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ABSTRACT

Twenty six different vegetables were analysed for their noisture
contents protein content and iron (Fe) nmanganese (M), cadm um
(Cd), lead (Pb), cobalt (Co), copper (CQu), chromum (Cr) and zinc
(Zn) as trace elements. The classes of vegetables anal ysed include
| eafy vegetabl es, okra, pepper, garden egg and onions. The best
wet digestion nethods for the different groups of vegetables were
first determned. They were subsequently used in determning the
trace el ements.

The vegetables were found to have at |east 55 percent water
and up to 9 percent protein of dry weight of sanple. Most
veget abl es contained over 80 percent water. There was variation
in the protein content according to the class of vegetables.

Host of the vegetables were found to have up to IO/l OOy of
iron of the dry weight of the sanples. (Garden egg and onions had
values lower than this. Wth the exception of okra and onions,
the vegetables had up to 2.00ng/100g of manganese of dry weight of
sanples; with the exception of a variety of pepper and a type of
| eafy vegetabl e (spinach), the vegetables had |ess than 2.00ng/ 100g
of lead. They had Iess than 2.00nmg/100g of cobalt. Chrom um was
found to be absent in nost of the vegetables and very |ow |evels
of cadm umwere observed. Wth the exception of onions which had

| ower values and pepper with higher val ues, the vegetabl es had



up to 0.85ng/100g of copper. They also had up to 2.50ng/100g of
zinc with the exception of a few which had |ower val ues.

Fromthe results obtained, the total essential elements were
calculated and chilli pepper was found to have the highest value
due to its iron value which was conspicuously high. Wth the
exception of the onions which had | ower val ues, the others had
values up to 10 Om/1O0y. Apart fromthe chilli pepper, the leafy
vegetabl e group had higher values than the remaining vegetables.
The ratio of the essential to the non-essential were found and al
the vegetables had a value greater than 3.0. This meant that al
contained nore useful than harnful elements. The zinc/cadm um
ratios were also found out. Wth the exception of a few, nost of
the vegetables had a value greater than 10.0. This showed that
most of the vegetables had enough zinc to suppress the harnful

effect of cadm um

The results of the analyses were conpared to that obtained
in the literature. The values obtained agreed with that in the
literature for protein and noisture content. Sone differences

were observed for some trace el ements.



CHAPTER I

INTRODU CTION

Food can be defined as all those materials which by
their nature can contribute to the eneray supsly of an organism or
provide the components necessary for the growth and repair of its
body tissuej. The many food humans eat fall into a limited number
of broad aroups. The composition of the foods within these aroups
vary to some extent but each group has certain characteristics of
its own which make it different from other groups. The groups
are (i) Cereals (i1) Tubers and roots (iii) Legumes or pulses
{iv) 0i1 seeds and nuts (v) Milk (vi) Meat (vii)} Fish
(viii) Eggs {ix) Vegetables {x) Fruits (xi) Visible fats

and ofls (xii) Sugarse.

1.1 Vegetables
Botanically, a fruit is the ripened ovary of a plant together

with any adjacent part that may be fused with it, whereas a vegethble
may be defined as some other edible part of a plantB. In common
practice however, this classification is not always applicable and
some fruits are referred to as vegetables. Vegetables can be
further classified from the standpoint of the keeping quality as
perishable, semi perishable and staple. Yhile the perishable ones
have comparatively poor keeping quality even when stored in a

refrigerator, the semi perishable will keep for some time in a



refrigerator while the staple may be kept without refrigerations.
Vegetables may also be c1a§sified from the physiological standpoint
into (i) Leafy vegetables e.g. spinach and bitterleaf (ii)
fruity vegetables e.g. okr2 and pepper and into (iii) root
vegetables e.g. onion. Despite these different classification,
most vegetables have fairly similar nutritional prOpertiesz.

In the fresh state, vegetables contain a great deal of water
and hence yield relatively few calories of energy per unit weight.
Their protein content is low and they contain an indigestible matrix
called roughage which enable the bowels to function regularly.
Though human beings cannot live on them alone, vegetables are
nevertheless valuable foods as they add to the flavour 2 and
variety of diets, They are often a good source of certain vitamins
and minerals particularly vitamin C, pro vitamin A, calcium and
iron. The colour of which is either green, yellow or red
depending upon the pigments that the vegetables contaim, The green
colour of most vegetables is due to the pigment chlorophyll.

For the formation of the substances which make up the living
tissue and for their proper functioning, plants and animals
require the supply of chemical elementsﬁ. A plant grows and
develops normally only when certain essential elements are made
~ available to it in the soi15. Some of these are reguired in

greater quantities than the others. Those elements which are

essential for health and are required in quantity are referred to



as 'bulk elements'. Other mineral elements occur in the living
tissue in such small amounts that early workers were not able to
determine their concentration precisely by the available analytical
instruments. These were said to occur in traces and the term
'trace elements' were used to describe them. It is however

difficult to draw a 1iné of demarcation between these two groups °.

1.2. Trace Elements

The definition civen above for trace e1eﬁents, can be
broadened to include elements necessary for special purposes which
provide perfect health but withdut vhich Tife can still exist at
an unhealthy 1eve19. Trace elements can be classified into two
main groups (i) the ones which take part in necessary biochemical
reactions and are referred to as 'essential trace elements' and
(ii) those which do not take part in such processes.

The latter group can be further subdivided into two:

a) those elements that are harmless to 1iving tissues and are
referred to as non-toxic.
b) those that are harmful to living tissues and are called toxic.

A considerable number of the essential trace elements occupy
the position in tﬁe periodic table of elements between atomic
number 23 and 349. The only similarity in these trace elements is
that they normally occur and function in living tissues in Tow
concentrations. Their concentrations are usually expressed in

parts per million {ppm), microgram per gram (ug/a) or parts



per billion (opb). These essential trace elements act primarily
as catalyst in enzyme systems in the cells where they serve a wide
range of functions5.

The interest in trace elements in human nutrition has been
heightened for several reasons among which are (i) the ever
increasing rate of consumption of refined foods with reduced level
of important micronutrients and (ii) the rapidly deteriorating
environment which exposes the individual to certain heavy minerals
for which no essential function is knowny. There is plenty of

these elements in sea water and sometimes on the earth's crust,

1.2.1  Trace elements and HomeoﬁtaSisg.

Homeostasis (same) is a condition of balance. then applied
to elements, it means the amount taken in and amount passed out
are equal, The body has a mechanism of maintaining the homeostasis
of the elements, this is because accumulation of excesses are
toxic and deficiences are unhealthy, Homeostasis is known to fail
under the following conditions:

i)} When the amount of element taken into the body daily is less
than that excreted in faeces and urine so that the body operates
on a negative balance and stili maintain health. Eventually, a
state of deficiency develops. ronic disorder of the kidney,
chronic diarrhoea and poor intestinal absorntion and certain

diseases are known to increase the excretion of trace metals, thus



increasing the need. For examnle, alcohol in continous amounts

has been reported to mobilize zinc.

(ii) YWhen the amount of the elemwnt is in excess of the intestine's
ability to excrete, there will be an accumuiatioh of that element

in the body. |

(iii) Hereditary diseases in which the transport mechanism for a
trace metal are inefficient. For example, the intestinal rejection
of metal allows for their accumulation and serious diseases occur,
Such diseases are known for iron and copper. Here the gene carrying
out the mechanism is damaged. Haemochromatosis is the outcome

of the disorder for iron which slowly accumulatas throughout 1ife
damagina the pancreas in which case diabetes results or in~ihe

liver where cirrhosis resultsg. Hilson's disease is the result of
accumulation of cepper. Copper becomes stored in the Tiver and in

special parts of the brain, producing cirrhosis of the Tiver and

a type of neurological disorderg.

1.2.2. Principal functions of some trace metals.

Iron: Iron is an essential element in the nutrition of both plants
and animals. The amounts required are not large though always
greater than mere trace quantities. Though it is not a constituent
of the cholorophyll molecule, it is reported to be necessary in

the culture medium if the plant is to form this aiqmentl. n

animals, it is a comnonant of the haemonlobin mnlecule and a

supply of the metal is essential for the formation of that



pigment too. The chief function of haemorlobin is that it is
necessary for the carrying and exchange of oxyjen in the blood of
mammals and also in many systems involving oxidation and reduction.

- It is a vital element.

R Copper:  Copper is an excellent catalyst for oxidation reduction
systems and is involved in a variety of reactions including the

. formation of water from oxygen and hydrogen at bhody temperatureg.
. This reaction could be explosive without copper, It is thus a

' unique agent in biological systems and all Tiving things require it.

Manganese: It is required by all liking organisms, Its functions
are not well known. It takes part in é number of enzymatic
reactionss. The most important functions of manganese are as an
essential constituent for bhone structure, for reproduction and

for the normal functioning of the nervous systems.

Chromium: It is necessary for the maintenance of normal cholesterol

metabolism and normal sugar metabolism., It increasecs growthg.

Zinc: Zinc is an essential nutrient for plants and man. One of
its major functions is as a constituent of the enzymes involved in
protein and carbohydrate metabolism and also for (RNA) synthesis,
Protein makes up most of the solid matter of the cells. It is
also a constituent of the enzyme which releases carbon dioxide
from bicarbonate, of the enzyme which begins the oxidation of

alcohol and other natural substances and of the splitting off



portions of protein,

(obalt: Cobalt in small quantities is essential in the nutrition
of animals. Its principal function is as a necessary constituent
of vitamin By which is manufactured by bacteria. Vitamin By, is
required in the formation of red blocd cel]s‘. A1 the cobalt
required is obtained from plants., Humans obtain their cobalt from

animal sources.

1.2.3. Trace clement deficiency and discase.

trace clement necessary for the growth of nlants must be
prasent in the soil or the plant would not grow and produce seeds,
root and fruits: s$o also a trace element necessary for the animal
must be available in its diet., The absence of the trace element
leads to deficiency in both plants and animals and a disease could
resutt. Below are a few of the results of deficienc fes as
reported for some trace alements.

Iron:  Inadequate supply of iron in plants leads to chIO?osis],

the result of deficiency in animal is a disecase called apaemia.
(chronic loss of blood). A decrease in the amount of dietary
iron leads to less available iron in the body and results in
deficiency, Iron deficiency is most commonly found among women
during reproductive years. Blood losses from menstruation and
greater nutritive demands during childbearing increases iron

needs7. Certain drugs cause alimentary bleeding and thus loss of
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blood7. The richest saurces of iron are Tiver, orcan meat, egq

yotk, cocoa, dried legumes and green vegetables,

Gopper:  Deficiency could result in anaemia, skeletal defects,
defects in pigmentation, renroductive failure and alteration of
the structure and colour of hair. However, deficiency of copper
is raported to be rare in mang. The richest sources of copper
inciude crab, liver, nuts and seeds, coffee and tea.

Hanoanese: Matural deficiency occurs in a number of food plants
which arow poorly and show chlorosis or b!eachihg of the 1eaves?.
Deficiency of manganese has been observed in man in association
with vitamin K deficiencys. The main manifestation of deficiency
in animals and birds are skeletal abnormalities, depressed
reproductive function, stillbirths and sterility of mother. The
major food high in manganese are nuts, whole cereais and dried

Fruits®.

Chromium:  Atherosclerosis or hardening of the arteries is a

common disease of civilised man. This is a discase of the arteries
characterised by fatty deposits under the innermost layer of the
arteries. It results in irreqularities in arteries and affoct

the smooth flow of Llood. A1 the tissues need nlenty of oxygen
carrying blood and vhen the artery becomes narrow due to
atherosclerosis, less blood reaches the part it susplies and in
some cases none reaches the parts. That part of the organ can die.

