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ABSTRACT
Six species of known toxigenic and zoopathogenic
fungi were isolated from Nigerian poultry feeds. These

include Aspergillus flavus Link: Fr. (IMI 280819), A.

fumigatus Fres. (IMI 280822),A. niger v. Tieghem (M1
280823), A. oryzae (Ahlburg) Cohn (IMI . 280831),

Rhizopus arrhizus Fischer (IMI 280827) ‘and Rhizomucor

pusillus Lindt Schipper (IMI 280824).
Growth-temperature range for the fungi was between

15° and 45°C. Aspergillus fumigatus and Rhizomucor

pusillus are thermotolerant with optimum growth 40°C

while Rhizopus arrhizus 'had optimum growth at 30°C.

For Aspergillus flavus, A. niger and A. oryzae the

optimum growth was at 35°C. The pH growth studies
showed that all the fungi had good mycelial growth at

pH 4-8 with optimal growth at pH 5.5 for Aspergillus

fumigatus, A, flavus and A. oryzae. Aspergillus niger,

Rhizomucor pusillus and Rhizopus arrhizus had optimal

growth at pH 6.0.
Nutritional studies showed that all the fungi were
capable of wutilizing the various forms of carbon and
»

nitrogen provided to varying extents. Starch and

dextrin were excellent socurces of carbon for mycelial



growth and sporulation while pectin and carboxymethyl
cellulose (CMC) were poorly utilized by all the fungal
isolates. The fungal species grew poorly on native

cellulose (filter papers) except Rhizomucor pusillus

and Rhizopus arrhizus which showed no growth on this

carbon source. Apart from tryptophan, %ll the nitrogen
sources supplied were utilized for growth and
sporulation by the test fungi. though to varying
extents. Casein was the best nitrogen source for all
the fungi. Feed infusion wmedium also supported growth

and sporulation of all thes. isolates.

Varying quantities of aflatoxins (B B, and Gz)

" 2
were produced by Aspergillus flavus and A. oryzae on

modified Czapek-Dox media. None of the remaining
fungal species produced aflatoxin. Peak aflatoxin Bl
production was<~on the 8th day of incubation by the two
toxigenic fungi. Optimum pH and temperature for the
production of toxins were pH 5 and 30°C respectively.
Major sources of aflatoxins in poultry feeds due to
mould infestation in increasing order of importance
were: palm kernel, corn and groundnut cake meals.

Studies on aflatoxif production on feed concentrates by

A. flavus and A. oryzae showed that under suitable



conditions of moisture and temperature, dried brewers
grains, wheat offals, palm kernel, corn and groundnut
cake meals were suitable substrates for toxin
production. Other feed concentrates: fish, blood,
oyster shell and bone meals were [ound to be unsuitable
substrates for aflatoxin production. Aflatoxins were
not detected in poultry droppings before and after
inoculation with the toxin producing fungi.

All the fungal isolates produced extracellular

amylases, cellulases, proteases and lipases. The

synthesis and activity of Lhese enzymes were affected
by external factors “such as the pH, incubation
Lemperature and type of carbon source in the growth
medium. Optimum activity for all the enzymes produced
by the isolates was in acidic media (pH 4-6) and within
a temperature range of between 40°C and 50°C.

On the basis of these findings recommendations
were made for the control of the toxigenic and

zoopathogenic fungi in poultry feeds and other stored

agricultural products.
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INTRODUCTION

Livestock production is currently on the increase
in all states of the Federal Republic of Nigeria. This
may be due to the increase in demand for poultry
products as a result of increasing population
(Ogunmodede, 1983; Monu, 1983). The expansion in
poultry production has led to a considerable interest
being shown in the formulation of high efficiency
diets for all classes of poultry based on available
feed ingredients (Oluyemi et al; 1976).

In many tropical countries and particularly
Nigeria, commercially produced poultry feeds contain:
maize (50-70%), groundnut cake meal (13-33%), soya bean
meal (3-40%), palm kernel meal, fish meal (4.5-6%);,
blood meal (0-3.5%), bone meal (0-7.5%), wheat offals
(0-84%), dried brewers grains (1-4.4%) and oyster
shells (0-5.7%). Other ingredients are: common salt
(0.25-0.3%), mineral sources (0.5-4.0%), vitamins such
as 'green fowl' (1-8%) and amino acid supplements
(Oluyemi and Roberts, 1979). Also included are feed

additives such 1as antioxidants like butylated
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hydroxytoluene and preventive medication like
coccidiostat and other antibiotics (Saloma et al; 1970;

Bunyan et al; 1977; Jeffries et al; 1977). The

antibiotics produce beneficial effects that are either
slight or transient and only included where conditions
are substandard resulting in infections (Foster, 1972;
Oluyemi and Roberts, 1979).

With the exception of bone meal and oyster shells
which are milled, these ingredients if in solid form
are ground before thorough mixing. These operations
entaii the wuse of mechanical millers, grinders and
mixers respectively. The proportions of mixing the
various ingredients is important to obtain an efficient
balanced diet hence recomendations of the National
Research Council (N.R.C.) of the United States of
America is widely adopted (Oluyemi and Roberts, 1979).
After mixing® together the feed concentrates in the
desired proportions, packaging of the compounded feed
follows. This in some cases is by the use of multi-
wall paper bags capable of preventing produce from
absorbing considerable atmospheric moisture (Oyeniran,
1976). The moisture content of poultry feeds like

9
other stored agricultural products is influenced by the
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relative humidity of the storage atmosphere until an
equilibrium is reached (Pixton, 1976).

Spoilage of livestock feeds during storage due to
mould, infestation is particulary high in the tropics
where the temperatures and high relative humidities
provide excellent conditions for fungal growth
(Ogundero, 1980b, 1983). Various reports occur in the
literature on mould infestation of animal feeds.
Bonner and Fergus (1959) working with cattle feeds
isolated sixty-four fungal species representing three
classes, seven orders and Etwelve families. Of the
sixty-four species identified, sixty=three were
obtained from suspected feed samples while thirty-eight
were isolated also from non-suspected feeds. Twenty=-
five of their isolates were known or suspected to be
pathogenic or have toxic abilities in livestock. These

-

include: Mucor racemosus, Rhizopus arrhizus, R.

nigricans, Haplosporangium decipiens, Candida albicans,

C. humicola, C. krusei, Cryptococcus albidus,

Aspergillus chevalieri, A. flavus, A. fumigatus, A.

nidulans, A. terreus, Monascus purpureus and
Penicillium expansum. Others are: Chaetomium
L]

olivaceum, Cephalosporium kiliense, Paecilomyces
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variota, Scopulariopsis brevicaulis, Trichoderma

Koningi, Fusarium moniliforme, Cladosporium herbarum,

Pullularia pullulans, Mucor flavus and Streptomyces

-

Spp- From poultry feeds, Ogundero (1980b) obtained

eleven species of fungi out of which . Aspergillus

fumigatus and Rhizomucor pusillus were more frequently

encountered than the other fungi. Three of the

isolates namely: Aspergillus fumigatus, Mucor pusillus

and Thermoascus aurantiacus were found to be

zoopathogenic. Research findings of Christensen and
Kaufman (1965) and Scott (1965) have implicated several
feed inputs as sources of fungal contaminants in
compounded feeds. Another major source of fungal
contaminants of livestock feeds is the soil. Taber and
Robert (1975) “isolated several fungal species from
peanuts and pegnut soils. Some of their isolates were:

Mucor pusillus; Humicola lanuginosa, Talaromyces

(Penicillium) dupontii, Thermoascus aurantiacus, all of

which are thermophilic and Aspergillus fumigatus which

" is thermotolerant. Mucor pusillus was however the most

commonly isolated of the lot.
From previous reports (Christensen, 1957;

Christensen and Kaufman, 1965; and Oyeniran, 1978) the
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spoilage of mould-infested stored agricultural products
such as feeds and feed concentrates could be manifested
in several ways: loss in dry weight, macro and micro
nutrients depletion, production of undesirable
flavours, colours and odour; changes in the physical
structure of the products such as conversion of feed
particles into sticky masses. Others include
initiation of undesirable biochemical changes such as
increase in the free fatty acid (F.F.A) contents of
such products and the production of harmful secondary
metabolites called mycotoxins.

The degradative roles of fungi associated with
stored agricultural products such as poultry feeds and
feed concentrates have also been reported. Nagel and

Semeniuk (1957) reported that Penicillium chrysogenum,

Aspergillus ~niger and A. flavus were active in

decomposing corn organic matter, producing- losses of
40% to 45% within a 4-week period. The level of fatty
acids in the corn were increased by the three fungi and

also by Mucor racemosus and Aspergillus amstelodami.

Decrease in organic weight brought about by Aspergillus

tamarii, A. glaudus group and Penicillium citrinum had

also been recorded in peanuts (Ward and Diener, 1960).
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Kuku (1971, 1975), reported on mould deterioration of
Nigerian palm kernels which is an important poultry
feed input. The results of her work showed that each

of the five isolated moulds (Aspergillus flavus, A.

chevalieri, A. fumigatus, Paecilomyces varioti and

Penicillium steckii) increased or decreased the free

fatty acid (F.F.A.) and oil contents of palm kernel

samples respectively. Aspergillus flavus however

caused the greatest increase in the free fatty acid
content (5%) after four weeks of incubation. It also
brought about 9.8% decrease in o0il content in eight
weeks following inoculation. Kuku and Adeniji (1976)

also working on palm kernels reported that seven of the

moulds isolated (Aspergillus chevalieri, A. flavus, A.

niger, A. ruber, Paecilomyces varioti, Penicillium

citrinum and Syncephalastrum racemosum) have lipolytic

abilities thus breaking down the fats into fatty acids
leading to a reduction in o0il contents. Earlier
reports by Ward and Diener (1960) and Eggins (1963)
showed that the liberation of free fatty acids is a
major form of deterioration caused by associated moulds
on peanuts and - palm  produce respectively. That

thermophilic fungi play significant roles in such
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deterioration was reported by Ogundero (198la). He
obtained considerable decreases (23.4-46.5%) in the oil
contents and increases (38.9-84.6%) in the F.F.A.

contents of the palm products caused by Chaetomium

thermophile, Humicola lanuginosa, H. insolens, Torula

thermophila and Mucor miehei. Extracellular lipases

produced by the fungi played significant roles in all
the degradation given above. They have particularly
been implicated in the degradation of Nigerian
groundnuts and palm produce (Ogundero, 1980a; 198la;
1981b). oOut of the seven fungi isolated from mouldy

groundnuts, Humicola grisea, Mucor pusillus,

Talaromyces thermophilus and Thermoascus crustaceus

were found to be lipolytic. Their lipases hydrolysed
both natural and synthetic glycerides to free fatty
acids (Ogundero, 1980a).

The proauction and release of extra-cellular
enzymes by fungi are known to be significant in the
degradation of feed concentrates. Cellulases are of
particular importance in this respect since cellulose
forms the bulk of the dry weight of many agricultural

products of plant origin (Gascoigne and Gascoigne,
L]

1960). Oso (1978) reported that Talaromyces emersonii
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obtained from Nigerian oil palm kernels was able to

synthesize the Cx cellulase enzyme confirming
involvement in the biocdeterioration of stored
agricultural produce. While working with twenty-one

fungal species, most of which are known to degrade feed

concentrates, Rosenberg (1978) observed c¢ellulolytic

abilities in Alleschera terrestris;, Aspergillus
. fumigatus, Sporotrichum thermophile, Talaromyces
emersonii, Thielavia thermophila, Chrysosporium

pruinosum and Sporotrichum pulverulentum. Chrysosporium

pruinosum and Sporotrichum pulverulentum were even able

to degrade lignocellulose which is more resistant to
biodeterioration. Amylases also play significant roles
in the degradation of plant products particularly those
rich in starch (Burnett, 1962). Their synthesis by
fungi and break-down aclivilies have also been reported
(Ogundero, . 1978; 1979; Oso, 1979).

Synthesis of proteases by storage moulds and their
roles in biodeterioration of agricultural products have

also been reported. 'The report of Ogundero (1983) on

the zoopathoggnic fungus Thermoascus aurantiacus

obtained from poultry feeds in Nigeria was on

biosynthesis and activity of the extracellular
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proteases of this species. The protease activities of

Mucor mieheil which is known to be associated with some

feed concentrates was reported by Lasure (1980). 1In a
recent work, Ogundero and Adebajo (1987) reported the
production of polysaccharide degrading enzymes by a

toxigenic strain of Aspergillus isolated from Nigerian

poultry feeds. They found that the fungus optimally
produced amylases within 48hrs of incubation and at
30°C; CM-cellulases and FP-cellulases at 30°C and pH
6.0 while xylanases and dextranases of the same
organism had peak production at pl 5.4. The report
also showed that the cellulases were produced only on
cellulose containing media while other enzymes were
produced to various extents on all the carbon sources
supplied.

The nutritional and physiological activities of
moulds on agricultural products may lead to the
depletion of macro and micro-nutrients hitherto present
in them. Gregory et al; (1963) reported rapid
utilization of glucose and soluble nitrogen from animal
fodders by moulds. Fungal activities 1in feeds and

L]

fodder may also alter the availability of micro-

nutrients (Lacey, 1975). Apart from the loss in dry
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weight and nutrients of stored agricultural produce
moulds may cause discolouration of produce.

Botryodiplodia theobromae and Macrophomina phaseoli for

example are known to discolour feed ingredients such as
groundnuts (Oyeniran, 1978) . Such produce with
undesirable colours are often rejected by manufacturers
and consumers due to decrease in the quality.
Associated with a large number of fungi
responsible for the spoilage of poultry feeds, feed
concentrates and similar agricultural produce are toxic
metabolic by-products which when ingested are harmful
to livestock even at low concentrations (Campbell and
Stoloff, 1974). Such & toxic substances are termed
mycotoxins and their extraction from animal feedstuffs
have been reported (Roberts and Patterson, 19753
Patterson and Roberts, 1979). Some of the already
identified mycotoxins include: aflatoxins, aspertoxin
citringdny cytochalasins, fumagillin, gliotoxin,
islanditoxin, luteoskyrin, moniliformin, ochratoxins,
patulin, rubratoxins, scirpentriol, scopoletin,
sporidesmin, sp?rofusariogenin, sterigmatocystin, T-2
toxin, verrucarins, verrucarol and zZearalenone. Others

include: aspergillic acid, epicladosporic acid,
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helvolic acid, penicillic acid,cyclopiazonic acid and
terreic acid (Bamburg et al, 1969; Robb and Novral,
1983) Mycotoxicoses are intoxications in animal and man
caused by intake of mycotoxins (Krogh, 1969). Several
reports on mycotoxins and the implicated microbes are
available in the literature (Bamburg et ‘_i, 1969) .
Mycotoxicoses associated with such mycotoxins have also
been reported (Forgacs and Carll, 1962; Bassir 1969;
Uraguchi, 1969).

Krogh (1969) reported that necrosis of pharynx
mucosa, degeneration of the liver and kidney, the
destruction of the spleen, cancer of the liver,
inflamation and proliferation of bile ducts are some of
such damages. In addition, wvulvo vaginitis, cereals
toxicosis, ochratoxicosis and alimentary toxic aleukia
(B T.AG) are other mycotoxicoses associated with
animals fed with mouldy feeds (Bamburg et 2&: 1%69).
In addition, the notorious "turkey X" disease of
poultry 1is reportedly caused by the ingestion of
mycotoxins particularly aflatoxins in feeds (Schroeder,
1969). o

External applications of some mycotoxins on the

skins of experimental animals has proved to be harmful
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in some <cases. Joffe (1969) reported that the
application of sporofusarin, poaefusarin and aflatoxin
on the skins of rabbits resulted in oedematous and
heamorrhagic or leukocytorrhic reactions. This
subsequently led to the death of about 50% of the
animal population. A few reports on the effects of
mycotoxins even on plants have been made. The three
mycotoxins: sporofusarin, poaefusarin and aflatoxin
were implicated in the death of the branches of peas,
beans and tomatoes grown in liquid substrates in which
the toxin producing fungi had previously been grown
(Joffe, 1969). However, out of all the mycotoxins
already identified, the aflatoxins produced by some

strains of Aspergillus flavus, especially on groundnut

kernels has attracted most attention of research
workers. Hq}liday (1969) reported aflatoxin contents
ranging between 50 and 250 ppb in Nigerian groundunts
with 0.4-1.6% mouldiness. Broadbent et al. (1963) and
Halliday and Kazure (1970) have also determined the
aflatoxin contents 1in groundnut cake and groundnut
materials used as feed concentrates. Lillehoj et al.

(1980) and Opadokun et 1. (1979) reported aflatoxin
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levels below 300 ppb in most of the pre-harvest and
post—-harvest corn samples analysed.

Although species in the Aspergillus flavus group

are known to be principal producers of aflatoxins,

other species of Aspergillus and other moulds such as

Rhizopus and Penicillium have been reported to produce

aflatoxins (Hodges et al; 1964; Kulik and Holaday,

1966; van Walbeek et al, 1968; Wilson et gi: 1968).
Eight closely related compounds, designated as

aflatoxin Bl‘B2’ G G Ml’ M2, Bza and G have been

i 2a

discovered to be a part  of the aflatoxin complex.

2!

However, aflatoxin Bl is the most toxic and the one
most commonly found in significant guantities
(Schroeder, 1969). Aflatoxins are hepatocacinogens
causing liver -damage in the form of a necrosis,
proliferation of the bile ducts, fibrosis and the
development of malignant liver tumors. They are also
reported to be responsible for the destruction of the
kidney and necrosis of pharynx mucosa (Krogh, 1969;
Campbell and Stoloff 1974; Bababunmi et gi: 1978). Man
and animals such as duck, rainbow trout, guinea-pig,
L]

rabbit, dog, rat, turkey poult, pig, monkey, cattle,

pheasant, chick, hamster and mink were found to be
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sensitive to aflatoxin while the sheep however seems to
be almost resistant (Krogh, 1969). Feeding-stuffs and
foods meant for livestock and human consumption
respectively should therefore be carefully screened to
determine their aflatoxin and other mycotoxin contents
(Opadokun et al; 1979; Robb and Norval, 1983) In most
of the previous studies carried out in Nigeria, the
qualitative and gquantitative estimation of mycotoxins
particularly aflatoxins present in groundnuts and
groundnut products were given little attention. Feed
ingredients such as fish meal, wheat offals, blood
meal, brewers grains and even compound rations such as
poultry feeds are yet to be screened to assess the role
of microfungi and their mycotoxin. The implication of
this to Nigeria will be appreciated if it is realised
that, unlike’in the technologically advanced countries,
there is no serious monitoring of the quality of feeds
produced by the wvariuous feed compounders. The
prevailing humid tropical <climate enhancing mould
deterioration of feeds has further complicated the
problem. Althou?h livestock feeds contaminated with

aflatoxins may not affect man directly, however, they

could be dangerous, indirectly. This is so because it
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has been reported that ruminants fed with feeds
containing aflatoxins B,y and B, excrete a toxic
compound of aflatoxin named M-toxin in the milk. While
it has been determined that only 1% or less of the
ingested aflatoxin is thus excreted, yet this may
constitute a public health problem (Wogan, 1966;
Legator, 1966).

