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ABSTRACT

The best source of protein is animal, but it is expensive
and not always within reach of the common man, In all developing
oountries, including Nigeria, cereals are still the main source
of plant protein, although the quantity and quality of these are
often low, Consequently, research has continued in search of
better alternative plant proteins,

Although there are locally available protein foods in
Nigeria, their widespread use is limited by the virtual lack of
adequate information on their chemical and biological values,

The present investigation was designed to detemmine the nutritional
values of the following locally available protein meeds: Parkia
clappertoniana (PC), Adansonia digitata (AD), Tairindus indica(TI),

and Pentaclethra mycrophylla (PM),

The results showed that the testas (T) had higher values of
moisture(10,80 4+ 0,03 % for PC, 7.66 + 0,15 % for AD, 9.52 + 13 % for
TI, 21,63 + 0.45 % for PM), carbohydrate (81.77 % for PC, 88,69 for
AD, B3.,75 for T1, and 68,04 for PM), nitrogen free extraots (53.10 %
for PC, 4,8.82% for AD, 60,51 for TI, and 55,06 for PN) and crude
fibre (28.67 % for PC, 39.80 for AD, 23.24 for TI and 12,97 for PL)
than their corresponding nuts (N) (Moisture Content: 7,5 4+ 0,01 for
PC, 5.18 4+ 0,02 for AD, 7.04 & 0.11 for AP, 5.59 &+ 0,02 for TI and
13.35 4+ 0,20 for PK); (Carbohydrate: 24.76 % for PC, 26,25 for AD, 75.05
for AP, 41,15 for TI and 8,36 for PM), (Nitrogen free extracts:

23,52 % for PC, 23.19 for AD, 66,94 for AP, 38,23 for TI, and 3.57 for
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PM,); and (erude fibre: 1,24 % for PC, 3,06 for AD, 8,95 for ADP,
2,92 far TI, and 4,79 for PM).

~ The nuts had higher levels of ash (4.19 + 0.31 % for PC,
5.53 + 0,18 for AD, 5.11 4+ 0.68 for AP, 2.45+0.14 for TI and 2,06 &
0.50 for PM); lipid (23.46 3+ 1.12% for PC, 24,66 + 2,60 for AD,
11,52 4 1,83 for ADP, 12,90 4+ 2,10 for TI and 52,09 + L.8 for PM);
arude protein (40.17 &+ 0,32 for PC, 38,38 + 0,00 for AD, 0.44 ¢ 0,02
for AIP,37.91 4+ 0,05 for TI and 24.14 3+ 0,02 for PM) jcalorific value
(470,86 calories for PC, 480.46 far AD, 409.10 for ADP, 432,34 for
TI and 598.81 for PM) and minerals (sodium: 0.03 % for PC, 0.04 for
AD, 0,02 for AP, 0,05 for TI, and 0,09 for PM), (potassium: 2,35 %
for PC, 2,96 for AD, 4,10 for AP, 1.41 for TI, and 1.2 for PM),
(caleium; 0,13 % for PC, 0,07 for AD, 0,09 for AP, 0,04 for TI and
0,05 for PN), (magnesium: 1,15 % for PC, 1.22 for AD,
0,30 for AP, 0,36 for TI, and 0,47 for PM), (phosphorus: 0,084 for
PC, 0.17 for AD, 0,02 for ADP, 0,06 for TI and 0,05 for PM), (iron
79.00 /1.5/5 for PC, 80,40 /.lg/g for AD, 96.50 for PP, 68,20 for
TI end 53,60 for PM), (copper: 1.65/ug/g for PC, 2.10 for AD, 1,63
far ADP, 1,52 for TI and 1.60 for PM), (zinc: 19.70 ug/g for PC,
27.70 for AD, 22,30 for ADP, 14.70 for TI and 17.70 for PM),
(manganese: 1.87/15/5 for PC, 1.30 for AD, 0,44 for ADP, 0,82 for
TI and 1,40 for PM) than their corresponding testas (ash ; 2,32 +
0,27% for PC, 1.80 + 0,18 for AD, 0,94 &+ 0.45 for TI and 1.91 £0.39

for PM); (lipid: 1.91 4+ 0,00% for PC, 1.62 + 0,01 for AD, 1,89 40,0
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for TI and 3,88 + 0,01 for PM), (erude protein; 3,20 4+ 0,04 %

for PC, 0,24 4 0,07 for AD, 3,90 + 0,01 for TI and 4.55 &+ 0,01

for PN), (calorific value: 357.07 calories for PC, 370,26 for AD,
367.61 for TI and 32%.2) for PM), and minerals (sodium: 0,06 %

for PC, 0,03 for AD, 0,02 for TI and 0,04 for PM), (potassium:
0.87% for PC, 1,17 for 4D, 0,07 for TI and 0,81 for PM), (calcium:
0,40% for PC, 0,04 for AD, 0,07 for TI and 0,07 for PM),
(magnesium; 0,36 % for PC, 0,32 for AD, 0,32 for TI and 0,10 for
PN), (phosphorus: all had the same value of 0,01 ), (iron: 67.00
/ug/g for PC, 57.70 for iD, 159,70 for TI and 66,70 for PN),

(copper: 1.20}15/5 for PC, 4.10 for AD, 1.02 for TI and 1,52 for

PM), (zine: 51;.?0/-)&/3 for PC, 9.47 for 1D, 17,00 for TI and 38,30
for PM), (manganese: 0.26/.:.5/3 for PC, 0.49 far AD, 12,50 for TI
and 1,80 for PK).

The higher values of fibre and carbohydrate in the testas
may be due to the fact that testa is mainly made up of cellulose
and lignin. These materials also tend to decrease the digesti-
bility of foods and feedingstuffs in which they occur, thereby
reducing their nutritional values, It was observed that Penta-
clethra mycrophylla had higher values of proximate composition than

Adansonia digitata, Parkia clappertoniana, or Tamarindus indica,

hLdansonia digitata had higher levels of minerals than parkia clapver-

toniana, Pentaclethre mycrophylla or Tamarindus indica.
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The values of proximnte composition obtained in the investigation
were slighdly higher than some literature values, Theasa differe-

nces mwight be attributed to tho effects of local soll conditions,

methods of analytical procedure, and plant species,

Further work on these sceds was suggested on the fermented states,
the condition in which they are nomrlly taken by humans, Wet di-~
gestion should be preferentially used in determining minerals

inorder to avoid the losszea due to volatilization,
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CHEMICAL ANALYSIS OF SOME LESSER KNOWN NIGERIAN SAVANNAH SEEDS
INT RODUCTION
1.1. BACKGROUND,

Nigeria has of now, an estimatian of well over eighty million
humans and an estimated one hundred and nine million livestock
{cattle, goats, sheep, donkeys, pigs, horses, ocamels and poultry) as
of 1964 {Oyenuga, 1968), For nearly two decades, and with increased
govarnmental enoouragement in food produotion, in recent years, the
livestock population must have undoubtedly more than doubled since
then,

Hoew to feed these teeming millions of men and animals is of
immense concern to every body. And yet, the problem seems more
compounded by the fact that most of the staple food for humans also
serve as livestock feeds, so that there exists a keen competition
betweon human and livestock needs for these scarce food items,

However, the basic problem appears to be that of in-adequate and
uﬁbalancedufeeding rather than the too muoch secarcity of the human

and livestock fecding stuff, PFor according tc Shaw and Golville

I' (1950), "the basic problem concerning any livestock irprovement in
Nigeria is not one in the first instance for the geneticist, but

for the sninal feeder, Tt is the nutrition of the existing breeds

of cattle, sheep and goats that has first to be put on a higher plane

before the geneticist and animal breeder can either select or improve”
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The need to search for altemative sources of plant nutrition and
how to improve thenm have been intensified.

Associated with in-adequate and unbalanced feeding is the
virtual lack of the nutritive oocopositional data of the many

varied protein sources indigenous to Nigeria, Among then are:

(1) Parkia Clappertoniana {Dorowa-jausa),

(ii) Adanscnia Digitata (Kuks - Hausa),

(1i1) Tamarindus Indica (Tsamiya -~ Hausa),

all of whish are sceds of the Savannah vegetation, and coumon
to the northermn States of Nigeria, and
(1v) Pentaclethra Mycrophylla (Ugba ~ Ibo),
an oil seed comnonest in the Southern parts of Nigeria, What is
needsd therefore, is an investigation of their nutritional and
chemical composition, so that they could be incorporsted into foods

for humans and livestock.

1.2. JUSTIFLGATION

Most of the proteinous human and animal feeds avallable in
the oountry are either imported or are formulated within but partly
from imported ingredients, This situation, not only causes the

soarcity of these camercial feeds in must parts of the year, but

- also most importantly fritters away the much needed foreign exchanged

whioch ¢ould have been plunged into more pro-:ing developmental projects.

This makes it more imperative to either improve, formulate or oven
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discover other nutritional alternatives, Scme of these seeds
common to Nigeria, could be used as protein concentrates,.
because they are rich in protein, They might, in ccmbination with
the ocorrect ¢arbohydrate, provide good sources of human and live-
stock feeding-stuffs,
1.5, QBIRCTIVES

This investigation was designed (i) to estimatae £ha nutritionsl
snd chemioal composition of some of these lesser imown Nigerian seeds,
{ii) to discover the difference in chemical and nutritional composi-
tion between the nuts and testas (iii) to compare the different
methods of mineral detemmination, sach as, dry ashing and wet ashing,
and (iv] to be able, probably;:ecomand z more practicable method of

analysis, under our prevailing local conditions,

Seeds of Parkis Clappertoniana, Adansonis Digitata, Tamarindus

- Indica and Penbaclethra Myerophylla, all lecally available, will be
., analysed for their proximete (bulk) composition and mineral contents,
The results obtained will be compared with the few data given in the

literature on similar seeds in Nigeria and else where,
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1.4. LITERATURE REVIEW

1.4.1. PROXIMATE COMPOSITION

144,14, XOISTULE CONTENT

Moisture determination is one of the most important and
most widely used measurements in the processing and testing of
foods (Makower, 1950), Since the amount of dry matter in a food
is inversely related to the amount of moisture it contains,
moisture content therefore becomes of direct economic importa-
nce to the processor as well as the consumer, Of even greater
significance, however, is the effect of moisture on the stability
and quality of foods, For example, grains that contain too much
water are subject to rapid deterioration from mould growth,
heating, insect-damcge and sprouting (Martens and Hlynka, 1965).

Small differences in moisture content may be responsible
for the unexpected cases of apoilage in commercially stored
grains (Christenson and Linko, 1963), The rate of browning in
dehydrated vegetable and fruits or oxygen absorption by egg pow-
ders increases with an inecrease in moisture content, Hence
moisture detemination is inportant in many industrial problems,
We must know the moisture content, and sometimes its distribution,
for optimum processing of foods, like in the milling of cereals,
mixing of dough to optimum consistency, and for producing bread
with the beat grain texture and freshness retention, Most
importantly, moisture content must be known in detemmining the

nutrient value of foods, so that results in analytical detemimation.
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¢an be expressed on a uniform basis and in mecting compositional
atandeards cr laws, '

And finaliy, it is often deairsble to weigh out samples for
anelytical determinations on & given moisture basis, and this is
specially important if the measured analytical parsmeter doss not
vary in & linear or simple manner with an increase in dry oatter
content.

