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LIST OF DEFINITIONS

DIET: -
A diet is used here to mean what a person or animal
usually eats or drinks; -i'l;__l'l.ly fare' Mode of living

with specisl reference to food.

FOOD: ~
What one feeds one It has been used in certain

places in this text to lom meal .

MAL NUTRITION: -

Imperfect or faulty nutrition. In manutritiom,
there is consumption of sufficient amount of food (or
calories) but with li:!itlng supply of certain nutrients
resulting in a spectrum of disease.

MEAL: -
The food taken at one time, as breakfaet, dinner
or supper.

PROTEIN CALORIE MALNUTRITION:-

This is regarded as & spectrum of disease arising
from inadequate diet, - usually with insufficient fat
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Table 3!

Fooad Ingredients
Local Name Common Name

Fura Dawg* Guinea corn
Gero* Millet
Citta Ginger
Masoro Black pepper
Kaninferi Cloves
Barkono Red pepper

Kono Dawa®* Guinea com
Gero* Millet
Barkono Red pepper
Kaninferi Cloves
Citta Ginger

Kosai Albasa Onion
Tumatir Tomatoes
Vake® Cowpeas
Gishiri Salt
Man Gyada Groundnut oil
Barkono Red pepper

Kunu Cero* Millet
Citta Ginger
Barkono Red pepper
Kaninferi Cloves
Masoro Black pepper
Tsamiya Tamarind
ISugl Sugar

1« This table continues at the appendix




Table
Pood I_ngrediianta
Local Name Common Name
Nono Mad ara Fresh milk
Kuka or Bahe Cream of tartar
S8hinkafa da Shinkafa* Rice
Hive Tumatir Tomatoes
(Rice and Albasa Onions
Stew) Barkono Red pepper
Tattasai Red pepper (more sweet
Man Ja Palm oil
Kuka Baobab leaves
Kubewa Okra
Kebewa Squash, Pumpkin
Tuwo da Miya | Dawa®* Guinea com
Man ja Palm oil
Man gyada Groundnut oil
Albasa Onions
Barkono Red pepper
Tattasai Red pepper (more sweet
Kuka, Kubewa Vegetables
Goji Pumpk in
Gishiri Salt
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Figure 2, A map showing the selected study villages and markets in the Zaria area.

From Hays, H. M. (1973)
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in Nerthern Nigeria:

The different foods commonly consumed in the Northern
parts of Nigeria have beeén shown in Table 3, The consump-
tion of some of these foods is restricted to that part
of the country, while some like Shinkafa da Miya (Rice
and Stew) and Kosai (bean cake) are also widely consumed
in the Southern parts. The restriction of some of these
foods to a particular mi;a of the country is probably
due to ready availability of major ingredients used in
their preparation in that part, No doubt, such foods could
be introduced to those parts of the country where they are
at present unknown, when improved methoads of preparation,
storage and preservation are developed.

From survey work carried out by Mrs. Simmons
(8immons, E.,B. 1971) of the Institute of Agricultural
Research Samaru, the pattern of consumption of several
foods in three villages around 2aria (see Map on opposite
page) was established (Table 4). Tuwo is taken largely
as the evening meal while fura-nono forms the major meal
cansumed as Lunch in all thﬂ villages. Koko or Kunu and
leftovers are taken to a large extent as breakfast.
Leftovers are usually Tuwo and the percentage of days in
which this was conam is high in the most isoclated rural
village (Dan - Mahawayi). In Doka (along Kano road),



Table L

Meal analysis in three Zaria Villages,
May, 1970 - Jan, 1971

5

b o Dan
Hanwa
g’:ﬁ ‘(tgﬁgji (Kano Ra) |Total
1« Number of House
Holds 37 39 L3 119
2, No, of "Meals"
eaten 928 1008 1090 3026
Breakfast 253 270 307 830
Lunch 236 269 227 732
Snacks 190 203 200 643
Dinner 249 266 306 821
Pattern of Consump=-
skioh mpes1tigt
items were eaten
BREAKFAST
Left overs 24,5% | 82,2% 148, 5%
*Some prepared foods|48.6 | LL4.O 48.5
Koko/Kunu 39.1 42,6 48,2
Kosai 27.7 0.0 9.8
Danwaka 55 | 11.9 8¢5
Rice and Soup 5¢5 | neg. 0.7
New Tuwo 5645 | 144 342




Tsable 4
(Kano Ra) |Total

Lunch
Some *prepared foods 72.5%| 79.1% 84.1%
Fura and Nono 68.2 67.7 48,0
Alele 746 0.0 740
Kulikuli g 3_.@ 11.2 11.0
Rogo - 6.8 546 1445
Rama/Zogala f neg. v %) 2.8
SHACKS
Kolanuts 85.3% 9.9% 98,8%
*Prepared food items 23,2 85.2 Lol
Rogo L7 6.4 nege
Kosal 3.2 5047 4e0
Kulikuli 0.0 9.9 nege
Gyada 1.0 9.9 0.0
Rake 11.1 9.4 neg.
DINNER
Tuwo ‘80” 86 .h% 5. 8%
*Prepared food items| 6,0 3.4 10.5
Kosai 3.6 0.0 neg.
Starchy roots = _
(Yam and Rogo) 6.0 4e9 6.2

SOURCE: Simmons, E,B. Calorie and Protein intakes
in three villages in Northern Zaria

Pmm“o
May 1970 - July 1971 (forthcoming)
* "prepared foods" refers to Purchased ready to eat foods

not prepared or cooked in the households, These are
usually Koko, Kosai, Danwake, gauda, fura, nono, and rogo.
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the percentage of days 1n which fura-nono was consumed
was found to be tllrﬁl"mnrod to the other two
villages. Thie is dni-go“m&mt that madara (fresh
milk) is less avtilt‘h? :ln this area. This clearly
illustrates how the Mo meal of any locality could be
influenced by the avail 11& of the raw materials (or
ingredients) used in 1t w;tim- Although rice is
cultivated u:tanuni.ria ﬂh Mth. the quantity of
this food crop consumed ﬁ the ‘three villages around
Zaria is remarkably 3,0.';’ This is because rice is not grown
in the vicinity of t_hho imrtioular villages,

.’.s

14 wa

It is now olcu thd 3 number of different foods are
consumed in this ooutr,p; ‘Little however, is known sbout
their chemical cmung and nutritive value. Several
of investigators hﬂ; @m out some biochemical studies
on certain Nigerian fpd&;;.‘;(.o,imgu and Amazigo 1957,
Bassir 1964, 1968, Oke '1'965. Malik 1965, Akinrele 1966,
1967, Oke and Tella 1968, Akinrele et al 1971 and Umoh
1973)s Some of these workers (Malik 1965, Akinrele 1966,
Unoy 1973) have studied tho losses that may be incurred

in nutrients as a re et preparation methods. Their
studies have been n.lb? nﬁmy restricted to foods
comod in aonthtm w. of Nigeria, If the prevention



1

and eradication of malnutrition and undernutrition is to
be achieved at & National level, then there is the
necessity to extend such biochemical studies to foods
consumed in the Northern parts of this country.

A drastic change from our traditional diets and food
habits to & more modern Buropean diet may not provide
the right solution to our mutritional problems in Nigeria,
As a result of change in food habits accompanying increasing
urbanization and socio-economic awareness of a group of
Nigerians, either improved nutrition may result or because
of too rapid change in traditional eating habit, disease
may ensue (Adadevoh 1972).

Lack of adaptation is suggested as one of causes for
diseases that may arise, i.e, defects in the absorption,
the digestion and metabolism of the newly presented food
may be responsible, For example, it has recently been
shown that the absorption of lactose (the sugar of milk
and milk products) is impaired in Nigerians especially
those from the non-dairy areas and whose intake of milk
and milk products cease after weaning (0Olatunbosun and
Adadevoh 1972). Milk intake as a therapentic diet in protein
deficiency syndrome may because of its lactose content,
give rise to symptoms of intolerance with sbdominal pain
and diarrhoea, Thus milk may not be the best protein
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replacement or supplementation diet in our environment.

It follows that local food products must bhe relied upoy

in the main for providing adequate nutrition, This
therefore calls for extensive analyses of local agricultural
products especially as regards their essential nutrients.

It is to be realized that new foods could be evolved
as a result of extensive analyses of our local food
ingredients and diets. For example, three sources of high
quality protein foods have now been recommended for
Nigerians from nutritional studiess One of these, "Soy Ogi"
a corn and soya bean protein-enriched food has been
developed over the last six years by the Federal Institute
of Industrial Research, Osﬁedi (Akinrele et al 1970,
Akinrele and Biwards 1971). The other, Gari fortified
with Soya has also been stildied (Bassir 1964, Bassir et al
1968, and Akinrele 1967).

They have been shown to be suitable on chemical
evaluation for their nutrient compositions, biological
protein quality and in some cases clinically for their
therapentic qualities, (Table 5a, b, c). A third source, -
leaf proteins is obtained from green leaves and compares
favourably with omeﬁ'id protein supplements and
"Soy Ogi" (Oke 1969, Fafunso 1971). It is a high quality
protein source and has recently been shown to have
therapeutic efficacy in the management of protein calorie



Table 5a

Percentage composition of Soy-Ogi as
Compared with other Protein foods.

Akinrele and Edwards (1971)

13

constituent | (nigonia) | (Ressie) | (Amorioa)
Protein (N x 6.25) 20.3 1641 20.9
Moisture L.7 3.0 9.5
Fat ‘ 643 24,2 1.2
Ash 3.0 346 2.1
Caleium 0.47 - 0.40
Phosphorus Ookily - Oelily
Carbohydrate 637 52.4 6140
Energy (K-cal/g) L0 Le95 3.58

( =) usually means not

specified,
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Table 5b

Anino Acid pattern (mg/g)
Akinrele and Edwards (1971)

born-aoya FoA.0.(1957)
Amino acid | Soy-Ogi | Lactogen meal reference

Protein
Threinine 7.63 715 - 5476
Isoleucine 8485 9.89 - 8.654
Leucine 17.69 15.21 - 9.78
Lysine 9.46 12,05 9460 8.64
Methionine 275 3.79 3461

8.64

Cystine 5.05 1 039 2e 80
Phenylalanine 10,68 751 - 5.76
Val 1n0 9.7‘ 1 0. 6‘-'- - 8. &L
Histidine 4,88 4,08 - -
Serine 9 076 _ 9 o1 LI» - -
Protein Scope 93 78 89 100

Usually ( - ) means not specified.




Table 5¢

Comparative B:lo!.
Some

cal Evaluation of

- Proteins

(Mean values for diets containing 10% Protein)

1%

Akinrele and Edwards (1971)
-t ] A B Cc
Analyeis Casein Soy-Ogi |Lactogen
Protein efficiency ratio:
Experimental® e 382640.37 |2.3:0.21 2,2+0,62
Corrected (using Std. :
Value for Casein 2.5 2.2 2.1
Net Prot. Utilization:
Experimental 85.5 83.6(8td) 86.6
69¢5+3.79
(Operative)®
Corrected (using su. e
Value for Casein) 72.0 70.4 (8td) 72.9
1 5845
' (Operative)
Nitrogen dig. Ooer.l
Experimental® * |965640.61191.642,15 |93.142,59
Biological Value: .
Experimental‘ “05:3.63 91 03_4'_2.86 9300_"_‘.20'45

* Mean values with their standard errors

+ Value of WHO (1955)
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malnutrition (Olatunbosun and Oke 1972), These three
protein sources especially, Soy Ogi and lef protein
compare favourably with kmown commercial protein supplements
and hold greater advantage since they are potentially
much cheaper, (Akinrele and Edwarde 1971). According to
Adedevoh (1972), "The objectives of a public health
nutrition programme should place priority on the effective
utilization of the locally available Agricultural resources
to provide a cheap and adequate local protein feed or
a supplementation feed",

145 Scope of work in Nugritional studies:-
1¢5:1 Chemical analyges:
Chemical analyses of nutrient composition are the

starting point in biochemical evaluation of a diet. Such
chemical analyses will embrace proximate (carbohydrate,
fat, protein, Ash and Crude fibre), mineral, vitamin and
amino acid compositions of the food or diet.

Chemical analyses when carried out on raw mixed
materials of the food containing all the ingredients in
the same proportion as they are in the prepared food, will
offer good comparative data for deducing the losses in
nutrients that may occur as a result of preparation methods.
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1.5:2 Effect of Cooking apd Preparation:

Nutrients may be destroyed by cooking. On the other
hand, toxic materials may be got rid off in the process
of food prapafttinn. This is the case with cassava
preparation where & tho glycoside is excluded to
a large extent (Oke 1965)s Mineral elements are usually
lost in certain Nigerian prepared foode due to leaching,
excessive washing and mineing of food materials (Malik 1965).
Nicotinic acid is ltﬁl'o, but there may be some loss in
processing, or from the throwing away of cooking water.
Riboflavin is labile when heated in alkaline solution.
Bright sunlight camses some loss of this vitamin from milk,
and it may also be lost ‘when cooking water is thrown away
after vegetables are boiled. In the process of cooking
and processing, losses of vitamin C may be considerable.
Vegetables covered with water may lose 80% of their Ascorbic
acid content., Bruising and wilting of fruits and vegetables
allow ascorbic acid oxidase to destroy the vitamin., The
method of peeling of potatoes has a significant effect on
thei r content, and so called fruit drinks may contain little
or no Ascorbic acid. In Hospital kitchens, frozen peas
have shown a fall in ascorbic acid content from 20,5mg/100g
to 1.1mg/100g in a 2,5 hr which elapsed between starting
to cook them and serving them:to patients, (cirdwood R,H,
1971).
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1.5:3 C e_of fo as:

Maximum utllwiﬁ d nutrients is only possible
when the intake of e:um Ms not fall below a certain
level, This energy level must be satisfied by fat and
carbohydrate, Below this ]’ml. the efficiency of protein
utilization falls because mtein is used primarily for
energy purposes., For any toedl of interest or chosen for
study, there is th; wtlé evaluation of the calorifiec
value of the prcpsn(nd.m as well as those of their
ingredients, Siaeo' lmtﬁimn are accumulating that most
protein malnutrition in ‘the world is due to calorie
insufficiency, (lnlqs{qﬂ.tqm 1969) the calorifie
values of major dutif_!f- thit country call for extensive
investigation, , o

In the United States of America, metabolizeble
energy is expressed i.p-,tiiia of physiological fuel values
in which ti® energy value of foods and diets are calculated
from table of food snalysis. These tables give figures
for the carbohydrate, protein and fat content of each food
as determined by ohﬁﬂ. analyses., The calorific value:
is obtained by lultiélj'ln: these figures by the Atwater
factors (4 for carbohydrate, i for protein and 9 for fat)
or some varients of them. Full account of the various
factors in use toﬂq with rul]. references to the classical
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papers has been ﬂ.ﬂt‘bf}!‘mﬁum (1955). However, it is
generally suggested thlﬁ muolog;lcal fuel value entails
some defects and is mmg, not a very gool method of
establishing aoemtoly w od.or:lric value of diets
especially in thin u’ﬁ;ﬁr,’. The Atwater factors are based
on work done over 60 ﬂlr& -qo, on diets that may differ
considerably from promt day Buropean diet and more so
the African or R:lger:l.? diﬂ-... Direct calorimetric method
is therefore necossaﬂ‘ in omr to ascertain accurately

the calorific value of ourﬂotu.

