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8 Y 0 P 8 I S 

Corn (yea r.IRll~) ia on 1nd1genoua crop of I t'r1 C!l, 

WiOol.y eoten in the :Conn or a sour meal. Amongot the ten 

m1111on Yorubae in the Waetern region ot' Figeria, 1t la 

the trnditionnl atnple cereal nnd the t'irot notivo rood 

given to bobieo no 10g1' . It is thorot'ore importnnt that 
• 

o :CooO such ao thia eho•lld be atudted in order to elucidate 

tho microbiological and bioehoilUcal char.gca tlut tate place 

during ito preparation , ond to detennino to what extent 

ita nutritive v lue 1a ar:f'ected . 

Trod1 tionnll,;, th · aeeda ot corn arc aookcd 1n lulle­

wpnn water for one to two dll)'o, attcr which thCJ' oro vet 

oilled and sieved with much water to remove tho fibre, 

hulle and 11ch o1 the r,crm, The 1'1ltrot.c 1e then allowed 

to eedtment nod beco ~ oour. Uoually, the oed1 ent coy be 

diluted to 6 to 10 per cent tot 1 ool1de in water nnd boiled 

into 11 porr1dRc or pop , or :~~· be turnet. it1to 

tor a meal when 1t 1a known oe 1 ~ko'. 

ourr col 

Tho microtlorn ot the fermentation woe detcrcdnod 

uo1ng the plate dilution method on o peptone , glucooc , 

yeaet extrect , 1norenn1o eolte, agar mod1u~. The impor­

tant micro-orann1~a ware anum~rated , 1oolated and 

1dent1t1e4 by tho procedure roeOIIIDendo<l by Pedc1•aon ond 

Albur,r (1966, 1962) . 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UNIV
ERSITY O

F IB
ADAN LI

BRARY



The could 1 ole! CD~ 1 

:ruaar1 r..d Pe n1 ell 1 • r 1c 

bacterin, only c~rrnebocteri~ and Aerobneter could be 

identified. Lactic ncid bacterin were also icolnted and 

foun~ to be Leueonontoc oen~nteroideo, and Lnctobncillug 

plnntnru~. Thoro verc alec #Oaote ot Which Cnnuidn 

gyeo~ermn, Sacchnrogzcee cereTinlno ond Rhodotorul wore 

1dont1ticd. Durinr- the oonking period, the prcdomin nt 

organic:n woo ,.erobncter Qlo one vhllst at oourlng , 

it wuo Lnctobncillua plnntnru,. 

02 

'l'he dominnnt orgnn1a:'UJ, oolectet" on the boule or their 

relative populatlono were then uood to ferment enmplea of 

corn r.Dilh einnl.y nnd co:!Lb1ncd, 1n orc1or to determine their 

role c. The vnr1oun products wore then anal.y~ for 

nutrient compocit1on including T1tnm1na and organic oc1do . 

Tho ortectn of oteep~ nd of for ntntlon on tho eugnra 

of' the corn were 1nvc t1 otcd u ln.: p per c..,.ro :n to r phlc 

methodo (nond ond Ol a 1 68, D ~ole, Ollloo, H ilton, 

Rebera ond ~ith 1~66), nnd on t otorch tl \1 trlc 

mcnoure::~entn. 

Thoro woo indication thnt Ootyn~ln~ter\lm ~1ch1snn~onc 

excreted olphn ~loec en~cc into tho mnoh Which 

hfdrol7uad the otorch or corn lnto dcStrlno. Tho soaked 

aeeda accreted 1n•crtnoe Wh1ch convertcO thclr aucrooc to 

glucoca nnd fructoec, nnd roff1noac to oall1bioae nnd 

rructocc. AOtQb!C\pr 9lQ¥90Q nt1 ahown to be 
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capeble or aynthee1B1ng riboflaVin 1'\nd niacin, while 

Candida sYcodorma whiCh predominated at the end or souring 

period (pH 3,6) increased alightly the calci~, thiamine, 

niacin and pyridoXine ( v1 t.B6) contents ot the corn mash. 

Both Sacchftro~cee cerev1aiae ftnd Candida mrcoderoa were 

found to contribute to the improved flavour ot ogi. 

A biologi04l evaluation of the protein qUAl1 ty of 

whole corn, fermented and unfermented corn flour (Ogi ) 

and aoya fortifi ed ogi at 30 to 70 mixture wae carried 

out using 6 femsle r a ta per diet of 8 t o 10 per cent 

protein (Ooyco 1947) . They were compa red with a standard 

cnaeln d i e t of 10 per cent protein While an egg diet of 

6 per c~nt protein wee uaed to determin e erAogonoua and 

metabolic nitrogen (W1tchell and Oarman 1926) . 

The f er mentation dld not otfcct aicnlfl cnnt ly t he 

protein Qual i t y or corn , but the blologtcol voluc , tho not 

protein utili aot 1on and t he prot ei n ctr1c1ency rati o or 

oat were inferior to corn because mi lling llJld nleving 

during proceaa1ng, removed a cona1dera~ le portion of tbe 

bulle , aleurone layer and germ. When og1 waa fortified 

with tull tat soya at ~ per cent level, the protein 

att1ciency ratio waa i mproved throe fold ~ g1v1na a value 

higher tban the theoretical and eo pronna that a htgh 

aupplemental relat1onDhip ex1ata batweer their proteins. 

0 
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I TRODUC'llOB 

ftit.hln the lnat decodo, t.ho world hac been c:1de 

conacioua or the nloraing extant or hunecr and nolnutr1-

t1an, pnrticulorl;r 1n tho doToloplng countriee or Atr1co, 

Aa1o, the ll1c1c1lc Enot and Latin /laorico . 1Gbt (1962) 

eetiutcd thnt o otoe£Cr1ns rtgura or about 400 c1ll1on 

1 

people 1101'0 oct.Ullll;v hungr;v, b7 not hnT10£' odcquntc caloric 

lntoko. Another 1,500 a1llton, about hol.:t" or t.bc world'o 

popul.ot1on, ourtol'<ld .trco vnr)'ins dcsrcco or D:llnutr1t1on. 

'l'he oc'bicnt con!litiono in the tropico 'l'l'horc ao:lt or the 

attoctcd people ltvo ore ouch that quick dctcr1orot1vc changca 

in tho tood tol:o ploco roaul.t1nG 1n oa aucb oc 50 per cent 

1ooe ot the total production. In N1gor1n, for oxcaplo, 

Akinrolo (1964) cnt1Dnto4 that not looo than £lo aillion ia 

loot 1n cu.h Toluo per nnnWII :rrcm rood apo1louc . In t.ho 

tochnologicnll;v aero odvnncod countrloo, on tho other bond, 

tood loco Cuo to opoil.ane vno cotll:wtod at o'bout 10 per 

cent 'b,J tho J'ood nnd Agrloulturo OrgmlanUon (h'l"iaht 1962). 

'l'h1o oontNot 1o t'urthor DlmJ'OVotcd 'bJ tho conernl dcnrt.h 

ot 'booio knowlodCO ot nutrition omena thoco poorl7 nourlohcd, 

While their rood hoblta nnd cul~t'7 prnotlcco otill require 

etu47 nnd deYelo ont.. 'l'ho :rood cclonUot or tccbnolo-

stat h thorctoro tacod w1. th nn cnoraoua chollcngo. 

'fhn £01tt or com 1n hUr.!M !Ugta, rotl1c:u1nrlx in a ~~~~ 

Corn occura 1n tho dicta or bu"r''n o u10 tiono in ano 
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tors or another throughout the world, 'but lt 1s uaod rl­

urU7 aa a ataple tood in a row countries . Extenshe 

conauapt1on or com 1e .ode b7 the pesaante or Mexico, 

Venezuela, Qua teaola, Romenls, South Africa, Kenya, 

'ransan1a , Kalan , :tanbia, Southern Bhodeain, eatern 

111gcr1a and Ghana. In aoac or theca orcas, between 80 to 

90 per cent or the totol calorie 1ntoko tor tho greater 

port or tho 7eRr la derived from corn occord1ng to tba 

P.A.O. publication on "Wa1ze and aaizo dietc" (1953) . 

Becauoo or their low economic level ond faulty rood hobit 

lersoly due to isnorance, those conaunoro Wlu.tlil.7 a utter 

from treaendoua nutritionsl dieordora . 

2 

one or tho earlieot etudioe on corn diote woa recorded 

1n the na~:~e or Qftapnr Coeol 1n 1762 (P.A.O.l953) . He 

noted an occu.rence or the pellagra diocooo onong Aetu.rian 

peoaonta l1Ting lnrgoly on corn, u1th ver,v little neat. 

Thie hoe e1nce boon followed up by c cono1dcroblo omount 

or reeeorch into the nutritional problcmo nria1ng from cUete 

olaoot wholl;v boaed on corn. Rob1naon, PD.vno and Colvo 

(19W.), Anderson, Celvo, Robinson, Serrano and Poyne (1948), 

ColTo, Serrano, MillAn, Uironda, 48 P. and And.eraon (1946) 

carried out nutrition epproiaola &IliOn& the corn eating 

nat.lT .. in Muico . .A¥1troyd, Aloxo and Ilituuleacu (1936) in 

Moldavia , Rollallio, Cluur (1929 and 19.39), llDJlett and Gait 

(1951) 1n south Africa and Ra,aond (19~2). Thoao atudioa 

r.T1 ... 4 1n P.A.O. nutritional atudioa Ro. 9, reT .. lcd that. 
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t.bo po~o.tione were uaunlly short of cnlorieo, althoudl 

tho totol protein intake, nninly of cereal origin, s fairly 

nde1unto . Tho no~t roaorkablc dof1c1encice were 1n cnlciua , 

except 1n Mexico whore extra colc1ua vne provide:1 by tho 1111e 

woter used 1n tho propornt1on of tortilloa, v1toa1n A except 

whore yellow corn woe UDod, riborlavin, niacin end one or 

aore eaeent1ol amino oc1da . 'lhaae were rerlcctcd 1n 

reduced capacity for work, lapolraont or growth end 

pnyo1cnl dovolopoont , d1D1n1ohc4 rcolotonco to infection 

and a high aorta.l1t7 oaong intnnto on4 children. n'oollor 

(1946) ngnin reached a conclu.alon that there no a pallo­

gragcn1c asent 1n corn . 

In Wcot Atrioo , 1ll1nao (1933) firot reported the 

incidence or IDraahlorkor, 0 protein dc.f1c1cncy 8)'ndrot2o, 

nmong chUdron betvcen tho osoa or l t.o 4 yooro 1n tho Oold 

Cocat, now mown oo ahano . In all the caoco exe1no4, there 

woe n hiatory or dotloiont brcaat-tood1ng, nnd tho only 

oupploaontnry rood uaod oonoiotod or propnret1ona or nnieo, 

noaoly , oknon nnd kcnkoy; prodnctn vh1ch ore a1c1lor to 

os1 nnd cko roopoctivoly in co tern lll(t'Crin . 'l'ho 41ot.orr 

aurveya carried out recently 1n 2 typical v1llacoo in 

Woo torn N1£Cr1o , D.DDoly Iltbo Oro and Ilore b7 U II I C E P 

rollo~o (1964 ond 1965) revealed thot corn provided 

about JO and 35 por cent of tho totol protein nnd 
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4 

calorie in~ ke recDCCt1•el7, rtlcul rly aaons ~lljren 

of' tho a group in which lllloas noted the 1ne14cnco ~ 

k aahiorkor. ldorley (1958) ol8o obtse"od thnt one out ~ 

eve~ f'lvo children bro~ont into the calcy Guild oopltol, 

Ileahn, w e 1n t.hla condition, and he ne aeolns up to 300 

cocoa of' lamnh1orhor 1n one 1fC!Ir according to Collie, '[)M!n 

nnd Q:lololu (1962). Broc. (1961) sent f'urtbcr to crucgoct 

th.'\t !'or a.ory ono cnac or Jaruahiork.or, thoro 110rc 100 co ace 

or protein on1nntr1t1on in tho prc-kwuo.biorkor CC..'lditlon. 

Accmg o&ll.to, com hno n vcrsntUc wsc eo c tood. It ie 

cntcn olt.hor 1n tb 1'o:rc or p or porrldl;c an!! c:nllcd o(li 

or og141, or 1n tho tor11 or c ool1d acnl. J:nom oo oleo. 

ln o1tbor f'ora 1~ 1o unuaUy pretorNd to attt\1 ot.hor 1nd1-

senoua foode durlnl: Ul h l.t.b . Blloo1r (1962) ~U~nt1oncd 

that certain Yorub:l people 1n !Uscrin bol.1crrod tb=lt ngldl 

or osi mo a snloctogocuo. Dinco, ho vcr, thore waa no 

sood quontltotivo ovidonoo tor t.ho ailk producinG ctrocto 

ot cerbOl\741-oto drinko, he concludod, thorct'oro thnt tho 

bol1ot etmmod t'roa t.ho tact thnt aothoro o1'ton f'ol t thirot;y 

when tho dro~t rotlox wu operated . 

Com l\D pn 1nd1cmoy• topd ct'Op (lnd ito IINP mUon 11\t·O 

I! !£!'l · 

'l'tla origin or t.l1o WoDt At'rlctm corn hna boon 1nt0DIIhro1y 

1nTcat1£tltod 1n l'OOcnt yonro . ll'ho olooeicol. viow wna thnt 

tho cult.1Tnt1on Of' COPD (,.en ~!!!n~:) Ol'18inntod in thO OW 

World - t.bo Aaor1cao, nd waa 1nt.roduco4 into 'lure on17 
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ot 11h1cb 1a l1ll1ted b)' cl1ante, corn nour1ahea Wlder the 

aoat nrtcd conditione. Another illportant rnctor 1a thnt 

1 t g1 vea tho h1Shcat 7iclda ~ food energy per aero uong 

the ccrcnl.o , the lcnot labour dennnd end o rcldivolY Cl!lll • 
ex enu ot acc.t, wh1lo an tho 'lholo it 1o roeiotnnt to 

41aenaoe . In the wcotcrn prOTincca ot !T1gcr1n, whcro 

corn Ja t.he tr.1dlt1onn1 staple ccrcnl, oericulturlll ot!\tio­

tlce of 1958-59 ahoYTOd t.bnt it na pl anted on 36.5 per 

cent or tho totol ecrcnso or the ~~~a in rora cropa, tbnt in, 

an 795,000 acrca or land 71cld1Dg 220 ,000 tOlUI por annw:: . 

Other AB1n cropa occup1c4 the ro~low1ng pcreentagoo:- Yoa 

25, Caoeo.a 16.1 1 CocoTQm 4 .9, aolon 10.7 and boone 8,0, 

'l'he rn to or growth 1n yield or com hu ainco boon u1n­

ta1nod at about 2 per cent per annum. Tbo prodoaint~nt 

1'ar1otJ uaod tor hnun canauapUon Jo tho "nour~ (zeo rnu 

L, out.hJ'o1opo1a) uaooll7 rorerrcd t.o ao "Lasoc White". 

An attoapt wna ando recently to introduce a JOllow Ucx1can 

TarlotJ bocaaec or 1te bettor nutritiyo quality. It met with 

oona1dlrob1o oon~uaer rcalotanoo, and it 11 now boinB uaod 

exclua1Te11 tor 11Ycotocktocdo. 

Corn 1a ~ten 1nlJ in tho fOJ'II 01' n 1'cr:lcntod pro-

4uct 1n Africa . The aoal 1• known by verJoua nn~• 1n tho 

41ttorent. l1('11"tl or tho continfll'lt . It 1o callod Mhcnru 

(aealle aw) b7 tho Bclntua or Bout.h Africa, u~1 and c.hengn 

1D J:aat. Atrica , og1, ot.aau and alto 1n Jgorio ond akaN 
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&D4 lqm]rq 1D Oluma. Al.thousb Ulcrc aro ainor r:ttlaUou -1n th m t.bod or tte ration or tbia too 1'r ee to lace, 

"t. the bna1c mcticc or aoatsng, m1111n ... , c1CT1n£: an 

aou:-ing of' t.bc corn 1a co::lon to oll. 

Tho tmd1t1onnl c t.hod ot pre mUon elpl.o)'nd b:f the 

Yorubna ot cntorn K1 rio COlUliDtc or wnahing d1'1cc1 COl"D 

wit.h r.1tor, tollo110d b7 atcop1ng 1n lukc\nn:l alct~n wntar 

ror o dAy or two. 'l'h cra1no ere then 11'ot-m1llcd, diluted 

aanoidcrnbly with tmtcr, and oiavod through o t11l'O Dcnb 

or opprox1catol7 D.o. o. lio. 52 ( npcrturc 300 nlcrano). 'illo 

1'1ltmto io then al.lo od to otand for another dAy or t110 

ot roo: te-apomturc ( 30° -32°C), \'lhan 1 t oediltcnte nnd bo-

cOZ1on oour . iho oupcrn.otnnt 1a pour tl n~ nnd tho ced1-

cont ueod ao oaJ, . It io wmallr bollodct. 6 to 10 per­

cent tot.nl aolido into n po:rrl~ or pop, ond c ten rith 

n bc.IIJl cake (aknro or olrmo1n) . l'Jlcn !'Urthcr diluted, 

.lt ia uae4 1n tho rural nreno Dll tho r.lr t native rood tor 

weaning bclbloa. In a concentrated tom, it io ballad into 

n thick seJ. nnd tJ1on nllo od to col. oUtt 1n letl1' nouldll. 

Thie last meal 1a tnown oo oko. 

mlou! oty&Uoo on tb n9$.r1cnt C!ontmt or enm mnle. 

Reaenroh on com 1n tho lact ai tr yenra hoe been 

ltlr£017 diJvot.ad to ita cunotioc, nutr1ont ca:spoa1t1on and 

lnCW.trlal ut111aat1on. A conoUorcblo n•o nt or aet.a baa 

'lllu pYM Gil tho che led co. oa1Uon or com b7 oree.,.. 
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aJI4 Hlnt (1929}, l'Npa lll1d Jteaercr (1941) Earle, Curt..la 

and Habbft.rd (1946), ChAtfield (1949), AU1'0.D4 IU1d HUler 

(1949), nn4 Rodl'lsuea , Jtunt end Bethke (19~) . 'l'ho Yit.o-

111na were alao eat!Mtc4 by AJkro7d rmd 81raa1nntban (l9Ji ) , 

Cabell 11Dd Ellia (1942), Burkholder, 11cVe1eb nnd l!oycr 

(1947} , QoldJ!erg Dnd 1'horp (1945), Hunt , Ditzler ond Bethke 

(1947} t DitEler, Uunt, nnd eethko (1948) and Hctlthcoto , 

Hinton and Shnw (1952) . 'l'hcee 1nvoat1cntione ehowod thnt 

the d11'1'ercnt porta ot the corn kernel cU.ttorcd 1n cheaicAl 

compoeition. 'l'ho cndoapol'D llb.ich conotU.uteo about 80 ,por 

cent of tho crnin cont.olnod oYor 80 per cant of 1te atGrOh 

and about 75 por cent ot 1 te protein. Tho scrm vh1cb 

accounts tor obout 10 per cent ot tho aro1n, conto1nod 

nearly oll the oil and coat of tho ainorllo1 while tho outcr­

ooat portion or horn7 Slutcn wb1oh contolno tho nlourone 

celll na found to bo one ot tho richcat trflctionD of tho 

ll'Gin with a protoln ocmtont or about 20 per cont. A 

ll'Oftt Yarlation 1n tho protein and tnt contenta WDO Alao 

obaonod a.aona tho di.ttorent otrDin.a or corn. Tho Yitn-

aina waro found located ch1c.tl.7 1n the EQI'II and in the 

outo~at la;var ot tho endDO'Pf'l'll t Which iocludoa tho nleu­

I'GilO calla. Tho thiulno and rlbotlnYin cantcnto wcro 

h1sb c ... parcd •1th other corct~1o like wlu:a.t nnd rico , but 

the Min Yaluo .. ,.. l'olatlvol7 YCrt loe. Vit.aaln A wna anl:1 

t•m4 1n toUcnr •be, Yltaain B or tocopherol woa found 1n 
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Storoge o.nd o number or proceaains aethoda haYc been 

tcnm-1 to change the nutr1the quality or com. Willito 

and XokoakJ (1935) , Jones , Divine and Gerodotr (1942), 

Oilcnn end Se:eniuk (1948) ond Zeleny (1948} exa~inod the 

chzlnacc 1n the chet:~icnl and nutritive co!3 oa1t1on of corn 

under storage end upon 1ntect1on w1tb noul'dzl. llhile aer1ows 

looooa m4f be couaed by 1n3ecto and rodenta, che:ienl 

changes which ore occur1ng all the t111o durlng otorage wore 

t'ound to be eru:;vnat1c in Mturc, resulting tr= tho action 

or tho cn.zyaoo or tho groin itaalt', or or the 1"U."lg1 or 

bnctorla present 1n 1 t . Tho toot oro which datol'll1nec1 tho 

ortent or chango under otorogo wore co1oture content , 

otorllSO tompGro. turo , tho occoa!l or OQ'gon to tho at orad 

anterial , ond tho dosrco or aoundncao ot tho grn1n. Lov 

ao1ature loYolo , low temperature nna look or or.rscn do­

croocod on~t1c nnd rooplrntorT oct1v1t1oo and conee­

quently helped to proYent dotor1orot1on . ~a chonHC 

nttect1ng oorbohfdrotac ~a oacont1olly the deconpoa1t1on 

ot otoroh under tho influence or nayloooo . Proteolytic 

cncJ1:1CD 1n tho groin or in por:usi tic or£D111nno noooc 1a ted 

w1 th 1 t h drolJood the 1=rote1no into 0111no nc1c1o or dono tured 

thO!! . Althoo~ tho h:/drolyt1c phnoc woo found to be ueunll.Y 

olow , yet tho tree nalno acid content or certain noDplee 

or opo1lcd corn :roeo to core t.hnn thrco t.wco during dcrcc­

the atorocc . 
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Tho reduction in nutr1t1Ye value or the proteiDe 

during etorngc wno dcmonatreted 1n o aor1ca or cctabol1c 

tr1ole with rata b7 Jonea, DiYina and Oeradorrr (1942) 