The rapid and accurate determination of water in foods espe-
cially thoss varying so widely in texture, overall composition
and moisture content, continues to pregant pmany problems. Many
workers have therefore stressed the cosplexity of analybical
prooedures for the determination of water in focds, Makower (1950)
pointed out that though the literature is replete with methods
of moisture determination,we have no methods that are both accurate
and practical, According to Matchett and von Lock Loesecke (1953),
accurate, rapid and simple method of moisture determinaticn appli-
cable to all types of food materials are continously sought, but
it seems doubtful that such a goal will ever be attained,

In practice, the guiding principle has been to prefer the
method that gives the highest value for the moisture content, provi-
ded that decomposition of organic components and volatilization of

.o’chers are negligible, or that such losses can be compepsated by in-
complete removal, and under fixed experimental conditions, of

strongly bound water (Hlynks and Robinson, 1954) . Generally, the
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the réprodu::ibili’cy and practicability of a method (simplicity,
convinience of apparatus and rapdity} have been the important
factors in the aclection of nn analytieal method for water deter-
mination, Less emphasis is placed on the accuracy of water
detemnination more than the extent that it is significant in
establishing conditions that govern food stability,
The usefulneds and validity of simple and rapid moisture
deteminations depends on their calibration against standard and
accurate reference methods,
The difficulties invelved in developing the reference methods
can best be understood by cansidering the manner in which water
is held by various food camponents,

140t 4.1, Some Basic Considerations

The nature of the foreces between water and the component sub-

" gtances of foods was reviewed by Ward (41963); and Hemm (1963).

*  Water may ocour in foods in at least threz forus,

(a) A certain amount may be present as free water in the
intergranulay spaces and within the pores of the material.
Such water ytains its usual physical proporties and serves
o as a di spersing agent for the ¢olleidal substances and as
a solvent for the crystalline compounds ,
(b) Part of the water may be absorbed on the surface of the
macramolecular colloids (starches, pectins, cellulose and

proteins), This water is closely associated with the
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absorbing macromolacules by forces of absorption attributatedto
Van der Waals forcea or to hydrogen bond formetion and

(c) Some of the water is in a bound form-in combination with

. various substances, that is, as water of hydration,

Though convinient, the above classification is arbitrary.
Attempts to determine quantitatively, the amounts of various forms
of water in foods have been unsuccezsful as a result of the conti-
' nous spectrum of the isotherm of all types of water binding in
foods, Conseguently, tee terms Free, Aibsorbed and Bound are
relative and as the true moisture content is not known, the condi-
tions selected for moisture determination are arbitrary,

1ol o1.2. Methods for the determination of moisturs

Methods for the determination of moisture can be divided
intos (1) Drying methods, (2) Distillation procedures, (3) Chemical
Assays and (4) Physisal procedures. OF sll the methods, the drying
method will be adopted in this work in acocordance with the principle
of simplicity, convinienoe and availability of apparatus, Drying
methods are additionally, relatively rapid and permit the simultanccus
analysis of large numbers of samples and thus they continue to be the
preferred procedure by many food analyatks., In the drying methods, the
Adlr-oven drying method is adopted and wlll only be desoribed in the
appropriate chapter., The procedure for determining the moisture
content speeified in food standards generally involves thermal

drying methods,
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The mate r ial is heated under carefully specified conditions
and the loss of weight is taken as a measure of the moisture con-
tent of the sample, Consequently, the determination of moisture
from the loss of weight due to heating necessarily involves an
empirical choice of the type of oven and temperature and length of
time of drying - hence the values obtained for moisture depend on
the arbitrarily selected o:.:nditiona, so that some of the methods
therefore merely provide approximate rather than accurate moisture
values, In an ideal procedure for the determination of water,
weight losses should result from guantitative and rapid volatili-
zation of water only, The rmte at which water moisture can be re-
moved from the surface of a solid ph#az is a function of the water
vapour pressure and of the drying temperature, Water can therefare
be determined at any temperature provided the partial vapour prea-
sure in the air above the solid phase is lower than the vapour
pressure of the water in the sample, Thus we can have thermal
drying below the freezing point of water as in }yophilization.
For accurate noisture measurements, the tendency is to dry
the foods at the lowest possible temperatures, Practical consider-
ations dictate that temperatures should be selected at which the
decamposition of organic compounds is minimised, and yet the time
required for guantitative drying at the selected temperature not

unduely prolonged,
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1ot o103, PFactors affecting the Pregision of Moisture

Measurcments by Air Drying,

According to Koster (1934), and Oxley and Pixton (1961), the
accuracy of molsture determination is affected by (1) the drying
temperature, (2) temperature and relative humidity and air movement
of the drying chambex, (3) Vacaum in the chamber, (4} depth and
particle size of sample,(5) drying oven construction and (6) the
number and position of the samples in the oven, Egually, the nature
and geometry of the sample holder alsc influencss molsture deter—
mination, Guilbot {19%5) emphasized that the surface of the
material being dried and the rate of diffusion of water vapour in
the drying substanse also affeots the results of water measurcments,
Rosults therefore show that the rate of evaporation was higher in
aluninium than in glass or porcelain dishes, higher in vaeuum than
in steam ovens, and higher in shallow than in deep dishes, The rate
of heat supply to the botiom of the dish was the most important
factor,

1ty Sources of Error in Dry Oven Molsture Determina-

tion.

Hlynks and RHobinson (1954) listed the general sources of error
in the determination of moisture, They inolude sampling errors (of
the bulk lot or at laboratory subsampling stage), moisture change
during subscguent storage of the samples, loss of moisture to or
gein of moisture from the alr, may take place, if the material for

moisture detemination must be ground,
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1pe1 2. A _AND ORGANIC MATTELR CONTENT S

The Ash of a biological material is an analytical temm for
the inorganic residue that remains after the inceneration of the
organic matter. Its content and composition depend on the nature
of the food ignited and on the method of ashing, The ash is not
usually the same as t he inorganic matter present in the original
food since there may be losses due to the yolatilization or chemical
jnteraction between the oonstituents., The value is useful in asses-
sing the quality of or grading certain edible materials; it is a
peasure of the mineral content of the sample.

Ash in foods is determined by weighing the dry mineral residue
of organic pmaterials heated at elevated tempemturo—-around 5500(‘.
the details of which will be described in the next chapter.

The form of the mineral constituent jn ash differs consider-
ably fram the forn of those ccoponents in the original food. Thus
calouim oxalates mre converted into carbopates and upon further
ashing, to oxides. Some minerals, linked to biologicallly active
3 ysters,are converted to inorganic camponent s, yot the total mineral
component is a useful analytical parameter; and dry ashing is used
prior to elemental analysis.

In dry ashing, the selaction of ashing dishes (cruciblas)
depends on the nature of the food to be analysed and on the analyses

to be performed on the ash,



The materials used include quartz, vycor, Porgelain, steel,
nickel, platinum and a gold-platinum allcy, Silica dlshes are
very commonly used too. Quartg dishes smooth on the inside are
resistant to halogena, neutral sclutions and acids (except hydrogen
fluoride and phosphoric acid) at most concentrations and temperature,
Resistance to alkall is relatively poor, The crucibles are stable
at high temperatures (up to 11000(.‘-, for routine work) and oan be
oleaned with hot dilute hydrochleric acid, Porcelain crucibles
resemble gquartz in physical and chamical proporties and have even
a higher temperatures resistance, are easily washed with dilute
acids, have a good weight constancy and low price, but they are
liable to alkali asttack snd erack with sudden high temperature
changes, Steel is sometimes used in ashing large samples and
.nickel crucibles are least used as they eaaily deteriorate
due to nickel carbonyl formation in reducing atmospheres,

Platinum is the best~but is still not used besause of its
very high price-~for normal routine work, They have a high melting
point (1?7}00) , good heat conductivity and high chemical innert-
ness, But they can corrode, and asz I:;‘é}li, should ony be touched with
platinum-tipped tongs and placed after ashing on clean porcelain
asbestus, or marble surfaces, Silica dishea combine most of the
grod gualities of the platinum but has the added advantage of cheap-
ness and less delicacy.

For total ash determinations, where recovery and determination
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of the individual metals iz not necessary, ashing in porselain
crucibles and at temperature ranging from 400°C to 700°C but most
commonly arcund 550°C, is satisfactory, But if the ash component
are to be determined, the biological material that is to be ashed
and the elements that are to be detemined must be considered in-
dividually as different metals prefer different crucibles, Generally,
a fumace with a rheostat for temperature control is used for most
routine work,

If prolenged ashing fuils to give a carbon- free ash, the
residue should be moistured, dried and reheated, untii a white-gray
ash remains, In some cases, it may be necessary to dissolve the ash
in a small amount of water, filter the carbon containing residue
through a sasmall low-ash filter paper, dry the two parts and ash
agparately,

If water fails to break up the material the residue may be troatad
with & few drops of hydrogen pegoxide,nitric acid and/or sulphuric
aeid; but in the latter cases, the camposition of the ash is ochanged,

and special precaution should be taken %o report the correct type

L of ash,

The method has many advooates and attractive beoanss many
sauples can readily be handled and reagent blanks are generally low,
So that it is advantagecus for trace element work,

Nevertheless, dry ashing for the destrustion of organic matter

prior to the determination of trace slements is not used extensively,
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because it is generelly believed that losses occur frem volatilizatipn.
Aocording to Lyneh (1954), dry ashing, is the most satisfactory method
if no losses ocour at temperatures up to 50000.

The literature contains, contradioctions regsarding alleged
losses mainly because the factors controlling the volatilization and
retention mechanisms which lead to low recoveries are not always
assessed, The most important factors include the temperature and
time of ignition, the composition of the sample and the nature and
composition of the crucible, All non-metals are potentially subject

to volatilization., The method cannot be used for Arsenic and

. meroury; its usefulness for lead is uncertain, Irc: can scmetimes

be troublesame owing to the difficulty of getting the mgtal into
solution after ashing is completed. )
Thiers {1957), sumnarized reported losses during dry ashing
(Table 1), Most of the losses can be minimised at least if proper
ashing conditicns are uwsed~such as ashing at minimum temperature

required to ensure a reasonably camplete cambusztlion,

Table 1,: _Summary of losses reported during Dry Ashing*

Metal Conditions
Copper: Volatilizes as phorphyrin compounds when petroleum

samples are burned, Volatilizes from vinegar, possibly
as copper acetate at low temperatures,

Reduces t0 metal whioh is not dissolved by hydrochlorie
acid,
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Table 1: Cont‘d’,, Conditions

Iron; Volakilizes as ferric chloride at 45000. Volatilizes
as phorphyrin compounds when petroleum samples are
burned, When materials with a nigh phorphorus~to-
iron ratic are ashed, an unidentified compound is
formed which resists solution or hydrolysis, caus—
ing low results, _

Phosphorus: Volatiliges, pressunably as cne of the oxy acids,
especially when sulphate 1s present, exvept in the

presence of excess magnesium,

[u]
Zine: Volatilizes, pressumably as the chloride, above 45 C.

L]

* Prom Pomerauz et al: Pood Annlysis; Theory and Practice, P,558

introducing samples into the muffle furnace cold and the tewperature
allowed to rise gradually; using oxidative additives sush as nitric
acid (to facilitate oxidation) or megnasium nitrete (to raise base
status), should be cut to a minimum, Losses by retention have long
been suspect and are usually attributed to the formation of complex
ailicates, This may arise through caubination with the milioca wall
of the cruecitle, if silica crucibles are used end for the silaceous
residue of the sample itself. Trace elements, particularly gopper
and ginec together with manganese and iron are the most likely to be

_ affected,
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It is therefare evident that in spite of ita advantages and
apparent simplicity, dry ashing cannot be universally recommended
for solution preparation, and the choice will be governed by the
elements required and the type' of materials to be used,

1 Jeol 3. LIPID CONTENT

The tem lipid is used to detote fats and fatlike substances,
and is synonymous with the terms lipoids or lipins used in earlier
ﬁteratwe. They are usually defined as food camponents that are
insoluble in water and that are soluble in fat golvents, Lipids cean
also be defined as chemionl constituents of living organisms or aAre
derived from such constituent s, and most commonly possess fatty
acids as part of their noity - which fact greatly arouses interest
in fats and oils, In this work, the terms lipids, fats and oils
are used inter-changeably to dencte one and the same camponent,

1ol o301, Uses of LIPIDS

Lipids have at least three important uses in foods:=
Culinary, Physiological and Nutritional,

Phe ability of lipids to carry cdours and flavours, and their
contribution to palatability of meats, tendermess of baked products,
end richness and texture of i0e creams Are examples of the first
iind, As liplds serve as 2 conveniemzez?smpid heat transfer, they
have found increasing use in commercial frying operetions. Dietary

lipids represent the most eonradt chemical energy aveailable to man.

