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SYNOPSIS

Corn (Zea mays) is an indigenous crop of /frica,

widely eaten in the form of a sour meal, Amonget the ten

million Yorubes in the Western region of Figeria, it 1isa

the traditional staple cereal and the first native focd

given to babies ns '0gi', It is therefore important that

8 food such as this should be studied in order to elucidate
the microbiological and blochemical charges thnt take place

during its preparation, and to determine to what extent
ites nutritive walue is affected.

Traditionally, the seecds of corn are sosked in luke-

warm water for one to two days, after which they are wet

milled and sieved with much vater to remove the fibre,

hulls and much of the rmerss, The filtrate is then allowed

to sediment and becoms eour., Usuaslly, the sediment may be

diluted to B to 10 per cent totnl oolides in water and bolled

into a porridge or pap, or may be turnec into a stiff gel

for a merl when it is kXnown as '"ako'.

The microfloras of the fermentation wos determined
using the plate dilution method on s peptone, glucons,
yenrat extract, inorganic ealts, agar medium,

The impor—
tant micro-orgenisms were enumerated, isolated and

identified by the procedure rocommended by Pederson and
Albury (19066, 1962).
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The moulds isclated consint of Cephalosporius,

Yusarium, Asperzillos ard Penjcillion, Of the serobic

bacterin, only Corvnebacteri and Aercdacter could be

Lactic ncid bacteria were also isolated and
found to be Lesuconostoc mesenteroides, and Lactobmciliug

plantarum. There were also yeasts of which Candida
mycoderma, Sacchar

1dentified,

ces cerevislae and Rhodotoruls Were

Durineg the sonking period, the prodominant

aerobacter gloascse  whilst at souring,
it wus Lactobacillus plantarum,

organiem wao

The dominant organimans, selecta’ on the bapis of their

relative populations were then used to ferment samples of

corn mash pingly and combined, in order to determine thelir

roles, The wnrious products were then ananlysed for

nutrient composition including vitamins and organic aclids,

The effectn of stceping and of fermontation on the sugnrs
of the corn wére inventirnted uring paper chro=mtojgraphic
methods {(Pond and Glsns 1063, Dutoin, Oilles, FHamilton,

Rébers and Bmith 1056), and on the starch ty vimcometric

masnsurements,

There wae indiecation that Corynsbacterium michigunense
excreted alpha smylanse enzymes into the mash which

hydrolysed the starch of corn into dextrina, The soaked

pneeds necreted invertase which converted their sucrose to

glucose and fructose, and raffinose to mellibiose and

fructose. sorotncter glougng was shown to be
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capable of syntheeising ribveflavin mnd niacin, while
Candida mycoderma which predominated at the end of souring

period (pH 3.6) increased slightly the calcium, thiamine,
niacin and pyridoxine (ﬂt.ﬂﬁj contents of the corn mash,

Both Saccharomyces gerevisise and Candids mycoderms ware
found to contribute to the improved flavour of ogi.

A blological evaluation of the protein quality of
whole corn, fermented and unfermented corn flour (Ogi)
and soya fortified ogi at 30 to TO mixturs wme carried

out using 6 female rats per diet of 8 to 10 per cent

protein (Goyco 1947). They were compared with a standard

cagein diet of 10 per cent protein while an egg diet of
6 per cent protein wae uped to determine endogonous and

metabolic nitrogen (Mitchell and Carman 1926).

The fermentation 414 not affect significantly the
protein quality of corn, but the bilologiecal wvnlue, the net
protein utiligation and the proteln efficliency ratio of
ogl were inferior to corn because milling and nmieving

during yrocessing, removed a considerahle portion of the

hulls, aleurone layer and germ. When ogl was fortified

with full fat soya at 30 per cent lesvel, the protein
efficlency ratio was improved three folde giving a wvalue
higher than the theoretical and so proving that a high

eupplemental relationship exists between their proteins.
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The traditional fermentation of corn therefore
bringse about its nutrient enrichmont through the
synthesis of some B-vitamins, the dextrinisation of the
starch, and the development of flavorr. The flawvour of
ogl is related to the pil of the mash and it is ususily
not acceptabls above 3.7.
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IRNTRODUCTION
¥ithin the last decade, the world has been made

conscious of the alarming extent of hunger and malnutri-

tion, particularly in the desveloping countries of Africa,

Anis, the Middle Eaet and Latin America, Wright (1962)

estimatod that a staggering figure of about 400 milliou

people were actually hungry, by not having adequate calorie
intaks, Another 1,500 million, sabout half of the world's
population, suffercd from varying degrees cof malnutrition,

The ambient conditions in theo tropice where moat of the

affected poople 1live are puch that suick deteriorative changes

in the food take place resulting in as much as 50 per cent

loae of the total production, In Nigeria, for example,

Akinrele (1964) estimated that not less than £10 million is
loat in cash value per annum from food spoilage., In the
technologically rore advanced countries, on the other hand,

food loss due tc spoilage wns estimanted at about 10 per

cent by the ¥cod and Agriculture Organisation (Wright 1962).
Thie contrast is further aggravated by the general dearth

of baslec nowledge of nutrition among those poorly nourished,

while thoir food habits and culinary proctices still require

ptudy and development, The food scientist or technolo-

gist is therefore faced with an enormous challenge,.
The reole of corm in human diete, carticulerly in West :ifrica.
Corn occurs in the dlets of human populatione in one

.

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



fora or another throughout the world, bdbut it is used pri-

marily ae o staple food in a few countries, Extensive

consumption of com is made by the pessants of Mexico,
Venezuela, Guatemala, Romania, South Africa, Kenym,

Tanzenia, Malewl, Zambia, Southern Rhodesin, Western

NHigeria end Ghana, In some of these arecas, between B0 to

90 per cent of the total calorie intake for the greater
part of the year is derived from corn according to the
F.A.0., publication on "Maize and maize diote” (1953).

Because of their low economic level and faulty food habit
largely due to ignorance, these consumerse usually suffer

from tremendous nutritional 4disorders,

One of the earliost studies on corn diets was recorded

in the name of GCaspar Casal in 1762 (F.A.0.1953). He

noted an occurence of the pellagra discnese among Asturian
peasanta living largely on corn, with very little meat.
This has since bezn followed up by a considerable amount

of research into the nutritional problems arieing from diete

nlmoot wholly based on corn, Robinson, Payne and Calvo

(1944), Anderscn, Calvo, Robinson, Serranc and Paynae (1948),
Calvo, Serrano, Millan, Mirenda, de P, and Anderson (1946)

carried out nutrition appralsals among the corn eating

nativem in Mexico. Aykroyd, Alexa and Nitsulescu (1936) in

Moldavia, Romanis, Cluver (1929 and 1939), Haylett and Smit

(1951) in Bouth Africa and Raymond (1942)., These studies

reviowed in F.A.0. nutritional studies ¥o.9, revealed that
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the populations were usually short of calories, although

the total protein intake, mainly of cereal origin, was fairly
adequate, The moot remarkable deficliencies were in calcium,
except in Mexico where extra calcium was provided by the lime
water used in the preparation of tortillas, vitamin A except

where yellow corn wns used, riboflavin, niscin and one or

more essential amino acids, These were reflected in

roeduced capacity for work, impairment of growih and
physical development, diminished resistances to infection

and a high mortality among infante and cihildren, Woolley

(1946) sgain reasched a conclusion thet there wns a pella-
gragenic agent in comn,

In Weot Africa, Willisms (1933) firat reported the
incidence of kwashiorkor, a protein deficlency syndrome,

among children betweesn the ages of 1 to 4 years in the 0Oold

Coant, now known as Ghana, In all the cases examined, there

was a history of deaficient breast-feoding, and the only
supplemontary food used consisted of preparations of maize,
namely, axasa and kenkey; products which are similar to
ogl and eko respectively in Western lNigeria. The dietary
surveys carried out recently in 2 typicel villages in
Western Nigerin, nanely Igho Ora end Ilora b Yy U KN I CE F
fellows (1964 and 1965) revealed thant corn provided

about 30 and 35 per cent of the total protein and
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calorie intaks respectively, particulsarly among childran
of the age group in which Willisms noted the incidence of

kmshiorkor, Worley (1958) also observed that one out of

every five children brought into the Wesley Guild Mospital,
Ilesha, was in this condition, and he was seeing up tz 300

cases of kmashiorkor in ons year according to Collis, Demn

and Omololu (1962)., Broek (1961) went further t¢ suggost

that for every one cnpe of kwashlorkor, there wure 100 cases
of protein malnutrition in the pre-kwnshicrkor condition,

Among adults, cormm hav o versatile use us a food, It ia

eaten either in the formm of pap or porridge and colled ogl
or agidli, or in the form of a solid meal known as eko,

In either form it 1s usually preferred to many other indi-

genous Toodm during 11l Lbeslith, Basair (1962) mentioned

that certain Yoruba peocple in ligeria believed that agidl

or ogl wme a galultogopgue. Since, however, there was no

good quantitmt) e evidence Tfor the milk producing effects
of carbohy'\rate drinke, he concluded, therefore that the

belief otsmmed from the fect that mothers aoften felt thirsty
when thae draupht reflox was opeorated,

The origin of the West African corn has bsen intenaively
investignted in recent years., The claseical view wmo that
‘the cultivation of corn (Zen mayn) originated in tho MNew

World - the Americas, and was introduced into Rurope only
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at the end of the 15th century after thes dlscovery of the
Americas by Christopher Columbue, Another theory held that
corn mas introduced to Europe from Asis by the Aradbs in the
15th century. Porteres and later Willett have also suggested
mccording to Jeffreys (1963) that corn was introduced to

Wast Africa by the Portuguese through the Ouines Coct.
Jeffrays however, using evidences from locel namcas, the fact
that tho term "milho de Ouine” wam used dy the ortuguese
theaselves, and the oexistence of native names for corm in

Senegnl bdefore the Portuguense arrived Irn 1Li6 has concluded
that the West African corn wno of an indigenouns origin,

In his own postulate, corn first spponred at the mouth of
Benepal and moved into ths vwelley of Niger, and at

Timbuktu, it met the West tu Fant earavan route which took

it through Benue, Lake Thad to Darfur and the File, Com

than crossod the Nel Ham into Aradla Pelix or Hadramant,

a popular place for the usunl interchange of food plants of

Africn and Anin, Jeffreys suggeotdd that it then proceecded

up the Persian Gulf to enter Asis Minor from where it
spread Yeat wards into the Meditorransan, and into Europe,
and eastwnrds into Persia and thence to China,

The rapid spread of corn has been atdridbuted to a numbdber
of factors, Firat, it ie a plant whrich possospes remsri-
oble adaptability and versatility, becaune of ite great
Qiversity of forms, Unlike wheat and rice, the cultivation
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of which is limited by climate, corn flourishes under the
most varied conditions, Another important factor is thet
1t gives the highest ylelds of food energy per acro among
the cereals, the least labour demand and a relatively amall
expense of ssced, while on tha whole it is resistant to
digseages, In the Western provinces of Higeria, whore

corn is the traditional staple cereal, agriculturai statis-
tics of 1958~59 showed that it was planted on J0.5 per
cent of ths total acreage of the main ferm crops, that s,
an 795;000 mcres of land yilelding 220,000 tons per annum,
Other main crops occcupied the folloving percentages;~ Yam
29, Cassava 16,1, Cocoyam L4.%; melon 10.7 and beans 8.0,
The rate of growth in yleld of corn has since been main-
tained at about 2 per cent per annum, The predominant
variety used for human consumption is the "flour” (Zea mava
L, erythrolepnis) usunlly referred to as "Lagoa white®,

An attompt was made recently to introduce a yellow Mexlcan
variety because of its better nutritive quelity, It mot with
conaidsrable consumer resistance, and it ies now being used
sxelusively for livestock foeds.

Corn is eaten mainly in the form of a fermented pro-
duct in Africa. The meal is known by various names in the
gifferent parts of the continent. It ls called mahewu
(menlie meal) by the Bantus of Bouth Africs, uji and chenga
4n East Africa, ogl, akamu and ekxo in NMigeris and akass

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



T

804 kenkey in Ghana, Although there are minor variations
An the method of prepsration of this M;;;Tﬂ place to place,
¥et the basic prectice of soaking, milling, sioving and
mouring of the corn is common to all,

The tmaditional method of preparntion employed hv the
Yorubas of Western Nigsria consiste of washing drie’ comn
with water, followod by steeping in lukewarm cliean water
for a day or two, The grains are then wet-uilled, diluted
considerably with water, and sioved through a wire meah
of approximately B.8.8, Ko, 52 (aperture 300 microns), The
filtrate is then sllowed to stand fopr another day or two
nt room temparature (30°-32°C), when it pediments nnd be-
comos aour. The supernstiant is poured away and the sedi-
mont used ao ogl, It is usually boiled at & to 10 per-
cant total solide into n porridge or pap, and eaton with
g bean cake (akare or moinmoin), Then further diluted,
it is.used in the rurel areas pa the firet native food for
wesning bebies, In a concentrated form, it is boiled into
a thick gel and then allowad to set etiff in leaf moulds,
This last meal is known as eko,

Research on corn in the last sixty years hes been
largely devoted to ite genetlce, nutrient componition and
{ndustrial utilisation, A considoradle amomnt of data has
been given en the chenical composition of corn by Oreaves
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and liirst (1929), Prape and Xemmerer (1941) Rarle, Curtis
and Mubbard (1946), Chatfield (1949), Aurand snd ¥iller
(1949), and Rodrigues, Munt snd Bethke (195)). The vita-
nins were nlso estimnted by Ayiroyd rnd Swaminathan (1942),
Cabell and Ellis (1942), Burkholder, lcVeigh and Moyer
(1947), Goldberz and Thorp (1945), Hunt, Ditsler snd Aethke
(1947) y Ditzler, Munt, and Bethke (1948) and Hasthoote,
Hinton and Shaw (1952). These investigaticne showed that
the dirferent parts of the corn kernel differed in chemical
composition. The ecndosperm which consiitutes mbout 80 per
cant of the grain contoined over 80 per cant of its staréh
and about 75 per cent of ite protein, The germ which
accounts for nbout 10 per cent of the grain, contained
nearly all the oil and most of the minerdls; while the outer-
moot portion or bomy gluten which contains the nleurone
cells was found to be one of the richest fractions of the
grain with » protein content of about 20 per cent, A

great vuription in the protein and fat contents waa nleo
obamrved among the different strainas of corn, The vita-
mine were found located chiefly in the germ and in the
outermost layer of the endosperm, which includes the aleu-
rone cells. The thiamine and riboflnvin contents were
high compared with other cereals like wheat and rice, but
the main wvaluo was relatively very low, Vitamin A was only
found in yollow maize, vitamin % or tocopherol was found in
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the embryo in a renge of 15 to 36 mg, per grem, The
muﬂﬂﬁﬂmumﬂnmuﬂnlmwﬂlm
thought to be insipgnificant,

