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ABSTRACT

Starting with s coaprebenaive reviea of the reeesrob
already done in the relsted field of natrition, the oheomioal
oomPOaition of 20 Nigerian food materisls whioh are used ia
the preparation of six common local diets has been investigated.

The diets were prepared using sooepted reoipes ard commonly

ueed methoda of preparation. 8imultanecusly, tis aale amounts

of food materisle, as uaed for cocked dieta, were mixed rew

to oorreeypoad to each cooked diet. The obanges in the

nutritional value of each of theas dieta, whioh were drought
adbout by cooking, have been deoteraised from the enalyeeas of

the rav aixed and oocked dieta. The effeota of feeding theae

dieta to rate have bdeea otudied by memsmurement of the grosth

of these animala 2nd of verious protein ocomstituenta of the

blood. The digesetidbility, nitroges balancee, snd bdioclogical

valuea of ths food proteins bhava deen determined uasing a

epeoinlly designed battery of wire net cages in which it ia

poesidbic to oolleot faeoces and urins of the rata separately.
A metdod has pleo been demorided for the quantitative

eetimation of various amiso acids in food proteins using an

sutomatic esmino acid saalyaer. 7Tbe aaino acid patteras of

these diets have been deduced and oompared with the known

requiresenta of varions amino asoida for rat grosth. A

ocmparisoa of the amino aoid pestterna of theae diets and the
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FAO provisional pettern of amino aoid requirements has slso

been made. The reeulte of the chemical analyais are exasined
with reference to growth of rats when these diets are fed to

tham.
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IFIRODUCTION

Food 19 mssential for humen life, Differeat naterials are

used ia various oouatriea depending upon the agrioultural

produotion, tranditioas, sooisl and eoonomio pattera, and, to

aoae eitent, religioua belief. It alao varies (in uarrov limita)

acoording to iadividual tastes. 7o survive, aan sanat not oaly

eaty but he muat eat a nutritiomally bdalaamced diet. DNuring the

last fifty years or ao the dietary requiremesats have been

deternined in tersms of proteias, ocardvolydratas, fata, vitamins

and ainerala. Turther more, acme 59 differont nutriente which

ATe neosseary to maiatain a m=aes im gecod heslth have ao far been

reooguieed (Xiag 1963). At the sane time much progreas has dees

made in acquiring see knowledge conoernisg factore affecting
the autritionsl atatus of san, and diet haa been reocogniaed as
the moet important eingle feotor ia promoting health or caunaing
dieease, Thie wider soceptanoce of the importaasce of the
kXnoeledge of 2utlritioa bas given s great impetus to detailed
autritionesl atudies 42 erder to find out firetly, what people

eat, ecocndly, the nutritive veluwe of the diet coneumed and

thirdly the exteat to ehich it eupplies inoeas pbdyeiclogioal needa.

2 receat 740 etudy shose that detween 300 gnd 500 millian

people auffer from aotual lack of food; and heteeen one third

and one¢ half of the world pepulation of 3,000 million suffer

from vYarying degrees of asloutrition. (Fao. 1960).

AFRICA DIGITAL HEALTH REPOSITORY PROJECT




IFTROUUCTION

Joo& 419 esaential for huses life. Different materials are
used in verious ocoustries depending upon the sgriouvltursl
preduotion, traditious, sococial and eoconoaio pstterm, snd, to
some extent, religioua delief. 1t slmoc varies (im narrow lisita)
acoordiag to individual tastes: 7o survive, san aast not osly
ent, but he aust ocat a autritionslly dnlnnced diet. Dwring the
lsat fifty years or 30 the dietary requiremeats heve béon
determined in terus of protelian, cardolydratezr, fata, vitamina
usd ainerala. Purthor aore, acme 355 differont autrioste wdioh
arc neceasery to ssiatain e msea 1a geod hézclth have g0 far daen
recogniaed (Kiag 1963). At the aars time muoh progreas has been
made in soquiring asev knowlodge oocucerning faotors affeoting
the nutritiocsal status of msan, sud diet has deen recoguiaed an
tho aocat isyortant singls feootor in promoting health or ocsusing
disease. Thie wider nocoeptance of the importance of the
kaowledge of uutrition has given a great impetas to dotailed
nutritiomsl 2tudica in order to find out firatly, what people
eat, seocondly, the nutritive value of the diet consamed umsd
thirdly the extent to whioh it aupplies knowa physiological aeeds.

4 rooent FAOD atudy ahowa that detween 300 and 500 pillion
people auffer from notusl lsck of food; snd between one third
and one half of the world popmlation of 3,000 million auffer

from varying degrees of malmutritioan. (PA0, 1960).
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Ia Rigeria, sesh otudies are ia progress or have deen
completed on different groupe of the population. Busair (19353)
has revieeed mont of them ocarried out duriag 1933-53, Scattered
Shrough the litermture are other reports all poiating to the
varisus suiritiocnal deficienciss anéd their impsct oa herisil,
ia thia country.

One fuadamantal requircamest ia ewed studiean ia the
kaseledges of the chemieal ecmpoeition of food Nafterial ocensumed,
Geaerally for this pFurpose a referemce is made to the food
ococspoasitioa tebdles ss pubdlimhed by the Yi0 or by certsiam other
agencies suoh 88 N.8.C. "Tedbles of rorreacntative valum of feed
ecmmonly used im trepioal ocounirieos (1960)". 1Im all these
tebles, it 1ie the ecmpoeitica of the umcocked food materials
Shat {e¢ Fivea.

Ia reeent yomrs., ctteationa has bees drawn to ehanges shioh
coour duriag cooking and preparstiion of food (Beader 1966).
loss of oertaia mater soluble endetancee duriag esshing,
leaohipg of autrioate ia bdelliag sater, dehydratiorn dariag
fry!ce, nxidationa ia open poa cockiang amd the interaotion

during stewing btring aboamt higlly coeplex reaotious ehich dawve
a direct beariag oz the mutritionmal value of food bhefore it i

ready to be served. rFor inetance, 1% das beelk reported that
the major purtion of %he tharwmolabile vitamins ia loet ¢duriag

coskiag, wbile certeia olaszes of focetnffe, eepecislly some
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of the legunes, ocam improve in protein velue as & result of hest
prooessing, either through the imsctivetios of trypsis ishiditore
or through en fmoreanme in the availabdility of certein amiaso aocidn,
particularly the swiphur-costeining onan (Kuppsswani 1938).
Conversely, coabing slso sdvercely effeota the mutritive velne

of proteina preaent im ocertain other olamees of foodsinfle,
either by destroyimg or altering certaim astno ecide, or by
altering certain proteime Sa munch a eay that they beooms
resistant to the aotion of digestive easy=as (Frutos 1960). 8uoh
changes w»ill not only affeot the Quantitstive sveilability of
various nutrients bdut are also liksly %to affeot the digeatidility
and putritionmal value of the diet zne a whole.

Bome studies of the apparent lomass under ocontrolled
oconditiona of cooking ead proocmsmiag of imdividual foods have
been reporsed in mors advanoced ccaatriee. In Rigeria, shere the
methoda of ocookiag asre different froa the ones amployed ia thoee
ocountries, thia tyDde of information is etill required.

The preaent atudy has been undertaken to inveatigste the
nutriscat changes in asome Nigeriaan fooda during dietary prepsrations
and their effeots on the mammaliamn body., In the following pages
an acoount of six of the moat commsos Nigeriam diets, when fed

rawv aand cooked is preesented.
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Development of the Consept of Futritios 1I-

Peolle everywhere myet 2ave been ocommcione that oertals

types of food sere more deairadle than othera bacause of taate
nnd odour and the sense of satiafsotion sdioh they gave shen
eaten. Individnel axperieacea taught odaervaamt people the folly
of over-enting. Yha notorioun Rosman baaquatera ~are as
vunocafortable as are the over-indulgent in food sad driak of
todey. 8ocratea advioce to his pupils to eat only when hungry
and to drink only when thirsty and n Scota proverd saying!
“"feed asparingly and defy the phyniocisn™ are g00d exsaplea.
Illneeeee following over-eating and the iatake of apoiled food
aust hsve heen frequeant from the earlieat times. Uerodotus
ralated to the early Egypticas that al)l)l discases to which asn-
kind sas sudjeot procesded from food (Xomroff 1936). Athensasus
200 A.D. wrote the oldest cookery book "The Sophists at Dinner”
(Qulick 1927).

Thirtesn hundred years later Coraaro (71558) wrote an essay
entitled "Tha Sure and Cortain Kethod of Attainiog & long and
Heslthful Life" in whioh emphasia wus laid on sbatcmiousneee in
eatirg. He reotrioted bhia daily ellowance to twelve ounocea of
aolid food and fourteea ouncea of wine. Later he axperimented
with farther reduotion of hia food intake and found he oould
sustain bhimeelf on one egg ¢ day. IUe lived for ninaty tbhree

Joara.

The earlieat record of a nutritional experiwent with husman
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subjeots, 1is which two ocontrasting diets were compared, ies
recorded in the boak of Damiel (Bible).

£volutioca of the idea of Cbemicel anslyeis and its developmeat.

The identificetion of the essentiel c¢ocastitueats of an
adequate diet, their chemioce) deteotion, and their qasatitative
detesrminatiosa are probleaa whickh have confroated chemiste aisoce
the bhegicalag of the effeotive study of entritiocasl problems,
Tbe provieioa of oxygen for reapiration asd tbe aitrogenoas
(slbumiacus) materisl for couvatruotioa and repair of the susoles
and orgens of the assimal Yody sere already tbowght to be of
fundasental isportante by the ochemiste of the early niseteenth
centexy (Mocolum, 1957). MNethcde wore therefore evolved for
tbeir eatimation. Yollowirnz the basio work of Black, Priestley
and Cavendiah , lavoiaier (1794) explsined the pbencaena of
coabustioca. BHe provad that reapiratioa in animsla results ia
tbe oxidetioas of carbon and khydrogen of food, The problea of
the determination of tbe content of carbon and hydrogen {n
orgeni¢ aubatancea was solved by Gay-Luesac and Thenard (1811)

Prout (1827) used this method for the analywias of foodetuffa.
Sunas (1833) improved upos this method, and Varreantrapp asd
®illy (1841) both hia atudenta, described a asetbod for the
eatimation of nitrogea. It was based on the observatiosa that
whea any organies substance wee hested etrongly with an excees
of potaseina bydroxide, ite nitrogen was converted into ammonias

which oould be soourately seasured. This method was smployed
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by the nutritiomliata for the next forty=two years until

Kjeldahl (16883) deaoribed his method whioh depended npon the

easy and oomplete converaion of the nitrogea of moet orgeaio
sudatances ixty asxmonium sulphats by beiling with strong
sulpburio acid in presence of a ocatslyat, followed by a szksequeat
reloase of asmsonia dy the aotion of aodium hydroxide. Tals

method with ocertain modificationm im used even today for the
eatimation of the oocateat of total nitrogen.

Renneberg and Stohmena (1860) by ocsbining the obheamical
methoda of previous workers, doviaed e oys2tam of food analyaia
whiob bacame known as %eende method. The easential features of
thia method were the detoermipations ia the nasple, of moliaturs,
fat, nitrogea, ash, crude fibre and the estimation (dby
difference) of a fraotion which was deaignated as the nitrogen
free extraot. They carried out atudies with mature cattle kept
under well defincd conditiona and fed on known amounte of feed
of knowva compoeitioca. UVUrine and faecea werv ocolleoted and
snslysed. Thease experiments wure deaigmed to anewer the followiag
two main Queetiona. (1) Yhat are actuslly the nutritive
ingrefleata in different feeding stuffe, and iz shat proportiona

do they ocour? (2) In wbst proportions mmat their outritive

in&rediefsits be fed in order to produce fros a minimua of food,
a maximua of flesh (lean), or fat, or both?

Henneberg soon found that Ais ochemical methods did znot give
the desired results. He aleo followed the work of Pettenkofer

(1862) an quantitative , rsspirstion and.calorimetrio ievestigations



with aaimsle| bat 20 new lasight into the amture asd ausber of
esaentisl nantrienta was =made.

The bdegimning of the asaly¥si= of food (and of metabolio
end producota) for the energy conteatas wes aade dy Pramklaad
{1866) eho used s domd ocaslorimeter and with it provided
sanlytiocal dets in terms of oalories. 8Stobasnn (1893) fcllowing
the lesd, provided the oalorio vslue for oane grus o veost eof
the important known derivatives prodaced duriag tho netabolisa
of proteian in the organisa. 7These isoluded neversl eajimo socids,
fatty acida, fats, nitregenous cosatitasnis of urine, astaroh
and several augars.

Sohulae (1479) eam tbe méteble investigstor who desoribed
an elaborate metbod for diatinoiion of differeat oclasaes of
sitrogenous cospounda, true proteina, peptones, peptides, nitrate
and sasonin. He sasvmed that by this differentiatiom betwsen
true protein amd other nitrogeacus sabatances a more soonrate
appraissl of tao mutritive value of the food could be =made.

"0fficizl aethoda of food anslyeis™ were publimhed for the
first time in (1889). 8icce thea the iserioan Amsocoiation of
Officoial Agricultural Cheeiste (41.0.A.C.) has under-takea to
publiash and revise every five years the known methods of food
analyeis.

otains, corbobydratea, fets and gi

Batritiocs 1=

The ascienca of nmutrition bhas undergone many ohaihges ever

eisoce Albert Thear (1957) put forward the coamoept of hay equivsleata.
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Bousaingault (1844) gas the first to shos, by chemical
analyaia the effeote o2 animals of foods inadequete in Qaality.
He foamd that when potatoss or beet roote, (beth of which are
deficieat im proteims) were fed ad 1lidbitum am the amocle food,
they were iacapadble of preventiag lose of weight ia cows. Inm
his writings Bouseiagault (1850) oa nutritioa coamidered siso
commoa aslt whioh he democamtrated by experiaecats to ba iadiapea-
sable for the well being of fare aaimals. e als¢ inoluded
potansimm, csloium and phosphate an aecwseary auirieats, thua
shoeiag the importance of imorgeaic mimerale ia the ratioces.

Liebig (1805=73) and Renneberg (1829-1890) celculated
autriente for groeth and eaergy and coaducted the firat digeatibility

trial. Petteakofer (1862) eralyssd the urine and fasces aad

Kellner iavestigated eaergy balancea.

laves and Oilbert {1866) etarted their piomeer eork in the
field of amimal netritioa and egroaoay at Rothesasted in 1343,
They analyaed (bhe eatire bodies of the farm aaimale and provided

reeulte in the form of peroentage water, protein, fat asnd ainaral

aatter. INey elec did scae work oa Crop amslyaia.

plecovery of vitamins asd tbeir impartance §!_nntr1tion 1~

In the begianimg of preeeat century Pekelbaring (1905S) fed
aice a diet cosposed of a baked mixture of camein, eggs eldumen,

rice flour, lard and salt, whioh he called bread, aamd which he

believed to be of physiclogical importamce. JFed together with
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sater, this bread wan howmevar asadle to eupport mide and all the
adinals died withio a period of four weeks. Fhen he tried a
small addeadum of whey with hie diet of bread the snismals
remained heelthy. DNe 3tated "Ry intentiocs ia to point out tast
there is etill an unknown substance ia silk which even iz veXy
efall quentitiee is of parasount importance to uourizhment.

If this substance is absent, thre orgasiam loosea itz Power to
properly aseimilate the well knowmn priscipal paris of food, the
appetite ia loet aad the animela die of want. Oadoubdbtedly this
subetance =mot oaly oocours in milk bdut in 21l eorte of food etuff,
both of vegeteble and animal origin®,

Rohman (1908) reported highly iastruotive results by feeding
amnell animals om purified diets with only small additioaa of
satural fooda. Tke purified diets appeared to lack nutritive
value, while eome @vdo®de wam achieved on addition of the aatural
foode. &tepp (1509) tried to ahow that fats were eaneantial in
diete. Hiw slochol and ether extracted bread diete failed to
aupport rata cvea for thirty daye. He later edded lecithin,
oholeatorol, ead oephalin to the purified diet, but nono proved
anefu), Ue alao prepared a cold alaohol oxtraot from egg yolk
and divided it into two portioas, obe wvas hesated and the other
wvas not heated. Thesme extraota were fed to rate together with
the purified diet. All the rate whiob received the cold extract

aurvived while thoee to whbich the haated extract was given died.
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He thas ocomoluded "what ever it waa thet dissolved out of bread
with @aslookol ia of physioclogical impertazmoe to mioe, and ocas be
easaily destroyed by heating-"

RoCollum and Davia (1913) ehflo tryiag their basal diet
composed of milk augar (whioch eas mixed with whey) amd tao ether
soludblo fraotioa of butter ohserved that the asimals felled
rapidly swhen lard or olive oil waee subdetitnted for fat. Thus
it became evideat tbat hitherto umsuspeoted rutrisat exiasted
and tbat it was carried by escme fate, Thiz cocamtituent waas
firet oaslled ‘fat soluble ‘A’ and later renssed as ‘vitamia A'.

Ia 1922 McCollums amd his oo~-workcre demonstrated the
oxisteaco of anti-.ricketio vitacio 2 and moted that rats whea
kept indoors, away froa direct mualight, and deprived of tiis
viteain, developod adaormai 0bones.

Moore (1929) provided proef that ocaroteae is pravitamin A
and 4= oonverted ‘ato vitamin A 4in the body, He fed highly
purified carotene to vitamin A depleted young rats asd democastrated
that their iivers beaase rioch ia vitamin A.

Eijxues and Grid ns{ 1896) demorided the properties of tho
dietary faotor swmhioh oured pigecas of the neuritis produced by
feeding them ozly poliasbed rice. This faotor waas soluble in
water and ix dilute aloochol snd ocould diffuae through a semi-
peraeable memdrase.

Many etudies followed to isolate thia sntimeuritio yitamis

William et al (1954) perfeoted a methed in whioh the vitamia was
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abaorbed on Fullera earth and eluted with = selation of quinine,
They fuarther estabdlished its etruoture.

Funk (9914) obeerved that polyneuritia in pigeons occurred
acoaer wvhen the ocardohydrate content of the diet wae high, end
Collaso (1923) noted an apparent toxioity froa fatreduoiag
oarbohydratee into the oropa of pigecaa depletad of entineuritio
vitasin.

Lohsann and Schuster (1937) made the important discovery
that ia yeaat, a diphoaphate eater of vitazian P9 eota aa the
oo-énayae, oo-oarboxylase, for the emzJ®¢ oerboxylase.
Carboxylaase functions ia the oonvarslion of pyruvio aoid Ainto
carbon dioxide and aoceteldebyde. Co-cardoxylaame ia preaent in
thiasine pyrophoephate chleride, and it is tbe key andateace in
biocoheamiocel de-ocardoxylatica. It ocatelyaea the de-cardoxyletion
of sany K -keto acide. Feter and hie asmacoiatea (1939) presented
oevidence that vitualn Bq, in the form of ita pyrophoaphate ie
indiapenaadle {or the reaovel of pyruvio aoid, amd indirectly of
laotio e#cid ia the norwmal metabdolic achanse.

Horriaon and Sarett (1959) gave seanliag rata a diet, other-
wise zdequata, but oontaining low, adeqnate or high levela of
oae B vitamin, in combdination with low, adeqnate or high levsls
of a ascond B vitemin., 4 defiolency of thiamine, pyridoxine or
pantothenate aignifiomntly reduced weight gain and effioiency

of food utiligation. Thoae anisals defieient in thiamine aud
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snother vitasmino grew at rates similar to those defioiaat in
thiseine nlone. High levele of other vitamias had no ianfluenoce
ob the weight gain or effioclienoy of food utiliaamtion by rate
defioieot ia pyridoxzine, paatotheasmte or riboflavia. §isilarly,
oo effeota of bigh levelse of pyridoxine, pantotheasmte or
riboflavin were obeerved oa the aseverity of thismine dofiocleney.
A etudy wee also nede of the effeote of sdainiatering exoeas
thiamine, riboflavin, pyridoxine or pantothenste (o sbimsle
deficieat in the other tbhree B vitanias. ko adverse effeot

of tbiamine, pyridoxine or pamtotheaste vas noted, baut exoese
riboflavin deprensad weight gain apd f{ood oconveraion affioiency
and isoreseed the mortality of rate wbioh eere defioieat in
other vitamina. In e second aseriee of experimeata, the saae
eathor (1959 reported that exzoese thiamine or pyridoxzine or both
had no effeot on the weight gailas or the reproduotive performance
of the esnimslas after perturitioa and laotation.

Holat end Frobdlioh (1907) unhered o nee era in the etudy of
aourvy. They conduoted exteamive inveatigationa iato the effect
of o A4et in induoing or curing sourvy. Their guinea pige
remaipred healthy on e diet of cereale and caddagey when
reatrioted however to ohly graia, they developed asourvy and died
after 20 to 40 daye. They found that aupplemente of fruita,
freah vegetablss or their juloea, protected the animals againat

this diseasma. They found that 30 g of fresh raw oedbdage,
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snother vitamin grevw at rates similar to thoase defioieamt in
thiamine slone. BHigh levels of other vitemins had no inflaence
on the weight gain or efficienoy of food utilisation by rats
defioient in pyridoxine, pantothemste or riboflavian. &imilsrly,
no effeots of high levels of pyridoxime, pantothenate or
riboflavin were observed on the eeverity of thiamine de{ioienoy.
A etudy wam alec made of the effeota of adminiatering exoceass
thisaine, riboflavias, pyridoxine or pantothenste 2o snimsls
defioient in the other three B vitamips. o adverae effeot

of thismine, pyridoxine or pantothemate vas noted, dut excese
ribhoflavin depressed weight gaim and food conversion affioienoy
aad increseed the mortality of reio whioh were defiocient ias
other vitamima. In a seocord aeriea of experimenta, the same
author (1953 rasported that excees thismine or pyridoxine or hoth
had no effeot on the weight gain or the reprodmotive performance
of the animels pfler parturitiona amd laotetion.