During a 42-day period, s:roupa ot J'Ollnf:l rata voro tad corn 

~ronhly ground, and otter atorose tor 6, 12 and 24 contha 

n t 76<7. 'lho eroupo obowed weiflht £[linn ot 84, 63 , 56 

and 57 graae raapact1Yelt. Tho arain nnd meal ueed in tbeae 

ax~erimente wore eound and troo troa infection with 

inaccta and 11oulc18. i'at b¥drolJ111o alao took place durins 

atoroga, The den1opaent or rancidity ia atronsl7 in­

t1uenced by the oxygen content and tecperoture or the 

aurroundins at11oophora. When white corn ot 14 per cant 

mo1aturo woe atored tor 12 11ontbo at taaperotureo below 

1)°C, no a1gn1r1cnnt choneoa 1n rat content were round to 

occur, vbarcao tho oaap1o atorod at bigbor tempornturoo hnd 

their rat content reduced bt 45 per cant ond o•er(W1ll1ta 

11nd Koltoak1 1935) . 1Uth drier aon1, of 8 per cent ao1aturo 

content tbe to~pbraturc or utoroso could be ra1aad to }7°C 

without 1oaa or tat , In all the caeca, boRaYar, leree 

incrcneea 1n acidity voe qbearY~d and thla bore no ro1a­

t1on to tbc tnt content , tho atnern1 content or corn wna 

not srcntlJ tnn.1Jonood by etornsc, nnd or tho Y1 toclno , 

only v1taa1n A (Cnroteno1da) contained in yellow corn wno 

acrioual7 nttected (Prnpo and lte orer 1938 nnd 191,1) . 
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Plott. (1943) , loeoieu, Ounnn, Cravioto and Calvo 

(1949) , 11tchcll, Hru:llltan and Bendlca (1949), Lacuna nnd 

Cerpentcr (1951} and Schnisort. nnd Pellingtuu:l (1963} 

exa.ined the var1ouo cathode of preparation ot corn tor 

hnMn conawaption o.nd t.heir tnrlucncco on the intrinsic 

food quality. Tho cain proceoeca which baTe been lmom to 

atteot tho nutrient content ot corn When caplo1cd oro aoak­

inU or oteoping, ailling, eioTing or bolting, cooking and 

tol"'lcntat1on. In Ltl tin Ancrica, tor oxru:~plo, whore Whole 

sroino arc uoual.ly collkod 1n litlo water to aoftcn t.he hull 

before grinding, tho procoao hoe been found to incrct~ac 

tho calciua content or tho arain, Whilo it 1e nloo bolicYod 

that it me1 be iaportont in rendering t.ho niacin 1n tho 

corn aoro aTailnblo to digestion. lrinding wnu found to 

1DproTo t.ho d1gcot1b111t7 end to ~·ko poaaiblo tho prcpn­

rot1on or o. grcntcr Toricty ot diahoc which vould be 

pleaoing to tho 010 ond ptt.loto, 'l'ho 1ntluonco of ailling 

on tho nutr1tivo qualit7 or corn 1a dopon~ont on whot per­

tiona or the sroin ore remoTcd durine tho procooo , Tho 

traditional proct1co or uaing atone aillinc in v riouo txtrto 

of Latin Allor1co end At'rica hAa the odmntoco or onaur!ne 

tho t. tho ncnl obtained includoo all pnrta or tho Whole groin , 

llodern alllinB oot.hodD with a.achlnoo rooult. in tho oopnra­

tion of tho bran and ecra freD corn , and ao bring about. 

profound chnngca in t.ho nutrient content , Cockins wao 

obaerTod to iaprovo tho pelotab111ty, tho 41goat1b111t7 
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&D4 ~~~ aYa1lab111ty or certain nutrients. A cona1doreblc 

pJOOport1on ot tho thluinc (about )0 per cat) on4 ribo­

tlaYin ne t'ound loot (!Utchall , l!aailton nnd Baadlaa 1949) . 

lben corn no fcl'l!lonted Vith Lnctobooilluc dolbrucldl to 

aako anhowu , tho concontrntlono or tho th1ardnc , r1bo-

1'lav1n and niacin, nd n!.eo tho p1-oto1nn rcuincd WUlftccted 
• 

(Behwcigort end Poll1ne;bom, 1963) . 

Tho baa!o of tho 1nvont1cnticna cnrriod out, 

Gchwaigort nnd de Wit (1960) atudiod tho propnrntion , 

dryina and nutritive value or Dahawu, a nouth Atrlcnn 

oquivolcnt or og1 , and round thnt the bcctcrln that brought 

about ito neurine woro introduced by the odded Wheat tlour . 

The bactorio propocntcd rapidlY in the corn porridge con­

ver ting tho oupro derived 1'ro11 tho otnrcl1 by Vhotlt oa,ylotic 

C~JZ:IOB , into lactic acid. Aluo Scbwalgcrt nnd Polllngbon 

(1963) noted thAt tho troditionnl apontonooUD couring 

pr oceao ne not ouitnblo t'or tho lnrco ocala 1nduatrllll 

pr oduction of Dahewu , booauoe it took too long ond 

procco4od too 1rrogulu.rl7 with t.ho risk of contoainAtion 

wi th undcalroblo bllctor1o . 'rh1a could ;Jro~cc acconCary 

roraentatione , the producto or Which (tor oxnc lc, ncot1c 

ana butyric oc1do) lntluonecd tho taoto dotrtcantollr. 

They, tharoror o , ~ployod wnctobncilluo dolbruck11 a t 

an optS•n• tlllllllCNtur o of 45°C , ond 1n tho prcacnco ot 
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48 hourc ct 16°C bc!'oro sona1A:lt1an 1n air at 100 er cent 

relative hunldU.y , obecrved no alplul and beta aarl4no 

nctlvit7 ~lng tho 2-do;y atocping period. Al~ Ga¥1ooc 

no dotacted an the olnh da7, Whllat. betA aD,Ylaoo did 

not. agpcnr t.hrousbout. the teat. 1JCr1od luetin6 14 da.7o. 

~ere 1a , Dillin , need to cloar the rusb18\l1 to¥ 1n orclcr t.o 

oorroctl;y appraiao tho role or ateoping in tho t.roclitionnl 

propomtlon or oQi !'ro::1 cern. 

Gilbert , Gillean, tlnndeletan, Oillc.o.n and Goldbcr._ 

(1943) Nportod thAt rota ot 50 g . t.o 60 s. •oiabt, lrhan 

ted on ocolie ccol or n!lltt/U nnd vater, bee~ d rta 

ahowins voey Utt.lo 1Dcrcaeo 1n wo1Sht. in 10 wow. lf 

tbo¥ were , bo•ever, C.l'drultorNld to a tllll eliot , U\eJ crow 

alaoat aa rapidly aa noraal ontc:!la, ohOOiinll th:lt. tho 

potontio11C.1 tor growth WBI not dooC.rOJOd b1 tho provloUD 

a\unt.ins. Chick (1951) obaonocl that. tho Nltoine or 

aoJabeona, probnblJ , bccouoo of tho1r hlib lyaine content., 

hAd a opoc1al value 1u oupplaaonUna thooo or cerc.:Jla . 

sure (1948) 1n ox11erillonh witb ll'o•in£ rot.o reel on corn 

diet a eupplcaanted w1 th 2. 6::: or ao10boon aoal , t.bo protoln 

lnel haYins bean ac1.1uotod to 6 , tound t.lult tho protein 

ot'tio1ono7 rotlo ( lftln in weis:bt per grcu:a or protein oaten) 

or com na rn1oed bJ over 30~1 froaa 1. 23 to 1. 66 . Plsuroa 

at hiiber l~ola or tort.iticat1on would ncod to be known 

t or og1 , it it ia to bo dnoloped into a :tood oclouunte :tor 
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~ uae or intcmt.a end children, wslns ao,vnbe:m c. 1 

u the CU!ln roto1n IIUiJplc:aont . 

'i'ho inYoottenUona which ro.-. tho baslD ~ t.hJ.a 

thoeio wcro plnnncd na rollo'1711t (o) A prolla!ml'f ourvey 

or tho aotho9 or prepruontton or oGi by 't'llriouc co:mor­

cw prodncorc 1n Lasoo on4 Ibadn.n wao canchl.ctcd oo oa to 

dotora1no the one coot wido~ n ploycd, (b) The a1cro­

or~Jttnilll:lo proecnt S.n tho corn cnah 4ur1ns \he por1o4 or 

ateoplna 1\Dd aourine vcro then anmoemtcd, 11olotc4 end 

1d.ontir1o4. 1'ho roloo or t.hooo appenrins to be d.o:llnADt 

b7 ahoor ~bora ot any o1~1r1cant porlod wore ero•incd 

1n ~reus or tho bioehn:ntcAl and nutr1t.1Yc c:hangca brousM 

About 1n op. (o) nto aqnr ooapon1Uon or tho Ntaorto.n 

corn, La goa \1hU11 Ynrlot.)>, tzaa d.oton:a1nod nnd tho chnncoo 

w1 th otoopina nn4 a curinG tollo-.o4. ( 4) 'l!he b1olog1col 

nnlU!ltlon or the otrect at the tl"'l41UDD.!ll lJI'Opcli'Qtion 

or og1 on the prototno or com a carr1o4 out Wllft8 

albino teacle rBta. Tho nutritional adoQU!lCJ or o m1xo4 

_protein ude by the ad4U1an or 30 parte or 1'l1ll 1'Dt. eon 

nour to 70 porta or op woo 1nnot1e;~tod ond coallllrct4 

with cuoln. 
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All the chemicals uaed in thece expericento were or 

analJt1cal reagent grade obt 1ned fro H,pk.ine ar.d WUlia::~t~. 

The corn waa of the Lngoo He v r1ety o talned from the 

local market at Ibodan. 

1. Pattern ot the W1croflorn 

(a) Oe1ng the various trnd1t1onal mothodn o~ prennrntion 
ot osi. 

Prepnrat1on or Bnmplet. 100 ml. ot sterile water were 
coer nr 

transferred 1ntoLn n~,ter of benkern labelled A,H,C, ond D 

reopcct.1ve11 . About 20 g . of ti'holeoo:nc fll"'J.ino of corn were 

added to eoch beaker and co'fercd with n ltcr papera which 

hod been perfornted with needle pointe. Sample A had ita 

water retained throughout and ito corn wet-milled 

and e1eved otter 2 d~£. 

Sample B hod ita water changed ever,; day ond ito corn 

wet-~lled ond o1eved otter 2 dayo . 

Blliiiple C had 1 ta wa tor charlflcd every doy and 1 tn corn 

wot-~1llcd and loved after 3 doyo . 

eem,Ple D had 1ta corn dry- 'illct!l tcforo bclng aoucd in wntcr. 

Procedux·~. 

Al l the eamplea wore k•pl tor pcr1o0 of 4 dayo nt room 

temperpturo (30°- 32°0), 1 1, b 1nF to en oo ct coy for 

bacter1olog1c:al enal,yei o, while ll rnl. ol1quo•o wo1'C uacd tor 

che::Ucal UIIAJ8 . 
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. c:ter1olod.cal lzylr . 

Tho Detho~ uaod 1s accorollng to • cdcraan, Uiketic ond 

llburl' (1962) and baocd 0!1 tho I-lnto d1lut1ou technique , 

400 Ill . of nutrient ccnr woro proporod to contain:-

Peptone 

Olucooo 

2. 5 g . 

tO B· 

D1!'co YCllot 
oxtrnct 1. 25 g. 

Bnlt A 2.5 cl . 

Sill t. B 2. 5 Ill . 

Dlot1llo4 400 nl . tor 

Compoo1t1on 

BaltA 

lttiP04 100 S· 

m2P04 100 l>• 

DhtUlod 
a~ tor 1000 Ill. 

or Sftltg 

Salt B 

usso4• 7820 40 8· 

Y:nCl 2 g . 

Pcso4.7H20 2 B• 

D1at1lled 1000 ml. 
vntor 

4 Dl . el1quotD or tho coltod ond mixed nutrient aodiua 

wero tronotorrod into coch or 100 B1Jou bottloo ond otor111ood 

at 10 lb. prooouro tor 10 mlnutoo . 1 •1. !'roo coch or t.bo 

aup1oa under teat na odoquotol1 4Uutod 1n turn tr1 Ul 

eterllo wntor , nnd 1 al . or ouch 41luo~ uaod to lnoouloto 

onch bottle or noltod nutrient o~r nt about 35°C. Tho 

contanto wore then 1xod ond poured ooaptlcolly tnto otorllo 

petri 41ahee tor incubation nt roo11 toaporoturc (30° -32°C) . 

Tho nucbor or co1onloo growtns 1n each plato woo counted 

o!'tor 48 houro or incubation and olnoairhd on the boola 

or coloninl aorpholoSJ . 
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Ch!!!.\cal anal,yr1 t . The or e c s le n censured 

enrydQ With o Cacbr1~ cUrect :r;. iii Jif ~eter. • 1lc 

the totol titrabla oc1~1ty wo dctc~ned ~n ~1 . ol1q~~t 

ot the aample aaa1net 0 . 111 roOH solution in a micro-btlrctta 

ua1ns phenol re~ ae the indicator (pa 6. 6-6.4) . 

(b) tJaing n cho11en !1!9thod ot "remrnUnn qt 961. 

19 

40 S· ot Wholeoome g~1ne ot corn ware steeped 1n 000 ol. 

tap water tor 1 day in o cloned brown Jcn•. 'l'hon the gra1ne 

were t oken out end milled wet in n laboratory h.ond mill 

which had been pro•1ouely waahad oloan end etcopo4 1n bo111na 

wator. 1'he rnillad corn wu a1cnd through B. B.s, No.44 

(aperture 366 microne) c.nd tl"'lnatal'rcd quanU toU•el,y w1 th 

t ho steeping liquor back into the jar, and than allowed to 

c:ont I nue fermenting tor o turUler period ot 2 doya. The 

l:llotoriolog1cal nnd pblnico-che.:llc l ohnneCJo oc:c:urin; during 

Atllplca ot frequent 

lntennlo tor baoto- chc:niC:ll nn.'ll,yooe no do cribcd prcvio:~el,y. 

(c)Reaultt. The ""r1at1ona 1n the po~torn of tho rniorotlo~ 

ur1e1ng from t he dittorent ~c·t~dn uaod during the troditlonnl 

prepora Uor or og1 from corn ore a.hown in 'lnble l . Tile ch n co 

1n tho population• or the m1cro-oraon10Jlo Mol U1o dnolopunt 

or ac1dlt1 csn be followed 1n Tnblo 8 , u1ing n procoeo 

oalected to g1•• the boot reoult under traditional praotlco. 
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lleYe1opa:ent of ac1d 1 tz 11nd IU.crob1a1 poeut.t1cna durinB 'C'gl' i?reJ!I!rat ton 

1'1Jte 

' 
0 br . 

At 
24 
bra . 

At 

48 
bra. 

At 

72 
bra . 

At 

96 
tuoa. 

f:ar=p1ea 

A 

B 

c 
D 

A 

B 
c 
D 

A 

B 

c 
D 
A 
B 
c 
D 
A 
B 

c 
D 

A • 
B • 
c .. 
D .. 

PQpu1atlon • r.o. 1 107 co1on1eale. ~orn r-,qu1va1cnt - I 
vol. 0, u. 1 

Kolll.d 1 Yea at f-:!ijbijgqr lao tohLio1llutt pF or roou ~ 
~cdiuc require~ (~1. ) a~c1ca apeoiea ! - olDntar~ 

o . oos 0.002 0.001 0.003 !.1. 60 0.00 

0 . 002 0 . 000 0 . 003 0 . 002 5.60 o.oo -
0 . 022 o.ooo 0 . 001 o.ooo 5. 60 0 . 00 

0 . 004 0 . 000 0.007 O, OOJ 5.70 0.00 
·-

o . ooo 1 0.040 30.000 46. 000 5 . 00 0.06 

1.000 0 . 040 12, 000 29.600 5.03 0.06 

2 . 000 o . ooo 19.200 -42.400 5. 05 O.C6 

l2. 4oo I 2 . 000 68. 000 304. 800 4.85 o . j.? ---
o . ooo ! 0 . 560 1135. 000 500.000 4 . 45 o. 6;, 

0 . 000 0 . 100 125.000 352 . 400 4.90 0 . 24 
0 . 000 0.005 232 . 200 712 . 500 4.90 o . 16 
o . ooo 10. 000 960. 000 1150. 000 3 . 77 3 . 16 
o . ooo 414.000 1060.000 2252.000 3 . 79 2 . Ot~ -0 . 000 21. ~ ~ 848 000 00 000 . 2' 1.20 
0 . J , • .ooo • 0, -'b 
0 . 000 91 . ooo :no. ooo 2100. 000 j . l 4 . ~ 
0.000 101.0 . 000 200 . 000 jOO. oOo .5.7~ .5 . 6 
o . ooo 996. 000 1675.000 9060~00 3 . 7Y 1. )6 
0. 000 24 . 000 1120. 000 1025. 000 J . 85 1.06 
0 . 000 1505.000 15. 000 ' 

-752.000 3 . 50 10 . 8 
-

-

111ed a tter ~· boura 
" " l.io " 

st.oep1ns 
' .. .. 72 .. .. 

" dry ot 0 hour . Tobl.e 1 a AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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!'1- .leld equ!Y . 
111 1D .Ol!f 

lloara r.ao~ (a1. ) 

0. I 0.} l 
Ob I 

I 
0 ,2 

6 I 0.5 

24 ' I ... , 
I 

I _,, ! ., 4 

' • • 
i 

• 31 I 1 ~ .4 I 

44 l 't . 7 -so j 11' . 4 
. 

56 :z;, .1 I 
70 34.2 

-

Jo'ungo l 

Ra~terlo1oslcal and rhlalco-cbeEical 
chi~sec dur lnu 'os ' preparation 

z•o. or v1ob1e cellc ';!er g. or c1ry corn 
~ 

Ccr7t1e- AeN'bacter J.n:tcbnc 111l'a !>!ICC hlirOII'·) 0 e t Canl'l1Cia 
Colonie bacterium~ cloacae ~lentaru:: cerC'Villioe lt)'C oder• 

-

-
49.0 1o.5 I 16.5 66. 0 0 . 5 0 ,2 

19.0 5.6 9. 0 I 
I 

37. 0 0 . 1 o.o -o.o 18.0 332. 0 60. 0 o. o o.o 
-

2U,700. (\ l o.o o.o 0, 0 ~2 .,000.0 70, 000.0 
~- -

'1111ng, S1eY1t18 antl Souring 1n ear::!! liquor 

O.J 8. 0 29.7 19.8 l . 6 0 , 0 

0 . 0 o.o 13.2 61 . 2 8. 6 0.6 

o.o o. o 126. 0 4,000. 0 3. 0 2,0 

0.0 o.o 47. 0 562.0 o.o 4,0 

o.o 0 . 0 7 ,400. 0 18,500,0 1. 6 160,0 -
o . o c.o 2,520.0 9,100.0 o. o 2 , 060.0 

Table 2 

a • Surtace tr.1crotlor~ of un•aahed oorn. 
'b • Surface lt1crot1ora ot corn washed once (40g. cern witb 

2001t1. nter) 

actor-
tcr • 

popQ- • 
lat1ol!_ 
.z1or 

xlO 

:dO 

xlO.I.U 

xlO.I.U 

xlO.I.U 

x1o10 

xl010 

xlO.I.U 
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2. 14ent1t1CRt1on of predoninnnt oraon1~a 

(a) M1Cjroaeqp1eal examination. A representati n coloey ot 

each or t.he dominnnt orgnnies wss holeted and transferred 

aseptically on tbe nutrient agar slants in replleateo. 

Allot the al :tr ~ere ~hen ollowed to grow at room 

temperatura (30°-J2°0) for about 46 houre, Bach pure 

eulturo wao aum~l~w with a sterile plotinum •ire loop 

and examined under the oil i~oro1on lena or the 

m1eroacopa for morphological ehartlcur1at1ca. The fungal 

colon1ea in the petri diabea were sliced -.ert1col..l7 and 

axamtned under a low power objactiYa or the m1croacopa. 

(b) »ioohem1cal taatg 

( 1) Parmentet1on teBtl. The method uaad 1a aocordina to 

Ohriatanaan !.l q1 (1068) . A standard baa1c med1111D or 

nutrient. both cont in1na o. ~ papt.ona, 0, 2~ yeast 

extract and 0, ~ each or aaltu A and B ••• uaad. 10 ml. 

or t.ha broth ware transferred to a nuebar of tel"'llllntation 

tubas, followed bJ 0, 1 g. or the apec1fic aug,r. Tho 

tubaa ware plugged with non-absorbent cotton wool and 

star111aa4 at 10 lb. praaaure tor 10 minutes. A total 

number of 16 auaara ware taatad. Tho ability to torment 

1 augar wao moaourad by the titration of the acid produced 

naalnat O. Ul HoOlt nolut.ion uaing phenol red oa the 

1ntl1cator (Iii 6, 6-8. 4). 
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(U) ' eara' a modH'1cat1on. 

A ltn1f e poi nt of cr tine and r; ml. of a ~ 

10lut1on of caua 1e cod ere dc'led t o the cu ltul'Cl of 

lll1cro- orpn1am in llleo -paoli t - pel'tone rot .. 

en v1 orod&l • T •• e 

appearnneo or a pi n cole r 1t ir 10 inuteo ao 

eonaic'lerec'l as n poaltivc rcoct1on for nc~t lmet :1 
c rbinol . 

(111 ) ~1trato reduction teat, Two aolutiono of ol~ 

naphthyla~ne end eulphnn1Uc ncld in acettc acid 

r capect.1 vel3 -.ere mixed in cqlltll ~roportioaa. To 1 r.~l. 

of t ho c1xt.ure i n a clean teat tube ~ao added 1 loopful 

or tho culture of the orgnnism srown i n e nut r ient broth 

contai ning 1 .~ (~!'') r~o3 , 1. or. ( /V) poptono ond 

0 , 6;" ( ii/V) lfoOl . The dovolOJ111"nt or n rol.lc! pi nJ: col our 

wi thln D cinuteo at roo t.ecpot• ture 1101 tllken oo 11 

pooit1ve teat t or nitrite. 

(iv} I ndolo tent . & dro a oro stunted aqeeoua ooluU on 

of potoae1~ peraolph 

dlmothylnmt no ben ale'! 

tollottcd by li dropo ot JlllrG­

•crc put on the t i p or a 

11111111 pieoo or obaor o t c tton ool 1 J ~. had been 

to~d 1nto a pl ug, T cottnn w ~ r, vr d to l~B 

a tUbe ot cult ure f l uid n4 uohod dow •o~n until the 

Up wae about an inch from Ule tlulc!. rile t ube 1101 

etooc! ln • bath of boiling water. A red oolour tomed 

a\ \be tlp of Ule pluc wu cont14ered 11 11 Tlng • 
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( v) Storeh h7drolyie teet. A loophl of the culture wu 

1noculot cd on to o.a aol~ble etarch in nutrient agar 

and allowed to grow for about 2 doya at rooo tC::lperature. 

Then the otorch agar plate woe flooded W1 th a sa turote 

solution of iodi ne in ~ alcohol. I t woe al loved t o 

rcr.~nin on tor 2 minutes a.nd then drained trona the plate. 

