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ABSTRACT
Two hundred and cighty cight samples of maize were collected from
ficld, markets and stores in the four agroecological zones of the twenty five

local government arcas of Niger state for three scasons and screened for

their fungal and mycotoxins contaminations. Thirty one different species of

fungi were identified with the major ones being Aspergillus, lMusarium,
Penicillium, Trichophyton and Microsporium spp. ‘The wet zones have the

highest incidence ol both fungal and mycotoxins contamination with the

market being the highest place for contamination with a mean value range of

234 — 728ppb for allatoxin and 356-721ppb for zearalenone. The presence of

these toxigenic fungi in maize in Niger State, a major cereal producing state

in the country indicates a potential health hazard to the nation.
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CHAPTER ONE
INTRODUCTION

FFungi are cukaryotes with well-defined membrane bound nuclei. They
arc heterotrophic with a few of them having a well defined cell (Smith and
Moss, 1985).1'ood spoilage fungi produce some harmful compounds that are
toxic to man and animal; these harmful compounds arc referred to as
mycotoxins. Mycotoxins are poisonous compounds produced by certain food
spoliage fungi; they are sccondary metabolites that are produced by fungi on
foods and fceds. Mycotoxins are haptens that clicit antibodies when bound to
proteins, they have simple chemical structures with low molecular weight of
below 500. There are about 300 mycotoxins but commonest one found in foods .
‘and feeds are aflatoxins, fumonisins, ochratoxins, zearalenone and
deoxynivalenol (Bhat and Vasanthi, 2002).

The effect of poisoning by the mycotoxins is known as mycotoxicosis.
Mycotoxins are capable ol causing acute and chronic effects in man and animals
ranging from disorder of central nervous system, cardiovascular system,
pulmonary system and intestinal tract to death (WIHO, 1999). They are also
immunotoxic, feratogenie,  nephrotoxic and  mutagenic  (WIO,  1999).
Mycotoxins are ol great public health importance because of their relevance in
human hepatoma and esophageal cancer (Bhat and Vasanthi, 2003).

The existence of mycotoxins was not documented until 1960.
However, the concept that mouldy food could lead to illness in people or
domestic animals was long suspected before their existence was documented by
science (Matossian, 1989). There have been outbreaks of mycotoxicoses; they
were recurring during the ninth and tenth centuries - which there are vivid

descriptions of himbs rotting and falling ol (Mantle, 1977). The discase was



later known to be associated with the consumption of cereals, particularly, rye,
contammated with the sclerotic of the plant pathogenic fungus Claviceps
purpired.

Alimentary toxic aleukia (ATA) was a severe problem in parts of
Russia (Bilay, 1960) and yellow rice discase caused grave concern in Japan,
(Saito and Tatsuno, 1971) Amongst animals, sheep facial cczema has been the
subject of considerable rescarch in New. Zealand while red clove disease,
vulvovaginitis and mouldy corn toxicosis were all initially studied in the United
States (Jofle, 1983). Though mycotoxins have had and impact mankind on'since
the begmning of organized crop cultivation, the scientific study of mycotoxins
began in 1960 when a large number of turkey poults died in England due to
consumption ol contaminated groundnut meal imported from Brazil (Blout,
1961).

There 1s ample evidence that the inhabitants of sub-Sahara Africa are
experiencing heavy dictary exposure to [ood borne mycotoxins. According to
the World Development Report (1998), discase caused by mycotoxins lead to
reduced life expectancy in developing countries. According to Miller (1996),40
% of the productivity lost to discascs in developing countries 1s due to diseases
exacerbated by mycotoxins especially aflatoxins. Poor harvesting and storage
facilitics as well underdeveloped infrastructures such as processing facilities,
transportations and skilled human resources. The West African countries have
tropical climate with all ycar round high ambient temperature and relative
humidity that provide optimal condition for the growth of toxigenic mould and

mycotoxins production,

(8]



The mcidence of mycotoxins, especially aflatoxin, in tropical diets is
evident from the presence of aflatoxin M in human breast milk in Ghana,
Nigeria, Sierra Leone and Sudan and in umbilical cord blood samples in Ghana,
Kenya and Nigeria (CTA, 1997). Aflatoxins are the major tood borne
carcinogenic hepatotoxins of great public health importance in Africa. ‘Their
demonstrated presence in dicts and human tissues in Nigeria and some West
African states (Bankole and Adcbanjo., 2003) may not only account for the
relatively high incidence of hepatoma in tropical Africa but may cause exposed
children to become stunted, underweight and more susceptible to inlectious
diseases later in life ( Bhat and Vasanthi, 2003). Hospital records showed that
Nigeria has liver cancer incidence of about 5 9 per 100,000 males, and it
accounts for 72%, 19.2% and 10% of all cancer cases in Western rain forest,
Northern and Lastern Nigeria, respectively (Gbodi, 1990).

Zearalenone, another mycotoxin found i Nigerian food (Gbodi ef al;
1986), 1s a naturally occurring ocslrogén produced by species of Fusarium
causes infertility in sheep and pig (Bankole and Adebanjo., 2003). Although the
association between zearalenone exposure and human diseases remain
speculative at present, it was considered as a possible causative agent in the out
breaks of precocious pubertal changes in thousands ol young children in Puerto
Rico (Saenz de Rodriguez et al., 1985) and has been suggested to have a
possible involvement in human cervical cancer.

Iiconomic loses caused by fungi and mycotoxins contamination occurs
at various levels; crops and livestock production and human health. The FAO

has cstimated that up to 25% of werld’s food crops are significantly

contaminated with mycotoxin (WO, 1999) and are valued at several billions of

dollars that arc lost annually. Nine Alfrican countries including Nigeria

collectively lose 670 Million U S dollars in crop trade per year due to mycotoxin



weight, impaired resistance to infections and deteriorations i quality and loss of
market for livestock products. The 1ll health and death of people duc to
mycotoxins adversely affects the nation’s work force and consequent its
economic statues.

‘ Maize provides an cexcellent substrate for mould growth and
mycotoxin contamination (I'AO, 1983). It is the most economic source of starch
for livestock and humans and therefore, highly cultivated and consumed in
Nigeria. Susceptibility ol maize to fungal growth and mycotoxins production
has been shown around the world (Jelinek er al, 1989). Aflatoxin, zearalenone
and ochratoxins A have been reported in maize in Plateau. State of Nigeria
(Gbodi, 1986) and various lungal species and mycotoxins has been shown to
occur naturally i maize (Okoye, 1992). Niger State 1s one of the lcading
producer of maize in Nigeria. In 1999, about 823496 tonnes of maize were
produced in the state (ADP, 1999).

Niger State 1s hot and humid tor most part of the year, conditions that
favour mycotoxin production on grams. In view of the foregoing, this study was
done with the following rescarch objectives:

i.  Toisolate and identify fungi contaminating maize in Niger state
i To identify and quantify aflatoxins and zcaralenone in maize in Niger
state.

The survey for aflatoxins and zearalenone and the mycotoxigenic fungi
infesting maize (a highly cultivated and consumed staple food crop) in Niger
state and in Nigeria would establish to what extent fungi and mycotoxins in
maize will be indicative of the health risk of the consumption of maize in the
State and indeed the nation with the adverse effect on food security, agricultural
and cconomic growth of the nation with an mcreasing demand for food and

founds that are scares.



CHAPTER TWO
2.0 LITERATURE REVIEW

The carliest record of mycotoxin problem was seen in Chind some 500
years ago but the catalyst awarcness and knowledge of the effects of
mycotoxins on animals and man was as a result of singular event when a feed
related mycotoxicosis called * turkey X disease” caused death of thousands
of turkey poults in 1960 in Britain which then stimulated the international
interest that now exists in mycotoxin.

