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RESEARCH

Research ghould not be limited simply to the gathering of
go=colled facts, MNHesesrch ig not a mere fact-gathering actifity.
It is fact=gathering in a co~ordinated manner with interpretative
objectives, and setting the facts together in a pattem of |
relationsl thinking.

Research raises problems and sometimes solves them.

Research observes facts and reveals the meanings underlying.them.
Research creates tools for use in fact-finding and otherx -
practical situations, .

) Bééearch Scientists should operate on two levels. The

level of theoxry = hypotheses ~ consiruct and the level of

observation,

. N. Kerlinger,
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INTRODUCTION



Fruits and vegetables are the major sources of ascorbic
acid in the Nigerian diet. In most parts of the Northern States
of Nigeria where sorghum and millet which contain little or no
ascorbic acid are the staple food, vegetables constitute the
largest source of ascorbic acid because of the relative
scarcity ef fruits., ©Some of the vegetables commonly in use are
bitterleaf (Vernenia amygdalina), ekro (Hibiscus esculentus),
serrell leaf (Hibiscus ssbdarrifa), basbab leaves (Andasonia

digitata) and red peppers (Capsicum sp).

The ascorbic acid values of few of these vegetables and

fruits have been reported, According to Oke (1967) the ascorbic
acid content of the vegetables, mest commenly consumed in Nigeria,
ranges from 18 to 98mg/100g of the fresh material. In anether
study Reiff (1959) reported that fresh citrus fruits contained
4O te 100mg ascorbic acid per 100., 2nd that locally canned
fruit juices may form an adequzt~ cubstitute in days of scarcity
of the fresh fruits, since they are alse adequate in ascorbic
acid,

The value of any foodstuff as a source of ascorbic acid
depends en how much of the vitamin is available at the time ef
consumptien and on the availability of such foedstuff at coets

which ¢:n be afforded. Lesses of ascorbic acid during ceoking



and other processing of vegetables have been estimated to range
from 46 to 68 per cent (Nicol 1956, Cke 1967, Addo 1973).

A great deal has been publighed absut malnutrition and
various nutritional diseases in Nigeria (Bassir 1953, Dema 1965,
Omololu 1972}, In a survey in Igbe=Ora in Oyo State, Kotnis and
Houssain (1974) reported an adequate intake of ascorbic acid
ameng children and pregnant women, Reiff (1959), also confirmed
this with outpatients in Ibgdan. On the other hand Nicol (1956)
reported that the customary diets of 10 to 12 year-old children,
living in Kaduna, supplied only small amounts of ascorbic acid
during ten months in the year due to shortage of fresh fruits
and vegetables, According to the same survey, cases of clinical
scurvy are rare despite the leng spell of dry season, which
makes fresh vegetables scarce,

Bowever, many gaps still exist in t:oles of ascrobic acid
contents of certain foodstuff commonly eaten in Nigeria. Alse

iittle 1s known about the amount of ascorbic acid present in .

foods at the time of consumption, and the alteration which might

have occured due to the native methods of preparation and
storage. No work hag been reported on the seasonal availability
of dietary ascorbic acid in Nigeria. The ebjectives of this

study thersfore are:



1,

2.

30

L.

To determine the differences, if any, in ascorbic acid
intake during the dry and rainy scasons by
a) Conducting a dietary survey among selected
pepulation grcups in rural, sub-urban and urbén
locations of 4aria district.
b} Determining the ascorbic acid content of
commonly used fruits and vegetables during the
two seasone,
To determine the effects of metheds of cooking, drying and
storage on the ascorbic acid retention of vegetables,
To determine the bicavailability of dietary ascorbic acid
in human subjects, |
To determine seasonal incidence of clinical scurvy, if any,
within the population of the Northern States of Nigeria

and correlate these findings with avsilable dietary

ascorbic acid in the population.



CHAPTER I

ASCQRBIC ACID (VITAMIN C): A C.iuswil koVI_w OF LITERATURE

AND REFFRENCE TO NIGERIA



CHEMISTRY OF ASCORBIC ACID

Vitamin C or ascorbic acid (I - threo -~ 2, L4, 5, 6 pento-
hexane - 2 carboxylic acid) is a hexose derivative and classified
as a carbohydrate, It behaves like a monobasic acid; this property
stems from the two enol groups; the two asymetric carbon atoms
(ch-CS) in ascorbic acid make four stereo isomers possible, These
are conveniently distinguished as belonging to either the xylo or
arabo series (with carbons l and 5 having the opposite or the same
configuration, respectively) and to either the D= or L= series as
determined by the absolute configuration at carbon 5., The diagrams

are shown below,
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Properties of ascorbic acid

L - ascorbic acid is a crystalline white solid with a specific
rotation in water of +23°, melting point 19200. It is soluble in
water, alcohol, glycerol and propylene glycol but inscluble in
oils, fats, ether and chloroform, It is unstable to oxidising
agents, alkalis and certain metals, e.g. iron and copper salts,
but stable in acid solutions below pH 4.0,

L - dehydroascorbic acid is the first oxidative product of
ascorbic acid, This reaction is reversible since (-dehydroascorbic
acid can be converted to L= ascorbic acid by reduction with hydrogen
sulphide or hydrogen iodide, Further oxidation of L~ dehydroascorbic

acid leads to extensive degradation with the formation of oxalic acid.

0 = T S ——— 0 = G—-———-—-———"
HO — Q= %
I —— . .
¢ (4] ¢ 0= é 0
+2H |
HO~— H Hoq——-F H
H,,OH bH20H
Ascorbic Acid Dehydroascorbic acid

Celiglg Cele%%



Ascorbic acid will also reduce cytochrome ¢, and this is the
basis of many previous cytochrome assays: Beastle {197)) reported
on the antiexidant action of sscerbic acid in beer, He found that
on industrial secale, two gm ascorbic acid per heotalitre of beer

preserved the colour and flavour during storage for 66 days.

DISTRIBUTION OF ASCOBIU ACID IN FOODS

Investigations of the occurrence of ascorbic acid in foude
stuffs have been facilitated by the comparative simplicity of
chemical methods for estimation of the vitamin, With the
exception of some animal products like kidney, liver, only fruits
and vegetables contribute natural vitamin C to the diet. Synthetic
ascerbic acid may, however, be added o some edible products either
for the ﬁuﬁpoae of fortification or as a processing agent, for
example, as an antioxidant, and the possibility of such addition
should be borme in mind in dietary assayns(Wilson et al., 197h4).

The distribution of ascorbic acid within one individual
fruit or vegetable is often extremely variable, For example a
greater conecentration of the vitamin is wsually found in the skin
as compared with the pulp of fruit, and significantly differgnt
values may exist between leaf and peticle or between two leafes

on the ¢one green vegetable. Similarly individual plants such as



cabbage, of identical variety and of adjacent growth may have
significantly different average contents of ascorbic acid. Some
seed=-containing tissues, e.g., black currants and peas, show

striking changes in concentration of ascorbic acid during maturation,
but in storage organs such as potatoes and leaves such as spinach,
the average level remains relatively constant throughout the growth
period (Merck Service Bulletin, 1956). Takama et al. (1973) reported
that as cucumbers became bigger moisture centent increased, total
ash, ascorbic acid and chlerophyll contents decreased, As sweet
peppers grew, the moisture content increased, ash and chlorophyll
contents decreased, and ascorbic acid aontent increased,

Heights above sea level at which chestnuts were grown had a
slight influence on the ascorbic acid. Zadorozhnyi (1974) reported
that at 71,200 metres, range of mean contents was 30.13 - 35.34 mg %
versus 31,32 - 36,03 mg % at 300 - LOO metres and 3y.Ll - 37.79 mg %
at 500 - 600 metres. Mangalam and Mudambi (1972) studied the
effect of variety, ripening stage and fruit size on the ascorbic
acid content of fruit bought fresh from Bombay (India) markets and
analysed the same day, They reported that in citrus fruits
ascorbic acid content decreased with increase in fruit size and
pegled.nrahse segments contained more ascorbic acid than the juice.

Unripe tomato and pimento fruit showed low ascorbic acid

contents which increased progressively with growth (Kitagawa, 1973),
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Once maturity had been reached, the ascorbic acid content of tomato
began decreasing whereas that of pimento continued to increase,
Within each fruit, the ascorbic acid content was highest in the
apical region and diminished progressively in areas proximal to it
in the case of pimento and strawberry. In tomatoes, the proximal
region exhibited a particularly high ascorbic acid content,
Considerable quantities of ascorbic acid were found in both the
fruit wall and seeds of S coffee types (Vasudeva and Gopal, 1972).
Ascorbic acid was significantly greater in seeds than in fruit wall
of all types., Kitagawa (1973) reported that during the later
stages of growth, lightecoloured plants such as onions showed a
marked fall in ascorbic acid concentration while the green coloured
plants such as lettuce and carrot leaves maintained a comparatively
high level of ascorbic acid,

Ageorbic acid content of field-grown tomatoes increased to a
maximum when almost the whole fruit had turned red and declined
in overmature fruit. For distribution, most tomatoes are picked
when mature green, transported and ripened at distant markets; this
was shown to reduce their ascorbic acid to 25 - 30k tomatoes matured
on the plant. With artificial ripening of mature green tomatoes,
agcorbic acid content was 20/, higher with ripening under white

fluorescent light than in darkness (Markakis et al. 1974).
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EFFECT OF FROCESSING ON ASCOBIC ACID CONTENT OF FOODSTUFFS

The high solubility of ascorbic acid in water and the relative
eése with which it is oxidised, either chemically or enzymatically,
makes this vitamin particularly susceptible to processing condition,
especially when the tissue is broken or when the temperature is
raised., Slicing, cutting or bruising of fruits and vegetables
before processing is therefore likely to result in loss of
ascorbic acid, eapecially associated with high~temperature treatment
in air, water or steam., BExtraction of the vitamin takes place
rapidly, under normal conditjons of boiling, and continues until
the concentration of vitamin in the liguor approximates that in the
tissue., If vegetables are steamed or pressure cocked ingtead of
boiled, the leaching effect iz negligible, but a greater loss of
- witamin is to be expected from oxidation especially with green ._1
vegetables (Sood and Bhat, 1974k).

Keeping drained vegetables hot for an extended period before
serving iz to be discouraged from the nutritional standpoint,
since progressive oxidation of vitamin hae been found especially
when the tissue is finely cut or divided, as with chopped green
vegetables (Herrman et al, 197h).

The retention of ascorbic acid was investigated in leaves of

Manihot Utilissma (cassava) and Basella rubra (ceylon spinach),




Iwhen leaves were boiled in water, cooked in c¢oconut milk or fried,
ascorbic acid retention was 45, 56 and 66% immediately after
cooking, 30, L6 and §3% after standing for 4 hours at room
temperature., Most of the loss was due to leaching of ascorbic
acid into the cooking liquid (Caldwell and Gim-Sai, 1973).

Effects of steaming, braising, boiling and pressure cooking

. « on ascorbic acid content of Xoll'rabi, Brussels Sprout, Cauli-

- flower, beans and potatoes were studied (Herrman et al. 1973).

Retention after steaming was 80 - 85%, except for beans for which

1t vas 65 = 75%. Corresponding values for braising were 70% and

50 = 60%, Losses on boiling were higher, largely because of
passage of ascorbic acld into the cooking water. The effects of
common household additives to blanching and/or cooling water on
the ascorbic acid retention of rumner beans, peas, spinach and
Brussel sprouts were studied by Hudson et al. {(1974). Ascorbic
acid analyses for thawed frozen sprouts blanched in 1,2% NaCl or
1.29% sucrose showed that the treatments did not lower the ascorbic
acid content,

Changes in L - ascorbic acid and L - dehydroascorbic acid
during boiling of peeled or unpeeled potatoes in distilled or tap
water containing various concentration of sodium chloride, and

during frying of 3 ~ 6 mm slices in sunflower-seed oil at luOOC
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for 10, 20 and 30 minutes or at 180°¢ for 5 minutes were determined
by Domah et al, (1974) using polarographic method, Hesults indicate
an average less of &% as a result of peeling the potatces, Cooking
unpeeled potatoes in distilled water reduced total vitamin C

content from 62,8 mg/100 g to 56.1 mg/100 g against 62.3 mg/100 g
for raw peeled potatoes. Increasing concentration of sodium
chloride caused a decrease of L - ascorbic acid content in potatoes,
Total ascorbic acid content was reduced from 26.1 mg/l00 g for
peeled potatoes cooked in water to ll.7 mg/100g for potatoes cooked
in 10% sodium chloride, A small decrease in ascorbic acid

occurred during frying; 18% was destroyed during 30 minute frying
at 140°C, Ascorbic acid keeps remarkably well in frozen foods,
apart from the losses incurred in the preliminary blanching process,
Noble and Gordon (1964) showed that broccoli and beans coocked fresh,
retained 5% of their ascorbic acid while the blanched product,
atored for 6 months at 0°F, retained 30§ of this vitamin after
cooking., Eheart (1967) reported that broccoli lost 35% of its
ascorbic acid during blanching, 7% during freezing and storage

for 52 weeks and a further 10)% on cooking.
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EFFECT OF STORAGE ON ASCORBIC ACID CONTENT OF FOODSTUFFS

Post harvest storaée wil) affect the antiscorbutic value of
the raw fruit or vegetable to a degree commensurate with the time
'and temperature of storage extent to which the cellular tissue may
be damaged, structure of fruit or vegetable, and presence or
absence of asgcorbic acid oxidase in the tissue., Moat soft berry
fruits and green vegetables, such as spinach, usually show a rapid
fall after harvesiing, whereas hard fruitas and root vegetables and
the tightly packed leaves in a head of cabbage can be stored for
- peveral days without loss. With lopg-term storage, roct
vegetables show a progressive fall in ascorbic acid content
{Bangerth, 1973; Kim et al. 1973; Bolin and Stafford, 197h;
Davidek et al, 197hL; Jedrzejezyk, 19743 Moser et al. 137h;
Ramasastri, 1974; Thomas, 1575).

Agcorbic acid content of fruits and vegetables is slowly -
lost during storage and is a useful index of freshness. During
1971~1973, the keeping quality of four varieties of melon and
three varieties of water melon stored in a ventillated store on
shelves baedded in shavings or straw was studied by Mikhailov {197L).
Results indicated that water melon stored on shelves or in shallow

;“ffénchea had the highest contents of total sugar ﬁnd ascorbic acid,

o
FEE
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The effect of cultural practices, locations, soil texture and storage
conditions on the sscorbic acid content in Russet Burbank potatoes
was investigated by Augustin et al, (1975). The most consistently
significant factor affecting agoorbic acid values was storage t;me.
Losaes in ascorbic content over a storage period of 240 days at
7.21°C and 9°% relative humidity averaged 67%. Losses occurred

at faster rates during the first weeks than in the latier part of

the storage season.

METHODS OF ASCORBIC ACID ESTIMATION

Blological Assay

3 The experimental investigation of scurvy began in 1912 with
the recognition that the guinea pig required this vitamin (Holst
and Frolich, 1912). An assay bagsed on the minimum amount of the
vitamin administered daily to prevent or cure soorbutic symptoms
in guinea pigs was wsed during the isclation and early studies of
,gécorbic acid, The diagnosis and rating of the lesions produced _
‘&epended congiderably upon the experience of the investigatior,
This method was later replaced by more objective methods,

depending upon the dental histology or upon the curative growth

rate.
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The derangements in dental histcleogy precduced by scurvy provide
the most seneitive and specific method of bio-asgay. In a standard
veraion of this method, groups of animals are fed graded levels
of the test substance and of asceorbic acid for a period of 2 weeks,
and then sections are made of the decalcified lower incisors. The
degree to which the odonoblasts become disorganized, the scarcity
and irregulerity of dentine deposition, and the degree of hyper-
caleification of the predentine can be precisely compared with the

effects of standard amounts of ascorbic acid (Coward, 19&7),

=
?I":I

The curative method involves the use of a scorbutcgenic diet
for ten days., On the eleventh day when weight loss would be
expected to begin, groups of animals are placed on graded doses
of the test gample and the ascorbic acid, and the biological value
of the sample is calculated from the resultant dose response
curves (Harrie and Oliver, 1942), The bioassay methods have since
been almogt entirely replaced by the more rapid and convenient

chemical assays of ascorbic acid,

Physical Methods

The simplicity of the chemical methods for estimating
ascorbic acid has diverted attention from the several physical

methods available for measuring agcorbic acid.
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Polarography has had limited use in the estimation of ascorbic
acid, since early investigations disclosed no advantage over the
simpler methods of chemical titration, even as regards specificity.
Recent applications of this method have been proposed by Davidek
et al. (1971), Kajita et al. (1973). The method is based on
oxidation of ascorbic acid to dehydroascorbic acid with bromine,
formation of dehydroascorbic acid = 0 = phenylenediamine in acetate
buffer, Polarography has been used successfully for the determina=-
tion of ascorbic acid in meat and meat products (Davidek et al,
1971), potatoes (Davidek et al., 1974), tomato juice (Chelkowski and
Bielinski, 1974).

A gas liquid chromatography method for L - ascorbic acid in
foods and food products has been devised (Juergen, 1968; Petrovick
et al, 1968; Schlack, 1974). Ascorbic acid is extracted into an
ethanol solution, precipitated with lead acetate, regenerated from
lead salt as its trimethylsilyl derivative and chromatographed on
a SE = 30 column, With this method recoveries of ascorbic acid

has been averaged at 100,1% with standard deviation of + 0.23%,

Chemical Methods
The most satisfactory chemical methods for ascorbic acid

analysis are based on the reduction of 2, 6 = dichlorophenol
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indophenol or on the formation of a coloured dinitrophenylhydrazine
derivative, There are different ways of preparing sample extracts,
There is no ideal method equally applicable to the great variety

of animal and plant tissues which have been studied, The
extraction should avoid the oxidation of this labile compound by
the enzymes in the plant tissues or by the oxyhemoglobin and trace
metals in animal tissues, It should extract the ascorbic acid
completely and should extract a minimum of other tissue components
which would interfere with the chemical assay to be used, The
single extraction procedure which has found the widest application
to both plant and animal tissues is one using metaphosophoric acid,
which precipitates proteins, combines with trace metals, and
produces an acid medium in which ascorbic acid is most stable

(Knox and Goswami, 1961), However, a great variety of other
reagents alone or in combination such as oxalic acid, acetic acid

and Trichloroacetic acid have been used successfully for particular

purposes,

Reduetion of 2, 6 - dichlorophenol indophenol

Dichlorophenol indophenol is blue in neutral solutions and

pink in acid solutions. Its use in the estimation of ascorbic acid
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ig baged on the obgervation that ascorbic acid is essentially the
enly substance in acid extracts of tissues which reduces the dye
at pH 1-4 to the colnurless leuco form {Schaffert and Kingsley,

1955). o

OH

B e —@—01{ 2K

Gl
Oxidized form keduced or lsuco form
(blue or pink) (colourless)

. Modificaticns to inerease the gpecificity of the indophencl mefhod
have been presented by Hobinson and Stotz (1945}, Lowry, et al,
(19L5). However, all these procedures require tedious photometric
measurement in 5 ahd 10 second intervals to determine the rate of

reduction of indophencl by 1 = ascorbic acid.

Dinitrophenylhydrazine Methods

The dinitrophenylhydrazine methods are very sensitive and
remarkably specific and are the methods of choice for most anaiyses
(Knox and Goswami, 1961)., The reaction depends upcn the coupling of
2, L4 dinitrophenylhydrazine toc the keto groups of carbons 2 and 3 of

diketegulonic acid to form a bis 2, 4 dinitrophenylhydrazone or o
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ogazone, In strong acid solutions this derivaiive rearranges to a
stable reddish-brown product which can be measured photometrically,
Agcorbic acid must first be oxidised to dehydro-ascorbic acid for
this reacticn to occur; and it is probable that dehydroascorbie
acid is hydrolysed in the strong acid medium to dikedogulonic acid
before the hydrazouc *ormation takes place (Roe and Keuther, 1943).
Bolomey and Kemmener (1946, 1947) have omitted thiourea in the
incubation pericd and have substituted glacial acetic acid in pléce
of sulphuric acld in the final colour development, This givesa
claarver gamples to read in the colorimeter, but has the
dimadvantage of only half the sensitivity of sulphuric acid,

Other carbohydrate materials react with dinitropheylhydrazine
slowly in comparison with the oxidation products of ascorbic acid,
and their osazones args wnsitable in the high acid concentration
used, The addition of the reducing agent, thiourea or stannous
chloride, further adds to the specificity of the method by aveiding
interference from nonascorbic acid chromegens. Interference has
been noted, however, in the analyeis of heat~processed foods with
a2 high sugar concentration, presumably because of the high
concentration of "reductones" which also affect the dichloropheno-
lindo phenol reduction assay. A particular advantage of the

dinitrophenylhydrazine method is that by appropriate oxidations and
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reductions of the sampley each of the three compounds, ascorbic'f
acid, dehydroasecrobic acid and diketogulonic acid, can be
determined by difference,

A study of the phenylhydrazine procedure of Roe and Kuether
was undertaken by Schaffert and Kingsley (1955) to adapt the method
for routine analysis of biclogical samples, mainly by shortening
the incubation period of 3 to 6 hours outlined by the oxiginal
investigators., In the modified procedure, the incubation period
iz reduced to 5-10 minutes by marrying out the operation at
100°C.  Excellent acouracy was demonstrated by recovery experiments,

Meyer et al, (1952) confirmed these observations,

N « Bromosuccinimide Method

The presence of pigments especially those absorbing light at
about the same wavelength as does 2:6 dichlorophenolindophenol or
2:ly dinotrophenylhydrazine may interfere with determination of
ascorbic acid. Barakat et al (1955), proposed a new titrimetric
method for the estimation of ascorbic acid using N = bromosuccinimide,
It readily oxidises an aqueous sclution of ascorbic acid to dehydro-
ascorbic acid, while it is irreversibly reduced to succinimide with

the formation of hydrcgen bromide, This reaction proceeds until



22

all the ascorbic acid in the solution is exidised, Bxcess of N =
bromoguccinimide added after all the ascorbic acid content has
been oxidised will liberate iodine from potagsium jiodide which is
detected by a brown ring in the ether layer. LBvered (1960) and
Bavakat and Abdalla (1965) confirmed the reliability of this )
method and showed that the reagent is unaffecited by reductones,

reductic acid and iron salts,

FUNCTIONS OF ASCORBIC ACID

Ascerbic acid is multifunctional and is involved in many
aspects of human physioclogy, some of which are still poorly
understood. Heactions invoelving ascorbic acid as a carrier for
hydrogen transfer have been demonstrated in plant tissue, and the
existence of thoge reactione in animal tissues has been postulated,
Agcorble acid ia known to function as a reducing agent for example
it acts as a hydrogen reduction of ferric iron to the more easily
absorbable ferrous ions (Henley et al. 19563 Brise and Hallberg,
1962; Apte and Venkatachalam, 1965).

Abnormalities of comnective ftissue observed in scurvy have
long suggested that ascorbic acid is involved in the synthesis of

cellagen or mucopolysaccharides, There is now ample evidence to
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suppert a role of the vitamin in collagen biosynthesis first
suggested by the studies of Robertson and Hewitt (1961), Stone
and Meister (1962) demonstrated that the vitamin is necessayy for
the hydroxylation of proline to form hydroxyproline, an unusual
anino acid which cccurs almost exclusively in collagen. In |
in vitro studies, Gottliev et al, (1966) recently presented
evidence of a collagen -~ like protein containing little hydroxy-
proline which is formed in regponge tc ascorbic acid deficiency
or when hydroxylation is impaired by lack of oxygen, This low
hydroaxyproline melecule may be responsible for the structural
changes observed in scorbutic tissues,

Apgcorbic acid is required for the conversion of folic acid

te folinic acid in vive and in vitro, although the exget role of

ascorbic acid in the folic=folinie acid interconversion is still
unknown, the interplay of these vitamins is i1llustrated by the
observation that megaloblastic anaemia in the vitamin C deficient
menkey can be cured either by ascorbic acid or folinic acid
(Morck Service Bulletin, 1956),

In relation to other nutrients, ascorbic acid has been
demonstrated to afford a significant sparing or protective effect
on several vitamins in the B - complex including thiamine, ribo-

flavin, folic acid, and pantothenic acid and on vitamins A and E.
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The effects appear to depend on its reducing or antioxidant aotion
(Wilson ¢t al. 1974).
A relationship between ascorbic acid and the oxidation of the
amino scid, tyrosine, has been observed in guinea pigs and infants
but not in adult man. In scorbutic guinea pigs and infants it has
been demonstrated that ftryosine is not metabolized normally unleas
gufficient ascorbic acid is available, In adults, however, this
relationship was not observed when subjects were fed small amounts
of the vitamin and large amounts of the amino acid (Steele et al.
1952), The role that ascorbic acid plays in the metabolism of
tyrosine appears to be that of a co-enzyme. The interruption of
tyrosine degradation at the stage afla- hydroxyphenylpyruvate |
(pHPP) in scurvy has long been considered the clearest evidence
of a biochemical role for ascorbic acid, The intermediate é
accumulates and is excreted when deoses of tyrcsine are given f;-
gcorbutic man, other primates, guinea pigs and premature infants
{knox, 1955). Ascorbic acid administration prevents the
excretion of the intermediate, The isclated pHPP oxidase of
liver under ceritain conditions reguires ascorbic acid or related
compounde for its continued activity. X
The cortical tissue of the adrenal glands contains a high

eoncentration of ascorbic acid, Here, toc, are found large
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amounts of cholestere)l, the proposed parent substance of the

_ qortical hormones probably indicating the xole of this vitamin in
gynthesis of cortical hormones. Situdies with guinea pigs have
convincingly shown that the most eritical effect of a chroniec
dietary inadequacy of ascorbic acid on cholestercl metabolism is
impairement of bile acid synthesisy thig leads to the accumulation
of cholesterol in the plasma and tissues (Banerjee and Singh,
19583 Ginter et al, 1972, 19743 Ginter, 1975). Equally good
experimental evidence suggests that the integrity of the vascular
wall is directly altered by an inadequate intake of ascorbic acid
(Myasnikor, 1958; Sokoloff et al. 1966; Ginter et a)., 1969;
Nembisan and Kurup, 1975), These effects imply that chronic
dietary ingufficiency of vitamin C must be considered a risk

factor in the pathogenesis of athercsclerosis.

METABOLISM OF ASCORBIC ACID

Ascorbic acid taken in the food is absorbed into the bloed
stream chiefly from the intestine within a few hours after it is
ingested, The level of ascorbic acid in the blocd plasma is
increased only temporarily because this substance is taken up by

the tigsuea, and any excess is excreted promptly by the kidneys,
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In man ascorbic acid is partly excreted wnchanged and partly
as diketol-gulonic acid and oxalic acid. Hellman and Burns (1958)
using labelled ascorbic acid, found 12 to 24 per cent of the e
urinary C'“'L activity in Leascorbic acid, 12 to 18 per cent in
diketogulonic acid and 21, to 63 per cent as oxalic acid in several
experiments with three subjectz. HNo GlLl was detected in respiratory
002. This finding is also confirmed by the work of Tolbert et al,
(1967); Buker et al, (1966), The vitamin exists in the body in an
equilibrium between the reduced and the oxidised (dehydro) states,
with only a small fraction in the latter form, The oxidised form
can be elther reduced to ascorbic acid reversibly, or metabolised 1o

diketogulonic acid irreversibly., It appeared that ascorbic acid

and dehydroascorbic acid werea almost egqually well utilized by man
|

{Sabry et al. 1958).
Oxalate and ascorbic acid in urine accounted for about half the
total ﬁscorbic acid turncover in an adult man in the experiments of
Atkins et al. (1964) using Clh - tagged ascorbic acid. Moat of the
‘oxal&te was shown 1o arise from agcorbic acid or glycine., Oxalate
arises from carbons 1 and 2 of ascorbic acid (Banay and Dimant, 1962),
Rats and guinea pigs metabolise the carbon chain of aaéorbic
&éid, producing principally 602 and oxalic acid, although pathway

differences in these specles are established (Burns et al. 1958),
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Chan et al. (1958) found that guinea pig liver preparations formed
dehydroagcorbic acid which was degraded to oxalate, 002 and L -
xylose. No xylose was found from the catabolism of asceorbic acid
by rat kidney in studies by Burns et al. (1958).

The half life of ascorbic acid in the guinea pig is only a
few days, while in man it has been estimated to be about 16 days
(Hellman and Burns, 1958}, This mey account for the long period
required to produce a deficiency state in man compared to the

time involved to produce symptoms in the guinea pig.

ASCORBIC ACID REQUIREMENT BY GUINEA PIG AND MAN

Estimates of ascorbic acid requirements can be small, for
the amount to maintain histclogically normal teeth in the guinea
pig, or large for the amount neccessary to maintain blood levels
aqual to those of animals who synthesize their own ascorbic acid.
The limits of the minimal protective dose against scurvy and the
saturating dose are well known in guinea pig and man. Numerous
quantitative studies have been carried out to determine better
criteria for establishing more exact requirements (Wilson et al,

1974 ).
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Guines pigs

The requirementis of the guinea pigs have been se£ between d.h
and 2 mg per animal per day (Mamering, 19433 Lloyd and Sinclair,
1953)s Two studies using a natural ration {(Crampton et al, 194k)
and a complete purified diet {(Collins and Elvehjem, 1959}, agreed
on the larger requirement of 0.5mg ascorbic acid per 100g body
weight per day, It is significant that the total requirement is
proportional to body size., Variation of the total requirement has
been attributed to additional factors besides body size, Female
guinea pige are said to bhe more susgeptible to scurvy than males,
poesibly indicating a higher ascorbic acid requirement for .
females (Beaton et al, 1960), The ascorbic acid requirement is
also increased after administration of iodinated casein, but not
by thiouracil (Pfander, 1952; Mascitelli and Malocchi, 1954).
Continued treatment of guinea pige with cortisone or ACTH did not
alter their ascorbic acid requirement (Harris et al. 1955).

Accurate study on ascorbic acid requirement in pregnant
guinea pig is however, lacking. In infections the reguirement for
ascorbic acid hag been reported io be altered because of incréased

leuccocytosis, fever and phagocytosis (Nungester and 4mes, 1948).
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Human requirements

The National Research Council of VU.S8.A. has suggested a
vitamin C intake of 75=-100mg per day for optimum human nutrition,
This is the amount necessary to maintain tissue saturation and
plasma vitamin C levels of 1lmgd% without excess logs in urine,
Britisgh nutritionists set 30mg as the Y"standard daily requirementt
(Wilson et al, 1974). The more generous U,S,A. recommendations -
are based on the allowances which permit tissue storage withinlthe

tizsus of animals which synthesize, and therefore do not reguire,

' a dietary source of the vitamin, In fact careful experimental work

~ indicates that 1lOmg daily is sufficient 40 prevent scuxvy and mgintain
good healing properties of tissues for a period of a year, evenrif
plasme, ascorbic acid levels are zero and white cell levels almost

28T0 (Wilson.gﬁ‘gg. 197L4). Requirements for ascorbic acld
established in Great Britain, United Btates of America, Canada

cannot always be applied absolutely to everywhere because of marked
variations in average normal body weights among peoples of different
races and socio~economic conditions coupled with the differences in
physical activities and envircnmental conditions. It is therefore
obvious that tables of nutritional regquirements or allowances would

vary from one country to another, In Nigeria the mean annual



temperature is 2560. Computation shows that the Nigerian
Heference Man and Reference Woman would need 30mg ascorbic acid
daily (Idusogie, 1971}, This compares favourably with the British
standard but is much lower than the American standard, A study was
made of 552 school children aged from 8 to 11, in 6 elementary
schools in Louissiana in the winters of 1950 and 1951 (Dsllyn and
Moschette, 1952), Serum ascorbic acid values were obtained for

1463 children and J-day dietary records were kept for LS54 children,

" A1l the children were examined for gum changes indicative of vitamin

C deficieney. About one-half of the serum values for ascorbic acid
were (,6mg per 100ml or over and about 60% of the children were
receiving 60mg or more ascorbic acid deily. There was a highly
significant correlation, between ascorbic acid intake and serum
level, and a significant asscciation between the degree of gum
change and the serum ascorbic acid lavel,

A review of recent work on vitamin C requirements suggestﬁ
from 30-50mg per day for adulis (Ketz, 1970)., From the work of
Srikantia et al. (1970) with 19 healthy volunteers aged 16-45 years
given 500mg ascorbic acid per day it wag concluded that adequate
levels of tissue asceorbic acid can be maintained on intakes of

between 12 and 22mg per day.

————n
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The relevance of various measurements to the nutritional
gtatug for agcorbice acid in humang has heen the subject of much
controversy and now it is generally accepted that the level of v
ascorbic acid in leucocytes {and platelets) of the buffy layer
provides the most reliable index of vitamin C matrition and of
tissue saturation than is the oontent of the plasma or whole
blood (Griffiths et al, 1967; Andrews, Letcher and Brook, 1968).

Another traditional method for the agsessment of ascorbic
acid deficiency is the measurement of urinary excretion levels
at relatively nigh doses of the vitamin., This "“saturation" test
is fraught with difficulties, not least, that supplemented
individuale execrete in the urine, a substance which reacts
chemically as ascorbic acid but which has not yet been identified.
The two compounds have been separated by thin-layer chromatography
(Bodges et al. 1969).