The preacnce of a cle:n zone around the gr owth 1n whi ch 

thoro was no blue colour was conaidered an indicat ion 

ot otorch deatruction. 

(vi) Ornm1 !! ll'ld1ne tent • A thin fUn of the culture wna 

mnde on o clean olido nnd fixed with the Clinicum amount 

ot heat . It woe then n ooded w1 t h a ci:rture ot ~ 

parto of ~ aqu~ouo cr;ot nl violet and 8 pnrte of 1~ 

equeoue RoHoo
3 

ond allow ~ t-, rc in for 6 mnutea. 

I t. wao "nahcd to remove xcau otn1n nnd t reated with 

trceh iodine for n • Th r oo t hen 

dacolour1acd by oddi n acetone to 1t drop by drop. 

The olidc wna oao1n wnahed 1n top water ana co •ntcr­

atoined tor 20 oeco~o with 0, 1 aqucouc colution or 

oatrenlne . It wu f i n.oll7 woahed in tap water, blotted 

dry and eumined und er the 111 i croacope. Beot er1el calla 

a t oi ned ~olet were regarded oa gram poa1t1vc , nnd thoeo 

a t o1ne0 r ed ae gram negntivo. 

(c) Reeulta . The photo m1crogrnphl or Ule Of £']n1&:DD 

i solat ed art ehowo 1n f 1sur oa 2 \ o 10. 
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B 

A • Aenr plate aho•1nll coloDiee arom trom tho surtace 
microrlor or corn. 
Tho lllrl'!c oc::U transparent colonlee are those ot 
Atrolnotpr Rlooc •• 
Tho ere ~ white opaque colonlas on the eurtoco are 
thoae or Oor-rn!!l etert 11'"' 1'\lChignnen~e . 

The ~11 white opaque colon1oo oub~crgcd ore those 
of Lactobno111Ja plantar~. 
The rou8h eurfaco4 colo111 o~t. !he top left. htln!S 

cornu 1o that of Candido Nc;o9ern!!. 

The white wool7 colonie• ere tho~e ot Anpgra1llut 
an4 Ptn1oUl1!!!! on4 the pink onu thooo ot 
OapbalotRQrlum and Fuenru1m. 

1 • Apr plAte ahOIIS ng coloniu grown from a 04 houra 
old corn ateep a•11tur • 'l'h11 1o marked 'b7 p."'OCSOCii­

nance ot Aaroblattr colonial and complete -
el11Unatlon ot tht 1110uld1. 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UNIV
ERSITY O

F IB
ADAN LI

BRARY



A photomicrograph of the cell~ of 00!XnebActer1um 
m1ch1eonenae ahow1ng atn1ncd granuloo under an oil 

1m era1on lena, 
P1aure 8. 

A photom1croaraph or the celle or Aorobftcter cloryc~o 

et.ained •1 th O~'• 1od1ne and put under nn o1l 

111Url1on lena. 

28 
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A pho\o::~1crograph of the ccll11 or Oorxnebneter1uo 

m1eh1gnnenoe ahow1ng atn1ned uranuleo un1er an oil 
1 crc1on lenc. 

J1sure e. 

-

A photo::Ucroe;raph ot the cella or Mrob-lctl!lt el!)l'l£"9 

atalne4 wlt.h O~'e 1od1ne ond put under on o11 

lacerllon lena. 

28 
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• 
A pboto~croaraph ot the cello ot Lnctobnc1lluo plnnttr~ 
atoine~ with Or 'e 1o~1ne an~ put undor an oil 1emera1on 

lena. 

t1aure 8. 

2 
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• 

• 
• ~ 

• •· • • 
• • • • • ..... 

A J,lbotollllcrograph o~ the eelle of Sasctaro.JJcu etrnh111 1 

eta1ne4 llnd em"Xlned tln4er ll:'l oU 1 eralon l ne. 

-

• 

• 

A pbltt1 'UOI NJib ot t.he a.U. of 1 

et•lalft 8JII1 eu'llaed un4tJ' tn on s ll'llon lena. 

flpn 10. 

• 
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• 

• 
• ~ 

• ' •· • 

• • 

• • 

A photomlcronroph or t.he callc of 
otCI 1ned nnG eXI\!'llMt'l tJnder nl'1 o11 

-

• 

• 

• 

• 
Qnccl.oro]10C6 oeroY1 s1.!f, 
1 erei(m 1 ne. 

A. phoLo:n1crogrepb of the colla or Onodldo Jl!S~!llj3o 
eta1noc1 end em 1r.cd uncSer en o1l 1cmore1on lena. 

f 1ttu re ,I,Q. 

)0 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UNIV
ERSITY O

F IB
ADAN LI

BRARY



" 
J'aM:entat1o_n teet a wl tb m1croorganl1me 11ol.ated t'l'om 'Ogl' 

Aoroboctor Z..ctobac 111us Cor,ynobacterlum ca.::chor oa:ycae Cai1(11CIII 
Carben S:,urco ~- c1oncoo o1antoru:~~. m.ic hiaanenae ceroYla1Ae l!ll'COdt"t'~ 

ou n110 raoR 1 oee Z:/10 l!aOfl Gfte r/1<' lloOU Growth Per a:. I.Jr owttl Pore. -· Arablnoae • 1. 1 0 . ?5m1 o. ~.-ml - ·- • -- -
1 Ilextr.ln • 0.7ml 1.Jm1 O.Oml - .. -- - -
1 Oluco•• •• 1. 81111 - ~ . 3ml - 1.2•1 ~ + +·+ + 
I SUcroae .. 1. 8ml 5 . 91111 0.41:11 • + + •t -- -

!Acto eo -t 1.0.1 1.15l:l - 0 . 01111 - - .. --
1 PJ'uctoae ++ l. 9ml. - 3 . 3ml - o . ~ml + + ++ + 

Keltole ... l . 9a;l - 3.4•1 - o. ;cl • • ++ -
Galactose ++ 1.9ml - 2 . 6ml - 0 . 2n:l + + •• -
R.o t't'loo eo - O. OIRl. - 2 . 2d - O. O~r:l + + • -
&orbltol + 1 • .:.:;.1 - 1 ,· c-1 - 0 • .31111 • + • -e :....; ..... 

Gtarcb - 0. 51111 - o. 8r.~1 - 0.4ml - - t -
l:ennltol ... l . &a1 - 1 • .::::1 - l. O<Ill - - • -
X7loae ++ 1. 811.1 - 1.4~1 - O. Otnl • + • -
rro Carbon - 0 . 01111 - 0 . 5r~l - 0 . 011:1 - - ... -
5,:. u1t • Glu::oee - 0.4Jtl - 2 • .}.:11 - 0 .. 01t1 - - - -
'ttb7l Alcobol - - - - - - • - ++ -
IAc:Uc Acid - - - - - - - - .... -
.Acot.lc Acid - - - - - - - - ++ -
P7t'U'I'1C Acid - - - - - - - - - -- ---F1ocbem1ca1 tcate 
araa 1a Iodine eto1n - + • n . a . D . D. 
Vos•• Prauetauor 

teet + + - n.a. n . n. 
rntrate reduction 

teat ~ + - n.a . n .a . 
Indole teet - - - n.• . n. a. 
Vott 11 t7 + - + - -
Starcb bldrol1•1• - - + - -

•• Poelt1Ye ... Ver7 poll t1Ye - reget1Ye Perc. Pera:entat1cn n . a . not ooo11oable. 

Table ' "" -
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!bello l'llcrHou '• the nl'ioaa blocbnSoal teata are 

llftll 1D !'able 3. '1'he tollo'tr1Ds aol"pbolopcal aD4 

oolcmial obar.cterl aUca were obael"Yed 1D tbe alcro­

OI'P"' ... • 

IOVLpB 

!he colaniea poaaeaaed white tutta 

or 1'1bN OTet" piDlt baaea , !he CODidiopbore na 

awollen encapaulatlng nuaeroua cOD141a which were ODe 

called, CJ'].1n41'1cal and or unirol'a abe. 

lgtal'1ua, 'l'he colODlal ao!"pbolo£J wee a1a1lar to 

cepbaloaporiua. 'I'Wo alsea ot conidia nre1 hcnrner 1 

obael"Yed, Dllllel)r aicro and aacro conidia . 

Atptrpilly, 'l'he coloniea were block. '1'he cODidiophol'ea 

weN upl'lpt, alaple, teNinatlna lD e Sloboae to 

tlliptlcal nell1DS 1 beering ph1al1doa Ndiati.Da tl'oa 

Uaa tmtin eurtace . '!'he conidia wel'e ono celled and 

apha1'1ca1 , 

'l'he colonie• were circUlar with sreen 

nlYet nl'tace. !be conidiophore• aroae troa .,celia 

1D ~'-• br.nohtnl near the apaz to tora bruh 

like oollicUal b•l'iDI apparatue. The conidia wera 

ODe oella4 an4 apbeploal . 

ftt oolODiaa waN 

an• n4 , .. u ... r-un 1D oolov, oODYa, •ooUa 

tNIIlaloiDt OD tile aat'hot or DUblat •IN'• 
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!beT were relatiYelJ lar t. 1 to llr.!o 1ft 

4i ... ter. 'l'be cello el' roC 'lhl ch were aomet.loea 

eloncated into cnrveA b r with ~tnlnel ranular b nda 

along their longth. T c celln s~enr d in n pol.lL cie 

arranaement with occaolonnl ana ping fore . Tho cell 

showed a Yery weak illeetatlc action on atarch agar, 

pro4uceil much a old troo glucose onil 11111nn1 tel n.nd aUght 

acid from auoroae, fructooc, mnltoao, gnlactooe , 

oorbttol and atarch. The organism wao gram poolt.iYe, 

motile and d10 mt reduce nit.ratco nor protluco indole. 
r 

Aej:o\!nqter &.I.R!!c • The colonies wero lnrgo, 

mucoid , circular, ani! noll'.otimce aprendlng on butrlont r. 

The7 were con•cx, het~t about 1 nrn. nnd dlaooter nbout 

3 to 4 on. 1 1111ooth and oc~-tran parent.. The calla 

ware apherleol to oval ln ahapo occar1ng in large 

cluetera, but moot~ 1 1 r and :rn ch inc. The 

oraanlUI waa gram ne!;ttlYe terment1ng arob1noac, 

glucoao, eucroa , :t'rJct c , lt a , alnctono, corbitol, 

mannitol and X1looc t 0 c 111 d • · Ita • 

1rowth waa arrest 1 t1o ntd • • able 

to ra4uee n1 tra tee 'bat not produce indole. 

IActobtc1UtJt planttr • 'l'ha coloniu 'fer r.111l , 

circular, orientated ln an oblique angle but Rubmaraac 

1D matl'lent e1er. 'nla cell.e were rode to1'1111nl lnto 

aNSa• 'but ehoWeG no JNDUlar et..1n alonc their 1~. 
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3b 

.. 
'l'he orsanioll prOduced Dore1 ocid than ornlnctl!r cln-

but no sao t r 0111 the following augDra: S).ucoBC , 

oroblnoae , sucroao , rructoae , anltooe , ~loctoao , rnttinoae , 

cnnnitol , xyloao, dextrin and aorbltol . It wee not aotilo , 

but n i trate reducing, srn• pooitlvo o:.nd u..oved aalt 

tolerance ot 5~ brine solution. 

Xcngte 

pncchnrooxceo cor~v1e1ae . The colonies on nutrient asur 

or o 11b1te , lerge , thick and donee , growing into a 

nuGhroo11 llhape . Thoae aubmorged grew toword.a the 

eurtaco , nnd oleo into dichotoaoua pro~octiona . The 

ourrece colonioo hod their tope dry, aligbtly convex 

ond oomet111oa raised opicaa . Tho calla wore ophor1col 

to oval ahowins au1tUaterol budding, ond tel'l:lented 

glucose , aucroaa , tructoae, aaltoao , snloctooa , rotfinooa , 

eorbitol and xyloao. Etb¥1 alcohol woe uaod tor growth . 

Rhodotornllt . The colonie a woro ocnll , pinlt 1n colour 

and aoiat on tho aurtoco or nutrient agnr . Tho colla 

wero very a1a1lnr to thoao or ~~ccharoexcea cerov1o1ae 

except that they occurred aoatl7 a a ainsle cello , 

CltnsUd" l!l.fCOdtm.'l . The colon1co were large , 11'h1te , 

opaque nnd dr y on the aurtaco , with ro1aed centreo ond 

0 crater ot tho peck. Tho cello were oll1pao14al nnd 

t orcod l ong cbD ina whi ch conatltuto o paaudo.,cell ua . 

o oporulotion or nacuo woo obacrve4. 
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ft1.1w 'faNe4 a 4r7 WI'1Dkla4 pelllo1e Clll the avtaoe 

or matrl-' 'bl'oth, ani waN able to utUhe aNb1Doaa, 

4axtr11l, Sluooae, aucl'oae, lactose, tnct.oae, aal t.oae, 

placto .. , ..rtllloee ,IIOI'bltDl, e ~I'Ch, l'ha=oee, 

•eMltol, qloee, et!Q'l alcohol, lactic acid and acet.lc 

ac14 tor II'V•t.h; wblle onlJ able to teraent. glucoaa and 

t'l'uct.oae. 
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• 

(•) PenqentRHon chsrnc 1 J l • or corn 

were aoekeC in 6 Na2si>& aolst.1on for one day 

to prevent micro i 1 1n1'cct1Qn. The com ;r. 1n11 

were then dNlincd nd blotl dr,., T 

then ~ako<J in .... l1tr of d1ntillc vat 1 nd 

almont ioll:ldiatol:t -:1llcc1 ct. arC o1cved thro h 

a wire mollh n, , s, ·o. 44 (aperture 3 fi c1crono). 

'1he p.lrt1on that pocao4 through t.hc aicvc wno 

thoroughly m1xocl ana 100 cl. ol1quotc tronDforrod 

into each of a nUjber of bottlca, atcr111oed at 

10 lt. proooure r or 15 run.Jtoo nnd lobcllod •• 

tollo s-

Slll!lplc OC woo inDculotcd vith 2 c.l. of o D dey olcl 

oteop liquor of' corn 

G-'lmplo Cory woo 1n11culatcd 11i t.h 2 cl. cf ieoloteC 

Qprxn bnstor~~ culture oolut1on. 

Sample AC 1 " , t '1'1 t.h D ml. of 1ao1o ted 

orpi!"S\St c altw"' olut.ion. 

Sample LP waa lr~c1lnt "1 th 1 l, of 1aolatod 

cultuz- 1 •Lion, 

Sample Ql WRD 1 ~C 111 t. llt 1. of 1nolata0 

Candid , c o lut.1 n. 

Salllple AC x LJ' waa 1noculnted •1th ~ ml . 1:xtu c(l&lY!f 

of Am)!f\V and Ltc\9blc1Uut 

oulture aoluttona. 
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8a~tple .AC. x CK ••• inocula ted with 2 nl. auxtare ( ..It') 

ot AeroW'ct ot ru1 Cnndido culturo solutions, -
Sample LP x <nl w o inoculated with 2 ml , m1xture(l 1 '/v) 

of Lnctobacilluo and Cnndidn culture ool tion 

Saoplt~ AC LP 1t 0! woe inoculat d viU !' ml . (l:l: 

mi t.Jr or U!.ctobncillu~, !BJYllo1ctrt an.. 

Cnndld culture colut1onn , 

v) 

Bnmpl,. AC. :r. I.P 't So CC' • tnculotnd •1t 1 1. ( : ; 1 

mixture o! Lnetobnc111' , Ae~obnqt~r _ and 

Bncehnro::vceo culture ool•1t1nno. 

A control n~nplo w ~ eet up which waa n~t tnoculnted. 

Two other oru:~plco inoculotcd W1 th ecrnbr:ot t Wld 

Lnotobno1_llu!l culture aolut.iono reupcot.1'Yoly were 

allowed to feroont ot 46°0 in n t.hormoatetlc buth 

for 2 dnyr. , Tho lnbcllcc1 Gnrn leo, on tho other 

hn na , voro allowed to fori!IOalt tor S dnyo nloo but 

at roo temperat.uro (30°-3B00) . 6 ml. Quant.it1ca 

were taken from ouch nomple every 4 hocrn tor 

titration agoinnt O, ll Noon uo1nu phonolpnthloin 

ao the 1nd1cotor (:PI 6 .4-10.0) . All theoc 

operotiono •ere cnrr1cd o 1t 1n n eter1lc room 

~.~Mer ultra violet ll ht, 'l'ho 11 ht wa put out 

during the tl o of 1 c•l tton , tlld n dlfrcronL 

plpetto woo uaed tor c 11 plo, 
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(b) ie:i~ttl~\1on DG ee\1 L1Qn or organ1c ac14a 

(1) §_epnra\1o or Ute mltlt1ve nrd non volnt1le c1c1e. 

nl r ~c , n , I P nnd c:< 

wc:ro tronaf\n .. 1 to n t•or t n.-' r ..-1 cr-o :Wot l 

opperntuc nnd c11ot1lle11 in twn in t. e rc nC' 01 

ul. of 2. fi" (V/V) ••If04 1n CO'tUMt.cc'l 1gSO 

solution. /lbo11t 50 ml. wero d1ut1lled n~ thon 

titrotcd osa1nst 0.1n ftaOR solution ~t.h 

phenolphtholdn no 1nd1cntor ( lfl 0.4-10.0), in 

order to eot1nnte the volatilo oe1do eonc:cntrntion. 

A control diot111Ltt1on t11th & cl. of t'i1nt1llec1 

woter nru1 6 ml. ot • ~ (V/V) H
2
so4 in IU\t. LlgBO~ 

oolut1on wno olno curried out nn6 the diut1llnto 

uoo4 to e11timato ~a blank col'roct1on n-~lua . The 

conc:entmtion ot tho non TOlat.1le acid wao deduced 

by dlrtercnao tro~ t o total t1trnblo acidity 

Ynl.uc or n r. ml. JlOr'tion ot the D:!!llc IIMiplc. 

(11) r~p,r chro 

method ueod 1n oero~1n< to Reid nnO Lodcror (1961) . 

'l'he ai!I!IOn1 u:n nat tr (If vol 1le tu··t 

hi,. 1 

8 out. a a 7cllo Jpoto in the pre a A nee o~ 

b~creaol purplo 1~1c~tot, S.!-6. ). 
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(b) 

( 1) lep!nUon ct1' th wlnt1 yo n~ non ..,ol!tUe !9141. 

5 llll. aUq 10ts ~ 1 !lC, U , IP end 

wore trun 'fc 1 to o l 1nr ho:"l' '"'icro 1 

apperetue nnd d1at1ll a ln turn in t rc c: of 

1 . or 2. r,,: (V,N) ·•r~-o4 1n eatuMtect l!fCSO 

aolut1on. About ~ ml. were 41et1lled nnd then 

titrctea oguinst 0 .1 ftnOH aolut1on tjth 

phenolphtholein tUl indicator ( Jit 0. "-10. 0), in 

order to eat1 to the volatilo ae1da concentration. 

A control d1ot1llot1on il1 th 5 cl. ot t'llaUlled 

water ond 6 ml. o1' • ~ (V;/V) Ht:so4 in eat. Kgso
4 

oolution wno nlco cnrr1ec1 out snd tho 41at1llate 

ueecl to estimate "the blank corroat1on ftlue . 'J'he 

conccntrnUon or tho non TOlat1lo acid waa Ceduaed 

b7 dit'reroncc 'fran tl e totnl tit:Nble aotdJty 

nlue or ft 5 ml. '[l0rt1on ot tho er.me Bl\lllplo. 

(11) PJJl!f chtOOAtQ .rn l1x t!f the YpJ.!U!a IC1d! . The 

1Mtbod uaed 1D .accord1nr to Reid and Lederar (10M). 

n. e111110n1 \1111 e l t Clf' vol lle r1 or prepare<! 

&ft1 .. ~ftl,.d n e.'H l':: to I'll 1.,. r. 'Phe ~ c1 • 

ou\ 11 7ell01r ~te ln the prea nee o 

purpie 1ncUoatoff , . t-6. ). 
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Ren£ento.l . o.osrt Be(OB)2 
2. o.o!(,: (W/V} phenol rod (pfl . 6. 8-8 .4) 

3. Soturotod solution of ~ani~ oxalate . 

4. o.sao Al:l:lonin 

5. Solvent c)'ata: n-butnnol wna rediotlllod 

ond then ohakcn w1t.h an oq_Wll volWJc or 

l , 5 11 tm3• The tvo phases were 

aaporntcd before uoe . 

6. Indicator solution: 0.04% (ftVV) 

br~ocrcool purple 1n o 1:5 (V/V) 

dilution or B, P. rorcal1n (40~ colution 

ot torcoldehydo in wntor) 1n ethanol , 

the pll of tho solution vtUI adjuotod to 

opprox~tel7 5. 0 b7 addition or 0. 111 HaOR . 

1. mwtrum flo, l opcc1ol chroMtogroph,r p:~per , 

~ocodure. Tho d1otillotoa or tho oaaploc uac4 in 

Jb (1) wore aoporetal7 nautroliaod to ~enol red 

(pn 6 , 8-8. 4) with 0. 05 n Bo(OH) 2 solution nnd 

CTDpoMtod to enDll valw:~ea . 'nlo7 ware then 

tmnatcrrod 1A turn to Dllllll ccntri1'ugo tuboo nnd 

avaporotod to dr)'naaa . A al1Bbt oxcoas of o aoturotod 

solution or a oniua oxclata woe added to aoch tuba 

to sancrnto tho oanonill11 cnlto or the oc1do. 
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'i'he b3r1UB oxalate '11':10 ecntritucod ott le&Tlng n 

aupornntnnt auitoble for cpotting on to chr~ato­

grnphic pnpcr. The obeete of \\'hntcnn no.l paper 

were oxpooed to an ntDoaphore of concontroted 

aqucouo r.n
3 

in n clooed vooaol ~or 3 to 4 houro 

1nccd1ntcl7 before uac. Approxiantcly o.oo5 Dl . 

of tbe ncnon1uo onlte of tbo ratty oc1da prept~rod 

no nboTO woo opottcd on the pnporo with o Dicro­

pipettc . 'i'ho otortlng llno wo 3 cJl. ~a:~ tho 

botto:a o.nd the spota were placed 3 cr.:a. opcrt . 

1nnon1ua colto of the tollowtns tott7 ac1do ore 

proparod1- acetic, formic, propionic , butJric, 

capryllc nnd loct.1c, and wore apottod on the 

chroantoGra~ po.pcra aa well . 

The aheotc wero clipped on to coco clooo rode 

1n tho cbrOtltnnlt and mode to otond 1n tho lo:ror 

of the butftnol phase of tho aolvont e:ratcm, and 

tho clooo tittins lid of tho voooel put into 

poo1t1on . 'l'he oqueouo pbDeo of tho solvent ayotoao 

we put 1n bcoltcra which were atood 1n tho butnnol . 

