071 + 0.003P
IV Cassava+lodine+Protein 0.081 + 0.004
v No cassava 0.084 + 0.002

- -— -
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Average of the values of 6 rats + SEM
Group I, 11, III and IV were compared to Group V

a=P< 0 001
- b=p between 0.01 and 0.05

't' value for table 14 ~

t between groups t value
V and I 6.718
V and TI1 1.341
V and I1I 3.006
V emd IV 0.671

As reveeled in Table 14 the least value for
protein bound iodine was obtained by Group I, which
was fed cassave slone and this was followed by
Group 1II which was fed capsave and proteln. Wo
lodine was supplemented in these groups. The velues
obtained for the iodine supplemented groups were
comparable $0 that of the control which had the highest
value, The difference between Group I and control
was at 0.01 per cent level and the difference between
Group III'and control was at 0.05 per cent level.
These results are in line with the studies conducted
by Ermens et al. (1973) where they revealeﬁ that PBI

decreased with increased iodine deficiency.
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SUMMARY



SUMMARY

Cassava contains a cyznogenic glucoside, linawmarin,
the degradation of which releases hydrocyenic acid. The
détoxification of hydrocyanic acid in the living body
results in the formation of thiocyanate which induces
antithyroid action, resulting in endemic goitre. Kerzla
is the only state in India where cagsava is used as a
subsidiary staple food by the poorer sections among whom
protein calorie malnutrition is prevalent. Endemic
goitre is reported in certain districts in the state

where casgava consumption is high.

The present investigation was therefore undertaken

t0 agsess the goitrogenic effect of cassava by studying:

i) the antithyroid action of cassavaj

ii) the influence of celorie, protein and iodine
supplementation on the antithyroid action of
caggava.

Hydrocyanic acid present in cagsava is mainly
regponsible for its antithyroid action and therefore
the hydrocyenic acid content in sixX verieties of cassava

comuonly used in ¥Xerala was gssessed. From thig, HM-4
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which is very popular in Kerale and H-165 which contains
the highest concentration of hydrocysnic acid were sele-
cted for further studies, The influence of different
processing and cooking methods on hydrocyanic acid
content of these two varieties were assessed. The
results reveasled that sosking and sundrying for 4 days

. was the most effective detoxification method. The effect
of eddition of different ingredients used for cooking,
or food tasters, on the hydrocyanic acid content of
cassava was assessed. The resulits of the experiment
indicated that lime julce was the most effective ingre-

dient in reducing hydrocyenic acid content.

Antithyroid action of cassava was further
asgesged by conducting suitable animal experiments.
A preliminary feeding experiment of thirty days duration
was conducted using two varieties of cassava namely M-4
end H-165. The cassava varieties were fed as raw,
cooked end in sundried forms. The experimental diet
was def;cient in jocdine and protein, The control group
was provided dextrin instead of cassava with recommended
allowance of protein and iodine, The results of the study
revealed that the gain in weight as well aé the weight of
liver, in the test groups were significantly lower than

the control group.
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The kidney weights of the group fed Law [ .}
H-165 casseva and the spleen weights of group fed raw
M-4 and H-165 as well as sundried H-165 were signifi-

cently lower than those of the control group.

Rhodenese igs the enzyme responsible for the
detoxification of hydrocyénic acid t0 thliocyanete and
the activity of this enzyme in liver, kidney and spleen
was found to be influenced by the hydrocyanic acid
content of the test diets. Similarly liver protein
valueg were decreased as the hydrocyanic acid content
of the test diets increesed. Serum thiocyanate levels
and serun and liver cholesterol levels were found to
increase as the hydrocyanic acid content of the test

diets were increasged,

The effect of protein and iodine on cassava
based diets were studied by conducting en experiment
of ninety days duration. The M=-4 variety which is very
popular in Kerala was selected for the study. Among
the four groups included in the study, in the first
two Groups (Group I and II) the diets were predominated

by cassaeva (69.85 per cent) while in the remaining
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two groups 39.45 per cent of cassava was repleced by protein
food., In Group II end Group IV the diets weyre supplemented
with iodine also. In the gonﬁrol group (Group V) cassave was
replaced by dekxtrin. The proportion of protein food present
in the control was similar to that of'Groups 111 and IV,

The enzyme rhodanese activiiy was lower in ' the animals
fed cassave alone while the enzyme activity was higher in the
protein supplemented Groups III and Ivlprobably because rho-
denese requires sulphur containing emino acids for its acti=-
vity and this was provided in the protein supplemented diets.
The serum end urinery thiocyanate levels were found to be
highest in Group III ‘in which the diet was supplemented with
protein alone., This may be due to the increased activity of
the enzyme rhodanese in the presence of aulphur containing
emino acids which converts hydrocyanic aecid to thiocyanate.