The proteins of corn and their nutritive quslity were
also exhnustively studied by Osborne and ¥endel (1914},
thowmlter mnd Carr (1922), Boss-Fixxen, Mutchinsen ynd
Jackson (1934), Bloeck and Mitchell (1946), Bure a4 Mouse
(1948), Bchuls and Thomns (1949), Elock mnd Selling (1991),
Frey (1951), Chaudhuri and Xodicek (1951), Mitchell, Mamilton
and Beadles (1952) and Wdlfe nnd Povian (1957). Corn was
found to contain three types of protein; prolamines chiefly
as zein globulins and glutelins, Zein accountad for about
half of the total protein in the whole grain and for about
half of that in the endospern, In the germ, Zein wns pre-
pent only In a oxnll emount, the chief protein in this organ
boing glutelin, Zein was found to be an imperfect protein,
dovoid of the important amino acid, lyeine, and very de-
ficient in tryptophan, This defect in nmown to have mn
important bearing on the relation of maisze to pellagra, On )
ths basis of experiments with rats, the diologiesl wmluss s
and protein efficiemcy ratio mscribed to corn were inferior
to those of rice and whole wheat, Testo with pure nein
sghowed that it could not support any growth mt all in rats,
tut when supplemented with corn glutelin, some degroe of
weight gain was observed (Csborne and Mendal 1934)s
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Storage and s number of procesaing methods have been
found to change the nutritive quality of corn, Willite
and Kokoaskl (1935), Jones, Divine and Gersdoff (1942),
Gilann and Semeniuk (1948) and Zelsny (1948) examined the
changes in the chemical and nutritive composition of eorn
under storsge and upon infection with moulds. wWhile serious
losses may be coused by insects and rodents, chezical
changes which are occuring all the time during storage were
found to be enzymatic in nature, resulting from the action
of the enzsymes of the grain itself, or of the fungl or
bacteria present in it. The factore which dstermined the
extent of change under storags were moisture content,
storage temperature, the accosa of oxygen to the stored
material, snd the degree of soundness of tha grain, Low
moisture levels, low temperature and lanck of oxygen de-
crenced enzymatiec and respiratory activities and conse-
quently helped %o prevent deterioration, The change
affecting carbohydrates wro ecssentinlly the decomposition
of starch under the influesnce of amylaseon, FProteolytic
encyaes in the grain or in parasitic organisms sesocinted
with it hrydrolysed the proteins into amino acids or denatured
them, Although the hydrolytic phase was found to be usually
plow, yot the free amino acid content of certain samples
of spoiled corn rose to meore than three times during defec-

tive storage.
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The reduction in nutritive wmlue of the proteins
@uring storage wns demonstrated in a series of metabolic
trials with rats by Jones, Divine and Gersdorff (1942)
During s 42-day period, groups of young rate were fed corm
freshly ground, and after storage for 6, 12 and 2L months
at 76°P., The groups showed weight pgnins of 84, 63, 56
and 57 grams respectively, The grain and meal used in these
experiments were sound and free from infection with
insects and moulds, Pat hydrolysis alsc took place during
storage, The development of rancidity is strongly in-
fluenced by the oxygen content and temperature of the
surrounding atmosphere, When white corn of 14 per cent
moisture was stored for 12 monthes nt temperatures below
‘IJ“G. no significant changes in fat content were found to
occur, whereap the sample stored at higher temperatures had
their fat content reduced by LS per cent nnd over(Willits
and Kokoski 1935). With drier menl, of 8 per cent moisture
content the temporature of storage could be ralsed to 3?“6
without lose of fat., In all the cases, however, large
increases in acidity wane observed and this bore no rela-
tion to the fat content, The mineral content of corn wae
not greatly influenced by storage, and of the vitamine,
only vitamin A (Carotenoids) contained in yellow corn was
geriously affected (Praps and Kemmerer 1938 and 1941),
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Platt (1943), ¥assieu, Guzman, Cravioto and Calvo
(1949), Mitchell, Mamilton and Beadles (1949), Laguna and
Carpenter (1951) and Schweigart and Pellinghem (1963)
exanined the various methods of preparation of corn for
human consumption and their {nfluences on the intrinaic
food quality. The main processes which have been mown to
affect the nutrient content of corn whon employed are soak-
ing or steeping, milling, sieving or bolting, cooking and
fermontation., In Latin America, for exocmple, where whole
grains are usually soaked in lime woter to soften the hull
before grinding, the procese hoe boen found to increase
the calcium content of the graln, while it is aleo believed
that 1t may be important in rendering the niacin in the
¢orn more available to digestion, Oarinding was found to
improve the Aigreatidility and to mnke poseible the prepa-
ration of n grecter variety of dieches which would be
pleasing to the eye and palate, The influence of milling
on the notritive quality of corn 1s dependent on what por-
tione of the grain are removed during the process, The
traditional practice of using stone milling in various parts
of Latin America and Africa has the advantage of ensuring
that the menl obtained includes all parts of the whole grain,
Hodern milling methods with machines result in the separa-
tion of the bran and geram from corm, and so bring about
profound changes in the nutrient content, Cooking was
observed to improve the palatability, the digeatibility
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and the availebility of certain nutrients. A conaiderable

proportion of the thismine (about 30 per cent) and ribo-
flavin wae found lost (Mitchell, Mamilton and Beadles 1949).
W¥hen corn was fermented with Lactobacillus delbruckii to
make mahewu, the concentrations of the thismine, ribo-
flavin and niscin, and also the proteins remained wnaffected
(Bchweigert and Fellingham, 1563).

Tho bpeis of the inveptigntions cerried out.

Schweigert and de Wit (1960) studled the preparation,
drying and nutritive valus of mahewn, s South Afriecan
egquivalent of ogl, and found thal the bucteria that brought
about ita souring were introdunod by the added wheat flour,
The bacteris propagmted rapidly in the corn porridge con-
verting the sugnre derived from the starch by wheat amylotic
enzymes, into laciic acid, Alpo Schweigert and Fellingham
(1963) noted that the treditional spontunsous souring
process wns not suitnble for the large scale industrial
production of mahewu, because it took too long and
pronsaded too irregularly with the risk of contaminstion
with undesirsble bacteria, This could produce secondary
feraentations, the products of which (for example, acetic
and butyric ancids) influenced the taste detrimentally,

They, therefore, employed Lactobacillus delbruckil at
an optimun temperature of 45°C, snd in the presence of

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



%

14
enzyme rich materials such es wheat bren and calcium
phosphate salts, were able to reduce the fermentation time
from 36 hours to 3 hours, They found that the concentra-
tions of the vitamins, particularly thismine, riboflavin
and nilacin were not affected by the fermentation, Dreyor
and Bchweigart (1961) too, obaerved no appreciabls dcterio-
ration of the proteins from the contrelled ferveniation
with Lactobacillus delbruckil, In West Afrlce, particu-
larly in the Western provinces of Nigeria, the traditional
souring of corn takes placa spontanveisly during the
preparation of ogli, but without the addition of inocu-
lants or ensymen. It is theeefore important that the
organiens involved in this unaided fermentation should be
identiried and thelr affocts on the nutritive valua of
ths meal inveatiguiceds Alsc the flavour characteristice
of the product noed to be correlated with the roles of the
fermonting crwganions so that an integrated recommendation
for the induntrial manufecture of the ogl could be made,

pure (1960) following the dblochemical changes in the
eartohydrates of corn during steeping and gernination
postulated that corn cantained only beta amylase in the
resting seed and up to the third day of germination,
Thereafter, alpha amylase was secreted and became pre-
deminantly sctive, On the contrary, Bond and Glasa
(2963) working on yellow dent com steeped in water for
3
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48 hours st 16°C before germination in air at 100 per ceat
relative humidity, observed no alpha and beta amylase
activity during the 2-day steeping period, Alpha amylase
wns destected on the sixth day, whilst beta amyluse did
not appear throughout the test period lasting 14 days,
There 1s, sgain, need to clear tho ambiguity in cvider te
correctly appraisc the role of steeping in the Gruditionnl
preparation of ogl from corn,

Gilbert, Gillman, Mandslstan, Gillsan and Goldbarg
(1943) reported that rats of 50 g. te 50 g. weight, when
fed on mealie meal or mahewu and e ter, became dsarfa
showing very little increasc in welght in 10 weeka, If
they were, however, transferred to a full diet, they graw
almont as rapidly ses noraal animals, showing that the
potentiality for growth was not destroyed by the previous
stunting, Cnrieck (1951) observed that the proteins of
soyasbeans, yrobably, because of their high lysine content,
had a vpoeecial value in supplemsenting those of cereals,
pure (1948) in experiments with growing rate fed on corn
disvs supplemented with 2,68 of soyabean meal, the protoin
level having bean ndjusted to 8/, found that the proteln
officiency ratio (gain in weight per grem of protein eaten)
of corn was ralsed by over 30%, from 1,23 to 1,66, Pigures
at higher levels of fortification would need %o be known
for ogl, Ar it 1s to be developed into a food adequate for
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the use of infants snd children, using soyabean meal
| as the main protein supplement,

The investigations which form the basls of this
thesis were plamned asz follows; (a) A prelininary survey
of the methods of preparation of ogl by various comrmar-
einl producers in Lagos and Ibadan was conducted so o8 to
determine the one most widely employed. (b) Tae micro-
organisms present in the corn mash during the perioed of
steeping and souring were then enumeratod, isclated and
identiried, The roles of those appesring to be dominant
by sheor numbers at any signifieant period wvere examined
in terms of the blochemical en nutritive changes brought
about in ogi., (c) The sugnr compomition of the Nigerian
corn, Lagoa white variety, was determined and the changes
with steeping andi souring followed, (4) The biological
evaluation of the affect of the traditional preparation
of ogi on the proteina of corn was carried ocut using
albino ferale rates, The nutritional adeguacy of a mixed
protein made by the nddition of 30 parte of full fat soyn
fiour to 70 parts of ogli was investignted and compared
with casein.
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All the chemicals used in these experiments were of
snalytical reagent grade obtained from Hopkine and Williams,
The corn was of the Lagos white variety obtained from the
local market at Ibadan.

1. Pattern of the Microflora

(a) EII.EE the various traditional methods o prejaration
L]

Preparntion of SBamples. 100 ml, of sterile water were

éach of
tranaferred :I.ntr.Zn number of beakers lsbelled A,B,C, and D

respectively, About 20 g. of wholesorw grains of corn were
added to each benker and covered with filter papers which
had been perforated with needle points, Sample A had ite )J
water retained throughout snd its corn wet-milled JJJ'
apd sieved nfter 2 days. 2
Sample B had ite water chsnged every day mnd ita corn
wet-milled and gleved nfter £ days,
S8ample C had its weter changed every day and ite corn
vet-milled and nieved after 3 days.
Sample D had ita corn dry-milled before being mosked in water,

Erocgdure.

All the mamples were kept for n period of 4 days at room

temperature {Eﬂ“—ﬂﬂuﬂ}, 1 ml, veing tnken each day for
bacteriological annlysis, while O ml. aliquo®s were used for

chemical aasays.

.
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The method used 18 mccording to Pederson, Fikestic asnd
Albury (1962) and based on the plute dllution technique.
40O ml, of nutrient agar were prepared to contains—
Peptone 2.5 B
Glucone 10 g.

Composition of Saltp
Bagto-Agnr 10 g,

Salt A Salt B
Difco Yeanst
extract 1.25 g. H?HPﬂh 100 g. Haﬁﬁ&.?ﬂgu LO g.
Balt B 2,5 ml, Ditttllud ~
water 000 ml, PeS0, T7H.O 2 |
Distilled .0 .. ke f
wter . Diatilled 1000 ml,

water

I ml, sliquots of the melted snd mixed nutrient medium
wore tranoferred into each of 100 Bijou bottlea and sterilised
at 10 1b. pressure for 10 minutes. 1 ®l. from each of the
samples under tost wne ndequately diluted in turn with
sterile watar, and 1 nl, of such a1luale used to inoculate
ench Botie of melted nutrient agnr at about 35°C. The
contantes were then mixed and poured sseptically into sterile
petri dishee for incubation at room temperature (30°-32°C).
The number of colonies growing in each plate was counted
arter 4B hours of incubation and classified on the basis

of colonial morphology.
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Chemieal analysigs The pi! of esch sample ¥ne measured
everyday with o Cambridgs direct rceding pH meter, shile
ﬁ' totel titrable mcidity wae determined on & ml. aliguot
of the sample against 0,1N NaCH solution in a micro-burette
using phenol red as the indicator (pi 6.8-8,4).

) a chogen method of !

40 g. of wholesoms grains of corn were steepad in 200 ml.,
tap water for 1 day in a closed brown Jjay, Then the greins
were taoken out and milled wet in n laboratory hand mill
which had been previously washed cloan nid stepped in boiling
water. The milled corn was sieved through B.5.58, No.44
(aperture 365 microns) mnd transferred quantitatively with
the steeping liquor back intc the jar, and then allowed to
continue Termanting for » further period of 2 days. The
bacteriological and physico-chealenl changus occuring during
U process were followed Ly tnking samples at frequent
{ntermls for bacto-chexical nnpalypod as deteribed previously.

(¢) Results, The waristiona in the pattarn of the microflore
grieing {rom the differant metlindn uped during the traditional
prn;-rutiutnf ogli from corn are shown 1in iable 1, The changes
in the populations of the micro-organiasas and the development
of ncidity can be followed in Table 8, ueing a process
ﬁunt.d to give the best result under traditional practice.
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Development of mcidity and microbiel

-

Population = Ho, x IDT

colonies/g. Cornm

Time | Samples | Mould,| vyeapt Isctobtecillus IpF of
I species| species '#iigigiilr nlunturuﬂ dium
T l_ A 0.005 0.002 0.001 C.003 | 5.60
ol B 0,002 0,000 0.003 0.002 | 5.60
- C 0.022| 0.000 0.001 ~ 0.000 | 5.60
D 0.004 |  ©.000 0.007 0.003 | 5.70 —i
A 0.000 | 0.0LO 30.000 L6,0C0 | 5,00 il
2:‘ B 1.000 | 0.040| 12,000 29.600 | 5.03 LAl
= C 2.000 0.000 15,200 42,400 | 5.05 |
o D 12.400 2.000 68,000 304,800 | 4.85 0,32
s A 0.000 | 0.560 435.000 500.000 | 4.45 0.64 2
"’E B 0.000 0.100 125,000 352.400 | 4.90 0.24
4 c 0.000]  ©0.005]|  232.200 712,500 | k.90 0.15
bhrs. D 0.000 | _10.000] _ 960,000 1150.000 | 3.77 3.16 |
A A 0.000 L.000| 1060.000 2252,.000 [ 3.79 2,04
B 0,000 21_300| B4B,000 800,000 | 4.2 1,20 A
72 G 6_6611"_6:%0'6 51,0, 000 _ 1160,000 | L. =) |
hrs. D 0.000 96.000 330.000 2100.000 | 3.6 4.92
A 0.000 | 1010,000 200,000 300,000 | 3,75 | 8 |
At B 0.000| 998.000| 1675.000 9060.0C0 | 3.79 17
96 c 0,000 2L,.000| 1120,000 1025.000 | 3.85 1,08 1
| brs. D 0.000 | 1505.000 15. 000 752.000 | 3.50 10,8
A = ¥illed after h% hours steeping
R = w " n " T
C = - o 72 e >
D = ®* dry st O hour, Table 4




Pacterlological and physico-chemical

EEI‘I er Enrin i

eparation

Shangee during Ogl preparation

Fo. of viable celle per g, of dry corn

~——

In:tnrncillunlBnn:hurnryuau

Fungal | Coryne- 1_illlblutnr Candlida
Euluniuq hncturinn' cloacas plantarus | serevisise mycode
! I
49.0 10.5 lL 6.5 | 66.0 | 0.5
19.0 5.6 | 9.0 37.0 0.1
0.0 16,0 | 332,0 | 60..0 0.0
.?ZE. 24,70C,0 i L42,000,.0 _I:-}G.ﬂaﬂ.ﬂ 0.0
S ¥illing, Pgevin” and Souring in sams liqQuor
0.0 | 8.0 29,7 1.8 1.6
0.0 c.0 13,2 bl.2 8.6
Lb.ﬂ 0.0 126.0 L4,000.0 3.0
0.0 C.0 47.90 562.0 0.0 |
0.0 6?6—. 7,400,0 18,500.0 1.6 160,0
0.0 |  o.0| 2,520.0 9,100.0 0.0 2,060.0
Table 2
@ = ESurfece microflora of unwanhed corn,
b = Burface microflora of corn waehed once (LOg. corn with
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% ldentifjcation of predominant organiems
(a) Microscopicsl examinstion, A representative colony of

(b)

each of the dominsnt organisms was isolated and transferred
aseptically on the nutrient agar slante in replicates.

Al) of the slants were then sllowed to grow at room
temperature {Eﬂu-ﬁﬂnﬂ] for about 48 hours. Bach nure
culture was sampled with a sterile platinum wice loop

and examined under the oil immersion lens of the

microscope for morphological characterietics. The fungal
colonies in the petri dishes were sliced vertically and
examined under a low power objective of the microscope.
Biochemjical tests

(1) Fermentation testg. The method used is mccording to

Christensen et gl (1968), A standard dbasic medium of
nutrient Wwoth containing 0.6% peptone, 0,85% yeast
extract and 0,68 sach of salta A and B was used., 10 ml,
of the broth were transferred to & nusmber of fermentation
tubee, followed by 0.1 g. of the specific suger. The
tuuas were plugged Vith non-sbeorbdent cotton wool and
sterilised at 10 1b, pressure for 10 minutes. A total
number of 18 sugars were tested, The ability to ferment
a sugar was meapured by the titration of the mcid produced
against 0.1 NaOH solution using phencl red ss the
indiecator (pi 6.8-8.4).
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0'¥eara’s modification.
- f'-mﬁ“pbi-nt of creéestine and 5 ml, of a 40%
solution of caustic sods were added to the culturé of
inun-:ummn in #luceme-phicaphate-peptone Trotl,
The tube was corked and sharen vigorously, The
appear™ance of a pinik colour #ithin 10 minutes wac
considered as a positive reaction fTor acetylmath]
cervinol,

(141) Mitrate reduction test; Two solutions of alpia
naphthylamine and sulvhani{liec neld in acdtie ncid

roapectively were mixed in equal oroportions., To 1 ml,
of the mixture in a clean teot tube wad added 1 léopful
of the culture of the organiem grown i{n & nutriént broth
containing 1,08 (w/") rnna. 1,08 (W/V) peptone and

0.6% (W/¥) MaCl, The development of a rose pink colour

within 0 minutes at room temperature was takeh aso n
positive tecal for nitrite,

(1v) Indolg tests O drope of & raturated squeous solution
of potapsium persulphate followed by O drops of para=
Afmethylamino bentaldehyda were put on the tipof a
gmall piece of avsornént cotton #ol shich had been
forssd inte a plug, The cotton wool wan uned ‘to plug
a tude of culture fluld und pushed dowrmarde until the
tip wae sbout an inch from the fluld, Yhe tube was
stood in & bath of boiling water, A red colour fommed

at the tip of the plug wen considered mo giving a
ert’." “It L] AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



1(-1'3 Starch hydrolyie test: A loopful of the culture was

(v1)

(e)

inoculated on to 0.2 soluble starch in nutriest agar
and allowed to grow for sbout £ daye at room temperature,
Then the starch sgar plate was flooded with a saturated
solution of iodine in 60X aleohol, Tt was allowed to
remain on for 2 minutes and then drained from the plate.
The presence of a clear zone around the growth in which

there was no blue colour wps considered sn indieation
of starch destruction.

