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Rikoflavin, tRissice and Viacia content of T4 Seealld
consured Higerian fords uere evaluated., The effect 7 oy
adopead  househcld processing teckpigues, wuuch 3 Lauching,
decorti~ation, frying, roasting and cosking on the hiamloe,
rilinflavin, and Niacin content of Nigerian foods wers alase
sinultaneously quantified. 9Data ohtained from precanl st ')
then utilised to evaluate the- intakes of these vitaal . a0
apparent 1y Yealthy university studentys,

Teanlts aalined fren groasert gt uly revealwd "hat pein

Kiacin, thiamine and rihnfiiv'n contants 5F Nigerian foeds e

2,492,058, N.33:0.14, and 0.21:1.12 mg/il00g respectively.

a“t

Legumes had significantly higher (p<0.05) content of *he ‘hyes
vitamins. Vagetables alse preferent 471y oot olged i
{p<0.05) vitamins than most foods when classifled EX
vespective fowd  groups. The Lhilamine, ‘boflavia, =od ach
ios8es fallawiug gesXing S /Y mingtes 1333 $T. 02,74,
40.30+7.89 and 15.2%5:2.42% respectively, Bet‘er vetentinn wers
oshserved for foeds ‘hal were wenverted t2 paste ar »oastsl,

ipening agppear %fo increase ‘Ye conrentration of *he  sitamins,

e |

[

It is suggested that alcrehial and chemical reactiuns 2c0urring
during ripening may account for these observations, The

percentagce losses for thiamine following blanching of
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ot Akl was higheet | 60.05) In spinach whiles deccrvicatzen
10 roupisy (laagumes roolucad 7 7081 .70 mean Tosg in 't

sets considered in present tul)
thiamin, ribeflavia, and Niacin intakes of 0.33:0 3
and 13.54:%1 20 ag/d.y respectively, Tha female suijects on  the

other hand '@ a pear thiamin, vibo€levip «pd Mi 0, T r

0.562N.79, 0. 2540 18, 10.2931 50 mgfdiy ‘espectioely  Thass

vaiues 3l Uelow ke recemmended daily Dietary attagarce of
1.20, §.930 at”l’” % meidag raspectivety fay adv't 2ales iy ‘he

WHY (1972). Einilacly 'he §HO (*974) recommended Nietiry allow-
ances  fop olb Pegales 13 0,30 1,30 and 14,50 ay/day of Lhia-

min, riboflavis as! Niscin respectively.
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Chaptar 1

1.0 INTRODUCTION
In =recent rearz, varlous techniques have Jeen propnzed  anid

* .

adopted for use iz household cperations and a* Induszrizl lave!
for the processing 2f foods with the ain that =he fonds ars
ensured of nutrient and aesthetic conservations, improves
palatability and a ready allcowance for introduction of novel
diets for the human populace. Such houselold processing
technigues include, orilling, roasting, frying, braising and
stewing (Baldwin and Cottevrill, 1979).

Although conflicting evidence exist in the literature as =:o
*he need for processing of feoods, accumulating reports (Manorama
and Sarojini, 1982: Harris and Karmas, 1975) tend to support the
need for a relative degree of food processing at the household
lavel. Several investigatcrs (Xhan e: al, 1978, Kirk, 1979: ané
Khan and Ghafoor, 1972) have shown that the nutritive wvalue,
palatability and texture of many fcods can be increased »y the
thermal destrnuction of toxic proteins and peptides, enzymes,
antivitamins and other natural toxicants in foods., ZFhilips et
al, (19381) also reported that cooking of legqumes not only im-
proves organoleptic properties but alsc increases nutritional
guality. 2a the coatrary a-her workers (Khan and Eggum, '1979:
Harris and Von Loesecke, 1960) have produced evidence for de-
creased nutrient level during household processing. For in-
stance, Khan and Eggum(1979) reported a decrease in the protein

quality of foods processed at home or industrial level. Accord-
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Accerding to Hich (1975) prccessing may alter the physical

and  chemical forms of fats and carbohydrates and changs %hs
isomerization of pelyunsaturated fatty acids (pufas). Availahle
evidence (Pikul ef al 1984: Iyene et 3al, 1930: Dawson and
Schienhololz, 1876} showed <that househeld processes such as

coockin and refrigevation do promeote oxidative rancidity o

ih

certain foeds. Pearson et al, (1983) have equally reported that
lipid oxidation products such as malonaldehyde is responsihle for
human cancer and heart diseases.

Kashani and Valadon (1983, 1284) also highlighted decreased
total available carbohydrates during salting and roasting opera-
tiens.

Accumuiating evidence (Harris and Karmas i373) a2lsn reves ad
that the water soluble vitamins are susceptible to damage during
processing. Edijala (1980) for instance reported thiamine and
riboflavin losses ranging from 41.7 - 85.10% and 41.2 - 52.9%,
respectively during the cooking of six varieties of cowpeas.
Cther workers (Cguntona and Bender 1376, Selman and Rolfe 1930)
attributed much of the vitamin losses to leaching into the cook-

ing water. Cooxing operations which involve the discarding of

the broth will therefore result in great losses of these vita-



11 Aczgr ' to Hiecrls and Karmas (1975), vit:ains la-
styozead in fcods uring processing because thew are sengitive %o
PR, 1ight, oxygen, aetal ioms, moisture or water activity i. the
fond
Particular iptersst is Focused on the =ffsct 2f hicuce-
hold processes or thiazmine fvitamip B ), rikeflavin {vitamin = !
" 4

and Niacin (vitamin 3 ) in *his digsertation because nf <&

0

essential role of these water soluble vitamins i iatermediary

me<abolism. Tt is well established that *hiamine in itz diphas-

[ (]

phate form (TPP) is involved in oxidative decarbexylatic: reac-
tion vital %to %he metaiolism of carhohydrates, Otiher workers
(Korwitt, 1972, “ayer apnd Gersheff, 1953; Goldsmith and Miller,

1937} have also identified ridoflavin and niacin as constizuents

-

of coenzymes, flavin moronucleotide (FMN), and flavin adenine
dinuclestide '7AN), and nicotinamide adenine dinucleotide (NAD)
and nicotinamide ademine dinucleotide  phosphate (KADP!
These coenzymes are involved in the oxido-reduction reactionu
essential for cellular respiration and oxidative phespherviation
(Lopez et al, 1373),.

Available evidence (Sauberlich et al, 1979) showed tha* the
requirement for the three vitamins is related to Calecric ané
protein intakes. Olatunji a2t al, 7:1980) and (Thekordaye anl
Ngycddy 1985) for instance have reported that the habitual diets
of the Nigerian populace is based on root and tuber staples which
are predominantly high carbohydrate diets. Such diets will

definitely precipitate increased requirements for thiamine and

niacin which are involved in carbohydrate metabolism.



Turthermore, Beaten and McHenry (1954

requirement for niacin during low protein ané toyriophan intalss.

Various workers (Miller, 178%; Thekoreays and MNcoddy 1985) hzve

shewn that agpreciab puantities of orotein and ribeflzavin are

1
in
¥

derived Irom fceds 2f znimal origin. Ia Niceria whers
are evpensive and out of the reach ¢f the generzilty cf the
populace, it is esvident that 3-complex vitamin deficiencies iz
consequence of increased requirement arising from high caleric or
suboptimal intakes from the diets may be prevalent amongst the
Nigerian populatien.

Biochemical and clinical deficiency of these three vitamins
have been reported (Candlish 1977) to result to nutriticnal
disorders such as beriberi, Cle=ilosis {angular stonatitis’ and
pellagra. Existing mortality and morbidity statistizs (FAD/WHO
1565) show that nutritional disorders attributable to deficiency

of thiamine (vitamin B ), ribeflavin (vitamin 3 ) niacin (vitamin
1 2

B ), and vitzain A occur widely in most develcping cocuntsies

k|
Current estimates by Ajayi and James (1984) on adclsscents and
pregnant women revealed a 3UR prevalence of aribotlavinesis

(biochemical vitamin B deficiency) amongst these segments of the
2

population.

However,thers appears to be nc direct fata to sulsg®antiatz
the prevalence of thiamine, and niacin deficiency in Nigeria.
Ekrcumstantial evidences however, tend to suggest that most
investigators have not focused direct attention on these water-
soluble vitamins because of the lack of comprehensive information
on the relative content of these vitamins in foods of the Nigeri-

an diets. At present, there is scanty information on the thiamine .
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sl REVIEW OF LI
2.2 ROCESSING -

In most developing countries, bhousehold srocsgsing
techniques adcpted for foods include bhlanching, roasting,

decortication, cooling. Most of these feood processing ¢

w
i
o
=
e
[
el
w
L (1]

can be more largely classified under heat treatment. Baliwin and

Cotterill (1879) defined cooking procedures to involve:

{a) roasting or baking in a closed over;
(k) broiling by exposure to direct heat;
(¢) braising or heating in noisture;

(8) f£rying in either shallow or deep fat; and

(e) ressgure coaking.

Rosenau (1%7¢) defined blanching as a heat treatment used in
the processing of vegetables with the principal aim of
iractivating degradative enzymes and deaerate the product.
Frying can also he referred tc is cocking in beiling fat or cil.
Frying may be classified “ased on deep £a% frring or shallow fa¢
frying.

According to Baldwin and Cotteril (1979) the most common

o

temperature for roasting is about 163 C while for braising the

liquid in which the food is cooked is maintained at a temperature



' agta v a
i s -
\Harrl ovimbary, TS
-
e
: v 9
. ’
1 o< 3 " T
* s - ) -
- - ' Al i o - e LA
- - -
Y ;! 4 5 at ¥ s =iyl b _
> " £ - 1’ - -
¥ 13 £ r L & L] e rapre - a
¥ - - . 197T. T . 7% . ol -
3 ] * i i 0 ) a1 : i - T
Ak oY ftanet kgt the nutritive value of legqumes could
e froesoad Ve haat processing partly because of the destructisn

af trypsin inhibitors, hemagglutinin, and other toxic substances.
legordting to Kakade et al, (1973) about 40% of the growth -
depressing effect of unheated soybeans has been related to the

presence of trypsin inhibitors, while the remainder is related to

poor availability of undenaturated soybean proteins.