They contain twice the caloric value of an aquivalent weight of sugar,
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In the azcond place, lipids are essentially vital to the
structure of and biologleal function of cells, Dietary lipids
provide the casential linoleic acid which has both a funetianal
and stmuctural role in animel tissue,
Thirdly, lipids are carriers of the nutritionally essentdeal
fat~scluble vitanins,

1.4.1.3.2, SOLVENT EXTLRACTION OF LIPIDS

As indicated, lipids are characterised by their sparing
solubility in weter and their considerable sclubility in organiec
solvents-physical properties which reflect their hydrophobio,
hydrocarbon naoture, In practice, the wide rmnge of relative pola-
rities of lipids, as a result of their various structures, makes
the salection of = single universal solvent impossible, Successful
extraction requ’:ces that bonds between lipids and other compounds

be broken so that the lipids are freed and sclubilized,. and
generally such solublility is attalned when polarities of the
lipid and the solvent are similar - and this is the guliding
principle in the choice of sclvents for extraction,

1 04-1 03030 H‘_@_‘&I{HIG_N_“OF SA}@LE FUR EXPI{AGTION

There is no single stondard method for lipid extraction,

IThe nethod used depends on the type of analysed material and the
neture of the subsequent analytienl problem. Thus extraction of
lipids from wilk is relatively simple compared to the extrection
of lipids from plants or animal tissue - as these require fragmenta-

tion such as mechaniecal grinding, sonic disintegration, homogenization
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or campression-decampression, During these stepa, it is Important
that the chemical, physical and enzymatic degradation of lipids
are kept to a minimum and this ia usually accompiished by the
control of temperature, chemical environment and time of exposurs
of the material to each solvent.

Por best results, and especially if the extracted lipids
are to be characterized, the following requirements must be met:
{1) A1l procedures must be carried out in an atmosphere of
nitrogan, The tissue should be removed fram the source and sub-
divided as soon as possible., Heating should be minimised, The |
extract should be purdfied to ramove non-lipid components and the
purified lipids should be stored under conditions that minimize al-
teration,

The moisture content of the material to be extracted is an |
important factor, Only part of the lipid can be extracted with
ether if the material is moist as the solvent cannot penetrete the
tissues and the extractant becomes saturated with weter and ineffi-
clent for lipid extraction, ©On the other hand, drying at elevated
temperatures is undesirable as some 1lipids beeome bound to proteins
and carbohydrates and are thus rendered inextractable, The extrace
tion of dry materials depends on particle size and consequently
efficient grinding is important. The classieal method of determin-
ing fats in oil seeds invelves extracting the ground seeds with a

selected solvent after repeated grinding in a mortar with sand,
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while soft materials are grated in a grating mill without expressing
oil during the grinding. To promote rapid éxtraction, the solvent
and sample could be pfemimd't'bgether in a high speed blendor, whose
cutting device further reduces the particle size thereby actelerating
' é*f-motion.

(2) The solvent(s) used nust be percxide-free and must be used in the
proper solute-solvent ratio,

Aobato3ule  SOLVENDS USED FOR EXTRAGTION

Bthyl and petroleum ether are the coumonest solvents, but thers
is a growing tendenoy to prefer petrocleum ether because it is more
selootive towards true lipids, Ethyl, however is = better solvent for
fats than petroleun ather as it dissolves all forms of fats including
oxidised lipids. I% has however several disadvantages; it is more
expensive; there is danger of explosion and fire hazards are scne-
what greater; and it pioks water during extraction and even dissolves
non-1ipid materials like sugary Again, dried ather tends to form
peroxides, So that cowbination or altemate extraction with ethil and
petroleum ather are used often in extraction of lipid from dairy
products, Mixtures of nleohol and other or alcohol and asetone are sini-

7 larly employved as 1ipid extmetion solvents,

101,35, APPARDIUS USED FOR EXTRACTION
Direct extraction is of‘ten carried out in a Soxhlet type
extractor, The semple in o thimble (whioh is made from filter paper

or alundum) covered with defatted (by soaking in ether) cotton wocl
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to prevent small particles from finding their way into the flask,

is placed in the niddle part of the apparatus, The flask is

filled with solvent to a convinient level; the three parts of the
apparatus are thereafter assembled; the condenser attached to a tap;
and the heating of the solvent in the flask started, The candensing
vapours fill the niddle part containing the sample and carry the
dissolved lipid into the flask by a siphoning actim each tine the
height of the siphon is attained, The process is continously rep=-
eated until extraction is exhausted and the apparatus disconnected,
the solvent fron the weighed or tared flask is evaporated and the
weight increases (due to the 1ipid) calculated, Though other modi~-
fications of this process abound in the literature, the above method
will be used in this work,

Aol oh. PROTEIN AND AMINO ACID CONTENT S

The problem of providing adequate protein for an expanding
world population is second only to the overall food problen,
Apart froo their nutritional significance, proteins play a large part
in the orgmmoleptio properties in foods (Rhodes 1973; Schultz and
Anglemier 196)) . Proteins exert a controlling influence on the texture
of foods fran animal sources, Proteins often occur in foods in physi-
cal or chemionl combination with carbohydrates or lipids, The glyco-
proteins and the lipo-proteins affect the rheological properties of
food solutions or have technical applications as edible emulsifiers.

The ageing of meat is associated with the chemical chaAnges in the
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protein (Whitaker, 1959). Pure native proteins have little fl&vour,
During heating (boiling, baking, roasting) the Amino acid side
chains are degraded or interact with other food compcnents like
lysine and reducing sugars and give typical flavours (Danehy and
Pigman, 1951) ., Excessive heating may on the other hand reduce
nutritive value (Rice and Beuk, 1953).

The food analyst most commonly wishes to know the total protein
content of a food, eventhough that content is made up of a complex
mixture of proteins, At the moment, all methods, of determining
the total protein content of foods are empirical in nature. Isola-
tion and direct weighing of the protein would provide an absolute
method, Such a method i8 sometimes used in Biochemical investign-
tions, but is completely impractical for food analysis,

Vohot okot s AMINO ACIDS

The primary nutritional importance of proteins is as a source
of amino acids, Twenty four smino acids are generally thought to
be constituents of proteins, Sume amino acids are essaentisl to good
physical and mental health, Of the amino acids in food, eight are
known to be essential to man, that is, they must be supplied in the
diet to maintain health and growth, These proteins are:

Lysine, Tryptophan, Phenylalanine, Methionine, Threonine, LeuJine,
Isoleusine and Valine, Proteins fran some plant sources like cereal
greins are deficient in certain amino acids like Lysine, Deficient

proteins must be combined with those from other sources to provide
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an adequate balance of the .essential amino acids, Such a balance
oan be accauplished by o caubinatian of wheat flour with dry skim
nilk or soya flour which have high peorcentages of the eight esasn-
tial amince aecias,

4 4.1 4.2, TOTAL PROTEIN CONTENT

The most common procedure for a protein aasay depends on
determining a specific element or group in the protein and calcula~
ting the protein content by using an experimentally established
factor, Methods based on the analysis for constituents of proteins
include those, for determining carbon or nitrogen, certain amino
aeids or the peptide linkage. In some proteins, certain constituents
{iron in haemoglobin, iodine in thyroglobulin) oan serve as a basis
- for protin assay., In all the above methods it is assumed thet the
constituent determined is present entirely in the protein fraction,
Phus any non-protein carbon~containing matter must be removed, if
the protein content is to be determined from the earbon content,
Similarly if the Kjeldahl's method is used, protein-nitrogen only

practice
should be measured, The conmorz of eatimating the protein oontent
of foods fram the tobal nitrogen assay, is therefare, not always
sorrect. The presence of non-protein-nitrogen copounds is as a
rule genernlly amall compared to the protein content of most sound

fodds,



- 22 -

1ehot ol o5, ELEMENTARY ANALYSIS

Carbon analysis has several advantages for detemining the
protein content af foods, The digestion can be accomplished
easier than for a nitrogen determination, and high percentage of
carbon minimizes experimental efrors and provides a relatively
constant conversion factor, However, the difficulty of a complete
and quantitative separation of protein from non protein carbon-
containing components is practically unsurmountable,

And so, a nitrogen detemmination for a protein assay is tbe
most commonly used procedure, It is generally assumed that a
mixture of pure proteins will contain 16 # of nitrogen, Thus the
protein content of a sample 1s obtained by multiplying the deter-
mined nitrogen by a factor of 6,25, which was obtained by dividing
one hundred by sixteen,

For the approximate analysis of foods containing an unknown
distribution of proteins of unknown composition, this is a practical
and widely accepted procedure, Much confusien has resulted in
reporting protein content: Protein: levels above 100 % in pure or
highly concentrated protein fractions, and differences among
laboratories originating fram the use of various conversion factars,
Much of the confusion could be eliminated by reporting the nitrogen
rather than the calculated protein content, But the food industry
and trade will probably be reluctant to make such a change and will

continue to repart the calculated protein content, Yet, the
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inherent limitation of the procedure must be realised; the results
are affected by non-protein nitrogen, the nitrogen content of a
particular protein mixture is seldon Imown precisely, and the methods
of nitrogen determination are wrought with some difficulties, For
practical purposes, unless shown to the contrary, the eff'ects of
non-protaein nitrogen can be assumed of little conaeéuence. The
geneml factor of 6,25 is used for most fooda, For these foods in
which the protein is known to differ fram this figure, the speoifio
figures for converting nitrogen to protein are as given in table II,

Table II: Nitrogen-Protein Conversion Factorge

. Factor for Converting
Food Type Nitrogen to Protein

Egg 6,68
Milk 6,38
Rice 5.95
Barlay, oats and Rye, wheat (whole kernel) 5.83
Soy beans 5.7
Wheat flour, refine and other cereals 5,70
Gelatin 555
Peanuts, Brazilnuts 5.46
Nuts and other seeds 5.30
Alpcada 5.18

*Compiled fram;
(1) Pomerans et pl; Food Analysis: Theory and Practice,

Revised Edition P,672, and

{2) Wood-Tsuen Wu Leung (Bditor), Food Composition Table for

Use in Africa P.4.
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The availability of better methods for protein isolation and
characterization including amino acid camposition provides the
basis for a continous reexamination of the conversion factors
(Tkachuk, 1966), Although extremes in nitrogen content range from
4.2 % in beta lipo proteins to 30 % in protamines, most foods con-
tain about 16 % nitrogen,

1obat ook, Kjeldahl Method

The Danish investigatar, Kjeldahl worked out in 1883, a method
for the determination of organic nitrogen in his studies on ppotein
changes in grain used in the brewing industry, Since the first
publication of kjeldahl, the method has undergone many changes,

Basieally, the sample is heated in Sulphuric acid and digested
till the ocarbon and hydrogen are oxidised, and the protein-nitrogen
is reduced and transformed into ammenium sulphate, Then concentrated
Sodium hydroxide is added and the digest heated to drive off the
liberated ammonia into a known volume of a standard acid asolution,
The unreacted ascid is determined and the results are transformed, by
calculation; into a percentage of protein in the original sample,

Kjeldahl had originally used potassium permanganate for the
oxidation, but this wes discontinued as the results were unsatisfac-
tory. In 1885, Wilforth found that a digestion with sulphuric acid
was accelerated by adding some ocatalysts, Gunning in 1889 suggested

adding Potassium sulphate to raise the boiling point of the digestion
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mixture inorder to shorten the reaction time, The test has there-
fore genernlly come to be known as the Kjeldahl-Wilforth~Gunning
method,

