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ABSTRLCT
Teq different types of breod samples were used in this
study. The bread samples were obtained fresh from
bakeries in Zaria (Nizeria) and some of its surrounding
villages, Each bread sample was aire-dried at room
tenperature. The temper ture und relative humidity at
thig time averaged 21.5?C and 15% respectively (Samaru
wegther report, January, 1979). Duplicaete samples of
cach bread type were used for each asnalysis for the
following determinations: -
'ater content, total solid, lipids, total and reducing
cugar, ash, iron, calcium, solium, potassium, chloride
and pheosphorus.

The fruits and vegatables were obtained as sold in
the markets at Samaru (Zaria) snd Sebon Gari (Zaria).
They were apalysed for minerals (metals) such as sodium,
votassium, iron, calcium, manganese, zinc, magnesium and
nickel,

Different brandsof milk (twenty-seven in number)

Including fresh milk and voghurts were snalysed for the

came metals as in the fruits and vegetables.,
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OBJECTIV®S (I TI'E ANALYSES

This work is intended to throw some more light into
our knowledge of nutrients in & number of foods eaten
in Wigeria as obtained locelly in and around Zaria.

The art of bread maizinz (mixing the basic ingredients
of flour, water, butter and cusar in such proportion as
tc obtaln bread with the rizbt texture is known by any
baker worth his salt. ‘lowever, what makes a high
quality bread-excellencc of toxture, high keeping quality,
and smell, es well as nutritional value, depends on mixing
the basic imgredient in the correct proportion as well as
enrichment with such foods =5 egg, milk, meat, fruits etc.

It is ¥Ymown that nost Lread bsked in Nigeria and in
nany other ceauntries do nnot have any form of enrichment as
rmentioned above, Hence, there is good ground for
conparison between the resulis of the present work and
those for similar breads in cther countries. The work
ic also aimed at finding how rood Yread is as a source of
corie important nutmients such as iron, calcium, phosphorus

sodium and posassium,

For the fruits and versatables, the number of works

such as those of Oyenura cnd Feluga (1979), Bergman (1971),



vi
52i (1965) and Narayana et .l,, (%967) are appreciated.
“hesc not withstanding,the preczent work on the deter-
minotion of metals in fruits and vegetables ig worthwhile
in view of thé vast number of Factors that affagt the
viinersl constituents in plants os treated later., We
rcesults obtained by Oyenupa, V.2, &nd Fetugs, B.L, of
the Depertment of Animal Science, University of Ibadan,
Migeria (in 1975) - ° are =iven in Appendices 6 and 7
for comparison, Another rood work of reference is the
collection by Good'all ond Gregory (1947),

A large number of Lrands of milk are available,
Leing sold today in adlition to fresh milk. The present
vork aims at establishiny how some of these compare in
their content of the same minerals (most of which are
autritionally important) studied under 'Analysis of
fruits end vegetables (Chapter Three). At the same time,
iv will show how milk and ithe nlont foods studied compare

in their ability to szupply these selected minerals,



CHAPTER_ONE

NTRODUCTTION

¢ LMEIRDJULILOE

I History of Bread

Bread is essentiaslly 2 steple food and one af
. the major nutritional sources of sncient and modern
i man, There is evidence thot the art of breadbaking
started as far back as A000 1.C. (Archeological
revelations around Swiss Loke habitations), and even
before that in BEgypt, Thore areanumber of biblical
references to bread such as 'In the sweat of thy
brow shall thou cat bread', a statement.from Ged to
Adam, _ |
The Ancient Egyptisn carried the rudimentary art
to high perfection while Greece and Italy also
continued the develoyment of bread making and arsund
171-168 B,.C,, public bake houses came into being,
The Romansg however continged tc regard breadmaking as
a housewife's art (Spicer, 1975). = o o
The early wheat was quite different from the ones

we know today. It was octually Emmer or Spelg whest

with narrow pointed grains, - . ' rwheelongie:



In Londen the bakers formed a brotherhood ae

. { early as 1155 A.D, and were incorporated in 1307

1L,

]
§

1 into two distinct “odies -~ The Company of White
|

{ Bakers and the Company of Brown Bakers, according te

E the colours of their bread,
EJ | Mechanization gradually took over tewards the
{end of the 19th century. The selection of wheats

with the best baking qualities (Science of bread-
making) started around 1950, Mixers had been
developed some 25 years before that enabled production
of quality bread withéut bulk fermentation., Inspite
of technological help, bsking is still largely an

art c¢craft with many uncertainties plaguing the baker

till today.

Sociological aspects of Drend

Bread is a relatively cheap food item which most
families in Nigeria can afford even 1if once in a
while, It is & normal inclusion in the breakfast
menu of an average Nigerian femily. In hotels with
standard menu bread is usually served as part of the

first course. In many & gathering where food is
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served, bread in various forms sueh as'sandwich,
toasted or fried bread im usually not left out,

Most people (the world over) prefer white ta

brown bread bhecause the former tastes better and has

more pleasant appearance &1though bwown bread is

known to eontain hicher proportion of nutrients (white
bread is usually from 70 extraction flour while

brown hread is from whole wheat or 95% extraction .
flour), In eommunities where the average per eapita
income is high; the importance of bread in their diets
is diminishing becausc of ability to purehase mere
refined expensive wheat products such as biscuits and
cokes, Fortification of flours with vitamins, fruits
and proteins is now widely practised in the mere
affluent societies to boost the bread appeal to people
ag well as Iincreasing the nutrient value of bread,
Aspects of bread fortificatior have been extensively
treated by Chopra (1944},

Mutritional importarnce of Dread

The food constituents -~ weater, carbohydrates,

proteins, fats, mineral salts and vitamins are amply



Present in breed, Howeven its comtent of phytic

acid which is an anti-nutrient factor is relstively
high, This acid combines with calecium and magnesgium
jons to form insoluble compounds. White bread

contains phytic acid as much as 11,0 mg/100g, &hile
100% extraction flour (wholcmeal) contains up to 225mg/
100g, (McCance and Widdowson «, 1945).

' The high carbohydrate content (enerszy soufcé)
makes bread a staple foocd in many parts of the world,
Apart from carbohydrates, the other organic-constituent
of bread of considerable interest ig protein, wheat
endosperm contains a mixture of several proteins, The
hard winter snd hard spring wheats produced in northern
parts of America have proteins ?33}£§ihg 12% or a _
1ittle more which is ideal for breadmaking (Vegel et al,
19733 Akinkele and Shambe, 1974}, It is known however,
that carboghydrate and protein digestioility - is
impaired as the fibre {cellulose) content increases
(Moren and Pace, 1942; Krebs and Mellanby, 1947;
McCence and Widdownson, 1947), Approximate composi-

tion of wheat snd products of milling are shown in
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appendix 1, 2 and 3, The nutritive value of protein
1s alse limited by its short supply* ‘of lysine which
1s an esscntial amino acid ilmportant for growth in
experiments

enimals as shown from L © with rats (Bricker
et =21,, 1945), Ordinary wheat rarely contains more
then 3% lysine., Increase of lysine to more than 4%
is required to bring it Into resaenable balance with
other essential amino acids {Johnson et al.,)-
Human tlssues have a closely similar amine gcidr'
composition to rats and the some amino acid are
nutritionally essential for each speecies (Allison,
1968), The slower pate of growth in humens makes
children a2t 811 ages use very little protein for
growth compared with maintenance {(metabolic and endo~
genous loss of nitrogen, sweat and skin losses
(Spicer, 1975),

The standard protein which is taken as whoie
egg protein contains 7 lysine. It has been found
that human adults require not more than 2,2% lysine _
in their dietary protein (FAQ/WHO review, 1973; Moran,
1959).
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Wheat proteins are well digested (up to 90%) _
even by infants(Bressani et al., 1960; Graham et el,,
1969), The net protein value (fromwhecats) which is
taken as (quantity X quality) is similar to those
for rice, maize and potatoes and much superior to
cassave and plantain values (Spicer, 1975). None of
the common methods for cooling or bakirz wheat
products appears to cause a significant demage to the
proteins, In natural mixed diets, the awino acid
limitations of cereal proteins are compensated for to
a large extent by the high lysine content of legumes,
meat and milk proteins (Harper, 1965; Widdownson and
McCance, 1954; Moran, 1959),

Wheat protein is safe for almost all individuals
except for a few who suffer from coeliac dis=ase as

a result of eating gluten (Dicke et al,, 195%).

Bleaching and Flour Improvers

Flours that have aged several weeks have been
found to bake better and give bolder and more
attractive (white) loaves thon freshly milled ores,

The colouring in freshly milled flour is pronounced



and is due to the yellow nature of the endosperm

of wheat. To simulate aged flours, bleaching

e e me T rim e

agents and floux improvers have been introduced, They

are generally oxidants (France and Germany do dot

' 'i 21llow addition of chemicals to flours), These

lmproversinciude: -
Ascorbic acid Cglis0p (dehydro-form by
‘enzyme actiod}potassium bromate KBrO3

Ammonium Persulphate(NHA)28208

1 Potassium Persulphate K28208

Chlorine dioxide C1lO,(contsining by volume

less than 20% chlorine),

j" Azodicarbonamide CoH,O. N,
' 'E They sre believed to exert their effect by indirectly
suppressing the proteolytic enzymes in flour (Balls
and Hale 1933, 1936), and by oxidation of reducing
substances (Shen and Geddes, 19423 Freilich and Frey,
1943}, |
The resultant cffect of the bleach and 1mpfbvers

is in the improvement of the physical state of the
dough (elasticity and stability) better oven develop-

ment and improved crumb texture.
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NUTRITIONAL TMPORTANCE OF FRUITS & VEGETABLES

: All the chemical compounds and elements needed by
humans to metabolise for healthy living are got
directly and indirectly from plant sources which .
include frults and seeds, roots, stem tubers and leaves.
1 Fruits are sources of asccumulated sugers, vitamins
and mineralsy seeds such as beans are highly rich in
proteins for body building, while groundnuts beniw
seed, coconut, maize (corn) have abundan® oil which is
an important energy source. The yellow and green
leafy vegetables have high amounts of carotene whieh is
the precursor of vitamin A, Yam, potatoes (sweet and
Irish types), guinea corn, millet, and maize which are
uged as vegatable foods, are very rich in carbohydrates
{concentrated cnergy source), The vegatables also
contain vitamins and minerals in varying amounts. Of
the metals iron and calcium in varieties such as the
spinach and rhubarb are practically or partially
rendered unavailasble due to the high Q#?Oxalate
contents of these plonts (Oyenuga and Fetuga, 19753
Oomen and Grubben, 1977).

In Nigeria, many people (especially those in the

lower income group) take . largely starchy foods,

LA
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To these group of people, economical source of these
nutritional substances in fpuits and vegetables is
of critical importance to_their well=being in
augumenting their proteir, vitamin and minereal
intakes.l N

It has been sugrested (Schmidt, 1975) that the
present nutritional gtotus of many people in tropical
aresas could be improved considersbly by increased

use of leafy vegetables. The use of mixtures of

C different species offers still grester advantsges

(Devades et al., 19643 Theophilus and Arulanantham,
1949), The human body requires seven mineral elements
in macro amounts, These are Ca, C1, Mg, K, Na, P & S
and not less than eipght in trace amounts - Co, Cu,

Cr, Fe, Mn, Se, 2Zn and I (Scndstead, 1967)., Calcium
which is the most abundant mineral element in the
human body is next only te patassium in order of
abundance in leaf tissues (Schmidt 1971, Xefford,
1960}, This is why green lezfy vegetables are
particularly important sources of calcium where

dairy products are lacking in diets,
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Magnesium, iron, copwer, cobalt, manganese and 2inc
contents in leaves rank quite high among food
substances (Sehmidt, 1971; Wett snd Merrill, 1963
Peterson and Elvehjem, 19Z8). The magnesium and
cobalt contents of leaves are infact the highest of
0ll known foods (Hurwitz and Beeson, 1944; Beeson,
1941),

Among the commen fruilte in Nigeria, Pineapple,
banana, grapefruit and gueva have higher postassium
contents than other fruits, while pawpaw and lime
contain the highest amounts of calcium., In general
however, the amounts of rutritionally important :
minerals in fruits are much lower than those in leéfy
vegetables (Oyenuga and Fetuga, 1975). See appendix
2h. -

Factors Affecting Compogiticn of Fruits and Vegetahles

A number of factors Iinfluence the mineral composi=
tion of fruits and vegetables. These include availa-
bility of these minersls in the soil, use of ferti.
ligers, degree of ripenesgs of fruits at time of

harvest, place and time of cultivation, metheds of



hendling, transportation and msrketing {when fresh
items are being considered, as well as genotype
{genetic factors) governing the ability of different
species of the same plant to take up and concentrate
minerals for use from the soil, In an experiment
by E,L, Bergman of the Department of Herticulture,
The Pennsylvania State University, under field

conditions, six tomato cultivars were sceded, trang

' plented, grown side by side and sampldd 1t the same

time, Leaf analysis results {percentage of dry
weight) for potassium and magnesium showed ranges of
2,39 -« 3,74 and 0,55 ~ 0.89 respectively,

The presence of some ions such as potassium salse
affect uptake of other ions, Schmidt, D,R, (1971)

showed that caleium and potassium ions are taken up

; by Amaranthus cruentus maximally at 240 ppm petassium

ion concentration in the nutrient solution, while

that for Mg2¥ and C1" 1s moximsl at K° concentration
of less than 60ppm in the nutrient solution. |
Different results were also recorded for other blants-

Brassica Oleracea, Celosia srgentea and Ipomea asquatice
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that were also tested (Schmidt, 1971).

Age of plant also has influence on the composition
of fruits and vepgetsbles, Some elements decrease
while others increace with age. Similarly, alkalinity

ond acidity of the seoll sffect plant composition
(Schmidt, 1971; Doby, 1963}, '

NUTRITIONAL IMPORTANCE OF MILK

Milk often referred to ng nature's muet perfect
food because of its content of various nutrients in
the right proportion &s renuired by humans and other
mammals, im usually the only source of food for most
new born of these animals, The human infant depends
solely on it for the first two or three months of
life, It also constitutes a rood proportion of the
food of the growing child. *t the old age, humans
can derive immenge nutritionsl henefit by taking
adequate amounts of wmilk,

Milk and milk products provide some 35% of all
animal protein and also 35% of all energy from animal
sources, A8 a food 0,0 litre of milk could supply

the entire daily protein and calcium needs for
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children under 1 year and 49 of the protein and 7%
of the calcium recommended for sdults (Mc Dowell,
1977). A quart {1,%1) of milk which is the quantify'
usually recommended per day, supplies all the protein
requirements for children up to six years of age and
more than 60% of the requirements for growing children
up to 14 years of age, and as much as 44% of that for
lactating humans (Schmidt and Van Vieck, 1974). Milk
protein is especially valuable becausge iv supplies
many of the essential amino scids that are often
lacking in cereal grains, s
Calcium, the most abundant element in hﬁﬁaﬁé,.is a
major constituent of milk, Humans which do not
consume milk or its products are prosme to calcium
defeciency diseasces since adeqguate cslcium can not be
guaranteed in the human diet if milk is excluded, A
quart (1.141) milk taken hy pregnant or lactating
women provides almost all of their calcium needs., The
element (calcium) is particularly impertant in the
diet of the elderly as well, since it diffuses out of

the bones unless it is consumed daily., Faillure te'do



VITI.

- 14 -

80 leads to bone problems of the spine and hips.,
Riboflavin and vitawin’ﬁ which are the vitamins

most likely to be defecient in human diet are

abundant in milk, A quort supplies all of the ribo-

flavin needs of growinr cinildren and adults except

pregnant and lactating fewsnles and almost all of the

vitamin A requirements of children less than one year

0ld (Schmidt and Van Vleck, 1974).

