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ABSTRACT

The three commonl y consuned Hausa neal s, danwake; tuwo dawa and

kuka soup and koko and kosai have been extensively studied. Analyses

for their proxinate conposition, vitamn content, nmneral elenents,

anino acid conposition, calorie value, and nutritive val ue have been

carried out on the nmeals as sold in the |ocal narkets and as prepared

(with known proportions of ingredients) in the Laboratory i.e.

"Standard Meal s".

Al the neals were found to be inadequate in protein on an

average level of intake, but they (i.e. Standard neal s) were able

to supply the daily requirements of vitamn B, B, and Cif taken
t oget her per day.

The Standard rmeal s and rmarket neal s were adequate in

mneral elenents although cooking was found to cause | osses of mnerals

and vi tam ns.

Al the meals were deficient in sul phur amno acids and margi nal

in tryptophan. Lysine was lowin tunwo dawa and kuka soup and koko and

kosai .
Cooki ng danwake was found to bring about najor |osses in

sul phur am no aci ds, threoni ne, phenyl al anine and tyrosine, while

the anmino acid pattern of the other tw meals were |ess affected.

(vii)



(viii)

Attenpts were nade to establish the biol ogical val ue of these
neal s by carrying out feeding experiments using albino rats.

None or the meals at the level ingested could support optimm
growmth of rats as conpared with the bal anced di et .

The digestibility of protein for danwake and tuwo dawa and
kuka soup was inproved by cooking while that of koko and kosai was
r educed.

The cal ori e val ues of all the neal s have been cal cul at ed and f ound
to be quite inadequate at normal |evels of intake, hence nore food nust
be eaten to provide the necessary cal ori es.

Sone suggestions and recormrendati ons were nmade on how to retain

nost of the nutrients when cooking the neal s.



(ii) Clinical Studies (Mcfie, 196l; Bassir and Loebel, 1968;
Bdozien, 1965(a) and (b); Adadevoh, 1972; Omololu, 1972;
Osuntokun, 1971; Egwin, 1975; Oluboyede and Ogunbode,
19763 Ayanra, 1974).

(iii) Biochemical analyses (Olatunbosun et al, 1972; Oomen,
1974; Osifo et al, 197h).

(iv) The direct assesment of some Nigerian diets and new food
fornulations using human beings and Laboratory animals
(Oke and Tella, 1968; Williams, 1968; Isown, 197h;
Akinwande and Bragg, 1974; Ette and Bassir, 197L;
Mba et al, 19Tha;Njike et al, 1975(a) and (b); Oke
and Umoh, 1974; Ette and Isoun, 1974.

From the available data, Oke (1972) showed that Nigeria could
be divided into two main dietary zones according to the pattern of
food consumption, (Southern zones whose staple diets are mainly roots
and tubers and the Northern zone whose staple diets are mainly cereals),

Detailed reports have been written on the chemical composition
of some locally produced foodstuffs. These reports include those
of Platt, (1962);0ke, (1965(a) and (b)), (1965(e), (1966)(1967(a) and (b)),
(1971) {1973) s Haikerwal and Mathieson, (1971};0yenuga and Petuga, 1975).

There have also been reports on the chemical composition of some
traditionally prepared Nigerian foods (Oyenuga, 1968; Malik, 19673
Umoh, 1972; Eka and Edijala, 1972; Okoh, 1973; Abaelu, 1973;



Oyeleke, 1977; Eka and Kay, 1977; Okuwuraie, 1977; Eka, 1978; Akinrele,
1967; Ekpenyong et al, 1977; Kay et al, 1977.
131:2 Nutrient losses and Changes in Cooking and
ces o

The nutritional importance of a food in the diet depends upon the
composition of the raw food (or diet) or the ingredients as purchased,
the amount that is usually eaten and the extent to which nutrients are
lost during preparation or cooking. ll‘lt foods have to be prepared
and cooked before they can be .itnc' The most popular ways of food
preparation in Nigeria hwln"dtho; boiling or frying., For these
processes each individual hu a plan .of cooking and method of prepara-
tion. She determines according to hnoln taste, the rate at which
the cooking occurs, that point at which it stops, the amount of cooking
water to use, proportions of the food components and other details,
These can influence the extent of nutrient losses which may occur, At
each stage of preparation, some of the nutrients will be discarded or
destroyed., However, these losses m i-nuy not of major significance
if a good mixed diet is eaten as this will still provide a considerable
excess of nutrients over the recommended intakes. It is nevertheless,
desirable that the losses are kept to a minimum.

In recent years attention has been focmod on the nutrient
changes which occur during the preparation of food. Nutrients may be
lost by cooking while in some cases toxic substances may be removed.



The vitamins are the é.t mitih af 111 nutrients to processing and
because they are pmll;h lﬁh"‘ﬂiﬂmtl, the losses can be
critical, Many of the uﬁuao&ﬂu Mm are leached out in washing
andiblanching and are also 10:'! h\toﬁc cooking water which is often
thrown away. (Lee, 199;“ and !ﬁ, 1953; Bender, 1966).

Oke (1965a), urndﬂﬂ chcﬂ.ul studies one of the main staple
crops of West Africa (cum) the chl.non in the food value, mineral
content during oonvortiﬁof‘ﬂ uﬁtu to 'Lafun' (flour from peeled
fermented raw cassava) mm cqlutad. The report indicated that
in the process, about ﬂ'dh i. :I.o.t. He however found out
that @ oymogonotio gmm !ll the raw cassava is excluded

to a lu'ﬂ extent dur:hé}ih. m%ﬁ of the lafun. This report
processing has bad effect on the nutritive value

of food, it also has awm-amm

Bender (1966) zvpertod Mm{.ﬁoﬁt losses of carbohydrate and
minerals by leaching in wet processing of some foodstuffs. Sinolair
and Hollingsworth (1969) hl.n hmr r.pnt‘l:od some transformation of
carbohydrates during hnt mlings ' The most affected by heat baing
~ starch which is oomrh‘! ‘h'm. a soluble form of mbolwérato.

Malik (1967) Whun of vuaa:ln A including carotene
which ranged from 25-5& ﬂu- the m oil used in his studies,
These results showed m 1"{."“ vitadin A may be expected when
nahblu are pun-:nq Hﬂm containing oil and cooked for a long

i _Mod. He also m louos of up to 50% for riboflavin in his



has a beneficial offo.& I nv!h!m of nutr:l.cntn. because cooking |
inoreased the u@-tﬁfu of un, g’f.yq nitrogen of all the tradie

tional diets of the p%;* ptmlid ‘

Ogunmodede (1972) ;ln m ‘own m ‘showed that the crude and !
true protein content of mqmod m, rice and maize are reduced |
during processing but tlwb iho wbiuty of the crude protein isg
increased. He also showed that loqm of ‘the vitamins depend on the
- method of processing. +,

: Umoh (1972), ou':l:it‘ ?t a .tuly on the oha.ngoa in the nutritivo
vilm of some Nj,gcrim-ﬂotl after m by oerta.in South Hastern
l‘ipr:ll traditional M&lﬁl w on tho nutrient compogition
of the raw mixed and the oo’&ﬂ &iﬁl lhuuod thnt some loam of the
vu-us and minerals m?ﬂ}ﬂlﬂtnﬂt -of cooking occured.
“He also shoved that mm- of total orude protein and total ash vere
mxligibla. - ek ' _-f & « .

Abaelu (1973), showed that the handling of the foodstuffs before
and after cooking leads to losses of the thunino, vitamin B2 and
Iitllin C content of the foods he studied.

Eka and Hobbs (1976) showed that the m’t"l.:“ut level of M'
was decreased. M_Mcation was that the -ﬂnﬂﬂ' of the mm |

were into the cooking water (soup) except lzn the case of some vitqnl

© that “n possibly destroyed by cooking. \



10

A lot of reports have been written on the nutritional deficiene
cies and impact on health in Nigeria. These reports include those of
Bassir (1953), Collis et al (1962a, b), Mcfie (1964), Oomen (1974),
Fleming (1970), Adadevoh (1972), Ayanru (197L).