Various factors are known to influence the campleteness and
speed of the conversion of protein-nitrogen into amuonia by the
sulphuric acid digestion, Thus, in some proteins, it is more
difficult to convert the organic nitrogen to ammonia, Histidine
and Tryptophan-rich protein, generally require long or harsh
digestion conditions,

Excessive ratics of potassium or sidium sulphate (added to
raise the boiling point) to acid may result in heat decomposition
and the loss of ammonina,

Generally, digestion temperatures of 3700 to 1A o°c are best,

Nearly all of the likely elements of the Periodic Table have been tried
for their effect on Kjeldahl digestion, Mexrcury, oopper and
seleniun have been widely employed, Mercury is superior to copper,
though an additional step is required, precipitation of mercury with
sodium thiosulphate to decaupose the mercury-ammonia complex formed
during digestion, The most controversial catalyst is selenium,

It has a more rapid effect than mercury, and unlike mercury, it
requires no further treatment before distillation, Nevertheless,
loas of nitrogen can occur if too much selenium is used or the diges-
tion temperature is not carefully controlled; the conditions are

nore oritical than with mercury or sopper,
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8o that, a campromise catalyst mixture, consisting of 160 grams
anhydrcus potassium sulphate, 10 grams copper sulphate pemtahydrate,
and 3 grams selenium powder is now widely used, The bordic acid
neodification is accurate and has the advantage that only one stand-
ard solution (of titrating acid) is required, Neither the amount
nor the concentration of borie acid in the receiwming bottle need
be precise, The Kjeldahl=Wilforth-Gunning method will be preferred
in this work,
1okl 5. CARBOHYDRATE QONTENT

Carbohydrates are the most abundant and widely distributed
food eamponent, The termn ocarbohydrate embraces a broad spectrum of
campounds ranging fran simple mono-and di-saccharides to complex
polywnccharides, In addition to their nutritional and metabolic
function, carbohydmtes are important as natural sweetness, raw
materials far various fementation products, ineluding alecoholic
beverages, In food gomposition tables, the most common approach to
determine carbohydrate content is usually given as 'Total Carbohy-
drate' by'difference' that is, the sum of the percentage of water,
ordde protein, fat and ash subtracted fram hundred, Ancther widely
used term is 'Nitrogen-free Extranct' calculated by deducting the sunm
of the percentage of water, orude protein, crude fat, crude fibre
and minerals (ash) from one hundred.
The inoreasing awareness that specific carbohydrates play significant

metabolic and functional roles, ~nd the availability of analytical
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tools to detemmine individual components aroused interest in invest’
gations on theﬁ distribution in many foods. However, in this work,

we are only donoerned with the total carbohydrate and despite objec~
tions (like vulnerability to the inacuracies associated with the
determination of the other constituents, negligence of other minor
components such as lignin which may be present, and froo the nutritiona’
point of view, not differentiating between carbohydrates that are
available to man and those that are not) to the use of the difference
method, it is going to be emp loyed here,

A Jisd .6 CRUDE FIBRE CONTENT,

Crude Fibre is the organic residue whick. ramains after the
paterial has been treated under standardised conditions with light
petroleum, boiling dilute sulphuric acid, boiling dilute sodium hydro
xide solution, dilute hydrochloric acid, aloohol and ether, The crude
fibre includes, theoretically, materials that are indigestible in the
human and animal organism., Iv consists largely of sellulose togeti..®
with a little lignin, Crude fibre deteminations are greatly affected
by manipulations and procedures. Particla size is very important ;
the finer the material is ground, the lower the determined crude
fibre content, Also apparent crude fibre is lowered by defatting,
though the low lipid content of some foods (white flour) affects the
results little, The rate of heating to the boiling point and the

rate of boiling must be controlled., Filtering after each digestion



- 28 -

must be cagpleted within a given time, Delays in filtering after
acid or alkali digestion genermlly lower results,

In gemeral, the outer protective coatings of many foods
contain considerably more fibre than the softer, mare edible inner
tissues, The fibre figure can be employed therefore for assessing
the proportion of shell which is present in foods such as cocoa and
pepper, Similarly the fibre figure is of walue in caleunlating the
amount of the shells of nuts, the stones of fruits and saw dust
which may be present in foods, as all these adulterants have a
high fibre content, A8 the fibre content increasass with age in
plants, the figure may also be of value in nssessing the maturity
of legumes, The digestibility of " ~Aine =+ 2f8x st on dnawanie
with the fibre content., Though the crude fibre is a mixture of
cellulosic materials and does not represent any specific campound
or group of compounds, yet the orude fibre is a us-“ul parameter
in food and feed analyses. Grude fibre is comonly used as an index
of the feeding value of poultry and stock feeds; seeds high in crude
fibre content are low in nutritional value,

The Weende cethod for the detemination of crude fibre will be

adopted in this work,



=¥

1441,7. CALORIFIC VALUE,

The calorific value of food is the amount of energy it
contains. It is calculated, usually, fran the amounts of protein,
fat and available carbohydmte that it contains, these amounts
being derived from appropriate methodspreviously described, The
anounts of protein fat and carbohydmtes are then multiplied by
factors representing the number of kilocalories produced by one
gran of the material in the body, The sun of these gives the
Calorific value of the food, According to Oyenuga (1968), these
factors are; Protein 4,0, Fat 9,0 and Carbohydrate 4,0.

Energy consumption by the body is related both to heat energy
associated with basic body function ang temperature and mechanical
energy associated with the movement of organs and limbs,

The energy value of foods is measured in kilocalories ( 1 kilocalo-
ries = 4,18 kilojoiilgs), Even when at rest, the human body needs
energy., The amount rogquired has been determined experimentaly to
be about ono kilocalorie per kilogram of body weight per hour or
1500-2000 kilo calories per day, However, this varies with an
individuals metabolism and may be as low as 1200 kilo~-calories or
as high as 2200 kilocalories, Thus a large part of hunan energy
consunption via food is used just for maintaining essential life
processes and body temperature, Over and above satisfying the

basic energy requireounts of the resting body, we need cxtra energy
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to be eble to carry out the novements nssocinted with our daily
Jjobs and lieswre aativities,

When the body derives cnergy frou food, it is less than the
amount of energy produced when the food is burnt (coaupletely
oxidised) in a calorimetry., This is because the caloric-producing
nutrients, which are mainly protein, fat and carboydrate, are not
completely digested, nbsorbed or oxidised to yield energy in the
body., Thus in a calorimetry, the protein is campletely converted
into carbon dioxide ammonia, oxides of nitrogen and sulphur and
water and yields §.,6 kilo-calories per gram, but in the body, the
amount of energy available is only 4 kilocalories per gram,
Similarly, the Calorific values for fat and starch as measured by
phyaical techniques are 9.4 and 4.2 kilocalories per gram respecti-
vely, but the physiological values are 9,0 and 4,0 kilocalories per
gram respectively, Allowances are therefore made for this when
calculating the calorific value of foods,

Since no two foods and no two people are exactly the same, the
physiological correction factors are based on averagesand do not
have the same accuracy as t he values for protein, fat and carbohy-
drate found by chemical means, This has resulted in mpany sets of
conversion factors being derived by different warkers in the field,
though using different experimental approaches to the problem,
Another camplicating factor is the"availability"of calories in

certain food ingridients, that is, there is often a difference
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betwesn the number of calories that a diet would provide were the
protein, fat and oorbohydrate in it completely digested and the -
nubar of calories that it does 4Anfact provide, This is mainly
due to the socalled "unavailable earbohydrate” which are naturally
contained in plant food, The calculation of calorific wvalue is
thus, not straight¢ forward, and thepe is no clear cut answer to it,
It is however important to have a consistent approach to the inter-
pretation of data and for the analyst to state the baals of his
oziculation,

12, MINEBALS,

All forms of living matter require many minerals for their
lif'e processes,

And as if to confimm this, virtually all the elements of the
Periodic Table have been found in living cells, even though not all
are essential to life, The study of mineral nutrition is ocomplex
and like the proteins, fats, carbohydrates etc, the minerals do not
function independently but are inter-related and balanced against
one another, For example, enlcium and phosphorug are in 2 defined
relationship in the formation of bones and teeth, Sodium, Potassium,
Magnesium, Phosphate, and chloride ions serve individual and collso-
tive purposes in the control of body fluids, Many elements act alone
or in conjuetion with others as catalysta for essential enzymic

processes in the body.
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The animal body requires seven minerals in relatively large
(gram) anmounts, These are: Caleiun, sodium, magnesium, potassium,
phosphorus, ehlorine and sulphur, and at least seven others in trace
amounts and these are:- Cobolt, eopper, iodine, iron, nangnese
mclybdenun and zine, In addition, though not fully established as
essential, fluomine appears to have an important prophylactic action
in bones and teeth, chromiun has been claimed to be a glucose tclerance
factor, and selenium has been shown to protect against liver necrotis
and other disorders in animals, There are also nore recent reports
that vanadium, tin, nickel, silicon and several others are important
in the proper development of experimental animals, guoh as rat but
the importance of these in human nutrition term is yet to be fully
established,

Of all the metals this wark is going to investigate to what
extent there abounds in the reference samples, the following metals;
Sodium, Potassium, Calcium, Magnesium, Copper, Zinc, Iron, Phosphorus,
Cobolt and Manganese,
1e4e2.1. DETERMINATION OF MINERALS:

1.4.2.1.1., Dry Ashing: The process of dry ashing has been described
before, Thereafter this ash is dissolved in dilute acid, The solu-
tion is sprayed into the flame of an atomic absorption apparatus and
the absorption or emission of the metal to be analysed is measured at
a specifiec wavelength, Dry ashing for the destruction of organic

matter prior to the determination of minerals is not used extensively,
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however, This is because it is believed that losses occur fram
volatiligation,

1.4.2.1,2: WET ASHING: Wet ashing is used primarily for the
disgestion of samples for determining trace elements and metallic
poisons, The use of simple acid is desirable, but usunlly not
practical for the complete destruction of organic material,

Sulphuric acid is not ajood oxidising agent, and the time
required for decomposition is long. In th#s case, adding a salt,
Potassiun sulphate, raises the boiling point of the acid and accela-
rates decamposition., The technique is particularly useful for
samples in which adding nitric acid causes the formation of insolu-
ble oxides,

Nitric acid alone is a good oxidant, but it usually boils away
before the sample is completely oxidized, Middleton and Stuckey .
(1954) described a method of destroying organic matter at temperatures
bolow 350°C by digestion with nitric acid as the sole major, raageat.
guall amounts of sulphuric acid are added at the initial cherring
stage to prevent theignition of fat-rich materials when only nitric
acid is added, Gorsuch (1959) found the method generally satisfactory,
though recoveries were slightly lower than with conventional wet.
oxidation methods. Seleniun and meroury were lost almost completely.

Moreover, the procedure is tedious and time consuming.
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Mixed acids are the usual reagents for the decomposition
of arganic materinls, The use of a mixture of sulphuric and
nitric acids is recommended by many workers and the nogt
acceptable procedure, Suggested quantities of each acid,order
and rate of addition, very with different biological materials
and investigatora,

To avoid ° excessive foaming in the digestion of fat-rich or
sugar-rich materials, it may be advisable to add sulphuric acid,
gllow it to soak in, add nitric acid in amall portions, with
heating in between, In latter digestion stages, hydrogen peroxide
nay be added to somplete digestion. The use of perchloric acid
with nitrio acid, or with nitric-sulphuric acid mixtures has been
suggested by Smith {1953) for the rapid decamposition of many .
organic compounds that are difficult to oxidise.

Perchloric acid is an exoellent oxidant at elevated temper-
atures, It is used routinely by meny laboratories and is the |
me¥hod to be used in this investigation, Digestion with perchlorie
acid should be perfumed under a special hood containing no
plastic ingredients and no glyverol-containing caulking substances.