It is not qgfti';imf"-ho!enr, to deduce the nutritive
valuve of a diet from mere chemical analyses of the nutrients
pregent. This is bccu;uu the presence of a particular
nutrient does not lnn_. that it 4s fully availeble to the
aninal for body use. To establish fully therefore, the
nutritive value of m' diet, a feeding experiment using
rats need be incorporated. For example, the value of
a diet as a source of m is determined by the concen-
tration of protein in tiﬁ{thn.t‘igeatibility of the protein
and the availability of its amino acids for body protein
gynthe#is and the content and proportions of essential amino
acids, Digestibility of iﬁiom and availability of its
amino acids are best determined by biological methods. In
human nutrition, rats are commonly used for biological

evaluation of diets, Human volunteers can also be employed.
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in growth experiment with rats (see table 6), The
experimental rats grew little or failed to grow when beef
tea and bread or wheat gluten, blood protein or yeast
were fed individually, but cambining these foods in pairs
without increasing the total protein caused appreciable
growth (Kathleen and Kon 1958), Geiger (Kathleen and
Kon 1958) however, observed that when one component of a
pair of foods was eaten 12 hours before the other,
(rable 7) the supplementary effect was lost. Thus proteins
of mixed diets show high ﬁiologioa:l. values rare in
individual proteins. Bilological values of 80 - 90
have been reported for the proteins of mixed, non-vegetarian
human diets, while values of 73 - 84 have been reported
for cereal and pulse mixtures (Kathleen and Kon 1958).

It must be noted ‘I;hli supplementary effect is not
only with proteins and amino acids but sl so exists
with vitamins and ninoi-ﬁ.l. Vitamin B,, increases the
biological value of casein in the presence of homocysteine
and methionine, (muim et al 1956), The presence of
adequate amount of vitamin D has been found to minimdze
the deleterious effect on growth of a gross imbalance
between dietary Ca and P (Harrand and Hartles 1968),
Several reports have suggested that the action of vitamin
E on blood formation may alse be involved with the amount
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Supplementary relationship between Protein foods:

Growth exp. With Young Rats,

Maln Amino
Protein Source Eﬁgz.%in acid Gain/week Reference
def{iciency (g)
A 1, Begf-tea 12.5 A1l except O Chick &
lysine Slack

2, White flour | 12.5 |Lysine 13 (1945)

3a 25% besf-tea
nitrogen plus o
75% £l our 1245 19
nitrogen

B 1. Wheat gluten 9,0 {Lysine o}

2. Blood protein 9,0 Isoleucine 0

3. Yeast 9.0 |[Methionine 0

L|-l 50% Whezt =
gluten N. + 90 - 9
5(’}% blocd N.

5. 50% yeast Ne+ _ Geiger
50% blooa N 20 8 (194,8)
gluten N, + 9.0 - 11
50% yesst N.

From: Kathleen and Kon (1938)
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Table 7

Effect on growth of rats of giving them pairs
of Protein together or separated
by a 12 hr. interval.

Protein Source Wt. gain in 16 days (gm)
Given Given with 12hr1
Together interval
1. Wheat gluten + blood protein 22 - 0.25
2. Yeast + Blood protein 18 - 4.0
3. What gluten + yeast 26 + 2.0

From: Kathleen and Kon (1958)

and nature of dietary protein, Anaemia of Thai children
suf fering from prdtetn calorie malnutrition was cured
by & combination of vitamin E and prétein and not by
vitamin E alone (Whitaker :61 al 1967).

The "Soy Ogi" now recommended for Nigerians (Akinrele
end Charity 1971) is a well mixed protein food and its
evolution must have been prompted by a knowledge of
nutrient composition of the ingredients. No doubt,
similar work in the same direction could be achieved

with other traditional diets.



1.5:6 Permented foods:
In Nigeria, some staple foods of the people are

fermented plant and animal products. Some Nigerian foods
which are fermented at one stage or the other in their
preparation are: Nono (l!-la) Soured milk, "Ogi" (Yoruba)
prepared from fermented maize, "Ogilli-ugba" (Ibe) or
daddawa (Hausa) prepared from seeds of locust bean,
"Poofoo" prepared from fermented whole cassava, "giya"
produced from guinea QG;!l_lv‘ and "burukufu" produced from
millet (Nduka 1966). ﬂ.thou:h useful metabolites such

as vitamins and amino acids can arise from fermentation
by micro organisms, t_ho. fact remains that dangerous
compounds may be p@odu.l. For example, some higher
alcohols may be formed in certain drinks. (The drink 'Port'
is high in amylaleohol which is toxic). Thus the micro-
biology of our traditional foods especially those produced
by fermentation or stored for a considerable length of
time after cooking need very serious study.



w.r Two

2.1 Fupa-non as a meal in Northern Nigeria:

Nono is a food m from fermented or soured
milk, It is umﬂlx_ﬁ_*m along with fura (prepared from
millet)., Fura-nono forms part of the staple foods taken
in Northern parts of this eomntry, and is popularly
consumed by people !n ‘bo%_h urbn and rural areas, and by
infants, children, adults alike. In terms of cost,
fura-nono is fairly cheap (one kobo for 128 - 142 gm of
nono and one kobo for 71 = 85 gm of ﬁzra)1. (Simmons,
E.B., 1971)e A serving or lunch time dish of fura-nono
might cost two to r'-iﬁfi&ea for each food item, The
simple method of pmﬁé;uﬁu and availability enhances
the popularity. It 1:-':‘.5'_-0:113 hawked about in urban
market places and forms tho common ready prepared lunch

1. At 1970/71 Prices, !‘llru generally, increases
or dacreases in price because of increase or
decrease in cost of millet.

2. This also depends on the cost of millet in a
particular season or year,

25
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of the petty traders and business men. Major ingredients
in fura-nono have been shown in table 2. In view of its
popularity, it has been eonsidered necessary to assess
its nutritive value.

Bosh fura and nono can be stored for up to a maximum
period of three days. _GW! in nutrient composition,
nutritive value may occur as a result of growth of certain
microorganisms. Millet flour is usually sprinkled over
the fura balls if they are ..“ be kept any length of J:i/m,\
Presumably, this nu!..ct mr provides a dry coat, thus
helping both to keep the balls separate from one another,

as well as preventing lost of moisture from surface of
balls. However, the effect of this flour on the keeping
guality of fura is at rnmi obscure end needs to be
clarified by some biochemical studies.

Finally, some ingredients used in the preparation
of fura and nono are unigue, with uncertain nutritive
values, The soaked seeds of bacbab tree (optional
ingredient in nono) is used as an adulterant by sellers
to make nono slightly thicker while increasing the liquid
volume of nono available for sale. This may indeed be
affecting the nutritive value of nono., The minor ingre-
dients in fura (largely spices) are usually added in
negligible qumtit:l.;s and their contributions may therefore
be small,
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Plan of Projecty =

)
A plan of project which when completely investigated

would offer a full knowledge of the nutritive value of nono
comprises six phases: _:'?""
1+ Chemical analyses to be carried out on the food

2.

ingredients. Such chemical analyses will embrace
proximate omomlmnm of amino acids and vitamins
(especially vitamins A, Bys B, and C that are easily
lost by most food IWIrltion methods) .

The above chemical éllrlu to be extended to the
'Standard' foods of known ingredient composition.
The standard foods consisting separately of two types:
(a) the cooked foods and (b) the raw foods (containing
the prepared Wntl in the same proportion as in

>,

the cooked rooﬂ.a).?'* Only $hén can losses in nutrients
due to preparation methods be ascertained. To make
easy camparative lo:l‘k, the standard foods have been
divided into the various parts:-

(a) Nono without 'W} (1) Raw

(2) *#Cooked

(b) Nono with 'Kuka' (1) Raw

(2) Cooked

. .

* Cream of tartar from soaked baobab seeds,

** Nono is not cooked, but cooked nono is used in

this text to represent the prepared (soured) milk.
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(o) Pura (1) tRaw
' _ » (2) Cooked
(@) Fura-nono uﬂaout‘-'lt;kl’ (Mixed foods)
(1) Raw
: (2) Cooked
(e) Pura-nono with 'Kuka' (num foods)
: (1) Raw
(2) Cooked

3+ Since our standard foods may not represent average
ones (in conpolitiﬁi‘), chemical analyses may be
extended to ruﬂﬂutd-ﬂhot‘d batches of the
prepared foods (rur_g;ﬁ .t'ar-nono. and nono). This
will :l.lluun"h'.thi-)f’;“l}ituda of the variations that
are likely to mmtm variations in quallity and
quentity of ingredients used, and in handling and
preparation methods. |

L, The energy supply of the foods and their ingredients
to be assessed in the following ways:-

(1) Gross Wl- As determined by the
Calorimeter,

(11) Phyaiolwgﬂ.’tm value (P,F,V,):- This is
calculated from the fat, carbohydrate and
protﬁ!.p. ewby multiplying by the factors
9y 4, L4, respectively.
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6

(111)

(iv)
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lotd:olﬁaﬁ{ié!imm:- This can be
obtﬂ@ed..tr- the gross energy by calculation
using an lgwnlhcd equation:

Mg/ = m‘,' X 0.95) - (M6 x 0.,075)

Protein m percent (Pcals %):=-
horgy Mut&on from protein. This can
ollculltd. fk the equation:-

Pcals % = M_&

LY

Biological assay of i'ood proteins:- By a (biological)

feeding oxpouunt ulﬂ rats and the standard foods
(2 ¢y, 4, €) the !'Qll&ing aspects of protein quality
could be mvoﬂtmlpd:-

(1)
(2)
(3)
(1)
(5)

True digestibility (T.D.)
Biologieal Value (B.V.)

Protein ﬁ!ﬁimcy ratio {P.E.R.)
Nst'wohfp utilization (N.P.U,)

Net d.im protein calories percent
(H.DQPO“ ’)o _

Microbiological quality ot foods:~ This will involve
identification of micro-organisms eSpeyxcially those

accounting for sourness in the nono and elucidation
of likely microbial activity during the keeping
period of the foods,.



Although, all the m outlined aspects of nutritional
studies are important 1&«1“.!1115 fully the nutritive
value of a food or uo.t. pwuty was given in this
investigation to 3@0013 i*‘"’te 4, The results obtained
on the four upocto G!;#{-!ltmt provide sufficient infor-

mation for assuaing to a reasonable measure, the nutritive
value of the foods l‘bm“w

Fura:= The major wm lﬁﬂd in the preparation of
fura is millet (.go'.ro).- In -iﬂ instances however, pecple
employ guinea corn (d.'l),ﬂn place of millet. Ginger
(citta), Black pepper tﬁ'-m), Cloves (kaninferi) and
Pepper (barkono) are c-nnly used as spicess The quantity
and number of these mmsuployod depend on the
discretion of the individual, In general however, the
quantity of these spices added is usually small relative
to the guantity of m nm used.,

Nono:- Nono is mpuutn. fresh milk (madara).

Cream of tartar (kuka, 'btl: or bapa) is commonly an
optional ingredient.

1« Millet is pounded into flour by hand in the morning
and left without drying until used later in the day.



31

2, Water is boiled oﬁr%mos com stalk or wood fire
in & kerosine tin, be -

3, Flour is compressed into balls (no water or liguid

is added), and dropped into the boiling water. A little
of the flour is relu'nd for sprinkling on top of tle
finished balls (see step 9).

4, Balls are boiled for aa to 30 minutes,

5 Some of the cooking water is drained off into a
bucket or calabash; some 1is i.ott in the kerosine tin with
the cooked balls, The ’Ihi and remaining water are then
poured into a wooden mortar.

6. The cooked balls are broken with the pestle (some
flour may still be dry in the centres of the balls) and
mixed with the water, All or some of the reserved
cooking water may be added while pounding, Spices
(parkono-pepper, ditta - ginger, masoro - black pepper,
and kaninferi - olon"),;ii! ground together and added at
this point if they were not already placed in the mortar
before the cooked balls were poured in.

7 The mixture is tlen pounded vigorously until a cohesive
and slightly sticky lump of dough is formed (sbout 20
minutes). More pounding achieves a emoother and more
elastic product. Additional amounts of the reserved
cooking water may have to be added during the pounding
process in order to achieve the right consistency.
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8, The pounded: ).uln yﬁm is removed to a
calabash., Small n“ﬂ’! of the dough are broken off and
rolled into smooth balls between the interior curve of
the calsbash and the m of the hand, These curi(or
balls) may weigh *eqﬁ 85 gm each’.

9, If all the balls ﬂl’m‘bt to be eaten immediately,

the reserved flour il mlnklad over the tops of them as
they are arranged m miﬂcﬂ. layers in a large container -
a calabash or a 10.‘!'“_ enamel bowl. The flour makes them
'look nice' but it apparently also gives them better

keeping qualities if they are to be kept any length of

time. The maximum %tﬁo seems to be about three days.
10, The fura balls are ’Iﬂl? ready for consumption. If

nono (soured skimmed milk) is available, this ls the
preferred wconpﬂlﬂ'n#‘,;ﬁﬁt.' Bber dailvalso be nixed with

the fura for drinm !h. balls of fura are broken or
erushed slightly in w before being placed into a
drinking bowl where they are mixed with the nomo or water
(with a spoon or small calabash) until a fairly thin gruel

is formed, BSome sugar may be added to the mixture if

the fura is mixed with water.

l_

1. "Weight of the talls. however depends on
the cost of m ;l.io in any particular year, the

cheaper the lﬂ-li‘h the larger the balls.

'
(]




woman keeps her milk
2 !h* s usually kept covered in the cold

(wtth o
debris that blows'd .
Wm making | he n
30' mm ) be ' toait‘tlmtalwlq.
fuud.l.y 1 - ! : a %’ mtm) the mmn.a; L*"

lmme L out the next ‘ﬂl!iﬂ g i

= - -; (
i

ains cooler. PRSP IEIE. i
I

PSS

2 the original emmx & ¥
aten with a '!uhw' #
&-n in which an amomnt. :
y *1.? ‘ 8 been soaked and =t ;
S Wl not only :lnmt ~
' mo for sale, 'hut
sour and thickers
cond calabash is dso beaten with

é ;ale it amooths It 18
urd (gora) whose neokem :
or piece &m. ' '

* ]

—-g--:.» i .‘“' . q I

t

-

" 3
A-g—gv?ﬁ- papT—

v -

L
u-‘-'.'



34

The gora is then shakened vigorously until the butter

is separated from thc‘ 2iquid butter milk, This may take
up to an hour depemm on the butter fat content of the
cream and the smount of cream in the gora. A little

warm water is aonctinl‘;_.,w to the cream to "make the
butter come out taatafé_;_‘ fhe liquid butter milk in the
gora is also called ‘nm‘-ﬂ is kept, if possible, for
family consumption l‘l :lt'g,’-l sa‘ld to be superior in _
quality. The butter tm‘[rnd into patties (curi), these
are usually thoroughly washed in cold water before use.
The butter is not om along with either fura or nono, but
is sold separately.

2.5 w
2.5:1 Food Ingredients:

The fura ingredients and 'kuka' for this investigation
were obtained from 'Ihc l-uu market, Samples were
bought between the ull of hsn.t and early September 1972.
These ingredients l'er. :In the forms that they were normally
preserved and used __'by ‘the people, They have therefore
low water content l:tnio they were sun-dried, No ingre-
dlent was obtained fresh.