Apart from the presence of the toxigenic fungi in
the feeds and feed concentrates, =zoopathogenic fungi
have also been reported (Bonner and Fergus, 1959;
Ogundero, 1980, 1981l; oOgundero and Adebajo, 1987).
These fungi have been implicated in various diseases of
livestock and man (Alexopoulos, 1962; Ajello et al;
1976). Notable among such diseases resulting from
ingestion of contaminated feeds are pulmonary mycoses
such aspergillosis which is a killer disease of young
birds (Anisworth and Austwick, 1955). Others include
mycotic abortion, gastric ulceration, mycotic mastitis,
digestive disturbance and allergic reactions could also
result from fungal infections (Lacey, 1975). In
addition, fungi may cause diseases 1in several ways

]
simultaneously. Aspergillus fumigatus for instance, may

cause respiratory infection and allergy in animals
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(Alexopoulos, 1962) and at the same time produce toxins

(Bamburg et al; 1969). Absidia sp. may cause mycotic

abortion in cattle and with Mucor pusillus may be

involved in gastric ulceration in several farm animals
(Lacey, 1975). Also, from the reports made by Carll
and Forgacs (1953) and Forgacs et - al. (1953),
respiratory, nervous and intestinal disturbances have
been found to develop along with dinternal mycoses
following the effects of allergins, or toxins or both.
The adverse effects and - activities of moulds
associated with 1livestock [eeds have serious economic
implications either directly or indirectly. They lead
to decrease in feed quality, in egg, milk and meat
production, high expenditure on health problems of
livestock and man and mass loss of livestock due to
fungal infections. The removal or neutralization of
the undesirable effects brought about by invading fungi
on produce has therefore been attempted. For instance
detoxification of agricultural produce .particularly
feed concentrates such as groundnuts and corn has been
reported. Coome; et _i. (1966) Ciegler and Paterson

(1968) Gardner (1971) and Beckwith et al. (1975)

attempted a wvariety of chemical degradation methods



involving the use of acids, bases, oxidizing agents and
bisulphite to detoxify contaminated feed concentrates.
Biological control measures have also been
attempted to get rid of the effects of toxin producing
fungi in agricultural products. Ginterova et al.
(1980) brought about detoxification of ‘corn meals
contaminated with aflatoxin By by cultivating Pleurotus

ostreatus with the aflatoxin producing fungus which is

Aspergillus flavus. Tsubouchi et al. (1981) also

inhibited aflatoxins By and G,y production in rice
cultures by A. flavus when A. niger was co-inoculated.

Physical method of control has also been used to
eliminate the adverse effects of fungi particularly the
toxigenic ones from feed concentrates. For example,
Conway et al. (1978) reported the detoxification of
aflatoxin-contaminated corn by roasting. Huff(1980)
also reported the use of a physical method involving
the use of density for the segregation of aflatoxin
contaminated corn from uncontaminated ones. Shantha
and Venkateshaish (1981) reported the detéxification of
stored groundnut products by exposure to sunlight.

L]

The prevention of infection in stored products has

also been suggested as a method for controlling fungal
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activities in produce. McDonald (1969, 1970) reported
that mechanical damage is one of the factors enhancing
fungal invasion of agricultural produce and therefore
should be avoided particularly during cultivation and
at harvest time. Removal of pre-harvest infected
produce; addition of <chemical preservative agents
particularly when produce are stored under conditions
favouring biodeterioration; the use of fungicides;
engagement of other technical methods of control such
as refrigeration, irradiation and storage under inert
atmosphere; and careful management to ensure that
produce are not ;tored for unnecessarily long periods
(Oyeniran, 1978) are some of the control measures
already attempted.

In spite of the above attempts at controlling the
adverse effects brought aboult by moulds associated with
livestock feeds and similar products, mdre researches
are still necessary before satisfactory solution to the
problem could be achieved.

The aims of this study consequently are to
identify the fungi associated with the spoliage of
feeds and feed imputs and study their physiological and

biochemical activities. Attempts were also made to
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determine the roles of these microbes in relation to
levels of mycotoxins often recorded in poultry feeds,
and their ability to produce such toxins. This was
done with a wview Lo <controlling contamination of

livestock feeds by such fungi.
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MATERIALS AND METHODS

Collection of Samples

Random samples (approximately 500g each) of
poultry feeds and feed concentrates were collected from
several feed millers, retailers and storage depots in
poultry farms in South Western Nigeria. The compound
rations collected include feed mashes for day-old
chicks, growers, layers, broiler starters and broiler
finishers. The feed concentrate samples collected were
corn meal, groundnubt cake deal, palm kernel meal, fish
meal, blood meal, whealb ofllfals, dried brewers grains,
bone meal and oyster shell meal. Each sample was
brought to the laboratory at the Department of Botany

and Microbiolegy, University of 1Ibadan in a clean,

labelled polythene bag and Kept in the cold room at
5° C. All samples were analysed within two days of
collection.

Storage history and nature of feeds collected for

investigation.

The feed samples used for the various

investigations were obtained from bags stored in the
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feed depot and stores of LChe poultry houses for a
period of not more than ten days after milling. The
stores were always kept dry and neat thus ensuring that
the bagged feeds were protected in all cases from
direct contact wilth moisture.

Investigation on the nature of the feed samples
used for the studies showed that they were relatively
dry, powdery and not mashy. There was absence of
offensive odours in all the feed samples collected.
The temperature of the samples ranged between 30°C and
32°C which is equivalent to the ambient temperature.
The capacity of the various feed samples to absorb
moisture varied from one sample Lo the other as
indicated by their woisture contents which ranged

between 8.86% and 18.92% (Tables 1 and 2).

Determination of moisture contents and pH of samples

The moisture content was analysed by drying 50g of
each sample in triplicates to.constant weight at 80°C
in an oven for 24 hrs using pre-weighed crucibles.
Dried samples were allowed Lo cool down in a desiccator
before weighing after which the % moisture content was

calculated. »
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The pH values of 1:1 (w/v) feed; water suspensions
of the samples in triplicates were determined with the

aid of an electronic pH meter.

Analysis of aflatoxins content in samples

A modification of the wmethod of Anon (1976) was
used. This involved placing 25g of the dried powdery
test sample into a 250ml conical flask. Twelve and
half grams of diatomaceous earth, 12.5ml of water and
125ml of chloroform were added. The flask was corked
and stirred for 30 minutes using a wrist action shaker.
The filtrate was collected using a funnel and filter
paper. Fifty wmillilitres of the extract collected
above were mixed with 100ml of n-hexane and transferred
into a chromatography column c¢ontaining glass wool,
chloroforin; ~sodium sulphate and silica gel. The tap
was opened to allow the liguid to flow until it was
just above the upper surface of the sodium sulphate
layer. The tap was then closed and 100ml of diethyl
ether were added and again allowed to flow until it was
just above the upper suriface of Lhe sodium sulphate
layer. The column was finally eluted with 150 ml of

the mixture of chlbroform and melthanol 97: 3(v/v).
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The eluate obtained was collected in the round
bottomed flask of the rotary evaporator and evaporated
almost to dryness at a tewmperature not exceeding 50°C.
Two millilitres of chlovolorm were then added to re-
dissolve for spolting. Five, 10, 15, 20 and. 25ul of
the extract obtained welis spokbted on thin=-layer
chromatography (TLC) platq along with similar
concentrations of standard aflatoxins (Bl, BZ' G1 and
G2). The chromatogram was developed in the dark using
5% (v/v) acetone in chloroform. The plates were dried
and examined under longwave ultra-violet light.
Presence of aflatoxins in the sample was indicated by a
purple blue fluorescence with the same rate of flow
(Rf) as that of the qualitative standard.

Visual estimation of each aflatoxin was carried
out by comparing the intensities of fluorescence of the
extract spots with that of the standard solution spots
(Anon, <1976). The content in micrograms of aflatoxin
per kg of sample i.e. parts per billion (ppb) was
subsequently calculated according to Anon. (1976).

Isolations and identification of isolates

Waksman's direct inoculation method (Crisan, 1964)

was used. Two grammes of cach feed sample were placed



in 11.5cm diam. Sterile Petri-dishes on 20ml of agar
medium. Ten-fold serial dilution method of Waksman and
Fred (1922) was also carried out to estimate the
relative abundance of each fungal species in the
sample. For this method, 20g of feed sample were added
to 200ml of sterile water in. a 1litre flask and
vigorously shaken to obtain a suspension. Ten-fold
dilutions were subsequently prepared froim the
suspension by adding 1Oml portions to 100ml, 1000ml and
10,000ml of sterile water. One.ml of each dilution was
introduced into Petri-disiies into which sterilized
molten media were then added. The direct hyphal
isolation technigue (Cooney and BEmerson, 1964) was also
used Lo isolate fungi from mouldy feeds. The media
used for thé isolations were:

Malt extract agar (MBA) . This was prepared by

suspending 504 of dehydrated -'Oxoid' malt
extract agar 1in one litre of distilled water,

Potato dextrose agar (PDA): prepared by dissolving

39g of dehydrated ‘'Bact' potato dextrose agar
in one litre of distilled water,

| ]
Yeast extract agar (YBA): Sucrose, 20g; yeast extract,

5g9; NaN03’ 0.2g; KCl, 0.05g; sodium gyglycerophosphate,



0.05g; KZSO4, 0.03qg; Fe304. 7“20, 0.0lg; agar, 15g;

distilled water, 1000ml,

Malt-yeast-extract agar (MYEA): HMalt extract, 20g;

yeast extract, 2.5g; NJNU], 0.2g; KCl, 0.05g; sodium

glycerophosphate, 0:05qg; K2804 0.03g; Fe804.7H20,

0.01g; agar, 15g; distilled water, 1000ml,

Czapek-Dox agar (CDA): Sucrose, 30g; NaN03; 29; KZHPO4,

il s Mg804.7H20, 0sbgy KCl; 058 FeSO4.7H 0, 0.01lg.,

2
yeast extract, 0.5g; agar, 15g; distilled water,

1000ml. The pH of all media was adjusted to pH 6.8
before autoclaving them at 121°C for 15min. Incubation
of the inoculated plates was carried out at each of the
following temperatures: 15, 25, 30°, and 40°C. All
the Petri-dishes were examined daily for fungal growth
and spores ;f individual species were transferred to
fresh agar plates as soon as they appeared.

The isolated fungal species were examined under
stereoscopic microscope to study their vegetative
characteristics. Tentative identifications were made
by reference to Faper and Fennel (1965) and Raper and
Thom (1949). The fungal cultures were subsequently

sent to the Comwonwealth Mycological Institute, Kew,

England for confirmation .
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Physiological Studies

The test fungi nsed for the physiological

experiments were: Aspergillus flavus, A. fumigatus,_A.

niger, A. oryzae, Rhizomucor pusillus and Rhizopus

arrhizus. The growth medium used had the following
composition: D-glucose, 10g; KN03, 3.899 MgSO4. 7H20,

0.:.715q9: KH2P04, 1.75g; distilled water, 1000ml. For
inoculum, the fungi were ygrown for -3 to 5 days on MYEA
medium in Petri-dishes at 30°C. Each flask of the
growth medium was inoculated with one disc of agar plus
mycelium (5mm diam) of ~the test fungus obtained by
using a sterile cork borer. After the required period
of incubation, the mycelium produced was harvested with
oven—-dried and weighed filter papers (Whatman No.l 15cm
diam). The filter papers with mycelia were dried in an
oven at . 80°C for 24h, <cooled in a desiccator and
weighed. The difference in weight gave the weight of

the mycefium.

Growth temperature relations of isolates

Thirty millilitre-portions of the growth medium
were dispensed into each of several 250-ml conical

flasks and autoclaved. The flasks (3 for each fungus)
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were inoculated with the test fungi and incubated for 6
days at each of the temperatures: 15, 20°, 25°, 30°,
35°, 40°, 45° and 50°C. Preliminary experiments showed
that peak mycelia production was on the 6th day of
incubation. The mycelia produced were harvested, dried

and weighed.

Effects of pll on growth

The pH of the growth medium was adjusted to values
between 4.0 and 8.0 with 0.2N NaOH or 0.2N HCl where
appropriate. These were stabilized with citric-acid-
phosphate buffers (Child et al; 1973) and dispensed in
30ml portions into each of several 250ml conical
flasks. The contents of each flask were sterilized by
millipore filtratiom and the flasks (3 for each fungus)
inoculated wigh test fungi. All the flasks were
incubated for 6days at 30°C after which the mycelia

produced were harvested and dried weights determined.

Carbon-source utilization for growth and sporulation

The carbon sources used were glucose, fructose,
galactose, sorbosg, xylose, sucrose, lactose,
cellobiose, raffinose, maltose, pectin, soluble starch,

dextrin and carboxymethyl callulose. The appropriate
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weights of each carbon source Lo yield 0.8g carbon/l
was incorporated into the growth medium as the sole
carbon source. Because ol Lthe complex nature of
pectin, starch, dextrin and carboxymethyl cellulose,
10g/1 of basal medium were used. The media were
dispensed in 30ml portions into each of several 250-ml
conical flasks. Due to the thermolabile nature of the
simple sugars, they were autoclaved at 115°C for
lOminutes. The f£lasks (6 for .each fungus) were
inoculated with the test fungi and incubated at 30°C
for 6days. The contfol flasks were without any carbon
source. At the end o©f incubation period, the dry
weights of mycelia produced were determined for each
fungus. Sporulation was also determined by direct cell
count technigue with the aid of a haemocytometer slide.

Utilization of native cellulose (filter papers).

This was determined using the modified method of
Garrett (1962). Wads (1l0Oper flask) of Whatman No 1
(9em diam ) filter papers were oven dried, weighed and

put in each of several 250-wml conical flasks before

autoclaving. Eggins and Pugh's nutrient solution
(Eggins and Pugh, 1962) of the following composition:
(NH !

4)3 50,4, 0.5g; Ril,p0,, 1.0g; KCl, 0.5g; CaCl,.2H,0,
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0.1g: Mg504.7H20, 0.2g; Yeast extract 0.5g; Asparagine,
0+59; Distilled water, 1000m1, was separately
autoclaved at 121°C for 1l5minutes and 20ml portions was
aseptically added to each flask. The flasks- (3 for
each fungus) were inoculated with the test fungi and
incubated at 30°C. Control flasks were inoculated with
blank agar discs. After 21 days of incubation, the
filter papers plus the mycelia produced were oven-dried
at 80°C and weighed. The wads were not washed and loss
in weight was taken to be due to the utilization of the
native cellulose by the CteskL Cungi during respiration.
The ability of each fungus Lo utilize cellulose was
expressed as net loss in weight rof cellulose after

subtracting the values of the control flasks.

Nitrogen-source utilization for growkth and sporulation

The dinorganic nitroygen sources used were KN03,

NaNOB; NH4NO3, Mg(NOB)Z' NH4Cl, and (NH 804 while the

4)2

organic nitrogen sources (amino acids) were: glycine,

DL-methionine, B-alanine, guanine, L-glutamic acid, L~

asparagine, DL-tryptophan, casein hydrolysate, amino-n-
@

butyric acid and L-aspartic acid. The appropriate

weight of each nitrogen source Lo yield 0.5g nitrogen/l
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was incorporated into the growth medium as the sole
nitrogen source. The media were dispensed in 30ml
portions into each of 250ml flasks and the pH was
adjusted to 6.5 before autoclaving at 115°C for
l10Ominutes. The flasks (6 for each fungus) were
inoculated with the test fungi and incubated at 30°C
for 6 days. The control flasks were without any
nitrogen source. At the end of the incubation period,
the dry weights of mwycelia in three flasks were
determined for each fungus. Sporulation in the
remaining three {lasks was determined by direct cell
counts.

Mycelial growth and sporulation on feed infusion medium

Livestock feed infusion medium used was prepared
by boiling 100g layers mash with 1000ml distilled
water, cooliﬁg and squeezing out the 1ligquid content
from muslin cloth (Ogundero, 1983). The medium was
dispensed in 30 ml portions into each of 250ml conical
flasks and sterilized by autoclaving at 121°C for
l15minutes. The flasks were inoculated with test fungi
and incubated at 30°C for 6 days. At the end of the

L]

incubation period, the dry weights of mycelia in three

flasks were determined for each fungus. Sporulation in
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the remaining three flasks was determined by direct
cell counts.

Aflatoxin Studies

Test for the production of aflatoxins by isolates

A modified Czapek-Dox medium was used. The medium

contained: Sucrose, 30.0qg; NaNO3, 2.0g9:3 KZHPO4, 1.0g;
MgSO4.7H20, 0.5g; KCl, 0.5g; Fe804.7H20, 0.0lg; yeast
extract, 0.5g; distilled water, 100ml. A 2%(w/v)

finely ground toxin-free yellow maize variety (Farz 7).,
or toxin-free white maize variety (Farz 34) was
incorporated into the medium. Inclusion of ground
maize in a growth medium is known to enhance aflatoxin
production by microfungi (S5chroeder, 1969). The medium
was dispensed in 30 ml portions into each of 250ml
conical flasks and sterilized by autoclaving at 121°C
Eor 15 minutgs. The flasks (3 for each fungus) were
inoculated with agar and mycelia discs (5mm diam) of
the test fungi. Uninoculated flasks served as control.
The flasks were incubated at 30°C for 6 days after
which the culture filtrates were analysed for
aflatoxins as previously described. The results were
reported as micregrams of aflatoxins per 1litre of

medium.
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Aflatoxin Bl production with time by Aspergillus flavus
and A. oryzae

The two test fungal species were used because the

results of previous experiments showed them to be
aflatoxin producers. The mwmodified Czapek-Dox medium
supplemented with finely ground yellow maize variety
(Farz 7) was dispensed in 30ml portions into several
250 ml conical flasks and sterilized by autoclaving at
121° C for 15 minutes. Bach flask was inoculated with
an agar and uwcelia.diac (Smm diameter) of the test
fungus. The inoculated flasks were incubated at 30°C.
Harvesting of mycelia produced was carried out every 48
hours and the culture filtrates were analysed for
aflatoxin Bl content as previously described. Changes
in the pH of the growth medium during the period of

incubation were also recorded.
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Effects of pH on aflatoxin By production

The pH of the modified Czapek-Dox medium
supplemented with ground yellow maize variety (Farz 7)
was adjusted to values between 3 and 8 with O0.2N NaOH
or 0.2N HCL where appropriate. These were stabilized
with citric-acid-phosphate buffers (Child et al, 1973).
The various media were dispensed in 30ml portions into
each of 250 ml conical flasks. Sterilization was
carried out by autoclaving at 121°C for 15 minutes.
The pH values after autoclaving were regarded as the
experimental pH. Three flasks were inoculated with
each fungus and incubated at 30°C for 6 days. At the
end of incubation, the culture filtrates were analysed
for aflatoxin content.