The digestate, like thnt of the dry ashing, is also sprayed
into the flame of nan atomic absorption apparatus and the absorption
or emission of the metal sought for is measured at ita partioular_

wavelength,
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14244 ,.5, WET ASHING VS DRY DIGESTION

Dry ashing is the most commonly used procedure to determine
the total mineral content of foods. It is used to determine
water soluble, water insoluble and acid insociuble ash, Dry
ashing is applicable also to the determination of most common
metals, Dry ashing requires no attention, is simple and is well .
snited to handle rroutinely large numbers of samples, Generally,
no reagents are added, and no blank subtraction required, Dry
ashing takes a long time but can be shortened by using accelerated
methods or taken care of by ashing over-night, High temperature,
and the relatively expensive equipment limit somevwhat, the useful-

ness of the method. The main objection, however, 1is the interagtion

between components themselves or the receptacle naterial, In the
estimation of certain trnoe elements in focds, the use of either
silica or porcelain crucibles leads to the absorption of the elenent
by the vessels. If the temperature of ashing is not excessively
high the absorption loss may be faster than the volatilization
loss. Exoessive heating makes certain metalliec compounds (of tin)
inscluble, Foods with a high phosphorus to base ratic fuse to 2
asrk melt in which earbon particles are trepped, and will nct bumn,
Foods with a high alkaline balance show progrosgive deocaoposition
of the carbonates and the volatilization of chlorides, High hygraco~
pieity, - lightness, and fluffinesg of the ash may scmetimes present

problems in determining precisely the total ash content or in
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handling the mineral residue for subsequent analysis.

In wet oxidation or (wet ashing) relatively low temperatures
and 1liquid conditions are maintained, The apparatus is simple and
oxidation is rapid, On the other hand, the procedures reguire
large amounts of corrosive reagentsand correction fram the reagents,

Handling woutinely large number of samples by wet digestion is

diffioult and time consuming.
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2, MATERTALS AND METHODS

2,9. SAMPLE COLLECTION ALND DESCRIPTION

2.1,1. SAMPLE COLLECTTON,

All the samples of Parkin Claeppertoniana, fdansonia Digitata,

and Taparindus Indica were ecllected from markets in and argund

Zaria in Kaduna State, Nigeria. Pentaclethrs myorophyllnwas collee-

ted at Af'or Obudi Agwa, Qwerri, in Imo State, Nigeria. Different
" seta of the same sample from different sources and looalities were
mixed together and brought into the laboratory as experimental

. samples,

2,1,2, SAMPLE DESCRTPTION

The ecologionl desoription of the trees of the 3pgeds used in
this study were abstracted mostly frow the work of Dalziel (1944}

in the Useful Plants of West Tropioal Africa because, such infor-

mation is not easily available in standard textbooks,

2,1.2.1. PARKTA GLAPPRRPONTANA

( DOROWA-HAUSA: AFRICAN LOCUST BEAN-ENGLISH)
The Lfrican locust bean tree is fairly widely distributed all over
the natural g.rassla.nd of the Northem States of Nigeria. It is &
spreading tree of medium size, with compound leaves and numercus
leafleta., The fruits are represented by bunches of pods which form
the most nutritive part of the plant., Each pod which may vary

between 15-25 co in length according to soil fertility, contnins
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a yellow dry powdery pulp, inside which is embedded a number of
dark brown or black seeds, The yellow meally pulp is aweet to
the taste and is made into DOHOWA, a valuable carbohydrate food
usually taken by the Hausas along with wereal greins in meat,
atew or soup, The seeds may sametimes be boiled for about 24 houra
and are made into Daudawa cakes, another popular Hausa food,

A1l parts of the fruit including the pod, the meally material
and the seeds constitute valuable food for damestic animals,
About 20% of the seed is made up of a semi-ligquid oil and the
meal is a satisfactory food for humans rich in easily assimilable
carbohydrates and protein,

2.1.2.2, ADANSONIA DIGITATA

( KUKA-HAUSA; BAOBAB OR MONKEY BREAD-ENGLISH)

The Baobab is remarkable far its enormous trunk in ccmpari-
son with the orown of foliage, the shape being similar even in the
young state, Although common in the northern Savannah grassland,
it is usually isolated or in groups, The berk is smooth, greyish
with a purple reflection which differentiates it from others. The
fruit is composed largely of a dry acid pulp, scanetimes of a
pinkish tinge in which the blackish seeds are embedded, Both
pulp and seeds are edible, the pulp being made into a food called
DANDARE in Hausa while the seeds serve as a valuable foodstuff
and are similarly prepared into DAUDAWA KUKA, Also, the leaves,
the white shoot from the germinating seed, as well as the tender

root are edible to humans and livestock as well, The seed has
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a comparatively thick shell difficult to separate from the kemel,
The only 'useless' part of this tree is the wood which the Hausas
epithetically call ' fanko', good-for-nothing, since the wood is not
even good for fire-wood unless first very thoroughly dried,
2.1,2.3, TANARINDUS INDIGA

(TSAMIY. ~ HAUSA; INDIAN TAMLRIND - ENGLISH)

The tanarind grows spontanously throughout the Savannah grass-
lands, growing particularly well in the neighbourhood of towns and
villages, but elsewhere, it is planted. It is probably originally
Africnn and introduced long ago into India, and not vice versa,

The pulp (African variety) is rarely so well developed and juiey
as that of the Indian varlety showing that in the latter country,
the tree must have been improved by selection,

Tt often forms a dense symmetrdical crown with branches all
round to (75-100 cm) from the ground; thers ig azbundant leaf-fall
and usually almost no undergrowth beneath it, In damp weather,
the leaves are sald to have n corrosive effect on fabrics on which
they fall, This is probably due to the high content of tanin, about
7 %, which though affords it an soonamic importance in tanning
dyeing and dehairing.

Phe tamarind is frequently seen growing on or beside snthills,

the structure of which 1is probably favourable to its root systenm,
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The fruit is edible and s0ld in the markets in the form of
oakes or balls of the pulp pressed together with the secds-DAUDAWA
TSAMIYA. This may be uszed without special preparation, The flowers
are made into a sort of salad, FATEFATE (Hausa), while the leavea
serve as vegetable in soups, The kernels of the seeds contsin an
oil and are e€dibls, though not commonly eaten unless in times of
~ acarcity., The hard shell must be removed after roasting or boiling,
| and the kernels made into meal mixed with cereals, Like parkia or
adangonla, the tamarind seeds ohiefly serve as %casoners and
appetisers,

2,1 4244y PENTACLETHRA MYCROPHYLLA

{UGBA - TBOs OIL BEANTREE-ENGLISH)

In Nigerim, Pentaclethra mycrophylla grows very cammonly in

© the southern parts, especially in the Eastern statos, whers thay
 are very often planted along roads as an evergreen shade tree, grow-

" ing veadily from seeds, and in such situations often branching low

. . down, The timber shows a red-brown heartwood and a dirty-white sep-

- wood, hard with large pores, durable and temmite-proof; difficult to

work, but finishes smoothly and takes a gloasy lock, No wonder it <

is used locally for making mortars snd pestles. The wood and the pod

hurks are one of the best fuels, Like the Parkia, it is a spreading

trea oi; medium size with coampound leaves and numerous lesflets,
mistakem

Infact, in appearance, one can ea&il;zthe Parkis for Pentacle-

thra wmycrophylla. Though, the peds =zre very large, hard and strongly
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elastic; over 38 om long and B8 e wide, bursting violently, when
matured and dried, to release the brownish beans, The beans yield
some Ly - 45 % o0il from the kernels after remoyal of the seed goats,
They are rich in protein, exceeded only by Soja-beans, but poor in
starch, The oil is non-drying nnd has o high melting point and

has an unpleasant pungent odour, The oil isgsuitable for soap,
candles and for lubricntion., The residual ecnke 1s of high nputritive
value with 30 - 35 % protein, The beans are camonly eaten after
roasting but more as a condiment than a staple food, Usually the
seeds are boiled for up to 24 hours inorder to soften the seed-
ooats, split open with a knife to separate the two cotyledons, sliced
into bits and finally fermented overnight, removed and washed to re-
move the bitter taste, whioch is due to a poisonous nlkaloid, Paucine,
according to Henry, The washed fermented slices are then wrapped

in special leaves and sold as food condiments, It is usually added
in soup as a condiment or prepared ns salad alone or with stockfish
and gardeneggs and a little vegetable, when it makes a good delicay,
The slices could also be pounded and made into cakes and serve as
food flavourer nnd appetiser, Livestock relish this meal equally,

2.2, GENERAL SAMPLE PREPAR/TION

Samples of the foodstuff's are made homogenous prior to analysis

by a procedure that protects labile nutrients,
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2.2,%. MATERIALS: The materials included Distilled water,
sample bottles (Corkscrewed polythene), Hammar, Mincer, Waring
Blender, Beakers, Drawing Paper and Trays,

2,2,2, PROCEDURE: BSeeds of Parkia clappertoniana, Adansonia

digitata, and Pentaclethra mycrophylla were soaked in distilled

water for a while inorder to soften their seedcoats, The slimy

brownigh cover in the seeds of Parkisa and Adansonia were removed

by scrubbing the seeds together in the palm, Only the seedcoats

of Parkia g¢lappertoniana and Pentaclethra mycrophylla got softened

in the process and were separated from the tissue by pealing with
a knife, The tissues werse thereafter sun dried to nomal texture,

The seedgoat of Adansonia digitats was not softened by soaking,

and so the seeds were sun dried to normal texture before being
oracked with a hammer and scrapping the endosper m (tissue) with a
penknife or any other sharp object,

The seeds of Tamarindus indica were fried in an oven and then

cracked with a hammer to separate the tissue fram the seedcoat,

For Adansonia pulp, the whole fruit was pounded in a mortar inorder
to separate the pulp from the seed, All the samples - tissue, testa
and pulp were oven-dried to determine their moisture ocontent, then
ground in a PIFCO Seven Speed Waring Blender, seived, as in the case
of the pulp, and finally stored in screw-corked polythene bottles

far subsequent analysis,
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2.3, MNOISPURE AND TOT/L SOLIDS
The sample is dried in an air-oven to constant weight according

to the method deseribed by Osborne et al, (1978)in the Analysis of

Nutrients in Food,

2.3.1. MATERIALS: The materialsused ineluded an oven, which is
temperature- controlled and electrically heated, with good natural
ventilation, regulated so theat the temperature of the air and of the
shelves in the neighbourhcod of the samples lies between 5500 and
60°C during the period of detemmination; dishes, in the form of

100 nl beakers, pyrex model; desiccators, containing an efficient
desiccant such as phosphorus pentoxide, caleium chloride, granular
silica ge} or activated alumina, and provided with a metal plate
which allows the dishes to cool rapidly.

2,342, PHOCEDURE: The empty clean beakers were dried in the oven
at 100 + 50{: for about thirty minutes and then transferred to the
desiccator to cool for another ten ninutes,

The reafter, the beakers were weighed to the nearest milligram, Mo,
The prepared seed samples were thoroughly mixed and about 3-5 grams
of it introduced into the beaker and both beaker and content weighed,
M; The beaker and its content werefinally transferred into the oven,
which had been adjusted to operste within a renge of 55 - 60°C
avoiding contact of the beaker with the walls of the oven, After
about 8, hours, during which time, practically constant weight was

achieved, the beaker was removed fram the oven, cooled in a desiceator



and reweighed, Hz .