1:2 The Project
This present study is deeigned to assess by chemical analyses and

feeding experiments the nutritive value of three locally prepared meals
of the Hausa Community and to observe the losses incurred during the
preparation of the meals,

The three staple nm‘:ipro chosen on the basis of the survey work
carried out by Simmons (191?) and the report written by Aliw (1975).

These meals are:

1. Koko and Kosai
2. Danwake
3+ Tuwo dawa da miya kuka.

-

The main oomti@tn of the average diet are the cereal grains
and cereal products. Of the cereals which are consumed, guinea corn
and millet are by far the most important. (Aliw, 1975; Fewster, 1975).

The morning meals and the evening meals are the only meals nore
mally cooked by the women for the entire household; the morning meal in
many cases include warmed up left overs of the previous evenings meal
(Tuwo). The mid-day meals and most of the morning food are also
always purchased with cash from the sellers of prepared food in the
towns. (Simmons, 1971).
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1. The chemical analysis were carried out on the meals of known
ingredient composition - 'Standard Meals' such chemical analyses
include proximate composition, assay of amino acids and vitamins,
31 and 32 and C and Carotenes that are easily affected by mest Ilood
preparation methods, The standard meals consist separately of two
forms.

(a) The cooked meals

(b) The raw - mixed diets - containing the prepared
ingredients in the same proportion as in the cooked meals. Only then
can losses in nutrients due to cooking methods can be uoertain;d.
2. Since it has been observed that some of the foods eaten by the
Hausas are purchased from the hawkers of prepared foods, the chemical
anlyses were extended to randomly collected samples of the prepared
foods, And since there could be variation between different irddwiduals
preparing these foods, variations of the nutrient composition of
different samples collected from different markets were investigated.
Thus the magnitude of the variations in quality and quantity of the
ingredients used and in handling and preparation methods by different
individuals can be demonstrated.
3. Biological assay of food proteins:~ It is not sufficient to
deduce nutritive value of a meal from the chemical analysis of the
nutrients present. This is because the presence of a particular
nutrient does not mean that it is fully available and utilised by the

animal,
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The value of a diet as a source of protein is determined by its
protein concentration, the digestibility and by its content of
essential amino acid for body protein synthesis. These criteria are
best determined by feeding experiment using laboratory animals (rats or
chicks) or human volunteers.

The biological score of the food ¢an then be determined and
compared with the chemical score.

The results of these studies should give an indication as to
whether or not the meals are adequate for regular daily consumption
that is approximating innutrient status to what dieticians and nutri-
tionists consider to be suitable.

When the effect of traditional cooking is ascertained, some
remedy may be applied th:!l possible,when the nutritional value of the
diets are greatly threatened., The »people could be advised either to
modify their methods of cooking or to supplement their meals with other

foods that are rich in those nutrients adversely affected by the

cooking methods.



Chapter 2.

210 MATERTALS AND METHODS

Studies were carried out on the following three staple meals
of the Hausas:
(i) Koko and Kosai - normally taken as breakfast

(ii) Danwake = as lunch
(111) Tuwo da miya Kuka - as dinner.

2:1 Sources of the meals and foodstuffs

1. BEach meal was bought from three different local markets around
Zariaj that is Sabongari, Bm'lm! Tundunwada markets.

Three samples of each meal were bought from three different
food vendors from each of the markets the same day and conveyed to
the Laboratory for analysis.

2. The foodstuffs used for the preparation of the various meals in
the Laboratory were also bought from the markets.

3. The meals were prepared in the Laboratory with known proportions
of the ingredients using the method of Malik (1967) and Umoh (1972).
These meals were regarded as 'Standard Meals'.

The method used involved inviting six Hausa women to the
Laboratory. The foodstuffs were given out to them in greater quan-
tities than they would have used to prepare a single meal for five
people. Each was allowed to take as much as she would use in the

13



1L

preparation of the meal., The quantity of each item taken by each
woman was collected and weighed, Each meal was prepared by each woman
80 a8 to demonstrate the traditional cooking method of each meal,

The weighings and cooking was repeated by each woman., The means of
“these weights for all the materials were computed. Each meal was then
prepared by one of the women with these predetermined proportions of

the ingrediente. The raw-mixed meals were similarly compounded.

Table I = Showing the Components of the Meals

Meal i Ingredients
Braakfast
{a) Xoko dawa (guinea corn), citta (dried ginger,

and kaninfari {cloves) - spices. (Optional).

(b} Kosai wake (cowpea), albasa (onions), tumatir
(fomatoes), gishiri (malt), mangysda
(groundnut ¢il), and atarugu (fresh pepper),

Lunch

Danwake dawa %guinea.corn), dankeli (aweet potato},
rogo (cassava), kanwa (potash), mangyada
(groundnut oil), barkono (dried pepper),
gishiri (salt), weke {cowpeas) and kuka
(dry bacbab leaves).

D exr

(a) Puwo dawa (guinea corn).

(b) Miya kuka | Miya kuka (baobab soup) ~ kuka (dried
baobab leaves), atarugu {fresh pepper),
gishiri (salt), manja (palm oil), tumatir
(tomatces) and maggi cubes,
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Table II

Composition of the 'Standard Meals' ( un qrams) .

(a) Tuwo da miya Kuka (Mean of #wo determination for each person) j

Person ﬂﬂu wwww Tomatoes | Onions | Kuka | Salt |Tatase | Atarugu| Meat Dawa
1 3 [120.47 104.78 | L6.54 | 34.33| 16.66 |L47.85 | 33.71 |248.72 | 8L9.33
2 L {121.93 108.73 L7.78 | 25.87 | 14.45 | 37.84 22,75 252,36 | 738.60
3 3 |111.60 | 112,05 | 50.4k | 26,99 | 16.71 | 38,79 | 30,31 [256.59 | 800.21
h 3 98.74 104.85 46483 | 27.34| 9.75 | 0.00 29.10 | |287.23 | 771.66
5 2 | 92,66 | 109.19 0,00 | 28,42 | 6,37 | 38,45 | 18.50 ||224.86 | 808.79
6 3 | 88.74 | 120.14 | 58,09 |22.34| 6.77 |33.28 | 35.00 ||281,20 | 794,00
| Mean 3 [105.69 | 109.95 | L1.61 |27.55] 11,79 {32.70 | 28.23 ||253.L9 | 793.77
(b) Danwake (Mesn of two determinations for each person)
Person | Potash Groundnut | Cowpea Dawa Rogo |Dankeli | Salt | Barkono Kuka
oil
1 27.68 256,15 305.58 | 357.93 | 280,06 | 264,92 13,09 | 13.08 23,09
2 W79 19647 343.28 | 382,86 |237.35 {291.24 | 15.45| 1h.30 | 28,12
3 36,62 165.83 320.51 | 371.LL | 227.79 | 234.94 16,93 | 15.71 22,88
I 32,80 188.72 280.88 | 342,00 | 230.36 | 273.41 W0 | 13.90 27.66
5 28.77 166.25 288,76 | 258.76 | 206.26 |211.63 | 12,35 | 13.60 | 27.72
i 6 21,56 189.80 298.28 | 387.93 | 258.00 {241.26 | 11.42]| 12.33 | 20,05
qz.g 30,37 193.87 306,22 366.82 | 237.97 | 252.90 13.94 13.82 »P.WM
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(c) Koko/Kosai (Mean of two determinations for each person)

Person | Onions | Tomatoes | Atarugu | Cowpeas|Salt oswwﬂunusw Tatase Dawa
1 53.30 The59 30.%0 , 612,41 |17.16 | 384.65 32.71 | 980.94
2 37.90 82,27 28429 | 593.37 |22.0L4 | L438.61 32.43 | 1092.41
3 51.01 78.08 20,70 | 606.59 |20.56 | 528.69 30,70 | 1468.10
b 66,83 0.00 15.64 | 471.88 [14.98 | 385,13 27430 | 1109.65
5 67.13 000 1410 | 490.92 |13.62 | 460,61 20,13 | 1155.20
6 68.53 89.12 29,89 | 502,75 [16.58 | LL6.33 21,55 | 1037.68
Mean | S7.45 | 5,01 | 23.22 | 546,32 [17.49 | LLO.67 | 27.47 [1140.66
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2:2 Recipes for the preparation of the Meals

2:2:1 Koka

e In the preparation of Koko, the dawa are ground with other
ingredients after their husks have been removed, mixed thoroughly with
cold water to form a thin paste, This is strained through a sieve
into a contalner and set aside for at least 12 hours to sediment,

Ze The resulting thick sediment is collected, mixed with 2 suitable
amount of cold water to form a paste.

