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ABSTRACT

A total of 105 sanples of cassava flour
obtained fromparts of N geria were anal ysed for
total aerobic bacteria, aerobic spore forners,
| act ose ana non-1|actose fermenting Enterobacteri aceae,
xerophi Il ¢ and hydrophilic noul ds and yeasts. The
flour sanples were observed to be highly contam nated
by the various groups of m croorgani sns enunerat ed,
The range of counts obtained for the different
groups of mcroorganins were aerobic plate count
(1.1x10* -2.8x10 cfu/g), aerobic spore count
(<1.3x11%-2.9x10° cfu/ g), lactose fernenters
(<1.0x10® - 6. 6x10° cfu/ g), non-lactose fernenters
(<1.0x10% 3.8x10°cfu/ g), xerophilic noul ds
(<1.0x10% 1. 6x10° cfu/g), hydrophilic noul ds
(<1.0x10% 6. 4x10° cfu/ g), yeasts (1.0x10%-1.9x10°
cfu/g).

The fungal isolates fromthe cassava flour
sanpl es were identified. The predom nant generation

of noul ds were Aspergillus and Penicillium

Sixty percent of the total nunber of sanples were
contamnated by A flavus which was the nost

predom nant species of Aspergillus. The second

nmost predom nant fungus, A niger, was isolated

fromd43%of the total nunber of sanples.
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Penicilliumspp. occurred in 48%of all the sanples

examned. Qher species of fung isolated from

cassava fl our were Sporcndonena sebi, Qurvularia

| unata, Aureobasidiumpullulans (a yeast-like

nmoul d), Rhiiopus stolonifer, R oryzae, pignented

and non- pi gnent ed yeasts.

Thirteen out of 60 A flavus strains isolated

from cassava flour produced afl atoxins in yeast
extract broth medi um contai ni ng 20% sucrose. Ten
of the afl atoxigenic strains produced afl at oxi ns
Bl, B2, G, & while three produced afl atoxins Bl
and B2 only. The anmount of afl atoxins produced
were relatively high and ranged from 3.0-14.2
ug/m (B1,) 0.9-11.9 Uy/m (B,), 0-12.5 ug/m
(Gl) and 0-9.2 ug/m (Q&). Aflatoxin producing

strains of A flavus were isolated from cassava

flour sanples obtained fromdifferent geographical
areas-of N geria. The results are discussed in
relation to possible sources of mcrobial cohtam -
nati on of cassava flour and the need for inprove-
ment in overall sanitation during production and

sal e- of the product.
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CHAPTER I

INTROCDUCTION.

The tuber of the cesseva plant (Manihot spp)

constitutes an important source of food in many
tropical regions of the world. Nigeria produces
9 of thertgtall world producticn of cassava (F./.0,
1980) end in 19€5-75 pericd alone the mean annual
production was over £ tons (Nwasike, 1984).
/1though one variety (the sweet type) of cassava
cen be eaten raw or cooked due to its relatively
low cyanide content, the bulk of the harvest is
usually processed to yield a variety of fermented
foods namely, gari, kpokpogeri, fufu, lafun and
cegsava flour (Ekandem, 1961). To date, most of
the cassava {lour consuwmed in Nigeria is produced
at the village level., The production involves
peeling and cutting tubers into small~sized pieces
or chips which ar¢ subsequently weshed and dried in
the sun., The dAry chips are milled from time to time
by pounding with mortar and pestle or in local
millirg ma~hines and the flour is scld in open-air
in"rkets. There is ample opportunicy for microbial
contamination during all the stages involved in
production and sale of cassava flour.

Ekoendem (1961) hes described extensively the

traditional uses of cessava flour in Nigerian foods.



Briefly, it is primarily used as the mein meal (in
gelled form) in conjunction with loeal soups, or
as supplements to various other local diets., In
addition, the flour has been recommended as a
supplement to wheat flour ir bread-making (Jones
and /kinrele, 1976).

In parts of the world were wheat flour consti-
tutes the main type of flour used in the food
industry, cocnsiderable information is available on
the microbiology of the product. The information
has led to official microbiological specifications
for the product, to imnroved methods of processing
end sanitation in flour mills and to the use of
antimicrobial agents in flour to proleng its shelf-
life and guarantee consumer protection. Nigerian
factories produce considersble amounts of wheat
flour (used in bread-making) from imported wheat and
the Standard Organisation of Nigeria (S.0.N., 1980)
nas gpecified standards for the product. The
orgenisaltion recognises the need to safe-guard
wheat flour from microcrganisms especially rope -
fcrming bacteria and from mycotoxin contamination.
Unfortunately, little or no work has been done on
the microbiolcgy of local flours including cassava
flour, degpite the fact thet the traeditional methods

of procisaing and sale expose them to the danger of



microbial contamination. Bince cassava flour has
meny current uses and is of potential use in baking,
there is 2 need to study the nature and levels of

its microflora, 1In Ghana where the method of produc=-
tion is similer te that of Nigeria, Clerk and Caurie
(1968) reported frequent isolation of certain moulds
from cassava chips used in flour making and studied
some biochemical effects of the wmoulds. The moulds

were Cladosporium herbarum, Sporendonema sebi,

Aigpergillus and Penicillium species. Recently,

Okagbue ’'1986) reported 2 preliminary survey of the
microbial quality of & variety of flours including
cegsava flour in Zarie marlets, However, only one
samplie of each type of flour wes onalysed, The
purpose of this study is to conduct a more detailed
study of the microbiology cf cassava flour prepared

and sold in various rarts of Nigeria,



CHAPTER 2

REVIEW OF LITERATURE

2.1 Types and Uses of Flours

Flour is a powdery semi-processed food
material produced by drying, grinding and sifting
grain or certain agricultural prcducts such as
tubers., Since it is a dehydrated product, it
is generally stable microbiologically, If the
moisture is 12% or less no growth of microorganisms

talkes place (Hesseltine and Graves, 1966),

Wheat flour is the most common type of
flour world wide. James and Saith (1948) stated
that it is the basic food for a large part of
the world's population. It is uscd in canned
foods especia'ly baby foods, andé in making bread,
cakes, biscuits and cther takery products. In
the U,S,A, it 1s the major raw ingredient in
non sterile products like refrigerated canned

biscuits, dinner rolls and pizza cdoughs _CGregvwes and

Hesseltine, 1965).

Nigeria has a wide variety of flours,

hecording to Ckagbue (1986) they include wheat



flour (usually produced in modern factories)
from imported wheat and other types of flours
milled at the village level from tuber crops,
cereals and legumes. Thus, we have yam and
cagsava flours milled from root tubers; guinea
corn, maize, millet and rice flours etc. mwilled
from cereals: and cowpea, soya bean and bean
flours etc. milled from legum:-<. The flours
constitute a significant part of the locel
staple diets in various parts of Nigeria,
Since "his study is concerned with casgsava
flour, various aspects of the product will be

reviewed,

2.2% Cassave as Food,

Nomencla ture

The plant is called cassava in English -
speaking countriec of Jfrice; manioc, manihot,
madioca, and yuce in Latin /merica; tapiloca in
Asia; and menioc in Francophone countries.
3everal specific names are spplied to cassave,

The name Manihot utilisime is commonly used, in

eddition to M, dulcis, M. aipi and M, palmata,.
These names differentiate between cultivars with
different contents of cyanogenic gluccside in

the roots, but this distinction is taxoaomically



invelid and Crantz's epithet M, esculenta is
generally accepted as the correct one (Jennings,
1970). Thus, cassava is betanically celled

Manihot esculenta.

Froduction and Distribution

Manihot esculents Crantz is widely distri-

buted in tropical countries throughout South

and Central /merica, /Lfrice and Asia (Ingram, 1972).
Nestel (1973) reported that casssva is produced

in mcre than eighty countries but two-thirds of
world production takes place in only five of them
namely, Brazil, Indonesia, Zaire, Nigeria and India,
Between 1979-81, world production of cassava was
about 120 million tons annuslly, Nigeria, Tanzania
and Zaire are the major /frican cassava producers.
nverage yields for Nigeria between 1979-81 was 9,2
tons/hectare with a2 production of 12,40 million

tons (FA0, 1981), Tenzanis and Zeire followed with
a yield of less than 7 tons/hectare and a production

of less than 13 million tons (F4iC, 19:1).
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Cassava is generally grown as a subsistence
crop, It is particularly valued becasuse of its
drought tolerance, its ability teo grow in poor
soils and its relative resistance to weeds
and insects, It can be left in the ground
without harvesting for a lengthy period of
time (Nestel, 1973; Ekandem, 1901). None of the
crop harvested is used as pianting material.
Furthermore, it is not season bcund and can
therc¢fore be planted and harvested at any
period of the year (Ekandem, 19561;. Cassava
preoaction in terms of calories per unit
land area, per unit of time, aojpears to be
significantly higher than that of other staple

food crops (Nestel, 1973).

Mutritional aspects

Both the roots and the leaves of cassava
are eaten as food. Abouvt 80% of cassava root
is edible and it ceontains 62% water, 35%
carbohydrate, 1% protein, 0.7% isl and 1.0%
mineral matter which is rich in czlcium {13-33
mg/100g). The roots are also ricn in ascorbic
acid (30-43 mg/100g), and contain nutritionally
significant amounts of thiamine (0.C6 mg/100g),



riboflavin (0.03mg/100g) and niacin (0.6mg/100g)
(Jemmings, 1970). The contents of proteins and
vitamins are reduced during processing in order to
remove hydrogen cyanide, end hence the value of
cassava foods is influenced by the methods of
preparation. The root proteins are deficient in
certain amino acids notably those containing sulphur
(Jennings, 1970). Cessava leaves and shoots are
consumed in consideratle quantities in some parts
of Africa. They are richer than the roots in both
quaentity and quality of protein. Cassava leaves
contain 17.8-34.8% of protein by dry weight
(Jennings, 1970). Gondwe (1974) reperts that in
some parts of Malawi, cassava tuber which has been
processed to cagsava flour is eaten with the very
young leaves of cassava cocked as vegetable called
"mayani" or “cigwada®" and that such people obtain
a complete meal from casseva alone. In Nigeria,
cessava flour is usu2lly eaten with meat or

fieh soups to offset thc low protein content
(Ekandem, 1961). A survey of southern Nigerisa,
shows that 25 - 56% cof the dietary calories
came from cassava, In other cassava producing
countries, a lot of the calorie intake also comes

from cassava (Nestel, 1973). FEkandem (1961)



states that cassava produces inc highest return
of calories per acre of any of th¢ Nigerian

food crops.
Texicity

In spite of the growing povularity of cassava
as a source of dietary calories, the unprocessed
tuber is toxic and the danger of eating it
(unprocessed tuber) is well knuwn in the tropics

(Gondwe, 1974).

The toxicity is caused by the¢ uresence of
the cyanogenic gluccside linamarin and smaller
arounts of the closely related lotaustralin,
Thiese substances hydrolyse under the influence
of the endogenous enzyme linamaruase to liberate
aydrogen cyanide (HCN) (Courscy, 1973). In the
bloodstream, the cyanide is converted to
thiocyanate, a sulphur-containing compound, by
the enzyme rhodanase. The coupcund is
later excreted in tke urine, :ac¢ compound plays
iis toxic role by using the body sulphur
in detoxification thercby increasing the
body's demand for sulphur ceontaining amino
acids or by interferring with the iodine uptake

of the thyroid, resulting in goitre (Cock, 1985).
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The wide variety of tralitlonal food
preparation technigques used for [‘uvcessing
cassava in different parts of the world reduce
the cyanide content by liberation of the HCN
either by solution in water or Ly volatisation.
These process=s involve maceration, soaking,
boiling, roasting or fermentation of the cassava
tubers or a combination of thesc rocesses
(Coursey, 1973). According to Cencwe (1974),
during the traditional process ol making
cassava flour, a large fraction of the HCN is
degraded, giving e product whicn is safe to
eat. Also cooking thc flcur furtiher reduces
the cyanide level. Cock(1985) supggested
that thce use of iodine probahly as iodized oil
and a consumption of sufficient animal or fish
wrotein will help in reducing the toxic effect
ol cyanide., However, an ideally safe sample
of cassava 1s one which by every reliable
methed for detectin:  cyanide, .25 “een shown
to contain no cyanide at all., This is because,
it has been shown that a constant intake cf
¢ven low cyanide levels over o _.ong perioed of
time can eventually result in poisoning which
is manifested by neurological ocbnormalities

(Condwe, 1974).
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In Nigeria, there 2re two types of cessava,
namely:- the bitter 2nd the sweet varieties.
The swecet types are said to contain a less
amount of hydrogen cyanide than the bitter
verieties and for this reason the sweet varieties
eare usually caten raw in some perts of the country.
However, recent studies have shown that some of the
sweet varieties contain more hydrogen cyanide than

the bitter variety (Nestel, 1973).

2.3: Non Food Uses of Cassava

ipart from food, cassava can be used in
various other ways. Theyv are used as animel
feed in some countries., Cassava is a commen raw
material in starch preduction. Cossava starch
has been used in the industry, for paper making,
as a lubricant in oil wells and in the textile
industry, It is als> used as the substrate for
the production of dextrins which are used in
glues. Alcohnl was produced rrom cassava in
Brazil and /ustralia between the two world wars.
Its use declined with the aveilability of cheap
supplies of petroleum product, but there has
been renewed interest in producing alcohol from
cagssava ag *he price of crude oil has risen

(Cock, 1945),
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Z2.4: Microbial Rotting of Cagsavs Tubers

Ekundayo and Daniel (1973) showed that cassava
tubers carnot be stored for long periods before
processing due to microbial rotting of the tubers.
Tissue deterioration is due pertly to rots caused

by Lasiodiplodia theobromae, Trichoderma harzianum,

Cylindrocarpon candidum, . spergillus niger and .,

flavus, These microorganisms enter the cassava
tubers through wounds, bruises and natural openings.
It wag also cobgerved that high relative humidities
favoured rot development of the tubers, Thus high
relative humidities of between 50 - 100¥% favoured

rot development by Lasiodiplodia thecbromae and

pycnidia were formed in the presernce of light.
However, Benomyl (a systemic fungicide) was

observed to contronl the soft rot of cassava tubers.

2.5 Prepareation of Casseava Baged Foods-

Owing to the perishability of the tubers,
cagsava is usually preserved in the processed
form. The processing also serves to reduce the
cyanide content. L8 mentioned earlier, some

varieties can be eaten raw. In northern Nigeria,
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cogssava ig more often eaten raw or ag a boiled or
baked vegetable while in the south of the country,
cessava is mostly eaten in the processed form.
Cassava is usually processed into gari, kpokpo -
gari, fufu, and cassava flour (Ekandem, 1961).

The processing of cassava into food usually involves
some or all of the following processes: Peeling of
the tubers, fermentation, sundrying, soaking,

roasting and milling.

Various aspects of the technology and micro-
bioclogy of the fermentations inveolved in the
production of cassava besed foods have been
described (Odunfa, 1985). More detailed review
of cagsava flour processing in Nigeria will now

be presented.

2.6: Cassava Flour.

Production of cassava flour in Nigeria:

To date, cassava flour production takes place
mainly at the village level, In the process,
cassava tubers are first peeled, cut into pieces

and wagshed. The small pieces or chips are then
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sun-dried after which they are milled into flour.

Okagbue (1986) stated that microbial contami-
nation of locally produced flours takes place at
verious stages during production. Thus, the
contamination of cagsava flour takes place mostly
during its production. Human hends and unsanitized
knives are used during the peeling and cutting of
the cassava tubers, The cagsava chips which are
washed (usually with non-chlorinated water) are
sun-dried. The sun-drying is done in the open=-air
for varying lengths of time, During the milling
process, the same machine which is not usually
disinfected before or between operations, is often
used for different batches of the same or of
different products. The flours are subject to
further contamination during sale in open-air
markets and during manual examination of the

quality of the product by customers,

In Nigeria, the chief scurce of cassava flour
(which is called "Lafun" in Yoruba) is the Oyo
area, Thi, 1is because Oyoc is situated in the
drier part of the rain forest bel. with many
rock outcrops which are suitable for sun-drying

the chips (Ekandem, 1961). Other areas where
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cassava flour is produced include Okene area and
some parts of Benue ard Plateau regions of Nigeria,
It is noteworthy thet in the Eastern parts of
Nigeria, cassava which is #n important staple
food is processed meinly as "fufu" or “gari® and

not ag flour,

Clerk and Caurie (7968) reportel that flour
obtained from dry uncocked cessava tubers is one
of the major staple focods in tropical /frica while
Cock (1985) described casseva flour as an extremely

cheap source of calories.