FACTORS AFFECTING COIIPOSITION OF MILK

The one fact that cen be stated indisputably ahout
milk composition is variation, Milks of different
speciew of mammals vary greatly in composition, Within
a given species, variations occur due to numerous
factors which have been investigated by several workers
which include Whittle (1943), Webb and Johnson (1945),
and Armstrong (1959), who have shown the effect of
bread on milk composition, The principal breeds of cow
in U.S, that were used sre - Ayrshire, Brown Swiss,
Guernsey, Holstein, Jersey and Guernsy - Holstein.

The effect of seasonal chanres, lactation period,



temperature, and fecd tynes have been demonstrated

by Nickerson (1960), Mocy et al., (1953}, Cobble &

Herman (1951). -

| Other factors that hove Leen found to affect milk

3 ! composition include - intervals of milking (Schmidt,
v 1960), milk from different quarters of the udder

(Renton, 1929) and apc of the cow {(legates, 1960),

¥. MILK PRODUCTION IN DEVELOPIIG COUNTRIES

The ideal habitat for efficient and profitable
% ipdustry for milk production is to be found in the
- humid and tempersate countries, The tropicsl climote
‘which is prevalent in mony of the developing countries
does not favour this type of animal husbandry snd the
Fassociated fodder production, A lot of investments
have to be made to overcome the limitations imposed
by these adverse enviromments largely by changing
traditional standards of animal feeding, management
and disease control, This in turn means that farm

workers in the tropicsneed higher level >f knowledge

and experience than is necessary among similar workers
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in temperate zones, yet it is the reverse that
obtains {Whyte, 1967), _

It is to be noted however, that although the
tropics or subtropics are not naturally suitable for
milk production a lot of the concentrate feeds uged
by dairy farmers in temperate regions come from the
tropical and subtrbpical countries, In the long run
if the large scale practice of this animal husbandry
8till proves not viable in the tropies, then the
cholce will be to concentrate on production of feeds
for cows 1n the trovics while the animals remain
largely reared in the temperate countries. However,
the suggestion that the traditional cattle belt in
the northern states of Nigeria can be developed for
breeding @alves while the subshumid zones with
greater pasture potential can be utilized for

fattening the cattle is also very relevant (Nuru, 1980),

BIOLOZICAL IMPORTANCE OF ALI, MINERALS STUDIED

Many of the minersl elements determined in these
samples are extremely important to animals and plants,

+
Sodium (Na*) and paiuscium (KY) are the main
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extracellular and intracellular cations respectively,
Both are involved in the sctive transport (Na+-K+
pump) of glucose and amino ocid into cells against

a concentration gradient, They are also involved in
nerve impulse transmission in animals, Pofassium,
Calcium and Magnesium ions catalyse enzymes

(ATPases) in muscular action (Oser, B.L,). Caleium

in plants is essential for apical and root=tip
development and is a principal element in skeleton
of menfiagé?als (Allen, 1974; White, Handler and
Smithk y Magnesium is needed by all organisms since
it activiates many enzyme cystems, As Mg-ATPasge
chelate it catalyses all hexokinase reactions (ie.
the phosphorylation of hexozes (6-Carbon sugars) in
glucose metabolism) in a1l living cells. Chlorophyll
which 1is necessary for photosynthesis in plants is =
porphyrin ehelate of magnesium (White, Handler and
Smith; Vines & Rees, 1272)., Iron as Fe’? 1s 1inked
to electron transport enzyvmes involved in biolo-
gicel oxidations, Haemoglobin of blood is an iron-

porphyrin chelate, Zinc is 1linked to the dehydro-
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genéses thaf catalyse many biological oxidations,
while manganese is a cofactor for acetyl cecnzyme

A carboxylase which cotalyvses the first reaction in
fatty acid synthesis, The significance of Nickel

has however not yet heen established. Phospheorus

is essential in 2ll living orgenisms especially as

a constituent element of the ATP-ADP {(Adenosine
triphozphate - Adenozine diphosphate)} system by

means of which energy is made available for -
metabolic procesges, It is a major element of bones
and shells, As BDZT {Phosphate)} it is the major
intracellular anion, Chlorine as CL” ion is important
for ionic balance in cells and for osmesis, It is
among the chief extracellular anions (vines and Rees,

1972).



CHAPTER TWO

AIIALYSIS CF BREAD

2¢1: MNEMES 1D £DORETSSZC CF DELIVELY o~ READ

—

SAMFLE 110.

— - . -

HAME AlND ADDRECC

- -

1. goro Crewd(Slices), Tudun Vada, Zariz
2. City iread, Mo. 13, Cndo Street, Sabon

Gari, Zaria.
3e Cmas United Drecd, Sabon Gari, Zaria. ‘
4, Masar:. Bread, 3amaru, Zariza. '
5. Temidire Drezd, Sabon Gari, Zaria.

“_ —
6. Yok« Bread, Funtua.
7o Dan Mama Sread, Giwa.
A =

6. Hanza Bread (rolls), Sabon Gari, Zaria.
9. Vita Lread (rolls), &, Ondoj,Street,

Sabon Gari, Zaric.
10, Omas United Zread (rolls), Sabon Gari,

Zzaria.

[ B

—
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2,2: DETERIIILTICH CF W.TER CONTEINT:

The water in cereals and their products can be
téken as consisting of free and bound water. OSince it
is not possible to draw a line of demarcation between
theu, the determination s ths empiricel, requiring
strict contxol of condition which must be adhered to
for purposes of comparing results, In this determin:z-
tion however, abscolute moisture conteu:t is not sought
for. The method empleoyed here ard those in subsequent
determinations, e:cept .here otherwise indicated, are
from 'Official Methods Cf ~nalysis Of The Associztion
Of Official Analyticel Chemists' 11th edition, 1970.
Editor - Horwitz, W.

Alternative methods, dependent on availaLility of
instruments and reagents as well as convenience, are
contained in works Ly Kent = Jones and Amos (1967),
Hart end Fishexr (1971), Pearson (1976), rosnot and
flaman (1945) and Keni(1975)

These include:~

{1) Direct distillation with reasonably volatile

materials such as toluene, xylene, or from
non-distilling minerzl oilz as in the Brown -
Duvel Method.

(2) Vvacuum ovens, air jacketed, De Zruyn type etc.



(3) Electrical (resistznce or dielectric) method.
; -
- {4) Fosnot~-FHamon chemicrl asethod using the Karl-

fmhis is very f£fast but is less accurzte.

Fischer reagent.
(5) Infra red ridiation technique.

MET.iCD

Apparatus:

Mettlexr balince (sensitive to ¢.1g)-~ Gallenkamp
Model P2010; knife (stainless steel) cnd large
white slieets of vaper.

Erocedure:
Bach louf of Dread was removed fxom ihe nolythene

contziners and weighed imnediately on delivery;
It was cut into slices 2 -~ 3 mm thick and sprezd
on papver to dry at rooi. temperature foxr about

36 hours. All the slices for ecch bread type
wexe then weighed. This procedure was repeated
for a second set of bread and the averace cf the

water content obtained from the two determinations.

Calculatior:
Wt. of brecd before drying = a g
Wi, of bread after drying = bg

* 100

Percentage water = & ; b
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2e3d: DETEMINATICG! OF TCFTAL SO0OLIDS

METHOD

Procedure:
A — I |

The air-dried (crisp) slicés of each bread type
were ground well in mortar to pass Mo. 20 sieve
and kept in aix-tight containers.

About 2g of the pcwdered bread was accurately |
weighed in 2 dish with cover (previously) heated
to 130°C and cooled). The szmple was uncovered
and the dish, cover and contents dried 1 hour in
oven provided with opening for ventillation and
maintained at 130° + 3°C ( 1 hour drying period
began when oven temperature was actually 130°C).
The dish was covered while Still in oven. It was
transferred after the hemting period to a desicca=

tor and weighed soon after reaching room temperaturae,

Lalculation:
(2) % Total solid _ Wt. of bread before oven-drying . ;o0
in air-dried Wt. of bread after oven-drying
bread. T .
{b) % Total solid in _ (a) x (100 - % water content

bread as purchased ~ in air-dried bread).
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2.4: DETERMIN.TICL OF LIPID COITEMT:

Fat in brezd (and in cther cereal products) exist
in many foxms ~ free, bound to Hroteins etc, When
baked ceresl »roducis are be.ng analysed, it is not
possible ©o extract the fat by means of direct extroc-
tion using petrolewa ether  except for an approximate
determination (Xent-Joneu and &mos, 1937). Lcid hydro-
lysis is best for toital (free and bound) fot., Chloro-
form - methanol mirture in the ratio 2:1 is also
recommended .Jihough the extruigt may contain phospho-
lipide, lecithius, sterols, fatty acids & carotenoids
(Hart and Fisher, 1971), Pearson, 1976), (Kent-Jones
and Amos, 1967).

The methol. ennloyed here is the direct butl
exhzsustive Soithlet Method of e:xrtraction using petroleum
ether (Hart and &Fisheor, 197i; Pearson, 1970), (Litch-
field, 1972).

Other methods that nre applicable are - Ammonia
in alcohol (llcse-Gottlieb FProcess) and the rapid
volumetric method (Gerber Method) - (FPearson, 1670).

SCRELET METHCD

Apparatus:

Soxiilet extracior, heaiing mantle, tuimbie, 500 ml
round bottom distilling flask, Liebig's condensex.

Cd . -



REAGEJIT - Petroleum ether {(analytical reagent grade,
boiling range 80° - 100°C).

Procedure:

About 5q air—dried bread was welghed accurately
in a thimble of known weight. About 300 ml petxo-.
leun ether was poured into the distilling flask. X
The soxhlet extractor into which the thimble with
sample had been introduced was fitted into the
flask and placed on the heating mantle.
Heating was started and increased slowly until
the solvent boiledi. The vapour of the boiling solvent
condensed and collected in the thimble and extrzctor
chamber where the lipid contained in the sample was
dissolved. At a certain level, the solvent with the
dissclved 1lipid ran back into the 500 ml round hottom
flask, The heating and hence the extraction process
was then continued for about & hours. The thimble with
its contents was then renoved, dried in an oven main-
tained at 50°C for 24 hours. It was transferred to a
desiccator and weighed soon ofter reaching room tempera

-ture, The amount of lipid extracted is obtained thus:-
Wt. of thimble = p g B
Wt. of thimble + sample before extraction
Wte Of thiimble + sample after extraction
Wt. of Lipid extracted = (b ~ c)g

% Lipid = %E-: g x 100

i1

bg
cg

L]



245: DEIERMINATION OF PROTEIN CONTENT

The amount oi protein in a biological material is
obtained by determining the amount of nitrogen present
which is then multiplied Dy known and accented factors
(based ou the provortion of nitrogen i the proteinsj).
The facior of 5.7 Iis used for proteins in flour and in
wheat,

In this Qnalysic volumetric nethod of Kjeldahl
(Hoxwitz, 1970) with semi-mirco modification (Fearson,
1976) is employed, and is relatively fast and most
appropriate, The determination is wmade in two main
stages - first, the sample is digested with conc. sul-
rhuric acid and other additions that rapidly convert
all the nitrogen into ammonium sulphate (1K, ),50,, and
after making the nixture alkaline, the ammonia thus
cibtained is then determined by distillation and titra-
tion of the distillate. o

Some workers have used modifications eof the
Kjeldahl method such as digesting with sulphuric acid
- Hydrogen peroxide mixture (4Allen, 1974). Also,
Hashmi et al.,(1962) eliminated the distillztion process
by adding alkali to the digest followed by hypobromite
solution. Potassium iodide is added and zcidified.

The liberated iodine is titrated with thiosulphate,

Other methods of protein determination irnclude
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the formol titration (Pearson, 1976), (Taylor, 1957),
colorimetric (dyebinding) method of Udy (1954, 1956)
and Turbidimetric method of Feinstein and Hart (1959)
using sulphosalicylic acid.

KJELDAHL METHOD

Apparatus:

500 ml Kjelhchl flask
Kjeldahl distilling bulb
Straight - tube condenser
Heating mantle
RE+GENTS
#11 the reagents used were of analytical reagent
grade and free from nitrogerl.
cn804-5H20
K,50, (anhydrous)
H2$04(Sp.g 1.84)
Boric acid (2%m/v)
NaOH (40%m/v)
HCI (0.0zm)
Mixed indicators - G.2g Dromocresol green and
0.2 g methyl red ground toge-
ther and dissolved in 200 ml
ethanol.

Procedure:
About 2 g air-dried Licad wac weighed accurately
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uinto_Kjeidahl;éfﬁééfiqh”flask. 1bq.§c§&éred)potassium
Sulphéte, 0.5 copper sulrhate and 25ml sulphuric acid
were adced. The flisk was incling¢.an@_ﬁgated_ggntly
Cuntil frgfhiﬁg céééed. It was_then boiiéd iorx f&ur

hours to obtain = cleer soluiion which was 21 lowed

R X e
S e R anl

to cool. L ST

. The;digééted-maxefiglzgsg:txansferred into 250ml
flask_w;th_about_ipﬁlmi water aﬁd nade to maxk, into

1fhe distiliing flaskjaml of,the 40% HaOH ﬁas piaced:
- and 10 ml df the cimple solution a&déd. 15ms of 2% '
boric acid was placed in tie rgceiving flask with few
5drép§ of mixedlindicator.‘ with a current of Steam,
tne lgquéd in the d;stllllng flas& was iept boll;ng
:througnout the dis t111at;on.-fﬁ;' -..;‘

Wien the liguid in the réceivinﬂ flask nas

reacheo the 75. ml marxk, the d1 t111at;o was, stopped

o W
The ammonia trap ed in the borlc and salutlon yavuas

'vtitrated agalnst 0 Oam HCl _ Jater was vsed as a blank

in place of tne samp‘e solutlon.jﬁ'”

% protein 1s ﬂlven by
B 'Mv Ve 145

% protéln = :
M =”_M91arity of I (mfllimolésfu”%?' -
Vl = Volume.(ml) 0; dlgg“ted aample. " ;$
V, = Volune (ml) of HPI.. "_ e
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(| I

Volume (ml) of sample solution distilled,

a uﬁ-

Weight of air-dried bread in gram.

1.4 = millimoles of M x 100,

I}

5.7 Factors to obtain protein from Nid&xogen in bread.

2.6t DETEIAINTATICH OF SUCAR CCHMTENT

Suygoxs are nsually determined by their power to
reduce copper ions in alkaline medium or v the ability
of sugax solutions 1o rotote piane of peolaxised light.
In the fermer, two methodyof approach caen be adopted.
In one, the cuprous oxide produced by reduction of
Feitling's sgsolution under stendurdised ccnditioﬁs is
weighed while in the other method, the volume of sugar
spolution reculired to reduce completely 10 or 25ml
mixed Fehling solution using methvlene blue a5 redox
indicator is measured (Lare and Bynor, 1923).

Ifow, two mazin clisses of sugar exist-~ - . -
reducing (e.;. dextrose, maltose, laciose) and nen-
reducing {e.g. sucrose). The lattexr after inveréion
{splitting of the comylex mon-reducing sugar by acid
hydrolysis inteo sinpler reducing ones), can be deter-
mined by the method for reducing sugars.

This analysic (for sugar in bread) is buased on
Luff~Schoorl indirect volumetric method, 4Lt is simi-

lar in princicle to the wnethod of Lane and Eynon {1923).
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However, for rapid routine comporisons, a
refractrometexr can be used, ox by methods based on
specific gravities (though the lattier are far less

accurate) {Pearson, 1976).

