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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.

fumiga tus Fres. (1M1 280822), ~ niger v. Tieghem (IM1

280823), A. oryzae (Ahlburg) Cohn (IM1 280831),

Rhizopus arrhizus Fischer (1M1 280827) and Rhizomucor

pusillus Lindt Schipper (1MI 280824).

Growth-tempera t u r e range for the. fungi was between

15° and 45°C. Aspergillus fu~igatus and Rhizomucor

pusillus are t he r mot o Le ro n t 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 dt pH 5.5 for Aspergillus

fumigatus, A. fla~ and ~ oryzae. Aspergillus niger,

Rhizomtlcor pusillus and Rhizopus arrhizus had optimal

growth at pH 6.0.

Nutritional studies showed that all the fungi were

capable of uti 1 iz i ng the va r ious forms of carbon and
•

nitrogen provided to varying extents. starch and

dextrin were excellent sources of carbon for mycelial
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growth and sporulation while pectin and carboxymethyl

cellulose (CMC) were poorly utilized by all the fungal

nativeisola tes. The fungal species grew poorly on

cellulose (filter papers) except Rhizomucor

and Rhizopus arrhizus which showed no growth

pusillus

on this

carbon source. Apart from tryptophan, all the nitrogen

sources supplied were utilized for growth and

sporulation by the test fungi though to

the best nitrogen source

varying

extents. Casein was for all

growththe fungi. Feed infusion medium also supported

and sporulation of all the isolates.

Varying quantities of aflatoxins (Bl, B2 and G2)

were produced by Aspergillus flavus and A.
modified Czapek-Dox media. None of the

oryzae on

remaining

fungal species produced o f La t oxi n, Peak aflatoxin Bl

production was_on the 8th day of incubation by the two

toxigenic fungi. Optimum pH and temperature for the

produc tion of toxi ns we re pH 5 and 300 C respec tively.

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 aflatoxi~ production on feed concentrates by

A. flavus and A. oryzae showed that under suitable
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conditions of moisture and temperature, dried brewers

grains, wheat

cake meals

production.

offals, palm kerneL, corn

were suitable substrates

and groundnut

for toxin

Other feed' concentrates: fish, blood,

oyster shell and bone meuls WGre found 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 these enzymes were affected

by external factors such as the pH, incubation

tempera ture and type of carbon source in the growth

medium. Optimum activity for all the enzymes produced

by the isolates was in acidic mediu (pH 4-6) und within

a temperature range of between 4~C and 5~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 formula tion of high eff iciency

diets for all classes of poultry based on available

feed ingredients (Oluyemi et ~; 1976).

In many tropical countries and particularly

Nigeria, commercially produced poul try feeds contain:

maize (50-70%), groundnut cake meal (13-33%), soya bean

meal (3-40%), palm kernel meal, fish meal (4.5-6%) I

blood meal (0-.,.3.5%), bone meal (0-7.5%) I wheat offals

(0-84%), dried brewers grains (1-4.4%) and oyster

sflells (0-5.7%). Other ingredients are: common salt

(0.25-0.3%) I minera 1 sources (0.5-4.0%) I vi tamins such

as 'green fowl' (1-8%) and amino

(Oluyemi and Roberts, 1979). Also

additives such ~s antioxidants

acid supplements

included are feed

like butylated

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



12

hydroxy toluene and preventive medication like

coccidiostat and other antibiotics (Saloma ~ 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
•entail the use 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, packag ing 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
•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 1S part i cuLary high in the tropics

where the tempera tures and high rela tive humidi ties

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 twel ve 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: t1ucor 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

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

koningi, Fusarium moniliforme, Cladosporium herbarum,

Pullularia pullulans, Mucor flavus and Streptomyces,
~. From poul try feeds, Ogundero (1980b) obtained
eleven species of fungi out of which Aspergillus

fumigatus and Rhizomucor pusillus were

encountered than the other fungi.

more frequently

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 pe~nut soils. SOIne 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 previout:; reports (Christensen, 1957:

and Oyeni ran, 1978) theChristensen and Kaufman, 1965;
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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 we ight, macro and micro

nutrients depletion, production of undesirable

fla vours, colours and odour; changes in the physical

structure of the products such as conversion of feed

particles into sticky masses. Others include

initia tion of undesi rable 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 concentra tes have also been reported. Nagel and

Semeniuk (1957) reported that Penicillium chrysogenum,

Aspergillus •.niger and A. flavus were active in

decomposing corn organic matter, produc i.nq-. 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. 91au~us group and Penicillium citrinum had

also been recorded in peanuts (Ward and Diener, 1960).
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Kuku (1971, 1975), reported on mould deter Lor a t ion of

Nigerian palm kernels which is an important poul try

feed input. The results of her work showed that each

of the five isola ted moulds (Asperg i 11us f la vu s , A.

chevalieri, A. fumigatus, Paecilomyces varioti and

Penici 11 i urn steck i i) 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

con ten t (5%) a f t e r four weeks of incuba tion. It also

brought about 9.8% decrease in oil 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, ~

niger, A. ruber, Paecilomyces varioti, Penicillium

ci trinum and Syncephalastrum racemosum) have lipolytic

abilities thus breaking down the fats into fatty acids

leadlng to a reaucLion in oil contents. Earlier

reports by Ward and D'ie ue r (1960) and Egg ins (1963)

showed that the liberation of free fatty acids is a

major form of deterioration caused by associated moulds

on peanuts l"c~J:.>ectively. 'rhat

thermophilic fungi play significant roles in such
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deteriora tion 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 Chaetomiu~

thermophi Le , Humicola lanug inosa, H. insolens, Torula

thermophila and Mucor miehei. Extracellular lipases

produced by the fungi played significant roles in all

the degrada tion given above. '1'heyhave particularly

been implicated in the degradation of Nigerian

groundnuts and palm produce (Ogundero, 1980a; 1981a;

1981b). Out of the seven fungi isolated from mouldy

groundnuts, Hurnicola 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 production and release of extra-cellular

enzymes by fungi are known to be significant in the

degrada tion of feed concentra tes. 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,
•

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

synthesize

involvement in

Cx

the

cellulase enzyme confirmingthe

biodeterioration of stored

agricul tural produce. v;rhileworking with twenty-one

fungal species, most of which are known to degrade feed

concentrates, Rosenberg (1978) observed cellulolytic

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 activiLies 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. Tile report of Ogundero (1983) on

the zoopathog~nic fungus Thermoascus aurantiacus

obtained from poul try feeds in Nigeria was on

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

Mucor miehei which is known to be associated with some

feed concentrates was reported by Lasure (1980). In a

recent work, Ogundero and Adebajo (1987) reported the

production of polysaccharide degrading enzymes by a

toxigenic strain of Aspergillus isolated from Nigerian

poul try feeds. They found tha t the fungus optimally

produced amyluses within 48hrs of incubation and at

30U C ; eM-cell u1use s and FP-cell u1asesat 30°Can d pH

6.0 while xylanases und dextranases of the same

organism had peak produc t ion a t pIl 5.4. The report

also showed t ha t 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 in feeds and
•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 agricul tural produce

moulds may cause discolouration of produce.

Botryodiplodia theobrolllaeand Macrophomina phaseoli for

example are known to disco lour 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 poul try feeds, feed

concentrates and similar agricultural produce are toxic

metabolic by-products which when ingested are harmful

to Li, vestock even at low concentra tions (Campbell and

Stoloff, 1974) • Such toxic substances are termed

mycotoxins and their extraction from animal feedstuffs

have been reported (Roberts and Patterson, 1975:

Patterson and Roberts, 1979). Some of the already

identified mycotoxins include: aflatoxins, aspertoxin

citrinin, cytochalasins, fumagillin, gliotoxin,

islanditoxin, luteoskyrin, moniliformin, ochratoxins,

patulin, rubratoxins, scirpentriol, scopoletin,

sporidesmin, sporofusariogenin,• sterigmatocystin, T-2

toxin, verrucarins, verruc~rol and zearalenone. 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 implica ted microbes are

available in the literature (Bamburg et aL, 1969).

Mycotoxicoses associated with such mycotoxins have also

been reported (Forgacs and Carll, 1962; Bassir 1969;

Uraguchi, 1969).

Krogh (1969) reported that necrosis

mucosa, degeneration of the liver and

destruction of the sp l.eeu, cancer of

of pharynx

kidney, the

the liver,

inflamation and proliferation of bile ducts are some of

such damages. In addi tion, vul vo vag ini tis, cereals

toxicosis, oG.hratoxicosis and alimentary toxic aleukia

(A.T.A.) are other mycotoxicoses associated with

animals fed with mouldy feeds

In addition, the notorious

(Bamburg ::..!: ~i 1969).

"turkey X" disease of

poultry is reportedly caused by the ingestion of

mycotoxins particularly aflatoxins in feeds (Schroeder,

1969) • •
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 rabbi ts resuLted in oedema tous and

heamorrhagic or leukocytorrhic reactions. This

subsequently led to the death of about 50% of the

animal popula tion. 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. Halliday (1969) reported aflatoxin contents..•
ranging between 50 and 250 ppb in Nigerian groundunts

with 0.4-1.6% mouldiness. Broadbent. et ale (1963) and

Halliday and Kazure (1970) have also determined the

aflatoxin contents in groundnut cake and groundnut

materials used as feed concentrates. Lillehoj ~ ~.
(1980) and Opado un et ale (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

afla toxins (Hodges c t al; 1964; Kulik and Holaday,

1966; van Walbeek ~ aI, 1968; Wilson et ~; 1968).

Eight closely related compounds, designated as

aflatoxin B1,B2, Gl, G2, MI, M2, B2a and G2a have been

discovered to be a part of the aflatoxin complex.

However, aflatoxin Bl is the most toxic and the one

most commonly found ill significant quantities

(Schroeder, 1969). Aflatoxins are hepatocacinogens

causing liver damage in the form of a necrosis,

proliferatio~ 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 necros is of pharyn x mucosa (Krogh, 1969;

Campbell and Stoloff 1974; Bababunmi et ~; 1978). Man

and anima Is such as duck, rainbow trout, guinea-pig,
•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 quantitative estimation of mycotoxins

particularly aflatoxinspresent 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 variuous feed compounders. The

prevailing humid tropical climate enhancing mould

deterioration of feedG h<lG further complicated the

problem. Al though Iivestock feeds contamina ted wi th
•

aflatoxins may not affect man directly, however, they

could be dangerous, indirectly. This is so because it
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has been reported tha t ruminants fed with feeds

containing aflatoxins Bl and B2 excrete a toxic

compound of aflatoxin named M-toxin in the milk. While

it has been determined tha t only 1% or less of the

ingested aflatoxin is thus excreted, yet this may

(Wogan, 1966:constitute a public health problem

Legator, 1966).

Apart from the presence of the toxigenic fungi in

the feeds and feed concentra tes, zoopathogenic fungi

have also been reported (Donner and Fergus, 1959;

Ogundero, 1980, 1981; Ogundero and Adebajo, 1987).

These fungi have been implicated in various diseases of

livestock and man (Alexopoulos, 1962; Ajello ~ al;

1976) • Notable among such diseases resul ting 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 in 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 ~ al; 1969). Absidia ~. 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 ale (1953) ,

respiratory, nervous and intestinal disturbances have

been found to develop along with internal mycoses

following the effects of allergins, or toxins or both.