Urinary measurements may also be complicated by a variable,
renal threshold or an increase in regquirement and utilisation
(Andrews and Brook, 1969), Large oral doses tend to be
reflected rapidly in the plasma and subsequently in the urine
without necessarily reflecting leucocyte or tissue saturation,

Conversely, low dose supplementation may be carried cut over a
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iong period with a gradual but persistent increase in leucocyte
and tigsue level without significant wrinary excretion, Indeed,
there are reports of individuals who appear to be impgssible to
saturate, | |
Using the 2=, diphenylhydrazine method, the leucocyte and
rlatelet ascorbic acid has been shown to be directly proportional
to the intake of ascorbie acid (Davey, Wu and Storviek, 1952;
Burch, 1961), but this is in contrast to the findings of
Disselduff and Murphy (1968). A direct proportionality between
lsucocyte and total body ascorbic acid has been shown in the
guines pig {(Burch, 1961), and it is claimed that there is

indirect evidence that this alsc holds for humans,

THE DISTHIBUTION OF ASCORBIC ACID IN ANIMAL TISSUES

The understanding of the dynamic state of ascorbic acid in
animal tissues is esszential for the interpretation of the common
measuremaents made clinically, The concentration of ascorbic acid
is unusually high in certain tissues for example the concentration
in skeletal muscle which makes up most of the weight of the

animal body is 3 to S times that in the plasma. Cistribution in

normal guinea pig tissues shows variable concentration of ag low as

— e
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0.54 in plasma and as high as 166,0mg per 100g tissue weight
(Sobotka and Stewart, 1961),

The plasma level of ascorbic acid appears to be one of the
lowest conecentration existing in the body. It is effectively
buffered by extremely high concentrations of ascorbic acid
maintained intracellularly by some kind of active process in all
the other tissues, Of these, the leucocylte is the most
accessible for routine clinical sampling. Some precise
measurements of certain parameters of the steady state of
ascorbic acid in the body have been obitained from recent studies
with isotopically labelled ascarbic acid (Hellman and Burns, 1958;
Salomon and Stubbs, 1961), Thus, the total ascorbic acid is
about 1.5g for a man not saturated with ascorbic acid,

The effect of age and development on the distribution of
apecorbic acid in animals is not striking. Luring pregnancy and
during the rapid growth of young guines-pigs, more of the vitamin
is retained by the animal, as would be expected from the
increasing mass of tiamsue to be supplied (Reid, 1948), The actual
content of ascorbic acid fell slightly with increasing age in the
human adrenal cortex and pituitary and after an initial fall,

remained constant after middle age in the myocardium and skeletal
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muscle {Schans, 1957). In general men have been reported to bé
more deficient in ascorbic acid than women with age (Morgan,
Gullum and Williams, 19553 Brin et al. 1965; Brook and Grimshow,
1968). Andrews et al. (1969), reported a significant fall in

the leucocyte agcorbic acid level in the elderly in winter,

Thiz is not surprising in view of the variation in dietary ha;l;its
throughout the year. |

Dubasova {(1971) examined children 1.5 and 1l years wha were
fed 300mg vitamin C daily, He observed that respective values
of asgcorbic acid in the blood of 20 healthy children and the
urine of 32 children were 0,96mg/100m/end 2lmg daily,

In another study conducted by Dodds (1969), it was
concluded that in children L=12 years old there was little
difference in the ascorbic acid blood levels belween boys and
girla, dut from 13-20 years old boys had lower values than girle
on equivalent intake, Spathis and Hallpike {1961), described
in detail vitamin C level in fasting blood from healthy medical
students, 11 men and 7 women aged between 20 and 30 years all
taking their usual diets, Msans and ranges in mg/100ml for men
and women were for whole blood 0,507, C.224 to 0,880 and 0.884,
0.517 to 1.278; for plasma 0.476, 0,196 to 0,876 and 0,897, 0.624
to 1,412, The difference between men and women were significant

gtatistically,
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ASCORBIC ACID DEFICIENCY 4ND ITS FFFECTE ON MAN: LCURVY

Seurvy is a condition due to deficiengy of vifamin C in the
diet and marked by weakness, anaemia, spongy gums, a tendency to
mueocutaneous haemorrhages,

The effects of an acute lack of vitamin C have been
recently studied thoroughly by Hodgesig§5gr (1969), American
Academy of Pediatries, 19623 Baker, Suari and Tolbert, 1966;
Baker gt ale. 1971, at the University of Iowa and the U.S., Army
Medical Research Nutrition Laboratory, Denver, respectively.

Five male prisoners volunteered to be placed on a liquid vitamin
C deficient diet fox BL %o 97 days. The first symptoms of
deficiency seen were fatigue, hyperkeratosis, pink or
hemorrhagic skin follicles, haemorrhages in the eye, coiled hairs
and gum changes, followed by pains in the Jjoints, dental caries
and low blood and urine ascorbic acid levels. Administration

of vitamin C overcame all the symptoms eventually.s

Seurvy today is o rare disease affecting two different age
groups, Ii occurs in formula-fed infants between the ages of &
and 18 months whose diets have not been supplemented with added
sources of ascorbic acid (Huisman and Jonxis, 19573 Cochrune,

1960} and in man of middle to old age (Grusin and Kincaid-Smith,
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"195L; Lind, 1960; Joffe, 1961), who are usually bachelors or
widowers and who for more than a year have neglected fresh foods,
It must be emphasized that in both ef these age groups scurvy is
only the predominating illness, and almost always there are other
deficiencies or disease states, The guinea pig has heen the
animal of choice in the bulk of the experimental work on the
pathological and biochemical defects associated with ascorbic
acid deficiency. Thigs animal is highly susceptible tc a lack
of ascorbic acid and the alierations are known to be simjilar to
£
those found in human scurvy. Outstanding among the pathological
defects found in ascorbic acid deficiency is the failure to
deposit intercellular substance,

Agcorbic acid is essential not only for normal wound'
healing during the early healing period but alse for maintenance
of scar tissues in later stages; (Hill and Boune, 1958, Abt et al.
1960), They also demonstrated that the vitamin accumulates in
sear tissue quickly after a wound and remains for a long time,
The connective tissue has the highest concentration of the
vitamin,

Agcorbic acid has been found to be reguired for the production

of predentine in tooth. Fullmer et al. (1961), found definite
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1.

disorders of ameloblasts to take place at the site where a failure
of dentinegenesis occurred, Amelogenémis in the scorbutic guinea
pigs fails in the zones deveid of subjacent dentine with

defective odontoblasta unlike the normali

Yale et al, (1969), studied the oral changes in normal and
scorbutic gulne piges autoradiographically and found a greater
uptake'of radioactivity in the periodontal membranes, alveclar
bones, and tooth pulps of scorbutic animals than in the normals
after administration of ascorbic acid 1—Clys It is therefore
agreed that the characteristic feature in scurvy is the.defec% in
synthesis and ma;ntenance of intercellular substance,

Boyle éﬁa;irving {1951}, observed some hyaline changes in
skeletal muscles in chronic scurvy, whereas in acute conditions
these were much less common but the sarcolemma was reduced in |
amount and the musele fibrils and the sarcoplasma were geen to
end suddenly, leaving the endomysial fibres lying between them.
In the bones a deficiency resulte in the failure of the osteo~
blasts to form the intercellular substance osteoids Without
osteocid, deposition of bone salts is arrested. The resulting
gscorbutic bone is weak and fractures easily (Follis, 1958);

Anaemia has frequently, but not consistently, been

o
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reported in association with gscurvy in cliniecal cases, both in
adults and infants and in experimenital scurvy in guinea pigs and
monkeys, Severe clinical scurvy and a high degree of megalo=
blastic_anaemia were reported in two patienta whese diet had been
almost compietely devoid of fruit and vegetables. The megalo=—
blastic anaemia responded completely to treatment with synthetie
ascorbic acid (Brown, 19553 Neilson, 1960). It was suggested
that the anaemia was due partly to lack of vitamin C which
reduced econversion of folic acid te folinic acid, This was
further confirmed by the work of Will and Murdoch {1960) and
Goldberg {1963).

| The exact functional role of ascorbic acid in the celluiar
process is not clearly understood, although this vitamin has been
found to be invelved in the metabolism of varicous substances,.
The deprivation of agcorbic acid leads to the develeopment of
several metabolic defects that can be specifically cured by
administration of ascorbic acid. BSalman and May (1952), Teporied
that scurvy brings about alterations in the protein metabolism,
ag reflected in the decrease in plasma proteins. A decrease of
about 279 in the albumin and an increase of about 11, 7 and 1% in

the gu, P and Y globulin contents occur in the serum of guinea
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pigs maintained on a scorbutogenic diet for 25-30 days. They
further reported a lowering of the albumin/globulin ratio by 3%
in scurvy. An abnormally high urinary excretion of a - amino
nitrogen and glycine conjugates by vitamin C deficient infants
was reported by Jonxis and Wadman (1951), Huisman and Jonxis
(1957). Evidence of a possible ascorbic acid deficiency in a
premature infant resulting in hyperaminoaciduria has also been
reported by Dustin and Bigwood (1953). In view of the fact that
an aminoaciduria eccurs in all premature infants, to a lesser
degree in full-term infants, and only diminishes later during
childhood, it is doubtful that these studies demonstrated any

additional aminoaciduria due to ascorbic acid deficiency.

NON-SCORBUTIC EFFECTS OF ASCORBIC ACID DEFICIENCY

In the absence of clinically recognizable scurvy, low total
white-cell levels of ascorbic acid have been found in various
groups, in whom the values can be raised to those of normal young
adults by ascorbic acid supplementation, This suggests that the
causes are due to low intake rather than multiple pathology;
however, the low intake may be caused on occasion by gastroe-

intestinal pathology (Cohen and Duncan, 1967).
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Andrews and Brook (1966) reported low leucocyte vitamin C
level in the elderly, Supplementation of the diet improved the
blood plasme level to values normelly found in younger personsg
(Alder, 1957)., Burlina {1956) investigated ascorbic acia
metaboliam in pld age and reported that saturation was achieved
in from 12 to 16 days with 500mg ascorbic acid daily given by
mouth, compared with from 5 to 7 days for younger subjects.
After saturation blood values remained high for about 5 days, and
up to 10 days in L subjects, compared with at least 3 weeks in |
younger adult subjects, Griffiths et al. {1966) in a geriatric
gsurvey of patients admitted to heospital, indicated chemical
evidence of deficiency in L41%. However, in the elderly at home,
the figure was 27%. Brocklehurst et al. (1968} studied 80
geriatric hogpital patients for one year and concluded that there
was definite evidence of deficiency in many elderly pecple in
hogpital for long periods. In a New Zealand dietary survey, low
intakes of ascorbic acid were reported in 35 elderly men living
alone (Maclean.gi-gl. 1976). This low intake was mainly due to
low intakes of fresh fruit (particularly citrus fruit) and the
cooking methods of vegetables, High significant correlation

between dietary ascorbic acid intake and plasma concentration was



41

also reported,

Many reporie have recently indicated a possible association
between cigarette smoking, related diseases and ascorbic acid
deficiency (Russel et al. 19683 Pelletier, 1968; Brook and
Grimshaw, 1968; Bailey et al, 1970), Bourguin and Musmanno
(1953) confirmed by in vitro tests that nicotine in amount
roughly equal te that which might be absorbed by a heavy smoker,
actually destroyed ascorbic acid in solutien. Yhey alsc reported
that the level of ascorbic acid in the blood wag reduced by
smoking. The in vitro test has also been confirmed by Calder
et al. (1963), but they were unable to show that the plasma level
wasd reduced in smokers or non-smokers who smoked one cigarette
every half hour over a period of & hours or in smekers who smoked
19-25 cigarettes in 6 hours. Bailey et al. (1970), have found
no difference in the response of smokers and non-smokers in
relation to ascorbic acid supplementation and exercise performance,
By saturation tests carried out in conjunction with carefully
controlled dose schedules and blood measurements, Pelletier (19?0)
concluded that in smokers, less ascorbic acid is effectively
available for utilization or that this group utilises the

vitamin differently from non-smckers,



1 . Asecorbic acid is involved in the sénthesis of neuro-

: ' transmitters such as noradrenalin and 5-hydroxytryptamine, and in
the function of the adrenal gland. This organ contains the highest
concentration of the vitamin of any tissue in the body and this

§ mugt therefore have some influence on catecholamine and steroid

production, Smoking is well known to induce increased adrenalin

secretion via nicotinic stimulation by nicotine and hence in
gmokers there is probably an abnormal demand on the adrenals and

an increased utilisation of ascorbic acid at this site., It is

L T v v,

also postulated by Kitabchi (1967) that a high concentration of
ascorbic acid in the adrenal prevents stercidogenesis and
therefore during stress or stimulation with ACTH, the adrensal

must first release the bulk of its agcorbate before stimulation
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can commence, The effect of smoking and adrenal function could

thereby represent one consistent source of ascorbic acid depletion,
- Attention has recently been drawn toc the low leucocyte levels

of ascorbic acid in many surgical patients (Cohen and Duncan, 1967)

and particularly in patients with peptic disorders. The importance

of vitamin C in the healing process has been demonstrated in guinea
pigs and in humans (Uilaon‘gg_gl. 1974). ‘There is also a

consigtently low level in patients with peptic uwicer and since
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these may, by necessity, be subjected to surgery, supplementations
may be of considerable importance. Cohen and Duncan (1967),

found that patients with gagtro-duodenal disorders had
significantly lower leucocyte ascorbic acid levels than normal
healthy adults. The mean levels quoted were 11.0ug/10° W.B.C.

and 22.9ugf108 W.B.C, respectively.

Infections apparently decrease the amount of ascerbic acid
in tissues and body fluids., HNormal recommended intakeg of
vitamin C are thought to be helpful in enabling the body to
combat infections. There is no evidence that amounts greatly in
excesg of normal recommended intake confer extra benefits, except
after deprivation or during periods of unusual physical stress,
The possibility recently sugmested by Pauling (1970), that very
large intakes of vitamin C can protect against the common cold,
therefore is without good scientific foundation (Diehl, 1971;

' Hodges, 1971 and Wilson, 1971). In a study where 20 healthy
pubjects were exposed to cold and then given 200mg ascorbic acid
daily for 17 days, it was reported that plasma ascorbic acid |
inereased to 1.2mg/100ml compared with C.6 to 0.Tmg in the
untreated group, $asal metabolic rate {HVR) increased

simulteneously and it was concluded that ascorbic acid seemed to
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enhance the resistance to cold by raising the body temperature and

BMR (Makamura et al, 1967).

ASCORBIC ACID = SPECIAL REFERENCE TO NIGERTIA

Nigeria can safely be divided into two dietary zones. The
northern part of the couniry {consisting of parts above the
rivers Niger and Benue) in which the staple diet consists of
dried cereals and pulses supplemented with vegetables and the
gsourthern part (consisting of all parts below the Niger and
Benue rivers) in which the staple diet consists of roots and
tubers supplemented with lots of fresh fruits and vegetables,
Pruits and vegetables are the main source of ascorbic aecid in
the Nigerian diet although some is also contributed by liver and
dried milk.

Paylor et al. (1975}, reported on the ascorbic acid content
of some Nigerian leafy vegetables as affected by age and nitrogen
fertilization., The mean ascorbic acid content (mg/100g edible

portion) of "tete" (Amaranthus Candatus), pumpkin {Curcubita

pepo) and Isoko (Telfaria occidentali) were 36,5, L42.4, 85,5 and

6105. 2?.2’ 23.5’ 17.5, 6.6 and 17807, 178.1' 191th and 226.7 at

5y 7o 9 and 11 weeks respectively. Nitrogen fertilization did
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not significantly improve the ascorbic acid yield, The results
indicate a higher content of ascorbic acid in Telfaria compared
to Amaranthus whieh als¢ had higher content than in Cucurbita.
Variety of fruit or vegetable is sometimes but not zlways,
an important factor in determining the amount of ascorbic acid
in the tissue, and manurial conditions, climate and seasonal
variation may all be influencing feectors. In a recent research
at Ibadan, Uyo State, variation in ascorbic acid content in six
orange varieties grown in Nigeria was studied (Ogunmcdede, 1975).
In &1l varieties, the ascorbic acid content of the oranges
inereased gradually from the begimming of November till middle
of December, Four varieties namely Agege, Meran, Person Brown
and Tangérine tended to maintain the vitamin level till the end
of January, This study also showed that peeled oranges had more
ascorbic acid than the juice thus indicating the presence of
additional vitamin C in the endocarp of oranges and therefore
the need to encourage eating the endocarp. The significance and
implication of this study is partly in revealing the hest time of
harvesting these varieties, The Agege, Meran, Person~Brown and
Tangerin should be harvested seven months after flowering while

Unudike and Btinan varieties should be harvested six months after
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flowering in erxder to obtain the maximum level of vitamin C in the
fruits, Nicol (1958), investigated the ascorbic acid contents of
gome foocdstuffs and concluded that the starchy roots and sylvan
produce used by Nigerian tribes supply sufficient ascorbic acid
to prevent the occurrence of clinical securvy. In general the
ascorbic acid content of the vegetables most commonly consumed in
Nigeria ranges from 18-98mg per 100mg of the fresh material

(Oke, 1967). In another study Reiff (1959) reported that fresh
citrus fruits contained L0O-100mg ascorbic acid per 100 grams, and
that locally canned fruit juices may form an adegquate substitute
in days of scarcity of the fresh fruits since they are also
adequate in ascorbic acid.

The value of any foodstuff as a source of vitamin C depends
on how much of the ascorbic acid is available at the tipe of
ccnsumption. It is therefore necesgary to investigate ihe
gffect of traditional methods of preparation on the ascorbic acid
value of foodgtuffs, In Nigeria the most popular methed of cooking
vegetable is boiling. Nicol {1956), observed that vegetable
leaves and fresh pepers when boiled in an emulsion of oil and
water lose on an average 67% of the ascorbic acid present in the

edible portion. Oke (1966a), showed that when liver, spleen,
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kidney, lungs and heart of beef cattle are boiled for ten minutés,
losses of ascorbic acid content approximated 52%. Most Nigerian
vegetables in the raw state are rich sources of agcorbic acid but
on boiling L6-68% of the ascorbic acid is lost (Cke, 1967).

"« The productian of fruits and vegetables is very seasonal in
Nigeria and this fluctuates with season of plenty (rainy season)
and seasens of scareity (dry season), There is usually a high
demand for eoff geason supply of fruits and vegetables which meansg
in essence that adequate preservative methods must be provided,
Processing and storage provide a considerable improvement on the
shelf life of food but is sometimes accompanied by nutrient loss,
Oke (1966b) obgerved that root products such as cassava flour
(gari, fufu, lafu) and yam flour obtained by fermenting, sun~
drying and grinding etill contain an appreciable amount of
ascorbic acid.

The general belief is that because fruit and vegetables are
abundant in southern Nigeria, scurvy does not exist amoﬁg the
general population, VCertsinly its avpearance is hardly seen in
adult Nigerians, but there is a widespread peridental disease
which works the teeth of middle aged people loose, and provides

pockets of pathogenic bacteria in the mouth (Bassir, 1965),
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Among weanling children in western Nigeria a mild scurvy is well
knewn as "yoro" in Yoruba, Recently Edozien et al. (1960) under-
toek a survey of the incidence of this disease among children and
discovered some clagsical cagses which responded to vitamin C
therapy. In an investigation, Reilf (1959) reported that urine
and plasma vitamin ¢ levels of 20 adult Nigerians were 0,3-3.5mg/
100mls and 0.37=C.75mg/100mls respectively which showed an
adequate intake of vitamin C, On the other hand liicol {1956) in
the nerthexn States of Nigeria reported that lack of fresh fruits
and leaves all year round resulted in varying degrees of dietary

deficiency of ascorbic acid,



CHAPTER II

SEASONAL AVAILABILITY OF DIETARY ASCORBIC ACID IN SOME

SELBECTED RURAL AND URBAN HOUSEHOLDS IN ZARIA DISTRICT

L9
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INTRODUCTION

Although studies on food suppliez for African communitiss
did not begin until a few decades age (Worthington, 1936), there
is now a growing recognition of the potentially disastrous
consequences of food shortages and poor dietary habits in Africa.
In Nigeria, a number of nutritional surveys has been carried out
(Nicol, 19565 Osifo, 1970; Osxbeide, 1974; Collis et al., 1962,
1967; ICNND, 1967). The scope of these surveys has largely
been limited to the examination of nutritive value of food items
eaten in different parts of the country and the effects of hunger
and malnutrition on the health of the population. No attempts
have been made {0 relate nuirient deficiencies to the seasonal
availability of food crops.

In a dietary survey conducted among children in Kaduna,
attention was drawn to the seascnal variation in the diet, The
caloric value of the diet was loweat at the end of the dry
* gpeagon in March and highest in September. Bimilarly the intake
of profein was lowest in June and highest in September being
’ largely dependent wpon the amoun%s of cowpeas, yams, beef and
dried fish eaten. The amount of ascorbic acid supplied by the

- diet was found to be highest in June during the mange season
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and lowest in March, In the same study some clinical eymptoms
of nutritional deficiency such as gingivitis, follicular
hyperkeratesis and angular stomatitis were reported in children
aged 4 to 6 years and 10 to 12 years between the harvest and
planting seasons (Nicol, 1956, Chartres, 1951). A highex
incidence of poox nutrition and thinness was found among school
girls during the late dry season in Northern Nigeriaz. Seasonal
deficiency cf ascorbic acid was also suggested especially among
people of Hausa tribe afflicted with the red, swollen and
bleeding gums (Wilscon, 1$54).

A gtudy of the diet of l2-year-old cﬁildren of Iho and
Yoruba salaried officiala living in Kaduna, revealed that the
diet supplied inadequate amount of ascorbic acid (Nicol, 1958).
According to the same survey, intake of fresh fruits and
vegetables was generally low during ten menths of the year
except from mid April to mid June when mangoes are in seascn,

In the last two decades, there has been increased variety
of foéd avalilable to the consumer through better metheds of
farming and importation of foodstuffs to supplementi logal
production, Tt is also undoubted that there has been general

improvement of the food/habits of most Nigerians thereby resulting

in better health and nutrition. It is therefore necessary to
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follow up the dietary patterns of Nigerians tc ascertain the
extent of this improvement.,

Children aged two to four years are just being introduced
to the adult diet and have been reported not tc have a liking for
vegetables (Wilson_gj_gl.. 1974). Since vegetables constitute
the largest source of ascorbic acid, it is necessary to examine
the diet of this age group to ascertain whether their low intake
of vegetables provide an adequate dietary ascorbic acid, The
replacement of milk teeth normally occurs between the ages of
five to seven and because ascorbic acid hag heen found necessary
for dentine formation (Marks, 1968), it is desirable that the
diet cof this age group be adequate in ascorbic acid, Many
reports (Andrews and Brook, 1966; Griffiths et al., 19663
Brocklehurst et al., 1968), have indicated low intake of
ascorbic acid in the elderly but no such evidence has been
observed in Nigeria,

The present study was therefore to investigate the food
consumption habit of some selected Nigerian households living
in rural, sub-urban and urban lecationg of Zaria distriet, and

establish seasonal variation in ascorbic acid intake of

subjacts of different age groups.
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MATERTALS aND METHODS

Selection of Sample Households

Survey locations for the food consumption gtudies were
gelected in and around the Zaria town. Twelve locations were

studied, these were five rural villages (Bomo, Hunkuyi, Basawa,

' Zangon-Aya and Shika), four sub-urban locations (Samaru, Palladan,

Jema'a and Wusasa) and three urban locations (Pabon Gari, Tudun

Wada, and Zaria City) (Fig. 1). Contacts with the selected

families were made through the village heads and Home Economics
Extension workexs, who had been working with the families in
other types of surveys.

Families were chosen from as wide Bample of the population

as possible to include variations in occupation, socio—economic

" level, tribal or cultural background, size of the family, A

total of one hundred and thirty families were surveyed in the
twelve locations representing a total population of one thousand

and twelve subjects (Table 1),

~ Background information

Background information was obtained from all survey locations
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between October and Wovember, 1976. Information sought included
types of food availadble, planting and harvesting pericds and
marketing patterns of crops commonly found in the locations at

different seasons of the year.

Focd Consumption Survey

The food consumption suxrvey conducted between October 1977
and September, 1978 was planned to include one full year for the
obvious reasons of seasonality. The survey year was divided
intc two six-month periods; = October to March which
corresponds io the dry season and April to September, the wet
sgascon. The purvey included weighing of food consumed recording
dietary intake and obtaining further information on socio-
economic status,; food supply, food preservation and meal
patterns using a questionnaire for literate respondents and
conducting an interview to obtain the same information from
illiterate respondents, A pilot study was conducted using the
questionneire, 4s a result of the pilet study, it became
necessary tq modify and reduce the length of the questionnaire,
A detailed ggetary survey was conducted using 102 subjects
during December 1977 and January 1978 corresponding to the

)
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middle of the dry season., Wuring June and July 1978, a second
set of dietary study was conducted in the same families to
cbtain information for ascorbic acid intake during the rainy
sedson. Food consumption was determined during s consecutive

five day pericd following a two-day preliminary period,

Interview Schedule
Baeh household was interviewed three times during the dxy
and again during the rainy seasons., The interview schedule ig

shownl below:

Season  Stage Months Interview
Beginning October to November Ist

Dry Middle December to Januaxy 2nd
End February toe Maxrch 3rd
Beginning April to May lst

Rainy Middle June to July 2nd

End Aggust to September 3rd
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Collection and Analysis of Food Samples

Samples of raw and cooked food conpumed by the respondents
were collected in separate plastic wide mouth jars with covers
and transported to the laboratory under normal atmogpheric
temperature. Ascorbic acid determinations were carried out
immediately on arrival in the laberatory on the same day of
collection or when not possivle were refrigerated at hOG for a
maximum of 48 hours.

The phonyl-hydrazine method of Schaffert and Kingsley (1955)
was uged for colourless foods while the bromosucciniamide method
of Evered (1960) was used for highly coloured foods. It was
observed that the Schaffert and Kingsley (1955) method was un-
suitable for highly coloured foods since they contain pigments
which absorb light at about the game wavelength as does 2; 4
dinitrophenyl-hydrazine. This interfers with ascorbic acid
determination because the cosazones produced could not be read on
the spectrophotometer. However, the titrimetric method of
Bvered (1960) using N=bromosuccinimide was found suitadle for

the c¢oloured foods,.

Determination of total ascorbic acid by phenyl-hydrazine method

(Schaffert and Kingeley, 195%),
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Reagents

1. Ascorbic acid (BDH)
Standard sclution was prepared by dissolving 100mg of
ascorbic acid in L% {w/v) trichloroacetic acid made to a
volume of 100wl. Two ml of this stock standerd solution
wag diluted with L% trichloroacetic acid to 100ml, One m}
of this sclution contained 20ug of ascorbic acid,

2, TPrichlorcacetic acid Lw (w/v) agueous solution,

3. Activated charcoal (Norit).

Y. Thioureas 1Ogm thiourea (BDE) was disgolved in 50ml of
ethyl alcohol and diluted to 100ml with distilled water,

5. 2, 4 dinitrophenyl-hydrazine 2g of 2, lj~dinitrophenyl-
hydrazine (BDH) were dissolved in 100ml of 9N sulphuric
aeid, It was left overnight and filtered through Whatman
No. 42 Filter Paper.

6. 85% sulphuric acid {R.G) 900ml of concentrated sulphuric

acid was added to 100ml of water,

7. Oxalic acid 0.5% (w/v) agueous solution.

Procedure A

- Twenty five ml of the working standard was shaken vigorously

with half teagspoon of charceal for one minute in an ESrlenmeyer
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flask, The mixture was filtered through a Whatman lio. 42 filter
paper, Aliquots of 0,0, 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0ml of the
filtrate were taken into seven test tubes and volune made to Lhml
with L% trichlorcacetic acid., One drop of thiourea and one ml of
2, h dinitrophenyl-hydrazine were added and the tubes incubated
for ten minutes in a water bath preheated to 100°C, The tubes
were cooled in crushed ice. Five ml of 85% sulphuric acid were
added dropwise to each tube, mixed and aliowed te stend for ten
minutes, The transmittance of these colours formed were read at
El5mm in a spectrophotometer*. A standaré curve of abgorbance
versus concentration of ascorbic acid was drawn (Fige 7).

Four gram portion of the food sample was weighed intc a
waring blender containing 96ml of 0,5% oxalic acid and was
pulverised for ten minutes and filtered through a Whatman No, 42
filter paper. To 20ml of the filtrate, half teaspoon activated
charcoal {Norit ) was added and shaken vigorously for one
minute. The extract was filtered again through a Whatman No. 42
filter paper,

Four ml aliguot of the filtrate was ireated exactly as in

case of ptandard sclution described above., Triplicate determina-

# Bausch and Lomb Spectronic 20,
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tions were made for each food sample. Ascorbic acid content was

evaluated from the absorbance with reference to the standard

curve, The reaction is shown below:

0 = G- 0= G-, 00=9'°H.nmitro 0=C - OH
HO-—- - by TR gI: 62 o4 phenyl ‘L
? . +2H T a o hydra- RHMN =
: ! ] 7 T zine !
HO~———t | 0=¢ i 0 = Cmmn SRHNN =
; ] : ; ] ‘
: : : . i 1
s am—— ?._,4,__. - H.,.....C [ H"'"""g ~0H .
| : } o
HO-or e - HO —&-H HO - {—H B G OH
H_OH c .
é , ¢H,,0H H,_OH HO~-~ Qe B
2 2 2
i,,0H

Bis~2, 4 dinitro-
phenyl~hydrazone

Determination of ascorbic acid by N-breomosuccinaimide (Bvered, 1960).

Reagents
1., A stock solution of N-bromosucoinaimide {BDH)
| was prepared by dissolving 200mg of the crystals in warm
wvater; cooling and diluting to 100ml, This solution was
stable for two days in refrigerator, Just before use, the
gtock solution was diluted 10 times with water., One ml of

the diluted solution was eguivalent to 20ug ascorbic acid,
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2. Glacial acetic acid.

3. Potagsium iodide L% {w/v) ageous solution,

4. DHethylether.

5. ascorbic acid {BDH)
Standard solution was prepared fresh each day by dissoving
20mg of ascorbic acid crystals in 1% (v/v) acetic acid and

made to a volume of 100ml,

Procedure

Ten grams of the solid food sample was thoroughly blended
and transferred to a 100ml volumetric flask with 1 V/V acetic
acid diluted to mark with the same reagent, The mixture was then
filtered through a Whatman hNo. 42 filter paper. For highly
viscous mixtures, filtration was done under sunction using
Buchner apparatus. In case of fluid gamples, 50ml of the sample

was transferred into a 100ml wvolumetric flask and diluted to

mark with 2% acetic acid., The mixture was then filtered through

a Whatman No, 42 filter paper,

Five ml portion of the extract was transferred to a 25 x 100
mﬁ test tube, one ml of glacial acetic acid and ©ml of potassium
jodide soluiions were added and mixed thorouwghly, Three mli of

diethyl-ether were added to form an immiscible upper layer. The
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contents of the test tube were then titrated with N~bromo-
guccinaimide solution, The tube was shaken after each addition
of the titrant and was allowed to settle until the upper layer
. separated,

The end point was indicated by the first appearance of brown
colour of liberated iodine in the upper layer, A blank titratien
was carried out using Sml of water to replace the diluted sample
exiract, The blank titration indicated the volume of N=-bromo-
guccinaimide solution necessary to impart a definite colour to
the diethyl-ether layer, The N~-bromosuccinaimide solution was
standardised guing the same procedure but titrated against Sml
aliquots of the standard ascorbic acid solution.

The reaction proceeds quantitatively in equimolar

concentrations according to the equation:

-0
0 = g R
I \q
HO~-- ¢ «Br
Lo /
HO-—e ; i
, ,' R
I ! i
- 5
HO- -0 = H
i
tH, OH
2 0

0 + r’}’,,;NH + HBr
R
! i
S R
HO —Cl}H
CH,,OH
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Statistical Analysia

SJignificance of the difference between the means for
agcorbic acid intake within each age group in all locations
during the two seasons was tested bty student's t-test as

described by Snedecor and Cochran (1971},

RESULTS

Socic~Economic Characteristics of Families included in the Food

Consumption Survery

Families which participated in the food consumpition gsurvey
were from different ethnic groups, Hausas being predominant
(Table 2). The Hausas, Fulanis, Kajes and Jabas are the normal
inhabitants of Zaria area whiiz!the other ethnic groups are
immigrants, These immigrants included in this study have had a
minimum of ten years residence in Zaria area. |

Average family size was 7.8 persons. About two-fifth of
the families had thirteen to twenty members in each and ancther
third hed twenty or more (Table 3). These are characteristics
of Nigerian society and the persons living in the same household

usually comprised of man, his wife/wives, children and other

relatives,
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In this study particular attention was paid to ihe education
of heads of familiers, the wives and other people connected with
food preparation since it is thought that the level of education
might influence food selection as well as cooking procedure, It
was observed that a large percentage of respondents from the
rural housgeholds have no formal education, bGeattered within the
gub~urban and urban population are respondents with various
levels of education ranging from adult literacy training to
University education, Closely related to the level cof education
is the occupation of respondents.