Gram's Jodine test: A thin film of the culture was
made on o clean slide and fixed with the minimum amount
of heat, It wae then {loodsd with a mixture of 30
partes of 2% agueous oryetal violet and 8 partas of 1%
agueoun Huﬂﬂﬂﬁ and sllowed to remain for & minutes.

It wap wmashed to remove excess stoin and treated with
freah 1odine for 2 mlnutes. The pmoar was then
decolourised by addins ncetona to it drop by drop.

The slide was again washed in tap waler ard eounter-
gtnined for 20 seconde with 0,1F agueous sclution of
safranine, It was finally washed in tap water, blotted
dry and examined under the microscope., BEmcterisl celle
stained violat were regarded mo gram pullthq, and thome

ptained red as gram negative,
Results, The photo micrographs of the organisme

Ysolsated are shown in figures 2 to 10.
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A

s Agar plate showing colonies grown from the surface

microflora of coran.

The large sexl transparent colonies are those of
ASrobugtor Sigdcus.

The creaxy white opague colonles on the surfunce are
those coi Qorynebescterium michigannenss,

The remnll white opaque colonies submerged mre those
of Jlactobaelillus plantarum,

The rough surfaced colony 4t 3he top left hand
corner ie that of Capndidg mycoderma.

The white wooly colonies are those of Aspergillug

and Penicilliium and the pink ones those of
Cephalosporium and Fugaruim.

= Agar plate showing colonies grown from a 24 hourn

old corn steep eulture, This 1a marked by predomi-
nance of AOrobectel colonies and complete
elimination of the moulde,

Elgure 8.
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A photomicrograph of the cells of Corynebacterium
m showing etnined gzranules under an oil

hotomicrograph of the cells of  Aerobacter clos
ﬂﬁm 1odine nnd put ﬁluiu n{fb
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A photomicrograph of the cella of Corynebacterium
michiganenoe showing stnined Zrauvles under an oil
immersion lens,

A photomicrograph of the cells of
‘stained uam 1odine mw under an o4l

SR Ty

)
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A photondcrograph of the cells of Lactobaoillug planterus
steined with Oram's iodine and put under an oil immersion
lens.

Elgure 8.

)
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A photomicrograph of the cella of Jaccharouyces cerevioiae,

81 irmerslon lzna,

atainad and exnmined ander an
— Figure ¥,
‘ Y
oy g
‘ir.‘

T .
)9 j} {

£ ou
A photomicrograph of the cells of Candidn mycoderma,

stained and exanined under an oil immersion lenas,

Eigure 19.

A
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A Photomierograph of the colls of Saccharonyces cerevising,
iﬁhﬂ and exanined under as oll immersion lens,
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Fermentation tests with microorganiems isolated from ‘'Ogi'
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Aerobacter Inctobacillus|Corynebacterium | SBaccharomyces
| cloacae ! lantarum michigenenae cercvisiane
. lhl]!lﬂn FaOH | oas! /10 NaOE| cas|X ﬁg !;EIH ur-:ﬂt;i ferm, )
. o ™ — 'U'.. 55!1 o .D' — - * =
| Dextrin * 0. Tml - | 1.3ml - 0.0ml - - . =
| Glucsose ++ | 1.8ml - | 4,3ml T 1.2ml . + . o
Sucrose - 1,8m] - 5.9ml | - 0.4ml . . L =
lactose + 1.0ml -| 1.1521 | = | C.0mi - - - -
Fructose e 1.9m1 - | 3.3m1 | - 0.4k=ul - * e -
Kaltose ++ | 1,9ml1 -| 3.4m1 | - 0. 3ml + . e -
falactone e 1.9ml1 -|"2,6m1 | = 0.2ml . + e -
Eaffinocee - 0.0ml - | 2,21 | = | 0.0ml + . * =
Sorbitol » 1, 8= - 1.05m1 | - | ©O.,3ml . - +* -
Starch - 0, 5ml - 0,.8ml | = 0.L4ml - - . -
¥annitol ++ | 1.,8ml -| 1,8m1 | - 1.0ml - - v -
Xyloae - 1.8m1 - 1.4ml | - 0.0ml . + - -
No Carben - 0.0ml - | 0, 5m1 | - 0.0ml - - - -
5% salt + Glucose | - 0.Lml - | 2.8m1 | - 0.0ml - - - -
Ethyl Alcohol B - - - - - . - . -
Iactic Acid - - - - - - - - e -
Acetic Acid - - - - - - - - 4 -
uvic Acid - - - - I &= - - - - —.
n_-_n-—-#*_
Flochemicnl tests |
Gram 'a Io e atain + . n.a, n.a,
Voges Prausknuer -
test + ! . - n.a. n.m,
Nitrate reduction
test + . - n.e. n.a,
Mh t.“ - - _— n..- n-li
Fotility > - * - e
Btarch hydrolyasis - - ~ = -
4 Positive ++ Very positive - Yegative Ferm. Fermentaticn n.s, not apnlicable.
Teble J
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Their reactions to the various blochemical tests nre

given in Table 3. The following morphological and

colonial characteristice were observed in the micro-
organisms,

HOULDS
Cephalogporium. The colonies posseened white tufts

of fibre over pink bases, The conidiophore was
avollen encapsulating numerous conidis which were one
gelled, cylindrical and of uniform size,

Pugarium, The colonial morphology wma almilar to
cephalosporium, Two pizes of conidin were, however,
observed, namely micro and macro conidia,
Aspergillus, The coloniss were black, The conidiophores
wore upright, simple, terminating in a globose to
elliptical swelling, bearing phislides radiating from
the entire surfuce, The conidia were one celled and
spherical,

Penicilllius. The colonies were circulnr with green
volvetl surface, The conidiophores arose from mycelia
{n eynnemata, branching near the apex to form brush
1ike conidial besring apparatus. The conidia were
one celled and spherical,

BACTERIA
GCorynebsctorius michiganense. The colonies were

¢roam and sometimes yellow in colour, convex, smooth

_ and treansluscent on the surface of nutrient agar,
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They were relatively larye, dbout 1 to © mu, in
Olameter. The cells were rode which were sometimes

elongated into curved bare with stalned granular bands

along their length, The celln aprearsd in s pollpade

arrangement with oceasioral enavping for=. The rells
showed a very weak diastatic action on starch sagur,
produced much acid from glucose and mannitol nrd alight
nocld from aucrose, fructone, maltose, galoetose,
sorbitol and atarch, The organiem wan gram poeitive,
motils and 414 mot rediice nitrates por produce indole,
. Lercbacter gigegas he colonies were large,
mucoid, elrcular, nnd sometimos epreading on hutrient " ST
They were convex, heirht sbout 1 mn, and diameter about
3 to 4 m,, smooth an? semi-transparent. The cells
were spherical to owval in shape ocecuring in large

clusters, but moptly in reirs and Tew chuine. The

= e o

organism wae gram npeghtive Termenting arabinonse,
gluecase, adorose, fructos:, maltoase, guluctose, sorbitol,
marnitol and xylose t5 produce aold and gaw, Tts
growth wan arrested = ™ “rine golution and sas  gple
to reduce nitrates but not produce indole.
Lactcbpeillus plantarus, The coloniens wers small,
e¢ircular, orientated in an oblique angle but submerged
in nutrient agar. The cells were rods forming into

" chains but showed no granilar stain along their length,
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The orl-n:l- produced more acid than mﬂa—
.&__ but no gas from the following sugars: glucose,

arabinocse, sucrose, fructose, maltose, galactose, raffinose,

mannitol, xylose, dextrin and sorbitol, It wae not motile,

but nitrate reducing, gram positive and showed salt
tolerance at 5% brine solution,

fennts

fgaccharomycep cerevisipse. The colonies on nntrient agar

were white, large, thick and dense, growing into a

pushroom shape. Those submerged grew towards the

purface, snd also into dichotomoua yrojections, The

purface colonies had their tope dry, slightly convex

and sometimes ralsed apicea., The cells were spherical

to ovnl showing multilatisral budding, snd fermented
glucose, sucrose, fructose, maltose, gnlactose, raffinose,
sorbitol and xylose, Ethyl alcchol waa used for growth.
Rhodotorula. The colonies were small, pink in colour

and moist on the purface of nutrient agar. The cells

woere very oimilar to those of faccharomyces cerevisiae
excopt that they occurred mostly ae single cells,

Candida mycoderma. The colonies were large, white,
opaque and dry on the surface, with reised centres and
a crater at the peak, The cells were ollipeoidal and
forned long chaine which constitute n peseudomycellium,

No sporulation oOr ascus was obeserved,

-
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The cells formed n 4Ary wrinkled pellicle on the surface
of nutrient broth, and were able to utilise arabinose,
dextrin, glucose, sucrose, lactose, fructose, maltose,
gnlactose, raffinose,sorbitol, starch, rhammose,
mannitol, xylose, ethyl alcohol, lactic acid and acetic

ancid for growth; while only sble to ferment glucosc end
fructose.

h
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%  XIhe role of the dominant organiems
- : . 3
(2) Pemmentation chammcteristics. 100 g, of corn.
Were somked in 5F Na8.0. solution for one day
to prevent microbisl infection. The corn grains
Were then drained and blotted dry. They were
then resoaked in 1.0 litres of distilled water and

almonat immedistely milled set ard sleved through

8 wire mesh B,%,5, ¥Wo.44 (eperture 55 microns),

The portion that passed through the sieve ¥RA

thoroughly mixed and 100 ml, sliguote transferred

into each of a nugber of Lottles, sterilised at

10 1t.. pressure for 15 minutes ard labellad ap

followns=

Sample 0C wag incculated with 2 ml. of & £ day old
stceep liquor of corn

Sample Cory wan inoculated with £ ml, cf {solated
Soryngbagterium culture,, solution,

sumple AC wen insculsted with 8 ml, of isolated

Agrooegter oulture solution,
Sample LP was lnoculated with ¥ ml, of isolated

Lactobagillug culture solution,
Sample G was ipoculated with © =1, of i{solated

Qandids culturg acluticn,
gample AC x LP was inoculated with € ml, *:.I.:tturu{iﬂ.;v't]

of jercbagter and Lactobaclllug
gulture solutions.
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5] Sazple AC x CM was inoculated with 2 ml, mixture (1:iv/v)
‘ of Aerobecter and Candida culture solutions,
Sample LP X OM wee inoculated with 2 ml. mixture (2 :1v/v)

of Lactobaclllus and Candida culture aclution
SBample AC x LP x C¥ wae inoculated with 2 ml, (1:3:iv'y)

L=

mixture of Lactobacillus, m_qm nno

Candida culture molutions,

Bample AC x IP x Sncch. wae inoculoted with & ;*1.{1:‘.;1#

mixture of Lactobacillns, Aerobagter and
gaccharomyces culture solitions,

A control sample wne set up ashiich was not inoculnted.

Two other samples inoculated with 4Srobsctes and
Lactobacillus culture solutiona respectively were

nllowed to fermsnt st 45°C in a thermostatic bath
for 2 days, The labelled samples, on the other
hand, were allowed to fermeant for £ days mlso but
at roda temperature {?;Dﬂ—;'pﬁ“ﬂ]. 0 ml, quantities
ware taken from each sample every 4 hourm for
titration egainet O,1IN NaOll using phenolphthlein
ag the indicator (g 6.4-10.0). All these
operntions were carried out in a oterile room
under ultra violet 1lisht, The light was put out
during the time of ilnoculntions, snd a different
pipette was used for ench sample,

bl
-
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Separation of the wlstive nrd non volutile ncids,

5 ml, nl{quots Trom samplon 9C, 1, TP and &

Were transterrol {5to a Markthan's mierokJellah:
apparatug and digtilled in turn In tre arerdres of
@l of 2,5% (V/V) 11,80, In saturmten VRO,
solution, About 50 ml, were distilled und then
titrated aguinst 0.1N MaOH solution with
phenolphthalein se Indicator (M 6,4-10,0), in
order to egtimate the volrtile ncids concentmtion,
A control distillation with B ml, of distilled
water and b ml, of 2,08 (V) H.50, in eat, Mgso,
solution wnp nleo carried out and the distillnte
used to estimate the blank correetion wlue, The
concentrrtion of the non volntile acid was deduced
by difiarsnce Trom the total titrable neldity
volug of a 8§ ml. portion of the pume sample,

™ granhy of the vo dn. The
method used is anccording to Reid and Lederor (1051),
The ammonium palte of volatile nefds Wers prepared
and meparnfed on chiroomtogra-hie paper. The acids
gpot out mp yellow ppoto {n the presence of
bromecrerol purple indieatofy 5,2-6.4),
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b ml, Wliquots Trom envnlen 8C, IM, TP and '

(11)

Wore transférred 1% a Yarktham's clerok jeldah)

Bpparatus and digti1led {n turn Iin the prerdrey of
5 ml, of 2,5% (?f?]'ﬂﬂgn4 in eatumted Yo,
solution, About 60 ml, were distiller nnd then
titrated nguinat 0,1 WeOH solution with
phenolphthalein nc indicator {3 8,4-10.0), in
order to esgtimnte the volrtile neids concentration,
A control dimtillation with B m)., of d1s8tilled
water and & ml, of =, 08 (V/V) HEE% in ent, MgBo,
solution wae nlec carried out wnd the distillate
used to estimate the blank correetion wvalue, The
concentretion of the non volatile scid was deduced
by difiarsnce from the total titrable noidity
wwing of a 0 ml. portion of the pume sample,

* of the volnt:) « The
method used {8 anccording to Reid and Lederer (1001).
The armmonium egslte of volétile ncide wers prepared

and deparaged on chromatogracshisa paper. The neide

. iﬁét out as yollow ppote in the premence of
"' ‘bramecresol purple indieatofyt 5,3-6,4),
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l“mtl- 1, 0,058 Bn(ﬂH)E

3« Baturated solution of smmonium oxmlate,
4. 0,880 Ammonia
5« Solvent system: n-butanol was redistilled
and then shaken with an equal volume of
1.5 N Hﬂj_ The two phases ware
separated before use,
6. Indicator solution; 0,047 (W'V)
bromocrescl purple in a 1:5 (V/V)
dilution of B.F. formalin (L4OT eolution
of formaldshyde in water) in ethanol,
the pll of the solution was adjusted to
epproximutely 5.0 by addition of 0O,1N NaOH,.
7+« T"hatman Wo, 1 specianl chromatography paper,
procedure. The distillates of the samples used in

3b (1) were separately neutralised to phenol red

(o 6,5-8,4) with 0,05 ¥ Ba(OH), solution and
evaporated to small volumes. Thoy were then
transferred in turn to small centrifuge tubes and
evaporated to dryness. A slight excess of o saturated
solution of ammonium oxalate was andded to each tube

to genernte the ammonium palts of the scids.
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The barium oxalate wns centrifuged off leaving a
superantant sultable for spotting on to chromato-
graphie paper. The sheets of Whatman No,l paper
were exposed to an atmosphere of concentruted
agueocus '!‘I'H:5 in a closed veonsel for 3 to 4 hours
immedintely before use, Approximately 0,005 ml,
of the ammonium salts of the fatty ncids prepared
as above was spotted on the papers with o micro-
pipette. The starting line was X cm, from the
bottom and the spota were plsced 3 cm, apart,
smmoniun salte of the following fatty acide were
prepared;- ncotic, formic, proplonic, butyric,
capryliec and lactic; and were ppotted on the
chromntography pupers as well,

The shaets were clipped on to some glaps rods
{n the chroatank and made to stsnd in the layer
of the butanol phase of the solvent eyntem, and
tha close fitting 11d of the vessel put inte
position., The aguecus phase of the solvent systems
was put in beakers which were stood in the butanol,
2l; hours were nllowed for the development of the
chromatograns by ascending technique after which
the papers were taken out and dried at room temperature.
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The papers were then sprayed as evenly as possible
with the indicator solution and held for 2 to 3 minutes
in an atmosphere saturated with dilute ammonia, re-
moving at brief intervals to wantch the progress.

Bright yellow spots appearing on a stable purple buck-

ground identiried the location of the constitient

ncids, Tho duplicates of the chromatograns wore sprayed

with 0.18 Anﬁﬂ} solution containing one Lifth of its
volume of concentrated :IHJ. They were heated at 105°C
for a perlod of up to 30 minutes, when the presence
of formic acid should produce a2 dark spot unlike
other acido, In thie wany, formic acld could be
detected in the preeence of ncetlic and lactic mcids,.

T 0 v of the non-vola a .

The method 18 aleo according to Akinrele (1964)
20 nl, fronx each of the fermonted samples under teaot

wore sosnad through, in turn, a coluan of Amborlite

reain IRA=L4OO in the carbonate fora in order to

ahaord the organic acids, They wore subssquently

eluted with O,T# (NI, ),COy solution and concentrated

to about 2 ml,, the exceéss of (‘“h)zm; having decom-
posed; 0,005 ml, from each of the prepared samples

won apotted with a micropipette on to Whatsan No.l paper.

Reference spots wore also made with ths following
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aliphatic acids:- lactic, succinic, malic, tartaric,
oxalic and citric, The paper wse developed with
phenol-water-foraic acid reagent (75:25:1) using the
descending technique, The chromatogram wos ardied,
and eprayed with bromocresol green indicator solution
(0.04 g. bromocrescl green in 15 ml. of ethansl and

5 ml. of water, its pH adjusted to 5,5).