Cassava flour is eaten in the form of "fufu"
which 1s prepired by putiing some quantity of
cessava flour intc boiling wetur and stirring
until tne mixture thickens irto brown "fufu® known
as "Elubo lafun" in Yoruba. Cassave flour is also
used in thickening soups and for muking cakes
cooked with palm oil and pepper, or thin biscuits.
In northern Nigeria, the flour is mixed with cowpea
flour and used for making "dan wake" cakes or mixed

with millet iMour teo make "waina" cokes. It 1s al%o
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mixed with guinea corn flour to moke #Tuwo”
(guinea corn fufu) (Ekandem, 1961,. In other
countries, cassava flour is also caten mostly
28 a thick sticky mass or porricdge similar to
the "fufu" caten in Nigeria., Thaiec thick paste
is cpolled "funge"™ in ‘ngola, Vou-vou® in
Cameroun, "luku" in Zaire and "nenima® in
zambia., A mixture of cassava an: millet flours
is used to make the staple foodstuifl of Uganda,
In south India and scutint East .slo2, cassava
flour is socmetimes mixed with rice hefore
ccokirg. It is also used in making some traditionel
Indian foods such as "chappatisg®, "uppuma",
"ldlies" and "dosas" (Lancaster et al, 1982) .
s new product celled Tapioca maccroni has been
developed in India by adding a sinall quantity
o speclally prepared groundnut meecl and

wheat semolina to cassava flcur, “he mixture
is processed, coocked and eaten in thie same way
as food grains. The product h.g about 10%
prctein and is nearly twice »s5 nutritious as
rice (CGrace, 1971). Also, it is used in making
cakes, cookies, spaghetti, noo: lcs, confectioneries

etc in some countries (Cock, 1955).
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Casseva flour in bread meking:

Many studies have shown that cassava flour
or starch can readily be incorporated into bread
at different levels with little decline in
guality, Thus, it hos been suggested that
cagsava flour should be partially substituted
for wheat flour in bread making (Grace, 1971;
Jones and lfkinrele, 1976; Ciacco and D'lppolonia,
1978).

In most developing countries, the demand
for bread is increasing rapidly. Only few of
these countries can grow wheat on a large scale
and so most of them import wheat., Thig strains
the foreign exchange cernings of the developing
countries and discourapes the use of locally
produced substitutes (Cock, 1985). Jemes et al.
(1973) reports that in the developing countries,
unmilled wheat importe stood at 353,295 tons
at a cost of K20,659,528 in 1971. At the same
period, 36,675 tons of milled wheat flour were
imported at a cost of #3,156,688 The total
cost of these two items in 1971 was, therefore,
%23,812,216. When compared with the figures
for 1970 when the importetion of unmilled
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and milled wheat gave a total cost of ¥15,958,
518, it will be seen that thc cost of importing
wheat and wheat flour rose to 50, between 1970=-
71. Thus, the importance of substituting some
of our local flours for wheat flour cannot be

over enmrhasgized,

Until recently, 1t was he¢lieved that goed
quality bread could not be mad¢ with more than
10% by weight of cassava flour. However, studies
begun in 1967 have demonstrated thet much larger
proportions of cassava flour can bz used if the
gluten of wheat is supplemented by other chemical
binderies. Good quality bread cf superior
nutritional quality has been mnce with composite
flours made up o1 79% wheat flour, 20% cassava
flour ani 5% soya flour (Jones and Akinrele,
1976). James et al (1975) alsc reported that
composite flour containing 705 vheat flour,

25% cassava sterch, and 5% full fat soya flour
was successfully usecd in proiucing bread and
other baked products such as biscuits, chin-chin

ancd Adcughnuts.,

Raised bread has been made using no wheat
flour at all. TIts appearance is satisfactory

and its nutritional quality is better than that



of.ordinary wheat bread (Jones and Akinrele, 1976).
However, 1t still has to be subjected to tests of
general consumer acceptability. Protein could be
provided by various lerumes and oil seeds including
groundnutsg, cottonseed, chick peas and cow peas
(Jones and fkinrele, 1976). Grace (1971) stated
that the protein guality of cassava-soya and
cassava-peanut breads was higher than that of

common wheat bread.

- If a reascnable admixture cf cassava flour
were permitted in Nigeria, the country could
reduce imports of wheat, Jones and /fkinrele
(1976) reported that if 10% of wheat flour had been
replated by cassava flour in 1974, HNigeria would
have reduced imports by 8 million dollars or 5
million pounds according to FLO estimation of )
imports. Thus, with the high cost of importation
of wheat and wheat flour and increase in the H
consumption of bread and other baked products duea
to increased urbanization and greater relisnce on
purchesed food stuffs, the partial replacement of

wheat flour by cassava flour is necessary,



20

2.7 Microbiclogy of Flours

General

AS was menzioned earlier, wheat flour is

the commonest type of flour uscd in the food

industry in <he world, Thus, most of the
studies that have been done on the microbiology
of flours have focused on wheat flours.
Hesseltine and Graves (1966) revicwed several
studies conducted on the microbiology of flours
(mainly wheat flour) in the earlier decades.
In general, flours contain a micr-obial population
consisting of fungil, bacteria ~n< yeasts whose
numoers vary greatly. The vactericsl count is
usually greater than the mould counts. However,
28 long as the meisture content of flour is
125, or less, no growth of microorganisms oceurs.,
48 flour with a low mcisture content is kept
in storage, the number of viablc micrcorganisms
cdecreases fairly rapidly (Hesseltine and

Graves, 1966).

Graves et 21 (1967) stated th.t most of
the microbiological studies on . merican and
Canadian wheats and flours werc mace during

the first four decades of the century, when
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spoilage of breads by rope-pro:ucing bacteria

was common., The studies led to the use of the
antimicrecbial agents calcium and socium propionates
in flour which reduced the bacterial content

of flour and made ropiness in breac rare. The
studies also lecd to improved sanitation in

flour mills.

The presence of unusually hi‘h numbers of
microorganisms in flour can affcct its quality
adversly. Mehrotra and Basu (1975) reported
that micreorganisms can reduce the quality of
flours by various bicchemical changes and by
an increase in their fat acidity valuces.
Spoilage in flour or sgpoilage in any focd
prepared with the flour can result from growth
and activity of microorganisms. Furthermore,
microorganisms growing on flour con produce
toxic metabolites like mycotoxins while others
can cause food infections and intoxications
through other types of toxins. ocome microorganisms
are also indicators of poor levels of sanitation

practice during production,

Microbial contamination of wheat flour

takes place from the air. The microocrganisms



contaminate the cercal grains in the field and
during harvesting the scced is e ~sc”t to more
“nst and consequently to a’~itional numbers

of microcrganisms, Purther contrmination takes
place within the mills (Hesscltine and Graves,

17 66 ) .

Whegt flour

»lthough the general inforae<tion given
cariier in this section of the thcsis is based
on stulies conlucted mninly on vheat flour,
more specific microbiological stu’les on the

product will now be reviewed,

Studies have concernes themselves mainly
with estimating the levels cof certain groups
of microorganisme in wheat flour anc. relating
them with the l.ovels in the whent fron
vibich the flour was milled. lhus, Graves et
al {1967) who stuiied the bacterial and
nctinormycete flora of wheat and wheat flour
from ¢loven representative flour mills in parts
of U.5.A. enumerated fagcal strcptococea,
Lotal aerobic bacteria, psychrupbiles, salmonellae,
coagulase~positive staphylococci, catalase-

ncgative bacteria, thermophilic socres .
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and cctinomycetes. The total v _ifferential
counts were low. Counts for total acrobic
bacteria rangec from 2.2x102—2.0x1ﬂ2/g in

flour and 1.5x10%-6.6x107/g in whent .= ieresic
late counts were observed to be consistently lewer
in the flours than in the parcnu ;reins,
/ctinomycete counts ranged from O-5.3x103/g

in flour and 0-3.Ox102/g in wheat, Tusts for
salmonellae and coagulase-positve staphylococcid
were negative in thce samples ciiomined. Of the
scven samples examined for psyciicphiles, only
cne contained a detectable level =€ this group
of organisms, Feecal streptococei were cGetected
in less than half of the samples nd in very

low numbers. Thermophilic sporc counts were
olsc low. «ofter the iZentificati-n of bacteria
in the study, the most frecuently cncountered
on? widely cdistributed organisn in vheat
belonged to the genus Flavobacterium while in

flour the deminant bacteria was | srncolobact rum

acrogenoides, For the i‘ctinomycctes isolated from

wheat and flour, Streptomyces alius predominated.

(ther genera of bacteria isolatcs from wheat

and flour include Bacillus spn., ldecrogcoccus SPP

serobacter spp., Alcaligenés spp., lscudomonas

s:p. It was observed ian the stucy that in
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compariscn with earlier stu ics cn microbiology

of flours, there was a decrcasc in thc bacterial
content of commercial flours whic.: was Cue to
inproved handling of wheat, beticr milling
practices and the use of molern «iliing equipment,
i.chrotra and Basu (197%) studic” the microorganisms
associated with cereal grains and their milling
fractions in India. The microorzcnisms enumerated
include total aerokic bacteria,psychroephiles,
mesophiles, thermophiles, hy’rou.ilic fungi,
actinomycetes, csmophilic moul’s rnid hacteria

some of the counts obtained frim 'acat flour

ere psychruphilic bacteria 0-3.6x10"/g, mesophilic
bacteria 6.0x10°-1.1x107/g, thernophilic bacteria
0-6.5x103/g, hydrophilic fungi ﬁ.Gx102—5.3x?03/5,
xerophilic fungi 5.0x102-7.02103f5, .ctinomycetes
0-1.5x107/g. It was chserved in the study that
the microbial contamination wag vely high. The
bacterial counts from both wheat ;grcins and their
milling fractions were higher tich those of

fungi which were also higher than those for
actinomycetes. Mesophilic and soophilic

bacteria were present in both the rains and

thelr milling fractions. Thermophiles were more

Ifrecguently enccuntered in the fracticns than



in the grains. WMesophilic and osmonhilic fungi
were also present in most of the fractions and
grains., Flour microflors was observed to
fluctuate from place to place and season to
season due to the uncontrelled environmental
conditions and storage practices in India. /lsec
bacterial ccunts formed the major part of the
microflora of both wheet greins and its milled
products. The types of bacteria isolated belonged

mostly to /chromobacter spp., Bacillus spp.,

Flavobocterium spp, and Micrococcus spp. 0f the

actinonycetes only Streptomyces was isolated,

The fungi isolated were .spergillus spp, Penicillium

spp. some mucorales and Fungi Imperfecti.

Graves and Hesseltine (1965) studied fungi
in flour and refrigerated dough products from
19 flour samples representing 11 flour mills
in different parts of U.S.:.. The fungal counts
ranged from 85—8.1x105/5 in flour, Om2.&x105/g
in spoiled doughnuts, 43-57/g in fresh dough nuts,
15-2.2x103/g in spoiled dinner rolls, 0-57/g in fresh
dinner rolls ete, Except for a 1w Fungi Imperfecti
and mucorales, most of the species isolated from the

flours belonged to lhe genera. [spergillus and

Fenicillium. Not only did they belong to these

genera but to specific groups in eech.
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In the genus Aspergillus representatives of the

L., candidus, f. glaucus, &, flavus-oryzae and /[,

versicolor groups were the only ones present,

In Penicillium, the species commonly encountered

were P, cyclopium, P, citrinum and P, urticae.

The remaining species were scattered among
various genera, The mould most frequently
encountered in both flour and doughs was A,
candidus. In the dough samples, Aspergillus spp
were far more comwon then the Penicillium species
whereas in the flour samples, the reverse was the
cage, It was observed that the fungal flora of
the doughs was a reflection of the flour micro=-
flora and that improved handling of wheat and
better milling practices were effecting a gradual

reduction in fungnl counts in commercial flours,

A total of 60 flour samples obtained from
52 mills and 55 wheat somples were examined
for yeasts in different parts of U. S, {. by
Kurtzmen et al. (1970). Yeasts were isolated
from more samples of wheat grain than the flour,

Cryptococecus albidus was the most commonly

isolated yeast from wheat grains but none was

present in the flours. 4 difference of colony
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colour ranging from white to faintly pink was
observed for the various isolates. The species

isolated from wheat were Cryptococcus laurentii,

Rhodotorula glutinis, Fichie fermentans and

Fichia burtonii while those isolated from flour

were Hansenula anomala, Pichia farinosa, P,

burtonii,Sagcharomyces microellipsodes and Candida

spp., The yeast-like mould .ureobasidium pullulans

was common to both wheet and f{lour.

Microblology of casgsava flour and other local flours

As indiceted by Ckagbue (1986), Nigeria has
a wide variety of flours but little or no work
hag been done on their microbioclogy and on other
aspects of thier safety. It is noteworthy that
yem flour was one of various food items destroyed
for their unwolesomeness by the Food and Drug
Inspectorate in 1977  (Baptist, 1984). An
attempt was made by Okaghue (1986) to survey
microorganisms associated with flours cbtained
from Zeria markets, One sample each from eight
types of flour, namely:~ cassava, yam, guinea
corn, millet, cowpea, maize, rice and wheat flours
were examined. The groups of microorganisms
used as 1indicators of the microbial quality of

the different flours were aerobic bacteria,



’8

aerabic spore formers, lactose anc. non-lactose
fermenters (Enterobacteriaceae ), xerophilic and

hydrophilic meulds and yeasts,

The counts obtained fron cassava flour for

the different groups of microcrganisms were,

7

aercbic plate count (APC) 7.0x10' cfu/g, aerobic

spore count (ASC) 3.6x107 cfu/g, coliform counts
2.Ox105 cfu/g, non=lactose feruenters ‘I.Ox106
cfu/g, xerophilic mould counts 1.0x103 cfu/g,
hydrophilic mould count 3.0x105 cfu;g. Yeasts
were not isolated. For the other types of local
flours studied the ranges of counis were APC

&

4.2x10

cfu/g, coliform count 4.0x102—8.0x10 cfu/g,

nen-lactose fermenters 3.01102nh.0x16b cfu/g,

2.1.9x16° cfu/g, hydrophilic

5

xerophilic moulds 1.2x10

moulds ‘I.Ox‘lo3 6

-8.0x10" cfu/g ani yeasts 1.5x10
cfu/g. In this study, Okagbue {(19C6) observed
that counts obtained for the dificrent groups
®f microorganisms were high wnen compared with
these of wheat flour studied in wivanced countries.
It was also observed that microoial contamination
took place at the various stages ¢f production

end during sale in open marets., The variation
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observed in the microbizl counts were sugeested

to be due to different levels of sanitetion
practiced by different processors and retailers,
to possible differences in the duration of exposure
of the flours in open-z2ir morkets and also to
the different moisture contents of che flour
semples, It was suggested that further studies
would be required to determine whether toxigenic
fungal species such as [, flavus oceur in local
flours. that 8 mcre extensive survey of each

type of flour would be needed before microbial
limite- can be specified for consumer protection
and for monitoring sanitation practices in flour
mills. In the cited survey, specific organisms

in flour werc not identified, However, the report
of Clerk and Ceurie (1963) in Chana where the
method of pireparation of cassave flour is
gimilar tu that of Nigerie hns shed some light

on the types of fungi which could be found in

cascava flour, namely.- Cladosporium herbarum,

Sporendonena sebi, ‘spergillus spp. and Penicillium

-

» Some biochemicel eftfects o the moulds

on pieces cf peeled cassava root contaminated
by some of the moulds during commercial

preparation of cassava flour were alsc determined.