The first known mycotoxin caused epidemics of nervous derangement
and gangrene of man and animals swept Lurope from the ninth and tenth
centuries. The disease became known as St. Anthony'’s fire during the Middle
age (Bove, 1970).1t was later discovered to be caused by the ingestion of
ergot alkaloids p‘roduccd by Claviceps purpurea. (I'orsyth, 1991). In 1926,
there was a report of an outbreak of another ergotism in Russia, Ireland in
1929, France in 1953 and Lithiopia in 1979 (King 1979).

IFacial eczema in New Zealand, caused by consumption of dead grass
contaminated by Pithomyces chartarum 1s another carliest mycotoxicosis;
this caused massive hemorrhaging and large number of deaths of sheep
(Uraguchi and Yamazaki, 1978). The outbreak ol yellow rice discase in Japan
in humans was caused by consumption of rice contaminated by sceveral
species of Penicillium and their metabolites (Uceno, 1984).

In the 1930s a discase of domestic animal called Stachybotrystoxicosis
occurred in U.S.S R; this discase was caused by Srachybotrys atra.
Alimentary toxic aleukia (ATA) outbreak in humans had been reported in the
period 1942-1947 (Joffe, 1983). The discase was caused by consumption of
grains infested by lusarium sporotrichiowde and l-usarium poae.

In 1934, in Midwestern states of United States, more than 5000 horses

died because of “mouldy corn discase” (Uraguchi and Yamazaki, 1978).



Giberella car rot also caused extensive feed-refusal problems in swine in the
Corn Belt and in the Southcastern United States fescue toxicosis has been a
common problem with fescue pastures for many years.

The international awareness of mycotoxins problems was however
triggered in 1960, when approximately 100,000 turkey and other domestic
birds died in England. The ctiology of this major outbreak of what was
initially referred to as turkey “X” discase took considerable part of the 1960
and it was discovered that the birds had been poisoned by a contaminant in
the groundnut meal used as a protein supplement imported from Brazil
(Spensely, 1963).

The implication of the Brazilian groundnut in turkey “X” disease
gingered the Nigerian rescarchers into research of mycotoxins, aflatoxin in
particular in groundnut, since Nigeria was then an exporter of groundnut, in
order to save her export trade (Gbodi er al., 1984). Since then Nigerian
scientists have discovered different species of fungi and mycotoxins in the

foods and foodstufTs including maize (Okoye, 1992).

2.1 MYCOTOXINS AND MYCOTOXICOSIS

Mycotoxins are toxic sccondary metabolites of food spoliage fungal
origin. which when ingested, inhaled or absorbed through the skin caused
lowered performance, sickness or death in human and animal (Bankole and
Adebanjo, 2003). The consequence or effect (disease or pathological

abnormalitics) ol ingesting toxin contaminated loods by men and animals is

called mycotoxicosis. Mycotoxicosts may also result from consumption of

animal products such as milk from hvestock exposed to contaminated feed.
(Bankole and Adcbanjo, 2003). Mycotoxins may be produced directly by
growth of moulds on animal fceds or human foods and illness arising from
eating such food are referred to as primary mycotoxicosis. It is also possible

that mycotoxins may pass through the food cham into animal products such
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as meat which have not themselves beers contaminated by mould growth and
finally to man, illness arising from such sources arc known as secondary
My CcotoXICosIs. |

Although mycotoxins are quite clearly defined in this manner, they are
very diverse group of compounds produced by a taxonomically wide range of
filamentous fungi and showing wide range of toxic effects.

Over 300. mycotoxins have been reported (Coker, 1979). However,
based on extensive analytical studics (IARC, 1993) and detailed study of the
distribution of fungi in nature, mycotoxins can cause acute or chronic
intoxications depending on the animal, sex, breed and dosage (Coker, 1979).

Mycotoxins have attracted worldwide attention due to the significant
losses associate with their impact on human and animal health, and
conscquently national economic implications (Bhat and Vashanti, 1999). The
gravity of the mycotoxin contamination problem can be best illustrated by

considering a few popularly known and studied mycotoxins

2.1.1  Aflatoxins and Aflatoxicosis.

Aflatoxins are a group of sccondary metabolites produced by certain
strains of Aspergillus flavus, Aspergillus parasiticus and Aspergillus nominus
(Bradburn er al. 1993). They are highly substituted coumarines fused to a
dihydrofurofuran moibty; they arc lighly toxic and have been
epidemiologically implicated as cenvironmental carcinogens tn man and
animals (Wogan, 1976). The four major aflatoxins arc B1, B2, Gl and G2.
Aflatoxin M1 and M2 are hydroxylated metabolites of aflatoxins Bl and 32,
respectively, in animal. In some animals especially diary cattle, aflatoxins B
and B2 are partially metabolized to give hydroxylated derivatives named as
M1 and M2 (Holzapfel et a.l, 19606) l)cc;ausc they were first isolated from the
milk of lactating ‘animals fed with aflatoxins containing feeds Aflatoxins are

crystalline substances, freely soluble in moderately polar solvents such as



chloroform and methanol and dissolve in water to the extent of 10-20mg/litre;
they fluoresce under ultraviolet radiation.

The incidences of aflatoxins in both humans and animals have been
reported by many workers. In November 4, 1985, a three year old boy was
admitted in the hospital in Northeast Thailand suffering from fever, vomiting,
coma and convulsion, he died six hours later after eating rice contaminated
with heavy dose of allatoxins and autopsy revealed oedema in the brain with
degradation of ncurons as well as change in the fatty tissues associated with
the liver, kidney and heart. These symptoms were discovered to be similar to
these associated with childhood illness of unknown actiology occurring in
Australia and known as Rye’s Syndrome (Smith and Moss, 1985).

Aflatoxins occupy the most important position among mycotoxins in
view of their potent carcinogenic effect and high frequency of occurrence
under natural conditions as well as their pharmacological properties (Stoloff,
1989). The presence of aflatoxins in a particular commodity is usually
associated with poor post-harvest handling of crops such as drying and
storage but contamination by aflatoxins has been shown to occur before
harvest (Munkvold, 1994) of commoditics like maize (Udoh, 1997),
groundnut (McDonald and Iarkness, 1967) and cottonsced (Marsh et al.,
1973).

Aflatoxin is a very powerful hepatocarcinogen, and naturally occurring
mixtures of aflatoxin have been classified as class 1 human carcinogen
(IARC, 1993). Aflatoxin contaminated dict has been linked with the high
incidence of liver cancer in Africa (Bababunmi er al., 1978). In a recent study
in China, Li er al, (2001) found that the levels of allatoxins were significantly
higher in corn from the high incidence arca for human hepatocellular
carcinoma. Aflatoxin synergies other agents such as hepatitis B in the

causation of hiver cancer (‘Turner er al., 2000).



Reports on the detection of aflatoxin Bl m the livers of children in
Sudan who had the protein energy malnutiition syndrome, kwashiorkor have
led to the speculations about the role of aflatoxin in the causation of the
discase (Hendrickse, 1984). But Iendrickse, (1991) has shown that
kwashiotkor and aflatoxin exposure appear to be scasonally linked in tropical
regions because children with kwashiorkor have tested positive for aflatoxin
in blood, urine and livers than similar agce-matched children. Aflatoxin
positive kwashiorkor children showed severity of oedema, increased number
of infections, lower hacmoglobin levels and longer duration of hospital stay
than aflatoxin negative kwashiorkor children (Ramjee, 1996). Gong ef al.,
(2002) demonstrated that children in Togo and Benin who ate food
contaminated with aflatoxins showed the kind of stunted growth and are
under weight which are symptoms associated with malnutrition.

Aflatoxins have also been shown to be immunotoxic to botli livestock
and man. Turner ¢/ al., (2003) detected aflatoxin albumin adducts in 93% of
sampled children (6-9years) in Gambia and provided evidence that IgA in
saliva may be reduced because of high dictary levels of aflatoxin exposure.
Aflatoxin B1 is immunosuppressive and nephrotoxic in animals and human
(IARC, 1993). In animal studies, allatoxin B1 suppresses cell mediated
immunity and some aspect of inate immunity.