The main cccupation of rural men in dry and rainy seasons
is farming, Other main occupations cbserved include tailoring,
bricklayering, trading and teaching (Table h). In addition to
their main occupation one-~third of the men have part=time jobs
to supplement their income., All women with the exception of the
old ones interviewed, were responsible for cocking., In addition
1o household responsibilities, most of the women have §QQ§_form
éf income generating Egtivity which they do at home, Such
activities include food preparation and selling, pounding
graing for other women, cap-making and mat-making.

In the sub=urban locations, eacupational patterns of

respondents varied from craftmanship, farming fo wage carning,
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but majority of the respondents were employed by the Almadu
Bello University (Table 5), In audition to their regular
pecupation about 75 per cent of the respondents indicated that
they do some gardening and livestock keeping arcund their housea
in response to the Operation Feed the Nation Campaign, In
contrast to the respondents in the rural areas only two people
reported having part—time jobs to supplement their income, Some
women in Palladan and Jema'a where the Muslimg predominate were
in purdah and their occupational patterns relate closely to
their counterparts in the rural areas., In Samaru and Wusasa
where there 1s a preponderance of Christians or immigrants,
elghty five per cent of the women had jobs cutside their homes
and this ranged from trading to University administration,
Occupation of urban male respondente ranged from farming,
wage earning ta trading (Table 6), Thirty six per cent of the
female respondents had jobs outside theix homes. Ifost women
interviewed in Zaria City and Yudun Wada which are predominantly

Muslim areas were in purdsh and therefore engaged in jobs which

. could be done within their homes such as cap weaving or and

pounding grains for other women,
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Food Supply

The results of the farm survey indicate that most crops are
geasonal and they are planted at the beginning of the rainy
geason that is in May and harvest season atarts from August and
may extend till November depending on the maturity of the crops.
However, farmers in riverine areas produced vegetables such as
spinach, ockro, peppers, tomatoes all year round because of the
availability of water from nearby streams. It was also cobgerved
that the appearance of most food crops in the market correspond
with the harvest time and may last as long as five months., Owing
1o non~availability of good processing and storage facilities
most of the fresh foodstuffe are available in the market for a
few months after the start of harvest. Table T shows planting
and harvesting time of crops grown. In addition to food erops
grown on farms around Zaria area, in the market are other foods
such as citrus fruits, pineapple, bananas which are imported
from heighbouring States, The rainy season is usually
characterised by an abundance of fresh fruits and vegetables, but
ag soon asgs the dry geason sets in, less of the fresh vegetables
are available, rather there is a lobt of dried vegetables. There

are certain fruits which are available in the market during the
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dry season only, some of which are mangoes, sugar cane, carrots
and garden eggs. The consumption of these fruits contribute to
the ascorbic acid intake of the residents of Yaria during the
dry seagon. Jhuring the period of this survey it wag obgerved
that fresh vegetables were more abundant in the market than the
previous two years probably due to a longer rainy season,.
During the food consumption survey, respondents were agked
to indicate the source of the foodstuff they consumeé. Thig
spurvey shows that within the rural population, 85% of the
respondents produce most of the foods they consumed which
included guinea corn, millet, maize, beans, spinach, onions,
garden egg, carrots, sweet potatoes and yams. However, during
the dry season most households huve to buy some fresh
vegetables to supplement the dry ones preserved, Ninety five
per cent of the households vigited had in or around the
compcund a baobad tree which is a source of bacbab leaves
called "Kuka'", HBoth the fresh and dried leaves are used in

y

goup making, !
In the sub-urban location, the pattern of food supply
deviated from that observed within the rural population. Most

foocdetuifs are obtained from the market since BL% of the
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L
respondents are non-farmers., However, during the rainy scason

a lot of backyard famming is done where vegetables such as
tematoes, spinach, garden eggs and peppers are produced, The
patterm of food congumption varied from that observed in the
rural areas because of the variety of ethnic groups that inhabit
the sub-urban areas, Foodstuffs eaten include yams, groundnuis,
rice and leafy vegetables. O0{nly three houses in Samaru had
Baobab tree, all other households which g¢onsume "Kuka" obtained
it from the market. The consumption ¢of some commercially
produc?g foodstuffs was observed within the sub-urban households,
such as‘gfange drinks.

Except for the farmers in Zaria City the wrbon respondents
obtain their food from the markets. Due to the congestioﬁ
characteristic of urban areas respondents from Sabon-Gari and
Tudun Wada do not practice any backyard gardening and therefore
rely on the market for their supply of vegetable throughout the

year,

Seaacnal Food Consumption

Dry Season: Foodstuffs eaten during these pericd are sweet

potatoen, yame, rice, groundnuts, millet, guinea corn, mairze,
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The Hausas and Fulanis in all the three survey locations consumed
a lot of sweet potatoes while the Tivs, Idomas, Yorubas and Kajes

consumed a lot of yams, Between November and December sugar cane

is harvested and the consumption of this foodstwff waes prominent

in a1l the survey locations. Vegetables consumed during the dry
season are gpinach, sorrell leaves, baobab leaves, okro, kalkashi,
bitter-leaf, water leaf, tomatoes and red peppers. Within the
rural population 8% of the households used mainly dried baobab
leaves, dried okro, kalkashi and peppers during the dry season
while 476 mixed the dried vegetables with gome fresh ones usually
in the ratio of 3:1, OGuch mixing of vegetables was also observed
ameng the sub-urban populatiens but the proportion oi people
using such a mixture was considerably less. As a reswlt of dry
geason farming such vegetables as okro, spinach, sorrell leaves,
kalkashi, peppers were available fresh in the market during the
dry season bul they were much more expensive than they normally
were during the rainy season. Decauwse of this very few people
could afford the fresh vegetaivles.

The congumption of fruits such as oranges, pawpaw, pine-
apple was not significant in all the survey locations probably
due to their high cost since they are mostly imported from the

gouther States, It was however, observed that 10-12% of the



69

gample population within the sub-urban and urban locations
consumed manufactured fruit drinks which is a source of ascorbie
acid., This is in agreement with the findings of Reiff (21959).
Between January and Februsry carrots and garden eggs are
harvested, Theee fruiis vere eaten as enacks in all the housew
holds interviewed and they may contribute significant gource of
ascorblic acid to the diet. Az the dry secason draws to an end
in the month of April, mangoes become ripened and are consumed
by all households within the three survey leocations.

It was observed that during the dry scascon a cooling
beverage “Kunun Zaki" made from fermented guinea corn was

consumed by more than 704 of the sample households,

Rainy Season: Foodstuffs consumed during the wet season
do not differ significantly from those eaten during the dry
geason except that they are fresh, Vegetables such as spinach,
bitterleaf, baobab leaves, sorrell leaves, water leaf and peppers
are available in abundance, they are cheaper and are eaten more
regularly, The apcorbic acid content of these foodstuffs are

shown in Table B8-13,
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FOOD PREPARATION

In all the swrvey locations, the task of food preparation
was found to be that of the wife/wives in the different fumilies,
Sometimes the grown up girls in the homes do help in foed
prevaration., In the rural households three meals are cooked
everyday probably due to the fact that the women do not have any
occupation outside their homes. The regpondents in the rural
locations use mostly methods of boiling and stewing for food
preparatiocn, Occasionally they fry foods such as potatoes,

Begcause of large fruction of the sub-urban respondents are
wage earners, two or three meals are coocked everyday. However,
the method of food prepavation do not differ significantly from
the rural respondents.

In the urban locations, two to three meals were cooked
everyday. Those whose jobs take them out of their homes for most
of the day ate the afternoon meals away from home, The effect of
the different methods of food preparaticn on ascorbic acid

retention will be discussed in chapter five,
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MEAL ANALYSIS

Morning Meals

The pattern of conpumption of various food itens at the

morning meal shows considerable variation in the survey locations,

Rural

The favourite foods for the morning meals were either "Koko!
or "Kunu" and “Kosai" or left-overs of "Tuwe" and "Miya". In
most cases “Koko" or "Kosai" was purchased commercially, Eighty
five tc ninety per cent of the families reported this type of
morning meals. It was observed that during the rainy scason
the consunption of "Kosai®" dropped probably due to the high cost
of beans, The consumption of freshly made tuwo was reported in
5% of the homseholds., ¥ive to ten per cent reported the
consumption of tea and bread.

In the rural locations morning meals were taken quite early
usually between 7,30 a,m, and 8,00 a.m. However, in three
household in Bomo and Bhika, it was ¢bgerved that morning meals
were eaten much later, This was sc because some of the children
attended the nearby primary schools and they usually had a break

at 9,00 a,m, tc come home for breakfast.
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Food analysis, showed that families which ate "Koko", "“Kunu"
andKogal'" in the morning had no ascorbic acid in their morning
meale while those who ate left-over or newly made "fuwo' and

"Miya" had between 5 and 1Owmgs.

Sub=-urban

The Haugasg and Fulanis resident in the sub-urban areas
reported taking “Koko"™, "Kunu" and "Kosai in the mornings. The
favourite foods for the other tribes within the sub—urban
locations are tea and bread or yam and stew, In about five per
cent of the families whose main occupation is farming "Tuwo" and
"Miya" are common morning meals. It was obgerved that yam and
stew and Mliya" contributed to the ascorbic acid intake of the

respondents,

Uxban

Seventy-five per cent of the farmers of Tudun~Wada and
Zaria City reported eating "Tuwo" and "Miya" as morning meals
while the other 25% reported eating "Koko", "Kunu" and "Kosai®,
Elghty per cent of the traders reported drinking tea and eating
bread while the other 200 did not have morning meals. Among

the non-Haugas living in the urban locations, the consumption
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of tea and bread was reported as the most favourite morning meal,

Mid=day Meals

The main mid-day meal reported by respondents in the rural
areas included yam pottage with vegetables, guinea-corn pottage,
YFura® and Nono®, "Tuwo" rice and vegetable soup; yvem and stew,
sweet potatoes and stew, semovita and vegetable soup. During
the rainy season it was obgerved that 9006 of the families ate
pottage and vegetable scup due to the abundance of fresh .
vegetables at this time. On the other hand during the dry
season 95% of the families preferred fura and nono due to its
cooling effect. About 58% of the families ate commercially
prepared "Fura' and "Nono" while others made theirs in their
homes,

0f the rural men, 3J.4% are full time traders who had their
mid-day meal away from home, Such meals usually consisted of
“Iura" and “Wono" or groundnut cake with some form of leaves
MRama" or "Zogale",

Within the rural population the complete absence of cassava
meals was noticed, Vegetable soups that are more commonly eaten
are "Kuka", Ckro, "Miyan taushe", melon/spinach, "Kalkaghi®

pumpkin/sorrell, rama, bitterleaf.
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In the sub-urban locations, the pattern of mideday meals
varied sharply from that observed in the rural arcas. Foods
that are commonly eaten as mid=day meals include riece with
vegetable soup, yam pottage, cassava, pounded yam, Some
imperted commercial foods such as macarroni, spaghetti,
semovita, were reported in families whexc the heads were craft~
men or wage sarners. The farmers within the subwurban locations
were Hausas and Fulanis and their pattern of mid-day meals was
similar to that reported in therural areas, Among the non-
Hauga respondenta of the sub-urban locations vegetable goups
which are mostly consumed are spinach, melon-spinach, okro,
"ayoyo" beanseed and bean soup.

The fammers respondents in the urban areas reported eating
yam pottage, sweet potatoes, pottage and guinea corn during the
rainy season while most of them ate "Fura" and "Nono" during
the dry season sigce very little farming was done at that time.
Seventy-five per cent of the traders reported eating commexrcial
mid~day meals away from home vhile the remaining 25y carried
their mid=-day meals with them from home. Meals that were bought
include rice and stew, yams and stew, "Alele", "tuwo" and "miya”

cagsava and vegetable soup, "fura" and "nono".
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- Bvening Meals

The majority of evening meals reported by farmers in all
three survey locations consisted of "Tuwo" usually made from
the guinea corn, millet, maize or rice and wvegetable soup, The
most popular soup among the Hausa/Fulani farmers is YKuka" which
is made from haobab leaves. It was observed that this soup was
consumed at least once a day since 9T% of the households had
Baobab trees within their homes and for others who did not have,
it was always within an easy reach from a neighbour's house,

Commercially prepared feood items were unfrequently eaten at the

" gvening meals,

Amogg the wage earners and crafts-men it was observed that
in addition to cercals, various starchy roots are often consumed
in the evenings. These were also eaten with vegetable soups,
Snacks

Tiﬁes of eating snacks varied from one individual to
another and depends meore on needs rather than a pattern of
eating, bSuch snacks eaten include kolanuts, roasted groundnuts
boiled groundnuts during rainy season, groundnut cakes, or some

commercially prepared foods such eas biscuits, dates, popcorn,
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bean cakes, "alkaki", boiled cassava., During the dry season,

snacks usually included carrots, mangoes and garden eggs,

SOURCTS OF ASCORBIC ACID IN THE DIED

The chief source of ascorbic acid in the diet of all the
reapondents is vegetables. Only 3% of the respondents in the
sub~urban and urban locations reported the consumption of citrus
and other fruits such as pineapple and bananas, In the rural
locations dried Baobab leaves and okro both fresh and dricd yheeh
are made into soup form the chief source of ascorbic acid, Othex

vegetables which are wuge mainly during the rainy season are

. “kalkaehi", sorrell, "rama", "spinach" and"zogale"., In addition

to these leafy vegetables, red peppers, sweet peppers, tomatoes,
hot red peppers and onions also contribute to the ascorbic acid
intake., During the dry season more dried vegetables are consumed,
however, between November and Lecember sugar cane is harvested
and in 100% of the rural households consumpiion was reportsd to be
between 70 and 100g per day which contributed about L to émg
ascorbic acid to the diet. Also during the dry season the
conpumption of_"fura" and "nono" was reported. Consumption of

i
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"nono” varied from 120-250 millilitres per day which contributed

about 3,9 to 5,0mg ascorbic acid to the diet,
In the sub-urban and urban locations the consumption of

spinach (Amaranthus candatus) was very rampant, Other vegetables

which contribute to ascorbic acid intake are peppers, onions,
“Yayoyo", okro, sorrell leaves, bitterleaf and water leaf. The
congumption of commercial fruit drinks was reported in 1,5% of
the urban and sub-urban households. These fruit drinks alse

aontribute te the daily ascorbic acid intake,

FOOD PHESERVATION ' K

Respondents in all three survey locations reported some form
of food preservation durinyg the dry seuson. These preserved
vegetables are used when the fresh ones are scarce during the dry
geason, The mogt popular method of vegetable preservation was
drying.

Vegetables that were preserved by drying included Daobab
leaves, bitterleaf, "kalkashi", "ayoyo", ckro, red peppers and
sweet peppers, In the urban and sub-urban locations, 8% of the

respondents reported the preservation of yams as yam flour,
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Those vegetables that would be drisd were collected at the end
of the rainy season and dried usually on the roof of houses or on
open fields zdjacent to the houges. Drying usually tcok one or
more weeks or somelimes shortern than this during the harmattan,
The dried vegetables are then stored in calabashes or bottles.

Storage and use of these dried products ranged from 2-12 months.

DIETARY SURVEY

The distribution of subjects studied in the dictary survey
is shown in Table 1L, 'he daily ascorbic acid intake of
gsubjects in the three age groups is presented in Tables 15, 17
and 19 respectively., Detailed daily food consumption in dry

and rainy seasons 1s presented in Appendix 2-19,

Children, two to four years old

The mean ascorbic acid intake of alli children, two to four
years old, was 34.69mg/day in the dry season and 48.62mg/day in
the rainy season, All the children had ascorbic acid intake
higher than 15mg/day which is the Wigerian recommended allowance

(Igusogie, 1971). Aascorbic acid intake was highest (5k.7meg/day)
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among rural children during rainy season and lowest (31,23mg/day)
among sub~urban c¢hildren during dry season, The high intake of
ascorbic acid by the rural children could be atiributed to the
consumption of fresh baobab leaves which contributed to an
extent of 31-3img per day. Vegetables constitute the major
source (80-88 per cent) of ascorbic acid in the diet of
children, two to four years old during rainy season and (7279,
per cent) during dry season; while fruits contribute 5,68«
12.60% of the nutrients in both the seasons (Table 16), Fruits
which are eaten in significant amounts are garden eggs and
augar cane, Consumption of pineapple and orange drinks wasg

reported among the urban children only.

Children, five to seven year old

The mean daily intake of ascorbic acid was higher during
the rainy season (6L.74mg/day) then during the dry season
(L6.91mg/day) (Table 17)., The mesn values represent a highef
intake of ascorbic acid than the allowance of 20mg/day
recommended for the Nigerian children (Idusogie, 1971). The
sources of amscorbic acid in their diet is shown in Table 18,

Vegetables contribute 77.0-85.79 during the rainy season and



e

s

80

£3.26-73,00% during dry season, In the urban and sube-urban
locations processed fruit drinks contributed 10-28% of the
ascorbic acid intake, Only one subject in the urban location

reported the consumption of fresh citrus fruite,

Aged People 55 to 72 years old

The ascorxbic acid intake of twenty aged people 55 to 72

- years o0ld is shown in Table 19, The mean daily intake of

ascorbic acid during the rainy season was higher (51.93mg/day)

than in the dry season (37.89mg/day). Similarly as in other

2 e

age groups, rural adults had {the highest intake of ascorbic
acid (75.22mg/day) during rainy season while urban adults had
the least intake (33.21lmg/day) during the dry season.

Although food consumption was particularly low in these
adults, they stil) had a daily ascorbic acid intakc higher than
30mg/day the recommended allowance for Nigerian adults (Idusogie,
1971). e contribution of difference sources of ascorbic acid
ig shown in Table 20, The main source of ascorbic acid was
vegetablea. No subject took any citrus fruits during the period
of study. However, other fruits such as garden egg and kolanute

were congumed,
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DISCUBSTION

Contrary to claims (Micol, 1956a) that there is lack of
fresh fruits and vegetableg all year round in Northexrn ligeria,
the findings of this food consumption survey revealed that
within the selected population, fresh vegetables were availadble
all year round due to dry season farming, The study repeorted
here also shows that sorghum, millet, rice, maize, cowpoas and
groundnuts which are the loecal staples contain little or no
ascorbic acids The vegetable soups which are scrved aleng with
these siaples therefore become the obvioua source of ascerbic
acid, An important source of ascorbic acid in the rural areas
wap found o be baobab leaves which can be used bYboth dried and
fresh., Other leafy vegetables which are good gources of
ascorbic acid are sorrell, "Kalkasghi", “rama", and "zogale",
During the rainy season large consumption of fresh vegetables
raiged the ascorbic acid intake to a relatively high level
whereas ascorbic acid intake was found to be lower in the dxyy
season due to the use of dried vegetables. However, the
consumption of dry season fruits such as sugar cane, garden

eggs, carrots and mangees increases the ascorbic acid intake to
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g level almost comparable tc that obtained during the rainy
Beason. It is the impression of the author that further
developuents in hoth agriculture and food industry will
aliminate scasonal fluctuations in available foodetuffs,
Purthermore in these rural areas, the Pulani who sell milk
in the local markets, have discovered that an emulaion of the
vhite pulp in baobab frult makes an excellent and inobtrusive
adulterent of milk., This custom augments the ascorbic acid
content of milk and supplements the amount of the vitamin in the

local diet, This milk is consumed with millet balls and is

known as "fura da nono", This dish is a favourite mid-day

meal among the Hausas and Pulanis and from these investigations

it contridutes 3,75m&0% to their ascorbic acid intake., This

finding offers some support to previous studies by Nicol (1956b),
It 13 thercfore imperative that efforts should be diverited at
propagating baobab trees being a natural habitat of the arid
zone and also a cheap source of ascorbic acid,

In the sub-urban and urban locations, the high cost of
citrus fruits limits its use even though contains very high
amounts of ascorbic acid. The people in these locations also use

vegetables to provide ascorbic acid in their diet, In contrast
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to that observed in the rural areas, only about % of the
population of these locations, use bhaobab leaves while others
uge more spinach, okro, peppers, bitterleaf, "ayoyo" and water
leaf, probably due to ethnic heterogenicity. Less seasgonal
fluctuations in aseorbic acid intake was obgerved probahly due
to availability of fresh vegetables in the markets all year
round, However, the high coat of these vegetables during the
dry season reduces their use,

There appears to be some variation in the ascorbic acid
content of foodstuffe, fruits énd vegetables analysed. Although
the majority of the estimetions were cloge to the mean value,
there were occagional large variations and the table therefore
includes the maxivum and minimum values. Factors that could
sccount for these variation are known to include genetio
constitution, methods of propagation, seil and climatic conditions,
irrigation and fertilization, age or maturity at time of harvest
and length of storage before use (Joslyn, 1970), However, the
mean values of ascorbic acid content of focdstuff and vegetables
in Zaria area correspond very well with those obtained by Oke
(19661) who analysed vegetables and foodstuff produced in

Ibadan area,
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Unless conditions of processing of foodstuff are known, it
is almost impossible to predict the ascorbic acid content of a
diet merely from a knowledge of the type and quantity of food
consumed, It is also imperative that such processed foods must
be pubjected to chemical assays. Various methods of processing,
cooking and storage of vegetables in Nigeria resulted in losses
ranging from 21,3 to 87.3 per cent {Chapters 5 and 6), This
result indicates the importance of finding better processing and
storage methods which will minimize ascorbic acid loss, However,
since on the average, an adult consumes between 300-500g of
vegetables daily which represents an intake of 20-35mg of ascorbi§
acid, it is possible that their ascorbic acid requirement would

be met by consumption of vegetables only.

Although kolanuts are produced in the southern Siates of
Nigeria, they are available in Zaria area all year round, The
congumption of kolanuts among the Fulanis and Hausas in
particular may average about 200g per day per person and this
represents an ascorbic acid intake of 38mg.

The wide scatter in ascorbic acid intake of children two
to four years old may partly be due to variastions in age and
activity level, Ten subjecis were very active, they had a

higher total food consumption and therefore a higher ascorbic
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acid intake, Intake of ascorbic acid was significantly
(P £ 0.05) higher during rainy season than in the dry scason
for children in rural and sub=urban locations, In the rural
locations, the uwse of fresh baobab leaf soup contributed a
congiderable amount of ascorbic acid (80mg/100g) to the diet
during the rainy season. During the dry season however, soups
are made from dried baobab leaves which contributed only 3lmg/
100g to the diet, Although all subjects consumed the same
type of cooked vegetables most of the time, the various methoda
of cooking could have caused variable loss of ascorbic acid
thereby resulting in varying level of ascorbic acid intake, In
addition reheating of cooked food might also be partly
regponeible for the reduced ascorbic acid intake, The lack of
citrus fruits and fruit juices was particularly noticeable among
fthe rural children, rather a congiderable porftion of the
ascorbic acid was provided by the native sour milk (‘“*nono")
which containg 3.limg% ascorbic acid, It is noteworthy that
"nono" contains more ascorbic acid than other milk consumed
except sterilized milk, the consumption of which was very low
in the population studied,

There was significant difference (P £ 0.05) in ascorbic

acid intake during the rainy season between rural and sub-urban
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and rural and urban children. No such differences were found
during the dry season, Although food intake remaincd
ielatively the same during both dry and wet seasons, the use of
fresh vegetables during the rainy season may account for the
increased dietary availability of ascorbic acid,

? A seasonal difference in ascorbic acid intake was also
qbaerved in children 5 to 7 years old, 'This difference was
éignificant (P £_0.05) between the rural and urban children.

In an earlier study (Nicol, 1956b) the ascorbic acid intake of
farmer's children aged four to six years was reported as 10mg/
. day as calculated from food composition table, The results
obtained by chemical analysis of food in this study indicate
that ascorbic acid might be due to the effect of increased

food availability and general improvement in food habit, health

and nutrition of most Nigerians compared to what they were two

decades ago, In addition some of the differences between

© Nicel's results and that reported in this work might partly be

due to ghe methods of investigation, Ascorbic acid values obtained
by food composition tables tend te be considerably higher or
|

lower than those obtained by chemical analysis of the foods in

particular area which gives a more accurate information
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(Joslyn, 1970), A comparison cof ascorbic acid values of foods
reported by Platt (1945), Food and Agriculture Crganisation of
the United Nations, Nutrition Vivision (1968) and those
.obtained in this study is shown below., The higher wvalues
obtained in this study compared to that of Wicol whe used
Platt'e table could be due to variety, maturity, soil
conditions or agronomic practices all of which affect ascorbie

acid content of foodstuffs (Wilson et al., 1974).

A comparison of ascorbic acid values of foods using food
composition tables by Platt (1945), FAO (1968) ond that

obtained in this study

FOODS Ascorbic acid  Ascorbic acid  Ascorbic acid
values values values
(Piatt, 1945) (a0, 1968) obtained in
this siudy
Guinea corn meal 0 0 0
Millet meal 0 0 0
Boiled yam 2 not determined 6.2l
Yam flour 0 not determined 0
Cassava meal flour 0 not determined a
Boiled rice Q not determined 0
Boiled maize 0 not determined 0
Plantain 20 20 9,62
Banana 10 9 27.35
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POODS Ascorbic acid Ascorbic acid  Ascorbic acid
values values values
(Platt, 1945) (Fao, 1968) obtained in
this study
Boiled sweet potatoes 6 not determined 10,73
Groundnuts roasted Q Q
Locut bean cake 57 2 170
Pumpkin 15 8 38,67
Melon seed 0 5 1,22
Mango 30 L2 25,40
Kolanut not determined not determined 18,28
Red palm oil 0 12 0
Groundnut 9il 0 not determined 0
Guava Lo 326 133,01
Pawpaw 50 52 98.43
Okro soup 20 not determined 20,01
Spinach soup 6.3 not determined 8.28
Water leaf not determined 31 19.4
Onionsg 15 11 28.5
Tomatoes 25 50 L0.3
Beef 0 Qo 0
Milk (aweetened.;
.- (condensed 1.01 not determined 2,27
Nono not determined not determined 3.75
Red peppers 45 121 78.7
Sugar cane not determined not determined 6.11
Baobab soup - not determined not determined 80,48
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The fluctuations in ascorbic acid intake during the dry
and reiny seasons would have been most evident but for the
consumption of dry season fruite such as garden egeg and sugar
¢ane, which contain a lot of ascorbic acid, These fruits axe
eaten raw and thereby increasee the amouni of ascorbic acid
consumed,

The present study offers mome support to earlier findings
of low dietary vitamin intaXes among old pecple at home
(Extoanmith, 19705 Milne et al., 197Lk; Dymock and Broeklehurst,
1973). Low intake of ascorbic acid among the aged, was
presumably duz to pmaller quantities of food consumed. It is
difficult to provide a diet with the increased amount of
ascorbic acid when the energy intake is lower such asg occurs
with the limited physical aetivity of o0ld age.

The highly significant difference (PcL_0.0S) in ascorbic
acid intake of rural old people during the rainy season compared
to dry seuscon could aleo be attributed to the consumption of
soups from fresh baobab leaves. Kolanuts which contain 19.0mgk
ageorbic acid are very well liked and are chewed regularly
egpecially by the rural adults and this contributed to the
intake of ascorbic acid., On the average an adult consumes

150~200g kolanut daily.,
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In conclusion, the diet of children two to four years old
and five to seven years old and of aged people provide adequate
amount of ascorbic acid all year around in the “%aria district
though intake was lower during the dry seagon,

The seagsons gelected for this study were middle of dry
season and middle of wet geason since thess were considercd to
be periods when intake of ascorbic acid were the lowest and the
highest respectively. It is obvious however, from the authors'
monthly observation of available fruits and vegetables that the
situations may not be very different early or at the peak in

the season,

SUMMARY

‘Beasonal availability of dietary ascorbic acid was studied
in gome selected rural, sub-urban and urban households in Zaria
distriect, A food consumption survey was carried out using 130
hougeholdg, Information was obtained on feood production and
supply, methods of food preparation and preservatiocn, type of
food:cbnsumed and meal pattern. Samples of fecod eaten were

analyeed chemically for ascorbic acid content,
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The results indicate that the consumption of fruits is very
low and so vegetables constitute the most significant source of
ageorbic acid. During the rainy season fresh vegetables are
abundont and the ascorbic acid reguirement is easily met,
however, during the dry season, dried vegetables provide the
ascorbic acid in the rural areas, In the subeurban and urban
areas some fresh vegetables are avallable as & result of dry
season farming. These are used in conjunction with the dried

vegetables to provide ascorbic acid. In all the three survey

locations, the consumption of dry season fruits such as

mangoes, garden egg and carrots supplements the ascorbic acid
intake,

The mean ascorbie acid intake for children two to four years
oid was 3k4.69ngfday during dry season and 48,62mg/day during
rainy eseagen, Children five to seven years old had a higher
ascorbic acid intake during rainy season {6L.76mg/day) than
during the dry season (46.91mg/day). A similar trend was also

exhibited by the old people with 51.93mg/day during rainy season

- and 37.98mg/day during dry season. Total ascorbic acid intake

was significantly (P 0.05) affected by season and location,

Maximum amount of ascorbic acid (98.97mg/day) was consumed by
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rural children during rainy season and the minimum (2L4,05mg/day)
by urban old people during dry season.

The most common source of ascorbic acid in the diet was
vegetable soups made from fresh and dried vegetables, It was
concluded that the diet of the subjects provided adequate amount
of ascorbic acid all year round with a maximum during the rainy
season, Rural subjects had significantly (Pg:.0.0S) higher intake

of ascorbic acid owing possibly to consumption of baobab leaves,
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TABLE 1

AGE AND SEX DISTRIBUTION OF RESPONDENTS IN THE FOOD CONSTMPTION SURVEY

RURAL JUE-URBARN - URBAN
. Zangon . Saban Tudun! Zeria

Lecatien Teme mEHwEr Bagawa Shika iya Samaru Palladan. Jema'a Wusasa Gari Wada _ City Tetal

Ne, of _ . '

Families 10 8 10 | 10 3 1L 11, W 1w 15,11 ¢ 13 130

Na. of | . :

Subjects 121 65 83 104 61 - 56 72 9 80 112 85 . 113 1,002

Age group _ ;

(Years) M FM F M F M F MF MF M P M P MF M FMNP MF M F
-1 9 8 2:1 5 Lk '6 10 3 2 - L4 4 - 32 35 107 9 5,6 3 111
2-4 5343 58 "m 8 6 3 1 3 6 3 2 3 24 6 8 7 3 104 i1
57 L 272 23 31263 21 53 L3 1L L4 682 37 o
8-10 61 § 2 35 6 354 12 L 2 32 617 T 252 3¢5 108

11-13% 7T4%3 25 5 321 23 51 34 L6 5322 45 8L

W-17 L 4L 38 37 6 925 27 4L 9 2 62 L 8L elag 128

18-35 81y 5 7 613 7 12 4 7 1e8 713 410 510 813 718 812 208

36~55 L1 2 2 5 3 3 L 5 2 L4 4 L1 4 6 5 7 7T 9 4 4L . 410 113

554 2523 K1 2 --1 2= -1 32 -3 14 32 6 u 59

TOTAL 51 7834 31 34 49 43613329 24 32 3933 28 L2 wq L8 352 60 L9 36 L& 57 1,91¢

M = Maleg ¥ = Female
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TABLE 2

ETHNIC GROUP OF FAMILIES INCLUDED IN THE FOOD

CONSUMPTION SURVEY

Ethnic Group Number of Families Number of Subjects
Hausas 47 cL6
Fulanis 19 112
Kaje/Jaba 15 89
Tiv 8 33
Idoma 11 66
Yoruba 13 79
Kanuri 8 LC
Igbo 2 17
Efik 3 14
Shuwa L 16

TOTAL 130 1,012
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TABLE 3
S8IZFE OF FAMILIES INCLUDED IN THE FOOD

CONSUMPTION SURVEY

Number in Family Number of Families Per cent
8-12 ' 21 16.8
13-19 52 40.¢
20 or more 33 . 30.8

TOTAL 130 100,0
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OCCUPATION OF RURAL FAMILY HEADS INCLUDED IN

THE POOD CONSUMPTION SURVEY

®ccupatien Na, of Respondents Per cent
Parming 26 553
Wage earning 2 Le2
Craft 5 10,6
Trading . 17.1
Keranic teaching 3 6.5
School teaching 2 L2
Begging 3 2.1
TOTAL L7 100,0
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TABLE 5
OCCUPATION OF SUB-URBAN ¥AMILY HEADS INCLUDED

IN THE FQOD CUNSUMPTION SURVEY

Qccupation ' Bo, of Hegpendents | Per cent
Trading | 5 IR 11,1
Farming o 9 - 20.¢
Craft ) 11 25.5
VWage earning 20 hiy by
TOTAL L5 100,0
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TAHLE, 6
OCCUPATION OF URBAN FAMILY HEADS INCLUDED IN

THE FOOD CONSUMPTION SURVEY

Occupatien Ne, of Hespondents Per cent
Farming iy 35.9
Wage earning 8 20,5
Trading 17 L3.6

TOTAL 39 100
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TIME OF PLANTING AND HARVESTING OF CHOPS GROWN AROUND ZARIA

Crep

Local Name

Botanical Name

Planting Vime

Harvest Time

Guinea cern
Millet

Maize

Sugar cane

Sweet patatoes

Casgsava

Groundnuts
Oniens
Yams
Pumpkin
Beans
Cecoyam
Okro¥*
Peppers*
Serrell¥*
Tomatoes*
Spinach*
Kalkashi*
Ayoye*

Sorghum spp
Permisetun typhoidean

Zea mays
Saccharum officinale
Ipemea batatas

Manihot utillisima

Arachis hypogea
Allium spp

Discorea spp

Curcubita bepe

Vigna unguiculata
Celocagia egsculentum

Hibigcus esculentum

Capsicum Spp
Hibiscus sabdarrifa

Lycopersiun esculentum

Amaranthus candatus

Ceratotheca sesamoides

Circhorus olitorium

June
May
May/June

November/December

lst crep = June,

2nd crep - July
April

April/ﬂay
Late April
April
April
July
April
April/May
May
July
April
April
April
April

November/December
August/September
August/September

November/December of
following year

October/November

April of following
year

August
August/September
September/October

October
November/December
August/September
June/July

August

August
June/July

June
June/July
June/July

* Alse planted in the dry season by irrigation farming around the riverine

areas,
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ASCORBIC ACID CONTENTS OF RAW EDIBLE PORTIONS OF FOODSTUFF
CONSUMED BY RESPONDENTS INCLUDED IN THE FOOD CONSUMPTION SURVEY

FOODSTUPFPF

ASCORBIC ACID CONTENT (mg/100g

fresh weight)

Lecal Name Botanical Name Range Mean & S. D,
Maize Zea mays 6.25 = 49,80 16,25 + 2,72
Guinea corn Sorghum spp 11,68 - 21,60 16,32 + 0,84
Millet Pennisetum typhoidean 0,50 = 1,86 1,15 + 0,21
Rice Oryza sativa not detectable 0

Yam (fresh) Discorea spp 13,75 = 20,00 17.56 + 0.61
Yam flour Discorea spp 945 = 16,00 12,25 + 0.67
Casgsava Manihot utillisima 27430 = 34,71 30,39 + 0.42
bweet potatoes Ilpomea batates 23.21 = 37,00 31,01 4+ 0,94
Cocoyam Colocasia esculentum 27,00 - 33,10 29.21 + 0.50
Onions Allium sp. 26,72 = 43,00 34,90 + 0,87
Cowpeas Vigna unguiculata not detectable 0

Groundnuts Arachis 2a not detectable 0

Soyabeans®* Glycine max not detectable 0

Bambara nuts Voadiizia subterranea not detectable 0

Kolanut* Cola acuminata 15,94 - 20,01 18,28 + 1,23
Melon seed Citrulus vulgaris 0,91 - 3,12 1,22 + 0,54

* Not produced in Zaria area; imported from Plateau and Southern States,
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TABLE 9

ASCORBIC ACID CONTENTS OF FRUITS CONSUMED BY RESPONDENTS

INCLUDED IN THE FOODR CONSUMPTION SURVEY

ASCORBIC ACID CONTENT (mg/100g
fresh weight)

PRUITS

Local Name

Botaniecal Name

Range

Mean 4+ S. D.