Column chromatogra hy of the ncids of Ogi. The method
used 1is according to Prohman 8t.81.(1551) and based
on the gradient elutiocn princisic.,

Preparation of ncid gsixture, 20 g. of the wet mash
of ogl sold commércially 2nd equivalent to about 10 g,
dry material were extracted with about 200 ml, of
diatilled water and taen nllowed to pettle before the
supernatant wna decanted off, The extracted acids
wore nsutrlised with O0,IN FaON solution to a slight
exceap, and than evaporated to leam than 5 ml, before
treneferring to a test tube, Tha evaporntion wanp
centinued to dryness in a current of nir, A few glase
beada were then addad to the cooled residue and Just
enough conc, H, 80, wter (1:1) to convert all the
godium salts to free acids, The glass boads were
protated to make sure that all tha solium salto had been
wetted, then enough anhydrous nnﬂuoh van added to make
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the contents semi solid, The acids were finslly ex-
tracted from the sem! solid with 1 ml, of 4% (V/V)
tert-anyl alcodol in chloroform,

Erocedure:. 3 g. of silion gel were mixed thoroughly
with 1 ml, of water snd 0.15 nl, of cone. st%.

The mixture was slurried with 50 ml. of chlorofors,
poured into a glass chromatographic tube (0.8 ewm,
diameter x 75 cm,), and packed into the column by

the passago of a further 200 ml, of chloroform,

The acid mixture dissolved in 1 ml, of 4% (V/V)
tert-amyl alcchol in chloroform wae applied to the
column, The chromatogram was daveloped by the succes-
sive addition of 50 ml, chlorofeorm, 50 ml, of LX
tert-amyl alecohol in chloroform 50 ml., of 10% and

50 ml, of 125 tert-amyl alcohol in chloroform
respoctively. 3 ml, fractions of the eluate were
collected in » number of teat tubes, and to each tube
wae addsd another 35 ml, of water before titrating

npninet 0,05H NaOH solution with phenclpthalein as the
indicator (pH 8.4-10.0).

(¢) Resulte, The rates snd smounts of total acid

producticn during the fermentation of ogl by selected
micro-organismes are shown in Table 4,
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The acidsproduced alse by the organiems ere com-

pared graphically in Pigure 11, Th4 relationship of pH
to the volume of alksli used to neutralise ogl scids
is dnplutad in FPigure 12,

The nature and amounts of the ncids produced by
the micro organisms are laid out in Tables 5 and 6.
The composition of the aliphatic acids of commercial
ogl determined by column chromatographic technigue

is shown in Figure 13,

s *] f corn
@ preparation of o

(a) Carbohydrates
(1) Quantitative eotimation of tha sugars, The maethod is

according to Dubois gt. gl. (1956). This involves

the separation of the coaponent sugars on chromato-

graphic paper using the descending technigue; then

oluting the spote and aesaying the concentration of
the alutcd sugsr colorimetrically,

Bomple W = 10 g. of corn grains were dry ailled
and then extracted with 100 ml. bolling
70% agueous cthanol for about 15 minutes,

The supernatant was filtered,

i
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¥quivalent ml, of W/10 ¥aOit at 30°-32%C.
T | s 6l
‘AC |AC ie P 9 f:ngéral

9C1 |Cory 2|AE 3|LP L4 |C¥ 5/1P S|CM 7 o -

0.30/0.30 |0.34/0.40 [0.36]0.34]0.30 [0.30 |[0.34 | 0.30 0,32 gfggg--

o.h40l0.34 |0.340.32 |o0.34|0.40[0. 3k (0,32 10.36 Q.30 B.JE g b

0.340.48 (0.L6(0.34 0.340.34/0.56 0.3t lg.28 | 0.34 | 0.3 .3k

0.5210.52 [0.u4|0.64 [0.1:2(0.42|0.42 [0.450 |0.4D 0,40 0, Ly n.;ﬂ

u.gg 0.8 |0.60/0.74 |0.68|0.60/0,76 a.gt n-gg ”'?ﬁ ?.?n 3. 610,38

1,60/1.20 |0.82{0.84 |0.96/0.90/0.86 0. 0, & Jo. s . -ﬂﬂ 0.k

2.06/1.30 |0.78|0,94 [1,00[1,10{1.28 11,20 |1.34 0. 54 1.23 0.40|0.64

2.7611.50 |1.56(1.64 |1,22|1.66/1.50 |1.30 |1.74 0.60 2.k |0, 480,04

3.00({1,20 |2.08|2.26 1,5&{1_92,1.TE 1.50 |[1.98 0.68 2,82 |(0,62|0.88

.r 5.20/1.80 [2.14|2.5) [1.50{2,48/1.38 1.76 |2.,08 | 0,64 | 3.0k (o;58(1.04

. 3.4211.90 (2.24]2.62° (1.ul4[2,86/2,02 [2.00 [2.20 2,80 3.26 |0.66(0.9¢
. l Flavour tcst l 900d | Poor J}Panr T.F;liri?ﬁir!}ﬂlrj‘i. Fair ”.'J'nir]".hlr foor .ivod | Poor hﬂ

| 5C =

' Cory = Culture

\ <A
P £ -

I I"'"' — »

| agon = .

fasples 1 - 1l
Eapple 12 - 13

L l ]

Jactsbacillus nlantarum

‘

Candigda E;r:ﬂdﬂm

fagchsromyces ceravisiame

o

i

a
gix people who Were

ferzanted st %0° 329
fervented nt I;ﬁ“a.:.

Steep culture obtaiped by stecping corn graina in mter for 2 é&ave,
of Cerynebtncterius michiganense

fomilinr with the flavour of "0zl were

Table

Y

and their reactions pooled,
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ACID PRODUCTION BY THE MICROORGANISMS

OF OG
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pH oF MeDIUM

6 Revaronsuie OF pH To Vou.Or Auaui In Oar
5.
40
9
3.0,
LT 20 30 50 60

40
VOL.OF O.IN NaOH (...u_)

Fiaure 12
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istriboticn sf the vyolatile and pon valatile
scids in adiff pl f Cgi

erent Camples of Cgil

Squivelent vol, of 0,17 laCH (ml. )
Gamples
Total Acide | Volatlle lian=-V¥olatile
e _ | _Aclde Acide
Iaboratory
Cgl P4 J. 42 1.C% e L
Aerobacter
fermented P3 2,24 0.81 | 1,43
lactobacillus _
fercented ¥4 2.62 0,26 2.36
Yesnt (Candlda)
fermented P5 1.kY | 0.80 0.6k
Table
organic Acidae found in different oa les of Ogi
by péper uErgnltuErlgﬁz
Btd. Acide | P) S MM
f—
i Eﬂt}’!‘iﬁ - - - tr-
Acetic + ' . +
Proplonie - - - -
Cetanpic - - - -
Oxalic - - - -
lanctio * * - *
Buasinlic - - - | -
witric - - - | -
Tartarlic - - ]
- -
Table 6

¥4 lIaboratory ogi orepared by nlturll fermentation,

ted b .. only,
:ii u!. fll'ltll.'l J' S SR
95 o B rea only

4~ present =~ Absent  tr, Present in trace amount,
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COLUMN CHROMATOGRAPHIC SEPARATION OF THE ORGANIC
ACIDS OF QGI
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Sample C -

Bample F =

Sumple LO =

=l
!

evaporated to about & ml, and then

made up to 10 ml, with more TOF ethanol.
10 g. of corn graine were soakel in

30 ml. water ard B ml, of toluene added,
for € daye. The toluene stopped the
growth of microorgnnisms, At the erd of
the period, the corn was wet rillad and
returned guantitatively to ite poaking
water which was made to 100 ml, with
ethanol. The whole contents were bolled
for 156 minutos and filtered, The filtrate
wae evaporated to about 65 ml., and made to
10 ml., on eccoling, with TO%X aqueous
ethanol.

10 g, of corn grains were similarly
treated as in sample C, but without the
addition of toluene.

10 g+ of corn grainn were treated am in
ganple ¥ but after wet milling, it wap
sieved to remove coarse materials, then
laft in ites sonking sater Tor another

24 hours to sour, The treatzant with
ethanol followed by boiling, filtration
and evaporation were aubsequently
ecarried out,
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S8ample CO = 20 g. of commercial wet ogi
(approximately equivalent to what
ghould be derived from 10 g. dry corn)
were extracted with 100 ml, of TO¥
aqueous ethanol, filtered and the
filtrate evaporated to 10 ml,

Procedurg: Bach sheet of Whatman No.2 paper used

wae divided into two eections, one earrying

duplicate spote of the other, O,0f ml, of each
sample wea spotted on each half of the paper at
about £ inches from one another. A solution of
mixed standard sugare st 0.7 (W/¥) each, in TOE
aqueoue ethanol was prepered with xylose, arablinose,
fructose, glucose, palactopy, sucroee, maltose,
mellibviose, roffinose and glucuronic acid. The

ptandard sugar solution was gpotted at 0,006 ml,

and 0,01 mi, levele for comparison on tho same

peper that carried the sppots of samples under test,

The chromatographic papers were first equilibrated

in a tank containing some of the ethylacetate-

pyridine-water solvent (2:118:) for about 4 hours,

Then the solvent waes poured into the top troughs

of the chromtank and the papers dipped into them for

irrigation for 28 hours. They were aftervards
removed and dried at room temperature {m"-an‘u}.
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The papers were each cut into duplicate

sectione. One secticn was kept for use in the

colorimetric determination of the sugsr spots,
while the other wee firet sprayed iithwhglﬂa
reagent (0.1 ml, sat. Agi04 solution in 20 ml.

ascetone), dried at room temperature, and then with
O.8N NeOH solution in ethanol, the colour being

allowed to develop in 15 minutes, This paper
section waa washed in Gf.ﬂﬂa solution Lo remove
the backcsround colour and followed by dipping in
tap water, It was finally Jdriod st room temperature
when the sugar spots were revealed ac dblack spots
againat a white backgrourd,

The spots equivalent to the black spots 4in
the duplicate section were cut and soaked in b ml,
of distilled water in labelled teat tubes
separntely, After 18 hours, the tubes and contents
were shaken and given another hour to settle,
i ml, of the supernatant from esch test tube was
then mixed cautiously with 1 ml, of 6% phenol
solution and 6 ml, of conc, Hﬂnn‘ to develop the
ecolour. The tubes were nllowed to cool and the
brown colour mensured for optical density at

490 mu in a unlcam PG00 colorimeter.
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.

A blank wap prepared by extracting an equivalent
portion of clean paper from the gpame chromatogram
vwith water and rescting with phenol and Hﬂpu‘ as in

the test spots.

The determinations were carried out

in triplicaten, the aversge value for each sugar

being Ceduccd from straight line graphs produced

from the standerd sugar cpots,

ghﬂugtg A visgopity accompanying gtespinz and

souring.

Preparation of samples.

Sample C =

Bample F -

Corn graina wers sosked in a O (W/V)
Huﬂﬁﬂnn solution for £ days to stop
microbial infectien., They were then
milled, aleved through a wire screen
(B,8.8, No.44 apperture 355 microns) to
remove coarse particles, and then
centrifuged. The sediment was collected
and dried at 76°C in un air oven, and
milled to m flour.

OCorn grainr were sonked in plain water

for € daye, and then treated am in
saxple C,

gample LO - Lavoratory prepared ogi, using £ days

of steeping followed by 1 day of
souring, wae dried ot 75°0 and milled

to n flour.
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Procedure. A 5% solution (W/V) of each sample

wWas made in water, 20 ml, aliquot from each
solution, after thorough mixing, was transferred
into an Oswald viscometer tube BS IFU 71/68 No,1951
and immersed in a large beaker of water heated with
8 bunsen flame, The temperature of the water was
majintained for 10 minutes prior to the time of
taking a reading. The time of flow in seconds of
the sample solution through two marked menisci on
the tube wac determined at various temperatures,

(b) Results., The composition of the sugsrs of the
Nigerian corn, 'Lagos Whita' wariety, and the changes
in their conecentrations during steeping and souring
in the process of making ogi are recorded in Table 7,
The effectn of these operations on the viscosity of
the cornflour in water are shown in Figure 14, A

photographic record of the separation of the wvarious
pugere on Whatman chromatographic paper No.Z 1a

presented in Figure 16,
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Cherges in the sugsre of Corn during Ignagggl

rg/100g. Ary carn

r. Eugars " c 7 ic
Olucuronic 17 33 45 0
Acid
Ranffinone 63 c 71 o
Mellibiocsase C 110 0 0
Sucrose 152 50 16 0
Juloctose 0 25 Q U
Olucpae 50 135 % S v
Fructoas 17 29 l 5 0
Tuble 7

¥ = Dry wshole corn gralns.

Corn grains steeped in toluene treated
watear for 2 days,

&

® = QCorn groina eteeped in top water for 2 daye,

i = Jlaboratory 'Cgi' prepeared by milling ponked
acrn grains (e.g. Semple ¥), sieving and
allowing the milky sclution to sediment and
become sour,
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VISCOSITY CHANGES OF CORN FLOUR WITH
STEEPING AND SOURING

&——0C riowm raom conn soaxED i B W 5,0,808 Pw, 5.4
®——8F rLoun racu CORN SOAKED INPLAW WATER P M. 5.1

oc

b ] L0 - “w  LAMDRATORY PREPARED OGQ! PH &3 /
H:-u' - = COMMERC IALLY o - M I.l/
%! /
.';l.
as| .s'
."
| /
m i
L]
5:!'
]
HE
=
st
o 70 7s ) 85 90
TEMP N —
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Chromatographic separation of the sugars of corn on paper.
Btandard = Standard sugers 10ug. eaeh
W = Whole corn
W/
0 = Whole corn steeped in 5€+v h“aﬂaua solution to

stop the growth of microorganiems.

¥ = Whole corn steeped in plain water.

!igurg 1b.
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Sample W wno vholo corn graoins milled to a fins flour,

Samplo C wna prepared by soaking corn grains in rater
containing toluene for 2 days, vet-milling,
sieving and drying the sediment at 100°C¢ te a
constant wolight. The sample was f£inally milled to
a fina powder,

Bample ¥ whia obtained by fermentiny a heat sterilised
20% solution of smmple C with Candids mycodermss

inoculum for 2 days, then drying the mash and
rilling to A powder,

Bample L was obtained by fermenting n hant sterilised
20% solution of pample C with um_
gloagse  inoculum for 2 days, then drying the
mash aad milling to a powder.

gamrie i was obtained by formenting a hoat aterilinaed
207 solution (W/V) of Bample C with a mixed culture
of pepobacter and Candids for 2 days, then dry-
ing the mash and milling to a powder,

Sample P was obtained by fermenting a hont sterilised

207 solutien of Semple C with Lactobacillug
plantarus dnoculum for 2 days, then drying the
mash and milling to a powdar,
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‘Sample O waa laberstory ogi prepared from comm.
Samples £ was commercisl ogl prepared from sorghum,
Sheaical analysep of gamples.
The officinl mothods of the Associntion of

Agricultural chemiasts (A.0.A.C.) wore usod,

(1) Nolature wos determined by drying e given weight of
the sample contained 4in a tared cover alip, in sn air

oven at 100°C until the weight wne conatent on cool-
ing, in a dassicator,
(11) Total Jiitrogen by the semi-micre Xjeldahl method,

Reagentg. Caonc, 1,80, Sp.gr.l.80, nitrogen frag;
Merouric oxide;

Fotnsaium Bulohute nitrogen freeg
SatupatcA Sorie ncid (about 4H);
0.0IN Hydrochloric Acid}

- o t
nolution = 500 g. of Naoll and LO g. Fag8y03,
5150 wore dissolved in wnter and mado
to 1000 ml,

Indicator solutidn - (Methyl red-bromo-
eresol green solution) 1 part of 0,25
aleccholic methyl red solution wme mixed
with 5 parts of 0,27 alccholic bromo-
gresol green solution (pil 4,0+6,0),

3
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FProgedure. 1 g. of sach gample was transferred into

a kjeldshl digestion flaak and to it was
addnd 0,7 g, mercuric oxide and 15 g.
powmdered potassium sulphate followed by
25 ml, of canc, H,804, The flaak was
placed inclined on the digestion mcXk and
heated gently until frothing cearzad, The
contents of the flapk were thza bolled
briskly until it cleared aud then for ano-
ther 30 minutes longesr, The flask was
cooled and digest tranaferred with double
digtillad watsr Iinto a 200 ml, flask
(volumetric) and made to thoe mark, 10 ml,
aliquot from the volumetric flaak wns put
in the micrakjeldanl distillation flaak
Collowed by the sodium hydroxide - sodium
thiosuplhate solution until there was a
precipitate of black merouric sulphide
and the solution becoalng strongly alkaline,
The contents wore then ateam diatilled in-
to a receiver containing 5 ml, saturated
voric acid solution and 2-4 drops of the
indicator solution, collecting about 4O ml,
The distillate wns titrated apgninst
0.0IN HCI until the firet appearance of
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20 ml, solution of a 10% (W/V) of each sample were
treated with 80 ml, of absolute ethancl to precipitate
the proteins,25 ml. portion of the supernatant wers
digestod and distilled for its nitrogen content

(a) as &bove., Anothar 25 ml, portion wns passed
through a column of Zsokarb 215 which hod been put

in the H* fora by passing 0.IN HCI through 1t and
washing with distilled water. 7Ths eluate wap pimilarly
digented and distilled for ite nitrogen content (b)
The value of (a-b) was taken for the amino nitropgen
while (b) wme taken for the nen-protein nitrogen.

