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ABSTRACT

Fifty-two food itens of various types (grains, seeds,
fruits, vegetables, roots and tubers, fish, neats and egg and
others} were analysed for their iodine contents. Misture,
starch, crude protein, lipid, carbohydrate, ash, mnerals (Na,
Ca, Fe, and Cu) and the known goitrogens, thiocyanate and
phenol, were also determned in sonme of the food sanpl es.

A prelimnary study of the variation of absorbance with
time for sone of the sanples in the determnation of the
iodine content by the Mxon and D xon method (1980) showed
that for certain foodstuffs colour devel opnent was conplete
before the recormended tinme. Finding the optinumtine for the
reaction and further dilution of sone sanple extracts were
found to inprove the determnation of iodine.

The iodine content of the sanples ranged from 0.24 ppm
(Carrot) to 750 ppm (Snweet potato). The fish, nmeats, and egg
were generally found to be richest in iodine. The grains on
the other hand gave sone of the |owest values for iodine. It
was observed that the renoval of the testa of brown beans |ed
to a significant loss in iodine content.

As expected, the grains, roots and tubers gave the
hi ghest values for starch, while the fruits and vegetabl es
showed the lowest values. Rased on their starch and iodine
contents, the foodstuffs may be grouped into three categori es,
nanely: (a) foods rich in iodine but lowin starch, (b) foods

relatively rich in iodine and starch, and (c) foods relatively
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poor in iodine but rich in starch

The crude protein content of the foodstuffs ranged from
4. 1% (sweet potato) to 69. 7% (ol ari as). Cabbage, unexpectedly
was shown to be high in crude protein (21.4% . A conparison
of the crude protein and iodine contents showed that a high
crude protein is usually acconpanied by a high iodine content
in the sanples anal ysed.

The lipid content of groundnut was found to be highest
(51.4% followed by those of beef (35.6% and soyabeans
(21.5% . The grains showed the |owest values (below 1% . A
conparison of the lipid and iodine content for some of the
foodstuffs showed that generally, a noderate to high lipid
content (over 10% was acconpanied by a high iodine content
(over 200 ug/g). Foods rich in both lipid and crude protein
content tended to have high iodine content.

The carbohydrate content of the grains, roots and tubers
wer e expectedly the highest (over 20% while those of the fish
and neat were |lowest (below 4% . No distinct trend was
observed between the iodine and carbohydrate contents of the
f oodst uf f s.

For nost of the sanples studied, it. was found that the
cal cium content is nmuch |lower than the sodium content. The
renoval of the testa of brown beans led to a significant
reduction in both the sodium and calcium contents. A
conmparision of the sodium calcium and iodine contents of

sonme foodstuffs indicates that the iodine in foodstuffs may be
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present in forns other than the iodide and iodate of sodium
and calciumin which it occurs in nature, as there was no
obvi ous correl ation between these paraneters.

Both copper and iron were found to be relatively high in
plant naterials while in the aninal naterials exam ned, high
copper content was acconpanied by low iron content. A
conparision of the iodine content with the iron and copper
contents showed the Fe: | ratio to be greater than 1 for nost
of the foodstuffs. GCenerally the Cu: | ratiowas less than 1
However, mllet, guinea corn, soyabeans, yam and garden egg
all have Qu:1 ratios above 1 and nay therefore be
goi t r ogenous.

The known goitrogen thi ocyanate, was not detected in the
food itens anal ysed but the goitrogen phenol, was observed in
onion, garri, fluted punpkin leaf, and mllet. This seens to
support the suggestions that onion, garri, and mllet are
goi trogenous. The proposition that mllet particularly may be
goitrogenous is supported by its low contents of iodine and
protein, a high carbohydrate content, a Cu: T ratio above 1,

and its phenolic content.
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CHAPTER 1

1.0 INTRODUCTION
1.1 Iodine

lodine, as a trace element in human diet, is very
important in the metabolic processes occurring in the human
body. Tt was first discovered and isolated in 1811 due to it
corroding action on vats, during the decomposition of calcium
nitrate, in which seaweed (kelp) had been kept (Follis, 1958;
Guiry and Blunden, 1891). 1In 18%6, a high concentration of
iodine was observed in thyroid tissue. Tts presence in
thyroxine, an active principle of the thyroid gland, has since
been confirmed (Follis, 1958).

Tn terms of relative abundance in the earth's crust,
iodinae is considerad to be about the sixty-first element
(Snell and Ettre, 1971). Todine does not exist in the
elemental state in nature. Todine occurs as iodide in brines
and in the form of sodium and calcium iodates {Cotton and
Wilkinson, 1972). The mineral lautarite is calcium 1iodate
(Snell and Ettre, 1971). &0-70% of iodine in brown seaweed is
inorganic, occurring mostly as free iodide (Shaw, 1962), with
the rest found as monoiodotyrosine, diiodotyrosine, and
triiodothyronine (Shaw, 1962; Ragan, 1881). Surprisingly
little is known about the chemical form of iodine in the diet

but is generally thought to be absorbed as iodide in the body
(Small et al, 1961).
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Jodine forms the well-known blue complex with starch
{Keller and Seibold, 1971), hence it is used in the detection
and detarmination of starch {Allen et al, 1974) and may itself

be detarmined from this complex {(Boltz, 1858;.

1.2 7Tha Thyroid gland

The thyroid gland is a membher of the andocrine family and
ig located in the front part of the neck. It secretes the
hormones thyroxine (T;) and triiodothyronine (T;} (Bondy and

Rosenberg, 3974}

D (H,- CH—COOH 35,3 ~Triiodo-
Thyronine (T,) . | .

%DCH CH—C00H 3535~Terraiodo-

Thyronine (Thyroxme/T)

Thyroxine is about 60% iodine (Kordel, 1970) and accounts
for approximately 98% of the hormone iodine in the blood whila
T, accounts for ahout 2% (Bondy and Rosenberg 1674). The
thyroid gland containsg the highest concentration of icdine
{0.2-5% of dry welght) and the largest amount of total iodine
(70-80%) in the body (Church and Pond, 18982).

The thyroid cell performs two paraliel functions in
producing its hormones: one is the synthesis of the protein

subgtrate, thyroglobulin: the other iz the accumulation of
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iodine from the very small amount present in the blood. This
is followed by iodination of tyrosine residuas in
thyroglobulin and the conversion of these into iodothyronines

(T; and T;) (Bondy and Rosenberg, 1974).

1.2.1 Iodine metabolism in the Thyroid gland

Todine is present 1in the environment in limited
quantities compared to the amount needed for normal thyroid
hormone production. As a consequence, there is a highly
efficient mechanism for accumulation and conservation of this
element by the thyroid (Bondy and Rosenberg, 1974).

The metabolic transformations of iodine in the thyroid
gland are summarised in scheme 1.1 (Follis, 1958).

It is in the thyroglobulin that the thyroid gland stores
thyroid hormones, as well as iodine in forms which can be re-
utilised for new hormone synthesis (Bondy and Rosenberg,
1974).

1.2.2 Importance of Thyroid hormones to the
human body

The thyroid hormones have profound effects on both growth
and development and the metabolic rates of many processes in
the adult. These fundamental cellular effects are translated
into a variety of physiological changes some of which are
cardiovascular, central nervous system, and absorptian effects
(Bondy and Rosenberg, 1974).

The chief task of the thyroid hormones is to determine
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the speed at which a perscn livas - that iz, the rate at whieh
the body consumes its oxygen (Kordel, 1970). PFor this reason,
the thyroid gland has the power to increase a person's
gangitivity to all normal mental and physical stimuli and to an
astonishing degree, the thyroid also governs the constantly
changing flow of a person's emotions. When functioning
normally, the thyroid helps to keap & person from becoming
aeither too fat or too thin. The thyroid hormones also
contributes to the regulation of the texture of the skin and
hair (Kordel, 1970). Tt ig also known that the thyroid hormones
aid the synthesis of serum alhumin, hence the synthasia aof
protein {(Lewallen, BRall, and Berman, 1959}, The thyroid
hormones also controls body weiglit, determines the amount of
anargy a parson possasges, and stimulates sexual powers {Kordel,
1970).

The thyroid hormones, being respongible for controlling the
basal metabolic rate, are particularly important in growth
{Robert, 1980). Inadequate secration of particularly thyroxina
during developmental years (hypothyroidiam] causes arrestad
physical and mental development, a condition known ag cretinism.
A cretin, aged 14 or 15 years, is physically underdevslaped,
pot-bellied, and so mentally retarded that ha may not even ha
able to fead himself {Roberts, 1980). Cretinism is also
charactarigad by deafness (Winter, 1991). Inadequate sacration
af thyroxine in adults is not so sericus, as growth by this time

is complete. The condition is callsd myxedema, the symptoms

i
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being a decreased metabolic rate, increage in the amount of
subcutanacus fat, coarsening of the s8kin, and general physical
and mental sluggishness (Roberts, 1980). Excessive production
of thyroxine {(hypesrthyrcoidism or thyrotoxicosis), leads to a
condition called exophthalmic goitre - g0 called bacause of
the characterigtie sawelling of the thyroid gland and
protrusgion of the eyeball that accompanies it. Other symptoms
include, a greatly increased metabolic rate, loss of body
weight, and accalerated heartbeat, all these heing sccompanied
by a general physical and mental restlessness (Roharts, 1980).

The thyroid, throigh its hormones, is important for
determining its owners's general, mental and emoticonail state,
and it ig interesting to gpeculate to what axtent a person'’s
personality may be altered by minor fluctuation in thyroid

activity (Roberts, 1880}.
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A, lodina trapping mechaniam which ig inhibited by B&CN,
C10;, and other compoundz {Vanderlaan and Vanderlaan,
1947;: Wyngaarden, Stanbury and Rapp, 1953} and Stimulated
by the pituitary.

B, Oxidation of icdide to iodine which 18 inhibited by
antithyroid compounds (Mackenzie and Mackenzie, 1943:;
Mackenzie, 1947} and stimulataed by the pituitary.

C. Coupling resction of iodotyrosines to form
jodaothyronines.

D. Protease reaction which liherates thyronines from
thyroglobulin.

E. Liheration of thyronines and their action on tissuae
cells; inhibition of pituitary =20 that 1less thyroid
gtimulating hormone is formead.

A cellular effect of thyroid hormones involves ion
transport, There is evidence that in most mammalian cells,
maintenance of normal levels of intracellular ions, for
example Na', K*, ¢1” and HCOy, requires 10 to 30% of the total
enargy expended by the cellz. 1t is known that in kidney,
liver, and diaphragm, the intracellular X' concentration is
increased by thyroid hormone, being lowegt in hypothyroidism
and higheat in hyperthyroidism {Tamail - Beigi and Edelman,
1870} .
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Bevere goitre, c¢retinism, low birth weight, Thigh
parinatal mortality, andemic cognitive disorders, and motor or
intellectual subnormality and other iodine deficiency
disorders {IDD} have their main cause in the inadequate
availability of iodine from the =0il lined to a severe
limitation of food exchange {Thilly et al, 1982}.

A diatary deficiancy of iodine, lesa than approximately
107 ug/day (Bondy and Roszenberg, 1974), leads to a greatly
entarged thyroid gland, a condition called goitre (Kordel,
1970). Goitre is induced by an attempt of the thyvroid gland
to secrete more thyroxine in response to the thyroi
stimulating hormone {T3H) secrated by the pituitary gland.
T8H i1s released in response to a reduced thyroxine production.
ITn tha absence of adequate thyroxinae for inhibiting TSH
release, the thyroid gland bhecomes hyperactive and enlarged
(Church and Pond, 1987). Goitre is Known to be associated
with defective davelopment, high mortality and parftial or
complete absence of hair {(Godden, 1%31).

A deficiency of dietary ilodine leads to a decreased
production of thyroid hormones {(hypothyroidism) which causes
a treduction in the basal metabolic rate (Kordel, 1970;
Roberts, 1480; Chureh and Pond, 1982). Severa iodine
daficiency has heen shown to be the cauge of delay in bone
maturatiaon and trangient hypothyroxinemia, in newly barn

babieg (Thilly et al, 1992). Iodine along with iron, Copper
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(Kordel, 1970) and Manganese {Godden, 1931) are concerned with
keeping the blood up to its normal richness. They are
essential, in haemoglobin formation (Godden, 1931; Kordel,
1970).

The frequency of cretinism and other IDD varies according
to the levels of severity of the iodine deficiency. It is
known that cretiniam 18 only observed when the iodine, intake
is less than 20ug or even less than 40ug per day. Severe
iodine deficiency is generally defined by a high prevalence of
goitre (about 30 to 50% of the total population), the presence
of cretinism (between 2 and 10% of the population) and a
median urinary iodine level balow 25ug of iodine per littre of
urine (Thilly et al, 1992). Selenium deficiency along with
iodine deficiency and thiocyanate overload play complimentary
rales in the etiopathogeny of IDD (Thilly et al, 1992).
Severe iodine deficiency is particularly damaging during the
foetal and early post-natal lives, which are crucial periods
of thyroid adaptation as well as of brain, bone, and somatic
maturity {(Thilly et al, 1892).

DD are typically problems of the whole populations,
hence the present attention heing given this problem 1in
Nigeria by the government. Many preventive interventions have
been suggested. These include iodised salt, i1odine fortified
water and baby foods, intramuscular and oral administration of
iodised oil (0lin, 1924; Khazan, 1948; Roberts, 1980; Thilly

et al, 1992; Lammand and Tressol, 1962), use of Seaweed as
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vagetables and soil fertilizers (Booth, 1964; Guiry and
Blunden, 1991), inecorporation of iodine into the sail via
iodine containing fertilizers (Balks, 1936), and the use of
seawater for the production of dietary salt (McClendon, 1922).

The programme of salt iodisation is very much in place in
Nigaeria. According to a recent statement credited to the
UNTCEF project Officer for micronutrients in Nigeria, the
country has achieved 63% salt iodisation which far exceeds the
8% mandatory universal recommendation to eliminate goitre in
women and mental retardation in children (Nigarian Neftwork
News, 1995). Nigeria is thus one of the few countries in the

world to have atarted salt iodisation for the prevantion of

goitre.