Bnquiries at thf 'E;l. of purchase showed that most
of the foodstuffs hm@ulnmed or grown widely, around
Zaria, but no seller shemed 10 know the time of harvesting
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of the foodstuffss All the food ingredients analyzed
however, may be said to have been grown in parts of
Northern Nigeria, am Zaria,

Most of the milk samples analyzed were obtained from
Shikd farm of the Institute of Agricultural Research
(A.B,U,). Two milk samples of Fulani breeds, however, were
obtained from the Northi@antral State Government farm
Shika, and from a local Fulani man,

20532 Prepared foods:
Some samples of the t_'eod- as prepared and taken by

the people were analyzed. They were obtained through
Mrs. Simmons from a Supplier who bought the food samples
randomly from local ldiﬁﬂ in a village near Zaria.
The age of each r;od. m. analyzed was not known,
Analyses were also carried out on the standard cooked
foods, raw foods and "mixed foods'®* of known ingredient
compositions. The standard cooked foods were prepared at
Hanwa ( a village near Zaria) under the supertision of
Mrs, Simmons and myself. The weighings were made by us
and the quantity and choice of ingredients were left to
the discretion of the local woman who prepared the foods
and also supplied all the food materials or ingredients.
The raw foods were prepared in the laboratory, from

part of the raw ingredients used for the standard cooked

® "Mixed food' refers to a mixture of fura and nono
whether cooked or raw,
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foods, The 1ngrodi¢ut;§'oﬂ mixed in the same proportion
as they were in the standard cooked foods.
- i -

2.5:3 The mmmu' ' (Fy ixture)

One of the 'lix.l xm.t was made at Hanwa by allowing
the local woman ‘Im mix till reodl at her own diewetion,
The weighings were also naﬂo by use With this as
standard, other mixed _f‘_ood.! (fura + nono) were made in the
"laboratory in exactly the same proportion as that mixed

"" .
’

at Hanwa, W &5 5

The dosoript{;a of the various foods with their
ingredient conpoﬁt:l.%ﬂ proportion of mixture in the
case of the 'mixed fﬂm' Lm shown in Tables 8, 9 and 10.

2.5:1 Wt

Samples when om&l ‘to the laboratory, were dried
almost immediately m‘hot alr eirculating oven at about
60°% depending on oqhmo. Drying was usually
completed within 24 I#I‘n} In the case of the food ingre-
dients, they were ground m a mill before drying. Where
samples formed lunpl’h dwm (especially the prepared
foods) these uro‘brdﬁin mortars, to very fine powder
that passed through lﬁ - 45 mesh steve, before storing in
air-tight screw-capped bottles. The dried samples formed

the stock for further chemical analyses,
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Table 9

Composition ‘of Standard Nono Foods
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1

Food Nono without 'Kuka'] Nono with 'Kuka'
fgrodiwms Raw | Cooked* Raw Cooked®
Fresh milk 50,0 gm - 50,0 gm -
Soured milk - 1.702 kg - 1.985 kg
Butter removed - 99.5 gm - 1070 gm
fg;'gu‘d‘r;g“) 42.0 gn{ 1.432 kg | 77.0 gm | 3.059 kg
Kuka added - - 1¢35 Eﬂ! 53.5 am
Total Wt. of  192,0 ga | 3.034 kg |128.35 gm! 1499 kg

* Prepared at Hanwa.

1. Raw and Cooked foods contain same proportion
of ingredients.

-

Table 10

Proportion of Mixed Foods'

—
Food Fura-Nono without | Fura-Nono with

Deseription 'Kuka' 'Kuka'

Raw Qookod' Raw Cooked
Fura 20,0 gm | 212.0 gm| 20.0 gm 72.0
Nono 18.7 gm | 198.0 gn | 18.7 &m 67.5
Water added | 5.34 e-r 56.8 gm| 5.34 gn| 19.3
| nixture - O] 40k gn| 466.8 gm | 4.0k em | 158.83 gm

* Prepared at Hanwa.
1+« Fura and Nono in equal proportions in both raw and

cooked 'mixed foods'.
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while Vitamin C was estimated by the method of
Evered, D, F, (1960).

Amino acid anslysis of only a single sample of Raw
fura was carried out by direct acid hydrolysis followed
by analysis with the Beckman model 120C Automatic amino

acid analyzer.,
The set-backs and likely sources of error in each of

the methods employed for the analysis of various nutrients
are given under "Discussion of Methods",

341 Moisture Content:- (As0.A.C. Page 191)

Procedure: About 2g of the ground food sample was
accurately weighed in a small crucible (10 - 15 ml) with
lid. The crucible containing the weighed sample was then
put in a hot air eirculating oven maintained at about 110°C
and the food material dried to constant weight (usually
left over-night). The crucible was coverdd while in the
oven, transferred to a desiccator with calcium oxide as
drying agent, and weighed again when it reached room
temperature, The loss in weight is equal to the moisture

cantent.

3.2 Ash Content;~ A.0.A.C. Page 192

Procedure: About 5g of well mixed powdered or ground food
material was weighed in o..'lo = 15 ml porcelain crucible
(with 1id), that has been ignited, cocled to room
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temperature in & G:G'Ql&lgcj;% (with calcium oxide as

drying agent) and n;;ggd.l The sample was then ignited
at 450 - 500°C t111 materisl was completely white. This
usually took 6 - 13 hqn depending on sample type.

The crucible with QQ was thon coocled in a calcium oxide
desiccator and mm ‘soon after it reaghed room
temperaturees The w ﬂ' ash was obtained by substrac-
ting the weight of crucible,

3e3 Mﬁi&mﬂt- (AeOoAsC. Page 331)

Procedure: About 5g of the dried food sample was weighed
accurately in a th:lﬂi ﬂ covered with a piece of glass
wool, The thimble was then pht into it's chamber. About
250 ml of petroleum cth."r L-(B.l’.GO - ao°c) was put into
the flask and the mqﬂ assembled for distillation,
The temperature of the huﬁng mantle was slowly raised
wtil the ether just boiled
to achieve uniform boilf ng « As the ether evaporates,

e
it is condensed and drops on the thimble, The extraction

(Boiling chips were employed

process was continued !oi‘_ sbout 12 - 16 hours (usually
over-night). The -aﬁt was then distilled ti11 only
about 50 ml was thﬂb flask, The flask content

was washed into a ul.gm beaker with some ether and the
later evaporated J'I;t‘.l a.gnou on a hot water bath, so

that the lipid mmtm left in the beaker, The beaker
was finally dried in hot air eirculating oven at about 40°C
to & constant weight, (usually for about 30 minutes),
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The Gerber n&M ’lll mloyu! to estimate fat
content of fresh l!.].ttﬂ nono samples (Ling, E.R. 1947).
In this method, nilkm is dissolved by means of
gulphuric acid of wi\.‘ specific gravity (1.82),
thus leaving the milk t_ut_ suspended in a heavy acid
solution from which ﬁtl geparated by centrifugal force,
The addition of -mm«r or amyl alcohol greatly
facilitates the fat mﬂon.

Appsratus: |

1. Gerber tubes

2. Gerber pipettes - 11 ml, 10 ml and 1 ml.

3. Wooden stands .te hold Gerber tuhes and pivettes

i« A water bath maintained at 68°C

8s A Gerﬂoerlmﬁiﬁcl: of diameter 18 - 20 inches,

holding 16 Mll and capable of rotation at
1,100 rowluﬁ;u per minute.

=

Reagents: =
1e Gmomtrdul mlnhuric acid (S.G. 1.82)
2e Aﬂy1 ﬂ.”m.

!.

oce .
10 ml of the Gerber sulphuric acid (S.G. 1.82) was
measured into th.h-mr tube. The milk sample bottle

wasg inverted twice or thrice amd 11 ml of nmilk (actually
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the pipette tramnsfers only 10,94 ml) transferred into

the Gerber tubes such that the milk forms a separate layer
gbove the acid. Then, 1 ml. of anyl alcohol was added.
The Gerber tube was then stoppered, shiakened until all
s0lid particles heve been di ssolved, and placed in water
bath at 68°C for about 5 minutes (when the temperature

of the sample must have reached equilibrium). It was then
centrifuged for 4 = 5 minutes at 1100 R.P,M. in a Gerber
centrifuge of diameter 18 - 20 inches., The tube with

stem upwards was again placed in water bath (at 6800) with
the water level touching the upper limit of the graduations.
After dbout 2 = 3 minutes it was removed from the water
bath and the percentage fat read directly from the graiuw-

ated portion to the nearest 0.05 percent,

3.7 Crude Fibre Content of Samples;-(A4.0.4,C. Page 332)

The dried fat free samples were used for the estimation
of erude fibre content and the method was based on the
separate extraction of substances soluble in bolling

sulphuric acid and boiling scdium hydroxide soclutiomse.

Apparatus:
1. A rvubber - tipped glass rod,

?« 1400 ml heakers
%« Buchner funnels

4o Furnace,
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Reagents:

1« 5% Sodium hydroxide solution

2, 5% Sulphuric aeid solution

3+ 1% Hydrochloric acid solution

he 95% Alcohol

5, Celite filter aid (acid washed).

Procedure;

The fat free residue (from ether extract already
described in page i1 ) was transferred to a 40O ml beaker
which had been previously marked at 200 ml level, 50 ml
5% sulphuric acid was added and mixture made up to 200 ml
mark with distilled water, The contents of the beaker were
heated to boil, and kept boiling for exactly 30 minutes.
During the boiling, the mixture was stirred with a rubber-
tipped glass rod, removing all particles from the side,
and keeping the volume constant by addition of hot water
from time to time, T_hi'-l:t!ture was then filtered immedia-
tely through acid washed celite on a buchner funnel
attached to a filter pump. The residue was transferred
to the funnel with a jet of hot water and washed with
hot water until filtrate was acid free (tested with methyl
orange indicegor). The residue was scraped off from the
celite with a spatula and replaced in the same beaker

e ™
o i
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removing the last traces with a jet of hot water, 50 ml
5% sodium hydroxide was added and then distilled water

to make up to 200 ml mark. Again, the nixture was
brought to boil and kept boiling for exactly 30 minutes,
while stirring from time to time with a rubber tipped glass
rod and keeping the volume constant by the additiam of hot
water at intervals. The content was filtered immediately
through the same celite of the same buchner and residue
transferred to the rﬂ.jnr by means of a jet of hot water.
Residue was washed few tm; with hot water, then with a
solution of 1% hydrochloric acid and again with boiling
water until free from acid _(hhooked with methyl orange
indicator)., Finally, the _i'!-aidue was washed twice with

a little 95% alcohol and transferred to a 100 ml porcelain
erucible, removing traces  with a jet of alcohol, After
drying in an oven at 100.0 to constent weight, the crucible
(with contents) was cooled in a calcium oxide desiccator,
weighed and ignited in a furnace, Then it was cooled again
in the desiccator lnd weighed, The crude fibre cantent
was determined from tt_l__]_.oll in weight of crucible after
ignition.



A.Q.A.O. mn Tulse

1« Digestion rack with electric heater,
2, Kjeldahl digestion apparatus
3. Digestion flaske.

Reagents: S o

1. Sulphuric acid

2., Mercuric oxide

3. Potassium sulphate :

Le Sodium h:drﬂlulo = sodium thiosulphate solution:
60g of sodium hydrexide and 5g of sodium
thiosulphate Q%og._snzo) was dissolved in
water and diluted to 100 ml.

5. 0.02N Hydrochloric acid.

6. Methyl m-nsmm blue indicator:- 200 ml.
of 0.1% emu ;olutim of methyl red and 50 ml
of 0.1% maie ”ﬂl&lﬂw blue were mixed amnd
stored in dark muo. (keeps indefinitely).

7« Boric acid - MMO: mixture: 20g Boriec acid
was diue!.m in m ml ethanol, 10 ml methyl
red.-mthqug um indicator (6) was added and
mixture made up to 1 litre with distilled water
(stored in Qﬂt 'b_”'no).

-
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About O.1g of t&w food sample accurately
weighed (or 2 = § nl gt %aﬂk or nono), 1.9g potassium
sulphate, LOmg. -mhno ‘and 3ml concentrated
sulphuric aecid were q'ﬁt hinguntion tube, Two or three
boiling chips were added u ‘the tube. The digestion tubes
were then set up :g mc*ntim rack with electric heater
ard the temperature m”nud t111 the acid came
to true boiling. !l’u mﬁ were heated far 6 - 12 hours
'm Gl.tr. and digestion carried
on far about 2 = 3 | onger. After digestion, the tubes
were cooled and mﬁi t: of water added to dissolve
solids in each m." ithlq film of vaseline was put
on the rim of the n-q;ﬁgme digest trangferred
quantitatively to uﬂ@n ‘apparatus, The f1ask was
rinsed about six i th 2 ml, portions of distilled
water, (1 or 2 drm organge indicator was
usually added so tﬂs omple ;e transfer of digest could be
ascertained), A maﬁ omuning 5 ml Boric acid-
indicator solutiqn m“ﬂnr the condenser of the
Kjeldahl distillation ﬂt&iﬂ; tip extending below the
surface of the mmm; pu of the sodium hydroxide-
sodium thiosulphate ixture was added to the digest and
the mixture ‘muu-h proximately 20 ml of the distillate
was collected, tm-cima!'go 250 ml flask and diluted to 50 ml.

ti1l mixture or
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Procedure: . o

About O.1g of ﬁ m a-plo (accurately weighed)
was transferred to ”xﬂ od.' '.tu‘ in a 50 ml beaker, and
the mixture heated mk.m bath, After boiling for
10 minutes, 5 ml of *’ﬁﬁ’;’fi ‘trichloroacetic acid
solution was added d?m continued for sbout one
minute longer. The ppecipitate was allowed to settle,
filtered using a 'buehcr Mﬂ. and suction pump, and
thoroughly washed with hot water. (The precipitate contains
the 'trme protein' of the sam e). The precipitate was
transferred to a Kjeldahl 1 ‘-k and nitrogen determined
ags in crude protein.

'"True protein' 3, dmm as the trichloroacetic

acid insoluble nim ‘f

3610 e Foo 83

This was dotuﬂpﬂ for the prepared food samples,
and food 1ngred1¢ﬁts",_ndnc the Adigbatic bomb calorimeter,
produced by Gallenkamp amd Co. Limited. The gross
energy obtained from the e‘ormeter was canverted into
metabolizsble energy 'ﬂlm the equation:

Mg/, = (O, X 0.95) - (% x 0.075)
(liller and Payne 1959)
Apparatus:

1. Adisbatic bemb calorimeter and the accessories

providéd by the manufacturers,
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displacing the original air.

Sufficient water was mt in the calorimeter vessel
to cover the flat upper fage of the bomb cap to such a
depth that it did not break the surface of the water during
stirring, (the oxygem inlet and the terminal need not be
covered), This quantity of water was constant in all the
determinat ions to '1@;:!3, as that used to determine
effective heat capm_tﬁg.. !fljc temperature of the water
was such that the final temperature reached in the determi-
nation was upprmcim"_tqu Itthin a degree of the standard
reference tonpomtum,;'_ﬂfog_

The calorimeter nml was trensferred to the water
Jacket, and the bon‘b ma carefully into the calorimeter
vessel, It was then &md to be gas tight, (If gas
escaped from the ,baﬂ! the t._!’_t was discarded and the
cause of leakage ol'!'ipau)-.' The stirrer, the thermometer,
the electric leads and the cover were assembled according
to the manufacturers instruetions. The depth of immersion
of the thermometer mm kept constant throughout the
determinations and as far as possible all determinations
involved the same part of the thermometer scale,

The stirrers, and pump were started and kept in
eontinuous operation thmahout the determination, The
thermometer was tapped 11@1;17 and then with the aid of
a viewer was read to 6.001 dcz. and the charge fired, (No
part of the body should extend to the calorimeter during
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firing nor for 20

lct‘uued, the thermometer

5 minutes when th&_

was tapped again and mmn. The difference
between the second and M !‘h‘m temperature readings

gave the rise in Wm

Using the standard WQ_MN, the heat capacity
of the apparatus m@“niﬂd in & similar mamner,
(ealorific value of bduqu acid is 6324). The benzoic
acid was heated in om ur%m for 1 hour, cooled in a

ddesiccator bdmm

Heat Capacity = x W 0
34 I:lu ‘in temperature

3.1 Minersl Blementsr
301131 Atomic Absorption Su .
The sample dtmﬁ e; mpmr:late dilutions were run,
using the nrkln-mgg ”ic Absorptian Spectrophotometer
(Model 290B) and mc wm lamp for each element.
Standards were alu mﬂqa concentration of elements in

samples detem ‘ﬁﬂl the readings of the standards,

-

1s Digestion rack with electric heater
2, Digestion flasks (100 ml).
3. 100 ml Volumetric flasks.
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Beagents; ,
1. Concentrated Nitric acid
2. 72% perchloric acid

Brocedure:

fbout 0.5g (or 5 ml of sample in case of fluids) of
sample ( accurtbeiy weighed) was digested in a mixture of
17 ml of concentrated nitric acid and 3 ml of 72% perehlorio
acid, Care was taken to ensure that the final solution
after digestion was oolqul'_lelt. After the solution had
cleared, heating was continued till volume was reduced to
gbeut 2 ml.