™ nt,

5 g. of each saaple were weighed in & filter paper,
This was inssried into o soxhlet apparatus and
extracted with petroleum ether (L4O® = 60°C Analar)
for ahout 6 hours, At the end of this, the tured
receiving flask wao heated to evaporate the solvent
until a constant welght was obtained after cooling in
a dessiontor, The weight of the oil extracted from
a given quantity of sample was thereby deduced,

(v) Aeid Value.

25 ml. of ethyl alcohol were previously neutralised by
adding 1 ml, phenolphthalein solution and enough 0,IN
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- NaOH to preduce e faint permenent pink colour,

- The neutralised alcohol wens then ndded to the extracted
©oil in the flack and the contente were slightly
warmed and titrated against 0,I¥ KO solution with
vigorous shaking until & permsnent faint pink ep-
peared and peraisted for at lesst 1 minute,

(vi) Crude Pibres

The residues from the ether extracts were uaed, 2 g.
of the dry materisl were transferred to a boiling
flask, 200 ml. of boiling 1,258 Wi 504 were added nnd
bdbrought to bdoiling within 1 minute in a reflux con-
densing systen, The flask was rotated frequently
to goet the matorial thoroughly wetted., After 30
minutes of boiling, the contenta were filtered
through liner inserted in a Buchner funnel and
washed with boiling water until the washings wore no
more acid, The charge was then wnahod back into the
flaok with 200 ml, of boiling 1.25§ KaOH, connected
with the reflux condensing ayetem and made to boil
githin 3 minutes. After another 30 minutea of re-
fluxing, the contents of the flask were filtered
through a Buchner fumel with a Whataan apghlesa
f£41ter papor No.uli, The filtored residue was then
washed with bolling water followed by 15 ml, of

. ethanol, The filter paper was resoved snd dried at
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110°C to constant weight. It was then cooled in a
dessicator and weighed., The filter paper and residus
were placed in s tared crucible and ignited in an
eloctric muffle to an ash, cooled in & dessicator and
welghed. The difference in the weight of the ary

filter pzper + residue and the dry filter paper + ush
is the crude fibre,

(vii) Minerela. (Wet oxidation method) Preparation of solution,

245 gs of each snmple were weighed into a 500 ml,
kjeldahl flask and to it was added 25 ml, conc,
Imt.‘.'t} and bolled gently for 30-L0U aminutes to oxidise
all eanily oxidisable mattor, It was cooled and then
10 al, of 70% HC1l0;, were mddod, The contents were
agnin boiled gently until the sclution became nearly
colourlecs with dsnse white fumes appoaring. The
flask was ccoled nlightly, and after the addition of
50 ml, H, 0, 1t wns boiled to drive outl any reaaining
nna funoe, On cooling, it was dAiluted and filtered
into a 250 ml, volumetric flsok, made to the mark,
and mixed thorocughly.

(viii) galgium. (Officisl methods A.0.A.C. 1960)

.

25 ml, nligquot of the mineral solution was pipetted
into & beaker, diluted to 100 ml, and 2 drops of methyl red

added (pif Lu~6,0), 0.88 W ON-1,0 (1:1) waa
added dropwise to a pH 5.6 ns shown by intormediate
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bromish -~ orangs colour, Then 2 drops of conc,
HC1-H.0 (1:3) were added when the solution turned pink
indicating & pH 2,5-3., The solution was further diluted
to about 150 ml, and brought to boil with thas addition of
10 ml. hot saturated solution of ammonium oxalate and
constant stirring. The contents of the beaker wora left
to stand overnight for the precipitate to settle, Then the
supernatant waoa filtered through Whatman To.42 paper
(quantitative) and then precipitate woshed thoroughly with
0,88 mhnn-ﬂzn (1:50). The filter paper with precipitate
wno put back in the original heckar and to it was added
n mixture of 125 ml, Hzﬂ and 5 ml, conc, Hzﬂﬂu' The
contents were heated to sbout 70°C and titrated hot
with 0,05 Hnﬂu solution to n firet slight pink
colour,

(1x) Ehosphorus.

The mathod used is according to Gomori (1942)

and {0 beesed on the messurement of colour produced
by the reactlon of phosphorua with metol, ?
Esugents, Amsonium molybdate solutlon was prepared
to contain 7.5 @, salt in sbout 200 ml, water, then
100 ml. of 10Nl 80, were added and made up to LOOml,
with wator.
10% Trichloracetic Acid
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ul, of Hm, aolution, of
Ltandapd Mhosphorus solution. was prepared by dis-
solving 0.22 g. ﬂ%%iﬂﬂhrnndnhnaup toa
1itre, A few drops of chloroform wore addsd bofora the
soluticn wan atored, 100 ml, of solutian ccutalned
5 age. FPhosphorus,
Progedurc. The scluticns wers mixed according to the
following plang

o8t Standard Blank
Selutica of food sample | 1l ml, - &
gtandnrd Phosphorus selvwiion - 0.5 ml, -
10% Prichloracotic acid solution 4 ml, L.5 ml., 5 ml.
Ammonius Molybdate sclutien lm, 1mnl, 1lml,
Metol molutlian lm, 1mnl, 1 ml,
Tho soluilons wero mixed in each test tube and
allosaZ to stand for 30 minutes before boing read fopr
tha i» optical dsnsities in 2 mm, cuvettes at 680 mu

in'a micam 8 600 colerimoter,
Iron.(0:fioinl mothods AL OuA.8. 1960)

Regmgnte. Standard iron golutlon wes prepered hy dis-
solying 0.7 £. Forrous Alus in a mixture of 20 ml, HCL
and 50 ml. water, and then diluted to m litre, 100 ml,

of the solution were transferred to s litre volumetric
flask and mads to the mark with water, Esch ml, of the
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latter solution eontained 0,01 mg, iron.

Agetate Buffer polution was made by dissolving 8.3 g. of
anhydrous sodium scetate in water and then adding 12 ml,
of acetic acid, and diluting to 100 ml.

Zk~dipyridyl golution was prepared by dissolving 0,1 g. of
the reagent In water and diluting to 100 nml,

10% Hydroxylemine hydrochloride,

Frocedqure, 10 ml, of the mineral solution prepared by the
wot oxidantion method, were tranaferred to a 25 ml. volume-
tric flesk, In s similsr manner, 2 ol,, 5 ml, 10 nl,

15 nl, of tha standard iron colution were tronaferred to

a number of 25 ml, volumetric flasks r™oepectively, To
each flask ma added 1 ml, of 107 Hydroxylamine hydroch-
lorids solution and aftor 5 minutes, 5 ml, of buffer solu-
ticn snd 2 ml, of x,x=dipyridyl solution mnd then made to
the nark with water., 2n aliquot sme transferred from each
solution t2 n 2 mm, cuvette and read for optical density
at 510 mi in n Unicam B8P 600 colorinater. The valuea for
tho mnknown samples wore read from the setroight line graph
obtained by plotting the rendings of the standard solutions

ngninst concentmtion. -

(¢) Anslguos of Vitamins

(1) Yitamin A. |
The method used is sccording %o Dann and Evelyn (1938)

and is based on the measurement of the colour produced
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01110 g, of sach sanyle wers axtrected for the ofl in s

" comtintous soxhlet apparetus with ethor for 8 hours,
" Tho polvent was evaporated off, the flask dried and the
velight of oil deterained. 15 ml, of aleccholic XOM, ore-—
pared by dissolving 12 g, of KON 4n 100 ml, of 2l-
cohol, wers added to the oil containing flagk, connscted
with a reflux condenser and hented until scnonifica-
tion wne complote, nbout 25 minutes., Tha condenante

wan washed down with about 10 ml, of water, The flask
wngs coolsd, the contents dilutsd with adout 100 ml, of
water nnd transrorred to o usparatory funnal, The
paponification flask wis miahed with another 50 ml, of
ether and sgisilarly transferred to ths separatory funnel.
"he contents werc nhaken carefully to avoid the forma-
tion of emulplons and allowed to separate into layers,
The _.quﬁuu layoey wns drawm off into mnother separatory
funnal, vhilst another 50 ml, of other which had heen
pced to wash the saponification flask the second tinme,
9 alsp used to extract the agueous layer. Thia
operation weo repeated two other timos, bofore the

gthar extracts were bulked in the firet separatory

funnel @nd again washed by pouring through 5 ml, of

ST

. ‘ﬂw. The ether extract was 8698 goahed with

L

B
-
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50 ml, of 0,5 Waoh solution, shaking gently, then nllowed
to ssparate and the aquecus layer Arawn of £ and discarded.
Tho cther extrnct was then washed with water repestedly

until the aqueous layer drawn off was alkalil free on
testing with phenolphthalein, The extract was f£ilterel
through anhydrous HEEEuh placed on filter paper in a funnal
into & 250 ml, flaek, The separatory funnel was rinsed
twice with two 25 ml., portions of ether and noired into

the 250 ml, flask, Some glass beads wera alddsd to the
sthereal solution und evaporated to drmese ol a water
bath, The residue wap taken up in 10 ml, of chlorofomm.
The fTollowing achednle was followed in doveloping the
colour with antimony trichloride reagent.

Togt Tube 1 Tost Tube 2 Teat Tube 3

Pure chloroform e al, 1ml, lmnml,

Antimony trichloridae 9 ml, 9 ml. 9 mi
reagent

Unknown Sample oxtract - lml, =

gtandard Vitamin A soln, = - 1nl,

Other test tubes were made to hold 0.5 ml. and 1.5 al, of
stondard vitamin A solution respectively with 9 ml, antinmony
chloride reagent and corresponding volumes of pure chleroform
to make to 11 ml. gnch, The optical density of the mixed
solutions in esch test tuba was gquickly read at 620 mu 4in
p Unicam 5P 600 colorimeter and the wvalues of the unknown

T ¥ e
- [ ]
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*' samples deduced from s straight line graph obtained from
the results taken at the same time of the standsrd
solutions of vitamin A.

E=Vitaming

The official methode of the Association of Vitamin
Chemints were used,

(11) Preparation of gample by engymatic digestiop.

10 g« of ench sample were traneferred intc & nuzsber of
labelled reagent bottles with 60 ml, of O.EN Sodium
mcetate buffer having ma pil 4,6~4.7. Then 10 ml, of
freshly prepared enmyme suspension contalning 800 mg, of
papain and 200 mg, of takadimntase were sdded. The
ensyme suspension was prepared by mixing £00 ma, of papain
with 10 drops of glycerine, then adding 800 mg. of
takadiastase, and making to 10 ml, with water, The
enzymes were mized with the samples, a few drops of
toluene added to the contentsa of each bottle, covered
loosely, and incubated for £4 hours at 37°0, At the end
of thias period, the samples were autoclaved for 10
sinutes at 10 1b, pressure, They were then shaken and
7£41tered through Buchner funnel containing Whatman No, 1
paper into volumetric flneks (100 ml, capacity). The
residues were washed with more water and the washings col-
jected with the filtrate in the volumetric Tlaaks which

were then mmde to the mark. The extraote were tranaferred

{nto ambaer bottles, 8 few drops of },P:Hml added and
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stored in a refrigerator until wanted for use,

041) Zhissine (Vitemin B,) (Thiochrome method)s The

vitamin is oxidieed to thipehrome and the fluores-
cence measured in a Coleman photo fluorometer,
. Reagente. 15% ¥aOH in water,
O.28 sodium scetate buffer,
Alkalins potagelus ferpicyanide selutiop, > als
of 1% IsPn {G-‘I)s were diluted to 100 mi, with cool
15/ NaOH solution and kept in s br¢wn bottle,
Stendard Thiamino Solutions 100 2g. of dry thiamine
hydrochloride were dissclved in 25 cthanocl and
diluted to ono litre with the same reagent, 5 ml,
of this solution wore then diluted to 100 ml, with
water., The final coacentration wes 0.2 ug, of
thismine/ml.
Working cuipine Culphate solution. 100 mg. of quinine
gulphe te were dissolved in O,IN "Eﬂuh and diluted to
1 1itre with the pame solvent, Then 5 ml, of the
Ailute solution were further diluted to 1 litro with
0,IN K80 to give a final concentration of 0,3
ng./1itre.
Lrocedure. 5 ml, of cach enuyme digested pample were
plpotted into sach of two reactlion vensels numbered
1 and 2. To vessel Nos 1 wus sdded 3 ul, of alka-
1ine ferricyunide, mixed gently and then 15 ml, of

.
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isobutyl alecchol, The vesael was shaken vigorously
for 90 seconds, To vessel No, 2 was ndded 3 ml, of
157 HaOH solution followed by 15 ml, of isobutyl
alcohol. Tt wae slsc shaken vigorously for 20
seconds, Similar vessels were prepared using 5 =i,
cach of the standard Thiamine solution in plece of the
enzyne digested samples, The reaction vrarels were
all centrifuged for 3 minutes to ssparate them into
two layers, The aqueous layers (lover) were run out
using separatory fumnels, about ¢ g. of anhydroun
n-zanu were added to each of tha mlcohol solutionas
and ahaken for 30 seconds, Thoy were allowed to
stand until eparkling clear., At lesat 10 ml, of the
clear, colourless isobutyl alcohol solutions from
each vessel were decanted into separate matched cuvettes,
The fluoreacence of the iscbutyl alcohol solutions
wore dotorzined in terms of gnlvancmeter daflections,
opernting the Coleman photofluorometer according to
theo manufacturer's directions., The photofluorometer
sas checked in between readings with the working
quinine solution, Thiamine content of the sample in

Uge. pPOT E.

U-lll!l 1 x 100

= §-80 § Wt, of sample
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where Ul = deflections of unknown.

Uh'= . » " plank,
= " " gtandard
8 = 4 - " blank,

v) Niacin Vitasin  (Chemicel Method)

Beagenty, 107 Potassium dihydrogen phosphate,
Q.2 Cyanogen bronide solution prepared by adding sbout 80
g. cold bronine to 1 litre-flask containing 500 ml, of cold
sater, This wns cooled in a bath of ice mater, Then a
107 solution of XaCli wan added to the bremine solution
froa o burette until the reasction mixture became colourleass
with constant shalking, An excenz of 10 drope of the NaCN
solution wns theon added and the mixture made to cne litre
mark,
5. Netol prepared by dissolving 10 g. Wetol in 200 ml,
0,58 HCI

idncin & lon, 500 mg, of standard niscin were
addsd to 5 ml, of 10 N Hzﬂﬂh and when the crystals woere
dissoclved, the solution was made to 500 ml, with water,
5 ml, of this solution wore diluted to 200 ml, with water
po that the solution contuinad 25 ug, of ninsoin per ml,
Procedurs. A number of test tubes were set up in a rack
in series of L tubes for each sample, [l tubes were plso
set for the instrument blank whilst another L set for the
standard nincin, The tubes were arranged na shown in tie
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table (below) and carried the volumes of reagents speci-
fled for each tube,

Total Colour Anine Corr. CiEr Corr, Colour Corr,
series Beries teries Beries
Instrument blanks (1) (2) (3)
T ml, Hiﬂ 9 ll.IIED 7 II-HEH 9 ll-aﬁzﬂ
1 ll.HHEPﬂu 1 ll.KHEPUh ' ﬂ.mzzmh ) | nl.!ﬁlzPﬂl‘
2 Il.ml'q. = E -l.m -
10 al, Metol 10 ml. Metol - -
— - 10 m1,.0.5% HC1 10 ml1.0.5% HC1
gtandard
1 ml,Niscin 1 ml.Ninecin l ml.Nincin 1 ml.Niacin
Boln. Boln, foln., Boln,
6 ml.A,0 8 ml.H,0 6 mL.11,0 8 ml.li,0
1 .1.!1!2?{3“ y | nl.ﬁiz?'.'}u | nl.i:!lzPﬂh 1 ll.KHanh
2 -1.EHBP. - 2 Bl.CRNBr. -
10 ml.Metol 40 ml, Netol - -
] == 10 nl.0.57 HC1 loml,.0.05N ACA
Amine Corr, CHBr. Corr, Colour Corr
““u:,.fﬂm gerlen Sories Beries

———————————— ~ —
Togt fompleo ¥,,Ce, 010,

5 ml,.extract 5 ml, extract 5 ml.sample extract 5 ml,extmact

D ﬁllﬂzu h .1:“20 1 ll.“zﬂ ll-HED
1 -1IIHﬁFﬂh 1 .litnipﬂh 1 ll.IHEPGh 1 .1'KH?PGQ
2 mnl CIBr, = 2 ml,CHbr, -
yetol 10 ml. Motol - -
i - 10 ml.058 HC1 10 m1,0,58 HCL

After
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extracts were trensferred to the proper tubes, The standard
tubes carried 1 ml, of standard niacin solution each,

To all tubes were added 1 ml. of 10% ‘“anu each and water
to amounts nhown for each tube, All the tubes were placed
for 5 minutes in water bath adjusted to 70°C. Proa

a burette, 2 ml, CNBr were sdded to the tubes indicated,

at intervals of 15 seconds and the contents mixed by swirling,
Five minutes after the addition of CHBr, thzs tubes

were tranaferred to water bath at roon lemporeture (3u-jz“c}.
10 ml, of freshly prepared acid Netol solution were added

to those tubes ond mixed . 10 ml, of 0,54 HCl1l were almo
added to tubes indicated te contain theam snd mixed. All

tha tubes were placed in the dark for one hour, The colour
intensitien of the solutions were read in turn in a

Unicam SPE00 colorimeter at 4OO mu, Bafore reading a

sories, the instrument wae set to read 100 with the in-
strument bisnk of that series ond the optical densities of

the other samples rend directly.
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Lalculation,
Corrected density = Total density - L (1) +(2) -(3)
ug. of niscin per g. = 25 nnrructud density gilu-
Corrected colour ——'“ﬁﬂ'—!r —t—g
denpity of atandard sanple Wt, o
(v) Riboflayin, Pantothenic Acid and Folic Acid.