1.3.1 Goitrogens

Goitre, which is the most commonly encountered iodine
deficiency disorder obhserved in Nigeria, has a multifactorial
origin. Apart from inadequate dietary iodine, it can also bhe
caiised by the presence of goitrogens in food substances,
watar, and drugs.

Goitrogens are defined as a variety of simple compounds,
which when administered to humans or animals, cause goitre by
the inhibition of thyroid hormone synthesis (Rondy and
Rosenberg, 1974). The hypothyroidism that ensues, causes
increased thyroid stimulating hormone (TSH) secretion and
thyroid growth.

Goitrogens are hasically of two types: (1) agents which
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inhibit concentration of iodide by the thyroid, and (2) agents
which inhibit iodination (Bondy and Rosenberg, 1974).

Most of the agents which inhibit iodide concentration are
monovalent anions of approximately the same size and shape as
T". These include Cl0;7, BF,, At", Br', Re0, and Te0,. Of
these, Re0O,, Te0, and At clearly are concentrated by the
thyroid. These compounds become goitrogenic when they are
present in such large amounts 1in the blood that they
competitively exclude iodide from heing concentrated from the
blood. Ordinarily, none of these ions are present in the diet
in sufficient quantity to cause gaitre formation (Rondy and
Rosenberg, 1874).

Goitragens which inhibit iodination include thiourea,
methimazole, resorcinol and L-5-vinyl Thiooxazolidone
(goitrin) (Bondy and Rosenberg, 1974). These substances,
apart from resorcinol, contain the thiocyanate group - SCN.
A number of plants known to contain goitrin include cabbage
and other plants of the genis Brassica, turnip, brussels
gprout, Kale, Swede rootsa, Cabbage B8eeds, rape seeds, and
mustard seeds (8apieka, 1969). Other goitrogenous foods
commonly consumed in Nigeria are cassava, millet (Thilly et
al, 1892), and onion (Sapieka, 1969; Bondy and Rosenberg,
1974).

1.3.1.1 Thiocyanate as a goitrogen

Tt is believed that ACN has detrimental effect on the

iodination of proteins (Sheela and Schenck, 1983) and iodide
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trangsport {Bondy and Rosenberg, 1974}, Whan thiocvanate was
gtill in use to treat hypertension, occasional cases of
thiooyanate goitre ware reported {Barker, Lindberg and Waild,
1941; Wolff, 1964}. The guantities of thiocyvanate consumed in
focd are generally thought inadequate to produce goitre by
themgelves {(lements, 19560; Greer, 1962; Woiff, 1964; bacaiuse
the diet normally containg enough icdine to pravent thair
effects and the precursors of the goitrogenic oxazolidones are
inactivated during cooking which destroys the enzymes
nacesgsary to convert them to goitrogens {Sapieka, 1969).
However, there 1s a possibility that thiocyanate may
oceasionally be invelved in combination with other naturally
occurring goitrogens in the production of goltre (Gmelin and
Virtanen, 1860: Langser, 1866},

A study of the goitrogenic role of chronic exposurs to
moderately elevated levels of thiocyanate originating from
consumption of dried unfermented casgsava was made in Eastern
Nigeria {(Ekpechi, 1967). In the highly goitrous areas, dried
unfermanted caggava was consumed in large guantities, and hisg
experiments with feeding rats with this staple diet suggested
that the goitrogenous action of unfermented cassava could be
attributed to the presence of a goitrogen which action could
not be prevented with the giving of icdine with the cassava
{Ekpechi, 1967}, Thiccyanate overload originating from
consumption of poorly detoxified cassava 1g such that this

goitrogenic factor aggravates a relative or savere iodine
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deficiency (Thilly at al, 1992).

Thiocyanate ovarload, although it probably has no toxic
affect as such at relatively low level, acts by increasing the
iodine loss through the urine, thus aggravating a pre-existing
severe iodine deficiency (Thilly et al, 1992). This was the
finding in the study among the people of Ubangui in Zaire
{Thilly et al, 1892) and in Eastern Nigeria (ERkpechi, 1967)

where TDD were very much prevalent.
1.4 Toxic effects of Iodine

Not only a deficiency of iodine intake has unfavourable
consequences, but also an averdose of it. The toxic effects
of overdose of iodine includes skin problems 1like the
aggravation of acne, and disorders of the thyvroid gland
{(Winter, 1991}, Goitre (due to hyperthyroidism} was
demonsatrated as a consequence of a high intake of kelp
{seaweed) products both in children in Japan (Suzuki, 1965)
and in adults in Finland (Liewendahl, 1972). Similar
incidents have been reported from Australia and other
countries (Wheeler et al, 1882). Seaweed is known for its
high iodine content.

It is ironic that the only clearly substantiated goitre
endemia caused by a goitrogen ingestion is that due to iodine
itself (Bondy and Rosenberg, 1974). Tn Hokkaido, Japan, the
consumption of large quantities of seaweed gives an iodine
intake of 8 to 25mg per day or more and has heen shown to he

the cause of goitre (Suzuki et al, 1965). Since most
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inhabitants of the Hokkaido endemic area have equally high
iodine intakes, but only 6 to 12% develop goitra, it 1is
evident that other factors contribute to susceptibility (Bondy
and Rosenberg, 1974).
1.5 Dietary sources of iodine and recommended

dosage

Dietary sources of iodine include iodised salt, sea foods
(fish, crab, shrimp, oyster, lobster, seaweeds, etc), milk,
vegetables and grains grown in iodide rich soils (Winter,
18991). Apart from food, drinking water is another impartant
gsource of iodine. In Nigeria (Wilson, 1854), it was found
that people living and farming on basalt soil had the
advantage of an increased food supply and higher iodine level
in drinking water and there was no goitre or evidence of
increased enlargement of the thyroid gland in adolescence.
On the other hand, those living and farming for a long period
on pre-cambrian granites had a high incidence of goitre and
enlargement of the thyroid gland in adolescence. Goitre was
absent from those living on the marine sadimenta of the Niger.

Todine intake in human populations varies from 10 to 20ug
per day in such varied locales as South America, Africa, and
Greece, to as much as several thousand micrograms per day in
areas of Japan where seaweed is consumed in the diet (RBRondy
and Rosenberg, 1974). The recommended dietary allowance of
iodine for adults of all ages is 150ug per day (Wilson, 1954;

Bondy and Rosenberg, 1974, Gerald, 1991; Winter, 1991); during



15
pregnancy, 175ug per day (Winter; 1991); while during breast
feeding, 200ug per day. The human body requires an uptake of
about 2.2ug of iodide per hour to synthesise optimal quantities
of thyroid hormones and the thyroid control systems adjust

thyroid activity to maintain this level.
1.6 Objectives of research

For most Nigerians, the iodine intake 1s derived almost
antirely from food and water which is a translation of the
natural iodine content of the soil. Noting the importance of
iodine to the socioeconomic development of the nation, an
investigation of the iodine cantent aof some food materials was
made. 8Since iodine is usually present as the calcium and sodium
iodates (Cotton and Wilkinson, 1972), a determination aof these
elements was also carried out to see if there is any correlation
among the sodium, calecium, and iodine contents. The starch,
crude protein, lipid, carbohydrate, and moisture contents of
various food items were alsa determined in search of any
correlations and possible indication of goitrogenous action of
the food items. Determinations were also made of the iron and
copper contents of some of the food materials as these with
iodine, are required for red bhlood cell formation. Attempts
were also made to determine known goitrogens such as thiocyanate
and resorcinol. The goitrogens inhibit iadination as already
atated.

There is at present to the best of our knowledge no
documented comprehensive report on the iodine content of food

materials in Nigeria, hence this research is a step in this direction.
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CHAPTER 2
2.0 LITERATURE REVIEW

2.1 IJodine contant of foods

The iodine content of foods vary greatly ranging from
less than 1.5ug/g for corn (Bhorn, 1917) to as much as
48721€ﬁug/g dry matter for seaweed {Ripperton, 1934). Largely
owing to the 1odine content of soil and water in an area, the
figures that are recorded for the iodine content of food
materials show considerable variation for ane and the zame
class of material as determined by diffarent workers, or aven
by the same workers for materials from different sources
(Godden, 1831). The ijodine content also varies with the
species and by district within the species (Jarvis et al,
1926). The analytical technique used in the determination can
also affect the values obtained (Heckman, 1979).

The determination of the iodine content of food is
somet imes carried out along with those of the soil and water.
Some investigators have shown that the iodine content of food
materials is proportional to that present in the soil from
which they were obftained (Rasputin, 1961; Gurevich, 1962;
Berezhnaya, 1976). Such investigations into the iodine
content of soil, water, and foodstuffs have bean carried out
in different countries and regions of the world. These
include the United State of America (Forbes and Reegle, 1916;
Bhorn, 1917; Woodruff, 1923; Remington et al, 1936; Allegrini
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et al, 1983}, Brazil {Pechnik and Guimaraes, 19&1; Pechnik et
al, 1962}, Prance {Bartrand, 19206; Lammand and Tressol, 19972},
India (Patnaik, 1934), Japan (Takei, 1937), former US3R
{Dragomirova, 1944; Zhukova and Radzivon, 1944), Bwitzerland
{Fellenberg, 1923, 1938), &wsden {(Jaegerstan et al, 1883;},
Finland (Virtanen and Virtanen, 1940}, Britain (Moxon and
Dixon, 1%82). Table 2.1 summarisss some of the literature
valuas far the iodine contents of some fooadstuffs {Bhorn,
1917;: Jarviz, 1628; Ripperton, 1934; Wenlock &t al, 1982).

In Nigeria, the determination of the iadine contant af
drinking water was carried out in the former Central Plateau,
Nigar, %aria, Kano, and Borno provinces {(Wilson, 1954).
Goitre was found to be prevalent in areas with low iodine
content in water. No report on the icdine content of Nigerian
foodstuffs wag found in the literature,.

feafoods like fisgh, oysater, shrimp and crabs have hbeen
shown to contain some of the highest values of iodine
{Tressler and Wells, 1924; Jarvisg et al, 15826; Jarvis, 1928;
Ripperton, 1935; Wenlock et al, 1982}). Of all wmarine
products, seawaads are the richest in iodine ({Tressler and
Wells, 1924; Ripperton, 1934). They are followed in iodine
content hy crabhs and ocean ftish (Tressler and Wells, 1624},
then by shellfish {Tressler and Wells, 1924; Jarvis, 1928).

Milk is another food substance believed to be rich in
iodine by wmany authors. Tt has heen shown that the iodine

content of milk varies with the animal species with awe milk
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giving the highest values when compared with the milk of cow
and goat {(Goddan, 1931). Cow milk is thought to have the
lowest iodine content. The content of iodine in milk has also
been found to vary with the season-being higher in the winter
than in the summer, and the icdine content in milk being lower
in the mountainous regions, in France {Lammand and Tressol,
1692),

The level of icdine in the water supply of a community
has been foiind to be inversaly proportional to the prevalence
of goitre (Fellenberg, 1923; Olin, 1924; Balks, 1936; Khazan,

1948; Wilson, 1954; Plorinskii and Rogacheva, 1863).




Tahie 2.1 Tadine Content of some food substancez obtained
by different invegtigators in various countries.

Ffoad Substance

iodine Content (ug/g)

Grains

Barley
corn

Seads

Groundnut (roastad)
Groundnut {iraw)

Fruits

Applas

(drangas

Banahas

Grape fruit {(canned)
Fruit juices
Tomatoes

Carrots

Vagatables

Spinach
Cabhage
Oniion

Lettuce

Raootg and tubers

Irish potato
Fish

Marine fish
Anodrocous figh
Fresh water fish

Shellfish {(ahalone, clams,

oysters, and sScallops)
Crustaceans

Cod filler

Haddock, raw; grilled
Plaice, raw: grilied
Kippers, grilled

Tuna, canned

Salmon, cann&d

220%103
<20x10°

¢30x10}
20x10:
80x10}
<20x10°
50x187
20x1 0:
20x10

20x10?
20%10°
202107
1.5-5

30%10°

515-1972;1500-5300%10°3
698-1539
35-158

3621-6875
445-1456
740x10

1200x103; 2100%10°

100x16°; 130x1.0°,
860%10}
300%10°
850x10’
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Table 2.1 {cont.)

Heat and Rgg .
Beef 60x107

Lamb 20x10’-50x10%,

Pork, leg J0x10° |
Chicken, raw: roast 100310“;50@10‘
Livar; lamb and ox 120x10

Kidney, pig and ox 12Px103 )
Eggs 510x107, H40x10°
Miscellaneous

Beaweeds 1000; 1980-487x103
Ligquid milk {summer) TOx103

Liguid milk (winter) 370x10?
Condensed milk 740%103
Evaporated milk 110x%10;
Yoghurt, natural 420x10 .
Salt; iodised salt 440x10%; 31x10°
Tea, infusion <10x10;
Coffee, instant 50x10;

Jam 70x10;

Bread &0x10;

Riscuits 150x103
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2.2 Detection and determination of iodine

A number of methods are reported in the literature by
which the presence of iodine in a substance can be detected.
These include those reported by Lucas, 1922; Pamfil and
Wonnesch, 1924; Wade, 1925; Miko, 1927; Murman, 1929;
Agostini, 1929, Duschak and Sneed, 1931; Geistenzang, 1932;
Palmeri and Giselda, 1932; Wilson, 1940; Kuznetsov, 1951; and
Bognar and Sarosi, 1965.

In the determination of trace amounts of iodine, various
techniques are available. These include spectrometry
(Kirkbiright and Wilson, 1974; C.A. 84:1550603; Kahl and
Bhide, 1978), gas liquid chromatography (Hasty, 1971; C.A.
85:230104), neutron activation analysis (Lag et al, 1972;
Johansen and Steinnes, 1%978), A-ray fluorescence (Creceline,
1975; Hohimer and Hargis, 1679), Palarography and ian-
gelective electrode (Hoover et al, 1870), Colorimetry
(Hackman, 1979; Moxon and Dixon, 1980; Jones et al, 1982),
potentiometric titration {(Mokhnach et al, 1971, Shkerman et
al, 1878), radiometry (Golubstov and Tgnatov, 1876},
argentometry (Uzcl, 1935), volumetric analysis (Celsi and

Copello, 1951), and gamma ray analysis {Yates et al, 1978).