Khan and Eggum (1979) and Ford (1973) have independently

reported that heat processing damage to proteins can result from



destruction of amino acids by oxidation, 983 of palatability,
modificztion of scme of the linkages hetween the aminc acids 30

that the relaase is delaved during digestion, and formation of

new  linkages that are not hydrolysed during digeszion, Kirk

(1975) reportad that during roasting of pure proteia prepacation
o 0
at various temperatures (100 to 300 ) ard tizes (0 tg 27

basic and

b

minutes), tryptophan, methionine, cystine

p-hydroxyamino acids are readily destreye! compara! witl acidic
and neutral amino acids in pure casein and lysozyme prepara*ions.
According *o Achipewhu ('981), rthe thermal degradaticn of protein
is increased in carbohydrate containing foads. Hussein and
Hoaman [1973] also reporzed decreass in amine acid content of

E‘&_d at E:.'. s

bean after cooking., 3jarnason and Carpenter (1370) sn
hand showed thit poor nutritive quality of lysine ir heated
protein was due to the reaction of Z-amino group of lusice with
the amide group of asparagine and Jlutamine,

Doughty and Walker {1922) have documents=! *he forpation nf

lysino alanive (NE - DL - 2 - amino - 2 - carbouzyethy!) -

(]

lysire) Auring ilkaline treatment of proteins. Sterberg et al,

(1075} and Me Aract et al, (1976) have also shown that
lysinealanire is formed in home-cooked and commercially prepared
fa0d Twsiroalanira %as been associated with decrei:e? protein

avajlahility and is considered a factor in the reduction of thas
nutritional value of heated proteins. Elias et al (1979)
observed 5 to 10% loss ¢f protein for whole bean seeds during
cooking with the solids in the cooking broth having a protein of

13 to 20% depending on the variety.



CWNING REACTIONS

The Maillard reaction is charzcrterised Hy a weries <% ot
22l phenemena involving aon-enzymatis hrewning. 7oz ceaction

Tannerhman Y897 ¢ Rdsig

has Deen shour (Johines 1959; CTlark and
1674 apd HRur-ell, 1%77) to account for lo:s of tha aus-i-
tional wvalue of proteins fallowing *he interacticn cf fres

amino groups of proteins with reducing sugars or carbenyl groups
of seccndary degradation products from lipid oxidaticn. This iz
nainly is a result of loss of amino acids especially the limit:n:

anino acids such as lysine.
- .— .

The hiclegical consequences of the Maill o4 reaertion 31

under 3 categeries:

(a) sugar and amino acid destiuction, the resulting .11

g

protein guality being the most damaging.

(b) formatien of detrimental substances »f an «ntinutritisnal or

tuxic nature and

’

) farmatinn af malernles with appetizing aromas. with conse-

3

quent affect on psychosensorial and flavour levels.

2 broad outline of the reaction as described %v Adrian
{1374) is given in £ig. 1.0. Lea and Hapnan {1959 raparited th
the initial stages of the Maillard reac' lun leads *¢ e form
tion of colourless compounds, N-deoxyketosyl-amino acid deriva-
tives. These have been shown to result in nutritional lesses at

room temperature even before the brown discoloration appears.

Several investigators (Osner and Johnson, 1963; Linvingston et
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12~ €ructose - rhenvlalanipne, the amador: cempound

M, R I e § - 3 1 - 3 = adbal Ve
r when glucose reacts with phenylalanine 13 totally

uravailable as a scurce of oral phenylalanine for chick growth

hecause of slow absorprtion from the gut.

Williams (197€) observed that although carbohydrates are
generally regarded as less vulnerable to heat processing as
certain labile nutrients such as vitamins they may be affected as
well during processing, depending on the temperature and period
of heating, moisture content, and pH of the sclution. According
to Xirk (1979) and Xon (1979) monosaccharides and some oligo- and
rolysaccharides may be lost during heat processing as a result of
leaching. Hydroxymethyl furfural is considered as the most toxic
compound formed during the heat processing of carbchydrates,
especially simple sugars. El Nahru [1977) also reported
significant decrease in carboliydrate content of heans =subjected

to cooking.

2.1.1  EFFECT OF HOUSEHOLD HEATING ON LIPIDS

Heat processing or cooking may cause lipolytic, oxidative

rancidity, polymeric or other degradative mechanisms of lipids

- i1



which resul®* ({inte malification of he*h the physical and

bioloyical properties of the lipid. 7Tt as beer shewn [ -a

1942) that fats or oils used i rvestauirints, ard homes ap=
giubiect to decyeasad wnsaturation, light nrrezges fn ne

conjujation of Jouble honds, and formation 2F peolirmers Necanse of
their intermittent nuse. 8tudiss carried.cut by Dujen 711262)

confirmed the presance of both texic and carzincgenlc <omponnd

such as N-nitrosopyrolidine and M-nitrosamines in <czidlizal

thermally abused lipids. Nuperous researchers [Carpsnter s% 7,
1963;: Crawforl et al, 1967) have reported that the ali'ti:n of

abused lipids to foods is antagenistic ‘o thiamine, ribeilavina,

proteins, vitamin A and focspherol. Kaunitz o2 al, (16%55) and
Carpen*er et al, (1963) also chserved that the reactions of oxi-

dised lipids and their secondary reaction products with profeins
result in cross-linXing between precteins as well as destruction

of lysine and the sulfur- containing amino acids., Malenallehyde,
a secondary product of lipid oxidation Yas bean shown [Pearson =23
al, 1983) to be a principal factor in protein cross-linking
reaction by the formation of Schiff bases with lysine and otha:

free aminc groups in the protein.

Processing technigues that accompany liouwelold  Srarations
and industrial preduction of various fcods have been observed
{Cain, 1967; Schroeder, 1971; and Finglas and Faulks, 1984) to
facilitate significant losses in vitamin levels of such processed

foods. The vitamins mostly affected are the water-soluble.

12 . ;
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secking of ° varietias »f cowpeas. Augustin (1%81) also

nohis own invest zation observed that Quring cocking, Leans:

retained more "l TO% water acluble witamins Accord .

-

Clarke {1987), sreat losses of nutrients occur when rice is

!vo‘-n\
R i1 )

prepared by cooling and rejecting of excess water, Lan,

alsa reported losses of thiamine up to 75% in restaurant handling

af uyegatablasg, Dler icvestigators (Priestley, 1379 7. .00
brad et al, '927) reported considerable losses of 7 7 and 133 of

thicmine and vibaf€lavin respectively during the cooking oF 2ys
Barlley invest gablcas Moy and Rao 1963 have =how: that

the alkalini', of _ he cociing water has effect on losses of

. - . T - - [ - - v s
! I ATE ‘ i aneg Rau 19¢] bier i
- - - " ¥
o ) .- R o S
¢ et i a @ Ul T'IC b et ad L s o

in dlstilled water while 8 - 10% and 36%, respectively was lost
in cooking witl tap water and well water. Hein and Hutchings
(1971), on the other lLand, repeorted that during cocking of meat,

there was little loss of niacin; Up to one half may be lost in

13
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mein-moin™, "altara® hiave lLesn showr [Akinvela 1989 2317 .1,

1980) to enhacce the rotention 3f thiagine, rilaflaesiz an’
cin. However, on= conflicting report (0gife 177! rovesle’
lcsses of 82 and 69% of placian aad ridoflavin respect’ s el

Ehe preparation of "ogi™.

"~
5]
E ]

EFFECT OF BLANCHING ON VITAMINS

lanching is usually performed by dipping the produsts iat:

bolling water or steam for two to five minutes depending on tle

L] .

type and size of Lhe pileces. Baloch et al, (1277) an! T*ainkuch
(1980} ha'= lulependently shown that processing operations s
as blanching, post-blanching treatment apd Jdebydration  are

resporsible f£or lusses of vitamins and other nutrients in foods

Several ot'ier workers (Lund,1975: Thompson,1982: Selmnan and Bolfs,

.-~ 1T = N = saaAaant - P - I - - ol
r A > > ¥ 25 ¢ W
! £ VA ; 1 2ECrL Jrea L 23 3
. 4 o r .
Iuziyg the yetiing: of vegesabl '

According to Rosenau (1979) and Alzamora et al, (1785} tha
losses in nutrients especially water - soluble vitamins during
blanching are caused primarily by leaching, oxidation, and

thermal destruction. Dietrich et al,{19797) and Lopez and Baganis

- 14 -
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Inesyl Mring lanmrhiing  pleiossy i
; arig 1 g, A ©an Biorona 1
) 3 ikar Tt sas of Late civask .

4 03 Etmm 0 0N A it af  laa q

ety Swsrh =t al, 11399 for instance showed *!

0

Lavgled a2~ "0 ning n water ar 9 N and that bhlanghos =
gteqn retainad 5¢ and 63%, raspectively, € ¥
acid content.

Although Blanching cansey femtruction and less of miivie
failure to reach the reguired time-tamperature conditlcons for
product resuits in only sartial ipactivation of enzymes tharahs
riasul! ‘g in autrient losses Jduring grocessing that exceald th
inenr-=1 by blanching.

2.2.3

Sulfites are often used as preservative Loth at
industrial processes. Oguntona and Bender /1974) -2 3
splitting of thiamire into inactive thiazole anl pyrinidin
sulphonic acid during sulfite kraatment of potatoes, Thaw i
ahserysd tha® w?fiva g T & ozt
Ty = < ~ - g .1... '_.._‘;
soaket T sulfike. Mapson 4and Wacner {1941} in thelir own study
obgarved 2%% lgss of thiamine after sulfite treatment of pota-

toes, and 35.0 - 40.0% overall loss on subsequent cooking,

Heprmus (1970) also reported losses of thiamine in minced meat up

15



Parmentiatisn fprocasoas rommnenly adostid i TR
aperat iond iave Leen own (Hamad and Pise153,1979) to lyovave and
snhanca  the faciy ntent of rarvezl raing hecause f
ralease o€ bound ni.cin. Similsrly, Jamora and Fielés, [t971)
raport«d an ipcrease {n rihoflavin when cowpeas underin-n dEaFa2

fermentaticn.
2.2.5 E GHT ON VIT NS

The effect of light on the retentien of riboflavin 1o

has heen documentec {Cender 1%73a). Staphene and Theintals

(1959) reported lcsses of 17" riboflavin in bread rolls exposed

to light Ffor 24 hours, while losses redyced to 12% apd 23
3

regpectivaly on wrapping in arher and orange plastic. Tha

‘umiflavin  Tormed duling the photolysis of riboflavin hz:  heen

r = Jaureaqn 187?) shows that

“Y.amine, and niacin are insensitive to photo-oxidation

2.2 cTION OF AMINS W A TIONAL F

Existing reports (Weswig et al 1946, Sealeck and Grodland,
1944; and Fujita, 1954) indicate that most focds contain antinu-

tritional factors that might inhibit the absorption of essential

16
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hean reported (Toslyn and Teichter, 1966) te he dag mpesed v
thermnstable facters in ferns which have heen [deatified 44
nitrogenous and flavonoid. Acterding to Liu et al 11957) lguses
of thiamine in experimental diets for laboratory anina’. neoin

duriny storage at room temperature primarily becatuse ;7 4t

effect of salt mixtures.