-

Effects of incubation temperature on aflatoxin B

1
production.

Flasks of the modified Czapek-Dox medium
supplemented with ground yellow maize variety (Farz 7)

were inoculated with Aspergillus flavus or A. oryzae

and incubated Eor 6 days at each of the temperatures:

15%; 20 254 30%3 3% 40° and 45" C. At the end of
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the incubation period, the «culture filtrates were

analysed for aflatoxin Bl production.

Utilization of feed concentrates as substrates for

aflatoxin production by AsEergillus flavus and A.
orzzae .

This study was carried out to determine which of

the feed concentrates enhances aflatoxin production by
the toxin producing fungi. The feed concentrates used
for this study were: corn, groundnut cake, palm kernel,
fish and blood meals. Others were wheat offals, dried
brewers grains, oyster shell and bone meals. Each feed
concentrate sample was dried in the oven at 80°C for
24hrs after which aflatoxins in 259 portions was
determined. Another 25g portions were placed in each
of several 250 ml conical flasks and autoclaved at
121°C for 20 minutes. Sterile distilled water (13.5ml)
was later added aseptically to the content of each
flask to obtain a moisture content of 35%(w/w). Three
flasks for each feed concentrate were then separately
inoculated with 2ml of spore suspension
(20x1065pores/ml) of each test fungus. Control flasks

were inoculated with sterile water. All flasks were
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incubated at 30°C for 6 days after which the contents

were analysed for aflatoxin Bl production.

Analysis of fresh poultry droppings for aflatoxins

The detection of aflatoxins in poultry feeds and
the possibility of the toxins being egested with the
droppings necessitated this experiment. Poultry
droppings are used in making compost, as farm yard
manure (F.Y.M.) and fish feeds (Phillips, 1956;
Akinyosoye, 1976). Fresh poultry droppings were
collected from poultry farms and oven dried at 50°C for
48hrs. Test for aflatoxins was carried out on 25g of
the dried sample (in triplicates) using the previously

described methods.

-
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Test for aflatoxins in poultry droppings previously

inoculated with toxigenic fungal species (Aseergillus
flavus and A. oryzae).

Twenty five grams of dried poultry droppings were

placed into each of several 250ml conical flasks and
autoclaved at 121°C for 15 minutes. Sterile distilled
water (13.5ml) was later added aseptically to the
content of each flask to obtain a moisture content
value of 35%(w/w). Three flasks were separately
inoculated with 2ml o©of Sspore suspension (20xlO6
spores/ml) of each test fungus. Control flasks were
inoculated with sterile water. All flasks were
incubated at 30°C for 6 days after which the contents

were analysed for aflatoxins.

Extracellular enzyme production and assay:

Amylase production and activity

A starch-yeast extract medium (SYE) described by

Chapman et al. (1975) was used in this study. The

—

medium contained: starch, 59: yeast extract, 2g;

KZHPO4. 1gs MgSO4.7H20, 0.5g; distilled water, 1000ml.
It was dispensed in 30ml portions into each of 250ml
]

conical flasks and sterilized at 121°C for l5minutes.
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Each flask was inoculated with the test fungus and
incubated at 30°C for 6 days. The culture filtrates
were obtained through glass wool and then centrifuged.
The amylase activity of the filtrate was determined
using the dinitrosalicylic acid (DNSA) reagent method
of Bernfeld (1951). To 9ml of 1% soluble starch
prepared in 0.2m phosphate buffer (pH6.9) was added 1lml
of culture filtrate. The reaction mixture was
incubated for 1lh at 45°C after which 1ml of the
filtrate/starch reaction mixture was transferred into a
test—-tube. To this was added 3ml of DNSA reagent
(prepared by adding lg of DNSA to 20ml of 2N NaOH and
mixed with 20g of potassium sodium tartrate dissolved
in 100ml of distilled water). The mixture was boiled
for 5 minutes in water bath and cooled under running
tap water. The absorbance was read at 540nm using an
Sp6-250 spectrophotometer against a reagent blank. The
reducing sugars released by the action of the culture
filtrate on starch mwmolecules was read off from a
standard curve constructed wusing increasing values
(0.1-2.0mg/ml) 9f maltose. The results are reported as

amount of maltose (mg/ml) released by culture filtrate.
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Amylase production with time on SYE medium

The inoculated SYE media were incubated at 30°C.
Mycelial growth of the organism was allowed to proceed
for 24hours after which harvesting was done daily for
l0days and the culture filtrate analysed for amylase

activity using the DNSA method earlier described.

Effects of carbon sources on amylase production

For this experiment SYE medium wused contained
either 1% glucose or dextrin, starch, pectin and
carboxymethyl cellulose (CMC) as the only carbon
source. Livestock feed infusion broth prepared by
boiling 100g of layers mash with 1000ml distilled water
was also used. The media were dispensed in 30ml
portions into each of 250ml conical flasks and
sterilized by autoclaving at 121°C for l1l5minutes. The
glucose medium was sterilized at 115°C for 1lOminutes.
Each flask was inoculated with the test organism and
incubated at 30°C for 6 days after which the culture

filtrates were analysed for amylase activity.
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Effects of pH of assay medium on amylase activity

Three flasks of sterile SYE media for each test
fungus were 1inoculated and incubated at 30°C for 6
days. At the end of the incubation period, the amylase
activity of the culture filtrates was determined at
different pH levels. One per cent soluble starch
solution was prepared and buffered to different pH (3-
8) with citric acid phosphate buffers. To 9ml of the
buffered starch solution was added 1lml of culture
filtrate and the mixture incubated for lh at 45°C. The

amylase activity was then determined by the DNSA

reagent method.

Effects of temperature on amylase activity

Three flasks of sterile SYE medium for each test
fungus were inoculated and incubated at 30°C for 6
days. At the end of incubation period, the amylase
activity of the culture filtrates was determined at

20°, 30°, 40°, 45°, 50°, 55° and 60°C.

Cellulase prodguction

An oat-meal chatl mediuam (ocM) described by

Ogundero (1978) was used. It was prepared by soaking



Quaker oats in water for 24hrs after which the starch
contents were flushed out by squeezing the flakes
collected in a piece of muslin cloth followed by
rinsing in several changes of tap water. The chaffs
obtained were dried in the oven at 80°C for 48h and a
2% (w/v) suspension of these in distilled water served
as the growth medium. The medium was dispensed in 30ml
portions into 250ml conical flasks and sterilized by
autoclaving at 121°C for 15 minutes. Each flask was
inoculated with the test organism and mycelial growth

was allowed to continue for 6 days at 30°C.

Cellulase assay

At the end of the incubation period, the cultures
were filtered through glass wool. The cellulase
activities of the filtrates were determined using the
method of Reese and Mandels (I963). The assay medium
was 0.55% carboxymethyl cellulose-sodium salt in 0.2M
acetate/acetic acid (pH5.5). Nine ml of this medium
were incubated with 1lml of the fungus filtrate for 1lh
at 45°cC. Filtrates of uninoculated flasks were also
assayed to sefve as control. The amount of reducing

sugars (maltose and glucose) released by the culture



51

filtrates from CMC was estimated by adding 3ml of
dinitrosalicylic acid (DNSA) reagent to 1lml of the
filtrate CMC reaction mixture. The absorbance was
determined at 540nm using an Sp6-250 spectrophotometer.
Transmittance of the spectrophotometer was set at 100%
with the control sample. The amount of reducing sugars
released was read off from a standard curve prepared
with aqueous solutions (0.1-2.0 mg/ml) of glucose. The
results are reported as total reducing sugars (mg/ml)

released by culture filtrate.

Cellulase production in relation to Ltime

Inoculated flasks of oat-chaff medium were
incubated at 30°C and at 24h intervals, three flasks of
each fungus were removed, filtered and the celluloytic
activities of the culture filtrates determined. This

was done for 1lOdays.

Effects of carbon sources on cellulase production

A similar experiment on the effects of carbon
sources on amylase production was repeated. At the end
of the 1incubation period, the culture filtrates were

assayed for cellulase activity.
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Effects of pll of assay medium on cellulase activity

Three flasks of sterile oat-chaff medium for each
test fungus were inoculated and incubated at 30°C for ©
days. At the end of the incubation period, the
-cellulase activity ol the culture filtrates was
determined at different pll levels. The assay medium of
0.55% CMC was prepared and buffered to different pH (3-
8) with citric acid-phosphate buffers. Cellulolytic
activities were determined by dincubating 1lml of fungus
filtrate with 9ml of each of the CMC solutions for 1lh
at 45°C and the amount of reducing sugars released

estimated by the DNSA reagent method.

Effects of temperature of assay medium on cellulase

activity

Three flasks of sterile oat-meal chaff medium for
each test Eungus were inoculated and incubated at 30°C
for 6days. At the end of incubatioﬁ period, the

cellulase activity of the «culture filtrates was

determined at 20°, 30°, 40°, 50°, 60°, 70° and 80°C.
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Protease production

For this experiment, a poultry feed medium
described by Ogundero (1983) was used. It contained:
Poultry feed, 15g; casein, 4.0g; distilled water,
1000ml. The mixture was thoroughly shaken before 30ml
portions were dispensed into several 250ml conical
flasks. All flasks were then sterilized by autoclaving
at 121°C for 15 minutes. Inclusion of casein in a
growth medium for protease synthesis 1s known to
enhance extracellular protease production by micro-
fungi (Lasure, 1980). Each flask was inoculated with a
S5mm diameter of agar and young mycelium disc of test
fungus. Uninoculated flasks served as control.
Mycelial growth was allowed Lo continue for the desired
period before the culture filtrates were collected and

-

assayed for protease activity.

Protease assay

Growth of the test fungi was allowed to proceed
for 6 days at 30°C before the cultures were filtered
through glass wool to obtain the culture filtrates.

L]

The protease activities of filtrates were determined as

follows. One-ml of culture filtrate was added to an



assay mixture containing casein (4ml of 1% w/v) in 0.05
M phosphate buffer (pH 6.0) and incubated for 1lh at
45° C (McDbhonald and Chen, 1965). At the end of the
incubation period, an equal volume of 5% (w/v)
trichloroacetic acid (TCA) was added to stop the
reaction and to precipitate excess proteins. These
were filtered through two layers of glass fibre papers
and the absorbance of the filtrates determined with a
Beckman 25 Dual Beam Spectrophotometer at 280nm.
Transmittance of the spectrophotometer was set at 100%
with the control sample. The amount of tyrosine
released was read off from a standard curve prepared
with aqueous solutions (0.1-2.5moles/ml) of tyrosine.
The results are reported as micromoles of tyrosine
solubilized per millilitre.

-

Protease production in relation to time

Inoculated flasks of the poultry feed-casein
medium were incubated at 30°C. At 24h intervals, three
flasks of each fungus were removed, filtered and the

protease activities of the culture filtrates

determined. ®



Effects of pH of assay medium on protease activity

Inoculated flasks of the poultry-feed-casein
medium were incubated at 30°C for 6 days. The culture
filtrates were obtained and used to assay the effects
of pH on protease activity. The assay medium used was
buffered to different pH (3-8) with <c¢itric-acid-
phosphate buffers (Child et al; 1973).

Effects of temperature of assay medium on protease

activity

Three flasks of sterile poultry-feed-casein medium
for each test fungus were inoculated and incubated at
30°C for 6 days. At the end of the incubation period,
the protease activity of the culture filtrates was
determined at 20*, 30°, 40°, 50° and 60°C.

-

Lipase production

The basal medium used for this study was a 2%(w/v)
suspension of dried oat-meal chaffs supplemented with
5g/litre of yeast extract. The medium was dispensed in
30ml portions into 250 ml conical flasks and sterilized

at 121°C for 15" minutes. The pH of the medium after



autoclaving was 6.8. Bach flask was inoculated with

the test fungus and incubated at 30°C for 6 days.

Lipase assay

After the incubation period, the cultures were
filtered through glass wool to obtain the culture
filtrates. The extracellular lipase activity of the
culture filtrates was measured using the method of
Somkuti and Babel (1968). The assay medium contained:
groundnut oil, 1lml; sodium taurocholate, 0.4g; 0.1 M
CaClz, lml; acetate buffer 6ml, 0.1lM (pH 5.8) all in a
250ml Erlenmeyer flask. Three ml of each of the
culture filtrate were added and the reaction mixture
incubated at 45°C for 2h. At the end of the incubation
period, 40ml of absolute ethanol were added and the
liberated fatty acids titrated with 0.02N NaOH with two
drops of phenolphthalein (lg/500ml of 50% ethanol) as
indicator. The assay mixture containing 3 ml of boiled
extract served as the control. The amount of free
fatty acids (ffa) liberated by the lipases of the fungi
during the incubation period were expressed as

micromoles of ffa mg protein per ml in 2h (Somkuti and

Babel, 1967).
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Lipase production in relation to time

Inoculated flasks of the basal medium were
incubated at 30°C. At 24h intervals, three flasks of
each fungus were removed, filtered and the culture
filtrates analysed for lipase activity using the method

of Somkuti and Babel (1968).

Effects of pH of assay medium on lipase activity

Inoculated flasks of the basal medium were
incubated at 30°C for 6 days. The pH of the groundnut
oil assay mixture was adjusted to different levels (3-
8) with 0.2N HC1l or 0.2N NaOH where appropriate and
then stabilized with citric acid-phosphate buffers.
The culture filtrates of each of the ;est fungi were
then added and incubated at 45°C for 2h. The lipase

activity was subsequently determined.

Effects of* temperature of assay medium on lipase

activitz

Inoculated flasks of the basal medium were

incubated at 30°C for 6 days ,after which the culture
filtrates were obtained. The filtrate-groundnut-oil
assay mixtures subsequently prepared were incubated at
30°, 35°, 40°, 45°, 50°, 55° and 60°C for 2h the lipase

activity determined.
L]
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RESULTS

Sample analysis

Results on the analysis of poultry feed
concentrates and compound ration samples collected on
monthly basis from March 1984 to January 1985 are
presented on Tables 1 and 2 respectively. Results on
Table 1 show that the pll values recorded for the feed
concentrates varied from one feed ingredient to another
and also from month to month. For the corn meal
samples the values ranged from pH 5.2 recorded in
April, July and November to pH 5.6 recorded for March
and September samples. For the months of May, June,
August and January, pH values of 5.5, 5.3, 5.3 and 5.4
respectively were obtained. Groundnut cake meal
samples haa pH values ranging between 5.4 recorded in
May, June and September and pH 5.8 recorded for samples
collected in March and August 1984, The pH values
recorded for the months of April, July, November and
January were 5.7, 5.6, 5.6 and 5.6 respectively. The

pH values obtained for palm kernel samples which were
L]
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TABLE 1 '
Moioture cBEGHE(] allatorin content (pph) ond pll of feed concentrates samploa.
Figures are means of Ireadinsn fran o wiplea collected in each month.
Feed ingredient Sample No: 1 2 b ] 4
Date of collection: _ Mareh 1084 | April 1984] May 1984 June 1984
phl 5.610.12 5.2+0.04 5.5+0.09 |5.3+0.10
Moisture content(mc) 12.804+0.16 14.02+0.33| 16.00+0.14{16.08+0.08
Corn meal Aflatoxin B, ' 1040.0 5040.0 60+10.0 '|120+10.0
B, 1 1040.0 20+5.0 10+0.0 100+10.0
G, Lo 0 40+5.0 20+5.0
Gy | 1045.0 0 10+5.0 40+5.0
pH 5.8+0.05 5.7+40.06 | 5.4+0.04 [5.4+0.03
IMoisture content(mc) 13.02+0.04 13.89+0.09) 14.80+0.11 15.05+0.03
Groundnut Aflatoxin B, 120+20.0 110+10.0 h110:0.0 320+30.0
cake meal B, 2040.0 40+5.0 40+5.0 100+5.0
| G, 100410.0 100+20.0 100410.0 | 200+10.0
— o ! G, 10100 1010.0 0 .| 40+0.0
| Palm-kernel. plt NG+ e+ Ng T NS R -]
meal ‘Moisture content " 2 " " "'""""
Aflatoxin Bl 4 " " " ‘
; | o
i —
\ Fish meal* pi . ! NS NS NS 6.0+0.10
Moisture content : " " " lll.BO:O.lB
| - 1
| Blood meal* pi NS G.5+0.086 6.4+0.04 | 6.4+0.08 .
Moisture confent 3 14.7610.21 [15.48+40.36 15.49+40.51
t Wheat offals* pll G.7+0.31 6.7+0.06 6.7+0.10 6.8+0.086
Moisture content 13.0410.19 13.96+40.19 13.88+0.11 13.98:0.lj
1 Dried brewers* pH 5.740.3 5.740.086 5.8+0.06 ‘ 5.7+0.06 1
grains Moisture content 9.62+0.08 9.74+0.03 | 9.72+0.11 1 9.86+0.07
|
Oyster shell* pll » R.RI0.00 NS NS !NS II
meal* ~Moisture contont 1n,n13u.n;f " " ‘ " !
|  Bone meal® " pi 6.440.06 6.140.08 | 6.7+0.11 ]l 6.5+0.08 |
Moisture content 10.58+0.14 10.59+0.11 10.8410.08! 11.20+0.0