2.2.1 Advantages and disadvantages of some of
the various techniguas of determination

Quantitative analysis hy colorimetry is an extremely

useful tool because it has wide applicability, high
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sensitivity, moderate to high selectivity, good accuracy, and
is easy and convenient to use (Skcog and West, 1980). Also,
many colorimetric procedures are readily automatable, which
leads to significant increases in throughput rates (Fishman
and Friedman, 1989).

Polarographic technigques can he very sensitive and rapid
in operation but they are not as popular as colorimetric
methods for biological nutrient analysisa. This is partly due
to the fraquent necessity for a prior separation of
interfaring substances. Polarography has considerable value
for special investigations particularly those concerning trace
elements (Allen et al, 1974).

Ton-selective electrode has a difficulty arising from
interference problems. Tn some cases the sample solution
forms precipitates or complex compounds with the ion present
in the membrane. The most serious problem is the response of
some electrodes to ions other than that heing measured, aven
though cation electrades are generally free from anionic
interferances and vice-versa (Allen et al, 1974).

X-ray fluorescence has the advantage of speed and
precision. The sample is not destroyed during the test (Allen
et al, 1674). Virtually any type of sample can be simply
prepared for analysis by X-ray fluoréscence. A problem arises
though if different sizes of particles of the solid matrices

are used. There arises the need to carefully control the
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preparation of the =samples and standards in chemical
compogition and physical nature {(Winefordner, 19376),

Gag-liquid chromatography has the advantages of speed,
good resoclution, and it is gquantitative. Howaver, the
apparatus is elaborate and non-volatile compounds cannot be
analysed directly but must first be converted to volatile
derivatives {(Allen et a1, 1974).

Neutron activation analyseis is sensgitive, widaly
applicable to different materials, though it is sibject to
interferences like self-shielding and nuclear reactions
{Winefordner, 1976).

Gamma ray analysis is the most widely used method of
measuremant in activation analysis. Tha main errors ariging
in activation analysia are those due to unequal flux at sample
and standard, in-accurate counting procedures, and counting

statisticg {Winefordnar, 1976).

2.2.2 Colorimetric determination of Iodine

A numbar of absorptiometric praocedures are available for
the determination of trace amounts of iodine. This include
the determination of {iodine by itg action as a catalyst,
starch-iodine complex formation, its formation of the
triiacdide ian, and ather methaods.

The eatimation of iodine as iodide by the measurement of

ite catalytic action on the rveaction taking place hetween
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carium (TV) and argenite {(I7T1) in acidiec solution {8andell and
Kolthoff, 1934; Malmatadt and Hadjiicannou, 1963} is widely
used. Todide can alro he detected and determined hy its
catalytic effect on cerium (IV) and antimony (IIT) reaction
{Bogner and 8arosi, 1865). There is also the method of
Bvaikina {1975) in which iodide catalvses the dagtruction of
thiocyanate by nitrite. In the presence of iodide, the rate
of decreasge of colour increases in propottion to the amotint of
iocdide present which enables one to effectively determine
amounts of iodide in the range of §.005 to 1.0ug depending on
the method, with a high degree of accuracy {(Boltz, 1%58). One
theory which may explain the mechanism of reaction is the
Bchaffer equivalence change theory {Schaffer, 1947) which
postulates that there 1a only a possibility of certain valence
states exigsting which may be represented by RKnown compounds.
If the redox change is not equivalent, then a bimolecular
reaction could not occur even though bimolecular collision
had taken place. Therefore, successful reaction is involved
with the factor of the aguivalence of valence change and this
mugt determine that portion of the collisions which achieve
favourable reasults. 3ince reaction velocity can be inhibited
by uneguivalent valence changes, the introducticon of a third
gsubhstance able to exist in two valence states required for
mediation of the reaction into consecutive even steps should
markedly catalyze the reaction (Boltz, 195%8}.

Tha starch-iodine procedure for the determination of

|
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iodine is8 possihle hecause it is capable of undergoing
formation of an absorption compound. Here, an organic
gubstance functions as the absorption compound (Peigl, 1954).
Maty studies have been carried oiut on the iodo-starch complex
{Fuler and Myrback, 1921; Tadckoro and Sato, 1923; BSimeri and
Browning, 1939; Rundle and French, 1943; Swanson, 1948). The
analysis of 1odine by starch was used as early as 1851 by
Grange (Raltz, 1958).

One of the wmore sensitive methods for the determination
of itodine involves the measurement of the triiodide ion in the
ultra-violat region of the spectrum (Boltz, 1988). 8tudies
hiave been made which indicate that iodine in various solivents
gshows a varied state which depends entirely on the nature of
the solvent (Brode, 1947). Iodine dissolved in solvents whera
it does not underge solvation, such as CCI1,,C3; or CHCL,, ig
purple and has a spectrum similar to that of the vapour state
of icdine (Brade, 1947). Rrown caloiirs, howevar, are obtained
in soilvents which form complaxes with iodine, such as water,
potassium iodide, or ethanol, yvielding spectra of solvated or
molecular addition compounds of iodine and solvent and
exhibiting visible and strong ultraviolat peaks (Boltz, 1958).

There are a multitude of procedures apart from those
already described which are available to be used in the
abgorptiometric determination of iodine. Alpha-naphtolflavona
reacts with iadine to give a spectrophotomatrically measurahle

blue compound {(Reith, 1929). Iodine forms nitrous acid when
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reacted with hydroxylamine which then diazotises sulphanilic
acid and the latter couples with alpha-naphthylamine to
produce a red dye (Endres and Kaufman, 1936). 0-Tolidine
reacts with iodine to yield a blue-green colour (lLange and
Ward, 1925). Todide has been determined after reaction with
dioxane {Saifer and Hughes, 1937). Tn acidic solution, iodate
oxidises pyrogallol to pupurgallin forming a sensitive
reddish-brown coloiir (8nell and Snell, 1948). The decrease in
fluorescence of fluorescin has been used since the diiodo
derivative is no fluorescent and its formation is cantrolled
by the P? of the solution {Harlay, 1947). The measurement of
the turbidity of silver iodide has been successfully used for
amall amounts of iodide (Scott and Hurley, 1034). The
absorption of mercurous iodide on mercuric chloride {Klein,
1954) and the formation of palladous iodide (Martins, 1930)

have also been used in the determination of iodine.

2.2.3 Dastruction of organic matter

Various methods are available by which the iodine
containing substance, in this case food materials, can be
destroyed thereby leaving the iodine in a form suitable for
quantitative analysis. One of such methods is bomb
calorimetry (Stole and Knopp, 1963; Mitchell, 1965), but it is
time consuming for a large number of samples (Moxon and Dixon,
1980). Tt has also been reported that combustion is often
incomplete and that the ash residue can 1interfere with

catalytic finish techniques (Fioravanti and Halmi, 1971, Moxon
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and Dixon, 1980).

Acid combustion {Rogers and Poole, 1858;: Zak, 1952; Hach
and Lewellen, 196%; Joerin, 1575) has been widely used for
foods and chemical specimens, but it requires the distillation
of iodine into a suitable meadium and 20 ig only applicable to
gmall numbers of samples (Moxon and Dixon, 198Q0).

Alkaline dry ashing has heen widely uged for foods,
clinical specimens and animal feedingstuffz. It is simple,
adequately gensitive and has a productivity potential that
makes it suitable for use on a large number of samples {(Moxon
and Dixon, 1880). Alkaline dry ashing {(alkaline fusgion; can
he carried out using daodium carbonate {Barker, 1948; Caraway,
1952; Klugerman, 1%54; Meyer et al, 1955; Moxon and Dixon,
1980, Sodium carbonate-soadiuvm hydroxide (Salter and Johnson,
1948)., potassium hydroxide (McCullagh, 1934: Waleszek
Piotrowski and Korh, 1952), sodium hydroxide-potassium nitrite
(Balter and McKay, 1944) or potassium hydroxide/potassium
carbonate-zinc sulphate (Moxon and Dixon, 1680). These are
capahle of destroying organic matter when a muffle furnace is
used with the recommended temperature varying from 400-4800C
{Lapin and Reis, 1%61; 3veikina, 1875; Moxon and Dixon, 1980},
to 600-650°C (Boltz, 1658; Krylaova, 1963; Stole, 1%63; Lauber,
1675). The alkali iodide formed will not be lost hecause it
has not reached its melting point {(Boltz, 1858). Tt was
confirmed that thae use of a 1id on the cruecible during the

ashing procedure was esgential to prevent loses of 1odine
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{Moxon and Dixon, 1980). The use of radiocactive iodine has
borne out the fact that the alkaline fusion technique does not
lead to loss (Decker and Hayden, 1551).

Following the destruction of organic matter, the ash can
be identified to give a clear medium capable of being used for
the determination of iodide (Roltz, 1858). Alternatively, the
ash residue can be dissolved 1n distilled water and any trace
of carbonaceous matter removed preferably by centrifugation as
some batches of filter paper were found to adsorb iodide
{Moxon and Dixon, 1%80). Subsequent determinations can then
be made on the solution without prior removal of the iodine.
However, some procedures for aqueous media exist where the
iodine is neither vemoved nor the medium destrroyed buf the
determination is carried out by direct treatment of the
solution being tested [(Klein, 1954, Boltz, 1958).

2.3 The role of iodine and other substances
in goitre formation

Tt is recognised that a deficiency in dietary iodine is
the major cause of goitre (Sherman, 1924; Remington and
Levine, 1936; Kolomoiitseva, 1962; Baimusaev, 1977). 1t is
also recognised that with an inadequate intake of iodine,
diets with high fat content, high carbohydrate or low protein
content (Wilson, 1954), or extensive consumption of foods
containing substances chemically related to thiocvanate or to
thiourea, may have goitrogenic effects (Wilson, 1954; Ekpechi,

1967, Thilly et al, 1992). Extensive investigations into the
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effects of iodine deficiency and thiocyanate cverlcadl
pepecially from the consumption of poorly detoxifie *aasava!
have heen carriad out in Nigeria {RBkpechi, 1967) and in Zaire
(Thilly et al, 1892). The thiocyanate which is a goifrogen
wag found to aggravate a relative or a severe iadine
deficiency.

The effect of the role of other trace elaments along with
icdine deficiency in the diet has also been studied. Very
recantly, a severe salenium daficiency has alge haen
asggociated with iodine deficiency disorder {IDD)} in the human
papulation {Thilly et al}l, 1992). Inconsistencies exist in the
findings of various investigators ag to the rale of copper in
the etiology of endemic goitre (Florinsgkii and Rogacheva,
1%63). In a goitre endemic region, it was found that the
iodine, cohalt, copper, and molybdenum content of the =oil
water and food products of the rtegiong were low {Gurevich,
18672). Tt was also discovered that the greatest incidence of
goitre was present with the least iodine content in
foadgtuffs, and Aalsc increased with the copper: iodine and
cobalt; icdina ratios. A copper: iodine ratio in the water
greater than one was accompanied by over 10% goitre
(Kolomiitseva, 1962). It was also found that the icdine and
manganesa concantrations were low in both the soil and water
of a region where goltre was endemic {Raimusaev, 1577).

The role of caleium and phosphorus along with the

presence or absence of vitamin D in rats was investigated and
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found not to significantly affect the degree of goitre
produced (Remington and Levine, 1930). In another
investigation, the addition of calcium carbonate to diets of
rats deficient in iodine resulted in a greater and more rapid
increase in the size of the thyroid gland, as well as in a
more marked arcinar hyperplasia. The experimental evidence
was considered indicative of an intimate inter relationship
between iodine and calcium in the production of goitre. On
this basis, the theories of the incitation of goitre by

deficiency of iodine and an axcess of calcium appeared to be

correlated (Thompson, 1933).

2.4 Hoisture content of foodstuffs

The available water present in foodstuffs is determined
as moisture content. The appearance, keeping quality, and dry
matter content of agricultural products, for example
foodstuffs are closely related to the moisture content (Whyte
and Selvey, 1869). Generally, stored products are dried to
lower their moisture content in order to prevent the growth of
spoilage micro-organisms and also reduce Biochemical

reactions.

2.5 BStarch content of foodstuffs

Starch is the major storage polysaccharide in plant
materials, and is widely distributed in the plant. Tt is
present in reasonably large amounts in roots, seeds, and some

fruits but the concentration in other parts of the plant,
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especially the leaves, are subject to daily variation, falling
to a minimum at night (Allen et al, 1974). Tn animals, starch
is stored in muscle tissues in a form called glycogen.
Literature values of starch for some foodstuffs are given in

tahle 2.2.

Crude protein is the major compound containing nitrogen
in food items. Minor nitrogenous ingredients of food include
amino acids, purines, ammonium salts and vitamin B;. Nifrogen
is therefore used as an index of the protein termed 'crude
protein’ as disfinct from true protein (Oyeleke, 18R34).

Proteins are the most complex biological molecules and
probahly the most important structures of the biological
aystem. FRvery living call has protein as one of its principal
conatituents. A large variety of prateins are found in animal
and vegetable life. Plants make protein from the
carbondioxide of the air and water and nitrogen containing
material dervived from the =s0il in which they grow. Animals
and man obtain proteins by eating plants ar the flesh of other
animals, The protein of the diet are the body's only source
of nifrogen, an essential constituent of all living cells
(Church and Pond, 1982). Tt 1is recognised that with an
inadequate iodine intake, foods low in protein content have
goitrogenic action (Wilson, 1954). Literature values of

protein for some foodstuffs are given in table 2.3.
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2.7 Lipid content of foodstuffs

Lipids (fats and oils) are materials soluble in certain
organic solvents. Lipids constitutes a high source of enargy
providing 9 Kecal/g compared to 4Cal/g from carbohydrate and
protein (Oyeleke, 1984). Lipids are derived from both animal
and vegetable sources. Diets high in fats as well as
inadequate intake of 1odine are said to have goitrogenic
action {(Wilson, 16854). Some literature values of lipids are

given for some faodstuffs in table 2.3.
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Tabla 2.2 Summary of some literature values for starch
far same foodstuffs (Pearson, 1976; Harris
and Lossecke, 1871).