2.:3.5. @asim and Caleoulation of Results,

Moisture and Total Solids contents were calculated as a per-
centage by mass of the samples, by meaps of the formulae:

0/0 Moisture Content, = M4 = M5 L 400
W, - N, .

i.,e, Weight of moisture
Weight of original sample

x 100

Potal solids, % = ¥, - My x 190
1 1
H1 - HO
i.e. Oven - dry weight X 100
Originnl weight 1

The arithmetic mean of three simultaneous determinations was taken

as the result,

2. ASH AND ORGANIC MATTER

Organic matter is burnt off at as low a temperature ns
possible and the inorganic material remaining is cooled and
weighed, Heating is carried out in stages - first to drive off
the water, then to char the product thoroughly and finally to
ash at a temperature of 55000 in a muffle fumace, according to

the procedure outlined by Osborne et al., (1978).
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2.4.1, MATBRIALS: These included a muffle furnace, thermosta-
tically controlled at 550°C; an electric hot plate, alsc with
& thermostatic control; silica dishes, ideally 8 ow in diameter
eand 2,5 co depth, which had previously been cleaned with 6 M
hydrochloric acid and rinsed with water, and Desiccators, with
efficient desiccants.
2.4.2. PROCEDURE: The requisite number of silica dishes were
placed in the ouffle furnonoe for about 15 ninutes, then removed,
cocled in a desiccator for at least one hour and then weighed, M1,
1 gran of the powdered dry sample was accurately weighed into
the dish, Mz. The samples were then charred in a hot plate placed
under a fume cupboard, before transferring them to a nuffie furnace
{placed as near to the centreas possible) and ashed for at least
24 hours at a tenperature of 550°C, After this pericd, the
dishes were renoved fram the furnace, placed in desiccatars and
cooled for at least one hour, The ash should show 2 clean white
appearance, otherwise continue ashing for a longer pericd, When
sooled, the dishes and the ash were reweighed, M ’e
2eda3. CALCULATION: By difference, the weight of ash and organio
matter that burnt away were calculanted and expressed as a per-
centage from:
PN B Tl S SO
| oy - i



- H{6 i

i,e. Weight of Ash

Original weight of sample X 100
M, M
Organio Matter (%) = s X 400
hHL.N
i.e. Wt of sample burmt away X 100

Original weight of sample

Take the arithmetic mean of three sinultaneous detemminations as the
result,
2.5. LIPID CONIR

The fat is extracted with a solvent fran the dried residue
obtained after moisture determination, The solvent is thereafter
renoved by evaporation and the fat residue weighed, This is the

process outlined by Osborne et al in Analysis of Nutrients in Food,

2.5.1« MATERIALS: The materials employed in the process included:
Petroleun ether, 40-60°C; sets of soxhlet Extmotor, including the
flasks; Oven, Heating Mantle (Set of Six-in-one) and sizeable
Extraction Thimbles,

2,5.2, PROCEDURE: 1 gram of the dry powdered sample was accura-
tely weighed inpto the thimble which thereaf'ter was 8lotted into
the extrnctor and then connected to a weighed flask containing

100 um5 of petroleum ether, The flask and extractor were finally
connected to a reflux condenser and the sample extracted under
reflux, on the heating mantle, far three hours, At the end of the

extraction the solvent was evaporated and the flask conteining
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the fat residue dried in an oven at 100°C for Jjust five minutes;
cooled in the desiccator and reweighed,

2.5.3. CALCULATION OF RESULT

Let weight of dry sample = H1 i
weight of flask alone = H2 &
weight of flask + oil = M3 g
Then
Hj - Mz

Weight of fat Extracted
Weight of original sample

i,e, X100

The extractible fat could alsc be calculated from the loss in
weight of the thimble divided by the original weight of the sample
and multiplied by one hundred, In this case the dried thimble was
initially weighed alone, nnd then reweighed with the sample before
and after extraction. As usual, the mean of three simultaneous
extractionas was taken as the result,

2,6, NITROGEN AND CRUDE PROTEIN CONI'ENT

The sample is digested with concentrated sulphuric acid using
a mixed oatalyst of potassium sulphate, copper sulphate and selenium
powder, to convert organic nitrogen to ammonium ions, Alkali is
then added and the liberated ammonin is distilled into an acid
solution, The distill=ste is titrated with an acid solution to deter-

mine the amount of ammonia absorbed by the aecide-as outlined in the




- 2‘_8 -
Analysis of Nutrdents in Food,

2,61\ MTERTALS:
(i) Sulphuric acid: Concentrated; Sp.Gr, 1.84; Nitrogen-

free,

(ii) Hydrochloric acid: 0,01M, standardised

(1ii) Boriec acid: 2% solution, prepared by dissolving 2 grams
of boric acid Hjm_,s in water and making up to 100 omj.

(iv) Sodium hydroxide sclution, 50 %, prepared by dissolving

50 g of carbonate free sodium hydroxide pellets in

distilled water and making up to 100 onj.

(v) Mixed catalyst, made up of-

160 g Potassium sulphate, 10 grams copper sulphate
pentahydrate, and 3 g selenium powder, gground and mixed
thoroughly in a mortar,

(vi) Mixed indicator, prepsred by nixing together 99 mg of
bromocresol green, 66 mg of methyl red and 11 mg of
thymol blue and then dissolved in 10 om3 of ethanol,
Other materials employed included:

(vii) Kjeldehl flask, capacity 50 om;
(viii) Distillation apparatus; steam; heating device, so that
the flask can be heated in an inclined position and that

the source of heat only touches that part of the flask wall

which is below the liquid level,
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2,6,2, PROCEDURE: The process involved three steps of
Digeation, Pistillation and Titration,
2,6,2,1. DIGEFION: 0,1 of the dry sample was accurately
weighed into the kjeldahl flask, A few boiling regulators and
about 1 g of the mixed catalyst were added to it, This was
followed by the addition of 5 mnj of the concentrated sulphuric

thr Conlinte G
acid whioh mixed well by boilingnths flask gently, With the
flask on the heating device, it wns heated gently until frothing
subsided and the contents campletely gone into solution, Then
digested by boiling vigorously, occasionally rotating the flaak,
until the liquid had become completely clear or had a light blue-
green colour, Making sure there was no overheating (which evaporntes
scme of the sulphuric acid leading to low nitrogen recovery) the
liquid was kept boiling for the next one hour bringing the total
digestion time to at least two hours, At the end of the digestion,
the flask was cooled, 15 om5 of distilled water ceutinously added
to it, mixed, allowed to cool again, before transferring it quanti-
tatively into a 50 om” volumetric flask, The digest was caupletely
rinsed out with distilled wnter before the flask was made to mark,

2,6.2,2, STEAM DISTILLATION: 5 ccr of the 2% boric acid solution
3

was added into a 50 em” conioal flask, and was followed by two
drops of the mixed indieator sclution, The mixture turned violet
in colour, The flask was placed under the condenser of the

distillation apparatus, sc that the outlet of the adapter dipped
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into the liquid, inorder to avoid loss of ammonia, With
the aid of a pipetke, 10 off of the digest was transferred into
the Markham seminicro nitrogen still, followed, cautiously, by
10 em” of the 50 % sodium hydroxide solution, The insueing reaction
liberated ammonia which was stean distilled into the 5 om® boric ncid
in the conical flask, whereupon the indicator turnmed green and dis-
tillation was continued for the next two minutes, The conical
flask was lowered, before terminating the distillation, Before
removing the distillate, the outlet of the adapter was rinsed with
distilled water both internally and externally,
2.6.2.3. TITRATION: The contents of the conical flask were
titrated with the 0,01 molar bydrochloric acid, the end point being
reached when the indicator changed fran green through grey to defi-
nite pink or wviolet,

Finally, a blank was conducted following the intructions fram
digestion, through distillation to titration, the differance being

that no actual sample was added for the digestion,

2,642444 CALCULATION:

Let weight (g) of test portion = W
volune (um3) of hydrochloric
acid solution required for the
blank titration = V

Volune (omB) of the hydrochlerie

acid solution required for the 10 omj test portion = V2



% BY =
Molarity of the hydrochloric acid solution = ¥

Then,
¢ W

v,
: 2= XM X5 X4 X100
% total nitrogen, = 33000

Since 1 cmj of 1 Molar acid neutralised by the ammoniacal mixture

collected corresponds to 0,014 g N, and 10 cmj out of 50 omj
digestate was used,
So, orude protein (%), = Nitrogen % X 6.25,
2.7. MINERALS:
Mineral detemination was made with the Atomic Absorption
(Pye Unicam . 1900 model) and Corning-Eel Flame Bmission Spectro-
photometers, The Atomic Absorption Spectrophotometer (AAS) is mainly
applicable to the detemination of caleium, copper, iron, magnesiunm,
manganese, and gzine, for the purposes of this work, while the Flame
Emission ( FES) is chiefly applicable to the alkaline metals, and
for this work, sodium and potassium, for which they are most sensitive.
After the removal of the organic material bysither dry or wet
ashing, the digestate was made up to solution volume, The metal
to be investigated was then determined using either the Absorption
or Bnission Spectraneter,
In the Atamic Absorption Spectrometer, the solution is
sprayed into the flame of the Spectrophotometer, Radiation of
characteristic wavelength from a hollow cathode discharge lamp is

passed through the flame, and the atoms of the element absorb
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sane of the radiation and become excited, The decrease in intensit,
of the (eathode) madiation is measured using a nonochromator and

a detector aystem, The extent of absorption of the cathode raodia-
tion by the element is dependerit on the number of atoma of the
element in the ground state and is thus a function of the concen-
tration of the atoms of the .element in the sprayed solution.

In the case of the FES, after spraying the investigated
solution into the flame of the photameter, the atcms of the
nmetal under investigation beocwme excited with the absorption of
radiant energy. On returning to the ground state, theyornit the
absorbed Eadiation, The intensity of this emtted radiation is
also directly proportional to the ccncentration of the element,

2.7.1. SIMPLE PREPARAPION

247411 TRELTMENT OF THE AS{ OBTAINED FROM DRY ASIING,

The ash was treated with 5 ~ 10 on® of 6M hydrochlorie acid
to wet it completely and carefully taken to dryness on a low
temperature hot plate, Then 15 on'.} of 3M hydrochloric acid was
added and the dish heated until the sclution just boiled, It was
then cooled and filtered through a filter paper into a 100 om’
graduated flask, retaining as much of the solids (if eny) in the
dish. Ancther 10 on’ of 3M hydrochloric ncid was added to the dish
and heated to just boiling; cooled and filtered again into the flask,
The dish and filter paper were thoroughly washed with distilled water

into the graduated flask, Then 5 om5 of Lanthanum chloride sclution
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was added per 100 e of digestate, to prevent interference in
calcium determination, The flagk was finally cooled and wolume
made wp to mark with distilled water, A blank solution was
finally prepared by taking the same amocunt of reagents through
the whole process,

2,7.,1.,2. WHT DIGESPION:

Organic matter is destructed by and oxidised by the action
of boiling mixed acids (Sulphuric, nitric and perchloric) as out-

lined by Allen st sl in the Chemical Analysis of Bcologigal

Materials,
2.7.1.3. MATERTALS: Perchlorie acid 62 % V/V,Nitxic acid 69 %
(cong) and Sulphuric acid 98 % concentratedy

Acid washing liquid - prepared by diluting 1 cm

of concentrated
nitric noid to 100 on® with distilled water - and used to wash
w1l glasswares, _ |
2.7¢14ke PROCEDURE: 0,5 g of the dried sample was weighed into
a 100 om” kjeldahl's flask., 20 om® of the acid mixture {prepared
by mixing B0 om> of perchloric acid, 650 o of nitric acid and
20 o’ of sulphuric a0id) was added, the flask gently awirled and
digested at increasing temperature for ten to fiftsen  winutes,
aftor the appearance of white fumes, On cooling, the digests=te
was poured into a 50 an® volunetric flask and made up to volume

after thoroughly washing the digestion flask, A blank digestion

was oarried out as usual., All cperations were carried out in a
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properly ventillated fume cupboard,