——

Orange juice Citrus seneusis 42,01 - 71,00 57.13 & 2.47
Tangerine Citrus spp 30.07 =~ 53460 39.98 + 2.18
Lemon Citrus limon 25.40 - 41,50 34.38 + 2.71
Lime Citrus auranticfoloa 23.04 - L6,22 32,90 + 2,08
Grapefruit Citrus paradisa 52,81 - 58,00 56,90 + 0.93
Banana Musa sapientum 22,90 - 31,70 27.35 + 0.48
Plantain Musa paradisiaca Babl ~ 13.56 9.62 ¢ 0.62
Sugar cane# Saccharum officinale hohly - 9,12 6,11 + 0.28
Mangoes#* Mangifera indica 211451 ~ 27.63 25.40 + 0.28
Pumpkin#* Curcubita pepo 31.04 = L7.65 38.67 + 1.02
Pineapple Ananas cosmosus 21,60 - 27,83 25.40 + 0,27
" Garden egg* Solanum melongeana Le92 ~ 9.37 5:30 + 0.59
"Yalo" Solanum melongeana 20.45 - 26.80 22.89 + 2.89
Guava* Peidium guajava 130.41 -137.68  133.01 4+ 0.67
Carrote# Dauca carota 29.56 = 33,1 30,85 + 0.49

# TFruits grown in Zaria distriots.

Others imported from the Souther States,

el AN L.-I?:?.\
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ASCORBIC ACID CONTENTS OF VEGETABLES CONSUMED BY RESPONDENTS

INCLUDED IN THE FOOD CONSUMPTION SURVEY

VEGETABLES

ASCORBIC ACID CONTENT (mg/100g
fresh weight)

Local Name Botanical Name Range Mean + S, D,

Spinach Amaranthus candatus 50,7 - 62.8 59.92 ¢ 1.03
Bitterleaf Vernonia amygalina 48,0 = 64,0 58,80 + 1.05
Bacbab leaves Andasonia digitata 75.2 = 98,4 88.6 4+ 0.84
Sorrell leaves Hibiscus sabdarrifa LO.6 = 67,0 49.03 + 1.47
"Kalkashi® Ceratotheca sesamoides 3Bl = 491 43,2 4 1.15
"Ayoyo" Corchorus olitorium 39.3 = L3.4 40.6 + 0,98
Tomatoes Lyecopersium esculentum 31,7 = 75.0 L49.5 + 2.01
Sweet peppers Capsicum annum 129.8 - 140,0 134,3 + 1.29
Red peppers Capsicum spp. 142.5 = 158.7 149.1 + 1.07
Hot red peppers Capsicum fructeranse 58,8 = 70,2 62.3 + 0.70
Water leaf Talinum triangulare 4.7 = L3.7  38.6 + 0.87
"Soko" Celosia argentia LO,1 - 59.3  L6.2 + 0.68
Okro Hibiscus esculentum L3.4 = 56,8 LT7.6 + 0,72
"Rama' Hibiscus cannabinus 48,2 - 60,9 52,6 + 3.8
“Zogala" Moringa pterygosperma 94T = 109.4 102.3 + L.27
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TABLE 11
ASCORBIC ACID CONTENTS OF BEVERAGES CONSUMED BY RESPONDENTS

INCLUDED IN THiE FOOD CONSUMPTION SURVEY

ASCORBIC ACID CONTENT (mg/100g fresh weight)

BEVERAGES

Range Mean + 5. D,
"Nono" 3.07 - 5.21 3.61 3+ 0,82
"Burukutu" 1.94 - 3.40 2.5, 4+ 0,88
"Kunun zaki" 11.64 - 14.34 12,54 + 1,07
Bvaporated milk: 2,00 = 2.48 2,23 &+ 0,18
Condensed milk? 2.01 - 2,62 2.27 + 0,24
Ovaltine> not detectable
Pasteurized milk# 1,82 - 2,50 2,00 + 0,25
Sterilized milk5 13,40 - 13.71 13.56 + 0,28
Cocoa6 not detectable

1, Peak brand., Prepared in Nigeria by West Africa Milk Co,
(Nigeria Ltd; Ikeja, Lagos).

2, Peak brand, Prepared in Holland by Cooperative Condensfabriek
Friesland W. A. Leeuwarden.

3. Manufactured by Wander Ltd; Kings Langley Herts, WDy BLJ,
England, packed in Nigeria.

4. Prepared by Department of Animal Science, Ahmadu Bello
University, Zaria,

5. Nestle brand. Prepared in Denmark for Societe des products
Nestle, S.A. Vevey, Switzerland.

6. Cadbury brand. Made in tngland by Cadbury Ltd; Bournville,
Birmingham,
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TABLE 12

ASCOHBIC ACID CONTENTS OF RUADY=-TO-EAT MuALS COHSUMED BY

RESPONDENTS INCLUDED IN THi FOOD CONSUMPTION SURVEY

FOOD ASCORBIC ACID CONDUNT (mg/100g

fresh weight)

Hange

Mean + 5. D.

Maize boiled on the cob
Roasted maize

Maize pap and bean cake
Guinea corn pap and been cake
Fura da nono

Boiled yam (with skin)

Boiled yam (peeled)

Boiled cassava & groundnut
Boiled sweet potatoes

Boiled cocoyam

Bean cake

Roasted groundnuts

Boiled rama leaves & groundnuts
Danwake

Tuwon dawa and kuka soup

not detectable

" "

1.2 = 6,84
2,38 - 9.72
2,78 - 7.02
0.23 = 0,94
7.35 - 13,08
3.87 -~ 10.L49
not detectable
" "

Le51 = 9437
not detectable

not detectable

" n
" "

3.75 + 0.40
6.2l + 0,21
L.36 + 0,06
0.51 + 0,97
10.73 + 0,05
Te32 + 0,28
not detectable
6uL7 £ 1.76

not detectable

30,04 * 0.62
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: ASCORBIC ACID COHTENTS OF VIXGETABLE SOUPS CONSUMED BY

BESPONDENTE INCLUDED IN YHE FOOD CONSUMPTION SURVERY
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SQUP ASCORBIC ACID CONTeNT (mg/100g fresh weight)
Soup made from fresh Soup made from dried
vegetable vegetable
Range MeantS.D, Range MeantS.D,
Okro 18.24 - 33.41 20,01 + 0,28 Le6l ~ 7.04 5,37 + 0.31
"Ayoyo" 8.2 - 13.04 10,17 + Q.43 3,01 = 6,38  L.85 + 0,62
Spinach 5.04 - 12.34 8.28 4 0.84 - -
Spinach/Sorrell 8.1 - 10.87 9.76 + 0,02 - -
"Kalkashi® 11.34 - 1,02 12,05 + 0,67 2,07 - 8.02  5.0L + 0.43
Melcen/Spinach 5,93 - 8,61 7.42 + 0,42 - -
"Kuka' | 70,08 - 90,32 80,48 & L.45  28,27-34.34  31.42 + 0,93
Bitterleaf/Spinach 5,17 - 14.28 9,04 + O.45 - -
9,87 ~ 18.23 14,38 + 1.13 - -

Pumpkin/Spinach
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DISTRIBUTION OF SUBJECTS INTO AGE GROUPS IN THE

DIETARY SURVEY
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Lecatien

Age Group

(years) Rural Sub=-urban Urban Tetal
2=l 19 1y 19 L3
5-7 16 8 13 39

55=72 7 h 9 “
Detals Ll 26 32 102
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TABLE 15

DATLY ASCORBIC ACID INTAKE OF CHILDREN AGED TWO TO FOUR

YEARS AS DETERMINED BY CHEMICAL ANALYSIS OF FOCD

Daily ascorbic acid intake* (mg)

Loecatien Dry Season Rainy Season

Range Mean S.D,  Range Mean S.D,
Rural 30.54=39.37 35.35 + 3.73 L8.62-60,05 5L.TOW* 4 1,65
Sub-urban 28.75-33=75 31.23 + .74 37.80-50.L0 L5,93%* 4 5,71
Urban 33.55-U3.56 37.49 + 3.74 3L.T2-53.26 L5.25%¢ 4 1,76

Seasonal mean

28.75=43,56 3L.69 + 2.85 34.72-60,05 LB.62#* 4 3,06

* 19 subjects in rural, 1l in sub-urban and 10 in urban locaticn,

w* Gignificant difference between rainy and dry season at 5% level,
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TABLE 16
CONTRIBUTION OF ASCORBIC ACID FROM THE DIFFERENT
FOOD CROUPS IN THE DIET OF CHILDREN TWO TO FOUR
" YEARS OLD IN THE ZARIA DISTRICT
Ascorbic acid (per cent ef total intake
Food Groups - Rural Sub~urban Urban |
| ~ .Rainy Dry Rainy Dry Rainy Dry
B Season Sezson Heason SHeason Sesasotn  Season
Milk & milk preducts 9.75 18.24 1.1 7.35 3.8 9.4
BEggs, meat and fish 0 0 0 0 ] ¢
Cereal & Cereal products 0 0 0 0 0 0

3.3 2,90 3,72 1.k 1.7
71.93 88,60 79.22 88,00 76,30

6.49  8.00  9.71  6.80 12,60

Roots and.fubers 3,74
Vegatables " 80.83
Fruits - 5,668
Total - 160,60

100,0C¢ 100.ou 100,00 100,00 100.00
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TABLE 17
DATLY ASCORBIC ACID INTAKE OF CHILDREN AGED FIVE TO

SEVEN YEARS AS DOTERMINED BY CHEMICAL ANALYSIS OF FOOD

Daily ascorbic acid intake (mg)

Location Dry Season Rainy Season

Range Mean &.D. Range Mean 8S.D.
Rural 36.89-45.82 Lu.96 + 3.60  59.68-98-97 79.11 + 1h,58%*
Cub~urban L2.4,6-81,L6 55.34 +13.17 41.01=71,76 61,51 4 10,97
Urban 39.26-L8.94 LhL5 + L.01  43.88-60.35 53.61 + 5.T7**

Seasonal mean . 36.89-81.46 46.91 + 6.92 11.01-98,97 6L Th™410,LY

i

* 18 subjects in the rural, 8 in the sub-urban and 13 in the urban
locations.

#* Significant difference between rainy and dry season at 5% level,



CONTRIBUTION OF ASCORBIC ACID FROM THE DIFFERENT FOOD

GROUPS IN THE DIET OF CHILDREN FIVE TO SEVEN YEARS OLD

TABLE 18

IN THE ZARIA AREA
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Ascorbic acid (per cent of total intake)

Food Groeups Rural Sub~urban Urban
Rainy Dry Rainy Dry Rainy Drxy
Season Season Season Seagson Season Season
Milk & milk products 7.€8 13.65 11,27 8.51 11.14 15.49
Eggs, meat and fish 0 0 0 0 0 0
Cereal & cereal products 0 0 0 b] 0 0
Rcots and tubers 3.49 12.21 3.96 3.58 .13 1.83
Vegetables 85,79 63,26 T77.0 67.51 78,16 73,08
Fruits 3.0 10,88  7.77 21.99  B8.57  9.60
Total 100,00 109,00 100.t2 100,02 190,00 100,80




TABLE 19

111

DAILY ASCYRBIC ACID INTAKE OF AGED PEOPLE 55 TO 72

YEARS AS DETERMINED BY CHEMICALY ANALYSIS OF FO@D

Daily ascorbiec acid intake*® (ng)

Lecation Dry Season Rainy Season

Range Mean S.D. Range Mean S.D.
Rural F37.u1-55.29 LUeT0 4 5.76  53.96-129.61 75,22%%4 28,60
Sub=-nrban 22.78-5L4.3L 35.76 410,27  38.20-47.98 LL.03 3+ 2,49
Urban 24.05-43.90 33.21 + 6.59 25.L4-Le.31 36,57 + B8.67

Seasonal mean .22,78-54.3L4 37.89 + 7.54

* 7 subjects in the rural, L in sub=-urban and 9 in the urban lecatiens.

#* Significant difference between rainy and dry season at Sk level,
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TABLE 2@

CONTRIBUTION OF ASCORBIC ACID FROM THE DIFFERENT
FOOD GROUPS IN THE DIET OF AGED PEOPLE 55 TO 72

YEARS OLD IN ZARIA AREA

Ascorbic acid (per cent of tetal intake)

Food Groups Rural Sub-urban Urban

Rainy Dry Rainy Dry Rainy Dry
Season Season Season Seagon Season Season

Milk & milk products Selli 1l Lk 5.29 10,69 3.15 11,67
Bggs, meat and fish 0 * [ ] ’ i 0
Cereal & cereal products 0 & [ [ ] L 0
Roots and tubers 1.79 2.91 4.20 .61 6.17 Seli3
Vegetables 86,31 61,61 85.0 72.97 8L.55 76.LL4
Fruits 6,76 21,8, 5.51 12,18 6,13 6146

Tetal 100,00 100,00 10,0 100,00 100,00 100,00




MEAN DAILY ASCORBIC ACID INTAKE OF CHILDREN AND ADULTS
COMPARED WITH THE RECOMMENDED ALLOWANCE

TABLE 21
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Ascorbic acid (mg/day)

Age Group (years) 2=l 5=17 55=72

Rural Rainy 5L.T70 79.11 75422
Dry 35.35 L40.96 Ll 70

Sub=urban Rainy L5.93 61,51 11,03
Dry 31.23 55434 35.78

Urban Rainy L5.25 53.61 36,57
bry 37.L9 Lkl 45 33.21

*Recommended allowance

for all Seasons 15 20 30

* (Idusogie, 1971).
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CHAPTER III

BIOAVAILABILITY OF DIETARY ASCORBIC

ACID IN ADULTS
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INTRODUCTION

The relevance of various measurements to the nutrional
status for ascorbic acid in humans has been the subject of much
controversy, Traditionally the method for the assessment of
ascorbic acid status is the measurement of urinary execretion
levels of the vitamin at relatively high doses, This "saturation"
test ig fraught with difficulties, not least, that supplemented
individuals excrete in the urine, a substance which reacts
chemically as ascorbic acid but which has not yet been identified,
The two compounds have been separated by thin-layer chromatography
(Hodges et al, 1969). Urinary measurements may also be
complicated by a variable, renal threshold or an increase in
requirement and utilisation. Large oral doses tend to be
reflected rapidly in the plasma and subsequently in the urine
without necessarily reflecting tissue saturation (Andrews and
Brook, 1969).

The utilisation and metabolism of ascorbic acid by human
subjects has been investigated extensively. GSeveral
investigators (Ritchey, 1965; Pelletier, 1968; 1970; Milne et al.,

1971; Roine et al., 1974; Maclean et al., 1976), reported that



117

plasma or serum concentration and urinary level of ascorbic acid
when considered together gives a good measure cof dietary intake,
Lowry (1952) reported that intake, blood levels and tissue
concentrationg of ascorbic acid are directly related when the
tissues are above 50 per cent saturated., He alsc suggested that
the ascorbic acid/creatinine ratio in a randomm urine sample
might be useful as an index of current dietary intake,

In a survey of twenty healthy adult Nigeriana in Ibadan,
Oyo State, Reiff (1959) reported that urine and plasma ascorbic
acid level were 0.30 to 3.5mg/l00ml and 0.37 to Q.75mg/100ml
respectively, This report did not indicate the dietary intake
of the subjects studied. 1t was of importance to next
investigate whether dietary intakes were matched by biochemical
evidence of ascorbic acid status., The study reported here was
conducted to evaluate the utilisation of dietary ascorbic acid
by a balance study involving assessment of dietary intake,
plasma and urinary levels of ascorbic acid in a group of healthy

adults, "Kuka" scup was used as the dietary source,
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MATERIALS AND METHODS

Subjects

Six healthy male adult volunteers ranging in age from 25 to
41 years participated in the balance study which consisted of
three periods:- one untreated and two experimental, AlL
subjects were resident in Samaru, Zaria area., None of the
subject had injury on the body or cold or any form of viral
infection, neither was any subject on medication during the
period of study. The experiment was conducted in the middle of
rainy season therefore subjects were not exposed to heat with
sweating, The subjects were not exposed to physical stress,

The characteristics of the six volunteers is shown in Table 22,

Dietary assessment

The study was conducted in July (the middle of the rainy
season) when supplies of ascorbic acid containing foods are
plenty (Chapter II), Food intake of subjects during the
period of study were recorded using a 2lL=hour recall method

described in Chapter II. Intakes of ascorbic acid were
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calculated from a combination of local analyses (Chapter II) and

alse from the FAO (1968) food composition tables for use in

Africa.

"uka" Soup

"Kuka®™ soup was prepared fresh on days 3 and 4 from "kuka"
leaves, locust bean cakes, red peppers, onions and potash
obtained from the local market, snalysis of the freghly made
soup one hour before administration showed that the ascorbic
acid contents were 28.75mg and 30.55meg/100g on day 3 and day L
respectively. The bromosuccinimide method of Evered {(1960) was
used for the analysie of ascorbic acid of the "kuka" soup, Each
subject was given 209g of soup on day 3 and 197g on day L, so as

to ensure provision of b60mg ascoerbic acid per dose,

Ascorbie acid tableta

Ascorbic acid tablets (Premier brand)* were analysed by the
method of Evered (1960)., Five different tablets analysed were

found to contain about 30mg ascorbie acid., The tablets were

* Manufactured by Premier Pharmaceutical Producte Litdj; V177
Mansfield Batch No,249067.
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uncoated but had slightly salty taste., On day 7 and day 8, each
subject was given two tablets to provide about 60mg ascorbic acid
per dose.

Supplements of soup or ascorbic acid were given at 9,00 a.,m,
on each occasion and samples of blood and urine were collected

three hours later,

Collection of blood

One ml of blood was collected from the radial vein of
subjects with hypodermic syringe into blood collecting glass
tubes which contained EDTA ag anticoagulant, The blood samples
were gently mixed with the anticoagulant and was centrifuged in
a clinical centrifuge at 3000 r.p.m, The plasma was then
separated and centrifuged and refrigerated at O—MOC. Ascorbic

acid content was determined within six hours of collection,

Collection of urine

Samples of urine were collected in glass bottles., No acid
or preservative was added to urine samples since all determina=-
tions were made within two hours of collection, however, all

samples were refrigerated at u°c prior tc analysis,.
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1

Biochemical determination

The ascorbic acid content of plasms was estimated by a
modification of the dinitrophenylhydrazine method of Gibson
et al., (1966)., The modifications made were as followss=

1. The uge of 2.53% thiourea instead of 5% thiourea,

2. Pour per cent trichlorcacetic acid was used instead
of 5% TCA.

3. The use of dinitrophenylhydrazine-thiourea reagent
instead of dinitrophenylhydrazine=-thiourea=-copper
sulphate reagent.

L. 85% sulpburic acid was used instead of €5% sulphuric
acid,

5. Lower concentration of ascorbic acid per ml, were
used for the preparation of the Standard Curve
(range 0 to 8ug).

The resulting procedure was more sensitive so that
Standard Curve could be obtained at lower concentration thus
permitting smallexr sample size at gsemi~micro level. A sample
size of 0,2ml plasma was needed.

Agcorbic acid content of urine was estimated by the method

of Schaffert and Kingsley {(1955) and urinary creatinine by the
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Jaffe reaction (Taussky, 1954).

Determination of plasma total ascorbic acid - Reagents

1. Ascorbic acid (BDH)

Standard solution was prepared by diesolving 100mg of
ascorbic acid in 4% (W/V) trichlorcacetic acid, made to
volume of 100ml with TCA solution, Two ml of this stock
ptandard solution was diluted with L% TCA to 100ml, One
ml, of this diluted solution contained 20ug of ascorbic
acia,

2. Trichloroacetic acetic 4% (W/V) agqueous solution.

3. Dinitrophenylhydrazine-thiourea reagent, Two g of 2, L
dinitrophenylhydrazine and 0.25g of thiourea were
dissolved in 100ml. of 9N sulphuric acid,.

L. Sulphuric acid, 9N,

5. Sulphuric acid 8%,

6. Activated charcoal = one litre of 10§ hydrochloric acid
was added to 200g of charcoal, boiled and filtered with
suction, The cake was stirred with one litre of water

and filtered again. 1t was dried overnight at 100 to 120°C,
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Te Activated charcoal in use - 100ml of 5% trichlorocacetic acid
was added to 5g of acid treated charcoal, The mixture wasg
stirred and allowed to stand for five minutes, The
Supernatent liquid was decanted and another 100ml. of 5%

TCA was added, The dried charcoal was stored for

subsequent use,

Procedure

Twenty five ml, of the working standard was shaken
vigorously with half teaspoon of charcoal for one minute in an
Erlenmeyer flask, The mixture was filtered through Whatman
No.42 filter paper, Aliquots of 0,0, 0,05, Cel, 0,2, 0.3 and
Ouliml. of the filtrate were taken into six test tubes
Tespectively and volumes made to Oulml with 1% TCA in each, To
each tube 0O,1ml of 2, L dinitrophenyldydrazine—thiourea reagent
was added and incubated for ten minutes in a thermoregulated
water bath preheated to 100°%,

The tubes were then chilled in crushed ice, Half ml, of
85% sulphuric acid was added dropwise to each tube, mixed well
and allowed to stand for ten minutes to develop colour. The

absorbance of the solutions were read in a Colorimeter at 515nm,
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A gtandard curve of absorbance versus concentration of ascorbic
acid was drawn {Fig, 8).

To 0.2ml. plasma, 0.4ml of charcoal treated 5% TCA was added,
The mixiure was then cenirifuged and filtered, An aliguot of
Ouhml of the filtrate was treated exactly as in case of 8tandard
solution described above, Duplicate determination were made for
each blood sample, 4scorbic acid content was evaluated from the

azbsorbance with reference to the Standard curve,

Determination of wrinary ascorbic acid

Apcorbic acid content of the urine was determined by the
dinitrophenylhydrazine method of Schaffert and Kinggley (1955)
deacribed for food in Chapter II with the following changes.

One wl, of urine was diluted to 20 with 4% TCA. One half
teaspoon charcoal was added, the mixture shaken well and filtered
through a No., U2 Whatman filter paper. Four ml, aliquot of the
filtrate was taken and treated exacily as in case of food samples
described in Chapter I1. Ascorbic acid content was evaluated

from the absorbance with reference to the Standard curve,

¢ |
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Determination of urinary creatinine

Reagents:

1.

2

3e

L
Se

Picric acid 0.04ym was prepared by dissolving 9.,3g
picric acid in 500ml. of water at BOOC. The
solution was cooled to room temperature and diluted
to one litre with water,

Sodium hydroxide 0,75m, 30g of sodium hydroxide
pellets was dissolved in water and made up to one
litre,

Creatinine stock standard (1mg/ml,) 100mg of
creatinine (AR) crystals was digsolved in 100ml of
O«lm hydrochloric acid.

Creatinine working standard (20ug/ml) was prepared by
diluting 2ml, of the stock solution to 100ml, with
water,

Sulphuric acid O.33m.

Sodium tungstate 5g/100ml., 50g of sodium tungstate

(AR) was dissolved in water and diluted to one litre
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Standardization

Aliquots of 0,0, 0,25, 0.5, 1.0, 2.0, 3.0 and 4,0ml, of the
creatinine working Standard were taken into seven test tubes and
volumes made to Lml, with water. One ml. of picric acid
solution and one ml. of sodium hydroxide solution were added to
each tube respectively., The tubes were allowed to stand for
fifteen minutes and the absorbance measured at 500nm., A
Standard curve of absorbance versus concentration of creatinine
was drawn (Fig. 9).

One ml, of urine was diluted with water to 4Oml, volume,
One ml, of the diluted urine was added to one ml. of sodium
tungstate solution, one ml, of 0.33m stob and one ml, of water,
The mixture was mixed thoroughly. Two ml, aliquot of the
mixture was made up to four ml, with water and treated exactly
as in case of Standard solution described above, Duplicate
determinations were made for each urine sample, Creatinine
content was evaluated from the absorbance with reference to the

Standard curve,
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RESULTS AND DISGUSSION

Dietary assessment

The calculated daily intake of ascorbic acid of all subjects

is given in Table 23, The mean daily intake ranged from 78,89
to 93.87mg which was very adequate compared with the

recommended daily intake of 30mg established by Idusogie (1971).
In a previous dietary survey conducted among Military and Police
adults in Zaria area (ICNND 1967) a daily intake of L5,0 to
50,.Tmg ascorbic acid was established. The higher values
reported in this study might be due to improvement in food
habits and the availability of more vegetables sgince the sgtudy
was conducted during the rainy season. This supports the
observations reported in Chapter I1 on the higher intake of
ascorbic acid during the rainy season. 4 second reason could be
adduced for the difference in values in this present study and
those in the previous study. The previous studied referred to
(ICHND 1967) was conducted among subjects, that is, Military and
Police recruits whose diets were restricted and controlled as
against those of the present study who feed freely on diets of

their choice,
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No subjects was on vitamin supplement during the study,
therefore all ascorbic acid consumed was of dietary origin,
Subject one was a smoker who had the least ascorbic acid intake,
aAlthough subject 6 had a much higher income than subjects 1 to
g, his ascorbic acid intake was not higher, This difference

might be due to the fact that the diet of high income earners

; o tend to contain more meat, fish and cereals while the low income

earners eat more vegetables thereby deriving more ascorbic acid

from their dist.

Plagma ascorbic acid

Table 2); shows the plasma ascorbic acid values of subjects
during the pericd of study. During the untreated period plasma
ascorbic acid level of subjects varied from 0.63 to 1,llLme
(mean 0.89mg%). These findings fall well within the normal
range of 0,3 to 1l.4mgh established by ICNND {1967). The
subjects of this study therefore, constitute a group on "high®
level of intake of ascorbic acid according to ICNND (1967)
standard, Treatment with 60mg ascorbiec acid from "kuka' scup
increased the plasma ascorbic acid by 35.%%, while supplementing

with ascorbic acid tablet increased the plasma ascorbic acid by



91.0%. These increases show the uptake of ascorbic acid from
"kuka" soup and synthetic ascorbic acid tablet,

"Kuka' soup, a popular food supplement of vegetable origin,
is a goed dietary source of ascorbice acid though not comparable
in uptake from the tablet. It is only LY effective in raising
ascorbic acid level in plasma and urine. This low efficiency
might be due to some other components of the soup which render
the ascorbic acid less readily absorbed.

A relationship was observed between ascorbic acid intake
and its plasma level in the subjects, A4s ascorbic acid intake
increased plagma level also increased, OSuch relationship has
also been observed by Moine et al, (1972), in their study of
ageorhic acid intake and plasma level among aged people in
Pinland, Although the mean intake of ascorbic acid (30,9mg) and
plasma level (0,48mgd%) were much lower than thoge reported in
this study, the difference could be attributed to the old people
studied whoge dietary habits are Kggwn to be unsatisfactory.
However, a relationghip was cbtained‘between low dietary intake
and low plasma ascorbic acid level. Mclean et al, (1976) also
observed a highly significant correlation between ascorbic acid

intake and plasma level in elderly men living in New Zealand.

ke ¥
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In this present study, subject one wae found to smoke 10 to 15
cigarettes per day and his plasma ascorbic acid was lower than
other subjects in the study. This has also been reported by
Pelletier (1970) in a study of the untilisation of ascorbic acid
by smokers and non-smokers, He gave supporting evidence that
smokers, in comparison to non-smokers, have low plasma ascorbic
acid and retain more of the vitamin from load test. It might
be inferred therefore that plasma ascorbic acid levels in man

are reagonable indices of intake at high level.

Urinary excretion of ascorbic acid

The data on urinary excretion of ascorbic acid by all
experimental volunteers is shown in Table 25, During the
untreated period, urinary excretion ranged from 31.25 to 106,40
mg/& oreatinine (mean 65,9mg/g creatinine). The excretion in
individual subjects varied from the mean of the group.

Subject one who ig a smoker had the least excretion 31.,25mgfs
creatinine. The lower excretion value of this particular
subject reflect great utilization and storage than for other
subjects, The claim by Reiff (1959) that urinary volume of

1,300mls, per day could be safely assumed for adults at lbadan,
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Nigeria is inconceivable since this tends to give a false value

of urinary excretion of ascorbic acid, Individuals vary in the
amount of urinary output which is a function of season, diet

and fluid taken, then the use of a more reliable index such as

the amount of creatinine excreted might make the interpretation
of urinary ascorbic acid more meaningful, About one g, creatinine
is excreted by an adult per day (Lowry, 1952), Therefore urinary
ascorbic acid can be expressed per g. creatinine,.

When the subjects diet was supplemented with €0mg, ascorbic
acid from "kuka" soup, urinary excretion of ascorbic acid
increased for all subjects. The mean increase for all subjects
was 63,1, A higher rise in excretion (mean 151,29%() occurred
when subjects were treated with ascorbic acid tablets. Although
both "kuka"™ soup and ascorbic acid tablet produced a rise in
ascorbic acid exoretion, the soup was only L2% effective when
compared with the tablet. The result of this study offers some
support to the work of HRitchey (1965) who reported that urinary
excretion of ascorbic acid increased with intake in preadolescent
children. The subjects in this study were "high"™ in blood level,
cumulating in low tissue retention and consequently high

excretion, This may not be so with supjects on deficient diet
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with poor tissue storage. Under these circumstances, tissue
retention will then inecrease and less ascorbic acid will be
excreted. Figure 10 shows changes in plasma and urinary levels
of ascorbic acid of subjects when fed on "kuka" soup and
ascorbic acid tablet, A%t low blood level, more ascorbic acid
was retained by the tissue and consequently there was lower
excretion of ascorbic acid, Conversely at higher blood level
tissue retention wag lewer and higher amounta of ascorbic acid
was excreted,

In conclusion, treatment of human adults with 60mg, ascorbic
acid from "kuka" soup or ascorbic acid tablet resulted in
increased plasma and urinary ascorbic acid, The uptake of
ascorbic acid in synthetic form (tablet) is significantly

(P < .05) higher than those of vegetables.

SUMMARY

The biocavailability of dietary ascorbic acid was studied
in a group of six healthy male volunteers by a balance study
involving assessment of dietary intake, plasma and urinary

levels of ascorbic acid. Uiets of subjects provided a daily
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mean of 102,6mg. ascorbic acid during the untreated period,
Corresponding values of plasma and urinary ascorbic acid were
0.89mg.% and 65,90mg./g. creatinine respectively, Treatment
of subjects with 60mg, ascorbic acid from "kuka" soup increased
the plasma and urinary ascorbic acid to 1,21lmgt and 107..5mg/g.
creatinine respectively., Average plasma ascorbic acid and
urinary ascorbic acid were l.71lmg.% and 165.60mg./g. creatinine
when subjects were given 60mg. supplemental ascorbic acid
tablet,

Uptake of ascorbic acid from "kuka" soup was about LUk
compared with tablet as judged from changes in blocod level with

subjects, not deficient in ascorbic acid intake,
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TABLE 22

CHARACTERISTICS OF SIX VOLUNTEERS FOR THE STUDY OF BIOAVATLABILITY OF
ASCORBIC ACID

SUBJECT 1 2 3 L 5 6

Age 28 25 26 28 27 A1

Body Weight 60 55 67 65 68 €5
(Ke.)