In 2001, at least 12 people died in Meru North district of Kenya after
eating contaminated maize, it was reported that, they had liver complications
which was attributed to aflatoxin (Pro MED mail 2001).

In Northern states of Nigeria, aflatoxins have been detected in grains
and foodstuffs (Gbodi er al., 1984). In one hospital at Nsukka, inugu State,
aflatoxin B1 has been detected in the urine of liver discase patients (Obidoa

Gugnani, 1992).

Y
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Figl: Structures of the Major Aflatoxins
Acute aflatoxin toxicity has been demonstrated in a wide range of

mammals, fish rabbits and dogs. Ducks, turkey and trout are all highly
susceptible. Age, sex and nutritional states all affect the degree of toxicity.
Aflatoxins have also been implicated in sub acute and chronic effects in
human. Aflatoxin Bl is a potent mutagen (Hall er al., 1994) causing
chromosomal aberrations in a varicty of plant, animal and human cells. The
mutagenicity and carcinogenicity ol aflatoxins are considered to arise as a
result of the formation of reactive epoxide at the 8 and 9 positions of the
terminal furan ring and its subscquent covalent binding to nucleic acid

(IARC, 1993).

2.1.2 Zearalenone and Zearlenone Toxicosis.
Zearalenone is describe chemically as a phenolic resorCyclic acid

lactone and can be produced by a number ol Zusarivm species including
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Iusarium ~ graminearum, lusarium culmorum, Fusarium crookwellense,
lusarium oxysporum, lusarium moniliforme; Fusarium tricinctum and
Fusarium roseum (Krska, 1999). It has been reported world wide in cereals
crops like maize, oat, barley, rice, sorghum (Tanaka er al, 1988).
Zearalenone occurrence in food and feed has been demonstrated on corn in
New Zealand (di Menna e al,, 1997), South Last Asia (Yamashita et al.,
1995) and Africa (Doko et al., 1996).

Zearalenone is a white crystalline stable compound that exhibits blue-
green [(luorescence when excited by long  wave-length ultraviolet light
(360nm) and more intense green fluorescence when excited with short
wavelength ultraviolet light (260nm) (Aziz et al., 1997).

Zearalenone 1s a non-steroidal estrogenic mycotoxin that has been
implicated in numerous mycotoxicoses in farm animals, especially pigs
(Chang and Mirocha,1979). Various ocstrogenic - effects like decreased
fertility, increased embryo lethal resorptions, change in weight of adrenal,
thyroid and pituitary glands and change in serum level of progesterone and
estradiol have been observed in pig and sheeps (JI:CEFA, 2000). ‘Trial feeding
of prepubertal female pigs, demonstrated that higher doses produced distinct
redness and swelling of the vulva, swelling of the mammaries with numerous
vesicular follicles and some cystic follicles on the ovaries.

Zcaralenone has been suspected to be a causative agent in an epidemic
of precocious pubertal changes in young children in Puerto Rico between
1978 and 1987 (Saenz de Rodriguez er al., 1985).Increased incidence of carly
telearche has been reported from south-cast region of Hungary where
zearalenone has been found in serum samples of patients (Szuetz er al,
1997).

Zcaralenone have low acute toxicity after cither oral or intraperitoneal
administration in mice, rats and guinea pig. In oral toxicity studies, the effects

appeared to be dependent on interactions ol zearalenone or its metabolites



with the endoplasmic reticulum. Chronic studics of zcaralenone on mice
shows an incidence ol pituitary adenomas in both males and females and
pituitary carcinomas were also found in both males and females mice (Forsell
el al., 1980).

Zcaralenone has been tested for genotoxicity in a number of systems
(Ghedira-Chekir er al,, 1998). It induced sister chromatid exchanges,
chromosomal aberrations and polyploidy in Chinese hamster ovary in vitro
and in cultured human lymphocytes, sister chromatid exchange was weakly
induced (Kuiper-Goodman ¢r al., 1987). Zcaralenone contaminated  food
consumed by cattle has also been reported to cause fertility disturbance and

prolonged heat in a herds of cattle (Osweiler, 1990).
)\ /U\ “><‘l h

Fig 2. Structure ol Zcaralenone

2.2 CONDITIONS FAVOURING FUNGAL GROWTH AND

MYCOTOXIN PRODUCTION

Niger State has favorable climatic conditions for the production of
maize as well as other cereals. 'The state 1s generally warm and humid
throughout the year (with an average annual ramfall of 1200mm and
temperature of 28.5°C  35.5°C), this is suitable for fungal growth and
mycotoxins production(Moss, 1984).

Generally, production of mycotoxins by fungi is influenced by both the

genotype of the organism and the physicochemical environment in which it is



-growing and in view of the widespread occurrence of some species and the

danger they posc to human health, it is important to appreciate that the
production of any particular mycotoxins depends on the strain and not only
on the species..IFor example, aflatoxins are known to be produced by
Aspergillus flavus and Aspergillus parasiticus, but there are strains of both
species that are non-aflatoxigenic,

Liven if a.strain of mould has the genctic potential to produce a
particular mycotoxin, the level of production will be influenced by the
nutrient available. It has been reported that toxin production is proportional to
the concentration of the substrate (Pitt, 1995) and to acration, although the
substrates differ in their ability to support mycotoxin production (Madyastha
et al., 1990). |

Physical parameters such as temperature and water activity are also
required for fungal growth and mycotoxins production (Pitt, 1995). In case of
Aspergillus  parasiticus, which 1s essentially a subtropical species, the
optimum temperature for growth is 35°C but maximum aflatoxin production
occurs at 25°C - 30°C. But for /l<usaria toxmn, physiology of toxins
formulation is radically different in that they are stimulated to produce toxins
under cold temperature and water activity of 85 - 88% (Pitt, 1995). The
laboratory behavior of these Zusaria accord well with known field behaviour
since 1t 1s the ingestion of over wintered grains that caused ATA (JofTe, 1971)
which was reported to occur in the cold months particularly in Missouri
(Chiver, 1990).

In nature there arc many factors interacting with the growth and
métubolimn of ‘a mould other than those mentioned, for cexample
antimicrobial agents produced by other microorganisms or by the plant
hosting the mould or added biocides. The plant genome is  also known to
influence the amount ol mycotoxins formed by a fungus*-which has

successfully colonized the crop pre or post harvest (Zuber, 1977),



Storage atmosphere also affect the growth of fungi and mycotoxins
production. Fungi are gencrally aerobic organisms, even though oxygen
requirement may vary from species to species. Storage atmosphere deficient
in oxygen will lead to reduced metabolism as well as toxin production,
Detroy (1971) found that a reduction of oxygen content of the storage
atmosphere from 5% to 1% dramatically reduced the growth of Aspergillus
Sflavus and aflatoxin production. Modified atmosphere have shown promise in
controlling the growth of A. flavus and allatoxin production in groundnut
(McDonald ef al., 1965) and in corn (Wilson et al., 1975).

Inscet attack 1s also a factor that can contribute to fungal growth and
mycotoxins production in agricultural products. Insects damage crops they
attack and thus rendering them more susceptible to fungal attack. A. flavu, is
a fungus associated with rice weevil in stored rice and wheat (Moss, 1984).
Insects carry spores of fungi into crops they infest and their metabolic
activitics may lead to increase in moisture and temperature of the crops, thus
providing an excellent condition for fungal growth and production of toxin,

Storage system adopted also contributes to the growth of the fungi and
their toxins production in some crops(Bhat and Vasanthi ,2003) Storage
system will lead to moisture migration which will increase the danger of
fungal attack and mycotoxins production i stored crops. The conventional
metal silo is particularly vulnerable in this respect in tropics. Some crops like
corn which are by nature hygroscopic need to be stored in such a way that

will keep the moisture away from then to avoid fungal damage.