The serum and liver cholesterol levels were highest in

Group I which was deficient in both protein end iodine.

Serum protein bound iodine was lowest in Group I which
was fed cassave alone without protein end iodine supplementatior
followed by Group I1I fed cassava supplemented with protein
* but without iodine. '
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The salient findings of the present study indicate
that, emong different processing methods, soaking for
3 or 4 days helps to remove hydrocyenic gcid from the
tuber. This method is at present not popular in Kerala
due to a certain degree of fermentation of the tuber.
Experiments with various food tasters indicate that
incorporation of different food additives for giving
final taste to the prepared food often helps to reduce

hydrocyanic acid content,

The resulis of the enimal experiments throw light
on the fact that prolonged consumption of cassava with
high hydrocyanic acid content and improperly processed
cassava chips may cause goitre. This health hazard can
be obviated if the cassava based diet ig well supplemented

with protein and iodine.,

The present day population explosion demands
popularigation of high yielding varieties of food crops
like H~165 which contain higher amounts of hydrocyanic
acid, The 111 effects of hydrocyaniec acid in such
varietiegs are mitigated to some extent by proper methods
of processing and by including protein and iodine with

food itemsg in the meals,



REFERENCES



REFERENCES

Abell, L.L.; Levy, B.B.; Brodie, B.B. and Kendall, F.E.
(1952), dJournal of Biological Chemigtry,

195: 357.

Adamson, I.; Bastwood, M. and Gordon, B.W. (1983%). Compa-
rison of the effect of yam, cagsava and
alfalfa on cholesterol mebaholism in the
rat. Nutrition Reports International,

27(3): 551-560.

Adegbola, A.A. (1977). Cassava as Animel Feed. Proceedings
of a workshop held at the University of

Guelph, International Development Res,
Centre, Ottawa, Canada, 18-20.

*Adriaens, L. (1946)., Bruxelles Institute Royal Colonial
y
Belge, Section des Sciences Naturelles.
at Mediceles, Memoires, 4(3):140.

Agarwal, J.C.; Seth, P. and Sisodia, A.K. (1982). Studies
on Endemic Goitre In Gorakhpur Area.
The Indian Journal of Wutrition and
Dietetieg, 13(2): 45.

*Agricultural Research Centre (ARC), Sarawak, (1967)
Annual Report.




ii

Agricultursgl Situation In Indie (1986). Directorate of
Economics and Statistlics. Depertment of
Agriculture and Co-operation., Ministry of
Agriculture, 41(6): 609.

i
N

Aldridge, W.N. (1944). New method for estimestion of
micro quentities of cyanide and thiocyanate.
Anelyst, 69: 262+265.

*pnonymous 1962). The Wealth of India, Raw meterials,
Council of Scientific and Industrial
Research, SL: 286-98.

*Arguedas, P. and Cooke, R.D. (1982). Residual cyenide
concentrations during the exhraction of
cassava starch. Journal of Food Technology,
17(2): 251-262. |

*Auriga, M. and Koj, A. (1975). Protective effect of
rhodenese on the respiration of isolated
kitochondria intoxicated with cyenide. .
Bull. Acad. Pol. Sei. (Biol.) gg(5)=305-310.

*Aschkenazy, A.; Nataf, B.; Piette, C. and Sfez, M. (1962).
Le fonctionnement thyroidien chez le rat
careneé en protéines., Annuel of Endoori-
nology g3: 311-322,



iii

*Barrett, M.D.P., Alexender, J.C. and Hill, D.C. (1978).
Effect of linamarin on thioecysmate production
and thyroid activity in rats. Journal of
Toxicology and Environmental Health, 4:735-T740.

*Baumann, B, (1895). Zeit, Physiol, Chem. 21: 319,

Benmiloud, M.; Bactarzi, H. and Chaouki, M.L, (1982). Public
Health and Butritional Aspeects of Fndemlc
Goitre and Cretinism in Africa. Cassava
toxicity and thyroid: research and publlic
heslth issues: proceedings of a workshop
held in Ottawa, Canada. IDRC~20T7e: 52,

Bennet, C.A., and Franklin, N.L. (1967). Statistical enalysis
in Chemistry snd the chemical industry. dJohn
Wiley and Sons, Inc., New York.,

*Bolhuig, G.G. (1954). The toxicity of cassava roots.

Netherlands Joumal of Agriculturel Science,
-2__;3 176"185 .