24 houro woro nllowcd for tho doTolcp:lent of the 

chrcmnt.oarnca b7 ucend1n8 technique after wh 1ch 

the pnporo wore token out ond dried ot roon tocpernturo . 
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»a~• WIN \ba apre~e4 •• ennlJ u poal'ble 

with \he Sn.Ucd01" ea1ut.1oo and bel4 f01" 2 to 3 atnutea 

1n an ataoaphere oaturated wUb dilute ... on14, re­

aodns et. bJ"let 111\enal.e to nt.ch tbo p1'081'088o 

Bl'lsbt. rellow agoh eppeaJ"ing CD a abble pUl'ple back­

IP"OUDd idenU1'1od the locat1o:1 or tho conaUt.uont 

aci4a, Tho dupllcatoa or the cbroaatogrnac were apr&Ted 

with 0, 1H ASRo3 aolution containing ono tltth ot ita 

Yoluao or concontrat.cd mr3• 'fho7 wero hooted at l05°C 

tor a porlod or up to 30 m1nutoa, when tho preaonco 

ot tol'llic acid abould produce o clark apot unl.lko 

otbel" ac1da, In th1a wa7, tol'lllc acid could bo 

detected 1n tho proaonce ot acetic and lactic ac1411 . 

( 111) Paver CbrOIOtomphl ot 1h• nce-nlnUlt aol4o· 

'l'ho aethod 1a a lao aooor41ng to Ald.nl'olo ( 1964) 

20 a1. troa eoch or the toraonted oaaplea under teat 

wore '()Oeaod through, 1n turn, o col\JJU\ ot Allborllto 

roaln IRA-400 in the carbonate fora in order to 

abaol"b tbo ozopnlo ac14a, 'lbe7 waro aubaaquan\17 

eluted nth o.D (RB4)2co3 aoluUcm IID4 conoent.ret.o4 

to about 2 al. , tbo uoo .. ot (D4)2ao3 huJ.Ds a.o-­
po .. 4J 0,005 al, fl"a. .. oh or tbo preparod aaaploa 

waa epotta4 witb a a1o~op1pott.o cm t.o lhat.aan JOel ~· 

bte~IN8 el)Ota were aliO •ct.e wl\11 tbe toUowiq 
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1111J)Iat1o aolaaa- lactic• ncclnlc• a11c• \aftal'lc• 

oxalic •"4 oUrla, ~e pap81' ••• 4enlope4 with 

phenol-nt81'-toralc acid reapnt (75a25al) uaJ.Ds the 

4eaceDcUag teolmlque, !he chrOMtograa waa 4r1e4• 

and ap1'87ec1 wl t.h broaocreaol gNen indicator aolu\1011 

(0. 04 g , broaocreaol green in 15 al. or ethanol aad 

5 al, ot water, lta pH acl~uatcd to 5.5) . 

(1Y) Colu!n cbroutom hz or. th(! reid! or ost. 'l'he aet.ho4 

uaed la according to Probaftn eto!i•(l951) and baaed 

on the gradient elution pr1nc1 lo . 

Pnptl'!ltion or nc14 111!\ure. 20 s. or the et aaab 

ot ost told coamerc1all7 ond equ1Talcnt to about 10 g , 

41'7 aatorlal were extracted with about 200 al , or 

41at1lle4 water and then allowed to aett.le before t.bo 

aupernatant na decanted orr, The oxtroctod aclda 

wore neutrallaed wltb o. IR Noon solution to a tl1Sht 

excoaa , end then onpol'ftted to loaa than 5 Dl, botore 

t.ranaterrins to o teat tuba. Tho oYnporot1on wfta 

oont1nued to 41'1n••• 1n a current ot nlr. A In lla•• 
boacla were t.ben a44ec1 to tbo cooled reo14ue and 3uat. 

eno~ cone, n2ao4 •ter (lzl) to COllYer\ aU \be 

ao41ua ulh to h'ee aclcta. !he lla•• 'beada ••" 

1'0tllte4 to .Ue ave t.bat all ~ aodlu ulh ha4 bHit 

wtteA, c• OD01IIb ·~4l'oua ~Ja1ao4 wu u. to m a 
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the content& ICD1 aol14 . 'lhe oc1da ere fir.:ll.lj ex­

trocted t'rO!l t.hc ecm1 cclid with l c.l , of If: (V/V) 

tcrt -oarl alcohol 1n chlorofor= . 

f'rncedu r c . 3 g, or o111oo gel wore Dixed thorouGhlY 

with l Dl . or water and 0. 15 al . or cone . H2so
4

. 

Tho atxture wno olurricd with 50 al . or chloroforc , 

poured into n glnao chronatogroph1c tube (0 .8 cc. 

41oaot.or x 75 CD. ) , end packed into tho colucn by 

tho peeoogo of a L"1.rrthor 200 &1 , or chlorofora . 

Tho aci d •1xt uro dioaolnd 1n 1 Ill. of 4~ (V/V) 

tort- amyl olcobol 1n chloroform woe applied to tho 

colunn. The cbro:otogra• ~o doYelcrod by tho auccea­

a1vc addition of 50 al . chloroform, 50 Ill . or 4~ 

tort-aayl alcohol 1n chloroform 50 cl . or 10~ end 

50 al . or l~ tort-oDJl alcohol 1n chloroform 

r oopccUvely. 3 cl . froctlo!UI or tho cl\Ulto wore 

collected in o number or teat tubac , and to eoch tuba 

wno oddcd another 3 al.. of wntcr botorc t1trat1ns 

c£111nat o.osn 11110H oolutlcn vith phonolptholoin oo tho 

1n41cotor ( pll 8 . 4-10. 0) . 

(c) Reoul ta , The rotan and oaounto or totol oc14 

prodact1on durin& tho ferDontotlon of oa1 by aolcctod 

al oro-orf)lni a o ore chawn in Table 4. 
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'i'be cc1l!Spro4uccd also by tho or£D.D1tt.o ere ce2:-
• 

PAred graph1cnllr 1n P'1£Q.re 11 . 'ihe rclat1o:ush1p ot pH 

to the volllllc or olkal1 uaed to neutrol1ac ogi ocida 

1o depicted 1n Figure 12 , 

The nature nn4 naounte or the oc1dD produced by 

tho a1cro or6!n1eno oro laid out 1n Tnblee 5 and 6. 

The compoe1t1on of tho al1phat1c ac!do or comaerc1al 

os1 determined by coluan chroaatogrnpb1c tccbn!que 

1a abown 1n P1guro l) , 

or corn 

(o) esrbohydrnteo 

(1) ~uont1~ftt1xe eet!nfttion ot tho auepro. The aothod 1a 

according to Duboil,tl. !,!. (1956). 'l'h!o 1nvolvea 

the eeparotion or the cowponent ougnro on ohroaato­

sraphic pnpor ua1ns the dlaccndlns tochniquo; thon 

eluting the o_poto and aeeoJinB tho conccntroticn ot 

tho eluted eugnr oolorlmotr1cnllJ, 

Propcrntion or the tcaplae. 

SaJaplc w - 10 H· or corn sm1na wore dr:! o1llod 

IUld then oxtroctod with 100 Ill . boiling 

7~ aquoouo Gtbonol for obout 15 ainutca, 

Tho aupornntant voo t1ltcroa, 

• 
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!2tal llC1d proCiucUon b,y m1croc.rgon1r:ma hclflted fror C4! 

1u1va1ent c.l. or Jl'/1.:> roC..,! at ju0 -Jt - -. I 45°.::. 

I :C.7 
Ti~ I 

• TAc rf.t>x AC . I ::ol'1 t r o 1 x f:A_..: t;., AC :Z::: ! .LP U A C. AC IP -I 
.4:1 Cor~ 2 AC 3 LP 4 Ctl ;, L? 7 ..;r 8 ~-

10 11 
. - - . 

r . J2 
110/J/66 5!JIIl O.JO 0. 30 0.34 0.!10 o. >6 c . .;>L .... !o O._iO o. }tl O.JO ~0.30,0.32 

81l!l 0 . 110 0 . 34 0. J!• 0. 3:! O • .J4j0.40 0. }4 O.j2 O.J6 o . . H.1 0.)2 0.)11 rO.J 

o.;4I0.34 0 -~ Q, Jt o. 21\ 0.}4 " · 3!' o. ,..,o. J 

I 

11/3/661 J 811: o.~ 0.48 0. 46 0 . 34 . ' 
1.~ 

o. 0.52 0.44 0.64 o. 112 o. 42 0.~12 0.40 0.40 o. ·,o O. hl1 o. ')0 o. 
0. 90 0.80 0.60 o. 74 0. 68 0.60(.76 0.6L; 0.6~ 0. 4t. 0 . 10 0 . 36 0.3 

6 . 15;:1: 1. 60 1.20 0.82 0. 84 0.96 o . 9o o.e6 0 . 94 o.aa J .bA 1. 112 0. 3~ 0 . 1 
10.II()r.-: 2 . 0t, l.JO 0.78 0.9!1 ~ 1.00 1. 10 1.28 1.20 1. }4 o. 5/.1 1.62 ,O.bO 0. 

12/J/6€1 4. ~ 2. 76 1.50 1.56 1.64 1. 22 1.66 1. 50 l.JO 1. 711 0 . 60 2 . 114 0 . 118 0 . 

,8. ~Oe.:. 3. 00 1. 20 2.08 2 . 26 1. 6411.92 l.i6 1.50 1.98 0 . 6tl 2 . 82 I o .. 6:! 0 . 6 
1 .-~ J. 20 1.80 2 . 111 2 . !.11 1.5012.118 1. 88 1. 76 2.08 0 . 64 .s. or. 0. 58 1. 
6 f!CI J . 42 1. 90 2.24 2. 62 1.11412. 86 2.02 2.00 2 . 20 ..t .ao J . 2ti lo. 6u o. 9 

Plt!Yottr teat '::Jed I Poor 1rl Fo1r !Fil1riV. P81riV. Ylllri••. PoS .rl ~cor •• ilcoll I Poor It >co 

AC. 

tecp culture obto1ned by etec-ptn~: corn sretno 
: C~l!l..rc ~t ,.:or4·nct:!lctcr1'-~ c.ich1.e;llnan[la . 

" ., A~-rn"'<>c;lC'It clf'll'lcnn · 
• lactobac11'lull "ltonta.ru.-

01 

.. in otcl' ror 2 dn..-11. 

• 
" l':e n d 1 ~ e ~~:rc ode J'J:ID <-

ace h • " " ~ ----=~.::.= •ocnarooz~~~~ ~erav1o1oo 

'\! • • 

:u::t-lca 1 - 11 .. :·ercnted nt !Oo _ 32oc 
aqole 12 - 1.3 .. f!!rr::!nted t. t 45oC • 
· . F . • Vorl Pclr · 
-;. ; . • Vorz oood PloYOur torit a C1x poople who wer~ !'ooil1ar w1 th the tlovo•lr of 
aoltod to r.lCll the var1auc eonplcc , nnd the.1r renct1ono pooled. 

•o~ ucro 

• 
'fable 4 

t:­
\1! 
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-
Glilt'Olel 

.t.,.uhu!etlll • ol ... r 0.1. • .:~CH r.tl. \ 

lOtll AC1de /ole tile • on- o lt. tile 

1-
Acide A::1de -- -

Leboratory 
C&l PI 3.42 1.03 2 , JO 

Aorob ctor 
ter~nted PJ 2 . 24 0. 81 1. 43 

1Jiotoboo1llua 
:&.:1 er•ted 4 2. 62 0,26 2.36 

'Vcor.t (C n61tln} 
ter~ntetl P5 1. 44 0 . 80 0. 64 

Table 5 

Organic Aolde tountl in d1tteront aacplea ot Og1 

ttO . Acto a PJ P5 F4 P1 

Porcio - - - -
E'utJriO - - - tr. 
/.oetto + .. + • 
Propionic - - - -
oc t ono1: - - - -
Oxalic - - - -
lJIOt.10 + + .. + 
cucoinic - - - -
.::Hr1c - - - -
or~or1c - - - --

"nb1o 6 

P1 !Dborntorr o ' 'lrePAre4 b) nntural fer ontot1on. 
PJ Cg1 ter ontetl ~ 6rreb ~\ r '~~~~ onlf. 
l'4 • • " lllllobnc\ 1~ i!l11nt11ru onl:v. 

48 

P5 " • " aeni!li;a _en er1r.11 onl:V 
• Pruent - Abaent t r. .,e ent 1n trace o~:.t~unt. 
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e-.aporat.ecS to about. ~ al. aDil then 

n.de l.lp to 10 z::J. v1 th C!)I'O 70, eUUl.nol. 

Ba~plo 0 - 10 • of corn grn1no wore eonk~~ in 

1. water and 6 -1. or toluene added, 

for 2 daye. The toluer~ olo c t.ho 

sro•th or r:l1 cro?r(ll\n1 c::!!. J. t tho end or 

the perlod , tho corn ne wet clllod and 

roturnod quantitet1Yety to 1te eooking 

voter which woo cade to 100 ml. Y1 tb 

etiUlnol. The whole contente wero boiled 

tor 16 1111nut:)8 anO tUtored. 'iho filtrate 

\YU evaporated to about 6 ml., and cado to 

10 ml. on COOlin8o With ~ DQUOOU8 

ethanol. 

Ga::iplo P - 10 g. of corn gn1no voro a1.m.1lorlJ 

t.root.od oa in tw:lplo C, but Y1 thout U\o 

add1t1on or toluene. 

Bsmpl o LO - 10 8· ot corn sroinn wore t.rooto4 oo in 

O:lriJilO F but ot t.cr •• t. lllilU.n , 1 t. wae 

oiovcd to rc~'e cosroc cntorlolo , then 

1ft. 1n ltn e~n\1n r tor ror onol or 

~ hoara to aour. Tho t.rca t.:.:l:-~t vi th 

ethanol followed b1 boiling , f1l•rot1on 

anO evapol'ft\lon wore 11ubeequont.l1 

cerr1od I)Ut. 
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Sample co - 80 g. or c~orc1al wet oa1 

(approx1mate1J equ1 nlent to wbnt 

allould be 4er1 nG from 10 g. d%7 corn) 

wore extract ed with 100 ml. ot 7~ 

aqueous ethanol, t1ltorod and the 

filtrate onporated to 10 ml. 

Prooedurg . lach sheet ot Whatman No . 2 paper used 

~•• d1T1dcd into two eect1ona, one carrying 

dupllcote opoto ot the other. 0.02 ml. ot each 

sample woo epotted on each t~l1 of the paper at 

about e inCheD !'ro::; one nno~ .. er. A oolutio;. of 

mixed atondoNI au nro at 0. ~ (Tl/V) each, ln 7~ 

aqueous ethar.ol wac prcperad with xylone, arablnooe, 

fructose, alucoae, galActoa~, ouorooo, maltoao, 

melllb1ose, rof1'1noeo ord s lueuron1c acid. Tho 

atandord auaor aolu~ion wna r.potted at 0. 006 1111. 

and 0,01 ml. loTola for compor1eon on tho aame 

paper that cnrrlod tho apota ot samploa under teat, 

Tho chromt ogropb1e papora wore t1rat aqu1l1broted 

1n a tank containing 101111 ot tho oth)'laeotato­

pyr141ne-water aolTant (2tla2t) for about 4 houra. 

Then tho aolnnt waa pouNd 1nt(l the top trousha 

ot the chromtenk a.n4 the papera dipped into them for 

1rr1aat1on tor 22 houra. They wore attorwardo 

remoTed nnd dried at room temperature (30°- 38°0). 

51 
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!he papera were each cut into du~licate 

aectiona. One eecticn wae kept tor uee in the 

colorimetric determination ot the auger epote, 

While the other waa tlre t aprlJed with AgfiO~ 

r eagent (0. 1 ml. sat. AgN03 aolut1on 1n 20 ml. 

aceto~), dtie6 at room t~parature, and then w1th 

o.on Neo~ aolutlon ln ethanol , t ho colour being 

allowed to deYclop 1n 15 mlnutao. Thle pafer 

aectlon wee wnehed 1n 6~. 111:1 3 nolution to r .. ; .. ove 

the back~ound colo~r ant followed by dipping 1n 

tap water. It waa f1r~lly lrlo4 nt roo~ t~peroturo 

hen 'he ouc~r apota ~ore revealed ao block apota 

oga1not a ~ita background , 

The apota oQuinlont to the blaclt apoto 1o 

tho duplicate aection were cut and aoakod in 6 ml. 

o! d1at1lle4 water i n labelled teat tubea 

aepnrstalJ, After 18 hour1 , the tubea and oontonta 

ware ahakan and given another hour to aettla, 

1 ml, ot the aupernatant from BkCh teat tube ••• 

then m1xed cautioualJ with 1 ml. or ~phenol 

aolution and 6 ml. or cone. n~o4 to develop tho 

colour. The tubca were allowoG to cool and tho 

brown colour 1\IIUf'~ for OJ'UC:al density at 

490 mu in n unleArn UP600 colorlmotcr. • 
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A 'bleDk aa JI'QU'e4 'bJ" eUfto\1al U eqa1WleD\ 

JOI'UOD of o)un paper f,.. the uze ~top • 

wltb water u4 reect.1q wlt.h pbanol u4 1,}144 u 1D 

abe \ .. \ 81)0\lo '!'be detONiDa\10111 WIN •1'1'1ed OUt 

1n tr1pl1catea, t.l•e anl"all nlua tor •ch aqar 

being deduced rrom at.l"aipht. Uno lftpbe produ«*1 

from the at ndcu~ BU)t&r epota. 

(11) QhpMU tn Vl ~011\t! IIC!;O [o!li1.Y1nq ftS!OplM !1\4 
IOUl'lne. 

Preparat1on or asmpleg. 

Sample 0 - Corn srainn war~ auaked 1n a ~ (W/V) 

Uu2B2o6 solution for 2 daJB to atop 

c1crobial 1nfoct1on, Tbey ware tben 

milled, ela'f84 throuah a wire acraan 

(B. e. s. ,o,44 apperture 3&& microna) to 

remo"fe coarae particlaa, a.nd than 

contrituged. The aedimant na collaotacl 

anO dried at. 1&°C 1n an air o•an, and 

ndlled to a flour. 

80111ple P - Com grGinr. were aoalcad in plain water 

for Iii daJa, and then treated aa ln 

•B!IlPl• o. 
8aJ11Pla L0 - La bora tor1 pre poNd Ollt UB1DI 9 dQa 

of ateepinR followed b1 1 day of' 

P~ur1n~, ••• dried at '&0
0 and m1lla4 

to a flour, 
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Procedure. A ~ aoluUon (W/V) of each sample 

••• ade in water. 20 ml. aliquot from each 

aolution , after thorough mixing , wae transferred 

into an Oawald viscometer tube BS IPU 71/68 no. 1961 

and ~reed in a large beaker of water heated with 

a bunsen 1lru:c. The teoperature of the water Wile 

mnintaine~ for 10 c inutoa prior to the t~e of 

tnk1ns a reodlng . The time of flow in seconds of 

the sample oolut1on throu h two Gar£ed ~enincl on 

the tube woo detcr~ned ot •or1ouo te ~croturea . 

(b) Re&ulte. The eompoaltlon of the aug~rs of the 

Nigerian corn, 'Laaoa ~bite' varlet,, and the chenpee 

1n their ooncentrat1one during atoeping and souring 

in tho prooeaa ot making ogi are recorded in Table 7. 

the etfocta of thoao operation• on tho vlacoaity of 

the cornflour in water are ahown 1n Figure 14. A 

photoaraphic record of tho oeperation of the varioua 

augen on Whatman cbr01Dlltosroph1c f>4por l'o . 2 11 

pr esented 1n F1suro 16. 
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I 

,. 
cugors cr ~~rn dur1os eteeploa 

&&/100g, drJ c~rn 

~u ra c p 00 

I 
Oluouronlo 17 JJ 45 0 

Mlld I 
R !tir:ooo 63 0 11 0 

ell1 bloce 0 110 0 0 

S\:croce 152 50 76 0 

1u1octcsc 0 :!5 0 0 

Olucome 50 13~ 44 0 

ruoto11e 17 ;.J9 5 0 

'!'u llle 1 

w • DrJ whole corn arn1na . 
C • Corn gre1na ateeped 1n toluene treated 

wftter ror 2 deya , 

p • Corn gre1nc etco~ed in te~ wotor tor 2 da)a. 

1n • J~boratory 'Og1' prc~nred b) ~1ll1na aon~ed 
ocrn arn1na (e . s. s~mple ,) , a1ev1ng and 
allowing the ~~1~1 aclut1on to ae41tent nnd 
beoo&e a our. 

" 
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~ 

I 

VISCOSIT't CHANGES OF CORN F~ .,..TH 

STEEPING ,llftO 900AIMG 

ee- -et c ho..ot r•ow coa" ,O.UIO 110" "'-'A~ I'M, 1-4 
ee--eeF 'I.OUII 'IIOW COAH IOUt:O 1101"\.& .. •TD I' H , I f ~ 

.... _ ... LO • .. L&WIA&T~ .... .,....0 001 I'H • J 

11-- -cC.O • • 

• 
·::: =:::: ==~~'::.::..---:::: ... 

"""" •c -

, 
A 
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• . ~'" 

• 

Chro=atographlc eeparotlon or tho ougaro of corn on popor. 
Stnndard • SLandard augers lOug. oaoh 
w .- Whole corn 

o ,. Whole corn steeped 1n ~; Ho.8s2o6 
oolut.1on t.o 

atop the growth of m1croorgan1nmo. 
p = Whole corn stooped 1n rla1n water. 

P1gure 16. 
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···~ 
au-.~ 1111+••• 11r •••• ... 1 r••· sa •'­

I.Mtatwt•.-•111 , . ~- 2 Mtat •dlolllD 

alefl:il aa .., .... the .. lf•dt at •000• te 

~Gil6Uat wet•\• -n. ullple •• f'Hiut IAIUII to 

• tt.M ;o.an. 
a it'• ~ 1taa Ob\a1M4 bf f'enlbtla« a f*at.•• 

• W aoluUoa ot ••ple 0 wtt.h 

lnoculua f'ol" I! datet \hen 4J71na the Mah 8Jl4 

a1U1ns to • »ow&r~"• 

Duple L ••• olltalfted 111 fet'llaftt.ln a •h .. t aW.1ltn4 

20J' aoluU~~a ot IO)le C wlth 

•tab an~asna•a to a powM•. 

auple 1 wai o1tte••c1: ._ 1'1ratnt.'n• a Md ~-1 he4 

aoJ' aol:ouaa C lf/Y) ot IUipl.a c wltb a aSaecl cnal.tue 
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(l) 

(U) 

... .-p1e ................. N4 .... t) ...... _. .... 