They reported that Aspergillus flavipes, A.

Japonicus, A. niger and /i. ochraceus could

cause considerable biochemical changes in the

.

A. Japonicus and ;. niger

caused en cxtensive loss of <ry weight (more

cassava tuber.

than 703%)in 20 days end shifted the initial

pH from 6.3 tec 4,3 and 4.9 respectively,

i« flavipes, A. flavu: and A. oc.raceus caused
noderatc dry weight losses (less than 44%)and
shiftec the pH of the tubers frou pH 6.3 to 8.2,
8.0 and 8,1 respectively. Ixcept ... flavipes,
the ciher moulds reouced the total nitrogen
content of the cassava tuhers, /lso, the amino
acid and soluble carbohydratc content of the
tubers were altered to varicus cxtents both
quantitatively and qualitatively by the moulds.
The biochemicsl changes in the cczsava tubers
ncant for the production of cassava flour would
bring sbout cassava flour with varying qualities,
Apart from these two studies, tiere seems to

be no cther microbiological stucy on cacsava

tlour.cr other loc.i iiourd in Nigeria.

2.0 Some Important Considerations on Studying

Micprobiology of Flours.

General

In studying the microflora of flui», its
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cry nature as well as 1t8 heterogcnous flora have
to be taven into consideration., In addition to
using mecla to isolate comidon bacteria and

ifungi, spe=ific physiologizal giroups, for
=xample, x:roPhiles, acid procducers, thermophilic

spore formers must be considered,

use of antibiotics

Some antiblozics like tetracycline and

bacteria.and fungl respectively. Graves et %
{1067 enumeratei the total “acterial nopulation
wirth plate count agar containins 100 p.p.m -
cycliocheximide tec inhibit fungal growth.,

lehrotra and Basu (1%75) enumeratec total fungal
counts by incoculating dilutcd sam.les on
Czapek's solution agar contzining 30 p.r .m-of
tetracycline hydrocholoride %o inhibit bacterial
growth,

“etection cf actinomycetes

Actincmycete populations were cetermined by
inoculating diluted samples onto ;lates of plate
count agar ccntaining 100 p.p.mcyclcheximide.

Cclonies were counted after 14 days at 28,
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rlthough the antibiotic inhibitcd the growth

of meculds and yeasts, bacteria were unihibited.
However, after 2 weeks, the sporuloating actinomycete
colonies were easily distinguished from the dried,
degenerate bacterial colonies. (Craves et al,

1967).

Petection of xerophiles

serophiles are isolated in nwlie centaining high
concentrations of salt or sucrose. Thus,
Flannigen and Hui (1976) isolated xerophiles on
malt salt agar containing 10% (w/v; 1acl,

The plates were incubated at 25°C for seven days
while Mehrotra and Basu (1975) iso:ated
xerophilic fungi on czapek's agar containing

205, sucrose.

Detection of thermophilic spore formers

To isolate thermophilic spore formers,
diluted samples are usually preheated to destroy
the vegetative cells. James ann Snmith (1948)
cnumerated thermephilic speres by pre-heating
Giluted samples at QOCC for 3C min_ to destroy
vegetative organisms. The dilutcd samples

were then inoculated cnto brom-crescl purp%g
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dextrose t1'yptone agar and incubated at 55°C

for 48 hr,

Detection of acid producing bactcria

James and Smith (1948) isclated acid producing
bacteria on brom=crescl-purplc cextrose tryptone

argar at 25°C for six days.

Detection of psychrophiles

Psychrephiles are usually isolated by
incubating at very low temperaturcs. Graves et
al (1567) enumerated psychrophilic bacteria by
inoculating diluted samples into plate count
agar containing cycloheximide and by incubating
at 5°C for 10 days.

Detection cf a2naercbic thermophilic spores

James and Smith (194€) isclotod anaerobic
thermophilic spores by first pre-ncoting 0.01
éilution at 96°C for 30 min. ihen 2ml of the
diluted sample was added to eac’: of ten tubes
of medium containing Pacto-liver Lroth. These
were incubated at 55°C for 72hrs. Acid production
in one tube was accepted as evidence of the

presence of at least one spore. /[ count of the
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tubes showing acid production multiplied by five
&
represented the number of anaercbic thermophilic

spores per gram of flour.

.....

Each of 0.01 dilution was pro-heated at 90°C
for 30 min, One ml of this w: o 2dded to each
of ten tubes containing nutrient breth. These
were incubated nt 37°C for 72hr:. The presence
of a characteristic pellicle vz accepted as
eviderce of at least one spore. /A count of the
tubes showing pellicle formation multiplied by
ien represented the number of spores of rope

bacteria per gram of flour (J« ©s and Smith, 1948).
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CHAPTER

MATERIALS ..ND METHODS,

3.1: Collection of Sample.

A total of 105 samples of cassaya flour were
collected for microbiologic=2l analysis, from eight
different towns in Nigeria, namely, Kaduna (20
samples), Zaria (27 samples), Okene (24 samples),
Jos (14 samples), Lagos (10 samples), Ilorin (&4
samples), Port-Harcourt (5 samples) and Owerri
(1 sample). The paucity of the samples obtained
from the last two towns wes due to the fact that
cagsava was not usually eaten in the form of
cassava flour in those areas; consequently, it
wes not possible to purch#se enough flour. In
every town, the samples were purchased from
different sellers in the open-air merket visited.
The samples were collected in fresh polythene
bags and were brought te Zaria within 2 days after
purchase. They were kept at room cemperature in
the laboratory for 2 maximum of two days before

analysis.

3.2 Isolation and Enumeration of Microorganisms
from Cassava Flour Samples

Each sample was thoroughly mixed with a steri-
lised spoon. Ten grams of semnles and 108 of sterile

sand (prepared by socking sand in concentrated
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hydrochloric =cid for 1hr, woshing six times with
distilled water, drying ond sterilizing in the

hot air oven for 14 hrs), were weighed out on

a sterilized aluminium foil. They were transferra2l
to €9 ml sterile 0.1” neptone water in a medicine

bottle (11N total volume) rnd shnken vigorously

. ’ f . . =D
by hand. Serial dilutions were rrepnred up to 10

end 0,1 ml of susnension we~s sor~ad bty means of
sterile ront glass rod on dunlicnte agar plates

which had heen preipyri at 1,0-60°C for 10 minutes.

Muwrient agar (oxoid) wrs used for determinntion
of to.rnl aerobic counts. Dilutions of 10-5 and
16"6 were nlated and inculated at 30°C fer LB hrs,
Fer *the quantitative determination of Enterobacteri--
acece, the method used wrs that descrived by
Oblinger et al (1582), 1In this method, 0,1ml.
ef the semple w~s inoculated by pour plate method
inte 15 m1 of MacConkey agar {oxnid) containing
1g of glucose, The medium was left to s2lidify
and i% was over layered with anotzer 10ml of
the mediur. Dilutiens of 1074 and 1077 were
plated eut snd incubated at 307 for B days.
Celenims ef lantess fermenters were nink or red
In releur wrils thesa ef nén-lactesa fermenters
vere celeurlass, T-as pepulstien ef smpere formers

was deterrinéd By:rlating eut en nutrient agar
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1 amd 10™2 which had been

plates, dilutions of 10~
pre~heated at 8c°c for 10 mins., 2nd cooled for

30 mins. The plates were incubated at 30°C for

48 hours. Littmans medium as descrited by Smith
(1963) was used for enumeration of mesophilic
moulde and yeasts, Initially, when commercizl ox=-
gall, a component of the medium was not availeble,
fresh bile from the abatteir wag vsed, Nine ml

of the fresh ox~bilc wes used to prepare 100ml of

Littmens medium (Oxold Manual, 15&2),

The medium containing the fresh blle was

cbrerved to be as gcod in quantitative isolztion

of moulds as the commercial ov-gell which was used
vhen i+ becamc available, T.trreyeline wasg added

to the autoclaved medium to give a firal concentra-
tion of 30 ug/rl, to inribit the growth of hacteria.
Incubetions were made at room temperature (approxi-
mately 26°C)  and yeasis ond moulds were counted
after three and Tive deys respectively. Fbr‘;he

enumeration of xerophilic fungi (members of the

sepergillus glaucus group) dilutions of samples

were plated for 6 days on Malt Selt /gar (MSA)
containing 8% Nacl (Christensen, 1946),

Fitteen ml amounts of each autoclaved mecium
wag poured into glags Petri dishes (85 mm diemeter)

and allowed to set, 1In all cases, viable counts of
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appropriate groups of microorganisms were expressed
as cvlony forming units per grom (cfu/g) of sample.
The moulds and yeasts isolated from Littmans
medium and from MSi were put on slonts of the same
media, allowed to grow for one to two days at

room temperature and stored in the refrigerator

for identification.

3.3: Identification of Moulds

The mould iscvlate - were identified by reference
to Srith (1969) and Gilwen (1957). Sometimes it
was ne.essary to subculture isolates on to czepek
dox agar containing 20§ sucrose or oun PDL befeore
identificetion, Isoletes icdentified to be

+gprrgiliug flavus were confirmed by inoculating

them on to fAspergillus Differential Medium (ADM)

of Bothast ana Fennel (197%4). Each of the isclates
tentetively cliassified as [, flavus was spot
inoculoted onto the centre of a pletic of LDM and
inc.ktated for five days at 26°C., Production of an
crangas pigment on the reverse side of the colony
confirmed the identity of the isclate (Bothast and

Fennel, 1974),

3.4: Determination of ..flatoxin Producing Potential
of /., flavus Isclates

sfletoxin producing potential of the /. flavus

isolates was detected by using a modified form of the



the Aflatoxin ™roducing Abllity medium (APA)
described by Hara et al (1974). The original
APA medium i= a modified Czavek's solution agar
containing corn steen liquer, {ggl, And (NH,,)

H instez” of NaNOB,., Since commercial corn

21 Oy .
steep licuor w2s not available for this work, an
attemnt wos noade to device a substitute as follows:
Batches of 500g of corn were steeped in 2.5 litres

of water Tor 24 and 4B hrs, The liguor (obtained

at 24 or .2 hr) was then boiled in a water bath

fer * on- hour filtered and used in preparing a
medified ~"A medium, The pH of the medium was
adjusted to 5.5 with a pH meter (FYE unicam 292 "K2),
Millet and guinea corn were also used in place of
cern te prenare millet steep liguor and guinea

cexyn steep liguor resncctively, These were also
used to prenare corresncnding APA tedase. After
preparing the medium, t-e con®irmed A. flavus strains
were spet ineculatec orntio plates containing the

APA medium ard the pla®rs were incubated in the

dark 2v 28°C fer a maximum perics of 10 days.

¥rem “he fifih threugh ~he tenth doy of incubation,
each ineculated plate wis ebserved under the

ultre viJdetl lamp (iznevia lamps R-52) for

A L

“luerescence characteriStic ‘of texigenic A, flavus

P 4
Sars
L e
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isolates (Hara et al., 1974). Only the plates
containing toxigenic isolates produced blue
fluorescence in the agar surrounding the colonies
while those containing non toxic isnlates did not,
The intensity of the fluorescence was determined

subjectively.

3.5: Cultivetion of Toxigenic i. flavus Isolates
for /flatoxin Producticn:

This was carried out in a medium contazining
2% yeast extrect and 20¥ sucrose (Lin and Dianese,
1976). Fifty nl amounts of the medium were
dispe - <ed into 250 ml Erlenmeyer flasks and
autoclaved, For each isolete, spores taken (with
a sterilized inoculating loop) from a four to six
day old PDA plate were used to prepere an aqueous
suspension dense enough to obscure an apbitrarily
drawn black line on & piece of paper. One ml of
the suspension was then inoculated intc each of
five flasks which were incubated in the dark at
room temperature (approximately 26°C) under

stationary conditions for eight days,

3.6: Extraction of /flatoxin from C:lture Filtrates:

The mycelial mat was filtered off from the (]

cultufle médium'ﬁy femoving the myceliéi'mat with

& sterile ﬁair‘of fcrceﬁé af%er'ﬁhe aﬁéfea
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cultiration period ond filtering with filter paper.
Fifty ml of the culture filtrates were tﬁen extracted
with chloreform in a Gallenkamp orbit environ shaker
(No 1H 460) for 24 hrs. The mixture was poured into
a separazting funnel and the chloreform extracts
collected were concentrated to dryness in a rotary
flask eyaporator (Buchler Instr. Inc. No B97311).

The concentrate was then stored in a dark bottle

and kept in the freezer,

3.7: Preparation of Chromatoplates:

Thin layer chromatcplates (TLC) were prepared
as reported by Robertson et al. (1967). Sixty
grams of Kieselgel G (Type 60) was put into a
250m1 stopocred Erlenmever flagk containing 100ml
of distilled water and shoken vigorcusly for about
two to three minutes. The slurry formed was then
used to coet six 20 = 20 x 0.3 cm glass plates
arranged on a ghanddon "uncoplan leveller", The
spreacer which was adjusted to give a uniform thick-
ness of 0.5 mm wos used in coatin, the plates which
were then allowed to dry for one hour in a dust
free atmosphere. The plates were activated for one

hour in & hot air oven before uze.
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3.8 Separation of crude aflatoxins.

A modified thin layer chromstographic
procedure described by de Tengh et al (1562, 196L)
was emploved in the chremategranhy of crude aflatoxins,
The crude concentrate ofaflatoxins obtained earlier
wag re-dissovled in 2ml of chloroform and then
streaked en the ™ nlates nrepared as described
earlier, the plates were developed with chleroform .
and acetone (in the ratie of 90:10 v/v respectively).
in unlined, unequilibrated, multi-sheet
chremategraphic tank. About 250 mls of the sclvent
mixture was used. When the solvent front was
abeut I} cm to the top, the plates were remnved fron
the tank and le”t in a dark place to dry.
Fluerescent bands corresponding to aflatoxins, Bi,
’f' 4, and 93 were observed when the plates were
viewed in ultra=-vielet light. The bonds were marked
and scraped eff and the aflatoxins were elu.zd
frem the kieselpgel G with 2 v/v methanel 1
chlerefern., The eluate was concentrated in a
retary Llase eveperater and this wus again run on
kieselgel @ coated thin layer plateg with the same
preperiien of chlereferr and acetcne as the develo ing
agent., The =7lgtexin were ggain recoverei from
Kieselgel G scrawings ®y eluting with 2¥ methanel

in cglereferm., The eluste wass re~disselved in 2ml
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of chloroform after being concentrated to dryness

in 8 rotary flask evaporator,

2.9: Quantitative Estimation of “flatoxins

This was done by the spectrophotometric
method of Rodricks and Stoloff (1970). The
concentrations of solutions of the different
aflatoxin solutions which were made up to 5mls with
chioroform were determined by measuring absorbance
(4) with @ spectrophctometer (Cecil instruments
CE 505) at 360nm against chloroform as the standard,
™ concentration of each type of aflatoxin
wa s chen calculated with the following formula

(Rodr icks and Stoloff, 1970):

Concentration of afletoxin ug/ml = AxM. gx1000xC.F
Where,
M.W = Molecular weight
C.F = Correction factor (obtuined from
Calibraticn of the instrument)
E = Molar z2bsorptivity
A = Optical density
The molecular weight and the meclar absorptivities
were taken from the tablc provided by Rodricks and
Stoloff (1970) and shown bhelow.
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Table 1: Molecular weignts and absorptivity of the

aflatoxins (Rodricks a2nd Stoloff, 1970):

Afletoxin Moleculer weight absoggiizity
B, 212 19800
Bg : 314 20900
G, 328 . 17100

Gz 330 18200
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CH.PTER 4

RESULTS

Tables 2 and 3 show the results of & survey
of the microbiologicel quelity of samples of
cagsava flour obtained from various towns in
Nigeria, The megns and the ranges ol the counts
of the groups of‘bacteria detcrmined in the study
#re shown in Table 2, The mezn of the aerobic
plete counts (/PC) of the semples from Lagos was
the lovest (&.7x105 cfu/eg). This was followed
by the mean counts from ¥Kacuna, Zaria, Ilorin,
and Jos which werc of intermediatc category while
the highest category of means of "PC was recorded
in samples from QOkene ('E.1x107 cfu/g) and Port -

7

Harcourt (1.0x10" cfu/eg). The lone sample from

Owerri had a relatively high aerobic plate count

(1.0x107) cfu/g). In contrast, the narrowest

6 7

range (7.4%x10 =1 %x10"cfu/g) was recorded in Port

Harcourt samples. The widest category of the

renges were obtained from Ilorin, Okene and Zaria

& T 7

samples (6.7x10 ~1.8x10", 6.7x104-2.7x10 and

1.4%10%-2.8x10"

cfu/g respectively) while those
from Kedune, Jos and Lagos could be grouped into
an Iintermediate category. In general, the range
of the /PC's recorded in this study for all the

samples (105) was 1.1x104—2.8x107 cfu/g. In the
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aerobic svore counts (ASC) the lowest mean (1.7x10”
cfu/g) was from the Lagos samnles. The highest
categorv of the means was recorded from Pert-Harcourt

6 6 cfu/g) and Okene

(1.9x10° cfu/g), Jes (1.7x10
(1.1x106 cfu/g). An intermediate category of the
means of the A®C was recorded from the samples
obtained from 7Zaria, ¥aduna and Tlorin. The narrowect

6-2.5x106 cfu/g) was obtained

range of A“C (1.3x10
from Port-*larcourt samovles. The flour samples

from Okene, Jos and Tlorin had an intermediate
category of ranges of A°C, while the widest categor:
of ranges were from the samnles obtained from

Zaria, ¥aduma and lLegos (1.7x103-1.9x106, 1.9x103-

6 6

1.0x10° and 1.3x10°-1.0x10° cfu/p resvectively.)