Foodstuft 3tarch content (%)
Graing

Corn 5670
Brown rice 85
Polished rice >S90
Sovabeans Trace

root _and Tuber

Sweat Potato 25,68
Irizh potatao 20.30
geed

Groundnut 140
Fruitg

Ranana 1
Apples 0.3
Carrat Trace
Egg plant -
Tomato .15

Vegatable

Runnar beans G.2
{_abhage -
Onion -
Miscellansous

Braad 50

Chocalate 2-7
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2.8 Ash content of foodstuffs
The ash content is a term for the inorganic residue that
remains after the organic matter has been burnt away. The
importance of the ash content is that it gives an idea of the
guantity but not the content of mineral elements present in

the sample.

2.9 Carbohydrate content of foodstuffs

The value of carbohydrate refers fo hoth available
carbohydrate (Starch and soluble sugar) and the unavailable
carbohydrates such as cellulose, lignin, and hemicelliilose
(Oyeleke, 1G84).

lLike the other bulk organic nutrients required for life
in relatively large amounts (proteins and lipids),
carhohydrates are alsa absolutely essantial for life.
Carbohydrates are oxidised in the body to give heat and energy
for all forms of body activity.

Diets high in carbohydrate and deficient in iodine are
considerad to have goitrogenic action (Wilson, 1954).

n A

Literature values for some foodstuffs are given in table 2.3,
2.10 HMineral Elemeants

The four mineral elements studied are sodium, calcium,
iron, and copper. While sodium and calcium are
macronutrients, iron and copper are micro nutrients required
by the body. They are abtainable from the diet in various

amounts and generally help the body to function as it should.
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2.10.1 Sodium

Sodium contributes to the ionic balance of the cell fluid
and is essential for humans and animals. Two of the forms in
which sodium occur in nature are sodium iodide and sodium
iodate (Cotton and Wilkinson, 1972). Table 2.4 summarises
some of the literature values of sodium for some foodstuffs,

The determination of sodium by flame emission techniques
are particularly suitable as its arc line (58%nm) is the most
intense of any element at normal flame temperature (Allen et
al, 1974). Atomic absorption spectrometry can also be used
for the determination of sadium (Allen et al, 1974); Fishman
and Friedman, 1989). The gravimetric technigue for sodium
uses uranyl zinc acetate, but it is not very suitable owing to
the low levels of sodium in most organic materials (Allen et

al, 1974).

Calcium is essential in vegetation for apical and root
tip development and accumulates in cell walls as calcium
pectate. Tt is a wmajor constituent in the skeleton of many
animal groups and humans. Apart from bone formation, it is
also necessary in the human body for tooth formation, growth,
blood-clotting, catalysing biological reactions, maintenance
and function of ¢ell membrane, regulation of muscular
contraction and transmission of nerve impulses, and regulation

of strontium uptake (Guthrie, 1979)., Milk is an important
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source of calcium, especially for growing children. Table 2.5
summarises the calcium content for some foodstuffs.

One form in which calaium occurs in nature ig as caloium
iodate (lautarite) (8Snell and Ettre, 1971, Cotton and
Wilkinson, 1972). Calecium also exists as dolomite (CaC0;.
MgCO;) and as limestone (CaCQ0;).

Several procedures are available for the estimation of
calcium. A method is based on the precipitation of calicium as
the oxalate but this has bheen largely replaced by EDTA
titration. Few colorimetric techniques for calcium are
completely satisfactory (Allen et al, 1974). A suitable
technigue for calcium determination is atomic absorption

spectrometry (Fishman and Friedman, 1989).

2.16.3 Coppar

Copper was first recognised as a dietary essential in
1928 when it was observed that anaemia could be prevented only
if both copper and irvon were available. The role of copper in
preventing anaemia has been attributed variously to its
effectiveness in facilitating iron absorption, in stimulating
the synthesis of heme or globin fractions of the haemoglobin
molecule, or in releasing stored iron from the ferritin in the
liver. Tt appears that as part of a multi-functional enzyme
known as ceruloplasmin or ferroxidase T or 11, copper plays an
important role in the oxidation of ferrous to ferric iron
{Baaton and McHenry, 1964; Guthrie, 1379). Copper exists in

the human body as homocyanins - an oxygen carrying proftein.
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Copper is an essential component of many enzymes.
Copper can be determined by polarography (Allen et al,
1974), atomic absorption spectrometry and atomic emission
spectrometry (Fishman and Friedman, 198%9). Table 2.6 gives

some literature values of copper for some foodstuffs.
2.10.4 Iron

Tron functions as a carrier of oxygen and carbondioxide
and in bond formation. Iron occurs in the respiratory
pigment, porphyrin, which is required in electron transfer
{(cytochrome )} process in plants and animals. Tt activates some
oxidases and is considered to he necessary for chlorophyll
synthesis (Allen et al, 1974). Both iodine and iron are
considered to be important in red blood cell formation in the
human body (Kardel, 1%70). Ahout 70% of the iron in the body
is consaidered functional iron. The majority of this is
present in the haemoglobin molecule of the ved blood cell. A
small portion exists as part of myoglobin, the iron containing
protein in muscle. Thoigh the body can absorb both Fe'' and
Fep, the absorption of Fe'' form is greater. The ferrvic iron
{PGL} that predominates in food is usually reduced to the
ferrous (?eh} form prior to absorption. TLiver is the richest
source of irvan (Guthrie, 1979). Table 2.7 summarises some of
the literature values for iron in some foodstuffs.

Methods used for the determination of iron includes
colorimetry, atomic absorption spectrometry, polarography, and

atomic emission spectrometry (Allen et al, 1974, Fishman and
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Friedman, 168%).

2.10.5 Flame photometry (Atomic Emission
spactrometry)

This technique is based on the principle that when an
element is introduced into the flame, the atoms of the element
are excited by the flame. On returning to the ground state,
the atoms emit radiations characteristic of the element
concerned. The intensity of the radiation emitted is directly
proportional to the concentration of the element present.

In order for the emission to be used in quantitative
chemical analyses, the following are necessary : (T) the
sample must be atomised {constituents of interest converted to
atoms in the gas phase)] and the resulting atoms or ions
excited; (2) the reasulting characteristic emission lines must
be spectrally separated and their relative intensities
maasured by a auitable dispersion-detaction system
(spectrometer or spectrograph); and (3) the resulting
intensities must be compared with standards of known elemental
composition. Solid samples are usually analysed by arc or
spark excitation sources that atomise and excite alements
divectly from the sample. Solutions are generally analysed
with flame or plasma excitation sources into which the sample

igs aspirated (Fishman and Friedman, 1689).
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Table 2.3 Summary of some literature values for lipid,
protein, and carbohydrate content of gome

foodstulfs (Fax and Cameron, 1372; Pvke, 1572;
Guthrie, 1979; {(Inglett and Charalambus, 1979).
Foodstuff Lipid (%) Protein (&) Carbohydrate (%)
Beef {fresh) 7 20-25
Figh " 5-13 14-18
Millet 4.5 16
foyvabeans 440
Guinea corn 4 10 68
Cabhage 5.4
Pawpaw 0.0& .36 12.18
Graoundnut h1 28
Yam tuber 8.5
Sweat potato <1 2 21.1

Table 2.4 Summary of some literature values for godium
for some foodstuffs {(Guthrie, 1979)

L.aw Na (ppm)xm‘E Moderate Na (1;:;'}111]5{1()"i High Na (pj;n“n):w:.ifi‘3

Pineapple 1 Chicken 9 Salmon 5
Grape fruit 1 Celery 10 Cornflakes 10
Sweet potato 1 Egg i2 Bacon 17
Carrot 50 Tomato Jjuice 20
Milk 50 Sardineas 5

{Canined)
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Table 2.5 SBummary of some literature values for calcium
for some foodstuffs (Fox and Cameron, 1972;

Guthrie, 1979; Tnglett and

Charalambhus, 1979).

[P, [

Pyke, 1972;

£ ~1

Foodstufi Calecium content (ppmixiQ
Reef 8
fardine 4C
Millet 50
Guinea corn 20
Cabbaga 80
Pawpaw 30
Sweet potato 8
Rice 4
Spinach 200
Fgg a0
Milk 120
Bread a0

Table 2.6 BSummary of some literatiure values for copper
for some foodstuff {(Pennington and Calloway,

1973).

Rich zources (>8ppm)

Intermediate sources

Poor soatirces

{2-Bppm) (<2ppm)
Livar Leafy vegetables Miik
Shell fish Eggs Butter
Nuts Muscle meat Cheesge
Cocoa Fish Sugar
Cherries Pouitry Frash fruits
Mughrooms Peasx Vegetables
Whole grain cereals Beans

Fresh fruit
Refined cereals
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Table 2.7 Summary of some literature values for iron for
some foodstuffs (Guthrie, 1979; Tnglett and
Charalambus, 1979).

Foodstuff Fe content (ppm)xlod
Pawpaw 10
LLima beans 2
Spinach 2
Beef 8
Egg 3

2.10.6 Atomic Absorption Spectrometry (AAS)

This is a very sensitive and highly selective method of
analysis for most metallic elements {(Walsh, 1995).

Bach element absorbs energy at a series of wavelengths
that constitutes the unique atomic spectrum of that alement.
Selectivity is achieved by careful choice of the wavelength of
radiant energy passed through the sample atomic vapour using
either a hollow cathode lamp or an electrodeless discharge
lamp. Recause fthe atomic absorption occurs in extremely
NATTOW {approximately 0.002nm) intervals of the
electromagnetic spectrum a4 wavelength can usually be selected
that is absorbed by only one constituent of a sample. The
atoms of the sample aspirated into the flame remain in the
ground state. On passing the radiant energy of a
characteristic wavelength through the flame, the atoms absorb
some of this radiant energy and bhecome excited. The decrease
in the intensity of the radiation is then measured using a

monochromator and detector system. The decrease in intensity
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is therefore related to the concentration of the element.

Under deal conditions, the extent of absorption at a
gpecific wavelength is related to the concentration ¢, of a
given element in the vapour and to the length, b, of the path
that the beam traverses through the wvapour, according to
Reer's law: A = abe
Whetre a is a constant of proportionality and A, the abaorbhance
ig definad as:

A = Log Po/P
Whera Po is the radiant power af the unahsorhed heam {(measured
in the ahsence of atomic vapour) and P ig tha radiant power of
the beam after it bhas passed through the atomic vapour

(Fishman and Friedman, 1989).

2.11.1 Detarmination aof 3CH”

It is known that ferrie 1ron reacts with thiacyanate to
give a series of inteunsely red-coloured compound {Vagel,
1978). The reaction can be represented as follows:

Felt 4+ SON ----3 {Pe (8CN))#

This complex formed is the predominant coloured species at low

concentration. The presence of a satrong acid ig recommanded

in order to suppress the hydrolysis Felt 3 IH,0 == Fe(OH);+3H'
The acid shoitld either be HCL or BNG; and not H;80; which
has the tendency to complex with ferric iona (Vagel 1978).

Felt in concentrated HC1 in the presence of 8ON vyields a
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bright orange colour which can be measured in a colorimeter
{%heela and Schenck, 1983). Utsumi et al (1975) also
describhes a phoatometric methoad for 8CN determination using

gsodium azide.

2.11.2 Determination of phenols

The goitrogen, resorcinol, is a phenol. Colorimetric
procediives for the determination of phenols are based aither
on diazotization and coupling with phencis, or on the
formation of an indopheno! dye. All the wmethods suffer the
disadvantage that the colour formed varies according to the
phenolic component (Allen &t al, 1974},

Colorimetric procedures for the determination of phenoly
are describad hy Allen et al, 1974, and Wershaw &t al, 1987,
Phenols can also be determined by high performance liquid

¢chromatography (Wershaw &t al, 1887).
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CHAPTER 3

3.0 EXPERTHENTAL

3.1 APPARATUS

Muffle furnace (0-1000°C), porcelain cruciblas with lids,
centrifuge, centrifuge tubas (100ml capacity), colorimeter-
corning 253, flame photometer-ERL model &, atomic absorption
spectrophotometer-shimadzu AA-650, thermostatically controlled
oven, watch clock, analytical balance, soxhlet apparatus,

thimbles, Kjeldahl flasks, and distillation apparatus.

Potassium hydroxide solution (TM), Zinc sulphate solution
{10%m/v), Potassium thiocyanate solution (0.023%m/v),
S8cdium nitrite solution {(2.07% m/v), Ammonium iron (T77)
suilphate reagent, Potassium iodide, Perchloric acid (70%),
Phenol red indicator in ethanol (0.1% m/v), Sodium hydroxide
golution {TM}, Potassium iodate, Acetic acid (10%v/v), Nitriec
acid {concantrated), Calcium carbonate, Lanthanium oxide,
Hydrochlaric acid (concentrated), Sulphuric acid (98%),
Copper (1T7) sulphate, Tron wire, Sodium chloride, Phanol,
4-aminophenazone, Sodium bicarbonate (5%m/v), Potassium
ferricyanide solution (108 m/v), Carhon tetrachloride, Perric
chloride solution in concentrated HC1 (40% m/v), Potassium
thiocyanate, Petroleum spirit (60°-80°, 8odium sulphate,

Phenolphthalein (1% m/v), Boriec acid (4% m/v), Alcaholic



methyl red (0.2% m/v},

Alooholic methyl blue (3.2% m/v),

3.3 Samples

Fifty-two food samples were collected mainly from Samaru
- Zaria market. They ave made up of 13 grains, 4 =seeds, 8
fruits, 6 vegetables, 5 roots and tubers, 4 fish, 5 meats and
egg, and 7 migcellaneous {food items.