-- ., 1oo'.o,.Ul- ..,.,., -· oau:l•d ---1-
S..tlll• .... ~ 

'ctae~el"h' 

_.. a .... Btl04 ....... 1.14. Jaivaa • A ••• 

..... flo OddeJ 

Pot•••taa aal)ba\e alt~ r»re~ 

eatuate4 Boi'SO aai4 (a'bal$ JGl) a 

O.OD~MiAJ 

- 1100 ... ot KIIOII IID4-JiO'Cl -~,0,. 

,...., 1fat~rdladl.ft4 :a -'-'••·"•~­
MAIOOO .W 

( ....... 
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Proo aa:ro. 1 8 · ot ch ll9p].e • tronatorrod into 

• k3elc'ahl 41~ tlon noat and to n .. .,.. 

od4tl4 o . 7 G· aarcurJc oxide o.nd 15 C• 

po~red ~otaaciuc oul hnte rollo cd by 

25 cl . or cane. n2so4. Tho rlnal: no 

pl.nccd inclined on tho di~ticm rack end 

hetltc4 gant}7 mtil trotbins couod. 'i'.ho 

contcmto or tho noa ucrc than boUod 

brhkly un'U 1t clciU'od and than tor o.no­

thor .30 !Unutca J.CllDlr. 'lha n alt 1hla 

cooled nn4 digoat trnna1'orro4 w1 tb d~blo 

diatillcd tor into a 200 Dl. t'loalt 

( volwotr1o) cmd lllldo to ~~~ Dl.lrk t 10 Dl . 

ollquot 1'ro:l the volut~atr1c ncaak 11!'111 put. 

1n tho a1crok~ol4ahl d1at1llat1an tloch 

tollon4 b:l tho aodiua b¥4ro:ddo - aodi\111 

tb1oaaplhnto aolut.1on until thoro woa a 

prco1p1tata or block aerour1 aulphido 

and tho aolut.1an boconinB atroncl7 alkaline . 

rt~o o=tcnto 'G'Oro thm ate • 41at1llod in­

to a rcoolvor cont.oinln; S al. . oat.uratod 

bo•1c acid oolutlan nnd 2-4 dro~o or tho 

1n41Ctltor aolutlon, colloct.ino about 40 Ill . 

'l'ho 4btlllnto ~c t1tr~to4 O(;linot 

o.onr IJCI untll tho 1'1rat. oppCUU'Onco or 

0 
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Tiolct. colour. 

(Hi) ,Amino l'!1trosen nd on- protein 11troom. 

20 1:11 . aoluticm of a 10 (W/V) ot Cllch aac lo wcro 

trcntod ith 60 til , ot nbaoluto otbD.nol to procip1tato 

the proteUu:. 25 Dl. . portion or tbo ouporntltant ere 

digeatcd and diotilled for ita n1trogon content 

(a) ae aboYe , Another 25 al , portion woa pneoed 

througb a coluan or -z~otarb 215 whiob bod boon put 

in the H + forD by paaa1ng 0 . Ill IJCI througb it and 

llh1ng With diatillcd water. Tho olUDte na ai~:~ilnrl,v 

dii'JDted end dietUled for ita nitrogen content (b) 

The TaJ.ue or (11-b) na te1ten tor tho an1no nitro£0n 

while (b) ~a toton tor tho non-protein nitroacn . 

( 1Y Crude ('n t. 

5 g . or each oo..aplo 11'01'0 voi(!hod 1n o tUtor paper , 

T.bio wae 1noortcd into 8 oozhlct opparotua ond 

extr3ctod with pctrol8ua othor (40° - 6o0 c Annlor) 

tor about 6 houra . At the end or th1a , tbe tared 

recoiT1nS tlaelt woo booted to enporoto tbe eolyent 

unt U 8 canatant wciCbt na obtolnod ai'tor cooling in 

8 doaoi ontor. The wo1pt or tho oil extracted trac 

a J1TOn quantity or anmple woo thereby deduced , 

(Y) Aoid Vnluo . 

25 al . ot ethyl alcohol wore preY1oualy neutroliaod by 

adding 1 a1 . phenolphthol oin oolut1on and onoue,tl o.m 

1 
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to PI'O'bv'o a talllt pea pnont ink colour. 

~ Dntral.tae alcohol wu then a44e4 to t.he oxtNoted 

oll 1IL ~ tlaak &tAd tbe contenh were al1&btl7 

war.ed and t.ltrat.od ap1n.lt o,m JtOR aolution with 

Tiaorouo abating until B peraonent taint pink ap­

peared and peraiated tor at least l ainute. 

< ... s > crusto run. 
The reDiduea ti'OII the ether cxtrocta were ueed. 2 i• 

or the dr7 uter.lnl were tronatorred to a boil.lnr; 

fiaalt, 200 al. or boiling 1.2~ n2so4 nre odic~ nd 

brougtlt to bollin6 within l aimlte in o ro1"lwt con­

i!en.aing optell. Tho tlaat. wna rotated .troquontl7 

to set the aatorial thoroaghl.J wetted. Arter 30 

ainutaa ot bollinJ;;, the conton.ta nrc tlltered 

t.hrougb linen 1n.lerted 1D n Buchner twmol and 

washed with boU1Dg ator until the 11uhinga nre no 

aore aci d. The cbarQD waa them nOhod bllcll: into tho 

tlaalt wi th 200 at. or bollinB 1 . 25 r~on, connected 

with the retlux con48Da1ng Qatea and aade to boll 

within 3 ainutea . Attar another 30 ainutoe ot ro­

n.ux1ng, the contanta ot tho tlaall: were tllterod 

thi'OU~ e Buchner tunnel with • 11ba\aan aabloaa 

ruteP paper Jfo, 44. !'be f'iltorod roaidne waa then 

•abed .tth boSUns •hr tollowed bJ 15 al , or 

.tbdolo the f'iltar paper •• NaoTed and dl'led at 
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ll0°C to canatant eight . It • a tbon cooled 1n o 

4eas1Ctatoz- nnd n1ebac1. 'i'ha tUtor popor nnd rcoiduo 

ware plncad 1n o tared crucible and 1r;n.1tc4 1n on 

electric cuttlo to on oab, cooled 1n o 4oaa1oatoz- nnd 

1r01Ebo4. 'l'ho c11ttercnco 1n tho wo1tbt of tho 417 

tUtor pnper + roo14uo ond tbo 4z?1 ~iltcr pe :cr + oah 

111 tbo oruc'lo tibrc . 

G.s 

(vU) [li.ncroln . (Wet; ox14ut1on acthod) PN~mrnUon or oo).ut1on , 

2. 5 H• ~ ooch oo.aplo vcrc vc1£hc4 into o 500 at. 

lt,1ol4nhl tl.tlolt ond to 1t voc o44cd 25 Ell. cone . 

m.o
3 

anil. boiled gcnt.lJ' tor JG-40 inutGD to o:ddioc 

all oooU¥ odc11anblc ~:Attar, It t:no cooled and then 

10 Ill . or 70% Hclo4 ore added , The contantcJ were 

op1n bollod &ontly untll tho aolutlcm bcCAJHJ ncorl)' 

colcrurlooc with derulc llb1to 1'\moa oppcarinc. 'rho 

f'lDak 11:10 cooled ol1~tl.7, and cttor tho addition or 

!>O Ill . a2o, it '1700 boiled to clr1vo out ~ l'Cmlllnins 

uo
2 

tucca . on oooline, it voa 41luto4 end tUtored 

into o 250 Dl. . volWJctrJc 1'laek, aodo to tho tiOrk, 

and nixed thol'Otla'hll'. 

(viii) ~lclun . (OrtJcJol aothodl A,O,A ,C. 1960) 

25 Ill . ol1quo or tho alnoral oclutlon na pipottod 

into 8 beaker, c11lutod to 100 •1 . cnll 2 dropo or mctb71 rod 

o44ed (¢1 4.fr6. o) . o.68 rm4ou-n2o (1:1) • 

act&ld drOpviao tO 0 plt 5. 6 08 dur.rn b)' 1.nto~c11oto 
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brom1ah - orange colour, 1'ben 2 drops or cone. 

QCl-,20 (1:~) were added when the colution turned pink 

indicating o plJ .! . 5-3. 'i'hc aolution vae further diluted 

to about 150 al . nnd brought to boil with tho odd1t1on or 
10 al, hot oaturotcd oolution or CJ::l0!11UD oxalcte and 

conotont etirrlna. 'i'ho contonto or tbo b~er wore lett 

to otnnd overnight tor tho precipitate to cattle. Then the 

ou,por:latant woo tUtored through 1htltann lfo. 42 popor 

(quantitative) ond then procipitoto wnohod thorouShl7 with 

0 . 88 nn4oH-H20 (1:50) , Tho filter popcr with procipitoto 

wno put boclt in tho original bon.kcr nnd to it 1na added 

c aixturo or 125 Dl . 1120 ond 5 al. cone . H2so4 • Tho 

contento woro hooted to ebout 70°0 and titrated hot 

with o . 05N !Kno4 oolution to o tirot oligbt pink 

colour. 

(ix) Phoppborua. 

'l'he ttetllod uaed ie nccord1ng to Oo~:~or1 (l9h2) 

nnd 1o b~aod on tho naaauraoont or colour produced 

by th8 ro ction or phoapllorua with cctol . 

R""c::gnta, An qn1uiJ nol1bdnto tolution 'I'DB pro Nld 

to contain 7. 5 g. enlt in obotJt 200 Ill . wtcr , tbon 

100 ol. or 10 .n2oo4 waro ndt1od and do up to 400JI1 . 

wlth nter . 

1~ 'trichlordCOt1C I cid 

) 

• 
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eOidatnl 

Ldlal• liN ••S=tziU .. II~-~--

• 

Plollt\0 ... -..u. - 0 ..... 

.,..,1- ftlo'1oa:adetlo ..u eGdlca ~ 'de t'lll. 

tt I '• .GllMa .. •"'•U• 
tllletd aoi&Uall 

1111. 1 • •. ., __ 

ld. ~-
• 

•• 
tbn w12• etnl 1a ... un·am • rDI~""""' ,...., 

•1'1••• ••••• ftllotlO ~ 
liUtlll 'Ita a .... GM~nu 
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.. pNJU'd ~ 41u01YS.q o.1 i: til 
t'lae .. s-t Sa at. a4 cUluUq \o 100 111. 

,..,C BJ4NQ1n1ne ~or1~. 

10 111. fd tbe •tnarel •oluUOD pNpaN4..,. tile 

wd addaUGft •tho4, WON \J'I!naf81"l'e4 to a 25 111a ftlw• 

tno f'laaJt. In • •t.nar rnn•r, 2 111. , 5 111, 10 111 , 

15 111. fd taut duutar4 1I'OD aoluUGD wen ~ t o 

a ~bel" ot 25 lila TOluaetrlo tlaU. N~Uft17a t o 

lol"lla eoluUGD 8D4 after 5 •1nu\ea1 5 111. fd ~ eolu­

t!GD -.4 2 ale ot • 1K-41P71"1cJr'l •oluUca •4 tb• .. a. to 

the urk w1 Ul •tar. .All aliquot •• \Nneterra4 ,._ uob 

eoluUOft to • a - · OUYeUe u4 ••4 tor op\loal wdtr 

at '10 n SA a uataa BP 600 oolo..S...ur. '!be ftl.uea tor 

\118 1IDklulla -plea i!IN ru4 taw tbe a~Nlabt lt*i paJil 

oltiiSM4 111r ploltlq tba .-asap ot tbe .-lli.H: Mlutt .. 

... bri ....... , •• 
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\o 'the on ooat.lnin~ 
:.a.1at 'cm4ater IID4 ~Mt&h4 uatu ~--

webiel' .to. with alloat 10 111. fit •W.• !Jull<_._. 

t • ebalett, 1hll CCIIlteta 4Uu\e4 wtth a'baat 100 ill. r1 

Wi\V' oa bauhl'rt4 to a • 1'1\oi'F fln•Ml.. ft. 

pbftlftoetlon n.aalt .. aahe4 dth another !50 111. fll 

etber u4 •••Uarl.T tl'oD.d'at-re4 \o tu MPU&\oitr 
!iW aaaUDt• were abe.., care~ \o an14 tba tea I t­

fi'IIB. r#: J ilaUml aa4 a11we4 \o MI)Ctde la\o ~ 

~-~~ •• ar-m on uto, ~ ..,.,...\ol7 
lifo¥ ~tiler !50 111. or o~• WbSob ba4 llf.P. 

..,..s,.,.,.u,_ nap , 
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... lqu -- on ... elb)1 rue -
a-tjh~. !ali 

iocil 'Wa2eo4 plaae4 em fU\u papv Sa a f'lanwl 

.f'la*- !be aep~rd017 ,.,.ad •• "'"-eel 

tw1o¥ atti Uo 25 111. porUona or ether all4 p0lb>a4 tito 

t.be ~ .1. tlut. So.e ., ... bea4a were ac1ae4 to tbe 

ethtiilll aoluUon ad napol'llto4 to 417De•• all a •ter 

baD !he Na14De ••• taten up 1n 10 Ill . ot chl.oJ'OfoJW. 

!he of'61:1Ciw1Ds acbe4Dle 'llftft tollcnred 1n 4onlop1nJ the 

colcnll' with utlaOJQ' trlcblor14e reapnt. 

PaM c!ll~oJW 

ADtllltillii wtciblortcte 
reap~at 

DDJmp• Saaple eatraot 

'feat 'Nbe 1 'l'eat 'l'ube 2 ~••' !ubo j 

a 111. 1 Ill.. 1 111. 

9 Ill . 9 111. 

- W.· -
- - 1 111. 
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aamplea deduced tree a atm11t.lt line graph obtained fi'OIII 

the reiiUlta tnken at the anne time ot the atand•rd 

aolut.iona or v1tamn A. 

B-Vlt m1ng 

The of't1 ciol cethoda of the Aeaoc1ot1on or V1 tams n 

Ohemiato were uaed. 

( 11) Propnrot1on or p;mplo br Gl\!iXE:!\t1C cUgefttlon. 

10 I• ot eoob ~plc were transferred 1nto a number or 

labelled rcceent bottleo with &0 ml. ot o.en Sod1~ 
acetate butter hnvlns n pn 4.D-4. 7. Then 10 ml. or 

freshly prepared cnQJno ouapcna1on conto1n1ns 200 ca. of 

pepoin nnd ~00 r: • of toltnd1aotaoo verc added. The 

en&J~~~e auepeno1on \100 pre~rrd by a1x1ng 1)00 • Of pnpo1n 

w1th 10 dropo of glycor1no , tho"l oM1ng 200 • 6f 

takad1aatoac, and cnktng to 10 ml. with vater. Tho 

eneymoa were m1xeO t~1th the ac:aploa, a tow dropo or 

toluene added to tho content11 of nch bottle, coYcrcd 

loosely, nod incubated for U4 houro at 3~C. At tho end 

of thla period, the eccplea eero autoclnved tor 10 

r;Unutco at 10 lb. preuure. 'l'bey wero then ahaken o.nd 

tUtored through Buot\ner tunnel oonta1n1ns \'lhotmn No. 1 

paper into YOllDOtric tlcaka (100 1'!1!. capoottr). The 

rcoiduoa were nah~ w1 th core water and tho wnabJ.nga col­

looted wtth tho filtrate 1n tho YDlumetr1o flaoko Which 

ware then do to tho c:erk. Tho extrooh wore tmnarernd 

into amber bottlGa, o row drops of toluene added nn4 
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etored 1n a rctrlgcrotor until wantod ror uao . 

0-11) !l:ll1 :cine (VltJ\n!n n1) ('l'hloc:hromo acthod) . i'ho 

v1tru:ln 1c ox141o d to \ hibc:h:-o:::o a.nd the rluorcc­

ccn.co coaaurcd 1n a Oolonn l>hoto tluol"'!letcr. 

• Eo, E&Ate . 15, oon 1n ter, 

• "'' aod11m e c:ctn tc bu1'tcr, 

Alknl1no po~np~lum ~orr1oznnidc oolutlov. 3 Ill . 

or l~ lr,Po (CH)6 wore diluted to 100 cl . 1th cool 

l!i llaOH aolut1cn an4 kept 1n o bl'011'n bottlo. 

{ltcnQnrd 'lh1nail)o Solqtlor.. 100 111.1!'· or 41"7 thinll1no 

b741'ochlor14o era dioaolvod 1n 25 cthmtol and 

Ullut od to ono lltN wlth tho c=c l'C:llicnt . 5 Dl . 

of thlo ao1utlon wuro tbcm diluted to 100 Ill . wlt.h 

•tor. Tho 1'1.nll1 conocntrouan uno 0. 2 ug. or 

t.b1on1no/lll . 

ork1n6 oulnlnn iU.l.phnto oolut~on . l CU• or qulnlno 

culpb.Ato wore dJ.aaolved 1n o. n u2so4 rmcl dllutcd to 

1 lltro with tho OtJDo oolvcnt . Then 3 Ill. or tho 

41luto GoluUon wore turt.bcr 41lut. d to l l1 tro vltb 

o. m n
2
oo

4 
to ()ivc c t'lnd conccntrot1cm ot 0 • .3 

ns. /lUro. 
[rocos;nr • 5 1111 . or each CfUI¥CO disc tod ona1)1c were 

plpottcd lnto ~ah ot' two rc~otion voo ole nuaborod 

1 a.nd 2 . 'to vo et~1 I o. l a a oddod 3 Ill. . or a l b­

Uno rcrr1c,vnn14D, ah:oc1 ccntl)' 1\d tbc:n 15 Ill . or 
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leoba\71 alcobol. The Teeool wne abaken vlgoroue17 

tol" 90 eec:onda . 'lo voaael r·o. 2 lltlD added 3 al. or 

'11 

15 NnOU eolut1on toUowod b)' 15 al. or leobut)'l 

alcohol. lt 1'ltlo oleo ehal:on v1gorouol)' tor 90 

aocond.o . Sla1lor veocele vore propclrcd uoing 5 al • 

otlC:h ott be ettlndard 'rhinaine eoluUon 1n pl.oco or tho 

en.r:7110 digoetod aaaploo . 'l'bo reaction voanola woro 

oll c:cntl"trugcd tol" 3 Dinutca to eoparato thea into 

two lo7ere. 'l'bo oqucoue la)'cro (lo'ftlr) were I'UJl out 

ualng coporntoey tunnolo, about 2 s. ot onh7drouo 

nc2so4 wore adt:cd to C!lch or tho alcohol aoluUono 

ond ellftkcn tor }0 eecODda. ~07 oro ello-.cd to 

otond until oparltllng clear. At 1011ot 10 al. or tho 

olenr. colourloao ioobutyl alcohol oolutiona frac 

ooch voaacl were decanted into ao~rato notched cuvottoa. 

Tho t'luoi"'acanco or tho 1aobutrl alcohol ooluUono 

wero detora1no4 1n tcraD or cnlvanonator 4Dtloot1one, 

opernt1ng the Colocan phototluoroaotor occordinc to 

Ute aanu.rnoturor' a dirccUona. '1'ho pbotctluoroaot.cr 

11118 choolte4 1n between rDA41n.gD with tho workJ.ns 

quinine aoluUon. 1'h1aa1no oont.ont of the UDplo 1n 

us. por g . 

u -UD 

" • 0 - 88 

100 
Vir. ot ooaplo 
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7S 

'lhol'O 1.1 • dctlection:J or unlmo~. 

on • f1 • n blank, 

B • " • otQndtlrd 

OD• " • n bltmt. 

tUns;&!! V&t.o 1n ( Chc::J1cnl. It et.bod) 

Be rnmtt. 10 • "'otnco1WJ c'!Sh;vdrocon pboophnto, 

o . ~· CY!'Ino~n brg'119o solution prepared by nddlnu cbout 80 

a. cold bro~1no to l litre-rleah ocntoinins 500 Dl. or cold 

wntcr. 'l'hio '17!10 cooled 1n a bath or 1co \rotor. 'l'hen a 

10;" solution of llnOli vno nddOd to tho bronino solution 

1"ro::1 o burotto Wtt U tho rc:~et1on a:lxturc ~c:u:to colourloae 

v1th conotnnt ohnl:ine. /In cxccoo or 10 drops or t.he J1oCH 

oolution wno than oddiJd. on:l the c1xturo n!ldo to ono 11tro 

cnrk. 

5 Hotol proporcd b;y dionolrtns 10 a. Uotol 1n 200 1:11 , 

0 .5!1 HCI 

nhn4Ar(\ n1co1Jt olutlon, 500 no. or otnndArd nir,oin nro 

ndd.o4 to S Ill. . or 10 Il n2so4 and 11hon tho or;votalu wore 

41aoo1Ta4. tho aoluUon 1wc rlnda to SOO cl. vUh m1tor, 

5 a1 . or tbi.c oolut.S.cn JJOro cUlutod to 200 Dl . with smtor 

80 
t.hllt tho solution contninod 25 U8• or n1oo1n per Dl. 

ProopQur! • A nunbor or toot t uboa woro oot up 1n a raolt 

1n oor1oo or 4 tuboa tor ooch aaaplo, 4 tuboo •oro oloo 

aot rar tho 1Jlntrumcnt blank 'llt&Uat nnot.bor ~ oot ror t.ha 

otnndard ninoin. ~o tubeD vero orrangod na shown in thl 
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tablo (bolo ) ~ c rr1o4 the voluaoa or rcoganta opec1-

f'1cd tor ench tube . 

Total Colour ~inc Corr. 
eor1oo Cor1oo 

J not rpncn t b ll'Ul)>.c ( 1 ) 

7 1111 . n2o 9 n1 . n2o 
1 lll. , llH2P04 1 lll. , KIJ2Po4 
2 ml .crrnr. -

10 al . Hetol 10 al. Uotol 

-
8tllnl\1!r4 

1 al, n1ao1n 
&oln. 

6 lll . R20 

1 al.Jm2t>o4 
2 lll . CNBr. 

10 cl . Uotol 

-
TotRl Oolour 

cor1ea 

s a]. , estNct 
2 Dl . H20 
1 al.KJr~4 
2 al . CITBr. 

10 t:ll. . •ot.ol 

-

-
l ml. L•oin 

Ooln. 
8 ol . ( .. 
l ul. JIJJ2P04 

-
10 ol . Uetol 

-
Aaine corr. 

Corio a 

,,C,, ntc, 

5 Ill . cxtroct 
4 al. H20 
l 1 .101~4 

-
10 Ill . otol 

-
Attor aott.inD up tho tuboo oa 

c:iilr Corr. 
llcr1eo 

(2) 

7 111 .820 

1 ul.Klli'04 

2 lll . CUBr 

-

Colour Corr . 
Dorieo 

(.5) 

9 lll. H20 

1 al . ltllzi'<>4 

-
-

10 Jll , O. s:? HCl 10 Cll . 0 . 5:1 fiCl 

l al..llitac1n 1 nl.111ac1n 
Ooln . Do ln. 