The adverse effects and activities of moulds

associa ted with 1ivestock feeds have serious economic

implications either directly or indirectly. They lead

to decrease in feed qua 1ity, in egg, milk and mea t

production, high expenditure on health problems of

Li, vestock and man and mass loss of Iivestock 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. •Coomes et ale (1966) Cieg ler and Pa terson

(1968) Gardner (1971 ) and Beckwith et ale (1975)

attempted a variety of chemical degradation methods
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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 ale

(1980) brought about detoxification of corn meals

contaminated with aflatoxin Bl by cultivating Pleurotus

ostreatus with the aflatoxin producing fungus which is

Aspergillus flavus. Tsubouchi et ale (1981) also

inhibited aflatoxins Bl and Gl production in rice

cultures by ~ flavus when ~ 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 concentra tes. For example,

Conway et ale (1978) reported the detoxit'ica tion of

aflatoxin-contaminated corn by roasting. Huff(1980)

also reported the use of a physical method involving

the use of densi ty for the segrega tion of afla toxin

contamina ted corn from uncontamina ted ones. Shantha

and Venkateshaish (1981) reported the detoxification of

stored groundnut products by exposure to sunlight •
•The prevention of infection in stored products has

also been suggested as a method for controlling fungal

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



28

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. chemicill preservative agents

particularly when produce are stored under conditions

favouring biodeterioration; the use of fungicides;

engagement of other technical methods of control such

as refrigera tion, irradia tion and storage under inert

atmosphere; and careful management to ensure that

produce are not stored 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 ~bout by moulds associated with.•.
1ives tock feeds and simi Lar products I more resea rches

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 inputs and study their physiological and

biochemical acti vities. Attempts were also made to

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



29

determine the roles of these microbes in rela tion to

levels of

and their

mycotoxins often recorded

abili ty to produce such

in poul try feeds I

toxins. This was

done with a view to 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, broi ler starters and broiler

finishers. The feed concentrate samples collected were

corn meal, groundnut ca ke mo.i L, palm kernel meal, fish

meal, blood uie a L, w hea t; o I f o Ls , dried brewers grains,

bone meal and oyster shell meal. Each sample was

brought to the Labor a tory a t the Department of Botany

and Microbiology, University of Ibadan in a clean,

labelled po Ly t.h o no bag .a nd kept in the cold room at

l!.ll samples were analysed within two days of

collection.

5° C.

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 the pou 1try 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 with moisture.

Investigation on the nature of the feed samples

used for the studies s howed tha t they were relati vely

dry, powdery and not mashy. There was absence of

offensive odours in all the feed samples collected.

The temperature of the samples ranyed between 3~C and

32° C which is equi valent to the ambient tempera ture.

The ca pa c i ty of tile va r i ous feed samples to absorb

moisture va r i ed f r om one sn mpl e to the other as

indicated by their- moi3ture contents which ranged

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

Determinatio~ of moisture COllt0ilL..3 and pH of samples

The moisture content was ana lysed by drying 50g of

each sample in triplica tes to constant weight at 80° C

in an oven for- 24 hr s us i nq pre-weighed crucibles.

Dried samples were allowed to 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 method of Anon (1976) was

used. This involved placing 2Sg of the dried powdery

test sample into a 2S0ml conical flask. Twelve and

half grams of diatomaceous oa r t h , 12.Sml of water and

12Sml of chloroform were a dde d , The flask was corked

and stirred for 30 minutes using a wrist action shaker.

The filtrate was co I Lec t e d using a funnel and filter

paper. Fifty millilitres of the extract collected

above were mixed with 100ml of n-hexane and transferred

into a c hr orna tog r a p hy co 1Ulilll COilta i n i ng g lass wool,

chloroform, sodium sulphate a nd silica gel. The tap

was opened to allow the Li.q u i d to flow until it was

just above the

layer. The tap

upper su r [ACe of the sodium sulpha te

was then closed and 100ml of diethyl

ether were added and again allowed to flow until it was

just above the upp e r s u r La c e of the sodium sulphate

layer. The column was finally eluted with 150 ml of

the mixture of c h I'b r o t o r m a nd lil€llldnol 97: 3(v/v).
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The eluate ob ta i.n ed W,:;U3 collected in the round

bottomed flask of the rotdcy evaporator and evaporated

almost to d ry uess .i t; ..l t(~1l1l?eC<1turenot exceeding 50° C.

Two mill i1itres of c hLc roIo rillw ere then added to re-

dissolve for spotting. Five, la, 15,20 and 25ul of

the extract on thin-layer

chromatography (TLC) pla ~ along with similar

concentrations of s t.a ndard aflatoxins (Bl, B2, Gl and

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 estima tion of each aflatoxin was carried..•
out by comparing the Ln tensi t i ea 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 id.ntification of isolates

Waksman's direct inoculation method (Crisan, 1964)

was used. Two grammes of each feed sample were placed
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in ll.5cm diam , Sterile Petri-dishes on 20ml of agar

medium. Ten-fold serial dilution method of Waksman and

Fred (1922) was a1so car r ied 0ut toe stima te the

relative abundance of each fungal species in the

sample. For this method, 209 of feed sample were added

to 200ml of sterile water in. d litre flask and

vigorously shaken to obtain a suspension. Ten-fold

dilutions were subsequently prepared from the

suspension by adding 10ml po~tions to 100ml, 1000ml and

10,OOOmi of sterile water. One Inl of each dilution was

introduced into Petri-dishes into which sterilized

molten media were then added. The direct hyphal

isolation technique (Cooney and Emersoll, 1964) was also

used to isola te fungi f r om mo uldy feeds. The media

used for the isolations were:

[1al t extract agar (r.lEA) • This was prepared by

suspending 50g of dehydrated • f Oxoid f malt

extract agar in one litre of distilled water,

Potato dextrose agar (PDA) : prepared by dissolving

39g of dehydrated 'Bact' ~otdtO dextrose agar

in one litre of distilled water,
•Yeast extract agar (YEA): ~ucrose, 209; yeast extract,

5g; NaN03, 0 2 «c i• g; \ , 0.05g; 30dium glycerophosphate,
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0.05g; K2S04, 0.03g; fe~:304. 7[]20, O.Olg; agar, 15g;

distilled water, 1000ml,

Malt-yeast-extract agar 20g;

yeast extract, 2.'J9; t~i.1tJOJ' 0.2g; KCl, 0.05g; sodium

glycerophosphate, 0.05g; 0.03g;

O.Olg; agar, 15g; distilled wi.1ter, 1000ml,

Czapek-Dox agar (COA): Sucrose, 30g; NaN03, 2g; K2HP04,

Lq : MgS04.7H20, 0.5g; KC!, 0.5g; FeS04.7H20, O.Olg,

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

1000ml. The pH of a 11 mocl ia was a d j us ted to pH 6.8

before autoclaving them at 1/.10 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 Petr i-dishes were e xa mi ned da i ly for funga 1 growth

and spores of indi vidual species were transferred to

fresh agar plates as SOOIl as they appeared.

The isola ted fungal spec ies were examined under

stereoscopic microscope to study their vegetative

characteristics. Tenta ti ve identif ica tions were made

by reference to Raper and Fennel (1965) and Raper and
•

Thom (1949). The fungal cu I tures were subsequently

sen t to the Cornmo nwoa 1 th ~·lycol09 i ca 1 Ins ti tu te, Kew,

England for confirmation •
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Physiological Studies

'I'h e test fungi for the physiological

experiments were: Aspergillus f Lavus , A. fumigatus,2.

niger, A. oryzue, Rhizolllucor-pusillus and Rhizopus

arrhizus. The growth medium used had the following

composition: D-glucose, 109; I,N03, 3.5g; MgS04• 7H20,

0.75g; KH2P04, 1.75g; distilled water, 1000ml. For

inoculum, the f unq i, were yrO\.Jnfor 3 to 5 days on MYEA

medium in Petri-dishes a t 300 c. Each flask of the

growth medium was inoculat~d with one disc of agar plus

mycelium (5mm diam) of the test fungus obtained by

using a sterile cork bor-er. After the required period

of incubation, the mycelium produced was harvested with

oven-dried and weighed filter papers (Whatman No.1 15cm

diam). The filter papers with mycelia were dried in an

oven at 800 C for 24h, cooled in a desicca tor and

weighed. The difference in weight gave the weight of

the mycelium.

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 tempera tures: 15°, 20°, 25°, 30°,

Preliminary experiments showed

that peak mycelia production was on the 6th day of

incubation. The mycelia produced were harvested, dried

and weighed.

Effects of pH 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 ~ al; 1973) and dispensed in

30ml portions into each of several 250ml conical

flasks. The contents of each flask were sterilized by

millipore filtration and the flasks (3 for each fungus)

inoculated with test fungi. All the flasks were

incubated for 6days at 30°C after which the mycelia

produced were harvest8d and dried weights determined.

Carbon-source utilization (or growth and sporulation

The carbon sources usee] were glucose, fructose,

galactose, sorbose,• xylose, sucrose, lactose,

cellobiose, raffinose, maltosQ, pectin, soluble starch,

dextrin and carboxymethyl cellulose. The appropr iate
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was incorporated into the q r owt h medium as the sole

carbon a ou r c e , Decause of the complex nature of

pectin, starch, dextrin and carboxymethyl cellulose,

10g/1 of basal medium w e r e used. The media were

dispensed in 30ml portions into each,of several 250-ml

conical flasks. Due to the t he r moLab i Le nature of the

simple sugars, they were autoclaved at 115°C for

10minutes. The flasks (G for each fungus) were

in 0c u I ate d wit h the t est fun 9 i and in cuba t e d at 30° C

for 6days. The control flasks were without any carbon

source. At the end of incubation period, the dry

weights of mycel i<.1 p r odu ce d were de termined for each

fungus. Sporulation was also determined by direct cell

count technique with the airl or: a haemocytometer slide.

Utilization of ndtive cellulose (filter papers).

This VJCl.Sdetermined us i nq the modified method of

Garrett (1962). ~'Jads (lOper flask) of Whatman No 1

(9cm diam ) filter papers were oven dried, weighed and

put in each of several 250-ml conical flasks before

autoclaving. Eggins' and Pugh'S nutrient solution

(Eggins and Pugh, 1962) or: tile following composition:

•
1.Og; KCl,
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O.lg; MgS04.7H20, 0.2g; Yeast extract 0.5g; Asparagine,

0.5g; Distilled water, lOOOml, was separately

autoclaved at 121°C for 15minutes and 20ml portions was

aseptically added to each f Lask, 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 8~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 test fungi during respiration.

The abi 1ity of each fungus to uti 1ize ce11ulose was

expressed as net loss in weight· of cellulose after

subtracting the values of the control flasks.

Nitrogen-sourc""e utilization EOl:" growth and sporulation

The inorganic nitrogen sources used were KN03,

NaN03, NH4N03, Mg(N03)2' NH4Cl, and (NH4)2S04 while the

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 to ~ield 0.5g nitrogen/l
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was incorpora ted into the ,<] row th rnediurn as the sole

nitrogen source. The meJid were dispensed in 30ml

portions into each of 250ml flasks and the pH was

adjusted to 6.5 before autoclaving at 115° C for

10minutes. rfhe 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 mycelia in three flasks were

determined for each fungus. Sporulation in the

remaining three flo.3J~3;,Jasdet.ermi ned by direct cell

counts.

Mycelial growth and sporulo.tion on feed infusion medium

Livestock feed infusion medium used was prepared

by boiling 100g lo.yers mash with 1000ml distilled

wa ter, cool i;;g and squee zi110 ou t the 1iquid 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

15minutes. The flasks were inoculated with test fungi

and incuba ted at 30°C for 6 days. At the end of the
•incubation period, the dry weights of mycelia in three

flasks were determined for each fungus. Sporulation in

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



41

the remaining three f Lasks 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, 30.0g; Na.N03, 2.0g; K2HP04, 1.Og;

MgS04.7H20, 0.5g; KCl, 0.5g; FeS04.7H20, O.Olg; 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 (Schroedec, 1969). The medium

was dispensed in 30 ml portions into each of 250ml

conical flasks and sterilized by autoclaving at 1210 C

for 15 minutes ••. The flasks (3 for each fungus) were

inoculated with agar and mycelia discs (5mm di.am ) of

the test fungi. Uninoculated flasks served as control.

The flasks were incuba ted at 30° C for 6 days after

which the culture filtrates were ana lysed for

aflatoxins as previously described. The resul ts were

reported as micrl!)grams of aflatoxins per litre of

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

The two test fungal species were used because the

results of previous experiments showed them to be

aflatoxin producers. The mod i, f ied 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

1210 C· for 15 minutes. Each flask was inoculated with

an agar and mycelia disc (5mm diameter) of the test

fungus. The inoculated flasks were incubated at 3~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 wer~ also recorded.UNIV
ERSITY

 O
F I

BADAN LI
BRARY



43

Effects of pH on aflatoxin 81 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 0.2N NaOH

or 0.2N HCL where appropriate. These were stabilized

with citric-acid-phosphate buffers (Child et ~, 1973).

