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All8TliCT 

ltutiAg witb a coapr1h1aai•1 r1•1•• of tb1 r111arob 

already do•• ia tb1 related field of natritioa, tbe ob•ioal 

o•poaitioa of 20 ffi&•ri&a food -t•rial• wbioh a.re u14 i.a 

tbe preparation ot •ix ooaaoa local ileta haa been in•••ti.ated. 

Thi 41eta ••r• prepared wiilla aoo1pt14 reoipea a.ad ooaaolll7 

•••4 aetboda of preparation. 8iaulta111ou.aly, tbe aaae aaouata 

of food aat•rial•, u uaed for cooked dieta, ••r• �ed raw 

to oorr••»o•d to each cooked diet, Tb• ohuce• ia the 

11atritiorual •al•• of each of th••• dieta, whiob were brou,ht 

about by ooo�i11r, ha•• b11n d1t1rai.D14 troa the 1&&111•• of 

th1 raw ai.a1d a.ad ooue4 di1ta. Th• 1tt1ota of f1141aa th••• 

'11ta to rate ba•• b1111 1tudi1d by a1aa1U"U1at of th• c:rowth 

of th••• an.iaa.la ud of •ariou proteia ooutitu1nta of tbe 

blood, Th• di.11tibllit7, aitror•• bala11011, and biological 

yaluea of th• food protein• ha•• been d1t11'111n14 uaing a 

1p1oiall7 d11i.n1d battery of •ir• aet cir•• ill wllich it 1a 

poa11blt to oolltot fa•o•• an4 llJ'illt of the rata ae:parately. 

A aetbod u. &110 b110 d1aorib1d tor the q1.1&ntitati•• 

11tiaatioa of Tariou aaillo acid• in food protein• uai.n1 aa

aatoaatic aai.no acid aul.7a1r. Tb• aa1oo acid patteru of 

tb••• diet• ha•• b11a d1duo1d and ooapar1d with tb• knoen 

r1q•iru1nta of Tariou aa1no ao1da for rat cro•th, A 

o•pari.aoa of the aai.no aoid pattena of tb1a1 Ueta and the 
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110 pro•ia1ou.l pattern of aaiao acid requireaen.t• ha• aleo 

�eea u4e. 'fhe reel&l.te of tile ch•ic&l 1na1yaia a.re exuue4 

with reference to ,rowth of rate wben theae diet• a.re fed to 

th ... 

•
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Ai!IODVCTIOI 

roo4 1a ••••atial for b1•e• life. Differeat aaletlalo an 

uo4 1a •ari.ou ooualr1oa dopoaUag upoa tbo -.rioultllJ'al 

Jro4•ot1oa, tra41t1ou, ooo1al and oooaoaio pattora, a.ad, to 

aoao 01t1at, roliglou belief, It alao •arioa (1a urrow 11•1ta) 

aooordia1 \o 1adi•1dul tut••• To nni••, ._ •••t not oa.l7 

oat, but ho •ut oat a autr1t1�•1)l1 �1l1aood 41ot. D'llriaa tho 

lut fiftJ 7oar1 or ao tbo diotarJ ro,u.1.r•••t• b.a•• booa 

dotoralat4 1a toriu of protola.a, oarbo1'ydrato1, fata, nt1•1n1 

aa4 ain1rala, J"llrther •oro, aoao ,, differeat autrioato which 

aro aoo11oar7 to •1iataia a ea.a 1a 1004 boaltb b.a•• ao far booa 

reooguio•d (U.1196}). At tbo ... , tie• •uoh pro1r111 llu b••• 

•••• ia aoqair1a1 ••• ltaowlo410 coao•PD1•1 raotoro arfoctla1 

tho autriUoaal atat .. of •u, and diot baa heea rooosaiae4 u 

the •oot 1eport .. t oiql1 footor ia proaotilll boalth or 00-1111 

diaoaoe. ftia wider ooooptaao• or tbo 1eportaaoe or the 

uo•l••1• of autritioa hu P.••• • ll"••t 1epetu to detailed 

autrit1oul otucli•• io order to fia• out firotly, what pooplo 

oat, oeooad11, th• awtrit1•e •aluo of tbe diet oonoaod and 

thirdlJ the oxtoat to olliob it ••Jpli•• Iulo•• pbyoiolop.oal neo4a,

A reoeat 110 ot•dJ abowo that bot,eon :,00 oad 500 •1)JS&n 

people aurfer rroa aotwu look of food, aa4 bet•••• one third 

ud 001 half of the world popul.atioa of },000 •1ll�on ••ffor 

froa •arJi.nl delJ'eeo of aolnutrition, (FAO, 1960), 
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111.0�ICTIOI 

roM le eaaeat1al for II-•• life. Differeat aateri.:i. are 

uM le ••riou ooutr11a depeacl111• upoa tllo a,riolll.tval 

pr•••otioa, traditiou, aoolal and oooaoaio pattern, aiid, to 

••• eateat, rell�oua belief. It al.ao ••ri•• (ia narrow )S•!ta) 

aooorcli .. to iAcli•idw.a.l ta.at••• To nni••, ... •••t eot oalJ' 

eat, b•t II• •ut oat a ••tritioaa)l7 �aJaa�1d diet. Dllri.111 the 

laat fitt7 1••r• or ao tht cl11tar7 roqu.ir•••t• Ila•• btoa 

clottnilltd le toriu of protea., oarboll,Jdrat••, fata, Tituiaa 

u4 •iaoral.a, h.rthor •ore, •••,, cl1ff1r1at a•trioat• wb.ioh 

ar• 11101•••1"1 to waiataia • ••• 1a •••d health Ila•• ao far baoa 

r1oosela14 (U•• 196,). At tllo au• tle• ••oh pro.,.••• 11 .. b11a 

-•e in aoqDiria1 ••• kaowloqe ooaoerai111 faotoro affeot� 

the autr1t1oaal atatu of •aa, aacl diet llao booa r1oog11ia14 u 

tllo •oat iwportut ai.1111• faotor 1.11 proaot1a1 health or oau� 

du••••• Th.1• wider aoooptaao• of the iwportaaoo of the 

kllo•l•d11 of ••tr1t1oa 11 .. P.••• a croat iwpetu to dotailod 

autr1t1oaal atuclioa iD order to filld out firati,, what people 

oat, a1ooadl7, the eutriti•• •al•• of tllo cliot conauod ud 

tb.irdly t�e 1at1at to wb.ioh it ••ppliea Iulo•• phJaiolop.oal •••••· 

A roooat rAO atucl7 ahowa that betwoea )00 a.ad ,00 •S)]Soa 

pooplo auffor froa aotul lack of foo41 aad b1tw11n 0111 third 

ud oa1 half of the world popalatioa of },000 all1ioa auffor 

frae T&rJiq ••ir••• of -lD•tr1t1oa. (PAO, 1960), 
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la llic"eria, ••all etllidi•• are 1a,......... or b&Y• lie•• 

••pl•I .. oa UtfeNDt 11.,11,- of Ill• poJN1-11oa. Bu-1.r (19,,)

lle• ren.•••4 aoat ef tit• oarrt8' 011\ 4U'iq ,,,,_,,. acatleNd 

•bNJ'lgb Ute U\1ntue an oner report• all po1at1as lo Ui•

•ari•u ••lrit1oD&l 41tioiea1ue &ad tll1il 1.11,-1, oa llealtll,

1a 1111a 1n.at17. 

0a• h!a•zsutal r1qa1J'•••I 1a 111111 •'1141•• la tll• 

lulo•l•d .. ef Ila• ob..S.eal eoapc,eltJ.oa of foo4 -••rial o...,.,,. 

01a1,aU7 tor 1111• ,11�•• a rerenao• 1a u4• to t_iae food 

o•poaitioa tabl•• •• p11bliab .. •1 ne rAO or 111 oerk.la otll•r 

q1aol•• noll .. 11.a.c • ..,.."•• of n1rea1atat1w• Yalv.111 of feo4 

•-oa11 ue4 ill tnploal onatri•• (1960)"• 1D au Ut••• 

tebl••, 11 ie till• eoapoaJ.t1oa of Ute uoooll.14 food ut•rl•>• 

, ... , 1• Ii"•·

ta -••nt 71are, ••••atJ.oa a... b••• d.ran to eha..-• ldl.J.ob 

ooo•r d•riq �oollia1 aad Pl'IJAJ'•lioa of foocl (Dealer 196&). 

Loa• of oerlaia nter oolv.bl• eebetanoee 4UJ'iq •••bSns, 

leaeb.tn,r et avtnoate 1a MS)Aa1 Ater, 111111t.ratioe dll.r'iq 

r,...,,.,. -,ddaUoa 1a op•• ,aa o .. okAn1 ud tbe ieteraoUoa 

dll.riq atelfiq lliri.Jlc aboat bSpl7 ooepl•x Naotiou •llicll ban 

a .._.,.,, beariaa on \11.1 matritioD&l Yal1t• or food llefor• it i• 

na4J to lte ••"•4• hr iael&noe, 11 ha.a lie•• reported that 

lb• ujeJ' port.ion of lb• lberso1abi1• ri'-iu 1a lo.t da_riq 

••*'••, wld.1• aerte!a olea••• of fooetaffe, ee,-aial17 ••• 
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of tile l•.-••, ou iapro•• iJI proteiJI •al•• .. a reavl.t of lleat 

Jroo•••in&, either throqb tbe iucU.Yatioa of tr7pa1• iabibitora 

or tb.roqh •• iJloreue 1A the aYail.abll.1t7 of cenaiA .. sao aoida, 

pu-tic11)arl7 the a1lphu-coate1•S•1 o•u (l111>aa•u.i 19'3). 

Qoa•erael,, ooolti•1 alao a4Yera•l.7 affeota the •utriti•• •al•• 

of protea. preaent 1a oertai.a other olu••• of foout•ff•, 

either by 4eatro71J11 or alteria, certa1• .. 1.no ac1da, or b7 

alteri.J!.c c•rta.i.A 1rote1&a ill ••oh a •-z tut th•7 NOOII•

reaiatut to the aoU.oa of 41a•at1•e •• .,... (1r11.lo• 1960). luoh 

eh••••• will not oAl.7 affect the q._titati•• a•aS)abillt7 of 

Yariou.a nutrient• but are alao lJ.kel, to affect the cU1eatib1lit7 

-d autritioaal Yalue of the diet •• a whole.

8oae atu41•• of the apparea, lo•••• wider oontrolle4 

con41t1ona of ccoltSq ud procuaias of i.ad.irtdl&&l food• ha•e

beea reported 1a aor• a4Yanoe4 ooutri••• IA IU.pri.a, where the 

aethode of oookS•a are 41ftereat froa the oaea -plo7ed 1.a tbo•• 

coUAtri••, thia tne of iatoraatioa 1a atil1 reQu1.re4. 

!he preaent atud1 haa bena wadertaken to iA•eatiaate the

11utrie11t chaapa 1.a aoae 1U.1enu foo4a durial iletary preparation.e 

aa4 their effeota oa the •·-•l1'll1 bod7. In the tollori.ng pas••

u account of •ix of the aoat coaao• lfi1enu diet•, when fed

raw ud cooked ia pre•eated. 
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k•elopent of the Coa,ept of �utritioo ,_ 

Peo1l• •••r:,wh•r• •••t b.&•• b••• ooucio•• tut oerta.ia 

t7pe1 of food ••r• aora dea1rabl• tllaa o\htra bacau• of taat• 

and odour aad tbe ••aa• of aat1afaotloa wll.ioh tbey 1••• •h•• 

•••••• IadiYldaal axp,rieao•• taqbt obaeMut people tb• fol.ly 

of o••r-eaua,. 'fba aotorioua Boaaa baaquatera .are aa 

v.aooafortabl• aa are tbt o••r-ta•ul&••t ia food aad dr-1.Dk of 

today. nooratea ad•ioe to Ilia FI-fill to ••• oal.J wbea �oacrJ 

aad to dJoiAk oal7 wbea tllir1t7 aad a 6cota proYerb •aJ'i.111• 

•fee4 aparuclr ud defy tbe fhfa.1o1aa" a.re 1004 exa.aplea,

llla••••• follo•i•1 o••r-eat1D1 and tbe iatake of apoiled food 

au.at hA•• beea frequent froa the earlieat tla••• Derodotu 

ralated to tb• ear� �ptia.aa \bat all 41•••••• to which aaa

kiad ••• aubjeot proceeded troa food (�oaroff 19}6), Athen.aaua 

200 A.J>. wrote the oldeot cookery booll:. "tb• 8opb11te at DiAD•r" 

(Gulick 1927). 

'flurteen hwtdred 1ear1 later Corzaaro (1,'8} wrote u au113 

entitled "Tb• Gu.re and Cortaia Hethod of AttaSnio.g a Loa, aad 

Healthful Lif•" 1a wluola aipba1:t.a ... 1&1.d on abataaJ.oua••• in 

eatia&, H• reotrioted hla daily allowaaoe to twel•e owtoea of 

aolid food and tou.rteen olUloea of wine, Later be axper1aaate4 

rlth flU'tber reduotioa of hia food iatake and towid he oould 

autai.a bS••elf oa oae •11 • day, n, ll••d for ninat7 three 

7eara, 

flt• earlleat reoord of a autritioaal experiweat witb buwaa 

•
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••-,tote, ia which two oontrutilla 41tta wtrt ccapa.Nd, la 

r,ooNt4 1.A the book of D&aiel (Bible). 

AYolutioa of the idea of Cb•ical analzala and it• dtYtlof!tat. 

Th• 14ent1ficat1on of the •••••tial coutitueata ot &A

1dequt1 41,t, their chenoal. 4tteotion, and their qaaatilati•• 

dtterwi•atioa are problua •Moh ha•• coDlroated ch .. uta aiao• 

the btp..lUliJaa of the ef(Qot1•e at1ad7 of ••lritioaal probl-.. 

Tb• pro'fiaioa of 011:1a•• for reapiration ud tb• aitrogenou 

(alb-iaoua) •attrial foz- 0011atnctio11 a.ad re,-J.r of Ula au.aol•• 

and or..- of the aat•al body ••r• alread,y tbo1.11ht to  b• of 

f'IUld.aa•ntal 1aporta.n•• by the oh•i.eta of tlle eari, n.iaetetnth 

centa.r, (Nocollua, 1957). Method• ••r• therefore ••ol••d for 

tbtir tati.aaUon. followillg the b .. J.o work ot Black, Pri.eatle7 

and Ca•tndiah , La•oiai•r (179t.) eq,l.ained the pbenoaeaa of 

coabuatioa. Be pro••d that reap1.rat1oa in antaata reeal.t• 1a 

tbe oxidatioa of carbon and }lydrogen of food. Th• probl .. of 

the detenatnation ot tb• content of carbon and h74rorn 111 

orpni� aubatancea -• ul•ed by o..-,-Lutaac ud Denard (1811) 

Prout (1827) 1.1.ttd thia ••thod for the analy.iiie of toodatuffa. 

Duaaa (18}') 1apNYtd vpoa thia ••thod, and Yaz-rtntrapp ud 

Will7 (18lt1) both hi• at-.denta, der.oribtd a aetbod tor the 

tal1aatio11 of ad.trogea. It-• ll.aed on the obaer,atioa that 

th•a uq or1aaio aubataaoe ••• heated atroql/ rltb an exo••• 

of potuaia bJ4ro:ld4e, it• n.1.tropn waa con•erted into aaoaia 

wluch ooal.4 be aoourately aeaaured. Thit aethod wu .. p1071d 
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bf tu nutntioai.ata tor the nest forty-two year• util 

ljeldahl (188}) deaor1bed bia aetbM •1liob depended apon the 

eea7 ed ooaplete con••raioa of tbe nitro,.a of  •o•t orpaio 

n"-tanoe• 1-.0 •-on.tu •ulphat• by boiliq ritb •troq 

•ulpburio eoid iD pre•enoe of a oatalyat, followed by a aabae�ueat

rtloe•• ot ... on.ta by the action of aodiua bydrosidt. fll.i•

aetbod rith oertaia aodifioatioaa ia aae4 eTen toda., tor the 

eatiltatioa ot tbe coateat of tot.al llitropn. 

Henneberg -d Stfth••na (1860) by ooabillia1 the ob•ie&l 

aethoda ot preTiou• workera, dortaed • •1•t• of food ana1,a1a 

•biob baoaa• knon aa Ceeade ••Ulod. 'file eaaentt.l teatur•• of

thia aetbod were the det,raiantiou ia the e .. ple, ot  aoiatuN, 

fat, D1.tro,.a, aab, crade fibre and the eatlllatioa (b7 

difference) of a traction which wae deaipat-4 oa the Ditro1ea 

tree extract. the1 carried out atu41•• ritb aature cattle kept 

llBder •ell defined ooaditiona ond fed on known aaou.at• of teed 

of Iulo•• coapo•itioa. Urine ud faec,a wer-o oolleoted ed 

ualysed. �••e expert.eat• nre dtaiped to anewer the follonag 

t•o aaia que•tioaa. (1) bat aro actully the nutriti•• 

inpeclieata in different feeding •tuft•, and ia •hat pro»ortiou 

do they ocourt (2) In •bat proportioaa aaat their ontr1t1Te 

1aare4ieata be fed in order to produce troa a &1nJaUJ1 of tood, 

a meld.au of neah (lean), or tat, or both? 

Henneberg •oon found tbet hi• cbaical ••thod• did cot 11•• 

the 4e•1rtd re•ult•, Be al•o tollo••4 th• worlt ot P•tteuofer 

(1862) an qua.ntitat1Ye re•p1rat1on and oaloriltetrio 1••••t11ation• 
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•itla ••S•eJ•1 \at no••• S•eipt illto tile uture a.ad auber of

•••••tiel aatrieat• ... aade. 

The llep.11A111,1 ot tile eaelyeie ot food (aa• of aetebolio 

••d produote) tor the enera oonteate ... aade \7 J'rutlud

(1866) eilo ueed e Nab oelorueter and ritll it prortde4 

eulytioel tete 1D tene of oelorie•, Stoha•aa (1119,) tolloriq 

the led, port••• tlle oelorio •el.11• tor oae p-u of -•t of 

the 1-portaat lulon 4•ri•et1••• pro•ace4 th&ri.q the aetaboU• 

ot proteiu in tll• or1uJ.•, Th••• 1.Dolude4 ••••rel e•Sno ec14•• 

t•tty eoiu. fate, aitr•r•aou ooeat1taente ot U'iee1 etarola 

u4 ••••rel •\&Car•, 

Sollulee (1H?9) eu tbe ••table ill•eeti1etor •ho 4eeoribe4 

u eleborete ••tbod tor '1.atiaotioa ot differeat ol••••• ot

eitropaou coapoUAta• true proteiaa, peptoaee, peptidee, nitrate 

aa4 aaaoaia. •• aeeued tllat b7 thi.e differentiation bet•••• 

tn&e protei11 u4 other aitNlpeou eabetaacee a aore eoo1U'ate 

appraieel ot the natriti•• •alue ot the food could be aade,

"Oftioiel •ethode of food anel7eie" ••re publiahed tor the 

firet tiae 1a (11189), 81noe then the &.-erioaa ueooiatioa ot 

Oftioiel Agricultural Cllseiete (A.O.A.C,) bee 1&Dder-tllkea to 

pubUeh u4 ren.ee •••17 fi•• 7eare tile lulon aetbode ot food 

ual.7eie. 

Prota1.Jut
1 

carbobz4retee1 
tete and aJ.neral.a ae eeeeatiala of 

natrition ,_ 

The eoienoe of nutritioa hae Wlder1one aaa7 oheqee •••r 

eieoe Albert Tbear (19,7) put fo"ard the ooaoept of ha)' 9\U'feleate. 
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..... s.11111alt (18,....) ... Ille 1'1.ret to •llo•, b7 oll�ul

e•e>J•U tlae effeota oa an1••l• of too4e in.adeq••t• in 4aaaltt7. 

Be fou4 tit.at when potato•• or beet root•, (botla of wll.io� ue 

4efloieat 1a 1rot1ia•) were fed ad libita u the aole food, 

the7 were iaeap&ble or pre•entJ.as lo•• of we11ht 1a cow•. 1A 

U• fl'itilll• lo•••lalault (18.50) oa nutritioa couiderri auo 

c-o• aalt whioh he duoutrated b7 eapeJ"iaeat• to be iadiap••

•abl• tor the well b1t.a1 of tan ea1•"1•• Be alao inol•ded 

potuei-, oaloiua ud phoaph.at, u aeowaear, autrieata, thu 

aboria, the illporte.noe or iaor1e.d.o lliaerala 1a the ratio••• 

Lieb11 (18o}-7}) aad len.aeber1 (182,-1890) calculated 

autriente tor ,roetla and 1aer11 ... ooaduoted the firat d11eatibil.1.t7 

tnal. Petteakoter (1862) aael7aed the IU"S.ae Lll.d taeoee Lll.d

lellaer iaweatS..,ated eaera bala.noea. 

LA••• and Gilbert (1866) etarted their pioneer eork 1JI the 

field of a•S•a> nutritioa ud -,roaoa7 at llothaawted 111 1�:,. 

They aJl&lyaed the eati.r, boUee or tlae tu-. ••1•ale a.ad �orlded 

reeulte ill the fona or peroenta11 water, prot,t.a, tat ud a1nual 

aatter. Tll•7 aleo 41.d eoae work oa crop aaal7aie. 

l>ieoo••rz of rltaa:La.e ud tbeir iaporte.no, ill nutrition ,_ 

In tlae be'1a•Sa1 of preeeat oeatur, Pek1lb•ri111 (1905) fed 

aioe a tiet ooapoeed ef a belted 111.xture of ou11J1, •11• al'buen, 

rice nour, lud Lll.d aalt, •hiob be called bread, ud which be 

bell•••• to be of pb7eiologloal iaportuo,, Jed to1etber with 
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••••r, thia br••• •u lao•e•u u.ble to ••p,ort aide u4 all tbe 

anS•el.a 41•4 within a period of foar weua. lfll•a la• tri•d a 

ell ••deada of alaey witb hie tiet of bread tla• eni•e>• 

rne1e•4 bealtb.7. Be .i,tated "My iateaU.Oa ie to pc,iat oat tllat 

t1aere i.a etill u •atao- eubetuoe ia •S))r whiob e•en ia •el'7 

e•e>> qaaaUU•• ia of paraao-t iepc,rtuoe to aoviebaeat. 

It tb.i.a aubatuoe ie abaeat, the orseaSn looeee ita ,ower to 

properl.7 .. •1•1>•te th• well kaon priaci;pal ,-rte of food, the 

appetite ie loet ead the ••S•e)a 41• of.,.,. Vado•btedl, tb.i.a 

aubetuoa aot oal.7 ocoura 1a •Slt 'lnat 1a all. eorte of food etaff, 

botb of •esetebla ud ea1•el orisia". 

Rouu (19o8) reported llipl7 1utruol1•• raaulta b7 fead1D1 

-&l.l enS•e>• oa 1urified 41ata 111.th oalT •all. ed41t1oae of 

aetural toou. Tlaa puritie4 4i•t• ,p,.er•d ,� leak aatrit1•• 

Yalaa, while aoae euoo••• -- eohi••ed on eddition of tba aetural 

foode. atepp (1909) tried to ehow tbet feta .. re aueatial 1a 

41ete. 11• eloohol ead ether •xtracted bread d.iate fail.ad to 

eupport reta ••ea for thirt7 daye. lo later added leoithia, 

cboleaterol, ead oepbel1a to tbe purified di•t, bat aoao proYe4 

ueful.. De aleo prepared e cold aloobol oxtreot troa e11 701k 

u4 din.dad it iato two portione, on• ne baeted ea_d the other 

wae not heated. fheee extraote weN fed to rate together with 

the parifiad diet. ill the rete whiob reoei•ed the cold extreot 

eurrl.•ed while tboae to wbiob the heated extract wae pyen tied. 
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le lllu ooaolu4o4 "•ul •••r it wu that 41.s•ol••• out of broad 

"ith aloollol iJI of pll7•1olopllal laport&aoo to aioo, utl ou bo 

oaa1l7 doatro7od b7 boatia1•" 

KoCollu au Darla (191}) ob.ilo tl'J'iq thou bual cliot 

01111poao• of atl)g aqar (whioll ou aixod with wbo7) aad tllo otbor 

•ol•blo fraotioa of b•ttor ob•onotl that tbo aaSae)e fail.od

ropi4l7 wboa 1.&r• or oll•• oil•·• ••lllltit•t•• for fal. ft119 

l: boooao oY14oat tbat hitherto unepooto4 nutrioat oJd•t•• 

ud lbal it wae oarri•• b7 011110 fate. ftJ.e oouUtuont •u 

fuot oallo4 •tat •olublo 'A' aad lator rouaod a• 'Yit1•la A'· 

111 1922 McOollua ud 111• oo-workora , .. outratod tl11 

oJdotoaoo of aati-riollotio Yito•ia » ud _,., tut rat• whoa 

kept t.a4oore, awa)' fro.a 41.root -na)S1bt, a.ad doprl••• of tll.1• 

rttoa1a, do•olopod abaorau Ito•••·

MooJ'O (19Z9) proYidod proof tbal oarotoao iJI pro•Jt.e•Sn A 

a.ad iJI oo•••rt•• iato Yite•Sn A 1a tllo boq. lo tod 11.t1b)7 

pU'ified oarotoeo to nte•Se A doploted 70--. rat• ud d•outratod 

tbat t.hou ll••r• boouo rioh ta ntoat.a ,. 

l:ljkwan ud Gr13 u/1896) doaoribod tbo Jroportioo of tbo 

ilotary footor wlliob ovod pi1oou of tbo eou-ttiJI prodnood b7 

foodt.a• tho• olll,J pollabod rioo. Thi• faotor wu eolnblo 1.e 

wa\or and iJI dll11to aloobol and oollld diftuao tllroqll o eaai

JOnooblo •ubruo. 

Jllany •tudi•• followed to ieolato thio a.etiaolU'itio Y1t1eta 

•S))Sa• ot al (19}�) portootod a •otllo4 1a •lliob tbo rttaeia wee
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abaorbN oa hllera 11.rtb ud eluted ldtb • aolatioo of quSn1••• 

T1117 hrtber ••tabU.h,4 it• •tnotur,. 

1'ou (191�) ob••"•4 tb•t pol7111U'itia in piseou occur•• 

aooaer •b•• tb• oarboll.ydrat• ooat,at ol tll• 41.et ••• bJ.ab, and 

Collaco (192,> noted aa appareat told.oitf troa 1atr�4uo1� 

oarbobydrat•• into tb1 oropa ol pipoaa d1pl1tad of aatiaellritio 

Yit1•!n. 

t,,,b•snn a.ad Bnhuter (19}7) aad, tb• iaporta.at 4iaoo••f'7 

that 1a y1aat, a diphoapbat, eater ot Yit1•1• 11 aota aa tbe 

oo-taayae, oo-oarboxylu•, for tb, •••Ja• oarboxyla••• 

Carboxyl.aae tu.notion• ia tb1 oon•arllion of pynrl.o aoid into 

ca.rboa dioldde ud ao1tald1ll.yd1. Co-oa.r'bollJ'laa• ia prea111t ia 

tbiuia• pyrophoaphat• chloride, aad it 1• tb• k17 aabatanc, in 

biooh1aioal d1-oarbox;ylatioa. It oatalJ,aea the de-carbox;ylation 

of •an, c(.k,to acida. Peter aad bi• uaooiat,a (19}9) pr1a1nt14 

end•••• that ntllllin 81, 1a the fora of ita p,ropboapl!.ate i• 

iadiap1naabl1 for tbe reao•al of p7rurl.o aoid, aJSd iodir1ctl7 of 

laoUo acid ia the aonuJ. ••tabollc aoAue. 

Korriaoa aad Barett (1959) ea•• ••an21ag nta a diet, oth,r

w1•• adequate, but ooateSa1nc lo•• ad1qaate or hicb l•••la of 

oae B Yitllllin, ia co•biaation •itb low, ad1qaat1 or Mp l•••l• 

of a a1oond D rtte•in. A defioi1ac7 of tbie•Sae, p7ridolti.a1 or 

paatotb111&t• aipifioa.nti, reduced ••icht ,-in and 1tlioi1noy 

ot food utilisation. !boa• anS•ala d1fi1ieat 1.a tb.ieeine uul 
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aaotber ri.tuia ,:rew at rat•• •iailar to tho•• detioiaat i.n

tlu••!ae alone. Uigb lt•el• of other ri.tuiu had 110 ianut•o• 

oa  the •tight gai.a or effioitao7 of food utiliutioa b7 rat• 

det1oitot ia p7ridoxiae, paatothtute or ribofia•ia• �S•SJerl7, 

o o  effeota of high l•••l• of ppidoxiJae, pa.atotheut• or 

ribofiaYia nre obee"ed oa tb• ae•erit7 of th19JIJ.a• deficieno7. 

A •tud7 ••• alao aede of the effeot• of ada.llli•t•ria1 exo••• 

tlliaaiae, ribotlarta, P1ridox1Ae or pantotheaate to alliaala 

deficieat in the other three a ritu:iiu. lo ad••r•• etteot 

of tbia•1••, ppidoxi.ae or putotbeute wu noted, but exo••• 

ribotlarill de1reaaad ••1gbt 1ain aad food oo•••raion affioieacy 

ud iaoreaeed the aortalit1 of rate •bioh ••re detioieat ia 

other rituina. In • ••ooad ••ri•• of eqeriaeata, the au• 

eatbor (1959)re:,orted that exo••• th19JIJ.ne or p7ridoxin• or  both 

bad su, effeot on the night gaia or the reproduoU•• pertoraance 

of the anS•a)a after partvitioa a.ad laotatioa. 

iolat and l'rolslioh (1907) oabered a ••• era in the etud7 of 

aouryY. Tbe7 conduoted eneui•• in•eatigatioaa iato the effect 

of a diet in iaduoing or Ollriaf aour-.y. Their gul••• piga 

rnaia•d healthy on • diet ot cereal• ud oabbage1 when 

reatrioted ho••••r to olil.1 rra1a, they ••••loped aou"7 ud died 

after 20 to lio de:•• Th•J found tut auppl-•nte of tnaita, 

heah ••cetabl•• or their jll.ioea, protected the •o1••J• -,esaat 

thia cliaeua. Tbe7 found thet :,0 g of freab raw oebbag•, 
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aaotbor •ituia P'•• at ratoa aiailAr to tboao dotioioat 1a 

tlliuJ.ao aloao. B11b l•••l• ot otbor •1tee!-. bad ao iatlaoaoo 

•• tb• ••11ht 1aia or otticioao7 ot food utilisation b7 rate

dotioioat 1a p:,rldotlA•• paatotbouto or ribotlarla. G1•1J•rl.y, 

no offoota ot high l•••l• of p7ri.doldao, paatotbeaato or 

riboflarla -r• obao"od oa tb• ••••rity of tbiaaiao dolioioao7. 