The damage caused by this disease depends on the organ affectedg,
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viz, if the heart, coronary occlusion or heart attack resuits:

if the brain, a stroke, dizziness, ringing in the ears, loss of
speech or loss of vision is certain; if the kidney, high blood
pressure results. For several years, high dietary intake of
cholesterol was said to be responsible for the disease, but recentiy,
this view has been ‘'iscarded with as it does not apply to every

area of the world., 1In recent times, chromium deficiency is being
proved to be a probable cause of atherosclerosisg. Several
experiments have been performed cn rats to prove this. Unrefined
flour and unrefined sugar are known to be a high source of

chromium. Chromium is usually lost on refiningg. {ountries where
the disease is rare are those where major calories come from refined

fiours.

Zinc:  Z2inc deficiency results in retarded grbwth and anaemia.
The best sources of zinc in foods are meat, whole grain cereals and

seeds, vegetables and eqgs.

, lobalt: C(obalt deficiency in graé% could lead to vitamin 312

deficiency in the grazing animal. VYitamin R1o is necessary for

the growth of animals. Cobalt deficiency is reported to be rare
in man’. Cobalt is widely distributed among foods, hence it is

avai]abie to man.

1.2.4. The non-Essential trace elements

My substance which is toxic to reproducticn adversely affects
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the health of the species. Cadmium, lead and mercury are widespread
contaminants. They accumulate in marmmalian tissues with age

under continous exposure. Pollution with metals arisc from
industrialisation, refining and the burning of coal and petroleum
energy. Metals which co up in the smoke come down with scot or rain

and enter the soil and plants.

1.2.4.1.  Cadwium

Mo evidence is available that caedmium is essential for man,
rather the effects of an accumulation of this trace element is
undesirable. Cadmium accumulates in both human and rat kidney,
arteries and Tiver where it interferes with certain enzvme system
requiring zinc. It has a greater affinity for certain kidney
tissues than zinc therefore it displaces zinc in some zinc-dependent
reactionsg. |

From many experiments, a conclusion has been drawn that
cadmium in kidneys in relation to zinc is a contributing, if not
the whole, cause of high blood pressure. High blood pressure or
hypertension is one of the most common chronic diseases of civilised
ccrntriesg. It appears to be linked to environment but not to race,
and usually found in people of above 40 years of age.

In areas whare the zinc/cadmium ratio is 1ow, the incidence
of hypertension is hich and vice versa. It was found that injecting
some rats with zinc thus removing cadmium, hypertension is cured

9 . Vs
overnight”. Excesses of zinc prevent accumulation of cadmium and
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deficiency allows it. The natural sources of cadmium are food,
water and air.
Superphosphate fertilisers are rich in cadmium and were
believed to be a source of cadmium in vegetables. However, this
was proved to be wrongg. Refining of foods {(e.¢. refining wheat)
removes zinc and not cadmium, thus resulting in cadmium accumulation.
Cadmium enters the biosphere through its incrsasing use in plastics,
in paints as pigments add in cadmium batteries. The amount inhaled
from air is insionificant compared with that ingested with the food,
Oysters, kidneys and the edible portion of some fruits and

vegetables contain some cardmium.

1.2.4.2, Lead

Lead is one of the most abundant poliutants of the human
environment and contaminant of the body. Its principal source is
from tetraethyl lead, an anti knock chemical added to petrol and

this comes out of the tail pipes of motor cars to pollute the air,

food and waterg.

flatural lead cccurs in low concentration (310 npm) in the
earth's crust. A grass or plant grown near a well-used road would
likely contain so much lcad as to peison an animal feeding on it
exciusiveiyg. Leaves absorb lead from air and rain., The level of
airberne lead in cities has been knowy to be proportional to the

consumption of petrol, The only solution to the lead problem
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apparently is the removal or severe reduction of l1ead additives in
petral. PRiological interest in lead has centerad on the fact that

it is a highly toxic cuulative poison in both man and anima15.

1.2.5 Trace element and the soil

Plants are denandent on the local soil and the soil is ultimately
the primary natural source of trace clements in animals and mans.
Plant materials nrovide the main source of minerals to animals and
to most members of the human race. It is therefore essential to
arpreciate the facters that control trace element content and
availability in soils.

A soil is formed from a parent material #erived from a rock.
Yhen the nature of tihe parent material of a s¢il is known, it is
possible to assess the probable contents ¢f the different trace
elements. This hnwever gives little information of the amount
available in a ¥orm capable of being taken up by plants. The extent
to which a trace element can be mobilized and stored in an available
form is significant. A a result of the weathering of a mineral
e.a. ferromemmasia which contain manganese, zinc, cobalt, molvhdenum,
nickel and lead, these elements become mobilized and available for

10

the plant =, Thus one of the factors affecting the avatlability

of the mineral in the soil is the form in which the element is

avai?ab]e.10.

-

Mother factor affecting availability is the soil pH'°C
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The uptake of somn elements by plants can be modified by changes
in so0il pH. Such elements most affected include cobalt, nickel,
zinc, mangencse and molybdenum.

The application of certain ferti1{sers can induce trace
element deficiency e.g. regular addition of nitrogen to some soils
can bring about copper deficiency in cereal while overgenerous
application of phosphate may give rise to zinc deficiency‘o.
Environmental pollution also cannot be excluded as a possible factor.

The ptant root draws its supply of nutrients from the soil

zone in its immediate neighbourhood.

1.2.6 Factors £ffecting The Trace Element Content of Plants

The factors affecting the trace elements in plants are the
major determinants of dietary intakes of these elements. The
concentration of all minerals in plant depend on:

(i) Genus, species or strain of plant.

(i) The type of soil on which the plant is grown.

(1i1) The climatic or seasonal conditions during growth.

The relative impact of these factors depend on the element and also
5

on the use of fertilisers, irrigation etc”.

Genetic differences: Some plant species have the ability to

accumulate high concentration of particu1ar elements than other
speciesg. Even within the same species, different strains could
have different accumulating tendencies. When growm on the same

soil and at the same stage of maturity, leguminous plants commonly
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contain higher concentration of cobalt, nickel, iron copper and zinc
than grass or cereals, It has been reported that several species
grown on Strontium-rich soils in England contained as high as

26 ,000ppm of strontium while others contained 100 - 2009pm10.

Soil and fertiliser effects: Introduction of a high concentration

of an element into the soil through fertiliser increases the plant
availability of the element. The plant responds by either increasing
their growth or increasing the concentration of thet element in the
tissue. The reverse hapnens when concentration of an element is

Tow in the soil, The extent %¢ which the plant responds varies

among different trace elements and different plant species?. The
soil composition is however the basic determinant of the level of
trace elements in plants.

Influence of season and stage of waturity:

Plants mature both in response to internal factors and external
factors like climatic and seasonal effects. The concentration of
trace elements in a plant may increase, decrease or show no
consistent change with the stage of growth depending on the
elenent, plant species and soil or seasonal conditions., Most
workers observed a rise in concentration of chromium with advancing
maturity but a fall in the level of copper, zinc, cobalt, nickel,

molybdenur, iron and manganeses.
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1.3. Crude Protein

Proteins play a crucial role in all biological processes.
A1l enzymes that take part in chemical reactions in biological
systems contain proteins. Hence proteins determine the pattern of
chemical transformation in cells, _

Crude protein is the figure obtained by multiplying the
total nitrogen content of the food by 6.25. The factor 6.25 owes
jts origin to the assumption that proteins from foods and feed contain
about 16 percent nitrogen and that all the nitrogen in food is from
the protein molecule., These two assumptions are however not entirely
valid. Thus the term 'crude' is used to denote the pretein so
calculated. The proteins of foodstuff vary from 13 - 18 percent so
that in many cases a factor other than 6.25 s used for multiplying.
In the case of milk, 6.38 is used; 5.40 is used for oil seed
protein; 5.9 for cereal protein and 6.6 for plant leaf protein.
Varying amounts of nitrogen in a feeding stuff are actuaily present

as the true protein.
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CHAPTER II

EXPERIMERTAL

2.1. Materials: Sample collection, description and preparation.

Most of the vegetables analysed were collected from the :
Horticulture Department of the Institute of Agricultural Research
(IAR) Samaru, attached to the Ahmadu Beilo University, Samaru, J
Zaria. Some of the samples however were collected-from Dr. J.Y.
Otlayemi's backyard garden in area AI at the Ahmadu Bello University,
Samaru, Zaria, The onion samples were collected from different
plots located at different areas between Zaria and Sokoto through
the Horticulture Department of IAR. Al1 the samples analysed may
therefore be said to have been grown in the northern part of
Nigeria. The samples were collected between July and September
1981 and could be said to have been collected during the rainy

season.

2.1.1.  Sample description

Sample R Description
S | ' Local or English name - Spinach (green)

Botanical name -~ Amaranthus viridis

Location - Samaru (area A) .



Local or English name
Botanical name

Location

Local or English name
Boténical name

Location

Local or English name

Botanical name

L.ocation

Local or English name
Botanical name

Location

Local or English name
Botanical name

Location

Local or English name
Botanical name

Location

Local or English name
Botanical name

Location
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Description
Spinach {purple)

Amaranthus tricolor

Samaru (area A)

Eku (Yofuba)

Sesamum radiatum

Samaru (area A)

Amukan (Yoruba)

Hibiscus articulalus

Samaru (area A)

Corchorus family

Samaru {IAR)

Bitterieaf

Vernonia amygdalina

Samaru {area A) -

Ewedu (Yoruba){small leaf)

Corchorus olitorius

Samaru {area A)

Ewedu (Yoruba)}(long leaf)

Corchorus tridens

Samaru (area A)

- Ewedu {Yoruba) (striated edge)



Sample

10

15

Local or English name
Botanical name

Location

Local or English name
Botanical name

Location

Local or English name
Botanica] name

Location

Local or English name

Botanical name

Location

Local or English name
Botanical name

Location

Local or English name
Botanical name

Location

Local or English name
Botanical name

Location
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scription

Okro(without fartiliser)

1

Hibiscus esculentus L

J

Samaru (area A}

Okro (with fertiliser)

Hibiscus esculentus L

~ Samaru (area A)

- Qkro {white velvet)
- Hibiscus esculentus L

- Samaru (IAR)

- Cayere long red
pepper (Hausa)

- Capsicum annum L.

- Samaru (IAR)

~ Cubanella tatasai (Hausa)
- Capsicum anpum L.

- Samaru (IAR)

Bellboy sseet pepper

Capsicum annus L,

Samaru {IAR)

Chil1i pepper

- Capsicum frutescens L.

- Samaru {IAR)
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518

Local or English name

Botanical name

Location

Local or English name

Botanical name

Location

Local or English name

Botanical name

Location

Local or English name

Botanical name

Local or English name
Botanical name

Location

~ Local or English name

Botanical name

Location
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Gauta yalo {Hausa)
(Samaru sweet white)

Solanu? gilg
Samaru (IAR)

Gauta yalo (Hausa)
{Long stripped type.)

Solanum gilo
Samaru (AR}

Gauta yalo {Hausa)
(green round type)
Solanum gilo
Samaru (IAR)

Gauta yalo {Hausa)
{Jarge green type)

Solanum gelongena
Gauta dashi (Hausa)

Solanum melongena
Samaru (IAR)
Onion

(small white type)

Q}lium sativum

Samaru (area A)



Sample

22

23

24

2.1.2

Local or English name

Botanical name

Location

Local or English name
Botanical name

Location

Local or English name
Botanical name

Location

Local or English mame
Botanical name

Location

Local or English name
Botanical name

Location

Sample preparation

20

Description

Onion

Allium cepa L. |

W80/87 Plot 119 TY (IAR)
onion |

Aj]iu@_cepa“L.

Comp 2 Plot 116 TVIC
(111) (IAR).
Onion

Allium cepa L

Ex Worno Plot 113
TL 5 (IAR)

Onion

Allium cepa L

Samaru (IAR)

Onion

Alliqm cepa L

Samaru (IAR)

The primary aim of preparing a sample for analysis is to

ensure -homogeneity.

In this way the sample 1s considered to be

a representative of a defined whole. The fresh samples were
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washed thoroughly in distilled water and dried. E&hen it was
necessary, as was in the case of onjons, the skin was removed and
the onion cut into pieces. Samples were taken from this prepara-
tion to determine the moisture content. The remainder of each
sample was dried in an air oven at about 60°C as recommended by

0yenuga23.