Holat and Irobliob (1907) uabered & new ern in the atudy of
sourvy. Ihey condnoted extensive inveatigntions into the effect
of @ diet in induoing or ouring sourvyY. Their guinean pigs
rexained hezlthy on a diet of cereala and oambdage) when
reatrioted however to okly grain, they developed sourvy and died
after 20 to AQ days. Thay foumd that supplements of fruits,
freah vegetahles or their Jjulocenm, protected the animala agninat

this dineame. They fouamd that 30 g of fresh raw cabbage,
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eranderrise, dandelica leaves, sorvel or oarrota prevented tbe
disease. TRese antissorbdutie foode lost their affestivensee
whea beated at 100°C, Coben and Memzdel (19183) had proéwoed
seervy fs Guiaeca pige oa diete wiioh were oomplete fros a
satritioaal etand point exocept that the antiamcorbutio vitemin
ee® sbsent.

e feot that fresh, rew, vegetnble food, rew aiik and
aumerous other substancse oontain an antiescorduiic substance
liable to heat, drying and exposure to ozxldetion, sxcited greet
interset ascAg bioohemiasts. Deummond (1920) propesed to msme
the eetiseordutio sutwtence vitamis G, a nase esbied was videly
adopted until 1933, when Ssent-Grorgyli end Hsworth suggeated that
it be remased eeoorbio eeid. That vitasin C 10 very eassily
destroyed by oxidiming esveta and by alir we shown by Delf {1920),

¥illmen and earooclstes (1932) dlacovered e etriking
oorrslation between the rednoing vnlmes of foed and tdeilr viteamin
C coateat, the reagent 2-6-diohlorovphenslindopbenocl proved to be
fairly ecourate for the guantitetive setimetioa of viteminm C, in
foods c=xcept when eome other etrvag reduocing sudbetancsa are
pregert,

Nany methods of vitemip eesay have sinos then beea desorided
by varioan suthore., The Assooietioa of Vitesism Chemieta
yublished the methodas of vitamin essay in 1947 end revieet it ipn
19957. 7he metbods Fiven ia the 2ad editiocs have daesn fellowed

ia thie study.
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EASEREeR. balanse 954 Biolegispl_valye

Trial and experience eers the meaas dy shish the art of
feediag animals eas originally develesped. 7Today many of the
problems of nwiritioa are being etudied on mmell animale, such
as the ret. The procesa of grostd, reproductioa asd lactaiien
san be effectively inveetigated end the valme of verious feeds
for these variocus famotiona deterained. Am importast festure
of feeding triale whieh bhas been developed aloaz with the use
of laboratory animals ie the employmemt of purified diete
(Regynard, 1951).

Magendie (18%5) fed diete of Yure augar and of gure fat
to dogs to ascertain whether pretein was required 4o the food.
Boussingault, XoCollua, Owborne and Kealel (1911) and many others
reported the use of purified diete on miall animals whioh led
to the discovery of siny nuknowa Butritional requireaents.

1!;tro.on bulanoe.

In order %o deteruine the quantitative protein requirezeata
ef verious ejpecies and the changes ehioch proteius undergo is
1ivieg crianisme, the time -~ hoooured concept that aitrogen
entaring the %o0dy of mamanle ee food, is ultimetely etored in
the fora of dody protein or elimiamated chiefly through urine
and facees has beea followed. The Ritrogen balence (KB) ie
therefore determined as - ¥3 a NI - (UN ¢ FR) ehere 2l ia
the Xitrogen intake, UN ie Urimary nitrogen asd FX ia facee¢l
mitroges.
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Although Che dasie primoiple of the method ramains anedanged
there have baea msA) refinemeanta:. The relationshiy eof the
aitregaa Latake to the aitrogea balanee vaa ssalyaed by Xertia
end Rebizsea (1922)., They ueed the term proteis mtilimatien
to iadioate the perceatage of the ingested food nitrogex estually
ecsisilsted. Thua the eppreximate peresoatsge altrogeos
atiliuation = (feed X - feosse X) 2 100

foot X
A® all the faeesl aitregen doee aot origismsto eatirely from the
feod, a oorreotios 1s msceesary for tie astadalie or the
endegenena nitrogea. Tu overcame Mo Ritehel (1923) expresaed
hdis resulta ea -
BRtologieel value =

/5084 B -~ (fascel N - metotolie N) - (urivayy B - emdegemoma i) x 100
foed ¥ - (feeeal N - metedolio M)

valuee for "setebclio aitregea™ of fesess end "eadogenocuma Bitregea™
of the urinns vere obdteimed by the Xjeldebh) asalyeis of the
exerste sollcoted during soa-aitregeasna dbut isocealorie diestery
perieds.

la eddition to ite masfulasee in datarmiaiag the Yuelitative
and quaatitative aitrogea needs, the aitsogen halsace sethod
bas elwo beea empleyed witdh sucoema to explore metadolio relation-
ohipe of varieus focdatuffe. T7The ospaocity of mon-aitregeaona

avtrieata, eardbolydretes aand fat to diminie)d the exteat ¢f proteia

oatabolism has loig beea known. Animsl and humaa experiacate ea
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this esubjeot by the early inveatigators etarting with Voit
(1869) were summarised and reviesed by Lusk (1928).

Miller and rayne (1964) have given an integrated view
of the iuterrelationabip betseen nutrients as they effect the
aitrogea belance. In Guantitative terme.

Eitrogen balance, B = I (B) = N
shere, I = Nitrogea Iatake
(E) » The officlenoy of nitrogen
utilixation.
M « Nitrogen used for malateananoce

The effiolenoy of utilisstioa (P) is the proportioca of
the iatake of nitrogea that 1c¢c rotained i.e. net protein
utilisatica. It way be mcanured by the balanoce teohnique or
by bodymalyeis. The various dietary factore influenoing (RH)
huve been described ac (a) amisoc soid compoaition of the protein
(b) the protein ocnceatration (o) the oalorio intake (d) the
level of micerala in the diet (e¢) the level of xitaaiss in
the diet.

¥lller and Payase (196%) huve further pecinted omnt that in
thogs countries with staplea auoh ae ocsassava, plantain or assgo,
poeitive balnnoe may not be reached, becauae the protein intake
ie low. A good deal of esphasias has been placed on the need
to cousume proteine of high bioclogiocsl value, but the firet

important factor ie the cousumption of enough protedn.
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Dietary regairesenta of amino saida.
The nutritive value of a dietary proteia ia determined

by ita amino-acid coateat, MNot all saino-acids precent ia a
protein aeurcs are availadle to the animal body sepesieslly whem
the proteia ia either from a vegetadle acurce or has had aole
of the amino.aocids deatroyed or readered unavailable dus to
proococaaing. Theee lomsea could be eudatantial. Meiaioh (1946)
ahowed that 495 of the methionine preaseat ia aoystess meml fed
to rata appeared in the faecea and therefors eas aot evailadle
to the animel. Xuikea (1932) reported voriatioas in axeiladility
of lyaine and methionine ia e oottoa aced aesl depeading upon
the conditioas of proceasiag. 4lbzacae (19%9) bas pudbliehed
data showing that wsheat glutczsa e 35 loaer in lyaine than whole
wheat.

The probles of heet injury to dietary proteins hsa bdeen
reviesed by the Fecd and Mutritioa Beard of the National Research
Counoil (1950). This reviow has eaphaaised,eapecially the tremeadoas
loaa of lyaiae that ocoure in the toeating of ready-to-eat ceressala,
Thia 1coo may be partly, but not wsholly compensated for, when
theeo foode are eaten with Bilk. friedmaa and K14nR(1950) showed
@ nutritive loas of lyeine when protein hydrolysaioo vOre
autoolaved ia 95 glucocee. The lose of lyaine ia heat proceasaed
milk has beea atudied by Mauron and Hodaon (1956) the aterilisatioan
of comseroial evaporated milk and raw allk ses found to reault

reapectively in an 11% and 10X losa of lyaine.
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Approzisately teenty-two amino acids are kpowsn to de needed
for growth and saint@osnce of celiular tisene and also for
other metaboiio funotionas. Under phyeiclogiocal oconfitions,
eigiit of these twenty-two amino acids ounnot be eyntheaiged by
the adult Lusman being and xuet be present in the diet %o peimit
phyeiologiosl functioru to proceed sitiefaotorily. THhsece amino~
aoide are ocslled "emsential' or "indfspeansadle”. (nder normal
oonditione the ramaining amino-.=moids ¢sn be synthesised by the
body and thus are not required in the diot Thess aninc-scide
ere referred to as “non-essentisl” ar “dispensedle' Koee (1952).

Zhe utilisation of a dietary proteia for anabolio purposes
is greatly dependent upon the pettern of the essential emino-
aoide provided by the protein., Thie feot wae first realixed by
Willoook and Hopxins (1905} end Qedoroe and Kendel (1914) who
also demoustrated that the moro oloaely tle eseentiasl amino aoid
pettern of tho diastary protein mosts the animal nesda the gTreater
ie the utilisation of the protein. The officient ayntheeis of
the tissues proteine coours only when sll the esmsentisl amipo-
ecids ere supplied simultaneously and in proper proportions.

Amino-eo0id ishalance hes deen defined by Harper and Kumte
(1959) and by ElvehJea (1936) and Salmon (1958). TAmincmscid
imbalances occnr when the percentags of one (or more) of the
amino-acids in e diet is a0 low that, not only does the effioienoy

of protein utilisation fall, but acme edditionel edverae effeot
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aueh amn a drop ia food ccaammption, a depreaaioa im growth or
an inoreasa in the aeed for one or more saimc-eeida deccaea
evident.” To polat out the differesce detweea saninc—aecid
imbalsace and amino-acid toxioity Eelmon (19%8) ococatinued, "It
ahould be made oclear thet amino soid iakhalance 0an dbe
dietinguished from certals other casss is whioh adverae c¢flcate
are osused by exceass of amiaso-eocida. Exoceseive intekes of
eerteia iadividual amino.aocide euch am aethicaios or tyrosiee
appear to ocause definite toxio reaoticns. Thesd seam to de
highly specifioc aed give riase to ayaptcae mhiod eaanot be
prevented by adding e amall quastity of the moet liaitiog amine-
soié,.™

Harper amd Roger (1965) studied the effeota of saino-acid
dsbalanca in dieta of rata and comoluded thet imdalsnciag the
akino-ao0id mixture, rezults in am edaormal pattern of amino asoide
in certein body fluid ecapartmeates, by cauveing s Quantitative
shift in the soraal pathweys of saisc-poid aetadolima, prodadly
by stisulating isocorporatios of asiac-aocida into tisaunea that are
aotively eyntheaiaiag proteia. In auch oonditions food iateke
is deprossed and heaoce groeth ia retarted.

Bender (1965) iaveetigated the correlatioca between the
autritive value (biologically determined) of proteins and aminos
e0id mixturea of known ccapoaition amd their aminc.scid make-up.
He msed egg protein aa the standerd amd evalnated ita bdioclogliocel

value to he 97X with e surpluas of adbout 20% of sll the eassntial
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anino esidae: From the bdiclogicnl values of mistures of kamown
ochewioal eomposition ho oonstruotod e ourvo relating these two
seasurszenta. Withia the limita of exporimentel error, tho
biclogiocal valuss sgreed numerioally with the corrospondiag
ohemiocal soore st bdiclogioul values greater than $O. Below thie
value, the onrve depended upon the liaiting amimo-soid. Only
whes veline or tho suliphur asino acide were limitiasz 44d the
ourve follow tho theoratioel rolatios to nero. Tho roliadility
of foroocsating Biological value from the ohszinal eooro wes
teated by the snalyaes of @ numder of proteina for their asinpo-
aocid ocontent and by ocomparing the prodiotod bdiologicel value
uith the value deteruined by bdiologicel @seay. Tbe rosults on
UNICEY reference milk, Nigerias dried fish, ococonut protein amd
cotton eo0o0d flour showed a high degres of ocorrolstion.

It 1a ococsvenient vhen ocomparimg food protoias to use @
atasdardined proocdure waing oceo fixod level of protoin in oach
teat diet, Buoh oxporiments oas magver gome questions, dut not
how muoh o7 ¢ne particular type of protein food must bo amod in
order to obtain the doaired rete of growth. Where protein A
has given @ lovwer value thanm tho protein B, we muy etill reanonabdly
ooamfidor using A rather than B, providod that the total cost of
e etill satisfeotory diot bosod on A is lesa then that of a
einilarly sstisfeotory diot bdamed on B, The oomdination of foods

evaileble i@ very grest aamd it is usually very deffiounlt to

attempt to prodiot tho quslity of a partioular diet from ite
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obemioal ocoapoeitioa.

Carpeater and Xuotleaevere (1965) reviewed tbe problea of
bigh protein diets of nadalsnced emimc-acid ocoapoeitioa ia
relatioa to varioas criteria of prediotinmg qunlity of protein
and kave astated that “uader certein ocoaditioas kigher levole
of poor proteiam will reeult ia aearly am good growth es cap te
obtaiaed sith practical diets dontainiag good guzliiiy proteln.
Thie good growth ia obteined aotwithstesdiag =n inoreased
requiremesat for the limitiag amiac acid with lacreased protein
levels. The poseidility of prediotinz tbe perforuaamce to be
obtesined »ith a pertiocular protein d¢psnde firstly oa the
aocurecy of chemioal ecore aassigacd to it, wbhiob is ia turn
goveraed by 3 factors namely the requiremeat for the esaeatisl
aEino acids by verioanm apeclee, amino aoid coapoeition of the
protein amd biologicsl aveilabdility of these amino scide. Our
knowledge of thewe ({aotore im etill aot complete and an such
great veriatioas sre encountered.” They further conoclude that
slthough 2minc acid requitresments oan iaoreane with higher total
protein levela the Xiller and Payne (1961) equatioan for
predisting thim effect may need modifioation for higher protein
diets.

Baseir (1964) bas studied the prodlem of protein nutrition
in Nigeria., Uaimng garl eand soya, the ateple foods of this

coantry be tried various diete containing different proportions
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of these material. Rone of these eeres able to stimmlate growth
ia rate to the extent of casein atandard diet. e further
eupplenented theae dieta with casein and found that 2 1 1 1 1,
Seri | a0Ye ! caaeia gave the hast resulta aves better than
thoae of the oontrol. He oconocludea that i3 1 ; 2 : 2 gari, eqYys,
caaein diet there is a marked imbalance of saino acids sand gxross
defioienocies of methionine, lyeisne, isolewcine and »zliss ehile
in the 2 1 1 1 1 diet thie 1a ocorrected to a grsat exteat
altbough it may not attais the provieicsal yattern (FAO 1957) of
the emaential esino asocide,

In his next met of experinente bho has uased 1 ; 1 gari, eoyn,
ee the basal diet and thea supplencated it with varying quanti-
tiees of d@ifferent amino-acida amd ocmeeia. BEe thus oconolades
that supplementation with both lyaine and methionine {e reguired
in order to obtain a maxisum groeth with thia 1 : 1 gari eoyas
diet. TYhe amino azid imbalance with reapeot to tryptophan:,
valine, isoleusine does not appear to have an effeot on the
growth of rats, Roee (1948) fed rats on dlets containing bhighly
purified anino acide inastead of proteiam ond by succescive
remcva)l of each amino aoid from euch diete, eatablished the role
of eaoh amine acid. 7The reauvlts demonatrated that for growing
rate ten aminc eoids are sessential dietary components. They are
Yaline, leucine, isoleucine, threonine, methiocanine, phanylalanina,

tryptophane, lysine, histidine and arginine. The ex0luaion
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froa the food of enYy one of these otker than arginine, led to
profosnd natritive feilure, losa in weight asd deatk. arginine
deprivation merely deoreased the rete of growth.

Roae (1949) determined the ainiaus daily requirementa of
anino acids and reccamended dajily intakes of esaential sainé aeids

for asn as showo below. It &{a asaumed that the diet furniahea

aufficient nitrogen for the oyntheaia of ooh-eseenticl asino acids.

Amino Acid Niaisum daily Recosmended daily
requiremsent inteke (g)
(8)
L-Tryptophsn 0.29 0.5
L-Phedylalasnine 7.10 2.8
L~1lyaine 0.80 1.6
L-Threocine 0.50 1.0
L-VYaline 0.80 1.6
L-Kethionine 1.10 2.2
L-Leucine 1.10 2.2
L-~laoleucire 0.70 1. &

Intor:sl;tion-higiot autrienta

e

Then the bseic principlea of nutrition were bteing estebdlinhed,

it wen olearly necessary to ooan&ldor nutrienta independently, in
order to identify their eigaificance, and to determine quentita-
tive needs. 1Jhis approach has tended to overehadow tbhe obviouws

fact thet individual nutrients are not consumed in inolation,

¢
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but ee & port of diet yrevidiag a large zumber of variabdle
eomponests. Yor exasple, the nutritive valmes of proteims sre
uetally deterajined under conditiona eneunring their saximel
utilipation| but auch atudiea do not adequately repreacat the
fete of protein ia naturel diets, 1s which oot only are thre
ebaorbed amino ecida €erived fros several foods bdut the sutritive
value of the mixture is affected by the amounts of ctass distary
coastitueats, enwdlh ea okergy yielding nntriente, thc alsarala

ond vitemina (Muanro, 1964).

Phen purified, semi-.eynthetia dieta »erd> available, stteatioces
ohanged to a etudy of the fumotiooa of izdividmal vitauiss and
intereat 1u interrelsticeships lagsed. 3Zovever darilag the alddle
of the preecest ceatary, attentioa has beea gives to the atndy of
this importaat interrelationship, (Campdell, 1964) haw glves o

comprehennive roview of recent fiadimga.

Proteins and Viteminai- 7The literature coatains sany coaflicting

reports on the rciation of protein deficienoy and the adeserption

and utilipation of vitamin A and caretene, . kb, Hhattacharya ang

Soa (1960) for ipatance reported that anhen there wes inasuffioiemt
protein or poor quality protein in the diet, the atorage of
vitamin 4 waa reduced. .On the other hand kurray (1961) shoeed
that rata sere adle to atore ample amouants 0f vitaamin A os diete

of poor-~-quality protein or even on o prctein-free diet. o344

finding hss also been ccnfirsed by Mathese & Beaton (1963) who
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uaed Gietan contalming O, N, asd 20X easeim protela., BNeodeifl,

Berger, Looali asd U1)liams (1962 ascsyed the livers amd Xidaaya

of reta fed oa protein free diet. Tuey fouyad that with

iaorsasing projortios of dietary protein tkere was a progrenaive

detresese in the asount of vitamism A 45 the liver anmé o=

iooreaes of it in the xidaey, In rats ingeatis; av 13 oseein

diet, leas vitumin A wias foand ia the liver, and more im the

kidaey tbas in the slower - growving uaimals given 182 glutea or

gein., 7The effiolensy of vitasin A ntiliention was deoreseed by

protein of inferior quality, but was zot affeoted by the level

of dietery proteia. Differcaceo obmerved is total vitemin A

per liver ware tot aes great ae is the ssount per uwait weight of

liver. Reeulte reporteld bty Xathews snd Beaton (1963) swegest

that proteine arc olosely conoerned with viteain A tresasport.

Friend, ieerd, Platt, Stesert emd Turner (1961) showed that
piges on low-proteis dieta had lower ocoatects of wvitexin 4 in

their liverse than enimaln on dietu adequate in protein. Thie

s2i oomeidered tc be due, doth to impsired converaion of

carotenolda and to reduced absorption of vitamin A iz the

protein deficient c¢icts. 7Tbe ooncentratioo of witamin ia the

serum sas Aleo reduced ia anianles fed on proteim deficient dieta.

Berger, fecbeiglj looall eod #iliiems (136Z) reported that

elthough a sitrogen free diet dacreased thc converaion of carotese

end ite atorage as vitamia A, it did not pravent it. (Jathew and

Baaton (1963) found thet the liver and blood of rate whichb wae givm
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caretene coateined less vitagin 4 whes the diets were lev in

protain. Ia gesers)l therefere the dats suggest an interfereance

et louw grotein lowvel with the asdesorptios or ceavereion of
sarotess,

Protein - riberlaviae Cesoskes and Guggenhein (1958§) fod reta

oa dieta 1a whioch casein supplied 11, 20 and Y9 of tho calories

and w=hieh asontained either gruded smonate of ritsilevia or advae

at all, On the low protoin diet the vitamin conteal of the

ergans was lov, whalever the amount givo:z s=d {1 exdretjoa =me

relatively high. Apparently the reta could set relais aand aske

use of riboflavia. Ou the high pretein diet sore rivw(llavia wan

required ts maiateis ths moruaxl level af rideflavia, than ees

200088ATY on aorsal 20X prutein diet. The amount of ridoflevis

reQuired sas iaflueaced is the asme way by say fet ia the diet
and the authoru cuggeeted that the effect 0f botlh protein and

fot wan t0 reduoo iateatisanl systheaias of ridoflavia. Thie

theory sze cowpportsd by other wvork with rats ie shieh the

ridoflavia requirseent sss shown a0t to increase with yroteis

is3akeo wvhen suercose wvas the source of earbolydrate. It hsa deen

gedablished that mnissle and man oa lov pretain iatake, exorete

relstively lerge asousis of ridofleviz, (Bro-Rasmesaen, 1938).
Carbobydretes and vitasmise 1~-

Morgan asd Twikin (1957) found that whea D-sorbitol was

added %0 a diet defioient ia thiaaise aormal growth ococoured 1ia

rats., Okudy, Husa sad Ghow (19560) demcustrsted that whea
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D-'se'r¥itol wes added to o Giet dofisient 1in vitsaln Bg, it
inerensed the urinary aseretion snd the cencentration in the

liver of vitamin 0§ in etull rats, and izyroved groetd rate

of weanling vetla:. Peppler, Ruller sad Cremar (1960) were

unadle to confitm the thimmise aspariamg setien of seriitsi s

Mergen and Yudhis (1962) reviewed thieo ehole isld and

sonsluded that there appasrs 0 de teo typen of sparing seties
iavolved.

The firet is the liaited spariag astios on viteain
B4 and folio asid;} whilst tha second ocam de dencastrated by

saperinesate on rele and nice, in shied tiey cans be ando entire)y

isdapendent of dietary socureea of a variety of D vitasias. The

dats as B vhole demcastrets hat reanulte aay very marhedly with

exparimental oonditione.

Risersls geé Vitaminms -

Gerahoff as’ Fearugella (1999) eateblinmhed that the eadogencas

exevetion of oxzlate im nes, 9sts;, and rute is inversely relasted

to the apount of pyridoxinme 1ia the diet. %Thie ia iaportest

becavse o the formatica of urisery celouli ehioh sra largely

oc=posed of esleiun Oxalate. GersRoff snd Andree (1961), shile

etudyimg the prodliems of over-aatrition, pointled out the defeote

of high caloiwm dieta. They sere of the opinios Lbhat umder

oiroumatasces favoursble to the production of celoium axalats,

the intake of low ealoius dieta mey be edviasasbhle.
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Vera GCabak and Diekerson (1963) iavestigated the respoans
of young rate shea deprived of proteins or of cslorix tley sleo

studied the plamms proteia gstternma of theee rste. It aas

Coaoluded thet malnatritioa shether droaght aboat Yy a lc*

protein diet (ocassava asd banana) or a reatristed high proteis

diet gffested the oonoentration of plasma protein zal wrea,

Both deoressed B globduline dat did mot apprecianly obhamge the

proyortion of albunina. Birikxiag eimilarity bLetesee the plaima

protein patteras ia suoch nnlli}ilhOQ rotc =as shoee by paper

eleotrophoreaia.