3«  This is then added %o boiling water with constant stirriﬁg

and cocked for about j to 5 mirutes to form a thick vipeous paste.

ke Sugar is added (if desired) and then it is eaten.

Kosai
Te In the preparation of Kosai, the cowpeas are scaked in uater
for a few minutes.

De The cowpeas are rubbed between the hands and washed vigorously
until the outer skin (bawo) and the black 'eyes' are removed. At
this stage the peas must be very white,

3. The cowpeas are then ground on a grinding stone (or grinding
machine} to produce a fairly smooth psste, If onioms and fresh
peppers are to be included, these ingrediente are ground along with
the cowpeas after they have been cleaned and chopped. Some people
prefer not to grind the onions but te chop them finely and add them

later in the preparation.
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Le The groundnut oil is heated in a metal pan. 4 little kanwa
(potash) may be added to make the kosai brown nicely.

Be The ground peas with salt and enough wgter are mixed to make a
slightly thick batter, beating vigorously with a wooden spoon to give
the finished product the requigite lightness,.

G Vhen the oill im very hot, the kosai batter is dropped into the
boiling oil using & spoon,

Te When the kosai are brown on one side they are turned over and
the other pide fried until they are done,

8, The kosal are then removed from the pan with a slotted spoon,

They sre cooled and served.

2:2:2 Danwake

1 In the preparation of Danwake, the ingredients are ground
separately to flour and mixed in a calabash or bowl.

2a Enough warm water to which kanwa has been soaked iz added to
make a fairly stiff dough and mixed thoroughly.

3e Small bits of the dough are dropped into boiling water in a
large pot or kerosine tin and cooked for 15 to 20 minutes.

Le The cooked danwake are removed from the water placed in a bowl,
sovered slightly with mangvada.

Se Barkono and salt added and served,

232:3 Tuwo dawa da miya kuke

Tuwo

1. After huaks have been removed by slight grinding, the daws
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grains are washed, dried and made into flour,

- Peeled and dried cassawm may alsc be added in the form of a
powder (if desired)s

3. A quantity of the mixed ingredients is mixed in a suitable
amount of water to form a paste.

e The paste is poured into a pot containing boiling water,
thoroughly mixed with a long wooden stick (muciya) and allowed to set
for 30 minutes,

Se A portion of the cooked tuwo is scoop out from the pot with a
small piece of calabash (mara) and placed in a bigger calabash (the
malmala).

6o If it is satisfactorily cooked, it is placed in an eating bowl
and the required number of servings are removed and shaped.

Te The tuwo is then covered with soup (miya kuka) and served,

Miyas kuka
1. Meat (if used) is cut into rough cubes.

2. Tomatoes, onions and fresh pepper are ground into a paste or
chopped finely before cooking.

3e The meat is fried in oil, water added and then cooked until
the meat is tender.

Le The kuka is normally added in a powdered form after the
other ingredients, or approximately 10 minutes before the soup is

to be served.



2:3 Formulation of the Meals (Umoh,1972)

Two foods taken together as a meal were combined and homoge-
nised in portions. These were then pooled and finally mixed in a
food blender (Braun Multimix Mx.32), The raw forms of all the meals
were similarly homogenised and mixed.

2ily Treatment of Samples (Joslyn, 1970)

Te The cooked food samples; the raw mixed meals prepared in the
Laboratory and the cooked food samples bought from the markets when
conveyed to the laboratory were each dried separately almost imme-
diately (after dohzl.‘l.niag the water content) in hot air circulation
oven at 70°C. '+

2. Where samples formed lumps on drying (especially the prepared
foods), these were broken up in mortars to very fine powder before
storing in hermetically sealed inert containers (wide mouth bottles
with serew caps) in ordcg'ﬁ prevent changes resulting from loss or
gain of moisture Moﬂltr volatile constituents in the samples

and stored in a refridgerator.

3. Some of the food samples (cocked and raw mixed, and the cooking
water for danwake) were freeze-dried for determination of vitamins
which might be destroyed during drying in a: hot air circulating oven.
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EXPERIMENTAL

2:5 Yroximate Composition

2:5:1 Determination of Moisture Content

The moisture content of the meals {both Standard Mesls and
Market Samples) were determined by the standard method of
Agsociation of Offiecial Agricultural Chemists. (A.0.A.C. 1975,

Pe222),

2:5:2 Determination of Ash Content and Organic matter

The ash and organic matter were determined by incinerationm of
a known weight of the asample until ash wag obtained (4.0.4.C., 1975
Pe222), The organic matter was obtained by substracting the weight

of ash from weight of dry material (Lighstein and Oginsky, 1965),

2:5:3 Determination of Lipid Content or Pet - Ether Extract

The lipid content (Pet - Ether extract) was estimated by
extraction sxhausively of a known weight of the material with fat

solvent {petroleum ether - 60°-80°C) « (4.0.4.Ce 1975, p.185).

Discuszion of the Method

The method used iw a Standard Method. The loss in welight of
the thimble was compared with the gain in weight of the round
bottomed flask for each sample to establish if all extractable lipid

was obtained in the round bottomed flask.
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2:5:, Determination of Crude Protein

The crude protein was dotmm using Macro Kjeldahl method
outlined by Association of Offiecial Agricultural Chemists. (A.0.A.C.

1975, p.?BG) .

Discussion of the Kjeldahl Method

In this method it is um'ﬁt the nitrogen of the food is
converted by cigesting with concentrated sulphuric acid into
ammonium sulphate, Thie is liberated as ammonia on addition of
sodium hydroxide and distilling. The quantity of protein is then
calculated from the nitrogen content by multiplying by a factor of
6425, '

To establish whether é!. not thm was nitrogen contaminant
either in the chemicals used or in the atmosphere, a blank was
prepared containing all the chemicals except the food sample and
subjected to same conditions of the m‘t as the food sample.

An internal standard employing 10mg of ammonium sulphate was
included to establish the percentage nitrogen recovery. The
recoveries was found t.“m mqnnms.s and 112% for the three
meals, --, ' ;
Tryptophan which oqtnu o. e nitrogen vas digented to
further establish if the d!.q:ut:l.on vas complete within the time used
in the digestion prooduro..'l

AN~ CHpe CH. (NH,) COOH
tryptophan,
H
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The mean value for the mmm found to be 98.88% for
rmumt-mdmnluthmuthS-wo%
and the standard error il:B-Z‘W.

21515 nst-_r-i_mm.nm

Fibre content of thc standard mh was determined using the
methods of Official Analysis of A.0.A.C. (A.0.A.C. 1965, p.332).

Dried fat free samples were used for the estimation of the
crude fibre content and the method is based on the separate extrac-
tion of substances soluble in both boiling sulphuric acid and boiling

sodium hydroxide.

2:5:6 Determination of Carbohydrate Content

inel Nucle.
Carbohydrate content was determined by the difference method,
that is, by substracting the total protein and Lipid from the organic

matter.

*

2:6 Mineral Elements W
21631 Determination of m' Phosphorus

Phosphorus oontﬂi’o! thl meals was dotominnd using the
Molybdovanadate Method Gf Ofﬁcm Analyeis of A.0.4.C. (A.0.ALC.
1975, p.1L3).