2.3 IMPLICATION OF MYCOTOXINS IN ANIMAL DISEASE
Mycotoxins can profoundly influence the health of most animal species

but their effect are particularly noticeable in assembled groups of farm

animals, such as, dairy and feedlot cattle, pigs and poultry, since their normal

feeding practices involve a high intake of concentrated feeds (IHamilton,



1977). However, mycotoxicosis represent a diagnostically difficult problem
to the veterinarian since generally the mycotoxin induced disease syndromes
arc slight and can be casily confused with other discases caused by
pathogenic micro organisms or by nutrient deficiencies. Individual mycotoxin
may also affect more than one system of discased animal species.

Although the poisonous nature of some fungi has been appreciated for
many centuries, it was not until the nineteenth century that toxins produced
by fungi were mmplicated in human illness. The appreciation of the
significance of mycotoxins in human health continued to evolved and
Increase.

Animals can demonstrate  variable susceptibilities to - mycotoxins
depending on physiological factors, genetic factors and environmental
factors. The effect of mycotoxin on animals has been discussed under
primary and secondary mycotoxin diseases (Pier er al., 1980). Primary
mycotoxicosis is further classified as acute primary and chronic primary
mMyCcotoxicosis.

Acute mycotoxicosis generally has been reported to cause marked
signs of discase or death of affected animals with varying symptoms
depending on the nature and concentration of the mycotoxins. Most of the
effects are produced when high concentration of these toxins are consumed,
causing a specilic observable acute discase condition like hagmorrhage,
hepatitis, ncphrilris, necrosis of oral and enteric epithelia or death (Moss
,1984).

>athological studies have shown that at acute levels of mycotoxins,
virtually every system of an animal’s body can be affected by one or
combination of mycotoxins (Morchouse, 1979) IFor example it has been
reported that acute aflatoxicosis manifest symptoms that include moderate to
severe liver damage, appetite loss,diarthea,immune  suppression  and

premature motality(Hendrickse, 1997)Normmally, natural contamination levels



of mycotoxins arc usually not high enough to cause overt mycotoxicoses.
Reports of naturally occurring out breaks of acute mycotoxicoses are limited
in both number and description. Field or feed contamination with mycotoxins
will causc chronic mycotoxicosis symptoms or sccondary mycotoxin
diseascs.

Chronic pﬁnwry mycotoxicosis, on the other hand,is characterized by
lack of wvisible changes in the infected animals and this prevent an casy
diagnosis based on symptoms (Smith and Moss, 1985). In chronic aflatoxin
MyCOLlOXICOSCS I pigs, |)'()ll|ll'y and calves, the effects appear as reduced
productivity, reduced food conversion efficiency resulting in reduced weiglit
gains and a general lack of thrift in animals (Burditt es al.,1983).

Secondary mycotoxicosis discase is as a result of consumption of a
low level of the mycotoxin which can lead to impairment of the native and
acquired resistance to infectious diseases causing health related economic
losses and most times vaccine fatlures (Pier er al., 1978). The effects of
sccondary mycotoxicosis discasc arc to enhance the infectious processes to
which the host animal is naturally predisposed. For example,it has been
reported that low concentration of aflatoxin induced immunologic aefici011cy
believed to be associated with the specific failure to function as cell mediated
immune system, while at slightly higher levels, antibody production may also
be impaired (Bababunmi and Bassir, 1982).

2.3.1 Biochemical and Molecular Basis of Mycotoxicosis.

The effect of mycotoxins on animals occur at the cell or molecular
level. most mycotoxins have been examined for their influence on
biochemical resctions within the cell, in particular with respect to energy
metabolism, carbohydrate and lipid metabolism, protein synthesis and
expression of DNA and RNA (Ueno, 1983).FFor example it has bee reported
that the toxicological effect of Aflatoxins only occur after the metabolic

activation of the molecules by a microsomal mixed-function oxidase system
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(Miller, 1994). Several mycotoxins including aflatoxin B, inhibit oxygen
uptake in whole tissue homogenates from several animal species. (Austwick,
1984). Aflatoxin BI has also been reported to act on the clectron transport
system by inhibiting adenosine triphosphatase activity to varying degrees .

There have been reported cases with several animal species, a
rcduélion of hepatic glycogen levels after exposure to aflatiosxin B1, these
chances has reported may arise from the ctfect of mycotoxin on the synthetic
enzymes or by inhibition of glycogenesis, depression of glucose transport
into hepatocytes (Hayes, 1980).Several mycotoxins including aflatoxin Bl
have also been reported to cause accumulation of hepatic lipids.

Many mycotoxins including aflatoxin By, have pronounced effects on
nucleic acid and protein synthesis in several animals, aflatoxin B, have been
reported to affect protein synthesis at the level of DNA-dependent RNA
polymerase (Yu es al., 1994). In China it has been reported that aflatoxin By,
decrcased the assimilation of vitamin A in mice (Liu and Zou, 1989).

Mycotoxin exhibit a wide array of mycotoxicoses in animals and
individual mycotoxins can be mutagenic, carcinogenic, teratogenic or
oestrogenic. 'l’hcisc cllects are influenced by sex of the animal, nutritional
statue, environmental factors, species of the animal and interaction with other
chemicals.

Several mycotoxins have been shown to cause cancers in variety of
animal species (Linsell, 1982). Aflatoxins are carcinogenic to mice, rat, ducks
and monkeys. Aflatoxin B; primarily causes hepatocellular carcinoma and
cholangio 'carcinoma in the liver. Several other mycotoxins such as
zearalenone, sterigmatocystin, patulin, rugulosin, citrinin etc, have also been
shown to induce tumor formation in animals.

Microsomal activation has been shown to be necessary for aflatoxin to
exhibit mutasgenicity, which arises as a result ol the formation of a reactive

epoxide at the 8, 9 position of the terminal furan ring and its subsequent
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“covalent binding to nucleic acid. aflatoxin 13, can also cause chromosomal

aberrations and ‘DNA breakage in animal cells. Zcaralenone and other
mycotoxins have also been reported to be mutagenetic. (IARC, 1993)

Prenatal effect has been documented with experimental animals which
suggest that ochratoxin A, aflatoxin Bl are teratogenic (Hayes, 1980).
Mycotoxins which are potent inhibitors of protein synthesis in cukaryotes
must impair differentiation in sensitive primordia.

Zcaralenone has been reported 1o be oestrogenic causing enlargement
of vulva and uterus ‘in animals especially pigs. Mammaries enlargement,
reduced testes, and enlarged glands are all attributed to the oestrogenic effect
of zearalenone in animals (Chang ¢r al; 1979) ' i

Mycotoxins like ochratoxin A, citrinin and aflatoxin B induced
variable level of renal damage in animals (1Hayes, 1980). Porcine mycetoxic

“nephropathy has been documented in Denmark and North America. Some
mycotoxins are tremogens. They cause idiopathic disorders of sheep and
cattles such as ryc-grass staggers and marsh staggers in New Zealand

(Gallagher et al., 1981).

24 MYCOTOXINS AND HUMAN HEALTH

The cvidence of human mycotoxicoses dated back to the nineteenth
century. ‘Then, a toxic compound ergot alkaloid produced by Claviceps
purpurea was implicated in a discase condition called ergotis also known as
St. Anthony’s fire. Other human discase outbreaks in which mycotoxins have
been implicated include alimentary toxic aleukia (Joffe, 1983) yellow rice
discase, acute aflatoxicosis and Balkan nephropathy (Austwick, 1975).

Acute Aflatoxicosis has been reported and cases of lethal toxic
hepatitis attributable to consumption of aflatoxms contaminated maize have
occurred (Krishnamachari er al., 1975). In India in 1975, 272 people were

admitted to the hospital with clinical symptoms of aflatoxicosis and there was



27% mortality (Mchan er a./, 1991). In Kenya and Mozambique in 1981 there
was 20 hospital admissions and 60% mortality (Marasas, 1988).