2.7.2, PREPARATION OF SUANDARD CURVES,

2.7.2.1. MATERTALS: The materials needed for this operation
ineluded; - Hydrochloric acid 6M, 3M and 0,3M - prepared by
dissolving 186 omj, 93 en® and 9.3 en’ of concentrated hydrochloric
acid (Sp. G6r. 1.18) per dn respectively; Lanthanun Chloride, 10%
W/V, prepared by dissolving 10 g of Lanthanum Chloride in distilled

water and making up to 100 c.'.I:r5

; Potassium diluting solution -
1000/15/&115- prepared by dissolving 3.8 g of Potaasium Chloride
per 1 dm’; Sodium diluting solution - 1000/.1&/0.':13-prepcred by dissolving/{,
Sodium ohloride per 1 dmj; Distilled/Deionised water; Filter paper-
gi ;’;mnn 541 - washed before use with 3M hydrochloric acid to
remove trace elements, Other reagents required inoluded the Chenk

Ptandard solution - 1000 ppn i.e. 1000 mg/dn® - prepared by weighing
out the gquantities of the A,R. grade of reagents as given in table
IV, and dissolving in 100 o’ of 34 hydrochloric acid and then
diluting to 1 dn’ with distilled water, To ensure their strength,
the stock Solutions were standardised with EDTA using Ericochrone
Black T indicator, Wepking standard solution; obtained by diluting

the Stock Standard Solutions with water (if wet digestion is used)

or with 0,3M hydrochloric acid (if dry ashing is applied) to concen-
trations that fall within the working range as shown in Table V.
The dilutions wereto ensure that concentrations equivalent

to O ppm, 0,5 ppm, 1, 1.5, 2 ppn ete, could be obtained,
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(Por example, a stock standard solution (1000 ppm), diluted
1000 times gives 1 ppm, If we diluted it 500 times it would
glve 2 ppm, If further, the 1 ppm was diluted 20 times, it
would give C,05 ppm, 10 times dilution would give 0,1 ppm while
2 times dilution would give Oﬂg'ppm).

Atanic Absorption Spectrameter: Pye Unicam SP 1900 model with
digital readout,

Flame Bnission Photameter, and speclal glassware for trace mgtal
analyses - all washed with 1 # dilute nitric acid solution

before use,
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Table IV: Elament ~ Reagent Standard Preparations*
Motal Reagent Weight Resgont/dm”
Galeium CaCo, (ary) 2.5020
Copper Cu(Noj) o+ H 0 3.7982

Iren Fec%.&izo 4 B,03
Magnesium Mg 334.'&{20 10,1400
Manganese Mn 304-“{20 4060
Potassium Kol { Ay} 15040

Sodium NaGl (dry) 2.542,0

Zino Zn0 1.2406

*0sborne et al, 1978,
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Table V. _Recomended Conditions Far Metal inalyses Using the AAS, OR the FESY

- - — e — - -

Lbsorption Max Linit of Working Possible Control

A cor Current Detection range Interference by additon
Element Vavelength Emission E ( mf) Jiry oﬂwgp xg megtal of’s

. d / 3 2 onh

Calciun 422.7 A 6 0,01 0.0-5  L17,87,80 LaCl,
Copper 32,.8 R 6 0,005 0,05~5
Iron Nh—-mtu A 1 W Ooow Oncmlm
Magnessiun 285.2 I3 6 0,001 0,02-5 .rwu....mm..v.mom.. H.mnu.u
Manganese 279.5 A 12 Q0,005 0,.02-3
Potassium - E - 0,002 1-20 Na* 1000 8 Nat
Sodiun - E - 0.002 1-20 ¥ 1000 g ¥
Zinc 213.9 A 10 0,001, 0. 1- 1
Flane Lir-icetylene
Mode A
Sensitivity 513
Slit 126
Curvature 000
Scale Expansion 000

*0sbome et al,, 1976,
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2,7.2,2, PROCEDURE: Hawving prepared the sample solution, either
by dry ashing or wet digestion the calibration solutions, which
must be within the working range (Table V) were also prepared,

The instruments were alsc set according to the recommended condi-
tions (Table Vv ), Then the calibration solutions as well as their
blanks were measured, followed by the investigating samples, which
were diluted, if need be, Assurance was made that the calibration
values were constant by periodical checks. Releasing agents were
added to check any interferences (Table V), Finally, a ocalibration
ourve was preparcd for each metal investigated, by plotting a graph
of absorption or emission against the metal concentrations in
parts per million (/xg/om}).

2.7.2,3., CALCULATION: The metal conoentrations of the metals that

corresponded to the samples and blanks were read from the graphs;

so that if
Weight (g) of the sample = W
Volune (emj) of Digestate = v
Concentration (ppm) of sample solution = a
Congentration (ppm) of blank sclution = b

Then, metal content (mg/100 g, dry sample)

= ga—b[]( v

10W
OR

ng/1000g = (a = b) X V
w




~ hltematively, the metal comcentation could be calculated as a
percentage fron the Formula:
% Metal Content

C{ppm) X Solution volume (01:13)
= 10" X Sample weight (&)

where C is the concentrwtion in ppm (/ug/c.mj) of the sample

sf'ter taldng care of the blank concentration,

2,7.3. PHOSPHORUS:

Hanaon (1950} has proposed a simple colorimetric method faor
the detemmination of phosphate based on Mission's reaction, The
neid solution (digest) containing orthophosphate is treated with
an acld reagent containing meolybdic acid and vanadic acid and a
stable orange yellow coloured complex of wanidi-molybdiphosphorie
acid (H3P01+’ Wj, 11400, nHzo) is formed, The maximum gbsorpkion
is at 330 nm, but Donald et al (1956) have reported that satisfac-
~ tory results can be obtained in the region of 420-480 mm, provided
the light is monoshromatic, The colour development is not markedly
affected by the presemee of hydrochlorie, =~ sulphurle, acstic or
citric acid ar even by flucrides provided they are not present in
relatively large quantities,

2,7.300 ¢ MITERL/LS: (1) Vanadate-molybdate composite reagents:
Prepared by dissolving 20 g of ammonium molybdate in uOOcn;’ of warm

watar; 1 g of ammonium vanadate in another 300 cm3 of boiling dis~

tilled water, and cooling, 440 ow’ of concentrated perchloric
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(perferebly) or nitric acid was gradually added, with stirring to
the vanadate solution, Finally, the molybdate solution was gredunlly
added to the acid vanadate solution, with stirring, and then dilu-
ted to 1 dn’ with distilled water,

Stock phosphate solution; obtained by dissolving 24.394 gz
of Potassium dihydrogen phosphate (H{ZPOL) per dm5, that is, 1000ng
F/&r, Standard working phosphate solution, obtained by diluking,
for exmple, 25 an’ of the stock solution to 250 om® with aistilled
water to give a 100 mg P per 1 61113 of solution., Thersafter, concen-
trations equivalent to 0,5,10,15,20 ppim P were prepared,
132 perchlorig/Nitric acid, prepared by diluting, say, 50 o’ of
the aeld to 100 cm3 with distilled water; and Ammonia solution
(0.88).
2.7.3.2, ' PROCEDURE: 5 om3 of each ppm comcentration was put in
a 50 om3 volupetric flask, and diluted to about 20 on® with
distilled water, {(In this perchloric acid modification, the addi-
tion of few drops of ammonia solution, and then Just paking acid
with perchloric acid again was not necessary), Then 10 em’ of the
vanadate-polybdate reggent was added before mixing and meking volume
to mark, After ten minutes, a yellow colour developed and their
gptical densities were measured at 470 nm ot 2 Unicam Sp 8000 U,7V,
_ Becording Speotrophotameter and used to plot g calibration curve,
The investigating sample sclutiomwere simllarly treated and their

optical densities determined, From the curves, the phosphorus
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concentrations in the sampleswere caloulated,

- 2,7.3.3. CALCULZTION: The percentage phosphorus content was

" saloulated by the formula:

AP = (ppm X Solution Volume (ij)
~ 10 X aliquot volume X Sample weight

Or by proportion:

5 o aliquotE Y ppm P

. 100 on® (original sanple dilution) m= ~22 ppm

=== 20y/.lg P

Y]

OR Q gp .
4)

—

. .ofo pz.%.'i’%__l‘f...ﬁ.%,

10" X Sample weight

2,8, _JFIBRE CONTENT,

The sample is successively treated with dilute acid and
dilute alkali in which fibre is nat hydrclysable, . The residue
left after this treatment is incenerated . in the muffle furance
and the loss in weight caleulnted as the fibre content,

2,8,1, MATERLALS,. (1) Hydrochloric noid, 1 % V/V, prepared by
diluting 10 om’ of ocnoentrated hydrochloric acid (Sp, 6r. 1 18)
to 100 c.ln3 with distilled water,
(i1} Sulphuric acid Stock Solution, 10 % W/V, prepared by
diluting 275 ou- of concentrated sulphurdc acid (8p.Gr.1, 86)

to 5000 en® (5 an’) with dhstilled water,
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(1ii) Sulphuric acid working solutian, 1,25 %, prepared by diluting
625 cmj of the above stock solution to 5 dm3 with distilled
water,

(iv) Scdium Hydrc.zxida'stock Solution, 10% W'V, prepa.;red by
disaolving 500 g of sodium hydroxide in and diluting to 5 dm3
with distilled water,

(v) Sodium hydroxide working solution, 1,25 %, prepared by diluting
625 am® of stock solution to 5 du’ with distilled water,

(vi) Alcohol {Industrial methylsted spirit) 95-96 € WV,

(vii) Diethyl ether.

2.,8.2, PROCEDURE: 2 g of the defatted sapple was weighed and trans-
ferred quantitatively into a 1 dmj conical flask, 200 cm3 of 1,25%
sulphuric acid, which has been brought to boiling peoint was added to
the flask, and the nixture boiled under reflux for 30 minutes, The
hot mixture was filtered quickly under suction. The insoluble matter
was washed free of acid with water (use litmus paper) and then washed
back into the orginal flask with 200 om of 1,25 % sodium hydroxide
aolution which has been brought to boiling point, The mixture was
again refluxed for ancther 30 minutes, after which it was again
quickly filtered under suction (always use 54t filter paper). The
inscluble nmaterial was washed first with boiling water, then with

1 % hydrochloric acid end finally with boiling water until free

from a2cid, It was then washed twice with alcochol, and three fimes

with ether, dried at 100°C st a constant weight and finally ashed
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for two hours in a nuffle furnace set at 55000. The loss in
weight on ashing represented the fibre,
2,8.3, CALCULATION: The fibre content percent was caloulated

from;

Loss in weight on ash
Pemcent Fibre Content = Original welght of st X 100

In the instrumental method, the Fibertec System, Model 1010
Heat Extractor, was used at the National Animal Produotion
Research Institute, Shika,The chemiodl procedure was sipilar

to the laboretory manual,
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3. RESULTS
3.1. PROXIMATE COMPOSITION

The results of the proximate composition of the nuts and
testas are shown in table VII,
The values of moisture content ranged fram 5,18 + 0,02 % for ADN
to 13,35 + 0,20% for PMN, while the testa values ranged from
7.66 4+ 0,15 % for D to 21,63 + 0,45 % for PM, The ash values
ranged from 2,06 + 0,50% for PMNto 5.53 + 0.18% for ADN; fram
0.94 4+ 045 % for TIT to 2,32 4 0.27 % for PCT. The lipid content
of the nuts ranged from 12,90 4+ 2,10% for TT to 52,09 4+ 4.80%
for PM; from 1,62 + 0,01 % for ADT to 3.88 4 0,00 % for PMP. For
crude protein, the values were from O,44 4+ 0,02 % for AP to 4O,174
0,32 % for PCN; 0,24 + 0,07 % for ADT and 4,55 3+ 0,01 & for FMT,
Total carbohydrate ranged fram 8,36 % for PMN to 75,89 % for AIP;
from 68,04 % for PMI' to 88,69 % for ADI, The levels of fibre
content rose from 1,24 % for PCN to 8,95 % for ADP; and fram 12.97 ;.
for PMP to 39,86 % for ADT, calorific values similarly ranged fiocm
409,00 calories for ADP to 598.81 calories for PMN, and fram
325,24 calories for PMI to 370,26 calories for ADP, Nitrogen free
extract (NFE) ranged from 3.57%for PMN to 66,94 % for AP and
from 48,82 % for ADP to 55,06 # for PMP, From the above, it is

observed tha t Pentaclethra nycrophylla had higher values of

proximate compostion than Adansonia digitata, Parkia clappertor:i,a

ana or Tamarindus indica,
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3.2 MINERALS,

The » sults of the mineral camposition of the nuts and testas
aré shown in Table VIII. The wot and dry ashing walues are shown sids
by side., The amoret of sodiuvm ranged from 0,029 for ADP to 0,09 %
for PMN, and from 0,023, for TIT to 0,06 % for PCT, Potassium values
ranged from 1,21 % for PMN to 4,40% far ADP; from 0,07 % for TIT to
1,17 % for AP, For ocalcium, the values ranged from 0,04 % for TIN
to 0,13 % for PCN, from O,0L % for ADT to 0,10% for PCT, Magnesium
lovels ranged from 0,30 % for ADP to 1,22 % for ADN; 0,10% for PMP - .
and 0,36 % for PCT, The values of phosphorus were from 0,02 % for
AP to 0,17 % for ADN, while all the testas gave the same value of
0,01 %4 |

For the trace slements, the amount of iron ranged from 53,60
miorograms per gram for PMN to 96,50 ’ug/g for AP, while the teata
values were fram 57.70 ypg/g for AD to 159.70 pg/s for TI.