The method used is mccording to Landy and Dicken (1942)
and is based on the fact that the growth and maiabolism
of certain microorganisms are influenced by the amounts of

esgentisl vitamins available in the culture media,
A complete medium for Lactobacillus caeei wns prepared as

follows:~-

Casein hydrolysate 10 g.,
Sodium acetate 12 Bes
Glucoae 20 Be»
Asparagine 500 mg.,
Tryptophane 200 mg.,
Cyatine 200 mg.,
galt A Sclution 10 m1.,
galt B esolution 10 ml,,
Xanthine 10 mg.,
rracil 10 mg,,
Thiamine hydrochloride 200 ug,,
Biotin 10 ug.,
Folic acid 20 ug.,
Ridoflavin 400 ug.,
Calcium p-ntathlnntu 400 ug.,
wicotinic secld 400 ug,,
pyridoxine hydrochloride 800 ug,,

« pistilled water %o 10::1;1.,

]

adjusted to
o o omitted when being tested for, .




Balt A solutiop
K AP0, 5 g.

K0 PO, b g.
Water 50 ml,

g9alt B solution

Hgﬂﬂé. T™.0 20 e

NaCl 0.5 g,
Fcﬂnd.THEO 0.0 Eg.
Hnﬂﬂ¢.EHEG 0,337 g.
Water £560 ml,

Procedure, 1 ml,, 3 ml,, and © ml, of each sample extract

were transferred into 3 tesat tubes respectively. BRach
tube was made to 6 ml, with dietilled water., 5 ml, of the
complete mediun prepared above were ndded to each tube to
make a total volune of 10 ml, Bimilar preparutions were
made using etandard vitamine in place of the sample
extract. For riboeflavin, the standurd solutions covered

a range from 0,06 ug. to 0.6 ug, Pentothenic acid

covered a range from 0.0 to 0,3 uvg, whilst folie acid

sap from 0.0 te 0.2 ug. The tubes were plugged with
cotton and aterilised at 10 1b, pressure for 16 minutes.
After cooling, the tubes waore inoculated with a suspension
of L. easel and ilncubnted at 30“0 (room temperature for

72 hours). vollowing incubation, Lhe amount of growth
was determined by titration of the acld produced using

0.1K NaOH with hl‘”th"ﬂl blus as the indieator.
.
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Values obtained from the dilutions of the vitamin
standard were used to construct a standard curve from
which the vitamin content of any dilution of the sample
¥ae calculated, Only velues falling within the linear
portion of curves were accepted for assay velues of the

samplean,

(vi) Pyridoxine. Vitamin B,

The method used is sccording to Atkin et al (1643) and i8
based on the growth reesponse of BSaccharomyces cerecviaiae
to the nutrient availability of pyridoxine,

Reagente. 8alt golution was preparcd to contain 2.2 g.
IHEPH4. 1.7 g.XC1, 0.6g. Eaclﬁ, CesBEe H5304,D.01 Es Fucla
and 0,01 g. Eﬂﬂﬂ4 in one litres of water.

Potagsium Citrate buffer wos prepared by diesolving 100 g.

of potaegsium citrante and 20 g. of citric acid in water and

made to one litre,
Inositol solution wns made at 0.1% in water,
Biotin sclutiorn, 20 mg, biotin dissolved in one litre of

water, 40 ml, of thi

maks 4 concentration of 1 ug, per mil,

§I15!“‘ n!ntuthuggtg gpolution was made at 200 ug. per ml,
HIIEIH Iulut;ng wan made at 1.5 myr, per ml. in water.
.l5;aﬂn:ﬂ_nxziﬂnsins_salgaigu wus made by dissolving 100 mg.

of anhydrous crystalline pyridoxine hydrochloride in one
Hoi, 1 ml, of thir solution was diluted to 100ml.

s solution were diluted to 1 litre to

litre of 1N.

-
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with water, and 1 ml. of this dilution further diluted
to 100 ml, to give m concentration of 0,01 ug. per ml,

Bagal medium stock was prepared to contain the following:-

260 ml., salt solution, 50 g. glucose, 50 ml, potassium
citrate buffer solution, 50 ml, of 10% acid-hydrolysed
casein, 2,5 ml. of thiamine solution (10 ug./ml.), 25 ml,
inositol solution, 10 ml, biotin solution, 12,56 nl., calcium
pantothenate solution and 1 ml, of niacin solntion. This
was mixed thoroughly in a beaker, the gluchse wap dissolved
and the pH andjusted to 5.2 with 15% WNalH using ¢ pH meter,
and then made to 500 ml, with water in 2 volumetriec flask.

Agar slants for stock culture 30 g. of Difco malt extract

agar were diepsolved in 1 1litre of water by heating., 10 ml,
aliquots of the hot solution were tronaferred to a number
of test tubes, plugged with cotton and eterilised by
autoclaving at 10 1b, pressure for 16 minutes. They were
cooled in a slanted position.

Progedurs. A pure culture of Baccharomyces cerevisiae wase

transferred apeptically into a number of agar slant tubes

prepared as above and incubated for 24 hours at 20°%. on

the dary prior to use
another agar slant, This was incubated

, a fresh transfer was made from a

stock culture tO

for 24 hours at 30"c, and afterwarde a wire loopful of the
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Jeast cells from the slant culture was transferred ssepti-
cally to tubes of sterile isotonic ssline. Into a number
of duplicate tubes were pipetted 0.0, 0.5, 1.0, 1.6, 2.0
and 2.5 ml, volumes respectively of the working standard
p7ridoxine solution, Water was mdded from s burstte to
meke the volume in each tube 4 ml., To each tube wap also
added 6 ml, of the basal medium stock solution. Similar
preparations were made in another lot of tuber with the
sample extracts replacing the standard pyridexine solutions
at 1.0, 2.0 and 4.0 ml. levels, The tubez were all
plugged with cotton and steamed at 100% for 10 minutes.
They were then cobtled and aseptically inoculated with about
1 ml. of the yennt suspension each, The tubems were left to
incubate at room temperature (80°0) for 18 houre with
constant shaking. At the end of the perlod, the tubes were
gteamed for 6 minutens at 100%0 to ntop further growth of
the microorganicas, and the density of the cell growth

rend in & Unieam GPE00C apectrophotometer at 640mu, using
water sz the blank., A standard curve for the msoay was

drawn from which the walues for the sample extracts were

cgaiculated.
vii)

t et et

Resgents. 6% P05, O I¥Os.

Mmm 100 mg. of nescorble acid were

diluted to ¢ ¥
dissolved in ) mrna polution and 600 ml, with
the same solvent. This was used to standardise the dye-8,

6-a1chlorophenol indophenol.
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sodium salt of 2,6-dichlorophenolindophenol were dissolved
in approximately 150 ml, of hot water containing 42 mg.

IIEGI:IH, cooled and diluted with water to 200 ml, This was
standardised ag follows:-

A b-ml, aliquot of tha etandard ascorbic soid solution
(containing 1 mg. mecorbic acid) was diluted with § al, of
3% HPO,. This was titrated with the dye solution to a pink
colour which persisted for about 16 seconds since this
volume of dye represented 1 mg., of asccrbic acid, the
ascorbic acid equiwvalent (T) of 1 ml, of dye solution is
equal to 1 divided by the volume in ml. of the dye solution
used in the titration,

Procedurg., GO g. of each of the powdered samples were
blended with an equal weight of 6% HPO, and mixed to give

g homogeneous slurry. BO g. of thie elurry were weighed
into a beaker and transferred to a 200 ml. flask (volumetric).
The slurry wes diluted to mark with % HPO,. The solution

wap mixed and then ecentrifuged, The supernatant decanted

and filtered., 20 ml, aliquot of the filtrate wae pipetted

inte an Brlenmeyer flask and titrated immediately with

the .tlndnrdilud solution of £,6-dichlorophenol indophenol

to a faint pink end point which persinsted for 10 secondm,
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sodium salt of 2,6-dichlorophenolindophenol were dissolved
in approximately 150 ml., of hot water containing 42 mg.

llﬂl:ﬂa. cooled and diluted with water to 200 ml., This was
standardised as followni-
A B-ml, aliquot of the ptnndard nacorbic scid polution
(containing 1 mg. nscorbic acid) was diluted with b mi, of
% HP'Da; This was titrated with the dye solution to a pink
colour which persisted for about 15 seconds since this
volume of dye represented 1 mg. of mescorblc acid, the
ascorbiec ncid equiwvalent (T) of 1 ml, of dye solution is
equal to 1 divided by the volume in ml. of the dye solution
used in the titration,
Procedure, 6O g. of each of the powdered samples were
blended with an equal weight of 6% HPO, and mixed to give

a homogeneous slurry. 80 g. of this elurry were weighed

{nto a beaker and transferred to a 200 ml, flaek (volumetric).
The slurry was di luted to mark with 3% HHJG. The solution

was mixed and then centrifuged, The supernatant decanted

and filtered, g6 ml, aligquot of the filtrate wae pipetted

intc an Brlenmeyer flapsk and titrated immediately with

the standardised solutlio
faint pink end point which persisted for 15 seconds.

n of £,6=dichlorophenol indophenol

to a
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2 iﬁfi 1‘"‘ dﬁnﬁbﬂiﬂ ‘aliquot ¢ p}(
i ¢ =.; --,nﬁm.. ‘
!’-\q?.mrhiu acid equivelent of dye solution npuuﬂ
a8 mg. per ml, of dye,
W = g. of sample in aliquot titrated.
The figures obtained from these analyses are set in

L3

r

Table 8.

e
1




.. on m ﬂ-:hlll

Changes in the putrient compositicn of co
EI Tumnﬂni org anlems

e e et |QRPIRNE
Total N% 2.08] 1.38 | 1.u9 1.56 1.65 |
Azino W% y 0.03] ©O.06 | 0.05 | 0.0 0.03 _
Non-proteln MY i 0.45 0.10 { 0,08 | 0,06 0.07
Fat % .07 L.06 533a| § 429 4,29
Acid Value 15.51;] 18.21 34,40 i 35,20 | 33.50
Crude Fitre ¥ 1.75| 0.74 0.72 | 0.72 | 0.75
Calcium =g./100g. | 1B86.00| 86,60 | 76,60 | 100,00 66,60
Phosphorus 333.50] 233.50 183, 50 4 200, 00 250,00
Iron » 27.10f 15.70 | 16,70 i 19.20 |  20.80
mm:_ . 0.17 0.06 | 0,11 | 0,10 [ 0,04
Eiboflavin " 0.20| 0.07 | 0,08 | 0,06 0.15
Nisein - 1.66] 0.68 | 0.85 0.81 1.25
Pyridoxine " 0.01| 0.00 | o0.01 0.01 0.00
Yolic Acid =g./ 5

0,08 0,0 0,05 0,03 0,05

. 0 0,06 0.04 0,01 0,04 0,01

Vitaminag A and C were not fogund in any eof the samples.
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The method used in mecording to Goyoo and Amenjo (1947).
Iheory: Total nitrogen content of the diet is used 2m an

index of protein memsurement rather than the true protein
content because (1) other nitrogenous constituante
besiden protein nitrogen contribute to tha synthensis of
nitrogenouns consiituents of the anima) tispue ard peore=-
tiona, (2) losses of protein or more sppropriatel”, amino
acide, in digention and metpnbolisom, can only be measured
in terms of nitrogen. The coefficients of digentidbility
of proteins and the bilolcdcal wvalues of proteins are
necessarily based solely upon nitrogen determimations, end
refer solely to tho utilisation of food nitrogen in the
animal body.

The biclogical welues ealoulated for warious rations
of food ropresent the percentage of tre abmorbed nitrogen
used by growing rats for both maintenance and growth,
Those calculations involve the assumption that the
exoretion of foecsl nitrogen per g. of food consumed on
the low nitrogen Giet 1s the messure of metsbolie nitrogen

Also the excretion of nitrogen in the urine

in fazos.
”1 g. of body weirht during low nitrogen feeding is a
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measure of the endogonous nitrogen in the urine. If the
estimated endogonous nitrogen in the faeces and urine
¢Xceads the corresponding foecal andurinary nitrogen
obtalned from feeds, it is nssumed that all of the food
and assinilnted
nitrogen is digestiblel Mitchell and OCarman (1986) have
established that 3 to 4 days are expedient for prelicinary
feeding in order to attain the endogonous levsel of nitrogen
excrotion when rats are fed at n low nitrogen diet, The
endogonous nitrogen excreted per g. of food consumed snd of
urine nitrogon per 100 g. of body weight of rat were found
to be practically the panme on a ration containing from
0.8 to 0,768 of whole egg nitrogen, It was therefore
recommended to subatitute this low egg-nitrogen ration for
A nitrogen—free ratlion in the standardisatlion of mats for
endogonous nitrogen delsminatlons during protein studies,
The matabolic cages used wers =made of wire screens 18" x
12" x 12" in dimenaions, sach cubicle earrying a specially
depigned perspex bottom to facilitate the collection of
arine anl {pnecas, Figure 16 ia » ploture of it,
Procaiurg. S50 femmle albino weanling rata were randomly
scloucted into groups of five according to their weights
ranging from 36 g. to B0 g. Bach mt was caged and those
in easch group fed on a specified diet sd liditum, The

tes re of 10 dayn duration divided into B periodag=-
QJL preliminary period for the sdaptation of the
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rets to their diets, during which no sample was collected,
(2) 7-dsy experimental periods during which urine and
fueces mphﬁllil.“t:..l'ﬂ ﬁ‘&.mi Hﬁn nla' .ﬁ then bulked, The
Tfaeces collected daily were/cried 'in an oven to constant
weight at 100°C. For the uccurate collection of urine, the
perepex bottoms of the wire cages were thoroughly washed
dally with a hot solution of O,b% H S0, into benkers, then
filtered into reecgent bottles ard kept in ¢ cool room

with toluene as preservative. At the end of u T-day peried,
the urine samples fro= eoch rat weoere wéll mixed and diluted
t0o 200 ml, 1in a volumetric flaak, £5 ml, portions were
taken Tfor total nitrogen deternination by the kjeldshl
digeotion method, Each diet wug made into & paste with a
known quantity of water ond kept in the fridgediare at
about 0°C. Every morning, the food was thawed and
accurately weighed quantitiocs offered to the rats. After
24 hours, the residue left by each rat wes sgain woeighed;
end from o knowledge of the moisture content, the dry
weight of the food consumod Was deduced. Water was also
offered ad 1ib. in special botiles., The diets offered

were prepared to contain from T# to 108 protein, 6% fat,
0% salt mixture, 2% cellulose, 6 ml. of protovita drops
and made to paste with water, The efg diet was prepared
to °‘!""“ about 5% protein and used for the determination

of the endogonous Urinery and faecal nitrogen.
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Standard Casein Diet Low Protein Eag Diet Ogi/Soyn Diet
Caseln 100 g, 7 oggs

Corn Starch 710 g. @orn 0il 52 g Full fat Soya 1408,
Corn 011 LO g. DButter 10 g Corn @tarch
Butter 10 g. Corn starch 735 g. Corn 01l

Vitamin S01”. 5 ml, Vitemin S01®. 5 ml. Rutter

Sucrose 100 g, Cellulose 20 g. ®alt Mixturs
Salt Mixture 20 g. Blotin 2 mg, Vitamin So1™,
Cellulone 20 g. Bucrose 79 B« TWater to paste i
Water to paste Balt Mixture 20 g. 1
Waoter to paate |

Ogi Digt U ent O < Who 0 ot
Ogi flour 930 g, Unformentod Eg‘i}glaur "hole Corn Flour 93;_15.}
Y B

Corn 01l 4O g. Corn 01l 40 g. Corn 011 Lo g |

Butter 10 g Butter 10 g. DButter 195;

vitamin 801%, 5 ml. Vitanin 8ol"., 5 ml, Vitamin 8So1™, 5ml, |

Balt Mixtura 20 g. Banlt Kizture 20 g. Balt Mixture 20 g.