LUFF-SCHOCRL PIETEOD .
Apparatus: E | ' ? 
Mixer{magnetic stirrer)
REAGENIS ~ (A1l are of cnalytical rezgent grade)s 40%
ethanol. : b
Carrez solution 1:21.9g zinc acetate and 3g glacial
acetic acid in 100ml water.
Carrez solvtion II: 10,6g potassium ferrocyanide in
100ml water.
0.1% v/v methyl orange
4 M hydrochloric acid
0.1 M hydrochloric acid
0.1 M sodium hydroxide
Luff Schoorl reagent: a,b,c below used.
a, 25¢ Copper Sulphate in 100 ml water
b. 50g citric acid in 50 ml water
€. 143.8g anhydrous sodium carbonate dissolved in
about 300 ml war:m water, thex cooled, |
The citric acid solution (b) was poﬁred into the
sodium carbonate solution {c¢) with stirring. Copper

Sulphate solution (&) was added and made up to 1 litre
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with water (F4 of solution was approx, 9.4:

9. Sodium thiosulphate solution 0.1 M

10. Starch solution: 1.0g soluble starclh: in 5rl water
was poured into 200ml boiling water bDoiled for 3
minutes and allowed to cool (Zmg mercuric iodide
may be added as preserv:tive).

11, Potassium iodide (30% w/v)

12, Sulphuric acid 3 M

Procedure:

EXTRACTIC! OF SLI'TPLE

2.5g of the sample was 2ccurately weighed and
placed in = 250 ml volumeiric flask. 200 ml 40% v/v
ethanol is added :nd mixed in z tumbler for 1 hour
5 nl Carrez Solution I was zdded, stirred for a minute,
followed by 5 ml Carrez solution II and stirred again for
one minute. It wes mede up to volume with 40% ethanol,
homogenised znd fitered, 200 ml of the filterate was
removed, evoporited to aprroximately hazlf volume in
order to remove nost of the etnenol, The residue was
transferred quantitatively to a 200 ml volumetric flaslk
with waru water, cooled and made up to mirxk, This
solution used io determine the amount of reducing sugar
and after inversion, of total sugar,

DETERMIIATION OF REDUCII!C SUGLR

Using a pippette, 25 ml Luff-Schoorl reagent was
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transferred to a 300 ml Erlemmeyer f£lisk and 25 ml of
the sugar solution added together with some boiling ~ ..
chips. It was heated over a flame, stirring by hand,
and bringing ihe lguid to the boil in about 2 minutes,
A reflux condenser was fixed to the Eilenmeyex flask
and the liquid was again boiled for exactly 10 minuteS,'
It was cooled immediately in cold water and after appro-
ximately 5 minutes, 1t was titrated =25 followss-
10 ml potaszium icodide solution was added carefully;
followed by 25 ml 3M sulphuric acid., It was titrated
with 0.1l sodium thiosulphate until 2 dull yellow
colour, Five drops of the starel: sciution was
added and the titration continued to completion,
The same Titration was cavried out on a 25 ml Luff-
Schoorl reagent, 25 ml water, 10 ml patossiuw jodide
and 25 ml 3M sulphuric acid as blank.

CalculatioQ:

Using the Table under fppendix 5, the amount of
glucose in ng which corresponds te the diifference bet~
ween the values of the two titrations is oovtalined, and

the result expressed as percentage of the sample weight.

DETERMIIILATION OF TOTLL SUGAR LFTER II'VERSION
S0 ml of the clarified sugir solution was taken with
pippette. into a 100 ml volumetric flask. A few drops

methyl orange solution was sdded. 4M hydrochloric acid
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solution was also cdded caxefully with stirring until
the liquid turned ¢ definite red. 15 ml 0.1M hydro-
chloric zcid was =dced zid the flask immersed in a
fast boilira water botir and kept there for thiry minutes,
It was then cooled rapidly to about 20°%, 15 mi
0.1M sodiwm hydro:ide was adced and mrde to 100 ml with
water., 25 ml oI the solution wis removed anc¢ the con-
tent of sugir (25 seducing sugir) was determined by the
Luff-5choorl metihod,

2.7a: ASI CO'TEITIJLO.C)®

5 g air-dried brecd wis accurately weighed in
shallow, relatively brocd silicl or porcelain dishes
which had beei: ignited “reviously, cooled in a desicca-
tor and weighed soon after recchins room temperature.

A few drops olive o0il was zdded to sumple to pre-
vent spattering and was ignited in furnace graduclly
to about 550°C (dull red). A light gray oxr white ash
resulited (ashing overniait or for 24 hours). The ash
was cooled in desicc .tor auc weiglied soon efter reaching

room temperzirre. The percentage ash is given by -

Weight of /sh e % 100
Weiqght or zir-d-ied bre-d

2,7b: PRBPAR TiO! CF (JE JC

UTIOI:

The weighed :s!: was dissolved ir HC1l(1+2 V:7) and
evaporated io dryness. The residue wos re-dissolved

in HC1(1+4V:V) end filtered into volumetric flask.



The filter was washed thoroughly and diluted to volume.

2.8: DETERMIIIATION OF 1701 ZAITEIIT:

In this analysis the tot:1 iron (Fe>'&Fe>') in the
various bread tyres wies determined from the solution af
their ash by spectrcphotometric g -~ phenantihiroline
method at about 510 nm zfter reduvctior with hydroxyla-
nime hydrochloride (Ju&hc)27’28.

Other methods ure svaileble bused on gravimetry by
precipitation with bulky organic precipitants suclh as
cupferron (the cmwonium sclt <f nitrosophenylhydroxy-
lamine), hexamine (hexamethylenetetramine) znd € =
hydroxyquinolinate (oxinate) but are slower, cumbersone
and are interferred by numerous other metal ions
(Vogel, 1961). A polarogrophic method is also suitable
for the determination since iron forms a complex with
solochromne violet which is readily reduced at dropping
mercury electrode to give a sensitive wave at - 0,80V
(Allen et al., 1974), (Will-xd and Dean, 1960).

METHCD
Apparatus:

Spectronic ZO(BAUSC: & LOMB - model! 33:31:72)

REAGEITS :

a. Iron Standard Solution:

0.01 mg Fe/ml

2.512g ferrous amnonium sulphate
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Fe(NH4)2.(304)2.6H20 dissolved in water, two drops
of HCl added and diluted to 500 ml, 5nl of this
solution was Ffurther diluted to 500 ml in volumetxic

flask.

b, Qrthophenanthrxoline Solution:

O.1g of the compound (C,,HoN,) dissolved in 80 ml
water at SOOC, cooled and diluted to 100 ml.

Ce Hydroxylemine hycrocihloride solutions

10g MH,,0H.HClw~e dissolved in water and diluted

2
to 100 ml.

d. Magnesiumn nitxate solution:

50y Mg(HOq)z.GHZO dissolved in water and diluted

to 100 nl.

e, Aretate buifex

8,6 anhydrous sodiuw zcatate (previously dried

o) .
at 100 ¢ is dissolved in water znd i2 ml acetic
acid added then diluk~? to 1000 ml.

Procedure:

Into a silica dish, 10g dried bread was accurately
weighed and ignited in a furnace at about SSOOC until
light gray ash got and was then cooled. The ash was
moistened with 0.5 ~ 1.0 ml magnesium nitrate solution
or with redistilled nitric acid. It wes ewvoporated to
dryness on weater bath and carefully ignited in furnace

(raising the temperature gradually until at SSODC]- On
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cooling, 5 ml HCIl wes added letting acid rinse upper
poertion of dish, It éas evaporated to dryness on steam
bath and the residuve dissolved by addition of 2 wul HC1
accurately mensured, It wes heated for 5 minutes on
steam bath, covered with watc.a glass. The watch glass
was rinsed with woter into dish, filtered into 100'm1
volumetric flcs'., cooléd and diluted to voluue,

10 ml aliquot of the solution was added with
pippette into 25 ml volumetiric flask and 1 ml hydro-
xylamine hydrochloride solution added., After a few
minutes, 5 m) buffer solution and 1 ml O - phenanthro-
line solutioﬂwfzeaddéa, diluted to mark wit’ water and
shaken.

The intensity of colour was read ih spectrophoto-
meter (spectronic 20) =t 510 nm. [From the graph of
standard curve the azount of iron iy each sample was
calculated =35 mg/100g.

FREPLRETIC OF CTANDARD CURVE

Ten solutiocns centcining 2.0, 2,0, 5.0, 10.0, 15.0,

v +20.0, 25.0, 3C.0, 35.0 and 40.0 ml respectively cf the

final diluted standird solutiorn (a) pluc 2 nl [HCl were
prepared in 100 ml volumetric flasks.

10 nl of each: of taese solutions was uséd and pro-
ceeding as above Leglinuning 'al hydroxylamine hydrochloridae

501“!:10“ was added T R R R ' Scale Ieadifags were
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plotted against concentration of iron which wexe 2.0,
5,0, 10.0, 15,0, 20.0, 25.0, 30.0, 35.0 and
40.0 g/25ml.

2.9: DEIERMINATION CF GHLCIUM CONTEIR:

In this study calecium was precipitated as calcium
oxalate, redissoclved in dilute suphuric acid and titra-
ted against standard potassium permanganate solution
(JAOAC)za; Vogel, 1961). This nethod is suitable even
in presence of large amounts of nagnesium becsuse the
latter is not precipitated but form o magnesium-oxalate
complex in solution. To check co - aid POSt » precipi-
tation of magnesium, the precipitztion of the calcium
oxalate was repeated znd the solutions in «ll cases
were nade dilute. Alereyev({(i969) treated this in
detail. Pearson (197¢) has also described a suitable
volumetric method using (Lmmonium purpurate)
as indicator while Moss{1961) hes discusced intexfes
rence by ions such oo L13+, Mg2+&P02" at various levels.
Basir and Melnoo (1970) have also discussed methods for
determination of czaleium in genercl, “
REAGEINTS (A1l reagentts used were of analytical grade)
0.01 M potassium permanganate. | -

Bromocresol green indicator 0.04%.(0.19 indicator

and 14,3 mil 0.01M sodium hvdroxide were diluted to
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250 m} in volumetiric flask}.

20% w/v oxalic acid solution.

Ammonium hydro:ide solution (1+50 V:V)

Sulphuric acid solution (125 mi Hzo + 5 ml H2$O4L

Procedure:

10g dried bread was placed in o silica dish énd
ashed proceeding as in the determiration of iron through
“The watch glass was rinsed with water.......%, then
filtered into 400 ml bezlker {50 ml from the solution
used in the determination of iron may be transferred
to 400 nl beaker and diluted to approximately 150 ml).
8=10 drops bromocresol green indicator were added and
enough 20% sodium acetate solution to change the pH to
4,8 - 5.0 (blue)., It was covered with watch glass
and heated to boiling, The calcium was precipitated
slowly by adding 3% oralic zcid solution, one drop
every 3 - 5 seconds until tie ph was betwzen 4,4-4,6

{which is the optimum for calciun precipitation), as
indicated by distirnct crcer shade, and avoiding excess
of oxalic acid.

It was bolled one to two minutes and tlie mixture
allowed to settle until clear (or overnight). The
supernatant was filltered and the beaker and precipitate
washed with 50 ml ammonium nydroxide (1 + 5) in snmall

portions using wash bottle to deliver very small stream
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of solution, The point of the filter paper was broken
and the precipitate and paper washed with mixture of
125 ml water and 5 ml suphuric acid at 80 - 20°C. The
solution obtained was titreted ot 70 - 900C. with 0.01 M
KMnO4 until slight pink woes obtained. The filtex paper
was added and the titration continued as necessary. A
reagent Dblank titration was made as well and altex
correcting for the blank, the calcium content waslcalu
culated as mg/100g bread,

1 ml 0.01M m4n04al ng Ca.

2.10: DETERMIIIATICI OF CHLORIDE CONTENT

A relatively simple method of determining chlordie
as precipitate of gilver chloride was employed in this

6,11 and in

anzalysis. It ig also described in (JAQGLC)
the Textbook of Inorgenic fnalysis by f.1 Vogel {1961).
With careful handling, cuite cccurate results are
obtainable with this method. The agueous chloride
solution is acidified with dilute nitric acid (HH03)
in order to prevent precipitstion of other silver salts
such as phosphate and carbonzate which might form in
neutral solution and :lso to produce a more readily
filterable precinitate. The precipitation action is
done in as subdued light as possible with occasional

stirring, Anions which give silver salts which are

insoluble in dilute nitric acid must be absent. These



include Ex~, 17, sai, 877, 5,077, Fe((:-l)g_ and

Fe(QJ)g-(Vogel, 1951).

Volumnetric methods whicih: 2are equally applicable
include -

(2) Volhard?!s indirect titr:tion metnod wiere e:cesc
standard silver nit:s te employed, is back-titrated
witk standard amnmoninn or sotassiwe thiocyanate
(nitrobenzene added to »revent silver chloride
going into solution).

(b) Mohr's direct titrztion using stazndard silver
nitrate and potsssiwe Ghromate as indicztors.

(c) Merxcuric nitrate netliod usin: diphenl carbazone
or the mixture with bromophenol blue 25 indicator.

(d) Two spectrophotometric methods for tracc amounts
of chlorde ions =re - mercuric chlorcanilate and
mercuric thiocyanate ethods.

[pparatus: Gooch Sintered crucible

JBAGEIITS-  10% w/v AgHOB; H104(1 + 9 V:V) Analytical

grade reageirts

Procedure;
55 dried GCtreud was ached and dissolved in £N03

(142 V/V). The soiution was filtered off any residue

. . . . ch& ride
which was then washed & few times wiih hot water an 2
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determined in the combined filterate and washings,

To the combined solution 10% silver nitrite solu-
tion was added avoiding more tiudar sSlight emcess. It
was then heated to boiling, while being orotected from
light and allowed to sStand until precipitate coaguloted,
This was filtered on a weighed gooch (sintered) cruciinle

Pl o

previsusly hezted to 1407 - 150°C ang washed with hot

water. The washing wigs tested to prove eiicess or &gNOS.
The percentage {'laCl in szuple is given by:

% chloride in ash X % ash in szmple x'%%‘%~

2,11; DETERMIMNATICG! OF FHCCIEHCIUC COTRIT (A5 p?OG)

The method employed here is tie relatively simple
but sensitive spectrorh.otouetric molybdovanadite ong
(Kitson and Melloi, 1944).

Other methods (Vogel, 1951). That are useful
dejpending on whether thie phosphate concentrations are
higa or low, include:-

i) Gravimetry: Phosphatite is determined as Magnecium
anmonium phosphate (MglTH, PO, 6H,0) or as the
pyrophosphate (h@2P207). Wwher. other icns are
present whicn night be co-precipitated, it is
deternined &s fLmmonium phosphomolybdate in
warm nitric acid solution,

ii) EDTA Titration: Phosnhate is first precipitoted

b i as Mg(lH,)PO,.64,0 in the presence of esxcess
f . 3 =y F
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EDTA (Ethylene diamine tetraeacetic acid as o sodiumJ”
salt) so as to complex with all polyvalent metal cations.
The precipitate is redissolved in HCl1l (dilute), excess
standard EDTA zdded, and back-titrated with standard
magnesium salt (Exio-T as indicator).
iiiFJ Spectrophotometric molybdenum blue method except
phosphate levels are very low and IV, U'ephelometric
method (Strychnine phoshhomolybdate suspension) most
sensitive where phosphate concentration is not more
than 100 mg/litre (Lllen el al., 1974)
¥ METHOD
Apparatus: Spectrophotometer (GF 1750 Ultraviolet
A spectrophotoneter, FYE UNIC:HNM)

REAGEITLS :

l. MOLYSDOVAITADATE Recgent.

In hot distilled water (900 ml), 60g amonium

molybdate was dissolved, cooled znd diluted to

BT

100 ml. 1l.59g metavanadate was also dissolved

in 690 ml hot water and 300 ml nitric acid added.
h It was cooled and diluted to 1 litre. The moly-
bdate solution wgs gradually added to vanadate
solution with stirxing. It was stored in polythene
bottle at room temperature (the solution is dis-
«§.  carded if precipitate forms).