The mean counts from the lene sample from Owerri
samples was 1.5x106 cfu/g. On the whole, the range

of the ASC fer all the samples was (1.3x103~2.9x103
cfu/g). Lactose fermenters were alsc isclated from the
agseva flovrsamples analysea, The meens of the

ceunts of the lactuse fermenters obtained from

Lages, Pert-Herceurt, and Tlorin samnles (2.1x10u,
2.?x10u' ane E..’-.‘x‘wl" cfu/g respectively) were gemerill.-
ithe lewest, The next caiegery comprised the

means frem the samples from Vaduna {3.5x 10 cfu’g;
ane Jer (;-,.Ztnc‘ll.4 cfu/g) while the highest category

were frem Zaria and Jkeno (.Z’.’?x’ft:> and 3.9x105
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cfu/g reapectively). The narrewest renge ef counts
c¢f lactose fermentars were recorded from Tlorin
and Port-Harccurt samples (1.1x1ﬂu-h.3x104, znd
‘1..3)(‘10“‘-3.'3:*{‘!011 cfu/g respectively). The widest
ranges, on the other hand, were from Zaria, Kaduna

6 2.0x102-8.7x10%

and Okene ( 1.0x107-6.6x10
and 7.Jx103-3.3x106 cfu/g resvectively) while in
hetween the two categories of ranges are those from
Jos (3.Ox‘03-5.3x10u cfu/g) and lLagos (8.sx1o3-
3.?}:‘10’!'1 cMu/g) samnles. The range for -keotose
fermenters for all the samples was 1.Jx103—6.6x106
cfu/g. The last group of bacteria enumerated in

this study were *he non-liactose fermenters. Fer

this greun of bacteria, the highest mean ceunt
(5.2x10" cfu/g) was ohtained frop Zaria samples.

A second category of mean counts were frem flour
samples purchased from Jos, Okene, Lagogs and Ilorin.
The samples with the lewest catepory of means for
counts of non lactase fermenters, were from Kaduna
(S.6x10° cfu/z). The lene samnle from Owerri also
had a relatively low number of non-lactege fermenters
(8.0x103 cfu/g). The widest category cof ranges

( 1.0x103-3.8x105 cfu/g) was from Zaria samples.

The narrowest ranges of non-lactose fermenters were

frem Jos, Lagos, Port-Harcourt and JTlerin samples

(9.0x10?-5.7x10u, 3.0x103-ﬁ.8x10“, 5.1»x1r>3‘-u.3x‘1oiL
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and B.Ox103—3.0x10“ cfu/g respectively). The second
category of ranges np non-lactose fermenters were
from ¥aduna and Okene samnles ( 1.Ox103—h.9x10u,
'}’.v.'-‘m:?C}3--E-7.‘|3:r1£;L cfu/g’ resnectively ., The range of
non-lactose fermenters for all the samples combined

2 e
was 1.0x10”-3.8x10" crfu/g).

The mears and ranges of the counts of the
grouns ef funsi determined in this study are shown
in "PzHle 3., he highest category of the means
of the counts for xerophilic fungi were recorded
frem sompl :s fram Zaria (2.0x10% cfu/g) and Okene
(1.0x10h cfu/g . The lewest mean was frem Lagas
samples (6.7x1f2 s?u/g)wnile the intermediate
categor, of the¢ mesns were cobtained fram Kaduna,
Jos, Port-Horcourt :nd Ilcrin samnles (1.1x1i3,
2.1x?03, 1.3x10j and 1.0x103 cfu/g respectively).
The lone sample from Nwerri had o xererhilic ceunt
of 3.ﬁx103 cfu/g. The narrowest greup of ranges
of xerophilic meuld cunts were from Yaduna, “ort-
Harcourt, 1 agos and "lorin (1.111&2-3.6x103, 6.Ox102—
3.3x103, 1.0x10%-2,7x10° and 6.0x10°-%,8x183 cfu/g
resnectively) while +he widest category of ranges
were fror <he samples obtained from Zaria, Okene

2

and Jos [2.0x102-h.2x105, 1.0x10 —1.6x105 and

l

1.0x102-2.0x19 cfu/g resmectively). Xeroohilic
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and B.Ofog—B.CxTO“ cfu/g respectively). The second
category of ranzes af non-lactose fermenters were
from Kaduna and Okene samples ( ﬁ.0x103—h.9x10u,
7.¢X103_5.1x1(4 cfufg resnectively . The range of
non-lactose fermenters for all tne samples combinad

&
was 1.03103—3.8x15’ cfu/g).

Te mearz and ranges of the counts of the
grouns ef funri detvermined in this situdy are shown
in Pgfte 3., The highest category of the means
of the counts for xerophilic fungi were recorded
frem samnl =5 frem Zaria (2.(.-3:‘1@LL cfu/g) #nd Ckene
(‘.‘.Ozx‘u’)“L cfu/g . 7The lewest mean was from Lagns
samples (6.?x1C2 s7u/g)while the intermediate
categor, of thi mesns were obtained frem Kaduna,
Jos, Port-Harcourt :nd Ilerin samnles (1.1x1a3,
2.1x103, 1.3x1ﬁj end 1.Ox103 cfu/g respectively).
The lone sample from Cwerri had 2 xerernilic ceunt
of 3.¢x103 cfu/g. The narrowest greup >f ranges
of xerophilic meuli c unts were fror Yaduna, “ort-
Harcourt, Iages and “lorin (1.1x102-a.6x103, 6,0x102—

‘_s.0x18° cfu/p

3.3%10°, 1.0x10%-2.7x1C" and 6.8x10
resnectively) while “ne widest category of ranges
were from <The sampleg obtained from Zaria, Okene
end Jos (2.0x107=i5.2x10°, 1.0x10%-1.6x10° and

'1.Ox‘1('J‘-‘?-Z.O:(’I-’.‘LL cfu/g resnectively). Xerophilic
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yeasts were detecled only In samples from Zaria,
Okene and Jes. The lowest mean of xerophilic

veast ccunt was cobtalned from Okene samples
(1.2x133 cfu/g). The meang o* the counts of
xevroph:ilic yeasts from Zaria and Jos werc higher
(3.'?:(’10LL anad 1.9x10u cfu/g resvectively). The
narrowest range of xerophilic yeasts wac from Ckene
samples ( 1.zx103-1.6x1o“ cfu/g) while the widest

ranges were from Zaria and Jos ( 2.6x103—1.0x1c6

and 1‘uxlu2—2.7x105 cfu/g respectively). The highest

category of mean counts for hydrephilic moulds

were obtained from QOkene and Zaria samples (3.7x10h,

and 1.3x1?h cfu/g respectively). Thiz w3s fellowed

by means counts for samples ebtained frem Kaduna
(1.hx133 cfu/z) and Lagys (1.1x1¢3 cfu/g). Thelowest

mean counts were from Ilorin, Port-Harcourt and

Jos samples (6.8x102, 8.6x102 and 2.3x132 cfu/zg
respectively). The narrcowest category of renges

were ebtained from Ilorin and Port-Harcourt samples
(}1.0%10°=1.0x10> and L .0x10%-1.6x10° cfu/g respectively)

The next category of ranges were obtained from

Laocgs, Jos and Kaduna samples 3.ﬁx102—2.5x103,
2.0x10°=1.0x10° and 1.0%x10%-8,9x10° cfu/g respectively,

while the widest category of ranges was found in the

samples obtained from Okene ( 1.0x102-6.hx105 cfu/g,

and Zaria ( 1.0x102-1.hx105 cfu/g). The last group

of fungi enumerated from the flour samples in this
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study were the hydrophilic yeests. Flour samples
from Okene yielded the highest mean counts of
hydrophilic yeosts (1.ﬁx105 cfu/g). The lowest
recorded means of the hydrophilic yeast counts

were recorded from samples purchased from Ilorin
and Lagos (1.3x102 and 5.6x10? cfu/g respectively),
while the recerded mesn counts of an intermediate
category were ohbtained from semples purchased from
Jos, Kaduna and Zaria (5.8x10&, 5.7x10& and 7.8x105
cfu/g respectively)., No hydrophilic yeasts were
deteciod in semples obtzined from Port-Harcourt and
from the lone sample from Owerri, The narrowest

3 cfu/g)

wag ohtained from Loges samp’es, The samples from

renze of hydrophilic yezsts (a6.0x102-3.8x10

Okene and Xadunn yielded sn intermediate category

of ranges of hydrcphilic yeasts ({h.hx103-1.2x106,

6 efu/g respectively) while the widest

2-1.9x106 efu/g)

&1.9%10°-1.0x10
range of hydrophilic yecasts (26.8x10

was from Zaria semples.

Tables 42 co 4h show the nunbers of cassava
flour samples contaminated with varicus fungi, the
viable counts and the renges of the cohunts of the
fungi as determined on potato dextrose agar (PDL)
end malt salt ager (MS..) for the various areas
sempled. Table 4a shows the results fiom the Zaria

samples. Fifteen species of moulds, Penicillium
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8pp, Mycelis sterilia and yeasts were lsslated and
the majority of them belonged to the genera

Aspergilius ond Penicillium. Based on the highest

number of samples nositive fer each organism
irrespective of the medium of isolation, more than

half of the flcur samples contained .Aspergillus

flavus (15 samples) and Pepicillium spp (18 samples..

One~third of the semples yielded A. niger (nine
samples) and Rhizopus stelonifer (nine samples)

while A, candidus, A. yersicelor, a. wentii,

A. oryzae and Mycelia sterilia occurred in less

than one~iaird of the samples analysed., Apart from
A, fumigatus which eccurred in only feur
(approximately one-seventh) of the samples, other

moulde were isclated from omly a few samples and

include Eurotium smsteledami, E. recpens, Rhizepus

oryzae, spérendonema sebi, Curvularia lunata and

Aureebasidium pullulans. Non=-pigmented yeasts

were isclated from about one~quarter af the totsl
number of samnles obtained frem Zaria., Mo pigmentzd

yeasts were isolated in any of the Zaria samples.

Seme 9f the moulds, identified in this stuiy
appeared to show preference to either ef the tws

media used. For examole, E. amstelodami, A. versicolor,

S. sebi and C. lunataz which eccurred in enly twe,

five, ene and one samples respectively were .enly
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iselated on I'SA. ©n the other hand, A. oryzae,

. oryzae and Aureebasidium rullulans were

isolated from five, three, cne, samples regpectively
and enly on ™A, Tn some cases, both media (PDa

and MPA) evpeared to be ecually sultzbdle for

isolating certain fungi though a2 slight preference

for one medium ceuld he observed for example,

A, flavus, A. clavatus, A, niger, .. wentii,

to be more nreferentially isclated on PLA er MSA
as the carge may be. A, fumigetus seemed to be
eoually ~:matle of growing on the two media, thus
the .unbers of samples positive for the orgsnisms

on *he two media were egual, It is also notewerthy

that the Fenicillium spp and A. cendidus seemed

to have a marked preference for MSi, Thus for the

former (Penicillium s»n), the number cf samples

positive on MSA was 18 as cpposed tn six en PDa,
and for the latter, five samples were positive

on MSA as apposed to cne on PDA, Alse the yeasts
isclated from Zzria camples showed some preference
for PDa, They were isalated from seven samples on

PDA but only frem three samples en MEA,

The range of viable pronagules of the funai
also differed on the two media used. On FDa, with

the exception of these iselates detected cn lene
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samples, tne range of viable propagules ceuld be
greuped into two categories, The narrowest
ranges of viable propagules included M. storilia
(1.0x102—2.3x102 cfu/eg), R. eryzae (1.0x102-

F.Ox102 ciu/g), Penicillium spp {1.Jx1ﬁ!-1.8x103

cfu/g) and A. wentii (1.Gx102-2.0x102 cfu/g)
while ‘he category of meulds with the widezt range
en PLA were R. stolenifer, A. oryzae, A. niger,

A, funigatus, A, flavus snd A. clavatus.

Yeasts z.s0 had a very wide range of viable
propaguleg (3.Ox102-ﬁ.2xﬂ06 ~fu/g) and it was wider
than the ranges of the moulds., The isolates from
lone samples on PI'A wers observed to have high
counts e.g. E. repens (‘.LK1DF cfu/g), A. candidus
(1.Ox‘10h cfu/g), and dureebasidium pullulang

(1.9x106). A. pullulans had very high ccunts

almoet similar to that of the yeasts. Also, with

the excention of the iselates frem léne samples,

the meulds is>lated en MSa fzll into three categories
of ranges which did nst necessarily reflect the
ranges of viable pronagules en "Di, The narrswest
reanges of viable propagules on MSA were recsrded

for R. stolenifer, A, versiceler A, niger, A,

flavus, A. candidus, A, repens, E. amstelodami

and ﬂ. sterilia., The range of é- i}mizat‘&- (g.cx.,icri_
5.0x10lL cfu/g) was of the intermediate category
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while the widest ranges were recorded for A.

5 r
wentii and Penicillium spp (1.0x107=4.%x107,

‘1.0x102—7.7x10S cfu/g respectively). VYeasts again
had a range of viable propagules wider than that
of the moulds (2.6x10°-1.0x10° cfu/g) or. MSA.

The ceunts fer the iselates fram lane camples

on MSA are A. clavatus (3.ux105 cfu/g), S. sebi
(3.lx1i2 cfu/g) and C. lunata (3.0x102 cfu/g).

Fer those Jsolates that were iselated frem beth
PDA and MSA, it was ebserved in some cases that
the range of viable propagules on MSL was narrower
than the range on ™A e.g. A, flavus, A, niger,

R. stclonifer and yeasts., Fer the A, flavus and

the A, niger, mere samples were positive on MSA
than on PDA, while the reverse wss true for

R. stolenifer and yeaste., In cecnstrast, some of

the fungi e.pg A. wentii, Penicil'ium spp and M,

sterilia had wider ranges of ceunts on MZA than
on PDA even thaugh they were isclated frem a
greater number of samples on MSa, The number ef
samples positive for A, fumigatus as well as the

ranges of ceunts on both MSa ani PDA were similar.