Bourdoux, P.; Maiuta, M.; Hanson, A. end Ermans, A.M. (1980).
Cassava Toxicity; the role of Linemarin.
Role of cassava in the etiology of endemice
goltre and cretinism. IDRC, COttawa, Ontario.
IDRC-136e: 15-27,

Bourdoux, P.; Seghers, P.; Mafute, M.; Vanderpas, J.; Vanderpas
Rivera, M.; Delange, F. and Ermens, A.M. (1982).
Cassava Productg: HCN Content and Detoxification
processes. Nutritionsl Factors Involved In The
Goitrogenic Action of Cassava IDRC, Ottawa,
Ontario, IDRC~184e: 51=58.




iv

*Carmody, L. (1900). ZPrussic acid in sweet cassave.lancet,
81 736~T37.

*casadei E., Jansen, P.; Rodriguez, A.; Molin, A. and
Rosling, H. 1984). Mantakesde; en epidemic
of snastic parapareais asqoclamed with
chronic’ cyanlde intoxication'in a cassava
staple area of Hozambique: Nutritional
factors and hydrocyanic acid content of
cassaeva products. Bulletin of the WHO, 62(3):
485~492.

Central Tuber Crops Research Institute (1982} .- Regearch
) Highlights. Indian Council of Agrlcultural
Regearch, 4: 9. '

Central Tubsr Crops Reseavrch Institute (1963)., Research
Highlights. Indian Council of Agricultural
Research. 0.

*Cerighelli, R. (1955). Plaentes vivriéres. Cultures
Tropicales. DLibrarie Bailliere el Fib,
Paris, PFPrance, 289~378.

*Chatin, G.A. (1850). Food and People. -Lowenberg, M.E.;:
Todhunter, E.N.; Wilson, B.D.; Savage, J.R.
and Tubawiski, J.L. (1979). John Wiley and
Sons, New York, Third Fdition, 259-260,




:

*Clapp, R.C.; Bigsett, F.H.,; Coburn, R.A. and Long Jr.,
L. (1906). Cyenogenesis in manioc:
Linemerin and isolinamarin, Phytochemistry,
5: 1323 - 1526,

*Clusius, C. (1605). Exoticorum: Libri decem. Raphelengii
Fol 339, Simplic, Medic.Hist, Caput 53,

Cock, J.H. (1985). Cassava New Potential for a Neglected

Crop. Westview Press. Boulder and London,
26-27, 126~129.

‘Colinet, E.; Ermans, A:M. and Delange, F. (1982). Experi-
" mental study of mechenismsg responsible for
mental reétardation resulting from cassava
‘ingestion., Nutritional fectors involved in
the goltrogenic msction of cassava. IDRC,
Ottawa, Ontario, IDRC-184e. T4-83.

*Qoursey, D.G. (1973). Cassava as food: toxicity and
technology. Chronic Cassava Toxicity, Nestel,
B. and lac Intyre, R., ed., International
Development Research Centre, Ottawa, IDRC-010g.
27-3%6 .

Courtois, P,; Bourdoux, F.; lagasse, R.; Ermans, A.M. and
Delange, F. (15682). Role of the Balance
Between the Dietary Suppliés of Iodine and
Thiocyanate in the BEtiology of Endemic Coitre
in the Ubangi Area, NutritiSnQ; Pactorg
Involved in the Goitrogenic sction of cassava.
IDRC, Ottawa, Ontario. IDRC-184e. 65~69,




*Cowan, J.W. end Mergossian, S. (1966). Thyroid function
in female rats severely depleted of body
protein, Endocrinology, 79: 1023-1026,

*De Bruijn, G.H. (1971). étude de caractére cyanogénétique
du manoic (Menihot esculenta @rantz).
Mededelingen Landbouwhogeschool (Wageninger),
71: 1~140,

Delange, F. end Ermens, A.M. (1971). Role of a dietary
goitrogen in the etiology of endemic goitre
on Idjwi Islend. Awmerican Journal of Clinical;
Nutritions, 24: 1354-1360.