G nl.U2o 0 Dl. . ll20 

l Dl .Jaf~4 1 al.JOI:f04 
2 cJ. .ozmr. -

- -
10 nl .0 . 5:T HCl lonl, 0 , 05!7 HCl 

CNBr. Corr. 
Eor1oa 

Colour Corr 
Bcriea 

5 cl.~plo extract 5 al,oxtroct 
2 Dl.H20 4 Dl. 1120 

1 Dl. J:Ji2PO 4 1 t:ll. .m2P04 
2 al.CilDr. -

- -
10 Dl . O!i:l I!Cl 10 ml,0,5Tl HCl 

ohown , 5 al . al1quoto or anaplo 
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e xt rocta wera tranet'orr cd t o the !)r oper tuboo . '!'be atnndard 

t ubea carried 1 al . or standard nioel n solution eDch . 

1'o nll tuboe 

to 8.Jlounto nhotm tor caob tuba . All tba tubes ore placed 

tor 5 ainutce 1n ator bath adjuotcd to 70°C. Praa 

a burst to , 2 Ill . CNBr were added to tho tuboa indica ted, 

ot lntcrvalo or 15 acconde and the contcnto mixad by swirling, 

Pivc minutoo otter tho addition or CllBr , the tuboo 

vcro trnrusrerrod to voter bath at rocm to:zporature (30-32°C) . 

10 ml . or trcably prepared acid Uetol solution voro added 

to thooo tube a and c ixod • 10 llll. or 0 . 5!1 1!01 10orc oleo 

addad to tuboo indicated to contain the~ nnd gixod. All 

tho tuboa were placed 1n the dort for ono bour , Tbo colour 

1nteno1 tion or tho oolut.lono ore rcad in turn 1n a 

Unioaa sp6oo colorlcotor nt 400 ou. Botero rcndins a 

aorioe , tho lnatruacnt ne act to rend lOO ritb the ln­

atrument blank ot that oorloa and tho optical donaltioa ot 

t he ot her eaaplea rend 41roctl¥. 
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calcylat.1op. 

rrectod 4ena1ty • 'l'otal density - C ( 1) + ( 2) - (3) J 

, o~ n1oc1n per g . • 25 x cm~rected dend ty cUlu 
Corrected colour ot nnnple x t1on 
density ot aton~rd annple t , tector 

( v ) R1bofinv1n , Pnntothen1c Acid nnd lfol1c Acid . 

'l'he method uecd 1B according to IAn<l,y and Dicken (1942) 

and ie boaad on the toct th.nt the grovth ond natllbol1u 

ot certain a1croorgan1aaa are 1ntlu~~ed by tho acounta or 

ee oent1Gl v1tGD1na avallable 1n tho clllture aocUa . 

A complete ae41ua tor Lnotobftcillua cnaal woe prepared ne 

~ollowe:-

cooe1n hydrolysate 
Sodium ocototo 

Olucooe 
Aoporog1no 
Tryptophane 

Cyet1no 
Snl t A Solution 
aolt B solution 

Xanthine 

uracil 
Th1u1no h,ydrochlorido 

Biotin 
p0 11c acld 
R1botln1'in 
Cnlclua pantothenate 

Jf1coUn1c aold 
P,Yri4os1na hJ4rochlor1do 

D1et111a4 water to 

98 ocljuate4 to 
• oaitte4 when ba1nl 

10 g. , 

12 tJ• I 

20 • • • 
soo as., 
200 ag., 

200 J:lfJ. , 

10 :U.' 
10 111. , 

10 nt_: . , 

10 ae., 
200 US• 1 

10 u~:: . , 

20 ug. , • 

400 us.' • 
400 ug. , • 
400 ug. , 

800 us.' 
1000 Ill . , 

6 , 8 
teeted tor, · 
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Salt A tolutlon 

1[~4 

KligP04 

6 8 · 

li B· 

Wntcr 60 ::11, 

S 1 t B nolut1on 

llgSO~. 711,0 10 II· .. 
ltnCl 0. 6 f:( . 

Poso4 • 7H
2
o 0 , 6 g. 

KnS04. 2H20 0 . 337 g. 