Molybdovanadate reacts with inorganic phosphorus to form a
pink=coloured complex - (phosphomolybdovanadate) which is measured
‘at 400nm, "
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2:6:2 Determination of Mineral Elements

The following mineral elements were determined by atomic
absorption method of mmﬁm of Official Agriculatural
Chemists. (A.0.A.C. 1975, ;.22), Ilins Perkin-Elmer Atomic Absor—
ption Spectrophotometer Model 306 with digital read out.

(i) cCalcium - (i1i) Potassium (ii1) 2Zinc
(iv) Sodium (v) Iron (vi) Copper

(vii) Magnessium (viii) Manganese.

The method operltlil on the principle of absorption., When ray
of light of a particular nnhnﬂh passes through the flame
containing a cloud of free atoms of the tested element, intensity of
the ray is diminished or reduced due to absorption. The magnitude
of the decrease in intensity is proportional to the concentration of

the atoms in the flame and consequently the atoms in solution.

Discussion of the Method

Differences observed between separate digested solutions of a
particular food sample were commonly less than 2%.

Strontium and Lanthanium Salt were added to potassium and
sodium, caleium and magnessium salts respectively to eliminate any
ionisation of the standard salts which might occur in the acetylene
flame,



Ascorbic acid m‘l of the 'Standard meals'
by Lvered's Method. (Evered, 1960).

25

was determined

Ascorbic acid Wﬂ by .l-‘l!owneomnido is a satisfac-
tory method for assaying MG lli.il and the reagent unlike
2:6 d:lohlorophcnounml h mm by reductones, reductic

acid and Iron salts (nm-a. 1’@).

Excess of n-mmiuu that is, the end point of titrating
the ascorbic acid, is Mmmd w liberation of Iodine from potassium

Iodide in acid solution md formation of the blue colour with starch,
However, pigments also interfere with this end point, so with
pigmented material, the ubmtcd .Icuno can conveniently be detected

by extraction into an organic solvent, when the ascorbic acid present

has been completely oxidised.

HO-G

HO-C-H

CH,OH

Ascorbic acid

>.m-

0=

0=

HO -

Oxidis

A\
6 + /NH...EBr
) T 3200
- H
CBZOH
Ascorbic acid
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Discussion of the Me

There are two common methods of estimating Ascorbic acid in
biological materials. These methods are the 2,6-dichlorophenol-
indophenol titravion method and the N-~Bromosuccinimide titration
method. ;

Battmstion of Aseiilits Gald weih 2,6 dichlorophenol-indophenol
is limited by the presence of interfering substances such as reductones
and reductic acid, Slow reducing substances that may be present in
biological fluids render the end point less distinct (Mohammed et al,
1955)s This defect of this method, induced the author to investigate
the estimation of ascorbic acid by N-Bromosuccinimide, the oxidising
action of which is selective. The fact '_:that ascorbic acid is
Sileolinedy oiidised RN SRUERLL subetansos. LN Hasi
present, provides a reliable dtﬂﬁm method of extensive applica-
bility.

Three tubes were included with known amount of ascorbic acid
added to each meal sample so as to check the titration results, that
is percentage rlocvery..‘

The percentage recovery was found to vary between 98.95 and
103% for the three meals,

2:7:2 Determination of Thiamine (Vitamin B,)

Thiamine content of the Standard meals (raw mixed and cooked
forms) were determined by the Thiochrome method of the Association of
Vitamin Chemists (A.0.V.C. 1966, p.127).
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Thiochrome procedures depend upon the oxidation of thiamine to
thiochrome which fluoresces in Ultra Violet light., Under standard
conditions and in the absence of other fluorescing substances, the
fluorescence is proportional to the thiochrome present, and hence to
the thiamine originally in solution. If necessary the thiamine may
be freed from interfering substances by treatment with adsorbents
which retain thiamine but no‘l the impurities. Subsequent elution
usually provides an extract sufficiently pure for analysis,

The apparatus used was photofluorimeter:- Single gided

H.Koj-l-ow" 29 R.T.

Discussion of Thiochrome Method

None of the present known methods for determination of thiamine
and its phosphoric esters allow thiamine to be determined separately.
Chemical methods are based either on the difference of the

solubility of the thiochrome resulting from the oxidation of
thiamine and its phosphoric esters or on the determination of
thiochrome fluorescence before and after treatment with phosphatase
which converts phosphate esters into free thiamine.

For this studyy, the fluoremetric method was used, the per-
centage recovery using sm thiamine solution was tested after
activation of the resin used for the purification of vitamin extracts.
This was found to be necessary in order to ensure that there was
complete activation of the ru-in and that the quantity employed for
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absorption of the thiamine was mi%r too small or too large,

An average column recovery of 97.3% was obtained for the resin
employed and the recovery value was found to range between
9648=97.6% for four Mﬁm. This recovery value is allowed
for in the method for calculation of the thiamine content in the
samples. The standard error was found to be + 0,36 for the method.

2:7:3 Determination of Riboflavin (Vitamin B,)

Riboflavin was determined bylﬂue:oﬂttic method of Association
of Vitamin Chemists. (A.0.V.C. 1966, p.158).

Riboflavin fluoresces in light of wave length LLO to 500mm .
The intensity of fluorescence is proportional to the concentration of
riboflavin in diluted solutions, The riboflavin is measured in terms

of the difference between the fluorescence before and after chemical

mdmtiono
H,,0H
H
+ 2H
Ny b
: H-C=0H
H
CHz . CH, 0
CHz W CHy ’ W
_ H L
Riboflavin Leucoriboflavin

(fluorescent form). reduced, nonfluorescent form



Discussion of Method used for Riboflavin tion

Riboflavin is naturally bound to mm;'sn, hence to liberate
riboflavin from its natural protein bound forms, it is necessary to
treat the samples with suitable solvents at room temperatures or at
the boiling point of the solvent, For this determination, aqueous
acid solution was used.

Impurities in the extract were precipitated within pH L.5 and
640. Reducing agent such as sodium dithionite, zinc in acid solution,
catalytically activated w and titanous chloride transform
riboflavin in alkaline, neutral or acetic acid solutions directly
into an almost colourless pale yellow dihydroflavin which is re-
oxidised on shaking with air, hence it was necessary to take the blank
reading within 10=-30 seconds of addition of the dithionite,

In the riboflavin muon using the fluorometric method, the
problem encountered was “‘t of avoiding formation of bubbles which ‘
can interfere with the reading of the fluorescence, The level of
hydrogen peroxide just necessary to decolourise the permanganate
without much bubble formation was therefore determined by trial.

This concentration of hydrogen peroxide varied with sample type.
Pouring the oxidised sample rapidly down the side of the cuvette was
also found to reduce formation of bubbles in the cell.



2:7:k  Determination of Carotene
Carotene is determined by Chromatographic method of Association

of Vitamin Chemists. (A.0.V.C. 1966, p.104).

The method is based upon the separation of the biologically
active carotenoid pigments from the total carotenoid pigments in an
extract by an adsorbent with varying affinities for the different
pigments.

Under the proper conditions, the various materials may be
separated into relatively distinct zones or bands. The individual
pigments exhibit characteristic absorption maxima at which their
concentration may be determined by photometric measurement.

After the extraction of the carotenes, the carotene from each
meal was run along with the Standard Carotene on an S,P.800
Spectrophotometer to determine the actual wavelength at which maximum
absorption of the extract occurs,

The wavelength was found to be L50nm, hence the carotene was
estimated at this wavelength using Spectronic 20.

The percentage recovery of the purification column was tested
using a known concentration of carotene, The mean of three determi~
nations was found to be 98.63% and the Standard error + 0,097.