Height (M.) 1.58 1.59 2.07 1.72 2,13 1.68

Monthly Income 128,50  113.0  110.0  128.50  113.0  901.0
()

Cigarettes per 10-15 Nil Nil Nil Wil Nil

day
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TABLE 23

ASCORBIC ACLD IFTAKE CALCULATED FROM FOOD TABLES COF SIX VOLUNTERRS FOR THE STUDY ON
BIOAVAILABILITY OF ASCORBIC ACID

Subject Untreated "Kuka Souph Ascorbie acid tablet’ Mean
Numbex
day 1 day 2 day 3 day 4 day 7 . day 8
1 85,32 89,10 T0.4L  78.24 72.51 n 78.89
2 104,62  103.01 92.39  B9.46 75.03 77.03 91.26
3 94.32 99.71 59,00 69,79 79.12 83.04 80.83
L 98,23  100.56 85.76 88,03 92.90 101,52 9L451
5 117.80 122,42 h.63 82,71 80.38 85.27 93.87
6 95.39  100.74 85.02 85.75 88.24 91,18 91,05

* On days 3 and 4 intake was supplemented with 60mg. ascorbic acid from "kuka" soup.

On days 7 and 8 intake was supplemented with 60mg. ascorbic acid from ascorbic acid
tablet.
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TABLE 2L

PLASMA ASCORBIC ACID OF HUMaN VOLUNTERRS THREE HOURS AFTHER EXPERIMENTAL
TREATMENT
Subject Plasma ascorvic acid (mgé) 3 hours after treatment
Number * *
Untreated "Kuka" Soup Ascorbic acid tablet
day 1 day 2 day 3 day L day 7 day 8
1 0.63 0.72 1,02 1,03 2033 1.45
2 1.02 1.05 1,28 1,25 1.63 1.65
3 0.85 0.74 0.90 1,02 1.55 1.61
L 0.73 C.94 1.57 1,55 2,00 2,50
5 0.90 0.97 1.01 1.12 1,85 1.87
6 1.14 1.02 1.39 1.43 1,56 1.77
Mean 0,88 0.91 1.20 1.23 1,65 1.77

* Supplement equivalent to 60mg ascorbic acid per dose.



137

TABLE 25

URINARY EXCAETION OF ASCORBIC ACID BY HUMAN VOLUNTEERS THREE HOURS AFTER
CXPERTMENTAL TREATMENT

Subject Urinary ascorbic acid (ng/g. crestinine) 3 hours after treatment
e Untreated “"Kuka®™ Soup Ascorbic acid tablet
day 1  day 2 day 3 day L day 7 day 8
1 31.25  L40.09 105,00 93,01 129,40 138,80
2 76.92  84.28 118,72 184.61 190, 32 203.14
3 32,26 33.67 87.50 8L.37 137.90 141,42
L 85.94  B89.21 105,26 105,17 170,17 176 LO
5 55405 50.72 75.00 77.82 166,63 179.42
6 105.00 106.40 125,14 127.80 172.41 181,13
Mean 640  67.40 102,77 112,13 161,14 170,05

#* Treatment in each case is equivalent to 60mg. ascorbic acid per dose,
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CHAPTER IV

SEASONAL VARTIATION IN ASCORBIC ACID CONTENT OF SELECTED

VEGETABLES PRODUCED IN ZARIA LOCALITY
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INTRODUCTION

Vegetables are the main sources of ascorbic acid in the
" diets of Nerthern Nigerians, The production of fruite and
vegetables is seasonal and fluctuates from plenty in rainy
seasen te scarcity in dry season.

In the Northexn States the dry seasen is charactexiged by
intense sunshine, high temperatures, lew relative humidity and
low soil meisture, Many plants loose leaves and make little
growth during the period. It usually lasts from mid-October te
mid-May. This period marks the peried of paucity vé fresh
vegetables,

The seasenality of fresh vegetables was recognised as a
serious set back in the diet of Wigerians, S;nge 1961 a gcheme
called, Dry Secason Vegetable Drive has been launched by the
Market Garden, Enugu. At the experimental stages of the work,
limiting factors were taken into account in developing the
techniques empleyed during the dry season preduction., Such |
factors include irrigability of the site, a lot of mujch for
reducing swil evaperation stress, organic matter and fef&ilisera

to ensure gond root growth and vegetsble rigour. Sometimes
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partizl shading was necessary to cut off excessive solar heat
(Dema, 1965), Farmers in the northern States have practiced
dry season vegetable production successfully zlong riverine
areas and on irrigated farms.

Manurial conditiens, nitrogen fertilization climate and
geasonal) variation are all influencing faectors which determine
the amount of ascorbic acid in plants (Kitagawa 1973). Tayler
et al, (1975), reported that nitrogen fertilisation did not
significantly impreve the ascorbic acid content of sweme
Nigerian leafy vegetables although the ascorbic acid yield for

Amaranthus cavdatus and Curcubita pepe increased with age reaching

a peak in the 9th week., In a study en the ascorbic acid content
ef four varieties of oranges, it was reported that the vitamin
increased graduwelly from the beginning of November till the
middle of December, a peried of dry seasun when scil moisture
was always very low {Ogunmodede 1975).

In view of the paucity of reports en seasonal variations
ef ascorbic acid in fruits and vegetables, the present study was
conducted te find if there is any seasonal variatien in aseorbie

" acid content of vegetables precduced during dry and rainy seaaon,



pinl

MATERTALS AND METHOD

Twenty farms located within forty kilometers radius of
Zaria were selected for this study. These were in riverine
areas and produece vegetables all year round because of the
availability ef water from nearby streams, Samples of
vegetables were taken from these farms in order to average
variances in the soil, climate, fertilizers and other cultural
practicen.

Fresh samplez of pumpkin, spinach, bitterleaf, sorrell
leaves, tematoes, red peppers, eokre, "kalkaghi" and ™yalo" ﬁere
ebtained from the various selected farms at maturity =six times
each during the dry and rainy seasons for consecutive two years,
Samples wi each type of vegetables were peoled. Hepresentative
samples were taken from each and moisture centent determined by
standardised metheds as published in the official methcds ef
Analysis of the Asseciatien of Official Analytieal Chemigts
(a0aC) (1975). Ascerbic acid content of the vegetable samples
was determined using bromosuccinie acid as deseribed by Bvered

(1960), as descrived on page 57.
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Stﬁtistical Analysig

A gtudent's t-teat as described by Snedecor and (ochran
(1971) was performed to test any significant differences between
means of ascorbic acid content of the vegetables during the dry

and rainy seasons (Appendix 22),

RESTLTS

The mean values of the moisture contents and ascorbic acid
contents of selected vegetables for iwo years are shown in
(Table 22), Values for each year are shown in detail in
Appendix 19=21, All the vegetables were succulent with
moigsture content ranging from 90.37% in punpkin to 81.65% in
Pkalkashi", Moigture contuont decreased during the dry season
in all vegetables except t.aatoes which is a dry seuaon crop,

The vegetables selected for this study are all rich sources
of ageorbic acid with values ranging from 151.34mg¥ in red
peppers te 22.50mg% in "yale". Ascorbic acid decreased during
the dry season in all vegetables but this decrease was only
gignificant (P Q.85) in red pepper: and okro, Although a let

of variatien wags noticed in the ascorbic acid content of the
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vegetables collected from one farm to the other, the differences
from cne year to the other was not significant since there was

no climatic hazard during the two years of study,

DISCUSSION

The practice of dry season farming has reduced the
geasonal fluctuation in vegetable production, Although yield .
per hectare is considerably reduced in dry season when compared
to rainy seasen farming, the composition of the vegetables in
terms of moisture and ascorbic acid have not been different,

Ip previeus work {Chapter II and 111}, foed sampling was
done in the homes and market places and some of the vegetables
sampled had wilted er had been beaten by sun. Literature shows
that these factors affcct ascorbic acid content of vegetable
(Oke 196?). It ia therefore not surprising that the values
obtained in present study differ from these reported in Chapter
II. The correlation between increasing moisture and ascorbie
acid contenta reported is in agroemewt with the osservation of
Takama et al. (1973).

Irrigation of farms and the use of muleh for reducing soil

evapwration have enhanced the retention ef water by dry season
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vegetables such that there is no sighificant difference in
moisture content both during the dry and rainy seasons.
Tomatoes grown during the rainy season are picked when matured
green and contain maximum agcorbic acid., They are then ripened
at home before being transported to distant markets, This
practice has been shown to reduce their ascorbic acid from 25 te
30 per cent compared with tomatoes ripened on the plant
(Markakis_gﬁ_gl. 1974). The practice of picking mature green
tomatoes preventa the mpoilage of the vegetable by excessive
rains, however, meximum agcorbic acid could be derived from
these tomatoes if they are consumed green,

Ascerbic acid content of vegetables grown during the rainy
;eason did not differ significantly from that produced during
dry season except in red peppers and ckero {(P&LO0.95), Lack ef

éhy signficant Qifference in agcorbic acid content of

vegetables grown in these two years might prebably be due %o the
fact that there was no climatic difference in the twe years like
might be observed in drought as occured in Nigeria in 1972,

The significance of these findings is that farmers could
be encouraged to grow vegetables during the dry season if they
could be aided with construction of dams for irrigated farming

during this pericd, This wise there will be less scarcity ef
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fresh vegetables in the dry season and dietary ascorbic acid

%ill be nearly constant all year round.

SUMMARY

The variation in moisture and ascorbic acid content of
nine vegetables grown during dry and rainy seasons was studied,
Vegetables were obtained fresh and at maturity from twenty
different farms, Mcisture and ascorbic acid contents were
determined in the vegetables produced during dry and rainy
seasons., |

Moisture content in the rainy season ranged from 90.37% in
pumpkin to 81,65 in "kalkashi®, Moisture decreased in all
vegetables during the dry season except in tomatoes. The

ascorbic acid content of the vegetables produced duxring the

rainy season ranged from 151,.3Lmg/100g in red peppers to 29.50mghb.

Levwer ascorbic acid values were noted in vegetables of the dry
season but this decrease was significant (P{_0.05) enly in case
of red peppers and okro.

It was concluded that moisture and ascorbic acid of
vegetables grown during rainy season are higher than in the same

vegetables grown during the dry season. The need for expanded

&
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dry season farming to augument ascorbic acid congumptien is
emphasised,



THE MEAN VALUES OF MOISTURE AND ASCORBIC ACID CONTENTS

OF SELECTED VEGETABLES PRODUCED IN THE FARMS ARQUND

TABLE 26

ZARIA DURING DRY AND RAINY SEASCONS

L7

VEGETABLES MOISTURE CONTENT ASCORBIC ACLD
(%) CONTENT (mg/100g
edible portion)
Lecal Kame Botanical Name Dxry Hainy Dry Rainy
’ Season BSeason Season Season
Puampkin Curcubita pepo 90,04 90,37 49.32 82,60
Spinach Amaranthus candatus 83,01  83.07 68,45  Ti.45
Bitterleaf Vernonia amygalina 82.39 B4.12 6he23 72,88
Sorrel leaves Hibiscus sabdariffa 82,75 83.54 5L.30 62.03
Twmatoes Lycopersium egculen- "
Tum 89.37 89.01 82,05 8h.h2
Red peppers Capsicum spp 83.95 B8L4.05 120.10 161.34L F%
Okro ilibigcus esculentum 85,97 86.77 LWw2.61 60,84
"Kalkashi" Corciiorus §pu B1.37 81.65 19,32 5L.10
"Yale" Solanun pelonguana 86,18 86,88 27.L6 29,50




CHAPTER V

EFFECT OF COOKING, STORAGE AND
REHEATING ON ASCORBIC ACID RETENTION OF

VEGETABLE S0UPS

1,8
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INTRODUCTION

Leafy vegetables are the major source of ascorbic acid in
the Nigerian diet because of the seasonal availability of fruits.
Some of the vegetables which provide ascorbic acid are okro
(Hibigcus esculentum), baobab leaves {Andasonia digitata),

sorrell leaves (Hibiscus BEE) and spinach (Amaranthus candatus).

Generally these vegetables are made into soups and consumed with
starchy moulds., However, in some cases, vegetables such as
"rama" and "zogale" may be boiled, salted and eaten as such,
quite similar to the way cabbage, broccolli and asparagus are
consumed in temperate countries,

Some vegetables such as spinach, "goko" and bitterleaf are
pre~boiled and drained before being made into soups, Loss of
agscorbie acid during boiling of vegetable has been reported in
the literature (Oke, 1966b, 1967, Herrmann et al,, 1973;
Domah et al., 19743 Herrmann et al., 197h; Sood and Bhat, 197h).
Other vegetables such as okro, "kalkashi" and baobab leaves are
cocked directly as soups.

Traditionally when soups are made, they may be consumed

wholly in a meal or the left over preserved for subsequent meals,
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Soups thus preserved are heated to boiling before each meal and
may therefore be heated two or three times daily until the
entire soup is totally consumed.

No information is available on the extent of loss of
ascorbic acid that occur when soups are made and stored and
reheated by the usual household methods, This study was
conducted to determine ascorbic acid loss in vegetables during
boiling, soupmaking, storage and the reheating of stored soups

before subsequent consumption,

MATERIALS AND METHODS

Vegetables

Samples of fresh baobab leaves, sorrell leaves, "soko"
"kalkashi", okro, spinach, bitterleaf, "rama", "zogale",
tomatoes, red peppers, onions and locust bean cake obtained

from the local markets were used for the study.

Pre-boiling of vegetables

Samples of spinach, “soko", "rama", "zogale" and bitterleaf

weighing 110g was used for each examination. Before pre-boiling
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10g sample of each vegetable was removed and analysed for
ascorbic acid by the N-bromosuecinimide method of Evered (1960)
described in Chapter II, The remaining portion weighing 100g
was cooked in the requisite quantity of water until done, The
quantity of water used, the time required for boiling each
vegetable are shown in Table 27, These were established during
a preliminary peried to standardise the procedure, At the end
of the cocking period, the vegetables were drained., Fifty ml,
portions of cooking water and 10g portions of the cooked

vegetables were analysed for ascorbic acid from each preparation,

Soup preparation

Four vegetable soups:- "Kalkashi", "kuka", okro, "miyan
taushe" and a stew ;are prepared in the native procedure
described in the appendix, The weights of ingredienis used for
each soup are reported in Appendix 24. "Kalkaghi", "kuka" and
okro soups were cocked for fifteen minutes each, while "miyan
taushe" and stew were cooked for forty five minutes each,

"Tower"* aluminium pots with tight lids were used as containers.

* "Power" is the brand name for aluminium pots made by Alumaco
Nig., Ltd;, Lagos.
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Storage of soups

Samples of vegetable soups and stew were stored in covered
aluminium pots, The pots were kept in cupboards at rcom
temperature (78°F) in order to simulate the usual household

practice. Storage lasted 48 hours.

Ascorbic acid analysis

Ascorbic acid content of the raw ingredients and samples of
freshly cooked soups were determined using the method of
Evered (1960). Soups were subsequently sampled every twelve
hours before and after heating to boiling for about five minutes

and samples were analysed for ascorbic acid.

RESULTS

Pre-hbolled vegetables
w
w»
The ascorbic acid content in raw and boiled vegetables is
reported in Table 27. "Soko" cooked for eight minutes had the

highest ascorbic acid retention (61.03%4) and bitterleaf cooked

for eighteen mintites had the least retention (21.74%). The
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recovery of ascorbic acid in the cooking water increased
(P4:£L01) with increasing cooking time and the amount of

cooking water,

Soups

The ascorbic acid content of the composite ingredients of
the soups varied from 45.1mgh in "miyan taushe" to 8L,Lmgh in
"kuka", At the end of the preparation, ascorbic acid loss were

.66, BB UL, 69.9T0, 66,166 and T73.33% in stew, "miyan taushe™

okro, "kuka" and "kalkashi" soups respectively,

Storage and reheating of soups

Storage and heating of thesce vegetable soups and stew
resulted in further loss of ascorbic acid., When stored for
12 hours complete leoss of ascorbic acid occurred in the stew
while "miyan taushe" soup retained only O.Tlmg pricr to heating
but no more detectable after heating, At the end of LB hours
storage only "kalkashi™ and okro had any ascorbic acid left

prior to heating but became negligible after heating (Table 29).
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DISCUSSION

The high solubility of ascorbic acid in water and the
relative ease with which it is oxidised, makes this vitamin
particularly susceptible to processing conditions. Extraction
of this vitamin takes place rapidly under normal conditions of
boiling (Wilson_gg_gl., 1974). Although an appreciable amount
of ascorbic acid is lost during cooking of vegeiables, the
amount retained by the resultant soup constitute a significant
amount egpecially among Nigerians who consume 200«300g of
freshly prepared soup.

As shown in this study, maximum ascorbic zc¢id can only he
obtained, from these vegetable scups if they are consumed when
freshly made, For example an adult Nigerian who consumes 200g
of freshly made okro, "kuka" or "kalkashi" soup in a day
derives 37.16mg, 57.1lhmg or 37.50mg ascorbic acid respectively
each of which already satisfies hisg daily requirement of about
30mg, Similaxly the same soups congumed after 12 hours of
storage provide 23,52mg, 1L.12mg or 21,18mg respectively, The

consumption of foods left overnight as morning meals has been

reported from some of the residents of Zaria district in Chaptex Il.

K|
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Such meals consisted of starchy moulds made from cereal or root
tubers and reheated goups, In families where okro, "kuka" or
"alkashi" soups is a component of the left-overs used for
breakfast, ascorbic acid intake from these soups are 11,%9mg,
7.80mg or 15.6mg respectively per 200g consumable soup, Where
"miyan taushe" or stew is congumed ag left-over meal, these
soups do net contribute any appreciable amount of ascorbic agid
to the diet after storage for over 12 hours.

"Mi?an taushe"” and stew had the highest amount of ascorbic
acid in the raw composite but they showed the least retention
after cocking probably due to longer cooking time. Traditionally
these soups are cooked for a longer time compared to okro, "kuka"
and "kalkashi in order to prolong their shelf lives. 1n order
to derive any ascorbic acid from the stew and “miyan taushe",
they must be congumed soon after cooking. "Kalkashi" and okro
soups though had lower ascorbic acid values after cooking than,
"kuka' soup yet retained more ascorbic acid on storage. Ukro
soup was eaten frequently by the wage earnecrs respondents frem
the sub-urban and urban populations (Chapter II}. These group
of respondents store their soups to some extent because of the

demand of their jobs, However, no storage lasts more than 36 teo

k,t..:
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L8 hours because the soups stale fast and their acceptability
is reduced after L8 hours. Therefore an adult who consumes
200g of okro soup after 36 hours of storage derives 5,36mg
ascorbic acid and only negligible amount after 48 hours of
storage,

Among the Hausas and Fulani respondents "kuka" soup is a
favourite and it is consumed at least once a day, This soup
retained the highest amount of ascorbic acid after cooking but
the loss is rapid on storage, Traditionally "kuka" soup is not
stored for more than 2l hours, the leaves are readily available
and the soup can be made everyday at minimum cost. Owing to
the regularity of consumption of "kuka" soup may contribute
7.80mg to 57.lhymg ascorbic acid to the diet of an adult when
consumed within 2} hours of preparaticn,

The traditional method of pre-beoiling vegetables such as
spinach, "soko" and bitterleaf before they are made intc soups
constitutes a significant loss of ascorbic acid as reported by
Oke (1967) and also confirmed by the results of this study,
Ageorbic acid loss in this traditional method of cooking as
reported by Bender (1967), may be due to some factors such as
enzymic oxidation during the time lag between preparation and

cooking and leaching into the cooking liquid because these
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vegetables are traditionally cooked over a long time. The
general practice of cooking vegetables and other foodstuffs in
open pots also exposes them to loss of ascorbic acid by

atmospheric oxidation.

SUMMARY

The effect of cooking and storage on ascorbiec acid
retention of some ligerian vegetable soups was studied,
hgscorbic acid was determined in the raw ingredients in ile
boiled vegetables in the cooked scups and subsequently before
and after reheating at twelve hours storage at rcom temperature,

Effect of pre-boiling showed that maximum amount of
agcorbic acid (61.0}%) was retained when "soko" was boiled for
eight minutes and minimum ascorbic acid (21,74%) was retained
by bitterleaf boiled for eighteen minutes., The markedly lower
ascorbic acid values in the cocked vegetables as compared to
the fresh oneg was supposedly due to atmospheric oxidation and
leaching into the cooking water.

Maximum ascorbic acid (28.57mg) was retained by freshly

cooked "kuka" goup while minimum ascorbic acid (3.13mg) was
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retained by stew, Btorage and reheating of the soups decreased
the ascorbic acid content of the soups, At 24 hours post
cooking, "kuka", okro and "kalkashi" had 5,19mg, 7.79mg and
9.,09mg ascorbic acid per 100g consumable scup. By LB hours

none ol the goups examined had any appreciable amount of asgcorbie
acid left, The effects of preboiling, cooking and storage of
goup on ascorbic acid contents and the values of these gsoups

and their stored productes as sources of dietary ascorbic acid

are smphasized,
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TABLE 27

EFFECT OF BOILING VEGETABLE IN WATER ON THEIR ASCORBIC ACID CONTENT

Vegetables Ascorbic acid {mg/100g)

L.ocal name Botanical name Ceoking Cooking Raw Cooked Cooking Icss due to

water time water cooking (%)
(8)  (min.)

Bitter leaf Vernonia amygalina 891 18 5leSilel 1Ll242.63 29,10 78425

"Soko" Celosia argentia 589 8 56.242.79 LLe345.09 6.8 38,97

Spinach Amaranthus candatus 6140 10 53.449.42 20.641.3% 2.7 70.79

"Rama" Hibiscus cannabinus 502 15 50.1+4.69 14.5¢3.40 10,3 43.11

"Zegalah Moringa pterygosperma L32 16 97.3:2.88 30.416.01 15.8 48.19
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TABLE 28

EFFiCT OF COOKING INTO SOUPS ON ASCORBIC ACID CONTENT OF VEGETABLE

Vegetable Total Ascorbic Acid content (mg)
100g portion
Uncooked Cooked* Loss due to cocking
(%)

"Kalkashi" 703 18.8 T3.3

"Kuka" 8L4.L 28.6 66,2

Okro 61.9 18.6 T70.0

"Miyan taushe" L5.1 a2 88.4

Stew 58.3 3.1 94.6

#* (Ccoked into soup, procedure described in appendix.
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EFFECT OF

TABLE 29

STORAGE AND REHEATING ON ASCORBIC ACID CONTENT OF VEGETABLE SOUP

Vegetable
component of

soup*

Ascorbic acid content (mg) of soup after storage (hours)

12 2l 36 1,8
0 a b . a b a b a b
*Kalkashi® 18.8 14,1 10,6 . 9,1 T8 3.9 2.6 1,0 ]
"Kuka" 28,6 9.4 7.l 5.2 3.9 0 0 0 .
Okro 18.6 12.9 11.8 7.8 6.0 K2 2.6 1.0 0
"Miyan taushe™ 5.2 0.7 0 0 0 0 0 0 0
Stew 3.1 0.0 0 0 0 0 0 0 0

* 100g vegetable in each case

a before heating

b after heating
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CHAPTER VI

EFFECT OF STORAGE CN THE ASCORBIC ACID COMTENTS

OF SUN-DRIED ViuET.ulBES
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INTRODUCTTON

During storage of dehydrated foods in permeable packages,
many changes occeuwr that lead 4o guality deterioration. An
impertant index in deterioration of dehydrated vegetablea is the
lese ef ascorbic acid., Enviyrommental factows during storage
period might affect the rate of loss of this vitamin (Reimer and
Karel, 1978). Various leafy vegeiablea such as bitterleaf
(Vernonia amygslina), "Ayoyo" (Cercherus elitorium), spinach

(Amaranthus candatus) contain fairly high concentrations of

ascorbic acid ameng all food items vemmunly ured in Nigerias
(Oke, 1967).

The productien of these vegetables is seasenal, most being
produced during the rainy seagon. ‘iun riverime areas however,
gome frezh quantities are available ags a resnlt of irrvigation
farming in the dry season. TFresh vegetableg produced during
the dry seasen are very expensive and therefore many people
cannot afford te buy.. These vegetablea which are produced in
large quantities in the rainy season are therefere sun-dried
and ster<d fur ume during the dry season, Vepetables ¢an alse
be gtered fresh, but storage has te be done at 10%C rather than

at resm temperature in erder to have a lenger shelf-life
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(Oluwole and 4dedipe, 1978). Oke (1967) reported that sun-drying
of some Nigerian vegetables for 3=4 hours caused 47-80 loss of
their ascorbic acid content, The work of Giri and Doctor {(1938)
and Ranganathan (1942) showed that during the process of
dehydration, much of the ascorbic acid present in fresh
vegetables except amla (Bnblica efficinalis) is usually
destroyed. Ramasastri (1974) however, reported that sun-drying
of the fresh pulp ef “amla" rezulted in the loss of about 30
per cent of ascorbic acid, Loss during storage of the
dehydrated powder at roocm temperature was not merked. The
losses were 25 per cent at 20 weeks, S0 per eent at LO weeks and
60 per cent at LB weeks of storage. B

Dehydrated vegetables form majer food items in rural and
urban pepulations for as leng as four to eight months during
the leng spell of the dry season in parts of Nigeria especially
in the 4aria district,

Literature lacks information about the keeping quality ef
agcorbic acid in these dehydrated Nigerian vegetables. This
gtudy was conducted to determine the effect of dehydration and

of duratien of siorage on agcorbic acid content of Nigerian

vegetables,
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MATERIALS AND METHODS

Fresh samples of red peppers, sweet peppers, bitterleaf,
sorrell leaves, "kalkashi", "rama", "ayoyo", ckro, baobab leaves,
and "zogale" were obtained from various markets in the Zaria
area, Portions of each type of vegetables collected from different
locations were pooled together., Representative samples of each
were analysed for content of moisture (A,0.A.C. 1975) and alse
ascorbic acid by the method described in Chapter III.

The remaining vegetable samples were sun-dried by leaving
them in trays wutside for three days, their moisutre and
subsequent ascorbic acid contents were estimated. Samples were
stored in large wide mouth screw capped bottles at room
temperature for a period of six months, Representative samples
were taken at monthly intervals and content of their moisture

and ascorbic acid were determined,

RESULTS

Results obtained on the effect of sun-drying of Nigerian
vegetables are given in Table 25, All the vegetables are rich
sources of ascorbic acid, Apart from the peppers, "zogale"

leaves had the highest ~ontent with an average of 101.8mg/100g.
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The vegetables were also very succulent with moisture contant
ranging between 76,5 and 86,5 per cent.

On mun-drying appreciable amounts of ascorbic acid and
moisture were lost, “Hama" was most susceptible ipo drying,
looging as much as 98,5 per cent of its moisture centent, it
however, had the least ascorbic acid loss of 21.3 per cent.
Fresh red peppers with an ascorbic acid average of 153.1mg/ieog
had the highest loss of 58.0 per cent on sun-drying,

The effect of storage on the moisture content of the
dehydrated vegerable is shown in Table 26, At the end of one
month of storage, losses varied from 0-12,5 per cent, At the
end of six monthe storage moisture retention varied from as low
as 28.5 per cent in baebab leaves to as high ag 70 per cent in
skre, |

The effect of storage on the ascorbic acid retention of
dehydrated vegetables is shown in Table 27. In all the
vegetables, ascorbic acid content decreased throughout the
sterage period. At the end of six months' storage, “zogale"
had the highest (58..4%) retention of ascorbic acid, while
"xalkashi" had the least (35..%). It was ebserved that
ascorbic acid retention decreased (P& w.wl) with increasing

length of storage of the dehydrated product.
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DISCUSSION

A major mutritional value of vegetables iz their ascerbie
acid content, In the Northern States of Nigeria, vegetables
ere the largest source of ascorbic acid.

The long spell of the dry season lasting from mid
September to April in the northern States resulte in the
gearcity of fresh vegetables, During this period most house-
holda consume dried vegetables. Drying and storage provide a
congiderable improvement on the shelf-life of vegetables but
is sometimes accompanied by nutrient less, On the other hand,
storage of fresh vegetables at 10%c improved shelf=life and
retained more ascorbic mcid (Oluwcle and Adedipe, 1978). |
Hewever, this is beyond the reach of the poorer peeple, also
the amount that can be preserved is very limited, It is also
necescary to emphasize here that Oluwole's storage was for
limited time because even at that temperature, not many
vegetables can be preserved for more than a few weeks without
spoilage, In view of the above difficulties, drying becomes
the most useful method of preservation ror peeple who do not
have fresh vegetables for about four to six months of the

year, Ascorbic acid occurs within the tissue of the vegetables
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and as long as the cells are imtact little loss occurs, but when
allewed to dry through less of water, the loss is appreciable,
It is neteworthy that "Rama", "Kalkashi" and "Ayoyo" which had
lew moisture content tend to looge less ascorbic acid on sun-
drying than others,

Within the firet month of storage, ascorbic acid content
decreased rapidly in all the vegetables except ckro and zogale.
Similar observations were reported by Nagy and Smoet (1977)
while studying the effect of storage on retention of ascorbic
acid in canned single strength orange juice, Such an initial
rapid lcass has been shown 1o be due to oxidation by a residual
air layer trapped within the storage containers (Kefford,
MacKenzie and Thompson, 1959). After this initial loss,
ascorhic acid was degraded anaerobically,

At the end of six months storage, bitterleaf, okro and
zegale gtill retained over fifty per cent of their ascorbie
acid while bacbab leaves retained Li.%6., It would thus appear
that slthough baobab leaves retazined less ascorbic acid than
bitterleaf and zogale, the preference cof this vegetable enables
it te contribute more ascorbic acid to the diet of the people.
It was alse ebserved that during this prolonged storage the

")
Aehydrated vegetableg underwent neon-enzymic browning which
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usally makes the determination of ascorhic acid difficult,

This was particularly noticeable in bitterleaf, sorrell leaf,

red peppers and sweet peppers, A similar observation has been

made by Berry and Tatum (1965)., Tatum et al, (1967) reported

the identification of 16 noneenzymic browning products from

stored orange juice powder., Two of the constituents of these
citrus powders which are likely to be precurssors of these

brovning products are ascorbic acid and fructose (lLamden and Harris,
1950). This probably accounts for some loss of ascorbic acid

in the stored dehydrated products.

There was a correlation between moisture content of the
dehydrated vegetables and ascorbic acid retention, High
meisture levels in the dehydrated vegetables is detrimental to
ascorbie¢ acid retention., This observation is similar to that
reported by Miers et al, (1958) in spray-dried tomatoes,

In conclusion, sun=drying follewed by atorage of vegetables
at room temperature have been shown to reduce the moiputre and
ascorbic acid content of the vegetables,

Within the rural population of Zaria area the récommended
allowance of ascorbic acid wag met during the dry season when
dried and stored vegetables contributed 70 to 80 per cent of the

total ascorbic acid intake {Chapter III), The implications of

P
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this study are that although dehydratian and storage reduce
agscorbic acid content of vegetables, these vegetables 5till
contain appreciable amounts of ascorbic acid which augments
the intake of this vitamin during dry season when fresh

vegetahlea are scarce.

SUMMARY

The effect of sun~drying and storage on the agecorbic acid
content of ten vegetables commonly produced and consumed in the
Northern States of Nigeria was studied. Vegetablas were
analysed when fresh, sun=dried and stored at room temperature.
Moisture and ascorbic acid contents of the dehydrated
vegetables were determined at menthly intervals,

The ascorbic acid content of the f{resh vegetables ranged
from 153.1 te 52,7mg/100g. On sun-drying 21 to 58 per cent
of the ascorbic acid wag lest while further L2 to 66 pexr cent
was 1lost on storage for six montha. Ascorbic acid was most
retained (58.1%6) in stored dehydrated "zogale" and was least
retained (35.4%) in stored dehydrated "kalkashi. Ascorbic
acid retention in the stored dehydrated vegetables decreased

with increasing moisture content of the vegetables. Total
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ascorbic acid retention was significantly (P& 0,01) affected
by length of storage.