Dietayy preparatioa of foodetuffe -

The effeota of cooling or proeeasimg of food vary eith the
type of food, the duratios aad gseverity of the prooess, aad the

siee aed comditior of the portien of food. The wost eensitive

of 411 the nutrients sre the vitasias. Several, bat not oll,

uay suffer ocazidersble loee oa prooemaimg. NMoat proteias do

aot suffor dsmage unlees they are eeverely hested or stored for

long periods. lossss of carbohydrates snd aiseral salts ooour

ia set prooeceing by leachiag bat uenally oas ke ignored.
(Pender, 1966).

Beell and Wilaox (1962) foumd that am auod ae 75X carotenme
ia Xale :nd Collard 1e loet im & dgys wvhen estored at 70 ° usder
"

oonditiocan of rapid wilting. 4at 50 “°? there are 20% losm os

slow wilting and 350% loee ok repid wilting. When wilting wee

preveated end Knle gr%&%&TALEE’\LT?%PO%E)RM&&’ eaa oaly 295 loes of
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eafotene ia & weeka.

30th vitania A and ceroteme are stadle to mild coekiag ead

prodessiang, but are destroyed et high temperature, ia presonsce

of oxygen. MNaqmood, Hague and Xham (1963) reported the loss

of vitamia A ia carioched ghee and vamaspeti. JFryiag et 200 °

caused e 80X loes 12 5 min.| 60% 1a 10 mia. and 70% 1a 15 ate.

Beiliag in weter ceused 16% lose ia 30 aim. ¥0% in % by, and
7“ ia 2 kr.

Adan . Moreer ead Stanworth (1942) hevs pcisted eet thet

groastoat losees during processiang are osused by lesehing oat

of weter eocluble vitemius. The s=gllez the otate of eud-diviesicn

of the food the more is lesebed ent. The amouat loot esleoc depeads

upoa the tempersture and tire ef wetor trestaent. §Steanm

bPlesohing ceueses mmsller losese tham hot wmater treetaset. Yitamia

By ie stedle to ecid cves et bollisg poiat asmd sp to 120 °C| bat

unetedble et seuirel or elkelins pE. Roy amé Rao (1963) reported
that oooking io

iz tep weter oceueod 8-102 loss whilet cooking in

well watsr reduced the loes by 36%3. Agein whes lerge volumes

of water ere used for ecockimg (10-15)volumee am ia the ceee of
rics gruel) the lose of vitemim B, cen be ss grest es 80%. This

waR duoe to the elkelinity and not leechinz am the same preparetioes

ia distilled water lost oaly 5% By

2a0aringer and Paersoniua (1949) ghowed thet toesting kreed

for 3%0-70 eseconds resulte in loss of 10-.30% of thiamiee. Cueandet

ot sl (1994) reported thet ceresle whes etored ss whole grais

cemn eaffer e loeo of thiamine deyending upos the moieture centest.
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In one series of edeervatiens thers was e )O¥ leas duriang 5
Seathn storage et 17X soisture( 125 less et 12% meisture| and
20 loss after eme ysar, shes the moieture was resxoed to ex.
Fish was feund to lo se wp to 50% of {iis thiamiane o2 bsiliag
and 795 on canaing, snd eggs loime aome of it oa socakiag. Ose
reyort givea the lose in agge ee 9% edea serandled and 293
whea they were dolled (lame, Johnson and Williase, 3542).

VYiteain B, is stable to oxygea aad te aeil ocornditions,

bt nmetadle to light and to alkali. Neat aloae is aot hareful.

Ite sensitivity to light leads to the decatructiea eof bdoth

vitanin 85 and vitamia 0 tm milk. 4Adout 50% vitamin 9, ia ailk

cen be destroyed ia 2 hre. by oxposure te dright sualight mad

20% on a dall day. The vitaais By is coverted inte lumiflavin

and this deetroy ¢ vitani» C. (Rarries mad vom loeeecke 1960).

There ia evidands of a deficieney of pyridorxine {(witemina
Bg) in preguarcy sz indicated by the imsbdility of acae

individaal)e %“c metadoliee campletely a teat load of tryptophan

antil extra pyridoxine ham beea administered (Euant 1937). This

may ba due to the lacR of Bg in the food. Buating (1965)

sxadined the stability of vitaain Bg ehen added to food. Maiza
meal vhen atored for 1 year at 100 °7 and at 100X relative

humidity, retaisad 90-95% of the added vitamin. Vhen asisze
was daked iato bread, the recovery was Y00X. pacarecni retained

100% of the added vitamim on etoreje bdut loat 30X 4a wetor when

Racaroni was ococked.
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Vitanin C 4ia perhape the mast readily deetroyed of all the
vitaaina snd ita reteation ia often wsed as ea iadex of tke

severity of prooeaaiag und astorage coaditionan. It i oxidised

i2 eair ander aslkaslfae conditioas end this reactioa ia catalyased

by truces of oopper. The greateat loasee are due to lesciiag

iato processing water. 7The amonat loet depeads, oa the amcuat

of water rather thas on the time of treatuweat. Vagctablea

whea fully oovered with water may loge¢s 80% of tde masoordic aeid,

whea helf covered 60X, 4nd wbeas qamrter covered %07, The amoant

deatroyed say be quite mmall cospered wiilh leaechiag loseece., A

soaplo of cabdbage cooked in 10 volumou of water lost 10% by

destruotion whilat 80% was lca® iato coskiag water, oaly 10%
waa retained. (Bender, 1960).

Io an examinatioa of hoapital diete, Flatt, kddy asd
Pellett (1963) abowed that whan peeled potatoee sere noaked is
water overaight, they loat 45-605 of their zitanin C ooatent.
Tho suthora jpolnted out that thia loaa wea due to meohenioal
peoling s& leaching does not ococur if tisstea are undanaged.

Harnd peeling followed by 14 hra. soaking in water caused an

average loaa of 9% of vitemin C.

Cke (1966) bhas reported loesee of secorbio acil is acme

Bigerian fooda during ooockiag. Yam whea cooked loet 51%,

osesava 67X, and eweet potato 63/i. Re obesrved megligible loamees

eles yaa flour or cesaava flour were oocked, Jp plantain, he
observed 64X loee of asoorbdio goid,
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¥iaersl asalta.

Tha loss of aiserals 1ato the pro¢essing vater is ast o

mattor of natritiomsl importasce. The reverse prveces in whioh

tho fooda shaorbd miserala froa the water may he of greatler

aignifiocanceo in certaim inatasmoss:. It caa be & aeriocaz prodlas

ia the preparastion of lse-sodimm foods for dietetiae pniposes.
In oso sorica of obaervations, tho sedimm ocostcet of peas whieh
wae 1.7 mg/100 g. see icorsased te 12 mg/100 g. TYor thias
reaach water coataining more thaa 10 Ag/i0C ml. sodiwm 108
considered umemitable for cookiag, (Bouder, 1966).

Celeium con sleo be adacorbded Ly feods fros hard sester
{Hormer 193%-~57) but the amouzto imvelved are aot great encugh

to be nutritionmeslly sigrifinaat.
Proteins

Dasags to proteins may be of two msin types (s) deetruotion
of anino soids and (b) coadinstiom of part of ono or aocre of
the aminc roilde in & linkage thet is 20t hydrolyeed durimg
digeetisn, Thers ceo 2lso be small losses of coludle proteipa
leechad 1ato the cocoking water) hut this mostly affocts
vegotadlea.

lee (19%8) and Kllie (1959) reported comdinatios between
the amino group of amino scida and reduoing groups preaent ie
the foodetuff, and sloco between tbe amino groupo and carboayl
coapounda forwed by the oxidatioca of fate. Tbees links

oannot be bydrolysed by digeative enzYuez, henoce the smino soida

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



- 35 -

becesme unsvailoble. Ae these scapouade ean hoeever Ye

hydrolysed by the acid trestment, the chemicel eetimation may

give mislending resulta. Dender (1958) hes therefore caphanlred

the 2eed of bicleglioal amsay aethodea.

Rarrie end Voo Loeseohs (196Q) reported that lyeinas con

resot with reduoing oubstanoes, via ite amino group projecting

from the protein moclecule. Thim loee of evailedle lyeine can

ooour with relatively ssall amounte of reduvoing subetoooces.
bried apg conteining 8% protein end 35 glucocee will detiriorate
hotk 18 outritional value end flavonr doring prolouged storage,
If by treatment with yeee3d or glecos¢ oxidase this small ssount

of gluococee ia removed, it cek bLe stored without harm.

Iriarte and Sarnsa (1566), aud Ford (1962) heve showz that
sot only 1lysine but ctder smipo acide io some ipetences ere aleo

affeoted im @ eizilar zsaner sometimes even more than lyeine.

Bresaani =t al (1963) detersined the effect of cookink and
of aaino-a20id supplementation on the nutritive velue of bdlack
been [PhA®e0lus V@lgeris). Diete varying io protein content

froz 4.1 80 17.& , cocked for a time varyiag froa O to &0
winutes and sapplemented with metbionine, leuvocioe, tryptophen.,

l1yeine, valine, phenyl alanine, iscleucine end threonice, in

different comdinaticne, were fed to rate. It wam conoluded that

pressure oocking from 10 to 30 miocutea dia cot deoreess the

oatritive vslue of bemna but that cockimg for mors thet 30

aiputss did decrsase the nutritive value. Home cooking i ab

open kettle did notriecyesie™tEe HUtPEtive value. po mpperent
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ohange {2 the sethionine, lysine or wvanline content of bean
flour resulted from any eethod of cooking. The conteat of the

free emino group of lysine however deoreased in preasure cooked

eamples, except for the 40 minutes cooked ssmple. This did

not ocour ta those ocooked in sn open kettle. 0.1% eupplemects-

tion with DD-eethionine in the diet produced significant
inoresse both in protein effiolienocy ratio and ir weight gain of
the rate when coapared with the group on unsupplesented diet.

Further additione of eethioaine (up to 0.3) produced proportion-

ately mmaller inoreeese. When verioas ocabinatioas of amino-~acide

were added to the diet, none of thea improved the weight gains
beyond the valua obtained by the szdditios of methionine aslone.
Rethionine together with tyTosine nnd metbdionine together with

lyeine however ilaproved tha protein efficienoy ratio beyond the

valuee obtained oxn sethionine alone. ¥hedh other asino-acide

wore added in ths preeence of aethioniue it did not inoreaae

the vealue any further.

Hary (1949) atudied the effect of cooking on eeat. It wan

found that during oooking of eeet, aecorhic ascid ean totally
loet, aneurin largely loat and riboflavin was only slightly

affeoted. Mootinic scid aurvived well in moat of the cooking

eethoda.
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CHASTIR 2

Paterisla

(a) 8ouroes snd nasture of foodatiffe

Inveastigationa were carried out on the following

aix dists, coxmonly used in HKigeries.

Te
2.
S
b,
S.
6,
7.

Exo end skars.

Pounded yam, ¢fo, snd znaila.
Elubo, sgusi soup amd penls.

Fried plastein and beef etsw.
Geri, okro soup sand dry fiah.

Noinmoin with ashriaps.

For the purpose of somparieon s sesi-synthetio diet

ooneisting of Aaylus (maiue steroh), ossein, s mineral

mixture snd s vitamin mixture, knowa to coatsino the

optimana reguirazents for the reta, vee sleso studied.

All the food materiels were bought in the locel

merket and quickly brought to the laboratory for eznslyeies

end preparstion of the dicts.

0gli (vet maice starch) was

vought for the prepsrstion of eko eand besna (Vigna

un;gieulut.l weres bought for the prepsrstioan of skars and

moinmois.

Pounded yea was prepared in g loosl reatsursat

80 a8 to be able to use ® wooden mortsr and pestle for

pounding. All the other foods were ocooked im the laboretory.
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The geRerally soccepted recipes and methods of preperation

whioh elsoc olosely agree with the various cookiag hooke

(villiem 1962) were followed. The methoda of preparation of

theme diete are desoribed below. The sotuxzl gquantitiea of

Yarious ingredienta uead for the preparation of esch diet are
showa ipn teble No. 1 to 7 on page 4H3t04Q .
DIET NO.1. Ixo and Akara

Exotl-

Jogredients) Ogi (Wet maize ataroh)

Hethodi- To a ssocoth pesate of ogi, boilimg water wesa added

ubtil 4t thickened, atirring ell the¢ time to etop lump formation.

The materinl ens then heated for 1% minutee in order to cook
the ataroh.

Akarai-
Ingrediente: %¥kite beasns, onion, red pepper, pelm oil and salt.
Method:. The Launs were sosked ip weter till the skin becase
soft.

The akin waa rssoved by gentle rubbiag in the bande and
the reoesnining portion wae ground uatil it was smooth, then

heston with fingere matil light. GQround onion, pepper and ealt

wore added and fried in small portiomn in pelm o0il until browa.

DIEY 50020 N“_‘d.d !‘E-L £fo and Sneile

goundod Tam i~

Ingredienta! Yam tubare.

Methods The yes waa paeled, cut iato pieces snd boiled in
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watsr Until soft. Veter wes streined off, the Yas put in s

wooden mortar, nand pounded until smooth and elpstic to tomoh,

£fo and Gneile,

Ingredients 1 Efo (Crotelaris epp.), sneile (Vivepers guadrstes),

pepper, sslt, toasto, palm oil, onion,
Method,

Efo lsaves were removed fros the thick pteme znd out

into about one inoh piecea: TheY were then boilasld gnd the water

strained off, Enalle were removed from the chells snd then

waahed with slum to remove all esaliva, thar out into pieces end

ellowed to coak in their own wuter witd some salt until eoft.

Pala o0il wes edded snd the smailes uvere fried., dround tomato,

eslt, onions end peppsr eere then added, end frying ocontinued

for snother five minutes. ioiled efo wes then edded end ococcked

for abont 15 minutes, atirring occcssicnally.

DIET ¥0. 3. FKlubc, Eguei eoup and Penls (dried fish),
Elubo.
Rethod:

Yap {lour wes aprinklad in socme bot water and stirred

vith a Tocden epood. The Yam flour was sdded s little at a time

and siirred vigorously to svoid lumpe.,

Scae more hot water was

edd2d and the aizture wes sllowed to cook ustil it wams smooth

end of » soft consjistenoy.

Egusi saup and Padla.
Ingrediente:

Penla, ofual (melon ased), palm oil, tomsto, onions
pepper and sslt.
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Mathod: Panla uass out in &aall pieces and boiled in a 1ittle

vater with some salt uptil aoft. Qdround tomsto, onion, pepper

and eal? were fried in pelm oil, Then grousd egusi and boiled

piecea of panla were added and allowed to cook for about
% hour mors.

DIE? MO.4, Pried Plantsin and Beef Stew

Pried Plnntnggr

Ingredienta: Flantain, pala oil.
Method:-

Plantaics were peeled mnd out 4z to about 3" long

pleces. There were fried im hot palzr oil until browm.
Bedf ates

lng:odionts:

Beef, palm oil, temate, onion, salt and pepper,

Method: 8mall pieces of besf were boiled with & little ealt

and water. QGround tosmatc, onion, pepper and aslt were fried

A2 palm 0il and picoea of meat were then added, The mixture

was fried for vcaotime after which the mater left from the aeat
wee added and the mixtiure was allosed to cook until the meat

was gnite moft.

DIET XC. 5 Garl, Okro soup and Dry fiah

Gari:

Ingrediental Qari (dried grated caasmva tuber).
Method:

Gar{ wan sdded to boiling water snd oontinuously
stirred to fora a sacoth paste.
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Okro aoup and dry fiah

logredlents) Okro, dry fiash, palm oil, pepper nod asals.
Hathod: Okro wes sliocod into smell ploces sbout %" long and
put in the bolling water. The dry fish mas cut into small

pleces, and pepper and pala oil were added. The mixture wes
allowed to took and then salt was added.

DIET BO. 6., MHoirmoln with ghrimpo

Ingredienta: Jeans, abriape, oggs, peala oil, tamato, oniona,

pepper and exlt.

Nethod: Beana were somked in water and the akins rubddbed off.
They wera then ground to a paste. ¢Tomatoea, orions, pepper and
881t were ground aeparately. DPRuaten egga, sbrisps and all the
iagredients sare mixed cith vare pals oil and rolled in leaves
ip small portiona. Thej were then eteased in g big pab Dby
placiug a parforated bdottoa in botwees the bdoiling water and the
leaf rolls. Xeeping the top of the pen loosely covered, the
steamiag wax done for about ome hour in order to cook the starch
properiy.

DIEY NO. 7. Stendard

Ingredienta: Anylun (maise ataroh); casein, buttor fat, minersl

mixture and vitasin aixture, as ohown in tadle 7.

Method) The lngrediente were aixzed properly by adding a 1ittle

water to briag it ip the fors of a paste.

Formulation of the dieta

———

2ll the dieta froam No. 1.3 essentially coneist of two dishea.
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Ons portioa ia generelly socme form of atarch while the other is
e ates, oontalaing meat, fish or sose other fora of protein.

To ssosrtain ss to wshat quantity of one dish will bde consumed
with the other s eurvey was carried out. Kleven peraoas were
invited and esked to take the gquantities of esch diash they would
iike to consume at one time. These Qquentitiee werc weighed and
median vglues were taken to VLo the amount of on» diah wkich
will be consumed together with the other in ocac of each diet.
In the oess of each diet, the tec diskes eore mixed in this

fixed ratio. Care wes taken to homogoziase esch dish before and

after mixing eo as to get a uaiform distridution. TYhe proceae

wse repeated for sll the diete from 1-5. Diat No. 6 wee s
aingle dish. The reaultsc of thia aureey are preasented in Tadle

Fos. 1 to 6 on pages 43 t048 along with the actual recipes.
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TABLE I

(a) Reoipe for diet No. 1 Fxo and Akara.

X0

I“.—_ﬁ Mq B
N
Kamke of ingredient Rt. Used in " Name of iugredieat ¥t. Used
& > g.
b — ~——
Ogi (Wet maime atarod) 990 r Beans 2620
" Ontonz &S5
: Pepper 103
4 Balt 39
N Pala oid 575
” S
Total Wt. rav mixed 990 * “%atagl uWt. rav mixzed 3812
Total Wt. prepered 6608 * Total Wt. prepared 3290

(b) Relative weights of kko/iksra per meal as ohoaen by different

inuividusls
Eudbjeota Quantity of Eko b K. Qusntity of Akaras in g.
1 250 23.2
3 250 110.0
e 250 33.8
b 230 84.5
é 250 60.0

H_i_

78.9
:.1:1:: 221; for oooked foods a 250 g+ Eko with 78.9 g. Axars
Corresponding asount of raw mixes fooda = 37.4 g. ofi with 91.J g.
- a of ray mixed ingrediente of ekera.
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TABLE I
{a) Recipe for diet No. 1 Exo and Akara.
___———-——_—_——
)
HL-_—_“-—AEL_—_
.
Name of ingredient Wt, Used in " Rame of ingrsdient Wt. Used in
L L " 8.
—— —— Al — e
0gi (Wet meise atarch) 990 : Beans 2620
3 Calons 455
. Peppsr 103
" Sa)t 59
L Pals ofl 575
= = - ——
Total Ut. rav aixed 990 " To¢al Wt. rav mixed 3812
Total wt, prepared 6608 " fotal ¥t. prepared 3290

(b) Relative weights of Eko/Akara per meal s chomen by different

icdividuals
SBubjsote Quentity of Exo 1» K. Quantity of Akara in g.
1 250 23.2
2 250 35.0
b 250 110.0
b 250 3.8
6 250 60.0
? 2%0 122.3
g 250 ?78.9
a 250 67.6
10 250 88.0
1 250 86.4

————————————— = —

78.9
Mediaen iﬁiz for cooked foods = 250 g. Exo with 78.9 g. Axara

amount of raw mixed foods s 37.4 g. ogli uith 91.3 €.
Correaponding of rav mixed ingredienta of akara.
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TAELE II
for diet No. 2. 1.0.

Pounded Yam

S ffo snd SBoailes
), |
Rame of ingredieant Bt, Uaed ™ Dlamo of ingredient Bt. Jesed
n
Tam 5900 ' 8neils 1000
» Bfo 1000
" Onloa 350
A Tomato 120
i Pepper 50
w Pals cil $00
- Salt 30
e — !
_Total Wt. raw mixed 3900 .,  Totsl §t. ram sixed 3050

Total Wt. prepared (cooked) 726k Totel Wt. prepared (oocoked) 2334

(b) R.lﬂti'. Itilht. of pounded yum/afo and ansila anun ngpr meal
as oboasn by uifferent individuals.

| —

e —— e

Subjeocts %t. of Pounded Yam in g. it. of BEfo and Suamil
e soup in g£. —
1 349 65
2 340 93
> 229 133
L 262 112
S 206 7%
3 407 s8
7 934 143
& 509 264
Yy 249 186
10 205 s
11 b21 138

S—

|
|

Kedisn 340 1 7h
Nixing ratio for ocooked food - 340 g, of poundod yam with

7% g. of atew
Correspooding axounat of ra® mixed food = 276.1 g, of raw

yas with 9%.8 g. of raw
aixed ut, of astewn.
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TABLE III
() Recipe for dist No.) i.e.

I ——— e

‘1“°°4_£IE=£;'°!2.‘“‘ Panls

- - s e .
_______E§2!° " £gued soup with g:nln
Base of iagredient Bt, Used " Mame of ingredient Wt. Used
—_— ing. o g.
Rubo 1847 N Eguai 250
= Panla 250
- Caios 225
* Pepper >0
- Toasnto 150
] falt 52
" Mls oil 275
e — — ——————
Total Wt. ravaixed 148 . fotel Wt. rew mixed 1232
Total ¥t. prepared (cooked) 4512 : fotal ®t. prepared
— —a. (cooked) 23526
(b)
Sub jects ¥t. Oof Amalas 1in g. Bt. of Eguoi eoup and padls
15_‘.
2 574.0 176.2
3 9155 86.5
4 389.01 86.0
s 620.0 59.5
Y 517.0 86.0
8 670.0 7?7.5
10 320-7 89'5

Hedian » %17 1 86

Rixing ratio for cooked foods = 517 g. of eludo with 86 g. of

soup
Correaponding amount of ravw mized foods = 165 g. elubo with

o AFRICA DIGITAL HEALTH REPOSITOI!’ﬁ'\‘DECT‘ + 0f rav aixed a0 upe.
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PABLR IV

(a) Retipe for diet No. & i.e. PFried plantiia and Beef atew !