» No aflatoxin detected In samples
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TARBLE 1 (Contd)

cadimey o

5

€0

5) aflatorin content (pph) and pH of feed ooncentrates samplog.
Figures are memnn of 1y

wiuimlen colleoted in each month,

Feed 1ngre§lent Sample No: 8 7 . 8 9
Date of collection: July 1984 Aupgust 1984 Sept.1984 . Nov.19B4 Jan.1984
5 plt 5.2+0.07 5.3+0.04 5.640.13  5.2+0.09 | 5.4+0.02
{ Molsture contnntimc) 17.63+0.42 18.92+0.71| 16.09+0.13 13.66+0.08 11.20+0.26
! Corn meal Aflat‘oxln !!1 123.3+5.8 153.3+5.8 100+20 10+0.0 10+0.0
B, 100+10.0 83.3+5.8 20+0.0 16.7+5.8 f 10+0.0
G, 4045.0 20+5.0 1040.0 0 1045.0
Gy 0 0 0 0 0
pH 5.6+0.05 5.8+0.03 | 5.4+0.06 ]5.8:0.03 ‘ 5.6+0.04
Molsture content(me) |15.4-1_+.U.-1U 16.90:0.31 14.96_4-_0.08 13.0310.51 12.30_:0.32
Groundnut 'Aflatoxin B, 320411 .5 570417.3 © [110+10.0 {120+20.0 |100+0.0
§ cake meal o, 10040.0 80+0.0 20+5.0 20+10.0 10+10.0
‘l G, 150420.0 100+0.0 30510.0 60+0.0 56.7+5.8
i*_,“. ) J G, |40+5.0 1040.0 10+0.0 o
Palm-kernel.  pii ']gjgiﬁ‘ug NS | 5.240.05 5.0£0.02 |NS
meal bMolsture content rla.omu.nﬂ oo 11.& +0.02 10.82+0.09| " o
Aflatoxin B, 20400 " 204040 E2015-° "
: 2 ; — ] X
Fish meal* pli !6.210.1 5.8+0.08 6.3+0.10 6.3+0.08 | NS
? Moisture content :lﬁ.unlu.nl 10.6440.48 | 9.74+0.00 | B.B6+0.32| "
|
‘Blood meal* pli 6.3+0.06 6.3+0.08 6.5+0.05 6.3+0.15 | 6.3+0.08
Moisture gontent 16.604+0.44 | 16.3740.33 |15.21+0.42 | 15.37+0.31| 12.4840.34
; Wheat offals* pli 6.410.12 6.8+0.20 6.6+0.11 6.6+0.22 | B8.7+0.06
| Moisture content _34.70Lu.17 14.62+0.09 |114.60+0.13 I1a.9&:p.os 12.043+0.18
| 1
Dried brewers* pii 5.740.18 5.740.12 5.7+0.06 !5.8:0.11 5.7+0.08
grains Moisture content 9.86+0.04 10.04+0.21 110.7440.20 !9.8210.08 0.80+0.05
! 1 l
Oyster shell* piH 5 8.240.05 8.440.07 9.0$0.10 | 8.240.10 |8.4+0.10
mealf _ Mpistu{g content 1.4340.11 10.90+0.09 19.93i0.05 '9.2310.09 9.24+0.16
Bone meal*l  pi 6.540.09 6.810.23 | 6.3+0.08 | 6.4+0.10 | 6.5+0.12
: Molsture content ! 11.6610.24]  11.8030.18| 10.88+0.09 10.21+0.17 10.2440.36
| ] | |
. * No aflatoxin detected In sumples
‘ b
|

No sample collecteq.




collected only in July, September and November were
5.2, 5.2 and 5.0 respectively. The results also show
that pH values of 6.0, 6.2, 5.8, 6.3 and 6.3 were
recorded for the fish meal samples collected in June,
July, August, September and November respectively. For
the blood meal samples, the pH ranged from 6.3 which
was recorded in July, Auguslt, November and January
samples and 6.5 recorded for April and September
samples. The wheat offals sample collected in July had
the lowest pH value (6.4) for this feed concentrate
while pH 6.8 recorded in June and August was the
highest. For the dried brewers grains samples pH 5.7
was recorded for each of the months except in May and
November when the pH of sample was 5.8. Oyster shell
meal samples had comparatively higher pH values ranging
from 8.2 recgrded for July and November samples to 9.0
which w;s obtained only in September. The pH values
for March, August and January oyster shell samples were
8.2, 8.4 and 8.4 respectively. The bone meal samples
had pH values ranging between 6.3 in September and 6.8
in  August. On the whole, for all the feed

concentrates, thes lowest pH value was 5.2 recorded for

some corn meal samples and palm kernel meal samples.
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The highest was pH 9.0 recorded for the September
sample of oyster shell meal.

Results of the moisture content analysis showed
that the corn meal samples had values ranging from
11.20% in January and 18.92% in August. For the
groundnut cake meal, 12.60% recorded in January was the
lowest while 16.90% obtained in August was the highest.
The results also showed that 13.02%, 11.50% and 10.92%
were the moisture contents of palm kernel meal samples
collected in July, September and November respectively.
Out of the five months during which fish meal samples
were analysed, the highest moisture content (12.06%)
was recorded 1in July and the lowest (8.86%) in
November. For  June, August and ' September the
respective % moisture contents were: 11.80, 10.64 and
9.94, Fot the blood meal samples, the highest
$moisture content (16.60) was recorded in July and the
lowest (12.48) recorded in January. The results also
showed that wheat offals samples analysed in July,
August and September recorded highest % moisture
content values of 14.70, 14.62 and 14.60 respectively
while 12.04, 13:94, 13.96 and 13.88 recorded for

January, March, April and May samples respectively were
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the lowest. The dried brewers grains samples analysed
in September and March had % moisture contents of 10.74
(highest) and 9.62 (lowest) respectively. For the
oyster shell meal samples the % moisture contents
(11.43, 10.90 and 10.98) recorded in July, August and
September respectively were the highest while 9.23 and
9.24 recorded in November and January were the lowest.
Bone meal samples had highest % moisture contents in
June, July and August when 11.20, 11.66 and 11.80
respectively were recorded. The month with lowest %
moisture content was November with 10.21% Generally
for all the feed  concentrate samples, highest %
moisture contents were recorded either in July or
August except for dried brewers dgrains samples with
highest % moisture content in September. Similarly,
the results =showed that the lowest % moisture content
was obtained in January for all the feed concentrate
types except for the oyster shell meal with the
November sample having the lowest % moisture content.
Results on aflatoxin contents of the feed

concentrates showed that aflatoxins Bl’ BZ' Gl and G

2
were present in Torn meal but all the four types of

toxin were not present together in any of the samples
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analysed. Aflatoxins B, and B, were both detected in
all the corn meal samples. The results also showed
that aflatoxin Gl was absent in March, April and
November samples while aflatoxin G, was present only in
March, May, June and July samples. ngerally, the
months when samples had high aflatoxin contents were
May , June, July, August and September when the
aflatoxin Bl contents were 60, 120, X123, 153 and 100
parts per billion (ppb) respectively. Low levels of
aflatoxins was recorded in November, January and March
samples when the aflatoxin Bl content was only 10 ppb.
Results obtained for the groundnut cake meal
samples showed that while aflatoxins B

B2 and Gl were

17
present in all the samples analysed, aflatoxin G2 was
present only in May, November and January samples. The
months when samples had high aflatoxin content were
June, July and August when aflatoxin-Bl contents of
320, 326 and 570ppb were recorded respectively. Low
aflatoxin Bl content in groundnut cake meal samples was
recorded in September, November, January, March, April
and May when 110, 120, 100, 120, 110 and 110 ppb were

recorded respedtively. For the palm kernel meal

samples, only aflatoxin Bl was detected and the
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quantity was 20ppb for each month. No aflatoxin was
detected in samples of the remaining feed concentrates.
On the whole, the results showed that the lowest
aflatoxin Bl content (lOppb) was recorded for the corm
meal samples analysed in March, November and January
while the highest of 570 ppb was recorded for the
groundnut cake meal sample collected and analysed in
August. For aflatoxin Bz, the lowest value (lOppb) was
recorded in corn meal samples analysed in March, May
and January and from the groundnut cake meal sample
obtained in January. Highest aflatoxin 52 content
(100ppb) was recorded in corn and groundnut cake meal
samples analysed in June and July. The results also
showed that the highest aflatoxin Gl content of 150ppb

was obtained in groundnut cake meal sample analysed in
July while lhe lowest value of 1l0Oppb was recorded in
corn meal samples analysed in September and January.
For aflatoxin Gy the highest 1level (40ppb) was
recorded in groundnut cake meal samples analysed in
June, July and August and corn meal samples analysed in
June and July.

Results on the analysis of the compound rations

are presented in Table 2. The pH values obtained for
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the chicks mwash ranged fLrom 6.4 recorded for the June
sample and 6.9 recorded f[or July and November samples.
The pH values recorded for March, April, May, August,
September and January samples were 6.7, 6.7, 6.8, 6.8,
6.8 and 6.8 respectively. The results also showed that
the growers' mash sample of June had the lowest pH
value (6.4) while the highest value of 6.8 was recorded
in samples analysed in July, November and January. For
the broiler starters mash the minimal pH (6.3) was
recorded for the May sample while the highest value of
6.8 was recorded for April sample. Samples analysed in
June and March had pH 6.7. The broiler finishers mash
samples had the lowest wvalue pH (5.9) recorded 1in
March, July and September while the highest pH value
(6.4) was recorded in April and August samples. For
the layers -mash samples, the pH ranged from 6.3
recorded in June and 6.6 obtained in April, September
and January. On the whole, results on the pH of
compound rations showed that 5.9 recorded for broiler
finishers mash analysed in March, July and September
was the lowest while the highest was 6.9 recorded for

July and November samples of chicks mash.
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TARIE 2 .

Koisture content [ﬁ), eflntoxin ccnternt (ppt) and BE of ¢ copound feeds samples.

Figures are nenns of 3 reulin-c froo sexplez collected in each month.
~ T L 5 o T 6 °
Ccaopeurd Ssmple No . 1 2 3 L & .
£and Dale of Co- . . " =
- lleetion Yereh 4CGBL Zpril'8L lMar 168L  June'B8h July ‘B4 Aur,4€8L S=p.108L Nov.198L Jan., 4985
n .7+ - - . + + -+ + i
P S.720,08| 6.7%0,06 [ 6,850,144 65.,LZ0,09 £,07C0.45 | £,820,C8| 6.820,06 |6.22C.45 16.8%c.q3
Chicks tcisture i & . — s > i i J _
cash content 14,0459 115,020, (15 ULTQZL M E.BLT0  H AT 3 TATd 1 .60 1€.C020,.C9 15.L0=C.22 1L . 4210, 14
Afletoxin r
P + .
B, c.0 c.0 1C¥C.C [16=2.0 4C30.0 1C=¢.cC 0.C 0.0 [ 0.0
i | I
H
o - - - P Ch— oyt ~Qurs B~ T —t A . » =
pY E.TH0.C6 |6.650.42 8.530,21 128,030,233 E.8IC.2C | €.3T0.CE | S.7=C.06 | 6.5%0,CE | £.2%c.45
Grovers Kelsture " S_— N J s 3 - -
- e - Aata A . & ~ y iy = AR Te L o LrGnTe A = " o - -
s.sgh content 1548870.22]| 40,82 0. 05 L 0=, L4d B EC 0 TN F 2 4% 15880021 15.03-0Ql [ 14.6620.34! 413.27%C.24
| |
afletexin i |'
- ~ = o mTe - o T = -
B, Cal C.C g.C 14 0% Y e [AEIg.E '.U:‘.Cv | 4CeCo0 8.0
= PRI SUST BRIy O 5 = - 0 —
3o b.7TC.LE &€&, 05 [BaS—CeCS QEI—C.21 5+ Hp e T s
Broilar lcisture i
- ~ o Ta . op®a L a4 o T et £ -~ - 1
siterters content 12, LETC SE{ALBET0 4 E HMLL.CERTS .30 s " i # t "
as = i .
s Allatoxin
3‘ O.G O’c icoo :If:i.c " lFI r " "
6,450,260 \5.057.0 [ 6.270,0 3,570.0T7 1 BLL0.AT | B.ES0.CT | B0 320.IT | ToaTT0
| ' !
Lo CPER TR 50944207 45.5040.32 1 TEMT B 16,20, E 4 5004040 1500223 143,832C.20
I
oG et dpan o e e STy 2843 ,% 10+4 2 S.h
. 2 o a I e e % =
BLFiCAC [Bl40.57 [ 6.3:0.00 €.5:0.21 | 6.520013 | 6.620.05 | 6.1520.24 | 8.82C.47 ;
14,940 ,22 K6,8B.0.35 18.3640.5% {42752 202717 4 65820.57 153020448 (42784008
.y - :
*Mztn- N _ |
vim w000 S laosn.r < F10:0.0 yo-40.¢  20i7.0 [25.5.C 25+4C.0 | 22:C.0 e :
emed oy T R - - ot 9 !
[

+# B : Xo san?le cc)lected.
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The % moislturce conlenbt:s ol the compound ration
samples ranged from 13.22% recorded for the growers
mash samples analysed in January and 18.36% obtained
for the layers mash in June. Generally, highest %
moisture contents in samples were recorded in June,
July and August for all the feed types while November,
January and March samples had the lowest moisture
contents.

Results on the aflatoxin contents showed that only
aflatoxin B, was detected in the compound rations.
The levels of the toxin ranged from 1Oppb observed in
several samples to 40 and 50 ppb obtained in layers
mash sample analysed in June and broiler finishers mash
sample analysed in July respectively. All the June,
July and August samples contained the toxin although at
low levels.=~ Most of the samples analysed in November,

January, March and April had no detectable amount of

aflatoxin Bl.

Iscolations

Six fungal species were isolated from the feeds
and feed concentrate samples collected. The species

were:-—
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Aspergillus flavus Link: Fr. (IMI 280819), A.

fumigatus Fres. (IMI 280822)_ A. niger v. Tieghem (IMI

280823), A. oryzae (Ahlburg) Cohn (IMI 280831) Rhizopus

arrhizus Fischer (IMI 280827) and Rhizomucor pusillus

Lindt Schipper (IMI 280824)

The results presented on Table 3 show the average
number of colonies of each fungal species per gram of
feed concentrate that grew on the agar medium at 15°,
25° , 30° and 40°C. At 15°C, only a few colonies of

Aspergillus flavus were observed from the plates

inoculated with fish meals. No fungal colonies grew
from the other feed ingredients. At 25°C, large number
of colonies of all the fungi were obtained except

Rhizomucor pusillus which was not present from all the

feed concentrates. Aspergillus fumigatus colonies were

not isolated from wheat offals, blood and bone meals at
25%C. At the same incubation temperature (25°C), no
colonies of A. niger grew on plates inoculated with
palm kernel meal, blood meal, wheat offals, dried
brewers grains,; oyster shell and bone meals. The

results also showed that no colonies of A. oryzae were

isolated from bBlood, oyster shell and bone meals.

Similarly, no Rhizopus arrhizus colonies grew on plates
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Table 3
Average nunber of colonies/g of feed ingredient obtained on malt-yeast-extract agaer at

?ifferent incubation temperatures. Each value i8 an averaze of estimates from nine Petri.
n Blood meal Wheat offals Drisrnd brewsrs Oyeter sh=ll Bone meal

ishes
5 cu%at%cn' Ferr meal| Ground-nut Palm Kernel Pish merl
:c?ge!.i'ature coke meal| meal ) ] Zreins meal
e C
[+]
15°¢C .
b oCx10 o o] 2.1%10° 0 0 0 0 0
- 5 T a2 5 g | ‘
25 Eexo AAHLE 3.2x1 o’ 2.L4x107 | .3 ot 1.2 o 2.7%0" 1.2210° 1.0x10°
]
30 5.5210° |n.ox10® | z.emic® | 4.9x10® |z.2m10* | 2.0m03 3.2x10% 2.3x10% z.0mi0k
40 e 0v10° |3.3x10° | @,0210° n.0x10° | 2.0x102 | 3.1x162 8 Bx40° 4.0%10° o
15 c 0 o] 0 o] 0 o) (o] 0
o ~ - :
25 402107 ‘..?'::102 3.23:‘[02 3.8x10" 0 B 2.1.*.102 1.7:-:102 o)
20 s & o g L.bxs 03 9.(.‘:'.‘“’32 2.2710 Lotxe C-2 2.1 21 02 2.2 C‘? 1 .03102 2.0x4 cg
LD 17, 2vec le oviot | 6.0ne0" u bxgct |z omact uouyan? . ovac” 7 uven? b owsr?
5 | ¢ c c ¢ ¢ c - ' C 0
z z
bl L2z 0" ek b B Bt o] Lobxdq D’ [% 8] C (o} o
3c c.amec?  |n.owic? 4.2x10” £,23407 c c o myac? 0 c
] b
Lo 2.0%107 1.0x1C" 0 0 (] C 4, o] C
15 c 0 0 o] e c o C c
= = o -
jal> 2.0x407 147307 k.‘.xfo? 2 x40 c TR < o 2. 0me 0 n c
20 2.oemac” |e.owic” g.omict 5,0x40" ¢ iy < o c.omict o) o
\ P 2 2 2 =
s 22X E Jlix4C B 3w 0 2 A¥I0" C o C 2] ~
.!‘::\J N
1% o c ¢ o) c * 0 c o) c
2 C (=] c c C (o4 o} o} 0
30 9.-:~C2 z.2:10° 2.4340° 1.9::103 =, 0x1¢° 4 ,Cxq0° z.3hc% o] o)
4 =z
LC 5.:x107  [s.0x102  |e.exic? .uxict  Juoxio®  [5.7x10° 2.8310° o 2.8x10°
15 o] o] 0 » 10 0 0 (o] o) 0
~ - .
25 3elixa C3 [5.0x1 03 o} 1.2x10°  |2.074 0:5 2.0x 03 o] (o] 0
30 6.9x1 05 2.0x4 Ch 8.4x1Ch 33x4 02’ 2.2x1 05 2.5x1 Cu o] o] 1.3x14 02
~ -
40 2.4x40° f1.2x10° [ o 1.0x10°  [2.ux10°  [2.2z4C° ) 0 0 -
o,
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inoculated with dried brewers grains, oyster shell,
bone and palm kernel meals. For most of the £fungal
species, the largest number of colonies grew at 30°C.
However, no colony of A. niger grew on  plates
inoculated with wheat offals, oyster shell, bone and

blood meals. At the same temperature (30°C), A. flavus

was not isolated from blood, oyster shell and bone

meals while no colony of Rhizomucor pusillus grew from

oyster shell and bone meals. The results also showed
that plates inoculated with dried brewers grains and

oyster shell meal gave no colony of Rhizopus arrhizus.

At 40°C, A. flavus was nolk isolated from bone meal
while A. niger was isolated only from corn and
groundnut cake meals. A. oryzae colonies were not
isolated from wheat offals, dried prewers grains,

blood; oyster shell and bone meals. No Rhizomucor

pusillus colony was obtained from oyster shell meal at

the same temperature (40°C). For Rhizopus arrhizus, no

colony count was recorded on plates inoculated with
dried brewers grains, oyster shell, bone and palm
kernel meals. Generally, the results showed that large
number of fungal colonies were isolated from feed

L]
concentrates like corn, groundnut cake, fish, and palm

kernel meals.