Delange, F.; Thilly, C.H. and BErmens, A.M. (1980). Endemic
Goftre in Xiva Area, Africa; Focus on
Cassava. Role of Casseva in the Etiology
of ®ndemic Goitre end Cretinism. IDRC,
1368: 29-36,

Delenge, F.; Bourdoux, P,.; Colinet, E.; Courtois, P,;
Hennart, R.; Lagasse, M.; Mafuta, M.;
Seghers, P.; Thilly, C.; Vanderpas, J.}
Yunga, Y. and Ermans A.J4., (1982). Nutritional
Pactors Involved in the Goitrogenic Action of
Casgava. Cassave Toxicity and Thyroid:
Research and Public Health Issueg. Proceedings
of & workshop held in Ottews, Canade, IDRC-20Te}
17-26.




vii

*Dharmelingam, C.; Muthukrishnen, C.R.; Thamburej, S.; and
Shenmugham, A. (1973). Varleial assessment
of Manihot esculenta Crantz in relation o
chemnical constituents. Madras Agricultural
- Journal, 60(9-12): 1623-1616-

*Dorozynski (1978). In Poulose, K.P.; Somsn, T.N. and Mathew
K.J. (1984); Incidence of goitre in Kerala.
Kerals Medical Journal, 25(6-7): 180.

*Dunstan, W.R.; Henry, T.A. end Auld, S.J.M. (1906), Cyano-
geneslsg in plents. V. The occurrence of
phaseolunetin in cassave (Manihot epi end
Manihot utilissima). EProc. R. Soe, Lond.
Biol. Soi., 78: 152-158. '

Economic Review (1985). State Flernning Board, Government
of Kerala. 3.

%Ekpechi, O.L.; Dimitriasdou, A.U. and Fraser, R. (1966).
' Goitrogenic activity of cessava ( a staple
Nigerian food), Nature, 210(5041): 1137-1138.

*Jkpechi, D.L. (1973). Endemic golitre and high caseava
diets in Eesstern Nigeria. Chronic Cassava
Toxicity, london: Proceedings of an inter-

digeiplinary workshop. 139-145,

Fl Tinay (AH); Bureny (PL) and Yas (EAE), (1984). Hydro-
cyanic acid levels in fermenited cassava
Journel of Food Technology, 42(2)(?3 197202,




viii

*Ermans, A.M.; Delange, F.; Van der Velden, M. and

Kinthaert, J. (1972). Possible role of
cyanide and thiocyenate in the etiology

of endemic cretinism. In: Stanbury, J.B.

and Kroc, R.D. ed. Human development and the
Thyroid gleand: Relation to endemic cretinisu.
Plenum Press, New York, 455-486.

*Ermans, A.M. (1973). Goitrogenic action of cyanogenic

*Ermens, A.M.;

glucosides present in cassava: a possible
etiologic factor of endemic goiter in the
Idjwi Island (Kivu). Acta Endocrinologica,

i79(51).

Van der Velden, M.; Kinthaert, 5. and
Delange, F. (1973). Mechanism of the
goitrogenic action of cassava. Int! Nestel,
B,; end Mac Intyre, R., ed. Chronic cansava
toxicity. International Development Research
Centre, Ottawa, Cenade, IDRC=010e; 15%=157.

*Ermens, A.M. (1979). New deta on the pathogency of endemic

ECrmans, A.M. 3

goitre: role of certain goitrogenic foodstuifs.
Abstracts on cassava, 7.

Kinthaert, J.; Ven der Velden, M. and Bourdoux,
P. (1980). Studies of the Antithyroid Effects
of Cagsava and of thiocyanate in rats. Role
of Cagsava in the Btiology of Indemic Goitre
and cretinigm. Otbawa, Ontario, IDRC-136e .
93-110.




ix

Ermansg, A.M.; Bourdoux, P.; Kinthaert, J.; Lagasse, R.;
Luvivila, K.; Mafuta, M.; Thilly, C.H,.
end Delenge, F. (1983). Role of Cassava
in the Eviology of Endemic Goitre and
Cretinism, Casgssava toxicity and Thyroid:
Research and Tublic Health Issues, IEroceedings
of e workshop held in Ottawa, Canada. IDRC-
207e. 9~16.

*Pielder, H. end Wood, J.L. (1956). Specificity studies
on the B—mercaptb - pyruvate - cyanide
transulfﬁration system. Journal of Biological
Chemigtry, 222: 387-397.

Folch, J.; Lees, N. and Stanley, S. (1957). dJournal of
Biological Chemigtry, 226: 497.

*Formunyan, R. (1982). Effect of Palm Oil in the detoxi-
fication of cyanide from cassava Ph.D, Thegis.
Animal Science Department, University of Ife,
- Ife. Nigeria, In preparation.

*Foss, O.P.; Henkero, L,V. and Ven slyke, D.D. (1960).
Clinical chemistry Acts, 2: 201.

Gomez, Guillermo (1983%). Cassava, Cyanide and Animal
Nutrition. Cassave Toxiecity snd Thyroid:
Regearch and Public Health Issues: Proceedinsg
of a workshop held in Ottawa, Canadg. IDRC~207e:

log. 113,



v ¢

Gomez, E. and Valdivieso, M, (1983). The effect of variety
and plent age on cyenide content, chemical
composition.end guality of cassava roots.
Nutrition Reports International, 27: 857-865.