2. Phosphate Standaxd Solution

a)} Stock Solution: 0.5 mg P205/m1




0.2397g pure and dried (2hr. at 105°C) primary
standard KH2P04 {Potassium dihydrogen orxthovhos-

phate) was dissolved in water and diluted to 250 ml.

'b) Working Solution:

L o

D, 1, 2, 3, 4, 5, & and 7 nl stock was diluted to
100 ml to obtzin 0,6G.05, 0,10, 0.15, 0.20, 0.25,
0.30 and 0.35 mg Pé05/10 ml respectively.

Preparation of Sample Solution:

Liish from 10g dried bread was dissoclved in 10 ml HC1
(13 v:v) and evaporated to dryness on steam: bath.
The residuve was redissolved in 10 ml HCL (1 + 9 V:V)
on stean bath and was trensferred to 100 ml volumetric
flask. It was cooled, diluted to mark and mixed {(any
insoluble, residue was filtered tnrough dry filter
paper). Duplicate sample weights were taken for the
anzlysis,

FPrepuration of Standard curve:

From each working solution 10 ml was pippetted
into & conical flask and stoppered. As rapidly as
possible for the entire series, 5.0 ml molybdovanadate
réagent‘Was pippetted into each flas':, stoppered and
mixed.

The sclutions were set zside for 10 minutes for
colour develcpment and the absorbance read for each
solution within 1 hour at 400 nm (nonameter} using

reagent plank.
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Determination:

Into separate 25 ml conical flasks 10 ml aliquoté
of standard solutions containing 0.0C and 0,20 ny P205 per
:%?10 ml are taken. |
'}é _ The colour is devz=loped as for standard curve..
The instrument is zadjusted to ¢ fer 0,00 mg P20 /2.Cud
and the absorbance (..) of Q.20 my P205/10 ml solution
taken. ({Absorbance of this solution should be within
+ 1% of absorbance of standard curve, if nrot new stand-
ard curve is prepbared), The colour of thez sample ash
solutions are similarly developed concurrently as the

standard sclutions.

Calculation from Sterndaxrd Curve

/10ml from curve)

mg P,0./100g sauple = 100 x (s POg
' g sample in 10 ml solu-
tion.

2.12, 2.13 DETERMIIIATICN OF SODTIUIT & POTASSIUM

The alkali metalgzgasily and agcurately deter-
mined by flame photometry, which is sim-le and specific
as well as being highly sensitive (concentrations as low
as 0,0005 microgram per millilitre can be detected)}.
Although interfernces due to radiation effects from
band spectra of other elements or molecules occurs, the
concentzxations at which these take place differ with
each type of instrument. Mutaul interference between

sodium and potassium is negligible in organic matericls.



However, interference due to high levels of calcium can .

be corrected for by including corresponding levels in
the standards (Allen et al., 1974; Dean, 1960). A
gravimetric method based on the insoluble sodium zinc
"uxanyl acetate is also applicable when wvery high levels
Ihbf sodium (uncommon though in organic matexials) are
expectied {Vogel,1961; Horwitz, 1970).
! In this analysis the sodium and potassium contents
of bread are determined by f£lame photometry.
PRINCIPLE:
) A few atoms of an element when heated in a flame,
absorb some of the heét energy ond one or mere electrons
are promoted to higher energy levels., On reverting to
the groundstate, the electrons lose this energy =2s
light enexgy. For each element there are certain
permitted electronic trensitions qiving rise to a
series of lines, each series being characteristic of
the element. If operating conditions ore kept constant
the intensity of the radiation is proportional to the
numbexr of atoms present =zt any given time, i.e. to
the concentration of ions,
ﬂEEar atus:

- _
o Gallenkamp flame analyser, FH~500,

et

Wt



STOCK GOLUTIONS

1000 ppm sodium 2,542 g IlaCl {Analytical recgent grade)
dried overnight at 10006) wzas disseolved in watexr and
made to 1 litre,

1000 ppm potassium 1.907 g XC1 {fnalytical reagent
grade) dried as above was dissolved in witer and nade
to 1 litre.

WORKIIFS SOLUTICHS 11D STANDARD CURVE

0, 1, 2, 3, 4, 5, 6, 7, B, 9, 10 opn solutions were
ﬁrepared from the potassium stock while C - 20 ppm were
prepared from the sodiwmi stock (10 Dom give only about
50% full scale deflection on flame photometer). & curve

was prepared for the set of standards from readings on
the photometer).

Determination:

iy Ash from 10¢ dried breadwas dissolved as for
phosphate above and made up to 100 ml. The sample
solutions werefurther diluted 10 times for the sodium
deternination while for potassium determinzation they
were diluted 100 times, and recdings taken on the flane

photometer.
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RESULTS

The results for 21l food items onalysed are exoressed

~ either as percentiges, mg/l00g or mg/100ml of sample ~s

LT

- éﬂ.‘—.f‘;-‘af-_.:‘-q}'-_'.;‘k :

Ipurchaaed.
b ALl results are averages of at least three samples
token for analysis. '
S ; BREAD COlISTITUENTS
: s
TAGBLE 1,1: SAMPLE HO % WLTER COITENT{AIR=DRIED)
1 26,92 '
" } 2 21.65
' i 3, 28.00
3 4 22,90
l 5 27.40
f 6 23,20
% 7 23,85
| 8 27,10
9 21,90
10 28,30




ILBLE 1.2 SAMPLE 1O % TOTAL SOLID CONTENT

2 4 53,90

— e D

o

60,60

W

52,85
58.80
52,40

58,42
57.91

53,23

e

© ® 9N o B

60,42
10 2.15
TLBLE 1.3 SAMPLE HNO | % LIFID COITENT

1 ’ 3,66

| 3.72

| 3.30

L= N

’ 3.77
3.53
3.81
3.80

3,29

O ® N o u A

3,60

10 3,55
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TABLE 1.4 S5 'I"PLE 1NO % PROTEX'! CONTHEIT

E.73

-

3.55
8.5
8,30
3,25
9.16
9.00
8.47

O ® N o o unu s wWwow

8.87%

8,320

-
o

T.3LE 1,5: SAMPLE 'O % REUCIIFG 5US .3 COI'TIUT

1 3,00

()

790
6.75
8,52

6.88

o © N o unu oA W
N
.
o
Q

10 2.67
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TABLE 1,6: SAMPLE NO

51

% TOTLL 3UGAR COMTENT

[« T F U, T I VO o

[8+]

9

10

TPABLB 1 L] 7 :

SAMFLE O

1

3.25
8.08
6.80
8.67
6.90
4,08
4.48
4.25
B.86

3.84

% L5 H CONTENT

1
2
3
4
5
6
7
8
9

10

1.29
1,72
1.17
1.19
0,83



TH3LE 1,.8:

SLMPLE MO

IRON QQHTINT (mg/ 100g_l

W

ib

oo o~ & n

10

TSBLE 1.9:

SLMPLE IO

Pyl

2

4,
2,

7
2,3

¢LLCIUY. CONTENT (rng/ 100g)

=
Q

L 0 - o0 Voohs W N

20.5



- TABLE 1,10:

LTS

Rt
L mew W

- 33~

. ’ =
Tl s

SAMPLE 110 | % CHLORIDE (A3 HaCl)

e @ 3 N B W P

10

TABLE 1.11:

SAMFLE NO P
| 2971009

o P 93 o u & H W o=

[
o

0.41
0.94
0.52
Q.42
0.29
0.61
0.79
0.50
0.80

0.52

PHOSFHORUS CQOIITENT

(3 P205)

i
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. 3ODIUIG CCUTENT (ma/100qg)
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TABLE 1,13:

SAMPLE 110

1,27%

1,757
1,596
1,633
1,760
1,520

1,856

=
L)

'+ BN - B T SR - S ST S

POTASGS TUY: CONTTHEIT {mg/100g)
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TADLE 1.12 3.0757% UO. | . SODIUL CCITENT (mg/100g)

1 1,27
2_,064
1,858

|, 264

LT wooWw

o 1,520

10 1,856

TABLE 1.13: SLMPLE 1O POTASS IV COMTANT (mag/1004g)

: 1 174

\S)
v}
un
d

O O U N o Vo~ W
|—I
2%
[#7]
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2.15 DISCUSSICH

The results of the various anclyses show similaxity
in composition of nutrients in wost c¢f thwe Bread samples
studies. This is noi wiexpected since all the breuad |
types analysad, fall in tihe grouw of Yunenriched bread!',
However, the bakers have exitibited the lnow=how oi bread-
making to somne degree as it concernt mixing the basic
ingredients iv tihe right proportion to give bread of
acceptable texture.

2.15,1 Watex Contert: L

The water content in brezd studied ronges from
about 22% to 28% (Table 2.1)., This renresents the
equilibrium moisture content for the sam:les under the
- same conditons of tempera.ure and relative humidity,
: The analysis was carried out in January 1979 in Zaria
(ét AL U. Main Campus)., The weather at this time of
the year is usually guite dry duve to harmatten winds.
" The average tempercture :nd relative humidity for the
month (January, 197¢) was 21.5°C and 15% respectively
(obtained from fhnadu Bello University (4.Z.U.)

Weather Gtatiom).

The valuve for the witer content are lower than
tnose shown in fppendix 3. This can be explained by
the fact that to attaii: absclute water renoval a much

higher temperuture than the room temperature {(othex



Tl

i é

I

Qonditiont being constant) is required. This temperature

B

O

is usually taken as 130 3 37C, which is used in determing
the total solid in the bread szmples (Table 1.2), which
show a range of zbout 52 - 6.% for the toti:l solid.
Allowing for the lipid content which is about 4% in

all the samples, since nost lipids would have been
volatalised at 130°C cs well as volatile acids, esters,
carbeonyls and alcohols, the total solid would be in the
range 56 - 65%., Thus the water content (absolute) in
the different bread camples ranges between 35 - 4A4%,
This range is about 5% highex thean the renoe 32 - 364
which obtains in the bread bilked i otiier countries
shown in Appendi:x 3. This difference in desirzble irn
view of the drxying effects of the westher in the tropi-
cal regions,.

The maxinum permitied moiscture content in some
countries with legal standard for moisture in bread, ic
38% in kmerica and 45% in Austxalia (Keni, 1975).

It is to be noted however that the water requirew
ment for a good guelity bLread is governed by protein
content of tbe baking flour as well as decree of dami.ged
gtaxch g;anﬁiéé-during miliing. The protein and damaged
staxch gronules absorb relatively more water than do ithe
undamaged starch gronulecs. Hence Ilour from strong

wheat (with higher protein content) and flour from hard

———

¥ P
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wheat (with higher damaged staxch content) require mbr;.'
water than is needed by flour from weik (lower protein)
wheat or soft (less damaged starch) wheat to make a dough
of standaxd consistency (Keut, 1975). |

g The variation of water contert in the day to day
making of bread in « given bikery would not affect
drestically the bread quality as long as it is within

a narrow limit.
g Although heating in a veantilated over at 130°¢ for
24 hours is gemer:zlly =dopted for true moisture deter-
mination, a method by Gonir and Fetzer involves drying

in a vacuum the mzterial for 340 hours at 40°C. This
permitted the sample tc retain about 1% of moisture

and e:iminates any chance of decomposition or loss of

volatile components.

2,15.2 Total 5Golid
ﬁ? ﬁi This consists of 21l the solid matter in bread
which include carbohydrite (In the main), proteins, non
volatile lipids and mineral szlts. Table 1.2 shows a
range of approximately 52 - 60%. lNow, allowing about
13% for proteins and lipids, the caxbohydrate content
would be about 43 -~ 45% which is quite high. The food
energy of bread is about 3200 Kcal. per 100g. This is
close to that‘zfoﬁher staples such as ceorn, rice, Semo-
lina, sorghum or even whole wheat which is slightly

r
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above 350 Kcal, in a2ll cases (Mc Cance and Widdowson,
1046).

2.15,3 Lipid Content

The result for 1lipid content (Talle 1.3), more
appropriately petroleum - ethexr! extract, show very
close values, This is in conformity with the small
amount of lipid (margarine} needed for obtaining
quality bread. Tae vilues are similer to theose in
Appendix 3 eucept for the Italian and iLmerican rye
bread which have very low fat content (0.8 - 1%).
This suggests similar methods of iipid extraction may
have been used in the present worlh and in thit of the
other workers, EBthyleether’' extract wouid give slightly
higher values,

It should be noted however that petroleum -

]

"

Iéthers* extract does not include bound lipids so that the
results in Table 1.3 are quite lower thair true fat con-~
tent since a lot of fat it often bound to prcteins

which give strengtl to bread - Ly their power to absorb
laxge amount of witer 1o give erect loaves of desirable
elasticity anrd good ierture. The extent of bound fat

may véry from one bread sawmple to ancther depending on
the type and grade of flour used in the different
bekeries, In lilgeri: many bekers use the Golden Penny

Flour from Floux Mills of ITigexis Lid.

S T o4
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Total {actual or true) fat con be determined by
acid hydrolysis using 70% hydrochloric acid to brezk
down the orgénic matrix and free all f:t which.are then
separated by licuid-liquid partitior: chromatography
(Kent-Jones and Amos, 1967). Herd, C.VW, and fmos A.J,
(193Q) have also compared lipid content of flours by

employing various methods of extraction.

2.15,4 Protein Content

Thie protein content of breed as shown in Table 1.4

is about 8.5 « 9,0%. The cloceness of the values points
to the fact that none of tue Samples has enrichment in
form of protein. Ordinsry flouxr itself has protein’
content of about 11.5 - 12.5% or a litlle higher in

some cases. .The result of thic ahalysis which is in
line with those of other workers (&ppendix 3), shows
bread as & good source of proteins, PBread has about

the same protein percerntzge content as rice, sorghum,
corn, and barley which are 211 cereals, It surpasses
such fegetables s broad and. green beans (Vicia Faba, -ui
and Fhaseolus vulgaris respectively), white and’sweet &
potato'(Soianﬁﬁ‘tubQIOSum snd Ipomez batatos respectively,
as well as lettuce (Lactucz sativa) which have protein
contents of between 1.0 - 2%. Many other menbers of

the legume family seedS suci: =5 _French besn (Fhaseolus

vulgaris}), scarlet bean (Phuseolus coccineus) and
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cowpea {Vigna unguiculate) are much ﬁofé suﬁeribr than
bread with respect to protein, Thdy have about 21 - 23%
protein (Mc Cance and Widdowsolh, 1946). | L
The protein in brezd derived from flour plays a
very important reole, It has tec be right if good
gquality bread witl: coxrrect strength and texture is te
be obtained from ti:e flour. It is the proteins which
absorb water molecules to form gluten which gives bread
its elzsticity and yvet strong enough to prevent gas
escaping too resdily which would lead to collopse of
bread (Kent, 1975). Also, interaction of added fat

with the proteins enhance this adequate gas reteuntion,

2e15.5 Reducing and Total Sugar Content

_ “hese results are ehown in Tobles 1 5 and 1.6.

i

The differences in reducing and total sugars are quite
small, The bulk of the sugar in bread is that added
during baking {comnmercial nop-reducing sSugar sucrose,
converted to reducing fractions by hydrolysis in the
baking processes). 7 all the constituents analysed,
the sugar is one of thwose rihat show widest variations.
This is due to different bakers using amounts of sugarx
of their chcice to mzcke their products sweet since the
sugar content would not drasticelly affect the bread
texture, The bre:id with the lowest sugar content is
Agoro bread (3,25%), while Vita bread has the highest

8
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(8.86%). The varjations cut across the desires of most
of the consuﬁerﬁ - there are thase who prefer very sSweet
bread and some others who go for the not too sweet brezd.
The sugar composition of the various bread samples can be
considered as faix and in gereral not detrimental to
health.