Wator to paste Watexr to paate Water to paste

The palt mixture uscd ip that of Hubbell, ¥endel and Wakeman

(1937) and has the following composition
CaCO5 543 g. FOPO; o 41,0 20.5 g.
“Ecc’; 2D & K1 0.4 g,
"eﬂuu 16 Be Inmh 0.35 &,
HaCl 69 B. Y¥aP 1.0 g.
xCl 112 Be. *12(ﬂﬂh]3;laﬂﬂh.mﬂu 0,17 Be
mz”u 212 g. Gumu.ﬂzu 0.9 g.
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1 ml. of the vitamin solution contained the followingi-
Vitamin A = 50001i.u.,
Vitamin B, = £ mg.;
Vitemir B, (riboflavin) = 1 mg.;
Vitamin B (Micotinic Acid) = 10 mg,;
Vitsain @ = b0 mg.;
Vitamin D = 10001.u.;
Vitamin B = 3 mz., This wap nlen supplemented
with 2 m¢, pyridexine, 2 -, Choline,
50 ug. Blﬂ nnd 1 mg., Vit, E 80 ap to
gsatisfy the optimum requirements of
the rats for vitamios according to
Cuthbertson (1857).
Cal tion.
(a) % Protein (Nx6,26) in food samplos
(h} Total faecal nitrogen (ng. of Kitrogen per day
ayerage wnlus)
(0) Metabolic nitrogen in faeces (mg, of Nitrogen per
day average value)
(4) Food Fitrogen 1in faeces (v-c)
(e) Total Nitrogen intake
(£) Nitrogen obaorbed (e-a)
(g) Total Urinary Nitrogen
(n) Endogonous N1trogen in urine
(4) Pood nitrogen in urine (g-h) )
(3) Food nitrogen retained (r-1)

(k) niological THIUHI 1 100

(1) True dl;nntlbil tnuffitltnt: f x 100
(m) MWet prutaln u &D?k x 1)/100 ®

+ ratio Oain in bndy wt, of ) =10
protein Efficlency ra . rotein intake (g

determined pfter o1 dpye of experimental feading.
-
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Talenes of nitrogen, MpmatiV 11ty conrriaiont st Halepiee] wlse of sroteing

, of MTermt #lets sormnst by foarle rmis (el wrisd = 7 dogu) -
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: "ar orotein utilisation on the different diets (Bee Table &

g

4 (5 fersmle rats per group diet)

l F=Intake|)¥ - Excretion I ¥ - Falance |
‘ . (mg. ) oy
e - B L 4]
B o ot 4 3 1
« | & | ¢ . - 2 18
Tiet = 2 e - M o 5 cc
on »e e iy :: :'. E 5 : [ - - 0
= L) B = F & T » = 2 = t’"
e 2 [ - . - b : | N -l 3 3] -
- Nl se |l S| bha|ns ARG - & = = o
= 4 . ~ Sl ex]| o~ - - pr™ o &-
=il ] l- — B a D = [« 1 " b A <] -
o a Bl SIERI R 5 | oules a & - e
c | B R & B o4 \ > b g
(2] | B [ &
| F= : T - e T
36.. 9.50|55.5/153|25.9| 10.1(36.0(19.5| 53.7|35.2]95. L8| 7552
-

{ : T
7.58)55,3]138|31.0(10.9 [41.9|13.4| 33.3|2h.2|96.72 k3. 57|42. 13| 0.7 1)

+1.001+2.33|+2,50

8.15|75.2|163|1,7| 14,3 56,0 19.2] L1.6]25.5|96.54 |45, 58
* #O.Zh "'1.?5 f
12.63| 175372(42,.8]LkL.5(87.3]87.7|186.2 50.1| 84,85 73.02|61.9¢
-1 .50 o 47 ,,!'_bi' K

8.7695.7|279|10.822,0 |32. 8| 62. 9| 183.5| 65. 5| 51. 34 | 89. 69| 51,53

%5.5%0|77.31126] 2.5|18.220.7|56.6]115.6|73.2] 100 I 100 | 100
R Je- |

m PMgures obtained after 29 days of test feedlng.

Table 10
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| tetistical evaluation of the B.V., N.P,U, snd P.N,R. figures,

B vig lia e s

Results obtained "

—
Biological|lFet Protein Protein Theoretical
Ciete palred Value |Utilieation |Efficiency ratio|levela of significance
l[ — —
4. Cgl and whole caorn 5.54 4.L3 L2.ui !
' 2,31 at 57 preobablility
2, Ogi snd unfermented Ogi 1.08 0,99 i 0.80
]
3, Ogi and Ogi-Seys mixture 9.96 6.43 10,63 3,36, at 1% probablilty
| 4. Ogi and Casein 27.49 16.42 40,61 -
| 5.04 at 0.1% probabill
i ¥ =Spya mixture and ~
o Casein 6.51 8.33 6.51
= — = L )
Table 11
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gets of wirec cages used for metabolic studies on rate.

The dimensions are 18" x 10" x 12% Under each cnge

s s triangular bottom, the lower angular sides of which

plrlplt.NItirinl nllowing the eansy flow of urine
The upper hypotenuse eide ecarries a fine

are of
into the beakera,
screen mesh for the retention of the faecen,

Eigure 16
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DISCUSSIORN
1. JNariations in the methods of preparations of ogi.

A survey of the methods of preparation employed by

commercial producers of ogl at Ibadan and in Lagos showed
that the wariations wers mainly in the lengths of the
steeping as well as the souring periods. These fange from
1 to 3 days in either case, When warm water was uaseld for
seteeping, the periocd was usually of one day duration but
when cold water was used, the steeping wes continued for

3 daye with daily replacement of the old liguor with fresh
water. The souring procees was nllowed to last until a good
sour flavour waa produced based »n orgaunoleptic teateo.

The effects of these variotions on the mieroflora, and
consequently on the nature nnd rate of fermentation of corn
were investignted., The results in Table 1 show that after
24 hours of ateeping of whole graine of corn in tap water
at sbout 30°0, the microflora of the steep liguor was
dominated by the lactic mcid brcteria, This continued for
the next 42 hours, even with the dally changes of water,
The sams trend was mlso shown by the milled sample D,
Hewvever, in the latter case, a high population of aerobie
organiems still remained viable after 24 houras, which
could have brought sbout pecondnry fermentations and the
concomitant production of undepirable flavours, Schweigart
and de Wit (1960) carrying out similar investigation in
South Africs, observed that mahewu prepared by allowing
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eorn porridge to g> sour maturally et 20°C developed poor
flavour, and e exployed a high temperature (45°C) to
suppress the undesirable orgunisms. The practice of steep—-

ing whole ghains instead of milled corn in West Afriea
conld therefore be regarded asm another means of cultiweting

e

the desirable microorganisms by natural selesction in
preparation for the souring process,

Another feature of corn ateeping is the acbaorption of
water by the grains, The moisture absorption pattern of
ecorn during steeping in cold water {w“-aa“’n] is shown in
figure 1, It can be seen that most of ithe absorption took
place within the first 24 houre. Wagoner (1948) in hie
studies on the industrisl corn ateeping process found that
41t was during this period, which hs descridbed as the lactic
acid phase, that the corn was softened. He noted that
prolonged gteening into the sulphurous ascid phase caused
the disruption of the proteln matrix and finally its washing
away from the enll wvalls, The resultes in Table 1 have
astablished that 24 houre of eteeping were also sufficient
for the natuml selection of lactic acid bacterin, whereas
further steeping only lod to a greater Jepietion of the
1imited supply of fermentable carbohydrates of corn,

Again, Bond and Olass (1963) claimed that nlpha and
beta asylases Wwere not present in the resting seed of corn
that it was only on the sixth day of steeping and
initiation that alpha anmylase #as secreted,
ominantly aotive thereafter,

but

growth
becoming pred
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If this were true in 811 cames, then no significent starch
conversion into simple sugnre could be expected from a corn
steep of lesa then rix dnrn duration. Por ogi preparation,
the steeping time is not nemmll: axtended beyznd three
dayne,

Therofore the main sdvantoges to Le derived fram the
ateeping of gorn in the preparution of ogi would bha to
soften the kernel end to build up o predominant lanotio
ncid microflora. All this can be achieved within tha first
24 hours of steeping in o1ld wataer,

2  Ihe microflops of the Ogi.

Uaing n ateoping period of 24 hours, followed by 48
houra of souring, the microtiologienl changen were inveasti-
gated, The results givan in Table 2 show that n wide
yariety of mioro orghniwso wera involved in the cyecle of
fermentation. Pirat, the surface miecroflorn of the corn

wag marked by ‘he dresence of a nuber of fungal spores,
Thene germinnts?! into large colonies when cultivated on

patrient ager medium, Those identified were Caphalgsnporium,
Fugariom, Asperzillus and Paalsillive; dut ther wore all
sltminated early during the oteeping period., All theps
fungi dut GCephalogporium have been reported to eause ear
rot in corn Burtt-Davy (1014). Qaphalosporius seremoniuy

f major Penzig and Cephalogporiun gaochari have also boen
dascribed by Sprague (1960) ms causing the black bundle

g MuﬂumﬂmttMIHlmﬂnﬂuﬂlnm.

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



It 1s cignificant that in the survey of the surface
microflora of over 20 samples of corn obtained from the
markets and the stores of the Federal Agricultural Research
8tation, Moorplantation, Ibadan, Cephalogporium colonies
Were preponderant in nuvbers among the moulds, They were
definitely associcted with the corn boeause they cosuld not
be fourd in the control cultivation of tap mater alone nor
8t subsequent igolations during the course of Tapmentation,
Various bacterin were isolated from the fermenting
mash and their identification wam based on their morpho logy,
colonial charmcterintice, fermentatlion and a numder of
specific bilochemical tests which are recorded in Table 8,
Those recognised were Corvnedbuotorium michiganense,
Aovobacter clongag 7 and Laotobaoillus plantarus.
Corynebacteriun michiganensg only, showed some dimstatic

aotion when grown on gtarch agar (Table 3), and would
therefore seem to be responsible for the change in the
paste vimcosity of cornflour after stoeping the grains for
2 days in water to Terment naturally, Collard and Levi

(1969) in their studies of the fermentation of cassawm

also isolated n Qorynebacterium strain they named 'manthot'
which was reported to be actively connected with the

hydrolysis of caapava ntarch to organic acide, It would

ssem, tharefore, tint Corynebacterium fp., could be
associnted with the matural fermentation of starchy

“'Iu‘h.l
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The isolations of Leuconostog mesenteroides and
Lactobacillug plantarum from the Nigerian corn steep and
mash agnin confirm the widely mccepted view that they are
the fermenting organisms of vegotable materials responoible
for the production of biological mcidity (Hucker & Pederson
1930, Pederson and Albury 1956 and 19682, Stamer, Albury and
Pederson 1964, Rushing, Veldhuis and Senn 1966 etc.). Over
160 strains of Leuconostoc have been studied in Jdetail by
Hucker and Pederson (1930)., Those straine fermenting
pentoses and sucrose, and producing sRlime in sucrose
solutions, were classified as Leuconopnioc mesentercides,

Of the strains of Leuconostoc mesanioriodes tested by them
only 14 per cent were found able to ferment sorbitol. The

etrain isolated from corn steep liguor in the current

experiment would need to be further ascertalned.
The following yoauots were also present in the

microflorai- Sagcharomyces gcerevipsiase, REhodotoruls spp.

and Candids mygcoderma. Their fermmentetion reactions and
morphology as well aso colonial charancteristics were uped to

identify them. Thelr roles would seem to be associated with
fermentation of the rmilled corn. The beginning of the
souring period waa marked by the rapid proliferation of

Saocharomycas coreviesias; while at the end, the fily forming
Candids mycoderma predominated the microflora (Table 2),
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S.  Ihe products of fermentation.

The micro organiems enumerated in the precedinz section
Were obeerved to have caused tremendous biochemical changes
in the corn mash, The major effects arising from their
fermentative activities were the formation of organic acids,
leading to a change in flavour and taste, The organic
acide formed during the fermentation of wet-milled corn
into ogl were qualitatively and quantitatively estimated,
and the results recorded in Tables 5 and 6 and Figure 13,
lactic and acetic ancide mainly were produced, Butyriec acid
was found in trace amounts and it eould have been derived
from the rancidity of the corn fat during storage. The
composition of the acids of ogi given in Taeble 5 does not
corrolate with those formad by the individuml micreo
organisms primarily responsible for its acidification. When,
however, the total mcidity produced by each organism ia

followed with time, as shown 1in Figure 11, a general inference

can be made that the acidification of the magh was initiated

by Qorynebecteriun michiganense which was later replaced by
m[ egr ghoucag '« The highest amount of acidity

wie produced by Lactobacillug plantarun probably because it
wns able to utilise the dextrins of the corn after the

depletion of the fermentable sugars. Lactic acid was the
main acid formed by Lactovacillug plantarus.
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This acid is a very good substrate for the growth of
£andida mycoderms which can consume as well produce
organic acids generally, Lafar (1910). The fermentative
characteristics of Candids mycoderma shown in Table 3
clearly eatablish that while it can sssimilate many
carbon compounds, it is only able to ferment glucoss and
fructose, Lafar aleo reported that these fermentoble sugars
were found to be partly oxidised and partly foverted into
acide. Therefore, the role of Candids mycoderma in the
preparation of ogl muet be regarded as one inwvolving the
destruction of the organic acids formed by the bacteris.
Flavour is another major product of fermentation.
Ite measurement has been based sclely on organoleptic tects,
although in recent years, numsrous workers have tried to
correlate it with a number of indices, Braverman (1963)
reported that Harvey and Fulton tested 30 varieties of
tommtoes the pH of vhich fell between 4.15 and 4.5 and
found that their taste differed enormously, even though
their pH differed only little, Harvey (1920) hed earlier,
used variocus buffers to prepare solutions of equal pH but
widely different total titrable acidity, and came to the
conclusion that the Bour taste wap a function of two
variablen, pH and total acidity, Bremond working on wines

later, was reported (Braverman 1963) to have shown that

the sour tast
acidity than by pi.

e wap determined more by the total titrable
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The flavour acceptance at different levels of total

titrable mcidity of fermented corn is shown in Tsble 4.
A good correlation was not established between the two
factors, although there was s trend of good flavour in high
acidity, This ieo because s third factor seemed to have been
involved, the aroman or ester production potentisl of the
fermenting organisus., The yeasts, Saccharomyces cerevigiae
and Candida mycoderrn were always able to produce an
acceptable flavour even at relatively low ncidit: whenever
they were present in the mamsh. = Aerobacter closcpae \y
on the other hand, fomed a relatively high acicity but
with a poor flavour, Schweligert and Pelilingham (1963)
velieved that lactic mcid was the main flavour source of
mahewu, a sour corn beverage o{ the Bantus; the same could
not, however be sald of ogl because at a relatively lower
content of lactic nmcid, Candide mycodermm produced a better
flavour than = Aercbocter cloacse , Lactio scid could,

nonetheless, be acnanidered as one of the factors responsi-
ble for the flavour of ogi. In Figure 18, the pH of ogi
{s related to the total titrable ncidity. There was n
good correlation vetween the two in the pH range 35.8-5,0
It in significant that the lower limit of this range
corresponds with the pH value giving the minimum sour taste
sccoptable 1O the palate of Nigerians when eating fermented
foods, Akinrele (1964). Whence pHi may be used ne a relinble

test of mcceptabllity of the sour taste of ogi, The flavour

{s usually best at pit 3.6.
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The flavour acceptance at different levels of total
titrsble mcidity of fermented corn is shown in Table 4.
A good correlation was not established between the two
factors, although there was n trend of good flavour in high
acidity. This io because n third factor seemed to have been
involved, the aroma or ester production potential of the
fermenting orgenisce. The yeasls, e g cerevisiae
and Capdida mycodersn were alwaye able to product nn

acoeptable flavour even at relatively low neidity whenever
they were presant in the mmsh. | Aerobacter cloncao \s
on the other hand, formmed a relatively high acicity bdbut
with s poor flavour, Schweigert and Fallingham (1963)
believed that lactic mcid wap the main flavour pource of
mahewu, a sour corn beverage of Lhe Bantus; the same could
not, however be Bald of ogl bhecause at m relatively lower
content of lactic mcid, Qandide mycoderma produced a better
flavour than ~ Acrobacter cloacne , Lactic mcid eould,

nonetheless, b® considered as one of the factors responsi-
ble for the flovour of ogi. In Figure 18, the pH of ogl
{s relatsd to the total titrable acidity, There was n
good correlation bvetween the two in the p range 23,8-6.0
It ic significsnt that the lower limit of this range

gorresponds with the pit walue giving the minimum sour taste

accaptable LO the polate of Nigeriens when eating fermented

foodn, Akinrele (1p64), Whence pH may Yo ueed ao a reliadle
)

teat of scocoptab i1ity of the sour taste of ogi, The flavour

is usually best at pil 3.5
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Samples 1 and 11 4in Table 4 gave the best flavour and
acidity and would therefore confirm that the most desirable
and important micro-organisms in the gouring process are
Saccharomyces cerevisine, Agrobmoter closgas and
Lactobacillus plantarum,

4. Biochemical and fﬁniml r.:hun:a; 1f thi corn
o] retes duri the pre ion o .

The composition of the sugars of the FRigerien "white
flour® corn and the changes aripsing from the 2ifect of
steeping in water nre cghown in Table 7,

An incresse in the glucose, glucuronic acid and
fructose contents of the corn was observed durlng steeping,
and melibiose and gulactose were formed, At the pame time,
the amounts of sucropse and rafiinore decreased. Bond and
Glase (1963) had similarly noted a progreseive decrease in
the sucrose and an incresae in the glucose contents of
dent corn on steeplng in water for £ daye. Macleod and
her co workers in their investigations of carbohydrate
metabolism in the germinating barley were reported (Bond
and Glaoa 1963) to have explained thic observation by
postulating that sucrose formed the principal respiratory

aubstirate during the enrly otages of growth initiastion.