A otud7 •a• al..ao •ado of the offoota of adaJ.aiater1D1 oxoeaa 

tb1eaiao, riboflaria, pyridoxiao or pantotbeute to aas,,1_ 

defioieat in tbe other three I rit-iu. lo ad•erae effeo\ 

of t�ia,iao, pyridold.ae or putotbeaate v-aa noted, 'but exceee 

ribotlaria doproaeo4 •e11bt 1a.1.a ••• food eon•eraioa effioieaey 

aad iacreaeod tbo aortal.1t7 of rate •biob ••ro defioieat 1a 

other rituiaa, In a aeooad aeriea of oxperiaeata, tbo aaae 

a11tbor (19,(J) reported that exooee tbJ.aaiae or pyn.doxino or botb 

bad no effoot OD tbe •e11bt 1ain or tbe roprodaoti•e porforaa.noo 

of tbe •n1•aJ• after pllrturitioo ud lAotatioa, 

Uolat and Frob.liob (1907) eabered a ••• era 1a tbe atudy of 

aourYJ. fto7 coadaoted extoui•e 1a•eet11atioaa iato tla.e effect 

of a d.iot in 1nduoiq or ouria1 aou.r.,,-. ftoir a,daea pi10

r•ained beutb.y' oa • diet ot oereala and oabba,., •b•n 

reatrioted bo••••r to onl.7 p-aia, tbey d•••loped aourry and d.ied 

after 20 to AtO daJ,e, fbey fouad that euppleaeate of fruite, 

freeb •ecetablee or their jll1.oea, protected the en1aala aaasaat 

tlU.a diaeue. fbey fouad tbat ,0 1 of freeh raw 0abba1e, 
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di.a••••• Tll••• utiaaorb11tJ.a foo4• l.oat thau- alfeatin .. •• 

( wlaaa laeatatl at 100
°

c. Cobaa &ad Hadel (1918) tua4 prodlMI••

MV'YJ 1a ,-1••• pip oa diet• wai.Db NN oaaplata froa a 

aatrltJ.oaal atud pout aaoapt that the utiaoorbuUo •J•eela 

... ·"····· 

ft• taot tut h-eah, ra•, ••1etabl• food, re• •ilk ad 

auerou other eulNttaaoee oonta.ln an utiaoorntio eobatuc• 

liable to haet, d.rJ'lq ad expoeuN to old.4at1.oa, actted areat 

iatareet -•q bi.ooll•late. in--011.4 (1920) )J"Opoae4 to uae 

tbe aaU.eorntlo eubateeoa rltaaia o, • ..-a ehi.eb ... ei4al,J 

atoptad _,11 ,,,,, wha» •••nt-01orai ••• Beworth e-a.eate4 tlaat 

1, M Nneae4 aaoorlt.lo aeid. flln, Yi\allla c i• ••FI aull.J 

teetro,., b7 ollddJ.•1•1 epota ud bJ e.lr •• ehon b7 l>elf (1920) • 

Ti21eea ud auooi.atu (19,2) U.oo•ared a etrtkSn1 

oorrelat.1.oa ll•l•••• the retaoiJla 'fal11.ae of food ud tllel.r Yi*'e•tn 

o ooateat, tbe r••&••• 2-6-4101&1.oropbeaft)tadopbeaol pro•e4 to be

fal.rl,J eooUJ'9t• for tu flll&JllitatJ.•• eetiaeti.oa of rttae!D c, 1B 

toode ••••Jt •ll•a eoae other atroac re411oia1 aubetuoea are 

,,.. ... ,. 

M&111 ea\Jlod.a of •1tae1n ••.,., tul•• eiaoa tbaa beea deaoriW 

ll7 'fariou autbon. Th• ueooi.atio• of T1.teoia Ob1alela 

J'U\l.ialle4 Ui• ••tboda of YitaaiD , ... , 1a 191t7 end re•1.a•t 1, ia 

1951. 'Iba eatboda Ii••• 1a tlae 2ad e4it1oe ha•• llaee tello"d 

1.a Ible e\lldy, 
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&\01•1 ":tJ:•9• 154 f4iologie•J •v••

trial ad •S"f•r1•ao• ••re tile aaa.u 117 wbua. th• a.rt of 

feNi.a, •ni••lo •u orici•a)J7 4•••lope4. To4a7 ••!17 of tbo 

proltl ... of n•lr1lioa are lteiq otwUed oa n•ll oAiaal.e, ouoh 

u ,a., r•t. no proooN of IJ'O�, npro4uotioa u4 laotatioa

oan bt offocti••l.7 1n•••t1pt•f •nd tk• •al•• or •ariou foeu

for tb.101 •ar1ou haotic.u teterat.a,4. A• 1aportaat footvo

or feadiq lri.Alo •IIJ.•h hu ti.en ••••loped aloiac witb tb• u•

of l.aborator7 •n•ee)• ie tba nplo�•·t of purified Ueto

(t-1117nar4, 19�1).

I a,•ndJ.• (:18�) fed dleto or i,uro •ucar and ot sun tat 

to doa• to aooertain wbetbar protola wu reqllirod i.D tbo food. 

Douoi111•1&lt, lloCoUva, Otltorn• aad t,.,,1 (1911) and ••"1' otbero 

re�orte4 the u.o• of pur1t19' Uelo on I a)l ani•a)e •11.ioh led 

to tb• tJ.oco••r, of ll7 l&Aknown nutritional Nquil'Ma•to. 

nttroa•n bttlaaoe, 

ln order to dettrai1ne th• quntitati•• protein roquir eata 

of ••riouo e,ool•• and the ohanc•• •hiob prot•iu UJlderso la

llTiJIS orsania::•, tbe tla• - laoDo\U'e4 ooncept that nitropn 

••t•riJII' tbt -.od7 of a..-ale •• fo04l, io ult1aatel7 •tored 1.a

th• fora of ltody protein or •llaiuted ch1,n1 throuab urine

ad raeoeo ha• bou tollond. Tbo tatros•n balance (n) lo

tbarefor• detoralntd u a- D • Dl - (VI • rtl) •ll•r• II la

tko �J.tro1•n i.Dtuo, OM 1o UrJ.aary nitrogen ud n 10 faooOl

aitro1•ll•
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illb.._ll tll• -....10 pr1aoipl• ot lb• ••tllod -··•l•r uob.Dt•d 

lhtN b•• lleea ••a, nfi•••ata. Tllo nlatioaaU.J of  Ill• 

aitro11a 1.alak• to,,, aitro11a hc:enae ou eecl1•• b1 Merila 

ad Rob�-- (1922). ftaty ueN tbo lonr poloia atiU.aallo• 

lo Sedioato tile perooataco of ttlo ia,oeto• teod aiu-010• eolul.� 

eoe1ai.lated. ftau.e the •PPNx1•••• pereoat91e a1,roa-

atlliulio• • (food It - faoooe •> a 100 

too4 • 

.&a all the faooal ailro1•n do•• aot orl. .. eelo ••lire� froa t1lo 

fou, a oorrootioa 1.e aeoo--,.y tor tJao ••tebal.io or the 

0Ddo1o•ou llitnc••• h o.,•Noao tll.ie tilto,ol (19.?,) oqr-.ao4l 

Ilia roeal la ae , • 

Biolopoal •al•• •

Ltoo• • - cr,,a,111. ••tahlio "2 - <�·t••rz " - •••oraou •> a ,oo

too4 I• (teooal I• ••laklio I) 

•aluea tor "aotehlio ailzo1••" of teeoee ad •oa4o,-aou Dilro,-a"

of  the •riae ••re obte1••4 by the IJollelll uat,ei.o of the

oxorote eollooll4l da.rill1 aoa-aitro1oaou but 1.eooalorio tiotar7 

poriou. 

la ad4itioa to ite uehlaeee 1a detenSeS•1 the q\lalilatiYO 

au quatilaliYe ailropa •••de, t1le ailN11on belaaoo aotllo4l 

b.al' aJeo boea •plo7ed with r11ooeu to uplora eotaklio Nlatioa

rlli,- of Yariou.r foodatlllfe. The o.paoit7 of nOP•llilro1oaou 

••trieata, oarkhydretee ud tat to •s•Sniel tile oxteat tt pNttoia

oatakli.oa baa loac boom lulon. A•S••l ud lluaa oqorieeate oa 
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tht. •ubjeot bJ the earl7 1n•eat11ator• •tart:lq •itb Yo1t 

(1869) ••re •uaaariaed and r••i••ed b7 Lu.alt (1928). 

Hiller llJld ••rae (1964) ha•• f1•en &A intepatcd rl•• 

of the i�tenelation.abip bet•eeD nutri•at1 •• tbe7 •fleet the 

D.itro1ea bal-oe. In quutitati•e ten•· 

l11tro1en balaaoe, B • I (K) - N 

•hen, I • Ji.1tr-o1•n Intue

(B) • 'nle elf1Gi.eno7 of D1tro1en

•tilia.tlon,

N • Jltropn ued tor aaiateA&J1oe 

Tb• •ffloieno1 ot util1Ht1on (B) i• tbe pro•ortioa of 

tbe intake of aitropn tbat io retained i.e. net protea 

util1aatioa. It •a, be aeaaved b7 tbe balanoe teoluaiQue or 

b7 bod7.,..l7•i1. !be •ariou dietary factor• influeno1D1 (I) 

h••• been de•cribed u (a) uiJlo aold coapoaition of tbe proteiD 

(b) the protein ooncentration (o) the oalorio iatue (d) tbe

le•el ot •1Derala in the diet (e) the le•el of rita•1na 1D 

the diet. 

Hiller ud Pa,yae (1964) b••• fllrtber pointed oat that 1D 

tho1e countries rltb •taplea auob •• oaaaa•o, plutaiA or aa�o, 

poeiti�• balnnoe •11.7 not be reached, becauoe the protein intake 

1- low. 4 1004 deu of eapb .. ia baa been plaoed on the need

to couu.ae protein• of high biolopoal •&lua, but tbe tir•t 

1aportut factor 1• the couuaption of enough protein. 
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Dietarz reqaireaenta ot .. 1no aaiu. 

111• n•triti,e ,alue of a d.ietary proteia 1a deteraue• 

b7 ita .. 1no-aoi4 ooateat. lot all. aaiao-aoiu pre••nt 1a a

protea aeuoa are •••1Jable to the an1•al bod7 ••pe•S•ll7 wh•• 

the proteia 1a either troa a ,egetable aoaroe or baa b4 aoe• 

of tbe uiJlo-aoid• d•atro7ed or readered IIDA•ai)able d•e to 

proooaaing. Th••• louea col&ld be ••batantial. Nel.Aioh (19116) 

ahowed that �9% of the ••lhiollL1n• preaeat 1a ao7ab ... ••al fed 

to rata appeared la the faeoea ud tla•retor• eu aot ••d.lable 

to the an1•al. Iuiltea (19,2) reported •ari•t1ou ia aYei)e�u.it7 

of l7aine and •ethiollin• 1a • oottoa aeed aeal depeadiJlg upoa 

the conditiou of prooeaaiag. ilbaaeae (19,9) baa pabli•b•d 

data ahoriag that •beat glutea 1• )� loaer ia l7atne than whole 

wheat. 

The 1roblu of h .. t 1Djv7 to d1•1ar7 proteiu ba been 

r••1e••d by tb• rood ud ff•tritioa Board of the latiollal R .. euoh 

Couoll (19,0). Thi• reriow haa .. ,haaiced,eapooial.lJ the trueadou 

loaa of l7aiae that oooun ill the to•ating of r•a47-to-eat oer•ala. 

Thi• lo•• -..., bo parti,, but not wholl7 coapen.ated for, when 

th••• food• are eaten with 111llt. l'ri.•d•an and JUJ.ne(19,0) ,·bowed 

a nutr1t1,e loaa of 17•ill• when protein h7drol7aat•• wer• 

autoola,od 1a ,� gluoo••· Tb• lo•• of l7aine 1a heat prooeaaed 

aillt Ila.a been atudied by Hauron and Hodaoa (1956) the ateriliaation 

of coaaero1a.l e,aporated •illt a.ad raw a.1.lk ••• found to reauJ.t 

reapeoti••l7 in an 11, an4 10,, loaa of l7aine. 
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Appro.uiately t.aent.7-two u;iJ.o GCid• are bo•a to 'be •••d•d 

for pow\.a aacl aaint.&iu.noe ol cellular tJ.aaae and alt.u lor 

ot.h•r ••t.abollo tunoLiua•, Uader p)a7aiulogioal oonUtio-, 

eight or t.b••• t.weut.7-two •Lino acid5 a•aant be e7at.heai&•d b7 

the adult ltv•ea bea1 o..ud �vet be preeent 1.a tb• diet to perait 

phyaioloJioal fuact.iollll to proceri • tiafaotorily. Th••• aaJ.110-

aoide are oallall "••••ntial." or "i.od.iopeuabl•". Uader noraal 

ooa41t1ona tb• r-•1atq -iAo-acids cube a1atbeoieod b7 tho 

bod)' aocl tb\L8 era not raqlliracl 1a th• diet. 'lh•e• a•Sno-acido 

are rarerrad to a• "aon-ee111autiu" or "dinpeu11able 11 Roae (19.52). 

Tue utiliution of• ciletar7 �rot•ia for anabol.io purpoeae 

ie greatly dependent upoa tbe patt ra of tba ••••ntial aaioo

eoicle 1,oi·orided b7 tile protein. Ttlie teot ••• firet realised b y  

Willooolt and llopki.ne (1906) ead Oaboroe and Mandel (191�) wbo 

aleo d-outrated that tile •oro oloaal.T the •aeant.Lal. aaao ao1d 

pat.tarn of tbo diatar7 protein •oate tbe eoiaal neede tbe s-r•atar 

ie tba utilia&tion of the protea. �ha officiant e7atbaeie of 

the tieeua prot.aiJl.a ooouze ollly when all tbe ••••atiel aaao

ecide are euppliad e1Dulta.neoU4l.7 and 1a proper proportion.a. 

Aaino-eoid iabalenoa hea bean defined by llel'per ud Kaate 

(1)59) an4 b7 wveh3•M (19,6) and CalJlon {1958), "A•1no-aoi4 

iabelanc•• occar when tht perceatop of one (or •ort) of tba 

-uo-aoide in • diet ie ao low \hat, not only do•• tbe effioienoy

of �rotein �tilia&tioa fall, but aowa a4d1Lioual advarae eftaot 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



- 21

•••k u • bop ia tooC oo•••ptioa, a depre••io• 1a p-oeth or 

u iaoreaaa 1D the aeed tor one or aor• eaSnft-aoiu beooae•

••iden,," To )Kliat out tbe ditfereaoe betnea e•Sno-ao1d

S.-ba1aaoa ud -1ao-aoid to:u.oit7 Oal&oa (19'8) ooatia•••• "It 

ehollld be a&de olear that ui.oo aoid ia"e)aD"• O&A be 

diat�hed fl'OII oertaia othn oaaea ia ellioh ed••r•• etteeta 

ere oa•••• b7 •n••• of a•iao-eoida. Eltoeaai•• iatakea of 

eertaia iadirtclual ui.oo-aoida e11ch u •etlliolU.Jle or t7J'oaiae 

appear to oeuae ••fi.oite to:ld.o Naotiou. fheaa ae• to be 

11.lakl.7 •peo1t1o ea4 11•• riee to •JW1ptoaa wlliob ee.aaot be 

pre•ented b7 atdin, a nalJ q11&.atit7 of the •oat l.iaitio.s u.i.no

aoit.11 

Karper aad 111D1er (196,) atadied the effeota of e•1•�-aoid 

1.wbelanoa ill Ueta of rata _, ooaoladed that iabalenoia1 the 

a•Sno-aoid 111.xtu.re, rellll.lta in u abaol'llal pattern of uiAo aoida 

1a oertaia bod7 nia1c1 coapartaeata, by caae1n1 a qllaJltitat1•• 

•hift 1a the aol'lla.1 pathway• of e•Sao-aoid •etabolln, probably

b7 •tiwllletiag 1aoor»orat1oa of eatao-aoida 1.Jlto t1aauee that are 

eot1•ely e7atheaiaS•1 prote1a. ID euh oon41t1ona food i.Dtaka 

1a depreooed &A4 beaoe ,roeth 1e retarted. 

Bender (196,) 1a•eet1pted the oorrel&tioa between the 

autriti•e •a.1•• (biolo1icell7 deter-.1.ne•) ot proteine and e•1no

eo14 aiataree of k.aon coapoe1t1on ud their e•Sao-eoid aue-up. 

le ue• e11 prote1a •• the •taadard ud ••a.luted ite biololioal 

•a1•e to be 91). with a •llJ'Pl•• of about 2°" of all tbe ••••ntial
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-i•o ••1da. l'r-oa tile biologiaal •al••• of autuaa of llcllowa 

oll .. 1oal •-1oaitio11 bo ooatr•otod • ouno Hlat1Jl1 th••• tso 

••uv•oata. "1tb.1.a tbo l1e!ta of ui,oriaootal error, tho

biolop.oal •al••• a,rood DU11trio•ll� with tbo corroa..»ndJ.a1 

obaioal aooro at biolopoal •alaoa creator tll- JO, lolow tlt.io 

•alao, tho oono dtJtodod UJIOa tbo ttat�ias uuo-aoid, 01117

•boa ••Iino or tbo a11l.pb11.r uioo acida •trt 11eStiq II.id tbo

oar•• follow tbo tbooratioal rolatioa to aero, !ho roliabillt1 

of torooaatl.111 B1olog1cal. •al•• troa tllo obaioal oooro ••• 

toatod b7 tba aaaJ7aoa of a auaNr ot protoiaa tor tboir uitio

aoid oootoot and b7 ooa1a.ri114r tbo ,ro41otod biological Yaluo 

with tbo •aluo dotorai.Jlod b7 biolopcal CU1••1• !'ho roa'lllta oa 

171fICU roforoaoo ailk, lipriu dried f1.ab 1 oocoaat proto1.n ud 

cotton aood nour allowed a h11h dosr•• of oorrolatioa. 

It 1a ooa•oaioat wbon ooa1&r1.Jac food protoiu to u.ao a 

atuda.rd.iaod proooduro u.aio1 ooo filtod lonl of protou io oaoh 

taat diet. aaob oirporiaoata ou auw-or •••• quoationa, but aot 

llow auoh ot ono particular tno ot JrotoiJl food aut bo uod u 

order to obtai.n tbo doairod rate of srow,h. Whore protou A 

baa si••a a lower Yaluo tu.a tbo protein I, •• aa, •till roaaonab� 

ooutdor uiq A ntbor tb&a I, proridod that tbo total coa, of 

a •till aatiafaotor, d.iot boaod on A ia l••• tbaa that ot a 

•1•11ar� Ntiafaotory 41ot baaed on I, Tbt ooabiaation of fooda

••ail.able 1• ••r, sroat ud it 1.a UA11all7 ••r1 dotfiout to

attoeJt to pro41ot tho qulit7 of a partiolllar diet troa ita 
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oba1oal. ooapoe1t1oa. 

cu,-ater ud MuOleaa••r• (1965) renewed tb• probl- of 

bip protein ti•t• of nabal..u•d ••1�o-ao1d ooapoaitioa u 

r•latioa to •a.riou criteria of pretiotiq qual.117 of protoiA 

ud h.•• atata4 that "u.a4ar certaiA ooa41tiou ILi'lll•r leTola 

of Joor proteu will rea-.J.t 1a aearl7 u 100d sro•tll •• ou te 

obtaiae4 nth practical. d1et1 doota1oS� 1004 qwaJ1t7 _proteu. 

Thia good 1ro•th u obtaSned aotwitute11dia1 &A 1oor ... ad 

reqllirnaat for the JSattia1 aa1ao acid with iaoNaaed proteu 

l••ela, !he pooa1"1)1t7 of F•Uotia& lb• perforaaace to be 

obtained ritb a particu..lar protein dapenca firati., oa tba 

aocurec7 of cheaioal. ecore •••1.saed to it, wbiob 1• ia turn 

1o•eraed b7 3 factor• 11&11el7 the raqulreaeat for the ••••at1al 

aaino aoica b7 •ariou apeoiee, a•Sno aoid coapoeitioa of the 

protein ud biolopcal. ••ail..b1llt7 of th••• -1110 acida. OUr

knowle41• of theae faotora u at111 aot coaplete ud u aucb 

,reat •&rS..atiou are enoountered.• 'llle1 hrtber conclude that 

although aaSao acid requtraanta ou iaoraue with ILigher total 

protein l•••l• the �1Jl•r and Pa71l• (1961) equation for 

predictiaa thia effect ea, •••4 aod.ifioatioa for higher protein 

Ueta. 

Baaair (1964) haa atucU.ed the probla of protoin nutrition 

in •1&•ria, Vaiq 1ar1 and ao7a, tile atepl• foou of thi•

caut17 be triad Yario\1.1 diata coat&1aia1 different proportion.a 
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of 'h••• aatorial. lloao of Ul••• ••r• able ,o •tialll.ato ll'Orib 

ia rat• to tbo extent of oa••i.a ata.all&N di.et. Bo t•rtber 

••ppluonto4 tbeao 41eta •1tb oaee1.a ud toaad tb&t 2 1 1 1 1,

l•ri 1 •01• 1 oaaoia 1••• tbo b••t roaul.ta •••• better tba 

tboao of tbo oontrol. Do oonolvdoa tbat io 1 1 2, 2 gui, •01•, 

caaein 41et tboro 1• a aarked 1.abalaooo of aaiao ao1d.e aad IJ'O•• 

dof1o1ono1oa of ••tbioldao, l.J'•i.11• 1 iaol••ci.ao aod •altoa •Idle 

1A the 2 1 1 1 1 41et thi• la oorroo,•• to a p-eat oxteat 

a.ltboqb it •a, not attida the proYieioa&l Jattera (IAO 19,7) of 

the ••••ati&l ••Sao aoid• • 

In hi• aorl ••t ot e:rporlaooto bo baa uaod 1 1 1 1ari, oo,a, 

•• tbe ba•al 41et and tbea •up�l•••t•d it with •ar7in1 q11&11ti

ti•• of d.itteront uiao-acid.e ud oaeeia. le tlnu oonol•d•• 

that ••ppl .. entatiou ritb both ].J'ai.De a.ad aotbiolli.ne 1• requred 

in order to obta.in a •ax1•u rro•tb with tbio 1 1 1 sari ooya 

di.et, Tb• u.ino acid 1.abalaJtco with reopoot to trn,to)!ha.n, 

nlln•, i•oleucin• do•• not appear to ha•• an otteot OD tbo 

IJ'Owth of rate. Rooo (19 .. 8) fed rato on 41eto oonta.inin• highly 

purified ui.Do acid• i.Dotoad of proteiu ond b1 ouccoooi•• 

rooTal of each uino aoid froa ovob di•t•, eotabll•h•d tbe role 

of eaoh �1.ao acid, Tb• roaalta d•onatratod that tor rrori.ng 

rate tea a•ino ao14e are ••••ntiel 4i•t&rJ ooaponont•. 'fhoy are 

••lln•, loucino, i.Goloucioo, throoldno, aotbiolda•, phonylo)anin•,

tn,tophano, ].J'oi.De, h.iatidi.D• and arg1.niJSe, Th• exoluaiu 
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fl'oa tile tood ot ..., one ot tbeae otker tbaa a.rpntn•, led to 

protoud antrtti•• taill&1'e, loaa ia weipt ud deat-• .u1iuae 

depri•atioa ••r•l7 deoreued the rate of 1rowtb, 

Roa• (19lt9) deterained the •ia1e"JI dail7 reqllir•eata of 

uiao acid.a and reo011ae11d1d 41.ilJ iatucea of •••••tJ.al. a•in• aoid.a 

tor au u abowo below, It 1a aaau.aed tbat tll, diet t\u'uahea 

autfioient 111.tro,.n tor tb1 •TDtbeaia of oo•-••••otial .. 1ao acida,

Allillo AOid Ninillue d.a.117 Recoaaended dailJ 
reqt&.ir••••t intake (1) 

(1) 

L-Tt-ntoph1,n 0.2, o., 

L-Ph•ll7la.laune ,.,o 2,l 

L-�aine 0.80 , .6 

L-fbreoni.ne o,,o , .o 

L-Va.11110 o.ao , .6 

L-Methiolline 1,10 2.2 

L-Louoin• 1,10 2.2 

L-Iaolauciae 0.70 1 .It 

Interrelatiooahii ot nutrioota 

whoa tho baaio prilloiploa of nutrition were boil>c eatabliahed, 

it wao oloarl7 oeoepar7 to oonllidor autr1e11ta iodependentl.J, 1a 

order to identif7 their •1gniticance, and to deterwioe quantita

ti•e needa, Thi• approach hae tanded to o•orehadow tbo obriou 

faot that indiridual autrioate are aot couuod in iaolatioa, 

I 
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bwl ee • par, ot dle, :,roYldha a l•r•• auai..r of 'la.r1a�• 

••,o•e•I•• ror eaaaple, tbe nutritiTe •al••• ot prote!•• a.re 

•••allJ detenlned uder con4it1ou eneur� their aaxt•e1 

•tiliut1oa1 but aucb atu41•• do not adequt•lJ repr••••t the

fate or prote1a ia natllJ'el dictG. 1• which cot oalJ are tb, 

eb•orbed aa1no •old• deri••d froa ••Y•ral toot. but Ul• ••tritlYe 

coa•titu1nt•, •••b •• oc•ra Jioldie& aatrit.Ate, the &1D1ral• 

oad T1tuln• (Munro, 196�). 

•hen purified, ••lli-0111thot1c dieta ••N aY&ila 11 1 attoatloa

ohaa11d to a •tucS., or tho fuaotlou of 1AdlY1dltal Ylt 1aa ad 

1nt1reat 111 interrelatio•aM.pa U,JM. loweYer dur.1Jll the aidil• 

ot the pr••••t 01otar7, atteatioa II&& been ci••• to the atady of 

thi• 1•,ortaat lnterr,laUoa•hlp, (Cu�bell, 1964) baa JiY•• a 

ooapr1b1naiY1 ro•i•• of rocent fiadiqa. 

proteiae and Yituina1- Tllo littraturo coct&lno ••"1 coafl.1.ot1A1 

re,orta on the relation of prot,u deficlonoy a.ad the ab•orptioa 

and •tillution of .,,�o•1n A aad oa.rotone, 'Eall,

aoa (196o) for iutanco roportod Uaat •hoe there ••� icauftioie•t 

protein or poor qu•)1t7 protein 1.a the diet, the otorqe of 
• 

TitUlin Ana reduced. On the other bacd Jurray (1961) •ho••• 

tut rata ,,re ablo to ator� uiplo uouatc of Yit .. 1a Ao• dieta 

ot poor-,uality Jll'Oleia or c••n oo o prcteia-froo 4J.et. Th.la 

findins hli• al.Do been ccafiraed by Math•••, waton (1�6J) wbo 
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•••• Utta .. a\•\alq 01 ,, ud 20JC •ueia Jroleia. INll•ill,

leqer, Looali u4 1,111-. (196� ... .., .. Ill 11,en ... t1•••1• 

of ••'• tet oa Jl'Ole1a fr11 dl11. !1117 tosa4 ,�, witl 

la•••u1ac Jl'Oi'Ortio11 of di1ta.r7 v t1ia tt1r1 •u I prop1aal,1 

•••••••• 1a  \k1 uout of w-ltaaia .a 111 tile 11,1r ... aa 

la1r1a11 of it 111 \lie ltidatJ, ID rato iqeatiaJ u 1b oa111a 

4111, l••• YltM1D A•• fo1ad 1D the 11,,r, and aon la the 

kija17 tbu ill tb• •lo••� - arona, 9gj•Jla �1,,n ,a sl•t•• or 

111a. Tl1 11fio11007 of ,1tu1D 1 attliootioa ••• d1or1111d bJ 

prot1111 of 1ofer1or quallt7, bat ••o not affeoted by tl• lenl 

of  d11t11')' protela, 01rr.reooe1 obaer,ed lo total ntu1a A 

per 11,er ••r• oot ao &T••t 01 1• tb1 •••�at per 'a&lt ••11bt of 

11,,r, R11ult1 r1port14 �, Jlatb••o ,ad e.atoa (1963) ,...,.., 

tbat prot1la1 are olooel7 coao1rn1d •1\b rlt1•1o A trau,ort, 

Fr11ad 1 U11rd, flatt, :t1,-.rt ud 1ura,r (1961) •h•••d tbat 

pi11 oa los-prote1.o dleta bad lo••r ooateoto of ,t•a•ia A 1a 

tbelr ll••r• tbaa IUlit:11111 on cll1t11 adequate 1a �oteln, Thi1 

•• ooa1ld1red to be du,, both to 1apc1r•d conTeraioa of

oaroteao1da 104 to reduced ab�orptloo of •S•aela A in the 

prot11D deflci1at dl<ta, 'Ill• ooac,ntratioo or Yitaeio 1a the 

••rwa ••• alao r1duo•d in &DiarJ.o led oo ,�otaio dtficleot 41.eta, 

Jllr&•r, Recb•iilj Looal1 aod llliuc (1,62) reported that 

althouih a Aitro1•0 fr•• dlot �•eroCJ11d the con,eraioo of carot••• 

ud ita atora1• •• ,itaa Q A, it d.1d uot pr•••nt it, Mathew aa4 

Jllatoa (1963) fou4 that th• li,er ud blood of rate •bicb - 11-
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..... , ... t•taiaH 1eaa Ti\Mia A� ,b '1•'• "" low U 

,n,au. la .. ••nl lllerefara lb• uta •11&1••' u 1a,1rf•N••• 

al l•• JN\•1• lenl •1111 ,,. •-or,\toa or .. a•oreioa of 

..... , .... 

fnleia - r1Mflarta• Caaolku u4 ha•Dh•ia ( 19") fH nt• 

oa Uela 1.a •IIJ.oll aueia npplied 11, 20 ud ffl5 of Ille calorie• 

••• wbieb aoataiaM ,1,11,r cradM _.u,, of r11>enana or •••• 

al all. 0a Iba low preto1a U•t U• n•n!a •••'••' ot th• 

or1au wu lo•, •ll•l•••r tll• ... .,., 11•u &114 lb axuotioa ... 

nlat1••1J lliall. 1-,,-re11\l7 tbo rate eolll4 ul n,aia ••• aalt•

ue of r1bonana. oa tbe ldp petola Uet •ore ri.Mfla'f1.a ._ 

recad.N4 ta aualela tu aoraal l•••l a f  r1Mfla,1a, Iba.II ••• 

••••aaar7 on aoraal 201: Jrolela Uel. ft• ••ut of riMflarta 

r•tw.1••• au 1atl1&oa1M 1a tbe uza• say b7 oa, fat i a  \lie 41•\ 

ud lb• awtllora •"ll••tM lllal the offNt ot lliotb potola u• 

fat 11u to ref.uoo iataaUaal 1711\lleeia •f rllloflarta, ftio 

thoor7 waa ••�JO"'-' b7 otll•r "n •1111 rate 1a •11.i•h tll• 

rilloflaYia r•Qd.r•••• ... ohon aot to iaor,u• •ltb Jl'Oleia 

iatak• •h•• 011oroo• ••• the ao11roe of oarllo\74.rat,. lt ha.a 'lleeD

oatabliah•• tut a•i••l• au aaa oa lo• pntu11 iatu•, exont• 

nlati,,•l.J larp uouta of riboflaYill, (lll'o•Ra• ... ••, 19'8). 

Carbob,Jdnt•• aad •i�e•!a• ,. 

Mor1u ud twlkSa (19'7) lo.ad tllat •ll•• 0-oorbitol wu

•••••'°a diet d1fioi-t 1a tb1ea!ae DOnal sro•tll ooouect 1a 

rota, C11u1du, tiull oad Chow (1960} dnoutroted tllat tlbea 
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I •••ld.1-1 w .. ,_. te a u,, 4efialea, 1a rl "not• '6, 1, 

lMNuM ... •rlaarJ uere,1•• aa4 Ue ceuealratlaa 1a U• 

li••• •I 'fi .. nzta 1161 1a ,,111, nu, u• u,ro••• .,...u n,•

•t ••n::llq n,a. P•,Jl••, Mllll•r aa4 CNaer (1960) ""

ualale to eoalln tlle tklalu apuiq aetiec ot Ml'llltol la 

w. *rpa ••• t••k!• (1962) rnieffd lid• •bole tleld ad

••••l.Ce4 tit.at u,n appeara ,o M two tn,ea ot •.-rlac aetioa 

lanl•... !111 llret ia tlle )1eite4 •JIU'1Aa 11\loa oa rl•esi• 

�2 ••4 loll• ••111 .Mlet \Ila aecoal ••• M Is ·•a,••atet 117

ea,,rlaea,a o• ,..,. ••• aioe, la w\ieJI \1117 oaa M .. ,, ealil'el)-

1atepea4ent of 41•l•J'J INr••• et e TU'i1t7 of I •lteaiu. fll• 

date •• a ehola teaoutreta \II.at r••lllte 11.Q nr, urke4>., •ltll 

experiaen,111 ooaUtlone. 

Mlaarala pal fltuba ,. 