Analysis of suger calls for strict adhereace to
all the conditions of the experiment to obtain repro-
ducible and reliable results since the extent of reduc-
tion of the ions in solution varies with the experimental
conditions. The Luff-35choorl method (which involves back
titration against iodine libercted by reduction of remain-
ing copper ions unreduced by sugar), is favoured since no
requirement for a minute excess of reducing sugar scolution
is necessary to reduce indicator as in Lane and Bynoa's

2,15.6: Ash Content

The result in Table 1,7 shows bread to have percen~
tage ash content of higher than 1% except in a single case
where it is 0.83%. The ash content is indicative of the
total mineral component of food when woter is eliminated
and all organic matter burnt off. Hence it is one para-
meter the value of which can be considered constant in
any given flour or bread since others such as sugar, fat
water and protein can be zltered by environmental condi-

tions or enzyme activities.

¥ '
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The lower ash wvilue in Temidire bread (0.83%) was
reinvestigated by ashing sam-lec of zll the bread types
baked on & different dzy., All the others except Temidire
gave more or less the szizie value as in the previous
determination while 2 value of 1.55% was obtailed for
Temicdire (ne2rly twice the previous value). This may
have been due ic an error in thne course of prepazring
the bread sample (iastrumentil etc) when it was obtained
for aralysis, or losses due to Sudden drougirt in furnace
used for the ashing. Illon-flour (e.g. other cereal)
addition by the baker may not change the «sh content
drasticeally. Another probablle rezson is addition of
smaller quantity of salt by the baker since the ash
content of bread is determinea lirxgely by the extra-
neous salts added rather than the mineral ccatent of
wheat ( whicl is very low for white bread - Sppendix
IB).

The value of =s5h content (about 1.2—1.8?2%%at lower
than those in fprendix 3 (1.7 - 2,1). This is due to
the higher moisture cortent of the lligerian bread
(freshly baked) thoug" the result of analysis of sodium
(Table 1.,12) showed high zmounts of sodiwa sclts added
to the Ilgeric: bread. This is hiowever mide for Dy the
much higher contei:t of Calcium in the bread from

European countries (4Lppendix 3).



Ash determinzation is affected by mony factors
which include types ol crucibles {silica or platinum),
sample size cnd nature (acid or zlkeline), temperature

and time of ashing, A£1L the bread samples were ashed

-

in shallow silico dishes of either 50 nl or 100 ml
capacity, at a tempersture not euceeding 550°¢ usually
foxr 24 hours,

f Wichmamm in kis classical series of pepers on
ashing technigies hos mode decomposition curves of ash
of several sgriculitural products by plotting weight
loss agoinst temperatures. Potassium carbonaote which
predomin:te in plant ash is lnown to volatilize
considerzbly at 700°C and almoct completely at 900°C.
Klemm who L.s surveyed v +o 50 aching procedures
(AOLC, Sth ed. 1960), comcluded that it is virtually
impossible to in-corporate every applicable factor
governing ashing of different types of food into one
general method.

2.15.7:; Minerzl Composition

The most abundant minerals in bread zs shown in
Tables 1.8 - 1.3 are sediuu, potassium and phosphorus.
Of the other minerals analyced, iron is the least
abundant, The values for iron are nowever, higher than
those in &ppendix 3. This is malnly due to the higher

concentration of iron in Jligerian tap waters compared



to that of waters in Auropean countries.

2.15,7?1: iron Conteat

s The iron content of 100g bread (2.2 - 4.4mg) shown
in Table 1.8 makec brewud a chief source of this minexsl,
Many food substances including milk, fruits and vegetea-
bles (see tables on puyes (B2-84and 98-100) jore deficient
in iron, The table under Lppeidix 3 shows the COMPELE.~
tive value of enriched bread «s supplier of certain
essential nutrients (including iron). Thus apaxt fron
the natural mineral constituent of bread, it can be
further enriched to meet nutritionalsrequirements 5
compored to foods esten in their natural form or cooked
onn harvest,

The values in Table 1,8 show a few of the bread
samples having quite highexr percentages of iron than
the resi. This bound to happen in view of contamina-
tion from metzl contairers during biking and handling of
bread or slicing (Agoro bread is machine sliced while
some others are sliced manually).

2.15.7.2: Calcium Content

Table 1,9 shows the calcium content in bread. Thesc
values arxe about 25% of those shiwown for calcium in Appen -
_~dix 3. This can be accounted for by the fact that
excesyt for deionised waters - the caleium ¢content of
waters in the Buropean countxies are of much higher
o g

Co
o I
;
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calcivm concentration than Higerian waters.

L Two bread samples (Temidire and Vita breads) have
.quite low calcium content compared to the others. This
zcould result from occasional use of water from drinking
wells having low calecium concentration or nse of certuin
grades of flcurs, One of them - Temidire bread was noted
;for its low ash content previously.

. It is to be observed that adequate intake of brezd
can provide to some extent the requirements (for proper
function of the human body) of the two elements calcium
and iron discussed above, the requirements of which are
(for normal adulis) 800mg and 10 - 15 mg xesnectively -
as recommended by the American National Reseaxrch Ceouncil,
The actual body requirement (losses due to metabolism
apart) may be much less than these figures, Moore has
reported 0.5 ~ img iron as required by normal adults.

2.15.7.3: Chloride Content

This has been estimated ac sodium chloride since
all the chlcride present may be taken as virtually
having come from added sodiur: chloride. The values
range from about 0.4 ~ 0.9% (Table 1.10). This
representg a guantity of about 3 -1% uitheeped tea
spoonfuls per loaf of about 450¢ weiglht. | ‘
The wide difference in the sodium chloride content

is (like in the sugar content) due to thie discretion of
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the different bakers to add quantities of sodium chloride
as they chose as longy s the taste of the bread remains
pleasant. Also, in Migeria there is no enforced legal
limitation to the salt counte.t in bread (ncr the sugar
content).

2,15,7.4: FPhosphorus Content

The values of phoSsghorus content in the bread
samples have been e:xpressed as mg P?O5 per 100g sample
(as purchased), This gives values that are not too
differcent from actual phosphate content of the sambles.
The values shown in Table 1,11 indicate the high content
of shosphorus in bread. The element toaether with cal-
cium are the main constituents of bone and teeth, and
phosphorxus is abundant in many of the softer tissues
of the body plzying many importint roles in life
processes (Osex, 1965).

2,15.7.5: Sodium and icciassium Content

Apart from sodium derived from added sodium chlo-
ride, a large proportior :zlso comes from added baking

powder (which contains u to 20% or slightly more sodium

v

bicarbonate). Tables 1,12 and 1,13 show the values for

([

the sodium and potassium contents of bread respectively.
The potassium content is similox to thot in Appendix 3,
while that for sodium i Table 1,12 is about twice th:et

in Appendix 3, This can De accounted for by the use of



greatér amoﬁnt of table salt {sodium chloridea by the
bakers here {in lligerxia}, which they night have found
adequate.

In plant tissues generally, it is the potassium
concentrotion that is much higher than that of sodium,
The trend in bread can easily be understood by the
extraneous additions of sodium salts in the process of
bread-making., Self-raising flours (which contain sodium
bicarbonate incorporated are also guite popular. Since
many food substances contair adequate sodium and pota-
ssium salts, defgciency in diets 1s uncomamon. Howeverxn,
prolonged counsunption of potassium~deficient diet could
result in weakness and par:zlysis of muscles. Thus its

presence in diet is highly desired.
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CHAPTER THREE

ANALYSIS OF FRUITEAMD VEGETIABLES

COMMON 4MD BIOLOGICAL MiMES OF FRUITS AMD VEGETASLES

STUDIED

COVMMON HMAME

BIOLOGICAL NANE

. FRUITS
Banana .
Grape
Guava
Mango
Crange
Fawpaw
FPinecapple
Ylantain

VEGEL/.ELES

Baobab leaves

Beans (cowpea)

Beniseed

Erown beans
Cabbage

CQucumber

Garden egg(white)
Garden egg(violet)
Green beans

Groundnuts

»

Musa sapientun
Vitis vinifera
Psidium guajava
Mangifera infica
Citrus sinensis
Carica papaya
fnanas comosus

Musa parzdisiaca

fdensonia digitata
Vigna unguiculata
Sesamum radiatum
Vigna unguiculata
Brassica olerxacea
Cucumis sativus
Solanum melongena
Solanum

Phaseolus vulgaris

fxachis hypogaea
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1z,

i3.

14,

15,
16,
17.
18,

iog,

20,

21,

;

COMMOL! NAME

- 69 =

_ B IOLOGICHL, MAME
VEGETABLES | '
Lettuce lLactuea sativa

Locust bhean
kra

Onion

Sorrel (green)
Spinach
Tomato

Yan

Waterleaf
1Lgbonot

tfyoyo!

Parkia filcoidea
Hibiscus esculentus.

£llium cepa

Cpinaciz oleracea
Lycopersicum esculentum
Dioscores rotundatum
Talinum trizngulare

Irvingia gabonensis

Cochorus clitorius
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3.2 MATERIALS AND METHODS

'_ F All the plant materials were bLought from Samaru ox
Sabon Gari markets (fresh or dry) and the analyses baseod

on weights of these as at time of purchase,

s .
: METHNODS

e
: The method employed for the analysis of all the
metal ions other than sodium and potassium is the

Atomic Absorptiori method, The lxtter two are determined
by flame photometry,.

i Atomic Absorption is & convenient, rapid and highly

RREtEN

sensitive method of detecting &nd measuring metal ions in
solution, The limits of detectability by Absorption [Flame
Photometry are shown in fippendix 8. The method is based

v
on the principle that ztoms whose electrons are iu the
ground state can absork radiation of certain (specdific)
_ wavelengths,
! A& solution of an element is Sprayed into a rela-
tively cool flame in which the atoms tend to remain in
the ground state: Radiation of a characteristic wavelengt:s
from a hollow cathode discharge lamp is passed through
the ff£lame and the decresse in intensity is measured
using a moﬁ%hrcmator and detector system, This decrease

is proportional to the element in soclution,
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QE? After elimination of flame and chemical inter-
férences, other important sources of error to guide
against are nebulicer blackage, changes in air and fuel
{acetylene gas) flow rate wavelength drifting off peak
or very low acetylene cylinder pressure, Otherwise the

method is extremely reliable giving reproducible reasults.

The instrument: used is TYE UTIC/IMM SP 1900 AB30ORPTIOM

SFECTROFHOTOMETER.

Bi.GEIITS
g All the salts used were of fnalytical xeagent grade,
;Ef - 1ron wire was obtained from M & I Laboratory Chemicals,

May and Baker Ltd., Dagenham, England, Assay not less

than 99,3%.

SOLUTICHS

L S0ODIUM 11D POTAGSIUM STAIDARDS

B s

k' stock and working standard solutions of Sodium and

Potassiun were made &s in the deteramination of these
elements in bread, fporopriate acid extractant (1+#4V:V)
HC1 as in all subsequent preparations were added to the

standard solutions so as to matbh the samples,
LB '

IROM STLANDARDS

i Stock Solution (100 ppm Fe): O.lg clean untarnished

iron (sand paper previously used to remove tarn) was

dissolved in about 10ml hot (not neiling) 10% H,S0,.

.
P

L5
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On cooling the solution was made to 1 litre,

Working Standards

0,045, 1,1.5, 2,3,4,5m) of the stock solutions were
. Separately added into 100ml volumetric flasks and made to
volume to give O, 0.5, 1, 1.5, 2,3,4 and Sppm soiutions
qof the metal ion. About 1 ml H2504 was added to sauple

i
solution {to give approx. l%V/v H2804) to match standards,

3, CALCIUM STAMNDAZDS |

b

Stock solution (100ppm Ca): 0,2497g CaCO, (dried ot

20°¢ overnight) was dissolved in 100ml HC1 (Z.S%V/V),

heated to drive off ch and made to 1 litre after cooling.

Wworking Standards

e A range of O-10ppm was prepared, fLbout 0,1g (few

SE

grains) lantuanum chloride (Lacls. 7H,0) was added to the
sample extracts and standard solutions to bring lanthanum
concentration to about 400 ppan (this removes interxferenue
erffects due to AL, F and Fe) before the solutions are
aspirated for determining calciun, and latexr magnesium

after the other metzls had been determined,

4.  MAGNESIUM STAUDLRDS

Stock solution (100ppm Mg): 1.0548g Mg (HO5 )}, e6H,0
was dissolved in water containing about 1 ml stod and
diluted to 1 litre. La Clz+7H,0 was added to the standixd

solutions as above.



Working Standards

0'001’ Dlz’ OGB, 094, 0.5’ 0.6, 0.8’ l.OI)pm
solutions were Prepared from a i0ppm stock Prepared from

the original stock solution ~bove,
{
5, ZINC STLNDARDS

Stock Solutigg {100ppm Mm): 00,2087 of 7n 612 was
dissolvea in woter aind made to 1 litre.

Horking Standards

O=5 ppm Solutions were Drepared,
6. MANGANESE ST&ND@EQQ

Stock solution (100ppm Mn) 0.3794g MnC12.4H20 was
dissolved in water and made to 1 litre,

ﬂbrkiﬂg_Standards_

0-3 ppm solutions were Prepzared,

7+ NICKEL STLNDLEDS

Stock Solution (L00ppR nij; O.-4O499N1C12-.6H20 was

dissolved in water and nade to 1 litre,

Woxking Stendards

O«3 ppm solutions were Prepared.

APPLRETUS.

1. Thermostated ovens (Gallenkanp size one, model OV-010)

2.  Muffle furnace .. Gallenkamp FR-604, FR=614(0-1100°C) and
FR-645 (0~1500°C),
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3, Atomic Absorption Spectrophotometer (FPye Unican &P
1900}.

”4. Steam bath.

PROCEDURE
&Lbout 20g dry .nd 50g fresh plants materials were
weighed in porcelain crucibles and driedliovernight at 100rJC
in ovens, They were then burnt over a bunsen flame (fow
drops elive oil added to prevent spattering) until well
charred and whitish ash vartly apoeaxing. This was |
followed by asking in a furnace started from cold and
maintained at 525°C for 24 hours. Samples which ashed with
difficulty (appearance of residual black particules) were
treated with distilled weter, dried and rezshed, On
complete ashing, tue curcibles and ash were transperred
from furnace to desiccators and weinhed on cooline io room
tenperature,

0.15g ash representing about 20q fresh sample was
welghed from each samp’e and extracted first with (1+2V:V)
HC1l and evaporated to drvness over steam bath, Bach is theu
reextracted with (144V:iV)HCl and filtered off any residue
using whatman no.2 (qualitative) filter paper and made to
100ml aftexr addition of any reagents oo indicated under

solution preparations abowve,
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IECHNI{UE OF ATOMIC ABSC/PTIQ! SPECTRBMETRY

The atomic absorption instruaent w.s switchied on fox
some time to warm up, The fuel cylinder was opened a..cd
the air compressor switched on, while the fuel switch on
the instrument remained put off. After warming uz, the
catbode lamp for the metal to de determined was placed in
position and the correct current (midway between 0 aid
waximum current shown on lamp) was set., The gas switch on
the instrument was sitched on and the burner 1lit, Ezch
solution of standards for tie element of interest was
aspirated into the flame after ernsuring that the enerqy
indicator (pointer) w:s ir a2 balanced position ' (more
or less vertical). The readinc for each standard solution
was recorded (that is the most constant figures which
appeared on the spectrophotomeier), The szuple solutiouns
were similarly aspiritec and readings recorded, (. calibra-
tion curve was plotted for each set of standerds for toe
different elements deternined at tie same time, [ new
calibration curve was plotted each time for any one
element being determined at a different time or dey from
the previous determinations.