The solutian was then giltered into 100 ml volumetric
flask and the digestion flask and filter paper washed
thoroughly with distilled water; before diluting the filtrat:
to volume, The filtrate was analyzed for sodium and
potassium diluting further when it was necessary.

Comments on number of digestions and determinations
carried out for each sample are given under discussion
of methads (Page 90 ).

1« Concentrated Nitrie acid
2, 72% perchloric acid.

3. Conc. Bulphuric acid
L, 5% Lanthanum oxide solution.
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Procedure:
. bout zs '_'rm. (or 5 mlL of fluid
sample) was ac a 13 9 "e a 100 ml Kjeldahl
digestion ﬂm.‘?gl ¢ f'v perchloric acid-sulphuric
acid mizturo. mee nitric acid were added,

(--

acid was added m ~solut "m was not clear) and

digestion eontin -t _
constituents oa_r_ : te ; ll ronained, (solution

became clew).-q;{"
 distilled water ad : _
through a filter pi 400 ‘ml volumetric f1ask.
The flask and filter '
‘d@bout 5 ml

to volume vim‘_'f

3
:
:
e
:
ot
S
g
:

aliquots were -_ f t '.lah to put Ca concentration i
within a range of 1 0& or the magnesium

releases the ca ' ' _'_f;n the insoluble oxalate
- forms), This _!f__ f n Y nalysed for calcium and ,
he D! ) lamp and Wmlength '
provided in the inst ;’nm. {
number of &cm.tom and determinations

P .

are given mde;' discussion of methods,.
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Comments on number of determinations carried out
for each sample are given under discussion on method s,

-

)atermination salclu

(Titrimetric Calecium oxalate method, A.0.A.C. P.193)

The food material 1;'“ and the ash (containing
the Ca salts) is dissolved in HCl solution, Caleium is
precipitated as the oxﬁlaté _ﬂ controlled pH, The calcium
oxalate 1s dissolved in dilute sulphuric acid ehd the
liberated oxalic acid tlfn;bd with standard I{Mnouo
Apparatus;

1, Burette

2, Cruecible

3« Funnel

4, Filter paper

5. Ashing oven

Reagents:

1. Cone. Hydroehlorie scid

2. Bromocresol green indicator (14.3 ml 0,1N NaOH
is O.1g indicator) diluted to 250 ml for 0,04%
reagent.

3. 20% NaOAc solution

Le 3% oxaliec -n:ld‘ solution

5. Ammonium hydroxide (1 vol of Ammonia solution +
50 vols of 'dﬁ)
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6« Sulphuric =cid (5 vols conc. stoh + 125 vols water)

7e¢ 0205N Potassium permanganate sclution.

Erocedure:
About 2 - 10g dry sample sccurately welghed in =2
porcelain arucible was ashed in a furnace witil carbon free.
The residue was boiled in LO ml, HC1 (1 vol HC1l + 3 vols
distilled water) and few drops of HNOz. The solution was
filtered into 250 ml volumetric flask and thne filter paper
washed several times with distilled water before diluting
to volume. 100 ml of this filtrate was transferred to
2 00 ml beaker. 8 ~ 10 drops of bromocresol green
indilcator were added, and enough 20% NaOAc solution
to change pH 4o L,8 - 5,0, This was indicated by the blue
colour of the indicator. The besaker was covered with
a watoh glass and mixture heated to boiling, The calcium
was then precipitated slowly by adding 3% oxalic acid
golution, dropwise until pH was L.h - L6, (optimum for
ocaleium oxalate precipitatdon) as indicated by distinet
green shade, (Yellow tints indicate undesirable displace-
ment of pH. After boiling for 1 - 2 minutes, mixture was
left over-night, Praecipitate was filtered on gquantitative
filter paper, and beaker and précipitate washed with
approximately 50 ml NHAOH solutime. (1 vol Ammonia +
50 vols distilled water) in small portions, Point of filter

Paper was broken and preclipitate washed into a beaker with



= 59
30 ml dilute sulphurie acid (125 vols H,80, + 5 vol
water) at 80 - 90°0¢- & washing was titrated with
0.502N Kl!noh at 70 - ”’ﬂ until slight pink was obtained.
The filter paper was added and titration continued, A4
blank titration was also carried out.

1 ml 0.05N KinO) S 1 mg Ca.

3.11:4 Determination of Iron:- (Chemical Method)
(O-phonlth!om “M. AJ0.A.C, Page 192)

Perrous ion reacts with O-phenanthroline to form an
organge - red complex [(01 Nﬁ’5’°]2+’ The colour
intensity is MGpéMt of the acidity in the pH range
2 -9, ard is stable rcr lm periods. Ferric ion is
reduced with mroqu.'inq;u.

Apparatus:
1. Crucibles (porcelain)
2. Furnace &

3. 100 ml Volumetric flask

L. Colorimeter - spectronic 20

5¢ 25 ml volm%ric flasks.

Reagents:

1 Orthophenanthroline solution: O.1g orthophenan~
throline was dissolved in approximately 80 ml of
water at 80‘_’@. The solution was cooled and
diluted to 100 ml. This reagent remains stable
for several weeks if kept in cool dark place,
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2. Hydrmluijﬂ_ =Worida solution:-
10g REQOE.M diesolved in water and diluted
to 100 mls &
3¢ Acetate burm l!lut.tm: 8+.3g anhydrous sodium
acetate ;(prqid.on?.y dried to 100°) was dissolved
in water, 12 ml HOAe was added and solution
diluted to 100 ml.
lis Standard Fe solution: 3.512g Fe (NHu)zaou.GH,‘,O
was dissolved in water, 2 drops HCl were added and
solution tuwﬁs?yoo ml. 10 ml of this
solution was GJ.W %0 IL so that 1 ml = 0.01mg Fe,
From this M .miftn. standards were prepared
containing 2.0, 580, 10,0, 15.0, 20,0, 30.0, 35.0,
40,0, and 45.0 ml respectively, plus 2,0 ml HC1
and each solution diluted to 100 ml., The resulting
solutions therefbre eontained 2.0, 5.0, 10,0, 15.0,
20.0, 25,0, 30.0, 40,0 and 45.0 x 10 “ng/m Pe
respectively, A blank containing only 2.0 ml
HC1 ailuted to 100 ml was also made,
Erocedure: Pt
About 1-5g of the ﬁnﬁ.o; material (accurately
weighed), was ashed, After ashing, the crucibles were
cooled in Ca0 donimtﬂm 5 ml conc, HCl added to
each sample, making M“ﬂx&t it rinsed the upper portion

of the erucibles, The acid was evaporated to dryness on
steam bath, and the residuve dissolved again by adding 2,0ml

HC1l accurately measured, The solution was heated



b tents filtered er ;a :'o"
diluted to volume. 4
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Apparatus:

1. Porcelain Crucibles

2. Colorimeter (Spectronic 20)

3. 100 ml Volumetric flasks

L. Furnace, 4

Reagents:

1« Molybdowanadate nwtt 40g Ammonium molybdate
tetrahydrate was dissolved in 400 ml hot water
and cooled, 2g Ammonium metavanaiate was dissolved
in 250 ml hot water, cooled and only 313 ml of
60% porchlm? uu ".(mmu) added, Molybdate
solution was gradually added to metavanadate
solution ﬂ.th stirring and solution diluted to
2 1itres.

2, Phosphorus ﬂmdnd solution:- Stock solution ra
was pmu‘.l by Mllolving 8.788g ](}lzl’ou
accurately H:IM in water and diluting to 1 litre.
(This ua.nq._eu contains 2 mg P/ml).

3. Working standard: (0.1 mg P/m1), This was
prepared by muung 50 ml stock to 1 litre.

Erocedure:
About 1,5 to 5q of tre dry sample (accurately weighed)
was ashed in a mt un carbon free, The ash was

allowed to cool to room temperature in a Ca0 desiccator,
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and washed in 250 uom.m:l. (1 vel cone, I
HCL + 3 vohl aw H lll portions, GSeveral
drops (10 = 'll) ne _ ¢ acid were added, solution i

heated to 'boi o :' ed, transferred to 250 ml
volunetric flask and diluted to volume with water, The
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' pd 10 ml transferred to 100 ml

- solution was th

volumetric t;,ut.. bdowanatate reagent was
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3.11:6 ZEstimation of Sulphur:

The sulphur i.n-.q&.il is converted to the Magnesium
sulphate by heating with Is(mj)z before ashing. The
sulphur in a solution of the ashed sample is then
precipitated as Barium sulphate which is estimated
gravimetrically.

Apparatus:
1, Large porcelain erucibles (100 ml)
2, Electriec rur!:m_g:
3¢ 400 ml beakers
L+ Rubber - tipped glass rod.

Reagents:

1. 10% Barium chloride solution

2. Magnesium nitrate solution: 950g (Mg(N03),.6H,0

was dissolved in water and diluted to 1 litre.

“Brocedure:

About 1.0g of the sample (or 10 ml in case of fluid
samples) was weighed in & 100 ml porcelain crucible,
7.5 ml of Mg(NO3), lolut;l.on was added., The mix ture was
heated on electric hot plate at a very high temperature
to ensure boiling, and heating was c ontinued till boiling
subsided., (Complete evaporation of water seemed to have
occured). The crucible Was then transferred while hot to



65

electric fumace maintained at a temperature of about

L;oo"c and allowed to remain till sample turned completely
white (No black particles were allowed to remain).

Crucible was removed from ;ﬂfﬂo and allowed to cool.

Water was added to break up solids then concen trated HC1

in excess till solids completely dissolved, Solution was
heated to boil filtered and washed thoroughly with distilled
water.

The entire filtered solution was diluted to 200 ml
with water and further utmm with approximately 0.5 ml
concentrated HCl, The solut ion was again heated to boil
and 10 ml 10% BaCl, lél.uti—Qn added dropwise with constant
stirring. Boiling was 6dn§innnd for 5 minutes longer
after which tle solution was allowed to stand ever-night
in a “warm place,

The precipitate ui&n‘um, washed with 15-20 ml
boiling water until ruhm from washing was chlorine
free, (tested with W, solution)., The precipitate and
filter were dfied and ignited in a weighed porcelain
erucible, Weight of B"qh formed was obtained by difference,

8 - content = wt of ppt x 0.,1374

Triplicate determinations were carried out separately

for each sample.
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3411:7 Estimation of Oxalate:
(By Titrimetric Caleium Oxalate Method)

Oxalate was determined by the method of Dye but as
modified by Oke (19351-.

Apparatus: |
1« 250 ml Volumetric flask
2. 400 ml beakers
3. Burette e
4o PFilter m.ivi’}
5. Fumel .

.
a—

o

Reagents:
i. 6N HC1

2. Cone. NHzy

3. Methyl red indicator
4 5% Cafl, selution

5. 25% H,80, solution
6. 0.05N KMnO) solution.

Erocedure: .
A 2g sample of l!r matter was digested with a mixture

of 190 ml water and 40 ml 6N HC1, filtered and diluted

to 250 ml. Three 50 ml aliquots of the extract were

evaporated to about 25 ml and the brown precipitate which
'separated was filtered and washed with hot water,
The combined solution and wash were titrated with conce.
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ammonia until the m ﬂa! nolour of the methyl

red indicator was chm .Qe @ faint yellow, The solution
wae heated on a hot plate o about 90°C and the oxalate
precipitated with 10 ml #”ﬂd‘n‘la solution, The

solution was sllowed to stamd over-night, filtered, and

the precipitate was n-’a into a beaker with 25% hot
sulphuric acid, ailuted to 125 ml and after warming to 900.
titrated with o.osoq.imou.

1 ml 0.05N Kin0, ¥ 2.2 mg Oxslate

Caly0) + Hy80, = m + Hy8,0,

AM0,~ + 5HG,0, + 6H* = am® 4 1000, + 8H,0.

'.:'-.

3.12 The Vitemine
2.12:1 Estimation of Riboflavin: '
(nuomtmm, A,0,V.C., Page 158) by

Riboflavin fluoresces in light of wavelength 44O to
500nm, The :lntmitr‘gt the fluorescence is proportional
to the comntruthn ﬂi" :nlbd‘.lurin in dilute solutions.
The riboflavin is nﬁnﬂ in terms of the difference
between the numhq"n ‘before and after chemical reduction.
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?nzon CH,0H
H-C-0H H=C=0H
H-C|>-OH H—(|:-0H
H-é-OH +2H HE&""-OH
! R .
& “an 1?
c}{3 =0 CH l N\ro
Ol - i "
(rlgg::%:;%n form) (mdugggfogégfg:ggacent
form)
Apparatus:
1. Autoclave
2. 125 ml conical flasks
3. Funnels
L4Le Filter paper
5¢ 100 ml conigal flasks
6. Pipettes, assorted sizes.
7« Graduated Cylinders, 100 ml, 1000 ml
8. Volumetric fll.lkl. 50 ml, 100 ml, 1000 ml, 2000 ml.
9. Test tuhes 25 x 150mm
10, Test tube racks
11« Fluorophotometer -~ Hilger and Watts fluorophotometer,
attached to UVISPEK, model H 700,
12, pH Meter.




Reagents:
1e
2.
3
Le
5e

6.

Te
8e

9

10.

¥
-

10N Hydrochloric &M

1N Hydrochloric acid

0.1N Hydrochloric acid

10N Sddium hydroxide solution

1N Sodium hyd roxide solution: 100 ml of 10N NaOH
diluted to 1 litre with water,

0.1N wul hydroxide solution : 100 ml of 1N
NaOH d:-l.lufil.}_l--t'é "1*_""7.':%1-. with water,

Glacial acetic acid.

3% Potnduqqpmuto solution: 3g Kllnou was
dissolved in sufficient water to make 100 ml.
Stable only for one week.

3% Hydrogen peroxide: This was prepared at the
time of use by diluting 30% Hy0, 1:10 with water,
S8tock Riboflavin solution: (25ug/ml) 50mg
Riboflavin, which has been dried over concentrated
sulphuric ﬂﬂ.&m oven for 24 hours, was
accurately m‘lﬂﬂ. transferred guantitatively
to a 2L volumetric flask. About 1500 ml of
water and fbh ml glacial acetic acid were added
and mixture warmed to aid solution, After @ooling
to room temperature the solution was diluted to
mark with water, This stock solution was
preserved under toluene in a dark bottle,
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11, Working Riboflavin standard solution: 20 ml
stock Piboflavin solution was diluted to 100 ml
with distilled water, From this working
standard, the following concentrations of
rivofiavin (0.05, 0.1, 015, 0.20, 0.25, 0,30,
0.35, 0,40, O.L5, and 0.50ug/ml) were made
by diluting each of the following volumes (1.0,
200, 3.0, 440y 5.0, 6.0, 7.0, BuO, 9.0, and
10,0 ml) to 100 ml with distilled watern,

12, Solid sodium Hydrosulphite (Dithionite)

Procedure:

Extractlon:~ 4About Bg of solid sample (accurately weighed)
or 10 ml of fluid sample was transferred into 150 ml

flask. 50 ml of 0.1N HCl was added to the flask, and

autoclaved for 30 min at 151b pressure.