Drying was completed within 4 ~ 5 days. The dried
samples were ground to powder in a waring biender and stored in
air tight screw-capped bottles. These bottles were kept in a

dessicator until required for use.

2.2, Determination of moisture content

The moisture content determination is important and is
widely used in processing and testing of food products. The
roisture content of foods is somewhat a measure of the ability of
foods to store well, It kas been reported that foods containing
more than fifteen percent moisture cannot be stored in bulk14.
Several methods are available for the determination of moisture

in foods. These include the reflux distillation 14

of the food
with an immiscible solvent having a higher boiling point and a
Tower specific gravity than water e.g. toluene, heptane.
Other methods include the electrical method and the Karl Fischer
methodlq-

The method generally used for determination of moisture in

plant materials is measurement of the loss in weight of a sample
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as a result of oven drying at a temperature just over 100%.
For many binlogical samples, such drying result in loss of volatile
oils and some sugars decompose above 70%. Prying at lower
temperatures until a constant weight is reached is often used..
Suitable drying temperatures and time are predetermined to obtain
a constant dry weight of the sample.

The result of proximate analysis are usually reported in

terms of the dry weight of the sample.

2.2.1.  Method

Wet samples which ﬁad not been heated at any stage were
accurately weighed in clean, dry petridishes. They were heated at
60°C in the air oven to a constant weight. |

The loss in weight of each sample was determined and the
moisture content calculated using the formula:

Moisture content (%) = Toss in weight on drying{g)x100
sample weight (g)

This determination was carried out in duplicates.

2.3. Determimation of Crude Protein

Crude protein is obtained by multiplying the nitrogen
content of the food by a factor 6.25. For the estimation of the
total nitrogen in biological materials, Kjeldahl method is used.
The sample is digested with sulphuric acid containing potassium or

sodium suliphate to raise the digestion temperature.
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A catalyst (e.g. selenium) 1s‘required. The digestion stage
cotwerts organic nitrogen to ammonium nitrogen. The classical
method for estimating ammonium nitrogen is by distillation. In
this method, free ammonia is liberated from the diluted digest by
steam distillation in the presence of excess alkali. The
distillate 1s collected in a receiver containing excess boric

acid combined with an indicator. The ammonia is then titrated with
standard hydrochloric acid. This method though it is reproducible
and jnvaluable for routine analysis, has its limitations. The method
does not measure protein directly but uses an emperical factor

to convert nitrogen to protein. It thus assumes that all the
nitrogen is from protein , This assumption is inaccurate a)though

the results from it might be meaningful.

(i) Concentrated sulphuric acid (Sp.gr 1.84)
(ii) Boric acid solution (2%): prepared by dissolving 209 of
boric acid in water and diluting to ldms.
(ii1) Sodium hydroxide solution (40%): prepared by dissolving
400g of sodium hydroxide pellets in 1dm3 of distilled water.
(iv) Hydrochloric acid, 0.02M, standardized.
{v} Kjeldahl mixed catalyst tablet.
(vi) Mixed indicator solution: prepared by dissolving 0.20g of methyl

and 0.1g of methylene blue in ethanol and making it up to

. 100cm3.
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(vii} Glass beads.

Method
(a) Digestion : About 0.2g of the sample was accurately weighed
inte a clean, dry 50cm3 Kjeldahl flask. One tablet of the mixed
catalyst was added, 6em® of concentrated sulphuric acid and a
glass bead were also added, The mixture was heated slowly at
first, then more strongly until a clear colourless solution was
obtained. It was allowed to cool and the solution quantitatively
transferred to a 100cm3 volumetric flask and made up to mark with
distilled water,

3

(b) Distillation: 10cm” of the above solution was

3

transferred to the micro Kjeldahl distillation flask. 10cm™ of

40% sodium hydroxide solution was added to the digest and the
ammonia liberated was steam distilled into 10cm® boric acid
containing 2 drops of the mixed indicator.

(¢} Titration : The ammonia collected in the boric acid
was titrated with 0.01M hydrochioric acid. '
A blan k was run using the same amount of reagents,

Calcula@igﬂ

3

1 cm” of 0,014 acid neutralised by the ammoniacal mixture .

corresponds to 0.00014g of nitrogen.
3

i.e. 1 cm” of 1 acid = 0.014g of nitrogen,
Let the titre value be Fem® of 0.0TM hydrochloric acid.

... F cm3 of 14 acid £ 0.014xg of nitrogen.
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Let the molarity of HCL used = M

Weight of sample = W

Total nitrogen (%) . 10 xP x%4x90.014 x 100
. W

Crude protein (%) = 10 xF xMx1.4x6.25

W

2.4. Preliminary investigation of methods of digestion

The decomposition and dissolution of a biological material
for the determination of the trace metals (elements)is an
important part of any chemical analysis done on it. No single
method has been found which is equally good for all types of
materia1s]2. For determination in organic samples, the element
desired must be separated and recovered quantitatively without
introducing any contamination. It must also be in an easily
measurable vorm. A lot of information is available on the various
methods for the destruction of organic matter and preparation of
biclogical materials for trace metal amalysis. Much of these
information from the literature are conflicting as each worker
describes the method that has proved to be most satisfactory in
his laboratory, Middleton and Stuckey‘s, in one of their papers,
presented a critical review of the various methods of digestion
and proposed a general method for biological materials, It has
however been reportedn that though reasonable results were obtained

for most of the trace metals using this method, the recoveries
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were said to be completely lost when this method was used.
The method has also been proved to be tedious and time consuming.

."'k:ussT8

indicates that the tyge of sample under investigation
is of major importance in its preparation for spectrophotometric
analysis and suggests that the easiest and simplest method of attack
is the best one. He however concluded that wet ashing was the best
for biological materials. A worker in one of his papers reported
that dry ashing procedure is most successful in his laboratory.
Heanes‘sin his article wrote that using either potassium bisulphate
or nitric acid or sulphuric acids as ashing aids, (dry ashing method)
the rate of oxidation and extraction of trace metals were improved.
He reported that in the absence of chemical aids, some dark ashes
were observed which indicated that the ashing was imcomplete for
these samples. The concentration of the trace elements were also
found to be lower than was anticipated. The accuracy of his
method compared very well with that of a standard wet digestion
method.

A study of the recovery of trace metals in organic matter

was made by Gorsuch17.

Using the radiochemical techniques to
study both wet and dry oxidation, specific information on many
elements were obtained. It was observed that the dry ashing
method was affected by temperature, the sample and by the trace
elements determined while the wet digestion was less affected.

It was concluded that no simple procedure could be postulated for
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the determination of the trace elements. However, the wet
oxidation using nitric acid and perchloric acid was found to give
the best recovery of trace metals in samples of cocoa.

'From the above, it would be seen that, to accurately deter-
mine the level of trace metals in a biological material or in a
group or type of biological materials, it would be necessary to
try a series of digestion methods and from the recoveries the best
method is employed for that group. In this study, wet digestion
has been employed. This has certain advantages over the dry
ashing method. The advantages include:

(i) MNon-volatilization of metallic elements or phosphorus.

{(ii) A larger number of nutrient elements can be determined in one
digest solution,

(i11) Lower working temperatures are used.

(iv) The maintenance of liquid conditions which reduces the
chances of retention of trace elements on solid material®,

(v} Simple apparatus is required.

(vi) A faster rate of oxidationﬁ.

The dry ashing method also has some advantages over the wet
ashing method.

These include :
(a} No reagents are needed. Consequently the risk of increased
blank values is eliminated,

(ii} Larger samples can be handled easilyl?u
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{ii1)  The operation is simple.

Six methods of wet digestion were tried on two classes of
vegetablés s0 as to determine the best method of digestion
which would give the maximum reproducible recovery of the elements
to be determined. The vegetables used were: spinach,
representing the class of leafy vegetables; and okra, for the
class of fruity vegetables. _

The procedures for the digestions are as follows.

2.4.1  Method A°).

fbout one gram of the dried material was accurately weighed
into a 100cm® Kjeldahl flask and to it was added 16cm® of
concentrated nitric acid (sp.gr 1.42}. The flasks were allowed
to stand for one minute to allow any vigorous reaction to take
place and subside. The mixture in flask was then digested.
The samples were allowed to reflux gently and when the digestion
was completed,the solution was allowed to cool. It was then

3 volumetric flask and

quantitatively transferred to a 50cm
diluted to the mark. Three more digestions were carried out as
described., A blank was alse prepared using the same amount of
reagents. The absorbance readings were read on an SP 1900 Pye

Unicam Atomic Absorption Spectrophotometer.
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2.4.2. Method B'°.

About one gram of the dried sample was accurately weighed
into a 100cm3 Kjeldahl flask and to it was added 13cm3 of con-
centrated nitric acid {sp. gr 1.42). The mixture was boiled
slowly for 30 minutes. It was allowed to cool and 7.5cm3
of perchloric acid (62% w/w) was added and the solution boiled
very gently until it was colourless or nearly so, and dense
white fumes appeared. When the digestion was completed, the
mixture was allowed to cool and Scm’ of deionised water was
added, followed by warming. The mixture was quantitatively

3 volumetric flask and diluted to volume,

transferred to a 50cm
Three more digestions were carried out as described. A blank
was also prepared using the same amount of reagents. The

absorbance readings were read on an SP 1900 Pye Unicam Atomic

Msorption Spectrophotometer. f

2.4.3. Method G/

About one gram of the dried sample was accurately weighed

into a 100cm® Kjeldahl flask and 13cm

of concentrated nitric
acid {sp. gr. 1.42) was added. The mixture was boiled slowly for
30 minutes and allowed to cool. 7.5¢cm° of perchloric acid

(62% w/w) was added and the solution boiled gently until it was
colourless or nearly so, and dense white fumes appeared in the

flask. This latter boiling took nearly an hour. The contents
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-~ of the flask were not allowed to get dry. The digest was

3 volumetric flask and

qguantitatively transferred to a 50cm
diluted to volume. Replicates were prepared. A blank was also
prepared using the same amount of reagents. The absorbance
readings were read on an SP 1900 Pye Unicam Atomic Mbsorption

Spectrophotometer,

|
|
|

2.4.4  Method 0'?

Fbout one gram of the homogenised dried sample was
accurately weighed into a 100cm® Kjelcahl flask and to it was
added 100m3 of concentrated sulphuric acid (. gr. 1.18),
Fo1lowed by a rigorous shaking to ensure that no dry lumps
remained. ScmS of concentrated nitric acid (. gr. 1.42) was
added and mixed. The mixture was heated cautiouély until the
initial'vigorous reaction had subsided. It was heated more
Strong]y until most of the nitrous fumes were removed and
white fumes of sulphuric acid evolved. The digest was

3 volumetric flask and

quantitatively transferred to a 50cm
made up to mark. Replicates were prepared. A blank was also
prepared using the same amount of reagents. The absorbance

readings were read on an SP 1900 Pye Unicam Atomic Absorption

Spectrophotometer.
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2.4.5. HMethod E22,
- fout one gram of the dried sample was accurately weighed

3

into a 100cm3 Kieldah}l flask. 10cm” of concentrated nitric acid

{sp. gr. 1.42) was added to soak the sample thoroughly. 3em
of perchloric acid (62% w/w) was added and the mixture heated
slowly at first until frothing ceased. It was heated more
strongly until the nitric acid was almost eveporated.

Whenever charring occured, more concentrated nitric acid was
added and heating continued until white fumes of perchloric acid
were observed. The mixture was cooled and 10cm® of (1 + 1)}
HCl/water mixture was added. 10cm® of water was added followed
by warming. The mixture was quantitatively transferred to a
SOcm3 volumetric flésk and made up to mark. Replicates were
prepared. A blank was also prepared using the same amount of

reagents. The absorbance readings were read on an SP 1900 Pye

Unicam Atomic fbsorption Spectrophotometer.