The various media were dispensed in 30ml portions into

each of 250 ml conical flasks. Sterilization was

carried out by autoclaving at 1210 C for 15 minutes.

The pH values after autocla ving were regarded as the

experimental pH. Three flasks were inocula ted 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 81
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 for 6 days at each of the temperatures:•
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 Aspergillus flavus and A.-
oryzae.

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

concentra te sample was dried in the oven at 80° C for

24hrs after which aflatoxins in 25g 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 concentra te were then separa tely

inoculated wit 2ml of spore suspension

(20xl06spores/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 necessi tated this experiment. Poultry

droppings are used in making compost, as farm yard

manure (F •Y •M. ) and fish feeds (Phi 11ips, 1956 ;

Akinyosoye, 1976). Fresh poultry droppings were

collected from poultry farms and oven dried at 5~C for

48hrs. Test for aflatoxins was carried out on 25g of

the dried sample (in triplicates) using the previously

described methods •

•

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



46

Test for aflatoxins in poultry droppings previously

inoculated with toxigenic fungal species (Aspergillus

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 of spore suspension (20xl06

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 ale (1975) was used in this study. The

medium contained: starch, 5g: yeast extract, 2g:

K2HP04, Lq; MgS04.7H20, 0.5g: distilled water, 1000ml.

It was dispensed in 30ml portions into each of 250ml
•

conical flasks and sterilized at 121° C for 15minutes.
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Each flask was inoculated with the test fungus and

incuba ted at 30°C for 6 days. The cuIture filtra tes

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 Iml

of culture filtrate. The reaction mixture was

incubated for Ih at 45° C after which Iml of the

filtrate/starch reaction mixture was transferred into a

test-tube. To this was added 3ml of DNSA reagent

(prepared by adding Ig of DNSA to 20ml of 2N NaOH and

mixed with 20g of potassium sodium tartrate dissolved

in lOamI of distilled water). The mixture was boiled

for 5 minutes in water bath and cooled under running

tap wa ter. The absorbance was read at 540nm using an

Sp6-250 spectrophotometer against a reagent blank. The

reducing sugars released by the action of t.he culture

filtrate on starch molecules was read off from a

standard curve constructed using increasing values

(O.1-2.0mg/ml) <jf 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 a f ter which harves t i nq was done daily for

10days and the cu Lture filtrate analysed for amylase

activity using the DNSA method earlier described.

Effects of carbon sources on amylase production

For this experiment SYE medium used contained

either 1% glucose or dextrin, starch, pectin and

caeboxymethyl 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 15minutes. The

glucose medium was sterilized at 1150 C for 10minutes.

Each flask was inocula ted wi th the test organism and

incubated at 300 C foe 6 days after which the culture

filtrates were analysed foe 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 we re inocula ted and incuba ted 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 Iml of culture

filtrate and the mixture incubated for Ih 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

Cellulase pro~uction

An oa t-mea 1 chaff llledium (OCM) described by

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

portions into 250ml

autoclaving at l2loC

inocula ted with the

The medium was dispensed in 30ml

conical flasks and sterilized by

for 15 minutes. Each flask was

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

e c t LvLt Lee of the filtrates were determined using the

method of Reese and Mandels (1963). 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 Iml of the fungus filtrate for lh

at 45° C. Filtrates of uninoculated flasks were also

assayed to se ve as con trol. The amount of reducing

sugars (maI tose and glucose) re leased by the culture
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filtrates from CMC was estimated by adding 3ml of

dinitrosalicylic acid (DNSA) reagent to Iml of the

filtrate CMC reaction mixture. The absorbance was

determined at 540nm using an Sp6-2S0 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 time

Inoculated flasks of oat-chaff medium were

incubated at 3~C and at 24h intervals, three flasks of

each fungus were removed,

act Lv i t Lea of the culture

was done for 10days.

filtered and the celluloytic

filtrates determined. This

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 incuba ion period, tile culture filtrates were

assayed for cellulase activity.
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Effec ts of pII of LlSSLlY Illcui UIIl 011 ccllulase ac tivity

Three flasks of sterile oat-chaff medium for each

test fungus were inoculated and incubated at 30°C for 6

days. At the end of the incubation period, the

-cellulase activity of the culture filtrates was

determined at different pH levels. The assay medium of

0.55% CMC was prepared and buffered to different pH (3-

8) wi th citric acid-phospha te buffers. Cellulolytic

activities were determined by incubating lml of fungus

filtrate with 9ml of each of the CMC solutions for lh

at 45° C and the amount of reducing sugars released

estimated by the DNSl\ r ouqon t; uie t hod ,

Effects of tempera ture of assay medium on cellulase

activity

Three flasks of sterile oat-meal chaff medium for

each test fungus were inoculated and incubated at 3~C

for 6days. At the end of incubation 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,

lOOOml. The mixture was thoroughly shaken before 30ml

portions were dispensed into several 250ml conical

flasks. All flasks were thell sterilized by autoclaving

at 1210 C for 15 minutes. Inclusion of casein in a

growth medium for protease synthesis is known to

enhance extracellular protease production by micro-

fungi (Lasure, 1980). Each flask was inoculated with a

5mm diameter of agar anel young mycelium disc of test

fungus. Uninoculated flasks served as control.

Mycelial gr-owth WiI:J allowed to 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 300 C before the cultures were filtered

through glass wool to ob tain the cu 1ture fi1tra tes •
•The protease activities of filtrates were determined as

follows. One-ml of cultur-e filtrate was added to an
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assay mixture containing casein (4ml of 1% w/v)

M phosphate buffer

45° C (McDonald and

(pH 6.0) and

Chen, 1965).

incuba ted for

At the end

in 0.05

Ih at

of the

incubation period, an equal volume of 5% (w/v)

trichloroacetic acid (TCA) was added to stop the

reaction and to prec ipi tate excess proteins. These

were filtered through two layers of glass fibre papers

and the absorbance of the filtra tes determined wi th 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

with aqueous solutions (0.1-2.5moles/ml) of

The results are reported as micromoles of

solubilized per millilitre.

prepared

tyrosine.

tyrosine

Protease production 111 relation to time

Inoculated flasks of the poultry feed-casein

medium were incubated at 3~C. At 24h intervals, three

flasks of each fungus were removed, filtered and the

protease activities

determined. •

of the culture filtrates
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Effects of pH of assay medium on protease activity

Inocula ted flasks of the poul try-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 citric-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 ac tivity of the cuIture fi1t;rates 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

Sg/litre of yeast extract. The medium w~s dispensed in

30ml portions into 250 ml conical flasks and sterilized

at 1210 C for 15- minutes. The pH of the medium after
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autoclaving was 6.8. Each 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, LmL: sodium taurocholate, 0.4g; 0.1 M

CaC12, Iml; acetate buffer 6ml, O.lM (pH 5.8) all in a

250ml Erlenmeyer flask. Three ml of each of the

culture filtrate were a dde d 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 fatt~ acids titrated with 0.02N NaOH with two

drops of phenolphthalein (lg/500ml of 50% ethanol) as

indicator. The assa~ mixture containing 3 ml of boiled

extract served as the con trol. The amount of free

fatty acids (ffa) liberated by the lipases of the fungi

during the incubation period were expressed as

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

Babel, 1967).

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



57

Lipase production in relation to time

Inoculated flasks of the basal medium were

incuba ted at 30° e. 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 300e for 6 days. The pH of the groundnut

oil assay mixture was adjusted to different levels (3-

8) with 0.2N ac i or 0.2N NaOH where appropriate and

then stabilized with citric acid-phosphate buffers.

The culture filtrates of each of the test fungi were

then added and incubated at 45° e for 2h. The lipase

activity was subsequently determined.

Effects of'"'temperature of assay medium on lipase
activity

Inocula ted flasks of the basal medium were
incubated at 3~e 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° e for 2h the lipase
activity determined •

•
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RESULTS

Sample analysis

Results on the analysis of poultry feed

concentrates and compound ra tion samples collected on

monthly basis from March 1984 to January 1985 are

presented on Tables 1 and 2 respectively. Results on

Table 1 show tha t, 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 had 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. l'he

pH values obtained for palm kernel samples which were•
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TABLE 1
Hoioture cllntcnE(~u) anatoxin content (ppb) and pH of feed ooncentra.tea aamplGB.

FiGUres are mo an n of )rc:u\jn;:" f r-crn ,,:1J11\11cocollectod in each month.

1 2 , 3 4
\t.lul,t:h I !lB'1 I\nr11 1984 Mav 1984 une 1984

5.610.12 5.2+0.04 5.5.:!:,0.09 5.3+0.10 J- -
12. no -o .1G 11.02+0.33 16.00.:!:,0.1416.08+0.09-

\
101'0.0 GO+O.O 60+10.0 '. l20.:!:,10.,0,
- -

10+0.0 20+5.0 10.:!:,0.0 100.:!:,10.0
- -

0 0 40+5.0 20+5.0

'10+5.0 0 10.:!:,5.0 40.:!:,5.0
-

Feed ingredient Sample No:
Date of collection:

pH

Moistur~ content(mc)

;fla~oxin \)1
132
G1
G2:

i, pH

Moisture content(mc)

Aflatoxin B1
132
G1

, , G2..

pI!

Moisture content

Corn meal

I 5.8+0.05-

i 13.02+0.01

1 120+20.0

I
-

20+0.0

I i oo ii o .»-

I 1 () I () . ()_.

I NS"·
"

5.7+0.06
14.80.:!:,0.1115.05.:!:,0.0~13.89+0.09

320.:!:,30.0

100.:!:,5.0

200.:!:,10.0

; 40.:!:,0.0

110.:!:,0.0

40.:!:,5.0

100.:!:,10.0

o

110+10.0Grouodnut
cake meal 40+5.0

100+20.0

1010.01r--' _.
\ Palm-kerneL

meal

NS-' ~- _r-._ \.

\
\

NS NS

"
Aflatoxin B1 " "

...----~----....,j
Fish meal. NS 6.0.:!:,0.10

\11.80.:!:,0.18.

pH NSNS

"Moisture' content

\ 6.4+0.08·

\15.4~+0.51

NS G.G~0.06 6.4+0.04-
" 11. 7G I 0.21 15.48.:!:,0.36-

G.7+0.31 6.7.::0.06 \ 6.7+0.10-

13.0'\-10.10 13.96.::0.19, 13. 8,8.:!:,0.1l-
I

Blood meal. pH

Moisture content

Wheat offals. pH
Moisture content

Dried brewers· pH
grains Moisture content

Oyster shell· pH
meal·

meal.)
Moillturo contont'1

Done pI!
I

Moisture content

6.8+0.06

5.7+0.3
\
5.7+0.06- -

9.G2+0.08

I
9.71+0.03- -

• R.RI()'OD us

1 0 • (1'1 I () • () ., I "~ - I
n.'HO.O(; fi.1+0.08

I
- -

lO.SRI·O.Il} 10.59+0.11
I - -

I 5.7+0.06
, 9.86.:!:,0.07
I 1

5.8+0.06

9. 72.:!:,0.1l

I I

NS
I
NS I

I I

"
II

" !

6.7+0.11 6.5.::0.06 i
I i

10.84+0.081 11 .20+0.0·- I - i

1• No af 111. toxi n de tec ted 1n snmp los ,
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TABLE 1 (Contd)

f.lo1tltttro conEen t?~~) a.tLa t ov ill c on tr- n t (pplJ)

Fieuron a r-o mr.rUl~l of 3r{';,,1i 11;:'1 f 1'011 ~l:ullplco
and pH of feed oonooutro.tos samplo ••

colleoted in oa.ch month.