Precipitation of terfering Impurities:

After auntoclaving, the sample was cooled and adjusted
to pH 6.0 with NaOH (using a pH meter). (Since riboflavin
is unstable in alkaline solution, the extrazct was swirled
congtantly during the addition of alkall to prevent local
areas of high pH ). Immediately, 1N HCl wa3s added in
drops to bring the pH to 4.5. The solution was then diluted
tc 100 ml with water and filtered, 1N HUl was added

dropwise to about 5 ml of the filtrate to see 1If further
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precipitate forms. No !'Hrthlr precipitate (impurities)

formed in any of the samples. (If further precipitate
ocecured, it should have been necessary to add 1N HCL

dropwige to 50 ml aliquot of the filtrate followed by an
approximately equal number of drops of 1N NaOH with

castant shaking. After which, the aliquot could be

diluted to 100 ml with water and filtered again if necessary).

Acidification of Mﬂﬁ

20 ml of sample solution (extract) and 1 ml of water
were added to each of two or three test tubes and mixed.
o |
20 ml of sample solution and 1 ml of riboflavin
solution (containing 6.5"‘/!1) were added to one test
$ibe (or ench of Enithelh Bahes) Ard mixed. 1 s) of glacis)
acetic acid was then added to all four tubes and mixed.

Oxidation:
0.5 ml of 3% Kin0; was added to each tube, mixed

and allowed to stand for exactly 2 min., After 2 min;
045 ml of 3% HyOp (or 0.5 ml of 1% H,0, in certain
samples) were added and mixed thoroughly, The red colour
disappeared within 10 - 15 seconds.

Fluorometry:-
The HIGLER AND WATTS UVISPEK with a fluorescent
attachment was used. The instrument was operated according
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to the manufacturers hMm, using the filter slid
and ciroular filter marked 0.4 (indicatiyg principal
wavelength of )\ m«}..' The instrument was adjusted
immediately 'berovcz' ‘Iﬁhl‘lﬂm to give a deflection of
100, on the galvanometer ';'cql.o. using the riboflavin
working standard of *h:lilnlt concentration.

Blank Reading: ,

About 60mg of dithionite (Na,8,0,) was added with
mixing to the sample or utnnduiahsolution in the cuvet,
(after the sampde reading had béen taken) and fluorescence
taken within 10 - 30 seconds., This reading corresponds
to the blank for the riboflavin is converted into

non-fluorescent to:i b& tlu dithionite,
ol L 7

Calibration and Calculation:

Using the various riboflavin working standards

(0.05, 0.10, 0.15, 0,20, 0.25, 0.30, 0,35, 0.40, O.45 and
0.50ue/ml, see nmt ﬂ) prepared at the time of use,

a calibration oum I'gl ﬁ’ﬂ'ﬁ. by plotting the
galvanometer denocttgn' minst the various concentrations.
Within the given concentration range of standards,
a straight line graph was obtained. The concentration of
riboflavin in samples were determined from the calibration

curve,.
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Reagents:
4. N-Bromosuccinimide solution:® A stock solutidn

was prepared by dissolving 200mg of the reagent
in warm water, cooling and diluting to 100 ml.
This solution was only stored for two days in
a refrigerator. Just bef ore use, the stock
solutlon was diluted (10 ml to 100 ml) with water,
1 ml of this sclution is approximately eqguivalent
to O.2mg ascorbic acid.

2, CGlaclisal acetic aeld: analytical reagent grade.

3. KI solution: 4% wfv, aqueous solution,

L. Diethyl ether - analyticzl grade,

5. Standard Ascorbic acid solution: This solution
(0«2 mg/ml amscorbic acid) was freshly prepared
in 1% v/v acetic acid by dissolving 0.02g in 100 ml.

Procedure:

About 5 - 10g of the well-powdered solid sample
(accurately weighed) was traneferred to a 100 ml
volumetric flask with 1% v/v agqueous acetic acid amd
diluting to mark with same reasgent. The mixture was
shakened vigorously for about 30 minutes to extract the
ascorblc acid into solution, and then Tiltered through
a filter paper.

In the case of fluid samples, 50 ml of 2% vw'v acetic
aclid was added to 50 ml of the sgpple in a 100 ml
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= on of-Lhiamine:
Mathod, A.O.V.C. Page 127)

(Thiochrome
Thiochrome grocedure for the estimation of thiemine,
depends upon the )xidation of thiamine to thiochrome,

which fluoresces in U,V. lighte The thiochrome is extracted

into Isobutyl g-cohol and the fluorescence measured.

Avparatus:
1. VolumetPlc flasks (1000 m1, 100 ml)

2, Funnels, _

3., Conical ?‘1\““3 (150 m1, 100 ml)

L4, Base excharic tubes with 16-@l reservdir, 10mm
dismeter (inside) and 17cm long.

5, Pipettes = Jml

6. Volumetric transfer pipets: 3ml, 4 ml, 5 ml,
10 m1, 15 ml, 20 ml, and 25 ml.

7. Volumetric flasks - 25 ml.

8, Photofluorometer, HIGLER and WATTS fluorescent

attachment to UWISPEK Model H 700.

Reagents:
1, Anhydrous sodium sulphate, granular,

2. 15% NaOH solution.

%, 1.0% Potassium ferricyanide solution (solution
was kept in cool dark bottle).

L4, Alkaline Potassium ferricyanide solution: 3 ml
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of 1% Potassium ferricyanide was diluted %o g |
100 ml1 with cool 15% NaOH solution. This solution
was prepared fresh daily and kept out of
sunlight in a dark bottle,

5, 0.1N HC1 solution: 8.5 ml of conc. HC1l (8.G. 1.18)
was diluted to 1 litre with water,

6, 0.1N stou solution: 2.8 ml concentrated
}125()‘4 (S.G. 1.84) was diluted to 1 litre with water,

7. 2.5M sodium acetate solution: 205g of anhydrous
sodium acetate or 3u5g N£2H302.3H20 was
dissolvea in water and diluted to 1 litre,

8. Isobutyl &lcohol.

9, Enzyme: (Crule phosphatase) Alkaline washed
a-etone dried hakers' yeast was the enzyme source.
(Westenbrink and Willebrands 1944). The yeast
was treated in the following way:

Bakers' yeast (from Distillers Company) was
stirred up with three times its weight of acetone.
After 30 minutes, it was filtered off by suction,
washed with acetone on the filter and dried in a thin
layer of filter paper,

The yeast was washed three to five times with
50 m1 of 0,1 mol. sec., Na phosphate per gram of yeast
and finally once with 50 ml of water, Each time the

yeast suspension was stirred for 5 minutes and then
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centrifuged (H. Jurgens and Co, 1971 model
centrifuge was used) at a speed of 1,900 - 2,400 R.P.M,
The washed residue was suspended in 0.1 mol.
phosphate solution, pH 3.7, and stored under little
toluene. (This enzyme suspension, is stable for
geveral weeks if stored in the refrigerator or even
at room temperature without appreciable loss of
‘phosphatase activity).

The resulting yeast enzyme was tested for
thiemine activity before use so that correction factor

could e applied if necessary.

10. 25% Potassium chloride solution: 250g potassium
cRYoride was dissolved in water and diluted to
1 litre. This reagent is stable indefinitely.
11 Acid 25% KC1l solution: 8.5 ml of conc. HC1l
(S.Gs 1.,18) was diluted to 1 litre with 25% KC1
gsolution. This solution is stable indefinitely.
12, ACTIVATED CATION EXCHANGE RESIN:
(Weak acid exchanger mesh 14 - 52)
S8ince a finner mesh of resin (30-50 mixed with
60-80 mesh) required to provide greater absorbing
capacity was not available, about 100g of the
14 - 52 mesh amberlite resin, IRC-50 (standard
grade from B,D,H), was pounded vigorously in a
motar, (with distilled water added) for gbout two
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remain in om wit ‘%ﬂ ua:l.n for ebout 10 minutes.
Mild suction m ﬁbloﬂ to drain off the acid.
The acid wash u‘ﬂﬁuﬁ twice using 250 ml of hot
3% acetic mid for Oﬂ. vnnh.
The resin '.- ,ihn washed with about 250 ml hot
KOH solutien c,pd M’-‘W“ by a wash with hot 25§
KC1l solution m;my with hot acetic acid solution.
'f the wash solution, the remaining
KCl was tlm & by 'Itthing the resin with 500 -
600 ml porum uf imQ watey; applying mild suction
continually. The final wash solution was free from
chlorides as indicated by failure to give a precipi-
tate with 1% AgNO; solution. The resin was dried in
an oven at about eo°o, and stored in a stoppered
wide mouth 'bott:!.z far daily uaé. (To retain the
solutions in contact with resin in the buchner %
during the 10 - 15 minutes holding period, a pinch
=l . .clamp was placed on the rﬁbﬁer tubing connected to
the side arm of the filter flask, A slight pressure
was buflt up within the flask and practically stopped
passage of solution though the funnel).

13. Btock‘ Thiamine solﬁtion: Thismine hydrochloride
was dried over P205 in a desiccator for not less than
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24 hours. 100mg of the dry reagent accurately

weighed was dissolved in 0.01N HCl, and stored in
a refrigerator.

$

1L, Intermediate Thiamine solution: 5.0 ml stock

thiamine stolution was diluted to 100 ml with distilled

water (1 m1 = w.

15, Working Thiamine solution: L.O ml of the
intermediate thiamine solution was transferred to a
100 ml volumetric flask, 75 ml of O0.1N Hy80, and

5 ml of sodium acetate mixed in a beaker (and pH
adjusted to 4.5 when necessary) was added to the
thiasmine sclution and diluted to mark with distilled
water., The final i;bohtratim was eqguivalent to
Q.2ug thiamine pba-!l and was prepared fresh daily.

16. Stock Qm.ni.na tulph'u solution: 100mg of
Quinine sulphate was dissolved in 0,11 Haﬁou and
diluted to 1 litre with same reagent. This solution
is stable indefinitely if stored in a dark brown
bottle, (If solution becomes turbid, discard and

prepare a new),

17« Working Quinine sulphate solution: 3 ml of
the stock quing:’ sulphate solution w as diluted
to 1 litre with O.1N K,80, to give a final coneen-
tration of O.3mg per litre.

:

%
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184 95% Bthanol
19« 3 = 5% Acetic acid solution: 30 ml of acetic

acid was diluted to 1 litre with water,

e Wi
&wm!!u = - i

1. Extraction;-
5 - 10g of the solid sample (accurately weighed)

was transferred to 250 ml beaker and 75 ml of O0,1N HC1
was added. (In case of the fluid samples, 6 ml NHC1l was
added to 50 ml of sample and sufficient water added to
make a total volume of 75 ml, and conc. of acid 0,1N).

The mixture in each case, was heated for 30 minutes
in a boiling water bath with oocasional shaking.

T he extract was cooled to room temperature and pH
adjusted to 3.7 by dropwise addition of 1N sodium hydroxide
(using pH meter). 5 ml of enzyme suspension (reagent 9)
was added, mixture W and allowed to stand just
30 minutes. (’o;: n:l$ aﬂ nono samples, extract was
first incubated -'l:!.‘ﬂn m. of pepsin, (L490O% Pepsin ex hog
stomach mucosa, granular pb!d.or from KOCH-LIGHT
LABORATORIES LTD.) at pH 2 and at 37° for two hours, since
the thiamine is bound in a protein complex).

After incubation, the extract was adjusted to pH 4.5
by dropwise addition of 2,5M sodium acetate solution,
transferred quantitatively to a 100 ml volumetric flask,
and diluted to mark with distilled water., This extract was



then mixed thoroughly before removing the yeast by
centrifuging and determination continued in the centrifugate,

Purification:
(a) The adsorption tube was half-filled with water and

about 1.0g of the activated resin (reagent 12) allowed to
fall in place by gravity. The tube was allowed to drain

to just the level of resin.

(b) 25 ml (5 ml portions) of the centrifugate from the
sample extract was trmﬁrerred into the reservoir of the
prepared adsorption tube, and allowed to pass slowly
through the resin column, The filtrate was discarded and
the reservoir and oﬂw., washed with three successive
portion (about 10 ml each) of hot water discarding the
‘washings.

(¢) After washing, 10 ml ?r warm acid-KCl (reagent (1)
was placed in the reservoir, armd the effluent solution
colleoted in @ 25 ml volumetric flask. A secand 10-15ml
portion was added llhon a.'LJ. ;'ho' first had entered the

-

decalso, and the eluate collected in the same flask, to
Just 25 ml mark, (If just below the mark, contents was
diluted to 25iml with acid-KCl solution).

(d) Steps a, b, and c, were repeated With a new column
and using 25 ml of working thiamine solution (reagent 15)
eontaining 0,2ug of thiamine per ml, in place of the
sample aliquot.
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(a) After proper I.'&la“ Q! tho acid-KCl eluate, 5 ml
was transferred into & reaction vessel (100 nml flask)

(b) 3 ml of alkaline ferricyanide solution (reagent L)
was sdded to the reaction vessel, mixed gently, then 15 ml
of isobutyl alecohol 'I!ﬂ.'ll. The mixture was shakened vo
vigorously for not less mn 90 seconds,.

o

(¢) 8teps a, and b, ’E-Opcated using the working
Thiamine eluate.

X
-y -

(a) After sopurtﬂ.on et 'l'.he phases, the agueous layer
(Lower) was siphoned out and about 2-3g of anhydrous
Na,80) added to thg m solution. The mixture was
then shgkened for mt 30 seconds, and allowed to stemd
wtil sparkling olcgo -

(a) The clear ‘maﬁii‘ﬁ;ﬁo‘butyl alcohol solution was
decanted mtumunto matched cuvets.

; (b) Using the 'orm Mnﬁn sulphate solution (reagent 17)
the photofluorometer was ‘#Ajusted to give a deflection of
100,0 on the galvanometer scale, and the fluorescence

of the Isobutyl alcohol solution was determined also in

terms of galvanometer deflection, operating the instrument
(Apparatus No,8) according to the manufacturer's instructions.
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The Quinine sulphate setting was checked between readings,
and measurements were taken rapidly (within 30 seconds)
since U.V, light destroye thiochrome,

PREPARATION OF BLANK:

5 ml aliguot of the acid-KCl eluate was transferred
into a reaction vessel, and treated identically to the
sample extract, except that 15% NaOH was added rather than
alkaline ferricyanide. The sample and the blank were

ran simultaneouslye
Calgulation: |
Thiamine content of sample in ug per gram

= U=08 o1 5 &8 100
S-8 B v w t of Sample.

Where U = ﬁoﬂ.oetimi of unknown, UB = deflections
of unknown blank, and 8 and 8B are deflections for the
standard and it's blﬁk.'aul V = volume of solution used
for adsorption on resin. The factor % converts the reading
to ug ver ml instead of ug per 5 ml aliguot. Since the
final velume of eluate is 25 ml, the factor %,J corrects
for volume changes during bsmtion and eluation, BSince

25 ml was adsorbed, this factor became unity.

mm Recoxeu:

After activation of the resin, the thiamine was
tested for column recovery by applying 25 ml of the thiamine
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working standard to the column, and treating as already
dezcribed under Purification, Converslon to thiochrome,
Separation of thiochrome =nd Measurement of thilochrome.
Calvanometer deflections when compared to same standard
thianine treated in s similar manner except that it was
not pagsed through the column, helped in the establishment
of the coluyn recovery, The range of recoverles obtalned

is given on table 27.