Sample solutions were further diluted as necesscry ed.
the solutions for determin: .tion of magnesium were dilvted

100 times and further 5 times in volumetric flasks,
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RESULTS

3.,3.1 MUE2 COISTITUEITS OF FRUITS (mg/100g) EJIZLE ORTVICIT)

ILns 2
ASH
FUIT % ‘ Na K Fe ca | Mg | 'n I‘'n s O
1. 3anana 0.73 18,21 294 | Os 1 [15.2 |28+7| 0,5 | Os 4¢| O
2.Grabe 1.1 7.5] 301} 0, 2 |48,3 ]|<2,21 0.9} Tr-ce] O
3. Gu~va 0.60| 2.1i| 2756} 0. 1 3.4 |18.,0{0.2| 0, 4| O
4, Mango (1) | 0.36] 1.1| 117 | Troce|13.4 |13.0]0,3] 0. 2 | O
5. M>ngo (11)|0.21] 1.4]| 50,3 Trce|l11,2 [10,8/0.,2 [0, 2 0
6. Orange 0.45] 2.,5| 150| Trzce|{50,0 |14,3/0.,3 Ixr-cec C
7. Pavipaw 0.38)12.,4] 106 | Tr-ce|20.8 |12.,0{ 0,3 [Tr-c2 O
(yellow)
8, Pavmnw
(pink) 0.36|22,2| 30 [Tr-ce {20.6 [15.6/0.5[Txzec | O
9. Pl-ntain IZT
DIGERITS5,3| 426 | 0.1 |[Trce|42-9|0.3| C.5 0
10, Pincapple(s]0.41| 1,5] C7.3 Tr-ce| 65,7 |41.0[/0.2]| 2,2 0
il, Pineappl 0.34f 1.9 66 | Tr-~ce| 27.2 {39,0{0.3| 1.5 0
12. Pineapnlelll0.423| 2.4] 105 0.1 |[57.3 |20.0/0.8) 0.2 0
ilote* M-ngo (1) = medium (7-8 cm,long). M ngo (2i) =

L-rge (10-12cm long).

L:Llarge



3,3.2 MINERAL CONSTITUENIS OF VECETABLES(Mg/100q) EDIBLE

PORTION
TABLE 3
ASH - - ] !

VEGETABLE % [|Na | K Fe | Ca | Mg Zn Mn Ni
1. Baobab leaves]

(d) 10.54 88{ 773 | © 562 | 425| 5.8 | 0.6] ©
2, Beans (Sckotd

Type (d) 3.10|22,% 1244 240 ll.& 20413, 5 1.6 1.0
3. Beans (Zaria

Type) (d) 3107 22,5 13500 | 9.2 | 200| 3.5 | 0.7| ©
3, Beniseed (d) | 4.4 [29.3 1760 2,9 | 73.6| 325| 4,8 | 1.1] ©
5. Brown beans

(d) 3,2 |20,4 1280 1,5 | 1656 | 192 4,8 | 2.4/ 0.6
6, Cabbage { WET

DIGES%14.6 347 | 0.4 | 85.(0 24,4 0,3 1.6 O

7. Cucumber 0.33 4,0 {123 |0,1 ]| 1.6 | 13,4 0.2 0.4| O
8., Garden egg
9. Garden eqg

(violet) 0.53 k.8 | 219 |0 1.4 | 22,000.,2 | 0.4] O
10.Green beans 0,80 .7 {321 |O 5.3 126,7] 0.4 0.3] O
1l.,Groundnuts(d)|2.22 p7.6§873 |O. 5.6 | 178 | 2.3 0.7] ©
_?.Lettuce 0.9C E5.51294 |1 0,31 O

8
«C 111,85 24,4 0.4
2

13,Locust becn{d}6,.,46 D9,01775 65.5{ 410 | 8.3 3.3

©0
.

14, Melon {d) 3,65 “.4131; S R LR XY

IOTE: (d) = dry
Sokoto type beans are areyish and tiny.

Zaria type beans are white and big,.




TABLE 3 QONTD., (mg/100g EDIRLE PORTICH)

| ASH { .
VEGETADLE % Na| K Fe| Ca Mg
15. Okra 0.9%4 3,0| 144 ] 0,3186.5]106.3
16. Onion t¥5zs7] 5.3 158 Jo.2lo.2 f11.5
17. Sorrel

(Green) 1 0.95 11.3 128 | 1.1|57.6}69.0 5
18. Spinach 2.50 2.8 285 | 2.3 {400 |166
19. Tomato

(oblong) 0.30 5.1(77.5 | 0.9 [B,C |15.0
20, Tomato

(round) 0.40 5.7 130 |0.9|2.5 {17.3 0
21,. Yam (ph) 0.8« 3.6 |358 0.1|15.7|32,.2 0
').2. Yam (Ih) 0.77 30!; 3(’.7 O'HL 18.5 2597 C
23, Water leaf|] 1.47 21.4 490 { 0,5(21.01103 0
24. 'Agbono'(d) 1,81 12,1543 | 0,7 [11,6]158 )
25. '."nyOYO' 1.17 9.7 328 100 15.8 70.0 0

NOTE* ph
=  »rh

poeintied head
round head
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3,4 DISCUSSION

In Tables 2 and 3 the results obtained for the |
constituents of various fruits and uégetables reSpectiveiy
are shown. Variatiorns {(minor or significant) in content
would obtain in naiture fox any one sample type depending on
the numerous factors elucidated undexr introduction. To be
able to compare these samples fairly, the nature of the
sample (wet or dry) used for analysis is taken COgnisance
of in the discussions below. The dry samples (nutrients
concentrated) have higher percentage values, as would be
expected, The elements are discussed under macro - and
micro constituents depending on the relative abundance in
the tissues analysed. The result shows all of the food

substances to have some nmecasure of miner:sl salts which

varies over wide ranges in different plant types.

3.4.1 ASH CONTENT

The fruits are fairly rich in minerazl content,
Their mineral concentration is generally lower than that
in vegetizbles becazuse of the relatively higher watex
content in most fruits, Grabe is praticularly xich in
minerals, Its ash content (1.15%) 4is the highest among
the fruits studied., Its contents of the individual

minerals (Table 2) rank highest in mnost cases,

[



. 86 -

Among the dry vepetibles, baocbab letves (Ldansonia
digitata) have the highest totzl minerc] content. Ash
value is 10,54% compared to the leost 1.81% in 'l.gbono!
(Table 3), The others which riénk hich in mineral corntelt
include locust bean (Parlidce filceidea), beniseed (Tesimum
radiatum) and melon (Cucumis melo)}. Js for the fresh
vegetablef spinach (Spinacen olaeracea) has the highest
total mineral content (2.5%) followed by water leaf

(Talinum triangulare) wnd Cocliorus olitozius.

w o

The three sample: - cabb.ge, onion ard plintain whcse
ash contents are not sl own were wet digested by perchloric
nitric-sulphuric 2cid mixture (after fllen, 1974),

Bea4e2 MACRO MUTERLL COHLLUITUENTS

Potessium, Magnesium, Sodium and Calcium are the more
eoundant minerals in the plant tissues (Table 2 & 3). The
first two &re the most abundant however, this being linked
to the important roles the two play in plant life. While
magnesium is constjituent:of chlorophyll, notassium is
involved in ecatalysing reactions that lead to chlorophyll
synthesis, The abundance of potassium in plents thus rvies
out the possibility of deficiency in normal mixed diets.

Sodium, thdugh fairly abundant in plant materials, its
concentration ic mucl: lower than that of potassium. S.ince
animals reguire sodium in higher anounts than can be
supplied by plants, this h=as necessitated addition of

sodium salts to animel foods (man and domesticated animcls).
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Herbivores niay travel longy distances to salt licks, This
is all the more necessary beqause laxrge potassium intal:e
through plant tissues result in increcsed excretion of
sodium (Oser, 1965), DBanann and pawpew (pink type) are
noted for their high sodium content (Tuble 2). Thiz

element is agein very abundent in baobab leaves, groundnutcs

and leocust bean (Table 3),

Coleium in plonts occur in such tissues as cell wells

[

7?

ﬁeposited as calcium pectzte , o€ ﬁell as crystalae of
calcium oxalate. Eaobeb leaves (dry) and spincch have
quite high concentrations of calcium (562 and 400 mg/100¢
respectively) Table 3. Ckoh {1573) reportaed much higher
value for calcium in baobab leaves (2,700mg/1009g). The
difference may be due to tree locstion, time of harvest ol
leaves (young or older leayes aond season), as well as
possible mixing of other leaves by sellers to increase bulk
of their materials. Although the amomnts of calcium found
in baobab and spincch lesves are quite high, the availo-
bility of the mineral to animels from these plant sources
is negligible because of their high oxalate contents
{Chakraborty, 1977; Ckoh, 1973 and Cke, 1965), NMore
valuasble(utilisable) sourcedof colecium would he from juicec
of fruits especially grape, orange, pawpaw and pineapples
{see Table 2 & Appendix 7).

P
|



3.4.3 MICRG HIINERLYL CONSTITURITS
5%“ : Iron, zinc ang menganese are Present in minute
quantities in plapnt tissues (Tables 2 & 3). Nickel is
almost absent in all the plant Samples studied and infact
when Present, may pe . pollvtant and toxie to plants in -
moderate.concentratiOns.
. ¥ - Ironm which ig so important to ahimals is unfortun-
2tely deficient in plants occuring in traces ox conpletely
absent (as the level of detection in this analysis
- DPermits), However, disecrete amounts of iron is ineviteble
even in plant Jljves since it is linked to porphyrin
enzymes involved in respiration, 1In Table 3 it jis shown
that one of the varieties of beans {Sokoto type) is quite
rich *n iron. The highezt.concantration is in the locust
bean (as much as. 8,2 ®g/100g of dry mztter), Such veget:sble
is invaluable to Pregrant women or those in menopause, The
other vegetcbles, Tairly rich in iron are beniseed, brown
beans and melon, The fFruits are generally poor asg sources
Oof iron. 1t is in tesronse to this natural def®ciency that
animals have evolved efficient system of consexrving iron
Oonce ingested from foods,

zinc.is.fairly distributed amongst plant tissues,
It is an extremely inportant nicxo=nuirjient (see Page 17)
The essence of it ig in continuity of the Speecies (ribon-
Ualedc ang Synthesis), Except in refined flour and cereals

E
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(see Appendix 2 ) defeciency is not common in normal

mixed dieis, Kapu (1979) established that zinc defeciency
is not 2 common fecture in Nigeri-~ (from studies on vario::
Nigerian subjects).

Manganese is distributed among plant materinls in
a simileoxr fashion to iron., Its non detectability in yanm
may be due to its low concentration relotive to the mosc
of the yam tissue cells, since it cion not be completely
absent in 2 living cell in view of its role in life
processes (see page18).

Nickel is virtually ~bsent in 2all plont tissues
studied, The only sources of the metzl being beans(Jokoto
type and brown beans)e The metal is of unknown function
in both plants and @nimals, and may have been present in

these samples as a result of pollution from soil,
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CGILPTER FQAUR

ANAIYSIS OF MILK ~AND MILK PRODUCTS

DESCRIFTION ﬁﬂD-SOURéES OF THE VARIQUS GAMPLES OF

MILK ANALYZED,

POWDERED MILK SAMFLES

NLZME OF MILIK

COAST
DANO
ERIGIANA.

LACTOGEN

Mixz Me

NAN

NIDO

DESGRIPTION AHD SOURCE

IMATANT full crezm milk powdexr
28% butterfat. bHMade in Hollend,
Whole milk powder. Made in
Denmorks.

INSTLNT Full cream powgbar, lode
in Holland.

Full-protein with iron Zvitoming
19% butter fat, 6.0mg iron ond
5.0mg colecium pantothenate per
100g, Made in Denmork for MiSTLE.
INSTANE milk powder, vitomin
enriched. Hade in Republic of
Irelsand by LIFPTON,

Infont food formuln in powder
form. Made in France by NESTLE.
INGTANT Full creom milk, HEnricied
with vitamins A and D. Conicin
28% butterfot and 0.2% lecithin

Made in France by Sopad.
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DISCRIPTION AND SQURCES OF THE VARIQUS SAMPLES OF MILK

ANALYSED (CONTD) - LIQUIDS.

NAME_OF MILK

1.

Ze

3.

4.

Se.

6.

BLLCK & WHITE

DIAMOND BRAND

FARM CHOCOLATE MILK

FARM

FRISIAN FLAG
CHOCOLATE MILK

GREENLAND

DESCRIPTION AND SOUR

Full crezm evaporated milk, 9%
butter fat, Made in liigeria,

Full cream evaporated milk 9%
butter fatﬁ Made in Canada,
Sterilised and homogenised. 3.,25%
butter fat, Made in Rotterdam,
Holloand by the United Dairymen,
Sterilised homogenised full cream
milk, 3.35% butter fat. Made in
Rotterdam, Holland by the United

Dairymen,

Made of portly skimmed sterilised
milk, Made in Holland by €Condensed
Milk Foctory 'Frieslond!-Leeuworden,
Full cream unsweetened evoporated
milk, 9% butter fat., Contains no
preservative or adulterant cnd is
guaranteed sterile, Pmoduced in
Canada for the Canadian Dairy Comm-

ission,
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NAME OF MILK

02 o

DESCRIVIION AND SOQUICE

7.

8.

G

e -

10.

11

'-;a'—w;_*-n-z_—,—-*

T

LIBBY'S

H

Little Moxy

X¥.N.S.Cs

PELK BRAND

UNIFQOD

4
$

Evaporated full-cream milk 9% buiter
fat. Made in (W) Germany,

fure noatuxal milk, 3,1% butter fot,
Sterilised and homogenised, Linde in
Holland by Holland Conned Milk vVeghel,
(Bigeria NMational Supply Coe M1lk}e
Whole, Unsweetened, condensed milk

9% butter fat., Made in Cannda by

the Canadian Dairy Commission,
Unsweetened full-cream condensed milk,

Enriched with vitomin D 9% hutter

3
fate Mode in Migeria by The West
Africa Milk Co., Ikeja,

Furc cow's milk. Naturzl, homogenisec,
Sterilized, Made in Holland by Von-
heelt's Condensed Milk Coy. B.V.

Leeuwarxden,



DESCRIPTION AND SCURCES OF THE FRESH MILK ANALYGED -
{FACTORY PRODUCTS)+ - A

Py

NAME OF MILK » DESCRIPIION AND SCURCE

1., BELLMA " | Fresh, sterilized milk, Germcn Export

tauslity. Contzins no chemical iangre-

dients for prescfvation. Butier fat
3.1%., #Aspecinlly good for children.
o T (Produced, July '80., cxpirty date

I | July *81l), by Rudolf G.W. Kaiser
GRH; Hamburg, W.Germany. Contents:

350ml in tin,

T e T

2, LONG LIFE Processed and pocked in Nigeria Ly

MADSLRA Ltd. P.0O.Box 3, Vom, Expiry

-.4-;; Pt

date: 30th April 1981, Contents: 500"

: in packet.

YOGHURTS

NAME DESCRIFTION AND SCURCE

1, SVWEET YOGHURT Processed and pocked in Nigerio by

Hotional Livestock Production Company

E%m é - F.G. Box 479, KADUNL.  Contents:Z50ml
| é_ (packet),_Expires 3/3/81,

2« YOGHURT SWEETENED} Processed and packed in Nigerio by

4ND SKIMMED
MADARL Ltd. FeOs Box 3, Vom, Gontents !

250ml (packet).

3e YOGHURT DRINK . - Produced by FAN MILK LID,, Nigeria.
YOGO

5 S Contents: 200ml (packet)ls
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4.,1,2 HISTORY OF THE FOUR COWS FROM WHICH MILK UAS
OCBTAINED AT NofieF.R.I1., OHiKi..