Fried Plantsin - Baef Stew |
“—___?_- -

Name of ingredient Wt. Daed ut. UTaed

g FHame of ingredient
——— in g. » in g. |
Plantaia (peeled) 3000 ' Beef 600
Palm o3l 2h4 " Ondon 182
" Tomato 125
. Pala oil 229
" Salt 30
L Pepper 20
T —
Total wt. raw sixed 2351 : Totel ®t. res mirxed 1142

Total ¥t. prepared

gcookod! 2210 :

Total Wt. prepared

SQDGkod! 22:

{v) Relative Wt, of Fried plantain/Beef stew
hl ditferen o

r meel aa choaen

Bub jects Fried rlantein in g. Beef etew in g,
1 122.0 76.0
2 e22.0 106.0
3 297.0 117.0
& 219,0 %9.0
6 167.0 25.0
7 128.0 61.0
9 232.0 75.0
10 257.0 92.0
11 246.0 4S5.0

\

Nedian = 222 76

Nixing ratio for cooked foods « 222 g. fried plantain with

‘ ° ‘t.'
Correapondieg Wta. Of ras mixed foods » 323.5

plantain with
AFRICA DIGITAL HEALTH REPOSITORY BROECTM L @ w »

76

« of raw mixed
7.3 g, of raw



TABLE ¥

() Raoipe_for diet Bo. S 1.e. Gari, Okro and m_tuh.ooug_

-----------========

Geri :

Name of ingredient Bt. Used " Xame of ingredient ut. Used

in g. " £
--————-—_-_____________‘; - 1‘ ¢ !

Gari 1300 . Dry fish 170

" Ckro 280

i Pals oil 250

" Balt 25

: Pepper 1?7

e Sl 2 =t

Total Ft. raw mixed 1300 ‘ Totol ¥i. raw mixed 702
Totel Wt. prepared " Totsl Wt. prepared
5 (oooked) 4280 e = (oooked) 14AS

(b) Relative ut. of Gari/Okro scn fish per meal
ohosec Ly dififerent isdividua “'I_. |

— ——

Subjeote Oari (xXba) g, Gkro eoup end dry fish g.
1 ‘1“00 16700
2 316.0 126.0
} “’200 126-0
I k11,0 1$1.0
5 “1#.0 141.0
6 273.0 123.0
? “81.0 8900
q 272.0 123.0
9 4%0.0 148.0

10 262.,0 162.0
11 22000 172.0

Nedian = 411 1 141

Mixing retio for cooked food « 411 g, Sari 1 141 g. eoup

Corresponding Wt. of raw fooda mixed w 124.8 g. of gert
with 68.% g. of raw mixed eoup.
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TABLE W

(a)

Reoipe for diet Bo. 6 Moimmoin

S — e

Neme of the ingredieat

*—_—h

wWe. Used &n &.

Beans 1500
Onion 622
Palm oil 513
Shrimps (dry) 8S
Eggs (Wt. without shells)

6 in Ko, 272
Tomato 170
Pepper 60
Salt 80
Total ¥t. raw mimed 3272
Totsl Ht. prepared booked) s802

{pv) Being = single dish, no aixing wam required,
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TABLE VI i

Compoeition of Control diet

e ——————

M&nt____ '...._‘_..._..._——t . Used in -
Asylum (Maise atarch) 200
Camein 250
Butter (pure creaam buttor,
"Danieh butter™) 50
Vitamin aixure 20
Niperal mixture 20

Sater to make it into a paste

The aineral sixture oconeleted of the following se desoribed

57 Bubbell, Weadel .;I;;_k 7
CaCO Sh.300 g.
Mg COs 2,500 »
n‘ 80~ 106& "
BaCl 6.900 " |
XCl 11.200 " i
KB, P04 21,200 " |
" POQ. ﬁlzo 200” id
K1 0,008 » |
Ma 80y 0.035 " |
EafF 0,100 *
Al, (BOa)s.Zp 80y 0.017
CI§O§ . 0.090 ™=
100,000

$he vitaain mixture conaiwted of the following:-

Vitamin 4 » 2000 i.u per mul
Vitamin B4 » 2 ug. "
Vitamin B = 1 =&, =
Vitasin B§ = 10 ag. Z
Vitamin C » 50 ms. il
Vitamin D - 1000 4,un. n
Vitamin E o ) mg. e

To this aixture 2 mg. each of pyridoxine and oholine along

with 50 Ng. of Bq2 and 1 mg. of Vitamin Kk were added a0 aa
to bring it up to the optimum etandard of vitamis requireaments

of rats am desoribed by Cuthhertsen (1957).
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CHAPTER )

KETHODS
(a) Dry satter (assscoistion of Official Agrioulturel Chemists)

offiocial aethod.

10 g. of a reyreaentative sasple of food was dried to
a oonatant weight, ia a tared moiature dish by placirsg it

in a hot air oven at 100 °C 4 2, and eubsequent cocling

in a desiceator,

(b Total Proteinas

Totel aitrogen eaa octil.t;d by the Xjeldahl'a mathod
aa recossended LY tho Assgooietioca cf (Offioial Agriocultural
Cheaiats (A.0.A.C. methods of acalyais 1960) for food
eamplea.
The aqmplos mere digeated with como. R 80, and
potasaium asulphate using mercuric oxide aa oatalyat ac aa
to convert ell the organic nitrogen into amzonium aulphate.
A neazured volume of thias digeated material mvhen treated
with exccan cikali liberated ammonia which eaa quantitatively
collestad 4in %% boric acid and titrated with atanderd acid.
The qQuiokfit mioro-Kkjeldahl'a atees diatillation
apparatua {Gallekamp No. RR-50) waa uaed for the diatillation
of tha amsonia. The protein was eatimated by Eultiplyiag

the a=mount of pitrogen with the factor 6.25.

Reagents.
Sulphurio eoid. Amalar Sp. gr. 1.84 (nitrogen free).

Merourio oxide (reegent grade).
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Potasaium Sulphate, (nitrogea free).

Borio Aocid A %X soclutioa wae prepared.

Sodiua Hydroxide-S8cdiuam Thiosulphate acluntion 500 €.
of NaOH and &0 g. l12§203-9n20 were digsolved in eater
and made to 1000 ml.

Indiocator. Methyl red.bromooreecl green aolution.

1 part of 0.2% alooholic methyl red molutica was mized

with 5 parte of 0.2% alcohclioc bromooreacl green

solution.
Method.

1 ¢g. of a choeen aample waa transferred into e kjsldah)
digestion flask and to it wea udded 0,7 g. merourio oxide
and 15 g. powvdered potasaiua aulphate followed by 25 ml.
concentrated aulphuric acid., The flaek vas placed inoclined
on the digestica rock end heated gently uamtil frothing

oeased. The ocontenta of the flaak were then hoiled bdriakly

until it clcared end then for another 30 minutes loager.
The flazX was ccoled end the digeatate treneferred with
diotilled water into a 200 ml. flaak (volumetrio) and made
to mark. 10 ml. aliquote from the volumetrio flask were
taken in the microkjeldahl distillation flaak followed by
the sodiur hydroxide ~ sodium thiosulphate amclution uatil
the mixture was alkaline} adout 10 al. of the slkals waas

sufficient. 7The contente were then steam distilled into a

AFRICA DIGITAL HEALTH REPOSITORY PROJECT
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3
recftver ocontaining 10 al. & boric acid solution and 2 drops
of the indicator molution. 4About %0 ®1. of the diatillate

me10 colleoted and titrated agsiunst 0.01 N, HCl until the firat

ajpearsnce of violet golour.

{o) Aimino soide

On the report of Spockman, Staein and Moore (1958).
Hennig (1959) deacribed en epparatus for the quantitative
eatimatioa of individusl smino ecida ig protein hydrolysatea.
This apparatus as manufaotured by Mesares Pernder and Hobeia,
Yunchen, Weat (ormany mas uaed for tho dstermination of emino
s0ids inp food hydrolysatoa.

fhe method oconsletn of uwolag ion-exoheage roaim columna
of suitable length acd Glasrater paoked with synthetio
sulphonated ocation exohsnge rosias of very fine particle
elae. A sdell quantity of (0.2 - 0.4 ml, corrospondisg to
1-2 mg. protein) of hydrolysate is anpplied and individusl
s3ino-aoids axr¢ eluted by the oitrate buffers ot a gradient
pd. 3-7. 3Ihis process takes ploce under dighly atandardiaed
conditiona of flow rate, temderatura and pressure on the
ocolumn. The eluate ia mixed at 8 constant flow rate with a
apeocially srepared ninhydrin reagent 2nd is passed through
@ cagillary tube 20 metrea lonf§, coiled and dipgpod in e
boiling water both. The blue color of the ninhydrin oomplex

develope in 2C minutea. It in then pansed throngh an
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sutoaatio reocordiag ocolorimeter (modified Xlphor lntegreph)
bY whioh the transmiaaioas are reoorded on a graph aheet
every 20 meconda at two differeat wave lengtha (436 a

and 378 -/n) g€iving two Gaunaias curves, The areas umder
the individual peaks ss related to the ocomoentratioa, of

esoch individual aminoc acid, ocaa be caloulated by referenoce

to standard curvee.

Peacription of the apparatus

A labelled photograph (plate 1.) showiag various parts
of the amino acid analyaer is given on pag 54. The
different parta are the follomixng 1-

P = Bwitch panel for operatiag the sssemhly.

Gy = Syringe filled witk nishydrie reageat

02 w Syringe filled with buffer pE 3.12

03 » 3yringe filled with bduffer pH 5.12

0y = 8yringe filled with bduffer pB 7.0

M a Rixing vesesel mounted on a magnetio stirrer

Try and Trp = large colwaa 13J cam. long for the elution

of acidioc and neutrel amino aoido, filled with

Doeex 50 resia encloaed in s hot water jacket at 50 day

rr) m Bhort ocoluma 50 oma. long for the elutiocas of bdasio

anino-acida filled sith Amdarlite (RC-50 encloseéd in

a hot water jaocket at 40 .
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AHALY 8RR

ACID

(Bender & Hobein 1959).

ARINO
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T2 » Thermoatat with pumping device to ociroulate hot water in
the outer jacketa of the golumis.

U = Contact thermoaeter

4 « Heatimg bath

£ = Water bath contaiaing 20 metre of coiled plaatioc tube

submerged in boiling water; a condenmer is fittod st
the top.

Ex s Elphor integraph
R = Redorded graph shest as it comes ont of the integraph.
Rodifications.

Shortly after asesemdling the appaeratus aa desorided it
was realisad that the asparation of the amino-acidm on the
ahort colusn wa9' not ahezp] thia was probadbly due to the
Qquality of reain. The manufaoturers whea contacted were
unadble to give a zatiafaotory explasation. Howerver they
auggeatesd the ure of Aminex A~A resin macufsotured by K/8
Bio-RAD Lalboretoriss Riohmond Calif 1 U.8.A. on both the

column. Coasequently, the following asocdificationa were asade.

1. Chomge of oolumn 1Inatead of the 130 ca. long ooluma and
the 50 em. short columni oaly a SO ca. long colusn and a
12 cua. short coluan were fixed.

ar Change of buffere Sodium citrate bduffers of pE 3.2 and

pH 4.2 were nmed on the long ocolumn instesd of 3.1 mnd

pE 3.1, 6imilarly a buffer pH 5.28 wea nmed on the ahort
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colusa imatead of pE 7.0. The rate of elutiocas om the

ahort coluhs was aleso chamged fros 30 al./hr. to
60 ul./hr.

Temperature The temperature of both ocolumas wee

L mainteined at 50 °C during elution.

4, Elution of ammonia and ergizine After the eintica of
histedine 40 ml, of N/§0 RecH were passed throumgh the
ehort column ao aa to Dastaa the eluticn of emmonia and
arginine. The pesssing of alkali Alec served to regenerate

the colunn.

AD assesbly of the apperatus i» showa in the plate 2 on
page 57.

Thene modificatione reduced the elution time on the large
coluan from 16 houre to 12 hours and on the short column the
zun oould sow be completed im 3 houre iastead of 4¥ houra.
Reageats.

Buoffara of the variows pH were propared using the quanti-

ties of verioua ohemicela ee given in table No. 8 on

page 3%8. 411 the buffers were adjusted to the correct
pE uaing a pH meter and then boiled to exolude anll alr.

Fipelly 1 ml. of caprylio eoid wee edded to each to

prevent the growth of fungi. They were then covered

with a 1layer of 1iquid paraffin end atored in an eir-

conditioned rooa in pleatio bolbtlee.
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TABLE 8
Ctuantities of various chesicals used for the prepmration of duffers.
- - : =’g -
Citric Sodium | sodiua | Rydro- | icetic | Tiodi-| Falyethy- | Tolume
%o scid=- citrute | acetate | chlori acld clycol | lene- sadse
- monohy< xide scid glacisl glycol up
- drate 32 sonclsaryl
f ethar
&g & ' O 8- =1, ml. al. ml. ) & § 38
e ——————— — 5
2| 3.4+ 0.02 210 l 83 = - 135.0 - 50 50 10
|
31 3.22 - - 196 = 123.5 - S50 0 10
& | 25 - - 196 - 83.7 - 50 20 10
5] 5-1 + 0.02 105 é7 = 136 - l <0 50 - 10
6] s.28 - - 345.5 635.0 20 10
2 | 5.3 - : - 360 - | | - - 2.3
8| 7.0+ 0.02
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Methyl celloeclve mas dietilled naing . 1% mixture of

ferrous sulphate in H,60), eo an to remove any peroxides; uantil
it gives no yellow colour with II.

750 ml. of methyl cellosoclve were thea mixed with 250 ml.
of dbuffer pH 5.5, To dieplace air nitrogen wan pasaesd ®lter

pamsiag through H280~) for 15 minutea. Thea 20 g. ¢f nimhydrin

wate diesolved in the mixture 0.4 g. of 5nCl,. 200 were then added,

and immediately e layer of paraffin wes put over. The reagent
wee stored in e pleatio bottle in an cir-conditioned room.

Preparation of hydrolysates.

0.5 g. of the dry food sssple mas taken in a pyrex tubdbe
100 ml. capacity and 75 m). of 6K HCl were added. Oxygen free
nitrogen was then passad through the solutioan for helf an hour,
and tubes were imscdiately aealed. They were then placed in
a hot air ovea &t 103 °C for e period of 24 hours. The tubea
were removed, ccoled, and the eealed end out open. The solution
was filtored through a Whatman Ko.! filter psper and a ocaloulated
Quagtity ocorrasponding to 1-2 mg of the protein wan evaporated
to drynese at low temperatura. This was done in e desicoator
oontaining & mixture of eocdium hydroxide and celoium ohloride
and by applying mild suotion by meana of a mater pump. <ZThe

dry hydrolysatesw were then taken up in a known volume of huffer

pl 2.2.
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flutioa on the sotéio ooluan.

0.5 ml. of the sample (hydrolysate in buffer pH 2.2) wae
applied at the top of the ocolumn Tr. 2 (plate 1 page 5h4) and
the sasple was aslloved to socak in completely for about &5
minutea: O.% ml. of the buffer pH 2.2 wasS, then sgtin
applied to the top of the column 50 sa to wanh is the asmple
oanpletely and soek it £{a the column. A 2nd veahing with the
sane buffer, was given and when thin had aslec socaked in, the

golusn was filled up to the top with tbe same baffer and

connection made with the pump G, ocriaining buffer pH. 3.1
via mixing vesael "N".

1z the amecantime the thormoatat TH., had slready been aet
on and tbe contact thereometer aet to 50 °c. ¢he hot water
e¢irculetion was alac ect on, and the column wae now at 50 %¢.
The ninhydrin reagont and tuffer pH. Je1, and pH 5-1afre
filled iu the syringee G4s O snd G35, reapeotively, taking
gare thet z2c air bubble got in during the operation. The
connvotion was made with the aixing vesael N, and the buffer
pE Z.1 was asllowed to run in to the coluan via the mixiag
veaael M, at the rate of 30 al. per hour, by pressing the
appropriate ocontrole on the panel P. The elumte leaving the
colums waa oonneoted to the aiximg tube LY Simultaneoualy
the eater bath, intezraph regiastration end ninhydrin were

awitohed on. After 20 ainutee the adjuatament of nero waas
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Qarried ocut on the iategraph, on which two curves of wevVe

leagths of 436 a m and 378 % 4 sere racorded aimultenaouely.

If oyateic acid mes preaect it appsared firat from the
eluate, the amimo aeoid np-ruon/iip;cuod after about two hours
and then the othera em ehowa in the disgram on pafe 6 3A
Cyatine when preceat appeared detwees alanise aad valine.
Elatios on the ahort columa.

The baaio mmieo acide were smeparated oo the 12 om. columa,
filled with sailaex A-H remin. 0.5 ml. of the sample
(hydrolysate £n buffer pi 2.2) wea applied at the top of coloans
Tr. 3 (plats 2 page 57) amd the sazple was allowed to eocak
in as deacrided under elutiorm op the long column, Apprepriate
oontrola ¢m the panel F wvore operated and the elution wes
atarted vith bYuffer pH %.28 at 60 ml./br. Sero adjuatmeat
vae sade oa the intsgraph 20 sinutea aftar starting tha
elution. UFisat of sll a peak was obdtmined from the acidio
and seatrel =mimn acids shioh appeared together:. Tha firat
daeic a0iaoc-acid lyaine apyearad aftar ose bour and thas came
kiotidiea, smmonia and ergiaine. After the appearance of tha
biatidiaa pesk the »i of tha sluting duffer is raimed, by
ge=aing 40 =l. of the N/40 sodiwm Aydroxide through tha
deluna., 7Thia 18 doaa by ocloeinmg tha yiooh cork C and allowiag
the buffer to push oat H/40 sodium hydrexida from tha elkall

tade i. Thia is thes paased over the colman. Ry doimg so

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



the ammooia and arginmine caae out guickly. After paseing
the elksli the pinob oork C is opened agein and the buffer
18 sllowed to paes through the column for one more hour.

A typical elution pattern of the various amino acids ias
ehown in the {1¢nrtf§;'yngo 634

Hegeceration of the columns. Mo epecial regeneratiox of
the mhort column is neoceenary because tha K/40 aliall which
ia paased duriag the elution slac regeneratos tae coluan.
On the loag column immediately after & sun is over, sbout
100 ml. of the 0.2 R sodium hydroxide are passcd through

under pressure froam the bdottle D, followed by 100 ml. of

buffer pB 3%.28.

Standardiaatioca of the jnetrunent

(1) 9The poasitions of tho peaks of the varioua amino scids
were marked as they appeared on the graph sheet, snd
the tiae taken to eluate thea from the column waa noted
by rupsiag variona amino acides first olugly and then
all of thex £p & mixture,

(11) To check tke linearity of the recovery of the amins
acide sclutions in three different ocoucentrations mere
prepared and run on the column. The areav under eaod
pesk were calculated and plotted against the concentration.
The resulta for & differeot amino e0ids are presepnted

in the figure 63.3. It will te eeen that in the case of each

isdividusl emino ecid the curve is a etraight line. Hence

i the areas are proportional to the conceantration and the
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recovéries are linear under the oonditiocns of the experiment.
It was noticed, howsver, that although eqmnimolar amounta of
different amino acids were tsken, the areas for the same
ooncentration of different amino acids varied alightly. Taie
ia due to the oolour factor, error in weighing, and the
purity of the aailno acida used. A standard aixture cf the
amnino aoids provided by the Mesara Bender and [olLoin Ltd,
Munchen, ¥. Germany vas therefore eaployed as the reference
stendard and all calculations were baaed on this alxture.

The reaulta are reported ia Tadle 9 on pasge 6k,
(d) Ether extract

The eother =olubdle material saa extraoted for six hours
in a aoxhlet apparatus nsing petroleum-etber (60-80) as the
aolvent. At the end of thia period the aoclvent eas resoved
from the extract o a water bdath. The flaaks eere dried in

a8 deaicoator zcad weighed,

Ether extraot peroentage = "t. 0f reaidue x 100

#t., of aample

(o) Carbobydratea.

The amouat of total ocarbohydratee waa eetimated by
difference., 7The sum total of soisture, orude protein, ether

extraot and miners)l matter wea sudatrsoted froama 100.

{(f) Total aiaeral mstter (Aab) (A.0.A.C. Rethod)
A weighed smount of eemPle eas odarred over a flame
in a oruvoidble- 1t waa then put in a muffle furnx oe at

g}o °c. until a ehite ssh mem odtained. The time of ashing

AFRICA DIGITAL HEALTH REPOSITORY PROJECT




— 63A —

SEPARATION OF AMINO ACIDS

| ‘dﬁfﬁua£¥ anino acidéa, Order of elution on 130 e¢m. colu=n

Mla Vel

eB8rity of nrea of gause curves with incresaing concentration of
amino acida.
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~ Amino-acid

Aepartic acid
Ithroonino
Serine
Glutanioc acid
.Prolino
Olfaino
4Alanine
Qyotino
Valine
.kégﬂi;;iuo
Jeoleucine
Lﬁuaina

L

Tyrosine
-
I ﬂpnj‘ldnﬂno

Ares (squers ca.)
e ——————————————————————————————————————————— <.

50.30
33,78
38.57
28.83

9.21*
H.13
46.26
39.50
25.24
20.18
32.51
32.51
23.42
25.69
29.49
27.48
24 .36
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varied for different materinls. The crucible wes then cooled

end weighad.

Minerel matter £ « lit. of the ash ¢ 100
Bt. of the sample

(g) Minerels
A wet digeatiod method aa describded by A.0.A.C. (1960)
was followed no aa to get ell the minersl elemente into eoclution.
ike method consietn of digeating the sampls {iret with nitrio
atid end smubdsequantly with 60> perohlorio scid until the
solution beocoaes nearly colourlenn: (hoating to dryheas is
i highly dengerous beceune perohlcric ecid might csuess an
eXplooion). SO ml. of weter are then edded and the solution
- is bolled to drive out coy ritrous oxide fumea. It ias then
cooled and mede up to voluae.
Calcimn. (A.C.2.C. method)
Caloium sxas precipiteted es caloium oxalste et e pAH of
&.4% - 4,6. Thia preoipitete was disesclved in hot dilute
sulphusric acid (1 1 &) and titreted againat stenderd K«nO,
at & temperature of 70-75 °€. Tue end point waa e 1light pink
peraisting for one minute.
lfgggintn.
| Zitrio ecid Conc.
Sulphurio eoid (enalar). A dilute wolution waa prepared
by edding 200 ml. of ceno acid in 800 ml. of water.
FPerchlorio eoid 60%

Amsoniua oxalste rol ent grade). A metursted amoclution

AFRICA DIGITAL HEAL REPOSITORY PROJEC



- 66 -

was prepared.
Amgonium hydroxide. 2% oconc. ammonis solution.
Potasaium permagnate. Ac K/10 solution weaa prepared

end standardised against an ¥K/10 atendard solution

] of sodium oxglate.