MSA detected yeasts from a lower number ef
samples than PDA, that prebably exrlains at least
partially, the lower range of propagules which

was detected on the same medium (MSA).
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Twelve specles ot moulds, Penicillium spp,

Mycelia sterilia and yeasts were iselated frem

Kaduna samples. As was the case with the Zaria
samples, the majority of the meulds belenged to the

genus Asperg®ilus tegether with the Pencillium

5Pp. Based en Lhe highest number ef samples
positive for each organism irresmective of the

medium of isclatien, more ihan half of the fleur

samples centained Aspergillus flavus (12 samples},

Penicillium spp {1} samples) and pigmented vyeasts

{19 samples). More than ene-third contalined
Ao niger (eight samples) aﬂﬁ non-pigmented yeasis
(nine samples) while one-~-quarter Af the fleur
samples contained A, fumigatus. The cther meulds

namely, Euretiunm amstelodami, Z. repens, . cundidis,

A. clavatus, A, ¢iyzae, A, versicoler, i, weptii,

Rhyzepus oryzae and M, sterilis were isclated

frem only a few samples. It is neteworthy that

the pigmented yeastis were iselated frem 13 eut ef
the 20 samples frem Kaduna, Some of the meulds

and the yeasts were igelated either en MSa er PLA,
Fer examples, E. repens, A. eryzae, A, wentil,

R. oryzae, and the yeasts were iselated enly en

PDA while A. candidus, A. clavatus and A, versicolor
were iselated enly on MSA, It is netewsrthy that

-

all the yeasts were iselated enly en PDA. Beth
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media appeered te be equally suitable fer iselating
certain moulds., MSA seemed te be markedly
suwerier to PUA fer detectimg A. flayvus and

Penicillium spp while the latter mediim appeared

to be slightly betier for A. fumigatus and A, niger,

The renge of viable propagules differed en
the twe mediia used. On PD4, with the exceptlon
of these lzolates detected an lene samples, the
narrowest greup ¢f ranges af counts were recorded
for E. repeus (2.0x1.2—3..x102 cfu/g), A. wentii

2

- 2
(1.Ax18“=3,8x10° cfu/g), Penicillium spp (3.0x107-

7.0x18° ofu/g) end M. sterilia (1,0x10°-2.8x18°
cfu/z). The intermediate greur of renges were
fer 4. niger (‘.Ox1ﬁ2-2.ux‘lc2 cfu/g), A. eryzae
(1.lx102-1.5x103 cfu/x) 2nd the nen-pigmented
yeasts (1.1x103—1.0x124 cfu/e) while the widest
greums of ranges were for A, ££ggy§"(*.ﬂx1!2—
1.01104 cfu/g), A. fumigatus (1.ﬁx132-1.0xﬁ0L
cfu/g) and the pigmented yeasts 1.9x103—1.0x106
efu/g;. In the latter rategery, thne ranges of
the yeat* ceuntc was markedly wider than thase

of the mcu.ds. E. amsteledami and R. oryzae which

eccurred in lene sazmples as determined ern FDA,
had relatively lew rccunts (1.0x1ﬁ2 and 1.Cx132
cfu/g respectively). #igain, with the exceptisn

of the igelaztes frem lere samplezs, the narrowest
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range of vfabh propaqules detected on MSA were
for L. clavatus (1.0x10°-4.0x10° cfu/g) and A,
fumtgatus (1.0x10°-2.0x10° cfu/g). The videst
renges were 1,0%10%-2,1%10° cefu/g; 1.03:102-

3 2-2.?x103 cfu/g for

3,5%x10” cfufg and 1.0x10

hy, flavus, /. niger and Eenicillium spp,

respectively. E. amstelodemi, ., candidus,

A. versicolor and M, sterilia were each detected

only once on MSA and the counts were relatively

2 3 viable propagules per gram).

low (2.0%x10=1.0%x10
Among the fungi which were 1isolated from both
FDi. and MS/L, some had relatively narrower ranges
of viable propagules on MS.4i than on PDa. This
was true of A, flavus and L, furigatus which were
isolated from greater numbers of samples on the

different media. In contrast, the Penicillium spp.

had a wider range of counts on MS/ which also
detected them from a greater number of samples,
The ranges of counts of /[, niger were similar on

both media used in this study.

Thirteen species of moulds, Perticillium spp,

Mycelia sterilia and yeasts were isolated from

Okene samples (Table 4c). The majority of
moulds belonged to the genera /Aspergillus
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and Penicillium., Based on the highest number

of samples positive for each organism irrespective
of the medium of isolation, more than half

of the flour samples contained &. flavus (19
samples ), A. niger (13 samples), Rhizopus
stolonifer (16 samples), 4, clavatus (10 samples),

wentii (11 samples) and the non-pigmented

yeasts were isoleted from more than one-third

of the samples, A, candidus (6 samples), A.
ersicolor (7 samples), Penicillium spp

(6 samples) and the non-pigmented yeasts

occurred in about one-quarter of the samples

while Burotium amstelodami, B.Xepens, A, fumigatus,
4., oryzae, Ehizopus oryzae, Curvularia lunata

and M, sterilia were isolated from only a few
samples from Okene,

Jome of the moulds were detected better
ny edther of the two media used, For example,
n. amstelodami, B. repens and 4, candidus
which occurred in only one or 8ix samples were
only isolated on M8A, On the contrary, 4.
oryzae, C. lunata and the pigmented ye2asts were
isolated only on PDA, The two media appecred
to be suitable for isolating some of tho fungil
and only slight preference for one of the media
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could be observed. For example, .. fumigatus,

L. wentii and Penicillium spp were detected
on both media but greater numbers of samples
were positive for the organismson hof than on

FDA, while A, niger, R. oryzae, M. sterilie

-
——

and the non-pigmented yeasts werce detected better
by PCA. In contrast, MSA was maredly selective
for A. clavatus, A. flavus, i. versicolor

and R. stolonifer than PLA.

Differences were also obscrved in the
renges of viable propagules of the fungi isclated
in the two media in this study. Cn 1D4, with
the exception of those isolates detected only
once, the range of viable propagulcs could be
grouped into three categories. The category
with the narrowest range of counts included
the 4. fumigatus, (‘;3.Ox’i02--63.0:«&‘16:2 cfu/g),

leniciliium spp (4.0x10°=7.0x10° cfu/g), R.
3

oryzae (1.03102—1.2x10
3

cfu/g) «nd M. sterilia
(3.0x10°-1.8x10° cfu/g). The catcsory with the
intermediate ranges of counts contained R.

stolonifer (1.0x102-3.0x10bcfu;5}, pigmented

yeasts (1.3x107-6.1%10° cfu/g) and non-pigmented
yeasts (3.8x103-7.8x105 cfu/g) while the

[£

widest ranges of counts were for /i, flavus,
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A. niger, and A. wentii (2.0x10°-2.0x107,
1.0x102-1.3%10° and 2.0x10°-2.0x10° cfu/g

3

respectively)., The fungi isoclated from lone

samples on PDA were A. clavatus, A. oryzae,

A. versicoler and C. lunata (1.2x103, 5.Ox102,

8.0x102 and 3.3x103

cfu/g respectively). On
MSA, the range of viable propagulcs of the fungi
could also be grouped into three caotegories
which do not necessarily reflecct thiose of PDA.

The narrowest ranges were recorded for A. versicolor
2

and the non-pigmented yeasts (1.Ox102-3.0x10
and 1.Ox104—1.7x10h cfu/g respectively). The
intermediate category of ranges were taken by

Ee. stolonifer, A, wentii, A. niger, A, fumigatus

and A. clavatus. The widest ranges were for

Penicillium spp, A. flavus and A. candidus

> . 4 ‘
(2.0x10%-2.1%10° , .9.0x1C%=5,0x10", o

1.Ox102—5.0x10a

cfu/g respectively), The
counts of the isclates from lonc samplecs on

MSA were E. amstelodami (3.0x10° cfu/g), E.

repens (7.0x102 cfu/g) and M. sterilia (1.Ox102

cfu/g). For those fungi that werc isolated
from both PDA and MSa, it was observed in some
cases that the range of viahlz propagules

on MSA was narrower than on PDA e.g. A. flavus,

Lo niger, A. wentii, R. stolonifer -~nd the non-
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pigmented yeasts. While ., flevus, /, wemtii,

and R, stolonifer were isclated from a higher

number of samples on MS/. than on PD/, .. wentii
znd the non-pigmented yeasts were isolated

from & higher number of samples on PD/, In
centrast, some of the renges of viable
proragules on M5/ were wider than those of
their counterparts on PD., e.g. 4. fumigatus

and Penicillium spp and 2s werc observed for

samples from Zaria and Kadunz, these isolates
were detected on greater number of samples by
MSL then by PDA.

Sceven species of moulds, Penicillium spp.

and yeasts were isoleted fror: Lagos samples.

The majority of mouldg belonged to the genera

i.spergillus end Penicillium. Based on the
highest number of samples positive for each
organisus irrespective of tne medium of
isolation, more than half of the flour samples

Ll

\, clavatus (5 sawmples), L. flavus

4
- —

contained

(8 samples) &nd Rhizopus stolonifer (6

samples), /bout one-third of the samgples

contained Penicillium spp. (4 samples)

R. oryzes (4 samples) and the non-pigmented
yeasts (3 samples). The other moulds e.g.



Burotium amstelodami, 4. candidus, L. niger and

the pigmented yeasts were iscleted from Jjust few
of the samples,
Some of the moulds identified in this study,

appeared to show preference to either of the two

media used (PD/ and MS\). Thus E. amstelodami =~

and /., candidus which cccurred in two and one
semples respectively were isclated from only

MS/ while R. oryzae and both the pigmented and
non-pigmented yeasts were iscleted from four,

two and three samples respectively on FD. only.
Both media appeered to be equally sultable for
isolating certain moulds but a slight preference-~
for one medium was obeerved e.g, /., flavus showed

——

a slight preference for PD: while Penicillium spp.

showed a slight preference for MS/., However,
4, clavatus showed a marked preference for FDA

while R, stolonifcr showed a marked preference

for MS...

With the exception of those isolates
detected cn lone samples, the ranges of viable
propagules on PD. could be grouped into three
categories, The narrcwest cetegory of ranges

were for R, stolonifer, A. niger, Penicillium

spp. and pigmented yeasts, (1.Ox102-3.0x102,
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7.0%10°=1,5%107, 2,0x10°=1.0%10° and 4.0x10°=

2.1%107

cfu/g respectively) while the non-
pigmented yecastg had the wldest range of
viable propagules on PL.. (2.0x102-1.2x105cfu/g).
The ranges fell into two categories in MSA,

The narrowcst category of ranges was for E,
amstelodami, A. flavus, aznd Penicillium spp

2 e and 1.0x102-

(1.0x10%2..Cx10°,1.,0x10% =4, 0x10

2.0x102 cfu/g respectively). 3R. stolonifer

1!r

hiad the widest range of 1.0x1C -2.7x105 cfu/g

on MSA.

The counts of the isolates from lone samples
on 1S. were A. candidus (1.0x10°cfu/g), A.
clavatus {2.Ox102 cfu/g) and i, niger (2.0x102
cfu/g). Here again, the ranges of viable
prevagules cn PDA dld not reilsct the ranges
of viable propagules on ME,.. Fer those
organisms that were isolated from both media,

ae Ilavus and Penicillium spp. had ¢ narrowver

range on MI. than on PDA. A. flovus was isolated
frem a higher number of samples on PLA while

Penicillium spp was isolated fronr ~ higher

rumber of samples on MSA. However, i, stolonifer

liad a wider range of viable propagules on MSA



than on PD. ana it wag icelated from a higher

number of samples on MS... niger was isolated

ds n
——

from equal number of samples on both media and

the counts were almost similar.

Table /i« shows results from flour samples

purchased from Jos. Seven species of moulds,

Penicillium spp. and yeests were isolated from
the samples. The majority ¢f moulds isolated

belonged to the gencra /spergillus and Penicillium.

Based ca the highest number of samples positive
for cach organism irrespective of the medium

cf isclation, more then helf of the samples
contained the non=-pigmented yeasts (11 samples).
One-~third of the samples contained Rhizopus
stolonifer (5 samples) end A. niger (5 samples).

About cne-quarter of the s2uples contained

Penicillium spp. (4 samples) and Eurotium

amsteiodami (3 samples). i, flavus, A,

fumigatus, [, wentii ~"nd Curvularia lunata

were isclated from just a few of the flour samples.
No pigmented ycasts were isolated from any of the

semples.,

Some of the moulds appearzd +to show

preference to either of the two media (PDA and
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MSA) used. Thus, E. gpotelodemi and L. wentii

were isolated from three, and two samples
respectively on MS4 only,while .., fumigatus,

A, niger and C, lunata werc isolated from one,
five and one samples respectively on PDA only.
In cases were both media appcarcd to be equally
suitable for isolating scme of the fungi, a
slight preference for one medium could be
observed. For example, A. flavug and R.
stolonifer seemed to be more preicrentially

isolated on PDA. However, Penicillium spp showed

a marked preference for MSA thus it had fcour
samples positive on MSA and only one positive

on PLDA, In contrast, the non-pigmented yeasts
showed a marked preference for F.i with 11 samples
positive on PDA as opposecd to six positive on

NOA.

The range of viable propagulcs differed
cn the two media used, Opn FY4, with the exceptien
of those isolates detected on lonec samples,
the range of viable propagules cculd be grouped
into two categories. The range of the narrowest
group of categories were recorded for 4, niger

2

and R. stolonifer (1.0x102-4.0x10 ,1.Ox102-
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3,0x10° cfu/g respectively) while the widest
category of ranges was for the non-pigmented
yeasts (5.0x102-5.5x105 cfu/g). ‘the isolates

2 cfu/g)

Le fumigatus (2.0x10° cfu/r), Penicillium spp.
2

from lone samples were .. flevus (1.0x10

(4.0%x10° cfu/g) and C. iunate (1.5x103 cfu/g).
On 1S/, the fungi isolated fell intc three
cetegories. The narrowest fauges fo viable
propagules on MS.L were for ., wentii and

Pecnicillium spp. (3.0x102-h.0x10&, and 1.0x102-

7.0%10° cfu/g respectively) while the widest

cetegory were recorded for E., amstelodami,

i, flavus, R, stolenifer and the non-pigmented

yeasts, The range cf viable propegules for

R, s*olonifer was rnerrower on PD/ thun on MS/A

and the isolate was {rcm 2 higher number of
isolates on MS! while the range for the non-
pismented veasts were wider cn FD" than on MS/
and it occurred on a higher number of samples

on r Dis .

Five species of moulds, Penicillium spp.

and Mycclia sterilia were isolate’ from flour

semples purchased from Ilorin (Table 4f)., Tae

me jority of moulds obelonged to the genera
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ispergillus and Penicillium. Ng ycasts were

isolated from Ilorin samples. Dascd on the
highest number of samplcs positive for each
organism irrespective of the nedium of isolation,
all the flour samples containcd _. flavus and

L niger. More than half of the samples

centained Burotium smstelodami (turee samples)

and A. oryzac (three samples). ZExactly half
of the samples contained Penicillium spp €wo

samples) while M, gterilia ard . fumigatus

occurred in one gquartcr of the samples,

Some of the moulds were also detected
better by ecither of the two mediz used. For

example, E. amstelodami, which occurred in

three samples were isolated from MS.. only.

(n the contrary, A. fumigatus and \. oryzae
vere isolated from one and threc samples
respcctively om PDA only, However, A, flavus
mpd M. sterilia were isolated from vgual number
of samples on both media and dicd not show
rreference for any of the two mrdia. A niger
ﬂﬁeemed to be more preferentially isclated on
:PDﬂ. Thus, the number of samples positive for
the organism was four on PUA gnd only two on

MSA, Penicillium spp. also seemed to prefer the
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D4 medium thus on PLi the number of posltive
samples for the crganism was two while the

number of positive samples on NI was one.