McIntire and Frost, (1342) have alse reperted “hat o unt 3
amino acids decrease the rate of thiamine destonetion, Swivedi

and Arnold, (1973} similarly demonstrated that proteins pretect
thiamine from destruction, although there are conflicting reports
regarding the protective mechanisms of proteins on thilamine.

-

Dwivedi and Aranld {1973} reported that SH groups of allunmin have
protective role in preventing thiamine destruction.

Weswig et al, (i946) reported the existence of antithiamine
substances in plant materials., Chang and Hiller (1973) have

identified some of the antithiamine factors as phenols and fla-

vonoids. Runjruanysak et 31, {12377} studied the iaterac:ilen of

thiamine with caffeic acid and other phencl derivatives and
concluded that the polyphenolic compounds with orthoxy groups
have a marked antithiamine effect whereas those with para and
meta hydroxy substituent showed medium and no effect respective-

ly. Chang and Hilker (1976) alsc observed that the antithiamine

17 ! -



t ¥ L e ralztel to jbs tannin content
=* ! g, 11277 have shown that these tannias are
FIe e 1 Font od vagetzhlae girmoniy ceasuned Ly peop!l
X Jaris OF 2 - Thay also demonstrated that
thimmiae raar n acid to fo wodified thiani !
iy b t Y (1870} conp T that thiamine participate i
MallYapd-tzps 27 1@ i Jith glucese. TFT [2931) al Y LY
- - . El -
the bradioe oFf cvoilavoproteln with ribeflavin in egy
Candlizh (1377) .nt Wojtsia™ (1975) have also  independently
raporte’? Pal *ha wrallabhlea form of npiael;n i3 hound to
polysacehiari-l nd peztles In 3 complex niacytin, which is not
Wi sty L2 the sastrointestinal tract (C.1.7).

Particular attenticn has ‘Yeen feocused on the vitamins,
thiamine, ribsaflavin and niacin in present study because of their
essentiality in human nutrition. Available evidence (Geervani
and Theophilus 1980, Steyn-Parva and Monfouort 1%63) indicate that
the three vitemins are widespread in foods. Excellent sources of
thiamine include lean meat, yeast, eggs, whole careals, legumes
and nuts. TLaslen !1%72) reported the cccurrence of free, mono,
di- and triphosphoric esters, and mono-, and disulfide of
thiamine with the diphosphate ester predominating as a protein
complex with carboxylase in most foods.

Riboflavin exist in nature either as free riboflavin, flavin
mononucleotide (FMN) or flavin adenine dinucleotide (FAD) (fig
2.0). Wagner and Folkers (1964) reported the existence of free

riboflavin in whey, urine and retina. Hartman and Dryden (1965,

18



ey e ’ e ~am A TRALT stise . T ¥ el b &
i a n Bl scurcas 5% rivoflavie inelad B s
T et . v " = chpy = . e 1 .
penltry, eg3ys, tomatoas, yeast aad vegetables.
Wiavin 19 found 1In. tigsues lar ely - ks form  of

niacinamide 35 2 wcushituent of ty eoravmes:, nicotinamide
adenine dinuslaontide DIATY Lan? ilcetinanide adenine dinucleciilc

.

phosphiate (Mase} t81g 2.0, Harris and Rarmas (1978} hare
reported the svistence of unavailable foim of rniacin
cereal grains, which is liberated durin: hestins, Lucallan

dietary sources of niacin inelude, liver, llaer, loan ok

wheat, peanuts, yeas*t, lagumes, soult-y and lazfy plane

2.5 : PR E

The chemistry and properties of the thras qater soluble
vitamins, thiamine, riboflavin and niacin (fig 2.0) have been
elucidated. Ridoflavin naturally axist as a yelleowizh [reen

fluorescent compound while pure iseolates of tliamine amd alacis

are white crystalline solids. Harris and Farmas [1975) Showed
that riboflavin and thiamine are readily decoirposel by heat under

al¥aline conditicns, while riascin is stakle to helillng L.

nentral, acid ar alkaline so’utions Other workers ’‘3Bender

19 -
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Janragy ['972! also veported the ¢onversion of ribefluvin )

.

lupiflavin and lumichrome during photolysis wundes al%allie apd
wcid or neutral conditions respectivelv, while thianline and

nlacin are insensitive to photeo oxidation. .

2.6 FUNCTIONS

The functicns of the three vitamins in interne’l. =ta

lism have heen defined., Availakle evidén;; (Honde: on and
Schenker, 1976: Itokawa, 1%77) shows thet thicexire in 145 Linlig
ically active thiamine pyrophosphate (diphesphothiamine, cocar-
boxylase) functions principally in carboliylrate metabolizm as 2
coenzyme in such reactions as the decarbozylation of a-Lets
acids, particularly of pyruvate and a-keteoglutarzte. Horecker
and Smyrnictic (19%2) and Racker et al, (1953) have alsc reported
independently of the involvement of thiamine pyrophosphate as a

coenzyme for transketolase in the pentese phosphate pathway of

glucose metabolisnm.

Mayer and Gershoff (1968) and Peskin et al (1967) have
observed in separate reports that thiamine 1is essential for
normal growth, appeatite, digestion, gastro intestinal tonus and
nerve activity because of its involvement in the synthesis of
acetylcholine. According to Barchi (1976) and Dakshinamurti
(1977), thiamine in its phosphoric ester form is invcolved in the
function of excitable membrane by the activation  and

inactivation of the sodium transport.

22



y invastiyvaraz {Mayer and GSershefs 1958, Horpits
I77) | Harwma nt Arydiapn 1775Y have reversad & P
setaballec Zunctlion =3 < sonstituent of “un coepivmes, MY und
AN, Megs meymes Iunstiq: kel Foanz; .
L aportn s catled B peanenlsing apa .
respliratery shela asd wid e phozphuryly! 2 . y:
LHEeS SR arrlie e it osnauee Enp geleral
BRI NS h el 2t pa e, ad T T P 230 aniy P
glye:d D31 Yashurg's rellow enzyme. TAT 3 et
Zy Piapt #, ranthiane ofldase, ' : i
3. vida e eyt i-gpnt £ theu e P shoflgrgn
wF b he anzymats tidatlon of ylicose, Eatty dclls and
PUrin=%. ™l 2 and ridet? 11978) have shown that rivoflavin

is a Swelanantal ~onstltuent nf animal tissues including wan, and
bhevefora aggential for growth and normal health, Mayer and
Cerstaff (1967) on the cther hand have suggdested a role In visual
mechanism of the retina for ribeflavin. Other investigazors
'RLat and Copol-i 1972a, 1874Y, and Galleuder and Tallenle:,

1979) cbserved tha't riboflavin added to the 2iaty of -ats pre-

ventsthe occurrence of cataracts. Lavate and Sreenivasan (1059)
also reported that ribeflavin is essential in maintaining the

integrity of the nervous tissue.

Y oagrot e «arN

Other investijators (Myer, 1945, Goldasmith an” Mil'le | 1247
have documented that niacin exert important metabolic functions
in intermediary metabolism as a constituent of two coenzymes, NAD
and NADP which are necessary for cellular oxidations. Niacin has

also been shown [Mayer and Gershoff 1968) to be essential for

- 23
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240 DEFICIENCY

Subtoptinal intakes nf rowt witsr-scl-lle A 3.8 Sex
T L) : - - o A - s .
shown (Caudlish 1977; Lo grecipitate a stats of deficianc

s i e e 4 Tm e s . ‘b4 1
;41‘3.141’.-.1?.-..4 '.‘l:’-h -:!4L~ -t.‘."Jui.

dizorders, the symptoms and diajnosis of hiochemiczal and clinical

forms of deficiency of the three viltamins have ‘leen olueozl,
documented.

Tnadeguacy of thiamine for instance has heen  shown (Tatlec

1370;: McSraw and Metcalf, 197%5) to cause a utrltic

e
W

‘oa‘l_rl‘

known as beriberi. According teo the FAQ/WET | 3] fevor

clinical signs of thiamine deficiency recorded in nutritlion

surveys include absence of “nee jerks, the gprosence of calf

tenderness, anorexia, ilaanition (weight los:}, cardiomegaly,
.

pradycardie and aeurominseular dlzturhances [Catasia and coniml

-

-

slons) (Jelliffee, 1966; Gubler, 1276). Yayer and Gershoff
1%38) also ragorted retarded growth, anorexia, neuron degenzara-
tion, convulsions, hyperesthesia, anesthesia and gastro intesti-
g3l disturhances in thiapise deflcieacy in map. 2ther lspuyt
{#:Canliesz and Schapker, 1968; Dakshirvamurti, 1977) lndfiza'=
that thiamine deficiency interrupts the propagation of necve
impulses via acetylcholine. Dancis and Levitz, {1972) and Patal
and Owen, (1976) have irdependently reported that thiamine defi-

+

ciency may be an etiological fastor in the incidence of the maple

24 ; =
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flavip d=ficianc Ather yngtoms of ribioflavin Qdefician
ipclude pagenta tongus, atropis linzual papillae, angula:r pape-
el fengular BHluegharitis), seratal (or vulval)] @ernatosis,
enilacial atrophy andl coinea rasetilarization and greasy szcalizg

swom 3l %y of nazolahial folds (Telliffe, 1966; Mayer and Gersh-

HE_‘-' :?:lﬁ:'

a%er and Frank (1968) also reported an impairmen:
ip eryrhrocyte formation in animals and man during ridoflavin
dafisiency, Thurnham and his co-workers (1973) 4lso produced
experimental evidence to indicate that riboflavin deficiency
results to anemia. Hoppe! and Tandler (1975, 1976) have equally
reported that arihoflavinosis resultsz in rapid impairment of

ngidative metalolliym,

Poor inta%es of niacin have been reported {Gcpalan and Taya
Rao, 187%5; Pfoiffer and Pacchi 1975) to result into the metabolic

disorder called pellagra. Pellagra which is also associated wit!
trvptephan deficiency can lead *o psychasis with delusions and
Yallucinations i€ i% is untreated (Coodhart arnd Shil:, 30,