2:8:1 Amino acid Analysis
The amino acid was analysed using the original method of

Spackman et al (1958, as adopted by Haikerwal (1969), with a Beckman

120C automatic amino acid analyser,
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tion of the o : d analysis 8is
Direct-mcid 1
1e 50mg of the dry lntwll ground food sample was weighed into a
clean dry pyrex ampoules
2. 5 ml of 6N HCl was added and the neck constricted slightly using
a flame. (Nitrogen gas was bubbled into the 6N HCl before use to
exclude oxygen).
3. The tube was closed using a short rubber tubing and a pinch
clamp, before placing in deep freeze,
L. The ampoule containing the frozen sample was evacuated for
about 20 minutes through a stop cock. During evacuation, the ampoule
was tapped gently to exclude dissolved gases.
Se The evacuated ampoule was sealed off at the constriction.
6+  The smpoule was then placed in an oven at 110°C for 2|, hours,
cooled and opened carefully.
Te Excess HCl in each sample was evaporated off by rotary
evaporatorand washed thrice with 5 ml of distilled water each time,
8. After final evaporation, the thin film of the hydrolysate was
taken up in 10 ml pH 2.2 citrate buffer and then stored in a deep
freeze until needed,

Bunning of Sample
1 The Beckman 120C automatic amino acid analyser was used to

estimate the amino acid composition of the hydrolysate.
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2. Just before ranalysis, the hydrolysate vas diluted if needed
with pH 2,2 citrate wtn.- 0,5 ml and 1,0 ml were applied to short
and long columns respectively.

Je The recorder was om at low speed and the optical density
of the column effluent Cﬁunuﬂ.un with ninhydrin was read at
570nm and LLOnm by the photoelectric colorimeters.,

Calculations

The concentration of the various amino acids were obtained by
integrating the peak areas by the height-width (HW) method,

In using the HW method, the height of the peak is measured in
terms of time by counting the number of dots printed above the half
height of the peak., To facilitate the counting of the dots every
fourth dot of each of the curves is black. The area of the peak is
obtained by multiplying the net height (H) in absorbance, by the
width (W).

Zhe Standard .

The analyser was standardised by running a calibration mixture
containing 0.25mmoles of each amino acid.

HW constants (HW®) are caleulated for each amino acid by
dividing the area occupied by & peak by the concentration in the
calibration mixture,

Three calibration runs were made for the initial standardi-
sation of the analyser and the average of the HW constants (Standard
HW constants) were obtained for the individual amino acid.
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The concentration of unknown components in other samples were obtained
by dividing their HW values by the appropriate Standard HW constants,

he working of Ahsibekmes 1800 smtonstic smiso acid snalyser
‘assembled by Spackman, Moore and Stein (1958) is based on Ion
exchange resin column mtom.

The developing buffers are mechanically pumped through the
column at a constant rate under carefully regulated condition after
volume of buffer is quantitatively applied to the top of the resin.
The effluent emerging u- the column, brings out in definite sequence
the resolved amino acid components and is joined into a stream of
ninhydrin where it is mixed up and pumped at constant rate.

The ninhydrin mixture is then passed through a long coil heated
in a boiling water to produce colour. The products emerging from the
coil are led through a three cell photoelectric photometer where
absorbance output at 51@: is traced on a three channel recorder.

Quantitative muon for amount of each amino acid components
in the original sample mixture can then be made from integration of
areas in the resulting automatic plots of absorbance versus time as
desoribed under materials and methods. The major problem in this ion
exchange chromatographic estimation of the amino acid composition of
-tho protein, lies in the preparation of the samples

This involves hydrolysis of the protein to a mixture of amino

acids by cleavage of the peptide linkages. In practice, various



other reactions take place during the hydrolysis and the amino acid
analysis is influenced by thil side reactions. For example
racemization and oxidation of some of the amino acids.

The hydrolytic procedure is therefore of crucial importance in
obtaining an accurate knowledge of composition of protein,

Hydrolytic agents generally employed are of three kinds; acids,
bases and enzymes.

Acid hydrolysis

This method was used to determine the amino acid composition
of 'Standard meals' - raw and cocked form. It involves hydrolysis of
the sample with 6N HCl in an evacuated ampoule at 110°C for 2); hours.
Lini tations

Tryptophan is largely destroyed by this method. Asparagine and
glutamine are completely converted to aspartic acid and glutamic acid
respectively. Cysteine and Cystine are partially destroyed during
the acid hydrolysis, but better result can be obtained by previous
oxidising them with performic acid to cysteic acid which is stable
(Tyrosine, histidine, tryptophan are destroyed by performic acid
oxidation. (Byers, 1971).

Serine and thrcon.'l.no are slowly destroyed during acid hydrolysis
and they are usually obtained by carrying out analysis on the samples
which have been hydrolysed for different periods of time. (Byers,
19713 Haikerwal and Mathieson, 1971).
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Alkal 1

This is of limited “lQ. the destruction of arginine, serine,
threonine, cysteine and eystine by alkali hydrolysis precludes its
general application, It is now only commonly employed in determining
tryptophan, The protein is hwdrolmd for 2l hours using SN Barium
hydroxide in an evacuated #ube at 120°C, (Haikerwal and Mathieson,
1971, Blackburn, 1968).
Enzyme hydrolysis

This usually involves the use of more than one enzyme to cleave
the peptide bonds of the protein, This enzyme hydrolysis makes it
possible, the d-tun:l.nlﬁ_i_n of glutamine and asparagine residues of
proteins in addition to thl increased recovery of amino acids.
The method is however limited in use, since the extent of digestion can
only be judged after comparing values obtained with that from any
acidie hydrolysis, (Oke and Umoh, 1974).

of te

The pH of the hydrelysate applied to the colum was found to be
very critical in the elution time of the amino acids. Rgpeated
washing and evaporation of the sample hydrolysate was therefore
carried out four times, before the residue is taken up with pH 2.2
citrate buffer,

The acidic amino acids are more easily affected by pH., At low
pH value less than 2,2, they bind more strongly to the resin and their
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elution time therefore increases. This will create some difficulty
in identification of the amino acids on the chromatogram.

Oyeleke (1977) mm that period of hydrolysis may
have effect on the amount of llin; m produced. He found that the
amino acids usually found in sorghum could be divided into four major
groups in terms of duration of the hydrolysis:-

(1) The acid labile amino acids with yields decreasing
with increased time of hydrolysis, i.e. Cystine, Methionine,
Tyrosine, glutamic acid, tryptophan and Arginine.

(2) The amino acids m no significant trend in yield, i.e.
threonine, w. histidine and aspartic acid,

(3) The acid stable amino acids with maximum yield at
L8 hours, alanine, proline and glycine.

(4) The bulk acid stable (sterically hindered) amino acids
whose release required longer than 72 hours of hydrolysis
i.e. phenylalanine and valine.

21812 MMM by the method of
Horacio and Lynn, 1969 as adopted by Osaniyi (1977).

The method involves the hydrolysis of the protein by papain
releasing tryptophan which then complexes with ferric chloride to
&ive a brown colour which absorbs maximally at 420nm.



Reagents:~

1.

2,
3
L.

Papain enzyme solution:= O.l% W/V enzyme in phosphate
buffer pH 7.0.

5% W/V sodium cyanide solutions in distilled water.

0.1 formic acid,

Ferric chloride reagent:= 270mg of ferric chloride
hexahydrate were dissolved in 0,5 ml distilled water and
then transferred to a 100 ml volumetric flask and made up
to volume with glacial acetic acid. Equal volumes of this
solution and concentrated sulphuric acid were mixed 1-2

hours before use,

Rrocedure:-

1.

2.

3.

Le

Se

A stock solution of tryptophan Img/ml was prepared using
distilled water.

A calibration curve was prepared using dilutions of stock
solution containing 1.0mg to SOmg tryptophan per 100 ml.

1 ml. of each solution was pipetted into a test tube
containing 4 ml of the ferric chloride reagent.