2.4.6. Method F'°
About one gram of the dried sample was accurately weighed
and transferred to a 100cm3 Kjeldahl flask and to it was added

10cn®

of concentrated nitric acid (sp.gr. 1.42). The flask was
gently warmed until solution was complete and 10cm3 of oxidising
agent {a sclution of 50g of ammonium nitrate and 25g of nitric

acid {sp. gr. 1.42), made up to 100cm3 with deiowmised water)



wﬁs adéed. It was heated gently to expel water so that
oxidation (indicated by effervescence) proceeded in a melt of
ammonium nitrate. From time to time, more reagent was added
(5cm3 of oxidising reagent) until no browning of the_solutioh' .
was observed and a clear melt was obtained. When oxidation.was
complete, the clear melt was heated more strongly to volatilize
the excess of ammonium nitrate. The flask was héld over a free
flame to expel salt subliming on the side. The residue was

3

dissolved in 2cm® of concentrated hydrocloric acid (Sp.gr. 1.18)

and evaporatéd to dryness. The residue was fused in the flask so
as to remove all nitric acid. It was dissolved in about ]Ocm3
of ™ HCl and evaporated to a small bulk to ensure conversion of
-any metaphosphate to orthophosphate. It was evaporated to dryness
and the residue was dissolved in a few millilitres of warm water

and a few drops of 1M HCl. 1t was diluted to 500m3

with deionised
water. Replicates were prepared. A blank was also prepared
using the same amount of reagents. The absorbance readings were

read on an SP 1900 Pye Unicam Atomic Asorption Spectrophotometer.

2.4.7 - Dbgervation

The observations are presented in tables.
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Table 2.1
Spinach Digestion Method
.W_ummjaﬁ. oh A B C D E F
Speed Fast very fast very fast Fast <mq« fast very slow
Condition of
Experiment Safe Safe Safe Safe Safe Safe  _
Mixture after |White powder White beautiful  |Solution White powder. After | White crystalline | Brown precipitate,
digestion remained, small crystals, soluble |with some <cre- days, more solid, soluble on | soluble in TM
in quantity, on adding water crystalline white precipitate |adding water and | hydrochlorid acid.
insoluble in and warming, Small|particles, obtained, Insolu- |warming. White

acid, alkali,
alcehol and
acetone,insol-
uble on warm-

ing.

amount of white
powder remained.
Insoluble in avails

able reagents.

ble in available

reagents.

powder insoluble
in available

reagents remained
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Tadle 2.2 -
Okra Digestion Methods
Observation A B C D E F .
Speed Fast Fast Fast Fast Fast Very sl o:L._r
Mixture Clear, colourless| White crystals. White crystals.| Clear, colour- | White crystals, Brown u1mn¢vmwwmmw
aftar solution. Soluble on Colourless less solution. | Soluble on Insoluble in ™
digestion adding water and{ solution. adding water HC1.

warming.
Colourless

solution,

and warming.
Colourless

solution.
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Table 2,3. Chemistry of the methods.

T

Digestion Method

Chemistry

A

o

Nitric acid oxidised the organic part of the
sample and the inorganic part formed soluble

nitrates and remained in solution.

Treatment with a mixture of nitric acid and
perchiorates destroyed the organic part of the
material and formed soluble nitrates of the
metals., Some crystalline peréhlorates were
aiso formed which dissolved on addition of

wvater and subsequent warming.

Treatment with a mixture of nitric acid and
perchloric acid destroyed the organic part of
the material and formed soluble nitrates of the

metais. Some crystalline perchlorates were

also formed,

Treatment with a mixture of nitric acid and
sutphuric acid destroyed the organic part of
the material and formed soluble nitrates of
the metals, In the presence of alkaline earth

metals e.qg. magnesium and calcium, insoluble

e

——
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, . _ .

D sulphates could be formed. The insoluble

sulphates might absorb a considerable propvortion
of trace metals, particularly lead. This i
would reduce the recovery of lead and other g

adsorbed metals in the digest.

£ Treatment with a mixture of nitric acid and

perchloric acid destroyed the organic part of

|
the material. Insoluble perchlorates were %
formed which on adding water and warming diss- ;
olved. In the presence of hydroc hloric acid, :
all the iron adsorbed on the white powder (in '
spinach and suspected to be silica) were retu~

rned to the solution as ferric chlorideis.

F The solution of the mixture of ammonium nitrate
f and nitric acid destroyed the organic part of
the sample. Excess of this solution was removed

by volatilization. Addition of hydrochloric

e P

acid gave soluble ions.

2.4.8 Results and Discussion ‘

The results from the six methods of wet digestion used are

discussed. Blank corrections were made for each of the methods.
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;
Interference of ircen from chromium was climinated by following
the nrocedure described in section 2.5.1. Calibration curves

were plotted for each of the elements by foliowing the procedures
described in section 2.5.3 - 2.5.10. The absorbance rea&%ngs

were made to reflect one gram of tﬁe dry weight of sample and from
the calibration curves, the concantrations were read off. Table

2.4 shows the results obtained for Amaranthus tricolor ( spinach),

This is sample two in the analysis. y
The best digestion method for spinach was determined on the

following basis: 1

(1) Must be highly reproducible,

(11}  Should have the highest mean for all the values obtained
from the different methods. |

(ii1) Should have the lowest value for reagent blank. |
Using these criteria, all the six methods were considered suitable
for the determination of manganese (Mn); A,B,C and E for iron
(Fe); E for lead {Pb): A and E for cobalt (Co); C.,D,E and F for
chromium (Cr); A for cadmium (Cd); A,E and F for copper (Cu); A, E
and F for zinc {In). o

For the ability to estimate the eight elements reliably,
a digestion method is scored eight points as a maximum. Table 2.5
summarises the scores for the six digestion methods employed for
estimating manganese, iron, lead, cobalt, chromium, cadmium, copper

and zinc in spinach sample,
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TABLE 2.4

Digestion Methods {concentration in ppm)

A

+

Trace | Determi -{ ] _ . ’ _ i
Element| mations' A @ B ci ol E { F
Mn 1 | 074 077 0.72] 0.65{ 0.72 | 0.75
j l . 1 - b
11 |05 072 0.7 0.68; 0.69 | 0.77 '
| |
I | 0.67 | 0.73 | 0.72; 0.65. 0.72 { 0.75
i i
?
Fe ! 8,36 | 7.50 | 8.57| 6.79| 3,14 | 6.29
1 8.14 | 6.86 7.3 | 7.57| 7.79 | 4,07
Y (871§ 7.86 | 7.45| 6.9 7.90 ; 6.10
1
Pb 1 0.25 | 0.25 i 0.25}.0.00! 0.92 | 0.17
11 0.49 | 0.33  0.25).0.00] 0.25 | 0.17
ur  jo.42 | 037! 0.25|.0.00] 075 | 0.17
- I
Co 1 0.25 | 0,17 | 0.17 | 0.00! 0.17 | 0.00
CoII 0.25 | 0.25 | 0.08; 027} 0.7 | 0.00
11 0.33 | 0.08 : 0.12} 0,00 0.17 | 0.00
cr I 0.00 | 0.00 | 0.06 | 0.06{ 0.06 | 0.06
L Ir 0.0 : 0.00 | 0.06] 0.06| 0.06 | 0.06
i | E
i 111 0.00 | 0.00 | 0.06 | 0.06 | 0.06 . 0.06
_ | |
d 1 0.05 | 0,00 | 0.00 | 0.00 | 0.00 | 0.00
I {0.03 | 0.00 { 0.00| 0.00 ] 0.00 | 0.00
f |
|11 ;0.00 | 0.00 { 0.00| 0.00 , 0.00 | 0.00
i : -' I ! i
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; T..age I Detér.. o Digest'-igi;lml.;rethodsn(Conc'a;ntration in ppm)w

} Element minations“_ﬁ B ._ ¢ | D £ F
Cu I 0.28 { 0.13 | 0,08 0.2 | 0.15 | 0.20

i ' 11 {037 | 0.30 | 0.08]0.2 | 017 | 0.23

? Il 0.17 | 0.13 | 0.08 { 0.12 | 0.17 | 0.12

P In I 1.47 | 0,27 | 1.45 ;1 0.70 | 1.39 | 1.4

% o I 1.85 | 0.64 | 0.34 | 0.89 | 1.50 | 1.67

! 111 2.6% | 0.29 | 0.99 | 0.79 | 1.45 | 1.45
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Table 2.5
T —_—
Digestion method A B | € { D £ F
: :
Score i 6 2 3 ! 2 ! 7 3

On the baéis of the scores, method £ was considered most
suitable for spinach. The method is fast and gives little
precipitate after warming, The method was considered to be the
most suitable for studying trace metals in other leafy vegetables.

Method A was also quite good and would make a useful aitern-
ative. The blank values for A and E were also lowest., This
meant that the reagents used here were the purest.

Table 2.6 shows the results for Hibiscus esculentus L.(okra).

This is sample nine in the analysis.
Using the same criteria as for spinach, the score chart was
prepared and is shown as Table 2.7.

Table 2.7
———t

Digestion method A 8B C ] E F

3

Score e 4 6 5 6 4 4

oy i —

From the score chart, methods B and D are considered most suitable

. for the digestion of okra and possibly all fruity vegetables for the
purpose of trace element determination. Method B was however
used because of the fear of precipitation of lead in the present of

sulphuric acid and because it is faster than D.
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Table 2.6
Digestion Methods(Concentration in ppm)
Trace Deter'm; - ‘ | I} : ;
Element | nations | A B ¢ D £ é F
Mn 1 0.14 0.08 [0.15 0.7 |0.14 |08
1 0.15 |05 :0.17 [0.2 | 0.7 |0.5
11 0.17 0.16 {0.15 :0.15 | 0.18 |0.15
Fe I 0.57 2.50 lo.93 1 0.14 | 1,07 | 2.29
' I1 0.50 |1.50 :0.717 |0.00 | 0.79 | 2.57
111 0.50 2,29 10.7v {0.00 | 1.21 : 2.34
| | .
Pb 1 0.17 6.17 0.7 | 0.42 | 0.08 | 0.88
I 017 |[0.25 ln.25s 042 | 0.00 |0.00
11] 0.25 0.7 l0a7 [0.42 | 0.08 | 0.00
Co 1 0.00 (000 [0.00 |0.00 | 0.00 | 0.00
11 0.00 | 0.00 ;0.00 ;0.00 | 0.00 | 0.00
28 0.00  0.00 ;0.00 |0.006 | 0.00 ;| 0.00
[
Cr 1 0.1 n.00 [(0.00 '0.00 ! 0.00 ! 0.78
| 11 0.22 . 0.00 [0.00 {0.00 | 0.00 | 0.00
11 0.00 ; 0.00 {0.00 {0.06 | 0.00 | 0.00
cd I 0.00 E 0.00 {0.00 !06.00 ! 0.00 | 0.18
11 0.01 : 0.00 |0.00 |0.00 { 0.00 | 0.00
198 0.00 g 0.00 | 0.00 J 0.00 | 0.00 | 0.00
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Table 2.6 (Contd)

{‘?;icgﬂdl Deteﬁﬁ?-rﬂ_h_ Digesti9§jﬁethods (Concentra?igg_ytjgﬂg:jﬂ
_Element nations | A ' B -C__,,‘__LL 1 SR S|
Cu | I o.oolo.oo%o.m 0.12] 0.03;[0.00
11 0.00 0.07|0.03 | 0.00 o.oo!o.oo
111 o.oolo.oolfo.oo 0.00] 0.00| 0.00
| o
n ! I | 0.00 0.75{0.600.84] 0.00 0.97 |
: 11 0.00 0.723:0.58 0.81{ 0.00| 0.53
: 11 0.00 0.72+o.55;0.azi 0.00, 0.70 |
, N N N A S
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2.5. Trace metal dotermination

For the preparation of sample solutions for elemental analysis,
an oxidation process is necessary for the destruction of the organic
matter. The elements desired must be obtained in a concentrated
form and separated from as many sources of interferences as
possibte. For routine analysis, it is preferable to prepare the
solution in such a way that several elements can be determined on

it. The oxidation is usually by the action of acids if wet oxida-
tion is used.