Oerelloll ud rana.U• ( 19'9) eateUlalltd \II.at \111 •adopaou 

extNtion of  oiralet• 1• aaa, oata, eat nta la 1a•••••lJ' relate4 

to tll• uo1U1\ of JJrllo&ia• 1a tll• Uat. flue i• taporleat 

lleoeu• of tlle fonetioa of viaerJ clllollli. •hiob are ler .. i,, 

,_poeed el 11101• oxalate. Otrallofl and A.ndn, {1961), while 

e\9'Jlq tll• prolll_. of o••r-a•trltloa, ,01a,., o'Clt tbe clefeot, 

of i.11111 cllloi• tieta. n17 •••• of tbe opS•Soa \II.at u.uer 

olr, .. tu••• taYOvalll• to Use produotioa of oelola axa)ete, 

\Ila utu• ot lo• elllolua diete 11.Q II• edrteeble. 
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Tera C.ltak ud Diekeraoa (1963) 1awea\1Jate4 t�• na,oua 

of JOUC rate nea deprt••• of p:roteina or of calorill Ue7 aleo 

at•U•• \lle pl••• proteill ,attena of tll••• nta. It au 

ooaelua4 Iba\ aalnatr1t1oa abelller \.Na&ht aMat � a lo• 

protein 41•\ (ouuya ud banaaa) or a natr1ated kip pnte1a 

t1et affeatet the oonoeatrat1on of ,i. ... ,nteia aad vea, 

Both deoreaaed I globuliaa 'bat did ao\ appreoia'bly oluq• the 

proJortioa of al'buiaa. l\rilliag alailarit7 'bet•••• the p}a a 
u protein ,atteru la auob .. 1aar1ee4 r•�• ... abo•• 'b7 ,aper 
.. 

•l•otrophoreot11.

D1etu;z prapratloa of foo4at•ffa ,_ 

Th• affeota of oookiq or voeeu1a1 et, ... war1 •1tb tbe 

tn• of food, tbe 4uat1oa ud ••••1'1t7 of tbo prooeaa, u4 tbe 

aia• ••• ooa41tloa of tb• ,ort1ea of toed, ft• aoot ••••ili•• 

of ill tbo nutrlonto or• the •ituiu, B•••ral, bat DQt oU, 

•llJ' ouff•r oonAiderabl• lo•• oa prooeaaiag, P.oat proteiu do

aot auff•r 4&11 .. • ual••• tbe7 are ••••r•ly boot .. or atore4 for

1011,1 per1o4o, Lo•••• of oar'bohydrateo and aJ.aoral oal.to ooou

iJ1 wet prooeoaing 'b� leaob1a1 bat ••••l� ou 'be 1porod,

(leader, 1966),

Baell u4 WUaox (1962) fouad that u auob ••?"-carotene 
•• 

ia lal• and c�Jlard la loat la\ doyo abon ator-4 at ?O 0
r uader 

ooaditiou of rapid dlti41. At 50 °P tbore are 20,. looa oa 

alo• wilt1q aacl )OJ lo•• oa rapid wlltillg, •h•n wiltiag ••• 

pr•••atecl and lal• otorod ot '2 °F there au oal,7 25,i loao of
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•an\••• la It weua.

lot� 'fl\ula A ut oaroteae are a\a-1• to alld oookiac aad 

Jro11aaiq, b•t a.re te•tro7e( at 1t.11b t•peratue, la preaoaoe 

•t OXJ1•11. Maqaoocl, laq•e ud baa (196)) reported tb• loaa

of rlt .. 1a 4 ia oariobed 1lle, aad • ....,.,1, rr,1ac at 200 •o

taued a W'A loaa ia 5 a1a., 60)i 1a 10 a1a, ut ?Oj 1a 15 aia. 

leillq la water oau,d 16% lo,a 1a JO ala. � la 1 lu-, aad

?<>)i la 2 lu-.

Adu, Bora,r aad ltunrtll (191t2) Ila•• po1atM ••t ,hat 

croatoat lo•••• d•rin1 Jrooaaaiq u, ••u•d b7 l•a•b1q oat 

of water aolubl, ,1tu1u, ft, naller tile ,tate of awb-41Yiaion 

of tb• food tb, aor, 1• leaab,t eat, ft• uo,at loot alao tepeada 

upoa the t•peratare and tllle er wator treat.a,nt. at,aa 

blanol!J.a1 oaua,a aaaU,r lo•••• t\•a bot w•t•r tra•\awat, fitu.ia 

a., ia •table to aoi4 •••• at bo1>1•1 poiat aad •P to 120 °c, bat 

uaatabla at aautral or alkaline pi, 107 ud Rao (196)) reported 

,1iat oookiq ia tap water oauaod 8-10S lo•• •hilat oooltiq iJI

••ll ••tar reduced tll, looa by '6J, Asai.• whon larc• Yol•••

of wator are ue4 for oook!a1 (10-1,)Yolua•• u 1a tb, ea,, of 

riow pu,l) tb• loaa of Yitu.ia ., ••• h, .. cr•at •• Bos. Tlt.i.•

wu duo to tile alkalinity aad not lo•ohillg u the aaa, rr•paratioa 

la cl.i•t1Ua4 water lo•t oal.7 "'1
1
•

iaoariqer ud Paraolliu (19,9) uowed that to••ti.nr kre•d 

for ,0.-70 aeconda reaulta in loaa of 10.,os of tldu.iao, Cuandet 

,t al (19'4) roportod that cereal• •ll•n atored •• whole rrd.n 

cu aaffer a looo of thiu.1•• d•J•nd.iq upon tile ao1otve co4t1at. 
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la ... ••de• •f ellleenaueu �." .. • "°" 1.,., tllriq , 

... ,1aa •'-nc• rt 171 .. 1,,v., 12'i 1 ... . , 12" .. 1.e,-,,., -·

• le•• •Iler ... 1nu, •'•• ,,. aolelue •• �no8' to"'·

fte, •• tm• tn lo •• •• to ,o,;. er 1,, t,•nn1•• on ,n1Jsn1 

&aj 7"' oa ••rnSa,, •114 •IP lo •• ••• of 11 oa oqnzb!n1, 0.

re,-rl si••• ''• loee in eue •• � •'•• eeru'bl,. __. 2"\ 

ellen ,,., ••n bot.le( (Lane, Joll.D.au au Willi ... , 19,2). 

fitnnSa 82 ie •••l>l• lo OXJI•• ud te aeid ooeUUou, 

"' uelal>l• to up, .. , to alllal.1, •••' al••• 1, not laarahl.,

l\n ••uiliritJ to lipl leab to Ill• •••lrulion of llotll 

Yilaain •2 and •ituin O ta aSJI!, Al>oel ,0,- 'fituia 12 la •S.JIE

••• l>• deetro1•• in 2 hre, l>7 ·�•v• to ulpt e1e)S1llt ud 

2°" OD a dull da,, 

aad tlaia 4oetro7 o •1tan1n C, (larrie ••• •oe Looeeu.o 196o), 

nere i• •n•••o• of • defici•D•J of nr14onae (n.ten!a 

96) in pr71UJlCJ •• 1n41oate4 117 tile i.ullilit7 of aono

ia4SY1.dule to ••tal>olleo coaploto)J a teat load of t17Ptoplau

utll extra pJridold.ae '-• l>••• �•-1111otorod (lut 19�7), !h1a

-., II• 4111 to tbo laolt of 116 in the food., Butiq (196.5)

aauin14 tbe atallill\7 of rita•i� Dti •II•• added to food, Mais• 

••al eb1n atond for 1 71ar at 100 °r aad at 1� r•lat1••

,a1t1t71 retaJ.a14 90-9n Of t11o added. rttui.a, 11lle11 na.i&I

ea• lldod iato IINad, tba roco••r, .-u 1�. tlaoaroai retained 

1°'"' of Ua• ••••• Yi�o•i• on etoroge ll11t loat ,0, in ,.,or ebon

_..,..ai ... •••••· 
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Vituill C la perkape tb1 •••t r1adU7 41etro714 of all tlle 

Yiu.at.a. •�d it• Nt1at1on 1• ott1n ued u 1n index oft•• 

••••r1ty of rroo•••iae ud atora .. ooadicioM, It ia oxid1a14 

1D air ud•r alkaline conditiou and \Ilia reaottoa ia cat&lya1d 

b7 tnoen of oopp1r. Th• 61'•at1at lo•••• u• 401 to l1aoU..1 

into proc••aiag •1t1r. !II• eaouat 101\ d1pead.D, oa the ucnaat 

of ••t•r rather tbu on the till• of tr1at•1at. t111t:abl1a 

•h•a t•lly oo•er1d with .. t,r .-, :oea So.I' of tile .. oorbio aold,

•h•a halt 00•1r14 60';t, ••d wbea �urt1r co•ored �. ft• uout

doatro71d .-, b• quite aa&ll. coaparo4 with lu1luas 100111. A

Clltlp)o Of C bba�e Cooked in 10 YOlllall Of W&\lr loot 101l bJ 

do�truotion whilat 80,, ••a loat 1ato �onkAaa water, oaly 1� 

••• retained. (Bender, 19IIO), 

In aa 1xa•S .. ation of lloap1tal 41•t•, nat.t, E4d7 ud 

Pellett (196}) •bowed that whu po1l1d potato•• ••r• noak14 ia 

water 0Y1J'll.11ht, th17 loat ,,-60::; of their Yiteaift C ooatent. 

Tho author• pointed ou\ tb.At thia loaa ••• due to •1obellioa.l 

peollns •• l1aohia1 do•• not oocu if tian•a are 1U1d&11ag1d. 

Uan4 peel� follow1d b7 ,, 11.ra. aoakiq 1n water o.uaed aa 

•••race loaa ot 9S' ot Yitealn C, 

Olt• (1966) Ila• reported lo•••• of aeoorllio 101, la aoa1 

n1 .. r1&A foo4a durl.n.g oooklng. Tu •h•a cook14 loet 51�, 

oee .. •a 6?J;, end •••et potato 6}, • Be obe1ned aesl,lsible loeeee 

•ll•• 1.- nour or ••••••• nour ••r• oooked. In plentai11, be

obtler•ed 6� lo•• of eaoorbio ao14. 
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Mi••ral ael\a. 

Tba lo•• of aiaeral.e 1a\o ,b, Jroo,aaiq water 1• ut a 

aa\tor of o•tri\1oaal iaportuo,. Tbt r•••r•• pro•••• ia wll.iob 

,ao foo4a abaor\ aiAtrala troa tb, water aa, b, ot irea\tr 

a1rll1-tioanoo 1D otrtaia inatuo••• It oaa •• a aeriou Jroblu 

1a tbe Jrepa.ra\loa of l••-•o41u foou for u,tetio p,ar,o•••·

In oao aor1oa of oba,rYa\1o••• tbo aoclia ooa11ot of peu wll.itb 

••• 1.7 •r/100 ,. ••• ioor••••d to 12 •a/100 I• For tltJ.a 

r,aaoa water ooataitdac eor• lbaa 10 q/100 al. aodJ.- la 

oonai4orod 1UU1aitabl1 for ooolLl.11,1, (leader, 1966), 

caloi\81 oan aleo bo abaor\14 b:, foo4a f,... liar-4 ••t•r 

(lora,r 19'6-J?) but the uouta 1•••1••• are aot rr••• ••011P 

to be nutritional� •111\itloaat. 

Fl-ot.tllla 

Duas• to protein• ·� b• of two e•ta t:,pea (a) deetruotion 

of a•ino aoida and (b) ooablaaU.oa of part or oao or •or• of 

tb• udno aoid• in a Utlr.as• tliat 1• aot "7dro�a1d d11ria1 

d1ceat1,n, Tb•r• oao alao be aall lo•••• of ooloblt protaiaa 

11,ch•d iato lh• oooktac ••t•r1 bat tltJ.a eoat� aftoota 

•• ,.,.,1, •.

L•• (19,S) and 11}1• (19,9) r•JOrt,d coabiaatioa b•t•••• 

th• u1Jlo rr••P of eeino ac14a and reducug rroopa pr1a1nt la 

tb• fo1dat11ft, and aloo b•t•••n tb• ulno groupo au carboa,l 

coapooada tonaed b7 the oxidatioa of fate. Tb••• linko 

oauot be b�dro�••d b7 d.111at1•• •••Je••, beno• the aetaa aoi4a 
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11•0•• ... Yallalllt. A• \ll••• oc:a,c-•M• oaD boeeT1r bo 

ll7drol7•ed "7 \be 0014 \roablae\, \ho obn1cal ta\ia&t1oD IIAJ 

&1•• •1•ltad.1n, l'U\llta. Deader ( 19'8) baa tb1refor1 •Jllluizod 

,11, Dttcl of biolop.aal ua&y at\hoda. 

ILal'ri• and V�• Lo1a1oba (1960) reported tba\ lJ•iA• O&JI

r,ao\ •itb r141101D1 auba\&Aoea, •1a 1t• e•\ao Jl'Oup projtc\lq 

fl'• \be protol.n aoltoul.1. tllie looo of eTAilelll• lyoia1 cu 

all uo1111to of r1d11G1111 S11bataao10. 

Cried •11 ooa\e11Liq 8} Jl"Ote1D ea4 )1J s).uooae will deteriorate 

botb ia a11trition.el •al11e aad naTour doriq proloaaed atong9, 

If by treetatat -;;i.tb y1eo, or clac:001 o:a.14••• thio a;1u1,ll uoUAt 

of sluooa1 1• , .. o••d, it oaa be atort4 witbout hara. 

IrJutt u� Darou ( 1966) • ea4 ror4 ( i962) be•• shown that 

aot only l7ua, but ot••r u1ao ao14a ia ••• iaelanoea '" al.oo 

,tf1ote4 1a • oSaSl•r c.au1r aoaet1a1, •••• eon t•an lyaint, 

1:rtaNl\1 et al ( 196)) detenaiDed tilt •ffeot of oootun1 and 

or uiDo-aoid nppl•entatioa oa the autrit1•• •elue of block 

beea ((h1110111, •uL1aria). Dieto •&.r11na ia pN1teio ooatent 

fro• 1�.1 to 17.2, cooked for • t1ae ••r1ia1 f� Oto� 

aiautee ead •QppJ.••nt-4 with cetb.1onirle, leuoioe, tryptopbon , 

lye1••• •alin•, phenyl alonino, ieoleuc:ine and tllreonio•, in 

Ufferent coab1.aat1ooe, ••r• fed to rate, It ... oonoluded tbet 

preoaure oookia4 fro• 10 to }O eioutee did oot dooreeo• the 

aatrit1•• •·lu• of bi••• but that oooldaa for aon tbet ,0 

aiaut•• 414 deor•••• tbe autr1t1•• ••1111. Rc;a• ooolLJ.ac 1a ,a 

opea kettle d14 not deer•••• tbe nutritive Yalue. Jo apparent
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ob ... 1• ia th• ••thionin•• l7aia• or •alln• content ot bta.n 

flour rtalllted froa u, ••thod of c�nkio1- Th• content of the 

fr•• •uno group of l7a1n• ho••••r deoreutd in preuure cooked 

•aapl••• except for tbe It<> ainutta cooked euplt, Tbi.• did

not ocour la tboat oocktd in aa open kettle, 0.1� eupplaenta

tion with DD·••thionine in the diet produced aignificut 

inoreaae both in proteia •ffioitno7 ratio and 1a ••11ht gaia of 

the rat• wbea coapartd rltb the group on o.aauppl .. ented diet, 

l'urtber addition• of ••thiooine (up to O,;»i) produced proportion

ately aaaller inoN•••• nen •ariou ooabinatiou of entnn-aoid• 

were added to the diet, none of th,a 1.apro•ed the ••ight gaSn• 

beyond the •alua obtained by tb• additioa of aethiolline alon,. 

MttbJ.oaine together nth t,-roain, and ••lll.ionint to11ther eith 

l7ain• bowe••r iapro•td the proteu effici1no7 ratio beyond the 

•alu•• obtaiatd on ••thionin• alone, When other u:1Jlo-aoi4a

were added in the pretence of ••thioniue it did not inoreaae 

the •alue aay flU'th,r, 

ktrJ (19�9) atudied the effect of cnolcSng on ••at. It wu 

found that dur1J11 ooolting of •••t, atcorbic acid ••• totell.y 

loat, aneurin lar1el:, loat ud ribofla'fin waa only aligbtl:, 

atfeottd, Jlioott.Jnc acid alU'rtYed ••ll in aoat of the conkSng 

••tlloda,
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CBAM'lll 2 

ttater1alo 

(a) Souroea and nature of foodat•ff•

In•••t1got1ona ••r• carried out on tha follo•iAI 

a1x diata, coaonl7 uaed in Ri,garia, 

,. Dto and ak9ra, 

2. kunded 7aa, eto, and ono1la,

:,. U.ubo, •1u1 aoup u� panla,

I+. h-1•4 plutain ud baet at••·

5, Gari, oluo aoup and dry fiah. 

6, Koiuoln •ltb ahrl.apa. 

7, For the purpoae of oonp.arleon a •••1-ayntbatio diet 

oonai•tlng of AaJlu. (aaiaa ataroh), oaaeiD, a aineral 

al.xtura and a •1tuin aixtur•, known to contaiD the 

optiau ra4uiruanta tor the rate, ••• alao atudied. 

All tha food aatariela ••r• bought in the local 

aarket and 4uickl1 brought to the laboratory for •••11•1• 

and preparation of the dieta. Ogi <••t ad.�• atarch) •a.a 

bou,ht for the preparation of eko and bea.na (Vigna 

unpiculata) ••r• bought for the preparation of akara and 

aoiuoia, Pounded Ja• •aa prepared in a looal raataurant 

ao •• to ba able to uaa • wooden aortar ud peatle for 

pou.nding, All the other fooda ••r• oooked 1D the laborator;y. 
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The &•••rally aooepted reo1pea and aetbod.e ot pre,-rat1on 

•b1ob alao oloaely agree witb tb• •u1ou oookSac hooka

(W1U1aa 1962) ••r• followed. TIie ••thoda of preparation of

tb••• 41eta are deaoribed below. Tb• actual qwuat1ti•• of 

Yar1ou illgl'edienta uead for the preparation of eaoh diet are 

abowa ia  tabla Jlo. 1 to ? on page 'r3 to/,q • 

DIET no.,. 

Eko,-

ln5redienta1 0Li ( et ui�• ataroh) 

Hetbo41- To a eaootb paate of ogi, boiliq water waa added 

uatil it tb.1ok•n•4, atirrio1 all tb• tia• to etop lup tonution. 

'!he aateri&l. e, • then boated for 15 •illutee ill order to cook 

the ataroh. 

Ine:•dieote1 Sb.it• bea11.9, onion, red pepper, pala oil aad aalt. 

Hetho41- Tb• baau were aoaked in •eter till the uin beoue 

aott. Th• •kia n• r•o•ed by a•ntl• rubb1A1 in the bude and

th• reaainina portion ••e sround -til it •a• aaooth, then 

beaten with f1D1ere util llpt. Orou.ad onion, pepper and aalt 

were added and fried in aaall portiou 1� pala oil until browa, 

DIET 10,2, Pounded Jaa I 
Efo ud Soaila 

Po11oded , .. ,. 

Insreclienta, 1 .. tabare. 

Methodt ne , .. ••• paeled, 011t 1.Ato pieoea and boiled in
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•at•r Util •oft. later •u atraiaed off• the, .. put ia •

•ooden aortu, and poud1d uat1l cmootb ud •l&Jltic to toaob.

fo  ud tnaila. 

lagredientc I Efo (Orotal.arla app.) 1 aaeile (V1•aera qv.acll"ata),

pepper, aalt, t011ato 1 pAla oil, onion. 

Bfo l•a••• nre reao,ed fro• the tllidt at••• and out 

into about one iaoh pieoea. fte7 ••r• then boiled and tbe water 

•trained off, Sn&ila ••r• r .. o,ed froa tbt abtlla and then

waabtd with alu.a to reao,a a.l.l aall,a, than out into p,ieoea and 

allosed to coo.It in their o•n .. t,r w1tb a011t wt until •oft. 

Pa.la oil••• added and tba auila ware triad. Q.rou.nd toaato, 

aalt, olliona and pepper ••re tben added, and frJiaa oont1auad 

for anotbar fi•• aiautea. lloilad afo �•• then added and cooked 

for aboat 15 ainutea, atirrin1 oooaai�n•}l7, 

Dll."f lfO. }, £labo
1 

Eeal aoup and Pallla (dried fieb). 

M•tbod1 tu noll!' •a• aprioltlad in aoa• bot water and atirred 

ntb a •oodan apoon. Tllt 7aa flov wu added • little at a tiae 

and atirrad ,igoroui, to ••old l-»•• Soae aora bot water •a• 

added and tbe ai.J:tllN •u allowed to coo.It util it wu .. ootb 

and of a 10ft conahteno7, 

F.JU•1 aaup IUld Pan}•, 

b&Ttdiaata, Panla, eplli (aelon aee4), pal.a oil, toaato, onion.a 

pepper and aalt • 
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Ketbo41 Panla ••• out in aall piece• an4 boiled 1a a little 

water •1th •oa• aalt llAt11 aott. Clro'IIJld t-.ato, otdon, pepper 

and ealt ••r• fried in pal.II oil. fhea p-oud egui ud boiled 

pieoea of panla •ere added and allowed to cook for about 

� hov aore. 

DIET r:o,/f. hied Puntau and Deef 8tl••

fried Pl.antain 

Ingredients: Plutdn, pal• oil, 

Hethod1- l"l.antaina were peeled aD4 out 1a to aboat )" lon1 

pi••••• Thero ••r• tried 111. hot pal.a oil atU bron. 

Betf ate• 

lngr11diento1 Deef, val• oil, toaato, onion, itolt ud pepper. 

Method1 SaaJl pleoea of beef ••r• boiled with • little ealt 

and water. Ground toaato, onion, pepper and aalt nr• fried 

1.a pal• oil ud r.iooea ot •••t wore then added, Th• milrtur• 

... fried for aoaetia• after •bich the •ater loft fro• the aoat 

wee added ud the llixturo woo alloatd to oo�k until the aeat

•a• quite aoft,

DII't ffO, 5 Gari, Oltro eoup and D9 flab 

o.i-11 

1nir141ente1 Gari (dri.ed grated oaaeaYa tuber), 

Y.ethod1 Oe.ri wu added to bo11101 water and oonti.nuouelJ, 

atirred to fora a a.avoth Pf\Alt,
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Okro •oup ud drz fi•h 

Iyr•dient•, Okro, dry fiah, p•J• oll, pepper nod •al\, 

Method, Ollro waa •Uood into r.:aal.l pioo•• about i'" long ud 

p1&t in th• boiling ••tor, Th• clry ti•ll wu cut into c:::iall 

p1•0••• &lld pap1141r ud pal.a oll ••r• added. ft• aixtur• ... 

al.lowed to cook and \heh aalt wae Mddtd, 

Dll'T BO. 6. t:oimloin tti.tb &hriapo 

Ingredionta, ».au, •briap•, •1:4•, pa>• oll, toaato, onion•, 

pepper and •�lt. 

Method: Boane ••r• cou.ed iD water ud the okiru: rubbed off, 

They ••r• then growid to a p&Gte, fcaatoea, ocJ.ou, pe1per and 

ael.t ••r• g:roud •eparately, �attn en•, ahriapa and all tb• 

ia,-redJ.onl• ••r• aixtd with ••n peJ• oil nod rolled 1..a lea•e• 

ia aall por\iona, 'l'b•J ••r• then oteued 1..a a big pa.11 bJ 

plaei.q a partorated bottoa in botwoea the boSJ1ag •at,r a11d tb• 

leaf roU.., Keeping the top of the pan 100•111' co•ered, lb• 

eteaai� wu don• for about on• hour 1..a ordei- to cook the •taroh 

properly. 

DIL"T KO. 7. Standard 

Ia,r:edionta, A,aylU (ui&O atarob), caaei.n, but tor fat, aiJleral 

-uture and rltaau lli.xtvo, u ohown in table 7,

Hotbodt Th• inp-ediente were ailced proierly b7 addiDS • little 

•ator to brinl it iu the fol'9 or• pa.ate.

roraulation of Lb• dJ.•t•

All the di•t• fro• Ro, 1-, oaaential.17 coulit of two diah••• 
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0a• JOl'tioa le  .. ••••JJ7 ••• fora or ate.rob ehil• th• other 1• 

• •t••• ooatuuq ••at, flab or •o•• otbtr fora of »rot,1a,

To aaoartua •• to •hat quntit7 of one dub will be cou••d 

with tbe other • •lll"Y•7 •u carried out, EltYtn pereou ••r• 

ia•ited ud ••k•d to take tb• quantiti•• or ••eh diab th•T would 

Uk• to con••• at one ti.ae, Th••• quantiti•• ••r• ••iah•d and 

••d1a.n •&lute ••r• taken to \)c the uo1&.11t of 011• dieb which

•ill be cou1111ed toaetber rltb the other in oa•• ot each diet,

In tb, o••• of ,eob diet. the t•o di•h•• ••r• 111.lled ill tbi•

fixet ratio. Cue ••• taken to hoaoa•Ai•e eaob dub befoN and 

after •SxS111 10 u to a•t a Wlifora d11tributio11, n, proo•a• 

••• repeated for all the d.itta froa 1-s. 1>1.at Jo. 6 ••• • 

einp• dilh, Th• reaulta of thia eunty are preaented i11 Table 

lfo•, 1 to 6 on pea•• 43 to J,6 aloq with the actual. noip••• 
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TABLI I 

R1oip• for di.et •o. 1 Ello and A&Aara. 

" 

" UARA 
" 

Rua of i.Qgr1di.1nt wt. Oa•d i.Q • Rue of i�adieat It, had 
I• " g. 

Ogi ( et •ai•• ataroh) 
" 

2620 990 " 
Deua 

Total It,

Total at. 

Su'bjaota 

1 
2 
' 
,. 
' 
6 

7 
8 

9 
10 
11 

ft 
Oniou .. ,, 

" 
hJ:p•r 10, 

" 
8alt ,9 

" 
Pala oil ,1, 

" 

ra• ai.xed 990 n Total at. ra aix•d }812 

pra,.rad 6608 • Total t. prepared }290 
ft 

r ••al•• ohoaan b ditfaNnt 
ual.a 

�antitz of Dlo itl g. 

250 
250 
250 
250 
2,0 
250 
250 
250 
250 
250 
250 

su.ntitt of .Akarn in £• 

2,.2 
}},0 

110.0 
,,.a 

84,5 
60.0 

122,3 
78,9 
'+7,6 
88,0 
86.lt

Median 250 1 78,9
MixiJIS ratio for oook•d fooh • 250 I• flto with 78,9 I• Akara

corr••JODdiJIS .. ou.nt of raw auad fooda • }7.4 I• ogi with 91,3 I•
of raw aixad iqradiante of akara, 
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TAIL£ I 

(a) Recipe for diet JJo. 1 Eko a.ad Aura.

no 
" 

" ATARI. 
" 

Jiu• of 1.J1gre4ient wt. 0••4 111 • llu• of 1arr•4i•nt 
•• 

"

Ogi ( et aaiae atarcb) 990 • 
Beu• 

" 
Olliou 

" 
hpper 

•
Galt

" 
Pala oil

" 

Total t. ra'li aue4 990 " 'fotal 1ft. ra aind

Total .. t. s,repared 6608 .. Total -�. prepared 
" 

ft. l•ed 

g. 

2620 
1t55 
,o, 

59 
575 

}812 

,290 

(b) Relati'fe ••i bta of Ello .Altara er a,al •• cboaen b 4itfeNDt
a 'fi ual.a 

aubjaot, 

, 

2 

l 
' 
6 

1 
8 
9 

10 
,, 

qu,ntitJ ot Ello 

250 
250 
250 
250 
250 
250 
2,0 
250 
250 
250 
2,0 

1J1 Ii• s,uantitz of Alta.rn iD I• 

2},2 
}5,0 

110.0 
,,.8 
8i..5 
60.o 

12.2., 
?8,9 
1t7.6 
88.0 
86.li

foodo • 250 g. Eko with 78.9 g. Akara

ill 

He4i&D 250 1 78,9 
H1x1Do ratio for cooked
Corre,pondiAS .. ount of raw aixad fooda • }7,4 g. ogi rltb 91,} I•

of raw aix•d i�ra41111ta of eltara, 
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'!'ADLE II 

Pounde4 tu " llfo an4 £n.a11a 
" 

laae of iqTed.1eat It. Uae4 " lluo of iqTedien.t 1i'. U104 
in I• " 

ill I•
" 

tu 5900 " 8D•111 1000 
" I.to 1000 
" Ollioa ,so 
" ,_a\o 120 
,. Pepper so 
n Pala oil SOO 
" Galt ,0 

Total It. raw aixe4 '900 
" 

Total nt. raw aixe4 }0,0 y 

Total lit. :er•l!!r•4 �oooke42 z261+ Total t. 2repared ioooked2 Z�lt 

(b) Relati•• ••1 hta of 1U1Cled er ••al 
a• ohoaea by 

8\lbjeota It. of PolUlded tu ill I• t. of Efo and Gu.11

, 
2 
' 
4 
, 
6 
7 
8 

10 
,, 

}49 
)40 
}}9 
262 
206 
'+07 
,,.,. 
S09 
249 
205 
.1t21 

Kedian }40 1 ?Ii 

ao\l2 ill I•

65 
93 
,,, 
112 
7� 
58 
"" 

261t 
186 
49 
,,a 

>!ix.101 ratio for cooked food - }'tO I• of powiclod 7u with 
74 I• of ate• 

Correapoodi.n1 aaout of raw aixtd food• 276.1 I• of raw 
1u nth 95.8 I• of raw 
aixtd wt. of et••• 
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TABl.E III 

(a) Reaipe tar d.iet no.3 i.e. El.11bo1 F.p.ai3aoap and Paala

m..110 

" 

"Yf'!Bi BOUf with panla 
.. 

llaae ot ia1redieat •t. Uaed " ,.... of iqred.1.eat Wt. U11ed 
ia I•

" 

.. 

t:l.ubo 1"7 " 

" 

" 

" 

" 

" 

" 

total. t. raw aixed
" 

, .... z 
• 

'total. It. 
" 

prepared (aooked) 4512" 

(b) Relati•• Wt. of El.ubo
0 o•en bz

Subject• wt. of •••l• 

, 576.0 
2 571t.0 
, ,,,.5 
,. 389.01 
' 182.0 
6 620.0 
1 517.0 
8 670.0 
9 691., 

10 '2().7 

,, 2)2.0

He41u • 517 1 86 

e 

1a I•

1a I•

F.pai 2,0 
Panla 2,0 
Oaioa 225 
hp�r )0 
Toaato 1,0 
a.it 52 
Pala oil 2?5 

'l'otal. wt. raw aixe4 12}2 

Total It. prepu-e4
(cooked) 2326 

er ••al ea

Wt, of i,Jui eoep and penl• 
111 • 

136.2 
176,i? 
86.5 
86,o 
61.0 
59,5 
86.o
11., 

1,,., 
89,5 
4o., 

M1x1n1 ratio tor cooked foode • 517 I• of elubo ritb 86 I• of 
aoup 

Correapoad.ing aaouat of raw iuxed too4e • 165 I• elubo with 
45.5 I• or raw aixe4 aoup. 
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fULE IT 

(a) Recipe for diet no. It i.e. Fl'ied plantUa ud llaef at••

" 

l'r1ed Plantai.a " D,eef St•• 

Rue of iqre41eat Wt. Uaed " Jl'ue of iq'reUeat t. Uaed
ia ,S• " 

1A I•,I 
Pla..ntaia (peeled) 3000 " U.ef 
Pala oil 21t1 .. OnJ.on 142 

" Toaato 12, 
" hla oU 22, 
" Salt '° 
" Pipper 20 

Total .t. raw aixed
" 

}241 
n 

Total •t. re• aJ.ze4 11Jt2 

" 
Total Wt, pNpU'ed " Total Wt, preJare4

(cooked) 2210 n (oooked) ,,,. 0 

(b) Relati•e t. of r nee1 •• choeen 

Subject• l'r1.e4 1la.ntain 1.n I• Beef etew in I• 

1 ,u.o 16.0 

2 222.0 106.0 
} 297.0 117.0 
.. 219.0 ,,.o 

5 206.0 107,0 
6 167.0 25.0 
7 128.0 61.0 
a 2,,.0 121t.o 
9 2,2.0 75.0 

10 257.0 92.0 
11 246.o .. ,.o 

NeUllll • 222 a 76 
N�nc rat�o for cooked food.a• 222 I• fried plantai.a with 

76 I• ates
Correapon41.n1 Wta. of raw aixed food.a• ,z5.5 I• of raw nxed

plantaiD with 87.} I• of raw
aixed ates. 
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TABLE l
(a) Reoil! for 41et no. S 1.e. aar1, Okro ud 4rz tuh.ooup

Gari " Olr.ro &J1d dry fiah aoup 
.. 