Water £50 Cll, 

Procedul'fl, 1 ml. , 3 Ml, , and 6 ::al. ot each sampl e extract 

were t raneforred i nto 3 t eet t ubee reopocti~oly. I nch 

tube woo made to 5 ml . wi tb 41a t111e4 water . 6 ml , ot the 

comple t e medi um prepared abo~e we re ~dded to each tube to 

make n total •ol~.tno or 10 all . B1m1lar pro peru Uono were 

~~~ad o uei og standard Yi t ll1'1inr i n place ot the a11r.1plo 

extract. For r1boflaY1n , t he etandu r~ aol utione covered 

a range from 0, 06 ug. t o 0 . 6 ug. Pant ot henic nci d 

co~ered o ruJ~e fr~ 0 . 0 t o 0 , 3 un. Yhilat f oli o aci d 

waa from 0. 0 to 0 . 0 ug, The t ubee wore plugged wl t h 

cotton and et.crillocd o t 10 l b. puaauro t or 16 minutea. 

After coo lln~ , tho t.ubeo ~ore 1nocwlated wi t h a euepenelon 

ot ~· qaee1 ond 1ncubntcn nt. 30°0 ( room tc~perat.uro f or 

72 houre) . Follow!~ i noubotlon, tho ~ounl of growth 

••• determined by titration of tn e a ci d produced uel ng 

o.IJ JaOB with br omothT=Ol blue •• the 1n41cat or. 

76 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UNIV
ERSITY O

F IB
ADAN LI

BRARY



Values obtained t~ the dilutions of tho Tita~tn 

etandard were oaed to conatruet a otandord curYe tro::t 

which the T1tam1n content or any dilution of tho sample 

was calculated. Only values falling within the linear 

portion or curveo were accepted for ooaay Ynluea of the 

aampleo. 

Y1) Pyridoxine . Vitamin B6 

The method uaed io according to Atkin ot al (1943) and ia 

baaed on tbe growth reaponae of 8ncch4romycea cera!le1ae 

to the nutrient aYa1labillty or pyridoXine. 

Reagentt. Salt solution waa prepared to contain 2. 2 g . 

XH2f0
4

, 1.7 g,K01, o. 6g. cao12, o.er. uaso4,o.Ol s. PeC13 

an4 0. 01 g . KaB04 1n one litre or w~ter. 

77 

Potaaa1um 01trnte butter woe prepared by diaaolY!ng 100 i• 

of potassium citrate and 20 i• or citric acid in -•ter ond 

made to one litro. 

Inositol solution woe made at 0, 1~ in water. 

Biotin solutio~. 26 ma. biotin 41aao1Yed in one litre or 

0 1 ~ thla solution wore diluted to 1 litre to wator , 4 .;; . O• 

mt~ke 8 concontrat1cn or 1 .1b , , or ml, 

Calcium ~~tothon~to r.olutlon woe code at 200 ug. per ml. 

ftiagln solution woo ~de nt 1,6 ~. per ml . in water, 

Standnrd pyridoxine aolutlon WkB mode by dlaaolvln lOO mg. 

or enb.Ydroua crtatolline J11ridox1IIO hJdrochlorlde in one 

, 111 H01 1 ml. or th1, solution woe diluted to 100~1. 
litre O• • • 
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witb water, aa1 1 ml. ot this d1lut1ot. turther diluted 

to 100 ml. to SiTe a concentration of 0. 01 ug. per ml. 

Bttlll medi U!D otoclc was prepal'ed to contain the following: -

260 ml. aalt solution, 60 E· glucoae , &0 ml. potassium 

citrate butr~r colut1on, 60 ml. or 1~ acid-hydrolysed 

casein, 2. 6 ml. ol thiamine aolut1on (10 ug./~1.), 25 ml. 

inoaitol solution, 10 mJ . b1ot1n solution, 12. 5 ~. calcium 

pantothenate aolut1on ond 1 ml. of niacin oolut1on. Thio 

W8S mixed thoroughly in e beaker, the fllUCOOC VnD d1CIOl~ed 

and the pH adjuated to 6. 2 1f1 th 117% llaOlJ ua1 n{; c pH meter , 

and then made to 600 ml. with water 1n ., Tolumetr1c rlaelt. 

Agnr slanto for stock culture ~ g. or Dirco malt extr~ct 

agar were dissol~ed in 1 litre or water by heatins. 10 ml. 

al1quota of the hot solution were treneterred to a number 

of teat tubea, plugged With cotton .nd ater1liae4 by 

autoclaT1na at 10 lb. pressure for 16 lll1nutca. They ware 

cooled in a slanted poai t1on. 

rrocedure. A pure culture or Saochnro!Joeo cereyta1ae waa 

tranaterred aeepticall¥ lnto a number of aaar slant tubes 

De abo~• and incubated for 84 houra a t ~00. On prepared 
the da1'7 prior to uce , a freah tr1111ater wee mede from a 

atock culture to another agar alont. Tbie wae incubated 

for 24 hours at 30°0 , and afterwardc a wire loopful ot the 
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7eaat cella from the alant culture waa transferred aaapti­

c.llJ' to tubea of aterile iaotonic aaline. Into a nUIIIber 

of duplicate tubea were plpetted o.o, o.&, 1.0, 1.6, 2.0 

and 2. 5 ml, volumoo respectivelJ' of the working ctDDdo rd 

P7ridox1ne solution. Water waa added fro~ a burette to 

make the volu:ne 1n each tuba 4 ell.. To each tube vae also 

added 6 ml. of the baaal medium atock solution. Similar 

proparatlona wore made in another lot of t ubea with the 

aamplo oxtraota replacing the atandard pyridoXine aolutiona 

at 1 . 0, 2.0 and 4.0 ml. levela. The tubea were all 

plugged with cotton and steamed at 100°0 for 10 minutea. 

They were then cooled and aaepticall1 inoculated with about 

1 ml. of the yeaat. auopenolon eac·h. The tube& ware left to 

incubate at room temperature ( J0°0) for 18 houra with 

constant ahaking. At the ~n- ot the period, the tubes ware 

ateamed for 6 minuteo at 100°0 to otop further crowth or 

the microorganic:o, and the denaitJ or the cell srowth 

rend in 8 Un1com SPGOO apactrophoto:~~eter at MOnu, uatng 

water 88 the blnnlt. A atandard curve tor the eas07 waa 

drawn from which the 'tllluea for the aample artraota were 

calculated· 

Vlt.llmln 0 (Aasorb1e M14) I1tr1J!Ietr1o Method 

&oyentt. 6" BP03, ~ IIP03. 
_. o-""ic Acid 100 mg. of ucorbic ac14 were 8tan4a.-.. ABC n• 

1 ,. HPO aolution and 41lllta4 to 600 ml. w1 th diaaolvad n ~ 3 

the aame aolvent. Th1a wee uaed to atandardiae the 4Ja-8, 

6-41 chlorophenol 1 n4ophenol. 
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O,OlS P., 6-~1chloroph~nol1ndophenol solution 20 CB· or the 

aodium anlt or 2,6-dichloro~enolin~ophenol were diaaol•ed 

in approximately 160 c l, or hot water containins 42 QS. 

NaH003, cooled ond diluted with water to 200 al, ?hia ••• 

atnndardiaed as followo:-

A 6-ml. aliquot. or the ot ndnrd oacorb1c oc111 oolation 

(containing 1 !IIR, nacorb1c ac1A) wao diluted with 6 cl . of 

~ HP03• Thia waa titrated with the d7e eoluti~n to a pink 

colour -.h1ch peraiated tor about 16 aeconda since th11 

Yol~~e ot dye represented 1 mg. o: 1corbic acid, the 

ascorbic acid eqUi .. lent (T) of 1 1111, or dyo solution is 

equal to 1 di•idod by the ~lu=o in ml. or the dfe oolution 

uaed in the titration . 

procedure. 60 g, or ench or the powdered B&liiPlea ware 

blended with sn equal weight of ~~~ HP0:5 and lllixod to ain 

a homogonoouo alurrt. 60 g, of thia elurr,y •ere weighed 

into 0 beaker ond tl"" nererred to • 800 1111. tlaak ( ~lu:netric) . 

The slurry woe dilutuG to lll&rlt 1T1 th 3% TIP03• Tho solution 

waa mixed an4 then centrifuged. The supernatant decanted 

an4 filtered. sn nl. aliquot ot the tiltrnto ··~ pipettod 

into an srlenmcrer flnolt and titrated imrnediate\1 with 

the atnndardieed solution of 2,6-dichlorophcnol indophenol 

to a faint pink end point Which pera1ated for 16 aacondo, 

0 
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0,01! 2, 6-diehloro?henoli~ophenol nolnt1cn 20 mg. of the 

aodi~ salt or 2,6-dichlorophenolindophenol were d1asol~ed 

in approX1metel7 160 cl. or hot water containing 42 we· 

ftaHC03, cooled nnd diluted •1th water to 200 cl. Thia waa 

etandard1aed ns tollowol-

A 6-ml. aliquo~ or the st ndor<l nocorb1c odd eolutlon 

(containing 1 mR. ascorbic acid) was dilute~ with 6 ml. or 

~ HP03• Thia wae titrated with the d7e eoluti~n to a pink 

colour ";Jbich pere1ated for about 16 aecondo a1nce tbia 

Tolume ot dye repreaented 1 mg. ot ascorbic acid , the 

ascorbic acid equiTalent (T) ot 1 ml, ot d7e solution ia 

equal to 1 di~ided by the volume in ml. ot the dJe oolut1on 

uoed in the titration. 

Procedurs. 0 g. ot each or the poWdereJ aam~lee were 

blended with llD eQWll weight or 6" BP03 end mixed to aive 

a homogeneoua alurrr. 60 g. or thia alurr.r -nre -eished 

into 0 beaker and traneterred to a 900 ml. !leak (volumetric) . 

The slurey was d1lu~e4 to mark '1'1 th ~ RP03• Tho solution 

was llliXe.l and than centrifuged. The eupernatant dec..nt.ed 

and filtered. 86 rnl. aliquot ot the filtrate wao plpetted 

into an Erlenmeyer tlaek ond titrated immediately with 

the atandardioed oolutlon of B, O-dichlorophenol indophenol 

to a feint pink end point Which peroieted for 16 eecondo, 
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Calcul,at.1on . 

V x T x 100 = mJ. aocorb1c acid per 100 g. sample. 
w 
V = ml. dye uacd tor ti~ration of aliquot or diluted 

sample. 

T • Aacorbic acid cqu!volent ot dye solution expressed 

as m~ . per -· . of d; ... 

W • g. or sample 1~ aliquot titrated. 

Re11ults, 

The tia:urea obtnined rron theae an.:alyeea are aet 1n 
• 

Table 8 . 
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Chanae• 1n the nutrient com22eitlon or oor n 
Ez lerceoii~ orsPole~a 

AnalJaea Wbtl le Untel'!:eated Fer n::cnte4 Candida -!' ::Rf~ 1CVr I Iaatobac lllug C:,rgtn:~ 

on dr 7 wt . boats Cor .n 081 teat .flour ter~nted I tcrcentc!O I i'eorenua lgl 
• Total lil' 2. 08 1.36 1. 49 1. 56 1.6} l. 51 1. b7 I ----· 

Aciao n,: I 0 . 09 O.Ob 0 . 05 0.05 0 . 03 0.02 0.07 
_"T"" ---~ 

!ion- protein ~ 0 . 45 0.10 I 0 . 08 0 . 06 0.07 0 .• 07 0.06 
- -· 

Pat " I 4.07 Ll. 06 5. 13 Ll . 29 4.29 4.45 4.40 

I Acid Val~ 16. 54 16.21 }4 .40 J5. 20 3}. 50 }}.10 }6.00 

~'r'Qdo F1 tro f 1.75 0.74 0 . 72 0 . 72 0 . 75 0 . 7.3 o. ~ 
-· 

~1c1am es./100s. 186. 00 86. 60 I 76. 60 100.00 66. 60 1.3.30 98.00 ) 

Pboi'Jl)borua " .3.3).50 23.3. 50 18).50 200. 00 250. 00 208. 50 ~50.00 
- · - ' ... 

Iron • 27.10 15. 70 16.70 19.20 20.60 20 . 80 "· }0 > 
'fb.1ac1no • 0.17 0 . 06 0 . 11 0 . 10 o.~ 0 . 04 o.~ 

l R1 bo tln in • 0 . 20 0.01 I 0.08 I 0.06 I 0. 15 o. 04 O.lb 
~-

raac1a • 1.66 0.~ 0. 85 0 . 81 1.25 o. ~ 1.49 - - - -=-· 
P7r1doxt r.o .. 0 . 01 0 . 00 0.01 0. 01 o.oo o.oo o.oo 

--. 

I Folio Acid Q;./ 
100 . 0 08 0 0 0 0 0 0 0 0 O,O!l 0 -· 

0 . 06 o. • 0. 01 o.o 0 01 o.o o,._Qfi 

V1tam1na A end 0 wore not round 1n ao1 or tt~ auaplDa . 

Table 8. ~ 
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e. Jt"ftct ot tergon\atino ent'l of tuuplemoot.rt1nn With lOll 

bnpt on the proto1p quaUtr of corn. 

Determination of P1stnt1b111tx Qootf1Q1pn~ . ftiqloR1c,l 

Volvo ftDt'l Prott1n 5tfiq1enox a tiq. 

!l'ho method uocd 1c acconUns to Ooyco 11nt'l ADenjo (1P47) . 

1'))eocy1 Total n1 tro ~ content or th diet 111 uo~ an an 

index of protein ~onour coL rnthor than tho truo protein 

content bocnuoe (1) other nltr~ tnoua conotituonto 

bee1doo protein nitro on contribute to tho eynthoole or 

n1 trogcnon• co ou tuen te of t.h"' nnll!*l tioou "4 ooaro-

t.ia.na, ( 2) lo .. ce of protoln or anra ap;propr1otcl , n~1no 

ocicla, in t'liseeUo.n and l!llttobol1CII1 Clln onl,y bo ltCoeurc4 

in ten::a of nitrogen. The coett1clcnto or 4!1seattb1Uty 

of proteino ond tho biolo81cal ftlueo or protelno are 

neeoo ril¥ baaed aolel¥ upon nitrogen t'letcrcimtlona, Mt'l 

rotor aolel7 to tho uUUcatlon or rood nitrofit!n ln the 

nD1CM!l bocl7. 

~be biolo ic:ll nluoo Ollloulated for ftriour; ratione 

of r~ r.proocmt t.he perca.ntoge or tt.e abD)rbecl nitrogen 

uaecS by grodns nlh for both lntenanco nod ero•th. 

?hue e»lculo uou 1nwln tho au\t::ptlon that the 

exeretl~ 0 :- roee~ o1 tl'osen per S• or toocl cone A on 

t 

in tbl t.:ea. Ala~ c.t. ucret.lon or n1 trogon in u:o urine 

per 100 fll· f 
• r1 

OJ 
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meaaure or tho eodogonoue nitrogen i n the urine. It tho 

eat1•t cd ondogonoue n1 trogen in the tnecee and urine 

oxc:oo4o tho corresponding toea 1 uA urinnr,y nitroeon 

obtained from tecda, it 1o oooumcd that all or tho rood 
and naa1~:~1ln tod 

n1trosen 1a d1aoat1bl; Mitchell nnll Oaraon (19ct!) hne 

utrablhhed that 3 to 4 do)•o oro expedient tor prcl1minaey 

roe4ing in order to otta1n tho endoaonoua level of nitrogen 

excretion when rnto ro ted ot o low nltroaon diet. The 

cndoaonouo n1troson cxcrotod per B· ot food cono~d nd or 

urine nitro en per 100 S· ot bod7 ~eight or r~t wero round 

to bo procticoll1 the ~c on e rotlon oontninlna fro~ 

0 . 6 to 0 .76 or nitro en. It waa thorororo 

reco.':r:tonded to a1.1 atl tutc thlo low c: r-nl tro en rat.1on tor 

n ni t.rogen-frcc roUon in the otnndot'dion I. lou or rata t'or 

cndogono\10 nitro-a dotom1nnt.lon during protein atudioo. 

'!he etabo11c c:asoa u11ed wore C!ldo or nrc oc:roono 18" x 

12" x Ul" in 4incna1ono, e ch cubicle carrying o Dpeciall7 

de 1 ~~ per~pe~ bot.t~ to t cil1tntc tho collection or 

urine AD4 roocoa. Fiauro 16 1o a picture or H. 

lroc;ednro. 30 r'e:::~lo nlblno woanl1nc mto ore rnni!oo)¥ 

1 -
fP'OQP t'tHl on o opeclt'1od dlat. ad l1b1\u: • 

\4a'te,ero of 10 cbQ'8 duration dl Y1d 

(1) • ~de~ preU111naJ7 puJoO f'or tho 

lnto 8 porJoda•­

adaptaUon of U\e 
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nt• to tbell' cUet., 4U'1DI wbicb 110 a.-ple •• colleot.t, 

( 8) ,_,87 experhantal JMII'loda 4V1.ag which ViAe and 

taecea 

taecea 
~~a~~~plea were couec:,\r 8~1:1 aDd then 'balkect. n. 

~~•atad wltb • o and 
collected dail,y weretcr1eC1 \n an oTe.c to constant 

we1pt at 100°0. l'or the ooaurat.e oollecUon ot urine, tbe 

perepex bottoma of the wire cages were thorough~· woahed 

dai~ with a hot solution oro.~ H2so4 into boakcra, then 

:t1ltered into reagent llottlea and kept 1.Jl o cool roam 

With toluene ac prccerTot1Tc. At tho end or u 7-4~ period , 

the urine aamplcc troc each ra~ ~ore ~ell 1xc<1 RL<l diluted 

to 200 ml. in a voluz::etric flask . e5 cl. portlono we1·e 

taken tor total nitrogen dvtonn1nAt1on b~ ~he kjelduhl 

d1geet1on method. Bach dlet waa mwdot lnt.o a pasta •1 t.h a 

known quantity ot wator o.nd kept in the frHlgediare at 

about o0o. BTer;y mo1·n1ng, t.ho rood ••• thawed u.nd 

aocura tel¥ weighed QWIDti Uoa otrerod to tho rata. At tor 

a. houra , the :rea1due left. b7 each rat. 11'118 again weighed; 

IUld rrom a knowledge or tho moiature content, the <117 

weight of the food consumed woe deduced. Water woe alao 

offered .!a .la• 1.n epocial bottles. 'l'bo dioto oi'tored 

were prepared to contain f r om ~ t o 10.C protein, ~ tat, 

"' Nlt. mi xture, e< ceUuloao, G ml. or protonte di'Opa 

u4 u4e to paate with water. 'l'ho •h cUet waa prepared 

to ~taln about ,. protein an4 uaed tor the 4eter.dnat1on 

ot tbl en4ogonoua urine17 and faeoal nitrogen. 
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eo1eaom 
0... 8tuola 52 • ran rat aop 
con o11 Batlel' 10 • CorD &uoll 

1M''- 10 •• COI'D 8tarc!l 735 •• Col'D 011 
Tlt••tn Boln. 5 Ill. Vl\••ln Boln. 5 Ill. utter 
laoi'OH 100 • • Cellulo.e 20 •• 8ll.tl1xtve 
Salt Mlxtve 20 • • BloUn 2 ••• VUaaln SolD • 
OeUuloae 20 g. Buaroae 79 g. 'Inter to paa\e 
Wahl' to peate Sol t llxturo 20 g. 

Water to peete 

on PIP\ Uatt!'I!Jlh4 Og1 plet Wholt Corp plet 

011 t'lov 930 g . Untoraentod Osi nOUl' Whole COI'l\ nov 930 
9~ g. 

Co1'D 011 !lOBe Corn ou •· Corn OU laO 
Butter 10 • • Buttol' 10 B• But. tel' 10 
Vl taaln SolD • 5 alo VitaaSn Soln. .5 al.o VUualn SolDo ' Bal.\ JlldllN 20 • • Bal.t Mixture 20 • • Salt llix\UN 20 

Wa\ozo \o peate Wd!l' to paatt Water to paete 

(1937) and bna the tollowiDS coapoaltlons 

ceco3 
,..., •. PeP04.492o 20.5 •• 

•sao, 2.5 • • KI Oo4 8o 
16 •• lln80'• o.,, •• 181104 

Ja01 ,, •. 1fd 1.o • · 
ICl U28o A12(eo4>,•12804•~a0 o .17 • · 

mlaPf'4 
211 • • ouao4.5212o o.g •· 
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1 ml. of the Titacin aolut1on contained the follow1nsa­
Vit~n A • £Ann1 r7VVV • u. , 
Vitamin B1 ~ 2 mg. ; 
V1t.11miL B 2 ( r lbotlartn) • 1 mg.; 

Vit~~in B (I lcotinlc Acid). 10 mg.; 
'/i1.a:::1n C .. 50 t:.; . ; 

Vitaoin D .. 10001. u.; 
Vit'Uit1:"1 E a 3 -r:. Thin WIIB ale') e~ u; le:nented 

wlt.h 2 ml", p,vrldoxJnc , 2 rc , Cbollne, 
60 Uf!, Bl£ "'M l 18· V1t. I ao 88 to 
aatiaf7 the optlm~~ requ1re~enta of 
tho rata for :1.t. •rnino according to 
outbbertaon {1967) . 

Calculation, 
(a) - Protein ("Xb. 26) in food aamplea 
(b) Totul !•1ecal nit .. oRen {lood. or Nltroeen per day 

nvcrorc nlue) 
(o) Wetnbolio nitrogen in faecea (m;, ot Kitro5en per 

(d) 
(e) 
(f) 

{ s) 
(h) 
(1) 
( j) 

(k) 

{1) 
{!:!) 

day averaae value) 
" 
II 

.. 
• 

" .. 
u 

Yoo~ r.itroaen i~ rsecea {b- e) 

Total Kitrosen intake 
ftitrogcn absorbed {e-d) 
Total Urinary "itroaan 
&ndogonouo ftitroaon in urine 
Pood nitrogen in urine {g-h) 
Pood n1tro~en ratoined {t-1) 

Biologicnl Vll l uos ..;1 ~ 100 
True di oo1.1\.1llt.l 1 'ootf-c, ·: ! x lCO 

ut111ont1o~ )/' e 
net rrof''ln \lttll~ \1': 7. 1 () 
protein !tficiency r ot1o .. Oaln ln bn<l wt . or rnt 

P1'0tc1. 1ntnlle 

~cterniPe~ nftor P1 dnyo of expcrlMentnl fcodin • 
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.. 
Stattattcal eYaluatlon or the B. v ._. l'l.l>. U. en(l P. r.. R. t l aurea. 

't ' Y a 1 u e a 

Reeulta obtalne<l 

'Dle\a oatre4 
B1olog1csl ll"et Protein I Protein I Theo retical 

Value t tlllaatlon Ettlctenoy ratio leYela or algnttloanoe 

1 . 011 and wbole corn I 5. 54 I 4 . 4} I 42.41 
2. 31 at 5~ prcbabll1t7 

I I . 2 . 081 and unte.rwented Cat I 
I 

1. 08 o. 99 0.80 
I 
I 
: 3. 011 and Oal- S07a atxtun I 9. 96 I 6. 43 I 10. 63 13 . 36 at 1C: pro~b1l1t7 

I 

j 4. 011 and caaetn I 27. 49 I 16. 42 I 40 . 61 

11 
15. 04 ot 0.1~ probab111\ 7 

5. Oar1-So78 &lxture and 
I I Caae1n 6 . 51 o. JJ I 6 . 51 

Table 11 ; 
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aeto ot ure oasu uaed tor metnbol1c atucUee on rete. 

fte dtr aneloiUI au 18" x 18• x 11•. Under .. ch oaae 
• t o a tJiiaDPlar 'aOtU., t.be l.GWV up1aJ' oldee et ftleb 

aft ot peropU •tel'lal aUowtq ~ .. .., t'1ow ot Ville 

tate lbe llal'"are. fta apper IIIJlotaue at4e •1'1'1•• a flae 

...... •* tor Ute Nteatloa ot tile taaHe, 
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Pl 

D I S C S 8 I 0 

1. Vnrint1ona in the methods or prenorntionc of og1 , 

A sur•e7 or the methods or preperation e::~ployed by 

c~orcial p~ucers of ogi at lbadan and in Lagos showed 

that the TDriationa were ~inly in the lengtbe of the 

atoepini oa well as tbe aou~ing periods. Theee ~nge from 

1 to ~ days in either coae. When wonn water was used for 

steeping, the period wee ua~~lly or onu dQT d~tion but 

when cold water waa used, the steeping wra continued for 

3 days wi tb daily replacement of the old liquor W1 th froab 

water. The souring process was allowed to last unt11 a ~;ood 

sour flavour was producod baaed on ort:~~noleptic teato. 

The e~ecte of those vnriotiona on tho m1crotlo~, mnd 

conooquently on tho nature and rate of fermentation of corn 

were inveatigotoa . Tho reaulta in Table 1 show t hnt otter 

24 boura ot at p1ng of whole sroino of corn in tap water 

at about 30°0, 'ho 1cro!loro of the eteop l1quor vas 

dominated by tno locti · c' br.ctorio . Th1e continued for 

the next 48 houro , oTon with the da1\y changeo of water. 

The anme trend waa nlao eho•n by the ~lled eamplo D. 

HoweTer, in tho lattex• oaae, a high population ot aerobic 

oJ'pnilllla still rerlllincd noble after 24 boura, which 

could hen brought about seoond1117 ter:nentot1ona lltld tho 

conco~tant production of undaa1 rable tlavoura. Bchwo1gmrt 

and 40 Wit (1980) corr71nl out simila r inTost1eat1on 1n 

Iouth A,fr1ca, observed thst JJDahawu proparod b7 allowing 
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corn porrid o t.o ~ r;o lr ur~ll at ., 0c developeG ;oor 

'tl.aYOur, and co e:plo.7e~ a high t.e l)era' ro (45°0) to 

suppress the undoalrnble organics. The practice or steep­

ing whole &'ta1.na ineteQd or cilled corn in oat Africa 

could therefore be regarded u MOther ceana of cult1•t1ns 

tho dooirnblo rnicroorganiama by natural selection in 

preparation for tho souring prooese. 

Aoothor f'e11ture or corn ateop1ng 1a the abaorpt1on of 

water b7 the amine. The mo1aturc abeorption pattorn at 

corn during ateep1ng in cold wot.er ( 30°-32°0) is shown 1n 

t1sure 1. It CIU1 be aeen that moat of the abaorpt1on took 

plaoa within the t1rot C4 hours. Waaoner (1948) 1n hi a 

etud1ea on the industrial corn ateep1ns proceoa found that 

it nna durinr. th1e period, which ha deacribod aa the lactic 

acid phose, t hat tho corn ••• eoftened. He DOted thnt 

prolonsod stooping into the eulpburoue acid phnee coueed 

the disruption or t c protein ~t.r1x and finally ito Q8ah1na 

avay fro:n the coll ~llo. The rooul o in Table 1 l-.nvc 

eatabllahed that £' ho .r" of eteep1ng were a leo cutt1ciont 

for the noturol scloct1on of lactic acid bacteria, Whereoe 

further ateep1nl onlJ l od to o are~tor depletion of the 

l1JII1te4 aupply ot fermentable cuboey4ratu or oorn. 

Again, Bond and OlAae (1~63) claimed that alpha and 

beta a~laaeo nrc oot preeent in the resting sctld ot corn 

but that 1t no onlJ on 'the eixth 4117 ot at.eep11'1fl an4 

groWth 1ni tiat1on tbllt alpha Blllfla&e •oe eeoreted, 

beoooins predo~tl1 aot1Ye theroatter. 
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Ir tl\1o vera ~r'le 1 lJ cotl'O, thez no cigni:t'ie&"t ot.orch 

canveroicn in o ct·- ll' 1 could be expected fron o corn 

r 1r tJon Por o~1 pr ~ration , 

tl\c ot.copit t c !o no• norr. 1 

dcyo , 

U.reo 

Tl\e!'O:Corc tho nein ndvnntonoo to uo dcri Yel from t1 o 

ot.oop1n,i of corn in tl\o proporuUon of -'81 "o'Ulc!l bo to 

OOftcn the kctl'nol c.nd to blllld Ull 0 predominant lnot1o 

no1d W.oro:t'lor • All 1.111& C4ll be nc.~cvtXl W1 thin tl\o :t'1rat 

3-1 h'JW'D or ot.oepins 1n Olld wat.or. 

2, "'!}!! mJ.ct'Ofl0£!1 Qf' tilG 081. 

UtJit\8 o ot.coping perioc!l or 24 hours, tollo11et1 by 48 

houre or aourln&, the m1crob1olog1cnl ehangon woro 1nvoot 1-

aatod, Tho reaultA g! 'fill\ in Toble 3 nhol"' t~at n wide 

V'lrioty of c1cro Ot'&>,n1m~~o wern involved in tho eyclo or 

tome:1tat1on. P1rst, tho nurfocc m1crot'lor:t ot the corn 

wao cnr,.ed by the pres nee of n n!E:IIer or t'Ungal a_poree, 

Thcco cer::lil:'lt. , l .... v., 

n•ttriont apr ... ~1 • 

YfJJ)t11M, AOP2r.,Ulu • 

el..1n1n:~t.e: cnrl:l durin 

lnr e colonieo whc:1 cul.t!vnt~ on 

~hone 1de t1!1cd were O~n~ lonzortYJ, 

U 0 Of.CHI_p1 pcr1oc!l . All tt na 

t'ungi but. gop'!}nloa,or1UJ have bnn rcporte<l t~ c uoc onr 

rot in com Burtt-Tla"r.f ( 1.014) . Co@l onROt11.M !il' t'I"!!D1l!J 

r jor PcndB nnd CoM"lognor1'lQ sncsc!rlr1 hno nl~ been 

4oacr1b0!1 b7 Sprcauc ( 1QGO) ae uiJlng tho black bundlo 

c1 i eeaM i n corn nn4 that tho7 ore a c1 or 1Utcdl1n borne. 
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n h dPlftaaat U.t 1Jl Use IIUI"Tq of Use ndaoa 

ldCil'Otloft of Oftl' 80 8Uiplee ot oom obtained tNw Ula 

•l'keta and the ator .. ot t he J'e4eral Asrlollltural lla ... I'Ch 

a\atlon, lloorpl t.auo , lbadan1 Oephalopporlwa oolonlaa 

were propondernnt. in n:rib ra n:~ons the coulda. They were 

def'lni tely aasoclo ted •1 th the corn booauee they could not 

be found ln tho control cult1vnt1on or tap ._tor alone nor 

et aubeequent 1aolat1one during tho course o~ rcr e tat1on. 

Varloue baoter1o were isolated tram tbo fo~ontlng 

mash a n4 their 14ont11'1Cllt1on wne bna..S on their morpho log, 

colonial charactoriatica, teroentat1on and a number or 

apeo1tlo blochealcol toeta which arc recorded in Table a. 
Thoao rooognlaod were OorznobootorlU] m19h11!DODit 1 

-
&qr;yntl?ac;terl'IJ!!I m1gh1gnonnt only , ehowe4 •oea cUuta t.lo 

action 1rben srown on etarch asar (Table IS), anc1 wolllc1 

therefore eoam to bt reapone1ble tor the cbaJIIe 1n the 

Jl'llte nacoa1t7 of corn1'lour after etoapJ.ng the sraine for 

2 c1aye ln water to ferment natu1•nll.y. Collard Anc1 ten 

(lQDQ) 1n their ftt.udiee or the fermentation of a .... ._ 

deo leola ted 0 Qgr. nc' pcter1l!!l! a train they D&l:1ed '!l!!Dlho\ • 

which ••• reported flo be oot.ively connected Wl'U1 the 

hldJ'01Jela or oasnnYn otarch to orsnn1c ac1<2e. It would 

....... etoN that Qorxntbecterl 11'11 .U• could be 
..... W&'- • 

aal0o1ate4 wUb the ,.turd rermentd1on ot starchy 

ftlalablAio 
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95 

The 1aQlat1one ot Louconottog !!!t!Btntero1dtt e.nd 

Lectobeg1llua plftntel'\h fl'CIII the lflgenan eom ateep aDA1 

lllllah ap1n eont1rm the widely accepted Yin that the7 are 

the fermenting organ.!crne ot" naotable material! reapone1ble 

tor the production of biological acidit7 (Hucker c!: Pederson 

1930, Pederson ond Albury 1961) and 19621 8t0JIIer, Albur;y and 

Pedoraon 1964, Rullh1ng, Veldhuu tu:d Senn 1956 etc.). Over 

160 atreina ot Leuconostoc h4-.c been atucHcd in detail by 

Hucker and Pederaon (1Q30) . Those et.ralna t'ermontinS 

pentoaea and aucroee, and producl~ ftliae 1n aucroao 

aolutiona, were claea1t1e4 aa Ltu90noatoo mtaentoroidee, 

Ot the atra1na ot Leuconostoc magenterlodeg teated by them 

only 14 per cent were t"ouod eble to teraent torb1tol. Tho 

atraln iaolatad from corn tteep l1~uor 1n the current 

axpericent o Jld need to be rurthcr Dl!ccrtnlnod. • • 

The tolloiYiDS y•eta were alao preaent 1n t.ht 

m1 crotlora 1- Saccha rmco~ cgrnhi!O, _Bhodo torulg tpp. 

an4 Q!l!)d14a &code!'!!!). Thf'ir temon"'Uon reactiona and 

IIIOrpbolog aa woll aa colonial c:haracteriatioa were uaed to 

identify them. Their rolta would ate= to be atooc1ate4 with 

t"amentation ot the cilltd corn. The beginning or the 

toul'lns period wno r:nrkod by the rapid prollt"orot1on ot 

Saocharczmycen £Orcv1o1np; while at the ond, tho 1"1~ 1'or.a1na 