Harper and Gaus 1988). Jelliffe (19€5) identified the symptoms
of niacin deficiency to include pellagrous dermatosis, scarlet
and raw tongue, atropic lingual papillae, tongue fissuring and

malar and supra orbital piomentation. Pellagra has been classi-

25
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Sauberlich et al, 11972) have provided ezparipent:l -:1'an~
to incdicate that *he regquirement of thianmine, ibpflacin and
kY ' d
niacin is related te caloric intaks. The réquirement F  =haza
vitamins in humans iz usually expressed as milligramz por 1007
Kcal [ngested.
PAQ/HHO (1974) recommended 0.4, 2.5, and T mg/ 1900 Ycal fov

thiamine, ribeflavin and niacin, respectively. The Focd and

Nutrition Board (FNP 1980) of the Mational Research Counci.
Nationa! academy of Science recommended 0.5, 0.4 and 7 mg/ /1000
Kcal for thiamine, ribeflavin and niacin respectively. Ac:ozdiinag

to the FAQ/WHO, the reference man will regquire 3200 Zcal Uzlly

Using the FN2, NRC - MAS recommended Dietary allowaneas:s, oal.z !

to 22 years of age aud consuming 3C00C Hcal would reqgui

and 19 mg/day of thiamine, riboflavin and niacin, raspectively.

22 yeare of age is 1.5, 1.3 and 14 agfday of thiamine, ibeflavin
and niacin respectively. Available evidence from experimental
studies with adults and infants (Reinhold et al, 1944, FAQ/WHO
1965) indicate that the thiamine requirement is related to the

dietary ratio of carbohydrates to fat. According to AMA (1951)

26



mh Pourne and Xidder, {1953) increased proportion of [aloriss
lerived from non carbchydrate sources will decrease thianliie
regquirement. It i3 also suspectad that increase in calorlie

sequirements accompanying increased physical activity aay leal 'z

a cerrespending lncreagse 1in the absolute reguirement of 5 - 1o«

thiamine during disease states such as polyneuritis, chronic
alcoliolism, pernicious vomitiag cf pregnancy BFourne and Lildev
11952) and Soldsmith 11964) have also reported increazel regui e
ment for “hiamine during hyper metabolic states such as fever,

hypertheroidism, levkemia and hyper adrenalisim.

]

According to FRAO/WHO (198%), the reguirement for ridoflavii
appears te be relited to body size since Calcrie requirerents are
adjusted to hudy size. Accumulated evidence (Horwitt 1972) frap
evperimental! animals suggest that excess carbehydrates may reduce
the requirement for ribhoflavin while excess fat increases the
ne=d for the vitanin, although no compéerle data for man showinyg
the effects of altering the ratio of carbohydrate tc £at aon
ciboflavin reguirerent has been confirmed. Wohl and Goodhart
(1964) reported increased requirement for riboflavin during

presnancy apd liz-ation. RBower and Brown (1922} alic observad

2
n
3
L

L

P

L

L

n

P

[

[}

'
-

that the huase Yody has an Incressed jes
pregnancy, lactation and periods of growth. Earlier reports

(Czackes and Guggenhein, 1946; Kaunitz et al, 1954) also showed
that the requiremen* for riboflavin is dependent on the nrotein

intakes.
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23 ASSESSMENT OF NUTRITIONAL STATUS
Early putritional Qeficiedzy of = LEL :
tissue lovel 1z @a2tacted by “ileochismical E
C Y i i
s '.1.. 3 . 3 B '_ z o- 3
higoluminval changes reflocting < LT sltapativas consay
ko nybi irignal wife b L agaiegurant of gtstiag of wivaping
hGuinans, one  of seve: .l methods ey be nsed. These could invelve
‘e ase= of ljatiry methodologies or hiochamical measurements,

mhe Yigchemical neasurements irnclude:

:: Pagqrupesan' of and level of the v ani.

Y Measuremen® of the arinary ezeretion of the vitanin.

fv, Megsturemert »f chapges in enzyme activity in the blocd, and

(1, MNeasmresent 1f aetabolites of the vitanin in vrine w1 2% oed,
eeording 4o Iearsor {1952) the mest sractical approast %o

I agsessisnt of autritienal slatus IR vegard o Ehlamine;

riboflavin and niacin is by measurement of urinary excretion or
urinary excretion after a test dose of the vitamin. The WHD
(1363) Expert committee on the medical assessment of nutritional

status also 5uggested the use of the urinary excretion test for



o ranpsenent 2f Vhe auiril : BIE e 3 bk z
mpd niacin  dusing fhal el : 1,3 .2 3
interpretaticn of s 14Ty siperal fon Ta 1
Tuterdupart nent e Sl Woiritics for Maiisnil davalng
CTANND 2733 tw sheean lr Mable
¥ e IO wt' g% agEn) naread “hae .1 y 3 1 3
isoFledin 3acierion of 19 T8 33 BiNeeT eI agn
signs cf aritoflavinozis within 4 o € months

giperin et al, (195%a) criticiuse? the 3¢ plrgoy
edcretion levels for Jleterminaticr 3% *hiamipe staitiz Ne: B
ig influanced by renal Zacters, recent diletary intakes, Bavzerial
action and other facters not related %o Jdietary intake Al )
workers (Blapchaer and Camercn, 1048: Caster et al, 194%

Vsteikova, 19%7) ceported varicus factors such as  ages, physical
state and physical exercise tc influence the amount of thiasnine
excreted in the urine.

Brin (1962) and Sauberlich (1967) alzc reported Zrom animal
and human studiss that the red bleod csll transhetolase activit:
is a sensitive index for thiamine nutritiorpal status. However,
Bamji (1970) chserved that cenditions such as disease of the
liver and gastrointestinal tract (GIT) have profound effect on

the activity of the enzywe. Mar¥Khanem and ¥alliomaki (1966 alze

m
w
15
|-
'

e

ahserved that the activity of the anzyme is dacregsed
thiamine deficiency. In crder to differentiate between the
enzyme lesion caused by thiamine deficiency and those from non

specific causes, Brin (1962) sugcested an in-vitro test

29
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£ Touny adult nale
*Eow" Deficiency

‘3:{:-’?-'

4 meshyl Micotinanide n.2 0.59 ¢ 0.2

(e 17 trz)

ggfon freatinine 0.8 = 2,59 < 0.5

Riboflavin

ug/6 hr 10 - 29 < 10

ug/g Creatinine 27 - 719 < 27

Thiamine
ug/shr 10 - 24 ¢ 10

ug/g Creatinine 27 - 65 < 27

- - W W e P S e e S W

From ICNND (1962)
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congisting of stimpulation of enzyme activity iu tha presenscs g
saturating amounts of <hiamise prrophosphate (the "MME Lff. 0™

L = APy i = . - . =
The "TPR affect™ rather than the actual enzvme iz clainsd to Le

trae measure of thiagmine autritisnal statusz (chenyg and 3o, 1972
Avcerding to the ICHND (1983) guideline, a "TPP =ffect™ ,F » 2%

iz ipdicative of thiamine Jeficiency. Ziporin 2= 21
sugaested the use of teasurement af metahbo
urine which is an index of the amount of thiamine falten foon
tissue stores and utiliszed for metabolic needs, The criter a
presently used in assessing thiamine adequacy oo sho o ia
tabls

Rcecordiag e ™illotson and Tauberlich (1971) and Tille.sen
and Baker [1372), urinary slboflavin will vary with tige of
sampling as will the <yeatinine to which it is referenced,
Tucker et al, {1950) also observed that urinary riboflavin is
influenced by physical activity, nitrogen-balance, temperature,

al, (1968) and Beutler (1959 have

sleep and stress. Glatzie et

therefors suggested the use of erythrocyte glutathione reductase

{%6R) as a measurement of the nutritional status of rideflavin in

hercansa [t

iran. Thiz is preferred to other methods of analysis

-

estimates protein-bound riboflavin which is not markedly affected

o

by normal disfary riloflavin intakes., Sanberlich et al, (1972)
have adopted ‘he TER for the assessment of the nutritional status
of high school population with satisfactory result. Beutler
(1969) reported the requirement of FAD as a Coenzyme for EGR.

The FAD is a tightly bound prosthetic group of EGR whose achtivity

RS- | -
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ot aety mataholitey of viacin i man exoreted? Inp the urine spe N
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H'HY aca in the ncomal range. Tt has he=q ganerally acee; 'l
that unde:r normal coaditions, “he pyvidane/NW'MN rati, say he 3!

least 2. However, available evidence (LeXlem et al, 197%) showe!
that this ratio will be markedly reduced in oral contraceptive
users deficient in vitamin BS. Brown et al, (195%5) also found

H'ME excretion slightly increased and 2-pyridone slightly de-
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e MATERIALS AND METHODS

2.3 CHEMICALS

All chemicals uzed were of analytical grade and supp!ied by

the British Orug Hounse [BDH) chemicals Ltd., Poole E.igland and

Williams, Chadwell Heath, Esse¥, England.

3 i FOOD SAMPLING:

Food samples were purchased from local markets in  Zaria
Kaduna, and other parts of the country. Foods were classified
into  ten groups. The representative food samples were obtained
;

in the normal form in which they are so'd in the market and

transported to the lahoratory ir hlack cellophar= ™ -¢

3.2.1 PARAT OF S:

Part of le  ‘ond sapples {'0g) were Zept for moisture
determination whils *he remainder were dried to constant weighr
' vosn 3% R for 43 hrs, The dried food samples were
sulverised in a bhlender and sieved with a fine local sieve. The
fine powder was stored in air tight fitting containers until

required for assay.
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Sk 4 EXPERIMENTAL DESIGN

m - £ - o L | - . T | -1 - 2
The raw fcod =3irgles serwad ag “he
_“.‘o L] “g-.a_ + i e - ] % 5 - 5 -~

effrct of enrrently adoptad 1 VI 5 -
3 £ :
. . . . o
1 | N (1R 3 l" 135 r - 3
ConVAar3int 3 paste prodacts [(MMoin- " (L T
. -9 * -
Tl e LLdGTL3Vin 4L Iia 1tent of “he O . =
{1 - .'a » - 3 - M "= QP &
estumated. Cooring was Coana with Sust sufficiert amourt of wats

on a normal size was cocker. The effect of ripening on five

varietisz o° fyiuits was al=o '_'.',—-';'i-_'ie'-'-:"..