72

TABLL 4

Average number of fongal colonies/g of
feed obtained on malt-yeast-extract agar
at different incubation temperatures. Each
value is an averase of estimates from nine
Petri-dishes,

Funqus Incuba- Ch..'r:;:ks Growsrs ._- -I‘W |
tion . LB Mash Broiler . Broiler ! Layers
T';>rf[3{.n§a5drc ;;gﬁ““‘ ﬁgﬁﬂhnrﬂ -- mash
150C (o] Si o 4 o 5 o 5 o 5
Asperqillus 25 . 3.1x107/4.0x107 2.1x107 | 1.9%x10" |3.0x10
1
flavus 30 2 .9%16%]3.1x10% 2.0x108|1.8x10° |2, 4% 10°
e |
40 6.2x10%|7.1x10% 5.1x10% [6.0%x10° |**4x 102
15 o o o o o
Ae fumiga 25 1.0%10°| 1.2x10%] 1,0%x10%| 1.0x10% [1.5x10°
tus
o ]
30 2.4%10°%|2.5%107] 109%10° |2,0%102 [4.2%10°
‘I >
40  2.0%x103|6.2x10% 5.5x103| 7. 1::10% | 4. ax 10%
15 o o o o o
Ae nioer 25 2.0x102|2:0x10%| 4.6%70° |9.6x10% |2, 9% 102
30 2.0x10%!2.5x10%| 2.5%x10%|2.4%x10% |6.0x10°
be
4o 1.5%10°| 1. 0%x102| 1.0%102| 1.0x102 |2.2x 102
15 o o) o ) o
As Dryvzac 25 1.9%10% 2.52103 9.6:{103 5.6}:'104 G.Ox104
30 6.0x10% 4.8%x10%|2.5%x10°%|9.2x10° |4.0x10°
40 4.0x10%3.0%10%|8.1x10% | 2,2x% 107 [2.0x20°
I
. 15 o o o o o
Rhizomucaor 25 0 0 0 0 0
pusillus 30  1.4x10%|1.2x10%|3.0x10%|1.6x10% |7.4x10?
40 4.4x1072.6x10% |4.9x10%|4.0x10% |8.4x10°
e Mo
1‘-2 o o o o o
Rhizopus 25  2.4x10°|4.2%10% |1.2x10° 88 |1.6x10°
qrrhizus 30 5.2x10° [4.9%10? |7.2x102|5.6x10° [5.5x10%
40  2.0x10%|1.8x10% |1.5x10% | 1.3x10® |9. 1x10®
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Comparatively low number of fungal colonies were
obtained from oyster shell and bone meals.

The average number of fungal colonies isolated
from the compound poultry feeds at 15, 25°, 30° and
40° C are presented in Table 4. At 15°C no fungal
colony grew on plates 1inoculated with any of the
compound feeds. Growth of colonies of all the fungal
isolates were observed at all other temperatures except

Rhizomucor pusillus which gave no colony count at 25°C

from all the compound feeds. The results also showed
that largest number of colonies were obtained for the

test species at 30°C except Aspergillus fumigatus and

Rhizomucor pusillus which had highest number of

colonies at 40°C.

Physiologieal Studies:

Growth temperature relations of isolates

The optimum temperature range of the 1isolated
fungi was 30°-40°C (Fig. 1). At 15°C, no growth was
recorded for Rhizomucor pusillus but the remaining five

.

fungal species had slight growth. At 20°C all the

isolated funga! species including Rhizomucor pusillus

had slight growth. Comparatively, Rhizopus arrhizus




Fig.
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1l: Effects of temperature on mycelial growth. Fung

were incubated for 6 days on the growth medium.
Each point on the graph is a mean of 3

readings. A. O—0 Aspergillus flavus, X——x

A. fumigatus &—aA AL niger.

Bs 0—0 A. oryzae, x——=x Rhizomucor pusillus,

A—A Rhizopus arrhizus.
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recorded the best growth at 20°C. On the other end

only A. fumigatus and Rhizomucor pusillus grew at 50°C.

Growth was however recorded for all the isolated fungal
species at 45°C although it was slight for ‘all except

A. fumigatus and Rhizomucor pusillus both of which had

fairly good growth. The results also showed that

Rhizopus arrhizus had its best growth at 30°C; A.

flavus, A. niger and A. oryzae at 35°C while 40°C was
the optimum temperature for the mycelial growth of A.

fumigatus and Rhizomucor pusillus. For all the

species, increase 1in- growth was observed as the
incubation temperature increases until the peak was
attained at the optimum temperature. Further increase

in temperature resulted in decrease in mycelial growth.

Effects of pH on growth

All the fungal isolates grew within the pH range
(4-8) provided, although at varying degrees (Fig.2).
The optimum pH range for the isolates was 5.5 to 6.0.
The best mycelial growth was recorded for A. flavus, A.
fumigatus and A. oryzae at pH 5.5. The remaining
species: A. niger, Rhizomucor pusillus and Rhizopus

arrhizus had peak mycelial growth at pH 6.0.

Generally, the growth for each fungus increased with
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Fig. 2: Effects of pH on mycelial growth. Fungi were
incubated at 30°C for 6 days on the growth
medium. Each point on the graph is a mean of 3

readings. A. 0-0  Aspergillus flavus, *»—x A.

fumigatus, &=—A N niger.

B. 0——0 A oryzae, %—=x Rhizomucor pusillus

&—A Rhizopus arrhizus.
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increase in pH until the optimum pH value was attained.

Above the optimum pH, decrease 1in the growth was

observed for all the fungi.

Carbon-source utilization for growth and sporulation

All the <carbon sources supplied except sorbose
supported growth and sporulation of the isolated fungi

(Table 5). However, Aspergillus fumigatus and A. niger

had very slight growth but no sporulation on sorbose.
Starch and dextrin were tLthe Dbest carbon sources for
mycelial growth and sporulation of all the isolated
fungi. The two carbon sources had very similar effects
on all the fungal isolates. Comparatively, Rhizopus
arrhizus recorded highest mycelial growth on starch and
dextrin while A, fumigatus recorded the highest amount
of sporulation on the two carbon sources. For mycelial

growth, A. fumigatus, A niger, A. flavus, Rhizomucor

pusillus and A. oryzae ranked next after Rhizopus
arrhizus in de'creasing order of growth recorded. Also
in the decreasing order of the values recorded for
sporulation on starch and dextrin after A. fumigatus

were: A. flavus, Rhizopus arrhizus, A. niger, A. oryzae
L]

and
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TABLES

Carban-Source wtilimation for growth and sporulation. Pungi were incubated st 30 C for

/3l asdiu) are means of 3 readings with steadard

:sdvﬁ:;ms. 'msnfa:i:ii: 1??:11“;.&:1 means of Irecdingg with standard deviationg

Carbon source p Aspergillus flavus |Apergillus fumigatus |Aspergillus niger Aspergillus oryzae |Rhizomucor pusillus | Rhizopus arrhizus

Dry wt.(mg)* if?)g?:;. Dry.wt(mg) ifgses .Dry vt.(mg) ilpgges Dry wt.(mg)* S‘;fg 7:;* Dry.wt(mg) ifgges Dry wt.(mg) ifgﬁé‘
Glucose 83.742.2 12.6+4.2| 71.042.4  11.8+1.4 l 89.3+2.1 J.2.4_J51..'sE 90.6+2.7 12.642.1| 70.7#1.7  14.4#1.2 | 121.343.0 20.6 2.1
Fructose 78.541.7 12.141.9) 64.8+1.7  10.2+0.6 : 12.2+2.1 | 71.443.3 1148+1.7 | 66.8+3.1 14.140.8 | 110.7+4.1  21.%1.0
Galactose 84.8+1.1 7.431.3 | 39.2+43.4  4.120.3 | 5.840.4 | 61.7#3.3 8.430.6 | 68.4+2.2 12.282.3 | 71.5:23.1 14+1.0
Sorbose 3.0 . 6.0 | 2o ow0 ' c.0 0.0 6.0 22.951.1 - 0.0 | 2:.15c.2 0.0
%rlose T8.8+3.3 12.4-1.2| 60.441.2  10.9+1.1 10.2+0.5 | T4.3%8.7 12.2+0.8 | 62.6+3.1 12.840.6 | 53.421.6 10.8+0.0
Sucrose 48.6=2.1 3.5+0.6 I 41.843.6 3.140.2 T.ar04F (1 40.342,2 3.230.2 | 48.741.7 E.4+1.2 52.7+2.5 §.420.8
iactose 43.3=1.8 4.220.2 : 32.0+2.1 4.1x0.1 : €.220.8 42.140.8 5.120.1 i 33.8+3.1 »140.4 47.111.9 %.120.2
Celliotiose 5G.4130.E B.1+0.€ ! 62.3+2.5 B.4-1.2 : £.120.6, | 67.443.7 10.441.3 | 49.0+41 .3 6.841.3 56.641.4 B.B+1.3
Relfinose 52.742.0 7.041.1 [/ BO:08EaF  By220:8 LeBrlal isr.a::.s €.8+0.4 42,620 4.840.8 | 18.5+3.4 5.6+0.7
Kzltose TT.241.9 ::.'::.4| 60.4+3.1 10.8+0.9 | 5:.2+2.2 10.-;_:'..7' TT.5+2.6 10.2+0.6 }sz.mo.a §.741.1 87.244.7 14.121.5
pectin 33.7:0.6 2.210.3 | 39.141.4  2.130.2 | 35.732.0  1.950.3 | 32.342.7 1.04043 |26.620.8  0.830.1 | 204429  2.080.1
Starch 1312.032.6  26.522.6| 140.92.6  30.843.7 | 380.3¢237 26.741.8 '99-213_0 R '155.55;.1 25'9:1..3
Dexrin 122.4%5.1 28+1.0 I 148.4+3.1 30.1+2.1 | 125.143.0 27.142.1 ‘ 120.5+3.2 25+91.1 119.2+3.2 20.241.9 162.4+2.7 28.2+1.9
{ally 29.743.1 1.140.2 | 38.813.0 3.2+0.3 | 3..5+0.9 1.340.6 .I26.2_+_1.3 1.420.3 18.741.1  0.2:0.1 30.141.3 0.2+0.1
Control 0.0 0.0 | 0.0 0.0 J 0.0 0.0 0.0 0.0 0.0 0.0 0:0 - 0.0

N .
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\

Rhizomucor pusillus with the least amount of

sporulation. Glucose, fructose, maltose and xylose
were also good carbon sources for the growth and
sporulation of all isolates. Galactose also promoted
abundant growth and sporulation comparable to those
recorded for glucose, fructose, maltose and xylose.
However, galactose was poorly wutilized both for

mycelial growth and sporulation by Aspergillus

fumigatus and A. niqer. Apart from sorbose, the
poorest utilized carbon sources of the lot were pectin
and carboxymethyl cellulose (CMC). They gave the least
mycelial growth and sporulation in all the isolated
fungi. The flask containing any of the two carbon
sources could easily be identified by the scanty fungal
growth. The performance of A. fumigatus on pectin and
CMC though wvery poor was comparatively the highest

among the isolated: fungi. Rhizomucor pusillus on the

other hand recorded the 1least mycelial growth and
sporulation on pectin and CMC. The sporulation of

Rhizopus arrhizus on CMC was also very poor, being the

same with that recorded for Rhizomucor pusillus.
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Utilization of native cellulose

Four of the isolated fungi were able to utilize
the cellulose (filter papers) provided for mycelial
growth and sporulation thereby bringing about
considerable loss in weights of the filter papers.
This growth of the four fungal species on the filter

papers was at various extents. Rhizomucor pusillus and

Rhizopus arrhizus showed no sign of growth on the
filter papers. A comparison of the weight losses of
the filter papers inoculated with the two fungal
species and with those of the control experiments (at p
= 0.1) showed no significant differences. OQut of the
four fungal species that brought about significant loss
in weights of the filter papers, A. fumigatus was the
most effective, It brought about a weight loss of
89.3mg. ~ Other fungi in decreasing order of
effectiveness were A. niger (67 .5mg) , A. flavus
(58.8mg) and A. oryzae (56.3mg) (Table 6). Visual
estimation of mycelial growth on the filter papers
showed that A. fumigatus had a very abundant growth,
A. niger had an abundant growth while light growth was

recorded for ﬂésflavus and A. oryzae.



Utilization of %Etive cellulo
for 21 daye.
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deviations.
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TADLEG

Net loss in wt(mg) of
filter papers

ge (filter papers) by isolaten-l .
Figurcs wre means of 3 readings with standard

Cultures were

Visual estimation of fungal growth
on filter papers.

Aspergillus flavus

=

. fumigatus

> |

niger
. oryzae

Rhizomucor pusillus

=

89.3+2.1

Rhizopus arrhizus

Control

58.8+2.9

67.5+1.3
56.3+1 .9
0.0
0.0

0.0

+

+++

++

* -= No growth

+ Light growth

++ Abundant growth

@

+++ More abundant growth.
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Nitrogen-source utilizaltion Lor growth and sporulation

The results presented in Table 7 show that casein was
the best nitrogen source Lor mycelial growth and
sporulation of all the isolated fungi. Glutamic acid
and aspartic acid were also very good nitrogen sources
for the growth and sporulation of the isolates. The
two nitrogen sources ranked next after casein in order
of effectiveness. Other good nitrogen sources were
KNOB, NH,NO,, asparagine, alanine and glycine all of
which promoted abundant growth and sporulatibn in all

the test species. Sodium nitrate (NaNO3), NH,Cl and Mg

4
(NO3)2 were also well utilized for growth and
sporulation by all the isolates although.they were not
as effectively wutilized as the nitrogen sources
previously mentioned. The results also showed that

(NH4)2504 was fairly utilized by some of the isolates

but it is not a good nitrogen source for Rhizomucor

pusillus, A. niger and A. fumigatus. Guanine was also
fairly well utilized by all the fungal isolates with

the exception of Rhizomucor pusillus. Amino-n-butyric

acid was also utidized by all the isolated fungi but to
various extents. It was well utilized for mycelial

growth and sporulation by A. ﬁiger, fairly utilized by
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Funzi were incubzated

3 readings with standard deviations. *¥Figures (sffes x 10°/ml) are means of

3 readings with standard deviationse’ |

K. “oryzae |Rhizomucor pusilius | Rhizc
Carbon source Aspergillus flavus |A fumigatus | A niger i 5 | Rhizopus arrhizous
= Dry wt.(mg)* Spores®*|Dry.wt(m Spores
Dry wt.(ug)* Spoges®s |Dry.vt(ng) Spoges Dy we.(uE) SpeEes N g) Spe Dry wt.(mg) Spores
10" /ml x10 - z10 x10°/ml x106 168
nma 110.3+44.2 22.5+41.4| 122.0+2.8 24+1.0 126.6+2.2 - 23.2+0.8 | 120+4.7 22.7+1.3 88.6+2.2 14.2+41.3 128.9+42.0 31.+41.0
NaKO, 77.5+41.9 19.#1.0 | 87.3+1.9 20.3+0.7 | 90.8+3.0 20.1+1.3| 63.941.1 18.2+0.8 72.3t1.7 15.110.8 | 97.6+3.4 21.840.7
“{NOB 101.7+3.1 21.B+0.8| 99.4+2.7 22.4+40.4 120.2+1.6 21.41.0 91.243.0 19.741.7 88.1+0.9 13.841.6 86.7+41.96 19.6+1.2
ug(}{oa)z 66.8+40.7 12.4+0.4| 91.5+43.6 20.2+0.3 121.740.4  20.6:1.1 82.4+40.9 18.442.1 55.7+3.3 8.6+0.8 B0O.3+4.8 18.2+42.4
KHE.C1 B0.241.1 20.1+0.8 | 71.6+4.2 16.1#1.1 | 108.5+2.7 19.423.5 86.9+1.3 18.140.6 | 66.6+2.2 11.841.3 | 77.4 +1.0 14 9..3 8
¥ .l i+ i+1. Ted 1, L2400,
(N, 3,50, £8.1+0.7 14.41.0 | 51.412.5 4.140.4 44.7+1.1 7.2+0.4. ' 62.3+0.4 15.821.3| 38.5:0.7  4.140.6 T.6+3. 14.841.1
Glycine 79.941.7 15.8+0.3| 92.621.0 18.840.8 | 81.213.2 19.98-: .6/ 82.540.7 20.2+1.4 | TT.252.2  13.640.8 | 89.541.1 20.2+1.8
- . -, . T TadTa . - :a.-'
Metzionine 139.2+1.3 5.2+0.1 | 42.8:225 5.2+40.1 51.5%1.60  9.430.7 | 37.7+0.8 5.440.8 20.841.0  T.141.3 Terasoe 5E. b
| | A 131.3 4207 S.B4T,
Alazine [ B8.842.4 0.440.8 | 93.0+1.8 20.740.8 | 124.948.1/ 21.8-1.8/98.6+2.9 Z1.7#1.3| B:i.4#1.94  12.4+0.6 | 111.8+3.3 30 0
H o | hi lZ.42C. 1.834. “#2.0
Guazine | 66.8+1 .2 12.B+054 | 80.4+3.6 17.441.2 79424252 0.2-0.6! 68.2+41.7 24.241.1 I 42.5+0.7 8241 1 0,340 1 TH4s o
GItTamic acic [134.4¥3.7 T30.1+003 [141.7%1.2 7 30.6+1.4 [145.342.7  31.8-1.1 . . . " p e e
i Lt ax 136.242.7 23.740.9 [ 95.3+3.9  15.020.8 | 117.7:3.0  30.441.C
Asparegine 107.8%3.2 C.811.1 1127.842.7 23.7+0.6 | 111.2%1.4 20.2—:.9197.8+2-5 20.4#1.3 | B3.6+4.7 12 4_' 5 | 98.9+1 20 gt‘
= - = =onss +4xl. 8411 +841.6
Iryptophan 0.0 0.0 22.6+0.6 0.0 28.4+0.5 0.01+0.01 0.0 c.o 0.0 0.0 0.0 0 B
- - ¥ . . 0
Casein 1151.8+3.1 2.241.3 [14.3.441.3 33.7+1.8 |139.2+2.4 32 147.8+1.8 30.212.1 | 110.6+1.3 19.642.2 | 1324.41.8 3.5
- . $0T% 3. -8+2,8
Amino-n-butyric &
acid 58.640.9 6.8+40.2 67.6+1.8 9.8+0.5 BB.4+1.7 17 55.4+2.86 ]

- + + #+, + £.0+1.0 40.9+0.7  6.2+0.8 59.841 % 9.441.3
Aspartic acid [119.432.6 23.241.7 [136.742.5 28.741.3 [110.6+2.0 21 134.741.7 24.511.4 | 99.6+0.8 18.431.4 | 108.0+3.4 28.242.5
Control 0.0 0.0 0.0 0.0 . - N o

. 0.0 0.0 0.0 c.o , 0.0 0.0 L 0.0 0.0
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A. fumigatus but poorly utilized for the mycelial

growth and sporulation of Rhizomucor pusillus. The

results also showed that methionine was poorly utilized
both for the mycelial growth and sporulation of all
the isolates. The poorest utilized of all the nitrogen
sources supplied was tryptophan with only A. fumigatus
and A. niger recorded very slight mycelial growth on
it A very slight amount of sporulation (0.01x106
spores/ml) was recorded for A. niger when supplied with
tryptophan. No other fungal isolate sporulated on this
nitrogen source. In general, excluding the casein, a
comparison of the growth and sporulation values of the
isolated fungi on the organic nitrogén sources with
those of the inorganic sources (at p=0.1l) showed no
significant differences.