The next chjective after the digestion of sample is the |
deternination of the individuzl elements. In this study, the
elements of interest are iron, manganese, copper, zinc, cadmium,
tead, chromium and cobalt, Trhese can be determined using various
techniques inciudiig electrochemical techniques {polarography,
coutometry, conductcometry, potenticmetry, amperometry), atomic
spectroscopy (emissicn, absorption, flourescence), colorimetric/
spectrophotenetric, chrematographic, complexometric, volumetric
and gravimetric techniques. O0F these, the atomic absorption
spectrophotometry was used because it has a history of simple and
reliable application to food analysis. It is also capable of

determining minute quantities of element.

2.5.1. Atomic Absorption Spectrophotometer

This is an analytical method for the determination of elements
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based on the absorption by free atoms. If a solution containing

a metallic salt is aspirated into a flame, {e.g. air-acetylene
flame) a vapour which contains atoms of the wetal may be formed.
If 1ight of the resonance wavelength is passed through a ffame
containing these atoms, part of the light would be absorbed and
the extent of absorption will be proportional to the number of
these atoms present in the flame. This is the underlying principle
of atomi¢ absorption spectrophotometry. The hollow cathode lamps
emit rays of wavelength specific to the elements they are made of.
The relationship between the absorbance A and the concentration
of the element which produces this absorbance is known as Beer's

law. It is represented by the formula,

A= loglo = ecl  where I, - intensity of incident
t Vight
€ - Concentration; It - intensity of transmitted
light,
1 - Path length; & - molar absorptivity

A - absorbance

~

2.5.2. _§§mp1e preparation

Two methods of wet digestion were used. Digestion method £
described in section 2.4 was used for S] - Sg while method B was

used for S9 - 526’
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2.5.2.1  Digestion method £
Materials
(i) Concentrated mitric acid (g. gr. 1.42).
(ii) Perchloric acid 601-62% w/w.
(iii} Concentrated hydrochloric acid (sp. gr. 1.18) .
(iv)} Deionised water.

Hethod; as described in section 2.4,

2.5.2.2, Digestion method B
| Materials _ |
(1) Concentratéd pitric acid {gp. gr. 1.42)
(ii) Perchloric acid 60 ~ 62 % w/w
{ii1) Deionised water.

Method ; as described in section 2.4

2.5.3 Iron
Iron was determined with the Pye Unicam Atomic Absorption
Spectrophotometer (Unicam SP 1900 with digital readout) at 248.3mm,

The air-acetylene flame was used. No inter ferance by other metals

was observed,
Materials
(i} Hydrochloric acid, 3t: prepared by diiuting 93cm’ of

concentrated hydrochloric acid (gp. gr. 1.1i8) to 1dm3 with

deionised water,

(ii) Stock iron solution: This was prepared by dissolving
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4.84g of ferric chloride hexdhydrate (FeclB. 6H2q ) analytical
grade in 3" hydrochloric aeid and diluting to 1dm3 with deionised
water, This solution contained 1000mg dn™> of iron. |

(111} Working standard solution: 10cm3 of the stock solution was
diluted to 100cm3 with deionised water to give a solution containing

100mg dm“3 of iron ions, 0,1.0, 2.0, 3.0, 4.0, 5.0cm3 of this

3

solution were pipetted into separate 100cm” volumetric flssks and

the volumes made up with deionised water. These gave solutions
contatning 0, 1.0,2.0,3.0,4,0,5.0mg ™ {ppm) of iron respectively.
Method

A calibration curve was consiructed from the absorbances
of the warking standard solution. The absorbances of the sample
solutions were also measured. Ia soire cases, the sample solutions
were diluted so that their absorbance readings could fall within
the limit of detection of iron at 248.3nm by the instrument.

The concentrations of these solutions were read off from the

catibration curve,

2.5.4 Hanganese |

Atomic absorption spectrophotdmetry fs recommended and was
used because of its sensitivity and corvenience. Manganese is
relatively free from interference, It is essential that the
standard and semple solution contain manganesS® in the same valency

state, This can be achieved by the mixed acid digestion method.
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~ Materials

(i)"ﬂydrochloric acid; prepared as in section 2.5.3. _
{i1) Stock manganese solution: This was prepared by dissolving
4,069 of manjanous sulphate Mn504.4H20 {analytical grade) in
hydrochloric acid and diluting to idma with deionised water.
(1ii) Morking standard solution: 10em° of the stock solution was

diluted to 100cm® with deionised water. 0, 0.5, 1.0, 1.5, 2.0,

2.5, 3‘0cm3 of this solution were pipetted into separate lOOcm3

volumetric flasks and the volume made up with deionised water.
Method

Manganese was determined at 279.5nm. A calibration curve was

constructed and the concentration of the sample read off.

2.5.5, lead
Materials
{i) Hydrochloric acid: as in section 2.5.3.
(i1} Stock lead solution: This was prepared by dissolving
1.5%4g of lead nitrate Pb(N03]2 (analytical grade) in 3%
hydrochloric acid and diluting te 1dm3 with deionised water, |

(iii} Working standard solution: IOcm3 of the stock solution

was diluted to 100cm® with deionised water. 0, 1.0, 2.0, .

4.0, 6.0, 8.0, 10.0cm3 of the solution was pipetted into separate

]00cm3 volumetric flasks and the volume made



up with deionised water,

Hethod

Lead was determined at 213.9rm. The concentrations of the
sample were read off from the calibration curves. It was not
certain if the presence of iron actually increased the sensitivity

of determining lead as was claimed26.

2.5.6  Cobalt
Materials |
(i) Hydrochloric acid: prepared as in section 2.5.3.
(i1) Stock cobalt solution: This was prepared by dissolving
4.,9379g of cobaltous witrate Co(N03)2. €H,0 (analytical
grade) in 34 hydrochloric acid and diluting to 1dm®

with deionised water,

3

Horking standard solution: 10cm™ of the stock solution

was diluted to 100cm3 with deionised water to give a

solution containing 100mg dm"a of cobaltous ions. 3,
0.5, 1.0, 2.0, 3.0 4.0, 5.0cm> of this solution was

pipetted into separate TOOcm3

volumetric flask and =
made up to the mark, |

Hethod

Cobalt was determined at 241.0rm. The concentrations of the

sample solutions were read from the calibration curve.
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2,5.7  Chromium
A literature on the analysis of chromium by atomic absorption

spectrophotemetry reported that the factors controlling the formation
of chromium atoms in flames are complex. I¢ has been ciaimed that in
air-acetylene flames, sensitivity for chromium is dependent on the
stoichiometry of the flame2?, The sensitivity is expected to be
highest in rich flames (i.e, almost luminous), thus rich flames are .
recommended for the chromium analysis despite the knowledge that the
extent of interference is also higher in these flames. Interference,
as reported, could be eliminated by the addition of ammonium chloride or
lanthanum chloride to both the sample and reference solutions,

Materials

{1} Hydrochioric ‘acid: as in section 2.5.3.
(i1) Stockcheemlum solution: This was prepared by dissolving
3.735g of potassium chromate K26r04 (analytical grade)

in hydrochloric acid and diluting to wm3 with deionised

vater.

(ii1) Morking standard solution: 10cm3 of the stock solution

was diluted to 100cm>

. 9,0.5, 1.0, 2.9, 3.0, 4.0, 5.0m°
of this solution was pipetted into senarate ]00cm3
volumetric flasks and made up to mark with deionised water,

Method

Chromium was determinad at 358 .0rm, The flame was adjusted so

that it was near luminous (yellow flome). Lanthanum chloride



50

(5%) was added to all experimental solutions to eliminate inter-
ference by tron, Calibtration qraphs were constructed under the

same modified conditions, and the concentration of the sample

solution was read off the curves,

2.5.8. Cadmium
Materials
(1} Hydrochloric acid: prepared as in section 2.5.3.

(ii) Stock cadmium solution: This was prepared by dissalving
1,1423g of cadmium oxide Cd0 (analytical grade) in
hydrochloric acid and made up to 1dm3 with deionised
water,

(i11)  Working standard solution: 10cm3 of the stock solution
wis diluted to 1Mem>. 0, 0.2, 0.4, 0.5, 1.0, 1.5,
2.0cm3 of this solution was pippetted into separate 109cm3
volumetric flasks and made up to mark with deionised
water, |

Method

Cadmium was determined at 229.0mm.

2.5.9 Copper

(1) Hydrcchloric acid: as in section 2.5.3.

(11) Stock copper solution: This was prepared by dissolving

3.798g of cupric nitrate Cu(N03)2. 3H,0 (analytical grade

in hydrochloric acid and made up to lr:!m-3 with
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deionised water,

(iii) Working standard solution: 10cm3 of the stock sclu-

tion was diluted to 100em°

G 4.0, 5.0cn° of this solution was pipetted into

. 0, 0.5, 1.0, 2.0, 3.0,

separate 1000m3 volumetric flasks and made up to

mark with deionised water,

Method

Copper was determined at 324.8 mm. The concentrations of the

sample solutions were read from the calibration curves.

= 2.,5.10. Zinc
“ ftomic absorptioh.procedﬁre is suitable for zinc and is pre-
igé; ferrel  to other techniques. It was used here. Sensitivity is
good and the method is virtually free from interference .
Materials
(i) Hydrochloric acid: as in section 2.5.3.

(i1) Stock zinc solution: This was prepared by dissolving
accurately weighed 1g-of zinc powder in hydrochloric agid
and making it up to 1dn® with deionised water.

(311} Working standard solution: 10cm3 of the stock solution
diluted to 100cm°. 0, 0.05, 9,10, 0.20,6.37, 0.40, 0.50,

l.Ocm3

of this solution was pipetted into separate 100cm”
volumetric flasks and made up to mark with deionised

water,
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Method

Zinc was determined at 213.9nm. The concentration of the

sample solutions were read from the calibration curves.

Far all the metals determined, working standard solutions
were prepared fresh, and the absorbances read together with that
of the samples, This corrected for variations in pressure of

qas, flame conditions and air pressure.



i R

e -’_-')'-" T

S

i et

CHAPTER I1I
RESULTS AND DISCUSSION

For the purpose of discussion, the samples have been divided
into five groups. GI, samples S] - 58’ for Teafy vegetables;
G171, samples S9 - 511, the okra group: GIII, samples 512 - 515,
tha pepper group; GIV, samplas 516' '520’ the garden egg (valo)

group while GY, samples 52] - 826 represents the onion group.

3.1. Moisture Content

The results of the moisture content determination ¢f the
samples are shown in table 3.1. The table reflects each of the
aqroups. The values of the moisture content of the leafy vegetables
range between 74,81 percent to 90.38 percent with a mean value of

37.02 percent. The range in GII is between 89.88 percent and 90.50

percent, with a2 mean of 90.11 percent. Hoisture content values in

GITI ranges between 55.26 percent and 87.03 percent, with a mean of
77.48 percent. In GIV, the values range between 78,43 percent and
90.63 percent, with a mean value of 86.90 percent, while that in

GV ranges between 85.37 percent and 92,36 percent,with a mean of
89.12 percent. Considerable variations are noticed within members
of each group, Samples S1 and Sz though are in the same family but
different species, were grown under the same climate and soil .
conditions, They have different moisture contents. This might

be due to the differences in their ability to absorb water from the

soil., MWith the exception of 56* all the
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samples in Gpl were collected from the same source. It is diffi-
cult to explain the unusually low value of the moisture content
of S5 here, There is no appreciable difference in the values

of the water content of Gp II members., Also, ail the samples in
Gp II1 were grown under the same soil and climatic conditions.
With the exception of 515, there is no appreciabie difference in
their mojsture content, S]5 is of a different species from the
rest of the group. The remaining three, though have different
shapes and sizes, are all called sweet pepper and are the same
species, 515 is called Yot pepper’. In Gp IV, water content

for S,y is comparatively different from the rest of the group.