SOAKED COWPEAS:

-

The dJry cowpea grains about 30 g were soaked for 5 s in
200 ml of tap water at room temperature. The scaked grains were
'Q

drained and dried as earlier described aand aligquots {3 4} used

for vitamin assay.

DECORTICATION OF COWPEAS

Seventy grams of dry grains were soaked in five times their
own weight of water for 6 hrs., The testa of the snaked grains
were carefully removed and dried to constant weight as earlier
described. The powder of the pulverised grains was used for

vitamin assay.
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PREPARATION OF "MOIN-MOIN"

About 1%U0 g of the wet decorticated grains were milled in a
blender with an equal volume of water to produce a thick slurry.
The blender was rinsed with 50 ml of tap water and added to the
homegenate. Hot water was then added to the homogerate to give a
cowpea to water ratio (W/V) of 1:1.5, The smooth homogenate was
then distributed into "Santana" nylon bags, tied and placed in a
cooking pot, A little water was added to immerse (but not sub-
merged) the "Santana" nylon bags and covered tightly with
paper. After coocking £or 235 mins, the “"santana" nylon bags
were removed and allowed to cool. The paste formed (20g) was

dried as earlier described and used for vitamin determination.

PREPARATION OF OTHER PASTE PRODUCTS - "TUWO"

About 500g each of dehulled and undehulled grains of maize,

sorghum and millet were milled into fine powder.

For preparation of "tuwo" product, about 60g of fine powder
was mixed with 150 ml of cold water to produce a slurry in a
coolting pot. The homogenate was cooked for 1% minutes while
stirring and hot water was added intermittently to produce the
desired consistency. The paste product - "Tuwo” wWas then dried

as earlier described and used for vitamin assay.
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COOKING OF FQOD ITEMS

The raw food 1tems (20 - 30g) were added to cold water (400
- 500ml) in a cocking pot and cooked for the required rime inter-
val. Food aliguot (5g) were removed intermittently at 30 and 45
minutes interval until cooked at 60 minutes. The cooked items
were dried to constant weight as earlier described and usedé for

vitamin assay.

FRYING OF FOOD ITEMS

Food items (15g) such as ripe plantain, root and tubers, and
a few vegetables were fried for 15 minutes by completely immers-
ing them in groundnut oil. The food aliquots (5g) were treated
as earlier described and stored for vitamin assay.

BLANCHING OF VEGETABLES

Three varieties of commonly consumed vegetables were cut into
tiny shreds as locally consumed and blanched in boiled water
(W/V) of 1:4 for 5 minutes. The aliquots (6g) of the drained
vegetables were treated as earlier described and used for vitamin

assay.

ROASTING QF FOOD ITEMS

Aliguots (10 - 20g) of four food samples (Yam, Groundnut,
Fresh Corn and Benni Seed) were roasted in fire until it was
"done". The food aliquots were dried to constant weight as

earlier described and used for vitamin assay.
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RIPENING

Five varieties of unripe fruits were rarvested at sourcs
and divided into two Jroups. One group was Kept in the dark n a
cupboard for one week to allow for ripening. The other group was
processed immediately for vitamin assay. Aliquots (10g) of

ripeened fruits were also treated as earlier described and used

3.3, ANALYTICAL METHODS

3.3:1 MOI ET ION:

The moisture content of the food samples was determined by
weighing 5g of the food into a petri-dish which had been previ-
ously dried at GOOC and cooled in a desiccator (Oyeleke 1984).
The samples wWere dried in the oven at EOOC until a constant
weight was obtained. Duplicate determinations were made for each

sample. The moisture content was then calculated as follows:

Loss in Weight due to drying
Moistuze (§) = Semmormm=messSmesessmomoEEE x 100%
Weight of sample taken

3.3.2 TH NE ATION:

Thiamine was estimated by the procedure of the AOAC (1980)

according to the modifications of Edwin (1979).
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EXTRACTION OF THIAMINE

Thiamine was extracted by heating 19 of food sample with
10ml of 0.1NHC1l in 25 ml test tubes for 30 minutes in a boiling
water bath. The tubes were thoroughly mixed and optimum acidity
determined at the end of digestion by bromccresol ¢reen indica-
tor. The food extracts were left te cool ét room temperature and
1 ml of freshly prepared 6% Taka dlastase in 2.5M sodium acetate
solution added. The pH was subsequently adjusted to 4.5 with HCl
using bromocresol green as indicator. The mixture was then
incubated for 12 hrs. (overnight) at room temperature.

following incubation, the mixture was centrifuged at 3000g
for 5 mins, and the clear supernatant transferred toc a 25 ml test
tube. The residue was re-extracted twice with 4 ml., of 0. 1N KCl
and centrifuged at 3000g for 5 mins., The extracts were combined

and made up to the 25 ml mark with distilled deionized water.

IFICATION:

One millilitre of the dephosphorylated extract was pipetted
directly to 1g of fuller's earth in a stoppered test tube with
caution avoiding the sides of the tube (Winton and Winton 1945).
After mixing by shaking, the tubes were filled with nearly boil-
ing distilled deionized water, and allowed to stand. After all
the Fuller's earth particles have settled, the supernatant was

decanted off, and the washing was repeated twice.
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FORMATION OF THIOCHROME:

To 1g of the Fuller's earth residue was added 0.30ml !%
mercuric chloride solution and 2 ml of 30% sodium hydroxide
solution. The contents were properly mixed and an aliquot of
isobutanol (5ml.) was added. The tubes were shaken for 2 mins.
and subsequently centrifuged at 30009 for 5 mins. The clear
isobutanol extracts of thiochrome were used for fluorimetric

determination of thiamine (Appendix 1).

3.3.3 DETERMINATION OF RIBOFLAVIN

Riboflavin estimation was evaluated by fluorimetric procedure

proposed by Osborn and VOOgt (1978).

EXTRACTION OF RIBOFLAVIN

Riboflavin was extracted from the food samples (2g) by acid
hydrolysis with 20ml of 0.2 N HCl for 1 hr in a boiling water
bath. The pH of the extract was adjusted to 6.0 - 6.5 by drop-
wise addition of 40% sodium hydroxide. Corresponding drops of
1NHC1 was later added to adjust the pH to 4.5. The resulting

-

extract was diluted to the 25ml. mark with distilled deionized

water and filtered through a Whatman No. 1 filter paper.

DECOLORIZATION OF THE EXTRACT:

To two test tubes containing 4 ml aliquots of the sample

extract were added 4 ml distilled deionized water and 4 ml dilute
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standard riboflavin (0.1 ug/al), respectively. Glacial acetic

acid (0.4 ml) and 0.2 ml 3% potassium permanganate solution (KMn

0 )} were then added consecutively to the contents of the tube,

After 2 minutes, N.2 ml of 3% hydrogen peroxide (H O ) was added
2 2

and the fluorescence taken immediately.

MEASUREMENT OF FLUORESCENCE:

-
The fluorescence of the extract was measured at excitation
wavelengths of 440 nm and emission wavelength of 525nm. The

riboflavin content of the food sample was calculated thus:

Weight (g) of sample = W
Volume (ml) of extract = 25
Aliquot (ml) taken for decolorising = 4

Reading of sample = §

Reading of Standard (C.4ug) = T.

Riboflavin mg/100g sample

S 0.25
= - X -
T W
3.3.4 DETERMINATION OF NIACIN:

The AOAC (1980) procedure was adopted in the estimation of

niacin.
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PREPARATION OF SAMPLES AND STANDARDS

the standard curve {Appendix

2}

COLOUR DEVELOPMENT (NON CEREALS)

Niacin content of n

on cereal foods was

colorimetrically by setting up 4 tubes as follows:

43

Niacin in n ereal wa + Y a
food sample (3 ) Wl 2 £
1
su juently
t ¢ 2
W ndard (2.2 ugfnl) was prep y ]
- -~ = ' * 'l
- I ' i 11 1= T I U
]
11 1~*ad hv alkalir hvdr f
rle ‘82) hy heating *h 1.53 ra{OH) 1in 2 boiling water
2
ha*k Enr ? hrs In this case, the supernatant of the extract was
- ! “ath for 15 mins. before the addition of (NH ) SO
42 4
(Eg). The niacin content of the cereal samples was cbtained from

determined
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Standard Standard Sample Sample

Blank Solution Blank Solution

Standard solutiocn

(3.2ug/ml) 1.0 ml 1.0 ml - -
Sample Solution - - 1.0 ml 1.0 ml
Distilled water 5.0 ml - 5.0 ml -
dil NH OH 0.5 ml 0.5ml 0.5 ml 0.5 ml

4

CNBr Solution - 5.0 ml - 5.0 ml
10% sulfanilic acid 2.0 ml 2.0 ml 2.0 ml 2.0 ml
dil Hcl 0.5 ml - 0.5 ml -
Distilled water - 0.5 ml - 0.5 ml

The absorbance was read at 440 nm and the niacin content was
calculated as:

mg Niacin/100g food sample =

A unknown 0.32
__________ X =m—- X 25 (dilution factor)
A standard g sample

3.4 DIETARY DATA:

Dietary data from 60 apparently healthy students (18 females
and 42 males) of the Ahmadu Bello University, Zaria were
collected by a 3 day dietary record. The students were taken
from different ethnic groups in Nigeria. Their diets comprised
largely of cereals, root and tubers, fruits and vegetables. The

anthropometric data of the student is shown in table 3.
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anttirepemetric 2ata of Subjects

B il kb b T b S ——

n Age{years) Height(cm! Weight (kg)

Male 42 23.3 ¢+ 2.4 168.1 + 12.7 57.0 + 8.7

Female 18 20.9 + 1.4 156.4 + 12.5§ 56.5 + 9.8
45 _



Chapter 4

1.0 RESULTS AND DISCUSSION
4.1 VITAMIN CONTENT OF RAW FOOD SAMPLES

The thiamine (vitamin B ), riboflavin (vitamin B ), and
1 2

Niacin (vitamin B ) content of 74 locally consumed Nigerian foods
3

are shown in table 4.