.... of iDgr1d11nt It. Uaed It llue of �•client 
in I·

n 
" 

Oari ,,oo " Dry fi.ah n Okro 
" 

Pala oil 
" klt 
" Pepper 
" 
-

'l'otal lit • raw aixed ,� _,__ Total •t. raw aixed
--

Total t. prepared " Total It, prepared
(ooolted) 4280 u (ooolted} 

(l>) Rel.ati•e llt. ot Cl&ri/(ltro aoan and llr-r
0 oeea bz f ereat 111

t, Uoed 
1A I• 

170 
2'40 
250 
25 
17 

102 

,..,., 

Subjeota OaJ'i (:."bA) II• Okro aoup and d.rz fi.eh IS·

1 ,.,,.o 167.0 
2 ,,6.o 126.0 
, 4}2.0 126.0 
4 411.0 151.0 
' 414.o ,,., .o 
6 27),0 12:,.0 
1 481.0 89.0 
8 272.0 12,.0 
9 4lt0.0 148.o

10 262.0 162.0
11 220.0 112.0

Median • 411 , 141
Mixin1 ratio for cooked food• 411 &• 1ar1 1 141 C• aoup 
correapoad1n1 It, of raw tooda ai.xed • 124.8 I• of 1ar1 

with 68.4 &• of raw aixed ooup.
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'1'481,E '1 

Reoipe for diet Bo. 6 �oiaaoia 

tea.• of tu 1Jipe4ieat wt. IJ1•d 1a I• 

».au 1500 

Odon 622 

Pala oU 51} 

8br1ap• (41'1) ,, 

tee• ( t. without •h•ll•) 
6 ill lfo. l:/2 

Toaato 170 

hpper 60 

Salt 80 

Total Wt. raw •ill•d '212 

Total t. prepare4 �oolted) '802 

(b) Baille a aingl• diah, no •id!II ••• r•Quired,
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TABU: VII 

Coapoe1tioa ot Control diet 

Tiue of the 111 e4ieat 

Aaylua (Maia• atuch) 
Ouein 
!lltter (pve creu buttor, 

"Daniell butter") 
Vituin ai.xture 
Mineral aJ.xture 
Water to au• it iJ>to a paate 

lit. Vetd iJ> •

100 

2,0 

so 
20 
20 

Th• aiaeral ai.xtue ooneieted of the 
bi DubGell, Headel •• a 

followia
f •• deeoribed

oaco, 
"' co:, 
Ilg 804 
.. Cl 
ltOl 
lll2P01t 
h P04,4Bz0 
ll 
MA 804 
Bal' 
Al2 (804):,. 12 £04 
o.so4 

Th• nto•in aixtu.r•

Vitaai.11 A 
VituiJ> B1
VituJ.D Bz
Vitaai.a D6 
ViteaiJ> 0 
Vitaain 0 

V:l.tuiJ> I 

54 .}()() I• 
2.,00 "
1.600 "
6.900 " 

,,.200 " 
21.200" 
2.0,0" 
0.008" 
o.o,, ..
0.100 11 

0.017" 
0.090" 

100.000 

con.aieted of the follo•1A1t-

• 5000 1. \I. ptr al. 
• 2 .,. .. 

• 1 .,. " 
• 10 ... " 
• ,0 .,. .. 

• 1000 :l..u. .. 

• :, .,. " 

To thie ai.lrtu.r• 2 •I• eaob of pyriclold.ne and obolioe aloric 
rith ,0 �I· of 8,2 and 1 •1• of Vituin I 111re added ao aa 
to briq it up tot.he optiaua •tandard or ntaaiJ> r•11ui.r••••t• 
of rate u deeoribed by Cutbbertaoa (1957), 
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CHAM' • ' 

Mll'T'RODS 

(a) Drz ••tt•r (Aaaooiation of Official A4r1oult11J'al C)n1ata)

official ••tbod, 

10 I• ot • repr•a•ntat1•e ouple of food wao dried to 

• oonatant wei1ht 1 i a  a tared aoi.atur• cU.ab b7 plaoiq it

1J1 • hot air o••n at 100 °c + 2, aod aaboequeat cooliq 
-

(bf Total Proteina 

Total llitroc•n ••• eati.Dated by the ljeldabl'a aatbod 

aa reoo.=ended by tho Accoo1etioa of Offloial ABrioulturlll. 

Obea�ata (A,0,A,C, aethodo of •nal701a 1960) tor food 

aaapl••· 

the •111\l>loo ••re diseated with cooo. R2so� and

potaaa1ua •lllFh•t• uaiAs ••rciaric oxide •• ontalyat ao aa 

to oon••rt all the organic nitrogen into am:on.1ua aulphate, 

A •••nu.red Toluan of tbi.a 41,.ated caterl.&l when tr•ated 

with e�c••• �Jkalt liberated 11&11onia which ••a quantitati••ly 

collected in ltJ boric acid and titrated with atandard acid, 

'lb• quiokfit llicro-Ljeldahl•a ate•• Jiatillation 

apparatua (Oallekaap �o. RR-,0) ••• uaed for the diatillation 

of tha .-onia. The protein wu ••tia.ated by �ulti�ly1zic 

the a:ollllt of Ditro1en rlth the factor 6,25. 

neagento. 

llulphurio acid. Anala.r Gp, 1tr, 1,81t (ni trogeo fr••), 

llerourio oxide (ree1e11t 1rade). 
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Potaaaia 6ulphate, (llitro1ea tree). 

Borio Acid 4 lt,s •olutioa wa• pNpared. 

So4iu llydrold.de-sodiu Tb.io•ulpbate aolation ,00 I• 

Of ICaOI &Ad\<> I• taza2o
3
.,a

2
o were diNolYed 1a •ater

and aade to 1000 al. 

Indicator, Ketbyl Nd-broaocre•ol rr••n aolution, 

1 part of 0.2) aloohollc ••th7l red aolution wu ailled 

with 5 part• of 0.2'1 alcoholic brc•ooreaol ere•• 

Method. 

1 I•  of a oboean aaapl• waa traJiafarred into a kj•ldahl 

dige•tion nau a.ad to it ••a added 0,7 ,. ••rourlo ollida 

and 15 I• powdered potaaaiua aulphata followed bJ 25 al. 

conoantrated aulphuric aoid. Th• flaak wu placed iaollned 

on the di1e•tioa rack ud heated 1ently 1UltU frotbin1 

oaa•ed. !he oontenta of tbe flaak ••ra then boiled briakl,7 

until it oleared ud then for another }O ai.nut•• loa1er. 

fhe naak wa• cooled ud the cligeatate tru•ferrad with 

U.tilled water into a 200 al, tlaak (Yolaetrio} a.ad aade

to aark. 10 al. aliquot• fro.a the Yoluetrio tlau wera

taken in the aicrokjeldiahl cliatillatioa naak followed by 

the nodiua h74rold.d• - •ocliu tbio•ulpbate aolution witil 

the aixture ••P a)kaline1 about 10 al, of the alkali ••a

•uffioient. The content• were then eteaa di•tUlad into a
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recd�••r oontaiD.ing 10 ::u. � boric acid aolution &11d 2 drop• 

of the indicator colution. About Ito ltl. of the diatill&t• 

•••• colleoted ond titrated qaiut 0.01 ff. UCl lllltil tho firat 

&Jp•arcnco of violot colour. 

(o) /JDino aoida

On th• report ot &pact.au, Gtaain GJ14 J'ooro (19,&). 

H•IUIJ.1 (1959) doaoribod an opparatua for the quutitati•• 

••tiaatioa of 1oUY1dual u.ino oc.l.da ill protein �4rol.¥aatoa.

Thi• apparatu.o - aanutaotu.rod b7 Noaora Ee11dor and Boboia, 

t.unchon, neat Oorac.n7 VALi aaod for tho doteniil1at1on of Pi.no

aoida in food b7drol7aatoa. 

The aothod ooaalatn oC uina ion-oxohonc• roaia ool11nna 

of auitablo le�th &lid d.14 ctor paoltod nth 07nthotio 

culphonatod oatioa oxohanao roaina or ••r1 tu, partial• 

a.la,. .\ aaall quantit7 or (0,2 - O.lt Ill, eorroapoi:,dia1 to 

1-2 •I• protoio) or h7clro�oat• ia oppllod and indin.dul

aaiao-aoida aro eluted c1 t�o oitrato buffer• ot a gradioat 

pli, }-?, Thie procooa takoo place undor Ughl, ata.ndardiaod

coaditioaa or flow rato, tn�oratur11 and proaauro on tbo 

oolu:n. Th• eluate ic aixod at c conatant flow rate eith o 

a�ooiall1 �r•»ar•d aiab7drill roqent nd ic pacaod throup 

a oapillaz1 tub• 20 aetroa lon;, eoil14 and dippod 1a a 

boilia5 ,�tor tnth. Tb• bluo eolor o! tbo ni.iui,drill ooaplox 

d•••lopa ia �o ainutoa. It io then poDaed thro�h an 
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••toaatio reoordia1 ooloriaeter (aotifi•d Elpbor Iat•IT•Ph)

1>1 •biob the trauaiaaiou are NooNled on a p-epb abeet 

•••r1 20 aecoDda at t•o 41ffereDt •••• lengtha (�}6 •;-

and 578 • /1') si'f'illl two Oauaiall cur•••· Tlae ar•- ,uuler

the ind1Yidual pealr.a •• related to tbe ooDoentratioa, of 

••oh indiYidual aaino acid, oaa 'be calculated b7 Nferenoe

to otandard our•••• 

Deaoriptioa of the apparatua 

A labelled photoa;rapb (plat• 1.) ahoriag Yarioua Jl&l't• 

of the -uo acid anal7aer 1• ri••• on pi$ 5-'. Tb• 

Ufferent parta are the followi11& ,-

p • Switch panel for operat1D1 the •••••bl,. 

o, • S;:rrin1e filled with D1•�dria r•-.•nt 

02 • 8;:rriq• filled •itll buffer pB ,.,2

a,• Syr.1.11 .. tilled wi tb buffer pB 5,12

O
i. 

• 8Jr1D&e filled witll buffer pB 7.0

H • "1:rlq •••••l aoU.Dt•d on a •apetic •tirrer 

Tri and Tr2 • Lara• colua 1,0 caa. lon� for tb• elution

of acidic and neutral a•ino aoido, filled •itb 

l)oeex ,o reaia eacloaed ill a bot water jacket at 50 °c.

Tr • Short oolv.an 50 caa. 1011& for the •l•tioa of \aoio 
} 

uino-eoiu filled •itb uabarlit• (RC-50 enclo••• 1-11 

a bot eater jaoket at ltO 
0c.
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Tb• Tberaoatat with puap1q deTice to oi.ro-.J.ate hot water 1A 

tbe o•ter jacketa of the ool-D•, 

U • CoAt•ci tbentoaeter 

U • lleatia1 bath 

I • Water bath oont•SDSn1 20 aetre of coiled plaatio tuN 

aubaerced i n  boilinc water1 a coDdeuer ia fitted at 

the top, 
• 

lx • £lpor 1Att1raph 

a • Recorded crapb ahett u it 0011•• o•t of the iAtecrepb. 

)(o4ifioat1ona. 

Shortly after a••-bliAg the app.ratua •• deaoribed it 

••• rea.llaad that the atparatioa of tbt u1.ao-aoicla on the 

abort colWIA Wl'S not abarp1 tlda ••• probablJ due to tbe 

qua.l.it7 of rea1.a, Th• aDAufaoturera whea oontaoted were 

Wlable to 11•• • aatiafaotor7 •xplaaation. Bo••••r tbey 

au,,-attd the a.a• of Aa1.nex A...lt ree1.n auufaotlll'ed by "/6 

Jlio-RAJ> t.boratori•• Riohlload C&lif, u.a.A. oa both tbe 

colUIUl, Coue�uentlJ', the followiAg aodificationa ••r• aade. 

,. 

2. 

Chu5• of ooluan IAatead of tbe 1,0 c:a, loq ool\UlA lllld 

the"° ea. abort col\lllJll oDl.7 a 50 ea, lona colua.a ud a 

12 caa. abort ooluan ••re tued. 

Chall&• of buffer• Bodiua citrate buffer• of pB },2 and 

pU 4,2 were ued on the loq ooluall illatead of 3,1 and 

pB ,.,. Sia1l.arl1 a b•ff•r pi 5.28 w•a ued on the abort

•
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oolaa iaatead of pK 7.0. The rate of el,tioa on tbe 

abort colll&A wu al.ao obaqed froa :,o al,/hr, to 

6o al.jhr. 

:,. T-peratua Tb• tnperatua of both oolun.a ••• 

•aiatain•d at ,0 °c durina aluti.on,

�. Elution of woua -d argiAin• After tb• elution of

biatedin• Ito al.. of If/� llaoB ••r• paa •4 throqb tb•

ebort colUIUI ao aa  to b.aataa tbe elstioD of ..-oDia and

argini.,e. Tbe paaai.Dg of allrall al.ao eane4 to regenerate

tbe ool\lJIJI.

AD uoeabl7 of tbe apparatua ia abon 1A the plat• 2 on

paa• '>7, 

Tb••• •odificationa reduced tba elution tiae on tbe large 

col\l&Jl fro• 16 hour• to 12 bou.re and on tbe ebort colun tb• 

J"IUI oould aow be coaplete4 1.a � boue 1.utead of 4� boura. 

Reaseata. 

lluffera of tbe •a.riou pD ••r• prepared Uiq tbe q,uanti

tiee of Yarioua obaaicala •• rt•en ill table lfo. 8 on 

�· 5,8. ill the buffer• were adjute4 to the correct 

pB uaiq a pB ••t•r and then boiled to exolude al.lair, 

nnall7 1 al., of capryllo aoid ••• added to each to 

pr••••t the gl'owth of hi•1i, They ••r• tben co••r•d 

with a l.ayer of liquJ.d paraffi.D and atored ia an air

conditioned rooa in plaatio bo,tl••· 

.. 
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�ABLE 8 

c1111atitiea of •ar1ola.a obaieal• lllled tor the preparation of blllfera.

pi Citric: £04.1• �odia todi- lqclro- ic:et1c ftiocli- hlY•tll.7- fol_. 

.. acid- Uyuo- citrate acetate chl.oric aci.d wcol 1 ... - _,_ 
• ' 
.. IIOIIO-bJ• xSda acid sl•cS•l gl)'col 

drat• }2). IIODOharJ'l I 

, iq et�ar 

•· ,. ,. ,. al. Ill. al. al. Lit. 
; 

'

, 2.2 • o.os 10.5 �2 - - so.o - - - , 

2 }.1 • 0.02 - 210 8} - - ,,5.0 - '° '° 10 

' ,.22 - - 196 - 12,., - ,0 20 10 

4 tt.zs - - 196 - 8).7 - ,0 I

20 10 
II 

s 5.1 • 0.02 105 47 - 136 - 20 50 '° 10 

6 ,.28 - - .>4,., 6s.o 20 10 

7 ,., - - - 360 - 2,0 - - .z., 

8 1.0 • 0.02 210 120 
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Pr•»&ratioD Of 11iDh7drin Naent 

ttethJl celloeol•• ••• diet1lle4 uaing 1J aixtur• of 

f•rroue aulph&te in 82'}0, eo u to r•o•• uq perozi4••1 until

it ri"'•• 110 J•llow colou.r with n.

?.50 al. of ••thyl celloaol•• ••r• tbea aixecl with 2.50 al. 

o f  buffer pll 5,5. To 41eplaoe air Diu-01•11 wu pa.eaed (.fter 

p&aau, through u2so,> for 15 aiDutea. Thea 20 I• of DiuyclriD

••�• cl.1.eeol••d 1D the aixt� o.4 g. of SnCl2• 2B2o weN tb•a added,

ucl 1alled1at•l7 a la7er of paraffin ••• put oYer, TIie reageat 

••• ator•4 1D a plaatio bottle 1D an air-co1141tio11ecl rooa. 

Preparation of bzclrolz-t••· 

0.5 I• of tbe clry food aaaple ••• taken 1D a pyrex tube 

100 al. capacity ud 75 al. of 6• BCl ••re added. Ox7p11 tree 

Ditro1•11 ••• then paaeed tbrouah the aolutioa for half u boar, 

ud tubea ••re 1allediatel7 ••a.led. They were tben plaoe4 1A 

a hot ai.r o't'ea at 105 °c for • period of 24 houra. The tub•• 

were r-o•e4, coole4, and the aealed end out open. 'Iba aol11tio11 

wu filtered throusb a llhataaa fto.1 filter paper u4 a oaloulated 

�U&Atit7 oorraepoodi.Dg to 1-2 •1 of the protein wu eYaporated 

to clr7neae at lo• tuperatlll'a, Thi• •a• done 111 a deaiooator 

oonta1nil\l a aixtue of eo41ua hydroxide and oalol\lJI ohloride 

and bJ appl,-1.q alld auotion bJ •••na of • •et.er puap. T!a• 

dl'f bydrol7aat•• ••r• then taken up 1D • known •oluae of buffer 

:pi 2.2. 
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ll•tioa on tbe aol-io oolun. 

0.5 al. of the aaaple (bydrolyaate in  b•ffer pB 2.2) ••• 

apglied at the top ot the ool\&IUI Tr. 2 (plate 1 pa1• 54) and 

the auple wu all.owed to aoallt in coapletely tor about �5 

llinutea. o.4 al. of the buffer pH 2.2 •�S then a1tdn 

applied to the top of tb• colwan oo aa to waab in the a .. plo 

ooaplotely and aoak it 1.n the oollllUl. A 2nd •••hi•& with tb• 

aue batter, ••• given ud wbea tb.1.a bad alao aoallte4 i.n, the 

col'llall w•e tilled up to tbo top with tbo ... e batter and 

001111ection -de with the puap G2 ooat•1nSng bll.ffer pH. ,.,

na •Sd DI Ye•ael """· 

h tb• aoutiae tb• theraoatat !H., had alraad1 boon aet

on and tbo contact tberaoaeter aet to 50 °c. the bot ••t•r 

circulation wu alao ••t on, and the oolWUl ••• now at 50 °c. 

Tb• nSnb,74l'UI rea1ent and butter pH. }.,, ud pB 5-1�r• 

filled 1a the oJrl,.Jlgoo G1, 02 and a,, reapootivoly. taki.n&

care tb.at ao air bubble got in durin1 tbo operation, Tbo 

co1111ootion •u aade with tbo aid.q Yeoaol ff, and the bllffer 

pB }.1 woe allond tom in to the oolUIU!. 'l"ia the �i:dag 

veaael M, at the rate of ,0 al. per hour, by proaoin1 the 

appropriate oontrolo on the puel P. Tb• eluate lea'dng the 

col11&11 na oon.oeotod to the aixia1 tube M2• �illul.tanooui.,

the eater "tb, iatograph regiatratioo and Dinh,ydrin wore 

awitobed on. After 20 ainute• the adju•taeat of aero waa 
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••1'1"1 .. Mt 011 tla, 1a,,.,.,ph, 011 wUc,h two C\lnlO of ••••

leagtlla of -'6 •I" u4 ,1a •;u ••r• raaonld aia'llltuao11•1'• 

If e11at11c ao14 ••• pr1a1ct 1t ap,.ared firat trc,a Ul• 
acid 

•lute, the uiao ao14 aapart1c/•�•4 after about two houre

ud tb111 tll1 othera •• ehowa 111 the 41agru 011 pase 6 3 A

C1at1111 •h•n pre11at appeaN4 Nt••ea alAaia• aas ••lS•••

flatioa OD tll1 ahort colwaa.

!'be lwlaio iao ac14a nra atpazate4 oa tlae 12 ca. colm, 

tille4 111th Aaiaex A..At rtaia. o., al. of the ._,11

(la1drol1aat1 1A butter pi! 2.2) na applied at the top of col1a11 

'fr. , (plat• 2 PCI 51) aad the aaapl• -• alloaed to eou 

1A •• deaariNd uder elutioa 011 tb• 10111 col•n. Appropriate 

oontrola 011 the ,-nel P nro 9p1rat1d aad tla• elution ••• 

atarttd ntla \after pD ,.28 at 60 al./hr. tt,ro ad�uta1J1t 

••• •d• oa the i11tep-ap ZO a1matea after atartl.aa tlaa 

elut1oa. ftrat of all a ,.ak wao obtained ,_ the 001111.o 

ud aeatral &aiao ao14a ahioh appeared togatber. Tha tlrat 

a.110 uiao-aid l7aiae anearad afl.ar oae llour .u thaa ccae 

llati41aa, usollia DJ1d ••Ci•Sn�. After the aJpearaao, of tba 

hiatiilaa �•ak the plJ of tlla alutio1 buffer 1a ra1ae4, b7 

,a•ato1 Ito 111. of  tile II/Ito ao'1• 11,JdTOd.de throqla tha 

••laa, ftia u doaa b7 oloeiq tha piooh con Ca.ad allo•iac

tile llaffer to puoh oat P/lto aoilua 11,dro&icla frca tlaa •));all 

taN 1,. flda u tllea peaaed onr tlae colwa. n, do1q ao 
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,11. --o� ud a.rgi.n.111e c••• out quickly. Af,er paalli.11.1 

th• alkali th• �1Aob oork c 1a opened aga.1.n and the buffer 

i• allond to pa•a throqh th• oolan for one aoN hour. 

A tyµcal •lutio11 pattern of th• Tarioua -1.Ao eoida 1a 
6-3• I

•hon 1D the figure,. on pa1e 6Ji'

R•1•oeratio11 of the col-no. Wo •poci&l. re1911eratio11 of 

the short colaa11 ie n•o••aa.ry beoau.ae the ff/'+<> alke)i vhich 

ia pe•otd duriag th• elution alao reg-eneratee the ooluan, 

011 the long oolwan imlediatelJ' after a run io o•or, about 

100 al. of the 0.2 ft eodiua hy4rox1de are peeeod throup 

und•r PNIIJlU'e froa th• bottle D, follooed b7 100 al. of 

butter pi ,.28, 

Standards aatioa ot the illet.rmsont 

(1) The poaitiona of the peaka of the •arioua oaino aciu

were aukod u tbe7 app1ued on the P"apb obeet, and

the tiae taken to elu.ate tbea froa the coluan •a• noted

1»7 ruu.ing Tariou 1ai110 aoid.e rt.rat oinglJ' and tboa

all of tlau i.D a aixture,

(ii) fo cbecl: tile l1Doe.rit7 of the reco•or7 of the aaiDo

acida aolutiou ill three different oonoentratioaa �ore

prepared and 1"1l1I on the coluao. The aroae Wlder oaoh

poelt wore calculated and plotted qollult tbe concentration.

ne rooulta for� difforcot nai.Do ecide are preoo11tod

ia tlao fipr• 6J,,.5. It will I.lo •••n that in th1 oe1e or eeob 

f.Miridul eaino eoid tb1 our,,o ie a etreiaht lino. Htaoe

,110 area• are proportioul to the coooentretion and lb• 
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r1oo•Cri1• u1 lill1ar uder the oonditiona of th• 1xp1r1aent. 

It wu noticed, ho••••r, that although eqaiaolar aao1U1t• of 

different aaiao acide were taken, the areu for the ... , 

oonc1ntration of 41ffereDt di.Jlo aoida 'l'aried aligbtl7. ftt. 

1.a due to the oolov factor, error in weighiq, and tha 

pvit7 of the aai.Jlo ao1da used, A ata.ndard ai.xtlU'I of the 

aaino aoida pronded b7 the Me•ara Bender and Bobeu Ltd. 

Ku.nchen, •· G•1'11aJ11 •u therefore eaplo71d a, the ref1reD01 

•tandard and all calculation.a ••r• baaed OD tbia ai.xture.

fll• reaulta are reported ia Table 9 oD page 61t. 

(d) Ether extract

ft• ether soluble aaterlal •a• extraoted for 11.x hour, 

in a aoltb.let apparatws uaing p1trol1u.a-1tb1r (60-80) •• the 

aol•ent. At the end of thia period the aol••at •a• ruo••d 

froa the extract on a water bath. Tb• nau. ••r• dried in 

• dealcoator ud ••11h1d,

Ether extraot p1ro1nta1• • .t. of reaidue x 100 

t. of aaa,pl•

(•) Carbobzdratea. 

ft• aao11.11t of total oarbob7drat11 na ••ti.aated b7 

diff1r1no1. 'fh• au total of •oioture, orude protein, ether 

erlraot and aln•ral aatter ••• aubatraoted fToa 100, 

(f) Total aiaeral -tter {Aab) (A.O.A.C, Method)

A weiped dout of •••Pl• •u oharred o'l'er a naa, 

1a a onolbl•• It waa then put 1A a auffle furnn;o, at 

5,0 °c, util a •h1t• aab ••a obtained. Th• tl.ae of a1h1n1 
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�on-Boeie &.111ino acida, Order of elution on 1)0 cm.colw:n 

Asp 

,\ 
I \ 

*3b I
---

518� 
t 

• ::,er 

T,,, 

' I� 
• • r - •

pH 3 I 

vfu &ly 

,, 
Pro I \ 

, t, ,', \ 

, , ' I \ , 
----j 

, \ r-� -----

1.COC:lfl 
,t pH 5-l

1\1-;i Yol 

1le 

/'lct• 
,, I\ 

\ -- --

Boele �m1no acids, order or elution on 12 cm.colwcn 

Nor,- 64s ic. 

I \I ' 
, ' 
, . '

---

Lys 

--- --

' ' 
, . 

-- -

Leu 

,\ 
I 

'r<foc,,, 

llnearily of nrea of gauss cur••• with increaaint concentration of 
aclno aclda. 
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1-o et: 

:: 1$'00 
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i 
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Ar••• 

Aaiao-aoid 

.t.epartio aoid 

'fhraon.i.Jle 

Sarin• 

OlutMio acid 

Prol.i.tie 

oi,01na 

1.1anf.11e 

C7etiAe 

Value 

Methiolliae 

Iaoleaci.Ae 

Leacina 

T)lroe1a• 

flle117lalaotna 

14'•1a• 

ili.at.1..4111• 

Ar1t•Soa 

- 61t -

TABLE I.l 

for variou aaino-aoida u recorded 
bz th•

Area (equ.an oa.) 

,0 • .)() 

,}.?8 

)8.57 

28.ISJ

9.21• 

�. ,3 

46.2(> 

.,9.so 

25.21 

28. 18

,2.51 

:,.z.51 

2.) ... 2 

2,>.69 

21.i.,

27 ... d

2.i..� 

• Prolioa Aed ot f+.lto • �·
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••ried tor dittoroat aater1ol..e, Th• crucible ••• thoo cooled

aad -.oighod, 

MiAoral ••ttor ,i. t. or the a.oh x 100 

nt. or tbo ... pl• 

(a) Miaeral..e

A wot di1oatioa aothod a• described by A.0.A.C. (1960) 

••• followed ao aa to s-t all tho ai.neral oleaonta illto aolution, 

�lo aothod conaiata ot dic-atillg the a .. pl• tirat with D.itrio 

•cid and nbeoquutly with 60 porohlorio acid until tho

•olutioo beooaea aaar� colourloaa, (boating to dryioaa 1.e

high.ly danaoroua booauae perohlorio acid aigbt oauaa u 

air;plooioa), 50 al, of •otor are tbeo added ud the aolution 

1.e boiled to dr1•• out aa7 D.itroue olddo tuaoo, It io thon 

cooled ud aado up to •oluo, 

Colcia, (A,0,A,C, aetbod) 

Ce.l.oiu waa proc1pitatod •• oe.l.01- oll&lato at a pB of 

�.4 - �.6. Thie proo1pitato •a• diaaol•od in hot dilute 

alllpbv.ri.c acid (1 1 4) ud titrated a1aioat ataodard 1Jtn04
0 10-15 C, flao ond point••• a l11bt pillk

poraietiar tor one aiAuto. 

Rayonta, 

Xitrio ac14 Cone, 

Sul.pJnario aoid (aaaler). A dilute nolution ••• proparod 

b7 add.iq 200 al, or c�no acid lo 800 al, or water, 

Porchlorio aoid 6o,'. 

uaooiu o:ul..eto (roacont arado), A aaturatod oolutioa 
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Aaaon.1u h7droxide. 2:,: ooDc. -onia aolution. 

Potuaiu pe,wa1nate. u �/10 aolutioD waa prepared 

and ata.ndardiaed acai.nat aa ff/10 atandard aoluUoo 

ot aodiua ox.late. 

"•tho4 

A 25 al. aliquot ot the aiaeral aolution waa tak•o 

iato • beaker, d.Uuted to 100 al. aad 2 drop• ot aeth)-l 

red added. Bi.lute .-011.11111 h)-droxide wu added dropwiae 

to • pB �.\ - �.6. fhe aolutioa wu turther 41-luted to about 

150 al. aad broqht to boll with the adcli.tion of 10 al. hot 

aat'U'at•d aolution ot aaaoni'WI oll&l_ate. The cootenta of the 

beaker were left to atand o•ernight tor the precipitate to 

aettla. Th• auperiaataot wu filtered throqh Whntaan Ro. �2 

paper and precipitate wuhed thorough17 with 2,; cone. 

--onia aolatioa. ft• filter paper with the precipitate ••• 

put baak 1a the orisiJial beaker and to it wu added a aixture 

of 12, al. water and 2, al. 0000. H2SO�. Th• oontenta ••r• 

0 heated to about 70 c. end titrated hot with 0.05 N. potaaa.Lua 

peraaqaoat• aolutioa to a fuat •11-ht pink colour. A 

oorreotioD tor th• reaceat blaak wu aade. 

Caloiu ••• oalou.lattd aa1-

1.c�o. 0.1Jr1MoO\ • 0.002 &• Ca,
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l'boaphorua (Goaort, i942) 

l'bopborue in th• fora of phoaphate reacta wit.II 

._olliu ao!7tdate to fona s ooaplex pboaphaaolybct.te. 

Thie aoaplex 1• reduced to fol'II a aolybdenu.a bl••· 

\"be bl•e coloar ia read at 680 •11 on a BP 6oo

apeotropbot-eter. 

Raagenta. 

aa.oni- aolybdata aolation waa rrepared to oontah 

7.5 S• aalt in about 200 al, water. then 100 ai. 

of 10 I. aulphll.r1c acid were added and -de up to 

400 al, rlth water. 

10,C T'riahloraaotio aoid, 

�etho (p-41aetbyl uiao phenol aulphata) 2 g. in 

200 al, of ,Y-; Jfall.60, eolation, 

ltanurd pboaphorua eolation1 tb.io waa prepared 

b7 u-olrl.na 2,22 •· of IB2P04 in water and .. de

up to • litre, ad41na a few dropa of ohlorofona. 

1000 al. of aol11tion oontaiaad 5 •· phoaphorua. 
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Method 

, .. eo1•t1011a ••r• D.1.xed accordtaa to tbe f oll.odll• plan, 

,.., Dt..Ddan Dl•nk 

£olutioa of food --»l• 
(auera1 aolutton) 1 al. - -

8t•NIIJ'4 shoaplaorWt aolution - o., al. -

10,. triobolor•oet1o acid

eol11t1011 ti al.. ,._, al. '.1 . 

.,_olliaa aol7bdat• eol11t1011 1 al. , al.. 1 111.

r.etol •ol11tioa 1 al. 1 al. , al. 

ft• aolatiou nre 1111.aed ill ••oil teat tulle IJU1 ai.lowad to 

ata.a4 tor ,0 a1a•t•• before beiq read for their opt1oal 

deu1Uea 1a 2 

cpectroplmt•atar (UIIJ.0111:1 laatraeot Ltd., v.x.)

lboapb.orua Ii.La olll.alllated "1 retereno• to Ula readiq 

tor tho &1taDdAN. 

(1) Iron.

ft• ••tbt,j of R=llaa, (19,,.) •• uo4. It 111.ol•ed tho 

reductloa •f 1na to lbw ferrou for111, •bJ.oll Si,.•• a r-tu 

aoloar n.tb re/ -ot. UP71'1d7l. 1'11.1.o aolov r.ia reed ia a O.P. 6oo 

apctnphotoceter at ,10 a;a, ho oonoea,ntloa of tba tau,

Hl11tio11 n• rc,ae froa • c;raph •hicb a 11repared l,7 uaJ.q 

llaon 1MU1t1Uoa of 1:ron. 

,,aadtLN iron aolut1on 
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Fe(O,.)z(�0�>2•6D2o in a aixtllJ'e of 20 al, cono. &Cl

&lld ,0 al. water, ud then diluttd to a litre. 100 al. 

of the •ol•tion ••re truat•rred to a litre Yoluaetric 

flaa and aade to aark nth wattr, Eaoh al. of thi.• 

solution oontaiJled 0,01 I• iron. 