Nethod
—

A 25 ml. aliquot of the sinersl solutiecn waa takeo
inato a beaker, diluted to 100 ml. and 2 dropa of methyl
red added. Bilute mamonium hydroxide vas added dropwiase
to a pH 4.4 - 4,6, The solutioca wer further diluted to about
150 ml. and brought to boil with the addition of 10 ml. hot
saturated solution of ammoniun oxalate. The cootenta of the
beaker were left to atard overaight for the precipitate to
aettla. The supernatant was filtered through Whatman Ro. 42
paper and precipitate washed thoroughly with &% conc.
ammobia @oclatios. The filter paper with the precipitate swaa
put back {= the original beaker and to it was added s mixture
of 125 ml. water and 25 ml. cono. Hy80y4. The ocontenta were
heatsd to about 70 °C. end titrated hot with 0,05 N. potsssiuve
persadganste aolution to a firat mlight pink colour. 4
oorreotion for the reageat bleak was made.
Caloiuma wem ocsloulated sa!-

10“00 O.1mll0b - OCwa [ 8 c.o
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emsonium molybdaste to form a oomplex phosphomolybdate,

Phophorus in the form of phosphate reacts with

This cowplex is reduced to form a solybdenus blue.
7he bdlue colour is reed st 680‘-/n on & 8P 600

epectrophotoneter.

Resgentes.

Amaonium msolybdate eolution wen prepared to oontain
7-5 §+ aslt An asdout 200 ml. water. then 100 al.

of 10 B. sulphuric ecid were sdded mnd made up to
400 el. with water.

10X Trichlorecotio soid,

Retho (p-dimethy) amiso phenol sulphets) 2 g. 4in
200 ml. of 3% NaBRSOy solution.

Standard phosphorus aoclution: tiis wees prepared
by diceolving 2.22 g. of IH,FO, in water and @ade
up Lo a litre, edding & few drope of ohloroform.

1900 ml. of solution ¢ontained 5 g. phosphorus.
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The soluticns were aixed accordiag to the followimg pPlams

Teot 8tandard Blanpk

Solutioa of food sample

(mineral solutfon) T a. - -
Standard phoaphorus solution = 0.9 =l. -
10X trioholoracetio acid

solution & ml, 4,9 ml. S ml,
Asmoxiua molybdate eoclution 1a, 1 1, 1 =),
Retol sslutioa 1 ml, 1 81, 1 ml.

The soclations were aixed 1p eack tost tube and ellowed to

staad for 350 miautes bdefore lLeing read for their opticsl
densities im 2 =mm,. cuvetter at 680 = in a 8P 600
spectrophotoseter (Unicaa Ipstrmment Ltd., V.K.)

Fhosphorae wus Oalcelsted by reference to the readiag

for the astsndrd.

ires.

Tho neihod of Rameay (195A) waa wsed. It involved the
reduotions of iroa to ths ferrous form, wiich gives a piak
solowr with = -ot dipyridyl. Thls solowr was read in a 8.F. 600

speetrophotometer at 510 Y. L The comceatratioa of the tast

selution was read froa s graph shied wus prepared by uaing
i

- ksows guantities of irea.

ftandard iron solwtion: ¥as propared by dissclviag 0.7 g.
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"('Rk)a(SOg)z.snao in & mixture of 20 el. come. HC1

and 50 al. water, and then diluted to a litre. 4100 el.

of the solution were tranaferred to a litre volumetric

flaak end made to mark with water. Eaoh ml. of this

solution oontaiged 0.01 g. iron.

Acetate buffer sclution. Thies was prepared Ly disesolving

8.3 6. of enhdrous scdium scetate in water end then

edding 12 ml. of acetioc socid, and diluting to 100 el.

ol-Of dipyridyl solution wes prepared by dissolviang

O.1 g. of the reasgent in water and diluting to 100 ml.

Bydroaylanine bydrochlorids. A 10X solution was prepared.
Method

10 ml. of the miperal soluntion prepared by the wet
oxidation method, woere traneferred to a 25 ml. volumetrio
flaask. In e sivilar manmer, 2 ml., 5 ml., 10 ml. and 15 nl.
of the stendard iron solution were tranaferred to & number of
25 ml. volumetric flamka reapectively. ?To each flask was addad
1 #1l. of 103 bydroxylasine hydrochloride solution and after
S5 nisates, 5 8l. of buffer soclatios and 2 ml. of oaty dipyridyl
eolution and thea malle to mark with water. 4n aliquot was
transferred fros eaob solatios to a 2 mm. euvette and read for
optical denaity st 510 -u 1s an 8P 600 apeotrophotosatar.

The values for the unkamosn aasples sere read fros s grebh

(concentration of iron efslust optical density) plotted oa
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the reaulta of the atandard solutions,

Yitamin A. (Cerr- price blue colour sethod, 1;38).

The aethod ia based on the acsauresent of the usatabdle

blue colour formed by the intersotion of vitumin A and
entisony trichloride, The asbaorbancy of this blue sslution
at 620 » N is e fumction of the concentraticn of vitemin A.

The ether extract of the sample is esponified with
elcoholio XOE and the eolution ia then neutralised with HCI.
The ungesponifiable aatter ia then extrected with ether.
Ether ia then evaporated on a water bath and the sample iea
taken up $Sa chlorofora. The colcur ia then developed by the
eddition of antimouy-trichloride and iusediately optiocal
densgity ia determined ot 620 =,u on n §P 600 mpectrophotamseter,
The reading 1s converted to the concentration of vitsmin A
by wsing a graph, shere atamdard concentrationa of mitasin A
are plotted agealast adaordancy.
Eisgegte.

Fotasaium bydroxide aolution. 50 g. of KON pellete

in SO ml. of dietilled water
Piethyl ether (peroxide free).

Ethenol. 9”
Anhydrous eodims nulpdbate. Checked act to retain any

vitasin A.

Pheaclphthslein 1 g. ia 100 al. glechol 93§,
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- Chisroform. MNoiature free.

Aatimoty trichloride reagent. 25 g. im 100 m1, of

soiature free chloroform.

Vitamin A reference solution.

Hethod
e —— e

1C g. of eaoch gample was extraoted in a ooniinascnas
soxhlet apparatus with ether for & hours. The asclvent vwas
eVaporated. 30 ml. of ethanmol and 3 al. of KOH, were then
added to the flask ocontainping oil. It was then connected with
a reflux oondenser and heated until esaponification was
complete (about 25 mimutea). The flaak waa cooled, the contenta
diluted with adoat 100 al. af water and tranaferred to a aseparas-
ting fupnsel. The saporification flaax waa washed with another %0
al. of ether eand xisilarly tracsferred to the asparating fusnsl.

The total contents sere sbhaken carefully to avoid the formation
of emulesions axd allowed to asperate into leyera. The

aqueoss layer was drawn off iato emother esparating (uanel,
whilat another 50 ml. of ether whioh hed deen uaed to sash the
sapcaifiocatios flask the aecond tise, was elso used to extreot
the aquecus leyer. 7The operatioa vaa repeated twioe, defore

the ether oxtraote vere hulked ia the first separating fumnel and

agsia washed hy ponrisg throagh 50 al. of seter without ahakinag.
The aquecua layer wea dravp off aad diedarded. The ether

extraot vas sgunin washed with 50 al. of 0.5 ¥ JaOM eolutien,
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*-k'ing co"ntl':,"thon allowed to aeparate and the aquecua
leyer drawn off and diecarded.

The ether extraot wes then Waabed with wnter repeatedly
uatil tbe mqueous layer drawn off was alkali_fras on teating
with Phanolphthalein. 7The extraot was filtered through
anhydrous “2506 placed on filter paper in a funvel into a
250 s1. flesx. Ths aeparatiug fusnel wes rinssd teioe with
tyo - 25 ml. portions of ether ard pourad imtec 250 al. flask
Boae glsas beada esere added to the ethereal aclution and
evaporated to Gryaess ob a water bati. The reaidue waa teken
BPp with 10 =ml. ohloroform. The fcllowing table wae followed
in developiag the colounr with antimocay trioholoride resafent:-

Teat tube Teat tude Tent tube

1 e b
Pure chlorofora 2 ml, 1 8l% 1 al.
Autimony tricholoride
reagent 9 81, 9 ml, 9 ml,
Unknown cesple extract - TEm )i =
Standerd vitamia A
anolution = - 1 ml.

Other teat tubea were made to hold C.9 al. 2ad 1.9 nl.

atandard vitasis A solatien reepeatively with 9 ml, antimony tri-

chloride reagent and oorreapoadiag volumea of pare ohlorofora

to maks to 11 al. eacb. Yhe opticel density of the mixed

h .o}gtiols 12 each teat tabe wes quickly read at 620 " in ae
-

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



(k)

8P 600 speotrophotometer amd the values of the nzksown

samples deduced fros a graph plotted on the reaulta of the
etandard eolutiocas of vitamin A.

Carotene was eotimated separately acd the valuee obtaimed
were oxpressed in termo of international unito of vitazia A.
Ennyaatio digeation and release of B vitaming! 10 g. of each

samPle wao diluted with 60 ml. of 0.2 F. fodix» acetata buffer
having a pH 4.5 - A.7. Then 10 al. of a frechly prepared
oBuYyRo suapeasion containiag 200 q’. of papain amd 200 mg. of
tnkndlgtano were added. The ensyBe cuapeasmion wam prepared
by mixing 200 mg. of papain with 10 dropo of glyoerise, then
adding 200 ag. of takedisoinze, and making to 10 al. with
sater, Yhe ®nsymes eere¢ nixed with the camplea, a fee dropa
of toluene added to cesch, ocovored loocaely, amd incndbated for
24 houre at 37 ®C. At the end of this period, the sasplea were
ontoolaved {or 10 misoutes at 10 lbe pressure. They eere

then shakes and filtered through Buchner fusnel ocontalaing
Whatsoa %o.1 paper into volusmotrie flaske (100 al. ompaoity).
The reaidues wore wasbed vith more water sad the weshiase
colleeted with the filtrate in the volusetrio flasks whioh
were then made up to voimme. The extraoto wore tranaforred
into asbder bottles, & fow drops of toluene edded and the

miztures etored im & reftigerator umtil ganted for wsas.

VYitanin B,
Vitanin By was eatizated by the method of Cenner and
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gtraud (19%1). It iavolved the oridstion of thiamine

4_1"'7 aild oxidation with alkaline ferricYyYeaide to thioohroae
wdioh fluorescen 4 ultrsviclaet light, ander etandard
condgtions wlen other fluoresocing estbatancee are abaent
The fluorescence is proportional to the thioohrome preseat
eand henoes to tha thiamsine in the origingl molution.

The standard thianine eamples spd teot aolutions

are estizmated simultancously.
Reagenta.
S8odiam bydroxide. 195 acluviioa ia water
8odium scetate buffer. 2.5 M. 209 g. of anhydrous

l.czx,oz vere disoclived ih water and made up to
1 1itre.

Alkalise potansium ferrioyanide molution -~ 3 ml. of

1%. n,ro(cl)s were diluted to 100 ml. with cool 15%

KnCH solution and kept im a brown bottle.

Gizaderd thismiae solution - 100 mg. of dry thiemine

hAydroohloride vere édissolved in 29% ethauaol aad
diluted to one litre with the aame reagent. 9% ml. of
thia solutiou eere thea dilwted to 100 ml. with water.
The fima)l donceatretion was 0.2 P £ of thiamiae/ml.
forkiag Quinise eulphate solwtion - 100 ag. of

inine Sulphate SOFe disgolved 4in 0.1 X X, 00, and
dilaste 50latios were further dilwyted to 1 litre with

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



-7 -

0.1 a. H 80, to give concentration of 0.3 mg/litre.
Nethod.
 ———

5 al. of the ensyae digceted sanple were pipetted into

each of twa reaction vessels the firet was eddod 3 ml, of

ilki1ino ferricyanide, 15 ml. of isobutyl alcohol. %o "eeeel

Ro. 2 was added 3 Bl. of 155 NaOH amolution followed dy 15 ml,

of iaocdutyl eloohol. It was also edbaken vigorously for

90 seaconde. &Eimilar veasels were prepsred uciag 5 ml. each

of the standard Thiamine aolution. The¢ reaction vessels

sere all centrifoged for 3 aminutea toc separate theam iato two

layera. The aguecas layera (lower) were run out using

separatory funnels. Adout 2 g, of anhydroas 80280“ vere

added to sach of the aloochol amolutiona before shekiag for
30 asconds. They were allosmed to etand until clear. At

least 10 sl. 0f the clear, colourless isobutyl aloobhol
solutions frcm eech veessl ware decasted into aatched cuvettes.
Tho flunreacaace 0f the isobityl alcohol molutiocae wees
deternined in teres of galvansieter defleotioss, operating

the Colaman phetofluworisetar socoofding te the manufacturer'e
iirections, The photoflucrimeter wes cheeked at atart, in
between readinges and at the ead with the workiag quisiae

aolstion.
foiasine coatent of the easple in ,.3. per €.

- 8.3 1 100
-8 9 Wt. eof esanmple
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There U e deflections of RAEDROND-

UB = defleotiona of unknosa bleak.

§ = deflectiona of atandard.

80 = deflections of atandard hlsak.

(1) Vitasin B,

The microbdiological method deacribed by 8n¢ll and
8troag (1939) wae used.

laotobacillus caneld a dacterium koova to require

riboflavin for ita growth was uced for the wszsay.

Lactobaocillun casel, a homoferteatative bacterium, will

produce lactic moid when 4t ferments a carbohydrate
substrate. This growth and ecid production of certain
lactodbaoilli are, within definite limite, proportiocanal
to the amount of riboflavin availadble to the culture.

A ribsflavin.fros beeal medium ses prepared ehich
ves camplete with respsot to othar reguired autrients,
s0 that the becoterial reapcnae sas limited oaly by
ridoflavia, This sedimm wea df{stributed asong a eeries
of teat tudbes| graded ssounts of sasple extraot or
standard riboflavia aoclution were added and the tudes
sore sterilissd. They were thea imoculated with the
teat organism nnd imcubtated. A standard ourve was
prepared by plottiax the voluze of 0.1 K. HaoH used
agsinst the asount of rivoflavis preseat. The riboflavia

content of the teat molutios sas thea calculated by

AFRICA DIGITAL HEALTH REPOSITORY PROJECT

{aterpolation.




LN

ot

Kethnd

made %0 S al. with dietilled water,

stendard vitanima in place eof the gasple extract.

Salt .illtiﬁl A Iam~-| 5 Bey lli!'ﬂ“ J Bey water
So ml,

8'1‘ .Ollltion no mo~. 7‘20' 10 ‘q. n.cl. o" ‘ll

r“0~u 7320‘ 0.5 §.., "l30~q ~n2°| 0.337 g.,
water 250 ml.

A camplete mediam for lactobacillyus SrE3l ves
prepared as follows i- GCevein hydrolysate 10 E.,

sodium sostste 12 g., Glucomses 20 g., Asparagine

500 mg., Tryptophan: 200 xg,, Cyetino 200 mg.,

Salt aolutioa A 10 al., Salt solution B 10 ml.,
Ianthine 10 mg., Uracil 10 mg., Thiumiane hydrochloride
200 Yo 2L Rotia 10 /ng.. Folio acid 20 Vo L1
Eideflevia 200 /ny.. Calcius peatothenate AOC /n(..
Klcotialo acid &0 /ug.. Pyridoxine hydrochlaride

8co /8<s diatilled water 1000 ml. and pE adjuated
to 6080

Taley 3 ml., snd 9 m). of each eample extract ware

tranmferred into J test twdes respectively. Eash tudbe waa

9 ml. of the aamplete

mediwm prepared sbove were added te each tube to make a total

volume of 10 ml. BSimilar jrepareticns were made usiag

The atesdaxd
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v
e0lVtioRa oovered ¢ resge from 0,05 /ll. to 0.5 /Hl- The

tubes were plugged with oottoes mnd eterilieed at 10 lbe/pai

pressurs for 15 minutes. After cooling, the tubas were

inoouleted with a guspenzion of L. oasel asd inoubated. The

amount of groeth was determined by titretionm of the aoid

produced uaiag 0.9 K. BaOH with bramothynol blue es the

Sndicator. Vaoluea odtailped fros the dilutioces of the xitamin

etasderd were used to coastrnot a etesdard ourve fros whiobh
the vitamin ocontent of any dilutica of the sanple wan
onloulated. 0Oaly valuas fellisg withip the liaecar portion
of Curves were eoccepted froz asshy volaee of the sumplea.

Vitamin C.

The sethod described by Earris and Oliver (1942) was ased.

The abdility of sscorbis aoid to reduce 2 1 6 dichlorophencl

fndophescl dye was =2aed ss a evasure of assoordio aoid conoeotra-

tioce ia the asmyle sxtreota. The amoust of etaesdard assoordio

ecid regumired to redunoe a definite volume of dye eclutioco vas
firet dotermined. Thasa, froa the volwmme of the unkaown
solution required to reduce the same volume of dye, the
percaetege of ascorbie acid uas ealcalsted in the uskmows.
Beegeots.

5etephoapherie eoid, §3.

Retephoephorie acid, M.

Stenderd escerbie seid 100 mg, of eeserdie eeid

(0.5.5. referense atasdard) vere diesolved ig

”O Bl. QI&ICM@W%REPOSWORY PROJECT



- 79 -
» 6-D1°h1°’°’h'”°1 indophescl. S50 mg. of the dye
were dissolved in spproximetsly 150 ml. of hot

water oontaiaiag 42 ag. FaHCO3, oe0led end diluted

vith nater to 200 al.

Etanderdisation of dye solntion. , s 51, sliquot

of the atasderd eecordio acid solution (Costsining
1 ag, asocorbio acid) wes diluted with 5 =l. of %
Ketaphoaphoric acid. Thia was titrated with the
dys solution to a pink ocolcur vwhioh persieted for
ahout 15 eeconda ainmoe thix volume of dye represented
9 ng. of sacorbic soid, the amoorbic ecid equivelent
{?) of Y ml. of dys eclution 1is equsl to 1 divided
by the volume in »l. of the dye eoclution used in the
titration.
Kethod
40 g. of 220k of the powdered ssmples were blended with an
oqual weizZkt of 8% ascetic e0id and aixed to give ¢ haosogareoua
alurry. &0 g. of this alnrry were waighad iato s beaker asd
trecsferred to s 200 ml. flask end mede ep to the volume with

water. The solation was mixed thoroughly end oentrifuged.

The ouperastaat wse decasted asd filtered througd “hetass
ge. 1 filter Paper. 25 ml. 8119wt of the filtrate was pipetted

{iato am ERlevseYyer flask sad titrated {xnediately with tho

d
atandardised aolutios of Zi 6_41iohlorophenol impphencl to

s feint pink ead point wkich porciltod for 19 secoads.
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Caleulation

i=
'—l! X 30 = ag, Smoordic aoid per 100 g. sample.
I |

V = ml. dye sasd for titrution of aliquat of diluted
Saapla.
T » Assorbio aeid equivalent of dye solution
oxpreossed se ug./sl. of d4ye.
¥ e g. of eample in aliquet titratsd,
(s) Total Serum proteinma,
Kluret method as reported dy kiang (1960) waa followed.
Basgenta-
Selutiod A. A5 g. of s0diun potaseinm tartrate
(Boabelle sali) were dissolved in 800 ml. of 0.2 K.
ol i8 ¢ baaker, 15 g. of copper sulphate ses
them 24iod and dissolvod ecomplotely. To this
S g« of potesaiun iodide wees added and mixture
ade up to 1 1litre with 0.2 %. NeolN,
dalutica B, 0.95 peteseium i0dide was made in
0.2 §. Maok,
sorking ¥iuret reagest, 90 ml. of solutioca i were
dilmted to 250 al. with selution 1.

Calibratios ourve.

Yorsetel A wua veed oo otamtard pretein aad caloulated

quantities of preteim coluwtiom (1 g. to 10 ./900 @),) were
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tak
°n in test tubes, The volume wasm made up to 3 ml. in

eaed acane,
Then 3 ml. of marking biuret reugent mas added

to ¢taoh tubde. All the tubes were Placed in g waterbath

r at 37 °c for 10 minutee. The optical deasity was read in

‘ a 8P 600 speotrophotometer at 54D su, setting the isairumest

: to serc with a distilled weter and resgent hlank, <he
optical density was then plotted sgasnat the krown pretein
conceatration sad the etandard line obtained.
¥ethod.

C.1 8l. of serum from teat gsampics wes taken ia test

tubee the volume was mede up to J al, with diatilled water
18 each case, 3 ml. of vorkiag biuret reagent were added and
the optical deasity determined in sane sanner as for the
atandarda. The proteln concentrations were read froa the

calibratieca curve.

(e) Paper eleotrephoresia

he netdod as deaoribed by Saith ia bis boek °Chroaato-
grasfhic and Kectrephoretic Techaigues,” VYelume II (1960)
vas sdopted for the eeparatioa of varioms proteiae ia tie
earfum of anisals fed oa experimeatal diota.

Is » vortiocel taak (ma supplied by N/8 Ltd. Sbaadoa
Ltd. Lesdoa) the separatiocas were oarried eut ueing the
barbitose buffer pi B.6. A carrest of 100 velte was paased fer
46 bours. 308 preteins exist am amieas asd ase sigrate te

B inode HEowever, due to the eleotre-endesmotio flew the
() .
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8lobulin remaiged ttatioNary at the origin.

. nE atrips nere dried immediately after ths running

period amd thepn otained pith amido black 10B dyse.

The vertical electroshorosia tank epecificationse ac
supplied by N/E Shaadon

(2) €tabilieed D.C. power pupply. "Volkam" power pack

{3) Buffer pE. 8.6 bartitoae duffer wam prerired by
dinsolviag 10.3 €. of eodium barbitone ia about 900 sl.
of water, 1.83 g. of dardituric acid was thea diassolved
by alowly abaking. Tho voluxe was z=udo up to 1 litre.
{4) Uhatman Zo. 1 paper atrlip of 3 mx. midth.

(S) Dys colntioa 1% solution of smido black 10B 43 50 el.
pethancol anéd 50 xl, water.

(6) wmading solutioz: 75 sl. acetic acid and SO ml. methyl

aloodol mudo up to 250 el.

¥ethod.
Tha Luffer solutioo of pi 8.6 is sdded fin the outer teo

cocpartuents cn sach side of the tank so as to dip the
electrodes completely. The paper wicka connecting the two

sd jaoent com;srtacats sefve to sniatais a uaifors level of

Suffer in 21l the ocmpertsests. Whatman Ko. 1 paPer stripe

S ma. vide snd %5 ms. lomg sre folded 1a the widdle sad huag

rﬂu ayloa taresd. Toe lover ends of the paper atripe
° i

dipping 4p the buffer aolatioa. The atripe eere

.“ to euék 1.“%%&;&;31;?%?%‘%&;‘11 they wmere coupletely
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Soaked (for about

.ppli.d (O 007 .10

45 minutes)., The saaplee were thea

bY means of a micro pipettd aesr the nyjea

thread
ia a uniform Streak, The 154 of the tank wse replaced

and the eleotrio teruiuals coaneoted to the power supply.
The ourrent of 100 volta was pamsed for s period of 18 hours.
At the ead of this period the curreat was astopped asd the
paper atrips removed fently by Meas of a glmas rod. They
wore thea A4ried aand stalsed, jftaiaing was deas by dippiag
the paper atrips ia the soluntics of dye for 30 simutee. The
exceas dye was thaa poured off aand paper stripe, washed ia
aethansl for 15 =iautea. The vasikiag of exceee dye was thea
done with 75 ml., aeetio moid iz 250 ml. of water., wntil s
¢lear back ground was obtalned. The strips were then dried
aad ascaaaed ia a sceawoy,

(P) Sterch gel electrophoresis.