The data revealed that the vitamin B , wvitamin B , and
1 -

vitamin B levels of the foods ranged from 0.07 - 1.¢, 0.01 -
3

0.47 and 0.04 - 8.96 mg/100g (on dry weight basis) respectively.
Trace amounts of thiamine were observed in "Burukutu", a cereal
based alcoholic beverage while the highest concentration of
thiamire was found in the big white beans variety (Vigna sinensis
Var. VUnguiculata). The lowest niacin levels in foods was found
in Palm o1l (Zlaeis guineansis) while the highest level was found

in tomato. On the other hand pineapple (Ananas sativa) had the

least riboflavin concentration compared to high values of the
vitamin observed in "Kunu", a non alcoholic cereal based
beverage. The high riboflavin level found in "Kunu" may not be
unrelated to the inherently high microflora found in "Kunu" and
other alcoholic beverages like palm wine (Okafor 1978). Zamora
and Fields (1979) in a previous study have attributed the high
concentration of riboflavin in fermented cowpeas to the presence
of yeast which is excellent source of most water-snluble vita-

mins.
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Thiamine, Rihnflavin and “Miacin Content, of Selected Food items

Thiamin Riboflavin Niacin
m3/100g 4Ary weight mg/100g dry weight mg/100g dry weight
Moisture T e e e N E S m s e s a s m . 2 - -
(1)

syaat Patata frae)

g9,

L

0.0510.01
0.05£0.01

0.164£0.05

1.40£0.10
1.40£0.20

1.6220.03

Bl et Bafader {raw) 67.602'.17 £ 652010 0.2240.03 1.8110.06
Pags vaty fraw) 54 070,16 0.17:0.03 0.140.01 1.3920.01
buiet BALEE (raw) £2.0040.79 0.1840.05 0.1540.02 3.05£0.31

0.04:0.02

47
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TABLE 4 (Tontinued)
Thiamin Riboflavin Niacin
mg/100g dry weight mg/100g dry weight mg/100g dry weight

T e e

Moisture

FOOD ITEM

Legumes and Nuts
Groundnut (raw)

Brown Beans (raw)

Big White Beans (raw)

Small White Beans (raw)

Soya Beans (raw)

Cereals

Whole millet

Whole

Wheat flour
Pehulled Sorghum

Dehulled maize

(%)

6.4010.283
6.0010.20
4.4040.16

4.4010.10

21.00:0,27
6.60:0.10
6.60+0.20
8.20+0.16
5.00£0.20
6.6040.21

6.8040.10

0.7040.08
0.954£0.95
1.00£0.01
0.83:0.04

0.5840.02

0.4040.02
0.2930.06
0.3240.01
0.3310.05
0.2210.04
0.4830.16

0.2040.05

48

0.1040.02
0.21+0.10
0.20+0.08
0.21+0.04

0.18+0.02

0.16+0.05
0.11:0.01
0.150.06
0.09:0.01
0.0840.04
0.19£0.10

0.17+0.07

6.1040.80
3.8110.25
3.0110.05
0.50+0.10

2.8640.60

1.9040.24
2.50%0.15
4.0040.32
2.50+0.08
2.901£0.77
2.70+1.10

2.00£0.16



TABLE 4 {Continued)
Thiamin Riboflavin Miacin
mg/100g dry weight mg/100g dry weight mg/100g dry weight
Mpisture — @ —-e-mmmmme o e e —————— e mm———— -
(%)
FOOD ITEM
Snacks
Akara - 43.90x0.70 0.15:0.08 0.14+C.10 4.6331.20 ,
wena 60.8010.15 0.1520.02 0.1530.02 $¢.50+40.03
Buns 21.40+0.01 0.12+0.04 0.051+0.01 1.1440.08
¥uliKuli 2.00:0.28 0.1340.10 0.18+40.03 3.43+0.03
Cake 20.70+0.42 0.18+0,09 0.10+0.05 1.8040.10
Fried Coconut &.20+1.40 0.12+0.02 0.14+40.01 1.5610.06
Qile, Nilseeds and
Condiments . .
Helon {raw) 1.60+40.28 0.1310.01 0.1040.01 1.3440.04
Benniseed {raw) 2.70+40.14 0.66+0.01 0.44:0.02 2.00+0.01
Coconut {raw) 52.40+1.00 0.20£0.02 0.19+0.01 2.0040.09
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TABLE 4 (Continued)

Carrots (Raw)
Tomatces {Raw)
Onions (Raw)

Spinach (Raw)

Okra (Raw)

RPitter leaves (Raw)

Fluted pumpkin (Raw)

Moisture

(%)

80.0040.88
93.6030.12
89.80:0.10
79.0040.15
85.8040.20
80.8040.23

§5.5040.12

Thiamin

0.33:0.07
0.63:0.11
0.32:0.04
0.3240.01
0.37:0.15
0.56+0.07

0.35:0.01

ng/100g dry weight

0.0630.01
0.40+0.06
0.3840.09
0.2540.01
0.3820.10
0.4740.08

0.434£0.05

Niacin
mg/100g dry weight

3.0540.14
8.9610.15
2.0040.05
2.%0£0.04
4.0640.10
2.67+0.09

2.3140.02

N E rr EE R e e .- - - = =

Riboflavin
mg/100g dry weight

e e = o T8 o e 0 o e s 4 s o . e i



TABLE 4 (Continued)

Thiamin Riboflavin Niacin
mg/100g dry weight mg/100g dry weight mg/100g dry weight

30%””._\_—&@ - — o L s e

AN TOTM

Fruits

Unripre sweet orange 84.0010.2 0.20£0.03 0.02+0.03 0.82+0.13
Unripe mango pulp 82.60+0.31 0.1820.01 0.1610.01 1.1410.04
Unripe Guava 66.00+0.17 0.20£0.05 0.36+0.08 2.59+0.086
Unripe Lemon orange 88.80+0.10 0.1730.08 0.15:0.10 3.3810.17
Unripe Fineapple 80.00+0.07 0.17+0.08 0.09+0.01 0.57+0.05
Ripe Plantain (Raw) 63.20:0.10 0.22£0.10 0.20+0.05 1.91:0.08
Ripe QOrange 86.40+0.01 0.3240.09 0.04:0.0! 1.3440.01
Ripe Guava T70.504+0.42 0.25£0.10 0.33+0.09 3.53120.09
Orange juice - 2.07:0.0L - 0.29+0.04
Rire Mango 78.40:9.14 0.3520.10 0.2030.02 1.9310.10
Fire Lemon Crange 33,6040.28 n,30:0,30 0.2140.03 u.mowo.cw
Mipe Tinesprle 22.00:0.04 0.3210.01 0.0130.01 0.67+0.01

(%)
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YAPLE & fcontinued)
Thiamin Riboflavin Niacin
mg/100g dry weight mg/100g dry weight mg/100g dry weight
Moisture i b al T I
(%)
FOOD ITEM
Line Juice = . ” =
Dates 7.6041.2 0.1740.05 0.09+0.02 4.67+0.04
"Aya" 41.9040.50 0.1520.01 0.08£0.03 1.56x0.02
Banana 72.3040.14 - - 3.22:0.07
Carden egg 92.0040.42 0.15+0.04 0.16:0.01 1.34:0.01
Sugar Cane juice - 0-29% Ol 0-04t o232 2.2 31 o2,
Meat and Meat
Products
Egg (Raw) 74.4040.45 0.56x0.07 0.2740.06 1.34:0.08
Beef Liver (Raw) 77.00+0.08 0.53+0.03 0.47+0.01 6.68+0.01
Goat meat (Raw) 71.40+1.60 0.3840.01 0.46+0.02 2.23:0.02 _
Beef Kedney 82.60+1.21 0.48+0.03 0.45:0.01 5.3410.16
Meat Pie 50.8040.65 0,5140,02 0.44+0.02 1.56+0.01
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TABLE 4 (Continued)
Thiamin Riboflavin Niacin
mg/100g dry weight mg/100g dry weight mg/100g dry weight

zOMMﬂﬂHm e S - -

(%)

Suya 43.20+1.50

2quash egg 55.20+0.14

Lahda Skimmed Milk 1.00+0.01
Yoghurt -

Lolly Pop -

0.3740.06
0.27:0.02

0.35+0.04

0.5640.09
0.0740.01
0.2840.01
0.07+0.03

—

0.0340.02

0.3140.02
0.4040.03

0.2240.01

8oy tosl

Gi3L o

0.46+0.07

O»OJW oras

o« x O0S)

3.5640.10
2.2340.05

2.45+0.07

1.7840.08
2.0040.01
2.23+0.01

18 s ocb
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The wvitaming B , B2 and 8 of the foods when classifisd
1 2 3

inte various focd groups are presented in table 4.0, Daza ohbh-
tained revealed that plant food sources such as legumes, vegeta-
bles and verealz are also good sgources of vitamins Bl and B2 in
the Nigerian diet while vegetables, milk ard milk products appear
to contribute significantly to riboflavin derived frem Nigerian
foods. Although the contribution from milk and milk products
towards niacin wontent of Nigerian foods way appear *o be rela-
tively low, ample evidence (Hartman and Dryden 1965) exist to
ascertain a high degree of bicavailability of nicotinic acid from
milk relative to cereals where niacin may exist in bound forms.
Hartman and Dryden {1974) for instance showed that the milk
protein is an excéllent source of tryptophan, a precursor of
niacin. 2s observed by Adrian {(1975) the efficiency of nicotinic
acid and tryptophan depends on the protein quality of the ration,
Ogunmodede and Oyenuga,(1969) however, assayed the thiamine

{vitamin B ), riboflavin {vitamin B ) and niacin (vitamin B )
1 2 3

content of 30 varieties of cowpeas. Thelr data showed
considerable variation of vitamin content between the different

varieties of cowpeas. The mean values of vitamins B , B and B
1 2 3

obtained in this study is however consistent with the findings of

Ogunmodede and Oyenuga, (196%) and Edijala ({(1980}. ' The mean

values of thiamin and niacin in soya bhean obtained in this study _':'

iz also similar to the levels reported following analysis of 21
soybean varieties in India (Panday and Narayan, 1978).

Although the mean value for thiamine and niacin of a local
variety of rice obtained in this study appeared to be lower

(p<0.05) than those reported by Malakar and Banerjee {1359), the

.
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ritoflavin values were similar. The variation might be due to

differences in variety and other environmental factors.