On PDA, with the exception of those isolates
detected on lone samples, the range of viable
propagules were narrow, Thesc werc for A. niger

o]
and Penlcillium spp (2.0x10°-5.0%10%, 1.0x10%-

2.0x102 cfu/g respectively). Tie counts for
the other moulds isolated from th: flour samples
were 4. flavus, A. fumigatus /.. oryzsc and

¥, sterilis (1.0x10%, 3.0x10°, 1.0x10%, 1.0x10°

cfu/g respectively). (n MSA als: only one
category of ranges of viebl:c counts were obtained.
The narrow ranges were recorded fer E.
amstelodami, 4. flavus and 4. niger (1.0x10°-

3,0x10%, 1.0x10°

-2.0%10° and 2.0x10°~3.0x10°
cfu/g respectively). The isolatss from lone

semples had the following counts on MSA, Pencillium

Spp (4.0x10° cfu/g) and M. sterilia (1.0x10°
cfu/g). For those isolates that were isolated
ocn both media, the counts and ranpes were almost

similar e.g, A, niger. M, steriliia, ... flavus

and Penicillium spp.
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REight species of moulds end Penicillium spp.

were isolated from samples purchased from
Fort-Harcourt., (Table &4g). The mijority of

moulds were of the genera .spergillus and

Penicillium. No yeasts were iscolated. Based

on the highest number of samples positive for
each organism irrespective of the medium of
isolation, more than half of the samples

contained A, niger (3 semples; and Penicillium

spp. (3 samples). Two-fifth of the samples

contained /i, c¢lavatus, .. flavus, Rhizopus

oryzee and R, stolonifer while one-fifth contained

Curvuleria lunata, 4. versicoleor and A, fumigatus.
Some of the moulds isclated in this study
appeared to show preference teo either of the

two media wused, For example, .. clavatus

and Penicillium spp. which occurred in two and

three samples respectively were isolated on

only MSA while A, fumigatus, £, niger, L.

versicolor, R, oryzae and C, lunata were

isolated only on PDA. On the contrary, £,

flavus and R, stolonifer were isci3ted on both

media but they both seecmed to be detected
slightly better on M5! thzn on PD/. Thus the
numwber of positive samples for the two orga-

nisms wer: two on M3.. as opposed to one on PDA.
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On FPDA4, with the exception of those isolates
detected on lone samples, the narrow range of
viable propagules obtained fell into just one

catezory., The ranges for this category were
2

rccorded for A, niger and R. oryzae (4.0x10%-
6.0x102, and 2.0x102-5.0x102 cfu/g respectively).

The counts for the isolates obtained from lone
samples on PLAL were A. flavus, ... fumigatus,
ds versicolor, R. stolonifer and C. lunata

2. 1.1%10°,1.0%10°, 3.0x10° and 3.0%10°

(1.0x10
cfu/g respectively). On MSA, the ranges of
viable propagules fzlls into twoc categories.
Tne narrowest category of ranges were for

e flavus, Penicillium spp and R. stoionifer
2

(2.0x10°=3,0x10%, 3.0x10°=.0x10° znd 2.0x10°-

&.Ox102 cfu/g respectively) while the widest
range was for A. clavatus (1.3:10%6.0x107

cfu/g).

Table 3h shows results for tic lone sample
from Owerri. Five species of moulds were isolated from
it and. the majority of them belonged to the genus

Jepergillus., A1l the moulds were isolated on

FDA while only three were isolated on MSA,

Burotium rspens and A, flavus showed a preference
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for DA, For those isolates that were isolated
on both media, though they occurred in equal
number of positive samples on boih media, the
nuaber cbtained on MS,\ were highcr than those
obtained on Pfh. The moulds tnat were isolated

on D% and their counts were L. repens, hA. flavus,

ie niger, A. wentii and Rhizopns stolonifer

(2.0x10%, 8.0x10%, 1.0x10%, 2.9:19° and 1.0x10°

cfu/g respectively). Those that Were is~lated

on M5/ were A. niger, L. wentli -nd k. stolonifer

(9.0x10%, 7.0x10° and 9.0x10% cfu/g respectively).




Tahle 2 2

Vieble counts of sone pro_ps

cf hecterie ir casspvag fliour

Erterctacteriaceze
Uonie~lectose fermenter:s

Lactcre feruenters

rigin Tetal Aerotic plste count Aerobic spore count
of nc of (czu/c) (cfu/g) (ciu/g)
santnle sazples .
et iwlvie s Mean Range Mear, Runge €L Range
Zaria 27 5.1%107 1.13x10%=2.8x107 4.5x10° 1.7x107=1.6010 © 2. 7% 0742 .0x1C7=€ 610" 5.2:10° 21,0%107-3.8210°
- A - I3 4
iR 20 2.6¥10° 2.3x1056.5x10f 1.6x10° 1.9%10°=1.0x9cE 3.5x134¢7.0x107-8.7x10" §.ux1C7 (M.0x107 4. 977"
Okene 2 1.1x107 6.7210%-2.7x107 1.4x10% 1.0x164=2.7x1c5 2.0x12%¢7. 001073, 3x12% zaaiet <7 0x107-5. 110"
4 3 £ o
Jos 1 6,0x10% 1.2x10%-2.5x10° 1.8x10°% 2.1x10%-2.9x12% 2.2%:" 3.0x107-5.3x10" 2. w10 9.ox10%-5.7x1 "
& ' T s K £ A
Lagoz 10 4,7x107 2.7%1C —4,2x10% 1,7%10% 1.2x1071.01C% 2.1x1 .,r m.oﬁoulu.qx.__. A.mhuan_r u.cudouLu.mun._ ?
Port-Hac oot 5 1.0x10? 7.6x108-1.3%107 1.9x10® 1.3%10% € 2.7%1c% 4.3x10%=3.9010% 1,800 501074, 3x1: "
Owerri 1 1.0x10+ Na 1.2x1:%" N ¢ o107 A
[ 2 s {
Ilori. 6 7.2x10° 6.7%10"=1.8x107 8.3x10° 2.0x10"~2,2x10% 2.2%1cY 1.1x70"-4.3x10 1.4:17% s.0x107-3.0%7. %
¢ Count recorded for the lone sample
KA = Not applicsble.



Table 3: Viable counts of some groups of fungi in cassava flour

e ——

origin Totel Xerophilic fungi (cfu/g) Hyarophi..c¢ funzi (cfu/g)
34 no of
Samzle sanples moulas yeasts rculds yeasts
e gnolvsed MNearn Hange Mean Fange Vean Ranre !ecan Range
zoris 27 2.0010° 2.0x0%4,2x10° 3.7x10%2.6x107-1.0x10% 1.0x10° €1.0x10%-1.0:107 7.6x10°¢5 . 8x10° 1. 5.6
haduna 2¢ 1.1%157 1.9x'0%=8,6x10° D KD 1.4x10° £1.0x10%-8.7 427 £.7x107%1 9x107-1.0 ¢}
Oxerie 20 1.ox1ct 1.0x00%-1.6x107 1.3x10341.2x10"1.€310% 3,7x10" €1.0x10%-6.4-107 1.Lx10%k 4x107-1.25 10"
J08 16 2.9x10700.0x00%=2,0%10% 1.9%10"21.0x10%-2.7x10° 2.3x10% £2.0x10% =101 e .8x107¢1.5%107=7.£ x10°
Lagos 10 6.7x10° 1.0x'0°-2.7x10° KD ND 1.4%10° €3.0x102-2,7.10° 5,6x10%6.0x16°~3.Ex 0
fort .Jdarc e 1,3x%x% ....u m,.?.._om..u.ux..ou ND ND m.mu._om b.on._omu._..“ 127 I e’
. : 34 = o :
owerr! 1 3.5x10°~ NA ND KA §.2x10 NA 1D NA
+ A 2 o 3 2 B Ay 2 e
Jle=in 4 4.0x107 6.0x10"=2,0x10 ND D 6.6x10° 4.0%10%=1,0210" 1.3x10°45.0x1C
e ——
# Count from the lone sample
D Not ¢etected \
¥4 Not epplicable v
7
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Table 4a: Cistribution of fungi in samples eof cassava flour obtali:2d from mcslels in laria,

Totel no No of Range of no of viable N. of
of flour positive prepagules on PCAa(efu/g) postitive
sanples samples sxples
exanined determined determined
cn FDA Qe s
27 . 2 . 55:105-9..0x1:7
. 2 - i e 2
B. rgoens 27 1 1.4x10 3 2021076 ,.0x1<
L 3
Acerzillus candiius 27 1 1.0x10" 5 1.0216%=5.,0x1."
A. slavatus 27 2 1,0x10°=1.0x10" 1 5,4:107
- PREmpy PSRN AR 2
A. flavus F4 13 1.0x10%=1.0x1C 15 1.0::137-8.0x"-
A. Zumipatus 27 4 1,0x10%=1 .0x10" - 3.0::10=5.0x19"
32 4 2. p 2
A. nifer 27 8 1.0x1C"=3.0x10 9 1.7430%=6.0x1:
A, cryzae 7 5 ;_.ux;_OmL .0x10” - - )

3
\0::10%22,0x12"

10% ek %127
3

=
-5

- - 5
2 2
1.0x107-2,0:10% 7

J .u -
1.0x10°-1.2x10° 18 1,005 a7 701

.
3
0
L
[
o
=
1]
]
o n ra

-3

~

enicillium spp.

N
-4

memhn:u oryzae
R.

1.0x10%-5,0x10% A -

Lt
-4

J.Gx;_oM..._ oy s [od 2.:0:010%5 00T

[ V]
~J

stolond fer
Sporenconems sebi
Curnvularia lunaty

(CVRN (ST
-~ =3
i

- = O
A
"
)
Ly

1.9%10° @ -

Aurecpasidiucm pullulans 27 1 B 5 "
Mycelis sterilia 27 3 1.0%16°-2.0x10° 5 1.021C%21,6x°
Pink _easts <7 - el 6 -

Other /-23ts 2 7 _3.0x10°=1.2x1C 3




Table &:

Oistrioution of

fungl in sazples of casZava flour cbztaired from naric

75

s in Kagurna

Total no no of Range of no of vaible Ne of Raige of no of viable
of ﬁmuﬁ. .acnpw»cu progagulea on DA p-sitive srosasules on MSA (cfu/g)
sanples  samples saples
examined determined determined
- Fungi on PDA ot MSA L
Burstivm amsielodmd 20 1 J.Gx.__om 1 u.nudom
E. rozens 49 2 m.DxJDmam.nﬁmn - -
Asperglllus candiius =2 = - 1 ”._,..uw‘_um
A. coovatus 20 a - 2 *.x10%4.,0x10°
- ~
A. “lavus 20 9 1.0x10%-1.0x10" 12 1..:10222,1%10°
3 L
A. ssizatus 26 5 1.0x10%-1.0x1¢" 4 1.0212%-2.0x10
A. irer o) s 1.0x10%-2.6x10° 8 1.,0:10%-3.5x10°
A. cryzae 2 4 1 .o.ﬁnml._ .mN_._Ou - -
]
A. vocolcolor <9 - - % 1.0:107
A. uensil 2 2 1,0%102-3.0x16° - -
Pgnici.lium sop 2 & u.oﬁnmuw.ux.._ um 4 1 .‘.“.._uam..m..ﬁudoU
Rhizopus Oryzae 2 1 1.0x10° - -
R. szolzatfor -0 - - -
Mans 2 ‘
Mycelia starilfa pres 2 ._.nﬁ.,,um..m.n_x.:nm 1 u.cn...._om
Pink yzasts 20 19 1.9x107-1.0x10° - -
Other yeasts o 3 1.1x10%-1.0x10" & =
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Table $c: Distribution of fungi in samples of cassava flour cbtaimed f{rom Qo-liats in (<ene

Total no No of Range of nc of viable No of positive Rarie ¢f no of : i
of rlour positive propagules on Pii(cfe/g) samples detarmined  provagules on 0G4 ?T.Ti
samplas  Samples en MSA
eXxaminad determined
. Fungi on PDA o
Burotium amstelodami 24 - - 1 3.0x10%
E. repen 24 - - 1 1.42102
24 _ - 5 1.00102:3.0x1¢"
s ey _
[ 24 1 1.2x10° 10 2.0%10%=19x10°
A. Zlsvu 24 13 2.0x10%-2.0x10° 19 1001025 .ox10"
2 -~ 2 . p 3
A. Douizatus 24 2 5.0x107 -6 ,0x10 & 2.0010%=1 . 3x1C
i ("} NI4 Ty m_ . .N a W
A. plger 24 13 1.0x107-1 .3x10 10 1.C¢10%=1.6x10
A. oryzae 24 1 5.0x10° 5 )
)
A. versicolor 24 1 8.0x10° 7 1.00102-3.cx10°
5, weotis 31 9 2.0%10%-2 0107 ' 1.0110%-1.5x10"
Psnicillium spo 24 3 6.0x10%-7.0x102 - 2.0102-2.1x10"
Rhizozus oryzae 24 3 1.0x16%-1.2:10° 1 7.0010%
R. stolcnifer 24 7 1.0x10%-3.0x10" 16 1.0x10%-2.3x10°
24 1 3.3x10° - -
24 2 8.0x10°-1.,8x10° 1 1.0x102
24 . 1.3%10°-6.,1%107 . -
24 8 3.8x107-7.8x1C° 5 1,0000%1.7y
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-a3le 4d: Distridution of fungi in samples of cassava flour cbtain«2 from m2arkets in [.70s

- Total no o of Range of no of viable No of 18ic of ro oS v 2
of flour positive propagules on Fh.(cfu/g' positive pros.ules on MSi(efu/g
s aples samples samp-e3s
A o3 w0
-wamined detsrmined get H..‘r..ﬂu.
3 Bag b on i on sl & o
e FEnEL 2 a ey
] 0 - 2 1..5:1157=2,0x
Burotium smstceiodasy 10 -
o apstesuesd .
- a e 3
18] 1 - - 5 | I -
A. concidus o ,
555 [ 1 2.0:01

p
"
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ha
|
O
=
C
1
-
A
"
s
ha
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10 2 2.0%107 =1 . S -
2 o e
10 - 1.0%10"=3..0x10 - -
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10 2 1.0x10=3.Cx 6 1 oI =2TH'Y
> 2
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Table 42: Distribution of furzl in sampl2s ol cassava fl.ur obtained from . *lzts ir Jos
- : =
.wun.w no No of Range of no of viable 'lo of positive
of r,HuE. positive propagules on FDA Samples deternincd nae o2 £ wias:
smples samples cfu/g) cn MS. - Opagy. ,no S
o cXazired datermined . Tep 05 .w.m..,.\m N
)+ ! o on rTfa ™ ¥efargl
14 - - ’
3 Teex10%e1 .Gx..o..r
1 1 1.0x10% 2 7.0x1¢%=1 ox10”

% . 2.0x10% = B

" e |
14 5 1.0x10%<4 . 3x102 - -

. < 2
2 el £
\tt..fﬂ( l‘aﬂ.ﬂao

Penicillium scp 1k 1 L_.0x10

ra

m
m ,
r ?r.a.“np.‘.niom
2

- 8 A

Rhizocus stoloni fer 1% 3 1.0x10% =3 Sxti JLCHIC -t Ou.o__..