Mycelial growth and sporulation on feed infusion medium

According to the results presented in Fig. 3, all
the isolated fungi utilized feed infusion medium for

mycelial growth and sporulation. Rhizopus arrhizus

most effectively utilized the medium both for mycelial
growth and spor&lation. Other fungi in decreasing

order of wutilization of the medium were: A. flavus,



Fig. 3: Mycelial growth and sporulation on feed
infusion medium on incubation of isolates at
30°C for 6 days. Each point on the figure is a
mean of 3 readings.

Mycelia growth Ez ; Sporulation Ej .



X sasod
o :.c\mo_
s P

//////

2
B n
// 55 o
szt A
<| e
1] w o
1AEJ_qu _EOM\mEVEmmu; AJp DIj22AW uD2K



86

A. niger; A. oryzae, A. ﬁumigatus and Rhizomucor

pusillus. The mycelial growth and sporulation of the

last two fungal isolates above were obviously poor when

assessed quantitatively and by visual estimation.

Aflatoxin studies:

Production of aflatoxins

Aflatoxins (Bl, BZ' and G2) were detected in
measurable quantities in the culture filtrates of

Aspergillus flavus and A. orjzae. No aflatoxin was

detected in the culture [iltrates of the remaining four
isolated fungi and the control (Table 8). The results

showed that A. flavus produced more aflatoxins B B

1! =2
and G2 on the medium supplemented with the yellow maize
variety (Farz 7) than on the medium supplemented with
the white maize variety (Farz 34). Similar results
were obtained for A. oryzae except that the medium with
white maize variety enhanced the production of
aflatoxin B2 more than the medium supplemented with
yellow maize variety. In fact, the ratio of the level
of aflatoxin oBz production by A. oryzae in the two

media was 1:4.48 in favour of the white maize

containing medium. Comparatively, A. flavus produced
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TABLEE

Production of aflatoxins on iuwo types of modified Czapek-Dox medine Fungi

vore incubated at 30°C for G days. Pigures (ag/l of aflatoxins in ithe
culture filtrates) arc means of 3 rcadings with standard deviationse

|
Fungus Aflatoinxs (ug/l) in:

Medium supplemented with

yellow maize variety (Farz 7)

maize variety (Farz 34)

Medium supplemented with white

By Bo S S, By B, S0
Aspergillus
flavus 670:20 516+28 0.0 347i34 655119 486+26 0.0 242+22
é; iumigatus 0.0 0.0 ‘ 0.0 0.0 0.0 0.0 0.0 0.0
A. niger 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
A oryzae 643+16 86+12 0.0 458+17 | 625+15 385+25 0.0 255+15
Rhizomucor
Eusiiius 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rhizopus
arrhizus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Control 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Jmore aflatoxins Bl and U2 than A. oryzae in the two
growth media while the latter produced larger amounts
of aflatoxin G2 than A. flavus in the two types of
media. Excluding the production of aflatoxin Bz, a
comparison of the levels of toxins produced by the two

toxigenic fungi showed no significant differences (at

p = 0.1).

Aflatoxin Bl production wikth Lime by A. flavus and A.

orxzae

Detection of aflatoxin was first recorded 1in

culture fitrates of A. flavus and A. oryzae on the an
and 4th days after incubation respectively (Fig. 4).
The levels of toxin production in both fungal isolates
increased sharply from the inoculation time up to the
6th day after which the rate of increase slowed down
considerab{y. The peak of toxin 1level in culture
filtrates of the two fungal species was recorded on the
8th day after incubation. A slight decrease or almost

the same amounts of toxin recorded on the Bth

day were
recorded 1in the culture filtrates of the two test

organisms on the lOtll day . Il'or each of the two test
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Fig. 4: Aflatoxin By production and pH changes with
time on modified Czapek-Dox medium. Cultures
were incubated at 30°C. Each point on the
graph is a mean of 3 readings.

Aspergillus flavus: Aflatoxin Bl production

0——0, pH of medium O-—=—-- 0 Aspergillus oryzae:

Aflatoxin Bl production X=————x pH of medium
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fungi, an initial lowering and then a rise of the pH
levels of the growth wmedium occurred with time of
incubation (Fig.4). The lowest pH value (5.4) was
recorded for the two test fungi on the 8th day. This
coincided with  the peak of toxin level in the culture
filtrates. By the lOLh (£inal) day of incubation, the

pH of the growth medium had increased to 5.8 and 6.0

for A. flavus and A. oryzae respectively.

Effects of pll of growth wedium on aflatoxin B

1

production by A. flavus and A. oryzae

Aflatoxin Dl was detected in all the culture
filtrates of the two test fungi at all levels of pH
(3-8) provided, although in different amounts (Fig. 5).
The aflatoxin levels first increased with rise in pH
from pH 3 to pH 5 when the peak was attained. Further
increase in pH brought about decrease in the levels of
toxin detected in culture filtrates. At pH 3 and 4 the
amounts of aflatoxin detected in culture filtrates of
A. oryzae were more than that detected in the culture
filtrates of A. flavus. However the latter fungus

accumulated more toxin in the culture filtrates at pH 5

to 8.



Fig.
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Effects of pH of growth medium on aflatoxin
Bl production. Fungi were incubated at 30°C
for 6 days at different pH levels. Each
point on the graph is a mean of 3 readings.

Aspergillus flavus O———0, A. oryzae ¥»——X:
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Fig. 6: Effects of incubation temperature on aflatoxin
Bl production by tesk fungi after 6 days of
incubation. Each point on the graph is a mean

of 3 readings. Aspergillus flavus 0——0, A.

Orxz:de X—K



Effects of incubation temperature on aflatoxin B

1
production by A. Lflavus and A. oryzae

The results showed that aflatoxin Bl was produced
in considerable quantities at temperatures between 25°
and 35°C (Fig. 6). No aflatoxin Bl was detected 1in
culture filtrates of the two test fungi incubated at
15° and 45°C. For the two fungl 1increase 1in
temperature brought about a corresponding increase 1in
level of toxin until peak was aktained for the two test
organisms at 30°C. Further increase 1in temperature
brought about decrease in amounts of toxin accumulated
in the culture filtrates. At 20°, 25°, 30° and 35°C
the levels of toxin in culture filtrates of A. flavus
were more than the levels recorded for A. oryzae. The

two fungal species however ended up with same level of

toxin in thei¥ culture filtrates at 40°C.

Utilization of feed concentrates as substrates for

aflatoxin Bl production by A. flavus and A. oryzae
Results of this experiment are shown in Table 9.
Corn, groundnut cake and palm kernel meals samples
[ ]
when collected had 20, 140 and 10 parts per billion

(ppb) of aflatoxin Bl. The remaining feed concentrates



Utilization of feed concentrates as substrates for aflatoxin B, pr
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by Aspergillus flavus and A. oryzue. Flasks were incubated at 30°% for

dayse Fipures (aflatoxin B, contents in ppb) are means of 3 readings with
standard deviations.

Feed concentrate

Aflatoxin Bl,contéht (ppb) in:

sample on collection | sample inoculated|Sample inoculated| Control sample
(initial) with ii_flavus with A. oryzae
Corn meal 20+0 850430 780+20 15+5
Groundnut cake meal 140+10 3,080+60 2,900+100 130+10
Palm kernel meal 1040 300+20 300+30 0
Fish meal 0 0 0 0
Blood meal 0 0 0 0
Wheat offals 0 220+40 260+20 o
Dried breweres grains O 140+10 80+10 10
Oyster shell meal 0 0 0 lO
Bone meal 0 0 0 0




had no detectable aflatoxin B, on collection. At the
end of the incubaltion period, corn meal, groundnut cake
meal, palm kernel meal, wheabt oflals and dried brewers
grains inoculated with A. flavus had 850, 3,080, 300,
220 and 140 ppb of aflatoxin B, contents respectively.

The remaining feed concentrates (fish, blood, oyster

shell and bone meals) had no detectable aflatoxin B, at

.
the end of the incubation period.  Similarly, corn
meal, groundnut cake meal, palm kernel meal, wheat

offals and dried brewers grains inoéulated with A.
oryzae had 780, 2,900, 300, 260 and 80ppb of aflatoxin
Bl contents respectively at the end of the incubation
period. No aflatoxin By was detected in the remaining
feed concentrates (fish, blood, oyster shell and bone
meals) . For the control,; only corn and groundnut cake
meals had 15 and 130 ppb of aflatoxin Bl contents
respectively after the incubation period. This gave a
reduction of 5 and 10Oppb respectively when compared to
the aflatoxin Bl levels in the 1initial samples. No
aflatoxin B, was detected in palm kernel meal in the
control flasks. The results also showed that groundnut
cake meals had the highest levels of aflatoxin Bl.
This was follow&d by corn meal, palm kernel meal, wheat
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offals and dried brewers grains in decreasing order of
toxin levels. Except in palwm kernel meal and wheat
offals, A. flavus brought about the accumulation of
more toxin than A. oryzae. The amount of toxin
produced by A. oryzae on wheat offals was more than the
amount produced by A. flavus on the same substrate.

Both test fungi produced the same amount of toxin on

palm kernel meal.

Analysis of fresh poultry droppings for aflatoxins

No aflatoxin was detected in all the samples

analysed.

Test for toxins in poultry droppings previously

inoculated with toxigenic fungal species

No toxin was detected in all the samples

inoculated either with Al flavus or A. oryzae.

Extracellular enzyme production and assay:

Amylase production with time on SYE medium

The results of this experiment presented in Fig. 7

show that all the isolated fungi produced amylase
L]
extracellularly. The amount of the enzyme produced by



Fig. 7: Amylase production with time on SYE medium.
Fungi were incubated at 30°C Bach point on the
graph is a mean of 3 readings. A. 0——0

Aspergillus flavus, %——« A. fumigatus, a—ag
A. niger.

B. 0—0 A. oryzae, %—=x Rhizomucor pusillus, 4&—

Rhizopus arrhizus
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the fungal species increased with the period of

incubation until a peak was reached at different days

for the isolates. For Aspergillus flavus, A. fumigatus

and A. oryzae, the peak amylase production was attained
on the 6th day of incubation at 30°C. A. niger and

Rhuzopus arrhizus recorded peak activity on the 4th day

while same was recorded for Rhizomucor pusillus on the

5th day of incubation at 30°C. The amylolytic activity
for all the isolates decreased gradually after peak

activity was attained.

Effects of different carbon sources on amylase

production

The results presented in Table 10 showed that
amylase was produced by all the isolates in all the
media types. However, the largest amount of amylase
was produced by each of the fungi on the medium that
contained starch as the sole carbon source. Other
media containing different carbon sources enhanced
amylase production in decreasing order as follows: Feed

infusion medium, CMC, pectin, dextrin and glucose.
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Effects of pH of assay medium on amylase activity

Amylase activity was recorded for all the fungal
isolates with the‘pH range (3-8) used. Optimum pH for
amylase activity of each of the test fungal species was

in the acidic medium (Fig. 8). For Aspergillus flavus

and A. niger, highest amylase activity was recorded at
pH 5. The remaining four fungal species had optimum
amylase activity at pll 6. At values above the optimum
pH, a decline in amylase activity was recorded for all

the species.

Effects of temperature of assay medium on amylase

activity

The results presented in Fig. 9 showed that no
amylase activity was observed at 20°C for all the
species. At 30°C, amylase activity was observed for
all the specges and this rose graduall? to a peak at

45 ox\H0* C. The optimum activity of the amylases of

A. flavus, A. niger, A. oryzae and Rhizopus arrhizus

was obtained at 45°C while amylases of A. fumigatus and

Rhizomucor pusillus recorded peak activity at 50°C. At

higher temperatures, amylase activity decreased sharply
]

for all the species and eventually ceased at 60°C.



Effccts of carbon sources on amylase productions Fungi were incubated at 30
for 6 days and amylase activity detemined.
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TABLEA1

oC

Figures (mg/ml of maltose

released by culture filtrate) are means of 3 readings with standard doviationse

Test fungus Carbon écurces
Glucose Dextrin Starch Pectin CMC Feed jnfusion medium

Aspergillus flavus [0.05+0.01 |0.10+0.03 |0.62+0.03 |0.22+0.01 |0.40+0.10 '|0.48+0.07

A. fumigatus 0.12+0.04 |0.30+0.09 |0.90+0.07 |0.44+0.03 |0.404+0.08 [0.66+0.03

A. niger | 0.24+0.07 |0.26+0.06 [1.20+0.04 | 0.60+0.04 |0.72+0.06 [1.00+0.04

A. oryzae 0.04+0.02 |[0.14+0.04 o.soio.d:s 0.26+0.07 |0.42+0.01 [0.46+0.04
Rhizomucor pusillus0.08+0.02 |0.24+0.03 |0.66+0.07 | 0.16+0.02 |0.30+0.02 0.50+0.0

Rhizopus arrhizus k.20:0.03 0.30+0.09 [1.10+0.08 | 0.14+0.05 |0.22+0.07 10.90+0.08
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Fig. 8: Effects of pH of assay medium on amylase
activity. Fungi were incubated at 30°C for 6
days. Each point on the graph is a mean of 3

readings.A. 0—0 Aspergillus flavus, *»——x

A. fumigatus, #4—a A. niger.

B. 0——0 A. oryzae, »——X Rhizomucor

pusillus, A—A Rhizopus arrhizus.




I-207
1:00 -+

0804

0-60-

0+407

0-20

mieLl

|
o
~

o
Q

o)

=
2 o
(Jw/bw ) 23013114 21N} N> AQ p2sD2j2J 250}

3

o

3

o

T
o
~
o

DW JO junowy

Fig. 8.



102

Cellulase production with time on ocat-meal chaff medium

The results showed that Aspergillus fumigatus had

the highest cellulase activity while Rhizomucor

pusillus had the lowest (Fig. 10). For all the
species, cellulase production first increased with the

time of incubation until the peak was attained.
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Fig. 9: Effects of temperature of assay medium on
amylase activity. Fungi were incubated at
30°C for 6 days. Each point on the graph is

a mean of 3 readings. A. O—0 Aspergillus

flavus, »—=x A. {umigatus, A———A

A. niger,.

B. 0——0 A. oryzae, »——X Rhizomucor

pusillus, Rhizopus arrhizus A—A
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Fig. 10: Cellulase production with time on oat-meal
chaff medium (OCM). Fungi were incubated at
30°C. Each point on the grap is a mean of 3
readings.

A. 0—0 Aspergillus flavus, %»—=x A.

fumigatus, A—A A. niger.
B. 0—0 A. oryzae, ¥»—X Rhizomucor

pusillus, &—A Rhizopus arrhizus
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Aspergillus fumigabus and A. niger recorded peak

production of cellulases on the 5th day of incubation,

A. flavus, A. oryzae and Rhizopus arrhizus on 6th day

and Rhizomucor pusillus on the 8th day of incubation.

After the peak production day for each fungal species,
a decrease in Lhe cellulase activity of the culture

filtrates was observed.

Effects of different carbon sources on cellulase

production

According to the results shown in Table 11, no

cellulase production was recorded for Rhizomucor

pusillus and Rhizopus arrhizus on media with glucose,

dextrin and starch as sole carbon sources. Cellulases
were produced by the remaining fungal species on all
the media_types provided. The feed infusion medium and
CMC medium proved to be the best media for cellulase
synthesis by all the isolates. While cellulase

production by A. flavus, A. niger and Rhizopus arrhizus

was greater on CMC medium than on feed infusion medium,
it was greater on feed infusion medium for A. fumigatus

and A. oryzae.® For Rhizomucor pusillus, equal amounts




Effectn of carbon gsources on cellulase production Fungi were incubated at 30oC
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TABLT 11

for 6 days and cellulage activity detemined.

Figures (mg/ml of total reducing
suzars released by culture filtrate) are means of 3 readings with standard

deviationse.
Tes fungus Carbon Sources
Glucose Dextrin Starch Pectin CMC Feedinfusion medium
Aspergillus flavus 0.01+0.01| 0.10+0.01| 0.01+0.01 | 0.02+40.01 }0.34+0.04 | 0.28+0.02
A. fumigatus 0.01+0.01| 0.01+#+0.01| 0.01+0.01 | 0.04+0.01 |0.72+0.03 |0.80+0.05
A. niger ol 0.01+0.01 | 0.0140.01| 1.0140.01 | 0.05+0.01 |0.60+0.02 |0.50+0.02
- A. oryzae 0.01+0.01 | 0.01+0.01| 0.01+0.01 | 0.01+0.01 |0.40+0.03 |0.48+0.08 A

Rhizomucor pusillus0.0 0.0 0.0 0.01+0.01 |0.10+0.03 |0.10+0.02
Rhizopus arrhizus 0.0 0.0 0.0 0.01+0.01 |0.14+0.02 |0.20+0.04
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of cellulases were produced on CMC and feed infusion

media.

Effects of pH of assay medium on cellulase activity

Although cellulase activity was recorded for the
isolated fungal species within the pH range (3-8) used,
acidic medium enhanced greatest activity (Fig 11). For
all the fungal species, increase in cellulase activity
was recorded with increase in pH until the peak was
attained at pH 5 for A. flavus and A. oryzae and at pH

6 for A. fumigatus, A. niger, Rhizomucor pusillus and

Rhizopus arrhizus. Further increase above the optimum

pH brought about decrease in cellulase activity for all

the fungal organisms.

Effects of temperature of assay medium on cellulase

activity

From the results presented in Fig. 12, cellulases
of the isolated fungal species were active within a
wide temperature range (20°-70°C). No <cellulase

activity was recorded for A. fumigatus and Rhizomucor

Eusillus at 20°C and also none was recorded for A.
]

niger, A. oryzae and Rhizopus arrhizus at 70°C. While
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Fig. 1l: Effects of pH of assay medium on cellulase
activity. Fungi were incubated at 30°C for ©
days. Each point on the graph is a mean of 3
readings.

A. 0——0 Aspergillus flavus, %»—=x A.

fumiqatus, 6—~A A. niger.

B. 0—0 A. oryzae, %— Rhizomucor

pusillus, A—A Rhizopus, arrhizus
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Fig. 12: Effects of temperature of assay medium on
cellulase activity. Fungi were incubated at
30°C for 6 days. Each point on the graph is
a mean of 3 readings.