In this group, the first three vegetable samples are all the same
species while the last two zre of the same species. Gp V is the
onion group, 32} has the lowest meisture value, 521 is an imported
species, while the others are the same local species grewn at
different locations. This might account for the differences in
the values of moisture content. Of all the samples studied, 515
has the ¥swest moisture content while 524 has the highest, It

has been reported30

that many factors affect the moisture content
of materials; these include climate and soil, In the light of
this known variability, it is not possible to predict the exact
value of the moisture content of any of the vegetables, The
individual values and rangeé of values could be accepted only as

a general guide. The overall range in moisturs content is
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Table 3,1 Moisture content and protein content of the' vegetable

szmples

T

Sample | (%) foisture and S.D . (%) Protein of dry weight and;
! |

PN — ——r s
61 __| L | *
S, | 8778 + 0.21 | 32.60 + 0.26 |
s, | .38 + 040 | 3.31 : 0.04 i
S, 85.67 + 0.30 | 31.75 = 0.3
S, | 9.6 : 015 | 2477 & 0.5 |
S 7.8+ 0 | 2942 + 0.64 |
6 89.05 + 0.27 |  30.58 : 0.62 |
s, 88.48 * 0,04 |  26.49  0.19 I
%5 89,74 + 0.14 ; 23.84 + 0.46 i
i
aI1 B r ?
Sq 89.94 + 0,13 [ 17.15 + 0.4 1
51 80.88 + 0.02 |  16.51 + 0.31 l
i3 ; 90.50 + 0.28 18.51 + 0.08 i
Gl | |
Sio 83.40 + 0.43 16.02 + 0.25 :
S13 87.03 + 0.27 17.1 + 0.14 |
$i4 84.23 + 0.14 19.06 + 0.20
Sig 55.26 + 0.3 13.81 + 0.40 l
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Si6 88.99 + 0.09  18.68 * 0.30 ;
S,‘7 39.38 + 0,30 18.45 * 0.1
S18 87.08 ¢ 0.51 206.23 * 0.37
S19 90.63 + 0.14 21.28 * 0.07
Sy 78.43 + 0.23 16.20 + 0.07

L

| 52] 85,37 + 0.06 ! 11.38 + 0.07

L Sy 87.92 + 0.45 11.52 + 0.30

} S53 §9.76 + 0.29 11.99 + 0.06

i 524 92.36 =+ 0.27 9.54 3 0.12

. Spg 90.67 + 0,27 10.18 = 0.65

5 So6 88.64 + 0,42 11.54 + 0.14 i
N = 3 for moisture content determination
N = 5§ for protein content determination

Some literature values for the moisture of vegetables from GI

to GV.5

Onion 81 .93% ;

Garden egg {yalc) 82.1%

Spinach®  86.6%

SpinachS? 84 8%

Pepper3° 70 - 932

»
-
»

+*
]

Okrad® 89.2%

spinach3® o1 - 93y

Bitterleaf 83.6%
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Some literature values for the percentage protein of the

dry vegetables in GI - GV.

Green leafy vegetab1e53]

Spinach32

Bitterleaf 2

Onion>? 5.63
Pepper30 7.50

19 « 31
34.32
34.98

- 13.75
- 12.50

Multiplying factors
6.25
6.60
6.60
6.25
6.25
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between 55.26 percent and 92.36 perﬁent. It has been reported
from literature that most vegetables contain a 1ot of water.
Some literature values of moisture contents of some vegetables are
given below the tables., It would be seen that most of the values
tgree with literature, though literature values may themselves
have a wide range,

The moisture content is frequently regarded as an index
of stability and quality of the foodstuff. It is also a measure.
of the yield of food solids., It is known that meterials with
a high moisture content has low keeping quality. The analysed
vegetables have a high moisture ‘centent and so would only keep

well in a refrigerator,

3.2 Protein content

The values for the protein content of the samples analysed
are given in table 3.1, The range for Gp I is between 24.77
percent to 34,58 percent, with a mean of 29.35 percent. For Gp II,
the range is between 16.51 percent and 18.51 percent, with a
mean of 17.39 percent. The values for Gp I1I range between 13.8]
percent and 19,06 percent, with a ﬁean of 1?.50 percent,
For Gp IV members, the value ranges between' 16.20 percent and
21.28 percent, with a mean of 18,97 percent, while for Gp V, it
ranges between 9.54 percent and 11,99 percent, with a mean of 11.03

percent, In Gp I, bitterleaf and the two types of spinach have



the highest protein value, while sample 54 and SB have the lowest

values, It would be recalled that the samples in this group,

with the exception of S] and S2 which have about the same protein
content are all of different species, so the variations in their
protein values are expected. There are no drastic differences

in the protein values of members of GII., However, it i¢ noteworthy
that S9 and S1g 2re the same species, with fertilizer applied

to 5109 while none was applied to Sg, grown around the same location.
The differences in the protein and other factors studied might be
traceable to the differenccs in the conditions of management.

The higher value of S]1 might be due to species differences .

There are slight differences in the protein content of members of
Gp 111, with the exception of Sy5 which is the only different
species in this group. Species differences are expected to account
for the different value for 515 from those of other members of
GITI. The valtues for GIV exhibit some variations. Onion group

has quite low protein values compared to values for members of

41 - 531V, Protein values compare very well for members of 5Y,

It has been reported30 that the protein content of a plant is
dependent on the fertiliser applied, The literature values are
shown below the table, If the literature value of green leafy
veretable is multiplied by 6.6 (this is the value used in this
analysis) the range would be 20,06 - 32.74 percent. Most of the

values with the exception of 5. fall within this range. i
o
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Another Titerature value for 559 however, agrees with the value
obtained. The values obtained for 2V also fall within that from
literature. Higher values than tnat in literature were obtained
for GIII, This might be due to differences in climatic conditions
under which the plants were managed. Of all qroups, the leafy
vegetables, GI, have the highest crude protein content. This is
followed by the garden egq, GIV. Okra and pepper groups, GII and
GIII respectively are comparable, while the onions have the lowest
protein contents,

The importance of protein is very well known. The role of
easily available leaf protain has for long been overlooked. From
this study, it can be realised that the dry matfer of leaves contain
reasonable amounts of crude protein. The amount of digestible
proteins in Teafy plants would be of interest especially as compared

to the proteins in leaumes.

3.3, -Trace Element

The provision of minerals is one of the most important contri-
hutions which vegetablies make to human growth., It has been reported3O
that there are considerable differences in the mineral content
between species and variaties of nlants and also between different
batches of the same variety grown under different environmental
conditions, Many factors, including ¢limate, scil and fertiliser

also contribute to the differences expected and sometimes observed

in the contents of particular minerak in
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plant products,

3.3.1 Irbn content

The iron content of the samples analysed are given in table
3.2, The range of values in Gl is between (11.00 and 44.00)mg/100q,
with a mean of 23.67mg/1009. For GII, the range is (5.90 to
12.13)m3/100q, with a mean of 9,45 mg/100g and for GI1I, it is
{6.39 to 1888,88)mg/100g9 with a2 mean of 480.07 mg/100g-
For members of GIV, iron content ranges between {3.90 and 8.80) my/
100g with a mean of 5.8mg/1007 while for GV it is (2.90 to 5.00)
mg/100g with a mean of 3.51mg/1009. There is an appreciable
difference in the values for S] and 52s though they are of the
same species but different varieties. The reason for this
difference could be in the physiological differences in these
two varieties. Sample five, S? and 58 are not too different but
Sg has only about half the value of either of the latter two
samples. This, again, could be due to differences in variety and
soil. It is generally believed that spinach contains the highest
amount of iron in the vegetable group. From the result, 33
contains more iron than either of the two types of spinach.
It is interesting to note that in GII, S10 to which fertiliser was
ap~lied has a lower iron value than Sg, the same variety, to which

no fertiliser was applied, The reason for
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this is not known, but might not be unrelated to the composition of
the fertiliser. In GIII, the values for the various varieties of
sweet pepper 512, 513 and 514 are low, with an average of 10.47
mq/100g but that for SS,'5 {chill pepper} is unusually very high.

The reason for this can be attributed mainly to the physiology of
the plant. The variations in the iron values for members of GIV
could be attributed to the differences in the species and varieties.
With the exception of 524. there appears to be no significant
difference in iron values obtained for members of G¥. From the
table, it is obvious that the value for S]5 is the highest. This,
of course, is a new discovery as no previous report has indicated
this iron level in pepper grown in Nigeria. Compared with |
literature values, the leafy vegetables were found to have lower

29 while the onion

values of iron than those recorded in literature
and pepper have much higher valuesso. The reason could be

because of the differences in the soils and c¢limates.

3.3.2. Manganesd cbntent

The values .for the manganese comtent of the samples analysed.
are given in table 3.2, In GI, the range of values is (2.78 to
5.88)mg/100g, with a mean of 4.26m3/1009. For members of GII,
the range is between (0.73 and 3.20)mg/100g9, with a mean of 1.57

mg/100g. Values for members of GIII range between (1.75 and 5.40)
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Table 3.2, 1Iron, manganese and lead contents of the vegetables

samples,

1 : Iron {mg/1003)of | Manganese {mg/1009)] Lead{mg/100h)
Sample dry weight and of dry weight and of dry weight
' S. D. i : and S.D.

B $. 0.
%v_sr R
S 20.33 + 0.90 2.83 + 0.04 1.80 : 0.00
Sy | 41.43 + 0.562 3.73 1+ 0.02 4.33 + 0.00 |
S5 44,00 + 1.37 4.61 =+ 0.16 1.50 &+ 0.00
S4 11.83 + 0.47 2.78 : 0.10 1,05 & 0.00
Sg 11.00 * 0.28 5.88 % 0.31 0.75 * 0.00
Sg 15.50 + 6.28 5.64 + 0,12 1.05 + 0.00
Sy 21.25 + 1.7% 4.53 + 0.29 0.75 + 0.05
4 38 23.98 + 0,44 4.05 =+ 0.21 0.75 &+ 0.05
: e o e
GII -
S 12.13 + 0.57 10.79 + 0.07 0.85 + 0.00
510 5.90 + 0.46 | 0.73 & 0.36 1.05 + 0,05
sirr  f . — |
i Syz 6.39 + 0.06 2.05 + 0.05 0.39 * 0.05
513 14.56 + 0.19 1.75 +£0.01 | 0.85 + 0.05
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errr | — I i
S1a 10.45 + 0.52 | 3.12 + 0.13} 2.37 + 0.20
S5 {1888.88 £43,90 {5.40 + 0.04| 0.39 + 0.00
a1v
St | 8.60 : 0.28 |2.80 + 0.8 075 + 0.0
S;; 1 3.9 + 003 (173 & 0.3 0.00 + 0.09
S;ig | 425+ 0.0 {1.85 + 0.0 0.50 + 0.09
Sig | 8.00 : 031 2.5 :+ 0.09] 0.0 + 0.00
Spp | 425 + 0.4 1233 + 0.07] 039 + 0.00
6V + .
St 3.2 + 0.40 f0.35 + 0.10] 0.8 :+ 0.00
Spp | 290 + 0.00 }1.00 + 0.00[°1:25 + 0.30
S;3 | 3.5 + 0.20 |1.00 « 0.0 0.85 + 0.00 j
524 5.00 + 0.22 11.00 + 0.01f 0.85 =+ 0.00
Sps | 330 &+ 038 [1.00 + 043{ 2.00 « 0.2
Sgp f 3.35 + 0.09 [1.50 s+ 0.01] 1.65 + 0.05
N = 5 for the determinations.

Some Titerature values for the iron content of vegetables from

GI - Gv.
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29 K .

Bitterlea? 48.0mg/100g ; Bitterleaf

32

5.0mg/100g
Corchorus species29 74.0mg/100g ; Spinach 4.1mg/100g

spinach®®  48.0mg/100g

onion 30 6.2-0.5mg/100g
Pepper=" 0.7 - 1.5mg/100g
Spinach 0.8 - 48,0mg/100g 29,30,32 combined.

Some literature values for the manganese content of vegetables in
GI.

Bitterlesf’>  14,72mg/100g

Spinach?’ 5.25mg/100g

Corchorus species 6.75mg/100g.