The foodstuffs with their botanical names are ghown in

table 3.1.

3.3.1 Bampla praparation

Each of the food szamples was properly homogenised hy
thorough mincing or grinding. The fruits, vegetables, some of
the roots and tubhers (yam and potatoes), and meats ware
axamined fresgh - Dried samples of the ¢grains, sseeds, other
roaots and tubers (vam flour and dried fermented cassava), and
fish were analysed. The eggs analyszed were boiled.
Contamination was avoided by keeping all the apparatus and

work surfaces clean.
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Tahle 3.1

(Macmillan, 1935}.

Common and hotanical names of foodstuffs analysed

Common name

Botanical name

Corn

Guinea corn
Millet

Rice

RBeans

8oya bheans
Locust beans
Melan seeads
Groundnut
Carrot
Garden egy
Pawpaw

Mango

Water melon
Tomato
Pepper

Dried pepper
Spinach
Water leaf
(Cabbhage
Flited pumpkin leat
Onion

Garlic

Swaeat potato
{asaava

Yam

Irigh potato
Ogbono

Zea mays

Sorghum Durra

Panicum miliaceum
Qryza €p.

Vigna unguiculata
Pakia biglobosa
Cucumeropsis =2dulig
Arachif£ hypogasa
Daucus carota

Salanum incanum
Carlca papava
Magnifera indica
Citrullus lanatus
Lyvcopersicon egsculentum
Capgsicum anpum L.
Capsicum frutescens L.
Amaranthus cruantus
Talinum triangtilare
Braggica oleraces
Telfaira geccidentalis
Alium ascalonicum
Alium Bativum L.
Tpomoea batatas
Hanihot esculenta B,
Dioscorea 2pp.
Solanum tuberosum
Irvingia gabonensig
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The food items ars henceforth referred to by their common
namnes .

3.4 Moistiira content datarmination

This wag carried out by the direct heating method
(Jacebs, 1951),

A definite amount of food sample was weighed into a dry
dish, The dish was then placed in an air oven
thermastatically controtled at 105'%C and heated until
guccessive weighings after cooling showed na furthetr losgs in
weight. The lass in weight equals the moisture content. The
% moisture content was calculated using the expression:

% moisture content = Logs in weight of sample x 1450
weight of original sample

3.5 Datarmination of Iodina

The maethod used is that described by Moxon and DNDixon
(1880) which ia a colorimetric procedure for the determination
of total iodine in food, based on the catalytic destruction of
thiocyanate by nitrite in the presence of iodide. The
resction involves the addition of patassium thiocvanate
golution and iron (777} amwmonium sulphate reagent to the
gample solution to give an orange solution which colour ig due
to the formation of iron (TIT7} thiocyanate complex. The
destruction of this colour complex on the addition of sodium
nitrite sclution is catalysed by the presence of iodide in the

golution. The higher the concentration of the ioaide, the

lower the ahsorbance of the solution at the end of a period of
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about twenty minutes. The method has a detection limit of

O.GTUQ/G of food.

3.5.1 Praeparation of reagents

A1l the reagents were used without further purification.
Analytical grade reagents were used for the preparation of
standards. Distilled water was used throughout for preparing

the reagents.

3.5.1.1 Praparation of IM KOH solution

56g of potassium hydroxide was weighted, dissalved in
water, and diluted to 100m} in a volumetric flask.
3.5.1.2 Preparation of 10% (m/v) ZnSO, solution
10g of Zinc sulphate heptahydrate was dissolved in water
and diluted to 100ml in a volumetric flask.
i.5.1.3 Praparation of 0.023%(m/v) KSCH
solution.
0.23g of potassium thiocyanate was dissolved in water and

diluted to 11 in a volumetric flask.

3.5.1.4 Preparation of 2.07% (m/v) NaNO,
golution

2-07g of asodium nitrite was dissolved in water and
diluted to 100ml in a vaolumetric flask. This solution was

prepared when needed as it is stahle for one day only.

3.5.1.5 Praparation of ammonium iron (III)
sulphate reagent

77g of ammonium iron (JIT)} sulphate (NH; Fa(80;); 12H,0)
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was dissolved in 400ml of water. 167ml of concentrated nitrie
acid (5.3. 1.4%2) was added and diluted to 11 in a volumetric
flask. The solution was warwmed until all traces of the solid

dissolved.

3.5.2 Preparation of gstandard = iodide
golutions starndard iodide solution
(4g/1):

0.5232g of previously dried potassium iodide was

digsolved in water and diluted to 100ml in a volumetric flask.
The concentration of this solution i 4¢g/1.

Standard iodide solution {40mg/l): 10ml of the stock iodide

gsolution {4g/)1) was diluted to 11 with water in a volumetric
flask. This sgolution has concentration of 40mg/1.

Standard iodide solution {(200ng/ml): 5m? of the standard

iodide solution {40mg/1) wag further diluted to 11 with water
in a volumetric flask. This standard iodide solution has a
concentration of 200ng/wml and was the working solution,

Into a series of 100m] volumetric flasks, 16,8,6,4,2, and
Oml of the standard iodide solution {200ng/mi) were pipetiaed.
To each sclution, 2ml of IM patassium hydroxide solution was
added so that they were of the same alkalinity as those of the
gample solutions when diluted to 100ml. These were sftored in

glass hottles away from light.

3.5.3 Praparation of mampias for ioadine

detaermination

Each food gample was accurately weighed into a clean, dry

@
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crucible the mass of food taken dependad on the moisture
content of the sample and on the anticipated iodine content.
This mass ranged from 0.5g to 4g. 2ml of TM potassium
hydroxide solutiaon was then added fallowed by 1ml aof the 10%
(m/v) zinc sulphate salution. The mixture was then slurried
with a glass rod and any residue left on the glass rod was
washed back into the crucible with a jet of distilled water.
The crucible was then placed in an oven at 95°C until dry,
then coverad with a 1id and placed in a muffle furnace at
100°%, The temperature was raised evenly ta 5§50 in
approximately 80 minutes and maintained at this temperature
for 1 hour. The crucible was then immediately removed and
allowed to coal to room temperature.

Iml of the 10% (m/v) zinc sulphate zolution was added and
the charred residue slurried. The drying and ashing procedure
was repeated. Three reagent blanks were also taken through
the whole procedure.

Following the destruction of organic matter, the residue
was dissolved in 50ml of water. This was placed in a
centrifuge tube and centrifuged to separate any carbonaceous
matter. About half of the salution was decanted and stared in

a clean container.

3.5.4 Procedure for colorimetric reaction

4 ml of each standard, sample, and reagent blank solution
were pipetted into respective 16x1.5cm test tubes. To each

tube, 1 w1l of water, 1 ml of 0.023% {(m/v) potassium
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thiocyanate solution, and 2 m! of ammonium iron (T11) sulphate
reagent were added. The orange solutions in the tubes were
mixed well. At exactly 90s intervals, Iml of 2.07% (m/v)
sodium nitrite solution was added and again the solution in
the tubes were mixed. The absorbance of each solution was
measured at a wavelength of 450nm in a colorimeter after 20
minutes still at exactly 90s intervals.

By using the range of standards, a calibration graph was
prepared. From the absorbance values of the sample and blank
solutions, the iodine content of the solutions were
determined, in ug/ml, from the calibration graph. The iodine
content of the sample in ug/g was calculated using the
following equation:

T content {ug/g) = {(A-B)x5
W x 100

Where
A is the iodine content of the sample solution {(ng/ml),
B is the mean iodine content of the blank solution
{ug/ml)
W is the amount of sample in grams.
3.5.4.1 Variation of absorbance with time

for some food substances based on
the Hoxon and Dixon method (1S80)

A study was made ta check whethar the 20 wminutes
specified for optimum colour development in the Moxon and
Dixon method would he sufficient for the various groups of

food samples. The following food items were used: water leaf,
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fluted pumpkin leaf, garlic, egg {whole), guinea corn, sweet
potato, and onion.
After the davelopment of the colour by the procedure

degcribed in section 3.65.4 and the addition of the godium

=

nitrite solution, the ahsorbance of each food item was taken
after a time interval of 0,2,5,8,10,15,20, and 25 minutez., A

graph of the absorbance against the time wag then plotted,

3.6 Detarmination of starch

The method used for the determination of the gtarch

contant of the Tand samples is that deserihad by Allen et al,

1974.

3.6.1 Praparation of reagents

3.8.1.1 Preparation of G.1% (m/v) phanel rad_
indicator

0.05g of phenol red indicator was weighed, and dissolved
in &thanol in a 50ml volumetric flask, making it up to the

mark with ethanal,

3.6.1.2 Preparation of IH godium hydroxide

409 of sodium hydroxide was weighed and immediately
transfarred into a volumetric flask, dissolved with water, and
diluted to 11 with water,

i.e.1.3 Preaparation of 10k (m/v) potasgium
iodide

10g of potassium ilodide was weighed and diszolved in

watar., It wasg diluted ta 100ml in a volumetric flask.
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3.6.1.4 Praparation of 0.0125H potassium iodate

0.669g of potassium iodate was weighed and dissolved in

water. Tt was then diluted to 100m]1 in a volumetric flask.

3.6.1.5 Preparation of 10% (v/v) acetic acid

10mY of acetic acid was pipetted into a 100m) volumetric
flask and was diluted to the mark with water.
3.6.2 Preparation of food samples for starch

determination.

250mg {or more) of ground food material was weighted into
a suitable test tube. 200mg of fine sand was added to it
followed by fom' of water and mixed well with a stirring rod.
The tube was then heated in a boiling water bath for 15
miniites to gel the starch. Tt was then cooled to between 20
and 35% and Sml of 70% perchlorie acid was rapidly added
while stirring. The tissue was ground against the side aof the
tibe intermittently with a glasas rad for 20 minutes. Tt was
than transferred to a 100ml volumetric flask and diluted to
volume with water. Tt was mixed well and allowed to settle.
An appropriate aliguot was then transferred into a 50ml

volumetriac flask (Allen &t al, 1974).

3.6.3 Preparation of standard starch soclution
0.05g of pure starch was weighed and placed in sem' of

watar, followed by the addition of Scm of 70% perchloric

acid. The solution was stirred. 71t was allowed tao stand for
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720 minutes, then transferred to a 50cm volumetric flask and
diluted to volume with water. 1cm® of this solution contains
Img of starch. Tnto a series of 50cm volumetric flask, 0.1,
0.2, 0.5, 1.0, 1.5, 2.0, and 2.5 cm of the standard was
transferrved respectively. These contained from 0.1 to 2.5mg

starch.

3.6.4 Procedure for colorimetric determination
of starch

To each of the standard and sample solutions, a few drops
of indicator soclution was added. Sodium hydroxide soclution
(TM) was then added until the solution turned red. Acetic
acid (108 v/v) was added drop wise until the colour
disappeared and then a further 2.5%em of the acid was added.
0.5cm 108 (m/v) potassium iodide solution and Sem 0.0125M
potassium iodate solution were added and the solution shaken
wall. Tt was then diluted to volume and mixed properly. The
absorbance was measured at 680nm using water as a reference.

Blank determinations were carried out in the same way.

A calibration graph was prepared from the standards and
used to obtain the content (mg) of starch in the sample
aligquot. The % starch content was calculated from rthe
expression.

(mg) X solution, volume {amii
0 x aligquot (cm’) x sample weight (g)

% starch = 2
1

Where 7 is mg starch obtained from the calibration graph.
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3.7 Detarmination of crude protein

This was carried out by the Kjeldahl method (AOAC, 1980).

The wet samples were dried hefore grinding.

3.7.1 Preparation of reagents

3.7.1.1 Catalyst mixture

This was prepared by mixing sodium sulphate and coppeér
sulphate in the ratio 10:1,

3.7.1.2Praparation of 1% (m/v)
Phenolphthalein

g of phenolphthalein was dissolved in ethanol and made

up to 100ml with ethanol in a volumetriec flask.

3.7.1.3 Preaparation of 40% (m/v) sodium
hydroxide

40g of sodium hydroxide was dissolved in water and made
up to 100ml with water in a volumetric flask.

3.7.1.4 Praeparation of 4% (m/v) boric acid

4g of boric acid was dissolved in water and made up to
100ml with water in a volumefric flask.

3.7.1.5 Hixed indicator

Two volumes of 0.2% alcoholic methyl red was mixed with
one volume of 0.2% alcoholic methyl hlue. The 0.2% alcoholic
solutions was prepared by dissolving 0.2g of each indicator in
ethanol and making it up to 100ml with ethanol in a volumetric

flask.

“'lﬁfau BELLO UNIVERSITTY
KASHIM IBRAHIM LIBRARY )
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3.7.1.6 Preparation of 0.5N sulphuric acid

3.4 ml of concentrated sulphuric acid was added to water
and diluted to 250ml in a volumetric flask.
3.7.2 Procedure for crude protein

detarmination

0.5g of ground sample was weighed in Kjeldahl digestion
flask (100ml capacity). 5g of digesting catalyst mixture was
added. About 25ml of concentrated sulphuric acid was then
added. The flask was placed in an inclined position and
heated gently until frothing ceased. It was then boiled
briskly until the solution cleared and then for about 30
minutes longer. Tt was allowed to cool and diluted with water
to 250ml and poured into 500ml Kjeldahl distillation flask.
70ml of 40% {(wm/v) sodium hydraoxide solution was added. The
flask was then connected to the distillation apparatus with
the tip of the condenser immersed in the 4% bhoric acid to
which 2 drops of mixed indicator had been added. The flask
was heated and the ammonia evolved trapped in the boric acid
golution. The receiver was then removed, the tip of the
condenser washed with water and the ammonia boric acid
golution was titrated with 0.5N sulphuric acid. The percent
nitrogen was calculated as:

% Nitrogen = 0.014 x N x V x 100
weight of sample (g)

Where N = Normality of H,80; used

V = titra value of H80; used (ml)
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% arude protein = % Nitrogen x y
Where the factor y uged = .25 with the exception of
soyaheans

y for aoya heans = §5.71.