Cunaderia lunsta 14 1 1 .mx.ou -
Pink j;casts 14 - -
Cther :casts ik n w.nx..om..m..,.x:...b 5 .2:210% =1 ,6x10°

— i S
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Table 43z:

Distribuzicn ef fungi in samples of

sourt

80

Total no No. of Aan 5% ) of
of fleur positive Pror ‘ulss con Yon
Samples Sampleg . _,
*xanined determined
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Table 6: Reactions of Aspergillus flavus Isolates
on Aspergillus differenticl medium (ADM)

L -

. Reaction Reactian
Izolate - on_ ATM Isolote  on ADM

.. a4 _ 4. 51¢ ++
ke Y 4. B2a o+
Sa _-" ' ;' ++:  ’ S5c . 7 &

8b e, o .!f 55d . 4+
~ 10h .-.-  e _ 560 . ++
11e s ERRR 574 0 4+
12f oM 5% ay
. 15b T " 608 bt
18a jff_. I N 632 ++
16e ?H--_; o PP 65b 0 +a
20b L R . 66 ._ e
2ta ek 670 s
220 s+ 69 4+
26 s e ae
27 T e J 710 C 4
3he e : 7he 44
325 e ' :. 75¢ 4+
- 33 ; P 7T v . 44
v Bbe _"-.'_f+ | 75, ¢ e
- 35b ;”.'3.“ e Lo B3b L 4
37¢ T e &6a ";i +4
38d B . 8T e
39% e .|.'.|.\ o e L 4
402 I‘ ﬁ'  S e 89a - o
S Hle s +4 . 909 - T 44
S e e o
Cue e e
C45d 0 cae 102 44
49d I ke S1F o+
BeE £ TARSE6. — ax

++ 4 sharp and intense pigmentation cstimated
visually on the reverse of agsr plate.

«  very slight intensity of pigmentation ohserved
visually on reverse ¢f agar ~late,



Table 7 :

Isolates 7doys 8days Sdays

1d

ba

Sa

8b

iOh
11e
128
I5b
18a
19¢
20b
21a
22a
2be
27g
31c
323
32a
3hc
35b
37¢
38d
39b
40c
fe
42b
43¢
454

Effect of concemtration of corm stecep liquor

84

and time of incubation on development of
fluorescence of Aspergilius flovus isoclates
from cassava flour

Concentration (v/v) of corn steep liquor

50(v/v) 50% {v/v) 100%(v/v)
7days B8days 9days Tdays 8days 9days
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Table 7:(Conta)

'R ;

Concentration (v/v) af corm steen liquor

G0 /) v/ 100% (v/v)
Isclates 7Zdays €dnys Ddays TJdays SV\-g5 e ys  Tdogs  Bdoys  Jd-gs
49d - - - - - - - - -
50¢ - - - - - - - - -
5te . - - - - - - . .
52a 5 & > " & . = 5 =
5{;:: + e + - 4+ + + . +
554 - 5 > = 2 . s . .
s6b - = - - - - - - -
574 - - - - - - - - s
59a t $a4 +4 4 e T4 144 thaa Tk
601 + prs + + 44 + + 44 +
ﬁl’."' 44 eSS + 4 EE ] IR TR 442 ER NS LR R . L]
65b ++ dhd ++ 4 e 4 . ey ++
;.-‘ A5 - » - - - .- - - -
67c - - - - - - - - -
69b 45 44+ +4 4+ 4 4 bt Prdd FA
Toc P 4 i Fe Y r44 o * L aas® aaaat .
71b bt PR 44 F44% a4 i 445 aeaa” yow®
e - - - - - - - - -
75¢ T -u K b e 4 e ra
T7a “ 4 - . 4+ - + + -
790 - - - - ¢ - + -
AN % e . ' ‘s * . .
862 1 44 + + B % 4 4 e
8Ty - - - - - - - - -
9% - - i = = = = o -
A9n - - - - + - o +
904 . . . - - » - - .
92¢ - - - - - - - - -
r e - - - - - - - - -
102b - - - - - - - - -
911 * 4 + 4+ F ok 4+ 44 o
15__“595 ag 444 s NF AT 2348 Soet 2. "Yoq
#8434 wfera to the relntlive Tewrla of latenzlty nf Flusresecone
ot.served on the pgar around the col'mice,
- Ho flucrescence cbhaserved
-

Fluorcscunce observed when guinea corn stocp liquor instend of
corn stuep ligquor wns used in the prepar-tion of the medified
AFA nudium, However, the intensity ol the {luosresconce was
very slight.

#2 Fluore: cence obgerved whon nillet sten liquaor Instend of corn
ataey liquor wan uwped In the prepymtbion of the modified APA
mediums  ATno, the intensity' of the fiuorescencs was very slisht,



86

Table &3 Production of aflatoxin by A, flavus isclated from cassava flour

—

Concentration of aflatoxins (ug/ml)

3train Crigin L B1 BT B2 G1 - - G2

54  Lagos - 2.99 0.95 . D WD .
e dene T o9 T 1 T 786 3.8 :
63a Okene | 8.19 5,86 6.7 11,99
65b Okene 11,50 8.56 9,21 5.98
6%b  Okene 3,31 S 1.50 S 2.30 0.60
70¢ Okene . 13.39 10.37 11.89 - 8.15
710 Okene 6.14 3.75 L 47 1.65
75¢ Oksne 14,18 © 11.94 12.46 0 9.25
778 - Okene 6.17 . 4.66 5.75 1.63
- 6Ca  Okene 3.66 0.98 ND . N
S+~ 85 . Ilorin b73 . 2.85 3.64 076
. 8a . TIlerin 8.9e 616 - ND .. WD w
SR ol Zaria o 5.54 ~-- - 3,00 - L T - 0.5 ;
T qAn 586 " Institute of  15.76 13,52 14.38 - - 10.88
S0 _ Agricultural ) <
- Researcn -
Medium used was yeast extract-sucrose medium - . o B unq o _WW
ND = Non detected. S T AR
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CHAPTER 5

DISCUSSION

The purpose of the first section of this work
w2s to determine the microbiologic2l quality of
sannles of cassava flour obtaincd from different
narts of Nigeria. As mentioned carlicr, the flour
is important as a component of the steple diets of
Nigerians and as a2 pectential supplement for wheat
flour in the making of bread and othcr bakery
products (Jones and Akinrcle, 197€), Okagbue (1986)
discussed the factors which could arffect the
microbiclogical status of local fiours including
cassava flour and used certain groups of micro-
organisms as indicators of microbiological quality.
The groups were aerobic bacteria, aerobic spore
formers, lactose and non-lactosc fermenting
Enterobacteriaceae, xerophilic and hydrophilic
moulds and yeasts, and they werc sclected on the
basis of their potential as health hezards, as
indicators of general levels of sanitation, or as
spoilage agents. In this study, the same groups of
microorganisms have been used tc inuicate the extent
of microbiological contamination of cassave flour
samples purchased from different parts of Nigeria.



The aeredic dlaie ceun's [API) ep.a‘ned In
thie study ranged fror 7.1% “€°-2.8 ‘ol cru/g
47.6¢ of all the :amg];n sra.voee had nmers than
5.0x106 cfu/g. Graves st al (1907 determines
APC's of 2.2 X 10?—2.ﬂx1ﬁ“/5 frem wheat fleur estuincd
from 11 representative mills in parts eof itne U.l.A.
Also, Mehrotra and Fasu {1975) who surveyed nicre-
organisms associated with cereals énd their millin
frections in India recorded APC counts ef 3.*x*lj~
2.0x105/g. TAO (1979) reported thet aersbic plate
counts ranging from 2.0 x 1Oh—5.0x106/g wera
common fer wheat flours. Since aerebic bacterial
counts give an overall picture of the bacterial
lcad of foods, and of the g~nitary conditiens of
their production and hsndling, the results of this
work indicate that sanitation in production of
cassava four in Nigeria is inferior to those of
wheat fleur in ''estern countries. This is particul
arly true when it is considered that L47.6Y (not
shown in Pakies 2 -nd 3 ) £ the cassava flour

6

samples analysed contained more than 5.0x10° cfu/z
{(the upmer linit of APC reported by VAN (1979)

It is noteworthy that amart from snmples obtained
from Lagos (Table 2 ) counts greater than 5.0x106
cfu/g were generally recoried from all parts of the

country while in Port-Harcourt, all the samples
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had /PC's above 5.0x106 cfu/g. In an earlier

study, Okagbue (1986) recorded APC of

7.0x107
4

4,.2x10 -1.2x108 cfu/g for other local flours sold

cfu/g for cassava flour eand & range of

in Zaria.

The aerobic spore count (/SC) was another
parameter used to determine the microbiological
status of casgsava flour. .erobic sgpore formers
have been implicated in spoilage of bread and
sterch based foods and in food intoxication (Jay,
1978). ‘ccording to Rogers (1976) Bacillus

subtilis and B, licheniformis which are aerobic

spore formers are associated with a type of food
spoilage known as ropiness in bread, and B, cereus
and B, subtilis produce food pocisoning endotoxin

in starchy foods. Furthermore, it was shown by
Rogers (1976) that spores of Bacillus spccies

from wheat flour could survive baking temperatures
of 350-450°F and that other Bacillus spp. could
survive cold temperatures. The spores would then
germinate and grow in baked or chilled foods stored
at room temperatures. If cassava flour is to be
supplemented for wheat flour in bread making and

in production of other bakery products like chin-chin,

doughnuts etc. aerobic spore formers, especially
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the species mentiomed nbove could constitute health
hazards and petential speilage agents. In additionm,
the spores would survive heat treatments used in
preparation of "fufu" and other local meals made
from cassava flour and would cause problems
especially since the fomsds are usually non-
refrigerated in many lNigerian homes, Frazier

(1667) stated *hat samples of wheat flour from
retail markets contain abeut 20-30 Bacillus

soores ner gram, 1t iz clear that the aerobic

spore ceunts (1.3x 103-2.9x106

cfu/g) obtained
frem cassava flour in this study were very high.
Altheugh, Ckagbue (1286) recorded a high aerobic
spere ceunt of 3.?x1lq cfu/g fer cassava flour and
a8 range of 3.Cx103-1.2x1c? cfu/g for other local
leurs, the presant ceunts for cassava fleur ere
very high wher cempared with these (5—2.1x102/109}
recerded by Oraves et al (1367) in parts of U.S.A.
and thece (h7—8.2x1.2/g) reperted by Jemes and
Swmith (15L8) in Cansda, Further werk weuild be
needed to identify the aesrabic spors fermers
iselated In tris work in erder to determine the
relg=ive lave’s of rewe-ferming ani petential

texin wraduc¢ers present in cassava fleur.
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Lactose and non-iactese fermenting Enteroba—
acteriaceae were enumerated frem cassava fleur
in this study. Presence ¢f the lactose fermenters
indicates the nessible nresence of coliforms which
are generally undesirable In foods. The.  presence
¢f 1 celiforms. in food is considered to
indicate faecal contamination and some bacteria
of the celiform greup have alse been reperted to
cause feod infections (Frazier, 1967). Presence of
non~lactese fermenting Entarebacteriacea may
suggest the possible presence af enteric pathogens

such as Shigélla and Sgimonella. A few samples

out ¢f 20, 24 and 27 shtained from Kaduna, Okene,
and Zaria respectively did not contain detectable
numbers of Enterobiacteriaceae., Based on the total
(105 number »f samples examined, lactose and non-
laczese fermenters were undetectable in 14.3 and
®.5% respectively, Tre relative absence ef these
groeups e bacteris in cseme of the samples shews
that even with precent handling practices, seme
cassava Jlour samples ceuld be safe frem enteric

pahegears,

Very few sTueles carriei eut cn the micrebiology
of fleurzin “he Westerm werld, have empnasizei the
impertaurce of Lrteredacteriaceae as micrebial

F

naigaters of “re suall<y ef wheat fleur, This may
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be due to the way and means in which the flour is
used as foed in those countries, A revorted

search for bacteria of the Salmonella group in

wheat, flour, scourings, offal and dust from mills

in Fngland was made by Hesseltine (1966}. The
celiform count was cver 1,0 x 103/g in two of the

115 samples of flour examined. Hesseltine (1968)
reported that the infreauent recovery of Escherichin
cell indicated that faecal centamination was

rinimal in the samples ef wheat flsur examined in
parts of U.S.A. Sinee cassava flour is used in
different ways in the food system of Nigeris, it

is cemsidered that Entercbacteriacea sheuld be one + »
of the parametersin determining its micrebielogical
status. Lactese and nen~lactose fermenters have

been seperated in this study but total Enterebacteri-

aceae ceuld e used as an indicator of sanitary

 quality ef feeds (Jay, 1978). [Further work wauld

e neaded fo determine the nature of the enteric

.

Bacteris present in cassava flour

feasts were also iselated {rem casszva fleur
n thin werk. The rele ef yeasls in speilage of
feeds is well knewrn., Janes and Smith (1949%) stated
that yeass auliured at 25%C ceuld affect

Termsntatien during the leavening precess ef bread
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making. The yeast counts obtained from samples

from five brends of Canadian wheat flour ranged

from 12—2.68x102/g. ‘Tnen commared with the

yeast counts mbtained in this study, it is

ebvieus that some Nigerian cassava flour semples
centain high levels of that grou» of microorganisms.
Altheugn seme samples were apparently develd of

6 cfu/g were detected

yeasts, caunts of up to 1.910
in ether samples, 3Since yeasts are mainly hydrophilic,
it is not surprising that mest of the iselatiens

were made on PDA, Theose isolated on MSA (frem

11.4%" of the cassava fleur samples) were relatively
few and have bpeaen found te grow well en PDA, thus
indicating that they were net obligate rerephiles.

The relatively hiph levels af yeasts detected in

seéue samples nrewshly indicate that the cassava

fleur samples invelved had aiph moisture Adntents.

Trhe last greun ef ricreerganisms used to
determine the ricrebielegical guality of cassava
fleur were the meulds, Two greups were enumerated,
ranrely the xereprllic and the hydrophilic moulds.
The rarges ef ceunts fer the xerephilic arnd
ryearesr.ilic meulds wore 1.nx102-u.2x105 and

f..xﬂiz—i.;xﬂis ofu/x respectively. Okagbua(1985)

reaperted ceun’s fer Zereprillc meulds fer-n~accuva
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flour as 1.91103 cfu/g and for hvdrophilic moulds
as 3.Ox1ﬂ5 cfu/g. The range of counts for
xerophilic moulds for the cother types of local
2-2.9):103 cfu/g while chat for

60&#3.

fleurs was 1.2x10
hydrophilic meculds was 1.0x103-8.0x10
When compared with the ceunts of xercphilic moulds
(1.1%x10°=3.9%x10°/g) and hydropailic moulds
(1.Ox103~2.8x103/g) recorded by James and Smith
‘19,8) from five brands of Canadian wheat fleurs,
the mould counts were particularly high.Mehrotra

and Basu (1975) also detected hydrophilic moulds
ranging from h.0x102—5.3x103/g and xerephilic moulds
ranging from 3.Ox102-7.0x103/g from flour samples

in India. Tt is well knewn th2t, in additisn to
Yheir petential as spoilage agents, many moulds

are mycetexin rroducers. Mould growth in flour
expesca to damp weather ceuld cause economic losses,
Besides, Reiss (1978) haA shcwn that mycotoxins in
wheat fleur cén survive bakery operations, it was
shewn that the teking temrerature (120°C far 39 min|
@8 well as The lew ameunts of volatile acids in
brecd de rnet degrade nflataxin By te nAny reassuable
extegt, A similar phenemenen c~ n eccur if cassavn
fleur centaining mycetexins is used in bread making,

with ewvieus cowsteguences te ske _headth of confomers,
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Gcncraliy, most of tﬁb cagsava flour samples'
wore contaminatod with the groups of microoganisms
enumcratad in this study. The origing of the
gamplos do not secm to have any influcnce on the
levels of contemination obscrved. Okagbue (1986).
discusscd the sources of microbial contamination
of local flours including cassava flour. They
includce the soil, air, water and poor sanitation
practicos involved in production and in sale in
opcn-markets. In the casc of cesgsava flour, |
contaminantsinequired by the tubers during peeling,
cutting and washings, would grow for sometime

during sum drying of the cassava chips, Tho longer

*  the period of drying (espcecially in damp weather)

,jthe motre the contamination from the soil and air

and the more the growth of microbial contaminants.

Clerk and Caurie (1968) ohserved considecrable

i fungal growth on cussava chips during sulf drying
- in Ghana., Bxperiencc showa that a gimilar
- Phenomenon occurs in Nigeria, and definitely serves

! to account for the fungi enumcrated in this study.