3,13 Amino Acid Analyais:
3.13:1 Automatic Amino Acid Analyzep:

The Beckman 120C automatic amino acid analyzer is

Pbaged on that developed by Spackman in 1958, The sample
contglining the mixture of amino acids is introduced into
the top ¢f the column filled with ion-exchange resin,
Two columns operated at 550 are employed:
(1) a long column for the separation of aeidic and
nautral amine acids and (2) = short column for basic
anino acids and tryptophan, Two buffer systems of the
same ionic strength and differing in pH (one 3.25 and
the other L.25) are smployed for the long column. The
short column employs a citrate buffer of pH 5,25,

Ag the buffer is pumped down the column at a uniform
flow rate, tle resin retards the mino acids for charac-
teristic lengths of time depending on the respective pKa

values, aromatic and aliphatic side chgins. When the
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individual amino acids emerge from the bottom of the
column, they are 'tw;u"-npwated from each other and
ready for dotommm. - The buffer effluent (carrying
the amino acids) i‘ met by & regulated flow of ninhydrin
reagent from a noondw-p. This mixture enters a
boiling water mwti&sblth where the ninhydrin reacts
with amino acids to form a blue colour. The optical
density of each aouﬂ.nﬁ"?ﬂut at 570nm is measured
by a photoelectric od:!.'oiiorlneter and the ahsorption
curves are plotted on a recorder.. The yellow colour
resulting from the reaction of proline (or hydraxyproline)
with ninhydriniis plebted By an independent photometer
at 4Onm. A third trace ﬂlﬂ measured at 570nm is
obtained from a cuvette of ome-third the normal width.
This permits the ecalel '

acids which othm:ln%ouﬁ- be off the scale,

at1on _o'!"" the concentration of amino

5-13:2 Prepa

(Methoa for f!wdroy
The 'ntuﬂﬂ m{\fﬂ' samplé was prepared for
_ y.l by direct acid hydrolysis
using 6N HC1 (nﬂyﬂeﬂ:‘gﬁ!‘)-
30mg:of the dry and Ibu ground (fine to pass
through a 4O - 50 mesh l:lm) food aanpzle was weighed

aia)
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into a clean ary wro‘l' '-qpmlo.' 5 ml of 6N HCl was
then added, and the neck eonstricted slightly using a
flame. (Nitrogen gas u. bubbled into the 6N HCL before
use, to exclude w)c

The tube was closed using a short rubber tubing and
a pinch clamp, before plmins in deep freeze,

The ampoule nonifg.nin' the frozen sample was
evacuated for 20 minutes through a stop cock. In-between
the sample and the vacuum pump, & sodium hydroxide trap
and a phosphorus Mnmi“trm were introduced to absorb
acidic vapours and yl‘m\ttm from passing to the pump.
During evacuation, the mulo was tapped gently to
exclude dissolved gases. The evacuated ampoule was
sealed off at the mntrut;m. The ampoule was then
placed in a glycol 'blth @;_.:$1'0° * 1° for twenty hours,
cooled, and opened eﬂu‘uy. The hydrolyzate was
filtered into the nnl:e!' a rotary evaporator through
sintered glass funnels et porosity 1 and then 2, Ampoule
was rinsed 2-3 times with water along with tle sintered
funnels, The sample was evaporated under vacuum with a
bath temperature of 45 - 50' and excess acid was removed
by repeated evaporation after the addition of water,

(up to 4 times washing appear to be necessary to remove
residual acid).
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After final evaporation, the thin film of the
hydrolyzate was taken up in 6 ml pH 2.2 citrate buffer.
(8amples could be ﬂgi.d.‘:ha deep freeze at this time),

e

3.13:3 Ruming of Semple:

The Beokun 1260 mﬂﬂic amino acid analyzer
was used to estimate tlb ul:lno acid composition of
hydroxylate.

Just berfore mma. the hydrolyzate was diluted
three times its ofmlm with pH 2.2 citrate buffer.
0e5 ml and 1.0 ml were applied to short and long columns
respectively. _.-:” h

The reoorde;wu o?porntod at low speed, and the
optical density qt &6 colm effluent after reaction

as res Wlhnlanduwnmby the
photoel ectric eolaﬁlmrn.

Pa s
f .

“h

3.13:4 Calculstiongs

The concentra w tﬁ various amino acids were
obtained by inte
(HW) method. «- -

In using th. HI' lethod., the height of the peak is
measured in terms of ti_i_f_‘-,‘by cowm ting the number of dots
printed sbove the ﬁ‘:lr—helght of the peak. To facilitate

tfh. ]Itak areas by the height-width

the counting of the dots, every fourth dot of each of
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the curves is blacks The area of the peak is obtained
by multiplying the net height (H) in absorbance, by
the width (W) in dotsa

3.13:5 The Standard: |
The anAlyzer was stamdardized by running a calibration

mixture containing 0.25 micro moles of each amino acid.
'HW' constants (Om are calculated for each amino acid
by dividing the area occupied by a peak (HW) by the
concentration m_'niwnl, of the respective amino acid
in the calibration mixture

Three calibration runs were made for the initial
standardization of the analyzer, and the average of the
HW constants (standard HW cors tants) were obtained for
the in@ividual aa.i.no nid.le. The percentage recovery for
calibration run was 2,

Concentration of unknown components in other
samples were o'b_tm by diming their H x W values by
the appropriate standard HW constants.
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mmu_;on OF METHODS
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A1l the methods employed to estimate the various
nutrients are standard notpedl. In all cases (where
pogsible) the methods were tested for percentage recoveries
by incorporating internal end (ar) external stendards,

The range of mcmmj, &mnd for various analytical
methods are given on tl_blo 27.

To establish "”“?’“" was complete within the
time employed m mgipm-u disution procedure,
tryptophan 'hieh eont’ai & ring nitrogen was digested,
An average recovery vd.m or 98% was obtained (for triplicate
digests) and no loss ;ﬂ‘ l_x_it!'ogu was observed when
digestion time I‘ﬂtﬂ:ﬁd .tqr even fige hours longer
than the digestion time adopted,
An exgernal aunaord coneisting of either standard
ammonium sulphate ormiu ehloride solution, which
was always included each time the Kjeldahl nitrogen

90
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distillation was made, served as a check for precision
during distillation. The range of recoveries for some
of these external standards are given on table 27,

Two or three nmﬂ digests, distillations and
titrations were made for each sample,

4e2 Minerals;

Difficulties were not encountered in most of the
methods employed to uimto the various mineral elements,
Except for the .tmdu'd. foods where duplicate or

triplicate detommum‘;olhd sted of two or three
separate aliquots Mm fm ‘a single sample digest,
duplicates or tripu‘dﬁnﬁ.‘!& food ingredients and randomly
collected batchng of w prepared foods, were carried out
on separate diguh o! ﬂh solutions, However, differences
observed between u"opiﬂ.:bc .'ﬂpit solut ions of a particular
food sample were cw lo;l than 5%.

Recovery vﬂmn.?w internal standarde in mineral
ekement dotomtnu.ﬂ_.un’_fﬂ.m on teble 27) do not take
into account loul,;_o ﬂwg might result from ashing process,
since such stmaﬁlj-‘g’éﬁ always sdded after ashing.

The end-point in tho titrinetric determination of
oxalate appeared to be difficult to ascertain, since the
permanganate colour '6-.1: end point) did not persist for
sufficiently long time. There appeared to be other
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substances capable of decolourizing permanganate at

& glow rate in the sample extract. However, by incor-
poration of internal standards, it was possible to imow
when other determinations agreed by comparison to internal
standard, :

Le3 ZIhe Vitamings r

Riboflgvin:- High blank r'!"adings were obtained when

the siggested 20 mg of dithionite was used to inactivate
riboflavin in sample solutions (see riboflavin blank
determination). It mﬂnr.forc found necessary to add
the dethionite in l!lll Pmimt (10mg) at a time, taking
reading after each addition, till no further decrease in
galvanometer d'ﬂ“ﬂﬂl was observed with addition of
more dethionite. About 60mg ditthionite was found to be
adeguate for -qzuf..l ulqod. in the 20cc cuvette provided
with the HILGER m m ﬂuorophotomater. Another
_problem which was encountered in riboflavin estimation
was that of avoiding much formation of bubbles which
interferred with the reading of the fluorescence, The level
of Hy0, just necessary to decolourize the Kino,, (see
oxidation step in riboflavin estimation) without much
bubble formation was therefore determined by #rial, This
concentration d“Hzoz varied with sample type, Pouring
the oxidized sample rapidly down the side of the cuvette
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was slso found to reduce formation of bubbles in the cell.

Vitemin C;~ The Evered’s method (1960) used to assay
vitamin C is indeed a rapid procedure for estimating this
vitamin., A great deal of skill however is needed in order
to correctly ascertain the end-point of the titration,
Inclusion of two or three tubes with known amount of
ascorbic acid added to sample, (internal standard) was
found to be almost slways necessary in checking titration

results.

Thismine:~ After utimm of the resin used for
purification of thiamine extracts, it was tested for
percentage recovery uln:'ltandard thiamine solution,
This was necessary i.:g,.‘grdu' to ensure that there was
complete aotivttigt__&;il}t ‘-!!nin. and that the quantity
employed for miﬁilm af the thiamine was neither too
emall or too large. An average column recovery of 93,3%
was obtained for the ;yt.tn employed. This recovery value
is allowed for in the method used for calculation of
thiamine content in l..ﬁiel. (See calculation equation

Page 84 ).

Lol Amino Acid Analysiss
The mafor problem in the ion-exchange chromatographic
estimation of the amino acid composition of mroteins, lies

in the preparation of the sample, This involves hydrolysis
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of the protein to unpm of amino acids by cleavage
of the peptide 1 h;ﬁctica, a variety of other
reactions take plagt.;%n‘ m l?:lrolytic treatment, and
amino acid analysis is g;!.md the side reactions
e.Zs racemization q«mum of some amino acids.

The hydrolytic proc fhontm of crucial importance
in obtaining an nm.u pouodge of protein composition.
Hydrolyt:l.c_ WI M'Ly employed are of three

kinds; acids, b-pea- and ¢ &n"os. Each method has its

o advantages and dild‘inmu and none can be employed
singly to obtain ih cmwh amino acid composition

of a protein,

o

Lel:1 Acid | :"
This method was ﬁw‘g to determine the amino acid
composition or m paw m-. It involves hydrolysis
of the sample with 6N ni- in an evacuated ampoule at 110°
for 20 hours.
Tryprophan is m dmroyed by acid hydrolysis.
Asparagine and glut._!.m are completely converted to

"o
a\."c‘ ¥

aspartic acid and glutamic acid respectively. Cysteine
and cystine are partially destroyed during acid hydrolysis
and better results '-@Q"obt-imd by previous oxidizing
them with performiec acid to eysteic acid which is stsble,
(Tyrosine, histidine and tryptophan are destroyed by
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»
performic acid ﬂ“ﬁ. Serine and threonine are
slovly deurq&@* -mu hydrolysis, and their
values are usually ,&M__‘br carrying out analysis
on samples which M’w hydrolyzed for different
periods of time, .

Pinally, vumpgmwino are only slowly
liberated and complete hydrolysis can be achieved between

70 -~ 90 hours,

This ulmal:bt Q’Qﬂo use of more than one enzyme
to cleave the Wh“ of protein, In addition to
increased reoenrfi‘ anino acids, enzyme hydrolysis
makes possible the umphﬂ‘hn of glutamine and
asparagine residma d‘{’zi'otoins. The method however, is
of limited use gmo W extent of digestion can only be

Judged after mlng mtnu obtained with that fram any
acidic hydrolyeis.
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Table 18

Proximate Composition of Food ‘ngredients
(Values in GM/100g

e easonts | Dry Matter |Total Ash |Crude Protein| TrueProtein Fat Crude Fibre | Carbohydrate
r 88.10 2,02 9450 830 1403 2,06 82.39
:wwwuw.wv (88405-88425) | (2400-240L) | (9.15-9.65) | (843-8.30) | (3480-L:428) | (1.92-2.20)
Sangey 89.15 L6 i~ 293 216 . 0L 2 JBME 72.82
2 or 3) Amm..o..%..sv mu.uo...?muv 9.8-:...3 ?.u..u.o.: 8.8&.@8 .3.5.&.:3
f.m 2 _.u&. {(86.0085.50) | (8.00-8.75) | (10,20-10.70) S.mrn_.es (1040-12.60) | (7.30-7450)
n}wﬂﬁp 87.10 . 8,08 6485 11420 12,00 68.87
LR e D) ﬁqnoumq.iv (8405-8.10) | (6.75-6.95) G.u“«,ou (3.70=5,20) |(10.60=12,80)
ver 86,25 10,00 13.43 1337 58437
5 3 wQu.uonmm.Sv a% (949210.05) (8.949+26) (13.,00~13.70) [ (12.85-13.35)
) E 85430 : 2.31 180 0,19 9.18 81,22
4 ‘ MESJ,?. “1(85.20-85,10) go& (2.30-2,33) c.ﬂ..ra& f (0.15-0.22) | (8.95-9.40)
Fresh Milk 1 16,440 0.67 3,72 o i <813 - iy 5.88
(2 or 3)  |(15.35217.15) | (0.62-0.72) | (3.70-3.74) VR (6.10-6.15) . \
‘M‘@ww =H.Hk N am.ao . Q @u ’ .uo - : . Og - m.Ad
(2 or 3) |(15.5-16.70) | (0.80-0.90) | (3. ,_u..u.ﬁv _ (5. E..u.ai
Fresh Milk 3 MM.PU 0.73 FAO . Te mu - 997
(2 or 3) (21.85-23.05) | (0.71=0.75) | (L4400=4,20) (7.50-7.80)
Fresh Milk L 15,25 0.74 3.27 ’ . 6,58 - L.66
nn a UV A._(M\MOI._UQUOV AO ﬂOlOoﬂ@w Au.unfonUOV . ﬁmouOImo.wOV ; . r .
| * Milk Sources ;
Milk 1 = White Pulani Breed _Milk 3 - White Fulani Breed

Milk 2 - § Friesien Milk 4 =~ Friesien Breed



Table 19

z»non.n.._. cﬂﬁoo»apg u.ooo H%oﬁm
(Value in Mg/100g)

TR R T os b I : s in
40.0 390.0 L2.5 a 8.0 300.0 180.0
Millet (2) | (39.0041,0) | (385.0-395) | (L2.5-02.5) :;.m..:m.s (6+6=9414) (300-300) (175-185)
3 WNQ 080 wgoo... ur.w 0 AO.POU aﬂu 0 .—U@oo
atnger (2) | (5020253,0) | (1918-1522) g.,,;.e_.mﬁ.o (3041-316.0) |(99.8=102.7)| (174-176) |(136.5-139.5)
uu.' - 128,0 | R . 200,0 - 230,0 80.5 225,0 270.0
(2) _ ?Q&in«.ﬁ g&o& 7 uwmus (229,.0-231.0) (80.2-80.8){ ( 29,0) |(260.0-280.1)

, TER 395 74,0 175 - 269,
.:_ ﬂ._a?a& ¢ (4 &umm%& Gm».?.wa 0)| (70.0-7841) [ (174.0=176,1) Sm%omomo 4

86,0 100 89.0 225,0 220,0
&..ﬂ.ﬁ w%&m@o:. (57, ..3 7) :5.@&?3 (85.0-93.0) |(223.0-227.0) (218.0-222.0)
. | 24350,0 | 2,700 g 0.0 7540 157.0
| ..ﬁs E (5247, .4_ | (288322705) [(219:02221.0) | (0.620.0) | (71:878.2) (157.0-157.0)
{ Fresh Milx 1| 1.2 :.?u YT 1§70 0.0 98.0 )
. (2) (40.1,-1:2,0) :3.?._:.3 (132-13640) | (11.5#11.9) S.o..o.a (96.2-99.8) | (30.6-30.8)
Presh Milk 2 go AUINOW 119.0 11,70 0,0 E—.- 32.2
(2) (48.0-48.0) |(136,0-139.0) { (118-120.0) | (11.5+11.9) | (0.0=0.0) Pm.?ﬁ.d (30.0=3L.4)
Fresh Kilk 3 6340 130.0 160 Awo 8.0 131.0 42,2
] (2) (59+0-6741) | 130,0-130.0} :8..23 (175-1845) | (640-10.0) [(13041-131.8)| (38.0-46.4)
Fresh Milk 4 48.8 160 122,0 11,70 0.0 11240 38.4
(2) (46,8-50,0) Qmm.o.amv.ov (120=124.0) :..T: 8) | (0.0=0.0) |(110.6=113.3)]| 36.,0-40.4