The experimental esvicence obtained from the studies carried

out on the steeping of Nigerinn corn is that its cucrose

wae h;drnlylad into glucose and fructose, Ly the enazyme

{nvertase which nleo hydrolysed the raffinose into

meliviope and Tfructome. The melibione was furthery
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hydrolysed into gnlactose and glucose by the enzyme
melibiase, However, these interconversions could not be
quantitatively accounted for on the basis of theoretical
derivations., The quantities of meliblose and glucose formed
during controlled steeping (Table 7) exceeded what could be
expected from the hydrolyses of the raffincse and sucro=a
of unateeped corn, Therefore, the large increamses obuerved
in the glucose and glucurconic acid during steeping could
have arisen from a possible phoaphorolytic degradation of
the amylose portion of the corn etarch neccording to the

following schemej-

(1) (£)

—_—F ueone l-PD UDP-0 lucoge UDP
gﬂu} L6 ,; i Glucuronic Acid
Blucoae h-Pﬂr

ADP \ P 2NAD ET',.\‘ILDH

FP
Mg (4)
UTP
TP
Aulum ge Glucuronic Acid

Engymea: (1) Phosphorylase
(2) Glucose pyrophosphorylase
(3) Uridine diphosphate-glucose dehydrogenane

(4) Uridine diphosphate-glucuronic pyrophos-
phorylase.

OTP = Uridine triphosphate

PP = Pyrophosphate

MAD = Nicotinamide adenine dinuclectide
mﬂ - " L " (M'ﬂ'ﬂﬂ]
ADP = Adenosine diphosphate

ATP = Adenosine triphosphate

¥ w Magnesium

| ¥ = Phosphomluoomutanse

h AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Edelman et al (1939) have presented ovidence that sucrose
Wwas aynthesised in the scutellusm of nereal seedlings by a
mechanism involving uridine diphosphoglucose. It would
therefore be expected that such & mechanism would lesd to
the formation of glucome and glucuronic acid in corn during
growth initiation,

If the raffinose and melidbione estimations were
considered together because a clear separatiorn of the two
wae not schieved, an overall increane in the lotal amounts
af the sugara could be saild to have occurred during
eontrolled ateeping. Thie 1e aleso indicative that raffinces
was being synthesised ap well ae YMeing degraded into
melibiose, glucose, gulactose nud fructose,

In the fermantirg saxole, 1t would be expected that the
fermantadle sugsrs, pariicularly, the mono-saccharides
would Be gulckly wea ', The fer=enting organis=e sminly
Corypebagteriuy. ANRSRSCRAL. Iagtotscillug »nd faegharomyoes
have besa show: %8 utilise nearly all the sugare mentioned
in Tadle V. 4evertihelesa, the sucrose srd glucuronic acid
wsluee “sve higher then those of the unfermented sampla. The
{acreyse in the sserose value may have been the result of
less dependencte on 1t as respimatory addetrate, if enough
esergy s being sade avalladle through the mieredial
md“"—_m'". Glucose may hmve been

mm“ﬂ“"ﬂ' slso By the
g crergesiena.
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It 1s significant that no trace of mmltose was detected
either in the sample of dry whole grains of corn or in the
samples steeped in water for £ days, In Figurs 15, faint
spote could be obeerved in the cases of whole corn grains
and the naturally steepasd sample corresjzonding to maltose
and mellibiose respectively. However, no sugar was dctccted
on extracting the opots with mater for quantitative
determination, This finding would therefore support the
conclusion of Bond and Olass (1963) that beta amylnoe was
neither present in the resting corn nor zocreted during
growth initietion. The contrary visw of Dure (1960) that
beta amylase was present oould nct be accepted,

The effect of the natural steeping of corn in water on
the viscosity characteristic of its paste is shown in Figure
14, In this gxperiment, it wap nssumed that the relative
vincosity of the rlarca solution in the Oswald viscometer
tube wns directly related to the time of flow in seconds
between the mnrket menieci, at o glven temperstiure,
the time of flow in seconde was used to represent

Therefore,
the rcletive visconity wmlues, A significant loss of

visnoaity could be observed in sample F when compared with

sample C. This munt have been the result of pome diesatatic

asctivity on
secretions of the
microbes isolated in

.

the starch of the corn arising from the
infecting miecro-organisme, Of the
pignificant nusbers from the steeping
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liguor, only Qorynebmcterius michigecenge showed a weak
diasstatic activity on starch sgar, Eince the formmtion of
maltose could not be datected, it ip believeo that the
starch was mainly converted to dextrins, This, therefore,
could be the more important role of this organiem during
the traditional fermentation of cornm rather than the
initietion of acid production., The laboratory and
commercial samples of ogi (LO and CO) showed ntill higher
loge of viscosity., Their patterns were very clmilar and
since no diasptatic organiom wna found in the latter stages
of souring, the loss of viscoeity in the latter samples
must have arisen from the effects of Jower ! walues.

B, t ut t ;

Changes cauped by the microorganisms in the nutrient

composition of the corn can be obeerved in Table 8. The
affects of processing and fermentation, and the influence
of the individvzl =icro-organismp on these nutrient walues

Whole meal corn hed in general

are shown in ‘he tab le.

more nutrients than ogi, whether Termented or not, This

would be expected in view of the fact that a major
proportion of the germ was sieved out during processing.

On the other hond, when the semples of fermented and

unfermented ogl are gompared, an indieation ie given that
fermentation brought about an enrichment of the nutrients,

notably in the gross nitrogen content and in some of the
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B vitamins, but with a simultansoun decrease in the cal-
clum and phosphorue valuee,

The predominant micro-organisms isolated during the
souring period of ogl were slsc used to determine to what
extent each could changs the nutrient composition of the
food. BEmploying a m™atio of amino nitrogen to total nitro-
gon 2o a measure of the metabolic activity of the mlcro=-
orgoniames on the protelns of corn; there was very little
degradation effected by any of the specied; rathor

Asrobscter closcma | ond Lagtobacillus plantarum used
up some of the freoe amino acids Tor growth, This depean—
dence on environmantal nutriente for growth was ghown by

the latter organien towards alacst all of the minerals

and vitamino, Aerobacter cloacae ~~ _, on the other hand,
vhile reducling the envircomental thiamine and pan—-

tothenie acid, incereaged the rivollavin and nincin
gontents of the eulture mash., QCandida mycodermg too was
able to incresse olightly the level of totsl thiamine,
ninein and pyridoxine of the unfermented ogl.

The figures presented in Table 8 denote that the
cundida fermented pemple was olosest to the lsboratory
fermented ogi flour in nutrient compoeition, and could
therefore lead to an erroneous impression that it provided
vest substitute for patural fermentation. The results

shown in Table 4 haye already established that suech a
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sample eould not acquire sufficient geidity and s good
Tflavour, Thersfore the similarity in the nut:ient com—
position of the two samples must be oonsidered es reflect=
ing the exacting influence of Candids mycolerma on the
nutrients of ogi ot the end of the souring period,

Apart from the losses drought sbout during thoe ox-
traction of ogli from whole corn meal, the fat, ¢crude fibre
and iron contents were not significantly affected by the
fermentation. Also, none of the miercorganisms examined
caused a striking increase in the acid wulue of the fat,
thereby suggesting that no lipolytic enzyme was secreted.
However, the difference in the acid wnlues of the unfer-
mented ogi and the other fermentied pamples could be
aperived to n hydrolytic section, possibly lipase, generated

within the corn.
Vitamins A end € could not be detected in any of the

samples, B8ince the effect of the biologieal acidity
formed in ths ferronted samples would be to stavilise the
vitamin @ or asgorulc acid, 1t could be conocluded that
non= of the microorganioos tented had the obility to
aynthesise this vitamin, Also, becanuse glucurcrnic aocid
{p an intermediary product in the conversion of glucone
to ascorbic acid, the necessary enmymes for the comple-
tion of this change would appear to be lacking both in
the corn and in the associated mioroorganiams,

.
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6. The protein qualities of corn end ogi.

The qualities of the proteins of whole corn meal
and ogi were evaluated in terms of the true digestibility
coefficient, biological value, net protein utilisation
and protein efficiency ratio. The figures presented in
Table 9 are the daily averages for esch rat while those
in Table 10 represent the group averages per diast, Only
the casein diet should be considered as a standard; the
egg diet having been used at pbout b per cent protein to
determine the endogonous and metabolic nitrogen in the
urine and fTaeces respectively of the experimental rata.

A good correlation was obilained between the results
of the biological wvalues, net protein utiliesation, protein
efficiency ratio and the percentage of the total nitrogen
{ntake retained in ths body from all the diets. These
figures indicate that the protein of ogil was inferior to
that of wholes corn mainly because a considerable portion
of its germ had been sieved out during processing; and
that fermentation per se, brought no significant change
{n the quality. The latter finding therefore supporte
the observation of Dreyer and Bchweligart (1963), and
further corroborates an earlier conclusion (page 104)
that the micro-organisms found in the fermenting corn
magh during the preparation of ogl effected 1little or

no degradation of the proteins.
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The protein efficiency ratios,net protein utilisation
and biological walues of the four experimental diets were
paired and tested for significance level (Table 11) using
the student's test and applying Bessel's correction
because of the small number of samples (Moroney 1961),

In nearly all of the casen except one, the probakbilities
that the differences between the diets compared would
have arisen by chance are less than one in a thousand
times, and s0o a high degree of significance has been
established, When fermented and unfermented ogi are
compared however, the probability is more than 10% and so
significance is not shown,

The figures obteined for the true digestibility
coefficients of the diets do not follow the same trend ae
the other indices oi protein quality sssesament, fhiu
is because of the different amounte of protein or
nitrogen intake. Therafore, the mtea of digestion ard
gbsorption of proteins must be considered as not having

alone
a direct relationship with quality/but with guantity and
physical nature or state. When, however, the nitrogen
balance per 100 g. body weight of each rat group is
divided by the gorresponding nitrogen intske per 100 g,
body weight of the rat group, the results expressed in
per@entnges follow the trend given by the biologiecal

values.,
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Ogi 1s used extensively ss the main food for babies
immediately after weaning, particularly amongst the rural
families in Western Nigeria., With s protein content of
about 8%, biological vslue 43 and protein eificliency ratio
0.77, 1t cannot be considered suitable as an infant food.
B8ince it hap been established that the protein quality of
corn is not eignificantly changed by natural fermentation
per se, it can then be pregumed that any enrichment of
the basic protein will be carried over to the final

product.

= Btudies carried out by the Food and Agriculture
Organisation of the United Nations (1963) have indicated
that the limiting amino acids nrr51:2H Egtuin are

tryptophan and lysine. Tryptophan 1n/bnplnc-nhlu with
nicotiniec acid but the lysine deficiency can only be )
corrected by fortification., Taking note of the fact that
the total protein level of ogl needs to be incressed, and
that most of the bables fed with this meal belong to a low
income Rroup, soys bean would appear to be the best
gupplement. It has a high protein content, mbout BOX in
the Nigerian variety, and quite righ in lyeine, but

nonetheless, relatively chenp.

" t B ] L
when full fat soya flour which had been heated to
destroy the anti=tryptic factor was added to ogi at 30

Sax sant 1ovely the proteln eTZyoianey ratie) aLithe MixSure
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Ogi 1s used extensively me the main food for babies
immediately after wWeaning, particularly emongst the rural
families in Western Nigerim. With s protein content of
sbout 8%, bilological vnlue 43 and protein efficlency ratio
0.77, 1t cannot be considered sultable me an infant food.
S8ince it has been established that the protein quelity of
corn ie not significantly changed by natural fermentation
per se, it can then be pregumed that any esnrichment of

the basic protein will be carried over to the final

product.
e

Btudies carried out by the Food and Agriculture

Organisation of the United Nations (1953) have indicated
that the limiting amino acids urrFu1P Eétuin are

erticlls
tryptophan and lysine. Tryptophan 1l/$npllculhln with ’

L1

nicotinic mcid but the lysine deficiency ean only be
eorrected by fortification. Taking note of the fact that
the total protein level of ogli needs to be increaped, and

that moet of the babies fed with this meal belong to a low

incoms group, soye vean would eppear to be the best

1t hae a high protein content, about BOX in

pupploment,

the Nigerilan variety, and quite righ in lysine, but
nonethelesd, relatively cheap.

7 t of u t e t

- un Of4s

11 fet soys flour which had been heated to

When fu
ryptic factor wano ndded to ogi at 30

destroy the anti-%
the protein effiolency ratio of the mixture

per cent levels
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was found to be £.21, about three times the value for ogi
(0.77). Jones and Divine (1944) found that the P.E.R. of
full fat soya bean meal was egual to that of casein.
Assuming this to be o, the P,E.R., of the experimental
lnrl-ngi diet should theoretically be 1.49. Therefore,
the observed wvanlue of £.21 clesrly confirms the chbservation
of Chick (1951) that soya protein had a special supple-
mental value to cereals, probably because of its high
lysine content, The biological value and net protein
utilisation of ogi were eimilarly enhanced by the addition
of soyn, but the wvaluea were not as high as those of
casein, When the welght gaine of the rats fed on the
different diets are examined however, the highest wnlue
was obtained in the casa of the ogi-soya diet. This is
directly dependent on the quantity of protein or nitrogen
{ntake. Thereiore the true nssessment of the growth
promoting potentianl of the differont diets must be based
on the protein efficlency ratio which 18 defined as the
weight guin per unit protein intake, When this ia done,
cagain scoress higher protein efficiency ratio (3.17) than
sgl-poya (2,81); and so 1t must be concluded that while
the use of full fatl soye btean menl to fortify ogl at s

80170 mixture providen a eatisfactory diet, it 1s still

not as good ao the cnpein diet, On fermenting the soyn-ogi

pixture in the conventional manner, the flavour was still

acceptabls
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A blochemical study of the tmditional methods of
preparation of ogl has revesnled that the steeping of com
grains in cold water prior to milling brings about the
absorption of water ns a result of which the kernel is
sof'tened, During this time 2lso, a natural selaction of
the desirable microorganisms for the souring and flavour
development of ogli takss place, Blochemical sud physical
changos in the carbohydrate molety of the corn occur
leading to {nereaned formation of fermentadle sugars and the
dextrinisation of the mtarch by bacterianl apmylase, Alpha
and bota amylase anctivities 4o not originate within the
corn grain and po the increnses in the glucose, fruc-
tose nnd glucuronic acid contents with steeping are believed
to be due partly, to the hydrolytic actions of invertase and
ponsibly melibiase on pucrose and raffinose, nnd partly to
a phosphorolytic degrandation of the amylose by a uridine aiphos-
phate machanism, A period of 24 hours in rogorded adequate
for the steoping.

mne surface microflora of corn includes = number of
moulds namely, Cephnlosporium, Fusarium, Aspergillus, and
penicillium; the merobic bacterium, Corynebacterium michi-
Ennenae which hydrolyses the atarch into dextrina and
{nitintes the acidification of the mash; the heteroferments-

tive ssprpbsctsr clonges ~which possesses the ability
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to synthesise riboflavin and niscin; and the homofermen-
tative Lactobacillug plantarus which is mainly responsible
for the souring of ogl, utilising ths daxtrins to produce
lactic acid, the major source of flavour, The yeasts,
Spccharonyces cerevising and Candids pycoderma, invads and
repidly proliferate in the fermenting magh at the begin-
ning and end respectively of the souring period, iuproving
significantly the flavour acceptance of the {inal produnct,

The latter organism, Candids mycoderma howovar, asaimilates
lactic acid and so can destroy the bloingical mcidity
produced during souring,

The proceases of milling ani sleving which removes n
considerable portion of the hulls and germ redaces tha
nutrient value of the coru, The traditional fermentation
per se, brings about a bislogical enrichment of the
nutrients of ogl, notably in inereanling the total
thismine and alacin contents; but causes no signifricant
alteration of the protein gquality,

2 good supplemental relationship exista between ogi
and nmoya proteins., The addition of 30 parts of heated
full fat soyabean flour to 70 partes of ogl raises tho pro-
tein efficiency ratio of the latter froam 0,77 to 2.21 but

the quality of the protein mixture is still not aa good
casein,
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Thie theesis has thromn new light to the current know-
ledge snd umnderstanding of the traditional method of pre-
paration of ogl from corn. The eignificant contributions
are that:-

1. The blochemical charancteristica of the Figerian cora

nown an thn'I.nmn Iihit.u‘ varioty sre not rapsviably
Aifferont from those of the 'dent' mnd 'flocar' varieties
grown in othar parto of the world,

2, The traditional pmactice of ptec-Lnge shole grmine in
snter before wet milling and mouring brings about the
natural selection of valnable microorgmnimme which
enrich the nutrients of the corn, Lerobacter
gloscee L plays ¢ major role in this wine and it
in presponsaible for the synthesis of riboflavin and
niancin,

3, The flavour of ogl is not derdved solely from itne
lactic acid, but in combination with the arocaa pro-
djced by the yeants, fagcharomycop gereviglag and
fendids mygoderme.

L, The proteins of ogl are grossly deficient (P.E.R., 0,77)
but when supplomented with soya protein nt 30X level, they

pecome sdoquate (P.H.F. 2.21) though not still as good

as casein.
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