No Titerature values for lead were available.
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mg/100g, with a mean of 3.03mg/100g. ¥embers of GIV have manganese
values between (1.73 and 2.80)mq/100g, with 2 mean of 2.42mg/100g,
while those of GV havc values ranging from (0.35 to 1.50)mg/100g,
with a mean of 0.99mg/100g, In GI, the corchorus species and
bitterleaf have the highest manganese level, while the Hibiscus
articulalus has the lowest value, The differences in values could
be due to differences in species. Though S] and S2 are of the

same species, they are of different variecties and this could
account for the difference in manganese content, The same could
apply to 55. and S8 which are also of the same species but diff-
erent varieties. S5 has the highest value in this group. All

the samples, except 55, were grown in the same area. The diffe-
rences could be due to the physiology of the plants. The values

29. This could be

obtained are all lower than literature values
due to climatic and soil differences. The values obtained for
Sg and $;, are close while S]] value is comparatively different.
These three samples are all one species but Sn ijs a different
variety and was grown in a different area. Both of thege factors
could account for the higher manjanese value of S]]. Literature
vaiues for the manganese content of this group (okra) were not

found,

3.3.3, Lead content

The values for the lead content of the vegetable samples are



67

given in table 3.2. The range of values in GI is (0.75 to 4.33)mg
/1009, with a mean of 1.50mg/100g. For GII, the range is (0.85

to 1.05)mg/100g, with a mean of 0.93mg/100g, while for GIII, the
range is (0.39 to 2.37)mg/100g with a mean of 1.00mg/100g, Values
of lead in members of GIV range from {0.0C to 0.75)mg/100g, with

a mean of 0.33mg/100g, while for members of GV, the values range -
from {0.35 to 2.00)mg/100g, with a mean of 1.24mg/100g. The
values Tor members of GI are varied with S2 having exceptionally
high value, followed by S], bofh of which belong to the same species.
Members of GII have values of lead content which are sufficiently
close to one another, Sample fourteen in GIII is abnormally high
in lead content. The reason for this is not known. There is no
appreciable difference in GIV values, while in GV, the only
exceptional case is the 825 value, The reason for this could be
due to the soil. Generally the values for lead on the table are
low. This is consistent as lead is not a desirable element.

No values of Tead were recorded in all the literature consulted.

3.3.4. C(Cobalt Comtent

Cobalt content of the samples studied are given in table 3.3.
The values for members of GI range from (0,00 to 1.25)mg/100g, with
a mean of 0,62mg/100g, For members of GII, the range is (0.00 to
1.25)mg/10_0g, with a mean of 0.67mg/100g, while for GIII, the range
is from (0.00 to 1.44)mg/100g, with .a mean of 0.36mg/100g.  Cobalt
content§ of members of GIV have a range between (0.00 and 0.70)mg/1009,
‘with a mean of 0,31mg/100g. |
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Table 3.3 Cobalt, chromium and cadmium content of the vegetable

samples,
T Cobalt (me/100g) | Chromium (mg/100g | Cadmium (mg/100g
Sample of dry welght of dry weight and | of dry weight
and 5. D, 5.D, and 5.D.
al o |
S 1,25 £ 0.00 0.00 * 0.00 | 0.20 * 0.00
s, 1,25 ¢ 0,00 0.30 £ 0.00 0.00  0.00
Sq 1.25 + 0,00 . 0.00 £ 0.00 " 0.50 ¢ 0.00
Sq 0.40 = 0.00 0.00 £ 0,00 0.20 * 0.00
S 0.00 ¢+ 0,00 0.00 * 0.00 0.20 £ 0.00
S 0.40 = 0.05 0.00 £ 0.00 0.50 + 0.12
S, 0.00 + 0.00 0.00 * 0.00 0.50 £ 0.16
Sg 0,40 £ 0,05 0.00 £ 0.00 1 0.50 + 0.15
5 GI1 .
- S 0.00 * 0.00 0.00 * 0.00 0.00 £ 0.00
o St0 0.75 + 0.10 0.00 * 0.00 i 0.22* 0.08
v 11 1.25 ¢ 0.05 | 0.00 * 0.00 L, 0.00 * 0.00
VBHI
1 Syp 0.00 ¢ 0.00 0.0¢ * 0.00 0.15 * 0.05
S13 0.00 + 0,00 0.00 £ 0.00 0.00 * .00
Sy4 0.00 * 0,00 0.00 * 0.00 0.00 £ 0.00
S1s 1.84 £ 0.0 0.87 t 0.00 .76 t 0.06
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IV - |
S16 6.70 +0.10 0.00 *0.00 0.00 * 9.00
547 0.00 * 0.00 0.00 % 0.00 0.00 *90.00
S8 6.25 *0.05 0.00 *0.00 0.00 *0.00
19 0.60 = 0.17 0.00 *0.09 0.00 % 0.0C
Sa0 0.0 *0.790 0.0 *0.00 0.08 *0.00
' GV .

Sy 0.00 *0.00 0.00 *0.00 .00 *0.00
Son 0,00 * 0,00 0.00 £ 0.00 0.00 * 0.00
So3 0.00 % 0.00 0.950 = 0.00 0.00 *0.00
So4 0,00 *0.00 0.00 *0.00 0.00 0,00
Sog 0,60 *0.00 0.90 *0.00 0.00 *0.00

- Sag 0,00 £0.00 - 0.00 +0.00 0.00 * 0.00
N = 5 for the determinations.

No literature values for cobalt, chromium and cadmium were

available,
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Cobalt was found to be absent in members of GV. .

The variations observed within the groups are expected due to
differences in species. The level of cobalt is generally low in
all the samples, The level of cobalt content of S1» S5 S35 Sy
and Sls'are comparable and significantly greater than those of the
other samples. These analyses suggest that cobalt level in vege-
tables might not be expected to be much higher than 2.0mg/100g dry

sample. No values were recorded in the literature consulted.

3.3,5. Cbromium Content

Chromium contents of the vegetables are given in tab1é 3.3.
Hith the exception of S2 and 815, the other vegetables have no
chromium, Additionally, the values obtained for Sy and Sy are
Tow. It could be reasonably assumed that the level of chromium is
Tow in most vegetables, and sometimes so low that it could not
be reliably estimated by the atomic absorption spectrophotometry,
and possibly other conventional analytical methods. No values werc

recorded in literature.

3.3.6, Cadatem content®

Cadmium contents of the vegetable samples are given in table
3.3. Within GI, the range of values is (0.00 to 0.50)mg/1009, with
a mean of 0.325mg/100g. For members of GII, the range is {.00 to
0.22)mg/3009, with a mean of 0,07mg/100g, while for GIII, the
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range is (0,00 to 0.75)mg/100g, with a mean of 0.22mg/100g.

Cadmium content of members of 61V ranges between (0.00 and 0.08)
mg/100g, with a mean of 0.016mg/100g, GV members all have no |
cadmium. On the whole, the highest value is from 315, and is on]yl
0.75 + 0.06mg/1003 dry weight, The cadmium values are low and this
is expected because cadmium in large excess is toxic to the body |
and might be so to plants also, No literature value for cadmium iﬁ

vegetables were found,

3.3.7. Copper Content

Table 3.4 gives the copper content of the vegetabies analysed,

For GI, the range is from (0.65 to 1.35)mg/100g, with a mean of

0,92mg/100g, GII has a range between {0.00 and 1.20)mg/1009, with
a mean of 0,60mg/100g. GIII has a range from (0.98 to 2.50)mg/i007,
with a mean of 1,46mg/100g. For GIV, the range is (0.72 to 1.35)

mg/100g, with a mean of 0.97mg/100g. Members of GV have values ‘
between (0,39 to 0.49)mg/100g, with a mean of 0.44mg/100g. MUith l
the exception of 56’ there is no appreciable difference in GI values.
510 in GIT is the sample with fertiliser and its relatively high l
valueof copper might be due to the applied fertiliser. In GII, 515
has the highest value which is infact, about twice any of the others.
This could be because of the difference in species to the others.

In GIV, 344 and 519 have higher values than the others, but the \
coprer values are generally varied, possibly in a pattern which is

dictated by the physiology ‘-



of the varieties as they were all from the same area. The
| values in GV are comparable, 515 has the highest value for cdpper
out of all the vegetables analysed. The values of copper obtained
from literature are only slightly higher than those from the |
analysis, except those for onion, which are significantly higher

than the Viterature value,

3.3.8, Zinc content

Zinc contents of the samples analysed are given in table 3.4

In GI, the range of values is between (2.10 to 7.35)mg/100g, with
a mean of 3,70mg/1009. For members of GII, zinc content rangesi
from (3.60 to 7.45)mg/100g, with a mean of 5.43mg/100g, while fSr
l11, the range is (1.50 to 4.25)mg/1009, with a mean of 2.70mg/
100g, The values for members of GIV range between {1.20 and
3.70)mg/100g with a mean of 2.71mg/100g, and for GV, the range of

valies g from (0.38 to 3.40)ma/100g, with a mean of 1,74mg/
100g. In GI, S] and 52 have values much higher than the mean for
the group. These two are of the same species. The values of .
54 - S7 compare with themselves very well., Values of zinc for
members of GII are so varied though Sg and STO are of the same
variety. The use of fertilizer for growing S‘0 and Sn might
be responsible for these glaring differences in zinc content.
In GIII, 314 has the highest value, The variatiens in GIII might

be due to differences in variety. The variations observed in
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Table 3.4 Copper and zinc contents of the vegetable samples.

- Copper {mg/100g)of dry Zinc (mg/100g) of dry
_Sample weight a.d S.D. ! weight and S.D.
| I
S] 0.80 £.0,00 5,33 + (.25
L S2 0.85 % 0.00 7.35 + 0.10
S3 | o0.85 : 0.04 3.25 + 0.04
S4 1.65 + 0.08 2.6 + 0.10
S5 0.65 + 0.08 2.30 & 0.03
S¢ 1.35 + 0.04 ' 215 +  0.07
S, 0.90 = 0.00 2.30 & 0.16
3 -
i 58 0.9 t 0.05 i 4,85 + 0.70
P‘“—"‘L:— e e il ik *
J 5
3
GII B l )
So 6.00 + 0.00 4 3.60 : 0.07
!
S10 i1 1.20 + 0.05 5.25 x 0.14
» k
S1q b 0.60 + 0.08 '7.45 +  0.69
] ) o ) - o | 7 (
N i
{ ‘GIII B . —1
S12 1.09 & 0.03 2.27 + 0.1 ’
S13 1,28 + 0,04 ° - 2.76 = 0,05
S14 .98 & 0.00 4.25 + 0.13
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GIII
S]5 2.50 0.20 1.50 0.20
b 61V i
1 516 0.85 0.06 3.70 0.10
SI? 0.72 0.03 1.20 6.16
518 1.10 .18 3.40 0.50
519 1.35 0.05 3.50 0.20
S 0.84 0.03 1.67 0.20
b 20 -
wﬁﬁGV
52] 0.39 (.03 3.40 0.09
S22 0.39 0.00 2.80 0.04
523 0.49 0.00 0.38 0.02
524 0.49 0.00 0.66 0.10
525 0.49 0.04 1.5%0 0.13
_ 526 0.3% 0.00 1.67 0.0%
N = 5 for all the determinations

Some literature values for the copper content of vegetables from

Gi and GV

Corchorus e‘.ruzeciesz9

Bitterleaft’

1.0mg/100g
2.75mg/100g
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Spinach?® 1.20mg/100g

Onion33 5.08n;/160g

Scme literature values for the zinc content of the vegetables
from GI

Bitterleaf’’ 9.5Mm3/1909

Spinach?? 7.50mg/100g

29

Corchorus species 7.85mg/100g
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GIV could also be due to species and variety differences.