Acetate butter •elution. Thia •a• prepared by d.iaaol•illl 

8.} I• of anbd.rou aod.iwa aottate in water and then 

add.ins 12 al, of acetic aoid, ud diluti.111 to 100 al, 

1:11.-0t d.1r7rid7l aolution •a• prepared b7 d.iaaolrtq 

0,1 I• of tbe rea4tnt in nter and dilutillg to 100 al, 

B7clroa)rl&:1i.Jle layclrochloride, A 1� aolution wu prepared. 

Method 

10 al. of the ai.Jleral aol•tion prepared b7 the wet 

ox.1dot1on aetbod, were traneferred to a 25 al. •olW1etrio 

n..u. In a �iailar aanaar, 2 al,, , al,• 10 al. and 1,5 Ill., 

of tbe atandard i.ron aolution ••r• truaterred to a n11abtr of 

2.5 al, Yol11aetric naua reapeot1Ytl7, To tacb flaalt ••• oddad 

1 al. of 10S IIJ4roa1luine laydroobloride aolution lllld after 

5 ldaatea, 5 al. of li11fler aolatioa and , al, or Ol,c, dipyridyl 

aolution ud tbea -..e to aark wilb water. AA aliquot na 

tr ... ferr•• troa oaob aolattoa to a 2 -· ••••tt• and read for 

optical denait7 at ,510 a1u ia u IP 600 ar,eotro»hotcaatar.

flit •al••• for tbe unkno•• aaapl•• aerw read froa • 6r•Jh 

(concentration of 1r-c,n aeaiut optical denalt7) plotted on
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the reaulta of th• atandard aolutiou. 

(j) V�taaia A. (Carr- price blue colour aetbod, 1 }8),

The aethod 1a b"ed oa the aoaaveaent of the UDJttable 

blue colour toraed by the i.Jlteraotioa of rttuu A and 

ant1aoay trichloride. The abaorbancy of tlua blue aoluticn 

at 620 •;u 1.a a fU11ctioa of the coacentraticn of n.•,stn A.

!he ether extract ot the euple 1• aepc,111.fied with

a.lcohoUc XCB and the eolution 1a then aeutra.liaed with BCl, 

The wiaapoaifi.able aatter ia tbea extracted with ether, 

Ether ia then eYaporated on a water bath and the auple ia 

tak•a up ill chlorofora. Th• colour ia then deYeloped by the 

add�tioa of  ut1.ao11.7-trichlorid• aad 1-ediately optioa.l 

deuity ia deterauod at 620 •j1 on•• SP 600 apectrophotoaeter.

Th• readtaa u ooaYerted to the coeoeotratioa of Yitaaia A

by -1•1 a araph, where atudard coaoeatratioa.a of Yi�t•ia A 

a.re plotted -a�•t abaorbaacy. 

Rea1aata. 

fot-aJ.u bydro:dde aolutioa. ,0 C• of IOU pelleta 

iJ1 ,o al. of d1atille4 •ater 

1)1eth1l ether (�roude tree), 

Etlwsol. 98',i

/u2JIJdrouo aodi- aulphata. Checked act to retaia &t\J

Yit&Jdc A,

Fbtaolphtlullti• 1 I• ia 100 al. alcohol 98, 
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ChlOt'Otora, koiature tree.

Antillony trich.\oride rtaaent. 25 I• in 100 al, ot 

aoiatve frtt chlorotora, 

Vituu A rtftrence aolution. 

Method 

10 I• ot ••oh a&apl• ••• ••traoted in a oontioacna 

•olLIIJ.et apparatu with ether tor 6 hove. Th• aol•tnt waa

•••porated. JO al. or etha.Jiol end} al, or IOR, ••r• then 

added to the nau oonta1n1ns oil. It wu then 0011Dtcted with 

• rtflu oondeuer a.ad heated until aapon1f1cation waa

coaplete (about 25 aautea). Th• naak waa cooled, tha content• 

4Uuted with aboat 100 ai. of water and tranaferred to a ae_para

tiJSg f'IUUltl. I'll• Mponitication nau ••• wuhed with uothar 50 

al. of ether ud aiallu-17 tra.neferred to the aapa.rat�ng tu8Dtl. 

'flat total content• er• •hak•n carefu.117 to ••oid the fonution 

ot -ul.•iou ud allowed to ••parata into le7era. Th• 

aquao .. le71r wu drawn off iato uotber ••paratina f'llnnel, 

•hll•t another 50 al, of ether ahioh !lad been uaed to waeh the

aapoaifioatioa nau the aecond tiae, wu alto ued to ••traot 

the aqu•�ua layer, ft• operntioa waa repeated trioa, before 

the ether eztraote ••r• balk•• in the first ••parati.ng fiuulel and 

asaia wanhad h7 pourinc throaah 50 al. of aater without ah.Uq. 

"cha aqueoua la7or we• dran oft and dieoarded, Th• ether 

eatraot ••• apin wnahed with 50 al, of 0,5 P DaOB aolation, 
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•b•k1n.c gently, tboa all.owed to aepuate ud the aqaeoua

l&Jor drawn off and Uooude4. 

The ether extraot ••• then nabe4 111.th nter repeatedly 

11atll tbo aquoou layer drawn ott waa a)kali-frat on ttati.Dg 

111.th phanolphth4l.e1a. no extraot wao f1ltero4 throup 

aall.y4rou Jla
2
so� pl4ce4 on filter paper 1a a fWUlel uto a

250 cl. neu, \'ho aepuatiag tuuel ••• rinee4 trio• with 

two - 25 Ill, portiou of other and 11011.rad iato 250 al. nau 

80lllo el•a• beau nro added to the ethereal aolution and 

oYa,POrctod to drfaeaa oa a water bath, 'f'ht reaiduo waa taken 

llp 111.th 10 al. ob.lorofora. the tollorlllg table wao followed 

1D d•••loi,iq the colo.r with utiaoay trioholoridt r•ac••t�-

Pure cb.lorofor,a 

Aatiaon7 tricholoridt 
r••c••t 

ttao4ard Yite:1.A A 
aolatioa 

Toat tube 
1 

2 al. 

9 al, 

-

-

Teat tu'bt 
2 

, al. 

9 al. 

1 111, 

-

, al. 

9 111, 

-

1 al. 

other toat ta'boa nr• -•• te> hole 0,, al., aad 1,, al, 

ataadard rl.tu.1• & aolatioa roopeat1Yol, 1 h 9 al, aati11011.7 tri

chl.orido roa,ent and oorrtapoadia1 Yol-ea of part ohlorofor,a 

to au• to 11 cl, eaob, Tbo optical deui\7 ot tbo aia d 

aolatiou 1Jl each teat tabo ••• ,11.lcltly read at 620 •;o in aa
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IP 6oo •p•otropbot-•t•r u• tb• Talu•• of the unknown 

•aaJl•• 4•4•0•• froa a 1raph plotted oa the reaalta of th•

•tu4u4 •olsUou of• t8ata 1.

Caret••• •u ••Uaated ••pa:rat,i, aad the •al••• obtdaed 

••r• •X})r••••4 t.a terao of i.Dteraatiooal wi.ito of •ituia A•

EllaJ!&tio d.11eatioa a.ad r•l•u• of a rtta•S••• 10 I• of eaoh 

auplo wao 41late4 witb 6o al. of 0.2 I, lotia aoeteta buffer 

lla•ia& a pll ,.5 - lt,7. n,a '10 al, of a treolu7 prepar•d 

oaa,-.o •-»•uS.oa coatdda1 200 •J. of papaiD ud 200 Ill• of 

tlllta�tue wore a4ded, ft• ea.,-., o-,ouioa .-u pr•par•cl 

\7 aSlda1 ?00 ••· of ppe1• with '10 clropo of 11Jo•ri.a•, th•a 

a4cl.1.a1 200 •I• of tu.(Sao�u•, u4 aak1ac to 10 al. with 

water, n. •D.11J11•• ••r• lli.xed with the oupl•a, a f•• II.rope 

of tol•••• add•• to ••eh, oo•ored looaelJ, ud i.Dcabated for 

2, hoar• at }7 °c. At the ead of thia period, the ..-plea wore 

oatoola••• for 10 Iii.oat•• at '10 lb• pr••••r•, Tbe7 ••re 

th•• ebak•a aad filtered tllroqb Buch.Der funnel ooatdaiq 

�tau Jo,1 paper iato •0111.aotrJ.• nao>r• (100 al, oapaoit7). 

n, reaS.4••• wore wa.ab•d nth aor• .-ater aad the •••bi.a�• 

ooll••t•d .-S.tb th• filtrate J.a th• ••l-•trio nuu wb.iob 

••r• thea -•• ., to ••l••· ft• ea\raoto wore traaaforre4

iato .. h,r bottl••, a few tropa of tol•••• ••••• a.at th• 

ainar•• •tor•• 1a a reftS.1erator 11.11\11 .-uted for .... 

(k) tS. taaia 1,a

tituia &, ••• .. ,1aat•• h7 \)le ae\laod of CGaa•r aad 
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11n•� (19'1). It 1a'l'01Tt4 tbt u:14&tioa of t.hto1•• 

'1 •Sli ox14atioa ntb •Jke!1•• ferr107eaide to tlioohroae 

wlalell nureaota 1a 111.tranolet Upt, uder etud&rd 

.. auuo .. •II•• otber naoreeoiq etbetuoee are ab•tnt 

ft• nuNaoenoe la pl"Oportional to tbe tlioollr•• pr, .. •t 

... beaoe to tbe tb1aa\.ae Ua tbe or1-1•al aolat1on. 

The atud&rd th1ea1n• euplea and teat aolutiou 

•• .,..ta.

loU- �oxide. 1,-; aolatio• 1a water 

ao41- acetate buffer. 2.5 H. 20, I• of anla74Nua 

.. Czll-f'z were 41.eaolYed U water ud -•e ap to

1 litre. 

&Jk•J1•e pota••i• ferrloyuide •olatioD - ) al. of 

1�. 1
3

ra(C1)
6 

were dilated to 100 al. rltb oool 15').

llaOI aolatio• -• kept 1a • bron botUe. 

at••4al"4 tbS1•Sae •olution - 100 •1• of dry t�te•Sge 

lly4rooblor1de were 41.aeol•ed 1a J'5, etbaaol ••d 

'1.lated to oae lltra witb tbe eue reeaeat. 5 al. of 

t� aolatioa .. re tbea dllwted to 100 Ill. •1Ul water. 

ne N.••l ooaee•tretio• wae o.a 1-.. of tlliuiae/al.

•orld.ac QaSaAn• ealJllate •olwtioa - 100 •t• of

,at•••• auJllate we" 41.a•ol•ed 1a 0.1 I 1110, •••

'1.late eolatioa were fllrtber d11•tt4 to 1 litre wltb 
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0.1 1. 

Netbod. 

5 al. or the ona:,ae digeeted aai:aple were pipetted into 

each of two reaction •••••la tb, firot wu eddod} 111. ot

alkaline terrtc,an1de, 15 Ill. of ieobut7l alcohol. To neeel 

rro. 2 •u added } cl. or 1� JlaOB aolut1011 followed b, 15 al.

of iaobutyl a1oohol. It wao aleo ehaken yJ4orou.el7 tor 

90 ooconda. CS•Slar ••u•l• ••ro prepared UftU5 5 Ill. each 

of the atand.ard fllja•1ne aolution, 1'111 reaction •••a•l• 

••ro all c:e11tn.tqed for:, aJ.1111.t,a to eeparate tbu 1.nto tso

l.a7ers, Tb• a ueou la7era (lower) wore run out ue1na 

aepn.ratory fwuael.a, A\out Z I• of aah7drou Ke2so
lt 

••re

added to eac:b of the aloobol aolutiona before •b•kSaa for 

,0 aoco11da. Dle7 nro allo••d to etand uatil clear, At 

leaat 10 Ill. of tbo clear, colourloea ioobut7l &loobol 

colutiou frc.a e•c:b •••a•l ••r• dec:uted iato aatcbed cu•ettee. 

'rho tluoreaceaco of tb• ieobvt7l alcohol aolatioa• ••• 

detenaiaed in ten1a of 1&l•a11a eter den,ctioae, operatiq 

tbo eo1-ao r.hotofi•orS.e\tr aooordina to tbe llllUfactuNr'e 

•• cbeoked at atart, 111

between rudiap a11d at tbo ead witb tbo co�k•aa quiaiae 

aolwtion, 

Thiaain• eoateot or the euple ii, ;8•· per i•

• ,_,. 1 �1�00.;;... ___ _

a-11 , t. ot •-pl•

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



1fl:lere 

(l.) v1, .. 1n a-2

- 76 -

U • den•ct�OU of UDkDOYD.

UB • deneotiona of vnknown bullk.

S • d•n•otiona or ata11dard. 

sa • den•otiou of at&lldard �lank, 

Tb• llicrobiol.oc;ioe.l aethod d•eorib•d b7 Snell ud

Strong (19}9) wee ueed. 

Laoto'baoUlu ouei a bacteriwi knon to requi.re 

ribonaTi.ra for ita growth••• voed for the eoe117.

Lacto'baoillu o .. e1. a hOJ1ofel"DentatiTe 'bact•riwa, •11.1 

produce l.actio eoid wbeo it feraenta e oarboh74rate 

subetrate. ftia growth a114 eoid production of certai.D 

lactobe1>S))i are, nth.1.D definite lillite, proportional 

to the ,mout or rilk,Qe'li.D e,ra:SJeble to the culture, 

A ribofiartA-tro• bceal aed11111 ••• pr•pared ehich 

••• coapl.ete trith Nepcot to othftr re"llired a•triente, 

so tbat the beoteriel reofcnee ••• 11.aited only by 

ribonarl.e, ftie aMJ.- wea c1Jctr1buted eaona a eeriee 

of teat tubce1 p-oded c.:oante or auple extreot or

eteadard ribonarta aolnticn • re adted end the tvb••

were eterll1a•d. flleJ were then inoculated "1.th the

teat orcen1.• nad incubated, A otaa4ard ovr•e •••

prepored by plottio� the Tol o of 0,1 u. Jtaol aaed

epiut the acout or ribotl.a•i• prooeat. fte ribofle•1•

ooateat of tbe teat eolvtioa •e• thee celcwlated t,,

interpolation.
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50 Ill. 

tlal.t •ol11tio11 11. ltgso,.. 7B2o, 10 I•, llaCl., o., I•,

�.so,. 7B
2
o, 0.5 ,., Ma.So�. ,a

2
o, 0,,,1 g.,

11ater 250 111. 

A coaplete ••4J.u tor Leotobeoillu 91191 wu 

PJ'11pared u tollo•• 1- Oaeea llydrolyHte 10 g.,

�d.iua aoetate 12 g., Oluooae 20 I•, Aapar�e

500 ... , tl-7J1toph•a 200 -.:J,, C7at1Do 200 ag,, 

Gal.t aolut�oa A 10 al., Salt eolution B 10 al., 

Xaatllae 10 q., Oracil 10 •1,, !hiuiao b7clrochl.or:l.de 

200 j'C•• Biot.1.A 10 /1«·• Felio aoid 20 I"-·•

Ri'botlaTia 200 �·, C!!lC1\III },llw�otbo11.ato ftoo j18•,

Ja.cotilllo aoid 1!00 �··, Pyridox1.Jla hydroolll,,ride

8oo j"C•• d1.at1Ued water 1000 al. and pi adjuted

to ,.a. 

1 .i.,} al,, ud, cl. of eaob ouplo oatr•ot woro 

traaaforrod iato} teat t•boa roe1octiYol7, J'.aob \abo ••• 

aa.de \o, al, dtb diatWod water, � al, or tbo 0011ploto 

a-41• �reporad a'bo•• .. r• ad4ed to eocb \aba to auo a \o\al 

Yoluaa of 10 al, 61ai:Ur 1r•�aratio11e wore coda uia 

a\aAd&Td tltdi1u1 in plaoo of tbe auple e11:tr•0t, !ho atudard 

I 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



- 78 -

aolutiou oo•ered • ruse troa 0.0, /&· too,,!"-· Th•
tnbea nre P1qae4 with oottoa aa4 ater1llee4 at 10 l'ba/pei
p.reaava tor 15 11.i1natea. tter oooliJls, the tubu nr•

1.aoouated with• auge�ioa of L. ooaei ud 1aou'bate4, The
-

uout ot «1'0•tll ••• 4etena1.ae4 'b7 titration of the aoi4 

produced \t•11ll o. 1 J, i..oa with broaothyllol 'blue a• the 

1.a41cator, Va1ue• o'btaia•d froa the 4.llutiou of the nt.eatn 

atu4a.-. were ue4 to coutruot • atudard ourre froa whiola 

the 'lituia ooateat of &117 dilution of the euple waa 

oa1oul.ate4, Cial7 •alnu fallta1 witb.il) tlle ll.aear portion 

of C1lJ"'t'ea ware eoce,ted froa u...,- nJ.aea of the aupl.ea. 

ft• aetho4 4aacribe4 b7 Barrie and Oli'fer (191t2) wu ued. 

Tlae a'bll.1.tJ of aacorb1o ao14 to reduce 2 1 6 cl1oUorope_aol 

iadopeaol 47• wu ue4 u • ••ulll'e of uoorblo aoid coooeotn

t.ioa 1a tll• •-ple e-xtraota. Tbe .. out of eb.a4ard uoor'bio 

acid reqaire4 to reduoo • defiaite •olwae or 47• eolutioo •u 

fi.rat 4oteraint4, fllea, t,_ the •ol•• of tlle •nk•owa 

eoluUOD req'ILirod to red••• UI• •-e •oluo of •1•, tll, 

pore••ta&• of ucorbio aoU aaa oaloalAlted 1a the ••ks"Y1l, 

re•r·t•-

r.ot•)IMJ•i:Ju>rlo eold, k, 

r.otaphoeporio aold, ). • 

C.toatard ucorllio ••1' 1GO q. of •••orble eold 

(V,S,P, rofereo,e atudud) ••re dieool•9' 1a 

,oo 11.1. • r , mo,. 
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2' '-»iohl.oropheaol iadophenol, 50 •1, of the dye

weN 41aaol••d la appPOJ:1•ate� 150 Ill, o! bot 

water oonte1a1ag �2 Ila• ll&HC03, o�oled end 41luted 

nth ••ter to 200 Ill. 

standardi.aatioa of dye aolatioa, A .5 al, aliquot 

of the atuderd eecorbio acid eolution (Ooataia.1Jl1 

1 q. ueorbio acid)••• diluted with .5 Ill, of� 

Met.plloepbol'ic acid, Thie wu titrated with the 

d7e eolDtioa to a pSnk oolov wh.iob peraieted tor 

about 15 eeconda eiaoe thi• •olu.ae of dJ• repreeentad 

1 •I• of aecorbic eoid, tb• uoorbic acid aquiYalent 

(�) of 1 al, of dye eolution ie equal to 1 41-n.ded 

bJ the Yol-• .1Jl al. of tbe dJe eolution uaed in tbe 

titratioa, 

.i.o I• of eaob of tb• podared euplee wer• blended eitb an 

•q-l weipt of a� acetic aoid and 111.lrad to si•e • boao1•n•oue

alurrJ, 20 I• of thio elar17 nr• ••icJaad iato • btaktr ud 

trauferrtd to e 200 al, neek and•••• •P to tba •olwaa with 

water, Dt eoletioD •u •ill•d tboroqbly end oaetril\l1ad. 

fll• ••p•r-tut ••• deoutad ud filtered tlaroap het.aee

tut ...... r 2.5 al, aliqeot of tba filtrate ••• pipette4
••• 1 er,,- • 

iato •• Dl•••Y•r neok -• titrated :uaadla\el7 •ltla tho
., 

ataafardiaad aolatioa of l, 6-4iobloropbeaol inpphenol to

• faiat fialt ea4 poiat which paraietad for 1, aeooede,
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• ••· uoorbio ao14 i,.r 100 I• ... ,1e,

' • 111 • dye ...... f tit 1 --- or �•t oa of alltut of 41.l•ted 
._pla. 

T • Aaoorb1o •4 ae .. •ta.l'fale_nt of «,e ulution

• ..,.. ..... •• q,/al. of 470,

• I• or au-,le 111 au,,ot titrated,

(a) !'otal Vena fl"Oleiu,

liU't\ ••tho4 •• n,,ortall bJ 11n1 (1�) na follo•••• 

Jt••r•'•· 

lal•tioa I., \, I• et ao41u 11ote••i• tartrata 

(Rouelle Nlt) ••r• 4.iaaol.,•4 ia '-00 al, of o,a 1',

... , 1a • \sn�er, 15 I• of ooppar aulJllato wu 

Uea e4llN aat U.aolyoll ••plotal7, To tllu

, •· of potua1u iod.Ue ••• added a.ad aixtuN 

ado •.P \0 1 Utra 111.tll 0,2 II, llaol, 

S.la,toa D, 0,'1' ,.tu•i• io414• wu -•• ia 

0,2 II, llaoH. 

orltial llivet n�n,, ,0 al, or •l•tioa A .. ,. 

Ulate4 te Z,O al, dtk ael•lloa I, 

Calibratlo• o•r•••

Yol'Mtol A n• •••• •• otaaurf llftl•i.a act ouolllated 

quatitlAI• of F"9lOla oolvtioa (1 I• to 10 1,/100 al,) ••r• 
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!he •olae na aade iap to :, al. 111
••oh 11•••• Then :, •l. of •orlrin• bi"·•• - - -· .... • r•ac••t ••• added 
to eaob t•be. il.l ·� •at tubea were placed 1A a waterbath

at }7 oC for 10 llinutee. Th• optical deuit1 .-.. read 1Jl

• BP 6oo .-peotrophotaaeter at 540 au, aettiq the iJLatrueat

to sero 111.th • 41.atillri •eter u4 r•aa•11t blank, fll•

optical 4•u-ity wu thtn plotted ap1aet the uow11 protti.D

concoatration aad the etudar4 lue obt-1.ned.

Method.

0, 1 al• of ••nm fJ"Oa teat aaaplee ••• taken 1a teat 

t•'b•e the •ol-• ... ad• ap to) al, rltk 41atUle4 water 

ia each oaao, :, al. of work:Snc bia.ret nqent were added ud 

tll• optical deu1t7 4etera1ned 111 aue auner u for the 

atan4ar4a. Th• protea 0011ce11trat1ona ••r• read froa the 

calJ..bratioa curre. 

(o) Paper •l•otropllorteia

Th• ••tllod u duoribe4 b7 S.itb ia lie book •ch:roaato

grakllic CUl4 El.ectrophontic !eob.a1q•••," ••l•• II ('196o)

-• adoJted for tile ee,cratioa of 'fario .. proteiae 1a tile 

e•ra of aniee)e fed oa •XJ1•r1Jl•atal (iota. 

1• • -.ortloel tau: (ea avJpli_•d \7 M/1 Ltd. lhaadoa 

Ltd. Loadoa) the aoparatiou ••r• our1•• oat llAq tile 

barbitoa• truffor pi 8,6. • cureat of 100 •ol\e •u ,au_. for 

16 uu•• na prot•i.a• ,I.Lat aa ea1ou aad ao a1pate to 

tlllo &AO•••
lo••••r, tu• to tile elootro••••••otio new \ll•
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1lobuli11 1 r•aa 11�4 ttat1oll.al'y at the origu.
The atrip were dr1.ed 1-ediatei, after the rull.Diq

poriod and then eta1ned 1th • a.sido black 108 41••

APparatu.a and rocgeota, 

(1) Thv Yertica! •lectra�horocia tank opecificatioae ae

1111J'plitd b1 !!/ Sh&Ado11.

(.?) Ctabll.!eed D.c. power 011prly, ''Volku" power i;aolt 

(3) Euffer pE. 8.6 butitoco b11!fer •u pref red by

diuaalTi.cc 10.-, C• ot oodiu:a barbitone in about 900 al.

of water, 1.83 I• e- bcr�ituric aoid �� then diaaol•ed

b7 alowl7 1;b11Jd cg. 'i'h, •olime VIUI c.ado up to 1 litre.

(�) rbat•nn �o. 1 paper atrip of} c.. uidth. 

(5) &yo oollltiori 1J �lutioc of a.:.ido black 101' 1a 50 al.

(6) nahina colutia:: 75 1:.1, acetic acid and 50 al. •eth7l

a1cobol 1Ude up to 2!i0 al.

J;:etbod. 

'l'bo buffer ooluU.Oo of pB C.6 io addot 1.n the o•ter too 

t r•�cnte oone Lo cailltala ea uai!ora le••l of
odjaoc11 00111, ...,. 

buffer 1A all tbe ccn,nrtt:e11ta. Qat•nn 'lo, 1 J"AP•r atrlp• 

} -.. ride aad :,!i -· loq an folded in the aidile aad haq

h 4 Tile l.Dwer enu of tba paper atrl,-
011 tb• n7lon t r•• 

r ... 1.a 41.pi-C 1a the buffer aolatloa, fbe a\rlpa ear,

-� la t.uttor eol•tloa uatll \he7 ••r• •-ple\olJ
all"•• to ••-
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The •upl•• nr• thea 

(o.07 al. b7 ••au of a aicro pipetW a•ar the 111loa
th.r••• 1a • DILlfora atreu. De lit or tlll• taall: we• r•plao••

aad the •l•otrio teNS.oal• couected to the power auppl7. 

ft• ourent of 100 •olta ... puaet for a period of 18 hova, 

At the •ad of tUa period th• cvreat wu atopJ•d ud the 

,-.per atripa r•o••t a••tl.7 b7 ••u of a al••• rod. Th•J 

••r• thaa d.ri•d ud ataJ..a•d, ltatatn1 wu doae b7 d.ippiaa

the ,-,-r atri,- 1a the aol•tioa of d7e for }0 aiaut••• Tia•

axe••• d7a wu thu poued off ud paper atrip•, waned 1a 

••tb.a.ael for ,, 111.aatea, Tia• waahlaa of axe••• dJ• waa th••

4oae with 1, al, •••tio ao14 1a 250 al, of water, utll a

ud aoaaa-4 1a a aeUDer. 

(p) &ta.rolll 1•l electro1horeaia.

fta aathod er a.1tll1•• c,,,,> wu .. ,, for th• ••paratioa 

et aer.a p.rotaiaa, l7d.rol1••• atarclll -•• iato tlll• a•l bJ 

lllaat-1.al 72 I• wStlll 600 al. borlo a1id-aotiu hydrold.4• 

aalatioa ... allo••• ta ••t far aix houa. 1'11• ... ,l•• were 

•P�" ia iaolaiau aere•• tllle deptlll of the a•l bloolll ud

tlll• bleak wu tu•• 1a • ••rtioal poeitioa • (•rr,at "" 

...... tlllroqlll at 2, •• A far ,a llloa.ra. ., tlll• ant et tlu.a 

ft•J flrt tlll•• a\a1ll•4 uiaa uida blau '1•· 

•1• ••• 4.r•i••• aft 1a aacceael•• •••Ill•&• witlllft• ex•••• 
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aet\:ael ftoetio acid IUld s•l platea pbotographed proteiu.

"'�• 25 x 11 ea. n�d o.� •· deep with thielt ende, 

11.ade ot plactic 

Bllffer cc�tainoit, 6n � 6n an� 4" deep •itb a partition 

2" hich ond an electric tenaiJl&l. 

"-"r a11ppl7 

8taill1.n& trll70 

ay4rolysu atarob 

J!.orie acid - aoUa li1droxid1 col1- 'llue •a• pre,-eo 

by di-ol•i.Dc 8.39 C• of borio aeid &JJd z ,. ot uodi1111 

b7droude 1n 5 litre or diatilled water

llllffer pB boric acid 92.76 C• end ooUaa llTdJ'olCide 12 1• 

••re '1aro1Yed io 1000 al. of ••t•r.

d.1-olT .. ii: 600 al. ot borio aeid - aodiua llldroxid• aolutioa 

aad c•ntl1 •uned. !he aat,rial ••• ioared 1.Alo 25 x 11 a o.,

••• tra7a co•ered witb • rlaat1c •beet, ••oidiDi d.r w�bl••• 

ftia aaterial wu ello••• to aet tor 6 bour1. At the end of 

till• ,.nod the co••r ohtet i1 reao•cd nod at a dia�aoo• of 

,.o ••• froa the end tla.re• IUlilo,.. 1ncia1ou ••r• aue ia the 

sel at e ual diatuic••· 0.07 al, of tb, aer.ia euple ••• 

applied aod the a•l ••• aaaia oo••r•d •itb u pieoe of cle&A 

,ol7th•n• aheet •t•r• u�on tho tre11 •ore fl•••• ia alaatia1 
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••r•rtaeat of the coata1n•r• ••• oonaeoted with laaer b7

••••• of filter raper •iell•, n, tel"llloaln .. r, toacecte4 

te tll, pe••r p�Glt ao4 c rreat poeaed lhroagb rer 18 boare. 

A tbe ea4 ot thia tilt, the l"l •u thee aea,17 NaOYod 

�- Ille tra, ••d al.ice•. 'illt! •J!:er elloe •u ataiae4 ia 

t�, •t&iallll trAJ'a rltll uido lac.It 10 B, '1• ,,: aoluiloa, 

ft• •n•- 47"• wan Uuia •�elte4 1U14 the bacll aroao4 aade u 

clear aa poaeillle by ••eluq witb aaoc•••i•• dilalioae, 

!'be -uked eel. pl a tee ••r• dried rt •11 f'il ter ,-per aa4 

pketesrapri. 
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<,> biaal teet1n1 •9eriaenta. 

Al.bi.Ao rDte fraa oar on colony ••re •••d for the 

••igbt cain etudiee, deterc1nnt1on of digeetlblli.t7 of

prota1.n and bloloCi,c:al -.alue of protaiu of re• an4 

cooked diete. 

Selection of •n1•&laa- Ten •, •l• rate uo- to 

prodaca aora than 1pt o!fepri.D1• at • tiaa were 

••l•oted end uted, lbaa the litter• cue o•t •••ea

gT011po out of tbe•e which laad aore than elc)lt litter

-tea were retained e1t4 ot.hera dJ.ecar ed. De 7ouq 

rato -re allowed to raain rlth their raapaoti•• aotbal'a 

for • period ot 21 da,e ud ••r• fed oa a etook diet. 

After tli• ;period the7 wore nuberec, weaned, and pvt 

iJlto iJld1T1dul CQJ;aa. 

R�n111l.ar or rat:01- .Ul •.lre aettiag caa•• of 8• x 8" x 10" 

wore e;�c1all7 dasisnad 1o bouoe 1nd1•14ual rate. Eaoh 

cc• .. c clafOd on an eagle iro11 u4 • parapaa ehaet 

beat 111,rarda nt tao 01,i;oeit• aid•• for the aa.ay now of 

urine, -a introdgced UAdor ••oh c:•&•• flle ,op of  the 

pcrcfe• ebect •• covered v1th a wire •••b ao •• to bold 

"" the taec••· Ci:at• }. ) 

&aeh ca1e ••• 1 tted with} ir• loo,a aae for 

holdia th� toc:d buktr 1na14o the C114f•, one for hol4illl 

the urioo oollcct1.a.S bealtor !Jifroa, of Lh Cll&e, and ea• 
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\ 

I 

� . . 
• - -�

PUTJ! 3 

.PLATE It 

PLJ.r, J A eingl• wire net cage 8"x8".x10" for an 
1.ndJ.ridlUl.l rat, with urangaente for 
Caecea ud urine collection. 

PLATll It A batte17 aho•i.Dc rnta 1a their 
udJ. ridu1 cagee du-iJlg elr},eriaant. 
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for hold.ing the water bottle at the back of tb• oa1•• Th•

oaa•• were arr�ed in  the Cora of a battery 1a croup• of

8 oa !ea in oaola Una (plate It).

�ana1•••nt and faed11151- EYery ei1ht Utter aataa i.D aaob 

croup were put on tbe aaae diet, bal.f of the• oa the raw 

aixad and the other half on tba cooked diet. 'fllaJ ••re fed 

ad lib, the aaoll..llt of d.iet wbioh each rat wol.lld ooa.a1111• i.11 2i. 

hour• ••• approxS•ately aaoartaiAad dur� tba tirat} da7a of 

non-axperiaental period. J;Tar7 d&)' a known weighed aaout of 

diat cont•iniag •ore tball II.At the rat bad eaten during the 

prerlou •�, wu giYen to oacb rat at 9 o•olook iA the 

froa tbe food bitakar before proYidiDI freab food &11d we1-pad

aaxt DorDJ.nc. 