3.2 Determination of lipid content of
foodstuifs

The well ground, dried sample (5g) was weighed into a
pre-weighed fat-free thimble. Paetroleum spirit (60°-80°%)
{about 350ml) was poured intao a previously weighed 500ml round
bottom flask. The soxhlet extraction apparatus was fthen
fitted into the flask and the extraction carried our for 7
hours. The petroleum spirit was then distilled aff. The oil
left in the flask was driad in a hot air oven at 70°C to a
constant weight. The percentage lipid was calculated as:

% Lipid = weight of lipid{(g) x 100
weight of sample (g)

This was carried out by the ACOCS method, {(1942).

3.9 Ash content determination

This was carried out by the AOAC (1980} procedure. The
dried ground sample {1g) was weighed into a pre-weighed
erucible. This was then placed in a muffle furnace at 550°C
for 3 hours or wmore until & grey or white residue was
obtained. The crucible was then transferred to a desiccator
ta cool after which it was weighed. The percent ash was

calculated as follows:

% Ash = weight of ash (g) x 100
weight of sample{g)
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3.10 Carbonydrata detarminatiori

The carhohydrate content of the fondstuffs was daterminad
by difference that i1s the Jipid content, ash confent and
protein content ware stubtracted from 100.

% carbohydrate = 106 - {% lipid + % ash +% protein)

3.11 Hetal detarmination

Sadium was determined by flame photometry while calcium,
iron, and copper were determined by atomic absorption
gpactrometry. The food samples were prepared for the

determination by the procedure described in section 3.5.3.

3.11.1 Determination of sodium

The procedure vsed is that described by Allen et al,
1974,

The sgtock =olution (1800 ppm Na) was prepared by

digsolving 0.2542g dry sodium chloride in water and made up to
11 in a volumetric flask.

Tha working standards were prepared by diluting the gtock
goltution 100 times. From this, appropriate volumes ware taken
to givan a range of 0 to 15 ppm sodium. The standard ware

gtored in plastic containers.

3.11.1.2 Procedurs for determination of
sodium

A sodium Tilter was used., The atandard solutions were
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used to prepare a calibration curve after setting the top
gtandard to a suitable scale deflaection and the Oppm standard
to 0. The sample solution was aspirated into the flame under
the same condition as the standards. Blank determinations
wera carried out in the same way.

The calibration curve was used to determine the
concentration of sodium in the sample solution. The sodium
concentration (ppm) for each sample was calculated as follows:

Na (ppm) = C x 8 R x Dilution factor x solution volume
weight of sample

Where C = Concentration of sodium (ppm) from the graph.

% F = % emission for the sample.

3.11.2 Determination of calcium, iron, and
copper.
The procedures used are those described by Fishman and

Friedman, 1959.

3.11.2.1 Preparation of Calcium Standard

Phosphate, sulphate, aluminium, and silicon interfere in
calecium determination but their presence is masked by the
addition of lanthanium.

Calcium standard solution: 1.25g of dried calcium carbonate

was suspended in water and dissolved cautiously with a minimum
of dilute hydrochloric acid. Tt was diluted to 11 in a
volumetric flask with water . 1 ml = 0.5mg Ca.

Calcium working standards: The standard solution was diluted




60
to give a range of standards from 0 to 8 ppm Ca. For each
working standard, 1 ml of lanthanium chloride solutioen was
added for each 10ml of standard. A blank solution was
prepared in a similar way.

Lanthanium chloride solution {(87g/1): 29g of lanthanium oxide

{Lagﬁ} was mixed with a few millilitres of water to form a

slurry. 260ml of concentrated hydvochlorvic acid was sliowly
added while stirring. The solution was diluted to 500ml with

water.

3.11.2.2 Preparation of Iron Standard

Tron standard solution 1 (400ug/ml Fe): 0.4g analytical grade

iron wire was weighed. Tt was dissolved in 5Sml concentrated
nitric acid and diluted to 11 in a volumetric flask with
water.

Iron standard solution 1T (1 ml = 4 ug Fe): 10ml of iron

gstandard solution T and 1 ml of concentrated nitric acid were
diluted to 11 with watar.

Iron working standards: A range of standards containing 0 to

4 ppm Fe was prepared from iron standard solution TT.

3.11.2.3 Preparation of copper standard

Coppar_standard solution 1 (1600 ug/m} Cu): 1.25%7g of copper

{TT) oxide was dissalved in a minimum amount of nitric acid.
The solution was heated to increase the rate of dissolution.
10ml of concentrated nitric acid was added and diluted to 11

with water in a volumetric flas
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Copper sfandard solution IT (5 ug/mi Cu): 5 ml copper

grandard sgoltution T and 1 mt concentrated nitrie acid was
diluted to 11 in a volumetric flask with water.

Copper working_ standards: A rvangs of 0 to 4 ug/mt T

standard solutions ware prapared from the copper standard

golution TT.

The hlank was aspirated to set the automatic 2Zero
cantral. The aintomatic concentration cantrol was then usked ta
gat the roncsntrations of the standards. The instiriument was
catibrated psach time a set of samples was analyzed and
catibration was checked at intervals. The instrumental
conditiong are gummariged in table 3.2

The concentration of each metal in ppm wag calomlated as
follows:

M{ppm) = C x & A % Nilution factar x golution volumes
waight of sample

Whare M ig the metal
C is the concentration of wmetal (ppm) obtained
From the calibration graph

% A is the % absorharnce.
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Tahle 3.2 Tnstrumental conditions for the determination
of Ca, Fe, and Cu.

Element Grating Wavelength Hollow Oxidant Fuel

(nm) Cathode
Lamp
Calcium Vigible 422.7 Calcium Air Acetvylene
Tron Ultra-violet 248.3 Tron AlT Acetylena
Copper Ultra-violet 324.7 Coppeéer Air Acetylene

3.1.2 Determination of goitrogens
(SCN~ and phenol)

The extracts of the food substances - Cabbage, onion,
fluted pumpkin leaf, cassava, and millet were determined for
the goitrogens. These food i1tems were chosen because except
for fluted pumpkin leaf, the others have been cited in
literature to likely contain goitrogens (section 1.4.1).
3.12.1 Preparation of food samples for

goitrogen determination

2g {(or more) of ground or minced food material was
weighed into a suitable tast tube. 5ml of water was added and
the solution mixed well with a3 stirring rod. The tube was
then heated in a boiling water bath for about 15 minutes. Tt
was then cooled to between 20 and 35°C and 5ml of 70%
perchloric acid was added. The solution was stirrved. The
tissue of the sample was ground against the side aof the tube

intermittently with a glass rod for 20 minutes. Tt was then
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transferred to a 50ml volumetric flagk and diluted to volume
with water. Tt was mixed well and allowed to zettle. The

clear solution was decanted and stored {(Ailen et al, 1974).

3.12.2 Datermination of Thiocyanata (SCH”)

This was carried out according to the procedure described

by Bheela and Rchenck, 1983,

3.12.2.1 Preparation of ECN standard

0.097g of potassium thiocyanate was dissolved in water
and made up to 11 in a volumatric filask. This solution haz a
concantration of 1 ug/ml.

0 to 1 ml of the standard scolution respectively was taken
and each diluted to 5 ml to give a range of 0 to 0.2 ug/ml

BCN standard.

3.12.2.2 Praparation of 40% (m/v) FaCl, in
concentrated HCl

20g of ferric chloride was weighted and dissclved in
concantrated hydrochloric acid. The voluma was made up to
50ml in a volumetric flask with concentrated hydrochloric

acid.

3.12.2.3 Procedura for SCN  datarmination

To eacn standard solution and &5ml of each sample, G.02ml
of the 40% ferric chloride solution was added. The absorbance
was taken at 450nm. A calibration curve was plotted from the

range of working standard solutions.

S R P
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The procedure used for the daetermination is that

described by Allen et al, 1574.

3.12.3.1 Praparation of phanol standard i

0.25¢9 of phenol wag weighted and disgsolved in water., It |
was made up to 250ml with water in a volumetric flask. 1 ml
of this solution was diluted to 100ml with water in a
volumetric flask. A range of 0 to 30mil of this solution was
pipatted into separating {unnelg to give a range of € to

360ug phenol.

3.12.3.2 Praparation of 4-amino/phenazone
golution

0.17g of 4-aminophenazone was weighed, dissolved in

water, and made up to 100ml in a volumetric flask.

5g of sodium bicarbonate wag weighed, digsolved in water,

and made up to 100mil with water in a volumetric flask.

3.12.3.4 Praparation of 10% (m/v) potassium
farricyanide

18g of potassium ferricyanide was weighed, disgolved in

water, and made up to 100ml with water in a volumetric flask.

3.12.3.5 Procedure for phanol datarmination

10mi of sample extract was measured into a separating

funnel. To each standard and sample solution, 4ml of the 5%
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{(m/v} sodium bicarhonate solution, 5ml of the 4-aminophenarona
golution, and 3 ml of the 10% {(m/v) potassium ferricvanide
solution ware added. The smolution was mixed well and allowad
to stand for 15 minutes. Oml of carbon tetrachlioride was
then added and the =solution swirled well in the separating
funnal. It was allowed fo stand and the lower carbon
tetrachloride layer was callected. Thig extraction with 10m!?
of ¢arbon tetrachlorvide was repeated twice and the extracts
were combined.

The abhsorbance of the extract was measured at 6Dhnm. A
calibration curve was prepared from the standard readings and
used to calculated the concentration of phenol.

Phenol {ug/g} = x/weight of =zample
Where ¥ ia the phenol concentration from the calibration

graph.
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CHAPTER 4

The values reported helow are generally the mean of three

daterminations in sach cass.

4.1 Moistiura content of the food substancas

The moistiure contents determined for some foodstuffs are
given in table 4.1.

Long storage foods have their moisture contents below 20%
{Church and Pond, 1982). The grains, szesds, dried fish, and
processed foods like garri, yam flour, salt, sugar, and milk
powder all fall into this category of food items. The other
food items are high in molshture content and usually need to he
stored either by refrigeration or freezing, except the roots
and tubers which can keap for an appreciahle length of time,

The maisture content of the foodstuifs was determined to
gee if any relation exists between it and the jodine content
and also to give some idea of the mass of each substance to bs

used in iodine detarmination.

4.2 lodine content determination

of iodina

Tha plet of ahsaorbance against time in the determination

of iodine for representatives of the various c¢lasses of
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foodatuffs, showed that none had an appreciable absorhance
after 20 minutes of colour development {Figs. 4.1 - 4.7). The
abgorbance for the extracts from water leaf, fluted pumpkin
leaf, garlic, egg {whole}, guinea corn, sweet potato, and
onioh - were generally too low (below 0.11) to he accurately
usad 1n determining the iodine content from the calibration
curve (Sae Appendix 1}. For most of the foad itemsa {except
fiuted pumpkin leaf and garlic), the optimum absorbhance that
could bhe accurately read from the calibration curve was
obtained after only 5 minutas of colour development (Figures

4.1 to 4.7).

A modification to the method of Moxon and Dixon, which
suggests leaving the reaction to proceed for 20 minutes was
judged more appropriate. This could be effected by:

(i) taking the absorbance at the lowest readable absorbance
on the calibration curve;

{i1) preparing sgtandards that will give very low absorbance
values 8o that these can be read on the calibration
curve. The problem with this is that an absorbance value
below 0.1 is usually subject to error, or

iii} diluting the food extract to a known volumne with
digtilled water and leaving the reaction to proceed for
the suggested 20 minutes. This gave readable values on
the calibration curve.

This third option was chogen for most of the food

substances that did not give readable values initially. The
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first option was applied to the water leaf axtract.
The graphs in figures 4.1 to 4.7 show that the required
time for optimum colour development ranges from 8 minutes
{figures 4.1, 4.5 and 4.7) ta 15 minutes {figures 4.3 and

4.6). FPigures 4.2 and 4.4 indicate an optimam colour

development time of 9 and 10 minutes raespectively.

Tahle 4.1 Moisture content of some {fcod substances
{Mean value ¥ standard deviation)

Foad sgubstance % Moisture content

Grains

Yellow corn

White corn

Guiriea corn

Millet

Lacal rice

Palished rice

White beans {(unpeeled)
White beans {pealed)
Brown bheans {(unpeeled)
Brown beans (peeled)
foyvabeans {untreated)
Sovaheans (treated}*
Dried fermented locust beans

|
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Beads

Maion seeds
Oghona
fRaited roasted groundnut
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Fruits

Garden egg 81.
Pawpaw 90.
Mango R7.
Water melon 96.
Tomato 83,
Fresh pepper 3.
Dried peppear 3.
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Table 4.1 cont.

Food subatance % Moisture content

Vagetables

8pinach a8,
Water leaf 9t.
Cabhage 90,
Fluted pumpkin leaf 88.
Onion 88 .
Garlic 7C,

2 =1L DU~
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Raoaots and Tubers

Swaat pntato 71,
Garri (dried, fermented cassava) 6.
Yam tuber 63.
Yam flour 6,

1
-l D

A A A
D
b et D

Fiah

Alestes {dried)
Clarias "
Crayfish

ICHD
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e

Maat and egy

Baaf 78,
Goat meat 18,
Egg {(whole} 7q,
Egg {(albumen) 84,
Egg (Velk) 51.9
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Migcallanaous

Balt

Whale milk powder
White sugar

Bread

1w
pome
A
e = e
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* Raw goyabeans containsg a trypsin inhibitor {antifrypsin
factor) {Bapieka, 18%869). To remove thig, the soyabeans
was boiled for A wminimum of 20 minutes in waiter containing
potash. The testa was thaen peeled off.
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4.2.2 Iodine content of the food substances

The values obtained far the iodine contents of the
various food materials analysed are given in table 4.2.