Csndidt ercode~ pr~~inGted the mlorotlora (Toble n) . 
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8. The products ot ~ereenta\1oo. 

The micro orpni IIIla en~.~~~eratod in the precediDS eect1on 

were obeer~ed to have caueed traendoua biochez:Ucol chana•• 

1n the oorn caah. The major ettocta arieing from their 

fermentative act1~tioe vere t he torcation ot organic acids, 

lellt'lins to a chnnse in flavour and taat.e. Tho orpnic 

acide formed during the fer.Lontation or wet-=illod corn 

into og1 were qual1totivcly Gnd Qunnt.1totiTel; ee~1cated, 

an4 the results r ecorded in Tnblce 5 end 6 end Piguro 1 3. 

Lactic and acet.1c oc1da mainly were produced . Butyric acid 

waa tound in trees 811l0unto cmc1 it could have been derhed 

trom the rencidit7 ot the corn tat during etoraao. The 

co=poaition of the acids ot os1 given 1n Table 6 doea not 

correlate with tbOae formed by the indi ~dual IDioro 

orsanilllla primDrily reaponll1bla tor 1to acid11'1cat1on. 1'1han, 

howonr, tho t.otol ac1d1t7 p1'04ucec1 by each orgonia ie 

followed with time, aa ahown in P1aure 11, a general ~arenco 

can be made that the ac1d1f1cat1on ot the •eh waa initiated 

b7 QOf7DebftOter11J"\ e1Cbii!Ul9DU Which WU later replaced b7 

fjot'2l '· C• do n • !he h11haat B.IDOWlt at ac1d1t7 

wu produced by f.!gtobnc:Uluo R\tnt"tQ:'!I probobly because 1t 

waa eble to utilise tho dextrine ot the oom after the 

depletion of tho 1'or:::tlntablo augara. I.ftct1o acid ne the 

•in ao1d :ror...cd b7 J,~~gtol>nc:Uluc RlnD\.ariJlll. 
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'l'hia ae1d h • ve17 good eU])atrate tor the aronh ot 

Ca~1da ll!lcoqeraa Which ean c:oneume u well produce 

organic ac1de generally, Later (1910) . 'l'he t~ntative 

eharacter1at1ce of Ce~1da mzcoderma shown 1D Table 3 

clearly eetabl1oh that wh1le 1 t. can aaailllllate man,y 

carbon compounds, it 1e only able to ferment glucose and 

tructoee. Later oleo reported that theec tc~entoble augara 

were tound to be partly oxld1aed ond partl · fovert ed into 

ac1de. Therefore, the role of Candida ~code~ in the 

preparation ot ogi mu.at be regarded ae OJle 1n~lnng the 

destruction ot the organic acida formed b7 the bacteria. 

Plavour 1e another major product ot fermentation. 

Ita measurement baa been baaed aolel7 on organoleptic toots , 

although in recent yearo, numerous workers have tried to 

correlate 1t with a nWIIbor ot indicae. Braverman (a&3) 

reported that Harvey and Pulton tasted 30 v.rietiee ot 

tomatoes the pB Ot Which tell between 4.1 6 and 4,6 and 

round that their taeto dittered enormously , even though 

their pH differed only little. Harvey (1920) had earlier, 

used various buttero to prepare solutions ot equal pH but 

Widely different total titrablo acidity, and came to the 

conclusion that. the sour taste ••• a function of two 

1'Driablea, pH and total oc1d1 ty. Breoond woriUng on w1nea 

later , was reported (Brnve~n 1063) to have shown that 

• ate wae determined more by the •otal t1troble the sour ~• 

acid1t7 than bt pH. 
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The flavour acceptance at different lenla of total 

t1 trablc acidity of 1'ol'lllented corn ia ahown 1D 1'cble 4. 

A soo<S correlation waa not eatablllhed between the two 

factoro, although there waa o trend or good favour in h1ab 

acidity. '1'h1e in because a thi~ fl'ctor .. e.c:ed to han been 

in•ol ~, the aro:oo or ee ter pro • t: o,a potentia 1 or tho 

terocnting or~mn1r::..a. The ycoah, !:acs:h,ro:!'!Yco ceN~!j,o1ae 

nnd Oand14e mzcoderr-n were olwa;yr. able to produce on 

accepto~le tlnvour oven ot rclot1vel? low acid1' whene•or 

they were preaont in tbc ~oh. 

on the other hand, fonuc4 a rclotiYol7 h1gb ocility but 

with a poor tlD•our. Scbwei&;ort and Follinghnc (19615) 

bel1aYo4 that lnotlc acld ~roo tbo c:~1n tla•our courc:e or 

11111hewu, a eour corn beYorege of the Bantue; tho eue could 

not, howe•er be ca1d of oai bocaueo ot o reletiYely lower 

content or lactic acid, Candid~ mrs~c~ produced D better 

fla.our than: Aerobo-cte~ clonc:"a • Loot1o acid could, 

nonetholeae, be cona1dered ae one ot the rootoro reepone1-

ble ror the tln•our of ogi . In Flaura 1S, tho pH or osi 

ie related to the totcl titroblo acidity, There oe a 

aood correlct1on bot•oon tho two 1n the PH rongo 3,8-6. 0 

It ie .tsn1f1cont thot. tho lower llcH of th1G range 

correopond~ with tta ~I value £1v1nn the c1n1m~ aour taGte 

acceptable to t c l lnto or N1gc:rienn Ybcn eotinr tcr ontod 

foodo, .U:1nrclo (lf 4). Whence pll rny be ue~ IH' a reliable 

teet of acccptob111ty of tho cour teoto or ogl. The flavour 

h uouallY beot ot ¢l 3. G. 
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The f laTOur accept ance at di trerent leTele or t o ta l 

titrabl e aci dity or ferm.nt ed corn i o ahown i n Table 4. 

A good correlation waa not eatabllabed between the two 

f a ctoro, althoUSh there was n trend or good flavour in high 

acidity. Thie io becauae a third factor eeer.ICd to hen been 

inTOl Ted , the aro~ or ooter production potential or the 

fermenting orLOn1n: a. The ce~v1a1ae 

an4 Cnndidn mwcodor n were olwnyc oblo to produce an 

acoepta~le flavour even ut rclat1ve1• lo ocidit whenever 

they were present 1n the rzuh. • ' . 
on the other hand, rom~ a relat1 vely hish acil1 ty but 

with o poor flavour. Schweisurt and Pellinghoa (1Q63) 

bel1en4 that laoUc acid na the lll!lin tla•our source of 

IMhawu, a aour oorn beverage o! tho Bantuo1 tho same could 

not, howeTer be said or ogi because at a relatively lower 

content ot lactic acid, Ongdldn mYSoQerrry produced o better 

flaTOW' than: ~erobnctl'!r clo cnp • Lcot1c odd could, 

nonetheleao, be oona14ered •• one or the taotoro reapona1-

ble tor tha tlovour ot ogi. In V1aure 19, tho pB ot 011 

ie related to tho totcl titroble ocidlty, Thoro ••• 8 

good correlation between the two ln tho PR range 3. 8-&. 0 

It ic aisnJ.!lcont t.hnt the lower licit of th1a r nge 

correepon 8 tr1 tb tto pH vnlue n1 V1nfl tho c1n1 u; sour ta te 

acceptable to t leta or Vi cr1onn when ontin ror~ntod 

:rooce , At1nrolc (lf:-4). Wht.nC'C ~~ b ucct o o relloble 

teet or accept t111t) of t c co~r taate o o • The flaTOur 

h unell¥ but at. ~ D. 
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8&clplu 1 and 11 in Table 4 gaTe the beat fla1'0W' aod 

acidity and would therefore cont1ro that the coot desirable 

and important m1cro-oraan1~s in the eouring process are 

§acohnromwcea core!1nise, terobnct r c1oscn2 

Lactobacillus plAntnr~. 

4 . Bioch~cal on~ pbze1cal chnnsee 1n the corn 
carbol'l,l~roteo dur1n11 the prerarot1o" of Ogl. 

?he composition of the eugore of the niaericn •white 

~lour• corn and the chongeo nr1o1fllt from the effect of 

steeping 1n water ure e.ho•n in T blc 7. 

An increase in the clucoee , clucuronic ncid nnd 

~ructoac contents ot the corn wac ob~crved during stesptn~ , 

and melibiose end goactoso were tor.::~ed. At tho came t1!!e, 

the amounts of sucroao and rattinore decreased. Bond and 

Olaae (1Q63) had similarly noted a proaroaa1ve decrease in 

the cucroae and IU\ inoreaoe in the glucose contents of 

dent corn on steep1nl in water ~or 2 daJs. Uaoleod and 

her co workcra in their 1nvest1aat1ons of carbohydrate 

motabollom 1n tho ser.n1nnt1ng brarley were reported (Bond 

and oase 1Q63) to have explained thi~ observation by 

poatulattng that aucrooe forme~ the principal reopirotol'1 

oUbotratc during tho enrlY atesoe of growth initiation. 

The experimental ov1Ccnce obtained froc the atudico carried 

out on tho otoopir of JUserion corn 1e that ito oucroee 

wan h)'drolyoed 1r to :l••coeo end tructoec, 'b;v t.ha en~,J~De 

invartooo which 1 o hjdJoljo~ Lie rofflnooo into 

INlibiODO and fr ct l'C. Tho :eH 10DO .. II 1•\rth r 
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h7drol.7eed into plactoae IUlcS glucoae b!f the eneyme 

melibi aae. HoweYer , theae 1nterconYere1ona could not be 

quantitatiYely accounted tor on the bae1a or theoretical 

cSeriTatione. The quantities or melibiose ancS glucose formed 

cSuring controllecS ateep1na (Table 7) exceeded whnt coulcS bs 

expected from the hydrolyaea of tho ~tf1noee and aucroae 

of unateepecS corn. Therefore , the lnrF.e increases obaerYecS 

in the glucose and glucuronic acid durina ateap1ng coulcS 

haYe arisen from o poaaiblc phosphorolytic dearncSat1on or 

the amyloae portion or the corn atoreh according to the 

following aehe":!O 1-

(1) ( 2) (3) 

arch ---f· OlUCOI'IC 1-PO ~ t1DP-Qlucoae ...,..,.. ... UDP 
/ ~ Gluouron1o Ac14 loae) X OlUCOf'C L-PO 

ADP 

us 
ATP 

Oluooso 

(1) 
(2) 
( 3) 
(4) 

U1'P PP 21'lAD 2flADR0 
PP--~ 

Phoaphoeylasa 
Oluooae PJrOphoaphor,laae 

UTP 
Glucuronic Acid 

UricSine d1phoaphDta-sluooae cSobTdrosenaao 
Urid1ne dipboaphate-elucuronic P7ropboo-

pboryl.ua. 
UTP • Ur1dino triphosphate 
pp a Pyrophoc~~ato 

ftAD • ~1cotinam1de acSenine 

KADRe • " • 
41nuelect14a 

• (reduced) 
ADP • A4enoa1nc diphoaphato 
ITP 2 A4cnca1ne triphoophoto 

II 

X 

• lilagneai\1'11 

0 £'(1\IO~t 
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I\ la a1gn1t1cant that no trace of c.altoae ••• detected 

el ther in the aa:-:ple or dry whole gzoa1:na or cor or in the 

eamplea steeped 1n water tor 2 Cayo. In Figure 15, faint 

apota could be oboerTed in the caeee or whole corn gzoa1na 

and the naturallJ otoeped aample corree,on41ns to caltoee 

and mell1b1ose reepect1Yely. However, no sugar waa detected 

on extl'Ootina the opota wit~ water tor quantitative 

4etena1nat1on. 'l'h1e f1nd1na would tberetoro aupport the 

conclusion or Bond and Olaoe (1963) thut bote L'11;1laoo na 

no1 thor present in tho res tina corn nor eeereted dur1ng 

arowth initiation. Tho contrary rtn ot Duro (1960) that 

beta am::rlaso was present oould not be accepted. 

Tho ortoot or tho naturol stoep1ng or corn in water on 

t he rtecoei ty ch.arnctor1et1c or 1 te paste 111 ahom1 1n F1sure 

14. I n thie experiment., it ••• ... umed thAt tho rolat1n 

rtacoe1 ty or t he a t a r ch solution 1n the o ... ld rtscocoter 

tube na directly re lctod to tho t1J:a of !low in aecondo 

between the aor tcd ~~n1ac1 , nt o gi ven t~eroturc. 

'l'hererore, the tiCC or flow 1n oocondG wao uaed to represent 

the relat1 ve Y1ecoa1 ty .,.. luee. A n1(p\1t'1cant loeo or 

necoei ty could be oboel'7ed in &QIIIple P when compared w1 th 

Th18 must han been the reault or eoma diaatatio sample o. 
ecrU rt t 1 on the etArch or tho corn ar1e1na fran the 

aecret1ons or the 1nteoUng mlcro=oraenhma. or tbe 

aiCl"'b .. l aolated 1n a1gn1flca1•t n\llibere trom the eteepl~ 
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U quor , onl:; Oor;v; nctctl ic>-ic M9p!i ahowcC! o week 

d.laatat1c act1rtty on atarch a I • Since t e to tic. of 

cnltocc could not be detected , 1 t. 111 bel1cTc f t the 

atcrch wac ~inly converted to dextrine. Thio, t ore!oro , 

~uld be the cere importa.nt role or thia organic:~ during 

the trcd1t1oncl tor.=ent ntion or corn ro~hor than the 

in1 t1ct1on or acid production. The laboratorr and 

commercial aaaplec ot ogi (LO and CO) &bowed atill highar 

loaa cf Tiaeoait~ . Their pattern• wore Yory atc11ar an4 

oinco no dicot.utlc orgnruc vna found 1n t.ho latter et.agaa 

of aour1ng , tho loao or v1acoa1 t7 1n Ulo latter mplo& 

muat haTe ariaon tram tho o1'tect.a of lower pB 'r.llueo. 

&. Pe~ntot1on ortostn on t.te nutr1tnt comnopltlon gt Ooro. 

Qhongea oauacd by tho microorpnimno in Ule nutrient 

coopooltion or the corn can be obaer.ed in Table o. Tba 

ertecta of prococcins and rermontot1on , nod tbe influonso 

ot thO 1nd1• tducl micro-or~cnia:::n on t.heec nutri e.nt voluu 

arc nhown 1n the tnblc. Yfhclc crol c:orn tu!d 1n general 

1110
ro nutrionto thD osi , "hethcr ~cr.:ncnt.ed or not. Thill 

would be expected in v1cv or the fnct. t.h:nt. o JoJ• 

proportion of the gcnn o aiovca out during procoaa1ng. 

On the other ho.nd, 'llhan tho ... pl a or tomcnt.ed end 

u.ntcnncnt.ed osi arc aocpared , nn 1n41QQUon 1o nhc.n that. 

~crmontat.lon brought obout. on enr1ohmont of the nutr1cnte , 

notably in tlUt groos nttroscn content nnd in ao ot tho 
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B Y1 hm1na • 'but v1 th a ahrult neouu dec:oeoae 1n tho cal­

c1 1.1:1 nnd phoaphorue nlueo. 

'l'he predomnnnt m1cro-,r~IU11~ 1aolDtod dur1Dg the 

uour1na period or os1 were olao uac<l to dotarm1ne to what 

cxtont eac.~ could c:h:u1ge tho nutrio:'\t ct:~:npoa.l Uan of tba 

fol)d. Er.lplo¥1n8 o ratio of OJ:Uno nitrogen to t.otal nitro­

son :10 o measure of tho motabollc oc:ti 'f1 ty ot tho m1cro­

orsnnicma on tho proteins or corn; thore wGa Terr l1ttlo 

degrndQUon ct'f'coted b~ OJ\7 of the opec1a ; rat.hor 

t nnd LSictobqs:1lluo plantgl'\llll uaod 

up 110m.e of tho fi'OO toino nc1c1o for growth. Thio dcpen-

donee on onv1r.o,ru:_jnt l nutricnto for grovth aua Clhown b7 

tho latter org nl ·- ..... nlnos nll or tho r.linor la 

and V1 ta::Uno. Aorobnetet eloneae • • -· on tho other hand, 

th1 inc w tl p:1n-

tothon1o oc1d, 1ncronocc1 the r1'lo~la71n nncl oiacin 

contento of tho culture c:aeh. OYC94t'l"ffi9 too WQa 

able to 1nc:reoec ollghtl7 the lcYcl or total thiaauno , 

n1ooin ond pYr1nox1ne of tho unforccntod os1. 

The r1auroa prcacntctl in Toblo 8 denote thnt the 

Cond;dn re~entcd BJIJIIPle wae oloaut to the lnborotocy 

tormented oa1 tlour 1n nutrient cocpoa1t1on, and could 

theratora load to nn erroneouo improaa1on that 1t proTidad 

boat aubat1 tutc tor n.otural toroantRt1on. The roaulta 

ahown i n Table • haTe e1rea47 eatabllahed that auoh a 
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eample could Mt c lire sur 1c1ent cidJty aDd ~ 

fla\"Our. Therefore t.!o c1'11larlty in Ue nut !cnt ca;:-

pos1t1on at tile o m=nloo cuot 'be cnnoidered cs ret1cct -

1ng tho Uncti.ng 1n1'luence of Candide eyc~c~ on the 

nutrients of ogi at 'Ule end or the souring per1ocS . 

Apcrt fl'CIIIl tho loeaea brouaht about durlJIS t.hc ex­

traction of ogi from llhole corn meal, Ulc tot, crude fibre 

ond iron contents wore not aignifioant~ artoatod by tbe 

t'el"'llentation. Alao, none or tho mioroorgan181llll cxnmtned 

c.auaed o atr1king increase in tba acid wlue ot the fat , 

thereby •ll4Weat1na that no 11po]¥t1c onii;Jille waa aooreted. 

HowoYor, th.e difference 1n tho ee14 Tnlueo of tho untor­

monte4 og1 a D41 the other fen:lelltad eamplu could bo 

osor1bc4 to o b.ydroJ.:rt1c action, poee1bl!l llpoao, senerotod 

o1th1n tho corn. 

V1 tam1ne A llJ1I! 0 could not bo detoote4 1n ocy ot tho 

camplea. Since tho c!fect of tbe b1oloc1col acidity 

fom:.ed in the :tor. ted anc,Plao \'loold be t.o atn iliac the 

vitamin o or noc~rtlc acid, i t could be concluded thot 

none ot tho microorgon1G:"II tooted hn4 tho ob111t.J to 

eyntbes1eo tbia vitar:lin. Alao, becauac glucuronic ooid 

iG Oil intenuedial7 product 1n tho 00Dftt'010n of £1UC0118 

to ascorbic acid, tho nooeoaory cn~o• tor the o~ple­

t1on ot thlo chsnso would oppcnr to be lnclting 'both in 

the com ond in the osaocia'<id cJ.oroorgnnill:ls. 
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6. ~he protein gualitiee ot corn and osi. 

The qualities ot the proteina ot whole corn meal 

and og1 were naluated in terma ot tho true digoetibili ty 

coet'ticient, biological Yalue , net protein utiliaation 

and protein etticiency ratio. The 1"1gurea preaented 1n 

Table 9 are the daily eYeragee tor each rat while tboee 

in Table 10 represent the group anragee per diet. Onl.T 

tho casein diet should be conaidered ae a atandard; the 

egg diet haVinr. been ueed at nbout 6 per cent protein to 

determine the endogonoua and metabolic nitrogen in the 

urine and tooceo roopectlvely 01 tho exper1 ental rata. 

A good corrclllt1on waa obtained between tl e reaulta 

ot the blologlcol YDluee, net protein utllleatlon , protein 

efticienoy ratio and the percentage ot the total nitrogen 

intake retained in the bodT trom all the diete. Theae 

tiguree indicate that the protein ot og1 waa interior to 

that ot Whole corn rno1nly be04uee a considerable portion 

ot ita germ hod been aioved out during proceeain1; and 

that fermentation per ee , brought no aign1t1oant ~nge 

in the qualitT. The latter tindinJ therefore aupporta 

the obeorYOtion ot Dreyer and 8chwei1art (1963) , end 

turthar oorroborntaP an earlier conolueion (pa1e 104) 

that the m1cro-orlan111111a found in the tormenting corn 

maeh during the preparation of oai effected little or 

no degradation or the prote1na. 
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The protein etticienc7 retloe,net protein utilisation 

and biological Taluee of the tour experimental diets were 

paired and teated for aignif1cance leYel {Table 11) uaina 

the atudant ' e teet and applJing !eaeel'a corl'ect1on 

because of the amall number of eamplea {Moroney 1961). 

In nearly all of the caaee except one, the probabilities 

that the differenoea between the diets compared would 

have ariaen by chance are leaa than one in a thouaand 

tinea, and eo a h1ab desree of significance ru•a been 

eatabliahed. When tormented and unte~nted osi are 

compared however, the probability ia more than 1~ and so 

aignir1cance ia not ahown. 

The figurea obtained ior the true digestibility 

cootricients or the d1eta do not follow tho ewme trend aa 

the other indi ceo o~ protein Qualit~ oaaeaament. Thie 

ia becauee or the different amounta or protein or 

nitrogen 1nt ko. Ther4foro , tho rntea of di~eation ond 

absorption of protoina muat be considered •• not haVing 
alono 

a direct rolot1onahip with QU011t7fbut with Quantity and 

pbyeicol nature or state . When , however, the nitrogen 

balance per 100 I· body weight of each rat group ia 

diYided by tho corresponding nitrogen intake per 100 g. 

body weight ot tho rat group , the r•eulte expraaaod in 

por~antagoe follow the trend given b7 the biological 

Taluaa. 
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Ogi ia used extenai~el7 as the main food tor babie a 

immediately otter weaning, particularly amonsat the rural 

families in ~estern Nigcr1u. With a protein content ot 

about 8%, biological value 43 ond protein e!f1ciency ratio 

0 . 77 , 1 t cannot be considered suitable nn ~r infant tood . 

Si nce i t hea been eetablilhed that the protein quality or 

corn 1e not a1gn1r1cantly changed by natural tal'!llentation 

per ae , i t can then be pres~ot:~ed that an,y enrichment ot 

the baa1c protein will be c~rr1ed over to the tinol 

product. 

Stud1ea carried out by the J'ocd and Agriculture 

Organ1eation ot the United Ratione (1Q5~) hove indicated 

that the limiting amino acide ot corn protein are 
I ~l.~ ,~ 

tryptophan and }yaine. Tryptophan 1ejreplacaable with 1 
n1cot1n1c acid but the lyaine deticienoy oan only be 

corrected by fortification. Taktng nota or the tact that 

I 

the total protein lo~el of ogi needs to be i ncrcaead , and 

that moat o! the babiee fed with thie meal belong to a low 

income group , no1a bean would appear to be tho beet 

supplement. I t hao a high protein content, about ~ in 

the Nigerian variety, and quite rich in lye1ne, but 

none theloaa , rolsti~ely cheap. 

7. I h• ettoct or sox• eupRlemont on the protein 
slltll1 ty of os!. 

When tull rat aoya !lour which had bean heated to 

de atroy the ftDti-tryptio taotor woe added to og1 at ~ 

t l •val the protein erfi oiency rati o or t ho mixture 
par can v • 
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Ogi ia used exteneiTel7 aa the main food tor babiea 

immediately after weaning, particularly among&~ the rurnl 

famil1eo in estern Niscrio . With a protein content ot 

about 8%, biological vnluc 43 ond protein e!ficlency ratio 

0 . 77 , it cannot be considered suitable ae an 1nfon~ food. 

Since it baa been eatabliebed that the protein quality of 

corn ie not significantly changed by natural fermentation 

per ee , it can then be pros~ed tbat any enrichment of 

the basic protein will be carried oTer to the final 

product • .. 
Studio& carried out by the Pood and Agriculture 

Organiaotion of the United Nation& (1Q53) have indicated 

acida of corn protein are 
pnr~- 1 

Tryptophan iejreplaceable with 

thot the limiting amino 

tryptophan and lreino . 

nicotinic acid but the l7eine deficiency can only be 
? 
I 

corrected by fortification. Taking note of the tact that 

the total protein level of oai needa to be increaaed , and 

that moat of the babiea fed with thia meal baloQb to a low 

income group, coye boon would appear to be the beet 

aupplemont. 
It bee a high protein content, about ~ in 

Vnriety, and QUite r1ah ln lyeine, but 
the Rigerian •• 

re'•tivaly cheap. nonatheleaa, ~ 

t ya aupgle~ont on the protein 
7 . The attect 0 

1
80 

gunlitY of OS ' 
!lour which had been booted to 

When tull tet aoya 
ti tr,rptic tactor wee added to ogi at 30 

deatroy the an -
h protein e!fioianCT ratio of the mixture 

per cent level, t 8 
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waa found to be 2. 21 , about three times the ~alue for og1 

(0. 7'7}. Jones OJll1 D1nne (19"4) tound that the P. B.R. of 

tull tat aoya bean ceal waa equal to that or eaae1n. 

Aaauming this to be ao, the P.B.R. or the experimental 
• BOJa-og1 diet ohould theoretically be 1 .49. Therefor e , 

the observed v lue of 2. 21 cleorly cont1roa the obacr~otion 

of Chick (19Jl} · at aoyo protein hod a opec1al aupplo­

montol volue ~o cercola , probabl,y bec:~uae of lt.o high 

lysine content . The b iological volue o.nd net protei-: 

utilisation ot og1 were similarly enhanced by the addition 

ot soya , but the nlueo were not as hiah ae those of 

casein. When the weight gDina ot the rota ted on the 

different diets oro examined however, the higheat Vnlue 

was obtnined in the caaa or the ogi-~oya diet . This 1a 

directl,y dependent on the quantity or proteln or nitrogen 

1ntolte. Therotore t.be true easeasment or the growth 

promoting potential or the dl rteront 41eta lllllOt ba baaed 

on the protei n ettioianoy ratio Which 1s defined as the 

weight g~in per unit protein i ntake. When th1a 1a done , 

casei n acore~ 0 hir.her protei n oftioieno)' ratio (3. 17) than 

op- oo.ra (S. 21}; and ao 1t. must ba conclulied tnnt while 

the uoe of rull rat aoyo bean ~ol to fortlty og1 ot 8 

eos70 mixture pro~ldoo n ntlofnetory dlet, 1t 1n still 

not aa good 80 tie cooc1n diet . 
On far111entlng the 807'1-0gi 

•ixtore 1n tho conventional manner, the tln~our ~a etill 
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OOW:QJtVIJ!I 

a. 'blaob• la.l -'114F r4 ta.. taa tt011111 utlloc1ll ar 
i4'eparetton or oat baa NYeeled that \be deeptDa or ooa 

INlu tD cold watezo pricno to aUliq brtnp ebout the 

abaOI'pUon or •tor u • reeul.t or tlblch the bi'Dil ta 

aonene4. D\ll'.lna thle tlllo elao, a natural eoleotSon or 

the deall'able atcroozosant... tor the eourlnS and tlaYoar 

c18Telopaant or oBi tame place. 'Biocheaical 1md [lll7alcal 

cbenpa 1n tho cal'boh7cb'llto aotot7 ot tho com occur 

lea41ns to 1ncretieo4 toi'B!ltion or reraantablo aupre and \be 

4extzo1n1eat1on or the eterch b7 bllcterla1 eaylaeo. Alpha 

and beta aJ17laeo acth'itiee 4o not originate w1t.b1n t.be 

corn sretn and eo tho 1ncreneee 1n the gluco1Ht1 true-

toea ond glucuronic acid content• wlth etoep1ng are bel10To4 

to be duo pozotl7• to the h74rol)<Uo aouozw or tnnrtue and 

poaa1bl7 aellblaee an eucroee and 1'81'1'1noeo1 IUld penl.7 to 

8 phoephorol7tic deBJ'Il4aUon or the DJloee bJ a ur141ne 41pb,oai 

pbate aecbnnln. A pezolod ot 24 houre 1a reprded adequate 

ror t.be eteeplq. 

!he ~aoe alorotlore or oom tncludee a naaber ot 

aoa14e naael71 Cephaloaponua, ru .. naa, Aapardllu, and 

...scU11aaJ the aerobic bactel'laa, 

'llbich hJtJ'Ol.Pel the etal'Oh tDto 4UtriJ1e an4 

SJdtSIIMI tJle eolcUrloatSon or the aaebJ the lle'-ot'UMnta-

tlye 111lio1l poe•••••• t.be altUtQ 
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••• la pt•J.- fill NWIJaTe 

r. t1w aousq f6 oil, atUlaSaa u.. au•l'la to II'«'' •• 
laotlo uu, tile-~- aovca or tlaYoaJO. !be puta, 

-oaMn•pu and ~ 11rnc~a a4 •• ·.:.·.• lL.. ~, • 

.,. 141J' paoolU'eNM Sa a. f'ei'MDUna srah at a.e bea:t"­

nSna ancl eacl reepeot1n17 or a. NVllla perlocl, lapsoaytna 

e1pSf'1o•nt.l7 tbe 1'laY01D" acceptance or t.be t1nel pi'OC!Ilct. 

!he laUer orpnln, 

lactic aol4 an4 eo can deat~ the bloloKJ.cel ac141" 

produced c!ul'lna aovllla. 

!he prooeaHa or .Ulllla Ul4 a in lila 'llblcb r 11 a .. • a 

cone14eNble portion or the bulle and sera rec!llcea t.be 

nutrient yalue or t.ba com. The tra41t1onal taraentat1oa 

per ••, bl'lnp about a blolopcal Ul'lohllont. ot the 

nutr1ute ot oait notabl7 1n 1ncreaalns the total 

VaSa•'"• &ll4 IL1ao1D ocmt.eDteJ but c:auaee no elpitlout 

alteraUOD or &he protelll quallt7• 

A pod aappl•ental HlaU•ahlp uleta betnen op 

aa4 ·~ poteSAe. 'ftle a441Uon ot 30 pane ot M.te4 

h11 rat ·~baeD t'101ll" to 70 paria or op Nleee ua. po­

teiD et'f'1o18DOI' NUO ot &he latteP l'Na O. T1 to 2. 21 bat 

._ ca-ll'F of' uae pntalll ahtUN 1a nw aot aa ...,a 

•••••• 
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