Mixture was vigorously shaken and incubated for 15 minutes
in a water bath at 65°c for colour development,

After cooling to room temperature, the absorbance of the
solutions were measured using Spectronic 20 at L,20nm
against a reagent blank prepared using 1 ml. of distilled
water instead of 1 ml. of tryptophan solution above,

37



6« The hydrolysate of the sample were run concurrently with
the standards.

H lysis of S

1. Three 300mg portions of dried food powder were weighed
into 50 ml, Erlenmeyer flasks and 8 mls. of the papain
solution added,

2. Three drops of ﬂl'/v' sodium cyanide solution were added
and the flask n@tly capped,

3. The samples were incubated in a water bath for 36 hours
at 60°C.

k. At the end of the hydrolysis period 1 ml, of 0.1M formic
acid was added to each flask to stop the reaction,

S5« The reaction mixtures were centrifuged.

6. A blank containing 8 ml, of enzyme solution and three
drops of 5% w/v sodium cyanide solution in the flask
\without the sample) was r#ln along with the sample,

Determination of hydrolysate

1. 1 ml, of the rnﬁn hydrolysate was diluted 10 times,

2. 1 ml. of the diluted hydrolysate was mixed with L ml, of
ferric chloride reagent.

3. Mixture was vigorously shaken and the colour allowed to
develop in a water bath maintained at 65°C for 15 minutes.

4. After cooling to room temperature the absorbance of the
solutions were measured in a Spectronic 20 at 420nm against

the reagent blank,
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219 Feeding Experiment Using Albino Rats

The diets used were prepared R Abe iiperiions & ihe
ingredients in the 'Standard Meals' shown in Table II.

In preparing the nﬂm meals the Mﬁml procedures was
used by one of the Hausa m wk”d for computing the proportion
of the ingredients in the 'Standard Meal' so that the meals would
be identical with the food as actually consumed by the Hausas.

The cooked homogenised food were dried (Bassir and Umoh, 1973)
and the lumps of the dried m 'l!. broken down to small pellet
sised which 'sould be SNERECEMESyAtRRS vate.

Non=— ein diets

The non-protein diet was made up of the following composition
on a dry weight basis - Sucrose 7 percent, mineral elements
mixture (Rippon, 1959), 4 percent, Butter, 10 percent; Vitamin
mixture (Cuthbertson 1957) = 5 percent; Cod-liver oil, 1 percent;
and corn starch (Rippon, 195?), 73 percent., The corn starch was
added after all other Wﬂiﬂ bhave been thoroughly mixed
together,



Table III

Compesition of Basal Protein free diet

Ingredienta Amount ‘5!

Sucrose 140

Butter 200

1Vitamin nixture 100

%salt mixture 80

Cod liver oil 20

Comn sterch 1,460
Tyitamin Mixture Oke and Umoh (1974)

Ingredients Amount
Vitamin A LODO I.U = f1.2mg.
2., 11U = 0,0003mg Vit 4
Vitamin D (oalciferel) 2,000 1,0 = 0.05mg,
1.I.U = 0.000025mg Vit D

Vitamin E (tocopherol acetate) 280 ng.
Vitgmin K 2 mg
Thiamine 30 mg
¥Riboflavin 30 mg
Pyridoxine 8 mg
Ca D=panthethenate 100 mg
Nicotinic acid 100 mg
Cheline Chloride 1000 mg
Inositol 220 mg
Vitamin B,, 50 mg
p=amino bengzoic acid 75 mg
fpteroyl glutamic acid 1.0 mg
Biotin 0.2 mg

(* Rivoflavin and pteroyl glutamic acid were

added last)

3
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Table III Contd.

Zsalt Mixture (Oke and Umoh, 1974)

Ingredients Amount
Sodium Chloride (NaCl) S0g
ca3(P0h)2 Loog
FeCgH0, & 3H,0 35¢
Mgso) . TH,O 8og
NaH,PO) (anhydrous) 105¢
KC1 2508
KI 1¢
MnSO) + LH,0 0.28
NaP 0.0Lg

Animals and grou of g (Bender and Doell, 1957)

Sixteen Albino rats of a single strain from the Department of
Biological Sciences were used in the experiment. The animals were
weaned at 21 days and fed for one week on stock diet (mice cubes,
produced by Pfizer Nig, Ltd.).

The rats were divided into 8 groups of 2 rats in such a way
that each group has 1 male and 1 female and each group totalled the
same weight within 1-2g and combined body-weights were used (Bender
and Doell, 1957).

Erocedure:

One group was fed on the non protein diet and one group on mice

cubes at 21% protein level, produced by Pfizer and each of the
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remaining groups were fed on separate test protein diets for 10 days
simltaneous. Water and food were given ad: libitum, The first
three days were regarded as an acclimktization period during which
no record was kept of the food consumption and no collection of
faeces was made, ' Daily records of food consumption were kept for
the last 7 days, by weighing the food given and what remained
together with that spilled after 2l hours, The spilt food and faeces
were separated by hand which alsc allowed the investigator to
separate and discard all particles of hair,

The weight of each group of rats was recorded every day.

Collection of faeces were made daily for the last 7 days of the
feeding experiment. The faeces of each group of rats were pooled
dried at 105°C for 24 hours and ground into powder for faecal Nitrogen
estimation, The parameters considered are:-

1. The Net Protein Ratio (N.P.R.) was determined as:-
weight of test group + loss in t of non=-protein diet
protein intake, (Bender and Doell, 1957).
2, Protein efficiency ratio was also calcula thus:~

P.E.R. = bo “i t
¥ intake.X ;'Q.Ig

3o Protein retention efficiency, P.R.E.
= N.P.R. x 16 (Bender and Doell, 1§57)

L. Coefficient of digestibility; C.D. or % abso

N intake = faecal N
N intake.

The experiment was repeated using another set of 21 days old rats,

]
i



Modification of Bender and Doell Method (1957)

In this experiment, the investigator used two rats per group
instead of four used per gfoup by Bender and Doell, This was because
the investigator could not get up to 32 rats of the same age for

each trial run.

Discussion of Methodi~-

N.P.R. is defined as gain in weight of test group plus loss
in weight of non protein group, divided by protein intake, 1t thus
measures the protein used for maintenance. (Bender and Doell, 1957).

In practice the test groups md the non protein group were
run simultaneously, mm:mmys- (P.R.E,) = this term was
given to the value obtained by converting N.P.R. into a percentage
scale by use of an experimentally determined factor, 16, This
modification of the P.E.R, method, described overcomes its major
disadvantages but is still apparently subject to the criticisms of
any growth method, namely, that the gain in body weight does not
necessarily bear a constant relation to the new protein tissue.
However, P,R.E, has been shown to correlate extremely highly with
the N.P.U, determined by Carcass analysis (Bender and Doell, 1957).
It has been shown to be independent of food intake. It includes
the maintenance requirements of the test animal as well as the growth.
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*(Mean + Standard Error)

% Wet

Veight % Dry Weight

Organic Crude Pet-Ether |Carbohydrate

Sample Hoisture Aok Matter Protein | lixtract + Fibre
Samaru 113057 + 0406]3.06 + 0.,01)96.9L 4+ 0.01| 842314 0,05f 6.63 + 0.11|82.08 + 0,07
2]30.80 4 0405124894 0.07/97.11 £ 0,07 5438 & 0.08] 7,25 + 0.10|8L.L8 + 0.22
Sabo 1126.82 + 0,02{2.56 & 0.13{97.hks + 0.13( L6k 4 0.03] 3.75 + 0.,09189.05 4 0.2}
2 B.d—-. - 0,09 Nomw - 4 0,09 Wﬂowq L . 0.09(11.85 = 0,09 moﬂm » 0,08 a-j ] 0.25
u sls H oog A.g ” o.g ata “ 008 P.g H QOﬂN OCWQ H o.g g.ﬂr” OQMQ
Tandunwada 1 MQONQ H Oog UO_QN H Oia *08 M.u o.a ddop " o.g UOWO H O.dﬂ GADQ.— H Otdm
342,21 4 0.09/2.36 + 0.02197.6L & 0.0211.6k4 + 0413/12,63 + 0,06|73.37 & 0.16