Naturally occurring aflatoxins and other mycotoxins are carcinogenic
to human (IARC, 1993), thus IARC assignation of aflatoxin as a Group |
carcinogen. Aflatoxin contaminated dict has been linked with the high
incidence of liver cancer in Africa (Bankole and Adcbanjo, 2003). In a recent
study in China, Li et al, (2001) found that the levels of allatoxins By, B2 and
C1 were high in comn from the high incidence arca for human hepatocellular
carcinoma. Fumonisins (metabolite ol /ausariunt moliniforme) have been
reported as primary casual factors in esophageal cancer in Transkei, South
Africa (Marasas, 1988), Ochratoxin A has also been reported as a renal
carcinogen and there is evidence that it contributes to human renal and
urinary tumors (Pestka and Bondy 1994).

Reports on the detection of aflatoxin BBy, in the livers of children in
Southern Africa shows that there is an interaction of mycotoxins with protein
and vitamin A assimilation in human. The children have protein energy
malnutrition syndrome, kwashiorkor which led to the speculation about the
role of mycotoxin in the causation of the disease (llendrickse, 1984).
Children with kwashiorkor tested positive for allatoxins in blood and urine
stayed longer in hospital and suffered more infections (Adhikar c;‘u/ 1994).
It was suggested that aflatoxins acted in con_juncli(m with kwashiorkor by
immune suppression to worsen the prognosis (Wild and Hall 1996). In China
study showed that aflatoxin B decreased assimilation of Vitamin A, (Liu and
Zou, 1989).

Recent studies carried out in West Alfrican countries like Benin, the
Gambia and Togo indicate chronic exposure of population groups and fetuses
to dietary allatoxins and children exposed to aflatoxin have stunted growth,

under weight and more susceptible to infectious discases in childhood (FAO,
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1997). In Kenya, the mean weight of the offspring of women exposed to
aflatoxin prenatal was lower (Hendrickse, 1997).

Mycotoxins are immunosuppressive in human (FAO, 2001). Turner et
al, (2003) detected aflatoxin albumin adducts in 93% of sampled children in
Gambia. Trichothecenes and other /'usarium toxins are immuno‘supprcssivc
causing body defence mechanism against infections to be weak (Pestka and
Bondy, 1994).

Mycotoxinbs especially aflatoxin - Bl has consistently  genotoxic,
producing adducts in human cell /7 vivo. In human cells, i culture, it
produces DNA damage, gene mutation and chromosdmal anomalies (IARC
1993).

Zearalenone has been reported to be a causative agchl in an epidemic
of precocious pubertal changes in young children in Puerto Rico (Saenz de
Rodriguez et al., 1985). Increased incidence of early telearche in children has
also been reported from soﬁlh-casl region of Hungary (Szuatz er a.l, 1997)

and has been linked to zearalenone.

2.5 ECONOMIC IMPLICATION Or MYCOTOXIN

CONTAMINATION OF FOOD

Several  toxic  effects  of mycotoxins  on  livestock  consuming
contaminated feeds result in economic losses to the farmer such losses
include;

Mortality- which is the most drastic effect, decline in productivity,
infertility, feed refusal syndrome, carry over of mycotoxins into animal
products, bruising syndrome in poultry birds, growth inhibition, impaired
resistance to infections, decreased efficienty of feed digestion and utilization,
reduced production of eggs by laying hens, underpigmentation of chicken

meat and reduced adaptability to environment (Okoye, 1992).
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[‘armers are therefore obliged to spend money and other resources on
Programmes to detect and ameliorate fungal metabolites (SIHIANE, 1994).

Mycotoxins losses and cost of mycotoxins management are
overlapping areas of concern, costs ol mycotoxins management include
research production, testing and research necessary to prevent the toxins from
appearing in food and feed products of affected commodities. EEconomic
losses result from;

a) Lowered animal production and human toxicity attributed to the
presence of the mycotoxins, for example reduction in milk production by
diary cattle, in[‘cr;ilily and abortion.

(b) The presence of the toxin in the affected commodity will lowers its
market values as well as

(c) Secondary effects on agriculture  production and agriculture
communities..

In developed countries, mycotoxins in food are usually not of a public
health risk because of their strict surveillance and toxins management
procedures (Miller, 1994). For example, losses from mycotoxins in the
United States of America are associated with regulatory losses, as opposed to
lowered production, illness and /or death from the effects of the mycotoxins.
This is particularly the case for human food but increasingly it has become
the case for animal feeds, as strict feed quality control programs become
norms for large-scale animal production units.

Between 1980-1990, the LEEC reduced imports of some agricultural
commodities by about 5%., Such action protect the health of humans and
animals in Developed World but causes hardship in the developing world
because of loss of market and local population consumes the rejected and
possibly high contaminated products.

The negative trade impact of tightening the standards has been

calculated by the World Bank for peanut from African exporting countries
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(Otsuki et al, 2001). A third United Nation Conference on the Least
Developed Countries in Brussels on May 14, 2001, Sccrclzuy-g.éncral Kofi
Annan said “a World Bank study has calculated that FEuropean Union
regulation on aflatoxins cost Africa 750 million US dollars each year in
export of cereals, dried fruits and nuts” (Annan, 2001).

The investment in research programme by government primarily to
prevent mycotoxins in crops can be considered a major cost of mycotoxin
management .The USDA’s Agricultural Rescarch Service(ARS) has a
mycotoxin rescarch programme of’ 17.7 million US Dollars in 2000 fiscal
year, that focused on prevention of the fungi and toxins production in crops.

In developing countries like Nigeria, there is little doubt that high
levels of exposure to food-borne mycotoxins are a serious threat to public
health. It is a qg"vcl()pmcnlal issue, which embraces childhood survival,
demographic, immune system function, the economic and human resource
drain due to cancer as well as food security where livestock feeds are

contaminated.

2.6 LEGISLATIONS ON MYCOTOXINS IN FOOD

Globalization of trade has complicated the way of dealing with
mycotoxins in that regulatory standards often become a bargaining chip in the
world trade negotiations (Cardwell er al.,2001) While developed countries
have well-developed infrastructures for monitoring of internal food quality

standards, people in developing countrics are not protected by food quality

‘monitoring and cnforcement of sale standards within their countries. On the

other hand, foods being exported are expected to comply with CODEX
Alimentarius standards, thereby possibly inadvertently resulting in higher risk
of exposure in developing countries because only the best quality foods leave

the country. Although the FAO has assisted most countries in sub-Saharan
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African to enter CODEX Alimeitarius standards into law, monitoring of food
quality for foods destined for local consumption is rare.

According to World IHealth Organization (WHO), the permitted level
in food products of aflatoxin, for example, is zero part per billion, (Oppb) for
children, 20ppb for adults and 55ppb for animals(Cardwell,2001a).These
norms arc not respected in West Africa((Cardwell,2001b)But some countries
have sct regulatory standards for most of their food and feedstuff as shown in
the table 1( as compiled from the FAO publication on worldwide regulations
for Mycotoxins 1995 and from Ministry of [Health resolution, published in the

Diario official da Unido of October 16, 2002 in Brazil).



Table 1

COUNTRY

corn (\\ holu br‘uns uound and nmshui)

Raw milk or milk products and heat

0 ompluc rauons for swine and birds
Complete rations for ﬂutulmg, cattle.