Table 20

Proximate Composition of Standard Foods,

x

-

Food Description Dry Matter Total Ash wuﬁomwu.o”ouu Fat Crude Fibre |Carbohydrate
Nono Without Kuka: Raw 8420 0.42 2,20 3,52 s 2,06
(2) (8410-8.30) | (0+32-0,52) 2.20) |(3.50=3.55) »
Cooked L 15 0,38 0.65 = 2,21
(2) ?.»u...p.&v (0.34=0.42) »ﬁﬂ 22) 1(0.60-0,70) i
Nono With 'Kuka': Raw . . 0436 148 2,55 - L2310
. ¢ R.%&b@ (0.3520.37) _:.r 1,48) |(2.50-2.60) < I
i O 0.358 1314 0.20 y il ...n.oo,w.
ot % “(2)e Al m«-ﬁow. 8 346-0,370)| (1,10=1.18) |(0,20-0,20)
Fura:- Raw . OH t.f_.. 0,97 9 1.89 1,18 |} 88, i
e v-oy ReE) .f c:. 1.8) An-mu..o.ms (8.78-9.31) |(1,7-2.02) | (1 L0821, 28)
B alioa |Gty Celledy ¥ 0,92 7465 1.28 1,552 | 89.03
0 e g it AT ?q.wum.oﬁq _a.r.m_,%..ue (7.687.70) | (1.25-1.30)| (1.50-4.54)) g
s au.uu;g@.ﬁoa-aﬂn : P lae 431 | 1o 5,70 0.99 81,30
(2) S?uuus.muﬁ ?..u?ru& * £1065=10,75) { (5465=5.75)] (0.89=1.08) _
Cooked 28,70 1.77 3 3e37 1435 81.21
(2) | (28.76-28466) | (1.70~1.84) 12.28212,32) | (3.3023 1) (13027 236)
Fura-Nono With 'KukasRaw 21,60 . 1.20 9420 Le66 1.25 83.69
(2) (21,00=22,2) | (1420=1,21) | (9.20=9.20) | (La57=4475)] (1,221,.28) |
Cooked 21,20 1.49 147 " 1 1.25 86.59 -
(2) (2141=24.3) | (1.48-1,50) Pm.&ﬁ?u& (14143-1.51 v_ (1424-1426) .




Table 21

-,

T

Mineral Composition of 8tand Foods

(Values in Mg/100g)

Food Description Na K Ca n._q e P 8 ~ Mn
Nono Without 'Kuka' 4
(2540-31,0)1 (7845=79+5) | (63.5=6L.5) (940-13,0) _.:oo_bl.m?s, (25,0-26,2)
= B0 7946 66.0 =18 N ‘45,0 16.6
- () ((2u.5- ..,wﬁ (7905=79.7) | (6148267.1) (11.0-11.5)] (4140-9a1) | (1644=16,81)
EINRAGE ibi R v . L)
EV R ] WYE T hee 0,0 40.0 2l .0
L (16,0-19.6)| (80.0-80.0) {2 (0.0-0.0) [ (33.0-47.0) | (22.0-26,0)
o : 16.0 73.0 e B Q.5 35.0 19.0
~ |(16,0-16,0) | h.a.?qu.ﬁmu (9.0-10.0)] (33.0-38.0) | (16.2-21.8)
5 g % P RV R S WA 11,5 125,0 167.0
3 Qq.ummm..uu (199.8=200.2) | -56 ¢ A:..n.n.:.d (119.8=130.2)| (166.0-168.1)
oy - SRS | M0 Feysdos o 1985 | = 175.0 186,0 | ,_
- | (53.5-54.5)| (199.,0-201.0)| (48,0-52,0) .4 _m:.mna#uv (169.9-181.0) | (176.0-190,0) |
Pura-Neno Without | o 3 | | ‘
"Kuka':Rawg 68,0 275.0 95.0 21,5 175.0 167,0 :
(2) |[(68,0-68.0)((275.,0-275.0)| (94.0=96.0) (20.5-22,14) | (170.0-180.0)| (160,8-173.2) F
Cooked 84,0 355.0 172.5 %' ' & b 1108 250.0 187.0 . &
(2) |(82,5-85.5)| (354.0-356.0)| (172.0-173,0) {€31.1-11,5) (248,0-252,0)| (185.0-189,0) | ]
TR L ae il et G i |18
a'tRaw é 285, 2.5 18,0 - 175.0 170.0 -
(2) [(62,3-65.6)|(285=-285,0) (61.0-64.0) ,Qm.o.;_m.ov (174.0=176,0)| (168,7=-172.10)] :
Cooked 66,0 355.0 . 90.0 % 11.5. 5% . N800 169.0 il
(2) |(66.0-66,0)] (355.0-35540)| (89.0-91,0) (10.0-1340)f (149.0-151.0)] (164 171.5) | ﬁ
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, 2186 |
Baten 1 (3) | (218,0-218.9) | |

| 216,0 2052
2 O) | ansiberiomy | 2%

Batch

4 e '-.

uo.w‘w“%_, (3)
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Table 23

Energy Value and Vitamin Composition

of Food Ingredients
Metabolizable |Physdological L
Gross Energy Ascorbic Acid Thismine Riboflavin

Food Description Cal/g Mwm *wom Mdum&ﬂuomum ng/100g ng/100g mg/100g
4380 416.09 L03.3 0.0 0.421 0,199

¥illet (3) (4370-L4390) (0.418-0,1426) | (04194=0.206)
@Ginger (Root) (3) 4207 - 399.70 373.8 0.0 0.040 0.196

(4200-L214) . _ (04039-0.041) | (04186-0.205)
14480 n22,59 | 391.30 1,53 R guyll v S 0.122

Black Pepper (3) | ())20_1090) | *._uw Lo | | (.u3-1.68) | (0.070 0,076) | (04110-0.126)

Gloves | 4290 507,99 | 3.2 541l N0 oA B S
aninferi) (3) | (4273-4307) | Mfum-m.uuv ,3.3&&5 1

5135 1418769 394e0  Ff 4749 04375 04179

Pepper (3) (5129-51L40) Qm.mlm.mu (0.366=04390) { (04178-0.180)

Cream of Tartar 3352 31844 33549 26,7 O.li12 -
Kuka) (3) (3346=3359) (2he1=29.8) | (0.405=0.416)

- & a 0,67 0,023 04193

Fresh Milk 1 (3) (0662-0.70) | (0.022-0,023) | (0.190=C.195)
. - - 1,058 0,036 0.180

Fresh Milk 2 (3) (1.008-1,088) | (0.034-0.,037) | (0.172-0.186)
.. = - 0e75 0,033 0.133

Fresh Milk 3 (3) (0470-0.856) | (0.032-0.034) | (0,126-0,143)
ot % - 1420 0,038 0.205

Fresh Milk 4 (3) ((+164=1.2L) | (0.037-C.038) | (0.193-0,212)

( = ) Usually means not specified.
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Table 24 Fe o
Energy Value and Vitamin Composition of mg Foods
2 Ascorbic .
Gross Energy Metabolizable Thiamine Riboflavin
Food Description cal/g Energy doia 100 100
K-Cal/100g mg/100g | "8/1906 .i\ ;.

Cooked (3)
Fura-Nono Without 'Kuka'
Raw (3)

Cooked (3)

Fura-Nono With 'Kuka':
- Raw (3)

._ms_an (3)

(4198-42116)

(4291-4306)

0,421
(0.1415-0,425)
0.325

8){ (0.085-C.
Ao.ow..?ﬂoq& k

0,079
0.140

_moﬁn?o;rd
R
1(0.314-0.321)

e

0B

0,143

(0.322-0,328)
.... r%._-.._ ..'.-_M_._‘
acmmug.w._%,, :
0,333

RERT

e

.._._..‘_.,__, ,.,u

b,

(0.076-0.083)

j

LS

(0.33620,338) | (0.135-0.142) |



*z/61 Te 39 oPILBTO
*Gg Jo enTEA (AN U® Supunse® AQq POUTEIAD =

88°6& 0°*6 LB, UTTA ouoN=-8JNg DPON00D °*PIB
N6 L ni°zt ,Buny, JNOUITM ouoN=-BJNF Pe}00D °*PIE
g6°1 29°L BINg PON0OD °*PI6
96°8 oL°Ch ¢ yojed
L8°9 06°01L 2 uojed
oL°g o€ € | uosed O UON-BINg
g
fiLs 8L°8 ¢ uoiEl
6°6 80°6 I uojed iedng
% STeo dMN % s180~d uotgdraoseq Pood

8J038OTDUL

T8UO T3 TAINN PRI ETNOTEY 9UWOE

Go °1aBL




olz A%
0g 1 110¢
08 k 4l
ogl &g
90¢ 04
0le 022
gyt gl
0le ulse
91 o°li
(LG6L) ovd BdIL{ ABYH

(UsB0a3 TN Jo 3/°3u)

Wiall8d TRUCS TACJLd OV SUT UITA RINg MEBY
Ul SPIOY oujuly TeIjusssy Jo uosiaeduog

oot
fige
=149
oty
022
9z
0¢l
1KY
g2
gGiy
¢°289
949
128
096
00L +
Ggh
Ggl

SUTUTSJIY
SUTPFISTH
oursln

SUTUO 9IY L
sUTUTeTAUYJ
aursodd],
suronst
sutronsIosl
SUTUOTUI SR
SUTTEA
eurI8L) JIBH
suTwe Ty
SUTVLTH

SUT TOLg

PIOV oTwEIRTH
ouTasg

PIOY oIjdedsy

(pood suy3 Jo 300} /Fu)
*Edlg MEBY JO JUsjUOH PIOV ouruwy

9c ST4R




(80F = €OI)

(€) (vousen pedsag) o UTWELTA *Ol

‘P38 Teuaejul

paepuelg *IXE

POyl sl TeoFIATeuy

wL*H0L -
- (6°G6-6"16) (¢) Axsaodoey -~ wmTOD
- PE*C6 (Poulay sWOJUDOTYJ OTI}SWOIONTY) SUTWE YL, *6
0°901=0°56
%L 66 - (9) (pouzen orajsmooONTg) UTABTIOQTH °9
(G°101-0°L6) -
(3) %286 > 93BTEBX) J0J PoUleN ©,94Q POTITPON °L
- %L°68 uotjeutuIeleq Juyding OTJIoURERIE) °*9
Mo.oowuo.mmv Mmmor = 90})
(6) ¥2°L6 Z) ¥0°LO} snaoydsoyd JoJ DPOUIeN 93epeuBACPALTON *G
(%0°G01=6°L6) Mo.mm1o.umv
%0° 001 G) 6°gé6 84 407 POY3ISN SUTTodyjeULYg~Q °f
ﬁm._ OOIOOFQV - N
. :.;_ ‘004 $1° 101 BD J0F POYISN 938TEX0 OTJI3OUWTIRTL °¢
Lo mn.noﬁn.se (6°201-5"66) &

(f1) w6*00t | (£) b unjeseiod (Q)

- (6°€01-G°L6) | (0°901-0°86) g, =3 ot o
AMV ¥gtoor | (z) %0k ~ wmFpog (8) 4Lxjeuojoud owely *Z
ﬁn.memm.hmv ﬂummmuumwﬂmmv (8) usBoa3 Ty TI0L I0F POUISH TUEDTSLY °)

S9TJI2A 009y S9Td9A000Y

pofotduy SpoulsN TeOTIATRUY snOTJep JO
SPIBPURLE TEBUJSIXF DUR T[BUILIUI JO SoTJISACI8Y J0J ITqe]

L2 o1qamy




Chapter Five

pIscussIoN OF RESULTS

The results of the analyses of the various foods
and food items are presented in Tables 11 - 26, The
actuel number of determinations carried out for eadh
food analyzed ie given in - perentheses after the name of
the food item. The range of velues 18 given in pbracketsa
immediately below the mean value, Ags hao beem stated
ander "discussion of method s", duplicate oY triplicate
determinations for some mineral elements and vitamins
consisted of two or three aliqﬁots taken from a single
digest or extract solution of the particular food item.
Where more than one€ bateh of a particular food item was
analyzed, as in the case of milk, the results have been
glven separately ard the source and breed from which

sample wWas collected is gpecifiede.

B Randomly Collected Batches of Prepared Foods:
Pahles 11 = 16 and 22, give the proximate, ninereal

and vitamin compositions of the randomly collected batches

of the prepared foods. The repndomly collected hatehes

97
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4

of fura did not show ﬁdp variations in proximate

compositions (Ash, ether extract, protein, crude fibre

and carbohydrate). Vs‘:!y" wide variations were observed

however, in thei r mineral compositions and to a lesser

extent in vitamin oﬂp'&s&ﬁmn. This may be attributed

to variations in hmdlﬁgq:ll in preparative procedures.

Since the amount of various ingredients added to millet

flour in the preparation of fura is small (largely spices,

see table 8), it is not likely to account for the large

variations in mineral and vitamin compositions of the

foods, The major factor likely to affect the fura is the

amount of cooking Ilﬁ'_l“ poured away. Part or all the

cooking water may be used during pounding of the fura

(see method of pmim page 30). Variations in

amount of cooking water poured away must gontribute to

the obsepved variations in mineral and vijamin compositions

of randomly collected batches of fura.
Prolonged atou_’i& of foods and sun-dfying usually

results in signlf:l.cn; loss of thiamine riboflavin

content (FAO 1965)s Thus the amount of :Id

fura will vary with the Mh of time thg major ingredient

- millet - has been itél‘ﬁﬂo
The observed variations in proximatep mineral and

[cted batches

ese vitamins in

vitamin compositions of the randomly coll
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of fura-nono (Tsbles 13, 14 and 22) reflects variations
in the amownt and MNI of fura and nono in each
nixed food, But this do;t mean that "food tables" on
nutrient composition ®f fura-nonowill not be very helful
unelss the variatien in proportion of fura and nono is
recognized. :

The proximate, mineral and vitamin compositions of
the randomly collected batches of 'nono! (Tables 15, 16
end 22) did not show very wide variations compared to
those observed for randomly collected batches of fura
(Tsbles 11, 12 and 22)s This is due to the fact that losses
are not so likely to occur in these nutrients during
preparation of nono, The variatione that are likely to
occur, result from inevitable variations in nutrient
composition that lr'e_"_;h.urwd. in different samples of
milk. In addition, the effeciency of skimming of the
soured milk and the mttﬁ' of water (which is not
constant) sdded to nono during preparation, will all affect
the percentage proximate, mineral and vitamin composition.

5e1:1 0OX ' ) : c of g
Oxslate was found to be present in each of the
prepared foods (Tables 12, 14 and 16). The presence and

content of this acid in fura (table 12) deserve some
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vitamin compositions of
e ted in tables 18, 19, and 23.
The four milk Q-ﬂu mm, showed marked variations
;S ﬂima it difficult to assess
' _«wlitim of milk, The only

i ‘f analyze large numbers of

an average compos: ‘}j.
in nutrient c omposi

-

e » ‘- = ;

- S R s
5¢2:1 A ‘5':: . 2%]5’,‘
In view eﬁ the very wide variations in fat content,

~ observed in uu: samples of different cows, analyses
were carried out on samples from individual cows (bred
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5
at Shika) of lmalq hmﬂm. The fat contents were
found to vary with nuh vﬁm (Table 17), increase in
yield being now‘ﬁ ;w fat percentage and vice
versa, This feature has long been observed (Ling E. R,
1963), While tho'i’l:;“ of mikk sample analyzed
was high (5.45 = 7.65%) ), _the protein content appeared
fairly constant and close to known average value of

3,666 (Table 17).