(]

EFFECT OF COOKING ON THIAMIN, RIBOFLAVIN AND NIACIN

.

Various cooking time intervals are adopted in present study
to identify possible effects of cooking on vitamin retention and

to obtain conditions suitable for household coperations.

Table 6 - 8 and appendices 3 - 5 show the mean values of
thiamine, riboflavin, and niacin and their percentage retention
during cooking at atmospheric pressure at varying time intervals

of 30, 45 and 80 minutes. The average retention of vitamins 3 ,
1

B and B in different foods during coocking as a function of time
2 3

is also presented in Fig 4.0 - 6.0 respectively.
Data showed that coocking results to substantial losses of

all the vitamins especially vitamins B and B . Thiamine
1 2

retention for instance ranged from 65.0 - 88.24, 50.53 - 77.27
and 38.46 - 60.61% respectively during cooking for 30, 45 and 60
minutes interval. Highest losses were evident in niacin for root
and tubers. This may be attributable to the fact that the niacin
from these sources are readily available and therefore be leached

out easily during cooking.
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Gererally, it appear: that cockiag at short time interval

enhince tihe retention cof the “hrze vitamins fﬁppendites 3 = 5)
The yaetantion of thiamins and ridsflavia at 30 piputes of
conking  in this study wasg in confeormity wit 2lues repertsc  hy
Edijaia 1980} However, the losses of thiazpine ohserved iz <hls
study were slichtly lower (p > 0.35; than +ralzes reporsed by
Pushpamma et al, (1982) and 7illadevi et 3!, (1972). This

variation could be due to differences in the cooking tine.

Although wvalues of wvitamins B and B leached 1into the
1 2

coocking water were not deternmined, these losses will be greatly
reduced 1f the cooking water is cvonsumed with ‘he cocked foods.
In Nigeria, it is a usual practice t2 consume the cooXing water

along with the foods especially in "boiled beans," yam

porridge”, "cocoyam porridge" etc. Higher losses of thiamine
were observed in melon and carrots. Retention was lowest when
the food items were cooked for 60 minutes. The loss of thiamine

Wwas more in okra than the brownbeans and rice subjected to cook-

iny especially for 60 minutes (fig 7.0).

Riboflavin retentions ranged from 66.67 - 91.11, 57.14 -
84.44 and 50.00 - 73.33% respectively at 30, 45 and 60 minutes
interval of cooking. Higher losses of riboflavin were observed
in beans and melon. The percentage loss of riboflavin was slight-
ly higher (P > 0.05) in brownbean preparation than rice prepara-
tions subjected to cooking. This chservation did not confirm the
findings of Pushpamma et al, (1982) that cereal preparation have

higher loss of riboflavin than legume preparations subjected to

boiling and frying.

66



"sajnuiw 09 103 Buryood Buinp uEIN pue ulAeljoqly ‘utwelyl jo (%) uonuaay 0L 61y

¥

Retention (%)

I

¥

ooy

&

; - -_{-_. :..'.

T

T

I

T

AR RERRRRL

s L

L

91y ¢

'O S
~ sueag umoug 7

paag luuag -4

wejp -

poviN

Saiavidoon |

NI



Retent.cns of nlacin ranged from 84.2¢ - 10C, 84.25 100
and 59,34 - 95.00% when subjected to cooking for 30, 45 and 60
minutes respectively. The loss ranged from 9.%6 - 24.53%. The
losses In  nlacin concentration of the foods were lowest than
those oiitained for thiamine and riboflavin. This observation 1is

consistent with previous reports (Harris and Levenberg 1950).

4.3  EFFECT OF DECORTICATION ON THIAMIN, RIBOFLAVIN AND NIACIN

The mean thiamine, ribeflavin and niacin content and
percentage retention of three varieties of decorticated beans is
presented in table 6.

Decortication of the three varieties of beans did not
significantly (P > ©0.05) affect the thiamine and riboflavin
content of the two white varieties. Higher losses of the two
vitamins are however observed for the brown variety. This
observation 1s consistent with previous reports (Edijala 1980).
OQur present study did not validate the significant elevation in
thiamine levels observed for the white varieties of beans by

Edijala (1980).
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Th= mean riboflavin losses cf 9.59% also observed in presen-
study is significantly lower than the 24% reported Ly Edii:la
(1380} for nost legumes. The variahility in our results may %e
attributed to sligh! varia“ions in methcdology for assaying il

s and processiag of the descorticated beans.

-
»
or
v
=

Tha niacin retention was also similar to that of thiamine
and rihcflavin with an average retention of 83.4%%. The results
suggest that there is high concentration of the vitamins

especially niacin in the testa of the broun variety.

Tahle 7 summarised the mean thizamine, ribhoflavin and niacin
content and percentage retention of three varieties of bheans
soaked for 4 hrs at room temperature. Soya beans were soaked for
2 days as it is nowwrally utilized in home prepara&ion for soya

milk.

Soaking of the three varieties of beans for 6 hrs did not
significantly (P > 0.05) affect the thiamine, riboflavin and
niacin content of the legume grains. The up to 14.74% thiamin
losses observed for the brown variety is similar to the 13.5%
reported by Edijala (1980) after 62 hrs of soaking. The ' high
losses of thiamine, riboflavin and niacin for soya beans suggest
that household processed soyamilk may need to be fortified with
substantial amount of vitamins in order to enhance its use as an

ideal diet for infant nutrition.

To



Effact of Soaking at R3om temperature on thiamine, riboflavin, and Niacin Content of legumes

Sehking Moisture
Time ()

§ hrs €0.2010.0:

— & hrs %5.8020.16

5 hrs 58.6020.22

2 days 0.00+0.85%

- i - -

Thia=ine Riboflavin fiacin
m3/t90g dry veight ©g/100gm dry veight mg/100gm dry weight
sermessssssss------- PRetention ~-c--esceccecec—----  Retention - Retention
(%) \) (%)

- —— -

7 2ia0.090 8%.26 0.17+0.01 81.0 3.74%0.06 §8.16
0.2620.920 103.%81 0.15+0.03 71.43 2.35:0.01 34.0
0.9140.010 93.0 0.14+0.02 70.0 2.98+0.09 99,0

03240 040 55 17 0.1140.040 61.11 1.6240.20 56.64
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1.5 EFFECT OF CONVEDRSION INTO PASTE PRODUCT ON THIAMIN,
RIBOFLAVIN AND NIACIN CONTENT OF LEGUMES AND CFREALS

In wvarious hcusehold preparaticn ¢f Nigerian diet, most
foods are processed into paste. In present study the mean
thiamine, riboflavin, and niacin content and percentage retention
of common paste food products - "moin-moin” and "tuwe" are pre-

sented in table 8.

The retention of thiamine in all the paste products ranged
from 40.63 - 78.13%. Lowest retention of thiamine was observed
in "tuwo" prepared from whole sorghum. Retention of thiamine 1in
"moin-moin" for the three varieties of beans investigated range!
from 63.16 - 70.0% (mean = 65.67 + 3.76). The highest retention
of thiamine was obtained in the small white beans, while the
brown variety gave the lowest retention. The mean retention of
thiamine in "moin-moin" was 65.67% compared to the mean retention
of 49.46% for the cooked whole grains at 60 minutes. This
findings tend to indicate that vitamin retentlon in beans can ke
increased by conversion of legume foods into paste product.

Retention of thiamine in "tuwo"products ranged from 40.63 -
78.13%. From the data in table 8, it appeared thiamine is more
concentrated in the testa of whole maize while in sorghum the
vitamin is concentrated in the grain than the testa. The high
retention observed in "tuwo" (dehulled sorghum) might be Que to
the removal of antinutritional factors in the bran during the
dehulling process which would otherwise interfere with the sta-
bility of thiamine. The results also indicate that there was
pooer retention of thiamine in the preparation of "tuwo from

dehulled maize", "tuwo from whole sorghum" and “tuwo from whole
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TABLE 2

Féimcs o€ Coywereion inte Fasta ~n *hiamine, Riboflavin and lliacin Content of Legumes and Cereals
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millet.”

The retention of riboflavin ir "moin-moin" for the three
varieties of beans studied ranged from 81.0 - 90.48% {mean =
87.16 + 5.34). The lowesst retention of riboflavin was alszo
observed in the brown variety. Compared with the "tuwo
products”, riboflavin retention ranged from 63.7% - 81.0%. The
mean retention of riboflavin for "moin-moin" was 87.16% compared
to the mean retenticn of 56.21% for the cooked white grains at &0
minutes. Similarly there was good retention of riboflavin in the
preparation of "tuwo" products. Dehulling appeared to have
little effect on riboflavin content of maize.

The retention of niacin in "moin-moin" ranged from 77.17 -
84.0% (mean = 30.08%) compared with the 87.90% retention in the
cooked whole grain (appendix 5). 1In maize, dehulling appeared to
decraease the niacin content as shown by the results of
preparation of "tuwo" products. On the contrary, dehulling
enhanced the niacin content of sorghum. There was also a poor
retention of niacin irn the preparation of "tuwe" whole sorghum.
This result seem to suggest that during preparation of
"tuwo"products most of the niacin in cereals may exist in the
bound form. Consequently, the retention of the vitamin during
preparation of "tuwo" products is poor when the retention of
43.33% in preparation of "tuwo" (whole millet) is compared to the
retention of 88% during cooking for 60 mins. However, the prepa-
ration of "moin-moin" appeared to enhance better retention of
thiamine, riboflavin and niacin compared to the preparation of

"tuwo" products (fig 8).
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Pesults of the traditional processing of beans inte "mein-
moin in present study ajreed with values reported by
(1930} and Akinyele (1389). The mean retenticn of $2.37, 80.4!

ani 23% of vitamins B, B and B respectively 1in the
1 2 3

decortizated grains compared to 65.67, 87.16 and 80.08% 1in
"moin-main™ suggests that the losses in "moin-moin" were due

mainly to decortication and thermal destruction as loss by

ieaching could not occur. Since decortication of the brown

variety resulted into higher losses of thiamine, riboflavin and
niacin, this variety may not be recommended for wuse in the

preparation of "moin-moin".

4.4 EFFECT OF FRYING ON THIAMIN, RIBOFLAVIN AND NIACIN
CONTENT OF COWPEAS

The mean thiamine, riboflavin, and niacin content and
percentage retention of some food items fried in groundnut
0il are presented in tahle 9.