Feed ingrefient Sample No:

Date of coll~ction: July 1984
6 7 8 9IAuz us t 1984 Seot.1984, Nov.1984 Jan.1984

pH 5.2+0.07 5.3~0.04 \

18.92~0.71 \
153.3+5.8

\

5.6+0.13 5.2~0.09 5.4.:0.02
16.09+0.13 13.66.:0 .OE 11.20+0.26-

:
100+20 10+0.0 10.:0.0
20+0.0 16.7+5.8 I 10':0.0
10+0.0 ° I 10+5.0

° ° I °
15.4+0.06 \5.6+0.03 5.6.:0.04

14.96.:0.08 13.08':0.51 12.60':0.82
110+10.0 120.:20.0 100.:0.0

Moisture content(mc) 17.63~0.1\2

Corn meal Aflatoxin HI
132

G1

Groundnut

1'pH

Moisture content(mc)
I Aflatoxin '\

°2
G1

: G2
pH -,-

Moisture content

cake meal
',I
!

,-

Palm-kernel.
meal

Aflatoxin 131

123.3~5.8

100+10.0 83.3+5.8
40+5.0 20+5.0

6.3+0.15 6.3.:0.06

o o

5.6~0.05
! -

5.8+0.03
16.11+0.40
I -
320+11.5
I' -

100+0.0
; -

16.90':0.31

570+17.3

80+0.0 20+5.0 \20':10.0 10.:10.0

80+10.0 60+0.0 56.7+5.8
10~0.0 L - 0-

-, 5.~': .05 "!5.0+0.02'- NS

-' - 11.5~0.021,10.~2~0.09 " ,"-

l50+20.0 1°°.:°·9
10+0.014°':5.0

"
l'w+o.OGI -"
113.02~0.OB
i 20.::0.0
1

- -----NS

:
" 20+0 ° :20+5.0 "-

\
- ._-' .,--- ---.

5.B+0.06 6.3.:(.10
\
6.3+0.06 NS

1().n4'~0.18 0.71+0.09 8.86.:0.32 "-
\

,---
Fish meal· pH

Moisture cont.ent

Blood meal· pH
Moisture c_onten t

Wheat oftals· pH
I,

Moisture content

Dried brewers· pH

I;6.2.::0.1
1 ,

I 1 2 • (Hi' ()• !-"-I

6.3+0.06 6.3+0.06 6.5+0.05

16.60+0.11 16.37+0.33 15.21.:0.42 15.37.:0.31 12.48.:0.34

I

f
·21.0.05

, 1.43.::0.11
, G.".::0 .09

I 11.G610.24 11.1l0+0.IB 10.88+0.09, 10.21_+0.1710.24+0.36: - I !,-----------------------------+--------'~--------~--------~------~~-------

grains Moisture content

pH •
Moisture content--, -.' ,. , -pH,
Moisture content

, '
I

Oyster shell.

meal., I
Bone meal.

I

I
I

\

1-

No aflatoxin detected 1n sllmples

•• No sample collected.

I 6.8+0.20 6.6+0.11 6.6+0.22 6.7+0.06

14.60+0.13 13.98+0.08 l2.04+0.1B
I I

I

\5.7':0.06
1 5.7.:0.06,5.8+0.11I -

9.80.:0.05110•71':0.20 ,!1.82+0.08
I -

9.0+0.10 \8.2':0.10 8.4+0.10- -,
10.98.:0.05 19•23':0.09 9.24.:0.16•
6.3+0.08 G.1+0.10 6.5.:0.12

6.-110.12-I
14.70+0.17
'j

14.62+0.09

5.7+0.16 5.7+0.12

10.04+0.21

8.4+0.07

10.90+0 •.09
G./HO.23
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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, August, 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) to r this feed concentrate

while pH 6.8 recorded ill 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 rec~rded for July and November samples to 9.0

which was 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, th~ 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 t he 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 in 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. For- the blood meal samples r the highest

%moisture content (16.60) was recorded in July and the

lowest (12.48) recorded in January. The resul ts also

showed that wheat offa1s 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

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



G3

the lowest. The dried brewers grains samples analysed

in September a nd Ml.lrclt ltdd 1; moi a t.u r e 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 cOllcentrate samples, highest %

moisture contents were recorded either in July or

August except for dried brewers grains 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, B2, Gl and G2

were present .• Ia n corn mea but all the four types of

toxin were not present together in any of the samples
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analysed. Aflatoxins Dl and D2 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 G2 was present only in

March, May, June and July samples. Generally, the
"

months when samples had high aflatoxin contents were

May, June, July, August and September when the

afla toxin Bl contents were 60, 120, 123, 153 and 100

parts per bi11ion (ppb) respect ively. 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 Bl, B2 and Gl were

present in all the samples nnalysed, aflatoxin G2 was

present only in May, NovembeL and January samples. The

months wheQ samples had high afla toxin content were

June, July and August when aflatoxin 'Bl contents of

320, 326 and 570ppb were recordod respecti vely. 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 respe~ively. For the palm kernel meal

samples, only aflatoxin Dl 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 ana lysed in

August. For aflatoxin 82, 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 B2 content

(lOOppb) 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 l50ppb

was obtained in groundnut cake meal sample ana lysed in

July while the lowest value of 10ppb was recorded in

corn meal samples ana lysed in September and January.

For aflatoxin G2, the highest level (40ppb) was

recorded in groundnut cake meal samples analysed in

June, July and August and corn meal samples analysed in

June and July.

Resul ts on
•
the analysis of the compound rations

are presented in Table 2. The pH values obtained for
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the chicks mash ranged t rorn 6.4 recorded for the June

sample and 6.9 recot:"dGdfot:"July and November samples.

The pH values recorded fot:"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 I 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 .na sh 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 value pH (5.9) recorded in

March, July and September while the highest pH value

(6.4) was recorded in Apr iland 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, resul ts on the pH of

compound rations showed t ha t 5.9 recorded for broi ler

finishers mash analysed in March, July and September

was the lowest while the highest was 6.9 recorded for

July and Novembe samples of chicks mash.
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The % moi u Lur c conLo nLo uL the compound ration

samples ranged from 13.22% recorded for the growers

mash samples a na Ly s ed 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

af la toxi n Bl was de tec t e d in the compound ra tions.

The levels of the toxin ranged from lOppb 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•

Isolations

six fungal species were

and feed concentra te samples

isola ted from the feeds

collected. The species

were:-
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Aspergillus flavus Link: Fr. (1M! 280819), A.

fumigatus Fres. (1M1 280822) A. niger v. Tieghem (IM1

280823),~ oryzae (Ahlburg) Cohn (IM1 280831) Rhizopus

arrhizus Fischer (1M1 280827) and Rhiiomucor pusillus

Lindt Schipper (1M1 280824)

The results presented on Table 3 show the average

number of colonies of each fungal species per gram of

feed concentra te tha t grew on the agar medium at 15°,

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 isolate& from wheat offals, blood and bone meals at

At the same incubation temperature (25Q C), no

colonies of h niger grew on pLates inocula ted wi th

palm kernel meal, blood meal, wheat offals, dried

brewers grains, oyster shell and bone meals. The

results also showed that no colonies of~ oryzae were

isolated from •olood, oyster shell and bone meals.

Similarly, no Rhizopus arlChizus colonies grew on plates

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



70
TB~le .2

Average r.uober of colonies/g of feed ingredient obtained on malt-yeast-extract agar at
,ifferent incubation temperatures. Each value is an average of estimates from nine Petri-,~sfles.ncubatlon c~n meal Oround-nu Palm Kernel ?1sh mepl Blood oeal ~heat orrals ~riend bre~ers Oyeter shell Bone meal
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inoculated with dried brewers grains, oyster shell,
bone and palm kernel meals. For most of the fungal
species, the Larqes t; 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 isola ted 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 inocula ted wi th dried brewers grains and
oyster shell meal gave no colony of Rhizopus arrhizus.
At 40° C, A. flavus was not 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 (4~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

•concentrates like corn, groundnut cake, fish, and palm
kernel meals.
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TABLl: I\.

Avera~e number of fln~ul colonies!g of
feed ;btained on ralt-yeast-extract agar
at different incubation {emperatures. Each
value io an avcra~e of estimates from nipe
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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 poul try feeds at 15°, 25°, 30° and

40° C are presented in Table 4. At 15°C no fungal

colony grew on plates inoculated 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 2~C

from all the compound f eeds, The results also showed

that largest number of colonies were obtained for the

test speciesat 30°C excep t Asp erg i11us fumigat usa nd

Rhizomucor pusillus which had highest number of

colonies at 40°C.

Physiologi~al Studies:

Growth temperature relations of isolates

The optimum temperature range of the isolated

fungi was 30° -40° C (Fi9 • 1). At l~C, no growth was

recorded for Rhizomucor pusillus but the remaining five

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

isola ted fungat species including Rhizomucor pusillus

had sl igh t growth. Compa ratively , Rhizopus arrhiz us

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



74

Fig. 1: 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---D Aspergillus flavus, ~ x

A. fumigatus .1----t\ A. niger.

B. (}--{) ~ oryzae, ~ lC Rhizomucor pusillus,

l:.--;d Rhizopus arrhizus •

•
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recorded the bes t grow t h at 20° e. On the other end

only ~ fumigatus and Rhizomucor pusillus grew at 50oe.
Growth was however recorded for all the isolated fungal

species at 45°e although it was slight for all except

~ fumigatus and Rhizomucor pusillus both of which had

fairly good growth. The resul ts also showed tha t

Rhizopus arrhizus had its best growth at 30°C: A.
fla vus, A. niger and ~ oryzae at 35° e while 40° e was

the optimum tempera ture for the mycelial growth of ~

fumigatus and Rhizomucor pusillus. For all the

species, increase in growth was observed as the

incuba tion tempera ture i ncreaoes 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 ~ flavus, ~
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

readin 9s , tv; (}-() l\.GP0rgill us f 1a vus, }i-X A.

fumigatus, ~ A. niger.

B. ~O A oryzae, x K Rhizomucor pusillus

~ Rhizopus arrhizus •

..
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increase in pH until the optimum pH value was attained.

Above the optimum pH, decrease in the growth was

observed for all the fungi.

Carbon-source utilization [or 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 the best 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 ~ fumigatus recorded the highest amount

of sporulation on the two carbon sources. For mycelial

growth, 1\. fumigatus, A niger, A. flavus, Rhizomucor

pusillus and A. oryzae ranked next after Rhizopus

arrhizus in decreasing 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
•and
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T J. ll-L !! 5

Carbm-sc;nu-oe utili •••tion for grDVth and sponJ.ation. Fungi were inc:W>atedat y! C for
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10.2':0.6! 7~.2,:3.7

';O.3~2.2

6.2+0.9

5.1.:0.6

2'.8.,!1.!

10.4.:".7

1.9,:0.3

2C.7+1.8

27.1+2.1

1.3+0.6

0.0

';9 .1~O.8

67.4+3.7

57.3+1.3

77.5+2.6

32.3+2.7
I -

1

99.2+3.0

120.5.:3.2

J 26.2+1.3

l0.0 -

12.6.:2.1 70.7,:1.7

11.8.:1.7 66.8.:3.1

9.4+0.6 68.4+2.2

0.0 122.9,:1.1

~.2+0.2

:2.2+0.8 I 62.6+3.1

";S.7+~.7

5.1 +0.1

1o. 4..!;' .3
6.8+0.';

10.2+0.6

1.9,:043

24.8+0.6

25+91.1

1.4,:0.3

0.0

3J.6+3.1

';9.0+1.4

42.6+1.1

53.0+0.8

26.6,:0.9

106.4+2.6

119.2+3.2

14.4.:1.2

14.1.:0.8

12.2+1.3

0.0

12.8+0.6

6.4+1.2

3.2,:0.4

6.8+1.3

4.8+0.8

6.7+1.1

0.8+0.1

18.4.:2.3

20.2,:1.9

0.2.:0.1

0.0

121.3.:3.0

110.7,:4.1

71.5,:3.1

2~.I,:C.2

5~.4,::1 .6

21,':1.0

14,:1.0

0.0

10.8+0.0

8.4.::0.8

~.1+0.2

8.8.::1.3

5.6+0.7

14.1,:1.5

2.0,:0.1

•26.9+1.3

28.2':1.9

0.2.:0.1

0.0

»>:

----_. -- - -- - - - --..,.-- ---._- -.- .. - ----
'--

• • • • . - . • .' • •

~3.:J-: .S

5G.4+C.S
5~.7.!..:.O
77.2+: .9

33.7,:0.6

::2.0.:2.6

:22.4+~.1

29.7'::1.1

0.0

39.1+1.4

140.9+2.6

148.4.:3.1

38.8,:3.0

0.0

31.5+0.9

0.0

18.7+1.1- ,
0.0

52.7+2.5

~7.1.!1.9

5G.6+1.~

! ';8.5~3.4
I
197•2':4.7

129.4+2.9
! -
158.5+3.1

I -
162.4+2.7

30.1':1.3

0.0

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



'/9

\

Rhizomucor pusillus with the least amount of

sporulation. Glucose, fructose, maltose and xylose

were also good carbon sources for the growth and

sporula tion of all isola tes. Galactose also promoted

abundant growth and sporula tion comparable to those

recorded for glucose, fructose, mal tose and xylose.