As ¢an be seen from tahle 4.2, the grains show some of
the lowest values of iodine as evidenced by the results for
the corns, rice, and millet samples. The value obtained for
the yellow corn falls in the range of some reported litarature
values far corn (2.5-5 ug/g). Gf the beans, the dried
fermented locust heans has the higheast iadine content. This
may in part be due to the processing which involves the
addition of common salt. For the white and brown heans (15.5
and 7.8 ug/g for peeled, and 22.3 and 24.5 ug/g for the
unpeeled samples respectively) the difference in the iodine
contents of the peeled and unpeeled varieties is indicative of
tha fact that the testa contains a significant amount of
iodine. This 18 especially so for the brown beans in which
the bulk of the iodine seem to he in the testa. Tnvestigations
have shown that the outer layers of grains are richer in
iodine than the inner layers. Thus bran is richer in iodine
than flour (Glimm, 1%30). For soyabeans, there does not seem
to be much difference between the treated (which involves
peeling the testa) and the untreated samples. The yellow corn
showed a lower value of icdine than the white variety. The
reason for this is not clear. Samples may have originated

from soils with different iodine contents.
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The seeds give an appreciable value for iodine. As would
be expected, salted roasted groundnut gave a much higher value
for iodine than the unsalted variety. This is of course due
to the iodine content of the salt, and provide some partial
check for the validity of the analysis.

Fruits and vegetables like pawpaw, spinach, and cabbage
are very rich sources of iodine. This may indicate that they
were grown on iodide rich soils (Balks, 1838) or that they are
able to accumulate iodine better than other foodstuffs., Of
the roots and tubers, sweet potato has the highest value of
iodine.

As expectaed (Tressler and Wells, 1924; Tressler, 1925),
gome of the richest sources of i1odine with the fish showing
iodine contents of over 145 ug/g. The iocdine contents of the
fish are somewhat above the range reported in the literature
for some fresh water fish {Jarvis, 1928). The eggs and meats
are also good sources of iodine, but these values reported in
the literature (Wenlock et al, 1982) were generally much
higher. The high iodine content of bread may be due to
gsalting during preparation or the addition of potassium axy-
halide {usually potassium bromate) to strengthen the gluten of

the flour (Fox and Cameron, 1972).

4.3. Comparison of the iodine and moisture
contants of some foodstuffs.

A comparison of tables 4.1 and 4.2 shows that though the

grains and seeds have low moisture contents this does not
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transtate to a high iadine cantent except for the dried
fermented locust beang and the galted roasted groundnut which

have had salt added to them Juring thelr processing.

Table 4.2 Todine contant of some food substances
Mean value + gtandard deviation.

Pood subsgtance Tadinae Content {(ug/g}

Grains

Yallow corn

White corn

Guinea corn

Millet

Local rice

Polighed rice

White heans {unpeeied])
White beans {peelad)
Brown beang {(unpeeled)
Brown bheans {peeled)
Soyabeans {untreatad)
Aoyabeans {treated)
Dried fermented locust bheans 32,
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Seeds

Melon geeds i1,
Ogbono 58.
ngalted roasted groundnut 46,
Salted roasted groundnut 210.
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Pruits

Carrots 0.
Garden egg 8.
Pawpaw 145.
Mango 35,
Water melon 4.
Tomato 6.
Presh peppar 8.
Dried pepper 26,

.

6.0

LN LI e OIS COON 3
AT Y N

it o ol SIS T
DD DD



Table 4.2 Cont.

Food stibstance

Todine Content (ug/g)

Vegetahles

Spinach
Water leaf
Cabbage

Fluted pumpkin leaf

Onion
Garlic

Roots and Tubers

Sweet potato

Garri (dried fermented cassava)

Yam tuber
Yam flour
Irish potato

Fish

Alaates (dried)
Clarias "
Tilapia v
Crayfish "

Meat and Fgg

Reaf

Goat meat

Fgg (whole)
Fgg (albumen)
Egg (Yolk)

Miscellanecus

Salt

Whole milk powder
Cocoa beverage
White sugar

Bread

Biscuit

Jam
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210.
280.
148.
145,

237.
112.
280.
530.
625.
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The fruits (except for dried pepper), vegetables,
unpraocessed root and tubers (sweet patata and yam), meat and
eggs are all high in moisture content (Over 50%) with a
moderate to high level of iodine (Over 10 ug/g to 750 ug/g).
Excaeptions in these graoups with low iodine cantent but high
moisture are carrots, garden egg, water melon, tomato, fresh
pepper, onion, and garlic. The wide difference in the iodine
contents of fresh and dried pepper may not aonly bhe due to the
lower moisture content of the latter but also to the 3011 on
which it is grown. The drying process may also have resulted
in a higher content of iodine per unit mass in the dry pepper.

The fish have low moisture content {(1ess than 10%) and a
correspondingly high iodine content {Over 145 ug/g). This
probably shows that the drying process together with a
possible salt treatment helped to concentrate the iodine with

tittle or no loss.

4.4 GStarch content of some food substances

The starch contents of the food substances analysed are
given in table 4.3. A comparison with reported values (table
2.2) shows that the determined values for the grains compared
well with the reported values. For sweet potato, the repaorted
value was significantly higher than the obhserved value. The
reported starch content of the groundnut was also
gsignificantly higher. These differences in values may be due
to differences in species. The fruits and vegetabhles compared

well with fhe reported values. The reported starch content
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for bread was only slightly higher than the observed value and
this may be attributed to differences in the composition of
the bread.
As would be expected, the grains show the highest starch
content followed by the roots and tubers. The other groups of

samples gave low values (less than 10%) for starch.

4.4.1 Comparison of the iodine and starch
contants of some foodstuffs.

Table 4.4 compares the i1odine and starch contents of some of
the food samples analysed. The table shows that the food
items may bhe broadly grouped into three categories namely:
(a) foods rich in iodine but low in starch; (h) foods
relatively rich in iodine and starch; and (c) foods relatively
poor in iodine and rich in starch.

The first category (a) 18 made up of the fish, meats, and
€gg. Others are groundnut, dried fermented locust heans, melon
saads, sayaheans, mango, pawpaw, sweet potato, =salt, white
sugar, and vegetahles like cabbhage, spinach, water leaf, and
fluted pumpkin leaf. These have iodine contents of over 10
ug/g and starch contents below 10%. The fish, meats, egg,
groundnut, locust beans, melon seeds, and soya beans are also
known to be good sources of protein.

Foodstuffs in the second category (b) include garri,
unpealed brown and white beans, and peeled white heans. Thease
have iodine contents of between 16 and 66 ug/g and starch

contents aof between 728 and 53%.
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The 1ast category () ig made wp of white and vellow
corn, millet, local rice, guinea corn {all grains), peeled
hbrown baang and yam flour. These have gtarch contents of over

40% and iodine contents below 10 ug/g.

Tahle 4.5 gives the crude protein for some of the
sanples.

The grains, except soyabeans, have relatively low values
of crude protein. Foods high in protein have values greater

than 20% {(Chureh and Pond, 1982).
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Table 4.3 The starch content of some food aubhstancas

Food substance

ftarch content

(%)

Graing

Yallow corn
White corn
Juinea coOTh
Hillet

Local rice
Polighed rice

White beans {unpealed)

Whife heans (peeled)

Rrown heans {unpeeled)

Brown heans {peeled;

Soyabeaans {(untreated)

fovyaheansg {treated)

Driad fermented locust haans

Rootg and Tuhers

Sweet potato

Garri {dried fermented cassava)

Yam tubar
Yam flour

Seceadsy

Melon seeds
Ogbono

falted roasted groundnut

Fruits

Gardan egy
Pawpaw

Mango

Watar melon
Tomato

Fresh pepper
Dried pepper

Vagetables

Spinach

Water leaf

Catbiage

Fluted pumpkin leaf
Onion

Garlie

56.
60.
40,
50,
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Food substance

ftarch content (%)

Fish

Clariaz {dried)
Crayfigh "

Heat and Egg

Reaf

Goat meat

Rgg (whole)
Bgg {alhumen)
Rgg {Yolk}

Migcellaneous

Ralt

Whole mitk powdar
White sugar

Rread

b
fu 1)
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DD
-J | fa g |

e O30
O oo




86

Table 4.4 Comparison of the starch and iodine contents
af some foodstuffg {(a) foods rich in iodine
but low in starch (b)) foods relatively rich
in iodine and starch, {¢) foods relatively
poor in itodine and vich in starch,

Food suhstance Todine content {(ug/g)} Starch content (%)

{a)
Bwaat potato 750 9.0
Fgg (Valk} 625 0.1
Bgg {Aalbiimeti) 530 0.0
Fgg (Whole) 280 0.1
Clarias {(dried) 280 0.3
Baef 238 0.1
Salted roasted groundnut 210 1.7
Spinach 160 G.1
Cabhage 152 0.1
Crayfish {dried) 145 0.4
Pawpaw 145 0.1
Locust beans 133 1.0
Goat meat 113 0.1
8alt g5 8.0
Water leaf 70 0.1
Fluted pumpkin leaf 50 0.1
Mango 35 1.¢
Soya heans (treated) 14 0.1
Soya beans {(untreated) 13 0.1
Melon seeds 12 1.6
White sugar 12 4.0

(b}
Garri {dried fermented cassava) 66 8.0
Braown beans {unpeeled) 25 44.0
White beans {(unpeeled) 22 2.0
White beans (peeled) 18 28.0

{(a)
White carn 9 60 .0
Millet 8 506.0
Lacal rice 8 745.0
Brown beans (peelad) 8 44.0
Yam flour ¥ 2.0
Yellow corn h 56.0
Guinea corn 2 40.0




Tahle 4.5 Cruds protein content (%) of some fonodstuffs
Poodstuff Cruda protein (%)
Graing

Millet 11.4 £ 0.5
Guinea corn 11.4 + 1.0

Aova heans {untreated) 47.2 *# 1.8
Seed

3alted roasted groundnut 26.8 + O
Fruit

Pawpaw 4.3 %2 06.5
Vegatahble

Cabhage 21.4 ¥ 0.7
Raoat and tuber

Yam tuber 8.1 0.2
Sweet potata 4.1 #08.5
Meat_and fish

Reef 66.8 + 1.0
Clarias 69.7 £+ 1.6
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The protein cantent of millet is lowar than the reported value
{16%) but the guines corn value ig slightly greater than the

value of 10% obtained elsewhers. The protein, content of

soyabeansg determined ig higher than the reported value of 40%

{Table 2.3). The groundnut sample analysed has a crude
protein content which is comparable to the literature value of
28%.

The {fruit, pawpaw, gave a low value for crude protein
{4.3%) while the wvegetable, cabbage, has a relatively high
value {21.4%). The protein content of pawpaw determined is
significantly higher than the reported value of 0.36% (Table
2.3).

The vam and eweet potato samples gave telatively low
values for crude protein {(B8.1% and 4.1% respectively). Tha
value for yam is comparable to the literature value aof 8. 4%
while the value for sweet potato iz slightly higher than the
literature value (2%},

Both the fish and beef gshow relatively high ¢rude protein
contents (Reef 67% and fish 70%). As would he expectad, the
foodstuffs usually classified as good protein sources all gave
values well above 20% (26-70%). The cabbage sample, a
vagetahls, indicates a protein content of over 20% suggesting
that it is a good protein source.

It hag been observed that with an inadeguate iodina
intake, foods low in protein content could be goitrogenic

{Wilgon, 1954}. A comparison of tables 4.2 and 4.5 disgplayed

e
i
[TV
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on the bar chart of figure 4.8 showg that the graing millet
and guinea corn, and vamwm tuber are relatively low in both
their iodine and protein contents, Diets derived principally
from thege foodstuffs would require i1odine siipplementation fo
ameliorate possible goitroagenic effects. Although soyahean has
a4 relatively low iodine content, its protein content appears
sufficiently high to mitigate goitrogenous activity of =soya
bean based diets. Sweet potate and pawpaw on the other hand
have low protein content but high iocdine contents and would
not he expected ta be goitrogenic., {abbage with relatively
high protein and iodine contents, is also not likely to be
goitrogenic., The meats (beef and elarias) are good sources of

protein and iadine.
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4.6 Lipid content of food substances

Tabhle 4.6 gives the 1lipid contents of some of the
samples. As would be expected the grains (except soyabeans),
fruit, cabhage, root and tuber all have lipid contents halow
10% (2.9 - 6.6%).

The seed, groundnut, gave the highest value for lipid
content (51.4%), followed hy the heef (35.6%), untreated
soyabheans (21.5%) and clarias (11.2%). The valuas for the
lipid contents of the grains, groundnut, and fish are in
agreement with those reported for some samples 1in the
literature (8ee table 2.3). However, our values for beef,
pawpaw, and sweet potato are somewhat higher than those
reported in table 2.3. Differences in beef part and varieties
of pawpaw and sweet potato analysed may account for this
observation.

Wilson (1954) suggested that diets high in fats and
inadequate in iodine have goitrogenic action. As can be seen
by the comparison of tahles 4.2 and 4.6 displayed in the bar
diagram of figure 4.9, groundnut, beef, and soyabean
{untreated) have high lipid contents. However, these also have
relatively high iodine contents which may mitigate the
goitrogenic effect of the lipid. (Clarias, cabbage, and sweet
potato have relatively low lipid contents and high iodine
contents and would not he expected to be goitrogenic a
conclusion which was also reached by comparison of the icdine

and protein contents.



Table 4.6
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Lipid content of some foodstuffs

Foodstufi

Lipid content (%)

Graing

Milliet

Cuineaa corn

Boyabeans {(untreated)

Saead

Groundnut {salfed and roasted)

Fawpaw
Vegetabie
Cabbage

Root and tuber

¥Yam tubear
Sweat potato

Meat and Fish

Raaf
Clarias
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The grains and yam tuber on the other hand have low values
for bhoth lipid and iodine contents, and their goitrogenic
effect will be determined hy a consideration of other factors
apart from the lipid content.
Comparison of the bar charts in figures 4.8 and 4.9 shows
that foodstuffs rich in lipid (over 11%) and iodine (aver 200
ug/g except soyabeans 13.3 ug/g) also have high crude protein
contents {over 26%).
Conversely, it would appear that foodstuffs with
relatively low lipid and iodine contents are also relatively
low in crude protein. Millet and guinea corn exemplify this

latter group.