FOOD ITEMS
Brazil peanut(shelled roasled and pwlc)
1 Muid milk
T &
i /\r&,c,nlmd Bab\ foods
Peanut, corn and b) producls
"Canada Nut and produc.ls
| Soft wheat
Cattle and poultry leeds
United  States  of | Foods
America " | Ready to cat wheat products
| Milk products
Luropcan Union | Peanuts, nuts, and dried fruits
Countries )
Raw cereals
Dried vine fruits
treated milk
Spices and alike
Raw materials for ralions
|
| sheep, bovine except )oum, animals.
France . .| C ereals. veg,etdblcs oils :

South Alrica

Ivory coast

Cereals
All foods

Rations mg,rudlcnts

Nigeria

Egypt

“Source. (FAO,1997)

All foods

Infant foods

Flutd mulk

Rations

| Peanut : dnd producls A,
' Corn

' Milk and diﬁhﬂn‘oducls

FFoods for animals and birds

LEGISLATED AMOUNT

ng\Kg

| Aflatoxins 20 pg,/Kg,

vAl'Ialo\ms 20 pb/K5

Aflatoxins M1: 0.5 pyl

\ﬂdlo\ms 0 pg,/l\g?

| Afatoxins 20 pg/Kg

Allatoxins 15 pQ/Kg,

Deoxy nivalenol 2000 pg/Kg,
l)coxymvalcnbl 5000 ppb
HT-2 toxin 100pg/Kg
Aflatoxins 20 ;lg/Kl__,

l)u)\vmvalcnol 1 000 pg,/Kg,

Aflatoxins 0.5 png,
Allatoxins 4 pg,/Kg,

Ochratoxin A 5 u;,/Kg,

Ochratoxin A 10 ug,/lxg,

Aﬂaloxms Mi 0.05 pg,/l

Aflatoxins 10 pg,/Kg
Afatoxins Bl 50 pg/Kg

Aflatoxins B1 20 pg/Kg

Aflatoxins B 50 ng/Kg

| Zearalenone 200 p;,/Kg

Ochratoxin 2 pg,/l\g,
Allatoxins 10 pg/Kg

Alatoxins I()()pgKg,

Aflatoxins Bl Spg/Kg
Aflatoxins 131 ()pg_,/l\g,
Allatoxins M1 Tpg/Kg
Aflatoxins Bl 50 pg/Kg
Allatoxins 10 pg/Kg
Aflatoxins 20 ppb

Afatoxins 0 pg,/l\g,
Aﬂdlo\ms 20 ppb




2.7 CONTROL OF MYCOTOXINS

The main entry of mycotoxins into human food chains is from
agricultural products such as cercal grains and oil seeds or from products
derived from these sources (Stoloff, 1976). I'rom practical standpoint, the
best means of restricting mycotoxins contamination is by prevention, in
particular, by excluding or reducing toxigenic mould growth in these raw and
processed materials (Marth and Doyle, 1979a).

Prevention can be accomplished by reducing fungal infections in
growing crops, by rapid drying and correct storage of the harvested crops, or
by using effective -anti mould preservatives (Burditt and [Hamilton, 1983a).
When mycotoxins contaminated materials is identified, it may in part be
salvaged by the removal of contaminated material by mechanical separation
techniques, by chemical extraction of the mycotoxins or by detoxification of
the material by physical, chemical or biological techniques (Williams; 1983)
However the use of each method will d.cpcnd on the type of contaminated
material and the purpose is to be used for as well as the nutritional valve of
the material (IHall, 1970).FFor example corn to be used for compounding feed
will not be treated the same way as those that will be used for human

consumption .

2.7.1 Prevention

Toxigenic anould spore are almost universally present in agricultural
crops and produce, they can be found growing on lLiving plants, decaying
plants materials and stored products and successful containment programmes
will involve the development of methods to inhibit the germination and
proliferation of these spores. To do this pre harvest and post harvest

trecatments are nccessary (Goldblatt and Dolleal ., 1977).



2.7.2 Pre-Harvest Treatments

Many environmental conditions have been identified which promote
mycotoxin formation in growing crops, such conditions include insect
infestation,  drought  conditions, varictal susceptibility  or resistance,
mechanical damage, nutritional deficiencies and unscasonal temperature and
rainfall (Bullerman, 1979). Many mycotoxins especially the /ausarium
mycotoxins zcaralenonc and trichothecenes, the tremogens, the ergot
alkaloids and more recently observed allatoxins can be formed during the
growing stages ol certain crops,

Pre-harvest treatment will cvolved selection and breeding of crop
varicty that are gencetically resistance to field infestation by mould, careful ‘
use of insecticides and fungicides, carly harvest and drying and irrigation to

prevent drought conditions (Marth and Dollear., 1979).

2.7.3 Post-Harvest Treatments

Post-harvest contamination with mycotoxins can be controlled only
through the use of current technology and knowledge derived from a broad
spectrum of scientific disciplines (Liberman, 1983). These treatments involve
physical and chemical methods.

The physical methods of” controlling mycotoxins production include
heating (llell er al, 2000a) pasteuirizing, sterilization, cooling, vacuum
packaging, canning, drying (Awuah and Ellis 2002) and irradiation to
reduced water content of the susceptible crops (Licberman, 1983).
Alternative physical method of controlling fungal growth and mycotoxins
productions is reduction of storage time (Christensen, 1974).

Chemical methods involve the use of chemical inhibitors of mould
growth. International regulations vary somewhat in the type and level of these
chemicals/preservatives that are acceptable. The table 2 shows some of the

preservatives and their acceptable daily intakes (ADI) recommended by the
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Joint FAO/WHO Expert Committee on IFood Additive. A successful
preservative must have very low mammalian toxicity but possess wide and

long lasting microbial inhibitory propertics (William, 1983).

Table 2: Acceptable daily intake (ADI) of preservatives.

Preservatives - ADI (mgl;g," body weight per day)
Propionic acid no limit
Sorbic acid ‘ 0-25
P-Hydroxybenzoie acid esters 0-10

Nitrate 0-5

Benzoic acid 0-5

FFormic acid 0-3

Sulphur di()xidc,VSulphitcs 0-0.7
Natamycin 0-0.3

Nitrite 0-0.2
Hexamethylene tetramine 0-0.15
Gentian violet not specified.

Sourcc Smith and Moss, 198S.
2.7.4 Elimination Of Mycotoxins From Products

Once a product is contaminated with mycotoxins there are ‘_()nly two
options if it is to be used for human or animal consumption (Lord and Lacey,
1978). These are ;

I.the toxin can be removed

i the toxin can be degraded into less toxic or non-toxic compounds.

The stability of mycotoxins under normal brological conditions aflects
the elimination of mycotoxins in food and its products. The most studied

mycotoxin 1s aflatoxin which appears to be - quite stable under normal

biological conditions. Elmination involves physical separation (Udoh, 1997)



chemical separation (Giga and Biscoe, 1989) and detoxification (Philips,

1997) of mycotoxins.

Physical Separation:-

Prior sorting out by hand or mechanical means of damaged or mouldy
lots will eliminate mycotoxins (Udoh, 1997). When aflatoxin contamination
occurs in peanut, Brazilian nut or almond, the contamimated kernels are
normally confined in any batch to a small number of the seeds or kernels;
when these seeds are discarded the remaining kernels are relatively free of
aflatoxins (Hirano et al.,, 2001).0ff coloured kernels or seeds normally imply
mould contamination and such kernels can be sceparated either by hand
picking or by passing through colour sorters (Martin ¢t al., 1999)

Chemical Separation:-

Numerous processes have been developed to remove mycotoxin from
contaminated materials by various chemicals extraction techniques. A
rescarch programme initiated at Texas A and M University in collaboration
with the USDA ARS Rescarch Laboratory at College Station, ‘Texas,
demonstrated the capacity of zeolites to selectively bind mycotoxins in feed.
Hydrated sodium calcium aluminosilicate (HHSCAS) available commercially
as Movasil, can sclectively combine with aflatoxin Bl forming a bond
resistant to the action of various solvents with a range of PH values and
ambient temperatures (Philips., 1997).

Simultancous solvent extraction of oil -and aflatoxin and sclective
extraction of aflatoxins from peanut oil with sodium hydroxide and bleaching

carth have also been demonstrated (Macrck er al., 1980).



Detoxification:-
Many physical, chemical and biological methods have been developed

to degrade mycotoxins present in raw materials.

Physical methods include irradiation by ultraviolet lighl. Heating of the
product will also detoxify some of the mycotoxins present in food and
feedstulf especially aflatoxins, With dry heat, such as, roasting, temperatures
approaching the melting point (250°C) of aflatoxins must be used to effect
degradation of the toxins but in presence of moisture the time of heat is
always increased (Castegnaro et al., 1980).