The methkod sf Saithiee (1955) was used for the eeparstica
of aered jprotoiss. Eydrolyaed starch made iato the gel by
heatisg 72 g. with 600 @X. borioc soid-sadian hydroxide
arintioa vss allowed ts eet fer aix houra, The samples were
opplied ia isocisisan aercas the depth of the gel block aand
the blesk was fixed 18 o vertiosl pasition., Curreat was
passed through st 25 ». A for 18 howra, A% the ead of this

peried the gel blocks were removed and sliced across the

thickness They were thea atafned aniag anide dlack dye.

The exsess dye oae dzalned aff ia succeseive waahiags with
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ROthaRol goetia g0id and

Apparatus and ros jenta.

Treyes 25 x 11 ca. ond 0.% ca. deep with thick ends,

gel plateam photographed proteins,

sade of rlactic

Buffer cortained, 6" x 62 gnd 4" deeop with a partition

2" higd nsnd an electric termiaaml
Pewer ampply

Staining trgye

2ydrolyaed ataroh

Boric acid - modium hydroxide e¢li- Thie was prepared

dy dissolving 8.39 £. of borio acid and 2 g. of uvedium

hydroxide ia 5 litre of Adigtilled water

Buffer pB horic scid 92.76 g. ond podiua Lydroxide 12 g,

wore @iasolved in 1000 ml. of weter,
Preparation of geli~ 72 g. of hydrolysed starch were
dissolved $in 600 ml. of borio aeid - eodiua hydroxide eolutiom
and gedtly ssrmed. The materisnl wae poured into 25 x 11 x 0.5
cE., tre)as ¢covered with e rlaatio eheet, avoiding air Mubdles,
This msterial was elloned to set for 6 hours. 4t the end of
this poricd the cover sheet is removed and ot a dietance of
3.0 ca. from the end three usiform 1iadisioas were made ia the
gol ot o‘unl diatances. 0:.07 ml. of the serus emmple ecae
epplied and the gel ess agaia ocovered with a piece of clean
Jolythene eheet ebsre apan the treya eere placed im slantiag
positions in the buffer containers. The buffer from the outer
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. |
at ©f the contsiners wa® Gonascted with inmner by

ams of filter pager wishka., The terminsla were ¢oasected

'2'- pack and curreat passed through fer 18 houre.
~ AY the emd of this tine the Eel was theno geatly resovod
from the tray amd aliced. The wpper elice was stained ia
 the staiming trags sith amido black 10 1. dye 1% seiutien.
" ¥he extess dye was them washed and the dack grozcd sade as
clear as poseitle LWy weshing with succemsive dilutions.
The wxsked gsl plates were dried wi‘h filter psper and

M.‘r‘”.‘ .
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{q}) Animel feeding experimenta.

Albino rats froa our own colony sere ueed for the

veight gein studies, determinntion of digestibiltty of

protein and bdlologicel velue of proteims of raw and

cooked diets.

Eslection of animalat- Ten feunsla rets knowa to

produce more then vight offapricga et s time vere
seleoted end mated, When the littere canc out aesven
groupo out of these which had more then eigdt litter-
mates weras retained end others discaried. The young
rate were ellowved to remein with their respeotive mothers
for e period of 21 days and were fed on & stook diet.
After this poriod they wore nwsbered, weaned, and put
into individaal cai;es.
Housiag of retg:-~ 4ail wire netting cegea of 8% x 8% x 10
were epocially designed to bouoce individuel reta. Eaoch
CxZa wp3 olosped on en angle Lfron and a perepex sheet
bent upwards st teo o)pyosite sidea for the eaany flow of
nrine, was irtroduced under eaoch coge, The top of the
porspee FLeet wes covered with a uire weed so aa to hold
dbsck the feeces. (Flate 3.)

Zach cage wes f{itted uith 3 wire loops sme for
holdin, the foed busker ins!de the cage, ene for holding

the urico colleotiag beaker infroat of the eage, and eae
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PLATE &

FLATE } A single wire net cage 8"x8"x10" for an
{indtvidual rst, with mcrrangementa for
faecea and urine collection.

PLAYE & A battery showing rats ia their
individual cages during exyeriment.
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for holdinZ the swater bottle at the back of the cefe. The

Osgea were arranged in the form of o bettery in groupa of

8 oasea 1n each line (plate &).

Yenegement and feediagi. Every eight litter sates in each

r‘ group were put on the aame diet, bhalf of them oa the rev
mixed end the other half on the cooked diet. They were fed
ed 1ib, the smzount of diet which each rat would ccusame in 24
bours saa aeapproximetely esoertained during the Jirat 3 days of
non-experisental period. EKEvery day e know: weighed amount of
diet conteining more than +hat the ret had eaten during the
previcus day, was given to eechb ret at 9 o'clook im the
morming. Any remains of the food left over were removed
fros the food bdeeker before providing freab food and weighed
sext morming.

Ju this sspner it wae poeocible to provide ed 1ib feeding
end the smount of fooispilled fros the beaker wea very los.

LY
Colleotios of Urine and faeeceai~ 5 gl, of diluted 8280~

(20.90) wers sdded to eack urine ocolleotion beaker every
sorning and the amomat of urine for &% hours wes ocollested.
Ths perayex aheet wea saabed with diestilled water into the
beaker before the urine wea oolleoted. This prosedure
prevested sny losses due to eveporation of urine. Taeoss

sere collected daily at the sase time ss the urine fros the
uire gauze on top of the perapex shset. They eare tramsferred

into weighed petri disdea and iamediately dried iea a hot
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air even ot m.ﬂgi for § haxre and sesled cad voighed.
T2 ¢ally celloqtions of arise and fesces otpe Pesled
fadr every wash, gid asalyeed for tetal alicagua,

Srevih. @restl) 1a ratls vae scannred by datervialag bedy

veight oa avery alteriate Qay,
e exparissat vas esetinsed f{or 3 ssekas and at the

o2l of (his paried (he rete vwere killed b o sinlls etmiie
end their bSleosd vas pseled ia cach gremp seParctely. Fraa

these Puds e serum vas ahtained,

T™e experineat vees repected u4isg o fresh bateh of

frala,
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SAAPTER &
Eljarjeeste saq pesuity
e Buiriest veluss of vnrieqs (gedotussa
Pregetare.

e fosdstalfy cnlleeted ne Coserilied oa page 5]

sore CulEN]y Srenght i the lalerutery end anslyves osi-ted
oot @8 them fer 873 nstter, Preteins, Jlder eztrue?,
Carbelpdrates, Wiaesrals (Caleiwm, FhoqphorTus aad 3sea) ead

Yitamine (4, Byr B, end ().

2
A)) experivesis were esrried eut in duplieute aa e
odible portica osly, ezuapt ia the a2 of fisd ehere e
bunes ware ingladed:. The netaods Jelleved for %he asalyuece
sre Sescrided on pages 05 w70
Besuits.
The resszlits of the edenical smslyses of various foodas,
wsad 15 the pregesatiss of dieta are pyreinentied in Tudle W
and 1%. 1a Table W, the sumponiiisa of the major muntriemts
L8 Ve fooe asierials 1a gilrea. I\ can Vo somn [rea thase
sesnlts thul ogl (est Buise etaFed), yus sod Jam Ny,
plactoins and gari (grete€ sussave [lewr) ave rish 10
sxrishydrstess while Duiss, ojmid (sediia sneda), snalle,
pesls (stpek flalh) weef, 77 SLA, ojgs asd shirtaps ssre U
pretein-rieh astariale. Vagetahles smik oo eofe, shre, Vamal,

sadons ote. 48 Bet ceslels owsh of Uis e juir sutiriante Bt

ore rothowr o smtide of vibpekbs .
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The cocmPoaition of minerals and vitaming in these

foodetuffas has bBeen pressnted in Tadble 11. It can be seen

that three of the staple fooda i.e. Jem, eludo (yam flour)
and plenteis have low levela of celcium and witemins: A
low level of vitamin A is glaso evideat in ogl, deans, garg,

and gtockfish while pulm 0il conteins s Digh ocomcentrstion

of beta osroteans.
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TABLE

10

The Coamposition of the Major gutrients in the Food Meterials

B .1-;;;2500 3

e — ——

Snallas
Elubo
Eguali

Panla
.Pllntoin
Beef

hﬂ‘ri

- O NOAWA SN

- b

Dry fish
Qkro
Egg®
Shrispa
Onion
Pepper
Touato
Pala o0il
Butter

a R ° of edible portios
Other names/Botasicsl Moisture | Total Ether- Carbohydrates
Proteim | extract
| wxxb.25
— — -1 _— —-!I—-' o E—

tet maise étarch: (Zea maYs,) 49.5 bl . A3.0
Cowpeas; (Yigua upguiculata) 1.7 3.1 Se gg-’
(bioecores rotundata) 9.0 1.7 = &
Teto} (crotalaris app.) | 90.9 3.7 0.3 3.6
(Yivapara quadrate) 76.0 14.0 2.0 3.9
Yam flour; (Dioscorea aprp.) 13.0 &.0 2.0 78.6
Relozs meeds; (Citrullus

valguris) 8.0 6.3 21.2 81.35
Stockfish; 35.7 56.0 2.3 Tr.
(®usa paradisicce) 61.5 0.9 35+.9
Beef lean 75.5 22.9 2.4 Tr.
Cassavs flour; (Menibot

eaculenta) 13.6 1.5 0.4 r 82.2
Ssoked {iea; 52.0 §2.0 2.0
(Bibircna ssculentuas) 82.8 2.4 0.3 15.2
Hen =ggeo 76.1 10.9 1.4 1.0
Palafuonetea varians 69.0 22.0 | 2.5 -
(AA3.fum cepa) 91.8 1.3 - 6.2
(Piper nigrwe) 1 7. 13.0 2.7 70.0
{igcopersicum esculentum) 92.0 3.0 tr. 4.0
(Elaeia guiaceniia) Tr. = 100.0 -
6.5 | 0.5 8.5 or.
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TABLE 11
The Couzgaiuon of Hinerals and Vitssins in the Food Nateriala

—= -

-

_y Syweny W =£./100 g,  of __ the fool I '1'-:-11!
8o | Cammonl y I Other names/Botanical | mattar Calcium| Phoe- Iron | Thlanine| Ribo- Ascortic | 1.8./100
¢ uaged phores i flavis g
RL B2 ;
& | i B r: —.|| F S
1| ol Ret moize atarch
(Zea mays.) 1.2 ko 116 7.0 | 0.03 0.03 - -
2| Baan Covpean; (Vigna
unguiculata) 3.7 86 315 4.0 ¢.70 0.20 - ™.
3| Yam (Dicacorea rotandsta) | 0.7 15 60 fr. 0.10 c.03 10 -
4| rto Tete; (Crotolaria spp)] 1.5 180 || 28 .0 | 0.10 0.5 100 | 2%00
5 | (vivapera quadrata) . 1200 | 188 8.0 | ™. 0.05 - Tr.
& Yam flour; | I |
(Dioscorea app.) 2.4 30 132 5.0 - - 20 -
Y4 Melon meeds;
(Citrullus valgaris) | 4.5 S0 60 8.0 | 0.01 0.15 10 .
8 Stockfimh; 6.2 300 160 .0 | 0.15 0.18 - -
9 (”u. Mdi.1.3.) Cal Tr. 30 0.5 0.02 0005 1% -
10 B‘Qf 1.“ 11 10 2” 3.0 0.08 0015 bo b.
1 Cassava flour;
anihot (emculents) 2.3 130 S0 .| 0.05 0.07 8 N
12 | Pry fiah | 8scked fish; 3.2 2000 160 2.0] 0.10 0.20 - "
3] (Eibiscus esculentuvs) | 1.3 80 68 r.| 0.10 0.10 2% 200
1 | Eggn Hen egge 1.0 sh 210 3.0] 0.12 0.35 Tr. 1000
sbhrispa | Palacmonete= varisna | 6.3 | 120 80 0.8 er. 0.05 - 1200
(allium ceps) 0.7 0 | X *r. | 0.05 0.10
(piper nigTva) 7.0 150 260 8.0] 0.A8 0.69
(Lycopsraicum escala-
tum) 1.0 15 21 Tr. | 0.08 -
Ty. - - - . &
Tr. AFRIC DIGITAL1—|2’-\LTH RE snm@omi 0.2 | g i
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L1
= Ihe affegt of cookiag on the Chemical Compoeition of diete.

Frooedure.

Repressntative eanples of all the six diete botbh in raw
mixed and coocked forms eere adzlyaed for the followsiagi-

(a) Dry satter, tetal protein, ether exkraot,

Carbohydretes gnd total sineral smatter

(b) Nigeralsi- caloium, phoephorus aad iron

(¢) vitasine:- a, Byy B,, and C.

The esnalytical methode folloeed arc desoribed oa pages
50 to 52 and 63 to 79. The metbode of ypreparatioa and mixiag
of the diete are described on pages 38 to 49,
Reanlts.

The results for (4) (b) and (o) are preseated in Tables
12, 13 an@ 14, respeotively. From the Tables 12 and 13 1t
i1l be seen that there sere only negligible lossss during
cookieg ia the canea of total protein, ether extraet,
oarbobydratcs and minerala. On the other hand, a elighbt
increans duriag cookiag (0.8%) of total proteias 18 aoticeabdle
1o dict Bo. 1 and diet Ko. 6. This is explained by the fact
that both these diels ococatain lergo mmocant of bdesas (see pages
&2 apnd 49). Duriag the preparations for cookimg, the bheans

are goaked and their testas ere rubbed off. It 1g knowa that

the tegta contains very little proteia gbout JB sa cospered to

rest of the Lesn seeds vhioh costais aduwt 25: proteis.
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Vitasine loasen,

The reaunlts of the vitamin estimatione are preaentsd
in Teble 14. It can be aeenm thyt abont 254 to 50% of vitamip
A i loat duriag the proocesa of cacking; but since pals oil
ia the @asia gource of fat in all the diets, whioh is vez7 rioh
in cerotenes thia loas ia of 1ittle nutritionsl aignoifiocance.

Tha loaa of the B vitamina Thisaine snd Riboflicvin veries
conaidersbly from diet to diet. It wes noticsd thet it varied
olossly with the method of preparation of focd. Thara were
for imatanca no lossas in the case of dilet Ko. 6 whara the
cooking waa aoccospliashed in ateam undor presaure, vhile losses
were Severe when prolonged hesting, in open pam along with
epicfea whick can produce ecid or slkaline oonditions, was
involved.

ihe loss of vitanin C was high in all the diets. It
vaTied from total destruotion to 50%, ageain it was notioced
that diet Po. 6 (steam ocooked) retained sbout 39X vitamin,

vhile the lcsaes sere mnoh heavier in the other oamses.
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TABLE 12

The Gul!&litinl of raw mixod and cooked diets

%

Ko. Diet Dry  fotal Ether- Cardohydrates

Natter Protein extraot
%

1 Exo and Akara

Raw 39.6 18.% 20.1 57.1
Cooked 26.} 19.2 19.8 $6.9
2 Pounded yam, e¢fo
and snsils
Ssw 8.0 7.5 10.7 78.1
Cooked 34.0 7.0 0.4 79.1
2 Klubo, sgusi soup
acd panla
Raw 53.2 2.2 9.7 76.%
Cooked 27 .0 905 906 76.5
& rried plantais and
beef estew
Raw 358.0 7.8 24.9 61.9
Cooked 57.5 7.8 23.7 63.1
% Gari-Okro end
dry-£f4iah
Raw ”.) 60~ 1609 7206
Cooked 27.0 6.4 16.8 72.7
6 Xoinmgin
B" ”.3 18.2 2‘.6 ’3.0
Cooked ”.0 1906 2507 ”-6
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TABLE 13

:hn.l1nnxn1_An-ggn1Linn_ox_:.a_aiznd_and_nsnknﬂ_£$2£!

|
___SPtr 100 ‘;1 of the diet)
et Kioeral Caloium | Phosphorus Tron
matter
(g.) (mg.) {ng.) (mg.)
Exo and akara
Sav §.2 87 289 6.1
Cooked §.1 75 278 611
Pounded yam, efo !
and mnsils \
Raw 3.7 405 162 10.6
Coocked i) o7 150 10.0
Elubho, eguei soup :
and panla
Raw b.b 212 163 1.7
Cocked h.% 215 197 1.2
Fried plantain and
beef atew
Raw 5.4 16 123 1.7
Cooked S.b { 118 1.7
Jari, okro amé 4ry
fiakh
Ra\. ~01 ”“ 72 6.“
Cosked (Y8 | 318 70 6.)
o ”“;.. 4,1 78 239 J.3
Cooked .1 75 23?7 3.3
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TABLE 114

Vitaming 4in the rav mixed and cooked diets.

_M_
Yitamin C
ng.
Raw o 0,19 b .04
Coaked 2460 0.23 0.09 T,
Founded yam, ofo
and saails |
Rav 400S 0.253 0.1% 0.14
Coaked | 2700 .05 0.08 Tr.
Klubo, egusi gonp
and panla
Raw 21” 0018 | 0.13 2.0
Cooked 1578 0.0%4 0.09 0.0
Pried plantsin
beef atoew
co&.d 1872 Tr. 0 .08 | ~ 0
Gari, okro nand |
ery fish
Paw %006 0.07 0.10 23.0
Coaked 3618 ™. 0.06 8.0
Moinxoin !
Ras 7511 0.52 0.22 | a7.0
Cooked | 5821 0.50 0.22 28.0

AFRICA DIGITAL HEALTH REPOSITORY PROJECT




Q”-

e .Sngngzggt4" getimation of Amino scids in the rae !ﬂg

gooked dista.

Procedure,

One gEras repreaentative eaaples of the dieta (the methoda
ef preparation are gived 1n pege 38} eere hydrolyaed snd
treated as desoribed on page 59 ,

The various esino ecida preaent in the hydrolyaatea were
deterained as desorided on page 64 for the neutral and moidio
aniso acida, 150 cm. long colnan was used, while the baaio
anino acids were eatimated in ¢ 12 ca. columan. The experimenta
ware carried out ia dyplicate.

Reasults,

The resulta of the zamples of rew and coocked diete ore
r sd {n Tadle 15. Thnsoe veluee are the average of
CL,P.4ato determinations ehioh egTeed cloeely and are calculated
Y /100 g. of food (dry wt. basis). The resultse for
eseventeen &vizc acide are reported. gince the determinstions
mere ocarried out ia ecid hydrolysatea tryptophan se®
cogplotaoly lost, The® psrtial deetrmotioa of threonine and
corine during soid hydrolyasia of proteia haa also been redorted
by aome morkers (Prutoa, 1963) Coeversios of glutamige to
glstamio acid and oyatein to oyatine also took place durieg
hydrolysia and henoce theJ appear osly as glutamio aoid gnd
cyatiso. #&isilarly, Bo distinotios was possible petmeen

esparagin amd aspsrtio amoid,
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Leaaes.

Whah aaipo acids is the rav mixed ond soched diets are

soapared, the reaults shoe oaly mild lceecee in the socaked
diets im Bost ¢ceses. Om the other hand small tmoreecsee

r Rave Doen 20tieed eepecially im diet Bo. 1 and §. Thie ia
éune to ¢ alightly higher percentage (aboat %) of B 1a ihe
cosked forea. The remsos for inerecees ia thias psrcentage of
E hes alreedy deea given under the asotien on arnlysia of
dieta page 4 . ¥Xamy other fostora aeor sc %ke method of
preparatica, prusesce of metellio iozs oad the reacties of
tle esakiag nedisn are alao highly ecuplex feetore whiasd »
tas bave on effeet o2 the amiad noid pattermns sad vwhich aced
e nere detalled atudy. PZaeevar, from edlat has deem reported it
soame 1ik;ly that the sscuat eof total ehange brexght aboug
b seckiag is hardly ef eay matritienmal iupertanee; eusopt fer

1yeine 4o7e the 1o00s are oo high as 05 1in weet of the diete.
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Csatrol

aspartic aecid

V70
e snins seid 7%0 |72 >ab
Saerisa acid 936 967 1500
Slutamic asid 2152 , | 1220
Preline ecid e 7 265%
E@l3cine ecid 3720 575 a9
| e e 1030 129 758
Cystine scid 224 200 120
R asid 1000 131 1670
Bethionine acid 2% 200 [
loe-lausine asid 851 756 1480
Lewtine asik
Tyroeian sald

Neayicdsaine acid
Lgedne scid
Ristidine aecid
Arginine
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llatenic meid
Troliae aoid
Qlyolne acid
ilanine acid
CTatine acid
Yallae goid

- Rethioning qctd
Iso-laucine auid
lencine eid
Wronlne ncid
Bunylalenive acia
Lyelne gc14
iatiding o044

rginin,

721

962
2960
795

1054
222
1036
277
aasa
1378
ShS
962
1202

1184

@d palas

Raw

and Akara |Pounded yam, cfo
and psnalls
‘ Cooked | kav l Cooked .
1304 684 629
632 21} 200
* 825 247 226
+ 3142 1015 839
795 368 329
364 366 335
975 75 at
181 134 25
1109 537 892
186 185 29
912 355 220
1384 Eh2 59
533 219 ci
* 970 252 Ca
625 463 242
548 108 99
1174 565 59

302
iy
B
1358

S5
502
bag
122
M5
\ 65
461
67
246
338

799
313

Coak®d

Ruds, guod soup

1162

5%2
286

| 112

%67
196
.68
68%
282
310
M7

260

922

%12

——

s

Rsw  fFooked
755 |82
357 188
339 302
1226 410
* w9  |3%
$C2 520
418 hoo
102 85
449 hé2
201 90
L2k L33
663 6h1
275 270
333 30h
707 2h6
281 286

582

e okTPo and
d’i‘,fi'hpoox-d
565 560
228 189
198 175
817 9lh
391 b3k
35k 0

362 400
86 8%
341 322
186 90
529 3350
aA8Yh 196
275 210
238 222

562 174
208 220
361 366
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A9

375
1425

13

¢ L ¥ % 8

A

1670

2655

7°8
120
1670

2279
1217

1315
1910

919
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4y, The—atffaat on rats of feeding raw mixed and cocked dieta.
e

procedure,

Eats bred and selectsd as deecrided on page 3] ware

housed in individual cagea. Out of the eight litter mates,

four vere given the raw mixed diet and the other four ke

aame diet in cooked form. They were eallomed a 5 &x¥a noa~

experimental period wshen they were fed ad 1id on the eXperi-

maental dieta dut no obaervationns were taken. Thias waa dona

io order to equilibriato the animels on the exfgrinontul dieta.