In ttli.9 UII.Der it ••• poaoibla to prorldo ad lib faad1A4; 

aad the .-011.&t or fooJapil.led froa tha beaker ••• Yary low. 

Collaotioa of Uri.a• and faao•••- Sal.. of d.ilutad 12co-

(l0.90) ••r• added to aoch uri.aa oolloot1on beaker •••ry 

aorn1J16 and tla• uoaat of urine for 2, laoura ••• oollaoted. 

!ho por•r•� aboot ••• •••bod with diotil.lad ntar into tba

baakor before tho uiD• aoo oollaotod. TIIJ.o 11rooadan 

proYaatad ODJ' lo• •• duo to •••,oration of urioa. J'll•o•a

••r• oollaotad dailJ at tba .... tiaa ao tlaa u.in froa tb•

wire 60UZ:& OD top of th• perapn: ., •• t. Tiley ••r• traaoferNd

iato ••1pad patri di.all•• ac4 1&aadl11tal7 dried 1a a hot 
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n • .. a, ..., , •1w. _. 1111.-. _. r1S(R1« •

.,. c,ei, 111,,,u,11 ., ..s. ... h111• •••• 1111•« 

I I •••; 09111,, ... ss1t,11« fer lelal Rl1.k'r ... .

lllllll- ..... &a ...... ......... � tet ...... ,,,z

e1· ... - .,., 1111•1 .,. �-

a., •a; w •n1a1 ... ... ,,wa1 fer J a•ste ... et 1M 

_.•I•••• ,-,lN ... Nie"" .. ,,,"'4 �• ates)• atrrtJ 

.., tlllalr ,1anf ... ,,,11« u •••• P••• •• ,.,..,ci,. 11 z 

, •••• �··· ...... ._ .. . ,.,s .... 

.. �-, -- ,..,.., .. -uc • ,.. ....... . , 

...... 
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• ,0 •

,. P!J") � 

• t•r};i14ta1, IU C••v•t

,. 
"t.,. ,,�,.,,. 

n•,••m-

n. , ••.• ,..,,. • u •• ,.d ...... rl .. n ,. •• '5 7 

.,.,.. Ci'i«)l,1 \n�l t ''• la r11ll.or1 _. aulJ••• oa.rrs.ot

••t - t�ea ror trJ 11at1u1 1'1-oloiu. ltli•r o.alraa, •

• ,u ........ 1"11) ....

f1tas!u <•, u1, ut C). 

All � ••to NJ'• carried ••t ia 4.a,Pl:lc t• - tu

.U:li! c, PJ' t:lcll u.11 , • n, ,, i.D t • uo• o r t.lall •heN � 

n. etll.oclo ,.u .... tor tit.• ••• 1.,. .. 

• , . or Ue •>n!ul niel7 .. of• t • 

UMU � l1U of 4:let• a:ro ».r • ... la "·

11. ta 111• • ,.. " 1110a of,,. bJar ll t.:,tnla 

A.a t. . ' -••n•Jc to�•••• Ji, G&D .... , •... 

, .. ' t ,,.., lu etu-u), J .... ,_ n r,

:s:Jaa:tc;tv p.r1 (U*IH C 'fa fl• ) ..,. ri«JI ,. 

, .. , l• " • • 1 <••l ,. :Lla, 

( 1 tu ) .,. Ct'J Ii • • ... rlJl . .... ' 

,.i.a- .. , •• ., . , .. • •• . ,., • ' 

., .. ' ld.a • •• ' _, I ,. ' 

..... rct -, . .. , ' 1 I 

' 
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The coapoaition of llili•ral• and n.tauina ia th••• 

foodatuff• baa been preaented 1D Table 11. It ou be aeea 

that three of the ataple fooda 1 ••• 1 .. , •lubo (1 .. nour) 

ud plaateSa ha•• low l•••le of celciua and n�a•Sa•. A 

low l•••l of n.+e•1a A 1a alao ••ideat 1D ogi, beau, .-S., 

and etocldiah •hil• ;pala oil coateS•• a hig!I ooaceatretioa 

of beta oarot•••• 
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T.&111:.E 10 

flle Coapod.t1on of t!le Major lutrieou 1A tile Food J1aterieJ• 

lo.,
I • • e I 1-/100 �- of eclible rol"'t1.o• 

I i 

1
2
' 
,. 

5 
6 
1 

8 
9 

10 
11 

12 
,, 
, .. 
15
16 
17 
18 
19 
20 

c-oai,
ued 

Ogi 
a.-. 

ru
Uo 
�u.ila 
Uubo 
l:g,iJ11. 

l'•D).a 

Plaatah 
Beef 
Gari. 

Dry !1.cb
OIU'o 
r.c .. 
Sbriapa
011.ioa 
Pepr•r 
'foaat4 
Pal.a oil
.. tter 

Otller naae•fllc,,taoSeal

tet ll&iae 4tarcll1 (ua .. 7•,)

Cowpeaa; (Yipa uqu!Clllata) 
(01oecoru rotu.adata) 
Teta1 (crotalaria app.)
(Y1Yapara quadrate) 
ru fiollr; (Pio•corea ap¥.)
f;eloo aeeda 1 (Ci trulluo 

•a.l&'•TU) 
Stockfiah; 
(Jl'laaa _paradid.aca) 
Eeef leu 
C&a•••• nov1 (We,1bot

eaoulenta) 
.Aoll:ed fiab; 
(Bibi.acua eaculeat11a) 
BID egae 
Palataonetea Yariana 
(AlJ.i\111 CeJlll) 
(Piper nJ.irua) 
{L7copero1c- eaculent1J11)
CC.ad.a piaeedia) 

Moiat11re I Total j f.tller- I Carlliollyvatu
Proteia extract 
Jtri.25 

49.5 It.' Tr- ,,.o 

7.1 2,.1 ,.o ,60.5 

59.0 1.7 - :,8.6
90.9 ,.1 o., }.6 

76.0 ,,.o 2.0 ,.5 
1}.0 li.O 2.0 78.6

8.0 2i.., 2,.2 ,. , . ' 

}5,7 56.0 2.1 Tr-
61.5 0.9 :,5.5 
1;.5 22.9 2.4 Tr. 

,.,.6 ,., o.i. I 82.2 
52.0 i.2.0 2.0 
82.8 2.i. o., 1).2 
76.1 10.5 ,,., 1.0

69.0 22.0 2.5 ·-

91.8 , . :, - 6.2 
1., 1},0 2.7 70.0 

92.0 },O 'i'r, ,.o 

fr, - 00.0 -

16., o., 82.5 Tr. 
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• 

Jo c-oaly
• -·· 

1 Og:1 

2 Jleu 

., tae 
It £to 
5 Sraa:ll• 

6 Uubo 

7 Beul 

8 P•aJ"' 
9 Pl.aDtaiJl 

10 a.et 
11 8a.r1 

12 DrJ' full 
1} Oltro
14 re.-
15 S.llr1epe 
16 Olli.on 
,1 �per 
,a ,., •..•

19 Pala oil
ao ... " ... 
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TAIU: 11 

'ftl• CoapoeiUoa of HiJleral.a aa4 1'1tae!ne 1a tll• FOOII Jtaterial.e 

j. )( E 

Other naate/Eotaniclll 

'Cet e&ip et.arch 
(:.a uyo.) 

Cowpeu 1 (1'1.pe 
IIDpi 01U.A ta) 

(l>ioacorea rotund.At.a) 
Tete; (Crotolaria •PP. 
(VlYap&ra �aad.rata) 
lae nou.r1 

(Ploacorea app.) 
flelon •••4• I 

(C1trallua Yillgaru) 
Stoclr.t1all1 
(Nua peradioiaca) 
Be•! lean 
Ca.au•• nou, 
J,!aJli.llot ( ••c11len ta) 

Sllolr.ed fi.ell1 
(lllbucu ••culeatu) 
B•• •IP 
Palaoaontt•• YarillDII 
(&lliu cepe) 
(Jlip•r Digna) 
( LJcoperalc• eaculaf• 

t•) 
(JP.aeia pi.Deeula) 

Tota.l ···� 
11-i••rlll 

-ttar Cal.cl• 
5./100 •• 

1 .2 40 

}.7 86 
0.7 15 
1.5 180 
It .5 1200 

2.lt :,0 

1+.5 50 
6.2 :,00 
2.1 Tr. 
1.1 10 

2.:, 1:,0 
:,.2 2000 
1.:, 8o 
,.o 54 
6.5 120 
0.1 '° 

7.0 1,0 

1.0 15 
,-.. -

Tr. ,, 

100 •• of the fo"'4 

Pboo- Iroo ,.,,., .... Rlbo-

pbonu, nari.a 
1, 82 

116 7.0 o.o, 0.0.3 

315 At.o 0.10 0.20 
60 Tr. 0.10 o.o:,
28 4.o 0.10 o.,o

11t8 8.0 tr. o.o,

1}2 5.0 - -

60 8.o ,o.o, 0.,5 
160 4.o 0.15 0.18 

}O o., 0.02 o.os

2:,0 :,.o 0.08 0.15 

,0 Tr. o.o, 0.07 
160 2.0 o.,o 0.20 
68 Tr. o.,o o. 10

210 ,.o 0.12 o.,, 
80 o.8 Tr. 0,05 
'° Tr. 0.05 0.10 

260 8.o o.1ia 0.69 

l1 Tr. o.06 -

- - - -

20 0.2 - -

1'1tn1e 
A 

.t..Gc orl:j.c I.0./100 
I• 

C 

- -

- Tr.
10 -

100 2,500 
- Tr,.

20 -

10 -

- -

15 -

Tr. 'fr. 

8 -

- -

25 200 
!'r. 1000 
- 1200

,0 }00
1200 -

16 

' 6JO-

- 2000
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2. The •!feet ot cook1aa on tb• oh .. ioal. Coapoeit1on of di•t•.

frooedve. 

Repr•••ataU•• eupl•• ot al.l tbe DU 41•t• botb io ra• 

Id.zed and cooked forae ••r• aiu.lyaed for tbe follo•�•-

(a) 'DTJ aatter, total proteiA, ether ed'eot,

Carboti,'dr•t•• ud total ai1eral utter

(b) Jaaeralat- oaloi11.11, phoep_orua aad iron

(c) ,,taa1ae1- A, n
1
, s

2
, ud c.

Th• •••l7tical ••tboda follo••d are d••oribed oa pas•• 

50 to So: aad 6J to 79. The ••tboda of prepa�atioa ud •\txia1 

ol the 4.i•t• are deaoribed on P•1•• }8 to �9. 

lieaalta. 

Th• reaulta for<•> (b) ud (o) are preaeate4 1A Table• 

12, 1} aA4 14, r••••otiTely, Froa the Tabl•• 12 CL11d 1} it 

wi.ll be •••11 tut tb•r• ••r• olll7 11•1llcibl• lo•••• dvi.a1 

CQ>oktos 1A tbe caoeo of total proceiA, ether eztraot, 

oarlaobJ'dratu ud lli&ierala. Oo tla• otb•r band, a •llsbt 

iaoreu• dviq oookiJll (0.8.) of total prottlaa 1• aotioeable 

1a diet Do, 1 a.ad diet r.o, 6. ThJ.o i• eiq,laioed b7 tla• fact 

tut both tb••• dlotc ooataio lorco aout of beena (••• i-1•11

�2 aad �9), Duriq tb• propa.ratloca tor oookSa1, tile b•••• 

ar• eoaked aad tbe1r t••taa er• nbbod off, It io kno•a that 

tb• toe&a coat&iu Tor7 little proteia about )J �a C09_parod to 

roat of th• boon D••4• wl&ioh contain o'boat a, Froteio. 
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Yit&aiaa lo••••• 

The reaulta of the YitaaiJI eatillationa are preaentad 

in �able 1�. It can be aeen that aboat z�� to SO,. of Yita•ia 

A 1a loat dar� the prooeaa of cookSa11 bat aiJ:lce pal.- oil 

u the ll&ia aou.rce of fat iia all tb.e dieta, wb.ioh 1a ••'r7 riob

iJI caroteaea tbia loaa la of little nutritional ai&nifioaace. 

Th• loaa of the B Yitaaina Tbiaai11e and Ribon.a.u ••ri••

conaidera-17 froa diet to diet. It waa noticed that it •aried 

oloaaly with the ••thod of preparation or food. Tb•r• ••re 

for iaat&Aoa 110 lon•• in the caae of diet ffo, 6 •h•r• the 

cooldq waa aocoapl.iabed ill ateaa Wider preaaare, wb.11• lou•• 

••r• oe••r• when proloaaed beat�, ill open pu al.ons with

epic,•• wbiu cu prodace acid or •)kalia.e oonUt1oaa, •a• 

iDYOlYed, 

the lo•• of YituiA C •11• b.11h 1a all the d.ieta, It 

Yer1« fN>a total deatruotion to 50%, apin it••• aotioad 

tlaat diet "o· 6 (ateaa ooolted) retaiAed about,� •ita•ia, 

•hil• th• lo•••• •ere aaob bean.er in the other o•••••
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.o. Diet 

1 I:Jto -d Akara

R&• 

Cooked 

2 PoW1ded yu, •to 
ud •na1}a 

la• 

Cooked 

El.Qbo, •111•1 •o•p 
&Ad pan.la 

a.. 

Cooked 

Pried plantai.A and 
beet at•• 

Ra• 

Cookecl 

GaJ-1-okro a.ad 
dry-tub 

Ra• 

Cooked 

6 Moi-oia 
... 

Cooked 

- 96 -

TABLE 12 

br 100 Ce of 

Dr, Total Ether-
Hatter Proteia eatraot 

59,6 ,8., 20,1 
26.} 19.2 19,8 

,1.0 1,S 10.7 
,,.,0 1.0 10.At 

5:,,2 9,S 9.1 
27,0 9,S 9,6 

:,8.o 7,8 2i..9 
.51,S 1,8 2},7 

,...,!, 6 .It 16.9 
l?,O 6.lt 16.8 

18.2 21t,6 "·' 
,a.o 19,6 2,.1 

,,. .,,,, 4n Rt, 

C&rboh7d-rat•• 

51, 1 

56.9 

18, 1 
19,1 

16.At
16,S

61.9 
6}., 

72.6 
12,1 

,,.o 
,o.6 
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'fill.I 13 

'fh• •in•ral c011poaition or raw aixed aiid cooked 4i•t•

(Per 100 •• of the 

Di.et Kueral Cal.oiua Phoaphor,aa 
aatter 

(1.) <••·) (ag.) 

D:o aAcl ak•ra 
Ila• 4.2 87 289 
Cooked lt.1 7.5 278 

Pouded 1-. efo 
&Ad •naSle 

Raw ,.1 408 162 
Cooked },5 'm 150 

ll•bo, •l'llJi aoap 
aad paal& 

la• Ii. It 212 161 
Cooked 4., 215 157 

fried )'la.ataia aa4 
beef at•• 

la• 5.lt 16 12, 
Cooked 5,lt 118 

aar1, oluo &.ad dr7 
fiall 

�4 Ra• It, 1 72 
Coeut•d ... 1 :,,a 70 

>!oi.Jlaoin 
lt,1 78 259 RJI• 

Cooked 4,, ?It 237 

diet) 

lrOD 

(a,,) 

6,1 
611 

10.6 
10.0 

11,7 
11.2 

1,7 
1.7 

6.lt

,., 

.)., 
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Diet 

Eke, &Ad •k•ra

Raw 
Cocked 

Poeded ,-. eto 
a.ad ... ,1,. 

Raw 
Cock1d 

E1abo, egua-1 ,oap 
ud paal:a 

b• 
Cooked 

Fried pl,nt.1S a 
beer ,tew 

bw 

Cooked 

Geri, ok.ro ud 
dJ'7 flab

Ra• 

Cooll:14 

t'.o1uoia 
Ra• 

COolr.ed 

- 9!! -

'I' A a1,t , 4 

( hr 

Yit1•Sn •
I. U.

5010 
2460 

ltoos 

2100 

21,S 
1.578 

}1}6 
1872 

,006 
'618 

1,11 
'821 

100 • 

Vit.1•1n Jl1
• ••

0.54 
0.2, 

0,2} 
0.05 

0.18 
o.o"' 

o.06 
Tr. 

0,01 
Tr. 

o.,z 
o.,o 

of t�. di J_ 

Yit1•Sn •2 fitutn 0

••• .. . 

0.19 It .04 
0.09 Tr, 

o.,,. 0.1\ 
0,08 Tr, 

0.1, •• o
0.09 o.o

o.,, lto.o 
o.08 lt,o 

0.10 2},0 
0,06 a.o

0,22 47,0 
0,22 28.0 UNIV
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}. .._ntitati•• ••t1-ation of A•Sno aoi.Ala 1o the re• ud

ooolted dieta. 

Proca4ue. 

One sr- rapr1aentatiYe •aa.Pl•• of the tieta (the •ethoda 

•t prepa.ratioa a.re Ji•ea 1a past !18)- ••re h:,drol)-aed a.ad

treated u d1aorib1d on page 5q 

':'he •a.rlou aaSno aolda prea1nt 1.11 the h:,4rol:,aataa ••r• 

deterahed •• 4eeori'be4 oa P•I• 611 tor tha neutral aad aoiclio 

aaJ.ao aciti., 150 ea. lo-a coluaa wu uad, wlt.ile the 'baalc 

a•!ao ac14- ••r• eatiwated 1o a 12 ea. col\lWJI. Th• 1xperiwanta 

••r• ca.rri14 out ia duplleata.

Reaal.ta, 

"'lla raav.lta ot tlaa aaapl•• of raw and cooked 41.ata are 

r�c.,. d •• 1a Tabla 1,. Th••• Talu•• a.re the a'lerac• of I • 

d 1 ,ate d1t1n1ia.atiou •Moll •&Teed cloaal:, a.ad are calc114tad

•• ,/100 I• of food (d17 wt. baaia). Th• raaalta tor

•••entaea aaiao acid• ara r11ort1d, niace tbe d1t1r'l!liaatiou 

wera carried oat 1a acid la:,drcl:,aataa trntoplaaa •a 

coapletel:, loct, n, partial daatnctioa ot tllreouna and 

••rl.Js• d11riq acid hJdrol:,ala ot �roteia baa alao bean ra,ortod

'b:, ao•• aork•r• (l'rlltoa, 196}) Co•••r•1oa ot slat 1aa to 

1lutawio acid and c:,ataia to o:,atine alao took place duiag

b:,drol:,aia and beao• the:, appear oal:, •• glataaic ao14 and

c:,atiao. Diwila.rl:,, no d1at1aot1oa •ao }IOan1111• between

aoparaiin -d upartic acid. 
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&:e-··· 

ft•• aaiao ••14a 1a tile raw a1Iel ••• oooked 41•t• a.re 

••,-r .. , tk• reelll.t• ebo• oal7 alld l••••• la tb• cooked 

d.l•t• 1a ao•t C••••• 0a tit• otlaer laud -1111 :leor••••• 

ka•• beea c:itlce4 oapec.lall7 1a 4J.et 11o. 1 ••• 6, nlc 1.a 

he t.e • al.ipti., IIS&b•r p.rceot•�• (a"1oat �) of I :la Ua• 

cNok•4 Ion. fte Nuoa for 111cr•••• 1D Ula pen•11tq• of 

Ila. al:Nad7 �••• J1•on er tit• •••t:loo oo aal.7•1• of 

dleta Jia&• 94 • P� other foctora aeola •• the aetlao4 of 

s:r•p.rat:l a, fr eeoe of ••t&llio lou ood th• reae\loa of 

• c-c-ct:1111'. a.U an alao llS.glll7 ccapltll feetore •IIJ.oh , 

c.a.11 b•• •� elfect oa tit• .. 1ao ao1• patteru aa4 wllJ.da •••• 

• a:re detail .. at 7• h•••u, froa •bt haa h111 reFOrt-4 1t

sa ... lil 17 t at tile oouat of total chaq• �qht • t 

i-, �::aq u hJ-417 of •117 a,rttioaal UIJ:Oriuo11 e:a.cops. rer 

l1d.eci •N tM l.o ... U'O •• ll1p .. 5CJS la aut ef t.llo 4:lota. 
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UparUc acid 

�Aillo •cU 

uri11;a acid 

Glala&ic ac::Sd 

Pr-al!ae •c.1Al 

G.17ct.c. a.cli 

Al•111ce add 

r--t. -i•• 1c1 

Le Ule a.e:J.4 

1'7roa1.ae ac1' 

�qlal•r•ao 

"1•h• �1� 

U..ii.41.H ac-U 

u-,:1 ...... ,,.. 

llc'!neoia 

... 

961 

7� 

9}6 

21"2 

78Z 

}70 

1:))0 

22.li 

1e>'O 

250 

,,, 

1� 

1020 

7li2 

967 

n 

m 

,1, 

11Z) 

200 

11}1 

zoo 

7,0 

1)60 

,u 

11' 

97 

C..lrc;;l 

, 70 

966 

1lio0 

�.20 

zti}, 

'09 

758 

,zo 

1670 

1 11 

1 ,, 

1)1 

,,, 
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Aaiao eo1d.

11)11\ic acid 

ftrtoai.11 I • o 14 

llrht ac14 

111\aaio aoid 

Phliae ao14 

llyobe ac14 

ll••l.111 ac14 

CJ•t \Ji• ac14 

'ella• ao1cl 

l!etldoll.1.ae acid 

*·lA1toi11a ac1J

Lncu, aoid. 

!n-oaiae acid.

F\11111.ua11t.11e acid 

�•be acid. 

lbti41De aoicl

ut1.a1.ii. 

Eko a.Di •kara. 

Ra• CoolLv4 

1239 1}04 

721 6,2 

962 825 

2960 }142 

795 795 

}'+1 364 

,054 j75 

222 181 

10}6 1109 

277 186 

888 912 

1)78 1)84 

�5 5}:" 

962 970 

1202 625 

55 �8 

118li 1174 

. ,c, . 

l'ou.n4e4 
lllli 

JU, rfo El i'bo 
I 

I ;u,i!. ll O \Ip 
GIi&� 

... JIUl• 
WA• Coolr.ed ... co••' 

681t 679 &02 776 

21, 200 »' � 

247 2.26 za, 25() 

1015 8}9 ,,,, 11£>2 

}68 }29 '"' 5:,2 

}66 }}5 502 486 

171t 1,, "" 548 

1}-'t 12' 122 112 

5}7 1192 '65 i.67 

185 179 2'S 196 

}55 }2) '61 lio6 

61t2 588 667 68b 

219 202 �6 21t2 

,,a }10 
::?52 2}1 

lt6:, 2,, .,C)8 Jlt7 

108 99 ,,, 
2b0 

565 526 512 52� 

• of tla• food 

o .ri. o'\U'O ond Mo1neo1• eoatro.l 

piai1ta1D 
rrs.•d d.r-; fiGb 
aad. beef et•• :ook•d Ra• cooli:ed 

a.a• 
Ra• :ook•4 

a.?lt 565 560 
!)61 1020 1670 

755 

188 278 189 7lt0 71t2 966 

}57 

}02 198 17:S 936 9'1 1400 

}}9 

1226 11t10 817 91fAt 2152 2697
� 

}99 }56 :,91 lt)lt 7S2 191 265-' 

502 520 }51t }60 Y/0 }75 409 

1:s 

418 '°° :}62 ltOO ,o,o ,,2:, 

102 85 86 85 221t 200 
120 

41i9 lt62 ,a.1 101tO 11}1 ,,10

,2.2 

20, 90 ,86 i,c> zoo 
90 

124 �,, ;,25 a51 1� 
,W> 

350 

6b} 641 lt81t 1)&9 1.}60 ?Z70 

4-,6 

275 270 52' S22 
1Z17 

2?} 210 

}}} 
1184 ,�,5 

:50lt 2}8 1Z?5 
?22 

707 246 9z! � 
1510 

562 171t 

281 286 
6'8 

6!Z 

2 0 8  220 �9 

522 582 
972 

,,, 

'61 366 9()0 
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4. Tb• •tfeot on rata of f••d1ng raw aixed aod oook.ed die\a. 

Procedure. 

Ra\• bred and ••l•ct•d - 4eeor.l'bed en P-.• % 1 were

houed 1D 1.lldi'f'idual. 0•1••· out or the eipt litter aatea,

four were P.••n the raw ai.x.ed d1et and the other four t'be 

•u• d1et 1D cooked ro-. '!he:, ••re all.owed•} cla:,a noa

experiaental period •h•n they ••r• fed ad lib on the •XJ>•ri

••ntal dieta but no obaer•atioa.a w•r• �u. !hia waa don•

1D or4er to eq'llillbr.lato the eo1aele on the e.,tari,a•ntel d.leta.

'rll• prooeea ••• repeated for all the ei.x d1t�� A.11d the 0011.trol 

diet eiaultaneou.ely. Tb• actual tr1al l.uluL for } week.a. 

ne folloiriq obeerYationa ••r• recorded for ••oh rat 

O'baerTationa. 

(1) IA1.tial we11ht of the enS•el.

(ii) Veipt sein/loaa, •••1"1 aJ.ternete �.

(U.S.) rood 1.atake, e•tr:, 24 houra,

(1•) Foeooa pa.11eed .la 24 boua ••r• oolleoted drled, 

••isbed ud o\ored.

(•) Uri•• paeeed 1a 2� hove wu collected daily, 

(rt) Fiaal ••1sbt of the •�1eelD nt the end of, weeke,

('1.i) nit aitrocoa coateet of \be re• cixcd end oooked 

41•t• vao 4etenaln•4 et the be�oalec ud et tbo 

end of eeob exporiatat. 
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The •upl•• or the dr, pool•4 fa•c•• •r •nr, 

••1••l were &11&l7aed for the tot.al llitroa••

ooateat w•okl1, 

(ia) Th• •uploa or tlo pooled -.rlao (•!doll ••r• 

proaor•od ia dilate aal.pur1c ac14) woro &Aal.:I•••

tor \h•i.r lll.1tro100 coatoat •••r1 •••k, 1a oaao 

of oaob _, •• ,. 

At tb• oad of tb• t1rat ••d.•• of oxper1a•ato, tbo 

oirpor1aont• w•r• ropoatod with a freob llatob of roto. 

lloau1t•, 

Th• roaulta obtaia•d aro prouatod 1a Table 16 OD 

pago I o7 • no cro•tb of lb• rat• <·•- of tllo It rate 1.a

•••r1 aroup) oa tho raw aixod, and cook diota, al.oaa rlUi. 

tbo ooatrol, baa booa plotted agaiut tiae, 1.n order to  

•how tbo p-owtb po.ttora, and tbo fTapll.a uo preaoatod 1.n

f�n 2 OD 11aa• ID6,

ne weigh\ aaiaa wer• oaloulato4 ao por v- of food 

1.Ata.lto aod por 11' .. of aitro10D 1atuo. flao data \'hue 

obteillo4 ollaiut•• tho ••d.atioaa due to diffoHat 

qua.atiti•• o f  food ooaeuaod b7 .1a41Yidual rota. 

Tb••• data Ila•• b••• taotod for a-, �tat1o\1oal 

aip1f1eaao• ooiJl1 tbo 0\004-rd "t" teat. Tllo rea\11la 

obteiaed, aloa with \lie ••••• aod a\andard 4eYiatiou 
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•l•••1f1•• •• follo•&•

T•-1• 17• Bll0•• \\e ooapar1eoa of •t. plae/a, or f-4

iatu, b•t•••• ra• •n• cook•• U•ta. 

Oho•a tile ouper1aoa or .. ,. ea.tu/a, ot fooel 

iatue btt•••• ra•, •ook•C aad coatnl U•t• 

Table 19. Sb••• th• ooap.,1aoa of.,. aua/c, ot iutroa•• 

ifftalr• bet•••• ra• ••• cooked 41ota. 

Teltl• 20, nho•• tile ooaperl.aoa ot •t, aua/1• of aitroaoa 

inlalt• 1.a ra• •114 ooued diet, an• � 61-.a 

and ooatrol dl•t• 1 .. 1nos,11y. 

Tia• ,..alll.ta 1a Table 12 •Ito• that tbere 1• a •1pSflou\ 

differ•noo la wi, gala/a, ot too• iato.ko la ea•• of Ueta 

llo, 2, \ and 6, •b•n re• and oookri d1ete ar• ooapared1 

eb.11• tbo ••• aaia/g. ot foo4 1atak• •o.a aot algD.lfloaat 

h lb• •••• of dieta Ro, 1,} and 5, lt 1a therefore ••14eat 

tll�t the qaality of the food 1a 41.•t• ro. 2, 'and & baa Hea 

ooao1doraltly 1ana1nood dariac cookSac la &Qoll • _u,r oo •• to 

••••• an appnoialtlo effeot oa the 11'11•th of rate. la diota 

no. 1 and}, altboagh th•r• 1• aot a aiplflcaat 41.fferoaoo of 

groatb between tb• u1ula Cod oa ra• or coolr.ed Ueta. tilt 

\Ilia dooa aot •••• tba\ lbo qauity of \be food baa aot booa 

tana,acod. Tllo difforoao•• 1a rro•th rat• ••- to"'-•• ltooa 
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aaaked b7 the Mgh 4igeatibillt1 of the cooked foo,• (Table 

21). la 41et Jio • 5 there wu alaoat negllp.ble IP'Owth &114 

the an1••l• juat •aiAtaiaed their weipt. horeu 011 diet

lo. 2 tbeJ actu1)l7 loat ••ight 4un11.g the axpuiweatal. 

period. 

Cowpariaoa with oootrol 4.iet. 

Oda i.ll wt./1. of food ill raw end oook•4 4i•t• whea 

ooapued with the 0011trol diet (Tobl• 18) nN aigaiticantly 

lower 1a all the 4.ieta except for diet ::o. 6. 

Oaia in vt./1• of o.itroge11 1.Jltake. 

Tb• rea'lllta preaented 1.11 Table 19 iJl whiola gaSna ia 

wt./1, of llitrogen intake are ooap�r•d in raw &114 oooked diet• 

aaov •�:Lu- aigllifioant difference• u 1D the cue of piaa

1a vt./g. of food iJltue. It vo11ld appear that the 

•icllitio-t 4.ifferenoa in growth rate vbioh IU'iaaa on aoooant

of oookiag 11111 ioput '• du• to differeao•• ia th• �ue)St7 

of aitr11gea (proteiA) 1.11 raw ud oooll:ed die\a. OIi• ••a•v• 

�1 the differeaoe ill the �a1)it7 of 111troae• (}>l'oteia) 1• 

the digeatibilitJ of theoo p-ot•l•• in lhe ••4••\ body. 

Tkia !Loa beea eiuaiaed wad the reaut, an presented ia Ta�l• 

21 aAd 22, uder criteria for o.itrea•n atilioatioa. 
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Gro•p 
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1 

2 

' 

.. 

' 
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• 107_

TAW 16

Tb• food 1nt.a.lte aJld c•in/loaa ill ••i1b\ ofrate fed 0• n• aixed ud cooked diet•

,� •• JI of .. rata for 
l1tro1•11 rood Total Diet ,. d17 111\aka aitro1•a 

t. of '-1'1 iatak• 

cliet 1, I• I• 

llto &11tl Alulra 
Ba• 2.960 1�.8 ,.,e2 
Cooked :,.072 ,,i.., 1t.7i.9 

fo'IUMled 1aa, afo 
aM •nail• 

Ba• ,.200 97.8 1,17} 
Coolc•tl 1.120 132,8 , .lt87 

Uubo, •au1 ut 
paala 

... 1 .520 156.0 2.271 

Cooltetl 1.,zo 160. 1 2 ... ,, 

J'riaG pla11\&ia utl 
Haf et•• 

1.2-a 176.8 2.206 
Ea• 

1.2118 ,,,., 1 .666 Cook•tl 

Oar11 ok.ro utl 
dr,' fiell 

1.021t 168.9 1.729 
Jto• 

1.0211 11,.2 ,.179 
Cooitff 

t:oi wscia 
,,,., 1t.2,, z.912 Ila• 

,.,,� ,r.o.a 11.11,, 
cook•• 

Control '·''° , ..... , ,.2,, 

' "eke) 

O.b/lou 
iD ,. 

•• 

2,., 
21t,} 

-1,.6
- ,.o

,, ... 
18., 

211., 
2,6 

,.1 

,.z 

2J,? 
:,a. 7 

"·' 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



01., 

tko u4 akara

law 

Coua4 

hllA4ad 1• , 
elo an4 all&ilo 

Raw 

Cooka4 

Elubo, •P•1 
aoup aa4 panla 

h• 

Cooka4 

l'l'1•4 plantaia 
lleef at•• 

R&• 

Coot•t 

oar$, okro an4 
try f1ab 

Ra• 

Cooked 

Mo1uoia 
Ra• 

Cook•• 

Control 

.108. 