Gomez, G. and Valdivieso, M. (1985). Effects of drying
temperature and loading rates on cyenide
elimination from cassava whole root chips.
Journal of Food Technology, 20: 375-364.

Gopalen, I. (1979). Tapioca tuber of the tropics.'Nutrifinn,
3__2(4) H 2-8 .

Grace, M.R. (1977). Cassave Procesging:. Food and Agri=
cultural Organiesation of the United
Netions, Rome. 12.

*Guzmen, R.V.H. (1975). Chronic HON toxicity in rats
and its interaction with dietary protein
and sodiuvm thiosulfate., Tesis. Mag. Sc.
Bogota. Colombia, Unwersidad Naciond -
Institute Colombiano Agropecurio - 175.

Geevarghese, P.J. (1983), Cassava Diet, Tropical Cal-
' cifying Pencregtitis, and Pancreatic
Disorders. Cassave Toxieity and Thyroid:
Regearch end Public Health Issues: Procee-
dings of a workshop held in Ottawa, Ceneda.
IDRC-20T7e: TT7T=178.




*Halmi, N.S. (1961). Thyroidal iodide transport. Vitam.
Hormog lg: '133"1630 ‘ l

*Hamid, K. end Jalaludin, S. (1972). Maleysien Agriculturasl
Regearch, 13 48.

Hennert, P.j Bourdoux, P.; Lagssse, R.; Thilly, C.; Putzeys, G.;
Courtois, P.; Vig, H.L.; Yunge, Y.; Seghers, P.
and Delange, F. (1982), Epidemiology of
Goitre and Malnutrition and Dietary supplies

' ' of lodine, Thiocybnate end Proteins in Bas
Zeire Xivu and Ubengl, Nubritionsl Fectors
involved in the goitrogenic action of cassava.
Ottawa, Ontario, IDRC-184e% 25-33.

*Henry, O. and Boutron - Gharland, A.F. (1836). Recherches
sur le principe veneneux due manioc amer.
Mem, Acad. Med. 5: 212-220.

*Himwichi, W.A. end Seunders, J.P. (1948). Enzymatic
conversion of cyanide to thlocyenate.
American Journal of Physiology, 153: 348-354.

*Hollo, :J.; Lelkes, G.; Toth, J.H. and Teljes, H.U. (1981).
Use of troplcal tuber plents for food.
Chemical Abstracts, 91: 477.

Indire, P. and Sinha, S.X. (1969). Colorimesric methods
for determination of HCN in tubers end leaves
of casseva (Manihot esculenta Crantz). Indien
dournal of Agricultural Science, 33: 1021-1023.




*International Insiitute of Tropical Agriculture (1983).
Quality evaluation. Annuel Report 1982.
105-106.

Izokun - Bthiobhio, B.0. and Ugochukwu, E.N. (1984).
) Effect, of Incorporating various levela
of cassava' (Manlhot esculenta Crantz)
Cyanogenic glucosides in diets fed to
albino rats on liver and kidney rhodanese
activity. Nutrition Reporis International,

29(6): 1475-1481,

*Joachim, A.W.R. and Pandittesekere, D.G. (1944)., Investi-
gation of the hydrocyanic acid comtent of
manioc (Manihot ubilissimas). Tropical
Agricultural Magazine of the Ceylon:: Agri-
cultural Soceity. 100: 150-163%.

*Kelly, P.C. and Snedden, W.W. (1960). Prevalence and
geographical distribution of endeumic
goitre. Endemiec goitre. World Health
Organisation, Geneva, Switzerlend, Monograph,

Ser. 44: 27-234.

*Kochupillai, N.; Thangavelu, 1, and Ramalingaswami, V.C.
(1976) . HNodular lesions of the thyroid
in an area of high background radiation in
coastal Xergla, India. Indien Journal of
Medical Research, ©4(4): 537-544.




xiil

¥Kochupillei, N.; Ramelingasswemi, V. end Stenbury, J.B.
(1980). Southeast Asia. In Stanbury, J.B. and
Hetzel, B.5. ed., Endemic Goitre and Endemic
crebinigm, John Wiley & Sons, New York. 101-121,

*¥Lancaster, P.A.; Ingram, J.J.; Lim, M.Y. and Coursey,
D.G. {(1982)., Traditional cassava based
foodg: survey of processing techniques.
Economic Boteny, 36: 12-45.