*Mean of triplicate determinations for each nutrient plus the Standard error
from the mean,
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&f = L (degree of freedom)

é'\- 0005 =~
to-/, = =2.T164  %4=2/, = 2.776L4
Proximate | Market | Vendor t = statistic | df |[Result | P=value
Lipid 1 '; va, 2 -“032“ L 8. p< 0,01
1vs.e 3 1.6287 L N.S. -
2 vs, 3 5091.‘3 h S. pC0.00S
2 1vs, 2 =25,9740 i Se p< 0,005
1vse 3 =39.40 N S. p< 0,005
2 ve. 3 =14.7913 b Se | p40,005
3 1ve. 2 -147.1727 L Se p < 0,005
2vs. 3 98,4048 L 8. p < 0,005
Protein 1 1 ve. 2 30,842 4 S. | p< 0,005
1vs. 3 -6,1622 L Se p‘.0.00S
2 vs. 3 -26.0186 N Se p< 0,005
2 1 vs, 2 ~78.1148 i S. | p<0.005
1vs, 3 =2.4038 b NeS. -
2ve, 3 46,5633 b S. p< 0,005
3 1vs, 2 k3.3198 L 8. p< 00@5
1 ve, 3 0,00 h N.S. -
2 V8. 3 29.0169 h 3. P(O.ms
Ash 1 1 vs, 2 1.3912 N N.S. -
1vs. 3 3.7960 b S. p< 0,01
2 VS, 3 3.0637 L 8 p £ 0,025
2 (1vs.2 =0.4lili2 L | N8, -
1wve. 3 3.9871 L S. p<0.,01
2ve, 3 5.5093 h Be p¢0.005
3 1vs, 2 L.2746 L Se | P€0,01
1 va, 3 10,4928 L Se | P£0,005
dt"‘ 3 ‘06398 h Se p(0.00S
Moisture 1 1vs, 2 -3.01]4'4 h S. p<0.025
_.'l ve. 3 3.9052 '0 Se P(Om
2 ve. 3 7.2961 L 3, P < 0,005
2 1 vs. 2 =35.737h4 L Se D 40,005
1 vs. 3 -‘Jzom h Se pPC 0o005
2 ve. 3 7.9 L S, p< 0,005
3 1 ves 2 "'162.1}6 h Se p( 0.005
1, v 3 -155.,011 L 8. p< 0,005
2 va. 3 =45.8412 L Se p<£ 04,005



Table 3

Proximate les (Danwake
Comparison Between Markets
Danwake
Proximate| Market |t - statistic |df |Result | P-value
Lipid 1vs, 2 00,6637 16 | N.S. -
1.v8. 3 -2,2292 16 S. p< 00025
Protein 1 ve, 2 003072 16 N.S. -
1vs. 3 -2,9513 16 Se. p< 0401
Ash 1 ve. 2 2.4179 16 8. p£ 04,025
1 VBe 3 0.5965 1‘ H.S. -
2 vEe 3 -2.01& 16 N.S. -
Moisture |1 vs. 2 3.5688 16 B, p < 0,005
1 va. 3 -2,6089 16 S. p< 0,01
2ve. 3| =3.3894 16| s. | pc0.005

S = OSignificant; N.S. = Not Significant

af = 163 td.,/2 = =2,1199
t1—J-/2 = 2.1199
A = 0,05
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*(Mean + Standard Error)

% wet Weight % Dry Weight
; Organic Crude Carbohydrate
Sample Moisture Ash Nntbdis Protei Pet~Ether + Fi} |

2| 87439 & 0.00kf 2446 + 0.002|97454 + 0.002{13.91 + 0,09 (12,21 4 0.06| 71.42 4 0,15

Sabo 1 87.85 4 0.003]3.91 3 0,003/96.09 + 0.003 13.48 + 0,09 [16.78 4+ 0.06 | 65.83 4 0,16
2 aoﬁd o Q. ”.WU “ 0.002 Soﬁﬂ s 0,002 .—doa o 0,02 h—os p: 012 ﬁﬂ.ﬂg “ QL..O

3186423 & 0.003{2,82 & 0.003/97.18 + 0.003[17.62 + 0.33 [15.20 + 0,05 | 614,36 4 0.1

‘2 (87.18 * P._oau k.25 + 0,02 [95.75 4 0.02 [15.36 + 0,16 22,42 L 3 oo._._, 13%

*Mean of three determinations for all the nutrients with the exception of Moisture
Content where two determinations were carried out plus the Standard error from
the mean.




Table 5

Com: t 0, et Samples
Markets
Tuwo dawa and Kuka Soup

af = L, t“‘/e = =2.7764, t.’- ‘/2 = 2,776, o = 04,05

af = 2, t&/2 = 43027, £-%f2 =

k4.3027

Proximate | Market| Vendor | t - statistic | df | Result| P-value
Lipi‘. 1 1 vs,. 2 -30”66 l-l 8. P‘-OQOG";
1vs. 3 17.223 L Se p< 0,005
2 vs, 3 %.”61 h S. P< 0.005
2 1 ve, 2 16-0635 k S. P< 0.005
1 vs. 3 2007%9 h 8. p< 00005
2vs. 3 ~158,.463Y L S. p< 0,005
3 1 ve, 2 -&.1&25 l-l S. P 00005
1ve. 3 =54.8847 |4 8. p < 04005
2 vs. 3 25.1417 L Se p< 0,005
Protein 1 1 vs. 2 2,508 L N.S,. -
1 vs. 3 19021].92 l‘ Se p< 0.005
2 V8e 3 1308”7 !‘ S. p<L 00005
2 1vs, 2 17,7358 | L Se | p<0,005
’ ". 3 -12.1&3 ‘4 S. p(0.005
2 ve. 3 -17.4180 L S. p <. 0,005
3 1 vs, 2 12.2908 L S. p < 04,005
1 vs. 3 10.6237 ‘6 Se p<.0.005
2.".1‘3 3.0318 h S. p<’0.025
Ash 1 | 1ve. 2 429.911 | L | s. | p<0.005
1 “. 3 3 .1&2 h s' P<(0.w5
2vs, 3 6593 | L Se P < 0,005
2 1vs, 2 h”ow L Se p‘k0.00B
1 V8. 3 257.”51 h S. p«ogws
2 va, 3 -13&0%90 h S. P‘(-oooos
3 1 ve, 2 38.8861 L Se p< 0,005
2 ve. 3 14.9964 | 4 Se | p< 0,005
Moisture 1 1ve, 2 59.1335 |2 Se | p< 04,005
1vs. 3 -21.3486 2 Se p=< 0,005
2 vs. 3 -62,6522 | 2 s. | p<0.008
2 1 ve, 2 51502558 2 S. p<.0.005
1 vge 3 450,1385 2 Se p< 0,005
2 vs, 3 =142.4639 2 S. p<.0,005
3 1vs, 2 386.241 2 8. | p<0,005
1 vse. 3 6350161 2 8. p«O.WS
2 vs. 3 342.1101 2 S. p<<0,005
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Table 6

Proximate Compesition of Market Samples
Comparison Between Markets

Tawo Dawa/Kuka Soup

af = 16, t2/2 = =2.1199, tg=3/2 = 2,1199, & = 0,05
af = 10, to/2 = =2.2281, t~-3/2 = 2.2281,

Proximate | Markets |t = statistics |df |Result | P-value |
Lipid 1 va, 2 =0,2421 16 N.S. -
1 Ve 3 "5.'4512 16 So P<0.005
2 va, 3 «~0.2723 16 N.S, -
Protein 1 vse 2 -0,8204 16 NeS, -
1 va, 3| =-241316 16 S. p< 0405
2 va, 3 =0.,8309 16 E.S. -
Ash T ve. 2 -0.7859 16 NueDa -
1va, 3} =~5.2316 16 s. | p<0,005
2 vs, 3 =3.6611 16 S p< 0,005
Molzgture 1 V8, 2 2.3509 10 Se P‘L0.0g
1 VB8 3 0-6372 10 N-St -
2 VB, 3 "0.7513 10 N.S. -—
8 = Slgnificant NeBas = Not Significant
Marketn
1 = Samama
2 = Babo
3 = Tundunwada