A. 0—0 Aspergillus flavus, %»——=x A.

fumigatus, & A. niger.
B. 0——0 A. oryzae, ¥—X Rhizomucor

Eusillus; A—: Rhizopus arrhizus .
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cellulases of A. niger and Rhizopus arrhizus attained

peak activity at 40°C, those of the remaining fungal
isolates recorded peak activty at 45°C. Above the
optimum temperature, a decrease in the cellulase

activity was obtained for all the fungal species.

Protease production with time on poultry feed-casein

medium
The protease production by all the isolated fungi
increased with time of incubation until a peak was

attained (Fig. 13). Rhizopus arrhizus recorded peak

production of proteases on the 5th day of incubation;

Aspergillus flavus, A. niger and A oryzae on the Gth

day and A. fumigatus on the 7th day. Rhizomucor

pusillus however did not attain peak protease
production until the 8th day of incubation. For all
the fungal isolates, a decrease in protease activity of
their culture filtrates was observed after the peak

production day.

Effects of pH of assay medium on prolease activity

According to the results presented in Fig 14;
]

acidic medium favoured higher protease activity of
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Pig. 13: Protease production with time on poultry
feed-casein wmedium. Cultures were incubated
at 30°C. Each point on the graph is a mean
of 3 readings.

A. 0—0 Aspergillus flavus, %—=x A.

fumiqatus, S A niqer.

B. 0—0 A. oryzae, ¥»¥—X Rhizomucor

pusillus, H— Rhizopus arrhizus.
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Fig. 14: Effects of pH of assay medium of protease
activity. Fungl were incubated at 30°C for 6
days. Each point on the graph is a mean of 3
readings.

A. 0——0 Aspergillus flavus, *»—x A.

fumigatus, A—) A. niger.

B. 0—-0 A. oryzae, x—=x Rhizomucor

pusillus, A—+ Rhizopus arrhizus
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culture filtrates of all the fungal isolates.

Proteases of A. fumigatus, A. niger and Rhizomucor

pusillus had peak activity at pH 5. For the remaining

species: A. flavus, A. oryzae and Rhizopus arrhizus,

peak protease activity was recorded at pH 6. Above the
optimum pH, a decrease in protease activity was

observed for all the isolated fungi.

Effects of temperature of assay medium on protease

activity.

In this study, it was observed that 40°C was the
opitmum temperature for the protease activity of
culture filtrates of all the test species except for

the protease of Rhizopus arrhizus which recorded peak

activity at 30°C (Fig.l1l5). At 60°C, protease activity
was recorded only in culture filtrates of A fumigatus,

A niger and Rhizomucor pusillus.

Lipase production with time on oat-meal chaff medium

Lipase activity of fungal culture filtrates first
increased with time of incubation until a peak was

L
attained. Aspergillus flavus, A. niger and A. oryzae

recorded peak production of lipases on the Sth day of
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Effects of temperature of assay medium of

protease activity. Fungi were incubated at

30°C for 6 days. Bach point on the graph
a mean of 3 readings.

A. 0—9O0 Aspergillus flavus, *»—=x A.

fumiqatus, 4— A. niqer.
B. 0—0 A. oryzae,; ¥—=x Rhizomucor

pusillus, A4 Rhizopus arrhizus

is
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Lipase production with time on oat-meal chaff
medium. Fungi were incubated at 30°C. Each
point on the graph is a mean of readings.

A. 0—0 Aspergillus flavus, *x——x A.

fumigatus , A A. niger.
B. 0——0 A. oryzae, XX Rhizomucor

Eusillus, A—A Rhizopus arrhizus.
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Pig. 17:% Effects of pH of assay medium on lipase
activity. Fungi were incubated at 30°C for 6
days. BEach point on the graph is a mean of 3
readings.

A. 0—0 Aspergillus tlavus, ¥»—=x A.

fumiqatus, 25— A. niger.

B. 0—0-0. oryzae, »—X Rhizomucor

pusillus, &—\ Rhizopus arrhizus -
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incubation, Rhizopus arrhizus on the 6t day, and A.

th

fumigatus and Rhizomucor pusillus on the 7 day (Fig.

l6). After the peak production day for each species, a

decrease in the lipase activity of the culture

filtrates was obtained.

Effects of pH of assay medium on lipase activity

Lipases of all the species were more active 1in
acidic medium than in alkaline medium (Fig. 17).

Aspergillus niger had peak activity at pH 5 and almost

the same amount of activity at pH 6. For the remaining
fungal species, pH 6 was optimal for lipase activity.
Above the optiwmum pH decrease in lipase activity was

recorded for all the fungal isolates.

Effects of temperature of assay medium on lipase

activitx

-

The results observed showed that lipases of A.

niger and Rhizopus arrhizus had optimal activity at

40°C (Fig. 18). The peak lipase activity for the
remaining four fungal species was recorded at 45°C.

Above the optimal temperature for each isolate a
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Effects of temperature of assay medium on
lipase activity. Fungi were incubated at
30°C for 6 days. Each point on the grap is a

mean of 3 readings.

A. O0——0 Aspergillus flavus, x X A.

fumigatus, 4—A A. niger.
B. 0—0 A. oryzae, *»—x Rhizomucor

pusillus, AA Rhizopus arrhizus.
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decrease in lipase activity was recorded. Only

Rhizopus arrhizus recorded no lipase activity at 60°C.
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DISCUSS ION

The fungi associated with stored agricultural
products had been identified as one of the factors
responsible for their deterioration and spoilage. The
agricultural products, both of plant and animal origin
serve as substrates for the various moulds or fungi
which in most cases are saprophytes. Reports on the
fungal invasion of stored produce particularly feeds
and feed concentrates have been made. For instance,
Bonner and Fergus (1959) identified the fungal flora of
twenty-six cattle feed samples, sixteen of which had
histories associated with disorders of 1livestock.
Ogundero (1980b) isolated eleven fungal species from
poultry fegds out of which four were thermophilic.
Broadbent, (1969a, 1969b) working on maize (which is
often a major poultry and livestock feed concentrate)

isolated fungal species such as Aspergillus candidus,

A. flavus, A. fumigatus, A. niger, A. tamarii,

Penicillium decumbens and Mucor pusillus as the major

micro-flora. Other fungal species had been reported to
be associated with stored groundnuts which is also a

feed component. Some of such fungi according to
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Broadbent et al. (1972) include: Aspergillus

chevalieri, A. penicilloides, A. ruber, A. amstelodami,

A. flavus, A. tamarii, Macrophomina phaseoli and

Botryodiplodia theobroiae.

Two of the major factors that influence the above
colonization and subsequent growth of fungi in feeds
and feed concentraktes and other agricultural products
are the pH and moisture levels of the produce.
Excluding the oyster shell wmeal sawmples which had pH
values of between 8.2 and 9.0, samples of other feed
concentrates like corn, groundnut cake, palm kernel,
fish, blood, wheat offals, dried brewers grains, and
bone meals had pH values of between 5.2 and 6.8. It is
known that fungi like other microorganisms are affected
by pH of the substrate within which they are growing.
From previous reports (Cochrane, 1958), fungi had
better mycelial growth in the acidic medium than in
alkaline medium. The pH of most of the feed
concentrates therefore is conducive to the colonization
and subsequent growth of several fungi. Furthermore,
the wide pH range within which the isolated fungi can
thrive also suggests Lthat even the oyster

L
shell meal samples with alkaline pH 1is prone to
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infestation by these microorganisms. Similarly, fungi
are known to bring about changes in the pH of the
substrate within which they grow (Chi and Hanson, 1964;
Ruperez and Leal, 1979). This could partly account for
the slight changes in pH of the wvarious feed
concentrate samples collected during the period of
study. For the compound feeds, the pH values (5.9-6.9)
recorded is favourable for fungal growth. This
favourable pH range of the compound feeds coupled with
the fact that the cowmposite feed concentrates have
several nutritional components (Oyenuga, 1968) could be
responsible for the abundance of each fungal isolate in
all the compound feeds.

The % moisture content of stored products has been
reported as an important factor enhancing mould
deterioration (Oyeniran 1978). Broadbent (1969b)
reported that deterioration of maize and similar
products by moulds 1is expected when the moisture
content is above the maximum (about 12.5%) for 'safe'
storage. The present studies show that for all the
feed concentrates analysed, moisture content levels
ranged between 8.86% recorded for the fish meal samples

®
in November and 18.92% recorded for the corn meal
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samples collected in August. This gives a wide range
of 10.06%. The results for each type of feed
concentrate is equally noteworthy. For the corn meal
samples, the % moisture content values starting from
March show an increasing trend up to August after which.
a downward trend was observed from September to January
(Table 1). These results followed climatic trends.
Such seasonal variation in moisture content of produce
were recorded for palm-kernels by Adesuyi and Cornes
(1970), for market saumples o©of maize and groundnuts by
Oyeniran et al. (1973) and for maize by Opadokun et
al. (1979). This effect is wusually caused by the
climate affecting the initial drying of the produce or
by the produce absorbing moisture during the wet months
(Oyeniran 1976). The % moisture contents obtained for
the corn meal samples in the present study were

generally higher than the figures obtained by Opadokun

et wl. :(1979) but less than those reported by
Broadbent (1969b). The possible reasons for the

differences in reports could be the wvariation in
relative humidity of storage atmosphere, differences in
the number ol somples Laken and  Lhe restriction of

sampling between June and ecarly September by Broadbent
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(1969b). Differences in the post harvest storage
periods and possible exposure of some samples to
moisture could also account for the dissimilarity in
the reports. Results of the % moisture content of the
groundnut cake meal samples also followed climatic
trends. The highest figure was 16.90% obtained in
August while 12.60% recorded in January was the lowest,
thus giving a range of 4.30%. For Ehe palm kernel meal
samples, the % moisture contents obtained also
supported the wview that the relative humidity of
storage atmosphere affeclts Lhe moisture content of
produce. This effect of climate on moisture content of
produce was also supported by the % moisture contents
of fisﬁ meal samples, collected. For the blood meal
samples,highest % moisture content (16.60) was recorded
in July whil; the lowest (12.48) was obtained in
January. This gave a range of 4.12. These results
also supported earlier reports that higher moisture
contents are obtained when the relative humidity of the
storage atmosphere is high. Furthermore, the results
on wheat offals famples showed that the highest %
moisture content of 14.70 was recorded in July while

the lowest (12.04) was recorded in January. The low



range (2.66) obtained suggests that % moisture content
of the feed concentrate is not readily influenced by
the climate. Samples of dried brewers grains had the
highest % moisture content (10.74) in September and the
lowest (9.62) in March. This is unlike the results for
the other feed concentrates which had the highest %
moisture contents in July or August and the lowest in
January. The low range of 1.12% is also unigue. This
deviation in the results against the general
observation for other feed concetrates could be due to
the effectiveness of the initial drying of the produce
or to the structural and or chemical properties which
probably made the produce to absorb and give away
moisture at comparatively lower rates than what was
obtained in other feed concentrates. The oyster shell
meal samples had highest % moisture content of 11.43
in July a;d the lowest (9.23) in November. The low
range of 2.20 could also be an indication of little
influence of climate on the moisture content. For the
bone meal samples, the highest and lowest % moisture
content values of 11.80 and 10.21 were obtained in
August and November respectively. The low range of

1.59 is also suggestive of 1little influence of the
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climatic factors on the sample moisture content. The
general results of the feed concentrates moisture
contents showed that corn, groundnut cake, palm kernel,
blood and fish meals were probably more  readily
influenced by the climatic conditions. The moisture
content of wheat offals, oyster shell meal, bone meal
and dried brewers grains may not readily be affected by
the climate. The last two feed concentrates were least
influenced by climatic factors.

Results on the % moisture contents of the compound
rations also followed climatic trends as observed with
the feed concentrates. The generally high % moisture
contents recorded (12.44-18.36) could partly be
responsible for <the large number of fungal colonies
isolated from all the compound rations (Table 4). With
the exception of the moisture content value (12.44%)
recorded for the broiler slarters mash collected in
March, all other other samples had values in excess of
the 12.50% regarded as the 'safe' moisture level
(Broadbent, 1969b). The implication of this is that
poultry feeds in South Western Nigeria are predisposed
to fungal amd other microbial deterioration even

during the dry season when the relative humidity is



comparatively lower tian wvhat is obtained during wet
season.

The significance of aflatoxins in foods, feeds and
feed concentrates have Leen ecwmphasized (Bababunmi et

gi., 1978; Patterson and Roberts, 1979, Rauch .‘.E.E. ﬂ:
1988). Althougyh other mycotoxins are being discovered,
the aflatoxins retain a position of major importance
because of their high toxicity and their common natural
occurrence in significant guantities in several foods
and feed crops (Schroedeir, 1969, Miller et 5&; 1985).
In the present work, significant qguantities of the
principal aflatoxings (Bl, nR' Gl and Gz) were detected
mainly in corn and groundnut cake meals. The amounts
of aflatoxins recorded in wmost of the corn meal samples
were at very low to moderate levels (10 to less than
160ppb). Similar resulls have been reported for most
samples anai}sed by Broadbent (1969b) and Opadokun et
al. (1979). Lillehoj et al. (1%980) however, obtained
higher aflatoxin levels (above 300ppb) in most of the
pre—-harveslt corn samples analysed. Results obtained
from the analysis of groundnut cake meal samples in the
present study showed thak very low to relatively high

]
levels (10-600ppb) of aflatoxins were recorded. These
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results were similar to Uthose vecorded by Halliday
(1969) except that in the current work some samples
contained aflatoxin in excess of 250ppb. In another
report (Joffe, 1969) the amounts of aflatoxin B1 alone
produced by most isolates of A. flavus from groundnut
kernels were far in excess of 1,000ppb. The
differences in levels of aflatoxins recorded in the
present study and those previously reported could be
due to factors such as the moisture contents of the
substrate (Chang and 1Harkakis, 1931, Salunkhe et al;
1987) the strains of the associated toxin producing
fungi (Austwick and Ayerst, 1963) and the ambient
temperature (Joffe, 1969). The period of storage could
also have an elffect. The present results suggest that
when aflatoxin is present at all in a sample, Bl is
certainly pregent and most likely to have the highest
level. This assertion is supported by the findings of

Joffe  (1969) which indicated that all Aspergillus

flavus which produce any toxin at all produced
aflatoxin Bl' This [Lrequent occurrence of aflatoxin Bl
and more so at high levels in some feed concentrates
and other agricultuval products is of great

significance. This is because aflatoxin Bl is the most
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toxic component of the aflatoxin complex (Schroeder,
1969). Apart from the palm kernel meal samples which
had only traces of aflatoxin Bl' no detectable amount
of aflatoxin was recorded in any other feed
concentrate. These results confirmed that the
production and accumulation of aflatoxins varied with
substrates some of which are unsuitable for toxin
production by A. flavus group (3chroeder 1969).

Analysis of the compound rations indicated that
only aflatoxin Bl was present and even then it was at
very low and safe levels (below 30 ppb) for most
samples. Possible reasons for this could be the
dilution effect on the maize and groundnut components
by the other feed concenbiates which lack aflatoxins or
were unsuitable for their production. The addition of
fungistatic additives such as coccidiostat and
butylated hydroxytoluence (Oluyemi and Roberts, 1979) to
the compound rations at production time could possibly
retard toxin production by associated microbes.

The six fungal isolates from the current studies
have health and economic implications on livestock and
man respectively. The fungi were often implicated in

the deterioration and spoilage of several stored



agricultural produactlts including animal feeds
(Cristensen, 1957; Christensen and Kaufman, 1965).
Toxin production by wosi oi these Lungal species and
their activities as animal pathogens have also been

reported. Aspergillus flavus and its related species

A. oryzae are probably the most notorious of the lot
because of the potency of aflatoxins they produce
(schroeder, 1969; Krogh, 1969, Blaha et al; 1986).

Bamburg et al. (1969) reported that Aspergillus

fumigatus is also toxigenic, being responsible for the
production of fumagillin, gliotoxin and helvolic acid
as its major toxic metabolitess. The involvement of the
same fungus in aspergillosis which is a well known
respiratory disease of animals particularly young birds
has been reported (Ainsworth and Austwick, 1955; Acha
and Szyfre%, 1980). It has also been estimated that
75% of ~mycotic abortions in <cattle are due to

Aspergillus especially A. fumigatus (Acha and Szyfres,

1980). Although Aspergillus niger is rarely implicated

as a pathogen, however, il wmay be associated with a

form of aspergillosis clinically different from that

W

caused by A. fumigatus. It (ﬂ; niger) has also been

reported to be associated with mastitis in cattle
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(Ainsworth and Austwick, 1955). Mucor pusillus which is
&)

also one of the isolated fungi has been associated with
gastric wulcerations in farm animals (Lacey, 1975).
Furthermore, the reports made by Kulik and Holaday

(1966) indicated that Rhizopus arrhizus could also be

involved in toxin production.

Studies on the effect of environmental conditions
such as temperature and pil on the mycelial growth of
the isolated fungi became necessary to determine the
optimum conditions under which deterioration of feeds
take place. The knowledge of  Lthe optimuam growth
conditions for the fungal isolates could then be used
for safe storage of feeds and other agricultural
produce susceplbible to microbial attack. The optimum
growth temperatures recorded in the present
investigatidons for the Ffungal isolates were 30°C for

Rhizopus arrhizus and 35°C for Aspergiilus flavus,

A.
niger and A. oLyzae. Rhizowucor pusillus and A.

fumigatus had optimum growth at 40°C. All the current
results on the growth-tenperature relations of the
isolated fungi illustraed in Fig. 1 are consistent
with the report; of previous workers. For instance,

Olutiola (1976) reported similar growth-temperature
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pattern for the A. flavus group. OStudies conducted by
Broadbent (1969a) also supported the present findings

that Rhizopus arrhizus and A. niger are mesophiles

recording optimum mycelial growth at or about room

temperature. That Aspergillus fumigatus is a

thermotolerant fungus growing well up to 45°C or higher
has been reported by Raper and TFennel (1965).The
reports of Cooney and Buerson (1964) and Ogundero

(1980b) showed that Mucor pusillus is a thermophile

growing less vigorously at romm Ltemperature than at
higher ones.

Optimal growth for all the isolates was recorded
in slightly acidic¢ medium (Fig. 2). This 1is in
agreement with earlier reports made by Cochrane (1958)
and Child et al. (1973) that fungi have best mycelial

growth in adidic media.

Analysis of feeds and feed concentrates showed the

presence of several carbon sources some of which
include glucose, fructose, pentoses, sucrose,
raffinose, galactose, starch, dextrin, galactan,

cellulose and pentosans (Oyenuga, 1968). Reports on

L
the utilization of these carbon sources by fungi has

been made (Chi and Hanson, 1964 ; Sorenson and



Hesseltine, 1966). Pisano and Anastasia (1958) and Oso
(1974) reported that such carbon sources were utilized
to varying extents by the fungi used. with the
exception of sorbose, all the carbon sources supplied
into the growth medium were utilized by the fungal
isolates for mycelial growth and sporulation. This

utilization was also found to be in wvarious extents.