Chemical methods of detoxification involve the use of wide range of
chemicals such as acids, alkalis, aldehydes, oxidizing agent and sevéral gases.
Ammonia used as an anhydrous gas at clevated temperatures and pressure
can cause 95-98 percent reduction in total aflatoxin concentration in peanut
meal (Maerck et al., 1980). Oxidizing agents like hydrogen peroxide also has
been used in aflatoxin decontamination, also Sodium bisulphate has been
used to degrade aflatoxin B1 in naturally contaminated maize (Maerck et al.,
1980). -

Biological method of degrading mycotoxins lies on the natural ability
of microorganisms to degrade them. Many microorganism like  bacteria,
yeasts, moulds, algaec and actinomycetes show varying abilities to degrade
mycotoxins. /“lavobacterium aurantiacun in aqueous solution would take up
and metabolize aflatoxins B1, Gl and M1 (Castegnaro er al., 1980).

The prevention of mycotoxin formation in agricultural produce and
other foodstulTs represents both a pre and post-harvest problem of regulating
the environmental factors influencing fungal growth. The grower must
practise:-

I Good farm management by controlling insccts and fungal pests

infestation; harvest with minimal damage to seed coats and use of
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2.8

adequate drying lcclnlli(|ucs that will reduce seed moistures to safe
levels.

IFood processing should aim to exclude mould at all stages of
production and distribution and should analyse raw materials and
products for the presence of mycotoxins.

Strict adherence to the multdisciplinary principles of mycotoxin
control  would reduce the exposure of human and animal

papulations to the effects of mycotoxins. £

1

THE NATURE OF MYCOTOXINS PROBLEM

The currently intractable global debate on the nature of the mycotoxin

contamination revolves around concern for human health. In this regard, the

mycotoxins contamination problem has some important characteristics which

may constitute the cornerstone and primary point of departure in the quest for

solutions to them.

Forgacs and Carllen (1962) enumerated these characteristics as follows: -

da,

Mycotoxin problem frequently arise as a pl‘(il)lCln whose true cause
is not immediately identifiable.

The disorders (mycotoxicoses) are not transmissible from one
person to another, and is neither infectious nor contagious,
Treatment with drugs or antibiotics usually has little effect on the
course of the discase,

IYield outbreak of the trouble is ofien scasonal, as particular climatic
scquences favour toxin production by the mould,

Careful studies indicate association with specific foodstuffs c.g.
peanut, corn, rice cic.

lixamination of the suspected foodstulls reveals signs of fungal

activity.
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In the light of all these and in order to closely identify the mycotoxin
problem with a view of diagnosing and finding lasting solution to it, it is

necessary, thercfore, to look into the aspect of toxicity of mycotoxins.

2.9 MAIZE AND ITS USES

Maize (Zea mays), also refered to as corn, India corn, mais (Irench),
mitho (Portuguese) and maiz (Spanish) belongs to the family Gramineae and
was discovered in the primitive wild state by the Indians of Mesoamerica and
developed extensively by them and it became a principal foodstuft of the
great Indian civilization of Mexico, Central America and /\ndczu; countries
(Grolier, 1994). Although maize is.of tropical origin, man has sclected grains
that are adaplcd to temperate chimate with warm summer secason. [ts
cultivation is now extended to all the inhabited continents (Macrac and
Sadler, 1994).

Maize is a tall, coarse grass that bears individual spikes or cars and 1s

the lcading grain crop cultivated in the United States (Grolier, 1994). It is one

of the most widely distributed of all food plants and rank second only to

wheat in the total numbers of acres planted throughout the world. Maize is
generally the most economical source of starch (Grolier, 1994). It is a staple
food crop and plays an important role in the dict of billions of people because
of'its capacity to produce a large amount of dry matter per hectare of land, its
ease of cultivation, versatile food uses and storage characteristics. There are
various types of corn among which are dent corn, flunt corn, flour comn,
popcorn, sweat corn, pod corn, waxy corn ctc. (Grolier, 1994). Maize is a
primary source of food, for man, it 1s the most important cercal in the western
hemisphere

Maize is one of the predominant cereal crops in Nigeria. In most parts
of the country, fresh grains are caten roasted or boiled on the cob. The ripe

grains arc cooked in combination with millet and boiled as porridge “ogi” or
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“eko™ in Yoruba. In the North maize is milled with rice and used for a type of
stfl porridge called “tuwo™ in Hausa. Milled maize are also rolled into flat
cakes and baked to produce the traditional tortilla chips or maize chips or the
milled corn is boiled to make corn starch or kenkey (Gbodi et al., 2000).

‘The maize’stalk constitutes a raw material for the manufacture of many
products ranging from upholstery filler to explosives. Maize is an important
raw material in fermentation industries.

Both the kernel and the other parts of the corn plant are used to
manufacture a wide range of products, The husk are usually boiled in sugar,
pressed and dried to make cigaretie papers; yarn arc made from the spongy
tissues of the corn stalks. Corn cobs are a source of furfurals, a raw material
for making nylons, plastics, synthetic rubbers and explosives (Grolier, 1994).

The protein zein which is found in the corn kernel is made into
artificial fibre sin:lilar' to wool and industrial grades of corn oil are used in the
manufacture of rubber substitute soaps and inexpensive paint. Com starch is
used in laundering and as fabric finisher in the textile industries or as
industrial alcohol. It has been documented that maize has the following
nutrient composition ( table 3)

Table 3: Proximate composition of maize

_Parameter Amalyzed  Values(in%)
Lipid 4.06

Protein 9.560

Ash 3.31

Calcium " 0.0066

Sodium 0.009

Potassium : 0.02

Crude fibre 1.13

Source; (Gbodi eral., 2000)



Maize grain on average contains 75% of starch, with high calorific
value, 9% of protein that has low levels of essential amino acid, lysine and
tryptophan and 4% of fat of which about 80% is in the germ. Zein is the
predominant form of protein found in maize.

Because maize contains high carbohydrate and protein content that can
supply both the energy and the amino acids requirement needed for the
growth of the fungi as well as fat for additional energy, maize is one of the

ideal substrate for moulds growths (FAO, 1983).

2.10  FUNGI AND MYCOTOXINS IN MAIZE.

The mycoflora and mycotoxins found in maize have been documented
(Uraguchi and Yamazaki, 1978). Rescarch results support-the contention that
generally soft endosperm maize arc more susceptible to seed pest than harder
endosperm types and that the biggest problem with the opaque genotype is
endosperm sofiness (Grolier, 1994). It appears that the genetic modifications
resolve the drawbacks of the original opaque corns through the improvement
of endosperm hardness. Despite insccticide application to reduce corn
sarworm, these insects caused significant cob damage in the predisposition of
plants to seed mould damage by providing entry point and vector moulds. If a
substrate is spoiled by the growth of mould, this 1s caused above all by the
production of mycotoxins (Hepperly ¢ a.l, 1989). This makes maize one of
the most susceptible cereal to fungal and mycotoxins contamination.

Sydenham er al, (1990) studied the high incidence of oesophageal
cancer in the Transkei section of South Africa and reported an earlier study
done in China and found out that this was the rcSull of consumption of maize
contaminated with fusarivm moniliforme_and its mycotoxins. s

Mycol()xin?s occur in maize cither before or alter storage and in
products manufactured from maize. Yamashita ¢/ al, (1995) investigated the

level of aflatoxin Bland zcaralenone i maize and found that the



concentration of, aflatoxin B1 were slightly higher in maize consumed in
Argentina than in maize to be exported. While zearalenone levels were in
excess of 90 ppb in the sample of maize.

Gbodi, (1986) investigated the mycoflora and mycotoxins produced on
maize in Plateau state of Nigeria and found that Fusarium species were the
commonest fungi found in maize during the dry harmattan and dry hot humid
periods and that the common mycotoxins contaminants of maize was
zearalenone. Other mycotoxins detected in mouldy maize of Plateau state
include 1-2 toxin and moniliformin (Okoye, 1992) and deoxynivalenol,
nivalenol, fusarenon-X and HT-2 toxin (Okoye 1993). However, there
appears to have i)¢011 no similar systematic investigation on mycoflora and
mycotoxins of maize in Niger state, Nigeria, hence the need for the present

study.