However, galactose was poorly utilized both for

mycelial growth Clnd sporulation by Aspergillus

fumigatus and A. niger. 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. fumiga tus on pectin and

CMC though very poor was comparatively the highest

among the isola ted .fung i• Rhi zomucor pus illus on the

other hand recorded the least 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 isola ted 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 f il ter

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. Out 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 .Srng) , A. flavus

(S8.8rng) and A. orl'zi.le (S6.3rng) (Table 6). Visual

estimation of mycelial growth on the filter papers

showed that A. furnigatus had a very abundant growth,

~ niger had an abundant growth while light growth was,
recorded for A. eflavus and A. oryzae.
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cellulose (fil tor paperD) uy isolateo. Cultures vre r-e
Utilization of native f 1 -". w' th standard

0" 21 d""'s. Fin-ures ar-e means 0 J re •.••.•.~nGG ~ .incubated at 30 for ~ u

deviat ions.

A. oryzae 56.3+1.9

+

Test.J.ungus Net loss in wt(mg) of
filter a ers

Visual estimation of fungal growth
on filter a ers.

Aspergillus flavus 58.8+2.9

h fumigatus
A. niger

89.3+2.1 +++

67.5+1.3 ++

+

Rhizomucor pusillus 0.0 - *
Rhizopus arrhizus 0.0

Control 0.0

* - No growth
+ Light grow..th

++ Abundant growth

+++ More abundant growth •

•
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Nitrogen-oource utilization [or growth and sporulation

The results presented in Table 7 show that casein was

th~ best nitrogen source [or 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

KN03, NH4N03, asparagine, alanine and glycine all of
, ,

which promoted abundant growth and sporulation in all

the test species. Sodium nitrate (NaN03), NH4CI and Mg

were also well utilized for growth and

sporulation by all the isolates although they were not

as effectively utilized as the nitrogen sources

previously mentioned.- The results also showed that

(NH4) 2S04 was fairly utilized by some of the isolates

but it is not a good nitrogen source for Rhizomucor

pusillus, ~ niger and ~ fumigatus. Guanine was also

fairly well utilized by all the fungal isolates with

the exception of Rhizomucor pusillus. Amino-n-butyric

acid was also utiiized by all the isolated fungi but to

various extents. It was well utilized for mycelial

growth and sporulation by A. niger, fairly utilized by
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TkBLE 7

Iritrogan-source utilization for grOlvth and spor-ulat aoa, Fungi •..•ere incubated
at 30° for 6 days. 't-Figures (mgrny~i.? dr.!"i-rt./3Cnl mediw.i) ar-emeans of
3 readings with standard deviations. ,.**Fie;ures (s;fres .x 100/ml) are means of
3 readings with stand.ard deviations.!.' .'

s: -oryzae Rliizomucor puSIilus IRhizoous ar r hLzocarbon source Aspergillus ~ ! tumigatus ! niger --_
. Dry wt.(mg)* Spores·· Dry.wt(mg) Spores Dry wt.(mg) Spores

Dry wt.(mg)· SpoSes.· Dry.wt(mg) SpoSes Dry wt.(mg) SpoSes " 6 6
xl0'/ml xl0 xl0 xl0'/ml xl0 xl06

KN03 110.3.:4.2 22.5.:1.4 122.0.:2.6 24.:1.0 126.6.:2.2 . 23.2+0.8 120':4.7 22.7.:1.3 88.6.:2.2 14.2.:1.3

NaN0
3

77.5.:1.9 19•.:1.0 87.3.:1.9 20.3.:0.7 90.8.:3.0 20.1.:1.3 69.9.:1.1 18.2.:0.8 72.3.:1.7 15.1.:0.8

NB4N03 101.7.:3.1 21.8.:0.8 99.4.:2.7 22.4+0.4 120.2.:1.6 21.+1.0 91.2.:3.0 19.7.:1.7 88.1.:0.9 13.8':1.6

IIg(N03J2 66.8.:.0.7 12.4.:0.4 91.5.:3.6 20.2.:.0.3 121.7.:.0.4 20.6.:!.1.1 82.4.:.0.9 18.4.:2.1 55.7.:.3.3 9.6.:!.0.8

NH.;C1 180.2':'1.1 20.1.:!.0.8 71.6.:.4.2 16.1.:.1.1 106.5.:!.2.7 19.4.:;.0.8/86.9':'1.3 ;9.1':'0.6; 66.6.:;.2.2 11.8.:.1.3

(lG'.;J2S04 1 66.1.:!.0.7 H ..:!.1.0 51.4.:.2.5 4.1+0.4 44.7+1.1 7.2+0.4' 69.3.::0.4 13.8'::1.3 38.5+0.7 4.1.:!.0.6

Glycine 179.9':;'1.7 1&.8.::0.3 92.6.:;.1.0 19.8.::0.8 81.2+3.2 19.8-:.6 89.5.::0.7 20.2.::1.4 77.2.:.2.2 13.6.:;.0.8

Me::'ionine 139.2+1.3 5.2.:0.1 42.8.:225 5.2~O.1 51.5+1.6 9.4+:.737.7+0.8 G.4.:!:.O.9 ~O.8.:.0 7.1+:'.3
i - - -

Ala~lne ! 88.8.:!.2.4 20.4.:;.0.8 93.0.:!.1.8 20.7+0.8 124.9.:;.3.1 21.&':1.8 99.6.:.2.9 21.7.::1.3 8';.4+1.4 12.4.:;.0.6

Guat i ne 1 66. 8.:!.1.9 13.8.:!.054 80.4.:.3.6 17.4.:::.2 79.2.:!.2.2 10.2.:~.G 68.2.:!.1.7 :.;.2.::1.: .;9.5.::0.7 8.2.:.1.1
;lCawl"c acLc iT34.4-;-3.7- -3c.I+o:3 -r41'.7+'f~i--3'O:6+1.4 14'';-.3+2.7 - 31.8-:.1/

136
2'2 7 ?9 7 ° 9 _

! - - - - - - • .:: • - • +. 9".3+3.9 15.9+0.8
~sparagiDe 1107•8':'3.2 20.8.::1.1127.8.:.2.7 23.7.:!.0.6 111.2'::1.4 20.2.:!.0.9j 97.8.::2.5 20.4.:.1.3 84.6~.;.7 12.4~1.5

:'rypwpban ,0.0 0.0 22.6.::0.6 0.0 28.4.::0.5 0.01':;'0.°10.,0 0.0 0.0 0.0 I

:asein 1 151.8.:!.3.1 32.2.:!.1.3 H.3.4.:.1.3 33.7.::1.8 139.2.:!.2.4 32 147.8'::1.9 30.2.::2.1 110.6.:!.1.319.6.:2.2

lminO-n-bUl:yriC! '
Lcid 1 58.6.:!.0.9 6.9.:!.0.267.6.::1.8 9.8.::0.5 88.4.::1.7 17 55.4.::2.6 8.0.::1.0 ';0.9.:!.0.7 6.2.:0.8 ~

I

rspar t t c acid /119.4':2.6 23.2.::1.7 136.7.::2.5 28.7.::1.3 110.6.:.2.0 21 134.7+1.7 24.5'::1.4 99.6.:!.0.8 18.4.:!.1.4 1

:onuol 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0, 0.0 0.0 0

as

7

2

4

8

6
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A. fumigatus but poorly utilized for the mycelial

growth and aporuLation 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 (O.Olxl06

spores/ml) was recorded for ~ 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

isola ted fung i on the organic nitrogen sources wi th

those of the inorganic sources (at p=·O.l) 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 utilization of the medium were: A. flavus,

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



85

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 , sporulation o

•
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~ niger,

pusillus.

A. oryzae, A. fumigatus and Rhizomucor

The ruyc e Li.a L ljcowtli a nd sporulation of the

last two fungal isolates above were obviously poor when

assessed quantitatively and by visual estimation.

Aflatoxin studies:

Production of aflatoxins

Aflatoxins (81, 82, aI\d G2) were

measurable quantities in the culture

detected

filtrates

in

of

Aspergillus flavus a nd A. o ry zae , No aflatoxin was

detected in the culture f i Ltra Les of the reniaining four

isolated fungi and the control (Table 8). The results

showed tha t A. f lavus produced more aflatoxins Bl, B2

and G2 on the medium supplemented with the yellow maize

variety ([arz 7) t han 011 the medium supplemented with

the whit e ma ize variety (Far z 34). Similar results

were obtained for ~ oryzae except that the medium with

white maize variety enhanced the production of

aflatoxin 8
2

more than the medium supplemented with

yellow maize variety. In fact, the ratio of the level

of aflatoxin .82 procJuction by A. oryzae in the two

media was 1:4.48 in fa vo u r of the white maize

containing medium. Compi.lratively, A. flavus produced
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TAnLE8

Production of aflatoxin::; on '.110 typos of modi f'Led Czapck=Dox medi as Funui
wer-e incuuutecl at 300C for G cl2.,Ys. Ficure::; ~G/l of aflatoxins in the
cul tur-o filtrates) a.r-e mean c of 3 r-c adingn uit h st andar-d deva.at i onc ,

I

Fun us Atlutoinxs in:

Medium supplemented with Medium supplemented with white

ellow maize variet maize variet

~1 B2 G1 G B1 B2 G1__ G2
Aspergillus
flavus 670+20 516+28 0.0 347+34 655+19 486+26 0.0 242+22
A. tumigatus 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

! oryzae 643+16 86+12 0.0 458+17 625+15 385+25 0.0 255+15

Rhizomucor
pusillus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

nhi?~~..:::~
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 B2 than A.. oryzae in the two

growth media while the 10tter produced larger amounts

of aflatoxin G2 than A. flavus in the two types of

media. Excluding the produ ct i on of aflatoxin B2, a

comparison of the levels of toxins produced by the two

toxigenic fungi showed no significant differences (at

p = 0.1).

Aflatoxin Bl production with time by !;. flavus and !;.
oryzae

Detection of aflatoxin was first recorded in

culture fitrates of A. flavus and ~ oryzae on the 2nd

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

considerably...• The peak of toxin level 1n culture

filtrates of the two fungal species was recorded on the

8th day after incubation. A slight decrease or almost

the same thamounts of toxin recorded on the 8 day were

recorded in the culture filtrates of the two test

organisms on the 10th day. For each of the two test
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Fig. 4: Aflatoxin Bl 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 0-----0 Aspergillus oryzae:

Aflatoxin Bl production x x,pH of medium

x------x

•
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fungi, an initial lowering and then a rise of the pH

levels of the growth medium 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. tile p ea k of t.o xi n level in the culture

filtrates.
tll

By the 10 (filld1) 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 pn o[ <jrowlll me d i um on aflatoxin Bl

production by A. flavus and ~ oryzae

Aflatoxin Dl was Jetected in all the culture

f il tra tes of the two tes t fung i 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 ~o 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

h oryzae were more than that detected in the culture

filtrates of A. flavus. However the latter fungus

accumulated mottle toxin in the culture filtrates at pH 5

to 8.
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Effects of pH of CJrowth medium on aflatoxin-

B1 production.
for 6 days at

Fungi were

different

incubated at 30° C

pH levels. Each

point on the qraph is i'\ mean of 3 readings.