Pushpamma (1932) observed that loss of thiamine ard
riboflavin was more in recipes prepared by deep fat frying meth-
od. In present study, the retention of 55.17 and 77.78% of
thiamire and niacin respectively in white sweet potatc when
subjected to cooking for 60 minutes compared to i1eten'icr of
62.78 and 86.02 of thiamine and niacin during fryinec i= at
ance with the observation of Pushpawma (1982). The
retention of 50.00% in riboflavin during frying of white sumst
potatocompared to the retention of 56.25% during cao%ing for 40

minutes however, apuears to validate this assertion. The

e
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FPact of fiving an some other food items (fig 9.0) also suppart
their reports. The high loss of riboflavin gduring frying
compacad *o cooking might be due partly to the effect cf

ida*lor conceqguent tn axposure of foods to light and heat. The
losses of thiamine and niacin in root and tubers during

i anight he due- mainly to leaching.

- -

e

7 EFFECT OF BLANCHING ON THIAMIN, RIBOFLAVIN AND
NIACIN CONTENT OF SOME VEGETABLES

The mean thiamine, riboflavin and niacin content and
percentage retention of three blanched vegetables is given in
table 10.

Retention of thiamine ranged from 17.5 - 65.7% [near =
53.43+40.08%). Highest (p < 0.05) losses of thiamire was
nbserved in spinach during hlanching. The loss of riboflavin was
also highest (p < 0.05) in spinach. Retention of rihoflavin
ranged from 48.0 - 85.11% (mean = 71.50+0.10%),

Like thiamine and riboflavin, niacin retention showed
similar pattern with highest (p ¢ 0.05) losses in spinach (fig.
10.0). Niacin retention ranged from €5.86 - 86.58% (mean =
79.4040.21%).

The losses of thiamine, riboflavin and niacin observed in the
three blanched vegetables in present study are in agreement with
the findings of (Rice et al, 19930; Kirk, 1979; Selman and Rolfe,
1982). The considerahly larger (p<0.05) losses observed in
spinach in present study supports the findings of Fennema (1975,
1977). Blanching 1is an established household processing
operation that is commonly employed to ensure improved storage

properties for vegetables. Blanching is also used in the
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produstion of potato chips to lower the reducing ar content,

M

which will otherwise cause darkening apd Li“ter tasting 2roduc*
formed by the maillard reactions of sugars at =he £
temperatures. The irevitable high losses of ‘hese watsr -
soluhle vitamin emphasizes the need for adequate vitaain

siupplementation of blanched vegetahles.

The m22n vitaaisz 21, 77 ' 77 ' ?

ratontion iv 5

in t3%la 1°

L . s * - . -~ - r - 1

Al i 2y

[ e e~ -~ o~ ~—n I ~e - Y £ ~ - L]
1 A% regpectively

' Yoauted frod ot % 13t9iled comparison nf values of
"few o ot atior I 'le psaated fecods with values for foods
gl sl T oot reapectively revealed that household proc

. *=~chnigue such as reasting enhance vitamin retenticon.
~l.is may possibly be due to the absence of leaching promoted hy
cooking for the water soluble vitamins. In Nigeria, it is a
usual practice to roast foods for consumption in form of snacks.
Data from present study therefore support the consumption of

roasted foods in order to enhance bioavailability of the vita-

mins.
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4.9 EFPECT OF RIPENING ON THIAMIN, RIBOFLAVIN AND
NIACIN CONTENT OF SELECTED FRUITS

The mean thiamine, riboflavin, and niacin content and
percentage retention of five fruits during ripening iz shown in
table 12.

Increases ranging from 25.0 - 94.44% were ohserved in
thiamine content of all the five fruits with the exception of
9,33% ribeflavin decrease following ripening of Guava. There was
also riboflavin increase of 1i.11 - 65.0% for all four fruits.

A loss of 26.04% of niacin was alsc observed in Guava
during ripening. The obServéd decrease of rihoflavin and niacin
in Guava and lemon orange might be due to the acidic content aof
these fruita. It has been postulated that the high acidic
content of the fruits hinders microbial growth which may
contribute significantly to elevation of water soluble vitamins.

Available evidence ({Kermasha et al, 1987} indicate that fruit

development and maturation in plants are the results of large
numper of biochemical changes within the developing fruit.
According to Kermasha et al, (1987) these changes attect the
¢olour, texture and flavour of the harvested fruit.

Tadeo et al, (1988) reported increase in total free amine
acid (TAA) of orange juice during ripening. Kermasha et §;3(1987]
also reported that the increase in acidity during development of
the fruit could reflect an increase in the organic acid content,

The general increase in thiamine, riboflavin and niacin might

thus be partly due to microbial activity and enhanced stability

e e e

e

A a A e i .
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content. Fet:ku (1372) and Izonfuo and Omumary, (1%88) kave

equally reperted increased :oncentration of arino acids during

rivening 1ia _lantain. As observed hy Wa*ada (1984) ethylene
produced endogencusly Yy slants and their organs is capable aof
Tomdie i whiset 3 ge ' ral vesponses 3 cludine ripe S e renoval af
inducing »shrsiological responsesz, including ripening, remoaval of

tannin, and softening of the tissues.

Watada (1586) reported 16% increase in vitamin € (ascorbi=
acid) of tomatoes treited with ethylens for 24 hrs. Giri st al
(2980! also reported increase in vitamin C during ripening in
five wvarieties of papaya. Although there is paucity of
information on the effect of ripening on thiamine, riboflavin,
and niacin, the ohserved increases in present study appeared to

be ceonsistent with the reported increase in wvitamin ¢ during

ripening.

4.10 ESTIMATED VITAMIN INTAKES

The estimated mean intakes of vitamins B, B and B
1 2 3

obtained €from dietary data of 3-day record cf the subjects
coensidered in present study were 0.83 + 0.30, 0.50 + 0.28 and
13.54 + 1.20 mg/day respectively for adults male. The female
subjects similarly had a mean thiamin, riboflavin and niacin
intakes of 0.56+40.29, 0.40+40.18 and 10.29+1.50 mg/day respective-

ly.

The estimated intakes appeared to fall below the level
recommended by the WHO {1974). The observed suboptimal intakes
of the students for all nutrients may not be unrelated to the

general economic recession facing the country. The reality of



the current Structural Adjustment Programme (SAP) ia Nigeria
shows that most families cannot afford adequate diets., In view
of the suboptimal intakes observed in present study, it appears
there may be 2 high prevalence of water-scluble wvitamia

deficiency in this population group.



Chapter 5

5.0 SUMMARY, CONCLUSION AND RECOMMENDATIONS

5.1 SUMMARY

Data from present study revealed fthat legumes provide
appreciable amounts of thiamine, riboflavin, and niacin in the
Nigerian diet. WUnfortunately legumes which are excellent plant
sources of the vitamins are becoming increasingly expensive and
almost unavailable to the teaming population. The high losses of

\

the vitamins observed during cooking attest to the need for

fortification of most Nigerian processed foods with vitamins.

Although vegetables appeared to provide appreciable amounts
of ribaoflavin, their relative high moisture content limit

their utilisation as a potent source of vitamin for the Nigerian

population. Sauberlich et al, (1979) reported that the

requirement of thiamine (vitamin B }, ribeflavin (vitamin B },
1 2

and niacin {vitamin 5 ) is related to caloric intakes. Heaton

K|
and McHenry, (1964} also reported increased requirement for niacin
during low protein intakes, although calerie and ptotein intakes
of subijects are not evaluated in present stﬁdy. According to
Thekoronye and Ngoddy {1985) and Sauberlich et al, (197%9), the
bulk of the diet of low income group in developing countries 1is
composed largely of cereal graing or starchy root and tubers
because animal products representing protein of high guality are

either too expensive or simply unavailable. It appears therefore

28 : '



that the poor intakes available to this population dgroup may
further be affected by poor calorie and protain intakes
the  populace,. The easy accessibility of Hausa/Fulam

population groups to milk and mil¥ products suyges:

riboflavin intakes may %e better thar wpopuliaticy

southern MNigeria who consumed prsdogmi-o s stareh:
stap'es.
5.2 CONCLUSIONS

-~
'y}

(d)

(e)

Ir present study, the following assertions can be deduced:
The thiaminre, riboflavin and niacin content of most Nigerian
focds ranged from 0.07 to 1.00, 0.01 to 0.47, and 0.04 to

.96 mg/100g respectively.

Legumes and vegetables appear to significantly contribute
to thiamine, riboflavin and niacin concentrations,

derived from Nigerian foods.

Cooking techniques significantly promote losses of the
vitamins to the tune of 47.70+2.74%, 40.30+2.64%, and
15.25+2.44% for thiamine, riboflavin, and niacin

respectively.

Conversion of predominant root and tuber based staples and
legumes (Cowpea in particular) into paste, produced better

retentions of the vitamins in foods.

Ripening appears to promote increased concentration of all

the three vitamins in fruits relative to the unripe fruits.



(£) Blanching fechniguss employed for vegetablies resulted to
significant losses in the vitamins, The ascending arder in
degrae of retention are 53.45% for thiamine < 71.50% for
riboflavin < 79.40% for nlacin.

Applivation of food compesitiun table te actual food intakes

consumed by a selected group of Nigerian population revealsd that

male subjects consumed 69.17%, 32.22%, and 75.25% of thiamine,

riboflavin, and niacin respectively relative to estahblished
recommended dietary allowances while female subiects consumed

62.22%, 30.76% and 70.96% of thiamin, riboflavin and Niacin

respectively.
5.3 RECOMMENDATIONS

In the light of the findings obtained from the study, the

following recommendations are hereby proposed.
(a) In view of serious vitamin losses ochserved following
cooking at wvarious time intervals, it is recommended that

foods should be consumed with their broth.

{(b) It 1is recommended that an optimum cooking time of 30 mins
be adopted for vegetables considering the high losses of

vitamins ohserved in cooking vegetables.

(c) It is also recommended that most cereal and legume based
foods should be preferentially processed into their paste
{especially cowpea inte "mein-moin") to enhance retention

of the 3 vitamins.

70 .
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I+ is suggested from present studies that suboptimal intakes

of the I wviramins may indicate a high degree of biochemical

vitamin deficiency in the Nigerian population. It 1is hereby

stressed that there 15 3 need for the evaluation of tha status of

these studeant copulation hy other bilochemical indica2s which are

mor= reflactive of putritional status.

7/
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