Tha procema waa repeated for all the mix diels anid the ocontrol

diet eimultaneously. The actusl trial laaftd {or 3 weeks.

The following obeervations usre recorded for esch rut

individually.

Obaervations.

(1) Initiel weight of the mnimel.

(11) weight gain/loas, overy alternate day.

(142) Pocd ipteke, every 24 houra,

(iv) Tseocea paseed iz 24 houra were colleoted dried,

veighed and stored.
(v) Urine psssed ib 24 houre was collected daily.

(vi) Fisel aseight of the animnls at the end of ) weueka.

(vii) The mitrogea coatesmt of the raw mixed end otaked

Siets was determined nt the heglaming and et tie

end of esch experinent.
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(vidd) The samplees ef the dry pooled faeces of every

eRikel sere analysed fer the totsl 8itrofes

ocontent wmsekly.

{ix) <The eamplea of the pooled urine (ebiloh sere

preaerved in dilute sulpburic acid) were anzlysed
for their nitrogen content esvery sesk, 1a ocase
of each maimel.
At the end of the firet meriea of experinente, the
experiments vere repeated vwith a fresh bntok of rete.

Results,
(a) weight gain studies.

The reaulta obtained are presented in Tadle 16 on
page {07 . The groeth of tha rate (mean of the & rata ia
eYery group) on the rav mixed, and cook dietn, sloag with
the oontrol, bie been plotted ageimst time, in order to
show the growth pattern, and the graphe are preaented ip
gigure 2 on pege 106.

7he weight gainn were onloulated ae per gram of food

inteke and per gres of nitrogen intake. The data thue

obteined elisinstee the variationa due to different
qQuantities of food coneumed by individual reta.
These data have heee taeted for any astatietioal

aignifieance using the stendaerd "tY teat. The resulte

obteined, alon; with the seens acd stamdard deviations
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are reported im Tables 17 to 20, These have bees
eleceified ee followi-

Tedle 17. Bhowe the comperieca of wt. gnime/g. of food
iatake bdetveen ras snéd coaked diets.

Table 18, Showa the coaperiesca of 3t. geinas/g. of food
iatake bdetweees rae, eceked and coatrol 4dicte

Tadle 19. 8Showe ths comperisca of wt. gain/z. of Bitrogee
intake betueee ras end coceked diota.

Table 20,

£hoes the comparisom of st. Feia/8. of altrogen

intake i rae end cotked diete andi @atrvl &iela

and coatrol diets imdividsally.
The reaultas ia Tadle 12 zdon that thare ie a eignificant
differenco ia wt. gala/g. of food iatako ia caee of diete
Bo. 2, A and 6, ehen ree and cocked diets are cospared|

wbile the wt. gaie/g. of food imtake %an aot aigaifioceat

iz the ceee of di¢ta No. 1, 3 and S. It ia therefore evideat

thet Lhe guality of the food ia diete Ho. 2, & and 6 has deen

conoiderebly iaflaencod dariag cookiag 4B such e mamner eo0 es to

edUee al appreciedblo effect oca the growth of rate.

Ia dieota
1 end 3, althoagh there is aot a significaat differcace of

Eroath hetween the animala {od oa ree or cocked dieta. Mt

thia dooa pot meen thst tho gamlity of the food hea aot booa

iafleasnccd. Tho difforoaces in growth rate seem to have bYooa
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mseked by the high digeatibility of the cooked fooc (Table

29). 1o diet Ko. 5 there was slmost negligible growth and

the animals juat msintained their weight. |, .... on diet

Bo. 2 they actually loat weight during the experimentsl
period.

Cospariaon with oontrol diet.
Gedn in wt./g. of food in raw and oonked dictn =hen

compered with the control diet (Table 18) were zignificantly

lower in all the dieta except for diet No. &.

Gain in ut.‘;. of aitrogen intake.

The results preaented in Table 19 ip mhick gains ia
st./g. of nitrogen intake are coupsred ino rav and ocooked dieta

alowv silmllar signifioant differences aa in the came of gains

ia wt./g. of food intake. It would appear that the

migaifioant difference in growth rate whioh arises oo aooonnt
of oookingk mey inpert be due to differesoces in the guality

of nitrogea {(proteia) in rav amd oooked dieta. One meseure
81 the difZerence in the quality of mitrogea (protein) ie

the digestibility of theso proteins ia the animsl dody.

This hss been exsaised aad the reaults are presented in Tadle

21 and 22, under coriteria for aitrogea ntilisation.
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TADLE 18

The food iutake ang
————9 8d gainlosa in weight of
alixze 4

——tC On T3 and cooked diete

Mi{trogea
%dry iatake
B30, it. of m
diet i 8.
1 tko and Aka¥ra
a.' 2.960 1»08
2 Pounded yem, efo |
ahd anpila
Baw 1.2& r 97-8
Cooked ' 1,120 '432-6
3 Eludo, efmsi and l |
Baw 1.’2° 1’6.0
Cocked 1.’20 1&.1
& Frieo plaatsin and
beelf l‘;:‘ 1,208 |176.8
C’:Q‘.‘ 1.2~8 1”:’
S Gsrli, okro and
Rprefaen 1.028 | 168.9
Coeked | 1.026 |115.2
|
|
Coaked 3.4 | 1%0.8
7 Coatrol 5+630 J0<3

_#___
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Died

ko and aXara

Ravw

Cooked
Pounded Jasl,
efo and snatle |

Raw

Cooked
Eludo, eguai
soup aad panla

Saw

Cooked
Tried plantsiz |
beef Bstew

‘T X

Cockod

Gari, okro and
dry iisb
Raw
Cooked

Noinmoinm
Baw
Cooked

Control

Mean gaiy
in wte/€°
of food

iatake of
5 rete

-0.161
~0.02%

0,098
0.116

0.137
0.012

0.029
0.030

0.19%
0.275

0.306

Standard
devigtion

0,012

0.051
0.008

0.012
0.021

0.001
0.003

0.022
0.0%

0.077
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1,294

16.1%0

|
0.555 l

I 5.835

l
__—-—1———""‘—__1—'_—_—

8lgnteicande

Fon
ajgaifiosnt

gon
eigaificant

s3ignifieaat

30N

significant

Significant




The coas

¥ean gain in| gtandard
Diet ‘;ttﬁsi of deviation| ntw Eignifiocanoce
00d intake
(mesn of
i — _5 rata) J. _
o Siguifionnt
Control 0. 306 0.077
— = —_— F
D.1 Cooked 0.157 0,012 Sixnifioant
Control 0. 3431 ignifioan -
D. 2Raw
____Control _ ﬁ Msnlfio:nt =
D.2 Coaked - Signifd ¢
Control ’ 0.306 0,097 |4 L] PR ot N
D.3 Raw 0.098 0.012
Cost i 0. 306 0.077 ‘i 4.63 s Significant
D.J Cooked 0.116 0.021 . Signi ficant
Control 0.306 0.077? H & -
D.4 Ravw 0.137 Q,09¢ 3.76 S1gnificant
Control + 0.306 0.077 . e
D.& Ceooked 0.012 0,006 6.%99 Significant
Control 1 04306 0'071 - =l
D.S Raw g.gg% g:gg; 6.2% significant
Controi p = - — —
D.5 Coaked 0-03 g'g?,; 6.20 | Siguificant
Coatrol . i : - -
0.022 a
0‘19)2 0.077 2.40 Bientficant
0.03% Ron
Coatrol °‘22 | 0.572 0: 4 | Sigslficant —
e D& = Pried plantain beef stew
D|1 » no ‘n r
B i YR S asd Saails P.5 a Gari, okre aszd dry fimh
° [ 3aGe

D.6 = Foimmola
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Exo aad akars

Ras

Coaked
Pounded yam, o¢fo
aad saails

Raw

Coaked
Rude, egusi aad
peala

Bew

Cooked
Fried piantaina snd
beaf stovw

New

cms‘
Gari. okre ond
dry fish

Cas

Cookaed
Molismola

ass

Cooked

Coatrel

rsta) J

"’c”
- 2.00

Xean guie
h "o/‘.
of aitrogen
(nean of &

1.013
0.501

0.931
0.757

0.952
1.351

0.934
0.387

0.245

| 0.323

.78
0.606
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tandard
eviatica

0.81
|

17.39

1.20

15.79

.19

2.49

{ateke

sl\gmifisance

Foa
Significaat

tignificant

Ligaificant

Soa
dgaifisant

iignificant




TABLE 20

Thecoml®Tinon of gein im wt,/sz. of N intake betvees the test

&ata_and the oostrol dfet:

| ——-——___________-____

Nean
Diet of ,.‘:::‘i: wt./g. neo | Signifiennse
AY: of b rats) j

.1 Raw 5.62

Coatrol 11. % ;:222 8.48 8igaificaat

Control Y101 S'aey  |15.%0 | steatriesst
D.2 Raw Y. W ; | ~ <y

Control 11.%1 0.8 b2.30 Signifigant
D.2 Cocked =204 0. .A

Coatrel 79.%1 o.a’; eh. .80 ‘1“1&.‘.‘
D.) Ravw 6.“7 0\?.‘t:

Coatrol 1.3 0.59 | (asd ! STEEREARAAS .
B> Cooked 7.61 1:351
___ Control 11. 31 o. N S? Sigmificast
D.4 Raw 11.01 0.93 00.315 Soa

Cantyol 11, 31 0.25 i | S4guificant
D.& Coaked 1.76 0.)8

Coatrol 11. 31 O.B‘Z g3 | ‘1““33‘“
D.5 Re 2, 5% 0.243

Co:trol 11.31 0. 569 212 algaint L

.S Coaked 2.83 0.323
D.5 oy 31 0. 69 22.% 8igns fisast
.6 Bav :'g :";2: 8.5 | sigaifieant
ontrol . :

D.6 Coaked 6.7 sigaifieant

Cemtrol

S — S

D.1 = Eko and akara B.d =Iried plantain beef otes

and saails

E.2 = Founded Jam, ofe D5 aGari, akre sad 4dry fiad

0.3 = Klube, ogess soup sad penls Do - Weimmoia
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iv) §riterie ot Bitregea prilieeti,g.

TBe following oriterta of mitrogen wtilisstion

were uwerked out on the Sasio of snelyais of faeces

and urine for gotal nitrogen ceategt).

) 2N Dtttatibtl&t: of protein

v Ritrogen Abaorbed x 100
ltitregen Intake

or D.P. « (NI - A7) =x 100

"
where NI o Total ajitrogez intake in foed

NF o Mitrogem exersied im feeees
D.Pe « Perseatngs of digeatidble protein

2. Biologlicel veluz = A. Retasaed x 100

R Adbaerbded

- oadogenens B) x 100

Pl - (X7 - metadolio X)

NI = Total nitrogen intake in food.
KY « Bitrogen exoreted ia feeges,
UN « Mtrogen exoreted ia urine.

The metandolioc nitrogen in fmeces And endogemnne N 4a urime

were determined by feediag aon-nitrogenoVs iscealorie diet.

3, ..g_knuu_-&n&ti" (EPU)
npg = B B.tiin..g x 100

N Intake

or -AFI’).A'K}ITA‘HED_'EI-REPOSITORY PROJECT
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i») Sriteria of mitrogen pridieatyep.

The following oriteris of nitrogen utilisation

were vorked gut on the beeia of anelgeis of fasces

and urine for tota] oitrogen conteat:-

1. Digestivility of Protodin

v g;;;ogon Absorded x 100

Nitrogen Intske

or D.#. = (HI - A?) x 100

L) ¢

where NI = Total nitrogeo inteke in food
N7 = Bitrogen excreted in faeces
D.P. = Peroentage of digeatidble protein

2. Biological value » H. Retained x 100

N Absorbed

B.V. = (Bl - (BY - metabolio) - (UN - eadogesous ¥) x 100

Al - (AF - metadolio X)

whare

NI = Total aitrogea intake ir food.
JY = Nitrogea excoreted in faeces.

UN =« Ritrogen sxoreted ia urine.

The matabolie nitrogea in feeces &nd sndogesoud H 4in urine

were determimed bJ feediak non-aitrogenons {ecocalorio diet.

3. !:Ejzroxnin_nliliggiigz_SEZEI

BpU = l E.tli..i x 100

B Inteke

or = A@lepﬁslT/lHEn_ﬂ&EPOSWORY PROJECT
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Ta
® differences ip the digeatidility of food protein

Of r&m And cooked diets paye been worked omt. The mean of
& rets in every group fed on rew diet has deen compared
stetictically with the corresponding group fed on the cooked
form of the same diet.

From the reenlts reported in Tedle 21 it czy be meen
that in diet No. 1 it im eignificently higher in the cooked
diet than in the raw. The weight gaino/g. of food intaeke
or per g, of aitrogen intake in thie diet are not eignifiocant
bPetween the raw and cocked form. It ia therefore likely
that the higher digestidility of protein im the coaked form
kas only cospenseted for the other loseea which the food might
havre suffered during ocooking. In diet ¥o. Z the digestidility
is mignificantly lower £p the cocked form than it ia iz the
rav. The diet produced only losa of wt, in the snimels althoigh
this lome =an eignificantly less ehen the diet wees fed in
cooked form. This suggtats that there waa either an iaprovement
ia tho ntilisstica of sdsorbed mnitroges (Bicloglocsl velme) of
*he oocked form of diet or eortais other feotor® ceused s aora
4n the cooked fo™™ of the diet, aad preveatad

efficient 1ntq'o

&3 heayy & loes of #t. 00 Ya# poticed alied the diet wee fed

raw. Ia diet ¥o. 3 the differesnces 1a aigestidility, gais

1n et,/g., of foed oOF per §. of sitroges were all soa-
[ (3
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significant when the ray ond ococked forwe were Gompared,

In diet Ho. & the aggestibility 1o signifloantly bighber

in the oooked forsmi while the weight gains are higher when
the diet ie fed raw. It is therefore likely that factors
otbher than the digestibility of the protein bave playcd an
importent role ino cese of this diet. In diet Bo. 5 the
digeesti®ility is signifioantly lower in the cwe:z of the cooked
diet but the wt. geine are non-significanrt shon rav and ocoocked
forme of the diet are compared. It is therefore likely that
the better utilisation of faotors other thas protein have
compennated for soy lover digeetidbility of protein in the
cooked form. JIn diet Ko. 6 the digestibdility, wt. gaine/s.

of food and/g. of mitrogen wers sll better in the cooked fora

of diet.

Campariscs with the control diet.

———

¥hen ocnpared with the comtrol diet (Table 22) the
digeetibility of proteins in all the diets wes significantly
Jees sxcapt for the cocked form of diet lNo. 6 where thie

differesoce YoO coa~aifPifiasnt.
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TADLE 21
The ocomparis

= atibility of

-_____.______-.——

Diet 101"'t15111t7 standard H negn significance
of protein % deviation
(Av. of L4
Rata) k
EXo and akasrs |
Raw 78.8 0.
Cooked 86.3 1.233 7.89 H Significant
Pounded yam, efo
and snalls
Coeked 63.2 2.936 h.0?7 significent
Eludbo, eguei soup
i R 68 2.396
n.' .7 ° 9
Cooked 71.2 2.931 LaL o) ’°” Pr oo
Irried plantais and H
beef stew e R
Bav . - : 1
Cooked 72.9 6.553 || ©<7¢ | Sizmiiliums
Garl, okro acip skd
dry fiebh
Ra 781 0,383 2.60 | sigeificant
CQ:x.‘ 7}. 1 ’ 0276 Sige e
Roilcmoin H
Bav 78.1 2.083 b.20 | sigaificant
b hed 88.8 ‘ 3.892 h
.~‘~ - —
Control 92.4 3
__—-—-—'-_'__J
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Contral 92,4

Hean digestibi- Standard
lity of protein
‘ ("o Ot h

D1 Raw 28.8

deviation 8ignifiocance

Significant

— —

D.1 Coocked 86.3
Control 92.%

Signifioant

D.2 Raw 73.6
Control

8ignificant

D.2 Coocked

Significant

Control
E:JL'J__L:? 5ignificant |
De3 Cooked ’ 71.2
— Coatrol 92.4 #Bigvifieant
Do~ Raw w,o
Coatrol 92.5b . Biguificant
D.& Cooked 72 .9 6.553
Coatrol 92,4 I 3. hbh 4.5 | sigmificast
z 78.1 0,583
i :::trol 92.% Jhdh q 7.09 6ignificast
— _ — ;T—__ —
BeD Cocked ;g'l §'§Z§ 7.03 gignificant
Contrvl ° ¢
D.‘ L"‘. 78.1 ;0223 6.‘5 ‘an‘

Comtral 92.% " o
892 Be
0.6 goc:odl ;g-: 2,525 1419 | gignificant
OATCro

D.1 s« Exo anéd akare

D.2 = Pousdsd Yam, *fo 88
aonp end paala D.6 = Moiasoin

Dc’ » ﬂibo. .‘uli

D.i » Fried plantain deef stew

4 naila D.) = Gari, exro and 4ry fisk
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Total
|

intake

ko apd okarl
Raw
Cooked

6. 582
h709

pounded Yaa,
ofo and
snsils
Raw
Coaked

1.173
1.487

Rubo, egusi
aoup and
panis
Rasw 0
Cooked

2.371
2.433

Fried plsotein
and beef stew

a.. ’.205
Cooked 1.666
Garl, okyro afap
add dry fish
Paw 10729
Conked 1.179
Roimmoin
h' 3. r’
Cooked h.531
Coatrol ’02”

ditrogen

Ritrogen
Absorbed

Retained

h.4.416 3.961
1.064 0.500
1.211 1.09%8
b | ‘9"‘ I 1.81~ I
2.063 1.925
1.688 | 1.068 |

h ,.“90 10”8
1. 1.’10 1
1.0”;3 00861
2.986 | 2.5% |
4,213 3.330
5.162 h.191

.

7%.6
63.0
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Bet
protein

72.3
83.4

76.7
71.1

76.5
79.

-8

62.0
78.5

87.>
7.0

?23.6
8&c.%

81.3
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Prot

=Xotels levele 14 the blooa Sera of rate fed yes uad
eog!od dlot:i

z:oooduro.

Total serua proteine eere estisated in tha peoled
samplea of asrus obtained fros the bdlood of ratz efter
deocapitatioa. All the rete fed os the exporiscatal dieta
wers killed at the ead of 24 daye ard their biocod
oolleoted. It see allosed to coagulsts st 37 °C for one
bour and then serwm odbtained by ceutrifugotioa. The
eere of each group of rate (sll of thea deing oa the
asse diet) were pooled. Analyees for total grotaims ia
dupliocete samplee of mach pool eere carried out by the
sethod deeoribed in page 30 .

Results.

The rosulis of the total protein goateat in the
sorus cof vsrious groups of rete fed oa rae mixed or
goeXsd diete ore preecented ia Tadble 2k, It cam bde seen
thst the tota) eerws proteSns range beteees $5¢3 to 6.4
g./100 ml.. vith the serws proteis ocoateat of the ooatrol

anisele deing at the tep end of the eaale.
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TARIR 24

Wotu a8 eatinsted by the Bluret nctbodl

___-__-—l'_l—_______

Diet Totel serua proteids
— o B ‘0/1“ -.1.

Exo sad Akara

Raw 6.1

Cooked 8.
founded yas ofo snd sasile

Kaw 600

Cooked 9.3
Klubdo, eguai and panla

Kne 563

Coaked 33
fried plantain and beafl ntewm

Ravw ‘.5

Cooked 641
Ckro, dryfish zad Ceri

Rarw ’0)

Cooked 52
Foiamoin

Aaw = 2'2

Cook ¢

6.

Controld >

i
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6 (an) 12!2&3&2__ltt0?ﬂ in the blood sera of rate fed raw

and cooked diets. (peper electrophoresis).

Procedurs.
_

In 0.07 ml. of serus fros esoch pool the serua
proteins were sepsrated by peper electrophoresic.
The ®method followed is desoribed in page H! to 33 .
The eoxpoerimeants were carried out in duplicete.
Results.

Tke paper stripe showing the verious f{rections
of the serum protein were cut and scenned. Tsble 25
Eives the percentege of vericus protein freotions es
found ip the serum of rverious groups of rets fed on raw,
cooked snd control diets. From these resulte it cam be
seen that the ccncentration of verious fraotions of
protein iz the serum of rets fed oa the rev anmd the
cooked dinte is slmoet the seme, Jurther these concen-
tratlons sre not very suoh different fros the ones found

in the csee of rate fed on control diet.
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Exe and Akara
Raw
Cooked

Founded yam., 9f0 ppd

ahailes
Raw
Cooked
Elubo, ogosl soup and
panls
Ravw
Cooked
Tried plantain and bveef
stew
Raw
Cooked
Gari, okro and 4ry fied
Raw
Cookeé
Xofinmoin
Ra¥
Cooked

Coatrol
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6 (v) Brotain patterns in the blcod sera of rats fed oa raw

and_cocked diete. (starch gel electrophorssia)-
Procedurs.

Tbe sams samples of blood sers ss for paper

slectrophoresis were run on stsroch gel. The aetdod
1e descrided is page D% .
Resulte,

The reaults are shown 4o pletes 5-% The main features

of these separations are noticenbdle.

(a) The clear separatica of various fracotioms of

serum proteinx.

(b) The similarity of protein patterms in the

sers o{ rats, whethor fed raw or cooked foreas

0of the dieta.
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rrotain patteras in e
blood sera of retes £e4 on
*3k0o and Akara"®

1 =u raw diet
8 = cooked diot.
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- Al franio.patueas in g

*KQutio, sgusi soup end pania®

0 « rew At
8 w cooked diet

/

0 G —

,:l":.if"&"‘:u s ¢ed on

“fried pllnu.tn peef otew”

: diet
| % = Sooked diet.

P
AF?}@‘DI(?H'AI} I-|£ALTI—HEPOSITORY PROJECT
#
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AlL
Protein Patterns
Elood eera of rat:nkgg.an
Gari, okro soup eng dry f£1sh"”
O = raw diet
ﬂ 10 o cooked ucto
X
1 5
3

Protein gatteras in the
blood eera of rats fed on
"Moinmion”

1l = rav diet

12 & cocked diet.

Proisin patterns in the
blood eera of rets fed on

coatrol diet {(13).
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| SRAPTER 9

Biscussjon

The various perameters ciasisned 16 assess the aetiriti,sel

valse of aix eommea Rigerian dieta vers}-

A IS .“l".. muethed of prepsratica oad the jalake of
varions distariea.