4.7 Ash contant of some foodstuffs

The ash contents of some foodstuffs were determined in
order to use them in the calculation of the carbohydrate
content (by difference) of these foodstuffs. Table 4.7 gives
the values obtained. Tt gives an idea of the quantity of
mineral elements present in each sample. However the ohserved

contents do not show any distinct trends.

4.8 Carbohydrate content of some foodstuffs

The values of total carbohydrate (obtained by difference)
for some foodstuffs are given in table 4.8,

The determination was carried out on dry matter and the
values are considerably higher than some reported values

(table 2.2). The beef and fish have the lowest values {less
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than 4%) followed by the groundnut (17.8%). All the other
samples have carbohydrate contents of over 24% in each case.

Diets high in carbohydrate and low in iodine contents are
considered to have goitrogenic action (Wilson, 1654). A
comparison of the carbohydrate contents of the grains and yam
tuber (table 4.8) with their iodine contents would tend to
implicate them as having potentials for inducing goitrogenic
action,

4.5 Bodium and calcium contents of food
materials

The values obtained for the sodium and calecium contents
of some food samples analysed are shown in table 4.9, For
most of the samples, the calcium contents are much lower than
the sodium contents., A comparison aof the sodium and calcium
contents with some reported values {(tables 2.4 and 2.5) shows
that the determined values are higher. This may be due to the
g0il and water contents of the elements in various locations.

The removal of the testa of the brown heans leads to a
gignificant loss in hoth sadium and calcium contaents (24.0 and
1.4 ppm respectively for unpeeled and 4.0 and 1.0 ppm
respectively for peeled beans).

As stated in section 1.1, iodine occurs in nature as
sodium and calcium iodates and as ijodides. As can he seen
from table 4.2 and 4.9 the seeds, fish, meats and egg have
relatively high values for sodium, calcium and iodine except

for the low value of calcium in beef and melon seeds. Of the
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grains, the corns (yellow, white, guinea), millet, and locsal
rice gave low values of i1odine (belaw 10 ug/g) and relatively
high values for sodium and calcium {above 2000 ug/g and 100
ug/y respectively. For the fruits, vegetahles, roots and
tubers, no distinet trends can be seen hetween the three
elements. These observations may imply the prasence of iodine
in foodstuffs in forms other than the iadides and iodatss of

godium and calcium in which it is often found in nature.

Table 4.7 Ash content of zome foodstuffs

Foodstutf Azh content (%)
Grains

Millet 2.5+ 0.2
ZGuinea corn 1.9 % 0.3
Boyabeans {untreated) 6.4 ¥ 0.4
Seed

Groundnut {salted and roasted) 4.0 £+ 8.0
Root and tuber

Yam tubér 3.9 + 0.0
Sweet potato 5.7 £ 0.3

Meat and Pizh

Beeaf - 0.1
Clarias 23.0 + 0.9

e AN
R FR R ——
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Table 4.8 Carbhohydrate content of gome foodstuffs

Foodstuff Carbhohydrate contant (%)
Grains

Millaet 79 .4
Gilinea corn 82.1
Royabaang {untreated) 24.9
Seed

Groundnut {salted and roasted) 17.8
Root and tuber

Yam tuher 85.1
fwaat potata 8&.7
Meat and fish

Beef 2.4
Clarias 3.9
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Table 4.5 RAodium and calcium contentg of some food aubatances

Food substance Ha contengt Calcium content
(ppmj (184} {ppm) {x10%)
Grains
Yailow corn 80.0 0.2
White corn 23.0 1.4
Guinea corn 174.0 1.8
Millet 23.5 .8
Local rice 37.6 1.2
Polishad rvice G.6 0.8
wWhite beans {(unpeeled) 2.8 2.0
White heans {peeled) 2.9 14.4
Brown beaans (unpeelad) 24.0 1.4
Rrown heans {paeled) 4.0 1.0
ZSova beans (untreated) 0.5 .2
fova beans {treated) 5.8 1.8
Dried fermented locust bheans §7.5 2.2
Seeds
Melon sesds 59.0 0.05
Dghono 10.5 1.9
Salted roasted groundnut 4.0 7.6
Fruits
Garden egyg 1.1 D.4
Pawpaw 54.4 1.1
Mango 18.0 3.6
Water melon 6.5 0.2
Tomato 6.5 0.6
Fresh pepper 0.5 2.9
Dried pepper 185.0 2.0
Vegetables
Spinach 28.5 4.1
Water leaf 20.0 1.9
Cabhage 2.8 0.4
Fluted pumpkin leaf 36.0 15.2
Griion 2.5 1.4
Garlic 56.5 1.3
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Tahle 4.9 cont.

Food substance Na content, Calcium content
(ppm} (x10°)} (ppm) (x10%)

Rootg and tuhers

Bweet potato 112.5 3.2
Garri {dried fermented casgsava) 1.1 1.0
Yam tubar 1.0 1.2
Yam flour 15.0 1.3
Fiah

Clarias {(dried) 28.0 17.2
Crayfish " 12.0 4.4
Meat _and Rag

Reef 10.0 6.5
Gaat meat 14.0 3.6
Egg {(whole) 44.0 12.4
Egg (Yolk) 29.6 2.2
Bgg (albuman) 31.0 0.5
Migcellaneous

Balt 4000.0 P
Whole milk powder 5.0 0.
White sugar 48 .8 1
Bread 51.0 1

[ o BN I
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4.10 Iron and copper contents of food
materials

A determination of the iron and copper contents of some
of the food substances analysed gave the values shown in table
4.10. A comparison with some reported values {(tahles 2.6 and
2.7) shows that for copper, most of the foodstuffs are rich
sources of the element (over 8ppm) while those with contents
helow this value (water leaf, cabbage, and water melon) have
values in the range reported in the literature for some leafy
vegetahles and fruits (2-8 ppm). The iron contents aof the
foodatuffs determined are significantly higher than the
literature values. This may be due to differences in the soil
and water contents of this slement in the various locations at
which the analyses were carried out. The ability of the
parent materials from which the samples were derived to
accumilate the element may also determine the value obtained.

The fruits, vegetables, fish, and seed generally show a
relatively low copper content (below 20ppm) along with a
relatively laow iron content (helow 50ppm) except for the seed
and crayfish which have iron contents of over 100ppm. The
grains, roots and tubers are relatively rich in both copper
and iron (over 17ppm and 50ppm respectively) except for garri
with iron content of 2%9ppm. The beaf and egg yolk samples are
rich in copper (over 20ppm) but low in iron (below 10ppm).

Tt would appear that in the plant materials studied the

iron and copper contents are both relatively high, but in the
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animal materials a high copper content is accompanied by low
iron content and vice-versa.

Tron, copper, and iodine are thought to be involved in
the formation of red blood cells in the hone marrow (sections
1.3, 2.10.3,2.10.4). A copper to iodine ratio greater than 1
has heen linked with the occurrence of goitre (Kolomiitseva,
1962). Accordingly the Fe : T and Cu: T ratics have been
computed and are displayed in table 4.11.

The Fe: T ratio for the vegetables, the fruits (except
garden egg), crayfish, garri, sweet potato, beef, and egg yolk
is less than 1 showing that for these food substances, the
iodine content is higher than the iron content. For other
food 1tems, the Fe: T ratio is greater than 1. The
consequence of an Fe: T ratio with respect to goitre formation
has not yet been deduced.

The Cu: T ratio is generally less than 1 with the
exceptions of guinea corn, millet, soyabeans, yam tuber, and
garden egg. Accordingly guinea corn, millet, soyabeans, yam
tubar, and garden egg all with a Cu: T ratio above 1 would
appear to be goitrogenous. While millet has been mentioned by
Thilly et al (16892) as bheing one of the goitrogenous
foadstuffs, other factors as observed earlier may mitigate the
goitrogenic activity of the other foodstuffs with a Cu: T

ratio greater than 1.



162

Table 4.10 Copper and iron contents of zome foodstuffs

Fond substance

{ppm

)

Copper content

Tron content
{ppm)

Graios

Guinea ¢orn

Miliet

SBoyaheans {untreated)

Dried fermented locust beans
Sead

Qgbono

Fruits

Garden egg

Pawpaw
Water melon

Vegetableg
Apinach
Waterieaf
Cahbage

Rootg and Tubers

Swaeat patate

60.
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-

59,

2

e
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Garri (dried fermented cassava}

Yam tuber
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Crayfish

Meat and B

Raef
Egg (Yolk}
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Table 4.11 Pe: T and Cu: T rvatios for some foodstuffs

Food substance Fe: 1 ratio Cu: T ratia

0

OOODUMOODODOOOONN-HI
PR A= RS2 ALLDNDDNIN0

Guinea corn

Millet

Soyabeans (untreated)

Dried fermented locust beans
Ogbhaono

Garden egg

Pawpaw

Water melon

Spinach

Waterleaf

Cabbage

Sweet potato

Garri (Dried fermented cassava)
Yam tuber

Crayfish

Reef

Fgg (Yolk)

-
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4.11 Contants of some known goitrogens in
the foodstuffs

In the foodstuffs in which the goitrogens, thiocyanate
and phenol were determined, none showed the presence of
thiocyanate but onion, garvi, fluted pumpkin leaf, and millet
showed the presence of phenol. This restilt 18 shown in table
4.12.

The fluted pumpkin leaf showed the highest content of
phenol (324.5 ug/g) followed by garri (183.2 ug/g) millet
{(118.5 ug/g), and onion {100.4 ug/g). The presence of phenol
in these foodstuffs indicate that they may be goitre causing
(Rondy and Rosenberg, 1874).

Phenols are known to be present in polluted water from
chemical plants (Allen &t al, 1874). Diphenyl or 0-
phenylphenol and its sodium salt are often used as a food
preservatives. D-phenyl and O-phenylphenol are salids which
suippress mould growth and are used for preventing mould graowth
on fruits. The sodium salt of O-phenylphenol is used as a
spray or dip for citrus fruits (Fox and Cameron, 1972).

Vagetables are grown in gardens which are close to water
sources such as for irrigation. The presence of phenol in
gsome of these foodstuffs may be due to contamination from
chemicals used for preservation, or a contamination of the
water sources by phenol containing substances from chemical
plants. Zaria for example has a tobacco industry and a number

of other factories that could contaminate irrigation waters.



105

Table 4.12 Thiacyanate and phenol content of
gome foodstuffs,

Foodstuff Thiocyanate content Phenol cantant
(Ug/g} {Ug/g)

Cabbage N.D T

Onion N.D 106.4 + 0.0

Fluted pumpkin leaf N.D 324.5 ¢ 29.5

Garri {dried fermented

Cagsgava) N.D 183.2 + 10.8

Millet N.D 118.5 + 23.7

N.D. - Not detactable {(by the method of analysis).
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Table 4.13 continuad.
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Fluted pumpkin
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CHAPTER 5
5.0 ~ SUMMARY AND CONCLUSICN

From the investigation of the iodine contents of certain
foodstuffs, it can be seen that thera are some readily
available foodstuffs that provide good and available sources
of iodine. Fxamples are the leafy vegetables, soyaheans and
cowpeas, locust beans, and the seeds (melon, groundnut,
oghono ).

It has also been shown that starchy foods are usually low
in iodine content while the proteinous ones are richer in
iodine. Although animal proteins are expensive, plant
proteins are relatively cheap and affordable. More use of
these proteins can be encouraged as one of the ways to prevent
iodine deficiency disorders (IDD). The study has also shown
that foods rich in iocdine and protein are usually also rich in
fat, all of which are important nutrients. The consumption of
such food substances like groundnut, beef, saoyabean, fish, and
cabbage should hence be encouraged. A diet high in starch
should be accompanied by some of these food items in order to
increase the iodine content of the dist. Bread is a food item
rich in both starch and iodine {(probably due to the addition
of salt or potassium halide).

The methods by which some of the foods are prepared and
processed have also heen shown to determine to what extent the

iodine and other nutrients are retained. For example, the
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dried fish used in this study showed a high value for iodine
with probably no loss due to drying. Brown beans on the other
hand showed a significant loas of iodine on peeling the testa.
White beans alsao showed a significant reduction in starch
content on peeling the testa. A significant reduction aof the
sodium and calcium contents was also observed for brown beans
on peeling. Tt would thus appear that grains are more
nutritious when eaten with the testa than when peeled.

Millet has heen shown in many ways fo be a likely
goitrogenous faod item. It has low iodine and protein
contents. Tt also has a Cu: T ratio greater than 1 and showed
a significant presence of phenol (a goitrogen). Tts
carbohydrate content is also high. Millet based diets would
therefore require appropriate iodine supplementation.

Other food items with a Cu: 1 ratio greater than 1
(implying likely goitrogencus effact) are guinea corn,
soyabeans, yam, and garden egg. Of these, the carbohydrate
content of guinea corn and yam are also high. Yam is also
known to contain suhatances like sapogenins, alkaloids,
tannins, calcium oxalate crystals, and some may contain enough
free oxalic acid to be poisonous (Inglett and Charalambous,
1979). Yam will therefore seem a food item to be taken with
caution.

The food items apart from millet also shown to contain
phenol are onion, fluted pumpkin leaf, and garri. Onion and

garri {dried cassava with varying degree of fermentation) have
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heen cited in literature as containing goitrogens (Rapieka,
1969; Thilly et al, 1992). Apart from the presence of phenol
in onion, it also has a low iodine content.

Results from the study of the sodium, calcium, and iodine
contents of some foodstuffs indicate the presence of iodine in
other forms apart from the compounds of sodium and calcium.

In conclusion, foods high in fats and carbohydrate but
low in pratein and iodine should be supplemented with those
rich in iodine to prevent likely goitrogenic effects. Foods
should also he prepared and processed in ways which will

minimise nutrient loss especially that of iadine.
5.1 BSuggestion for furthar work

The full extent of iodine deficiency in Nigeria may not
be known until further invaestigations are carried out into the
iodine contents of the foods, waters, and socils of the
different parts of the country. This will thus provide
comprehensive data for health workers and others in combatting
IDD in this country. Further work in this area is thus

advocated.
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