TAIJ,I 17 

t1•u &aia l\utaN 
1A •t./1. ••n.tioa
or too4 
iatue or 

rat• 
q. 

0,1'6 0,0)9 
o.,,, 0.0,2 

..o.,,, 0,0)1 
..0,02) o.ooa

0,098 0.012 
o. 116 0.021 

0, 1}1 0.012 
0,012 0.006 

0.029 0.001 

0,0)0 o.oo,

0.1,, 0.022 

0.21, o.o:,it

o.,o6 0,071 

.,. 

o,}8) 

1.,,, 

,.291t 

16.1110 

II 

o.,,, 

, ... ), 

t!pS r1ouo• 

Po• 
aSpSf:l.out 

llip1t:l.caa\ 

r:on 
eica:1. fioaat 

&ipJ.f1•••t 

r,11 

aiplfi.out 

�t1oa11t
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The coa 

Dt•t 

D,1 Ba•
Control 

D, 1 Cooked 
Control 

1). Jla• 

Coatrol 

D,2 Cooked 
Coatrol 

D.J Raw

Coatrol. 

D.} Cooke4 
Coatrol 

J),lt Ra• 
Control 

D,lt Cooked 
Colltl'ol 

D,5 Ba• 
Coatrol 

D,, Cooktcl 
Control 

D,6 Ba• 
Coatrol 

D,6 Cooked 
Control 

- 109 -
TI.BI.I 18 

aon of a1n in t
the teat 

• • • of lood intake between
•t• ud the atand&rd. et

Htaa 1&1.n 1n Studar4 
wt,/g, of 4ertation "t" Sipifioa,n_ot 
food 1ntu, 
<••u of 
I, rata\ :I• 

0.166 0,0}9 
o.�6 2.8, 

o. '' I
Sipifiout 

0.,,1 0.0,2 
o. 6 0,0?? �.}1 Sipifiout 

-0.161 0.0,1 
-O,Vl6 0,0?? 9,7li Signilioant 

-0,02} o.008

o.� 0.011
1,.9 Sipifioant 

0,098 0.012 
o. 6 O,<Yl? 

lt,6} SSpSficut 

o. 116 0.021 
0.,06 0,011 

I+, 12 Sip!ficaat 

0,1}7 0.012 
0.306 0,077 },76 Bipifiout 

0.012 o.006 6,)9 
0,,06 0,0?1 

Sipifioant. 

0,029 0,001 6.2, 
0.,06 0,011 

licdfieaat 

0,0,0 o.oo,
6,20 Sipifiout 

o.}06 0,0?1 

0, 19, 0,022 2.,0 
loa 

o. 6 O,M? tl-ifiout 

0.21, o,o,i. o,68 Jloa 

0, T�,
--o. , Ii fioaat 

D,1 • �o ud aJur•
D,, • Gari, oltro and u1 fia!I 

D,6 • l'oi•olll 
D,2 • Poaaded , .. , tfo a9' aaall•

D,} • IUaN, epai aoap aad ,a•l•
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Tllll,t; 19 

'!l"b• coa l'iao11 of 0.1a la
•••• t ..... .

Diet 

tll.o .. , ........ 

Ba• 
Cooktd 

Po.,..td 7u1 efo 
aad C'Ptila

Ea• 
Cookt4 

Ua'llo, .,..1 -· 
ptala 

Ha• 
Cooktd 

trit4 plaataia a.ad 
\atf ., ..

E.e• 
Cook•• 

Gari, MN aa' 
d17 flail 

Ra• 
coot•• 

Y.oicaola
Ra• 
�-· 

C.atr•l 

"··· J.a 
1a .,.;,. 
of ai\r-0110 
(•wu ot It 
rala) J 

,.62 

,.,, 

_,,.,o 
• 2.oi.

6.4? 
1.61 

11.01 

,.16 

a.�
2.a,

,.,, 
8.07 

,,.,, 

�ludard 
ileri.atioa 

,.o,, 
0.110, 

o.,,, 
0.1,1 

o. 9.,;2
,.,,, 

0.9,a 
o.,a1 

o.z .. ,
0.,2, 

o.11i2
o.6o6

0,'69 

a iatak• 

.. , .. 

o.u,

,1.,, 

,.20 

,,.1, 

,.,, 

, ... , 

Ciipifioano• 

Jioa 
c1p1auat 

llip1 tt.a.aat 

aoa 

,s.-srtcut 

£1pi.floaat 

£1«all1.•aat
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TAILS 20 

!be ooa laoa of ia ta wt • •  of I intak• bet•••• t•• t••t 
ti•t• ••4 t • oontro et. 

M•u CIiia ia wt./1.Diet of •• iatu. 
<t.•. of Ii rate) J ,

l>.1 Ra• ,.,2 
Coatrol 11,31 

I>., Ceokod. , . .,, 
Coatrol 11.31 

1>.i! h• .. ,,.Y) 
Coatrol 11. �,

D.2 Cook•t -2.04
CoatNl 11.]1 

D.} Ba• ,.,1 
Ccatrol ,,.�, 

l).} Coolltri 7.61 
Coatrol 11.1, 

D.it Raw 11,01 
Ce.t.rel 11. 'i1

1),1. Coake4 1.76
Coatrol 11,]1 

D.5 Ila• 2.�
Coatrol 11. 11

D,S Cos•• 2.6}
11,1\1 Coatrol 

Ji.6 Ila• '·" 
Control 11,]1 

8,07 D,6 COO&H 
11.,1 Coatrel 

&ad •ne\l• 
"-a••• 7u, •f•(I, 2 • ,,..., 

Gtudari "t" aipifJ.caac• 
deYiaU.oa 

,.o,, 
a.,a 0'4aifioaat o.�Q

o.1H>1
15.IH) aip..1ticut 

0,'69

0,8}1 
At2. :,0 Oip1f1cut o. 

o. 7'j7
21t.lH) Slpifisaat 0,569

0,9}2 7,91 81p.1 n.eent: 
o. "S6q

,. ,,, At. Y1 IS1p1.ticu t 
o.}69 

0.9}8 
oo.,,, 

... 

�n•-t. 0 •L
• ,r,_1 

o.}87 21i.oo l.lp.ificaat0,569 

0.2,, 
2'},7 11.1.pillu.at. o. '5f;Q

0,}2.5 22.At a1ca.111oaa, o,,w;o 

o.11i2
8.'6 Siaa.llloaat 

o.569

o.606
,.1, �ip.:lfltul 

0.5'9 

.... -1 H1I.P ead paala
"·' • !111� t .. -

a.At •Fri•• plaat.&1:a �••f •t••

J>,, aGarl, ell.re and VJ n.u

o.6 • Nolmu1la 
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s;rt \•ri• (l t Jitror� llt1liaai1.o11,

'fte follo it1 ng criteria ot nitro1ei:i •t1liaat1ca

rked 011t O t h n • hoio of •11•l7au of faoc,o
&lld ur1no for total nitrocen

Di&tnttbilit:, or protoia1. 

conteo\1-

• �ltrocon Abaorbod X 100
itro1•• latue 

or D,P. • S!I - 117) • 100 

•b•r• Jf1 • total aitror•• iatue 1a t0-04

Jr • ffitror•• eaoret,c in f•••n 

D.P. • hrooatage of 41reat111le proteia

2, Biolop.Oal Yaltte • If, Ro\aln.C X 100

If lNorll.C 

J.l, • (lfl - <•r - aotallollo) - (1111 - oado1onono •> x 100

JI - (PT• aetallollo I) 

•b•r•

n. IIJ.troce• exoroted la f••••••

UH• JU.tro1•• oaorotod ia uriao,

T�• aotal>oUc a1tro1•• 1• f••••• lad •adorea••• a ia via•

••r• dotonain•d b1 foediaJ aon-nitrol'O•••• iaooalorio ilot.

,. vot procota vt1U••tion (IIPV)

Jrr1J • J Rotain•d x 100

Jf Intak• 

or • D,Y. X P,f.
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• 112 -

Criteria. ot llitroe11 UtUJ.aation, 

The foUowinc oriteria of nitrogen utilisation 
••r• ·rorkecl out 011 tbe baaia of ulll.7110 of fa1c11

uriao for total. nitrogen cont1ats
Digeatibil.1.t7 of protein

ud 

1. 

• llitr ocen Abaorbed x 100
llitro .. D IDtake

or D,P, • (Jll • !IF) x 100 

where JrI • Total Ditroceo intake in food 

lf1' • litroc•n 1xor1t1d in fatou

D,P, • Ptroentap of cl1111tibl1 protein 

2, Biolop.cal •alu• • 8. Retained x 100 

D,l, • (•I - (ff - ••tabolio) - (VII - eadoeaoua I) x 100 

Jfl - (IQ' - ••tabolio I) 

•h•r•

II• Total aitrogea intake in food, 

n • litropa 1nr1,1d 1a f11011,

UI • Jlltroaea aaoretad ia Yria•, 

flt• aatallolio aitropa in f••••• llld 1ndo1•aona I ia vue

deteniiaed b7 teediag aoa-aitropnou ieooalorio diet.

,. not rrotai.11 utiliaatioa (IIPV2

lfJ'V • J Rotaiae4 z 100

• IJatak•

or . J,l, x D,P,
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• 11} •

'Di1eatibilit7 of proteia.
!Ae ditterenoee 1• .�. �" di1eatibilit7 of food proteia

or raw a.nd cooked dieta lla•• been worked oat. the •eu of

4 rata ia eTer7 uoup fed on raw diet baa been ooapar•• 

etatiatic,a) 17 with tho oorreepondiq p-ovp fed oa the oooltod 

fora ot the •-• diet. 

J'roa the reaalte reported io fable 21 it can ba •••a 

that in diet Ko. 1 it io a1gn1fioantl7 hiah•r in the cooked 

diet tbaA in the raw. Tb• waight gaiaa/g. of food utake 

or per C• ot nitrogen intolte in thi• diet are aot aipifiout 

bet•••n the raw and cooked tors, It 1• therefore lJ.kel7 

tll.at the hiaher d1,eatibillt7 or protein 1Ja the oooked for11 

ha• onl.7 ccmpouated for the other lo•••• which the food ai&ht 

Jaa•• autfered darin& oookiq, In diet ffo. 2 tbe di,.atibillty 

u ldpilicutly lower in the conked font thaa it ia 1a the

r••• Th• di•t prod1101d only lo•• of wt. in the anSaalo uthoia&b 

thic looa w&8 a1,n1r1out1Y le .. el11a tbe d.iet waa fM in 

-� 4 r -·- aa• .. ata tut tber• ••• either u 1.apro•-••t co ... e ora. �- --

in tbe atillaatloa of abeorbed aitro1ea (DJ.ologioal •alae) of 

the ooolted rora of Clot or eertllia other faoton oaued a aora

efficient 1.nt a 1A th• cooked fora or the diet, aad pr••eatad

u heaTJ' 0 loo• of at. ao wao noticed whea the diet waa fed

ra•, ID diet to, , th• differeccoa ia dig11tibiUt7, 1ai•

in ,t./r• of food er �r g. of aitroreo ••r• all aoa-
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aigaificaat 

la di.et Ko, 

- 111t -

•hen the raw end cooked forae were COllp&J'Od,
It the 411oat1b111t7 1• alall1f1oantl1 h11h•r

1.11 the cooked fon11 •hile tb.• ••i1ht gala• are higher wbea

the diet i• fed raw, It i• tberefore likel7 that factor• 

other thu the d.i1eatib1llt7 of tbe protein ha•• played a.a 

iaporta11t role in cue of thi• d.iet, 111 d.iet !Co, 5 tbe 

d11••tibillt7 ia aigaitioantl7 lower ia tb• caa• of tbe cooked 

diet but the wt, &•1•• are aoa-•1caif1C&Jlt whoa raw and cooked 

font• of the diet :,.re co•pflJ'e4. It i• therefore liltel, that 

the better utiliaatioa of factor• other thaa proteill ba•e

coapa-ated tor ao7 lower d1petib1Ut7 of proteill ia the 

cooked ton. Ill d.iet Jo. 6 the d11eatib1lit7, •t, 1•S••/1, 

of food aod/1• of aitro1ea •ere all better 1A thc cooked fort1 

or di.et. 

C•pariaoa with tit• control Uet, 

n,.011 c�•l"'red with the ooatrol diet (fable 22) tbe 

diseetlbilitJ of prot•ill• ill all the diet• ••• aipifioutl.1 

lten except for the ooeked fora

differoaoe ••• noa-oip1f1oont,

of diot o, 6 •here tide 
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TABLI 21 

The ooa riaoa ot 41
••• co •cl

Dil••tibUity 1>1.et 
o t proteill f.
(A'Y, of 4
R.ato) 

Do an4 akara 
Ra• 78,8 
Cooked 86.} 

Pou.n4ecl yaa, efo 
-cl onailo

Ba• 7},6 
Coolte4 6}.2 

El.11'110, ep.ei ooup 
-• panla 

68,7 Ea• 
71.2 Cooked 

hi.ed pl.aatai.11 a11d 
l>eet •t••

60,0 Ba• 

Cocked ?2,9 

oari, okro ooup ••4 
dry fiah 

1e., Ra• 
?}, , Cooked 

Mo11111oia 
78, 1 

aa• 
88,8 Cooked 

Coatrol 
92.'I 

otu4ar4 "t" lliCJdf1cuo• 
de'f'iatioa 

0.91, 7,89 �pJ.ficut 1,}27 

,.,,o 
At,01 Sip1f1C&At 2,9}6 

2,}96 1. ,,. So• 2,9}1 Si&'DJ.fi.cut 

lt,9}2 2,72 SipJ.ficaat 
6.,,, 

o.�J 
,.276 

2,DO s1p.1r1eut 

2.oa, ,.20 61.alficaat 
},892 

,_,.,.,. -
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• 116.
TABLE 22

Htan di1tet1b1-Ditt 8tlUl4aJ'd lltJ of proteiJI dt"f'iatioa "tu 
(A•. of It 

Slslliflouo• 

rate) ! ' 
J). 1 Ra• ?8.8

Contral 0.91, 
Q2, It 6.8, '·"" Blp.ifJ.out 

J),, Cookt4 a,.,
Control 

1.,21 
92,lt 2.86 

,,It" 
OScnitiout 

D,2 Raw ?},6
Control 

,.,10 
92,lt , . .....,. 

6.82 Bl&n.ificaat 

l>,2 Cooked 6},2 2.z
}6

Control 92.lt }. " 
1, .20 Sip.ificaut 

D.} IZa• 6s.
z

2,}91t 
CoDtTOl 92, "'· ,." 

10.00 M.pific1111t 

D.J Cookt4 71,.? 2.m Coatrol 92.,lt '· 
a. ,2 Sl&nificut 

o., h• 6o,O lt,9}2 

Coatrol 92.lt },4" 
9.,, 81pifioaat 

D.t. Coolr.tc1 72,9 6,,5} 
Coatrol 92,,. 11,4" lt,'6 Sil'D,ifiout 

D., Rav 78. 1 o.,a, 

Coatrol 92.lt , ... " 
1,09 D1pit1out 

I),, Cook .. 1,., ,.276 7,0} 
Coi.tJ"Ol 92.lt ,, .. ,.... 

G�f1oa.At 

v.6 �- 78,1 2,08} 6. ,, Sl&ai fieaa t 

Coatrol 92,4 11.ltltlt 

D,6 Cookof 89,8 

,,au ,.,9 
Ion-

Control 92,lt 'I, .. !1l .. 11iflcaat 

D,4 • 11-i• plantaia b••f ot•• 
D.1 • Dto oa4 uor• 

D,Z • Pouado4 70, ,to aad onaila D,5 • Gari, o1tN1 and ,ry tlah

D,} • L1.ubc,, ,pei ao11p and paala D,6 • t<el1111oi11 
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TlDLE 2} 
Cr1.teru of 11tl'Oaea OtUiaaU.on 1a

c:ooked dieta. 
tlle raw and 

( ....... of ,. rate for a ••riod of
Total IU.trogea IU.tros•n i:J.geati- (lliolo-tiet I Abaorbed Ret1iaad bUitJ lioal 
iatake •a.lue)

Dto ud aura 
... i..,a2 ,. }.87} ,.,1, 78.8 85.6 
Cooked ... 7At9 ........ 16 }.961 86.} 89.7 

Pouded 7u, 
efo ud 
aaaila 

... 1.11, 1.061t 0.900 1,., e,., 

Cook .. 1 .lt87 1.211 1.0,S ,,.o 81., 

c.""• •rut 
aoup and 
panla 

Ra• ,, 2.,11 1.9,, 1.81\ 63.7 92.8 
Cook•d 2 ... ,, 2.06} 1.92, 71.2 ,,., 

J'ried slaAtaia
-d beef at••

,.61& 1.,68 60.o 81.0 
2.206 Jl.a• 

1.lt� 1 • .)08 72.9 8?,7 Cook•d 1.666 

Oari, okJ"o I llp 
..... ,.., fi.eb 

1.729 1.709 1.510 78.1 aa., 
Ila• 

1.098 0.861 1,., 78., 
Cook1d 1.179 

l!oi-oio 
2.986 2.580 78.1 86., 

Jla• '·'°' 88.8 86.? li,21} ,.,,, 
Cooked ..... ,, 

,.162 lt.191 92.lt a,.1 
Coatrol ,.2!i9 

., weeke) 

Jfet 
protei.a 
Vtillaa-
tioa 

72., 
a,.,. 

76.7 
71.1 

76., 
79., 

62.o

1e., 

81., 
1,.0 

?J.6 
ao., 

a,., 
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J>roteia 1•••1-1-tbe bloot ••re ot r"t• fed ,;•• alt4
cooked d.lete. 

!:J:ooedure. 
' 

Total ••nia pro,eiae ••r• ••t1aate4 s.a tta• pooled 

sup.lea of ••.na obuu,ct troa tb• 'blod of rate eft•r 

deoapitat�oa. All lb• rat• fed oa tb• expariaeat&l diou 

••� kill•d at tile ead of z, daf• ud tlltir blood

oolleoted. It ••• al.lo••• to ooaa,&lat• at )7 °c for one

llou and th•• ••ra obtaiJled 'b7 ceatrifllpUoa. ft•

••r• o! eaob rroup of rate (al.l of tll• 'b•iaa oa tile

au• 41et) ••r• pooled. Au.17••• for lot&l Jl'O,a1 .. 1a

duplloet• aaapl•• of aaob pool ••roe carried oat b7 tll•

••tbod deeor1'be4 la pa1• �� •

Realllta. 

Th• realllte of tile total proteilll ooat,at la tu 

oerma of •ariou ,roapa of rat• fed oa n• 111.aM or 

c�·· 41•t• .,. pr••····· 1a Talal• 2�. It OU be a••• 

t l • ,_ fl-t•la9 ra�ae \et••••,., to 6,,\)at tb• to • •  r- ,•v -

la 'la ••r• mrote1a ooaleat of tbe ooatrol
,./100 al., ri\ • ' 

ani••l• lteiBI at tbe top ••• of lb• eaal•• UNIV
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TAJ!U: 24 

To\al ••l"U potalu u ea\iaa\9' bz the as.uet aetbo4

m.., 

Dto -• &Jcara 

la• 

Cook•• 

Po1u11lad :,u ato aoll auU. 
Ra• 

Cooked 

ilubo, ec,a.al and pa11la 
• 

Cooked 

Di • pl&DleSD &ad beat., •• 
Ra• 
Cook .. 

Okro, 4q fialt d4 Gari 
Ra• 
Cookad 

S:otasnu 

cootrol 

Total ••rim proteiaa 
l • /100 al.

6.1 

6.i. 

6.o 

,., 

,., 
,., 

,., 
,.a 

,.o 
6.2 

,., 
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Protein patterna 1.11. the blood ,era or r5t• red ra•
and cooked dieta, (paper electrophoreaia),

Proc•dlll'a. 

IA 0.07 al, or aeru rroa ••oh pool the aenia 

prote1.na were •eparated by paper electrophoreaia. 

Tlae ••tbod followed ia deaoribed 1.11 P'I• bi to ii . 

Tlae experiaenta ••r• carried out 1.11. duplicate. 

Reaal.ta. 

The paper atripa abo•ing the •ario•• traction.a 

of tba ••l'WI protein ••r• cut a.nd acaAAed. Table 25'

11••• the percentage or ••riou protei.a traotioaa a• 

foud in the aeru of l'ariou.a groupa or rat, fed 011 ra•, 

cooked and control dieta. Froa tbeae reault• it 0111 be 

aeen tbat tb• 00110111tratio11 of Yariou fl'aotiona of 

protei.o in tb• ,,ru of rate fed oa th• raw ud the 

cooked diata 1m alaoat the aaae. hrth•r tbeae eoaoeo-

tratioaa ,ra act ••TY auoh dif!ere11t troa the o••• foud 

1a tbe caa• of rota fed oa 0011trol diet, 
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1>1et 

De-• Akara 
... 

COoke4 

...... 11 1-, eto ...
auil• 

Raw 
COok•• 

liJ.•llo, • ...,.1 ao'llp ed 
pall.la 

Ra• 

Cook•• 

l'l'i•d pl&Ataia aad beef 
.t •• 

Ra• 

Cooke4 

Qari, okro and dry fiell

Raw 
Cooked 

Moiaao11l 
Ba• 

Cooked 

Coatrol 

- 111 -

!'41JI 2, 

.lllluia 

,a,o 
59,2 

57,} 
,a., 

,a.2 
59.0 

51,Z 

59.6 

,a., 
.59.2 

59. 1 
.59.lt 

60,0 

Cllo Mil.1-. 

o( z {J " 

12.0 20., 6.? 
1,., 1a., 6., 

10.lt u.o ,.a 
11,0 21,7 6.2 

10.8 2,., 6., 

11,2 21.a 6.o 

,,., 20,6 ,., 

10,9 21.0 ,., 

10,lt 21.6 6,1 

,o.a 21,) 6.o

11.2 19,, 6.1 
11.1 20., 6,2 

12,2 21,9 6.6 
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6 ('b) Proteu ptterne iA the 'blood ••ra of rate fed oa raw 

and cooked diete, (•tarcb gel •l•ctropbor••ia), 

Procedure, 

'fh• •u• euple1 ot 'blood ••r• •• for paper 

eleotropbore1i• ••r• rll.ll oa •t1roh pl. Th• aetbod 

i• deecri'bed 1a pase i � .

Reevl.te, 

The reavl.te a.re ehowu 1A plete\ 5"-'), Tb• a1ia featare• 

of tbeee eepa.ratiou are aoticea'ble, 

(a) fll• clear •eparatioa of 9ariou fraotiou of

••ra proteiA,

('b) Tb• •S•1larlt7 of proteia pattel"'ll.9 1A the 

••r• of rate, whether fed raw or cooked foraa

of the d.ieta, 
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1/tt .FNte1n pal,\Vna 1n lobe 
bl.004 aera ot ita te te4 on 
•rko a.o4 llkuo•

1 • l'D 410\ 

a • cQOked Met. 

/3 

•
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Alt tl°JX":J!: t.�� J°r� on
•Qu o, •�1 NU.P and i;anl•a

tl • l'P 41 t 

0 • oook-4 41ot 

--
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Alli. 

/3 

Protein patterne in the 
blood sea or rat• ted on. 
•uo10:11.on•

11 • rn diet 
12 • cooltod diot. 

Protein patt.ffne in t.he 
blood eera or rat• ted on 
control diot (13). 

Protein pattern.a 1n the blood eera ot rata ted on •0ar1, olcro eoup and 4r)' t111h•
9 • raw diet 

10 • cooked 41ot.

------ -

.. 

ftflll 7
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' 

Dl 

fte •arl .... J'l41F-tlera II .. iae• \e ._.. ••• \)e a•trill llll 

•al•• •I ala •nnea IU4eriaa •1eta ••r••-

,. eclpea, ••tho• et v•i,.ratioa ••• tka iatak• of 

•ul • 41•ta.r1ea.

2. C esic•l c J>0•1L1oa of laped1aate, r•• al.sad 11.i•t••

au ccOOked 4ieta •

• 

• 

•� 7U'tzlal eai•alo. 

ta tki• &)••1•, 1 tor • Mitter •••l tl 

l 111 ia ,, .... aa •' 

�•r•-11 la i'ft ·''"'' of • l ., ,a

1f!. • 
••<l ., a•entJ • • ,, l 

• 

1• ' . "' l •

••• j s.1 ' '

,, ,. b :rl 't•

C • ,- "''" ' . , ... ' . ' ' ' 
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�1th 

aocordi.ng 

•an, the reoi-• _,4 ,. r- •o...., ve aubjeot to ohan,.•
to th• tute ot tbe 1ncli'fid•u, the location and

th• ••••on1 and laat but not the leut ia tbe taot tbat the
oouuption of incli•idul diahea withia tbe aue cliet
depellda ••r-7 aucb oa the eooa.oaio atat1ta ot the iAclirtdou
taking the ••ua. There ••r• tor iAataao•, wide •ariatioa.a

1.D the aaoUAt ot akara taken witb eko Table 1, and in the

aaou.nt ot ataw takeA witb pollnded yaa, 1ari, fried plut&i.A

or alubo (Table 2 to 5), Thie 1• not a aattar of ••r• tuta. 

na •l••en peraona aalecttd for the taat repreaantad 

4ifftrent inooat lt'fela, It••• noticed that tboae wit-

a lo• iAooaa took ooapuati•elJ cmaller qU&Dtitie• of the 

ooatl7 protein aunleaenta. IA thi.a coutot1on, it aaJ be 

aoted that tba addition ot •IP iA cliet "o· 6 bae beea 

deacribed •• optional by atlliaa• (1962) depeadi.a1 aoatlJ 

on the ucoa• of th• taail7, 

2. Clt-1cu c-raition of 1acre4i•ata, ra• a1x•d and

c;ookad di• ta,

Tb• aaalJ•i• of tb• lll.P'•dieot• ued in lb• prtparatioa

of tb••• 41 tD 1• deacrib•d 1• Tabl•

t tb ooaoorda.at doplioate anal1•••
preaanted art th• •••- 0 • 

tb• food, ot •••r•1• qu.lit7, ••
oa a aiaal• ... pl• o!

boagbt ia tb• urktt, Moat of th••• food• bad alr•ad7 �••n
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'fal'Sa\lou 1a ,11,ae nalllla ••r• aotiaed • wbiab au 'be d••

,o • ._'bar or featon nab •• nr1e,1e1, tr .. ueol of food 

on .. , bad.liq aad ator11• of food ate, 

fte obaioal. coa,oaitioo of Ula raw aized •114 aocllacl 

di•'• Yar1e4 aaaordias to tb1 i�dieata u.ed. Jt ••• 

ul1o .. lb\ 1a tbe au• of dial• r:oa. 1 an4 6 ('h'blt 1 to 6) 

wlla,o tJlo p,otaia aouaa ia of ••&ala'blo oric111 tile pi-otei.a 

poroaataae ... lliab•r •ldl• it ••• l•u 1a tb• au• of otber 

41•'• obere tile iroteill aouoe au of ••feel or1&ia. !lie 

latter, Ni.al PllJOIUtiYo, are uaecl 1a ne)l•r ,v.aat1t1••• A 

tiadiq ebiab oupporta raelllt• of Jaaair (19,,). 

,. Aat•• acid.a. 

Rualta of tbe quaatiteti•• clotoniaatio11 of aaiao eoi.u 

1A raw ai.ae4 aad aook .. Uete are reported la h'bl• ,, s-a• 

101. ft• aodificatloa ea.do ia tbe ori&ieal aolbod of toia

ud t'NrO (19'6) (al edo_pled t,7 11eui1, 19'7) an deearilled 

i::-- ,-uoa of tbe uiiao eo14 ptteraa or tbo
•• sac• "J b • ,. ooa,-

k FAO cro•leioael patten ie ci•ea la
'"' di•t• .1,11 .... , 
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!&IJ,tt 26 

c-en.•011 of eaaeot.1.al aaSao acida 1A raw and cooked d.iet8.ri.tb tho J'AO frorlaional. ettani

£• 4 ft A ...... -- , _ -- r • 

• 
J 

•• ., , . .. 
! 

• !I 
• 

� 
a • I •

� -=� 
A ,a a 

!I :r� 
0 • 0 '"4 

'"4 

A ' 0 0 � 
0 .. -= • 

0 :, :, • ...... • G, 0 

.!: .s .s � i1 
.. ,..';2 a

a s 
.. .. 

• 0 0.. • V 

PAO -rorlaional. tter11 :no 6 2'70 180 1" ...... 180 QO 
-- 180 

., Cl 

D.o aAd a>rara 
Ila• 300 1+65 lto6 325 93 169 2:,, 60 

� 

,Bio 

Cooked 206 ,. 20' 'I!, 1 ,; 60 121 :!()II 60 ,,, 

Po1111ded 7aa, eto aAd 
••ajl•

•• 296 »5 '+02 210 16? m 285 
� 

"8 182 

Cooked 290 lt25 216 206 159 269 1?8 ,. '11,Q ,,s 

ta_abo, ec-1 DOUJI 

ud pan)• 
•• '°' lt51 !R5 222 174 2i.9 259 59 }19 161 

Cool:<td 301 ltli2 22" . 20� . 1::,0 20'\ 2"12 59 160 . ..,., 

Fried plantain ba•f 

•t••

Raw ,,9 5}1
� 

266 161 2}7 286 75 ,,, 202 

Cooll:•d Yt6 5111 241' ?2 1,., 1 'll'l ?'i 205 

Gari, okro a11d dry tiab 
1+1, 5'+9 182 262 61t 

Ra• :,17 2}2 271 ,,, 168 

Cooked ,4, 486 170 21? 888 16? 1811 64 �o 20" 

Noieeolll 
Ra• 292 470 ,1a lt,S a, 159 2.5't 6, '" 180 

...
21t1 .. , .. 108 '1?8 ,, 126 2� , .. 1 166 

•••• 1;J .u.., loo? 42� 1t98 I )&2 191 .2, .. ,2" a., � ,.,., 
. -
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PI'• a ••tritioaal poiat of 'ri•• '1l•

aoida are the • aoa .. iapor\ut. o••• 1a •1111

PAO u th-11' autritioa 

..... ,1a1 .. 1.a.

food prot.eia. 

•t•di•• 110.

proY!Uoa&l r.i-ttera of aaiao ao14• ooao1dere4 to be t.b•
optia• quat1t1•• of ••••atia.l c•iao - ---- acid.a nqllired 1a a

acid.a -

rltb tbo 

Ill Tabla z6, tbe quu\itiea of NaeatW o•ioo 

fo-4 1-a no ud oook•4 41ata 'laa'IO b••• coe,-.rtd. 

FAO p-o'li.aioaal patten. n, •al••• for t17pt�ph•• 

abo•• iJI thia tabla a.r• oal.J tba approzS•ota 'lal••• cal.oal.atad 

t� the a•Sa� aoi4 ooepooitioo tabla• of Orr_. ktt (195?),

Fl• th• roaulta, it ia clear that alaoat all the cli•t• 

a.re allghtlJ lo• iJI th• oalp)lv.r coatatataa aaillo eoid.a, 

(al tbov.g.b d.ieta r.o. 2, :, and 5 u• aot 4er1oiaat 1.a •etllioaiaa). 

L;JaiJao 1a tile liaitiaa aatao oo1d 1a the cOOll:ad fora or all

tbo d.i•t•& nt t�•r• ia ao def1o1eac7 oft� an1nft acid 1a

tbo raw aixed d.iato. Tqptopaa; io tba :,Z,4 11•Stiaa .alao 

ao14 bat aiao• it• roqldr••nt• or• ao •all it a&1 aot 

�- .... e coaoeatratioD of all tb• lt 1!01•1
••-• �uob onant•• •• 

aaiaa ao1o atarlJ 114:.r••• witb tll• reqsir•••l• u tatliaod

ia tba FAO pro•ittioul patt.ara <19)?),

�-• aerio .. objtatioD to tbe ap�litobilit.7 oft.be reoalta

io rai••• t-7 orortiera
of asiao aoid. eatiaatio• �, tlli• eethod

lik• &ond•r (1966) .-110 ooatoa4 that t.b•

1 1 aot be t.h• ao• •• ia tbe aa.laal
ia,drolr• • .. atroa1 ooi4 
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body aboe the ooncli.tioae t o •a&yaatlo tqdroqeu are
different. The objeotioa ••-- •&lid ualeu pro••d other-

wiae. 1••erthele••• tbere 1a reaeoa to b•li••• tbt tlae

reeulta of aoid "1drol:te1e 11•• a 1004 piature of e•1an 

aoid pattern. beoaue when Daaeir (19") ••tiaated th• e•1ao 

aoid patterna of Id.a •lrll•rieeatal cli.ete aad auppl•••t•d 

tla- with the def1o1ent oa••• obta1ae4 a poeiti•e napoue

of tb• an1••l• fed on the correoted dieta.