Lgkshmi, K.R. and Pal, T.K. (1985). Trend of ares,
production and productivity of cassava in
India. Agricultural Situstion Ip India. 612,

*Leng, K. (1933). Die Rhodenbildung in Tierkorpor.
Biochemigtry, 259: 243-256.

Mahadeven, P.; Aleykutty, M.A.; Nambesan, B. and Balagopal
' (1980), Plasma thiocyanate and blood sugar
level in rats on prolongeé feeding with
‘casseva. Seminar on Post Harvest Technology
of Casseva.

*Hahendranathan, T. (1971). Malaysien Agriculiurgl Journsl ,
482 1.

*Maner, J.H. (1972). Seminar on swine productiion in Latin
America. CIAT, Cali, Columbia,




!

*Mahoney, T.A.; Leuber, E. and Clerc, M. (1983). Urinary
volume, creatinine end thiocyanate of
Africans of e tropical sevanna region.
African Journal of Medicine gnd Medical
Sciences, 12(2): T71-75,

'Mmberly, G.F. end Eestman, C.J. (1976). Endemic goitre
in Sarswek, Melaysia, 1. Somatic growth
and etiology. Southeast Asien Journel of
Tropicel Medicine and Public Health, 7(3):
434-442¢ ' '

Mata, L.; Ulete, E.; Jimenez, S, and Diez, C. (1982).

' Cassave consumption, Endemic goitre and
Melnutrition in Coste Rice. Cassava toxioity
and thyroid: Research gnd Public Health

'Issues. Proceedings of a workshop held in
Ottawa, Canadms, IDRC~20Te: 65-71.

*Medeiros Neto, G.A. and Dunn, J.T. (1980). The present
status of endemic goitre &s a problem of
the public health. I, Central and South
America. In Stenbury, J.B. and Hetzel, B.S.
ed. Endemic goiter and endemic cretinism,
John Wiley, New York. 3-29.

*Meister, A. (1953). Preparation and enzymic reactions

of the keto @nalozines of asparasgine and
glutamine. Fed. Proc. 12: 245,




*HYeister, A.} Fraser,, P,E. and Tice, S.V. (1954).
Enzymatic desulfuration of B-mercaptopyruvate

to. pyruvabe, Journal of Biologicel Chemistry.
206: 561-575.

Murthy, V.R. (1982): I am Iodine. Nutrition, 16(4): 15.

Muthuswamy, P.; Krishnamoorthy, K.K. and Raju, 'G.S.N.
(1973). Investigations on the Hydrocyanic
acid content of Tapioca (Menihot esculenta

¢ Crantz) Tubers. Hedras Agricultural Journal,
60(8): 1009-1010.

*Nambisan, B. and Sundavesan, S. (1985). Effect of
processing on the cysnoglucoside content

of cassava. Journal of the Secience of .
Food gnd Agriculture, 36(11): 197-203.

Nertey, F. (1978). Cyanogensis ultrastructure and seed
germination. Menihot esculenta (Cessava)

Monksgard, Den mark, 37=43%.

Netionel Institute of Rutrition (NIN), (1983). A Manuel
of Leboratory Techniques. ICMR, Hyderabad. 277

*Nestel, B. (1973). Current utilization and future potential
- for caessava. In: Nestel, B, and Mac Intyre,
R., ed., Chronic cassava toxieity. Inter-
national Bevelopment Research Centre, Ottaws,
Canada, IDRC-010e, 11-26,



xvi

*Normenha, E.S. (1965). Studies on bitter cassava.,
Ciencia e cultura (Brazil), 17(2): 196.

*Nwokola, C, (1966). 'New foci of endemic goitre in
Bagtern Nigeria. Irsnsactions of the
Royal Society of Tropical Medicine gnd

Hygeine, 60(1): 97-108.

Oke, 0.L. (1973), The mode of cyanide detoxification. In:
Nestel, B, end Mac Intyre, R. ed Chronic
Casezva toxicity.International Development
Regearch Centre, Ottawa, Cenada, IDRC=~010ec.
97-104. ' o

Okigbo, B.N. (1980). Nutritional implications of projects
© glving high priority to the production of
ataples of low nuitritive quality; the case
for cassavae in the humid tropics of West
Africa, Food gnd Nutrition Bulletin, ,f(4):
1=10.

*Oguntokun, B.O0. (197%). Montogemery, R.D. (1980). Cyanibgens.
Toxic congtituents of plant IFood gtuffs.
A series of Monogrephs. Second Edition.
Academic Press Inc.157.