Only Aspergillus fumigatus and A. niger recorded scanty
growth on sorbose. None of the isolated fungi showed
any sign of sporulation on Lhe carbon source (sorbose).
A previous report by Ogundero (1978) showed that out of
several thermophilic fungi supplied with sorbose, only

Chrysosporium thermophilum showed appreciable growth.

Previous workers have reported the toxic nature of this
carbon source to fungi (Oso, 1974). It is known to
interfere with a respiratory pathway so that only those
fungi which are not dependent on this pathway can
utilize it (Ogundero, 1978). Utilization of cellulose
by fungi is of paamount importance for the
colonization and deterioration of plant products by
storage moulds. , For example, the penetration of cocoa

beans by fungi is thought to be initiated by A.

fumigatus because of its abilily to produce cellulases
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which could attack cellulose and pentosans in the seed
coat (Chatt, 1953). This paves way for other species
to enter the beans (Dade, 1929), or even assists them
in doing so (Bunting, 1931). The present studies
showed that all the fungal isolates utilized
carboxymethyl cellulose (soluble cellulose) for
mycelial growth and sporulation (Table 5); Unlike the

other isolates, Rhizomucor pusillus @ and Rhizopus

arrhizus recorded no growth on native cellulose (filter
papers). Similar results were obtained by Somkuti et
al. (1969) and Rosenbery (1978) while working with

Mucor pusillus. The < curvent view is that the

degradation of native cellulose and consequently its
utilization involves Lwo Lypes of enzymes designated C1
and Cx (Mandels and Reese, 1965; Mandels and Steinberg,
1976). The Cl enzymes acl on Lhe crystalline parts of
the cellulose chain thus loosening the micro-fibrils in
such a way that subsequent action by Cx enzymes becomes
possible. The C, enaymes were found to be an induced
complex of enzyilies hydrolysing the Beta 1-4 glucosidic
bonds in the cellulose molecule. The Cx enzymes have
the ability to d%grade cellulose derivatives such as

soluble carboxymethyl cellulose (CMC) and celluloses



that have been modified by gyrinding with concentrated
acid or alkali. However, for crystalline cellulose to
be hydrolysed both C1 and C_ enzymes must be present.

The failure of Rhizomucor pusillus and Rhizopus

arrhizus to utilize native cellulose (filter papers)
for growth and their ability to utilize CMC indicate
the presence of C, enzymes and lack of Cl enzymes. The
role of other microbial enzymes in the break-down of
all types of organic food components had also been

reported (Adler-Nissen, 1987 Park et al; 1987 ;

Morihara, 1987).

Animal feads and feed concentrates also contain
several nitrogen sources (Oyenuga, 1968). Utilization
of seveal nitrogen sources both organic and inorganic
by fungi £for growth and sporulation has also been
reported by several workers (Sorenson and Hesseltine,
1966; Ruperez and Leal, 1979; oOgundero, 1981C).
Results obtained from the present study showed that the
fungal isclates utilized all the organic and inorganic
nitrogen sources supplied. The highly abundant growth
and sporulation of all the fungal isolates on casein
hydrolysate was due to the constituent amino acids.
According to Nolan (1970), the amino-acid contents of
casein hydrolysate includes: glutamic acid, valine,
threonine, argimine, aspartic acid, glycine, leucine,
isoleucine, lysine, methoinine, phenylanine, histidine

and tyrosine each of which provides a good source of
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nitrogen for fungal growth. The good growth recorded
for the fungal isolates on inorganic nitrogen sources
is an indication that these nitrogen sources can
effectively substitute amino acids as nitrogen sources
for growth.

The growth and sporulation of all the isolated
fungi on the feed infusion medium is an indication that
the latter contained nutrients which were available, to
all the fungal isolates. Illowever, the growth and
sporulation recorded on the medium was comparatively
less than what was obtained when casein hydrolysate,
starch or other good nitrogen or carbon source were
supplied. This could be due to the dilute nature of
the feed infusion medium since most of the solid
components of the substralte were filtered out with the
muslin cloth at preparation. Fungistatic substances
added to poultry feeds by feed compounders could also
retard fungal growth.

The screening of all the isolated fungi for

aflatoxin production implicated only Aspergillus flavus

and A. oryzae. This confirmed previous reports that
some strains of A. flavus are major aflatoxin producers
(Kulik and Holaday, 1966; Taber and Schroeder, 1967;

Niles, 1978). The production of aflatoxins by A.
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oryzae in Lhe Lwo Lypes ol modilied Czapek-Dox medium
is not significantly different (at p = 0.1) from the
amounts produced by A. flavus. This observation is not
consistent with the report by Schroeder (1969) that A.
oryzae strains produced small quantities of aflatoxin
Bl or none at all. The difference in the two reports
could be explained by the variability of results
usually obtained when working with cultures of the A.
flavus group (Schroeder, 1969). Several strains of A.
flavus are however generally known to produce both
aflatoxins B1 and 82 (Wicklow and Shortwell, 1983;
Doner et al; 1984). The attack and growth of A. flavus

group on almost all crops particularly when the latter
are ripe or senescent should therefore be considered
with a wview to control contamination with toxin
metabolites of fungi.

Apart from the fungus, the moslt important factors
affecting the development of aflatoxin contamination
are: substrate, temperature, pH, moisture conditions
and time. In the present study, the amounts of
aflatoxin By in the culture filtrates of the two
aflatoxin produging fungal species increased after

inoculation until the g8t day when the peak was
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recorded. During the incubation period the pH of the

culture filtrates fell gradually and was lowest on the

8th

day which incidentally recorded the peak toxin
production and accumulation. The toxin production
curve obtained is similar to microbial growth curve
(Cooper, 1971). According to Ogundero (1978), the
initial 1lowering of the pH of fungal culture medium
could be due to the formation of organic acids or
absorption of cations as a  result of the fungal
metabolic activitites, The effects of incubation
temperature and pH of the medium on aflatoxin Bl
production is similar to their effects on fungal growth
(see Figs. 1, 2, 5 and 6). Similar results on the
effect of temperature on | the production and
accumulation of the toxins in stored field crops has
been reported (Schroeder, 1969). Since aflatoxins are
products of metabolic activities in fungi, their
production and accumulation therefore are affected by
the environmental conditions that affect fungal growth.
Ogundero (1987) reported that the singular limiting
factor for aflatoxin contamination- of Nigerian

groundnuts, apart from the moisture contents is

L]
temperature. The substrate upon which a toxigenic
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fungus is growing affects the production and
accumulation of mycotoxins. Broadbent et al. (1963),

Taber and Schroeder (1967) and Halliday (1969) have
reported that groundnut in particular is a very good
substrate for aflatoxin production by A. flavus group.
The production and accumulation of aflatoxins in corn
has also been reported (Broadbent, 1969b; Opadokun et
al., 1979; Lillehoj et al., 1980) . Other agricultural
products that had been found to be suitable for
aflatoxin production by toxin producing fungi include
cotton seed, rice, Brazil nuts, coconut, oats, pinto
bean and wheat (Schroeder, 1969). 1In the present work,
corn, groundnut cake and palm kernel meals were the
only feed concentrates that contained detectable
amounts of aflatoxins at time of collection. Detection
of the toxing in wheat offals and dried brewers grains
after adjusting the moisture content to 35% (w/v) and
inoculated with the toxigenic fungal isolates implied
that if conditions are favourable, the two feed
concentrates could be good substrates for toxin
production and accuwmulation. All the remaining feed
concentrates anabysed: f[ish, blood, oyster shell and

bone meals appeared to be unsuitable substrates for
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aflatoxin production and accumulation. Similarly, lack
of aflatoxins in the poultry droppings inoculated with
the toxin producing fungi and in uninoculated samples
even when favourable conditions of temperature and
moisture were provided suggested the unsuitability of
the product for aflatoxin production and accumulation.
The 'storage fungi' like other microorganisms are
able to attack and utilize the nutrients available in
stored agricultural products for their cellular growth.
This wutilization of nutrients in stored products is
possible because of the numerous extracellular enzymes
produced and released into the substrates by the
invading fungi. Starch, cellulose, hemicellulose,
lignocellulose, lignin, pectin, proteins, lipids, fats
and oils are some of the major classes into which plant
components are grouped. Lignified cellulose or
lignocellulose is much more resistant to decay than the
other plant components while pure, isolated lignin has
not been shown to be degraded significantly by any
organism (Rosenberg, 1978). Food is usually stored in
plant tissues in form of starch. The production of
enzymes which arescapable of breaking down such storage

products are of prime importance in fungi that obtain
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nutrients from plant materials. Amylases are
responsible for the breakdouwn of starchy materials to
maltose. Amylases are classified into two groups. The
& - amylases or endoglycosidases hydrolyse starch
chains at points far f[rom chain ends to form short
polysaccharide chains and B-amylases which have an exo-
action, cutting off chain ends to two sugar units
usually maltose (Bernfeld, 1951). Results of the
present work showed that peak amylase production was

attained on the Zh day by Aspergillus niger and

Rhizopus arrhizus; on - the Sth day by Rhizomucor

pusillus and on the A, day by A. flavus, A. fumigatus
and A. oryzae. These results are consistent with
previous reports that the rates of amylase production
are different for most fungi. Chapamn et al. (1975)
reported tlrat maximum amylase activity was attained on

h

the 4t day for Papulaspora thermophila on starch -

yeast-extract medium and after 8days for the same
organism on a yeast extract medium. Ogundero (1979)
recorded highest amylase production for Humicola

lanuginosa and H. insolens on the 4th and Gth days of

incubation respéctively in an oat meal chaff medium.

Oso (1979) also reported that Talaromyces emersonii had
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peak amylase activity at different days when incubated
at different temperatures.

All the fungal isolates used for the present
studies had peak amylase activity on media with acidic
pH (5-6). The peak amylase activity was;; also recorded
at temperatures between 45° and 50°C for all the test
fungi. Similar findings on the effects of pH and
temperature on amylase activity of some fungal species
has also been reported (Ogundero; 1979; Oso, 1979).

Results obtained in the present work also showed
that amylases were produced by all the isolated fungi
when grown in media with different types of carbon
sources although the largest amounts of amylases were
recorded when the medium contained starch. Adams
(1976) reported that amylase production could be
induced in <fungi when the growth medium contained
either glucose, fructose or lactose as sole carbon
source but then the amount of amylases produced was
usually less than when starch was used.

Cellulases are responsible for the breakdown of
cellulose by moulds and other microorganisms. Reports
of several workefs have shown that the production of

extracellular cellulases by fungi 1is common but not
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universal (Fergus, 1969; Rosenberg, 1978; Ogundero,
1978). Cellulases are designated C; and C_  as
previously indicated. Only the C, is necessary for the
degradation of CMC while both C1 and Cx-must be present
before native cellulose is degraded (Mandels and Reese,
1965). Factors such as time, pH, temperature and the
type of substrate have been reported to affect

cellulase synthesis and activity. The peak of

cellulase production in this study was recorded on the

Sth day for Aspergillus Luwmigatus and A. niger; on the
Gth day for A. flavus, A. oryzae and Rhizopus arrhizus
and on the Bth day for Rhizomucor pusillus. The

results also showed Lhal there were differences in the
amounts of cellulase activity recorded for the various
fungi. This variation in the peak production time and
amounts of Ttellulase activity in different fungi has
been reported (Ogundero, 1978; 1979).

All the fungal 1isolates used for the present
studies had peak amylase activity on acidic media with
pH (5-6). The peak amylase activity was also recorded
at temperatures between 45" and 50°C for all the test

L
fungi. Similar findings on the effects of pH and
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temperature on amylase activity of some fungal species
has also been reported (Ogundero, 1979; Oso, 1979).
Peak cellulase activity of the culture filtrates
of all the isolated fungi was recorded at pH 5-6.
Robertson and Koehn (1978) reported that Poronia
punctata cellulase assays on carboxymethyl cellulose
(CMC) gave major and minor peaks of activity at pH 4.8
and 5.6 respectively. In the same experiment, a side
peak of cellulase acbtivity also occurred at pH 4.4.
Reports Dby other workers also showed that peak
cellulase activity was obtained for several fungi at pH
values under 7 (Oso, 1978, Ogundero, 1979; Ogundero and
Adebajo, 1987). According Lo Fergus (1969), the pH for

mycelial growth of Humicola insolens, Mucor meihei and

Torula thermophila were the same as those at which peak

cellulase 'activity was atbttained. Results of the

-

present study also showed that A. niger, Rhizomucor

pusillus and Rhizopus arrhizus had optimal mycelial

growth and peak cellulase activity at the same pH level
(pH 6). The remaining fungal isolates : A. flavus, A.
fumigatus and A. oryzae had only a slight difference of
0.5 in the two ?H values. For all the fungal isolates,

the optimum pH for both mycelial growth and cellulase
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activity were however under pH 7. Mandels and
Reese (1965) reported that cellulases are induced
enzymes which are produced only on cellulose or
related substances. The results of the present
studies showed that while the highest amounts of
cellulases were produced on medium with CMC and on
feed infusion medium which is also rich in cellulose,
other media without cellulose component also supported

the synthesis of cellulases 1in some of the fungal

organisms. Aspergillus flavus, A. fumigatus, A. niger

and A. oryzae produced varying quantities of cellulases

on media with glucose, dextrin, starch, pectin, CMC and

feed infusion medium. Rhizomucor pusillus and Rhizopus
arrhizus on the other hand produced cellulases only on
media with pectin, CMC and feed infusion medium.
Ogundero -(1978) also reported the production of
cellulases by fungi on carbon sources other than
cellulose. From the present results and those
previously reported it can be suggested that while
cellulases could be induced enzymes in some fungil, they
could both be constitutive and induced enzymes in

others. 1In both cases, largest synthesis of cellulases
]

is obtained in cellulose containing medium.
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Cellulase activity ol the culture filtrates in the
present work was found to increasé with temperature up
to 45°C after which there was a drop in activity.
Robertson and Koehin (1978) reported that optimal

temperature activities for Poronia punctata cellulases

was at 55°C with CMC as substrate and 45°C with filter
paper and microcrystalline cellulose (MCC) as
substrates.

Observations in the present work indicated that
proteases were present in the culture filtrates of all
the fungal isolates. The peak protease production and
activity by the isolated fungi was recorded at
different days for the different fungal species. It

h

was recorded for Rhizopus arrhizus on the 5t day and

for A. flavus, A. niger and A. oryzae on the 6th day.

Aspergillus fumigatus and Rhizomucor pusillus had peak

protease production on the o LU

days of
incubation respectively. Factors such as pH of the
medium and temperature of incubation were found to
affect the protease activity. The peak protease
activity was recorded for all the isolated fungi at pH
5-6. Optimum temperature for protease activity was

40°C for all sthe fungal species except Rhizopus
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arrhizus which recorded peak protease activity at 30°C.
Somkuti and Babel (1967) and Ogundero (1983) recorded

similar results for the proteases of Mucor pusillus and

Thermoascus aurantiacus respectively. They found that

pH and temperature greatly affected the synthesis and
activity of proteases of the fungi.

Reports on the hydrolyses of natural and synthetic
glycerides to free fatty acids by extracellular lipases
of fungi has been made (Somkuti and Babel, 1968;
Ogundero, 1980a). Results of tLhe present work showed
that lipase activity was recorded in culture filtrates
of all the isolated fungi. The production and activity
of the lipases were found to be affected by the period
of incubation, pH and incubation temperature. The peak
lipase production was recorded for the fungal isolates
between 5. and 7 days of incubation. Optimum pH for the

lipase activity was recorded in the acidic medium for

all the fungi, being pH 5 for Aspergillus niger and pH

6 for the remaining fungal isolates. A temperature
range of between 40° and 45°C was found to be optimum
for lipase activity of all the test fungal organisms.
These results are similar to those previously reported

(Somkuti and Babel, 1968; Ogundero, 1980a).
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In view of the adverse consequences resulting from
fungal infestation and growth on stored agricultural
products particularly feeds and feed concentrates,
concerted efforts are being made by several workers to
ameliorate the situation. These control activities
involve mainly the prevention of infection in stored
products and the regulation of fungal growth in already
infected produce.

Perhaps the most feasible and practically
attainable me thod for the control of fungal
infestation, growth and other deteriorative activities
in stored agricultural products particularly feeds and
feed concentrates is the requlation of moisture content
levels in such produce. Koehler (1938) and Tuite and
Christensen (1955, 1957) found that various microflora
developed on corn, wheat and barley stored at various
moisture 'Eontents of 13% and above. The present
studies showed that with the exception of some samples
of dried brewers grains, fish, oyster shell and bone
meal, all other feed concentrates and compound feeds
collected had moisture contents above 13%. This
suggests that most of Lthe samples were predisposed to

L]
microbial deterioration.
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The conditions under which the bagged poultry
feeds were stored in some feed depots from where some
samples analysed were taken took no cognizance of the
effect of humid atmosphere on the moisture content of
produce. The storage condition in some poultry houses
was even worse with the feeds being kept in partially
opened sheds which could allow inflow of rain water
during wet season., The negligence of poultry
attendants at not properly sealing the mouths of bags
with left-over feeds is likely to worsen the problem of
moisture absorption by feeds. Furthermore, the stuffy
nature of several poultry houses resulting from the
decomposing poultry droppings and litter on the floor
makes fungal contamination of feeds kept in such places
inevitable.

Bearing™ in mind the conditions under which feeds
are prepared by feed compounders, stored and handled by
retailers and in the poultry farms, the following
suggestions based on Lhe results of the present work
and those previously reported can be made:

Livestock feed compounders and millers should
always use feed fnputs with low moisture contents (less

than 12%) and with 1little or 'safe' microbial



infestations. To make this possible, each feed mill
should have a microbiological and quality control unit.
The establishment of Feed Quality Advisory Group by the
Federal and State Governments is also recommended for
the same purpose.

Water-proof polythene bags or multiwall paper bags
should be used for packing feeds. Both the feed inputs
and finished product should always be kept under dry
conditions to reduce absorption of moisture by produce.

In the poultry farms, feeds should also be stored
in dry places and moistened litter should be removed
regularly to reduce fungal infestation and growth.

The foregoing reports and suggestions not
withstanding, further work on the role of
microorganisms particularly fungi on feeds and feed
inputs-is still necessary. This could bring better
understanaing of the conflicting interpretations
currently being placed upon the role of toxigenic and
zoopathogenic fungi associated with feeds and other
stored agricultural products. The need for more
concerted efforts at controlling these obnoxious fungi
and their deteriorating activities could even become

L]
more urgent and mandatory.
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