Loaaeo iJlourrei\ durt.n1 tbe rreparatioa of the food. 

Cung•• 1A tbe total ooateat at •ariou aatr1aate 

dub1 the preparation of food ban &lraad7 beea explaiJlad 

(Jlo&.ie 'flj-1,j. The l.o•a ot n.te•1••• lao••••r. ••••n•• a,.c� 

oouideratioa. Th• lou of •ituia (i.11clvd1aa oanit••• 

2, , 50; troe th• ooo>ct DI oil i• a pouibl• reealt of IIJ.p 

tNper to.re iJ1 the pr•••aoa of ataoapllario oq1an. v1•1ler 

reauta h&•• baaa reported by Haqeood, leqa• aad D•a (1�6,), 

1'111 •• � .•• 1• a n. taaia ehioh 1a ata'lll• ta beat 1a aoid 

••cl.1-. l'ut -011 ot it eoul.d be loat 1:11 eooarSa1 water •••

to leaolaSar, eu•••i•• •ull.1a1 aad aiaoias of tla• food 

-t•rial.. flao loo• •ari•• troe abo•\ ,:::i •• 1a tbe •••• er

diet �o. 6 to alao•t c•pl•i• daetnotioa u 1a diet• ea. , 

nue ••• .. initial 111&11 ooataat of tlae •itui.a, 

ud ete .. oookiq oitla ao estr• water 1a \be aaoe ef diet 

lo. 6, reduced tM l•••t wbil• preloa&•• •oe•Sq, •••laiaa 
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a11d cuttJ..Qg or the ingredient• took place 1n preparation 

of d.1et r.o -� and 5. flt• reauta •11'•• 1a priaoipl• 11'1.tla

tbe aork of Roy l Rao (1963) ud Caeadet (19�). 

ilthougll Yi�e•1a 82 ie eteble to 0XJ1•• ud to eoid 

cond.1tiou it i• loet by tile iafl.ueooo of li1b� utl elkeli

'.t'h• lo•••• obaened ••re up to !iCY.'J aoet of th• ••r• d•• 

to l•e�h1nc end opee pan oookiag, 

A.Dother water eolaltle Tit•nie ie c, sbioll ie aleo 

euily oxidieed by ataoepherio OlQ'l•D and beet. ne louee 

ia ell the d.iete ..... b.igb, (Teltle 11t). !hey raqed fl!'oa

o•plete deetnotioa to e ailliau of ebnt Ito, deetruotioa. 

'l'hae• wue p-1�1U'� dae to •••llSa1, eo1kie1 of food 

uteri.al iD \er end oork1e11a DA op•• pen. u.i•i}ar

MaJy (1949) ud Ck• (1961). 

5. no effeote of feediDG tit••• dieta to rat,.

cae of tu eoet pnotioel aetllod.e ef fiedSng tile

evtrit1oul 'felue or e Uet io ... eur•e•t of tile n1cllt 

oheoe• wb.iob it ril.l pro4••• et•• fM to rate. fie �ti

oaaoe of thee• oh� .. a bee II••• eeeUoe•d ie �· ,�. 

•c ra'S ai:r.•4 end coo&tod ,.,.. of tile Elle and liare

1, ... art•••' tllat ltoth or tit• diet were o•pared, 
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of ratn fed o• �h u � ... The total :ood 1nt1t1 ••• lll&J"ly the 

•u• ,,i. I• in both caaee, The p1roenteg1 of d1geatible

protein ••• about 1()J1 h11h1r in tbe cooked diet, the 

4iffer1nc1 btin� atetieticall7 •irtficut ftt 1' leYel, 

Bowe"er, •hen the diet eoe ccapared with the control 

bal.anced diet the weiabt gaine were about�� l••• th.aa 

tboee of rate •hioh nre fod on the oontrcl d11t 1 altboqh 

the total 1.Dtelce of the Dto end .tkara wu about r;. higher, 

Thi• tend.a to abow that botll tb� ra• end cooked fora.a 

of thi.e diet are onl7 capable of npportias the en1••'· et 

• euppreoaed rate of srowtb, altboiigh the di.geatibU1.t7 of

,Protein 1a iwi,ro"ed b7 the coo)<Sns, 

W.lsen the Pouadod .,,. ... , J:fo 1J1d Snaila diet, both in raw 

end cooked tone, ••• fed to rate, lo•• of weight reeulted, 

flit looa wee higher 1.D tile reta whioll were fed 011 the raw 

4iet. ne dig1atibi.lit7 of proteinri •e• ?3,611: witll the raw 

diet •Ml• it waa oaly 6�.� witb the oooted diet. ft• 

total intake, a.a,.of tll• re• feed •ee lover tbaa that of

the coo�•d diet 1,z.a ,. ftio diff1r1ao1 een be attrib•ted 

to both th• better digeetibility ant palet1bilit7 of tbe 

diet. lo•eYer, tbe total food intake of the 100-ed diet 1a 

not YtrJ tUfferen• frow tut of tll• coatrol. 

ne aont obrto•• eoeolaaion la tllat the •1,t 1a

dtlioient in  001 or 90re 11aoati1l autrtento an4 ao fail•
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tll' •a1 ntun the optl.awa _ .... •·0•�u rate ill the rata.
Rate on 'both the raw ud the cooked l:la'bo •l'Ui G-Oap

ud panla diote ahow9d an iaitial. lq of about oat weak

befora they etu-tod to a.in ozi.:, ••ipt. After a.nother weak,

the srowth rate beoaae alaoat ,tea«,. J.t the e.ad of )

week.a Uae •••raae bo4J ••i&ht 1wa ••r• 18.5 ,. ud 

15.� I• raapeot1••17, for the an1aalo fad oc the oook-4

11.11d raw IIJ..aad d1ete. S'bt conupond1aa totlll food 1ntak•

wae1� I• and 156 I• Nepeot1••1J'• Tb• d.11e1t1b1lit7 of 

p.N>t.t!J:l rw.uo cl1-4 aot oho• &DJ' ¥1':nificut d1tt1reooe. 

(68.?i a.o.d 71.z;..). 

hti:. c:oetpared with the control, tbe food 1atakea of 

'both the raw ud the oooked ditto ••N aipiticeAtlJ, hSall1 

wb.i.la sun 1.a ••i&bte a.ad d111atibSJSt7 ••• low. OJI the 

whole, tla• d.iet wu toud to be oatr1UonaJl� iaadequte 

to •IIPJ'Ort optiau p-owth. 

The rate fed oa the raw •ill•d tried plutua ••• beet 

at•• diet abo••d u •••n&e lMI«, ••iallt p1a of 2,., I• 1a

} v•ek.e while t.bo•• reoeirl.al tile diet ia ooolted fera 

1'•1Jl•4 ••1.abt at a aac.la alo••r rate, o� •P to a I• aon 

thaa tlll• 1Ait1al we1')at of tile rate. 'Ill.• tel-al feo4 ialak••

of the ro.• ud ooek•d diata ••r• 176,6 I• ud 1)),5 I• 

reapactiYelJ, •b.il• �• U.•atibillU•• of tile pNttelu 

ere 60 ud ?a.9, no diffat•••• ia the il eatibiUty
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aearl1 aooowate for the�·-� r d -- oo 1atake o f  tbe raw ailled 
di.et. It 1e therefore probable that the difference 1.a
••1&ht P1•• 1.e dae to the lo•• of oettaia aro•th proaotiaa
factor other thaa protein.

Aa coapared nu the ooatrol, the raw Uot produced
0al7 half •• •11ch ••i&ht pi.a, ud the cooked foJ'a prodaced

alaoat ae1ltp�l• ••1ght 1&1ne. The diet ie therefore

•••ntielly • def1o1eat oao. 

The rate botll oa tho raw and the cooked pri, dry fiala

aAd ok.ro diet eh.owed onlJ' auor •e.rJ..atiou 1a bod1 woipt 

pi••• At fi.ret tbo1 e�arted lo••S•s weigbt alo•lJ wstil 

about 9tll da7 •hea the •••rqe ••Jd.au lo•• wu 5 I• 1a the 

cea• of tile cooked diet and 2.5 I• 1a the o .. e of tbo raw 

Iii.zed diet. ftereefter, there ••• • p-edaal iecreuo 1a 

tile weipta of rata ao tut et the end of 21 4-J• Ue rata 

oa tlae cooked diet bed pieed 5.5 I•, �bil.e tllooe oa tlle 

ra• ai.xed diet illcreued tbolr ••11hta �,' I• o e  tale

•••rap. ,.. for tu rood iat&lle, tile rata oa the raw diet

toollc 168.9 I• oa tlle •••r•P while thooe oa tbo ooo.ked took

oal1 115.z I• flae di1oetlbJ.Ut7 of tlae proteiaa ••• al"

bot tor 78. ,, 1• oaae of tu rav a.a4 qaiaat 1,, 1 ia tllo

•u• of tbo oooltH diet. It therefore ae ... Ul:elJ tut

arowtll 08 tlai• (iet ••• iabibited either b7 lack or ••e

•fiODtiu aatrJ.••-- or b7 tilt FeGtDOO •f aoae lfl'09111-

L. L ••• "aere a111-.e u the •••• of tlao
rodaoi.81 faotor •-•• -
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raw IUJl.td 41et. 0•11 oaepared wi\ll tlat ooatrol, tlae
reaulta ••N •�ob lower. 

'!her• ••• 0 •••r•1• 1&1a of 2). 1 I• 1a th• body weight

ot rat a fed oa the raw ao1Aao1a diet, aad }8. 7 1, 1a the 

anS•«l• on tit.• ooaka4 diet. 'Ill• rate 00UU111d 120., I• aad 

,�o.8 I• ot raw u4 oook•d diet•, r11p1otinq. D• 

dJ.geat1bilit:, ot the prot11D 1D tile raw diet waa ?8. 1,; -

qaSoet 88,8% 1n the•••• of the cooked 4i•t. 'Cll•D ooaJMlr9d

with the control, the 1a.1A ill ••i1ht OD the cooked 41-t 

••-- �!lit• Dear the optiav.a nicbt 1-ai.D u record•• 111\ll 

the coDtrol diet. ID the•••• of the ra• aix14 diet, it 

u about 25"� l••• thaD tb• ooatrol. It ••-- l..ilr.el:, tut

crno)rlDI hu iaprowad th• d111atibilit7 of tllo :proteilu u4

oauaad u her•••• la th• too4 1.atel:•• SO•• iaportaat

ooDolu.aiou whioh 01D be dra.. froa tb• for1101A1 ar• 1-

(a) All Ui• Ueta tried 1A th••• 1sp1rlaenta failed

to produeo opt11:aua rro•th 1A rata.

(b) Tb• 1a1n 1a 111J.aht produ114 ill the rate b:, t114ins

th••• 41eta ron1hl7 1Dcr1u1d 111\ll the 1Dor1aoln1

aoout oi nitroron (pNt•iA) 1At•••

(o) fh•N 1• a tatinit• iapro• .. •Dt 1A the d11oatibilit7

of proteint 1D th• d11ta lloe.1 and 6 (contuain;

beua) ud diet r:o, 4 (contaiaSna plaatain ud

beef at••> oa accout of cook1.q. ' 
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Diete Boe. 6, 1, It (io raw fora olll.7), ud J,
pro4uae4 froa eood to aed.iu c•Soe :Ln tb• weJ.a)lt of
rate. •bile diet llo. i. (1:1 cooked fora) u4 diet

No.' •eintatoed the •nl••l• and d.14 •ot produce

&111 appreciable rro•th.

(•) Th• ao1••1• on 4iet 2 loet ••ipt at ti.ret rap.1417

a.ad theo ua.1nt.d.Jle4 tbeuelYee at tlie lower wei&bt,

Th• lou •·• aore aerio'0.15 in the oue of tho rew

a.had 41tt than in tllat of tbe oook•4 fol'II or it. 

But lhie difference could baYo been due to tbe feot 

tllat rota oo the raw Uet ate ••r1 little food. 

'[he coooluaioo (a)-(•) tend to abov the follon.as two 

ae1n pointe,-

�i) TA• ill.et• are de!ioiea• 1.o o:le or aore a•trieote, 

(11.) EDoqh p1'ote1.o u aot beiJls fed or the »roteiD iD 

4efio1eot ia certain eeeential e•ioet-aoiu, 

'..'o i.rove the11c r,ot.at•, the leYele of notrieate iD the

4.iete oen be 0011,ared .S.tb the ale1e112 leYela of tbeee

a-.trieete recteired to pro4uoe aet1••• poetll ill rate u

outlio•4 b7 Getlibertooa (19,9), file r .. ult of •vch a

t1'eataeat u preaellte4 iD .ellle -'1· ft.• 4efie1eeeiee et

•1.Jso aoih elliell look ao o\riooe u thia te\le ero i,ei•)J'

due to the lo• ,.r•••'•G• or proteia ill tbe diet I.De. 2,

,. It aad �. fto1 90\ald be auoll leao eerioea 11 tlle s;t1Neotacw
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Th• ooa u-iaoo of

11tr-ie11t 

f19ttll )

fall.at 1,/100 I• 

i.ncu• II  

bt·Lttciae a,/100 g. 

J1illoliat " 

!\l'tcli111 " 

i\11Jlal11l111e g./100 G•

Trfptopku f1

LJ•u• " 

U.t141at " 

trp.u11 " 
Yltula 4 (I,U./lg,) 
ll\uta 111 (ag,/(c.)
Yltula 82 <•1 • /lg. )
C&lcl.a (&,,'Ii, )
�lfl,�1"11. (g. 11,. ) ll'lll <•,./lg. )

-

6t1tndard 
requJ.r .. eot 

12.5 

0.7 

0.8 

0.1+ 

0.1+ 

0.5 

o.s 

o. 1

, .o 

o. '+

0.2 

}000 

1 .,2 to 2.0 

2.5 to 5.0 

4.5 to 6.o 

,.5 to I+ .o 

10 to 50 

-Eko ... u.,.

Raw Cool" 

,s.� ,,.i 

1-<l}& I.�

1,}?l 1.)!2

o.w 0.912

o.m O,\U

0,?21 o.,)l 

0.96; 0,970 

o.,s o. \&S

,.� o,6ZS 

0,55: o.�!
,.,e, ,. ,,_ 

5£1700 z�

5., 2,) 
1.8 0,9 

o.S7 o.,�

2.89 2,71 

61.2 ,,.o

- 1}8 -

r.ll!LE 2? 

"°1111ci cooll.ad dJ.•t• with tbe •ta.Dclard requt�i::.ent.• or 'I 
f ta\ 

. 
i--.. ' 

I 
aar1 .... ouo i....s , ... l ll.11bo, egual J'ried plant.1.n and t, ru�

lll�ia ila aoup a11d panla and bt et at•• 
Iii Cooked ... Cooked W.• Cooked Ra• Ceolted 

7,l ?.O 9.5 9,S 7.8 7.8 6.4 ,., 

c.,, o.1t92 o.1t85 0.1+67 o.1tJ19 0.1+62 o.}'t1 o.�

•.w 0.588 0.687 o.688 o.663 o.61t1 0.1+81+ o.\96 

C,», 0.}25 o.1t61 o.1t68 0.1+21+ o.i.,., 0.)25 o.z,o

t,l!l 0.179 0.265 0.196 0.201 0.090 0.186 0.0,0 

IJ1) 0,200 o.391t o.}81t 0.}57 o. 188 0.278 o. 189

0.251 0.2,, 0.}}8 0.}10 o.,,., O,,Olt 0.2}8 o.w

t� 0.051 0.090 0.090 0.09 .. o.09r. 0.065 o.o6)

t,loll Q.Zlt} 0.798 O,}lt? 0.707 0,21t6 0.562 o. ,1 ..

o.t.l 0.099 01}1.} 0.2b0 o.2b1 0.281 0.208 0.220 

c.'" 0.,20 0.'.:,12 o.�2 o.5az 0.582 0.}61 o."6 
� 2?000 21 }tlO 1578o }1}60 1b?20 5006<> )6180 

l,t 0.5 ,.a o.,. o.6 - 0.1 -

1,) c.8 1.) 0.9 , . ,. o.8 , .o o.6 

tcl },07 2.12 2.15 o. 16 0.10 '·" I ,. 18 

1,I: 1 ·> ,. 1.57 ,.2, ,.,a 0.7:- o.70

i:£ 100,C 117.0 112.0 17.0 17.0 6:,.6 6,.o 

Moi.Daoh Control 

R•• Cooked 

·9.b
• 

22.6 18.2 

1.040 1.1,1 1.670 

1.}89 1. 360 2.270 

0.851 0.756 1.480 
0,250 0.200 0.696 

o. ?ltO o.11t2 0.966 

0.275 1.189 1 • .}15 

0.182 o. 182 0.:,01 

0.928 o.,i.o 1.s10

o. 5'9 o.61t8 0.682

0.900 0,972 0.919

75110 58210 11500 

5.2 �-0 4.o 

1.2 2.2 zo.o 

0.1, o.11t 1 .oa 

.:? • 50 2.J? 0,,.2 
,,.o ,,.o 20.0 
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of to\al proteia la th1 diet ••r• broupt •P to ,2.,, or 

if 

"· 

\bi reaul.ta •1r1 1x�r1aa1d u e•1no ecide per 1ru of

fhJ.a hu lntentionaU7 oot b110 4001 1a order aot '°

.. ak the reel •alu1 of tbe diote, 91 th•J a.re ue1d0

The defioienoi11 of •ituiae ud aia•ral.a ere al.so 

no l••• iaportant. But if the pl"Ot11D 1•••1- of the il1t1

••r• iaproy1d, it 1a lllt1l7 thet th17 Rlll.d aleo iapro.-1.

The •e�or d1fioienci1a of B YituiDe, &114 their 1011 dlll'1Dc 

prepal"ation, r1qtdr1 an iapro•u1nt of the 1Jdati.111 recipee, 

hudlillg, end ooo>c1n1 ••thou. 11•11•.rly the low le••a of 

oaloiwa in di1te 1'101.1, 4 1.114 6 n11d to be aorr1ct1d b1for1 

one can aohie•• optiaua 1rowth of the eniaa1e fed oa theee 

diete. 

It aut be pointed out that the teble of nutritional. 

r1q'D1Neente (Tebl1 27) 1e not coapl1t1. Tb1r1 a.re 01rtein other 

nutrienta which a.re aiuelly iaportut (elthou� 1.11 llicro 

quantitiee) which could not be included 1n thie 1tud7 b1dau1

of 11.aitetion of tiae. 

6. s1rua prot11.A l••ele and 11n111 prot1i.u pettenus of

1xperia1nta1 aniaele.

'1'11• reelllte of th111 IX}llria1nt1 •• pr111nt1d in 'fable 25

ud pletee in pes•• /2-� tof?.S" did not ahow each Ta.rietioaa froa 

the etuderd. Two ooncluiona a.re th1r1for1 po11ibl.11-

(i) The diete do not edT1r11l7 1ff1ot the 911"\111 protein

le••l• and th• protei.11 patt1rn11 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



- ,1io -

or 

(U) ) •ew 1e too abort a period to produce UJ cbo11.1e

ot thia Datu.re,

Both of tbe1e 1e1a tenable ul••• pro•ed otbern.e.

General nvu•rz, 

Of all tba au dieta tried 1o t!Ua •t•dJ. Moluoia pro•1d 

to ba tba b11t1 -bil• .Eko and Akara. C.vbo 1pa1 aovp ud 

panla, Fried plantain and lleef atew, follo•ed 1o a deacendJ.01 

order� OIU'o dry fiab ud sari jut avp)IOrted tha anS•u. and 

414 not produce UJ rrowtb, PoUAded yaa, efo a.nd auUa •••• 

tha anSaa.ua to 1011 •ei1ht, lion• of tile dJ.e'ta tried 1D thia 

atudJ could produce optia1111 ••ipt 1111••, The aoat OOCllOD

deficiency not1oed ia tile �uantity of proteioa of sood 

ooapoaitioa. Deficieaciea of rtt••iaa and a.iJl.erala •ere al.ao 

preaaat. 

It 1• therefore raooaaanded tut tbe uae of aore pod 

\U�ty protaiaa ._,. be of 'fesatable or •nS•al origu &leas 

with •egetabla a&lada (whiob aaaw oooapioiovaly abaeat trca 

ligeriau diet) and fruit• abovld be encouraged 1D order to 

IDIUJ'I good health. UNIV
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Coatrlbatleaa to uowledae
fte P•••••t t d '- -• u y uaa ••de the toUowiag 1aport&11t

eoatributiou to tbe ,. __ 1 d 

(1) 

...... w ••• or nutrition,-

The l•••l• ot tb, aajor outrienta 1a a1l tbe toocta 

(aa •old 1a tbe •arket) ued 1a tha pr1pa,ratioo 

ot •ix ooaaon ffigeriu diete baYe been detel'llhed, 

(2) The nutritional •al••• ot the raw IIJ.aed diata, ud

ot tbe oooked dieta, ha•• b11a deterained, ond the

loaaea wbioh tu, pl.ao, duria1 preparaUoa or diete

ba•• been eluoidated,

(:5) A batt1r7 ot epeoial oegea waa deaipad tor 

oondaotin1 triala oa rate ao ea to find out tbe 

dipetibili.t7 and biolorical Yaluee ot food proteina. 

(4) 7h• di11etibilit7, bJ.olorioal •aluee aad other

criteria of llitrogtn utll1aatioo ha•• been ll'Orked

out b7 f••4inc th••• dicta to rate, At the ... , tiae,

bJ uiag rat g-rowth •• 11.11 indea of nutritional

tb. lllltritioul •&11110 of th••• clieteade4uao1. 

ha•• been aeoertained,

(5) The oririnal aetbod of Stein and �oore •• adopted

by Jleanl,I (1959) wu uaed tor the quantitati••

.. iDo aoide, in tb• raw aiaad and eatiaation of 

OD the autoaatio aaino aoid an.al7a1r cooked diate, 

d b ,ender and Bobeia KW1ob1n •• Oenany •• aanutaotur• 1 
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(6) 'ne l•••la u4 ,atteraa ot ••ru Jl"Ote1a of r-ata
f•4 oa au oo•oa 111•'1.u Ueta Ila•• b••• 
4et1nt1.a14, ••inr a bivet ••thod au tb• teohaiq•••
of P•J•r 1leotrophoreau, ud atarob a•l eleotr-opho
reaia. 

(?) A coaparieoa of tb, autntiollal •al�•• of th••• Ueta
witb the atanclar-4 reqllir•eato of r-ata. ud ••••nti&l
-1•o ao14 patteru ot th••• dieta ntb tbe PAO
JN>'fi.aioa&l pattern of aatao aolda i'Y\ food proteina
haa been pr•••atad. 
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ll&J'per, A.E. • ioaer, q.R. 196S Proo. Rutr. Boo. !1, 17}
• • Stabae�n, r. 186o

lfeueberc, 

Btuic, l. 

(quoted MccoUu)
Jo•rllal tur handwirtaebott 

1959 Cliaice Cb1•ioa L Aota '91 51. -

nodaon, A.Z. 1950 1nd. 1.n,. Cb•. 1t2, 691t, 

Bolet, A. • l"rohlielat, T, 1907 J. li1P•a•, Z, 6}4, 

lonaer, O. 1937 Report. l"nait and .,,,.table Prteenation 
Rte. Stn. 

B•bbell Kendel • ake••n 19}7 J. llutr, 14, Z73, 

lllult. A,D, 19S7 .&a, J, Cllno. r.utr, �. 561, 

lri.arte. B.J .a • •  1.-.rae,, I.JI. 1966 N. T1obol. Claaapaip 
18, }67. (reported ha4,r 1966,0 -

lje\debJ, J. 183} Zeitaelar I'. 4ae1,t, Cbu. 22, '66. 
(reported • oCollwa) 

-

lf.ac, o.c. 196, Proo. 6tb. lnternatioaal Con1. fflatr. hllll.abld 
E • s. L1'rl.n1etone, Londoa. 

19'6 J11ro4•tu. BJ.etor7 Ra•11aeon, 010. TI' ....

19}6 ·4. Je• tor�. 

a., Jari.aayuaa, "· 19.58 "Proteia la J'ood." 
1'111111.all,4 11141.aa Couoil ot eiloal ll1•1•rob. 

Loa•, R.L., Jobaoa, • • il.liaae, P.R. 191t2 J. htr. �. 
,,,. 

,-It "oan•• de La•na11r !, '86. (reported
lAYoiaier, A.L. 17 ,. 

KoColl•)

J.B. • Gilbert, J.B. 1866 flail. Mac• (It) ,5-M
IA•••, 

(reported �oColl•) 

IA•, 1'.A,

Lohaeu, 1. 

19.58 44•, Fd• Jee,!,,,.

, 19}? Jetar 11111a Collattea ll• l6
£ollu•Ler, • 

) (reported MeColl• 
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Mac••di.• 1846
( 

Aaa. 4e Clua. •t de JhJa • .}, 66r.J>Orted koCoU,aa)
Maqaood, A.a., laq1ae, a.,. ' then, ,.1. 1963 Pek1etu J.ic.1. lad, Ree, 61 119. -
l!artu, C.J. t. Robinaon, a. 1922 ,,. b 6 1,,....... oo •• J. , • 'T\lf 

Kaz7 I •• 191t9 lrit • J, Jl'latr, .}1 }96,
-

Matbewa, J. t. Beaton, 0.1, 196} Caud, J, Bloob .. , 1t1, s,i.3.-
Mavoa, J., Mottu, ,., 11\ajud, 1. • tgl.1

1 R,B, 19s, Arob,m.oobea. 11opllJo, a,,.,,.

l'!cCoUu, c.�. 19S? A lietoq of Jr1&tritlon, Rl•erelde Pr•••,
Caabridge. 

�.1.ttobeU, D.I. 1923 J. 11ol. Cb•, l!,, !K>9, 

"•l.aick. D. Oav, l,L. • lei11 1 s. 19i.6 ao1eooe .1,22, )26, 

l':111 .... o.s. • P a,11le1 P,R. 196' Proo, ll1&tr. 00, 

Miller, o.s. ' Pa,-•• J .a. 1961 ...rit. J, l:lltr, ,!i, 11, 

llor,-
1 T. D. fr J\ld.ltla, J, 1957 JJatve, w.adi.o ,so, ,,.,

-

Korcu, '. •• t, Jladk:1.... J. 1962 Y1tu1ae a.ad fforwou 20, }9.

�oore, i, 1929 LaJioet, Londoa lt99, 

tt Ip 19.59 J. l'lltr, 63, ,1,l!o�oa, A,11, • Sare , • • 

1961t, Proo. L-lltr, aoo, i,l, 1,

61 C ... d • ••oo,. , ,o, 1099 •19 • .... - • "' 

19,o ••ft• JTelll• et loat IajV7 to R.at1oaal .. eeearcll Coucll 
�toiaa" ,J,,C, Cor, 1,1. oelliqton, Cieteq ,�v · 

Ok•• o .. i.. 19'S Ceroel CII utr1 �. c�9

Oke 0,L, 1966 

Oe�rae, T,8. 

o, f, 1'1, L. • 1 ,-J .. 

••'· Afrlo, Juraeout !, 92.

... l c ....... .,, w.
1?19 J, ...,.o ' • u. 

D" 
� I , 

Rfi R,1,,,t No 1, II i "
,4�7 HoMr E,,. · ,., 

wa,11,,., YM', r, ( 
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Olnadu, r •• Dua, J.M.• c�o n r II U t • • 
OJ•111a1a, l • A. 1959 •Jl�riaa feeds aa at\lffen Ibadaa Uni'+'.

Pr•••· lli1ena. 

1960 J. i::i.tr. Z!, 99.

Platt, �.&., E:d«J, �.i. I �ellett, P.L. 196) "food 1a Doapital.••
OxloNS un1 .... Pr•••·

Platt, 8.6. 1'.#65 "·R.c. i1port lo. ,02, 2a4. e4. B,M. atation117
Office loadoo. 

Pek•lliarlJas, C • .t. 1905 Raderlu4aelt !'ilabealu- 1•ouak, z, )

(r1port14 r.oeoUu) 

Peppler, c., Kull.er, B, l Craaar, B,D. 1960 J. J,atr. 21, 91,

Peter, R.A, 19'9 !iooll•· J. »• 1109. 

PetteDkoler, R. 1862 lraber 4io Reepiratioa. AAA. 4. oil•. •·
�. 11 ••Jpl.. Ul 1. (r•Jortad HoCoU-) 

• 1827 nuoe. Tnaa. F. '85 (report•• tloCollu)

... 191t.1. -e .... _.,. of •••l•at.•. .t.o.,.c.nemoa,y. .,.. .... ...... '# 

• • 1.ooeu, J .1 •• • 1w1 ... ,
llt:r. Z!, .. ,,. 

&,.hwes, r. 1908 4111, An• ••al oaotr. ltg. 9 
Mceou-> 

1952 CII• • £111 • law• JQ., l'8,. 

19,-, c-etr, Allat. I••• !Z., ,,,.

(Nporta4 

11.1 • 

b•e, •• c.

11o ••• •• c.

liD,, J.l . ..  

8ollu&e, If. 

I 196) la41a• J. KM. Dea • .2l,, ,,,.
o, �· • 

Lacdaritll•ellaft ••r•aollaatatioaea �. )'8
1819 t � ,<aaColl•) 

(re,or ,,. 
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SaeU, r..g. 'ltronc, f.N. 1939 lDd. Cb ... A•el, 11, }116. -8p&cbaaa, D.a., �t•ia, ,B, • Moore, ar. 19'6 red, Jl'roo, ,!l,,sa. 

Gtepp, • 1909 ., • teiteou, � ... '2 (Nported MoCoU11.11), Stohaaaa, F, 189S li:xpe, Jta, �eoort, 1•bSn1toe, D,C, !, 598.6•eaine�u.a 196} (VapghJiabed quoted Mill.er l �- 196,),
leezat-07or171, A, • L-..rtll, .1. 19)3 lat\U'e, ,m, 2)
Til)aea, .S, 8.irach, F.• Jaolr.iaob 1932 J. �tecllr. t. Vaterncb Leberad.ttel §l, l?S, (reportedf<cColl-) 

larr.at-rapp, r. c. ill, a. ,a,1 l.iebia• • , ..... »., 257 •

lera Callu • J>io.k.eraoa 1963 �t. J, Rutr, .!l, 6o1.
loit, c. 18f9 J. teitou. t. l;iol. l• �-

illiaa, •• a.,

il..lcou, E.o. 

ateraa.a, R, E, • lero1atee7, J,�. 19}11 J, .aer.c11 •• aoo. �. 1187. 

• lloptrSne, F,O, 1906 J, fb711ol. l,1, 83,
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•••••ltla •eulen111, ....... '1 Ille h'9n1 

' ., lllpria .. .. •• l - .... ,.hl. ft• .... , •• , 

�., r Ha•u paue alr •>>•wet •• 1 .... er a\ee••• le 

u •••• r•••uu.

1'e •• ,., PM.i• l ... • .. ,, ef paU.n••, e.,.•SellJ 

r1aeer o. l1•-tr fer J.la U,eSlS•1 l!elJ, 1a,ene, ... ,,., 

11�1eeel kta••••••I Dr. J.D . .. ,,l!ell fer •1a••e•S•u, Nre • 

...,_... O,eleae fer .. rt•• •• ''• pre,are,1• er Ufferu, Ue'9 

feelwlet la "1• Nrll -• IU.aa ,. n,e fer ,n1a1 _. ....... r1,,. 

IAa\lf 111 ,.,:eke are ••• lo lleNre .. ,..r eat .. ,.1a 1111••11•• 

, ... , lea ,..,) far ,..,, •• ,, 41.eeualeu eat p1••••• 1.e \lie ue 

el Ille .. ,.-,s.a ,n,e• eeU wlper. 
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