Aspergillus flavus 0------0, A. oryzae ~~----~}C'
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Effects of incubation temperature on aflatoxin

B1 production by test fUllgi after 6 days of

incubation. Each point on the graph is a mean

of 3 readings. Aspergillus flavus ° 0, A.
oryzue x x

•
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Effects of incubation teHl\?,::catuceon aflatoxin Bl

production by !.:. fl.:lvu~dllU ~ ocyzLle
The results showed that aflatoxin Bl was produced

in considerable quantities at temperatures between 2~

and 35°C (Fig. 6). No a f l.a t oxi n Bl was detected in

culture filtrates of the two test fungi incubated at

and 45° C. For the two fungi increase in

tempera ture brought abou t a corcesponding increase in

level of toxin until peak was attained for the two test

organisms at 30°C. EurLher increase in temperature

brought about decrease in amounts of toxin accumulated

in the culture filtrates.

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 their culture filtrates at 40°C.

Utilization of feed concentrates as substrates for

aflatoxin 81 production by !.:. flavus and !.:. oryzae
Results of this experiment are shown in Table 9.

Corn I groundnu t cake and palm kernel meals samples

when collected had 20 I 140 and 10 parts per billion

(ppb) of aflatoxin 81• The remaining feed concentrates
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TADLE9

Utilization of feed concentraton an nubstrntes for aflatoxin Br produxtion
by Anrerr;illus flavus and!. oryzuo , Placke were incubated at 300e for
G d<l,Ys. Ficures (aflatoxin Dr cont en t n in ppb) are means of 3 readines with
standard deviations.

Feed concentrate Aflatoxin 81 .cont~ht (ppb) in:

sample on collection sample inoculated Sample inoculated Control sample

(initial) with A. flavus with A. orvzae
Corn meal 20+0 8::;0·130 780,!.20 15,!.5

Groundnut cake meal 140+10 3,080,!.60 2,900,!.100· 130+10

Palm kernel meal 10+0 300,!.20 300,!.30 0

Fish meal 0 0 0 \:Blood meal 0 0 0

Wheat oUals 0 220+40 260+20 10
IDried breweres grains 0 140+10 80+10 10

Oyst·er shell meal 0 0 0 0

Bone meal 0 0 0 0

•
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had no de tec table a £ La tax i 11 [31 on collect ion. At the

end of the incubution period, corn meal, groundnut cake

meal, palm kernel meal, w he a t o Lt a Ls and dried brewers

grains inoculated with A. flavus had 850, 3,080, 300,

220 and 140 ppb of aflatoxin Bl contents respectively.

The remaining feed concentrates (fish, blood, oyster

shell and bone meals) had no detectable aflatoxin Bl at

the end of the incubation period. . Similarly, corn

meal, groundnut cake medl, palm kernel meal, wheat

offals and dried brewers grains inoculated with A.

oryzae had 700, 2,900, 300, 260 and 80ppb of aflatoxin

Bl contents respectively at the end of the incubation

period. No aflatoxin Bl 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 a f la toxin Bl contents

respectiveJ:..y after the incubation period. This gave a

reduction of 5 and 10ppb respectively when compared to

the aflatoxin Bl levels in the initial samples. No

aflatoxin Bl 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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offa Is and d C I ed brew oCJ <J Cd L11:3 in dec Leas ing orde r of

toxin levels. Except ill palm k erneL meal and wheat

of faIs, A. f la vus brouqht about the accumula tion of

mOLe 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 subs tra te.

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 dLoppings previously

inoculated with toxigenic fungal species

No toxin was detected in all the samples

inoculated efther with A. flavus OL 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
•extracellularly. The amount of the enzyme produced by
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Fig. 7: Amylase production with time on SYE medium.

Fungi were incubated at 30° C Each point on the

graph is a mean of 3 readings. A. 0--0

Aspergillus flavus, x: JC A. fumigatus, ~

A. niger.

B. 0--0 !2:... oryzae, ~X----7IX Rhizomucor pusillus I tr--t.

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, ~ fumigatus

and A. oryzae, the peak amylase production was attained

on the 6th day of incuba tion at 30° C. A. niger and

Rhuzopus arrhizus reco~ded peak activity on the 4th day

while same was r-ecorded for- Rhizomucor pusillus on the

5th day of incuba tion at '30° c. The amylolytic activity

for all the isola tes decr-eased gradually a f t er peak

activity was attained.

Effects of differ-ent car-bon sources on amylase

production

The r-esults pr-esented in Table 10 showed that

amylase was produced by all the isolates in all the
.media types. However, tile lar-gest amount of amylase

was produc.ed by each of the fung i on the medium tha t

contained starch as the sole carbon source. Other

media containing differ-ent 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 fOUL fungal species had optimum

amylase activity at pII 6. At values above the optimum

pH, a decline 1n 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

amy1ase act ivitY was 0bse r ved a t 20° C for a 11 the

species. At 30" C, amylase activity was observed for

all the species and this rose gradually to a peak at

45° or 50° C. The op t Lrnu m activity of the amylases of

A. flavus, A. nigeL' ~ oryzae and Rhizopus arrhizus

was obtained at 45°C while amylases of ~ 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.
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T A 13 L E 10
Effects of carbon nourco o on amyl nno production' F'unci were incubated at .30oC

for 6 days and amyLane activity de t ern i.ncd , FiGures (mg/ml of malt osc
releaned by culture filtrate) are meane of .3 r-eadi.nrjs with standard doviations.

Test fungus Carbon Sources
Glucose Dextrin Starch Pectin CMC Feed infusion 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
!:.. fumigatus 0.12+0.04 0.30+0.09 0.90+0.07 0.44+0.03 0.40+0.08 0.66+0.03-
!:.. 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

10.04~0.02
- -

!:.. oryzae 0.14+0.04 0.60+0.03 0.26+0.07 0.42~0.01 0.46+0.04

Rhizomucor pusillusO.08+0.02 0.24+0.03 0.6G+0.07 0.16+0.02 0.30~0.02 0.50+0.0
I - - - -

Rhizopus Ilrrhizus 10.20~0.03 0.30+0.09 1.10+0.08 0.14+0.05 0.22+0.07 0.90+0.08- -

•
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Fig. 8: Effects of pH of assay medium on amylase

activity. Fun~i 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 • f umi gat us, t.\---ll ~ niger .

B. O--~O A. oryzae, ~~-----~KRhizomucor
pusillus, Rhizopus arrhizus.
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Cellulase production with time on oat-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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Effects of tempera ture of assay medium on

amylase activity.

300C for 6 days.

incuba ted at

the graph is

A. o----~o Aspergillus
A-------/l

Fungi were

Each point on

a mean of 3 readings.

flavus, ~,------i<J( A. :Eumigatus,

A. niger.

B. 0'---0 ~ oryzae, X~---->lX Rhizomucor

pusillus, Rhizopus ar-rhizus 1:$,---::6
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Fig. 10: Cellulase p r odu c t Lou 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 x A.

fumiga tus , ~!i:.. niger.

B. 0---0 A. oryzae,}[ JC Rhizomucor

pusillus, ~ Rhi%opus arrhizus
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Aspecgi111ls A. nigec cecocded peak

production of cellulases on the 5th day of incubation,

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

arid Rhizomucor pusillus on the 8th day of incubation.

After the peak production day for each fungal species,

a decrease in the cellulase activity of the culture

filtrates was observed.

Effects of different CnCbOIl soucces on cellulase

production

According to the resul ts 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 rema i ni nq fungal species on all

the media_types proviJeJ. The feed infusion medium and

CMC medium proved to be the best media for cellulase

synthesis by all the isola tes. While cellulase

production by ~ flavus, ~ niger and Rhizopus arrhizus

was greater on CMC medium than on feed infusion medium,

it was greater on feed infusion medium for ~ fumigatus

and A. oryzae.· For Rhizomucor pusillus, equal amounts
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Effecto of carbon cour-co n on col Lul o.ce pr-oduct i on Fun(;i were incubated at 30°C
for G days and celluln~e nctivity deturmined. Ficuree (ma/ml Qf total reducing
o~arB released by culture filtrate) are means of 3 r-ead i.nga with otandard
deviat i one.

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+0.01 0.34+0.04 0.28,::0.02
!:.. 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-
!:.. niger 0.01+0.01 0.01+0.01 1.01+0.01 0.05+0.01 0.60+0.02 0.50,::0.02- -
!:.. 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- - ,
Rhizomucor pusi11usO.O 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 rspecLes , i ncreoso in cellulase activity

was recorded with rncrease 1.n pH unti1 the peak was

attained at pH 5 for A. flavus and A. oryzae and at pH

6 for ~ fumiga t us , A. niger, Rhizomucor pusi llus and

Rhizopus arrhizus. Further increase above the optimum

pH brought about decrease 1.ncellulase 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 isola ted fungal species were acti ve wi thin a

wide temperature range No cellulase

activity was recorded for ~ fumigatus and Rhizomucor

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

niger, A. oryzae and Rhizopus arrhizus at 70° C. While
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Effects of pH 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 K A.

fumigatust f}----t, A. niger.

B. O---D A. oryzaet x K Rhizomucor

pusillust /J..---{). Rhizopust arrhizus

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



e 0·00
.0
Ol
:J
VI

.~ 0-40
u
:J
'0
~

'00'20
C
:J
o
E
<t

Fig.11

A B

I
84 6

pH
75 4 6 75 pH

•

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



109

Fig. 12: Effects of tempera ture 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. O---D Aspergillus flavus, x K A.

fumigatus, fr---tl ~ niger.

B. O---D A. oryzae, K K Rhizomucor

pusillus, .A----iJ Rhizopus arrhizus
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cellulases of T\. niger:- n nd Hhi7.opuS arrhi7.us attained

peak activity at 40° C, those of the remaining fungal

isola tes recorded peak ac t i vty at 45° C. Above the

optimum temperature, a decr:ease 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

product ion of proteases on the 5th day of incuba tion:

Aspergillus flavus, A. niger and ~ oryzae on the 6th

day and A. fumiga tus on the 7 th day. Rhizomucor

pusillus however did not attain peak protease

production until the 8th Jay 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 as;.;ay IlIClliUIll on protease activity

Ac cor d i r llJ tot he 1:-("? S Ll I t s p r e s e n t e din Fig 14 :
•

acidic medium Lavour e d higher: protease activity of
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Fig. 13:

III

Protease production with time on poultry

feed-casein medium. Cultures were incubated

at 30" C. Each point on the graph is a mean

of 3 readings.

A. O---D As~ergillus flavus, ~~--~lC A.

fumigatus, 6-----J1 A. niger.

B. 0---0 A. oryzde, )~[--~K Rhizomucor

puslilus, ..1----0 Rhizopus a r r ni z us ,
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Fig. 14: Effects of pH of assay medium of protease

activity. Fungi were incubated at 3~C for 6

days. Each point on the graph is a mean of 3

readings.

A. 0--0 Aspergillus fl'lvus/ x x A.

fumigatus/ ~ A. niger.

B. 0--0 A. oryzae/ X~ Rhizomucor

pus illU!J / 11.--1\ R Iii. Z 0 pUG i.lrrhi zus
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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 tempera ture of assay medium on protease

activity.

In this study, it was observed tha t 40° C was the

opitmum temperature for. the protease activity of

culture filtra(tes of aLl the test species except for

the protease of Rh izopus i1r.r.hiZ lIS wh ich recorded peak

act ivity at 30° C (Fig. 15). At 60° C, pro tea sea ctivity

was recorded bnly 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

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

recorded peak production oE lipases on the 5th day of
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Effec ts of tempera ture of assay medium of

protease activity. Fungi were incubated -a t;

300 C for 6 days. Each point on the graph is

a mean of 3 readings.

A. 0---0 Aspergillus flavus, x x A.

fumigatus, it----fj A. niger.