*Oyenuga, V.,A. and Amazigo, E.0. (1957). A note on the
hydrocyenic acid content of Cassava (Manihot
utiligsims Pohl). W.A.J. Biological Chemistry,
1: 39-43.




xvii

*Peula, R. D.G. and Rangel, J. (1939). HCN or the
poison of bitter or sweet menioc,
Revigta Alunentar. (Rio de aneiro),_ﬁ_:2-5.

*Peckolt, (1886). ZIThesis: (cited by 0.D, Oke. 7968),

*Phillips, T.P., (1974). Cassava utilization and
potentiel. Internetionsl Development
Research Centre, I1DRC-020e, Ottawa. 182,

*Pieris, N.; Jansz, B.R. and Kendege, R. (1974). Cysnogenic
glucoside content of menioc:., I. An enzymic
method of determination applied to pro-
cessed menioc, Journal of the National
Science Council of Sri Lanka, 2; 67-76.

Poulose, K.P.; Soman, T.N. and Mathew, K.J.(1984). Kerala
Hedical Journal, 25(6 and 7): 180,

Prema, L.; Menon, AG.G.; Usha, V.; Mary Ukkura and
| Vimala kumeri, N.K, (1980). A survey on
the B8onventional Methods of ZPreperation
and FPresgervation of cassava Tubers in
Trivendrum and Quilon District. ZIrocee-
dings of the Seminer on Post Hervest
Technology of Cassava. 1-6.

Premekumari, R.; Kurup, P.A.(1982)., Lipid metabolism in
rats fed rice and tapioca. Indian Journal
of Hedical Regearch, 76: 488-493.



xviii

*Raymond, W.D.3 Jojo, W. and WNicodemus, Z. (1941). The
- nutritive value of some Tenganyika foods.
I1 Cessava East African Agricultural
Journgl, 6: 154-159. '

*Razafimasherry, R. (1553). Glucosides cyanoééhéﬁiques
rois du cap Manioc et Bononoka., Bulletin
Academic Malgaclie (Ser Nouvelle). 31.

*Reinwein, D. (1961). Die varteilung der thiosulfat- :
schwefeltranaferase und des Rhodanids inm .
Mengchlichen end tierisehen orgenisius.
2. Poysiol. Chem., 326: 94-101,

Rutkowiski, J.V,; Roebuck, B,D, and Smith, R.P. (1985).
' Effects of Protein Free Diets and Food
Deprivation on Hepatic Rhodanese Activity,
Servm Proteins and Acute Cysnide Lethelity
in Mice. ZThe Journal of Nutritiom, 115(1):
132-137.

*Rutkowiski, J.V.; Roebuck, B.D.; Smith, R.P. (1986).

' Liver damage does not increase the sensi-
tivity of mice to cyanide given acutely.
Toxicology, 38(3): 305-314.

*Serenton, J.R.; Vigsan, W.H. and Haimi, N.S. (1969)., The
Kinetics of. the inhibition. of thyroidsl
iodide accumulation by thiorysnate: a re-
examination. Endoerinology, 853: 603-607.




Shrader, R.B.; Hastings - Roberts, M.M.; Falette, M.I.
and Zeman, F.J., (1977). Effect of prenatal
protein deprivation of fetal and neonatal
thyroid morphology in the rat, The dJournal
of Mutritionm, 107: 213-220,

*Smith, A.M, (1961). Retrobulbulimiere neuritisn addi-
gonisn pernicious enaemia. lLancet, 1:1001~1002.

Spath, C.D. (1971). The toxicity of menjioc as a factor in
the settlement patterns of low land South
Aferica. Abstracts on Cassava (Menihot
esculenta Crantz) 1976, 2: 156,

Stanbury, J.B.-(1989), lodine Deficiency Disorders:
Clinical presentations and Continuing Problems.
Food gnd Nutrition Bulletin, 7(2): 65-T71,

*Sorbo, B.H. (195%). Acta Chem. Scand. 7: 1129-11%6.

Tewe, 0.0. (1975). Implications of the Cyanogeniec
glucoside fraction of cassava in the growth
end reproductive performence of rats and
Pigs. Eh,D,Thesis, Ibadan, University of
Ibadan, 517. ‘

Tewe, B.0. (1976). Implications of the cyemogenic fraction
of cassava in the growth and reppaudtive per-
formence of rats and pigs. ( thesis) CIAT,
Cali, Colombia.