It was concluded that dehydrated vegetables stored for
six months still retained some ascorbic acid which contributed
70 to 80 per cent of this vitamin intake among rural population

during dry season,
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TABLE 3¢

EFFECT OF SUN-DRYING ON MOISTURE AND ASCORBIC CONTENTS OF VEGETABLES PRODUCED IN ZARIA

LOCALITY
Vegetable Moisture (%) Ascorbic_acid \
Local Name Botanical Name Fresh Sun-dried Loss due to Fresh Sun-dried less due tw

vegetable vegetable sun-drying vegetable vegetable sun-drying

Red pepper  Capsicum sp. 81.1 5.7 92.9 153.1 63 59,0 -
Sweet peppers Capsicum annu 83.6 L7 9443 135,.3 69.7 L48.5
Bitterleaf  Vernonia amygalina 83.2 3.4 95.9 6L.1 28.9 SL.9
Serrell leaf Hibiscus sabdariffa 82.7 1.5 98,2 57.8 38.5 33.4
"Rama™" Hibiscue cannabinus T1s5 1,2 98,5 52,7 41.5 21.3
"Kalkashi"  Corchorus sp. 78.3 3¢3s 95.8 L8.9 35.5 27.4
"Ayoyo" Corchorus clutorium 79.6 3.1 96.1 52.3 368.6 26,2
Okro Hibiscus esculentum 86,4 2,0 977 573 3.7 LL.7
Bacbab leaf Adansonia digitata 75.3 3.5 954 75.8 L3.2 35.1

"Zcgale" Moringa pterygosperma 76.5 2.2 97.1 101.8 53.2 LT7.7




TABLE 31

EFFECT OF STORAGE ON MOISTURE RETENTION (%) OF SUN-DRIED VEGETABLES

) Vegetable Months of storage at room temperature
1 Mo* «0=1 1-2 2=3 3=4 L=5 p-6
MMHmwzul Mc* Rw Mc#* R+ Mo e Me¥* R¥¥*  Mc*® R¥*% Mok R**
Local Batanical vegetable
Name Name %
Red Capsicum
peppers Spp 5.7 562 91.2 L5 T8.9 LoT 824 Le2 73,6 4O 70,1 3.7 64.9
Sweet Capsicum
peppers annum L7 Leli 9346 Le5 95,7 3.0 63.8 2.8 ©3.6 2.9 59.5 2.7 BbT.4
Bitter- Verncnisa
leaf amygalina 3.4 3.2 94,1 Lol 120,5 2,8 82,3 2,7 84.3 2.2 6L.7 2.2 64.Y
Sorrell Hibiscus
leaf gabdarrifa 2.5 2.3 9.0 2,0 80, 2,9 116,0 1.9 76,0 1,8 72,0 1.6 6€4.0
"Rama" Hipiscus
cannabinus 32 1.0 88,3 1.3 108,3 1,2 100,0 1,0 83,3 0.9 75.0 0.8 66.6
"Kalkashi™ Ceorchorus spp 33 3.1 93.9 3.2 96,9 3.0 20,9 2,9 87.8 2,7 81.8 2.0 60.6
"Ayoyo" Coxchorus
oliforium 3.1 2,9 93.5 2,4 T7.4 2,06 83.8 2,1 67.7 1.8 58.0 1.7 5L.B
Okro Hibiscus
esculentum 2.0 2.0 100 2,2 110,0 1,8 90,0 1,6 80,0 1.5 75.0 1.k 70.¢@
Bacbab Andasgonia
leaves digitata 3.5 3.4 97.1 2.4 68,5 1,6 L45.7 1.8 51,4 1.5 42.8 1.0 28.5
"Zogale" = Moringa
te 3.2 2.8 B87.5 2.6 81,2 2,0 62,5 1.9 59.3 1.7 53.1 1.4 L43.7
# Mc = Moisture content; *#R = Retention
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TABLE 32

EFFECT OF STORAGE ON ASCORBIC ACID (%) OF SUN~DRIED VEGETABLES

Vegetable Aa* cf de=- Months of storage
hydrated 0-1 1-2 2=3 3=L L=5 5-6
vege-— .
= Local Name Eetanical Name table ( Aa® R#* Aa* R Aa* R Aa® R¥*  Aa% R¥E pAo% Qs
100g) "/ ug/ mg/ ng/ me/ mg/ g/
100g 100g 100g 100g 100g 100g
Red peppers Capsicum spp 6.3 L45.2 70,3 38,6 60,0 31,1 LB.L 29.0 L45.1 27.8 L3.2 25.8 39.3
Sweet nmwmwnca
peppers annum 69.7 39.3 56,4  38.6 55.4 36,2 51.9 35.4 50.8 32.7 47.2 31.2 L4i4.8B
Bitter Vernonia
leaf amygalina 28.9 19.1 66,1 18,3 63.3 18,0 62.3 17.7 61.2 16.9 58.5 16.7 57.8
Sorrell Hibiscus
leaf sabdarrifa 38.5 25.4 65.9 19,3 50,1 18,8 L8.8 16.1 L7.8 17.2 L4.7 15.0 38.9
YRama" Hibiscus
cannabinus 41,5 31.7 76.4 24.6 59.2 20,3 48,9 18.7 45.1 17.1 41.2 1p.3 P6.9
"Kalkashi" Corchorus spp 35.5 25.3 T1.3 24,9 70,1 19,1 53.8 16,8 47.3 15.2 42,8 12,5 35.4
"Ayoye" Corchorus
oliforium 32.1 25.7 80.0 25,6 79.8 21,3 66.4 17.4 Sh.2 14.9 L6.L 12.8 39.8
Okxe Hibiscus
; esculentium .7 30.6 96,5 30,1 94.9 26,3 82,9 23.7 7L.8 20.2 63.7 L8.4 58,2
Baobab Andasonia
leaves digitata .NO-W mw-m m..wom m.,_-um .NN.@ r@to mW-H Pwn.ﬂ _mu..m wm-m mm-m .-.-@ gow
"Zegale" Mor
te sperma £3.2 51.9 97.5 L48.3 0.8 42,8 80,5 38.7 72.7 33.1 62,2 L.k 58,4

*Aa = Ascorbic acid;

R#* = Retention



175

CHAPTER VII

THE INCIDENCE OF CLINICAL SCURVY IN THE NORTHERN

STATES OF NIGERIA



176
INTRODUCTION

Almogt from the onget of recorded nutritional disorders,
acurvy has been a problem of man. The disease was observed
to he common among the Roman Soldiers., Also with the start of
i long sea voyages, scurvy frequently broke out among the crew
because freah foedastuffs were not available,

Vasgco Da Gama was reported to have lost as many ag two=-
~thirds of his crew as a result of scurvy outbreak, James Lind,
"a surgeon in the English Navy, had the genuis to observe, record
~and to conduct experiments with scurvy patients on board the
H.M.S. Salisbury in 1947. His classical work led to the
elimination of scurvy among the crews of ships (Stewart and
Guthrie, 1953).

Scurvy is a nutritional disease caused by the deficiency
of ascorbic acid, In man, scurvy occurs at any age and in both
the sexes. Clinical symptomg in adults are however, different
from those in infants and children, The symptoms in adults
include swelling and bleeding of the gums, listlessness, weak—
ness, bleeding under the skin, slew healing of wounds and
bleeding of eld woands (Hodges el al. 1969; Baker et al, 19663

1971), 3In children, clinical findings include failure te thrive,
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irritability, anorexia, anaemia, haemorrhages and bone mﬁl-
formation which makes the disease look like rickets (Huisman
and Jenxis, 19573 Cochrane, 1960).

Scurvy is a global problem and has been reported from
everywhere (Wilson et al. 1965). In Nigeria, there is paucity
of reports on scurvy although agcorbic acid values in some
Nigerian fruits and vegetables have been reported {Reiff, 1359;
Oke, 1967). The objective of the present study was to investi-
gate the incidence of clinical scurvy among Nigerians of

various ages,

MATERIALS AND METHODS

Survey areas

A tetal of forty-one medical centres were visited. They
consisted of three hospitals attached to the Ahmadu Belle
University, Institute of Health, two specialist hospitals,
eleven government general hospitals, two military hospitals,
seven private clinics, ten rursl health centres and six
maternity centres located in various parts of the country

(Appendix T ).
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Type of Medical Persennel Interviewed

During the scheduled visits 207 medical personnels
concerned in the examination of, and prescription of medication
to patients were interviewed for information on diagnosis and

incidence of c¢clinical scurvy.

RESULTS

In & total of L) medical centres visited:and the 207
medical persunnel interviewed, there was no record of
diagnosis of scurvy, Table (28) classifies the type of
medical persermels interviewed. Since no-one reported ever
diagnosing clinical pcurvy, it was not necessary to go into
the medical records of the various centres.

Only 2.41% reported that gingivitis was a common disordex
in children during the dry season and responds very well to
both ascorbic acid and penicillin therapy. 89.2% reported
that they usually prescribed ascorbic acid to patients with
cemmon cold,

The regulis of an earlier study of selected population
indicate an adeguate intake of zacorbic acid during the dry and

rainy seasons. Since this correlates well with the present
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findings of ne incidence of clinical scurvy, it was not
congidered necesgary to analyse the blood samples of subjects

gtudied for ascorbic acid content,

DISCUSSION

Seurvy which is an ascorbic acid deficiency has Leen
reported (Grusinard, Kincard, Smith, 19543 Lind, 1960).
Prevention of scurvy in man is by ingestiom ef a diet
which supply more than 10mg ascorbic acid daily.

The present survey shows that classical scurvy is rahter
unknown to ug in Nigeria. Actual absence of scurvy could for
now be spectulated. Clinical symptoms such as fever, cold and
catarrh, ulcers, rickets and cther forms of malnutrition such
as nutritionsl ansemia, kwarshiokor and marasmus are ail very
comgionn among Nigerians., Some of these symptows arxe alse
characteristic of scorbutic patients. Because malaria,
typhoid, influenza, kwarshickor are very comwon, they may tend
to preclude the likelihood of diagnosing scurvy whose synptoms
to & large extent resemble those of other ailments,

No reports are avallable about the escorbic acid status

of Nigerians in health and disease. It iz therefore suggested
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that this area bve investigated especially in cases of fever
of unknown origin (FUO), slow wound heslings, ulcers,
gingivitig, ricket=like conditions and other bone prodblems,
persistent hasmorrhages and skin diseases. It is emphagised
that the onset of scurvy is insiducus and clinical findings

are non-gpecific,

SUMMARY

4 total of 207 medical personnels consisting of medieal
officers, nursing sisters and suprintendents from 41 medical
centres were interviewed for their experience with or incidence
of scurvy in Nigeria,

No ene reported ever seeing classical cases of scurvy
since in practice, 2.41% reported that one common condition
which responded to aseorbic .cid therapy was gingivitis in
children and 89.2% of tho.: interviewed believed in prescription
of ascorbic acid for the common cold,

It is not known if ascorbic acid deficiency in Nigerians
manifests itself in another form or if there is no seurvy among
Nigerians due & -dequate intake of accorbic acid, The ‘need for
evaluation of ascorbic acid status of Nigerieng in health and

in disease is emphasized,
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TABLE 33

TYPE OF PRACTICE OF MEDICAL PEHSONNEL INTERVIEWED FOR

INCIDENCE OF SCURVY

Medical Officers Nursing Sisters Nursing Suprintendcnts

General Paedia~ Medicine Maternity Health General Special
Practice tricians Sisters Sisters Nursing Nursging

Sl 8 35 51 23 25 13
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CHAYTER VIII

SEASONAL AVAILABILITY OF JIETARY ASCORBIC ACID
(VITAMIN C) IN ZARTIA DISTRICT OF KADUNA STATE,

NIGERIA: GENERAL DISCUSSION AND CONCLUSION
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Ascorbic acid is a water soluble vitamin which iz mul$i~-
functiocnal and is involved in many aspects of human physiology,
some of which include collagen synthesis, reducing agent in
biological system and the conversion of folic acid to folinic
acid. BEstimates of ascorvic acid requirements varies from 1Smg
in infants to 30mg in the aged. In fact careful experimental
work indicates thati 10mg daily is sufficient to prevent scurvy
and maintain good healing properties of tissues. 4scorbic acid
ig widely distributed in fruiis and vegetable,

The assessment of the nutriticnal status of ény community
is best done by evaluating the nutrient content of foodstuff
actually eaten, measuring of biochemical parameters which
indicate marginal nutrition and identifying specific symptoms
associgted with deficiency digsases, In addition_it ig degirable
to investigate the climate, food production and supply and other
socio=economic factors of the community studied in ordexr to give
a meaningful explanation to some phenomenon observed in food
intake,

The use of food composition tables in evaluating ascorbie
acid content of foodstuffs should be limited since values
ocbtained by this method do not take into consideration variations

which might be due to isvoetic constitutions, soil and climatie
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conditiona and methods of preparation. The studiegs presented
here and the work of others however, show that chemical
analysis of foedstuff fer ascorbic acid gives 4 more accurate
information on the ascorbic acid nutrition of a commmnity.

Citrus fruits are good sources of ascorbic acid but because
they do not thrive in the area of study their use as a source
of ascorbic acid is very limited, However, the bulk of the
agcorhic acid in the diet is produced by leafy vegetables and
dry seascn fruits such as sugar cane, carrots and mangoese.
Within the rural population baobab leaves and scured milk

mone" provide adequate ascorbic acid all year round,

The practice of dry season farming has reduced the
seascnal fluctuations in wegetable production only te an
unappreciable extent, The absence of any significant
difference in the ascorbic acid content of vegetables grown
during the dry and rainy season is an indication that the
production of dry season vegetables would awment the ascorbic
acid intake during this pericd. As a result of this

inveatigation the following conclusions have been mades
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CONCLUSIONS

The diet of rural, sub-urban and urban populations of
survey area provide adequate ascorbic acid all year round,
Yegetables constitute the largest common source of
ascorbic acid owing to seasonal availabillity and hence

the very lew consumption of fruitas.

The mean ascorbic acid intake of children two to four
years old was 3L.69mg/day during the dry season and
LB.62mg/day during rainy season.

The mean ascorbic acid intake of children five to meven
years old was L46.91lmg/day during dry season and 6ly,76mg/
day during rainy scasonh.

The mean ascorbic acid intake of old people aged 55 to T2
years was 37.98mg/day during dry season and 51.93mg/day
during rainy season,

Ascorbic acid intake was significantly (P 0,05) affected
by segson and location, Maximum amount of asgcorbic acid
(98.9?mg/day) was consumed by rural children during rainy
seuson and minimum (24.05mg/day) by urban old people

during dry season,
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Dry seagon farming inereased fresh vegetable supply
during the dry season although the prices are
repelling and therefore only high income earners can
afford to uge them at that time.

Plasma ascorbic acid level of =ix adult velunteers on
regular diet ranged from Q.63 to 1l.14 mglt, urinary
agcorbic acid excretion in the same subjects also
ranged from 31,3 to 106..mgfg oreatinine. DTreatuent
of subjiccts with 60ng ascorbic acid from “"kuka' soup
or ascorbic acid tablet increased plasma aacorbic
acid by 35.9 and 91.0 per cent respectively,

Urinary ascorhbic acid excretion was aleo increaszed,
Availability of ascorbic acid from “kuka" scup was
about 4O% compared with that of tablet as judged from
changes in blood level with subjects not deficient

in ascorbic acid intake.

Content of ascorbic acid and moisture were higher in
vegetables produced during rainy season than in the
game vegetables produced during the dry season by
irrigation, The difference was significant (F£ 0.05)

in red peppers and okro.
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The traditional method of boiling vegetables in
slight exceass of water leads to ascorbic acid loss
ranging from 39 to 78 per cent. Ascorbic acid loss
due to cooking of the vegetables into soup ranged
from 66.%% in "kuka" to 9L.6% in stew, Storage and
reheating of the soups decreased their ascorbic acid
content,

Sun-drying followed by storage of vegetables at
roonm temperature for six months reduced ascorbic
acid by 42 to 61 per cent.

Ulinical scurvy does not apparently exist in the
Northernt States of Nigeria although a non-gcorbutic
deficiency-gingivitis occurs in children during the

dry scascn,
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SUGGESTIONS FOR FURTHER STUDIES

The nutritional survey on the gseasonal ascorbic acid
intake should be expanded to cover all Nigeria and a
wider ran.e of population.

bDetermine the uptake of ascorbic acid from "kalkashi®,
okro; sorrell goups and compare to that alrecady
established for “kuka" soup since these vegetables
contribute high ascorhic acid to the diet of the
pepulation studied.

Investigate the properties of the mucilagenous
substance formed during the extraction procedure of
okro, M"kalkashi", ayoyo and bacbab leaveg and its
effect on the uptake of ascorbic acid in the diet.
Investigate the nature of the products formed during
browning of vegetables, in storage and possibly how they
affect ascorbic acid loss.

Investiggte agcorbic acid status of Nigerians in health

and disease,
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Estimation of t=ratio

The estimated standard deviation of the difference between

two treatment means is

sa =V 8% + 1)
rl r

2
2
where § = errer mean sguare,

rl and r2 are the numbers of replicates for the two

treatments.

Where rl =x, = r the formula reduces

toy/ 25°

L]

tsxl—xz

r———

od

The degrees of freedom for t-tests are n, + n2—2.
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QUESTIONNAIRE FOR POOD CONSUMPTION SUHVEY

Section Az« Personal data.

Al. Hougehcld ne:

A2, House address:

A3, Ethnic group:

A, Main language spoken:

A5, Years of reaidence in survey areas
A6, No of Househeld members:

A7. Years of ages

48, Main occupatient
(Head of family)
Section Bi-~ Feod Supply

Bl, Identify the sources of the following foeds by placing an

X" in appropriate column,

BUY | PRODUCE |

Cereals (rice, ginea corn, millet, acha,

maize)

Fruits and vegetables {kuka, spinach, onions,

tomatoes, carrotis, garden egg etc.)

Meat

Milk

Roet and tanbers (yams, potatoes, cassava)

Legumes {peas, beans, soyabeans)
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If you produce some of your foods do you think you had more

foods than last planting secason? Why?

Section C:= Poeds Preparation & Distributien

Cl.

c2.

.03.

Cho

Bl

Whoe prepares the food daily?

Daughter (s} Co=wives
Relative (a) Weighbour (s)
Others

What measures are used?

Hoﬁnﬁahf meals are cooked for everyone in the household to
eat each day?
Who is responsible for the sverall distribution of feod?

Father

Mother

Qther wives

Elder daughters

Others

What measures are used in food distribution?

Woeden scop

hilk tin

fudu

Others

What kinda of foed are eaten during:=-

a. pre-planting scason

b. Planting season

c. Harvest scason

e e
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b2,

D3.

El.
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What foods do you preserve?

cercals (maize, acha, millet, guinea corn

millet, rice)
Roots and tubers (yam, petatoes, cagsava)

Fruits (melon. oranges, mangoes, oarrots)

Vegetables (kuka, bitterleaf, tomatoes,

peppers)
What methods of food preservation do you use?
Drying
Burying under the soil
Canning
Others
How leng do you store your preserved feed?
1 week
1 month
2=l months
6-12 months

Which kind of soup do you like best with your basic food of

cereals or starches.

1
2
3
Which other vegetables do you like to cat?
1.
2.
3,
ke

5.



E3.

E.5

E6.

ET.

How eften do ycu eat vegetable?
gveryday
3 or 4 times a week

once a week

less than once a week

What are the 3 fruits you like best?

1.

2,

3¢

How often do you ecat fruita?
everyday

3 or |} times a week

ance a week

less than ence a week

How do you eat fruit?

as part of a meal

213

(Interviewer should record
the exact amount of
vegetable soup congumed
by individuals daily)

as a snack eaten separately from meals,

Do you like to use milk? If yes, which type do you like best?

fresh (cow, goat, sheep, camel)

pewdered
concentrated (cannad)

fulani sonr milk

yeghurt
athers

1
2

3
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2)~hour CONSUMPTION RKCALL

Kingds of foedsg B

1st day

214

Cereals, roots, tubers

Vegetables and fruits (including
ingredients of stews)

Legumes (beans, soyabeans, peas)

Nuts and seeds

Meat er animal foods (including
milk and cheese)

Bevereges

Other foeds







FIG 2 MEAN ANNUAL RAINFALL OF NIGERIA (mm)

, L e




FI5.3: LENGTH OF RAINY SEASON

IN NORTHERN NIGERIA

Length of rainy season
2 .. in days v o

——

~o 160 320Kms

U S







IN NIGERIA

TYPES OF CROP FARMING

320K rhs

SIS

" 160

e o % « v

(-




11l.

12,

13n

218

Temperate food crops, vegetables as cash—crops, on Jos

Plateau; finger millet, "hungry rice" {Digitaria exilis)

and sorghum,

Dry-season sorghum and wheat zone, on Lake Chad black
cotton soils.

High grassland zone; variety of crops, principally cocoyam,
caspava, maize, sweet potatoes, bambarra groundnuts,

African apd Buropean vegetables,
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TABLE 1: TOTAL ASCORBIC ACID INTAKE OF RURAL CHILDREN AGED TWO TO FOUR YEARS DURING RAINY SEASON
DAY 1 As. DAY 2 As. DAY 3 As,
FOOD Wt. Acid FOOD Wt. Acid FOOD Wt, Acid
T (em) (mg) = (em) (mg) = (gn) (mg)
Tea 2,009 %  Millet Pap 264 ®  Maize 500 9
Bread 261 0 Sugar 242 € Guinea corn Pap 1,624 0
Guinea corn Pap 1,538 0 Tea 1,91k 0  Bean cake 210 1
Bean cake 62l ¢ Bread 287 0  Waina 317 ue
Sugar 219 0 Sweet potatoes 540 32,78 Rice and Beans 438 .
Milk 87 1.7 Yam pottage 802 17.16 Fura LLS 0
Tuwon shinkafa €89 ¢ Milk 100 2.0 Neono 2,113 76,28
Kalkashi soup 9,8 113.18 Serrell/Melon soup 54  3.26 Tuwon dawa 2,007 0
Okro soup 1,581 205.7%  Pumpkin/Okro 32, 51.8, Kuka seup 5,043 829.15
Spinach/Sorrell soupb?2 . Tuwon dawa 1,991 0 Groundnuts 184 [}
soup
Tuwon dawa 3,484 ¢ Fura 332 0 Kalkashi soup 803 96,76
Kuka soup 4,483 738.97 Nore 3,128 112,92 Sugar 257 .
Boiled maize 484 ¢ Okro soup €02 109.56 Meat 1,282 0
Roasted maize 275 ®° Tuwon shinkafa 818 0 Tea 1,8L5 w
Garden Egg 84 17.55 Fish 92 0  Bread 392 0
Meat 262 ¢ Meat 207 L Milk 12y 2,48
Groundnut cake ¢ KHoasted maize 625 0 Okro soup 223 L2.82
Kuka soup 4,273 718.9 Meat stew 150 2.12
TOTAL 1,107.7 TOTAL 1,041.96 TOTAL 1,140,95
MEAN 58.3 MEAN Sh. 8L MEAN 60.05
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TABLE 1: (Cont'd)

DAY |y As, DAY 5 As,
FOOD Wi, Acid FooD Wt, Acid
(gm) (mg) (gm) (ve)

Guinea corn pap 1,460 C Tea 752 )
Bean cake Al ¢ Bread _ 260 &
Tea 1,725 ¢ Sugar 317 0
Bread 151 »  Milk 89 1,78
Milk 87 3. 74 Nono 1,87, 67.65
Sugar 262 ¢ Fura 4,98 €
Yam pottage 207 kb3 Beans 68 3
Serrell leaves Jollef rice with vege-

tables 115 1.5
Sweet potatoes 605 36.72 Tawon dawa 1,983 o]
Tuwon dawa 1,841 0 Cocoyam . 43 0.51
Tuwon masara 434 _\ Guinea corn patiage 252 1,31
Kuka soup 4,327 703.86 Sweet potatoes T84 B7.59
Melen/bitterleaf soup LO 0.48 Kuka soup L,L4L0 739.67
Meat 315 0 Spinach/pumpkin soup &7 9.63
Guava 69 79.8 Boiled maize 285 o]
Okra soup 368 " 70,66
TOTAL 981.92 TOTAL 923,78 )
MEAN 51.68

MEAN L,8,.62
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TABLE 2: TOTAL ASCORBIC ACID INTAKE OF RURAL CHILDREN AGED TWQ TO FOUR YEARS DURING DRY SEASON
DAY 1 As, DAY 2 As. DAY B As,
FOOD Wt,  Acid FOOD Wt.  Acid FOOD Wt,  Acid
(gm) (mg) (em) (m&) (em) (mg)
Tea 1,257 C Maize pap 327 ® Guinea corn pap 1,309 E
Bread L ® Guinea corn pap 1,34l ® Bean cake 532 )
Guinea corn pap 1,200° ® ' Bean cake 723 C Tea 1,784 ’
Maize L50 & Bread 189 ® Eread 200 (]
Bean cake 798 0 Tea 2,06 0 Maize pap 502 0
Dan=-wake 136 C Dlere 2,837 14.05 Rice 687 (3
Tuwon dawa ice 0 Fura L92 0 Beans 173 0
Tuwon masara 1sL € Yam pottage 379 8.11 Tuwon dawa 872 0
Milk 86 1.72 Acha pottage 125 l.46 Yakuwa soup €9 L8.7
Okxe. soup 608 26,27 Tuwon dawa 1,006 0 Kuka soup 4,724 L27.84
Kuka soup 3,743 581.02 Kalkashi soup 964 29.31 Meat 301 &
Yams 18 7.47 Pumpkin soup 87 0.9 Okro soup 543 18.3
Fura 507 ® Tuwon masara 25C ¢ Guinea corn pottage LE® 1,53
Nare 1,980 T71.48 Tuwon shinkafa 208 C Grasundnut cake 0
Sweet potatoes 23, 23.70 Sugar cane 534, 21,95 Nono 2,428 87.65
Groundnut soup 56 9 Okro soup 803 35,09 Fura ce2 ]
Sugar cane LB87 29.76¢ Kuka soup 3,821 L67.65 Milk i 1.4
Roasted groundnut 165 ® Groundnuts 150 0 Sugar 725 .
Spinarch/sorrell soup LY 3.99 Meat 181 0
Groundnut cake ¢ Fish 68 L]
Rice 351 ¢ Milk 92 1,84
Meat 28, ¢ Sugar 300 L]
Spinach/mellon soup 51 3.27
Sugar 279 C
Tetal 748,03 Total 645.05 Total 380,26
Mean 39.37 33.95 30.54

Grand average 35.35
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TARLE 2 {Cent'd)

DAY L Ag. DAY © As,
FOOD Wt. Acid FOOD Wi, Acid
(gm) (ng) (gm) (ng)
Waina 202 0 Maize 214 0
Bean cszke 600 0 Bean cake Lb7 !
Guinea corn pap 1,272 ¢ Guinea comm pap 1,508 0
Tea 1,483 O Milk 100 2.0
Bread 267 0 Sugar 247 0
Milk 8y 1,68 Hone 1,981 51.7
Sugar 322 0 Fura 389 0
Pidgeon peas 87 » Tuwon shinkafa 121, 8
Pounded yam 104 0 Okre soup 621 27.1h
Spinach/melsn soup 102 6.55 Tuwen dawa 1,210 0
Rice with v'tables 3h1 3.75 Kuka soup 2,935 L95.93
Tuwon dawa 1,004 ¢ 0
Kuks soup 4,307 616,89 Sweet potatoes 328 19,91
Okro soup 633 27.66 Meat stew 133 1.88
Fura 4,30 0 Yam pottage 241 516
Kono 891 32,17 Tea 1,517 0
Groundnut cake 0 Bread 3z 0
Meat P4 3} 0 Sugar cane 202 12,34
Dried fish LY O Kunun 2aki 225 28,22
Garden egg 243 50,76
Total 740,05 Total 6L 6T
Mean Mean 33.93

38.95
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TABLE 3: TOTAL ASCORBIC ACID INTaKE OF SUB-URBAN CHILDREN AGED TWO-FOUR YEARS DURING RAINY SEASON
DAY 1 Ag, DAY 2 As. DAY As,
FOOD Wt. Acid FOOD Wi, Acid FOOD Wt, Acid
(gn) (mg) (gm) (me) (gn) (mg)
Tea 1,71 0 Maize pap L0o2 ® Bread 502 (4
Sugar 324 ¢ Guinea corn pap 673 ® Guinea corn pap 1,802 ¢
Milk 9, 1.88 Bean cake 418 0 Bean cake 683 *
Guinea corn pap 1,625 ® Fura 627 0 Gari 867 ¢
Bean cake 798 ¢ lono 3,004 108.LL Semovita 584 0
Rice 672 ® Boiled groundnuts L21 © Kalkashi soup 93L  11.55
Meat stew 73 1,03 Tuwon shinkafa L83 ¢ Spinach/beniseed 76 1.55
Spinach/melon soup 95 5,15 Bean soup 150 0 Soup ‘
Tuwon dawa 1,930 0 Okro soup 558 107,14 Biscuits 81 0
Kuka soup 1,649 292.53 Tuwon dawa 971 0 Tea 1,941 0
Tuwon acha 752 0 Kuka soup 2,21 LL7.79 uava 67 89,13
Spinach/sorrell/ 101 9.15 Figh 90 0 Sugar 299 0
Melon soup : Pepcorn LO 0 Milk 109 2.18
Boiled groundnuts 322 ) Sweets 30 ® Yam pottage 634 13,57
Boiled maize 279 0 Hice 250 0 Tuwon acha 708 4
Meat 301 0 Spinach/Melon soup 3 .32 Tuwon dawa 936 0
Okro soup 843 161.86 Kuka soup 2,271 L50.54
Fura L12 € Meat stew 69 0.97 ©Sweets L5 o
Nono 2,634 95,09 Meat 228 0 3Boiled maize 337 0
Semovita 289 0 Bggs 174 0
Ayoyo soup 569 33,29 Ayoyo soup 843
Yam fleur 250 0
Total 569.38 Total 705.60 Total 669 S
Mean L40.67 Mean 50.4 Mean L7 85
Grand average L5.93
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TABLE 3; (Cont'd)

DAY As, DAY § As.
FOOD Wt, Acid FOOD Wt. Acid
(em) (me) ~(gm) (ng)
Fresh potatoes ,288 0 Tea 1,347 L
Bread, Meat & stew T4 1.04 Bread 283 L
Bread 3ch 0 Sugar 324 2
Tea 2,089 0 Milk 108 2.16
Sweet potatoes 581 35.27 Maize pap 831 L
Guinea corn pap 432 0 Bean cake Lo2 3
Alele 206 0 Yam 803 33.7
Jolloef rice 250 1.75 Meat stew 12
Tuwon dawa 1,004 0 Biscuits ol 0
Kuka soup 2,803 382.97 Garden egg 296 61.83
Yam 600 2L 30 Groundnut cake . o
Spinach/melon soup 125 6,78 Roasted maize 280 0
Orange 61 33.7k Boiled maize 331 C
Boiled cassava ite 21.17 Vegetable salad 105 1.71
Zogala
Roasted maize 31 0 Rice 534 C
Boiled maize 207 0 Spinach/melon soup 135 8.67
Tuwon shinkafa 730 0 Tuwon dawa . 833 0
Okro soup 981 186,35 Kalkashi soup 1,516 182.68
Fura . 285 Q Tuwon acha 270 r
Nono 1,250 L45.13 Spinach/bitterleaf soup B84 6.75
Sugar L13 0 Aicha pottage 138 1.61
Eges 120 0 Yam pottage L82 10,31
Kuka soup 1,326 218.57
Total : L. Th Total 529,20
Mean : S2.91 Mean - 37.8
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TABLS L4: TOTAL LSCORBIC ACID INTAKDL OF «.I={adAh CAIIIzad AGED TWO 0 IVIR YBARS DURING &Y SEASON
DAY 1 As, DAY 2 As, DAY 3 As.