B. 0---0 A. oryzae, x X· Rhizomucor

pusillus, A--d Rhizopus arrhizus
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Lipase proliuction with time on oat-meal chaff

medium. Fungi were incubated at 30° C. Each

point on the graph is a mean of readings.

A. O---D Aspergillus flavus, x ~ A.

fumigatus) Jr----tj A. niger.

B. 0--0 A. oryzae, x---x Rhizomucor

pusillus, A~ Rhizopus arrhizus •
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Fig. 17: Effects of pH of assay medium on lipase

activity. Fungi were incubated at 30°C for 6

days. Each point on tilegraph is a mean of 3

readings.

A. 0---D Aspergillus tlavus, x K A.

furnigatus, 11--6 A.. niger.

B. 0---0 A. ory zae , )f-[--i(K Rhizornucor

pusi11us, ~ Rhizopus arrhizus •
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incuba tion, Rhi zopus i.l r 1::-111 z us on the 6th day, and A.
thfumigatus and Rhizomucor pusillus on the 7 day (Fig.

16). After the peak pro~uction day for each species, a

decrease in the lipase activity of the culture

filtrates was obtained.

Effects of pH ot assay l!Ie~iumon lipase activity

Lipases of all the species were more active in

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 op t lma I for- lipase activity.

Above the optimum pH decr-ease in lipase activity was

recorded for all the CUIlY,llisolates.

Effects of temperatur-e of assay medium on lipase

activity ..•
The resul ts observed showed tha t lipases of A.

niger and Rhi zopus ar-r-11i z us had opt imal ac tivity at

40°C (Fig. 18). The peak lipase activity for the

remaining four- fungal species was recorded at 45°C.

Above the optimal temperatur-e for each isolate a
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Fig. 18: Effects of tempera ture 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. 0--0 Asperg illus Lla vus I x--x A.

fumiga tus I ~.1!2.:... niger.

B. o---D A. oryzae, x~--~xRhizomucor
pusillus, ;}---jj Rhizopus arrhizus.
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decrease in lipase activity was recorded. Only

Rhizopus arrhizus recorded no lipase activity at 6~C •
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DISCUSSION

The fungi associated with stored agricultural

products had bee n I de n t i f ied 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 concentra tes ha ve been made. For instance t

Bonner and Fergus (1959) identified the fungal flora of

twenty-six cattle feed samples, sixteen of which had

histories associated with disorders of livestock.

Ogundero (1980b) isola ted eleven

poultry feeds out of which four

Broadbent, (l969a, 1969b) working

fungal species from

were thermophilic.

on mai ze (whi chi s

often a major pou 1t ry and livestock feed concentra te)

isolated fungal species such as Aspergillus ca nd i du e ,

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

Penicillium decumbens and Mucor pusillus as the major

micro-flora. O~her fungal species had been reported to

be assoc ia ted wit h s t o r e d 9 LOU ndnu ts which is also a

feed component. Some of such fungi according to
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Broadbent et a1. (197 2 ) include: Aspergillus

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

A. flavus, A. tamar ii, Macrophomina phaseoli and

Botryodiplodia theobrolnde.

Two of the major factors that influence the above

colon iza tion and subsequen t g r:owth of fung i in feeds

and feed concentrates and other agricultural products

are the pH and rnoistur:e levels of the produce.

Excluding the oyster sllell mea I a amp Le s which had pH

values of between 8.2 and 9.0, samples of other feed

concentra tes 1ike corn, groundnu t cake, palm kernel,

fish, blood, wheat o f La Ls , d ri ed 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 substr-ate within which they are growing.

From pr-evious reports (Cocllr:ane, 1958) , fungi had

better myceliai growth in the acidic medium than in

alkaline medium. The p ll of lnost of the feed

concentrates ther-efore is conducive to the colonization

and subsequent gr-owth of sever-al fungi. Furthermore,

the wide pH range within which the isolated fungi can

thr-ive also sUSJSJests that even the oyster

shell meal •samples with alkaline pH is 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 ln pH of the various feed

concentrate samples collected during the period of

study. For the compound feeds, the pH values (5.9-6.9)

recorded is fa vourable for fungal growth. This

favourable pH range of the compound feeds coupled with

the fact that the composite feed concentrates have

several nutritional components (Oyenuga, 1968) could be

responsible for tile c1bund<:1flceof ei'lchfungal 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 is 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

of 10.06%. The

in August. This gives a wide

results for each type

For the

of

range

feed

concentrate is equally noteworthy. 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 samples of maize and groundnuts by

Oyeniran et ale (1973) and for maize by Opadokun et

ale (1979). This effect is usually 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 ale (1979) but less than those reported by

Broadbent (1969b). The possible reasons for the

differences in reports could be the variation in

relative humidity of stor-age atmosphere, differences in

the nurnbor o I :J.11111.> 1.(':') t.dk('11 <lIH\ l.h e r est rLc t Lon of

sampling between jUlle and earLy September by Broadbent
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(l969b) • 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 the palm kernel meal

samples, the % moisture contents obtained also

supported the view that the relative humidity of

storage atmosphere affects tile moisture content of

produce. This effect of climate on moisture content of

produce was also supported by the % moisture contents

of fish mea 1 samples, collec ted. For the blood meal

samples,highest % moisture content (16.60) was recorded

in July whIle the lowest (12.48) was obtained in

January. This gave a range of 4.12. These resul ts

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 samples showed that the highest %
•

moisture content of 14.70 was recorded in July while

the lowest (12.04) was recorded in January. The low
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range (2.66) obtained suggests that % moisture content

of the feed concentrate is not readily influenced by

the cl ima te. 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 concentra tes which had the highest %

moisture contents in July or August and the lowest in

January. The low range of 1.12% is also unique. This

deviation in the results against the general

observation for other feed concetrates could be due to

the effectiveness oE the initial drying of the produce

or to the structural a nd 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 and 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.BO and 10.21 were obtained in

August and November respectively.• The low range of

1.59 is also suggestive of little 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 wer:-e probably more readily

influenced by the c1ima tic con ditions • The moisture

content of wheat offals, oyster shell meal, bone meal

and dried brewers grains may not r:-eadilybe 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 concent rates. 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 broi.ler a td rters 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 Westerll Nigeria are predisposed

to fungal ared other microbial deterioration even

during the dry season when the reLative humidi ty is
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compe r a t i ve Ly lower tild.il ,,,hat is obtained during wet

season.

The significance of aflatoxins in foods, feeds and

feed concentra tea ha v e oee n empha e i.z e d (Bababunmi et

a L, , 1978; Patter-son a nd RolJects, 1979, Rauch et a Lj-
19(8). Altholl'.:)h o t he r' myco t o xi ns are being discovered,

the af la toxins r e ta in a posi t ion of major importance

because of their hi'::jh toxicity and their common natural

occurrence in significant qua n t i t Le s an several foods

and fee d c r 0 p s ( ,JCh roe de r , 19 G9 , ~1i 11 e r ~ ~; 1985).

In the present work, significant quantities of the

principal aflatoxin~ (D1, D~, G1 and G2) were detected

mainly in corn and q r ou ndnu t ca ke mea Is. The amounts

of aflatoxins recorded in most of the corn meal samples

were a t very low to mode C,'l te level s (10 to less than

160ppb).

-samples analysed by B'rou dbe n t; (1969b) and Opadokun ~

ale (1979). Lillehoj ~~. (1980) however, obtained

higher aflatoxin Le ve Ls ('-llJove 300ppb) in most of the

pre-harvest COCll s a mpLe a <111..11y.320. Results obtained

from the analysis of grolltlonut cake lOeal samples in the

presen t study s howed t ha t \i,": Cy low to rela t i vely high
•

levels (10-600ppb) of af la toxins were recorded. These
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results were similar to those cecocded by Halliday

(1969) except that in the cur-r-ent work some samples

contained aflatoxin in excess of 250ppb. In another

report (Joffe, 1969) the amounts of aflatoxin Bl alone

produced by most isola tes of !l:... f la vus from groundnut

kernels were fd r- ill e xc e s s of 1, OOOppb. The

di fferences in leve 1s of d f la to xi ns recorded in the

present study and those previously repocted could be

due to f a c t or s such as the moisture contents of the

substcate (Chang and f.1aricakis, .1981, Salunkhe et ~;

1987) the s t r a .i ns of the assoc ia ted toxi n pcoducing

fungi (Austwick dnd Ayerst, 1963) and the ambient

temperature (Joffe, 1969). The period of storage could

also have an e Lf e c I; , Tile p r e s e n t; r e s uLt s suggest that

when aflatoxin is pcesent at all in a sample, Bl is

certainly p r e s e n t a nd most likely to have the highest

level. This asser-tion is suppor-ted by the findings of

Joffe (1969) which inJic~ted that all Aspergillus

flavus which produce any toxin at all produced

aflatoxin B1• This frequent occurrence of aflatoxin Bl

and more so at high levels in some feed concentrates

and other

significance.

agci~ulturdl products is of great

This is becduse aflatoxin Bl is the most
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•

toxic component of the a f La toxin complex (Schroeder,

1969) • Apart from

had only traces of

of aflatoxin was

the palm kernel meal samples which

aflatoxin 131, no detectable amount

recorded in any other feed

results confirmed that theconcentrate. These

production and accumulation of aflatoxins varied with

substrates some of which are unsuitable for toxin

production by A. f1avus gr0u~ (3chroede~ 1969).

Analysis of the comp ound r ations indica ted tha t

only aflatoxin 131 was pre~ent 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 all the ma i ze and groundnut components

by the 0 ther f E~ed co 11C o II t I: 01 L(~:-; w Ii ichI a c k af1a toxins 0 r

were unsuitable for t heLr production. The addition of

fungistatic additives such as coccidiostat and

buty1ate d hYdoL0 Xi t()III e 11Q (0 1uY(~If!i a 11d R0 berts , 19'7 9) to

the compound rations at production time could possibly

retard toxin production by aasociated microbes.

The si x £un9(11 Iso lates E rom tile curren t studies

have hea 1th and e con orn i c i mpIiea tions on 1ivestock and

man respectively. The fungi were often implicated in

the deterioration and spoilage of several stored
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agricultural p r od u c Ls including animal feeds

(Cristensen, 1957 ; ChristensAn and Kaufman, 1965).

Toxin product ion bi r.io.s L de these [un".:lal 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 a Lr 1986).

Bamburg et ale (1969) reported that Aspergillus

fumigatus is also toxigenic, being responsible for the

production of fumagillin, gliotoxin and helvolic acid

as its major toxic metabolites. The involvement of the

same f unq us 111 .a sp c r q i l Los i s w h i.c h is a well known

respiratory disease of animals particularly young birds

has been reported (Ains-worth and Austwick, 1955; Acha

-and Szyfres, 1980). It ha s also been estimated that

75% of mycotic abortions in cattle are due to

Asperg illus especially ~ fUllli_gatUB (Acha and Szyfres,

1980). Al thoug h Aspe 1::'9 i 11us l1ige r is rare ly impl ica ted

as a pathogen, however, .i L InciY be associated with a

form of aspergillosis clinically different from that

caused by A. fumiga tus. It (~ 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 ulcerations ill [arm animals (Lacey, 1975).

Furthermore, the reports made by Kulik and Holaday

(1966) indica ted tl1a t Rhizopus arrhizus could also be

involved in toxin production.