2. Cheaicel empesition of flagreliansis, rev uised diets,
ahd coahed dieta.

2+ The saine acid conposiilon of proteins of the ras
sized and the coocked diets,

&. Losses incurred during the preparatioan of [eed.

£, The effectz of feeding these diets on rata.

6, Lerus pretein levels and serm proteis patteraas of
eazerisestal saimale.

oae reorits of sll these criteria are explained ot

w’h“ jlaces t1a this tdegis, Hal for & botter evalaagina

it is secessary teo dlscsss tiielr lapartanes and ey wly as

orerall sumulaifire effoet of ail af thaa Lagetiar.

1. |Besjper, _-_-u#_zs_um:-_'mm_mm:.mm
gistaries.

shile judglng bie ssirttionel o
e seep L) oind that Lhsas resalls ware

L ke sabeals s flealatisa,

igqeatsy of thsas dlalas

1t fs taperuat ¢
Corived hy foenlng thé eheta
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¥
ith man, the recipes womld be audbjeot to chang8ve

d
aocording to the taaste of the individual, the location and

the esaeon| and last but not the leaat 1o the fagt that the

oonsumption of {pndividus) diahea withia the mase diet

depeRda verY auch os the economioc atatus of the individaal
takin& the meals. There were for inataace, wide variations
in the amount of akara taken with eko Teble 1. and in the
apount of ataw taken with pounded yam, geari, fried pPlantain
or alubo (Table 2 to 5). Thie ie not a mattar of mers taste.
The elevel peraona amalected for the tsat repreaantad
different inocae levela. It wae noticed that tbome with

a lov ipocaa took comperetively smaller qusntitiee of the
ooatly protein eupplementa. 1n thia cobneotion, it may de
aoted that the eddition of egge in diet No. &6 hae deea
deacribed ae optiocnal by Willieme (1962) depeading moatly
OR the imco®s of the family.

2. Chevacal cempoaition of lagredicata, rae mixed and

cookad die te.,

The apalYeie of the ipmirediecte used in the prepératioa

of theme diets ie deacribed ia Teble 10, The values

esnted are the seehZ of the ocoacordaat duplioete gnalYase
preo

os a siagle sasple of the food, of everege quality, ae

b bt 4ia the masrket. Noat of thees foode had already deem
ong

he literature
are scattered through ©
analysed and references
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conmsolidated information for Scme of the foods is also

Bulletin mo. 302 (1965). s14ght

Varistioas is these resulte %ere ooticed, which caa de dee

to a nEmder of feotors such ae varieties, treatmseot of food
srope, handling asd etorage of food ete,

The chemicsl compoaitioe of the rav mixed and cooked
diete veried eseordiag to the ingrediente wed. It ves
noticed that 1s the came of diete Kos. 1 and 6 (Tskls 1 to 6)
shere the preteim eource ie of vexetails origin the proteia
paroentage was Aighesr sliille it ea® leas is the case 0Of othar
diete shere the protein sonuroe ses of enimal origian. The
latter, deing expensive. are ueed ia smeller Quastitiea. A

fiading ebied gupports reealte of daseir {195)).

Sa ARLE® 90ids-

Besaltn of the guanstitetive deterwiaetion 0f aainoc aeids
i® rev mized end socked diete are reported in Tadle 15 pege
101. Mo eoclificatiocn mnde 1s the erigimal mathod of “taia

asd dpore (1956) (es edepted by Heanif, 1959) ere desarided

da page 55 . A comperisos ef the ssime eeid petterss of the

test dlete with the 740 yrovieiossl patters 10 Givanm {8

Table 29
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TABLE 26
Coaparison of easential asino ecids in raw and cooked dieta with the Fi0 pruzisicaal. patters
dmino .0“__._
~T=
4
®

s LR el | (o0 3 |3
a s3]l 8| 2 |24 |3
a [ ) »
3| 3| 7|25 |5

FAO ovisional pattern %39 I ;;; l 2720 180 1 164

> ¢ d akar
- Raw = 300 465 M6 325 93

Cooked 296 | 850 | 203 | 313 60
1

Pounded yYam, ofo and
anaile

Raw

Cooked

Knbo, egusi soup
and panla
Raw
Coaked

Fried plantain besf
stevw

Gari, okro apd dry fish

Raw
Cooked

Raw
Cooked

531

510

8§25
A86




- 130 <

Irom a awtritiopal Poiat of vienm the ssasntial emino

solds are the mcat important oRes im aay food proteis.

Y40 1n their nutrition Gegd44p yo. 16 (1955) have given a

provislonsl pattera of aminmo aoide goneidered to be the

optiava Quantities of ssesential aming gcids requirsd is a
protein. 1, 7eble 26, the quantities of essentisl emino
acids m» found 1n rav and cooked diets have dees cospered
with the p,i0 provisional pattern. The valuse for tryptopbea
shown in thias table are only the apprroximete values caloalsted
froa the—aaino soid ocoaposition tzblee of Orr and satt (4957).
¥rom the resulta, it i¢ cicer that almoat all the dlete
ere elizghtly low in the sulphur costaining amiso soids,
{although diets Jo. 2, 3 and 5 are 8ot defioient ia esethicaine).
lysine is the liaiting eaino soid in the cocked fors of all
the dletsi but there is mo deflioiency of this smimne gcid s
the raw mixaed diete. Tryptophand ie tha 3rd limitiag amipe

e0id ut sisce ite requirmsente ere a0 mall it may pot

ceuso muoh ohsnge. The coscentraties of sll the rarszisiag

enigo seigs dearly agreed with the requiresente as outliaed

ia the FAO Provigioasl pettera (195?).

Cne Serioss objeation to the Spplieabiliny of the regultg

f saimo soid estimstioce VY tale Setho¢ 1 reieed dy verkers
- (]

like Mender (1966) whe contea
hydrolyele say bot be

4 that the results achieved by

the asme 60 ia the alinsl)
strosg ®0id
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body since the oconditions of enxyBatio hydrolyeis are

The objeotion seema valid usless proved other-
wise. Kevertheless, there

differeant.

is reason to believe thaamt the
resultn of aoid hydrolysie give a good pioture of sainn

aoid pattera, because when Baasir (1964) eetimated the emino
aocid patterns of his experimeatnl diets and bduprlecented
thems with tde defiocient ones, obtained s pgpitivs response
of the animala fed oa the correoted dieta.

%  Losaes inourred durisg the prepsration of the food.

Changes in the total ocontent ¢f various nutrieats
durisg the preparation of food have already been expleinad
(Ppage 44-19. The losn of vitamias, however, deserves apecial
ooanideration. The loes of vitamin A (inecluding ocorotese
25 «. 505 frow the cooking oil is a possible reeslt of high
tempersture ir the presenca of atmocaphario oxygen. similer
roault; Beve Yaen reported by Mageocod, Hagae aad Fhan (1963).

Niszise 1g a vitanin =hich 1s atadle to beat im acid
mediun, Butl much of it could bhe loet i» ecoxing water dwe
to leaching, exceeeive washiog sad ainolog of the food
saterial. Tboe loss varies from about 5% as ia the cese eof
diet No. 6 to alsost cemplete deetruotion am im diets lea. §
and 5. There wes oa initial high ocontent of the vitasia,
and eteam ocooking sitd no extrs wmater in the aave of diet

¥o. 6, reduced the less; wshile Freloafed eoeking, waahing
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and outting of the ingredients toock place in preparation
of diet Ho.,jand 5. The reuultes sgree is prinoiple with
the nork of Roy & Bso (1963) and Cuendet {(1954),

Although viteain B, is eteble to axygen and to eoid
conditions it is loet by the iufluence of light aod elkali.
The losssa obperved esre up to 50%; moet of thea =ore dne
to leeching and opee pan ocooking.

Another vater eocluble yitamis ie C, skioh is also
eanily oxidined by atmoepherioc oxygen 2ad heet. The loames
in all the diete were high, (Tedle 14). They reaged froa
osaplete deetrnotionm to o alpisua of ebout 40, destruotion.
Thena were priszarily due to weshing, soakieg of food
sateris)l in mater snd cooking im an open pen. Similar
locses have been obssrved by other workers (Bender 1960),
Rary (1949) aed Cke (1961).

2. The ofiocota of feeding thees dieta to raty.

Ove of the moet preotiocsl methods ef fieding the
sutritions) vslue of ¢ diet ia mesguremend of the weight
chsage which it will produce shea fed to rats. The aigunifi-
oanoe of thees ohang®s haa bess eeantioned i page 100,

.508 raz Sixed and cooked forwe ¢f the Kxe and Akare

diet were ocempsred, it was evidest that Yotk of thea

produced considerably goins (25,9 g+ in the case of raw,
and 24,4 g. in the case of the cooked diet, in the welght
L
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f ratn ¢
~ D fed on thes. The totsl lood inteke was nearly the

aame¢ 1
54 g, 10 both gagee. The peroentege of digestible

protoin wee sbout 10% higher in the cooked diet, the
difference being atetieticelly wignificant at ¥ level,

However, when the diet eae cospared with the cecatrol
bslenced diet the weight gains were sbout 45X lese than
thoee of rats whioh were fed ob the ocontrol diety although
the totsl istake of the Exo end Akera wao adout 7X higher.

This tends to show that both the ram end cooked forms
of this diet are only capable of aupporting the enimsl ot
& supprecsed rate of growth, although the digeatidility of
protein ia improved by the cocking.

¥hen the Pousded yam, Efo and Spsils diet, doth in rasw
end cooked forme, was f{ed to rate, lose of weight reeulted.
The lose was higher in the rets whioh were fed on the raw
diet. The digmetibility of proteins wea 73.6% with the raw
diet while it wes osly 63.2¢ with the ocooked diet. The
total intake, EP-UJ of the raw feed wee lover then that of
tho cooxed diet 132.8 g. This differeace cen be sttributed
t0 both the better digeetibility and pesletshility of the
diet, Eowever, the totsl food intske of the eooked diet is
not very different froa that of the control,

The gsost obvious eceolasion fis that the diet is

defiolent ip one or ROXe sesentisl cutrients and se faile
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to maintain the optimum growth rate 1in the rats.

Rats on both the rgy und the
and panla

cooked ilubo eguai soup

diete ahowed oy snitiel lag of sbout oae wesk

befors they startod to guin any eeight, After another week,

the growth rate beocame slmost steady. At the end of 3

weeks the aversgt body weight gains sere 18.% 5. end
15.4 g. reapectively, for the animalo fed or the cocked
and raw mixed diete. The correspondieg total food intake
wae160 g. and 156 g. reepeotively. The digestibility of
protein alsg did not ahow any wignificant differeoce.
(68.2% and 71.2%),

vhea coapared with the control, the focd Latakes of
both the rasw amd the occocked dieto were siguificently highg
while gain ir seighte and digestidility wes low. On the
whole, the d(iet wam foumd to be mutritiozally ipsdequate
to swpport oytiaga grosth,

The rate fed oa the raw mixed fried plastaism anmd Beef
ctes Siet ahoeed an overage dedy veight gaia of 20,3 g, in
3 week® while those receiving the diet ia cocaksd fers
§ained weight at a much alower rate, okly up to 2 g. more
tasn the initial weight of the rate. The tetal feod imtakee
of the rue and cooked dists eere 176.0 g. and 133.9 g,

respsctively, shile the digestidilities of the protessa

Jore 605 amd 72.9; The difference in the dikeatidility
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aearly aoocouats for the high fo0d iatake of the rav &ixed

diet. It is therefore probable that the difference in

eeight Fains g dne to the loss of cettais grosth promotimg

factor other than protedin,

Am compared with the ooatrol, the raw diet produced

only half ss much weight gein, amd the cooked form prodmced
almost aegligible weight gaine. The diet 1o therefore
essentielly e defioieat oae.

The rate both oa the raw and tho gooxed geri, dry fiad
and akra diet showed only aincr varistiocas in body weight
gains., 4t firet they atarted iceeing weight alowly until
adout 9tk day ehea the eversge msxinum loss wam 5 g. ia the
ceae of the caoked diet and 2.5 g. ia the caase of the raw
mixed diet, Thoreafter, there was ¢ gradmal imcrease i
the weighta of rata sc thst st the end of 21 days tae rata
o2 the cooked diet had geined 5.5 g.: =bile thoee oa the
rav mixed diet imcreased their wsighta by & g. on the
sverage., As for the feod iatake, the reta oca the raw diet
took 168.9 g. oa the eversg® while thaee oca the oooked toek
oaly 135.2 g The digestidility of the proteias wves aleeo
better 78.1% im osae of the rav asd agaisat 73.1% 1a the
eanmé of the opaked diet, It therefere acsms likxely thst

growth oa this diet vee 4ahibited either by lask of gome

eSsential amtriest or by the presence ef sem® groeih-

aetive 4ia the esse eof the
redunoing ¢ ..tORFR!M H RE!O.SIT(%’PngJECT
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rav mixed diet. qhen compered with the coatrel, the

results more avod lewer,

There waa an average gaias of 23.7 g. ia the body weight
of rats fed oa the rew mainsoin diet, and 38.7 g« in the
animsls on the coakad diet, 7T2e rate cossumed 720.3 g. and
140.8 g. of raw and coaked diete, respecotively. The
digeatibllity of the protein in the raw dict was 78.1% a»
against 83.0% in the cmee of the cookod diet. Then coapared
with the comtrol, the goin ip weight on the ocooked dist
eosms Quite near the optimum wxight guin as recorded uwith
the ocontrol diet. In the cesc of the raw mixed diet, it
is about 255 leee than ties oocatrol. It eeems likely that
oc0Ring hes fimproved the digeatidility of the proteins and
oaua&d an incroase ia the food inteke. 6Eome important
conoluaions shioch ocen be drasn from the foregoiag arei-~

(a) 411 the dieta tried in theee eXperimenta fsiled
to produce optinum grosth in rats.

(b) 7The gain in weight produeed Lin the rate by geeding
theee diets roughly incressed with the inoreasing
ancunt of nitrogon {protein) intake.

(o) There ie a definite improvement in the digoatibil}ty
of proteins in the dieta Foe.1 and § (oout.&ntn~
beana) and diet Fo. 4 (oontaining plantain gnd

beef Stee) Oa acoount of oogking. :
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(d) Diets &qe. €, 4 A (10 raw form o3ly), and 3,

produced from good to medium gatns Lo the weight of
rets. while diet Fo. & (ia socked form) and dist
Fos 5 meinteined the anisele and did eot yproduce
any appreciadle growth,

(e) Tde mnimale on diet 2 lost weight st firet repidly

2s3d then malnt:dined themselves at ke lower weight.
The lozd® wae more seriofia in the onse of tho raw
2lzed diet than in that ¢f the comked form of it.
But thie difference conid havo heen due to the fasot
that rate oo the rey diet ste very little food.

The conclusioo {s)-{e) tend to shov the follaving two
mein pointet-~

(1) The 3iete ere defiolent fn 03¢ or more swtriemts.

(14) EFuotgh protein 4s not being fed or the preotein is

defioient is certain essential emino-socids.

To prove these Sointe, the levels of nantriests in the
dists osb be caspared with the ®inisum levele of these
sutrisate required to produoce metimum grostd is rete as
eutlisad by Outhberteos (1939). The resvlt of euch a
treatment ie presented in Tedle 27. The defielencies ef
anino acids whieh 1oak se obviowe iz tdis teble are gaimly
to the low pereeatage of proteie is the diet Me. 2,

due

3, & and 5. DY would be mauch less serious if the pereeatage
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The ¢
ORparison of e PABLE 27
e -\f-\twd cooked diete eith tbe etandard us““'"“"!-—'&q'—i
ar [.
8tandard nad ayy Control
Futrient reqQuireagpt i ":A‘u Yan, 2f¢ Eludo, egusi rrtﬂ: pltan:oin a:ur d;?‘tﬁ? ”"1“_"1"
- 1 all aoup apd an el atew £
3 1 _""Il_‘—m k| Cooxed ok Pcoxﬁ‘ Rew | Cooked Raw [Cooked | Baw fooked
froteln 9 2.5 18 "‘"\-J_ — — .
' [ 3 6 6.4 6.4 8.2 ho.® 22.6
foline §./100 g. 0.7 12036 $ |7.0 9.5 9.5 7.8 " f . |
. o 3 "% | osplo.ug2 0.485 |0.467 | o0.449 | 0.4€2 0.341 |o.322 | 1.080 | 1.134 L
lse-lavcine £./100 g 0.4 1IN | aielo. 58 0.687 | 0.688 0.663 | 0.641 0.484 |0.096 1.389 | 1.360 2.270
i - 1 038 o922 | o lo.325 0.461 | 0.468 C.42k | 0.433 0.325 [¢.2%0 | 0.851|0.756 1.480
. " . 0:2Th 0. | e3lo.179 0.265 | 0.196 0.204 | 0.090 0.186 |0.090 0.250 | 0.200 0.696
: 0.5 0,721 0.6% | ¢ai3|o. 200 0.39% | 0.38% 0.357 | 0.188 0.278 |0.189 el Pt s s
Rexjlalanine g./100 g. 0.8 0.962| 0.9 | 029 | 0.234 0.338 | 0.310 0.333| 0.304 0.238 l0.222 | 0.275| 1.189 1.315
TThtophan . 0.1 0.13% ¢.45 | 828 |0.059 0.090 | 6.09% 0.09% | 0.09% 0.065 [0.065 0.182 | 0.182 0.301
treias o 1.0 1,202 0.625 | ¢M) | 0.243 0.798 | 0.347 0.707 | 0.246 0.562 |0.17% 0.928 | 0.340 1.510
Nstidiae " 0.4 6.5%4 0.0 | o® | 0.099 01313 { 0.260 0.281] o0.281 0.208 |0.220 0.549 | 0.648 0.682
iefhalae b 0.2 5,188 1.0 | e |0.526 0.512 | 0.522 0.532| 0.582 Q.361 |0.368 0.900| 0.972 0.919
Mtase & (1.0./g¢.) 3000 50700 |20 | W | 27000 21380 | 15780 31360 | 1720 s0060 |36180 75110 | 58210 11500
'1‘“1. a1 (.“/t‘.) 1.a to 2.0 5.‘ ZO) 2.3 095 ‘108 0.“ 0-6 -— 0_7 - 5'2 5'0 “-O
'1‘“1‘ Bz (l‘./x‘.) 2.5 t,o 5.0 1.8 0.9 ‘i’ c"b 1-3 0-9 10“ 008 ‘.O 006 8-2 202 20-0
Calela “d | 2.07 2.12 | 2.15 0.16 | 0.10 S, 4t .|3,18 0.78 | 0.74 1.08
(6. /xg.) 4.5 ta 6.0 | 0.87| 0P 4 :
Aotthorug ( J 2.80 | 21 'l 1.% 1.63 | 1.5? 1.23 | 1.18 0.72 |0.® 2.59 | 2.37 0.42
Tres 8-/xg.) 3.5 to 4.0 89 o W |100c |117.6 | 120 170 |17.0  |e3.6 |30 | 330 [3.0 20.0



- 19 -

of total protein iu the diet were bdrought up to 12.9, or

if thae remultas were ox)reased as amine acids per gram of
N. Thise haa intentionally aot beea done im order not do

asak the real value of the diete, ae they are used.

The deficiancies of vitanise and miserals ere alaso

0o lea® important. But if the protein levels of the Zdiats

were improved, it ia likely that they would alzo improve.
The major defioiencies of B vitamine, and their lose during

preparation, require an laprovanent of the exiating recipee,

handling, end cooking methods. 8&impsilarly the low levels of

celoiuva in diete Noe. 1, & and & csed to be corrected before

one can achieve optimum grosth of the animale fed on theee
diets.

It aust be pointed out that the tadble of nutritionsld

requiremente (Table 27) is not complete. There are certein other

nutrients shich are mually iaportant (although im wmicro

quantitiee)} which could not be included in thia etudy badause
of 1limitotion of time.

6. Serum proteia levele and eerum protein patterna of

experisental animels.

The reeults of theee experimente ee preeented in Tadble 25

and platee in peges /23 to{15 did not shos auch varietiona from

the etandard, Two oonclusiona are therefore poeeible!l-

(1) The diets do not edvereely effeot the serus protein
levela and the protein patternsi
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or

(44) 3 veeaks ia too ahort s period to produce any ohannge

0f thies nature.

Both of these cseam tenebdle unlaess proved othervinse.
Uenersl Eumpapry,

Of ell the eix dieta tried in this atudy, Moinmoir proved

to bte the bhest| while Exo and Akera, ¥Xlubo egue! woup and

penle, Fried plantain end Eeef atew, followed in a descending

order. Okro dry fieh and gari juat aupported the anisalam and

did not produce any grosth. Pounded yrza,efo and suaile made

the snimaly to loss weight. ¥ons of the diete tried in thie

etudy ocould produce optisua weight guinsy, The socet comaon

deficiency motioced ie the Juantity of proteioce of good

oompoaitioa. Deficienciecs of vitaming and aloersle were algo

preseat,

It L thersfore reccsamsnded that the use of more guod
quality protcine may be of vegetable or animel origix along
with vogotable saleds (whioh ssea oconspioiously sbeent from

Eigorien diet) and fruits sbonld be encoursged im order to

ensure good heslth.
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goltl:!nttjgn to.!lo-IQQ‘.

Th® preaent study haa gede

contridytions to the knowledge

(1)

(2)

(3)

(%)

(5)

the followiag seportant

of pnutrityoni-

The levels of the major nutrienta in all the {ooda
(am 80ld in the market) uaed in the preparstion

of six ocamon Nigerian diets bave heen deterwined.
The nutritional values of the raw &ixzed dieta, and
of the ocooked dieta, have haun determined, and the
lomaes whioh take place duriang preparation of diets
have been eluoidated.

A Yattery of epsciel ceges was designed for
oonduoting triala oa rats ao ea to find out tie
digestibility and bioclogical values of food proteina.
Thes digeatibdbility, bioclogical values aad other
eritoria of nitrogen utilisation have been worked
out by feeding theme dieta to rete. At the aasme tise,
by using rat growth ea an index of nutritional
adequacy, the nutritional values of these diets

have been ascertained.

The originel method of Btein and Moore ae adopted

by Hepnig (1959) was used for the quantitative
eatinmation of amino aoide, in the raw aixzaed and
cooked dists, on the automatio smino e0id gnalyaer

sanufasotured by Hender and Hobeia Munohen W, Germany, .
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(75

of gerun protein of rqte

8lx oommop ¥igeTian d1etas have baen

determined
aed, veing , biuret Rethod and the techniquese

of peper tleotrophoreais

» and atarch gel eleotropho~
l'..il-

A compariecs of the autritioral values of thease diets

with the gtendard Tequirements of rats, and essentia)

amino aoid datterna of theee dieta with the PAO

provisional pattern of apino acids /n food proteins

han been presented.
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