FOOD Wt.  Acid FOOD Wt Acid FOOD Wte  Acid

(gm) (mg) (gm) (mg) (em) (mg)
Tea 2:2[2 ¢ Guinea corn pap 1,230 ( Bread 428 (
Bread 19l t Alele 184 0 Tea 2,020 t
Egg 128 ( Bean cake 594 ¢ Salmon fish 5L (
Yam 197 8.0 Tea 1,81y 0 Tuwon dawa 327 (
Meat stew 164 2.31 Bread 301 O Kalkashi soup 814 900,99
Sugar cane 7C2 42,89 Tuwon masara 160 ( Okro soup 873 187.42
Beans 15L ? Kuka s-up 1,057 29.5 Ayoyo soup 376  38.2
Rice 923 0 Ayoyo soup 341  34.68 Spinach/scrrell soup Ly  3.9%
Tuwon dawa 581 0 Sugar 292 O Bean cake 300 0
Yam pottage 2Ly 5.22 Milk L 1.48 Maize pap 350 0
Dates 61 0 Meat 3,02, { Meat 27h (
Okro soup 833 36.4 Fish 89 0 Semovita 300 4
Kuka soup 9L0 245.69 F:unded yam 136 0 Yam flour 25y 0
Sweet potatoes 304 18.45 Rice 427 0 Tuwon shinkafa 87 (
Biscuit 107 ¢ Yam flour 92 0 Sugar L2l (
Spinach/melon soup 91 Gari 8L 0 Milk 103 2,0
Meat 343 C Acha pottage 124 2.65 Fura 5{0 U
Sugar 328 0 Groundnuts 101 0 Nono 67.15
Milk 89 1,78 Eggs 180 0 Kunun Zaki 150 18.8
Oats porridge 216 0 Okro soup 305 58,56 Yam 176  7.15
Garden egg 200 41,78 Sugar cane L98  30.43 Sugar cane 243 14.85

Pineapple juice 150  33.¢(

Total 402,50 Total L23.92 Total 470.12
Mean 28.75 Mean 30,28 Mean 33.58

Grand Mean 31,23
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TABLE L: (Cent'd

A8, DAY 5 As,
FOOD Acid FOOD Wt Acid
ﬂJ (mg) (e (mg)

Tea 0 Waina g8 [
Sweet potatoes L0o2 2L 4Ol Guinea corn pap 463 G
Bread 17 0 Bean cake 201 [+
Guinea corn pap 892 0 Tea 2,203 (4
Bean cake 284 0 Bread 289 ¢
Alele 124 0 Sugar 229 0
Pop corn 50 0 Milk 147 2.94
Groundnut cake 0 Plantains 176 5S¢
Spinach/melon soup 89 CeT1 Meat stew 80 1,13
Tuwon shinkafa 346 0 Sugar cane 169 10,33
Orange 134 Thel2 Tuwon dawa 344 0
Meat 210 0 Spinach/bitterleaf/

melon soup 128 10,29
Fish 62 0 Banana 90 2L .62
Tuwon dawa L37 0 Semovita 270 0
Kuka soup 1,840 306.36 Okro soup 256 49,
Fura L16 0 Tuwon masara 174 i
Nene 927 33446 Spinach/pumpkin soup 102 1,28
Sugar cane 194 11.85 Chicken T2 [ ]
Meat stew 73 1,03 Beans €8 0
Acha pottage 12 le442 Rice 233 L
Yam 200 8.12 Spinach/Beniseed soup 116 5.8
Corn flakes 5% 0 Fish 104 0
Milk 300 6.0 Kuka soup 1,853 290,18
Sugar 314 Q

Total 472,50 Tetal 417.20

Mean 33.75 Mean 29.8
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TABLE 5: TOTAL ASCORBIC ACID INTAKE OF UKBAN CHILJOREN AGED TWO TO FOUR YEARS DURING RoINY SEASON

DAY 1 AS. DAY 2 As. DAY 3 As,.
FOOD Wt Acid FOOD Wt. Acid FOOD Wt. Acid
(gm) (mg) (em) (mg) (gm) (mg)
Millet pap 1489 0 Waina 251 0 Sweet potatoes 150 9,11
Guinea corn pap £91 0 Tea 1,543 © Meat stew 75 1,06
Sugar 234 0 3Bread 358 0 Tea 1,431 0
Bean cake 622 0 Maize pap 498 0 Bread 243 v
Dan-wake 100 0 Alele 168 0 Waina 187 i
Tuwon dawa 568 0 Milk 123 2.46 Guinea corn pap &34 0
Kuka soup 701 143.14 Fura cL8 O Bean cake 400 H
Semovita L36 ¢ Nano 2,232 80,58 Milk 178 3,56
Okro soup 872 16.42 Plantain 257 5.17 Sugar 450 0
Meat 349 0 Rice 687 0 Yam pottage 639  13.67
Beans 21 ¢ Fried yam 432 13.22 Tuwon masara 543 0
Garden egg 226 L7.21 Gari 381 0 Melon/bitterleaf soup 103 1.06
Fura L85 8 Okro soup 919 176.L5 Kalkashi soup 984 118,57
None 1,723 62.2 Tuwon dawa 762 0 Yam flour 250 .
Roasted maize 38L 0 Tuwon shinkafa 621 0 Ayoyo soup 507 51,56
Tiger nuts 8k ® Kuka soup 543 111.09 Tuwcn dawa 821 ¢
Pineapple drink 248  34.56 Kalkashi soup 807 97.24 Kuka soup 949 193.79
Tea 1,879 ® Fish 250 0 Orange LS 24,89
Milk 133 2,66 Meat stew 201 2.83 DBeiled maize 250 '3
Guava 47 43.85 Salmon 180 ]
Beg 160 d DMeat Ly i
Jugar 387 0
Total 477.19 Total 532.89 Tetal 417.27
Mean L7.71 Mean 53.28 Mean 41,72

Grand Average 45.25
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TABLE 5: (Cont'd)
—_— DaY L is, - DaY S LER
FOOD Wi, Acid Foop Wt, Acid
(gm) (mg) (em) (mg)

Sweet retatoces 75 1455 Guinea corn pap 943 ¢
Bgas 192 Y ilele 203 d
Tea 1,843 ] Bean cake L8817 t
Pancake . 79 0 Tea 1,230 0
Guinea corn pap 640 0 Fure Lo [
Bean cake 552 0 Nore 2,008 72,149
Sugar L70 0 Meat stew 129 1,82
Milk 8g 1,78 Rice 165 )
Beans 1685 0 Gari 151 0
Macarroni 83 0 Spinach/beniseed seup 88 0.96
Tuwon dawa Tha 0 Sweet L8 [
Kuka soup 938 191,54 Boiled maize 289 T
Tuwon shinkafa 623 0 Tiger nuts 37 ¢
Olro soup 1,029 197.57 Beans £9 16.1)
Buiscuit 75 0 Tuwon dawa 589 &
Groundnut cake 0 Kuka saup 901, 183,94
Fura 525 Q Sugazr 297 0
Nono 2,400 86.64 Plantain 102 2.05
Meat 182 0 Tuwon shinkafa 530 0
Ribena fruit drink 150 6,0 Kalkashi soup 2,979 117.97
Meat 298 0 Meat 298 »

Garden egg 200 41,78

metal 4,88.08 Petal 347.21
Mean L8.81 Mean .72



235

B unul

..«+LDREN AGED TWO TO FOUR YEARS DURING DRY SEASON

TAELE 6: TOTAL ASCORBIC ACID INTAKE oF o~
Hvb.ww H. s @ DAY 2 ‘_PWO DAY M h.rm-
FOOD s Acid 0D Wt Acid FOOD Wt. Acid

- (em) (mg) (gn) (mg) (gm) (mg)
Tea 1,L50 ©¢ Yam 681 27.65 TFried yam 150 9.27
Waina 250 o Meat stew 207 2.92 Fried sweet

tetatoes -384 11,79

Bread 538 ¢ Bread 250 ¢ Eges 159 ©
Guinea corn pap 894 0 Tea 1,305 0 Meat stew 134 1.89
Bean cake 3217 ¢ Eggs 16l 0 Tea 1,5L¢ (e}
Sugar 311 ® Peunded yan 102 0 Maize pap 580 ©
Milk 124 2.88 O@kro soup 370 16.17 Sugar 338 0
Groundnuts L23 ® Sugar Ll2 $ Milk 119 2.18
Yam pottage 536 11,47 Milk 97 1.94 Gari 505 [
Semovita ce8 € Meat 2,294 © Ayoys soup 802 81,56
Okre soup 230 LL.1 Tuwon dawa Th1 - Semovita 325 0
Tuwon dawa 976 ® Kuka soup 584 119,26 KXalkashi soup 743 78,02
Kuka soup 873 178.27 ‘Tuwon masara 687 C Rice 624 (4
Groundnut cake 0 Melan/bitterleaf soup 114 0.97 Tuwon dawa 1,200 )
Rice L59 0 Kalkashi soup 570 68.69 Kuka soup 812 165,81
Tiger nuts 210 e Nona 2,874 103.75 Meat 21y [
Garden eggs L51 94.21 Fura 623 0 Greundnut cake ©
Meat stew 80 1,13 Groundnuts 340 ® Sweets 53 ¢
Tuwon shinkafa 687 0 Orange drink 150 82,97 Margarine L3 ¢
Spinach/sorrell soup L2 3,81 Dan-wake 89 C None 1,224 LL.19
Meat L81 ¢ Fura L25 0

Total 335.47 Tetal L2L.3 Total 394.89

Mean 33.55 Mean 42,43 Mean 39.49

Grand Average 37.49
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TABLE 6: (Cont'd)
DAY L as. DAY © Asg,
FOOD wt. Acid FOOD Wt. Acid
(em) (mg) (em) (mg)

Millet £00 © Pancake 130 0
Waina 123 0 Guinea corn pap L92 0
Alele 186 0 Bean cake 302 ¢
Bean cake 274 e Tea 1,458 0
Yam pottage 636 13,61 Milk 121 2,42
Tuwon masara 82y 0 Sugar 343 0
Okro soup 501 96.19 Tuwon dawa 839 ¢
Rice 535 ® Kuka soup 801 163,56
Meat stew 130 1.83 Meat 413 0
Yam flour 252 0 Semovita 388 0
Kalkashi soup 367 116,52 Okrs soup 960 184,32
Garden egg 138 7.%4 Gari L25 0
Tuwon dawa 789 0 Spinach/melon soup 143 7.75
Kuka soup 234 LT.Th Sugar cane 704 L3.01
Tiger nuts 60 0 Plantain 18y 3.66
Sugar 317 Q Meat stew 136 1,92
Maize pap Le3 ) Biscuits 68 0
Sugar cane 621 37.94L Fura 582 0
Pineapple drink 284 62.48 Nona 802 28,95
Meat 390 [

Fish 302 (4]

Total 38L.25 Total 435.59
Mean 38.43 Mean L3456
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TABLE 7: TOTAL ASCORsIC ACID INTAKE OF RURAL CHILDREN AGED FIVE-SEVEN YEARS DUAING RAINY SEASON

DAY 1 As, DAY 2 As, DAY 3 As,
FOOD Wt. Acid FOOD Wt. Acid FOOD Wt Acid
(gm) (ug) (gm) (mg) (gm) (mg)

Maize pap LE3 ¢ Guinea corn pap 1,090 ¢ Guinea corn pap 2,210 ¢

Guinea corn pap 2,000 ¢ Bean cake 231 ¢ Tea 1,914 c

Bean cake 38 ¢ Tea 2,0812 ¢ Bread 618 C

Sugar 91 @ Bread 720 0 Sugar 238 C

Yam pottage 1,050 22.47 Sugar 120 0 Milk 208  Lt16

Tuwon dawa 4,750 0 Milk 250 5.0 Bean cake 284 (4]

Tuwon masara 963 ¢ Tuwon dawa 2,070 ¢ Waina 3¢2 0

Kuka soup 5,875 841,18 Okro/pumpkin soup 238 24.70 Grsundnuts 75¢ 0

Spinach/melon soup 1,720 146.22 Kuka soup 4,802 624.56 Tuwon dawa 2,133 ¢

Kuka soup 5,921 1216.9p

Groundnut cake 0 Nono 6,435 276.95 Tuwon masara 632 ¢

Meat 374 0 Fura 2,307 € Rice 75¢ ¢

Garden egg 122 25,48 Yam 830 33,70 DSeans 627 D

Okro soup 2,400 278.8 Meat stew 209 2.94 Meat stew 1,002 14,12

Tuwon shinkafa 6,032 ¢ Boiled maize 334 ¢ Ckro soup 4,326 365.85
Dan-wake 298 C Cecoyam 783 105.51 Melon/bitter=

Beiled maize 152 $ Tuwon shinkafa 1,571 0 1leaf soup 150 12,30

Kalkashi soup 3,300 L30.,78 Meat 4L3 0 Sweet pstatoes 4,300 118,2t

Spinach/melon soup 640 4.10 Nono 1,943 50,14

Fura g6l ¢

Meat 1,534 ¢

Roasted maize 319 ¢

Total 1,671.48 Total 1,074.24 Total 1,781.45
Mean 92.86 Mean 59.68 Mean 98.97

Grand Average 79.11
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TABLE 7: (Coni'd)
DAY As, . DAY Aa,
FOOD Wt. Acid FOOD Wt, Acid
(gm)  {(mg) (am) (mg)

Guinea corn pap 1,875 0 Millet pap 489 T
Tea 2,433 0 Bean cake 292 v
Bread 112 0 Tea 2,324 o
Bean cake 301 0 Bread 23l 0
Sugar 2C4 0 Sugar 183 ¢
Milk 102 2,0l Milk 162 3,24
Jollef rice with v! Waina 483 c

vegetables 15k 1,69 Rice and beans 330 0
Guinea corn petiage 182 1.85 Jellef rice with

vegetables L81 5.77
Boiled maize 105 p Nonc 1,302 16,09
Tuwon dawa 1,28 0 Fura 687 o
Meat stew 430 7.83 Tuwon shinkafa 891 C
Yams 756 30.€9 Kuka soup 6,563 839.71
Kuka soup 5.403 862,87 Okro soup 1,728 301,42
Tuwon masara 2,LEC 0 Tuwon dawa 1,912 0
Oranges 56 30.97 Groundnut cake C
Tiger nuts 9% 0 Meat 303 0
Garden egg 389 88.59 Fish 87 0
Spinach/pumpkin soup 138 19,8 Spinach/scrrell
pumpkin soup 207 16,6

Okro soup 1,765 162,18 Garden egg 102 21.26
Fura SOh D Guinea corn pap 824 0
Hono 1,124 85,52 Boiled maize 287 0
Meat 576 0

Total 1,278.1° Total 1,314.18

Mean Ti.0L Mean

)

73.01



TABLE §: TOT.L ASCOURBIC ACID INTAKE OF RURAL CHILDREN AGED FIVE-SEVEN DURING DRY SEASON

DAY 1 As, DAY 2 As, DAY 3 As,
- FOOD Wt. Acid FOOD wt. Acid FOOD Wt. Acid
A (em) (mg) (gm) (mg) (&m) (mg)

Guinea corn 1,820 0 Tea 2,724 € Maize pap 361 ©
Bean cake 241 0 Guinea corn pap 872 0 Millet pap L33 0
Tea 1,912 € DBean cake 193 QO Bean cake 271 0
Bread 607 ¢ Bread 304 © Waina 6l ¢
Yam LB9 19.88 Milk 151 3.62 Sugar 150 0
Meat stew 133 1.87 Sugar ze8 € Tea 1,997 (4
Yam pettage 620 13,27 Sweet potatoes 336 20.39 Bread 581 ¢
Tuwen dawa 4,573 0 Cassava and rama 256 16.05 Milk 97 1,94
Kalkashi soup 1,850 52,5 Sugar cane 301 18.39 Rice & Bean 386 0
Kuka soup 4,920 527.76 Tuwon daga 1,517 0 Tuwon dawa Ly327 0
Tuwon masara 823 ® Tuwon shinkafa 1,018 € Tuwon masara 3,905 ¢
Groundnut soup 259 0 Okro soup 567 24.77 Okre soup 874 38.19
Sugar cane 787 L48.0 Kuka soup 3,589 120.27 Spinach/melon soup 146 19.37
Meat 314 0 Nono 7,007 272.65 Kuka soup 3,568 455,12
Fish 68 0 Fura 639 0 Sugar cane 501 30.61
Milk 152 3.04 Groundnut cake C Garden egg 150 10.44
Sugar 200 ¢ Beans 105 0 Dried fish 67 C
Fura 578 C Meat stew 98 1.38  Kunun Zaki 194 24.32
Nono 1,002 26,17 Meat 107 € Yam pottage 583 12.47
Kunun Zaki 227 28.4,6 Pumpkin/spinach Meat 301 (
Dan-wake 82 C scup 89 9.2, Sweet potatoces 180 10,92

Garden egg L3 8.98 Meat stew 133 1.87

Mean L41.36 Mean 36.89 Mean 36.91

Grand average = L0.96
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T4BLE 8: (Cetnt'd)

DAY L As, DAY m ASe
FOOD Wt. Acid FOOD Wt. Acid
(em) (mg) (&m) (mg)
Guinea corn pap 1,701 0 Tea *,988 ¢
Bean cake 98 ¢ Guinea corn pap s 0
Waina N ¢ Bean cake 19 0
Tea 2,233 0 Mirk 176 3.52
Bread Lo7 0 Sugar 193 (4
Milk 69 1.38 Bread 569 0
Sugar 159 ¢ Guinea corn pottage 257 2,62
Tuwon shinkafa 3,234 0 Tuwen dawa 1,892 0
Okro soup 1,540 23459 Okxe soup 841 36.75
Tuwon dawa 1,875 0 Kuka scup 5,711 45.19
Kuka soup L,834 470,30 Sorrell/spinach secup 139 12,41
Spinach/sorrell/melon
soup C5 9.51 Beans 150 O
Pidgeon peas 107 0 Bambara nuts 91 0
Fura 537 c Sugar cane L20 25.66
Nono 5,11l 240,21 Fura 673 <
Groundnut cake 0 Fer.o L, 71L 261.87
Cocoyam 813 L49.34 Groundnut cake (¢
Cassava, rama 317 Yams 1,601 136,12
Meat 291 e Meat stew 28y L.CO
Garden egg 174 36.34 Kunun Zaki 223 27.96
Sweet patatoes 173 10,50
Meat 280 0
T:tal 788.76 Total 82L.76

Mean L3.82 Mean L5.82
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TABLE 9: TOTAL ASCORBIC ACID INTLKE OF SUB=-URBAIl CHILLREN AGED FIVE SEVE. YEARS DURING RAINY SEASON
U.Pﬂ i HAS. lH.U!bM._II.W AS, .DPM‘ “w An i
FOOD Wt. Acid FOOD Wt, scid M@mﬁ Wt. Acid
(em) (mg) (en)  (mg) (m) (me)

Tea 2,200 ¢ Bread 758 C Guinea corn pap 891

Sugar £01 0 Tea 1,933 ¢  Bean cake L£20

Milk 67 1.84 Sugar 145 ¢ Bread Lt

Bread gco C Milk 89 1.78 Tea 1,923
Conflakes 20 0 Oat porridge 150 0 Milk 12y 2.4
Maize pap L52 ¢ Tuwon shinkafa L38 C Fish stew 89 0.S
Fura 681 € Bean scup 231 U Yam pottage 67C 21,7
Mene 1,800 70.38 Tuwon dawa 769 C Tuwon dawa 806
Eoiled maize 173 0 Okro soup 58Y 12.71  Kuka soup 5C3 252.7
Eosiled groundnuts 261 C Kuka soup 250 100.9 Tuwon masara g1l

Meat 274 C Semcvita 21y ¢  Spinach/pumpkin/

Tuwon masara Sél C Ayoyc soup 132 L2.07 sorrell soup 2.7 222.5
Kuka soup 397 132.85 Meat 309 C Eciled maize 1F9

Tuwen dawa L72 0 Yam 802 34.16 Roasted groundnuts T
Kalkashi soup oLE 9L4.97 Meat stew 315 3.78 Buiscuits €8

Pep comm 38 0 Hibena 60 31.42 Sweets 28
Groundnut 150 0 Sweets 27 0 Semcvita L35

Guava 52 68.64 Alewa 32 C Ayoyc soup 629 62,2
Fish 83 C Fish stew 104 1.29 Garden egg 8, 16.8
Rice with vegetables 350 20.6L4 Beans 389 ¢ Guava 56 68,8
Plantain 102 0 Fura L00
Cassava 762 C Nore 1,607 62,6
Okro soup 964 186.24 Meat 299

Total 570.06 Total 328.11 Tetal 510,97
Mean 71.25 Mean 41.01 Mean 63.87
Grand Average 61.51



TABLE 9: {Cmnt'd)
DAY 4 As. DAY 5 As,
FOOD Wt. Acid Q0D Wt. Acid
(em)  (mg) (gm) (ng)

Maize L9 T Tea 2,003 v
alele 250 0 Bread i1z 0
Bean cake 103 0 Sugar 151 0
Fried yam 151 3.14 Milk 100 2.C
Meat stew 80 1.14 Guinea corn pap 533 1,0
Tea 1,234 0 Egg 67 0
Egg 6ly 0 Bean cake ok
Sugar 162 Y Figh stew 133 1,35
Millk 2Lz 2.04 Rice 300 0
Bread 384 ¥ Meat stew 209 3,21
Pried potatces 199 §.02 acha pottage 502 6e37
Tuwon shinkafa 76k I Banana 98 27.4lt
Okro/pumpkin Yam pcttage 703 16.59

soup 608 88.16 Tuwon dawa 692 0
Boiled yam 317 13.88 Kuka soup 513 152,00
Orange 2,8 141.88  Orange drink 250 98.0
Pish stew 2C6 2.08 {uwen masara 373 o
Rice 570 0 Kalkashi soup L2 L7.75
Spinach soup 23 2h.31 Spinach/sorrell
Fura L32 0 melen soup 257 23.49
Hono 2,011 6,35 Roasted maize 191 0
Tuwon dawa 992 0 Gaxrden eag 133 28,40
Kuka soup 58 167.84 Fura 503 0
Roasted maize 302 0 Noro 1,980 70.41
Yam flour 506 0
Ayoy: soup 703 57.29

Total 574.10 Total L77.01
Mean 59.62

71,76

Mean
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TABLE 10: TOTAL ASCORBIC ACID INTAKE OF SUB~UREAN CHILDREN AGED FIVE-SEVEN YEARS DURING DRY SEASON

DAY 1 As. DAY 2 As. DAY 3 As,
FOOD Wt, Acid FOOD Wt, Acid FOOD Wte Acid
(en) (mg) (gm) (mg) (em)  (mg)
Tea 1,903 € Tea 1,284 ¢ Tea 2,007 r
Milk 142 2,84 Milk 93 1.86 Milk 202 L.CL
Sugar 107 0 Sugar 121 0 Sugar 189 C
Bread 578 ¢ Bread 657 0 Bread 672 c
Irish potatoes 150 7.68 Maize pap 341 0 Guinea corn pap 501 0
Bean cake 100 0 Alele ce3 0 Bean cake 126 C
Guinea corn pap 625 0 Egg 21y 0 Waina 134 0
Rice 298 0 Tuwon masara su8 0 Banana 189 51,69
Beans 243 ¢ Spinach/sorrell Fura LS3 c
Meat stew 301 L.24 melan soup 271 24.5 Nono 1,62 35,08
Egg 200 ¢ Cassava flour 52l ¢ Groundnut cake 0
Tuwon dawa 498 0 Ayoyo soup 83¢ 89,05 Biscuits 17¢ ¢
Kuka soup 279 84,28 Kuka soup 1,241 250,0 Meat 591 (4
Semcvita 314 ¢ Tuwon dawa 937 0 Rice L99 ¢
Okro soup 541 88,29 Meat 303 C Meat stew 324 L.69
Meat 273 C Yam pcttage 69¢ 13.86 Tuwon acha 529 (
Tuwon shinkafa 5L8 0 P:iunded yam L29 0 Kunun Zaki 281 35.24
Kalkashi soup 629 €0.94 Okro soup 525 82,05 Kuka soup 350 7147
Garden egg 251 50.12 Sugar cane 321 20,99 Kalkashi soup 399 34.13
Tiger nuts 79 0 Meat stew 1LYy 2,03 Garden egg 120 25,07
Sugar cane 708 51,82 Orange drink 280 112.7 Pineapple drink 280 126
Fura L38 0 Peppermint 58 0 Tuwon dawa 602 (
Nono 1,243 38.03 Fura 51, { Yam flcur 453 {
Nons 1,794 S8.82 Ayoyo soup 699 L6.37
Tctal 388.24 Tctal 651.71 Total 433.78
Mean 48.53 Mean 81.46 Mean 54,22

Grand Average = 55.3L4
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TABLE 103 {Cont-q)

DAY As,. DAY S As,
FOOD Wt. Acid FO0D wWt. Acid
(em) (ue) (gm) (mg)
Quaker Oats perridge 207 L Tea 1,432 ¢
Bread 803 0
Milk 192 3.84 Milk n i.8
Sugar 174 0 Sugar 124 ¢
Tea 1,87¢C C Feg ol 0
Bread 607 0 Sweet potatoes 21k 12,99
Butter 28 ¢ Meat stew 151 2,96
Fried yam 159 9.73 Guinea corn pap 619 C
Meat stew 243 2.98 Bean cake 133 ¢
Guinea corn pap 53 o Sugar cane 461 38.35
Bean cake G99 0 Tuwern masara £33 ¢
Pop corn 50 0 Kuka soup 68l 140,25
Tuwon shinkafa 691 0 Cassava flour 259 v
Kuka scup 501 151,60 Okrc soup 350 59.22
Fura 1,36 0 Banenas 1L 30,81
Nono 1,701 LT.46 Meat 341 ¢
Groundnut cake C Tuwen dawa To4 ¢
Meat 892 D Spinarch/beniseed
Sugar cane 521 31.15 soup 350 22,12
bemovita 29y, 0 Semovita 389 v}
Okro soup 352 51.4L9 Spinacy/pumpkin soup 28 hl.2k
Pounded yam 160 0 Sweets 68 (
Spinach/melcn soup 175 12.30 Kalkashi soup 602 50,98
Tuwon dawa 529 0
Pumpkin/okro soup 308 29.14
Total 339.69 Total Loo. Lo

Mean L2446 Mean 50,05
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TAELE 11: TOTAL

ASCIREIC ACID INTAKS OF URBAN CHILDRII

AGLED }IVi-GEVEN YBARS DURING RAINY SEASON

DAY 1 As. DAY 2 As, DAY 3 As,
FOOD Wt.  Acid FOOD Wt,  Acid  FOOD Wt,  Acid
(em) (mg) (gm) (mg) (en)  (me)
Yams 705 28.62 Guinea corn pap 570 0 Fried Irish
pttatoes 294, 11,92
Meat stew 343 L.86 Alele 293 ¢ Salmon fish €C 0
Meat 1,641 0 Millet pap 498 C Fish stew 201 1.fC
Tea 1,739 ¢ Bean cake 122 C Tea 1,8
Bread 583 C Tea 2,C1l ¢ Ege 139 ¢
Sugar 179 0 Bread 836 ¢ Bread 901 C
Milk 129 2,58 Sugar 157 0 DMilk 21y,  L.28
Maize pap €53 ¢ Milk 1¢7 2.1 Sugar 198 ¢
Bean cake 13, ¢ Pineapple drink 213 164.41 Guinea corn pap 643 (
Waina 143 0 Boiled maize 607 0 Bean cake 11 (
Tuwon masara 638 ¢ Plantain 257 ¢ Tuwen dawa 928 (
Melen/bitterleaf soup LB¢  38.59  Rice 839 ¢ Kuka soup 2,483  1LL.9
Meat stew 413 5.82 Groundnut cake {
Kalkashi soup L5C 54.13 Cassava flour 92l C Yam pottage 633 16,71
Yam flour 537 0 Qkro soup 633 125.82 Semcvita 487 ¥
Ayoys soup 531 54,03 Tuwon shinkafa 791 ¢ Okry soup 431 86,7
Poiled maize 602 ¢ Kalkashi soup 574 69.17 Cassava/zcgale/
Tuwon dawa 834 ¢ Tuwon dawa 643 (@ groundnut 209 25,72
Kuka soup 6C4 121,65 Kuka soup 508 103.73 Fura 598 {
Guava 130 172 Meat 38 0 Nono 1,94  80.C:
Yam pcttage 298 6.37 Fura 6l 68.37 B:iled maize L08 (
Meat L11 ¢ Nono 1,894 68.37 Tuwon masara 994 ’
Spinach/szrrell
melcn soup 350 31.98
Orange 1c2 57.84
Meat 294 {
Total 784.16 Total 720.59 Total 748.67
Mean 60.35 Mean 55.43 Mean 57.59

Grand Average = 53.6
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TABLE 11: (Cont'ad)
DAY W As. DAY 5 As,
FOOD Wt, Acid FOOD Wt. Acid
(gm) (ng) (em) (mg)

Waina 21,3 0 Tea 2,132 0
Tea 1,938 0 Milk 154 3,08
Bread 843 ] Sugar 190 0
Milk 129 2,58 Bread 729 ©
Sugar 1,48 0 Butter 21 0O
Egg 134 0 Rice 679 ]
Pancake 204 e} Beans 384 0
Maize pap 569 0 Guinea corn pap 748 0
Bean cake 138 V] Bean cake 199 ¢
Tuwon masara 899 ) ] Boiled maize 29, ¢
Kuka ssup 1,438 332,45 Tiger nuts 114 0
Tuawon dawa 1,012 0 Tuwon dawa 997 0
Roasted maize 482 ¢ Kuka soup 1,389 378,56
Groundnuts 305 0 Irish petatoes 178 10,80
Biscuits 143 0 Spinach soup L38 28,86
Bananas 109 29.81 Meat 214 1)
Fura 485 0 Orange drink 257  113.38
lone 1,843 75.93 Tuwon shinkafa 89l 0
Yar fleur 7H9 0 Xalkashi saup L32 5642
Ayoyo soup 537 35.27 Peunded yam 601 0
Acha pettage L,65 5.4L Spinach/melon soup 375 26,4
Garden egg 21,8 LO.6 Caggava flsur 53l 0
Meat 200 ’ Spinach/beniseed soup 334 23,51

Garden egg 12y 26,04

| -oseat
Tetal STY.HL Total 661444
Mean 43.88 Hean 50,88
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TABLE 12: TOTAL ASCORBIC ACID INTAKE OF URBAN CHILDREN

AGED FIVE-SEVEN YEARS DURING DRY SEASON

DAY 1 As, DAY 2 As, DAY 3 As,
FOOD Wt. Acid FOOD Wt, Acid FOCD wWt, Acid
(gm) (mg) (em) (mg) (g2)  (mg)
Guinea corn pap L2l 0 Tea 1,342 € Tea 894 0
Alele 489 0" Bread 814 ¢ Eggs L2 [
Bean cake 137 ¢ Sugar 143 ¢ Milk 154 31,28
Tea 1,348 © Fish stew 234, 2,387 Sugar 134 0
Sugar 124 0 Milk 172 3.4y Bread 769 4
Milk 193 3.86 Maize pap 638 € Sweet potatoes 263 1,59
Bread 870 0 Bean cake 194 0 Meat stew 154 2.L7
Plantain 413 12.43 TMillet pap 250 ¢ Guinea corn pap 509 ¢
Pried sweet potatoes 36  6.95 Alele 338 2 Alele 298 0
Pcunded yam 250 € Rice 627 C Bean cake 172 [
Okre soup 359 31.5 Meat stew 143 2,016 Meat Lo2 0
Semovita £e3 ¢ Tuwon dawa 892 0 Tuwon dawa 824 (4
Aysys soup L52 25.96 Kuka soup 674 173.14 Kuka soup 1,509 L26.95
Cassava flour 573 £ Tuwon masara 43 0 Tuwon masara 7L9 g
Spinach/melon soup 298 19.13 Okro s»up 523 L49.03 Spinach/melen
Meat 328 C Yam flaur Lu8 0 Dbitterleaf soup 700 L.k
Sugar cane 644 L1.28 Kalkashi soup 537 28,59 Fura 850 0
Fura 512 4 Beans 2L9 ¢ None 1,843 68.37
Nens 1,649 L49.52 Tiger nuts 71 0 Sugar cane 429 13.38
Tuwon dawa 738 € Sugar cane 602 36,78 Rice 8393 ¢
Kuka 3,750 324.5 Neno 4,550 335.95 Fish stew 324 327
Groundnuts 250 0
Cassava flour L1 C
Okro soup 602 111,97
Total 510,38 Total 521,95 Total 625.17
Mean wm - 26 Mean ro . Hm Mean rm . OW

Grand Average LL.45
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TABLE 12: (Cunt'd)

DAY 4 As. DAY 5 Asg.
FOOD Wi. Acid PO0D Wt. Acid
{em) (mg) _ (em) (og)

Waina Loz2 t Tea 1,78¢ C
Dan-wake 133 < Bread . 920 c
Guinea corn pap 63 0 Milk 1,5 2.9
Bean cake 15k 0 Sugar 43 ¢
Tea 1,,23 t Pish stew 155 1.56
Sugar 158 0 Egg 9 C
Milk 102 2.04 Maize pap 61l ¢
Egg 199 0 Bean cake 203 ¢
Pancake 132 [ Semovita 800 ‘@
Bread 674 0 Okre soup A " 86,85
Pounded yam 589 ¢ Jollof rice 678 14.17
Bean soup 1,99 Loty Rice & Beans 594 €
Yan uettage 702 15,02 Tuwon dawa 913 ¢
Fura 793 0 Kuka soup 2,h48 312,498
None 1,492 52,82 Greudnut cake '3
Rice 6914 ¢ Sugar cane 312 15.18
Meat stew 193 2.72 Cassavs flour 549 0
Tuwon dawa L1 0 Kalkashi soup 1,421 187.34
Kuka soup 3,621 329,47 Spinach/melen soup 150 9.63
Semovita 534 0

Ayoye soup 629 43.96 Tuwon shinkafa 638 C
Tuwon masars 830 ¢ Spinach/serrell

Kalkashi soup 570 38,68 melen soup 37 33.84
Okro/pumpkin soup 384 47.5 Fura 902 0
Sugar cane T4 29,4 Hons 1,483 £3.53
Garden egg 291 30.79 Meat L20 ¢
Meat 234 0

Tetal £596.05 Total 636,22

Mean . o L5.85 | ~ Mean - 48,94
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TLBLE 13: TOTAL ASGURBIC ACTD INTaly OF VURLL ADCITS ATAR U1 - 52 Y80S Doailis RAILY SULala
DAY 1  As, DAY 2 is, DAY 3 As.
FOOD Wt.  Acid FOOD Wt.  Acid FO0D Wt,  Acid
(gm) (ms) (gm)  (mg) (em) (mg)

Guinea corn pap 1,938 ¢ Guinea corn pap 1,72, ¢ Maize pap 639 C
Bean cake L00 ¢ DBean cake 374 ¢ Millet pap 820 C
Fura 225 ¢ Tuwon dawa 330 ¢ Bean cake 362 L
Norc 1,%¢0 332.58 Kalkashi soup 225 29.78 Tuwcn shinkafa 398 ¢
Yam 339 13,62 Okro soup 718 139.148 Xuka soup 1,5c0 111,77
Tawon: dawa 5L9 ¢ Fcianut 421 82.91 Cccoyam 433 13.25%
Tuwon masara 53l ¢ Tuwtn masara 507 ¢ Meat stew 207 2,11
Kuka soup 1,49 L56.8, Fura 66C €t Tuw:zn dawa 56k 0
Ckro soup 438  TT.43  Rono 1,85 126,¢1 Okre sswp 624 63,96
Kolanut 18 27,96 Fish 1,003 ¢  Kilanut 3¢ 5h.39
Groundnut 151 0 Fish 729 ¢
Meat Btg ¢