Further contaminction would occur in milling

mchines. Thatcher gt a1 (1953) observed that the

' reason for high contamination of wheat flours by
; moulds were "pockots" within the milling machinery
| which sorvod &s rescrvoirs for multiplying mowlds

* . in substandard mills. In Nigeria, most cassava
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milling occurs nt villnge level nnd the mills Are
not well sanitized before or between operations,
During sale of the flours in the markets, the
contriners are usually large nons and the flours
are exposed to the oven air where further conta-
mination from the nir could ts=ke plnce. The
variatiens observed in this study in the microbinl
counts ebtained frem the flour samples from each
area ceuld be due to the different levels of
sanitation practices achieved by different
preducers and sellers during the nroduction and
snle, It is nateworthy thot transnporintion o7 flour
frem n place of nroduction te ~nother nlace ceuld
facilitnte further contaminetion. This would be
purticularly true ef cnssava flour obtnined from
Zarin, ¥adunn cna Jos where cefssova is not grown

as a2 majer ngriculturel croo,

In ganernl the results of this study ‘indicidte
thet there is n need to ccatrol microtinl

sentarirctier. of cassave fleur. This can be

1

achieved »y educeting village level pracesgars

U

end *ellar: (yhe riew censtitute the ~raat najerity!
or. “nie need for cnd retheds of immroving carnitation
during prediciier. ~nd snales ef the nroduct, Jince
“he preser.t i.vel: ef micreergznlcms were achieved

under @sraren=ly irsanitary renaitiernc ef manufacture
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and sale, the data could be used for monitoring
future sanitation nractices at village or factory
level. The data ceuld nlso be useful to government
regulatery ogencies involved in specifying
microbial limits for fonds. Although limits weuld
depend on, ~meng other things, the intended use/s
of cnssava fleur, the lower limits of microbial
levels recorded in this study indicate that with
immroved sanitetion c-~ssnva flour with determined
snfe levels of microorgnnism ceuld be »roduced in

Nigeria.

Tn the secend part of tkhis wori:, tihe fungi
isolated frem the cassava flour samnles were
identified as far as pessible, Thz aim was to
determinc the predeminant genera or swyecicsg which
ceuld se petential spoilage agents znd, or mycetéxin

procucers.

Tha three main genera ef moulis isoclated frem

cassava Fleur were Aspergillus, Penicillium and

ana Ra‘zesus, Ameng tre aspergill;, members ef the

A, plaucus (greup) were few, their perfect

Stexes wel's cemreniy ebserved, 1T ray be that

sem= cemponentis ef cassava fleur incuces the fermatien
of the perfect stages which are characterised by

cleis=iethecia, The aspergilll were identifiecd
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as Burotium amstelodami and I. repens (Smith, 1969
snd Gilman, 1957). Other aspergilli found in
cassava flour were A, candidus, A. clavatus, A.

flavus, A. fumigatus, A. niger, A. oryzae,
A. versicolor, and A. wentii. The fhizopus

species were identified as R. oryzac @nd K.

stolonifer. Other moulds were Quvularia lunata,

A e

Mycelia sterilia.

Many of the fungi found in cussava flour
in this study have been reported in other types
of flours. For example, as found in this study,
Craves and Heggeltine (1965) reportcd that

Aspergillus, Penicillium and Muccerales were the

predominant fungi in samples of »heot flour from
parts of U.S.A. However, some differences are
noticeable in the species and genrera of fungi
found in both wheat flour and cassava flour, Out

of the eight Aspergillus spp. isclated from wheat

flour by Graves and Hesscliine (19€5), five were
common to both wheat and cassava flours, They

are A, amstelodami (which was not found in the

perfect stage in wheat flour), A. condidus, A.
clavatus, A. flavus and A. versicolor. The following
were isolated from wheat flour and were not obtained

from cassava flour: A. chevalieri, 4. sydowi,
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A, terreys. Similarly, of the ten Aspergillus

spp isolated from cassava flour, uhe following

1

were absent from wheat fleour: . repvens,

A. fumigatus, A. niger, A. oryzae and A, wentii.

A wide variety of Pepicitlium spp. were

isolated from wheat flour. Although the

fenicillium spp. isolated from cassava flour

in this s*udy were not identificd to the species
level, their gross colonialcolour ~nd morphology
on the agar plates showed that up to six
differ-nt species were prescnt, It is also
noteworthy that the members of the mucorales
which were isclated from wheat {lour (Graves

and Hesseltine, 1965) were Mucor spp. whereas
those isolated from cassava flour are two
rpecies of Rhizopus, ramely R. stolonifer

and R, oryzaec. The reason for the discrecpancy
(ie differcnce in types of mucoraleg) is

not krown. Interestingly, Rhizopus has also
been isolated from flour in the (ropics by

ct.er workers. Gattani (1951) reported a rich

flora of Aspergillus and Rhizopus specie3 in

samples of sweet pctato and wheso floursin

India. The most common species of sspergillus

isolated in that study were A. glaucus, A.

vandidus and A. niger. As mentioncd esrlier,
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A, niger was isolated from cassava flour in
this study but not from wheat flour (Graves

and Hesseltine, 1965).

With very few exceptions, the mould
flora of cassava flour seems to bLe independent
of the geographical area of Nigeria from which
samples were obtained. However, it should be
noted that most of the flour is made in the
Southern parts and middle belts oif Nigeria.

Sporendonema sebl and Aureobasidium pullulans

were the only uncommon fungi ané they were
isolated only once from Zaria sauples (Table 3),

Clerk and Caurie (1968) have also lsolated

S sebi among other fungi (mainiy fenicillium

spp. and Aspergillus spp.) from sun-dried

cassava chips meant for flour procduction in
Ghana. A, pulluleng, a yeast-like nmould,

was isclated by Kurtzman et al (1270) from
both wheat and wheat flour in the U.S.A. It
is poscible that Graves and Hesseltine (1965)
feiled tu record the ycast-like fungus because
the yeasts isclated in their stucy were not
identified. Adeniji (1976) isolated from

market sampleg of gari many fungi similar to
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those of the present study and showed that they
could cause deteriorationof the product (gari),

Aspergillus glaucus was not isolated Ifrom garri

because the media used in the study could not

isolate xerophilic fungi,

In general, the fungi isolated from cassava
flour in this work were mainly air and soil

microorganisms. Aspergillus spu, Penicillium

spp, Rhizopus spp, Curvularia lunata end sterile

mycelia were among the fungi isolated from the
air at Samaru. (Dansfield, 1966). However, the

Aspergillus, Penicillium and PRhizopus occurred

in very low frequencies in the cir while C.
lunata had a very highfrequency of occurrence,
Cgbonna and Pugh (,9683) studicd the fungal
flora of Nigerian soll and isolated most of the
micro-organisms tha*t occurred in cassava flour,

The micro-organisms included A. candidus, A,

flavus, A. npiger, A,oryzae, A. ropens, A,

versicolor, A. wentii, R, oryzac, Aurecbasidium

pr1lulans, C. lunata and sterile mycelia, In

the study, Aspergillus was the most Irequently

isolated genus from the soil ancd rencillium

was among the next most frequently isolated

genera. When compared to the stu’ies on air
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ané soil, the results of this study sugpgest
that the two environments are tive aain sources
of contapination of cassava flour and that the

soll is provably of greater sipnficance,

Yeas®s wer: also isoloied from cassava
fiour, Both non-pigmented and pin'. veasts
wers observed., Kurtzmen ct al (1970) also
ohservedthat the colony ccleurs of the various
yeasts iseclated from wheat and whecat flour
ranged from white to faintly pinl, The presence
of appreciable numbers of ycasts in some cassava

lour samples indicates that the wnoisture

contents of some of the somplos were relatively
high. Although the meisture lovels were not
determined in thie work, it has boen recommended
ithat moisturc centent of gari (2 Nigerian fermented,
dchyérated caceave based food; sust be 129
and below to prevent detericrotion (Adeniji,
1976 ). Yeasts were not isclated by Adeniji(1976)
from gari probably because thery d4id not add
aryv antiriotics to the mediz they used. Further
work will be needed to identiifyr "he liffezrent
types or yeasts that occur in cassava flour
since tnqgmgpg petential spoilage agents.,

e &

% U, e

<ol

&



103

The most frequently isolated and widely
distributed fungus in cassava flour samples
examined was A. flavus (Table 5). It was
isolated from 60% of the total number of samples
examined. Except for Jos samples, the fungus
occurred in more than 40% of the semples
obtained from every town involved iu this study.
The next most frequently isolatced fungus was
A. niger which occurred in 43% of the total
number of samples. A, wentii nacd a high
frequency of eccurrence and was isolated from
22% of all the samples., However, A, candidus
which was reported to be the most frejuently
occurring fungus in wheat flour (Graves and
Hesseltine, 1965) was isolated from only 12%
of the samples in this study. It is also
noteworthy that unlike A. flavus, A. candidus
was not isclated from the camples obtained

from some areas in this study.

The non-pigmented yeasts were more frequently
isolated from cassava flour then the pink
ycasts (Table 5). The former category of yeasts
were isclated from 36% of the total number

of samples where~s the latter occurred in 26% .



104

Interestingly, the pink yeasts were isolated
from 95% of the samples purchased from Kaduna,
The reason for this high level oi occurrence

is not clear.

Sonme of the moulds isolated from cassava
flour in this study ore potential spoilage
agents, and/cr mycotoxin producerg. Graves
and Hesseltine (1965) compared the mould
flora of fresh and gpcilied dough samples and
concluded that the fungal flora of the doughs
was a reflection of the flour microflora. It
*s interesting that some of the fungi iscolated
from the spoiled refrigerated dough products

like Aspergillus amstelodami, A. candidus,

4., fumigetus, A. repens, A. versicolor, A.

fisvug-oryzae and Penicillium spn. were isolated

from cassava flour in this study. Also the

following fungi; Rhizopus spp. Aspergillus

niger, A, versicolor, A. flavus, A. candidus,

Curvulavia lunata, Penicillium spp. and a few

othirs, that were shown to causc the deterioration
of gari by Adeniji (1976) werc also isolated
irom cassava flour in tnis study, This shows
that some of the fungi isolated from cassava

flour havespoilage potential for flour and Rop.



In addition to their ability to cause
biochemical changes, some ofthe moulds isolated
from cassava flour are potential mycotoxin producers.

In this connection, it is well known that Aspergillus

flavue and A. versicolor are potential producers of the

aflatoxins and sterigmatocystin respeciively (Scott
et al, 1970). As mentioned earlier, Reiss (1978)

nas shcown that the baking temperature does not

degrade aflatoxin B, to any reasonable extent. A.
wentii which was isolated from 21% of the total number
ol cassava flour samples examined (TaLle 4), has also
been reported to preduce an intracellular toxin by

Ylu et al (1974). Mycelial extracts of an A. wentii
strain were highly toxic when inoculated into chicken

embryos or fed tc mice., Although the lenicillium spp.

were not identified in this study, the genus constitutes
one of the three described as major uycotoxin producers
by Scott et al (1970). 1In general, the presence of

A. flavus, A. versicolor, A. wentii and Penicillium

Sup. in cassava flour could pose a health hazard

to the consumers.

In view of the well known significance of A. flavus
in foods, its widespread distribution as shown in this
study and its high frequency of occurrence among the
samples, it was studied further. 1ts hazardous

nature in foods may be due to its spores which may alsg, contair
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toxins (Hesseltine et al, 1966) or it may be
due to aflatoxins released into the food
material., However, even under nroper environe
mental conditions, toxigenicity depends on the
$train ef A, flavus. Thus, there wos a need
to determine whether the A. flavus isolates

from cassava flour were toxigenic.

The identities of the strains of A. flavus
isolated in this study were confirmed by
inoculating them onto Aspergillus Differential
Medium (ADM) (Bothast and Fermel, 1974). All
of them were positive on the medium (Table R).
This means that as was observed by Flannigan
and Hui (1976) in Britain, the ZDii is reliable

for identifying A, flavus.

Since commercial corn steew Jiguor, a
component of aflatoxin producing ability (APA)
mcdium devised by Hara et al (1974) for
detecting toxigenic A. flavus iscictes was not
available locelly, an attempt wns made to
produce simulated corn steep liquor (SCSL) as
deseribed in'materials and methods', The SCSL
was then used (at various concentrations) for
preparing modified aflatoxin producing ability
(MAPA) medium. The effects of the concentrations
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of SCSL and time of incubation of inoculated
plates (=t room temperature of 26°C) on the
development of fluorescence around the colony
(an indication of aflatoxin producing ability

of A. flavus isolates) were then determined.

All the concentrations (5, 10 and 100% v/v)

of SCSL in the MAPA medium induced production

of fluoresence (Table 6) by thirteen A. flavus
strains which formed approximately 229, of all
the strains (60) tested. The different concentra-
tions did not affect the number of A, flavus
stra‘ns that had potential for aflatoxin
production, At all concentrations of SCSL
tested, production of fluorescence was noticed
on the seventh day of incubation, The intensity
increased on the eight day and then decreased

on the ninth day. By the tenth day, no fluorescehce
wag cbserved. In the medium of Hara et al
(1974) fluorescence was also observed from the
seventh day of incubation, t increased on

the tenth day and decreased by the thirteenth
day of incubation, Thereforeythe fluorescence
produced by the aflatoexin-producing strains of
A. flavus lasted for a shorter period of time

in the MAPA medium containing ths locally prepared
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corn steep liquor. Since corn is rcadily available
in Nigeria, the results of this study showed

that corn steep liquor suitable for use in
testing aflatoxin producing ability of A.flavus
isolates can readily be prepared _—ocally in

the country, 1t is also likely tiat with furthigr.&
exoerimentations an¢d modificaticns, samples

wihrtich can duplicate the patterns of occurrence

of fluorescence described for thc commercial

CSL may be preoduced locally. In i'razil, lin

and Oianese (1976) have succeeded in substituting
coconut extract which was readily ovailable

in that country for corn stecp liquor in the

APA medium. When two other ceicals, namely,
guinea corn and millet were used in place of

cern to prepare the modified AP.. medium, the
results were different., Only very few isolates
and the authentic aflatoxin producer (IAR 586)
showed very slight fluorescence, It appears

thaet there is a factor in corn (not available

in guinea corn or millet)which enhzances

development of fluorescence by A, fiavus strains.

As mentioned earlier, out of a total of

sixty A. flavus isolates, thirtcen produced
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aflatoxins. Ten of the A. flavus strains produced
ail the known aflatoxins, comprising of
aflatoxins B4, BJ, G4 and Gy, while three produced
only aflatoxins b and Bp. The amount of
aflatoxins produced ranged from 3.0-14.2ug/m1
(B4), 0.9-11.9 ug/ml (BE)’ 0-12.5ug/ml. (G4),

and 0-9.2 ug/m) (Gp). (Table 7). Although

more aflatoxin producing strains of A, flavus
were isclated from Okene samples, this could

have been merely acciacntal. The important
observation made was that aflatoxin producing
stra’ns were isolated from cassava flour

samples purchased from different geographical
areas in Nigeria. It was also observed that
although the cassava flour isolates of A,

flavus had relatively lower ability to produce
aflatoxin (Table 7) than the potent aflatoxin
rroducing strain obtained from the Institute

of Agricultura’ Research (I.R 586), some of

the cassava flour isclates produced relatively

1ign cencentrations of aflatoxins,

Generally, the occurrence ~f aflatoxine-
producing strains of A. flavus in cassava flour
suggests possible presence of the Loxins in the
flour marketed in Nigeria. Further work will

be needed to confirmm this. However, the
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apeculation is possible boenusce fL. Lflavus can
arow during tae drying process oi cassava

chips used in flour production, 1In acdition,
hAlozie et al (1980) have shown tlat A. flavus
can grow and preoduce toxin in gari, a cassava
product. Okpokiri et al (1964) reported that

Aspergillus spp have cen implicated in problems

of aflatoxicity in cassava roct meals in
Thailend, Hong Kong, Brazil and India. This
study therefore shows that cousiderable risk
of afirtoxigoses exidts in thercurrent ~n-
potential uses of cassava flour made at
village level in Nigeria and sug; «sts a need
for control of overall mould contaninetion

of the product.
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