Studies on the effect of environmental conditions

such as tempera ture

the isolated fungi

optimum conditions

and pIl on the mycelial growth of

be ca me ne c e s s a r y to determine the

under which deter iora tion of feeds

take place. The k no w Lo dqe (J[ the optimum growth

condi tions for the fungal isola tes could then be used

for safe storage of feeds anJ other agricultural

produce susceptible to microbial attack. The optimum

growth tempera tures recorded in the present

investiga tions for the fungal isola tes were 30° C for

Rhizopus arrhizus and 35° C for Aspergillus flavus, A.

niger and A. orrzae. Rhizomucor- pusillus and A.

fumigatus had optimum growth at 40° C. All the current

results 011 the gcowth-U;ltil!eL-.lture relations of the

isolated fungi .i Ll.us t r a e d in Fig. 1

with the repor ts of pre v ious w or ke r s ,

are consistent

For ins tance,

Olutiola (1976) reported similar growth-temperature
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pattern for the ~ flavus group. Studies conducted by

Broadbent (1969a) also supported the present findings

that Rhizopus arrilizus 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 4~C or higher

has been reported by Raper and Fennel (l965).The

reports of COOJH~Y '-1I1d 1':Jl)(~I~fl0I1 (1964) and Ogundero

(l980b) showed that £·1ucor pusillus is a thermophile

growing less vigorous ly .1 t 1:"01010 tempera t.u r e than at

higher ones.

optimal growth for all the isola tes was recorded

in slightly acidic medium (Fig. 2). This is in

agreemen t with ea r 1 ier r e por ts rnade by Cochrane (1958)

and Child et ale (1973) that fungi have best mycelial

growth in acidic media.

Analysis of feeds and feed concentrates showed the

presence of se ve ra 1 ca d)OII SOll L-CcS some of which

include glucose, fructose, pentoses, sucrose,

raffinose, galactose, starch, dextrin, galactan,

cell ulose a nd pen tosa ns (Oyenuga, 1968). Reports on

•the utiliza tion of these carbon sources by fungi has

been made (Chi and Hanson, 1964; Sorenson and
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Hesseltine, 1966). Pisano and hnastasia (1958) and 080

(1974) reported that such ca r bon sources were utilized

to varying extents by the fungi used. With the

exception of sorbose I 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 various extents.

Only Aspergillus fumigatus and £::... niger recorded scanty

growth on sorbose. None of the isola ted fung i showed

any sign of sporulation 011 tile ca r bon source (sorbose).

A previous report by Ogunueco (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

uti 1i ze it (Ogunde r 0 , 197 8) • uti 1 i za t i on 0f cell u lose

by fungi is of pa ra.noun t Lmpor t.e nce for the

colonization and deter.ior.ation of plant products by

storage moulds •• For e xa mpLe I the penetra tion of cocoa

beans by fungi is thought to be initiated by A.

fumigatus because of its ability to produce cellulases
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which could attack cellulose and pentosans in the seed

coat (Cha tt , 1 9 ') J) • 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, Rhi Z OJOUCOL- LJusillus and Rhizopus

arrhizus recorded no yro~th on native cellulose (filter

papers). Similar r esuLt s w(:t',--, oo ta i ned by Comkuti ~

ale (1969) and Rosenberq (197U) while working with

Mucor pusillus. The currc?nt view is that the

degrada tion of native cellulose and consequently its

utilization involves two types of enzymes designated Cl
and C (Mandels and Reese, 1965; Mandels and Steinberg,x

1976). The Cl enzymes acL all the crystalline parts of

the cellulose chain thus loosening the micro-fibrils in

such a way that subsequent action by C enzymes becomesx

possible. The C enzymes w ere foundx to be an induced

complex of enzy mes hy droLy si nq the Beta 1-4 glucosidic

bonds in the cellulose molecule. The C enzymes havex

the ability •to degrade cellulose derivatives such as

soluble carboxymethyl ce lLu Iose (CNC) and celluloses
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that have been modified ui qr i nd i.n q with concentcated

acid oc alkali. Howevec, foe ccystalline cellulose to

be hydcolysed both Cl and Cx enzymes must be pcesent.

The f a i Lur e of Rhizomucoc pusillus and Rhizopus

arrhizus to utilize native cellulose (filter papers)

for growth and their ability to utilize Ct-1C indicate

the pcesence of Cx enzymes and lack of Cl enzymes. The

role of o t he r microbial enzymes in the break-down of

all types of organic food components had also been

ceported (Adler-NiGGell, 1987 ; Park et 1987 :

Morihara, 1987).

Animal feeds a nd feed concentra tes also contain

several ni trogen sources (Oyenuga, 1968). Uti 1iza tion

of seveal nitrogen sources both organic and inorganic

by fungi for q r owt h a nd s por uLa tion has also been

reported by several w or ke r s (Sorenson and Hessel tine,

1966: Rupez e z a nd Lo.i L, 1979; Ogundero, 1981C).

Results obtained from the present study showed that the

fungal isolates utilized all the organic and inorganic

nitrogen sources supplied. The highly abundant growth

and sporulation of all the fungal isolates on casein

hydrolysa te was due to the cons ti tuent amino acids.

According to Nolan (1970), the amino-acid con tents of

casein hydrolysate includes: glutamic acid, valine,

threonine, arg iJfline, 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 grow th. 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 isola U~s. lIowever, the growth and
sporulation recorded on the medium was comparatively
less than what was obtained when casein hydrolysate,
starch or other good ni trogen 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 substrate were filtered out with the
muslin cloth at prepa ratIon, Fung istatic subs tances
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 ~ flavus are major aflatoxin producers

(Kulik and Holaday I 1966; Taber and Schroeder, 1967;

Niles, 1978). The production of aflatoxins by A •

•
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orYZ<.l0in tile two tY[J(~:-; o L 1110<31 lied 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 sma 11 quanti ties 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 Bl and B2 (Wicklow and Shortwell, 1983;

Doner et ~; 1984). The attack and growth of ~ flavus

group on almost 'all crops particularly when the latter

are ripe or senescent should therefore be considered

with a view to control contamination with toxin

metabolites of fungi.

Apart from the fungus, the most important factors

affecting the development of aflatoxin contamination

are: substrate, temperature, pH, moisture conditions

and time. In the present study, the amounts of

aflatoxin Bl in the culture filtrates of the two

aflatoxin produ~ing fungal species increased after

inoculation until the 8th 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 a ccumu La t i on, The toxin production

curve obtained is similar to microbial growth curve

(Cooper, 1971). According to Ogundero (1978), the

initial lowering 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 similaL to their- effects on fungal growth

(see Figs. 1, 2, 5 and 6). Similar results on the

effect of tempeLature on the production and

accumula tion of the toxins in stored field crops has

been reported (Schroeder, 1969). Since aflatoxins are

products of metabolic activities in fungi, their

production a nd a ccurnuLr Li on t here t ore are affected by

the environmental conditions that affect fungal growth.

Ogundero (1987) repocted that the singular limiting

factor for dElatoxitl contamination of Nigerian

groundnuts, apart frorn the moisture contents is

temperature. •The substrate upon which a toxigenic
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fungus is growing affects the production and

accumula t ion of myco to xi ns. Broadbe nt 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 ~ flavus group.

The production and a c c uruu La t ion of aflatoxins in corn

has also been reported (Broadbent,

~., 1979; Lillehoj £!. al., 1980).

products that had been found to

1969b: Opadokun ~

other agricultural

be suitable for

aflatoxin production by toxin producing fungi include

cotton seed, rice, Brazil nuts, coconut, oats, pinto

bean and wheat (Schroeder, 1969). In 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 toxin~ 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 a c cutnu La t i on , All the remaining feed

concentrates anal9ysed: fish, blood, oyster shell and

bone meals appeared to be unsui table substra tes for
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aflatoxin production and accumulation. Similarly, lack

of aflatoxins in the poultry droppings inoculated with

the toxin producing fungi ilnd in uninoculated samples

even when favourable conditions of temperature and

moisture were provided suggested the unsui tabili ty 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 utilization 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, fa ts

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 I isola ted lignin has

not been shown to be degraded signif icantly by any

organism (Rosenberg I 1978). Food is usually stored in

plant tissues in form of s t a rc h , The production of

enzymes which are. capable o[ breaking down such storage

products are of prime importance in fungi that obtain
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nutrients from plant materials. Amylases are

respons ible for. the breakclow n 0 f s t archy ma teriaIs to

maltose. Amylases are classified into two groups. The

& amylases or endoglycosidases hydrolyse starch

chains at points far [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 (Bern[eld, 1951). Results of the

present work showed tha t peak amylase production was

attained on the 4th day by Aspergillus niger and

Rhizopus arrhizus; on the 5th day by Rhizomucor

Eusillus and on the 6th day by ~ flavus, ~ fumigatus

and A. oryzae. These results are consistent with

previous reports tha t the ra tes of amylase production

are different for most fungi. Chapamn ~ al. (1975)

reported t lra t maximum amylase activity was attained on

the 4th 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 th thon the 4 and 6 days of

incubation respectively 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 tempera tures 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 ca rbon

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 worke s have shown tha t the production of

extracellular cellulases by fungi is common but not
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universal (Fergus, 1969; Rosenberg, 1978: Ogundero,

1978) • Cellulases are designated .Cl and C asx

previously indic~ted. Only the C is necessary for the
x

degradation of CMC while both Cl and Cx must be present

before native cellulose is degraded (Mandels and Reese,

1965). Factors such as time, p+l , 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

5th day for Aspergillu::; LUIIIl.gatusa nd !!.!.. niger: on the

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

and on the 8th d~y for Rhizomucor pusilluso The

resul ts aIso showed t ha t the r e were d i, fferences in the

amounts of cellulase activity recocded for the various

fungi. This variation in the peak production time and

amounts of cellulase activity in different fungi has

been reported (Ogundero, 1978; 1979).

All the fungal isolates used for the present

studies had peak amylase activity on acidic media with

pH (5-6). The peak amylase activity was also recorded

at tempera tur:es betwee n 45" and 50°C for a11 the tes t

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 f unq i, was recorded at pH 5-6.

Robertson and Koehn (1978) reported that Poronia

puncta ta 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 activity also occurred at pH 4.4.

Reports by 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 to 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 attained. Results of the

present study also showed tha t 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 ~ oryzae had only a slight difference of

0.5 in the two pH 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

ce11ulases were produced on uie diUITl with CMC and on

feed infusion medium which is also rich in cellulose,

other media without cellulose component also supported

the synthesis of cellulases in some of the fungal

organisms. Asp erg i11us f 1;.1 V us, !2..:.. f umigat us, ~ ni9er

and ~ 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 fungi, they

could both be constitutive and induced enzymes in

others. In both cases, largest synthesis of cellulases•
is obtained in cellulose containing medium.
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Cellulase activity o( the culture filtrates in the

present work was found to increase with temperature up

to 45° C after which there was a drop in activity.

Robertson and Koehn (1978) reported that optimal

temperature activities for Poroniu 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

was recorded for Rhizopus urrhizus on the 5th day and

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

Aspergillus fumigatus and Rhizomucor pusillus had peak

protease Rroduction the th and 8th days ofon 7

incubation respectively. Factors such as pH of the

medium and tempera ture 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 tempera ture for protease acti vity was

40° C for all -the fungal species except Rhizopus
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arrhizus which recorded peak protease activity at 3~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). Resul ts of the 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 incuba tion. optimum pH for the

lipase activity was recorded in the acidic medium for

all the fungi, being pH 5 fo~ Aspergillus niger and pH

6 for the rema ining fun9a1 is0 1ate s • A tempera ture

range of between 4~ and 4~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 method for the control of fungal

infestation, growth and other deteriorative activities

in stored agricultural products particularly feeds and

feed concentrates is the regulation 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 contents of 13% and above. The present

studies showed that with the exception of some samples

of dried brewers gra ins, fish, oyster shell and bone

meal, all other feed concentrates and compound feeds

collected had moisture contents above 13%. This

suggests tha t most of the samples were predisposed to
•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 housee 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 condi tions under which feeds

are prepared by feed compounders, stored and handled by

retailers and in the poultry farms, the following

suggestions based on the resuIts of the present work

and those previously reported can be made:

Livestock feed compounders Clnd millers should
•always use feed inputs with low moisture contents (less

than 12%) and with little or 'safe' microbial
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infestations. To make this possible, each feed mill

should have a microbiologic~l 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 poul try far rns, feeds should also be stored

in dry places and mois tened lit ter 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

understanding of the conflicting interpretations

currently being placed upon the role of toxigenic and

zoopathogenic fungi associa ted wi th feeds and other

stored agricultural products. The need for more

concerted efforts at controlling these obnoxious fungi

and their deteriorating activities could even become
•

more urgent and mandatory.
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