Total 9¢7.27 Petal 377.72 Total 545,09

Mean 129,61 Mean ,. 53.96 Mean 77.87

Grand Average 75.22
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TARBLE 13: (Cont'd)

DAY L As, DAY As,
FOOD wt. Acid - Fo0D Wt, Acid
(em) (ng) (&) (mg)
Guinea corn pap 1,389 c Guinea cbrn pap G C
Bean cake L2k 0 Maize pap L0 c
Caggava, zogala &
groundnut 327 33.71 Bean cake 39, c
Waina nza <
Kolanut al, 15.97 Dan-wake L7 0
Tuwon dawa 65l 0 Tuwon shinkafa 33h C
Boiled groundnuts 138 c Spinach/pumnkin secup 200 25,06
Kalkashi scup 1,35 143.77 Beiled maize 125 ¢
Fura 239 0 Tuwon dawa 5CL ¢
Nono 1,624 65.84 Euka seup 00 L27.57
Okro L51 79.31 Kelanut 75 .47
Tetal 335.37 Total L67.52
Mean L47.91 Mean 66,78
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TABLE 1iz TOTAL ASCORBIC ACID INTAKE OF RURAL ADULTS AGED 55 - 72 YEARS DURING IRY SEASON

DAY 1 As. DAY 2 As. DAY 3 As.
FOOD Wt.  Acid FOOD Wt.  Acid FOOD Wb Acid
(gu) (ng) (gm) (ug) (an) (mg)
Bean cake 368 0 Yam L7 6.35 Guinea corn pap 1,983 o}
Maize pap 1,075 O Meat stew 93 €,93 Bean cake 129 0
Tuwen dawa 631 ¢ DBean cake 1,26 ¢  Kolanut 207 LO.LO
Kuka soup 925, 198,53 HMaize pap 1,029 ¢ TIura 1,0CC ¢
Yam pettage 182 2.75  Kolanut 379  L2,92  None 2,800 120.16
Kolanut 514 70.51 Tuwin masara 9LC C Tuvon dawa <€C 0
Okro soup 16¢ 8.86 Kalkashi soup LS50 20,33 Kuka soup 823 178.65
Spinach/melon soup 37h 27.19 Groundnuts 153 ¢ CUkroe soup Le1 16,82
Meat 605 ¢ Zogala & G/nut 203 3.06
Fish 24 0 Meat 922 C
Fura 123 ¢ Tuwon dawa 739 0
None 961 31.23 Okio coup 502 2,.89
Kuka soup 1,238 163.14
Total 336.14 Total 261.87 Total 352.03
Mean L,8.02 Mean 37.41 Mean 50,29
Grand Average L. 70
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TABLE 14: {(Cont'd)
. DAY As, DAY S Ag,

FOCD Wt, scid FO0D Wt. Acid

T (em)  (mg) T (gn) (wg)
Guinea corn pap 1,839 Q Maize pap 1,620 0
Bean cake 269 ¢ Bean cake 354 0
Kolanut 62l 100.62 Garden egg 59 12,03
Sweet petatces 339 19,25 Kolanut L83 L23,58
Meat stew if3 1.03 Fura 499 0
Tuwon shinkafa 550 C Nor.e 1,005 32,76
Okro soup 1,480 80.93 Tuwen dawa 528 0
Kalkashi seup 891 64 .59 ¥Kuka soup 984 160,72
Tuwon dawa 33 € Okze soup 398 12,1,

Tetal 265.93 Tetal 3u8.¢0

Mean 37.99 Mean L9.8
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TABLE 15: TOTAL ASCORBIC ACID

INTAKE OF SUB~URBAN ADULTS AGED 55 - 72 YEARS DURING RAINY SEASON

DAY 1 As. DAY 2 As, DAY 3 As,
FOO0D Wt. Acid FOOD wt. Acid FOOD Wt, Acid
T (gm) (mg) T (en) (mg) o (gm)  (mg)
Tea 1,849 0 Maize L29 0 Irish retatses 200 00,52
Sugar 75 0 Guinea cern pap 83L 0 Meat stew 2Ly 2.L0
Bread 500 0 Alele 2°0 0 Zread 329 ©
Sweet pttatoes 150 9.55 Tea 1,007 0 Tea 1,2L0 0
Milk 87 1,74 Bread 502 0 Milk 90 t.8
Meat stew 102 1.65 Milk 79 1.08 Sugar 9L 4
Fura 225 0 Eggs 67 ¢ Yam 2Ll 9,50
Nono LSC L6.,02 Meat stew 134 1.42 Boiled maize L79 0
Maize mold 200 © Rice and Beans 399 0 Fura 280 0
Spingch/melon soup 194 11.03 Yam flour 289 2 Nero 902 L9.21L
Tuwon dawa 250 0 Ayoyo soup 255 L7.08 Tuwon shinkafa 563 (4
Kyka soup 225 L46.26 Tuwen dawa 680 4

Cassava flour 201 0 Kalkashi soup 539 80,31 Kalkashi soup 439 8c.53
Okro soup 334 L42.38 Okre/pumpkin soup 259 11,04 Tuwen acha 389 0
Eeiled groundnut 200 0 Kolanut 60 11,04 Kuka ssup 175 35.24
Kolanut 28 4.85 Meat 214 0 Rice 320 0
Meat 113 O Fish el 0 Fish stew 124 1,24
Sugar 83 0 Fish 309 0
Meat 720 <

Tetal 162,88 Tetal 152.83 Total 191.94

Mean 40,72 Mean 38.20 Mean L7.98

Grand Average

Lh.23



TABLE 15: (Cent'd)
DAY L As. DA As,
FOOD Wt. Acid FOOD Wt. Acid
(gm) (mg) (&) (ng)

Bread 174 0 Tea 1,289 ¢
Guinea corn pap 827 0 Sugar 1 0
Bean cake 259 0 Milk 120 2.4
Semwevita 254 0 Bread L9 0
Spinach/melen scup 229 12,89 Maize pap (ol ¢
Milk 81 1,62 Alele 490 0
Tea 99L 0 Garden egg 234 L5.58
Sugar 71 0 Peiled maize 159 0
Tuwon dawa 683 0 Rice & beans L8y (&
Kuka soup 325 85,09 Meat stew 3oL L.22
Cassava, zogala & g/nut 584 11.85 Tuwen dawa 559 0
Yam flour 294 0 Okre soup L6 76.29
Okro soup 259 6L.08 Yam pottage <e8 Lel3
Kolanut 50 8.19 Fura 220 0
Meat 101 4 Nono £es5 06,.L0

Meat 98 )

Tetal 183.72 Total 189,33
Mean L5.93 Mean L7.33
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TABLz 16: TOTAL ASCORSBIC ACID INTAKE OF SUB=URBAN ADULLS AGED 55 72 YEAnS DURING DRY SEASON
DAY 1 As. DAY 2 As. AB.
FOOD wt, hcid FOOD Wt. Acid FCoD Wt. Acid
(gn)  (mg) (gn)  (me) (em)  (=e)
Tea 1,073 0 Guinea corn pap 481 ¢ Sweet p:tatoes 200 12,46
Sugar 19 ¢ Alele 252 0 Maize pap £81 C
Milk 39 ¢ Tea oL9 c Sugar 59 c
Bread 259 ¢ Bread 107 0 Jellof rice 189 ¢
Maize pap 68l ¢ HMilk 28 0.56 Yam flour 200 C
Bean cake 203 ¢ Sugar 6l 0 Okro soup 350 53.23
Alele 150 ¢ Fura 552 C Cassava flour 180 ¢
Rice and beans 324 ¢ Nono 1,009 32,69 Spinach/melen soup 162 B.76
Meat stew 21l 3.38 Cassava flour 279 0 Fura L58 C
Meat 256 € Okrc soup 179 34.65 Nono 1,005 39.99
Tuwon dawa 75¢ 0 Tuwon dawa 500 0 Yam pottage 287 6.14
Ckr2 soup 5:¢C 68.83 Kuka soup 509  1L49.49 Reasted groundnut 129 ¢
Semovita 279 ¢ Roasted g/nut 150 0 Kolanuts 75 13.20
Ayoyec soup 177 18.16 Bean cake £C0 C Meat 200 0
Meat 139 C
Tetal 91.15 Total 217.39 Total 135.68
Mean 22,78 Mean 54.34 Mean 33.92
Grand Average 35.78
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TABLE 16: {Cont'd)
DAY 4  As, DAY As,
FO0D Wt. Acid FOCD Wt. Acid
T (gn) (mg) ..II (em) (me)

Guinea corn pap 872 0 Maize pap 1,02L c
Sugar 69 g Tea 925 c
Bean cake 309 0 Bread 23 ¢
Bread 25y 0 Sugar 8= :
Tea 829 Lo} Beans 164 0
Milk 6L 1.28 Boiled cassava + zcgala £03 2L 42
Tuwon dawa 529 0 Kolanuts Th 12,26
Kuka soup 359 101.1L4 Milk 62 1.24
Rice 346 0 Puwen shinkafa 629 4
Maat stew 1Ll 1.43 Okro t£oup Ll 36.86
Semovita 299 0 Tuwon dawa 552 c
Ayoyo soup 31 25,21 Kuka soup 329 67.14
Meat 19, 0 Eggs 129 0

Meat §2 ¢

Total 129.66 Total 141,52
Mean J2.41 Yean 35.48
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TabLic 172

TOT#L ASCORBIC aCID INTAKE OF URBail ADULTS AGED 55 -~ 72 YEARS DURING RAINY SEASON

DAY 1 As. DAY 2 AB. DAY 3§ AgB,
FOCD wt,  Acid FOOD Wt.  4acid FOOD Wt. Acid
..ll (em}) (ue) (en) (mg) (em)  (mg)
Waina 132 ¢ Maiae £37 ¢ Guinea corn pap 409 /]
Tea 1,834 0 Bean cake 380 0 Bean cake 384 ¢
Bread 342 0 Tea L53 0  Maize pap 833 0
Sugar 99 0 Bread 124 0 Sweet potatoes 3nh L.90
Milk 71 1.42  Sugar 101 C  Yams 37 15.18
Tuwon shinkafa 309 0 Meat stew 211 2.%9
Kalkashi soup 251 L0,28 Meat stew 211 2.13 Cassavafzegalafg-nut 179 22.12
Tuwon dawva L17 0 Tuvon acha 259 o] Boiled groundnuts 99 o
Kuka soup 1,361 297,00 Spinach/sorrell/ Fura 228 o
melon soup 297 L4.88
Semovita 174 a Boiled groundnuts 129 e} Nonio [Xelo] L8
Okry soup 209  35.95 Kolunuts 70 12.6 Yam flour 271 o
Maize mould 194 [ Pura 531 0 Okre soup 208 Le 7
Alele 254 0 Hone 1,007  39.67 Tuwon dawa 550 0
Meat 299 © Tuwon dawa 219 0 Kuka soup 1,91k  332.00
Meat stew 233  3.12  Kalkashi soup 1,227 129,57  Meat 17h 0
Total 377.46 Total 228,96 Total 434,79
Mean h1.94 Mean 2544 Mean LB8.31
Grand Average 36.57



TABLE 17: (Cont'd)
DAY L As, DAY As.
FOOD Wt, Acid FOOD Wt Acid
(gm) (mg) (&) (ng)

Dan-wake 154 C Guinea corn pap peL ¢
Maize pap g3l . Bean cake 50L C
Bean cake Lez 0 Millet pap L59 C
Tea 643 0 Fura 289 C
Bread 101 C Ner.e 526 20,72
Sugar 92 v Kelanuts 79 14,52
Milk 36 0.72 Semovita 216 C
Fura 275 0 Okxe soup L,zel Lh3.36
Nono c1L 15.52 Tuwon dawa L0s 0
Maize mould 179 0 Kalkashi soup 917 150.Lp
Alele 291, D Okre/pumpkin soup 229 6.92
Cassava flour 251 0 Yam pettage gLl 10,83
Ayoye soup 250 25.72 Meat r89 0
Tuwon masara €0 0
Spinach/melon soup 154 .73
Tuwon dawa 299 0
Kuka soup 904 179,22
Meat 2L1 0
Kolanut 6l 17.65

Total 2L 8.76 Total 352,89

Mean 27.64 Mean 39.21
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TABLE 18:

TOTAL ASCORBIC ACID INTAKE OF URBAN ADULTS AGED 55 ~ 72 YEARS DURING DRY SEASON

DAY 1 AS, DAY 2 As, DAY [ AR
FOOD Wt. Acid FOOD Wt. Acid FOOD Wt, Acid
..II (em) (me) o (em) (me) T (gm) (o)

Sweet potatoes 38L 23.08 Tea 2,421 ¢ Miglet pap 677 (¢

Guinea corn pap Lo3 4 Sugar 79 ¢ Guinea corn pap 9,2 0

Sugar 89 (9 Bread 341 0 Milk 2L 0.L8

Bean cake 205 ¢ Milk 88 1.76 Sugar 99 C

Fura 21 ¢ Maize pap 519 0 Tea L1 ¢

Neno 492 1L.81 Bean cake 300 ¢ Guinea corn 366 28,27

Rice and beans L38 ¢ Pounded yam 379 0 Tuwon acha 289 C
Meat stew 217 2,21 Spinach/melon soup 500 34.9 Spinach/ssrrell/

melon soup 2L, tL.56

Tuw2n dawa 294 0 Yam fleur 234 C Fura 236 0

Buka soup 825 159,62 Okro scup 569 128.64 Nens L50 14.6Y

Tuwen masara 279 o Tuwon dawa 25¢ 0 Semovita 231 (

Okro soup cteL, 66,68 Kalkashi soup 179 32.56 Ayoyo soup 225  24.18

Meat 2,329 c Fura 284 ¢ Meat 1,768k C

Felanut 51 8.98 None €07 18.33 Kolanut 364 62.5L

Meat 1,899 (4 Tuwon dawa 189 4

Kuka soup 837 154.89

Total 275.31 Tetal 216.45 Total 281.52
Mean 30.59 Mean 2405 Mean 31.28
Grand Average 33.205
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s P e T - e eaRal b NER L

TABIE 18¢ (Cont'd)

Il\u\‘\\
DAY as. DAY S oy
FOOD Wt, Acid FOOD Wt (76
Waina 128 0  Maize pap 873 . mM
Tea 613 ] Yam pottage 233 0
Sugar 79 0 Alele L S92 c
Milk 2l 0.h8 Guinea corn pap S22y 2
Bread 194 o] Lean cake =02 11
Dan-wake 132 ©  Sweet potatoes + G-nut oil =350 mo.rm
Banana 80 21,88 Garden egg 3 02 2k C
Cocoyam/G~nut eil 281 15.98 Yam flour =32 mw.or
Meat stew 19, 2.33 Ckrc soup €= 09 o c
Tuwon dawa 257 ¢ Tuwon shinkafa _ =51 ;8
Okro soup 225 91.63 Kuka s:up 1ey =285 . _ 210+ 0
Rice and Beans 21 ¢  Fura : =50 : o7 .0
Tuwon masara 459 ¢  Bone _ SO
Kalkashi soup 1,683 192.27  Meat _ D>
Fish 254 o | __ -
Meat . 1,849 &
Total SRS . . Total L ==

Mean . 3616 ., Memn > e 37

¥
|
i
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TABLE 19: ASCORBIC ACID CONTENT OF SELECTED VEGET:muLix IN L976/77 PLANTING YuiR

VEGETABLE ASCORBIC ACID CONTENT (mg/100g)

Local Name Botanical Name Rainy Season Mean

Pumpkin Curcubita pere 51, SL4, 58, 60, 39, 42,2 55.0
62.8 64, 66.3, 52.7

Spinach amaranthus candatus 68.6, 91, 60, 68, 63, 15 £7.36
é1, €4, 58, 65

Bitterleaf Vernenia amygalina 60, 78.9, 52, 65.1, 63 65,20
4S.1, LT7.4, 79.6, 89.7,
1.3

Sorrell leaves Hibiscus eabdariffa 61, 89, 3.3, 73.6, 29,.L 61,954
62, 67, 88,
L8 67.4

Tomatces Lycospersium escule m 100.6, 98.4, 99, 8¢, 91, 89,02
€9, 77.8, 75.2 &0

Red peppeérs Capsicum spp 150, 13L.7, 1€2.3, 128, 152,67 ’
173, 145, 152.6, 154.4, \d
149, 173.7

Okro Hibiscus esculentw 70, 79, 59, 37, 57, Lk 58.81
€2, 70y 59.7, 50.4

"Kalkashi™ Corchorus spp 54.5, 56, 63.5, 41, 58 56,02

"Yala" Sclanum elongeansa 22.5, 32, 30.6, 38 31.L45

32.4, 18, L9, L1, 19
32



262

TABLE 19: (Cont'd)

ASCORBIC ACID CONTENT (mg/100g)

VEGET/ELE

Lecal Name ° Petanical Name Dry Seacen Mean

Pumpkin Curcubita spp 53.4, 54.8, 56.2, 41, 28, 60, 67.4, 34.6, L& L8.0h
L5,

Spinach amaranthus candatus 41, 84, 123.1, 8L, 72.9, 70, 72.52
92.5, 54, 60.5, 89, 78

Bitterleaf Verncnia m_uwmmf..ﬁw 69.4, T4y 59, 62.7, 57, 58.2, LB.6, 3L, 52.3L
5.4, 55

Sorrell leaves Hibiscus sabdariffa 70.3, 45, 66, 33, L9, 5B, SL.5, 60,5, 61, 75 $7.20

Tamatoes Lycespersium esculentum  96.4, 1312.8, 79, BL, &4, 99, BC, B85, 89, 88.35
9L.3

Red peppers Capsicum spp 110, 137.1, 100.9, Sk, 1h5, H@.: MW‘ 97, 124 112,96

_ 68.8

Okro Hibiscus esculentum 22.7, L9, Lb, 37, 54, 56, 32, LB, 58, 5 Lh.Lf

Kalkashi Cerchoxrus spp 42,6, LO, u48.9 LB.B6
L6.1, 30.4, 63.6, 31, 68, L5, 70

Yalo Solamum melsngeana 25, 22, 30.8, 27, 24.2, 29.1, 35, 22.9 26,64

3L, 16.4
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TABLE 2C: ASCORBIC ACID CONTENT OF SELECTLD VEGETABLES IN 1977/78 PLANTI

W

NG YEaR

VEGETABLE ASCORBIC ACID CONTENT (mg/L00g)

Local Name Botanical Name Rainy Season Mean

Pumpkin Curcubita pere 41, 42.7, 54, 63.3, L8, 50, 50.2
mm.w- @r.- M‘W.u.n mm

Spinach Amaranthus candatus 70.4, 75, 81.0, 83, 68.7 75.54
.Nr.n Wu.‘ g- .wm_- mN

Bitterleaf Vernonia amygalina 4.9, 67, 65.1, 59, 84, 72, 70.55
79, 83, 68, 54.5

Sorrell leaves Hibiscus sabdariffa 59.2, 63.0, 64.2, 54, 68.8, 62,52
79.4 73, L40.6, 51, 68

Tomatoes Lycospersium esculentum 101.¢, 79.2, 8L, 78.4 79.82
80.6, 90, 81, 6L, 72, 68

Red peppers Capsicum spp 174.3, 184, 174, 186.7, 170,.6L
176, 159.1, 195, 17%,
180, 106

Okro Bybiscus esculentum €3.1, 60.0, 59, 69.2, 6L, 62.8L
68.7, L3, Th.l, 6L4.9, €L

Kalkashi Corchorus spp 50.4, 55.8, 51.0, 54, LS 52.18
60, Lb, L3, T1, L3.6

Yalo Selanum melengeana 27.5, 24, 25, 30, L9, 31, 27.55

29, 28, 26, 36
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TABLE 20: (Cont'd)

VEGETABLE ASCORBIC ACID CONTENT (mg/C0Og)

Local Name Eotanical Name Dry Seasen Mean

Pumpkin Curcubita peze 28, 2, 66.2, 79, 56.8, €5, 50, LL, 50.(¢
543.8, 51.2

Spinach Amaranthus candatus L7, 52, 61, 58.1, 7B, 57.9, 59, T0.2 €0.40
65,8, 60

Bitterleaf Vernenia amygalina 6Se4, 61.3, 81.7, 8L, 77, 70, 69, 69.e4
68, 82, 34

Sorrell leaves Hibiscus saddariffa 51.7, 50, L5, LB.6, 64 EL.B7
6l.4, 66, 52.7, 4O, 3L.D

Tomatoes Lycospersium esculentum 77.5, 79, 89, 65, 75.76
9L, 63, 81, 75, 7T, 57

Red peppers Capsicum spp 130.2, 120, 128, 14,2.7, 15L4.3, 27,22
116, 117.4 133.6, 155, 75

Okro Hybiscus esculentum Lo, L42.5, 34, 38.6, L9.4 41,05
49,y 51.7, 39, 35.3, 32

Kalkashi Corchorus spp L9.6, 54.2, 37, L4, L9, 50, 51, 50,88
59, 58, L9

Yalo Colanum melangeana 27.8, 29, 31, 25, 27, 32, 0O, 28.28

2L, 26, 31
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GLOSSARY OF FOOD TEAMS IN HAUSA

HAUSA NAME ERGLISH TRANSLATION

Kunun zaki Fermented porridge made from coarse
siftinge of guinea corm.

Fura Ceoked millet balls.

Neno Soured milk

Dan-wake Hausa dumplings made from bean flour,
Tuwon dawa Guinea corn porridge hardened into a mold,
Koke Perridge,

Kunu Porridge,

Kosgai Fried bean cakes,

Alele Steamed bean cake,

Miyan taushe Vegetable/pumpkin soup.

Miyan kuka Baobab leaf soup.

Waina Pancake

Tuwen masara Maize porridge hardened into a meld.
Tuwon shinkafa Rice porridge hardened into a mold,

Alkaki Wheat puff-puff.




1.

2.

1.

2.
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RECIPES FOR PREPARATION OF COMMON FOODS

PECULIAR TO THE SURVEY POPULATION

TUWON SHINKAFA

Rice

Water

Cook dehulled raw rice in boiling water until soft, It
should be very slightly stick but break apart fairly easily
into separate grains,

Serve by just scooping it from the pot and cover with

vegetable soup.

TUWON DAWA

3 cups of water
1% cups of guinea corn fleur.
Pound or mill guinea corn grain into fleur.
Sift to remove any shaft,
Boil 24 cups of water in a pet.,
Mix & cup sifted flmur with % cup of water into a thin paste.
Pour the paste into the boiling water and stir vigorously fer

2 minutes, Allew to boil for 7 minutes.
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Sceop with a small piece of calahash and serve with

vegetable soup,

Tuwen gere and masara are made in exatly the same way with

millet fleur or maize f{lour.

1.

3

KUNY

Guinea corn or millet ’

Hot dried pepper

Dried ginger

Potash, sweet potatoc fleur
Sift guinea corn or millet flour,
Boil some water with a little potash,
Put a little fleur in a calabash, and sprinkle with a little
water. Form into little balls. Drop these balls into
boiling water and cook until they are just done.
Mix the remaining grain flour with a little celd water to
make a thick paste,
When the balls are done, peur the boiling water with the ballsg
inte the fleur mixture and stir well. Ceok until thick.

Cool the Kunu and add sweet potate {leur.
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WATHA

6 ezs rice fleur

2 ez granules of rice flour

A pinch of salt

A pinch of onion

A pinech of potash

3 desertspocenful of sour milk
Groundnut oil for frying

l. Mix rice flour granules, chopped onions and salt in a mixing
bowl,

2, Add boiling water into the mixture and stir., Leave to cool.

3. Add the rice flour gradually and mix into a soft paste, Add
the sour milk and mix,

4. Cover up and leave in a warm place overnight.

S. In the morning add some water to make the paste into batters
and add potash to neutralise the acidic taste.

6. Grease the local waina frying pan with some groundnut oil.

7. Heat the frying pan and pour the batter in spoonfuls,

8. When the waina sels, use a palate knife to loosen the edges
and turn the product over,

9. When leesening the edges, brush with more oil,

10, +“hen done, serve hot with stew, sauce or honey,
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KUNUN ZAKY

Guinea corn

Sweet potate flour

Soak guinea corn in cold water for 2 days.

Clean and wet mill.

Add boiling water to guinea corn paste, cook until thick,
Digsclve sweet potato flour in water to make a paste,

Add sweet potate paste to cooked guinea corn paste,

Cosl mixture and sift with fine cloth or fine meshed sift,
Vigcard the shaft,

Put Kunun Zski in bottle, ccol and drink,

KUKA SOUP

Bacbab leaves, dried

Locust bean cakes

walt

Palm oil or groundnut oil or butter
Tomatoes

Unions

Peppers

Meat or fish

Potash

Ginger dried,

Fry meat, tomatoes, onions, peppers in eil,
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Add water, potash, meat, locust bean cake, ginger and salt,
Coek until meat is done.
Add powdered bacbab leaves and cook for another ten minutes,

Serve with tuwo.

NONO

Yreash cow's milk
Fruit of the baobab tree

Pour fresh cow's milk into a calabash, If it is cold
geason, cover the calabagh and place it in a corner of the
room, If it is hot geason, leave the calabash uncovered,
Leave the milk to sit without gtirring for 24 hours,

Skim the thickened cream from the top and place it in
another calabash.

Beat the skimmed milk until it is smeoth,

Seak the white interior of the baobab seed in water until
the white is dissolved in the water. Strain the whitened

spaking water inte the skimmed milk and beat again,

| PURA

Black pepper, ginger, hot dried pepper

*1 Millet er guines corn

1

Potash {eptional)
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Prepare flour from grain either by home pounding or milling.
Beil water in a large container and add potash if desired.
Dampen the flour with water and mould into balls, Drop the
balls into the boiling water,

Cook for 20 minutes.

Pour off most of the liquid into a ¢alabash and reserve.
Pour the cooked balls and some of the reserved water into
a wooden mortar and hreak up the balls with a pestle, Add
the desired spices.

Puund the mixture until a coherent smeooth, slightly

elastic lump is formed,

Yould the Fura into smooth balls.

To serve, crush Pura balls with hand or Spoon, pour nono
ever it and mash the balls thoreughly into the liquid,
leaving only a few small chunks of fura in the liquid,

Drink immediately.

DAN-WAKE

1 cup Bean fleur

% cup cagsava, dried
Salt and pepper to taste
2 teaspoon potash water

2 tablespoon groundnut oil



1.

2.

L.
5.

272

Sieve beans and cassava flour together in a bowl.

Mix with potash water to a smoeth paste,

ohape the mixture into small balls. Drop the balls into
bsiling water.

Cook until done.

Drain water when cooled, add groundnut oi, salt and pepper,
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HOSPITALS AND CTHEK »mkDICAL CENTRES SURVEYED FOR

CLINICAL SCURVY

University Teaching Hospitals

Ahmadu Bello University Hespital, Kaduna.
Ahmadu Bello University Hospital, Zaria.
Ahmadu Bello University Hospital, Malumfashi.,

Military Hospitals

L4 Armed Perces Hospital, Kaduna.
Air Porce Bage Hospital, Kane.

Specialist Hospitals

Orthopaedic Hospital, Kano,
Guinesse iye lespital, Kaduna.

Gevernment General Hogpitals

Murtala Mohemmed Hospital, Yos.
General Hegspital, Vom,.

General Hospital, Bauchi,
General Hospital, Katsina,
General Hospital, Daura,

%. I. M, Hospital, Kagoro,
General Hospital, Minna,
General Hespital, Bida,
General Hospital, Funtua,
General Hegpital, Yusau,
General Hespital, Barkin Ladi,
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Private Clinics

Ande Hospital, Joa,

Lafia Clinic, Kaduna,

Judah Clinic, Jos.

Unity Clinic, Mimna,

Jankwanu (Evangel) Hospital, Jes.
Mayfair Clinie, Zaria,

Alme Clinic, Kaduna.

Rural Health Centres

Rural Health Centre, Kwoi.
Islamiya Clinie, Dukuru,

Rural Centre Nasarawa Eggon,
Hural Health Centre, Duchin-Wai.
Rural Health Centre, Biu,

Rural Health Centre, kuta.

Rural Health Centre, Bagana.
Bural Health Centre, Abaji Kole,
Realth Centre, Kafanchan.
Health Centre, Dutsin-Wai.,

Maternity Hospitals

Maternity Hosgpital, Jos,

Maternity Health Centre - Abaji Kele.
Maternity Clinic, Biu. '
Maternity Clinic, Minna,

Maternity/Child Health Clinie, Dutsin-Mai.
Maternity Clinic, Birnin-Gwari,
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Seasonal availability of dietary ascorbic acid (Vitamin C)
- was studied in Zaria distriet of Kaduna State, Higeria. The
diet of a selected population during dry and rainy seasons was
studied., Dietary ascorbic acid was determined by chemical
analysis of food consumed. The population studied included
people from varicus tribes of the country resident in the urban,
sub=-urban and rural areas of Zaria district,

The effects of traditional method of cooking, reheating
and storage of vegetable soups were investigated. Bioavaila~
bility of ascorbic acid from "“kuka" soup was studied in six
 .. adults, The effect of sun-~drying and storage on the retention
iof ascorbic acid of common.vegatables was also evaluated,
Regults showed that vegetables constituted the major source of
© ascorbic acid because of low econsumption of fruits. Ascorbic
acid contents of the vegetables commonly consumed ranged from
38,6mg/100g in water leaf to 149.1lmg/l00g in red peppers.

Fresh vegetables provided adequate ascorbie acid during rainy
season while stored dehydrated vegetables provided the necessary
gecorbic acld during the dry season. The consumption of dry
season fruits such ag mangoes, garden egg and carrots
supplemented the ascorbic acid intake from stored dehydrated

vegetables,



The mean deily ascorbic acid intake of children twe to
four years old was 34.6mg in the dxy season and 48.6mg in the
rainy season., The mean daily aegcorbiec acid intake of ehildren
five to seven years old was higher in the rainy season
(64.Tmg) than in the dry season (L6.9mg). Similarly among the
Ia‘.g'ed people, the mean daily ascorbic acid intake was higher
during the rainy season {51.9mg) than in the dxy season
(37.8mg), 'fotal ascorbic acid intake was significantly
(P £.0.05) affected by season and location. Plasma ascorbic
acid level of six adult volunteers on regular diet ranged from
0.63 to l.1lhmgkh, urinary ascorbic acid excretion in the same
gubjects also ranged from 31.3 to L06.hmg/g creatinine,
Treatment of gubjects with 60mg ascorbic acid from "kuka"
goup increased the plasma ascorbic acid by 35.9% while similar
supplementation with ascorbic acid tablet increased the plasma
ascoxrbiec acid by 91.0% Urinary excretion of ascorbic acid
was also inereased by supplementation of 60mg ascorbic acid,
Availability from “kuka" soup was about L0% compared to tablet
as judged from changes in blood level with subjects not
- deficient in ascorbic acid intaké;

Agcorbic acid and moisture contents were higher in

~ vegetables produced during rainy season than in the same



fegetables produced during the dry season by irrigation. The
difference was significant (P.Z_0.05) in red peppers and okro.
The native method of boiling vegetables in water reaulted
in ascorbic acid loss ranging from 38.9 to 78.2 per cent.
Agcorbic acid loss due to cooking of the vegetables infto soup
ranged from 66.2 in "kuka" to 94.6 per cent in stew. Storage
and reheating of the soups decreased the ascorbic acid content.
At 2l hours post cooking, "kuka', okro and "kalkashi" had
5.2mg, 7.8mg and 9,1mg ascorbic acid per 100g consumable soup.
By 48 hours none of the soups examined had any appreciable
amount of ascorbic acid left.
ﬁ-ﬁl___ Sun=-drying and storage at room temperature of vegetables
Bp:to a period of six months reduced their moisture and ascorbie
acid contents, Sun=-drying alone produced between 92.¢ to 98.5
per cent loes in moisture content and 21.3 to 58.0 per cent
less in ascorbic acid, Gtorage of dried products caused about
21.C5 loss within the first month of storage and 66y after six
ﬁonths. Maximum ascorbic acid retention of 58,.% was observed
in stored dehydrated "zogale" while minimum retention of 35.L%
E was observed in “kalkashi". Ascorbic acid less in stored
dehydrated vegetables was significantly (P¢:‘0.0S) affected by

duration of storage.



During a survey of some medical centres in the Northemn
States of Nigeria for the incidence of clinical scurvy, no
clinician or othexr medical persommel reported ever diagnosing
classical cases of scurvy. However, 2.41% reported that
gingivitis was a common disorder in children during the dry
season and responded very well to both ascorbic acid and
penicillin therapy. Also 89.%% of the medical personnel
reported prescribing ascorbic acid to patients with common
cold,

The adeguate intake of ascorbic acid of the populaiion
studied seems to correlate well with the probable absence of
clinical scurvy, ‘'here is however, a rieed for expanded dry
geagon vegetable farming in order to decrease reliance on

dried stored vegetables,