XX

Pewe, 0.0. and Mener, J.H. (1978). Influence of the
cyanogenic glucoside fraction of cassava
on performence, thiocysnate concentration
end rhodanese activity of rats during

growth =nd reproduction. HNigerian Journal
of Animal Production, 5(2), in press

Tewe, 0.0. (1984). Effect of cassava based diets varying
' in cysnide content on the performence-and
physiopathology of the Africen glant rat. :
Animal Feed Science and Technology, 11(1):1-4,

Tewe, 0.0., Afolabi:, A.0.; Grissom, E.E,G.; Littleton,
G.K. and Oke, 0.,L. (1984). Effect of
varying dietary cyanide levels on gerum
thyroxzine and protein metzbolites in pigs.
Nutrition Reports Internationel ,30(5):
1249~1253.,

Underwood, E.J., (1962). ZIrace Elements in Humen snd Animal
Nutrition. ©Second Edition. Academic Press.
Inc. New York. 225-226,

Ven der Velden, M.; Kinthgert, J.; Orts, S. end Ermans,
‘ AM. (1973), A preliminary study on the
action of cesseva on thyroid metabolism in
rats. British Journal of Nutrition, 30:
511=-517.




xx1

Vimalekumeri, N.K.; Usha, V.; Mary Ukkoru snd Prema, L.

Wheeler, J.L.;

*Wollman, S.H.

(1980). Bffect of different treatments in
cooking on the HCN content of cassava.
Proceedings Of the Seminar on Post Harvest
Technology of Cassava. 89-91.

Hedges, D.A. and Till, A.R. (1975). A
possible effect of cyanogenic gluooside in
gorghum on amimal requirements for sulphur,
Journal of Agricultural Science, 84: 377-379.

(1962). Inhibition by thiocyanate of
accumulation of radioiodine by thyroid
gland. Ame;ican Journal of ‘Physiology
203: 517-524.

*Wood, J.L., and Cooleys, S.L, (1956). Detoxication of

cyanide by cystine. Journal of Biological
Chemistry, 218: 449-457.

*Wood, T.(1966), The isolation, properties and enzymic

Yeoh, H.H. and

* Original not

breakdown of linamarin from cassava.
Journal of the Science of Food and Agri-
culture, 17: 85-90.

Chew, M.Y. (1974). Research in tapioca.
A brief review. Malaysian Agricultursl
Journal, 49(%): 332.

Seelrl.



NUTRITIONAL FACTORS INVOLVED IN
THE GOITROGENIC ACTION OF CASSAVA

7 ‘ by .
PARVATHY RADHAKRISHNAN

ABSTRACT OF A THESIS
submitted in partial fulfilment of the
requnrement for the degree of
MASTER OF SCIENCE IN FOOD SCIENCE AND NUTRITION
' FACULTY OF AGRICULTURE
KERALA AGRICULTURAL UNIVERSITY




ABSTRACT

The present investigation was undertsken to
agsess the goitrogenic action of cassava. The study
this antithyroid action of cassava hydrocyanic acid
content of six varieties of;passava commonly used in
Kerela were agsessed. M~4 a popular variety and H-165
"which contains the highest concentration of hydrocyanic
acid were selected for further experiments. Under
various processing methods, goaking and sundrying for
four days was found to be the most effective detoxi-
fication method, Among the various food tasters tested,
lime juiece was found to be the mos£ effective ingredient
in reducing hydrocyanic acid content. A'preliminary
feeding triael was conducted for thirty days. 1In this
experiment the two varieties of cassava M-4. and H~155
were fed in three different forms cooked, raw and sun-
dried. The diets were deficient in protein and iodine.
The resulis revealed that gain in weight as well as the
veight of tissues like liver, were significantly lower

in the test dietg when compared %o the conirol,

- The kidney welghtis of the group fed maw. _ .
H=-165 cassava end the spleen weights of groups fed raw
M-4 and H-165 as well as sundried H-165 were significantly

lover then those of the control group.



The enzyme rhodenese activity was influenced by
the hydroecysnic acid content of the test diets. ILiver
protein valﬁes decreased as hydrocyanic acid content
increased. Serum thiocyenate levels and' serum and
liver cholesterol levels increased as:Bydrocyanic aciad

content of the test diets increased.

An experiment of ninety days duration was con-
ducted to study the effect of protein and iodine on’
cassava based diets M-4 variety of cassava waes used
for the experiment. The salient findings of the study
indicéted that in the diets in which cagsava predo-
minated, gain in weight of rats, weight of liver, and
concentration of liver protein were significantly lower
when compared to the conirol. Enzyme rhodanese activity
was lower in animals fed only cassava and higher in
protein supplemenied diets. Serum emd urinary thio-
cyanate were highesp in the cassava diet ;upplemented
wlth protein. ©Serum and liver cholesterol levels were
highest in the group deficient in both protein. and
iodine. Serum protein bound iodine was loweat for the
group fed cassava alone without protein and iodine supple-

mentation.