In GV, 52} gave the highest value, With the exception of 521.
all the other samples in this group are of the same species.
So the much higher value of 52] might not be unexpected. The
variation in zinc values from 522 - 525 might be due to soil
and climatic differences, since they were planted on different
plots. Sampie two and 51 have the highest values for zinc.
Literature values for spinach and corchorus species are higher
than those obtained for these samples, This is also true for
bitterieaf, The value for 52 compares with that reported in

literature,

3.3.9. Essential trace elements

The total values of the essential trace elements {Fe, Mn,
Co, Cr, Cu, and Zn), analysed were calculated and the results
are shown in table 3,5, In GI, the range is from (18.16 to
54,91 )mg/100g, with a mean of 33.20mg/100g. For members of GlI,
the values range from {13.83 to 22,85)mg/700g with a mean of
17.73mg/100g, for GIII, the range is from (11.80 to 1900.59)mg/
1009, with a mean of487 ,89mg/1009. Excluding the value from
515, which has an abnormally high value for Fe, the range would
be (11.80 to 20,35)mg/100g, with a mean of 16.98mg/100g. The
values for the members of GIV range from (7.55 to 16.65)mq/100g,
with a mean of 12,04mg/100g, In GV, the values range from
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(5.12 to 7.37)mg/100g, with a mean of 6.67mg/100g. In GI, S,

and 53 héve the highest values. It would be seen that 52 has

a higher value for the total amount of trace elements than S]
thouzh they are the same species but different varieties and

were grown ander the same soil and climatic conditions. This
result evidently shows that the physiclogy of the plant affects
the amount of trace elements in the plant. Sample five, S,

and Sa. it would be recalled, are all one species but different
varieties, The values for Sy nd 58 are comparable, but SS is
mach lower, and in fact, it is about half of 58‘ The reason
could be attributed to the soil conditions as 55 was grown in a
separate area from the other two. Group I has a wide range for
the total essential trace elements analysed, In GII, it would be
recalled that only S]] was grown in a separate area from the rest.
It also has the highest value, It is suprising that 510 to which
fertiliser was applied has the least amount of trace elements.
The reason for this is not known and it is hoped, would be of
interest to plant scientists, All the members of GIII, with the
exception of S,., are one species but d ¥ferent varieties.

The amount of trace elements for 513 and S]4 are comparable but
S12 is about half of either values. This again could be due to

. :s physiology. 515 has the highest amount of essential trace
elements, It would be recalled that all the members of GiV are

one species, but different varieties, The first three are all
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Table 3.5 Zinc/cadmium ratio and other ratios in the vegetable

samples,
(ﬁh;'Fe, Co, Cr; Mn, fe, Lo, Cu, }
Sample Cu, Zn) mg/100g an/(pq, b1 In/Cd

.8l - - _

S] 30.54 15.27 26.65

s, 54,91 12.68 > 73.65

53 53.96 1 26.98 €.50

54 18.1¢& 14.53 10.50

55 19.33 ' 20.87 11.50

56 26.04 . 16.15 4,30

S, 28.93 23.18 4.60

58 33.18 27.34 9.70

GI1 | -
S9 16,52 19.44 »>36.00
S 13.83 10.88 23.36
10 i
1 22.85 25.39 >74.45
‘ L

GILI |

S12 11,80 21.35 i5.13

513 20,35 : 23.94 >27 .60

514 '18.80 7.93 : >42.50
. 315 19800.55 1667 .18 2.00




T T

e e s

P L1

7

G | i
S16 16,65 22.20 >37.0
Syv 7.55 >75.50 >12.0
S18 10.85 21.70 >34.0
| S1q 16.0% > 160.8 36,0
520 2.09 19.34 20.88
!
GY
3o 7.37 8.67 34.00
S50 7.09 5.67 28,00
823 5.12 6.02 > 3.80
824 7.15 8.1 > 6.60
525 6.39 3.19 >15.00
So 6.9 4f19 >16.70
N = & foer all the determinations.

Some literature values for the Z"/cd ratio in vegetables from

GI - Gv.

Roots

Leaves and fruits

49

13
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one variety but are different in sizes, colours and shapes.

The last two are also one variety but different in sizes and
shapes. The values for total essential trace elements for GIV
do not follow any trend consistent with their varieties. Values
for 515 and 519 are comparable, while those for 518 and 520

are also close. With the exception of 5239 the total amounts of
trace elements in GV are comparable.

From the table, it would be seen that 515 has the highest
total amount of trace elements, The values in Gl are also high
and much higher than any of the other values with the exception of
515. Generally, the onions have the lowest values of total

essential trace elements determined as shown by table 3.5,

3.3.10, The ratic of the essential glements _to the non~essential

ra nts.

The ratios for the samples are given in table 3.5. The
range of ratios in GI is from 12,68 to 27.34 ; in GII, the range
is between 10,89 and 25,39, Values in GIII range from 7.93 to
1667.18, 1In 6IV, the ratios are from 19,34 to >160, and in GV,
from 3,19 to 8,67. The lowest ratios are from GV, In GI, apart
from 53, the corchorus species 55, 57, and 58 have the highest
values, The values of S] and S2 are comparable. In GII, a wide

range of values is obtained, with the highest value being from

511, a sample grown in a separate place from the other two, and
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also a different variety, In GIII, 514 has an exceptionally
tow value while S5 has the highest value, With the exception
of SI? and S,4, values in GIV are comparable. A1l the values in

GIV are Tow and below 10,

3.3.11.  Zinc/Cadmium ratio

The zinc/cadmium ratio of foods s important as it enables
one to know what food might be harmful to the body on the basis
of the previous reportg_ The zinc/cadmium ratio of the vegetables
analysed are given in table 3.5, The range of values in Gl is
from 4,30 to 73.50, For GII, the range s from 23.86 to 36.00.
Group 1IT has a rangé of 2.00 to 42,50, while GIV and GV have
the range of 12.00 to 37,00 and 3.80 to 34.00 respectively.
Onion. (roots) studied here have values below that from
literature, For the leaves and fruits, some values are below
and others are above that from literature. Sample two and S]],
in particular, have very high.zinc/cadmium ratio, while 56’ 57,
523 have very low values, Sample fifteen has an unusually low

value of zinc/cadmium ratio,
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CONCLUSIONS AND RECOMMENDATIONS

Conclusions.

The results of these analyses show that leafy vegetables
contain a significant amount of protein and could be regardcd
as proteinous foods. It contains about 22.35 percent of protein,
though it is not known what proportion of this is digestib1e.
This is comparable to cowpea seed which is known to be high in
protein and regarded as a protein fond. Cowpea seeds contain

23. The major 3bparent

about 24,67 percent of crude protein

difference in these two classes of foodstuff protein is that

vegetables contain. about 80 percent water while cowpea seeds

. contain only 8.7 percent water, so that a larger quantity of

vegetables is required. Studies by Schnidta] have shown that

about 75% of total nitrogen in vegetables is protein nitrogen.

The rest is non-protein nitrogen e.g. nitrates and amides.
Thus we can assume that the true protain of leafy vegetables

| is about 22.00 parcent; the true protein value for cowpea is

reported to be 22.75 percent, Vegetable proteins contain

30. Lack of

adequate amounts of most essantial amino acids
good quality protein i.e. protein containing adequate and
balanced amounts of the various essential aminc acids, is
certainly a major factor in the incidence of malnutrition.
Some vegetables contain only small quantities of protein, never-

theless, they make a useful contribution by providing
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supplementary amounts of the commodities supplying the bulk of
dietary protein, From the foregoing, it is held that vegetabies could
be a good substitute for animal proteins in placas where such are
not available. o

As for the trace elements, they can be considered on the basis
of their daily minimal requirements for man. The daily minimal
requirement of manganese is 0.0243mg/kg body weight. In Nigeria,
an average man eats about 109 (wet weight) of leafy vegetables,
10g of okra, 10g of pepper, 7.03 of onion and 20g of tomatoes at a
meal of soup, Since these contain about 80 percent water, it is
assumed that the dry matter is 11.40g. Calculating from the
observed result, the dry matter contains about 0.5mg from the okra,
0.2mg from the pepper and 0,Img from the onion. This gives a total
of about 1.1mg manganese without adding the contributions from
tomatoes and the garden egq eatern for refreshment. This therefore
shows that vegetabies contain enough manganese to meet the daily
requirements in man, The daily minimal requirement per kilogramme
of body weight (i) of iron in man is about 0.0286 mg, (ii) of
chromium, 0.014mg, (ii1) of cobalt, less than 1.43 x 1072 mg,
{iv) of copper, 0,0286 mg and, (v) of zinc, 0.0572mg. If similar
caiculations like that for manganese are carried out for the other
e.ements in the meal of vegetable soup; for iron, the calculated
resuit is about 2.90mg per meal without adding the contribution

from tomatoes and garden egg; for cobalt
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0.157mg per meal if chilli pepper is used anc 0.107mg if any of
the sweet pepper is used (this doas not include cobalt from
tomatoes or garden egg). For chromium, about 0.07 mg is taken
per meal, using chilli pepper. For copper, about 1.1mg per meal,
excluding that from tomatoes or garden cgg, and for zinc, V.4mg

per meal is taken, The values given her2 are approximate and for
a meal, 1In all cases, the contributions from tomatoes and garden

e93 were not added, This type of meal could be eaten twice a day

ny a Higerian, Froa the foregoing, it is obvious that the vegetables
contain enough trace elements to meet the daity requirements in

man,

From the results of the zinc/cadmium ratio, it would be seen
that most of the vegetables have enough zine to cover the cadmium
they contain, It is not known here what a safe ratio is, but if
it is assumed that a safe ratio is 10, then most of the vegetables
are above it. Sample fifteen has a corspicucusly low ratio,

The reason for this is not known. The toxic tevel of lead is not
known but most of the vegetables analysed, with the exception of
52 and 514, have low lead values., The values for the total
amounts of essential *race metals enable us to see which of the
veqetables are rich in terms of trace metals. From the table, it
would be seen that the leafy vegetables have the highest amount
of trace elements with the exception of 515. Group five members

have the lowest values. From the whole tahle, 515 gives the highest
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value of trace elements,

From these analyses for trace elements, we can conclude that
leafy vegetables are major sources of trace elements especially
iron. Usually spinach is said to be the richest source of iron,
this has been disproved as chilli pepper has a much higher amount.

Two primary requirements for good human nutrition are (i)
provision of an adequate total amount of food in terms of calories
and energy (ii) the food intake must be Balanced so that there
is sufficient intake of protein necessary for the building and
replacement of tissues and 21so minerals, without which the body
cannot be maintained in a state of good health, Fruit and
vegetables meet both these requirements. In the latest world
survey prepared by the Food and Agricuitural Orranisation of the
United Nations,30 it is astimated that about half of the world
population still suffers from malnutrition as a result of lack of
sufficient supply of essential nutrients,

Recommendations

The value of vegetable and fruits is becoming increasingly
appreciated in Nigeria due to scarcity and rising prices,
particularly in urban areas_  The establishment of a research
jrstitute for Horticulture (fruits and vegetables in particular)
becomes relevant in this direction, and if well organised and
made to perform its functions properly, it should stimulate and

optimize the production of these essential food sources and
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encourage their utilization, storage and proper distribution in

the country.
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: APPENDTIX
The working range 1i.e. the range of concentration within 5
which Beer's Law was obeyed using the Pye Unicam SP1900 Atomic !

Absorption Spectrophotometer {with digital readout) was determined

for each of the eight elements analysed. The table shows the
working range observed and in some cases that of the literature is

also given.

;a_b'le — —14 :
_ Working range {ug/ml [Literature’ ~ working range
Element or ppm) | {ug/m} or ppm)
Iron 0.00 -~ 4.00 0.05 - 5.00
. Eanganese 0.00 - 3.50 0.05 - 5.00 (3)
o ead .00 - 10.00 1
Cobalt 0.00 . 5,00 | | !
Cadmium 0.00 - 2.50 . ‘
fChromium 0.00 - 5.00 - | | }
o l :
{Copper 0.00 - 4.50 0.05 -~ 5.00
Zinc , 0.00 - 1.50 0.10 -~ 2.00 (1)

Valuaes within the bracket shows the calibration curve is

linear up to thet value,
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