Values of copper ranged from 1,52 ug/g for TIN to 2,10 ug/g for 4D ;
1,02 pg/g for TIT and 4,10 pg/g for AT,

Zine vilues ranged froam 14.70 yg/g for TIN to 27,70 »&/g for ADN,
whiles the testa values were fram .47 ))g'g for AD t;; 5L..70 ng/g for
PC. The levels of manganese were from 0.4 pg/z for AP to 1,87 pag
for PCN; and fram 0.26 ug/g for PCT to 12,50 ug/g for TIT,

From the above, it is observed that the mineral values were

_higher for fdansonia digitata than for Parkia clsppertoniana,

Pentaclethra mycreophylla or Tamarindus indiea.
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NITRO-
GIN
FREE
EXP =
ACT.

23,52
2319
66,94
38.23

3.57
53.10
48,82
60.514
55.06

c¥ Instrumental

LABLE VI: PROXIMATE COMPOSITION OF SOME OF THE SAVANN. SEUDS IN PER CENT DRY MATTER.
TOTAL
CARBOH-
' YDRATES
MOISTURE  DRY CRGANIC CRUDE CRULE .
ITEY CONT ENT MATTER ASH MATTER LIPTD PROTEIN
- .
PON 7.5 2001 92,500,001 L.4140.31 9$5.8940.31 23,4641.12  50.4740.32 24,76
. ADN 5.18:0.02 94.8200.02  5.53,0.18 94.4740.18  24,66:2.60 38.380.00 26,25
AP . 7.0440.11 52.9640.41  5.1140.68 94,8%0.68  11,5241,83 0.4440,02 75,89
TIN 5.59£0.02 94.1130,02  2,4540.14 97554044  12,9%2.10  37.9140.05 41,15
PMN  13.3540.20 86.6540.20  2,0640.50 97.9440.50 52,09:%. 8  2L,14s0.02  8.36
ADT 7.6640,15 92.3440.15  1,8040.18 98.2040.18  1,62.0,01 0.2440.07 88,69
TIT 2.2240,13 90,48;0.13  0.9440,45 99.06:0,45 1.89:0,0 3.90:0,01 83,75
PMD 21.63:045 78.37:0.45  1.9120.39 9$8.0940.39 3.88:0,1 4.55:0,00 68,04
P - | |
PCN  Parkia clappertonianz, nut PCT Parkia clappertoniana, testa * Manual
AN fdansonia digitata, nut ADT Adansonia digitata, testa (
ADP Adansonia digitata, pulp TIT Tamarindus indica, testa
TIN TIamarindus indica, nut - :
PMTI' Pentaclethrs mycrophylla, testa
PMN Pentaclethra mycrophylla, nut

CRUPE FIBRE

¥
3.53

L.30
10,13

n%
1.2
3.06
8.95

2.20 2,92

6.64 L.,79
27.06 28,67
39.69 39.8
52.31 23,24
14.86 12.97

“.

CALORTFIC

VLLUE
CALORIES

470.86
L8046
409,00
432,34
598.81

357.07
370,26
367.61

325.24
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e

' Calorific Moisture Dry
ITEM Value Content Matter
Parkia cleppertonisne (whcle seed)e . Cals. - -
Parkia gilicoidea (whélé seed)be ‘ L2k .70 - 94,33
Parida Spp. (Seed, dried)c ' 426,00 7.00 -
Ldansoniz digitatz (whole seced) = - - -
Adansonia digitata (seed, dried) ck 452.00 7.80 -
Adansonia digitata (pulp) o . 290,00 16,00 -
Tamarindus indica (whole seed) a* - - -
Tanarindus indica (Fruit, dried) c* 270,00 21,30 -

Pentaclethra mycrophylla
( Seeds, dried, shelled)ot

558,00 6.20
a* Kapu, M.M, (1980), Unpublished data

B Oyenuga, V.A. (1968), Nigeria's Foods and Feedingstuff.

c* Woot-Tsuen (1968), Food Composition Table for Use in Africa,

BY VARIOUS WORKER$% DEY MATTER,

Crude Crude
Protein PFat
56,20 -
30.38 20,30
32,30 19.50
21 .40 -
30,00 29.60
2,20 0.80
10,90 -
5,00 0.60
22.60 46,30

Total
Carb

37.10

24,70
76.70

70,70

22,60

Crude
Fibre
80,82

4,10

3.20
6,80

18,30

2,50

Ash

-

5.38
4.10

7.90
4.30

2,40

2.30

Nitrogen
Frae Ext,

35.42



ZABLE VITT: RINEGTL COMPOSITION OF SOME

o
ITEM SUDIUM

* >

PCN 0,02 0,03
/DN 0,02 0.04
AP 0,00 0,02
TIN 0,00 0,05
PEN 0,01 0,09
PCT 0,04 0,06
AT 0,02 0,03
TIT 0,01 0,02
PMP 0,03 0.Q4

*a Dry Ashing

*b Wet Digest

of

7o
POTASSIUM

2
1:15
1.67
1.62

C.9%,

0.43
0.54
C.79
0,05
0.72

ion

b
2,35
2.96
4.10
1014
1.2
0.87
1417
0,07
0.81

68

OF THE SAVAN. SEEDS, PER DRY MITPEK.

cul
CALCIUK

a2
0.08
0.0k
0.07
0,03
0,03
0.08
0.0k
0.05
0.05

b
0.13
0.07
0.09
0.0
0,05
0.1C
0.0k
0,07
0.C7

a
0.47
0.17
0.22
Cutk
C.18
0,29
0.18
C,.30
0.09

%

b
145
1422
0,30

0,36
047
0,36
0,32
0,32
0,10

%
MAGNESSIUM PHOSPHORUS

a
0,03
0,0k
0.0
0.02
0,02
o
0.0
c.M
0.1

b
0,08
0.17
0.02
0.06
0,05
0.
0.01
0.01
c.01

/n/s
IRON
a b

9.0 79,00
L340 80,40
85.00 96,50
51.97 68,20
.33 53,60
56.43 67,00
38,80 57.70
97.33 153,70
54.50 66,70

a b a b a b
145 1.65 13.75 19.70 1.47 1.87
1.98 2,40 22,00 27,70 1.49 1,30
140 1,63 12,30 22.30 041 OBb4
1,32 1,52 10,00 44,70 0. 7% 0.82
140 1,60 12,67 17.70 0.79 41.40
0,80 1,20 30,20 54,70 0,20 0,26
0.85 410 6,93 9.47 045 0,49
0.30 1.02 16,50 17.00 14,86 12.50
0,95 1.52 {0.83 38,30 1.70 1.80

* To convert % minersl to mg/100g, multiply by 1000
To convert " mg/100g to /.lg/g, multiply by 10,
Divide by these figures if conversion is reverse,
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PLELE TX:  HINERAL COMPOSITION OF SOME SAVANN/ SEEDS BY VARIOUS WOREERS. I

Sodium Potassiuz Caleium Mag, Phosphorus Iron Copper Zinc

Item % % % % % FPD ppD  ppm
Parkia clappertoniana {whole seed)a* 0.035  0.13 0.69 0.35 0,02 ;0 8 13,2
Parkia filicoidea (whole ssed) b* - - 310 - 260 - C - -
Parkia Spp {seed, dried) o _ - - 2 - 38, 33.22 - -
Adansonia digitata (whole seed) a*  0.033 C.15 0.15 0.09 0.3 12,5 - 11
Ldansonia digitata (seed, dried)c” - - 263 - 1,49 13.9 - -
Adansonia digitata (pulp) o* - - 28, - 118 7 .40 - -
Tamarindus indica {whole seed)a¥ 0,02 0.15 0.16 0.34 0.05 135 6 &0
Tamarindus indica (Pruit, dried) < - - 166 - 150 2.2 - -

Pentaclethra mycrophyllsa (seed ,
d!‘ied, Shelled) c* - - 190 - 1?2 16 - -

a*  Kapu, M.M, (1980) (in %, ppm)
B Oyenuga, V.A. (1968) (mg/100g sample)

¢* Woot-Tsuen (1968) (mg/100g sample)
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TABLE X: PLANT-LIFE MINERAL RANGES*

JLNERAL HANGE
Sodium 0.02 - 0,3%
Potassium 0, 5 -~ 3.0%
Caloium 03 - 2.5%
Magnesium 0.1 - 0.5%
Ehosphorus 0,05 = 0.3%
Iron KO - 500 ue/e
Copper 2.5 - 25 /s
Zino 15 -1 OO/ug/g
Naganase 50 -1000 ua/s

‘Allehg_t al, (1974) : Chemical Analysis of Eoological Materials,




"
4. DISCUSSION

The tendency of the testa to show higher values of orude
fibre and carbohydrate might be explained by the fact that biologi-
cally, it consists mainly of cellulose and lignin, These materials
decrease the digestibility of the materials in which they occur,
thereby rendering the nutritional values low (Pomeranz and Meloan) ,
The levels of mineral camposition obtained by dry ashing were lower
than those obtained by wet digestion as & result of the losses due
to volatilization, The high values of minerals in Adansonia digitata
corresponded with its high ash content which is an index of the
mineral content,

The heigh values of dry matter and the low values of moisture
content indicated the Over~all food content and long shelf-life of
the seeds, The heigher moisture content of PMN agreed with the fact
that lipid-rich materials contained substaintial amounts of moisture,
Consequent ly PMN had a lower value of protein since most of the
protein must have been bound as lipoprotein, The 'availability' of
the carbohydrates was indicated by the high values of nitrogen free
extracts compared to the total carbohydrate content,

The values of proximate composition obtained in this, investi-
gation were slightly higher than literatine values (TableVII), This
was also true for most of the minerals (Table IX These differences
could be attributed to factors such as moisture content (which

fluctuates with season, maturity at harvest and method of storage,
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as well as the degree of expossure in the cpen market), methods

of analytical procedures amployed, variety of specimens analysed,
parts of the materials analysed and differencesa in soil conditions,

It is suggested that because of their high protein contents,

the seeds inwvestigated ecould be used as protein concentrates for
both humans and livestock, Subsequent work on these seeds should
include the feruented seeds, because this is the state in which they
are usually taken by humans, Wet digestion methods are preferahle
when determining the minersl composition of the sceds and similar

materials because of the losses assooiated with dry ashing.
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