£11 the four cows nre crossbreeds Friesian/Friesi. o
crossbreed or White Fuloni/Friesion Crossbreed, Theirx
parents were obtained from either Vom, Nigeris or from
abroad. They were all T.D. tested which showed negotive,
cnd had received following vaccines: TCV, CBPP, DL and
fnthr2X, They are 2ll bucket fed on compounded rations
of ground nut cazkes, maize or guinea corn (18% crude
protein) as well ~s free grazing or grass hay supplied.,

Each cow hos o tog number (eaxr no) normally att-chec
to its ear unless it has follen off, This number is
written agoinst e-~ch cow 2s o me~ns of identifying it [in
its recoxds).

None of them has had any serious sickness or injury
since birth except cow no 61 which hod inflomed udder
(mastitis) in October 1969 ond was treated.

The weight of ench cow given under the informatlon
about each of them was as at March ending 1981, 411 the
four were still lactating at the time,

NOTE: NelioPellel«. = Nationn]l Preduction Research Institute

TV = Tissue Culture Vaccine (fO¥ Rinderpest

disecse)

C,B.P.P. % Contagious Bovine Pleuro pneumonia,

Q.B. = Black Quarter

SHIKL = village ~bout 12km from ABU main camrus wico-
NAPRI is situcrted,
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SOME DATA £2CUT THE FOUR LATTATING COWS Y. Wsﬁr&ﬂfﬂh%ﬁﬁ%ﬂi@ o !lmnwﬂw._ma
CCW IHIMBEX 61 201 772 813
Date of birth 2 :1 : 65 17 : 6 : 68 17 4 16 : 72 3:2:73
Weight at birth S4lb. (49.1kg.}] 60lb.(54.5kg.)| 701b.(63.6kg)| 651b.(59.1kq)
Present weight 444 kg. 456 kg. 532 ka. 556 kg.
Date of first
calving 11 = 4 ; 67 13 s 6 : 71 & 1 4 : 7% 27 : 10 : 75
No of lactation
periods till date 13 9 5 5
(Marah,1981)
Date of commeince-
ment of present 8 ¢+ i1 : 80 26 : 12 : BO $ : 12 : 80 4 2 B1
lactation period
Notzble lengths 3056, 366,
of lactation 367, 233 187 - 301 242, 297, 127 - 353
rexiods days. days 365 days days.
Hotable weights
of milk produced 3,260.1kg. in 1,888.6 ka. 2,170.3 kg. 2,809.9 kg.
at different 1967/68 & in 1972 & in 1976 & in 1975/76
lactation periods! 1,611i.0 kg. in 1012.3 k3. in 2,078.8 kg. & 1.024.,1
{with date} 19769. 1880 iz 197¢/80 kg. in 1979.
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METERILLS AllD METHODS

MATERIALS
““_-
Powdered miix in tips - contents: 400g & 450g

(al1 imported}

Liguid mi1x in tins - contents: 170g, 360g =nd
3979 (a11 imported, except 'peck' and 'Black ~nd
Whiter),

Fresh milk - *Bellmar ip 350ml tin (imported);
'long lifer jp 500ml prcket (from vonm, Nigeria),
Fresh milk frop N;g.P;R;I;, Shika = 1kg wt, (each
Cow somple).

Yoghurts - 200 p <250ml contents in packets.

MET O DS
REAGENTS A1 SCLUTIONS

As used in fruits ana Vegetable anzlysis,

APPLRLTUS
Furnaces ; G21lenkomp FRe645 (0-150006) and Gallen-
kamp FR 555 (0-1000%),

Porcel-in dishes: 75ml1, 150m1, 280m1 Capacities,
Others -5 ip "fruits ~ng vegjetables!? dnalysis,

PROCEDURE
M
50g powdered milk wos weighed in Porcelain dishes,

wetted and drieq overnight =t 100% i ovens. Liquid mjix

contents in tin Or paocket was ‘ransferred whole into
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crucible and 250ml of fresh milk from Shik, wzs also

nrecsured into cruciltile and evoporated to dryness (more or

less) ond then transferred to oven for further drying ot
100°¢ overnight, Few drops olive o0il were then added to

each sanple and buxnt over bunsen flome until s%iqht 8h

- !
begen to appear. They were rewoved inio furnaces ond

ashed for 24hr. ot 525°C. 4sh solutions were prepaied
28 before Ifrom 0,159 ~sh and re:dings token of Standi.ra
solutions of metal ions ond the somple solutions on

Ltomic Absorption Spectrxophotometer.
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Fr(;‘ﬂ..u.. £]1D R

EI'TS OF MILK - POvD
E0I1) AlID YOGHU TS

:-3'.;9’

et b N

hinerals
TABLE 4.1 ; FQUDERED MI1: (mg/100q)

B NAME OF MILK ASHE | 12 | K Fe | ca Mg lzn |mMn |14 ]
1. COAST =+08 (356 11,250 10 |1,440/100 5.4 (0 |o
2. DANO -85 1410 11,424 |0 |1,385/05.5 5.7 |0 |o
3. FRISIANA >:88 1400 11,431 [0 [1,380]06.0 6.3/0 |o
4. LACTOGEl 4.50 (305 1,018 [ 2.0 1,440(73,5/|4.3 |0 | o i
5. Mix Me +96 1517 (1,232 |0 [1,300]51,5 5.4(0 |e ,
6. MNan 2-50 1186 | 531 [2.0| s00|4s.0 160 |o |
7. NIDO +67 1383 11,172 |0 [1,305/02.6 4.916 |o ;

L | |
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rinerals
TABLE 4,2 LIZUID MILK (1'CII=FRESZ) (mg/100g)
= | T 1 =7 /
TAME OF MILK | ASH% |[Na K |Fe | ca | Mg [zn !pMnijni|
Vo
1. BLACK AID Lo
WHITE 2,04 |186 |394 |0 460.0 [28.0|2.0|0 |0
2. DIAMOID !
BRAND | 2,02 |166 |218 |0 405.0 [27.6 (1.6 (G O |
e - "
3. FARM i
CHOCOLATE 0.81 [51.0/232 | 0,8 [177.5 |21.2[1.0 [* [0
13
4, FARM 0.73 | 4%.4|136 |0 170.0 |11.4|1,0 |0 |
e e e e i — T— - -;
I
S. FRISIAN | Lo
FLAG 0.75 |42.5{193 | 0.3 [145.0 |16.3]0.9 | 0 |C |
6. GREENLAIND 0.95 | 184 'a25| 0 |a22,5 [26.0/1.7|0 lo |
== == = o =
7. LIBBY's 3.50 | 321 {6780 825.0 | 53.7|4.4 | 0 |0 |
— -] - PSR —— .__.4
g. Little Mary | 0.73 |51.0|i71 | 0.9 [156.0 |12.2[0.8 |0 © |
e e — b ——— -_—— -
9. H, M. 8, C, | 2,01 | 194 4291’0 422,0 {27.5{1.5 |0 0
eniiadih S s s - —tand
10. PEAK BRAID 2.01 | 165 389l 0 !420.0 131.6/2.3 | 0 '0
i " - | i e d
! R SRS B =1
11. UNIFOCD 0.45 |31.6/108| 0 [609.0| 7.4i0.6 [0 |0 |
NOTE : ¥ = Trace.
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MINERAL COISTITUEI'TS OF MILK (COTD. )

minerals
TABLE 4.3 FRI0H MILK (mg/100m1)
NAME OF MILK |ASH%[Ma | K |re| ca Mg |zZn |Mn|Ni Wt/100m1 |
4~ (9)
1. Bellma |0.71 [49.5/156/ 0 [159.0 12.3)0.8/0 lo [102.9
2. Long Life 10,66 |26.0)141|0 165.0 li1.4 {0.7]0 jo l101.6
] ' ' I i -
—
ERESH MILK FROM 11, 4.F.R,I., ABU ZARIA
COW ITUMBER LSHS | Na | K |Fe| ca Mg |zn |Mn|NiWE/100m1
e (9)
3. 201 0.68 46.0/104/0 | 95,0} 9.3]0.6/0 |0 |101.90
i - ot
4. 61 0.76 31.0(132/ 0 1148.0/10.4 {0.6/* |0 |102.0
5. 813 0.74 55.0{163/ 0 [197.5(11.0/0.7]0 |o ho1.9
6. 772 0.75 |55.5 [155( 0 195.0(13.0/0.8/0 [0 |102.1 |
TITE: * Trace
minerals
TABLE 4.4: YOGHURTS (mg/100m1)

N A M Elisus| ma [ K |Fe! Ca Mg {Zn {Mn|Ni|wt/100m1

(9)

-
1. Sweet

Yoghurt 0.79 |51.0!153]/0 180.0 |11,

0.8/0 |0 [104,3

6
2, Yoohurt® 0.87 56.0[191{0 (200.0 13.9(0.7|0 o [103.6

3. YOGHURT

t== i ]

YOGO 0.71 |47.0(147! 0 152.5i 9.0{0.5|¥ 0 [104.4 |

NOTE: Yoghurt® = Yoghurt Sweetened ang Skinmed.

YOGHURT YO030: Full Nawe is YOSHURT DRINK Y050,

¥ = Trace
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Ga4s DIGCUSLION

Table 3 shows the mineral content of milk (cow milk)
of different brands. There is abundance of certain
rmineral elements, while others are present in trace
amounts or absent.

t.4,1 LBH CCIITEIT

o The relatively high ash contert in milk (Table

4,1 to 4,4) indicates ecbundance of mineral sflts in milk
(4ppendices 8 and © show mejor and troce element conSti-~
tuents of milk ~ fresh samples).

L Among the powdered nilk samvies !Mix Me! has the
highest total mineral (ash) content. It zlso has very
high percentage values for many of the individual mine-
rals, notahly sodium, potascium and celeium. This wilk
ney be relatively drier thait the other samples. ie of
the milk samples - Nan, a npobulszr millkk food rich in
nutrients speciclly formulated for infants is conspicu-
ously low in mineral (ash) content., & value of 2,5%
was obtained for this nilk compared to 5.67% in lido
(another good milk for growing children). The merit

of lan may lie in its errichment with iron and othex
additions such as vitamins. Sowe of the inclusions i

the nutrient content of the milk (Ilan) comprise

deminerzlised whey and corx:n oil,
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Of the liquid milk samples, Libby's milk has the
highest aslk content (Table 4.2). Infact it has the high-

est percentage value for each of the individual mineral

studied. HManganese and nickel are also absent in this

-milk., It is obsexved that the liquid milk samples with

the highest mineral content (Libtby's iuclusive) are all
condeused or eviporiited milk. The otlaer mill: samples
(non-evaporated) heave similar mineral contentc to the
fresh milk samples.

| The milk producits - Yoghurts do not vaxy much in
‘ash content as well as in individual mineral contents
from the fresh wilk sampies,

GedaZ: . MACRO MIITERAL CONSTITUERITTS

i Calcium and potassiun are the most abundant minerals

P

in nilk. Milk calecium is in » form reedily available to
animals for metabolicm and hence is the principal source
of this elemesnt to animzls,

Sodium and megnesiun which have several important
roles in man and other animals and zre zlso found stored
in moderate amounts in bones, are zlso zbundant in milk
(Tables 4,1 to 4.43. Mill is thus superioxr to plant
sources in supnly of calcium and sodium,

One of the fresh milk samples (from cow No., 201) is
notably low in calcium and potassium contentis. It is

observed that cow no. 201 is quite aged (born 1968)
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although noé as old as cow no, 61 {(born 1965). The
lattexr has had wueh longer lsctation periecds and farx
greatexr quantity of milk produced. The other fresh
milk samples from cow llo. 813 and 772 (which are younger),

- have higher calcium and potassium contents then those
from the older cows,

4,4.3 MIZRC MIIIERLL COISTITUEIITS

Milk is conspicuously most defecient in IROI con-
pPared to many food substances (See also Tables 1, 2, and
3), except in manufactured brands enriched with irom.
This deserves special attertion since milk is the sole
food of infects in their early (first few months of}
life, and the metal is rcquired for the weking of red
blood cells. The need for iron supp»lement in infant
food arose from thic deflciency in milk. Two of the
nilk samples analysed contain iron supplements, The
value obtained in this sznalysis (2.0mg/100g sanple) is
much lower than ¢.0m3/100; sam:-le as indicated on the
containers of tiiese milk samples (lLactogen & I'an). The
other values agree with those found by other workers
(Appendix 8). The differeince mentioned above may be
due to diiferent laboratory methods and effectiveness of
measures to completely eliminate interference from sul-

pPhate ions when the iron content is high,
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From the preceding tables it is evident that certain
Plant materials such as beniseed (CeSamum radiatum),
locust been (Farkiz £ilnnli21n), ' yoye' (Cochorus olitorius)
and spinach (Spinacea oleracea) are nore important than
milk as sources of iroan. Zine is Ffairly abundant in milk.
Shroeder et al.,, (1967) reported 4.18 mg/Kg in whole raw
milk.

Manganese and llickel are shown to be absent more
or less in milk (Tcbles 4.1 to 4,2) TheSe may not nece-
ssarily be completely absent. They may be hresent in
limits (few micrograms per kilogram) not detectable by
methods employed i this analysis. This applies to all
cases where tae concentration of a given element is
given as zero (0) in Tables in these analyses. Archi- ’
bald (1951) also reported absence of nickel in milk but
found manganese at 0,002 Mg/Kg milk,

In Appendix , it Zs ~"mewm that coven when
nickel is added tc cow feed, it still doesn't show in
milk, It is probable bhence that nickel is never

found in milk.

F
1
'
I
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COHICLISIdT:
bk The proyimaote znalys5is =5 well as the determinztion

of some metals znd non-metals in the vorious samples of
bread show thet bread is quite a nutritious food in thes=z
xespects. Tue carbohydrete, linid and vrotein contentc
are rewsonaidly .deguate for energy zi.d Body Duilding.
Since it is & commodity wiiicir 15 reloiively chean and a
resdy~to-est one, it could serxve well 25 ai: avenue fox
introducing certein escentizl nutrients laciking in a
populaiion by incoxporutiug these into bread during

or zfter bLiking (for sukstinces susceptible to destruc-
tion by hect), by nutting in such nediwm 25 butter and

.

aprlying a5 a »olish on the biked loaves.

A

Thae frults and veqgetibles provide a nuamber of

essential ninerzl elenents (the vegetables being the
better sourcec of these minerzls). The es enrce of
mixed diet need be re-emphusised sice some plants

used as food cond which are deficient in some netals

are compensuted for by those present i others,
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SUGGBSTIQNS * _FC. TUTHEL JIGRK

l.

Za

Study of variatiors (day to day) in the brezd
constituents in each of some chosen bakeries for
a period of upto 30 - 50 days -~ (proximate

analysis only).

Determinztion of gsome metels znd non=metals in a
similar nmanner to that suggested fox proximzte

analysis in (1) above.

Study of factors that enhance keeping quclity

of bread.