Most of the .@. minor h‘rodienta (1arge1y spicu)
ghow a high c mtent of n:lmrn- (Tsble 19). However,

supplementation of fura with minerals cannot be achieved

by increasing the spices since the level of increase
required may affect :MMility.

The vitamin composition (tsble 23) for minor fura
ingredients was found to be low, For example fresh pepper
contains a large mﬂw of vitamin C (sbout 128mg/100g
fresh weight, Watt and Merrill 1963) but the content of
this vitamin in thq d.tﬁ ,ipﬁ!r analyzed was just 17.9mg
per 100g dry weight. No dﬂt, considerable lost of
vitemine must have resulted from the sun-drying method
employed by the people to preserve these foodstuffs,

This method of storage and preservation of food ingredients
nust adversely -ﬂ'eot. the nutrient composition (especially
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of vitamins) ot,.uu o oneumed in this part of the
country and n.gfu ther ﬁu’rhere similar methods are

employed. _ "'1- 3

53

Kctlboﬂsqm '_

r«l .

k¢ m:usa cbtained by two
v Gﬂpu'ed. The results are
presented on gQw ﬂ. 2. md 24,

The Miller ﬁil' ayn ctors which are used to allow
for faecal and uri "" ~are based on those of
Atwater, (Miller an 1 Pay: _’ m). However, use of Atwaters
factors mvolv‘a y‘ 'é.:'of ether extract (assumed
_ in assumed to be 6,25 x N),
alorde value and fibvre (1); the
Qﬂl‘hehydrate (best called
" 'i&m* carbohydrate). The
: e extract' will therefore
error tn ehonioal analysis of the
other four grouploﬁ'?m th! méthod based on chemical
analysis, the I!.l.ﬂ ﬂ ’qn. procedure involves fewer
assumption since &C‘M ‘energy of each foalstuff is
obtained by airmi eddﬁotu It is then converted to
metabdlizable onﬂ%tﬂra based on Atwater's

to allow for M&ﬁ urinary :I.ouoa. On this basis,

-.av_-

T
<
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‘ehemical analysis would be

TESEE

calorie value ﬁ -. a
expected to shqw H fference when compared to
metabolizable W fﬁ l*ﬂ food obtained by the Miller
and Payne direct oﬂ.oaﬁuw procedure. However, apart
from food mmﬂq uth:htch ash and/or crude fibre
content (e.ge. Blmi: pepper, P@ppr, Kaninferi, Ginger

and Kuka in Table 18), no two values showed a difference
as high as 3 (Table 23)., It is therefore likely that the
errds arising from the analysis method at least on the

ave rage oompansuo‘ one another, Computation of calorie
values of th"*wﬁ ‘ehemical analysis (using
Atwater's factors) appear therefore to be justified,
Although some crude fibre may be broken down in the gut
by bacterial action, ‘this 18 likely to be quantitatively
ingignificant, M‘#aﬂﬁ show considerable content of
erude fibre, :I.t mw be necessary to siubstract
the contribution of-m &Hv!fbra to gross energy

value in the lﬂtﬂn‘ﬁ.m procedure, In the chemical
analysis method, om ﬂbrie content is excluded in
computing mettsoMi{'m values. Very high metaboli-
zable energy values (nl observed for some foods, table 23)
will therefore be obtained for foods with high erude fibre

content when no al e is made for the contribution of
this m1sestﬂw§&?ﬂ.¢£'h‘the gross enepgzy.

L 3
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uetubonmn m ulm- obtained either by the
Miller and Pwﬂlﬂm or h,’ the use of Atwater's
factors for fat pre'lﬂ,; @ mmne content will
ghow close agr“nﬂ'm the mentioned constituents
are obtained by ches a 8 and not from tsble of

food composition. mwzn arieing from estimating

energy value of hnq'ltg)t from ‘tables of food composition'
inelude, (1) the Md‘" Shing the condition of

the food to that to M' \ le chemical analysis

apply, (2) the problem of fitting the description of the
food to that in the table of food compositicn, (3) diffi-
culties in Hl.l_;tw to the method of expressing carbohydrate.
Hollingswort (1955)e '.I.'l'b Miller and Payne procedure is
direct, it 1s meore ﬁ?mht numerous determinations
to be carried mmm*&aﬁmm short time and with

few assumptions. = AR - T
- ’ '*'_ .

5els

Tt is obvious that the quantity of protein provided
by a diet depends m on thc amount of food consumed and
on the concentuuﬁor wtun in the food. However,
the amount of tMﬁ. determined largely by the

requirement for

”'* > ’M example, a minimum supply
target of 65 sr# ﬂ w.pf. protein and 2,420 K-cals per
capita per day 1is mggoateﬂ to ensure the nutritional
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needs of a Nigerian. ._-toiﬁun et al 1972). On this

basis, his diet mmvuo ié.?’ of the total recommended
calories as protein. If ths diet provides less than

10,7% of the required total calories as protein,
irrespective of the gquality of the protein, thc subject
will not consume enough of it to meet requirements, since
his appetite will limit his food intake before he has
obtained the necessary amount of protein.

The number of caldries obtained from protein when
expressed as a percentage of total metabolizable calories
(P-cals %) offers t"ibﬁ!ﬁna for assessins the protein
end calorie supply of a food or diet. The total protein
value is the actual amount of protein utilized by the
body, and this is dﬁi‘nﬂ. 4in terms of calories, as a
rercentage of the W calories called Net-dietary protein
calories percent (MDP-cals £). Results of NDP-cals %
caleulated by lm an NPU value of 65 (Olayide et al
1972) are shown on table 25, The resmlts indicate that
a good mixture oféfa'l_".' and nono will not only show
MDP cals % value well above the minimum of 6 recommended
for adults but will also reach the minimum value of 8
recommended for eﬂlﬂnh‘: All except one batch of fura
showed an NDP-cals % value below 6. Thus while fura-nono
will fom good food for adults and children, a diet based
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: f mi _ ta :la indeed met in
an adequate fura-nono 'mixed fi (!‘t?ble 14), This is
because, bhe;‘_‘.'. : .-‘;'- ments (mainly celcium
and phosphorus) in fura (Tsbl ﬂ) JRE. Wuipaied by the
e Rt

Of the vi
defiotent in Ride 1a
devoid of v:tt min C

tqua-nono is mostly -~ =
c c acid. PFura is tndocd
. ﬁ‘thil vitamin is present

L
-

TN
in milk sanp:_.! ( - 100gm) the level present
in nono was not 'Q‘Hi'g probebly due partly

" ﬁter in nono preparation,

to the high d
and partly ¢ acid that may have
oceured 4 tpuod on. rura-nono e 3
' Wwill not TR R 17 mm& en-.o'm,.
- (of about 4O mg for childre ,gn.g for aau:.u)«muu |

‘-v'mpplmntg;‘“_'_' iits or ve bles. The amount of
riboflavin in nomo. (rable 22) éa rm ‘high enough to augment
‘the low content of this vitamir An fura 1n order to meot
the recommended daily requirement of 0.ilmg per 1000K-cals,
dun phosphorus ratio in cooked standard
1@1) are 1:1.5 and 1:1,7 for
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one with 'B’.uka_' k&, W 'Kuka' respectively.
The satisfactory m j.l,gjl.a:l.noo fura-nono is not
talcen along w.tﬂ( atﬂt@a items, the phosphorus intake
will not be mu&‘ﬁ that meal. However, fura-nono
is not the oaq.y tullkm per day and with adequate
supply ef vitamin D, this ratio may not lead to rickets
or osteomalacia ul accentuate the deformities of the
bones. All or W tp iron content in most of the
samples must have ﬂmm contamination from metal
containers (unﬂ.lr h“;ﬁn‘ﬂa serapped coatings) used
'_‘_ {iﬂmer at certain stages during

either for stor ge ¢
food W&ationa. Por example, milk is lkmown to be
deficient in iron, but 'n;llo most milk samples showed no
detectable 1%%&4 s-phl showed iron content as
high as 11.5w’1ehs(!-hmﬂ).

546

Changes :In tgwtogmtent of various nutrients
during the mtﬁgt rooq. are shown on tables 20, 2}
and 2l, and tho 'W"% foods are compared,

Minerals u& w leit from most Nigerian cooked
foods by lauhl.u MSﬁ”. Losses in mineral elements
were not ohnx'nl Lma in the standard prepared rooda.

This is boe“ wly all the cocking water was pour.ﬁ
back to the fura during pounding. In nono aleo, skimming
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of the soured milk mﬁumm did not lead to
losses in mineral olwﬁlmgt for phosphorus. Lecithin
content of milk varies m‘q,o}s = 0,042% and this may
account for the drop !n M@u content of soured
gicimmed milk. smm,emoa fura-npono samples
showed remarksble increase in caleium content as compared
to the raw; while there was a drop in riron content of
cooked fura-nono sampleés as compared to the raw (Tavle 21).
The only explanation M*W be offered for these
ocbservations is m mlj_nomt of contamination may
have occured for WM samples prepared in
the laboratory and those prepared at Hanwa,

The vitamins, (Thiamine and riboflavin) appear to
have survived the souring of milk in nono preparation,
as there is no significant change in their content (Table
24)s With fura, losses in thiamine and riboflavin content
were observed., Leaching Iaml of these vitamins will not
occur since cooking 'ﬁ‘l‘ﬁ%ﬁ ﬂlost used up in fura
preparation. While the loss !h rivoflavin was fairly small
(less than 10%), that of thiamine was quite high (@bout
22%). This is because onlinuv cooking do not destroy
appreciable qumt:lturcr rﬁmavin except in an alkaline
medium, Thiamine on ihi ﬁbr hand ie not only destroyed
in both alkaline M'neutri;_;gglutiona, but also exposure
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to heat as in oooking_ can cause loss of thiamine content
(PeA.O. 1965), N

The amino aog. Wﬁm of raw fura is presented

on table 26, Ilentiocfiﬁ have to0 be made however, that owing
to circumstances bm ny control (break-down of Amino
Acid Analyzer), only a single detérmination (involving

d irect aoidhmolxgll}m carried out, The validity
of the amino acid @tqt.ldt the raw fura as presented
cennot themefngp;ig;,@tﬂ;;: ascertained especially for those
amino acids affected by the hydrolytic conditions employed
(see discussion of methods). The complete amino acid
composition of raw and cooked fura and 'fura-nono' will
be obtained before t.h‘ :publ.:lott:lon of this work.

The osunt!@. Q.!nqwdl are compared to F.A,0,
provisional p.ttcm\m g.t ‘Iiheln that survive the hydrolytiec
conditi an employed, Lysine is the limiting amino acid.

Al]l millet proteins are @uahriud by high methionine
and low lysine content _(Bqttnt and Perera 1956). It is
interesting to.l-roodil luro the high lysine content of
cow's milk, because the combination of these two groups
of foodstuffs in fura-nono, which forme a major food in
various parts of tq, m is 1ikely to give a well

balanced nixturo of esmtial amino acids.
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Prom results obtained, both fura and nono did not
show any major loss of assayed nutrients as a result of
local preparation Mbux fura preparation in which
all the cooking water is poured back during pounding
should be GMW.ﬂ .I;pn the vitamins assayed are not
80 draatiouly affected by tho usual method of preparing

- 3 =

fura. . PR

The wem qo'-hctmo alone consumed per head
per day in three villay ‘ __mzmd. Zaria (Doka, Dan-Mahawayi,
end Hanwa) has 'leQ W t&bo about 15.6pm, 80,9gm and
83%.0gm reapnttm Ma ‘1972). These quantities of
nono will mmwm' 16.5 K-cals and 17.2 K-cals
of energy and 0.37gm, 1.04gm and 1.08gm of crude protein
per head per &w-ﬂ‘mﬁmotiw villages (calculated
from average met tble energy value, and average
protein conte:g in !‘ﬂ;_‘c‘s 22 and 15 respectively)., Although
the energy suppl; from nono consumed is low, the gquantity

111
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of protein form p to 1 m the proportion of

essential amino aeids : pa when both are consumed.

and u\ 3 18 coliforms, so that 5’

milk :!:i’ho count.riot, are muoh leu likely in fermented

_ gouring cannot be relied on to control
, ST anisms; for example the tuberculosis

., and brucell: ) | | survive for days if not

.k s i ,,:" -_.'"f--.- 7 _ ' 3

~ weeks in fermented milks of quite high acidity (Kon 1972).
2 g is due to the action of

" acid-forming mie: o-organi en ‘which convert milk sugar -
ic at if certain yeasts and

S

probably -",l"' b ‘present lactose is also
‘aleohol. " dification of lactose will
acoe > & group of Nigerians

(eapecil:lly r 2 areas) whose lactose absorption
- have been found ‘impadred (Olatunbosun and Adadevoh
Eamy, G
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.'_é’" ' fura-nono has been

.

n'Peunﬂ.a of chemical coms: s’

;4 on methods, and

Pinally, 1
assessed toZ 1 .
position and likely ? * prepar
a summary of & eonm ;_»a__ ﬂn below:
1, Yo wide | cor

Mb
2, Both Ml q

.."i

proximate composition of

in fura-nono batches.
s show wide variations
inert : mpositions.

3. Pwt‘.n'!"i «;md food is present

in the avi "n__ 1e 1 1C ]..!n‘.l of oxalate present
will 1 unavailable.

Le &= ergy va h _'.’cbtnined by the iiller

ytn.umt the prctein
n, fura alone will not.
“d‘mt occur during the
pr ‘traditional method.

_ to give a balanced
nixture ,,-,,, ' 1 _,ufds. but more m-lyttclll

‘ﬁn nutritive value of .
udies and biological ¥

e _em:lad. out.

."-’4_‘



APPENDIX

Table 2 Contd.
Food Ingredients s
Local Name Common Name
Alele Wake® Cowpeas
Manja or Palm oil
Man gyada Groundnut oil
Barkono Red Pepper
Gishiri Salt
Citta Ginger
Kaninferi Cloves
Kubewa Okro
Albasa Onion
e <
Iguldawa ¥ Kalwa* Locust beans
fermented locust T
bean cakes Dargaza
Kanwa Potash
Daddawabaso -3
Dakuvwu Aya* Tiger nut N ]
Gyada* %mm&t
Barkono Red pepper
Gishiri Salt
Suga Sugar (brown or white)
I(Ja:n Wake Rogo* Cassava
Cooked bean
cakes) Dawa* Guinea corn
Wake* Cowpeas
Dankal i* Sweat potatoes
Dargaza
Kuka Baobab leaves
Man gyada Groundnut oil
Barkono Red pepper




Food

Common Name

Guada da Miya Guinea com
Wake* Beans, Cowpeas
Kargo leaves
Rogo* Cassava
| Dankali® Sweet potatoes
| Tumatir Tomatoes
| oysdas Goundnuts
‘Man ja Palm oil
Daddawa Locust bean cakes
_ +linm ," Pepper
| Kubewa S8quash, Pumpkin
Gishiri Salt
Kubele Leaves
Cowpeas
Guinea com
Groundnut oil
Red pepper
8alt
Kuli-Kuli { Groundnuts
Salt
Red pepper
Groundnut oil
S8hinkafa da Shinkafa® Rice
Wake k’.@ g Beans
Gishiri Salt
;an gyada Groundnut oil
arkono | Red pepper
Soyeyen Gyada Gyada®* Groundnuts
Gishiri Salt
Toka Ashes
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