*(Mean + Standard Error)

% Wet Weight % Dry Weight
Sanple Moisture Ash mmm“ﬂ.no wmon”mmu Pet=Ether h-“ewwwwm-?
K-+ 2 Pbﬂd " OQ.—Q ”& H 0,002 303 ” 0,002 .——boﬂ.ﬁ “ QOQm 3.8 “ 008 “MO“Q H 0.20
3] 89.20 4 0.41 13,03 £ 0.001{96.97 + 0.001{11.12 + 0.06 | 19,60 % 0,13 |66.25 + 0.10
Tundunwada 1 ﬁ_a»..aw + 0420313420 + 0,003/96.80 + 0,003|14,88 + 005 | 18.99 + 0,11 62,93 + 0.09
2| 8942 4 0,11 [2,99 + 0.001(97.01 4 0.001(13.83 + 0.09 | 20,91 4 0,01 [62.27 + 0.13

*Mean of triplicate determinations for each nutrient with the exception of Moisture
where two determinations were carried out,plus the Standard error from the mean.
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Proximate |Market | Yendor | %, statistic |af| Result| P-value

Lipid 1 v;. 2 80.2605 |4 Se | PC 0,005
1vs. 3 33.7524 (L 8. p< 0,005
}2 vSe 3 ’510216 L S. p< 0.005
E VB, 2 23,9695 L 8. p< 0,005
1vs. 3 79.2895 L S. p < 04005
2 vs. 3 69.8152 L Se p& 0,005
1vs. 2 =17.2172 l S. p< 0,005
1ve. 3 -27.0297 L S. p< 0,005

T gm ; "‘115:3206 ’-l S. P< 00005

Protein 1 vae 2 | =-13,2375 l S. p < 0,005
1ves 3 | 28.8007 |4 S. | p< 0,005
1 ve. 2 -36.467 L 8. p< 0,005
2 vs. 3 42,0694 L S. P<0o005
1vs, 2 9.9338 L Se p< 0,005
1 '-. 3 2.278‘ ll. N.S. -
2 ve, 3 -)4,0721 L 8. P& 0,01

Ash 1 vs. 2 -0.;;;6 '-I- NeSa -
1vs, 3 =7.3595 L 8. p £ 0,005
2 Vae 3 . -‘.5019 h 8. p< 00005
1vse 3| =570.2532 |4 S. | P<D,005
2vs, 3 =2l41.40 L S. P <:0.005
1 vs. 2 64.873L |4 S. | P<04005
1ve. 3 16,4978 L Se P< 04008
2 Vs, 3 "iz-?ﬁs ll S. P(O-OOS

Moisture 1 vs, 2 5.1131 2 8. P& 0,025
1vs. 3 0.0852 2 N.S. -
2 vs. 3 | 4.831!{ 2 NeSe -
1 va, 2 -46,8513 2 S. p < 0,005
1 Vse. 3 -32.5823 2 S. p<,0.005
2 vs, 3 «10.6147 2 Se p <.0,005
1 vee 2 =63.4166 |2 8. | p<0.005
1 ve. 3 -7.8705 2 S. p< 0,01
2ve. 3| 9989 f2] s. | »co.00s)

8 = Significant N.8. = Not Significant
t ta-/2 % J -3 /2 > = 0,085
1%-:; lg f‘.n‘a; Ak 2,77
298 2 43027 443027

3 = Tundunwada



Table 9
Proximate C sition et Samples
C son Bet : ets
Koko and Ko&
)
Proximate | Markets | t = statistics | df | Result | P=value
Lipid 1ve, 2 -3-”99 16 Se p 04,005
1 vse 3 -2.2607 16 8. D 0.“,‘
2 vs. 3 3.3012 16 Se | pe 04005
Protein 1 y8. 2 2,1762 16 S. |p 0,025
1 "."3 -10603 16 N.S. ? f:"is
2 vs. P -3.8284 16 S. | p 0,005
Ash 1 ve. 2 2.4098 16 S« |p 0.025
1vs.e 3 =0.5935 16 N.S. -
2 VBe 3 "3.3566 16 S. D 0.005
Moisture | 1 vse 2 2,5847 10 S, |p 0.025
1 vs.e 3 3.5129 10 S. |p 0,005
8§ = Significant N.,S8., = Not Significant
Market a  sx/2 2/ Km 0405
1 = Samaru 1‘ -2-11” 201199
2 = BSabo 10 -2,2281 2.2281

3 =

Tundunwada

52
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Table 10(a)

(Mean 4 Standard Ervor)

Y« - Sample mg/g Dry Weight of Sample
Market Vendor | Sodium Manganese Iron Copper Zinc
Samaru 1 1.950 + 0,08l | 04093 + 0,0012 | 0,187 + 0.014 | 0,008 4+ 0.002 |0.058 + 0,006
3 2990 & 0,167 | 0,015 & 0.0019 | 0,212 4 0,008 | 0,010 $0.00014]0.09k + 0,005
Sabo 1 wo._p.mo__H 0,117 0,011 & 0,000k | 0.128 + 0,062 | 0,007 + 0.00* |0.,055 + 0.,00%
2 |2.600 3 0.200 | 0,021 4 0,001k | 0,191 4 0.005 | 0,023 4 0.007 [0.072 + 0.007
vies 2,070 + 0,002 | 0,010 4 0.0005 | 0.207 4 0,00% | 0,007 + 0,0001]0.13k + 0,00*
Tundunvada | 1 | 2,900 4 0,100 | 0,021 + 0,000l | 0,187 4 0,002 | 0,019 + 0,00% [0.075 + 0,001
2 24550 + 0,050 | 0,014 + 0.0007 +..v...w.u.o 4 0,017 | 0,0005+ 0,0002{0,047 + 0,0007
3 th“.b:?oum %.Sm % 0.0008 | 0,125 + 0,060 | 0,017 4 0.00* [0.07L 4+ 0.0043

* No variation in the determinations.
Mean of two separately digested Samples for each meal,




Table 10(b)

(Mean + Standard Error)

Sample mg/g Dry Weight of Sample
Market Vendor Potassium Calcium Magnessium
Sabo 1 | 1.250 4 0,184 | 1.400 + 0,200 | 0,865 + 0,035
2 34850 & 04170 | 1.815 & 0,215 | 1,350 + 0,050
Tundunvada | 1 | 3.200 4 0.100 | 1.900 4 0,010 | 1,167 & 04101
2 04520 £ 0,170 | 1,515 4 0,085 | 1,117 & 0,017

* No variation in the determinations,
Mean of two separately digested Samples for each meal,
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Table 11(a)

(Mean + Standard Error)

Sample mg/g Dry Weight of Sample
Sodium Manganese Iron Copper Zinc
Samaru 1] 1.859 & 0.0002 | 0.008 4+ 0,0002]0.007 + 0,0002|0,008 + 0.0002] 0,061 + 0,001
Sabo 1| 6498k + 0.0002| 0,017 + 0.0 [0.030 + 0,0  [0,006 4 040001|0.069 + 0.0
3134129 4 040002 | 0,013 + 0,0 rn,.bao 4 0,0002{0,009 4 0.0001] 0,096 + 0,0
Tundunwada 1 [9.323 4 0,002 | 0,018 £ .0.0002[0,033 + 0,0 [0,001 + 0.0 [0.13 + 0,002
37316 & 0,002 | 0,017 & 0,0 0.033 + 0,0 0,007 4 0.0001}0,081 + 0,001

Mean of two separately digested Samples for each meal,plus standard error from

the mean.,