Factors affecting availability of metal ions to

humans from bread, fruits and vegetables,

Analysis for nutrients in ~on-edible portions of

fruits and veget:zbles.
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AFPEIIDIX 1

COMPOSITION OF WHELT AIID PRCDUCTS OR MILLING

A. APPROAIMATE COMPOGITICH OF WHEAXT(%)
't MOISTURE : 9 - 18
%i? STARCH : 60 - 68
;?E PROTELN 8 - 15
} CELLULOSE (FIBRB) : 2 « 2,5
"' FAT : 1.5 = 2
SUGAR 1 2 -3
MINERAL MATTER
5 (ASH) : 1.5 ~ 2
B. APPROXIMATE COMPOSITION OF FLOUR(%)
WHTTE FLOU - TETIGI LT FLCUR- | WAOLE MELL
729 BAT..CTICN |80% EiTRACTION FLOUR 95%
- BEATRACTION |
MOYSTURE: |13 - 15 13 - 15 13 - 13.5
STARCH : 65 - 70 64 - 69 63 - 67
PROTEIN
(Nx5.7): 8 - 13 g - 14 10 - 14
CELLULOSE: | TRACE - 0.2 0.2 - 0,35 1.6 « 2,1
FAT: 0.8 - 1.5 1 - 1.6 1.6 - 2,2
SUGARS 1.5 = 2,0 1.5 - 2.0 2.0 - 3,0
asH: | 0.3 - 0.6 0,6 ~ 0.8 1od w 1,6
From: Modern Cereal Chemisiry by Kent-Jones, D.W.

and Amos, A.J. 6th ed, p. 9 (1967)w
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APPENDIXK 2

St L
PERCEITTLGE ITUTRIEHTS RETAINED DURIIG MILLING FCR
PRODUCTIQ! OF fMERICAIT 70% EXTRLCTION FLOUR USED FOR

MAKIIT: WHITE BRE:D
e ;

VITAIATES MINERALS
FPantothenic acid 50 Selenium 84
Folic acid 33 Chromiun 60
Vitamin Bﬁ 28 Molybdenum 52
Thiamin 23 Calcium 40
Riboflavin 20 Coppex 32
MNicotinic acia 19 Fhiosphorus 29
Vitamin E 14 Iron 24

? Potzassium 23

Zinc 22

Sodiunm 22

Magnesium 15

D e e

Manganese 14 l

|
Cobalt 12 |

" = — o

. ¥
Adapted from Millfeed Manual, Millers ilational

Federaztion, Chicago, 1967.



APPEIDIX "3
COMPOSITION OF FOODC, 100 GRAM EDIBLE PORTICH - BREAD
S - |8
P — B WATER | PRO~ FAT |ASH {Ca | P Fe |Na |K
BEEAD T¥re % |TRING| % | % (mg |mg {mg [mg |mg
1.) Cracked wheat 34.9 8.7 2.2 |2.1 |88 |128)1.1]529}134
2.| French or Vie-
T
3.| French or Vie-
nna(unenxiched) 30,0 9.1 | 3.0 |1.,9 |43 | 85/0.,7]|580]| 90
4.| Italian
(enriched) 31.8 | 9.1 0.8 |1.9 {17 | 77]2.2/580 74
5.] Italian
{unenriched) 31,8 9.1 (0.8 (1.9 |17 77/ 0,7{585| 74
6./ Raisin 35.3 6.6 2,8 11,7 |71 8711.3 (365 (233
- -F——-—
7./ Rye, American |[35.5 9.1 |1,1 |2.2 |75 |147|1.6|557 |145
8. White, unenri-
ched made with [35.8 8.7 3,2 [1.9 |70 87|0.7 |507 | 85
1-2% NFDM. .
9. White, unenri-
ched made with [25.0 ' 9.0 3.8 2.0 196 |10210.7 |495 121
, 5~6% NFDM , i
rio. Whole wheat + | .
L 2% MNFDM 136.4 (10,5 13,0 12.4 199 !228{2.3 527 |273
Note: NFDM = non-fat dry milk.
From: COMPOSITIOROCDG - RAW, FROCESSED, PREPARED

by Bernice K. Watt and fnnabel L. Merrill, in

Agriculture Handbook Ilo. 8, United Stiates

Department of Agriculture, 1975.
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AFPEI'DIAL 4

IIT PRESENT DAY DIETS

ENERGY | CAL- | T VITAz |, NICOTI-
) VALUE | PROZEIN| vy IR‘}L__MINABl NIC ACID |
Milk, Cream &
Cheese 12.7 23.1 60.8 | 3.8 | 13.1 3.7 |
Vegetables T2 8.8 5:.9| 17.0}] 21.3 17.9 i
ot + +o e +-+ +4 i
Bread 16,6 19.4 15.7 | 20.4| 22.1 18.7 |
Meat 15.3 26,1 2,1 | 28,1 | 24.5 393
Fruit 2.0 1.0 1.6 4.0 3.3 2.8
Cereals other t
than Bread 15,0 10.1 8.1 13.4 | 10.6 9.8 i
I — I
Sugar and |
preserves 12.4 - 0.3| 0.9| = 0.1 ,l
Fats 14-4 0.2 0-3 O.6 - 0.4
- s
Eggs 1.9 5.1 2,0 6.7 3,3 0.2
Fish _L 0.9 4.7 1-7 2-0 0.9 3'7 ‘?
+++ Best Ssource ++ Second bDest source + Third best
source. From a cost point of view present day enriched

bread in U.K. is the cheapest source of calories, protein,

iron, vitamin B, and nicotinic acid in the diet and as

cheap a source of calciun as dairy products.

Source: -
S ———

Mcodern Cereal Chemistry by Kent-Jones,D.W.

and Amos, A.J. 6th ed. p. 440 (1967).
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APPENDIX 5

TABLE OF COITVERSIC OF MILIILITRE SODIUM THIOSULPHATE
{TLIRE) il THE DELEXMLIIATIG] OF SUGAR FOR 25m1
LUFF - 5CHOORL, REAGRIFT

SODIUM Gwmmaﬁmm-Wéanmﬁ GLUCCSE, FRIC-
THIGSULPHATE | TOSE, INVERT ! THIOSULPHATE | TOSE INVERT
(Na,5,0,)0.IM ?gagaso : ::(Na28203)).IM ?gggnso )
671276 e 6126
ml mg E ml mng
' .
]
2,0 2.8 ! 14,0 35.7
1]
3.0 7.2 ii 15.0 38.5
1
4,0 9.7 i 16.0 41.3
11
5.0 12.2 i 17.0 44.2
1]
6.0 14.7 Ei 18.0 a7.1
H
7.0 17.2 i 19.0 50.0
1l
8.0 19.8 I 20,0 53.0
I
9.0 22.4 K 21.0 56,0
1k
10.0 25,0 EE 22.0 59.1
H
11,0 27.6 i 23.0 62.2
[}
12.0 30.3 a
li o -

From: Official Journal of European Commuaities,

p.41, 1974,

c
T
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APPEIDIL 6

. A. THE MINERLL COMSCGITIAN CF SOME COMQ LELFY
VEGETABLEG (mg/100g) DY ohFLE
NAME | Ca | P Mg | Mn| K Ha | Fe| 2zn | Cu, CI|
Celosia ‘ _f |
argentea 5,100} 525 {7,250{ 7.50!7,500| 30.00| 80{12.75 1.3_(11_1 X0)
Corchorus i
| _olitorjus | 3,300{420 18,150 6,75|3,150| 25,00 74} 7.88]1.00) 515 |
¥
Vernonia i : !
amygdalina | 2,950| 332 _ 405 /14,.72{4,000 | 86.25| 48| 9.50(2,75| 910
| Anmaranthus i ‘ |
| spp. 5,750!485 |1,550| 5,25/4,100{ 58.75| 48| 7.50|1.00]500 '
i_ 3% : 2 e ’ 1_ ¥ ] .._..._.1____!
Talinun i ] ’
triangulare/ 3,000!320 1,400’13.0 8,850 ]100.00 102 |11.6311,25!3890 |
| Solanum ' : l 1 1 i
| _nigrum [ 3,200!367.5| 400 | 4,75[4,325 | 53.75] 36| 8.88{2,50: 940 |
1] B. THE MINERAL COMPOSITION OF THE MORE COMMOLT
FRUITS (mg/100g) EDISLE PORTION
f T = 1 T : :
! Ca | P ]Mg Fe Cu Ha K cx S .
| — _l —
| Banana 7.9 120,4 ;41.9 0,52 |0.24 |1,5 | 348 {79.8 |13.5
Grape 4,2 16,1 ' 5.2|0.43 10.09 |2.1 344 | 1.8 | 7.6 ,
-
Guava 230.0 146.2 |13.8]0.94 |0.32 |4.2 | 295 |52.4 | 8.7 ;
Lime j 122,0 |21.4 }12,3]0.37 |0.22 |7.2 | 184 | 4.9 |13.2 T
¥ e
Mango 11.4 113.8 [11.310.43 [0.31 {6.4 |192 |24.2 | - ;
! e o
| Orange 42.6 i24.8 |11.8|0,42 |0.08 (3,2 {201 | 3,1 | 9.3 |
e 1 .
| Pine Apple | 12.2 '10.2 [17.30.54 [0.00 2.1 |263 132.4 | 3.2 _
I 1 i . 1 1
. Pawpaw 178.4 |11.5 ! - 2,24 |0.22 | - = | I -
; e ol i e ! n | |
‘ By Oyenuga, V.A. and Fetuga, 3.L,
Extracted from: Topic G: llational Seminar on Fruits

and Vegetables, Ibadan, October, 1975.
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APPENDIX 7

CCMS_’%;TICII OF FOODG 400g EDIBLE PORTIQ

‘ - % | % S N
WATER |AGH Ca{u)_] P(Ilq_) Fe(mg) Na‘ggl K(mg)
|
Banana: Raw, t
common 75.7 10.8 8 26 0,7 1 370
% 92.4 0.6 12 26 0.7 2_| 214 |
ape fruit: Raw,
all varieties 88.4 (0,4 16 _16 0.4 b4 ;ggg_:
Plantain (baking o
banana) 66.4 10,9 7 30 0,7 t__5 385
Grepefruit juice: o
all varieties 90.0 |0.2 | _9 15 0.2 1 162 |
Cuavas: Raw, |
common L 83,0 (0,6 23 42 0.9 4 28% |
Orange juice:Raw ' |
varieties{all) 88.3 10.4 11 17 Q.2 1 200 |
Orange: Raw, all
varieties 86.0 10.6 41 20 0,4 1| 200
awpaw: Raw,
common, North
American type 76,6 [0.5 | - -~ - - -
Fapayas: Raw 8¢€.7 10.0 20 15 0.3 3 237 }
Fineapple: Raw 85.3 0.4 | 17 8 0.5 1 145 |
Pine apple juice, ! |
unsweetened 85,6 |0.4 | 15 9 | 0.3 i jade |
Tomatoes, green, ' 1
raw 93.0 |0.5 13 |27 0.5 _ 3 |24 |
Tomatoes, ripe, ’
raw 93.5 |0.5 13 | 27 0.5 3 244
Tomato juice, | i
canned 93.6 (1.1 7 18 0.9 200 | 227 !
Spinach: raw 90.7 (1.5 93 51 _3.% 71 470 |
lNewzealand Spi=
nach: raw 92,6 [1.8 58 46 2.6 159 Il 795
Source: Composition of foods - raw, processed, prepared by

Bernice K.Watt and Annabel L. Merril.

Agriculture

Handbook lio 8, United States Dept. of Agric,.,

Washington, D.C,, (1963 and 1975).
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APPEIIDIX 8

AVERAGE VALUZ. FOR MILK TALT COIGTITUENTS

CONSTITUENT

CQITEI'T II! WHOLE
MILI(mo/100m1)

NUMBER OF SAMPLES

Calcium
Magnesium
FPhosphorus
Sodium
Potassium
Chlorine

Sulphur

Citric acid l

-

123
12

95

119
30

160

FROM:

- —— -

824

759

829

307

g

FUIID/AMEITALS OF D IRY CIHEAISTRY By

B. H. WeLb and Johnso:i, A. H. p.17 (1965).
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AFPENDIX 9
|
SQME TRACE ELEMEIITS Il CCil's MILK (Hol ™)
BLEMEI'T | ﬁg%mimngrg COJ WITH SUPPLEMEIIT '
CF ELEME'T IIl RATION

Aluminium 460 810
Arsenic 50 i 450
Barium RQULLITLTIVE -
Boron 270 660
Chromium 15 -
Cobalt Ca% ! 2ot
Copper 130 { 110 INCREASE
Fluorine i =50 i -
iodine 43 UP TO 2700
Izron A50 1IC I1ICREASE
Lead o} -
Lithium QUALL . TATIVE “—-
lManganesec 22 ! 64
Molybdenum | 73 ! 371
liickel i 0 E 0
Rubidium i QUALITATIVE ! -——
Silicon E 1 ; -
Silver L ! -
Strontium n | -
Tin u ! -
Vanadium b ' —-—
Zinc 3,900 5,100

l

e el —

Source: FUMDLMENT/LS CF DEIRY CHEUIISTRKY Ey B.He Webb

and Johnson, A. H. pP.

19 (1965),
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APPEITRIX 10

SQGIE TRACE ELEMEITS 111 THE HUMAN BODY

PR

T

ELFTNT ppm AFFROIMATE AMCUMNT IH FOINCTICH
A T70-Kg MAM(mg)

Strontium 2.0 | 140 ULTKITOWIT
Copper 1.4 100 ESCOENTILL
Aluminium 1.4 100 COMNTAMIIIRIIT
Lead 1.1 80 "
Tin i 0.43 30 "
Iodine 0,43 30 ESSEITIAL
Cadnium Q.13 30 COITAMIIET
HMangalese 0.3 20 BESSENTILL
Vanadium +0.3 +20 ESSENTIAL? |
Barium 0.23 16 UIKITOWI | |
hLrxrsSenic < l.4 100 UNKMNOWT
fntimony 1.3 90 COMNEAMITIESTE
Lanthanum < 0.7 50 " |
Niobiumn <0.7 50 r i
Mickel < C,14 10 UL OWL T
Boron < 0.14 10 ESGEITIALY
Chromium < 0.0% 6 ESSENTILL
Rutheniun <« 0.09 6 COMNTAMYFAIT
Holybdenum F0.07 fod BESSEMTILL
Cobalt +0.04 +3 EGGENTYAL
Gold «0.01 1 CONTAMITLIT |
Silver <0.01 1 i :
Source: HAWK's PHYSIOLCGICAL CHEMISTRIY By

B. L. Oser, p.561 (1965).
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APPENDIX 11(a)

LIMITS COF DETECTABILITY BY ABSORFTIQI

FLAINE PHOTOMETRY :

| ELEMENT RESOHAIICE LIMIT OF 1 ‘-
LIIE (nm) DETECTABILITY (', ml)+ |
Antimony 231,1 1.5 ;
Barium 553,6 8,0
Bismuth 306.8 2
Cadmium 228,8,326.1 0.03,2
Calcium 422,7 0.08
Cesium 852,1 0.15
Ch¥romium 357.9,425.4 0.15,50 |
Copper 324,7 0.1 f
Gold 242,8,267 .6 0.3,2 }
Iron 248.3 0.1 |
Lezd 283,3 0.5 f
Lithium 670.8 0.03 i
Magnesium 285,.2 0.01 '
Manganese | 279,5,403.4 0.05,1.0 |
Mercury 253,7 10 f
Hickel 232,0,341,5 0.2,5 ?
Potassium 766,5 0.03 !
Rubidium 785.0 0.1 |
Silver 328.1,338,3 0.05,2 {
Sodium 539.0 0.03 f
Tir 266 ,3 5 i
Zinc 213,90 0,03 F
Source: See below + concentration givinco 1% absorption.
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APPEIDIZ 11(b)

a ~

EXCITATICN PCTENTIALS FOR SOME ELEMENTO

ELEMEITT é;E&TATICH POTEHNTILL({eV)
Potassium 1.61

Lithiun 1.85

Calcium 2,93
J.&‘LIlum:I.n:i.T\JAm 3.14

Iron 3.30

«opper ' 3.81
iI]'viagr'l.c_'s ium 4,34

Lead | . 4.37

SQURCE: (a) & (b) From Instrument&l Methods of
' Analysis by H, H. Willard, L. L. Merritt(Jr.)

and J. &, Dean, 4th ed. (1905}.
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