AR R ime——— PRI TS T g il it N e« ey T

e — o t— - — | —

e e~

el ————.——7' ey 0 '. a_ﬂ:O e ’1.{','.-;::_.';-)'_- zo g ol _V 5 ; Vies - - —— ‘
W e v & c’:’k”" Z oMAF0rd MA®T OF MNIGER STATE g psen b
/ | FRECIPITRTION £ FFecTivemess e

4°00 L°30 5°00 5°30 5°00 - 6*30 7°00 s i F

™00 _ ™20
! ] &
I Is KADUNA STATIE
L 1@ A
plogp  JR= 10730
f
N
y L
hoos, o F 107
L
}_
9930 1g*30
‘ : . 4 ¥ o ¥ Euu._‘{‘-.\—.—;,'-\P.AXKO cx-equg"_ t\
i K w A R A ST AT E .. __".'T..z:—_-l 3 .T:_{.LQ‘T:]__-:‘:.‘ ——i—-r:;/ .-‘
DL g e e e o Y f
o gl Mo o A S suiesl
19*00 %00
f _ _ “LF. N
[l}l} zone 1 W B2l A <, @ T aswa .
thyt! '-'~\‘-R’-,—.'—','—‘ '
o W e e
L//// ZONE 11 h S‘TATE Y iwwe e
230 ;& - et
— | Km20 0 20 Loxm\T—"“r""! 4
- i
|
7.

. «t30 =00

(=)
(=]
s.‘
Bl
PSRRI B 1 e ey

¢ SRR
|

|
L

(&
1

mn

U‘h.”
L]



g &= R St e 5*:3 50 s*2ag %3
]
i ~( v.\ .....
e— /
e o= > = = Dameasl | -
~g Ae3 .m.~ m~,* = 35 S, \
/. ~
— L 4 i IS
= e /7_ T — * ABLIAY T~ R
= I i lqulwm -jﬂ.rl\ll\\w e l.u;.u.wv'.1 Kel> quc-.
= =, - - % et BANCI® Y o .\ L g o
_ N..K.‘ 3 ~ l\cn.véﬁ.ﬁ ‘Uxats ﬁ LAQUNA STAT =
4 = 2 - - . —— Sl >
i “ = _~ Euke 2 x.s\»\. Ceie / . ) ) g
; 1" = i rl../..r. uo_ Nery - _ J. . P O :
H - o 1s 4 s oo -.9 oy LT R e / W IR Y oe =
. 2% s R rAgug - A0S iy L= Abavz )
{ I B s B .
" ) 4/ Wﬂl;u ...\”u { arige |9, Urwmi 3 Jl
s o — -.\ R T R L m - ARA '§
\ e 3 % IxagaRa . -
p.f . \\lt“i cte 3 /o(lu” ,‘ .\ -3
3 Tﬁlﬂn .u.lll’) Tk i .Gﬂon T N,
L] - . & T . = = - o
3 . MNEW SUlSIy Maxe /S HAZP=CU e S R ¥
3 i j il R ™ sl s cura™ad 2.l
— it : Saive Tgcme PO \.l., el - i o S m
. b Y. ‘a a % TR « ~. -
/. e £ Peltugt R e “wusrishl e Gece \,w .y
~ / i H ‘A. ﬁb [M=ixum qErs %< | { .ﬁ
m - o Smia 4 n s D [wiaENA e r -
» - p. { " )
s i N ] MQI 7vo -N = - - M—I . L Pmme =N Seeire OoTI. . l-:r \w - ® i
E e — . R b Py e . & o PR 4 e " rarfe o -
4 | ¥ T | L e
X% AR P STATE . Svea ..!I.m\xi» LT 11®. Resiegs %} o b B vl TR
o =0 /‘ 5 - c/Klluu..'U” X : '..Ert..\-ru..ric Sme \.‘.J.CCM
. 5 © g Rusdw - e > 1 .\Ir.ll\. ® sitwwd_-
¥ fi g - 1 RTATAT G e 910
Oh\* / X - - »e b .-nrlvl 5 2 % é. sSuU
. « Nerae A . 2o ! —RAFAL ~
: B _ Nl R e R acuEng
| . je=n LEGEND | A PRNAGS Teu T e : s
! . - T f L — TN » tiay |
" s q < = y 3 uhu Cere uw.n ﬂgxrw. 1 -F n_o4.
) National Boundaries........... . «cdepe TA® Mo =t B ﬁ.m.lz“. ASla
s < - N il = L S =
g 0t . L State - Bolndaries, - ... .o i o e |
#r=E o o0 o -).Stote—copitatsT. T . . BEMINNA || XOGl S|TATE. qelie
: - 13720 ; 5 : . — -
L 2 ) ~ L] toeat Govh-HAS.. o _.. .. ¥Bida - - ‘ i : L R R
H . P - #
g .. }.. | Mejor Towns_ _-___.._. __. oDoks g N x
_.. | | e R L N
: . < g ¥ ST e vy 0= 5°33 6°33 . 1=
e

STALR.-1: 200009

”. v Fig-2.22NIGER STATE MAP SHOWING THE.LOCAL GOVERNMENT »wmbm AND
=

i ——— e =+ —



CHAPTER THREE
3.0 MATERIALS AND METHODS
3.1 Materials.
3.1.1 Collection of Samples

Samples of maize grains were collected randomly from the four
microclimatic zones of Niger State. The samples were collected during the
harmattan (November — I'ebruary), the rainy scason (June - October) and
the hot dry scason (March - May) scasons, respectively. The samples were
collected between November, 2003 - October, 2004 from the four
microclimatic zones under which all the local government areas in Niger
state were grouped. Zone | was classified as the wettest zone with mean
annual rainfall of above 1400mm and the zone is composed of two local
government arcas; Suleja, Tafa and part of Gurara. Zone Il was known as the
wet zone with annual mean rainfall ranges between 1,200 — 1,400mm, it
covers two Local Government Areas namely; Borgu and Magama. Zone I11
is the largest arca and covers the following local government areas; Munya,
Shiroro, Bosso, Lapai, Paiko, Agaie, Katcha, Bida, Gbako, lidati, Mokwa,
Kontagora, Rijau, Mashegu, Agwara, Lavun, Minna and Gurara. This zone
is known as the dry zone with annual mean rainfall of 1000 - 1200mm. Zone
IV is the driest with annual mean rainfall of less than 1000mm and
: comprises of Wushishi, Mariga, part of Mashegu and Rafi.

Two hundred and cighty cight samples were collected. Three samples
collections were made from the fields, stores and markets (all in duplicates
from chosen villages and towns for the three scasons. FFor every season,
twenty four samples were collected from cach zone.

All the samples were collected dircctly from cz.nch unit, most stored
samples were from sack and rumbu (local mud silo) in dried forms while
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samples from field between June and October were wet and Iresh others
collected from the f'icld for other seasons were dried. Samples from market
between June and October were mixture of wet and dried samples while for
other periods of collection, samples were purchased as dried samples.

Ilach sample was collected from source using polythene bags and
stored in deep freezer after taking portions for the microbial analysis on
arrival from the collections. All the samples were collected randomly from
various villages and towns within cach microclimatic zone.

The field, market and stored samples were scereened and analyzed for
mycotoxins, aflatoxins and Zcaralenone. Aftatoxins standard was obtained
form Makor Chemical L.td. Jerusalem, Isrcal and zcaralenone standard was
obtained from USDA Southern Regional Rescarch Center, New Orleans,
USA (courtesy of Prof. T.A. Gbodi).

3.1.2 Chemicals

Sobouraud dextrose agar, obtained from Biotech laboratorics 1.td,
Ipswich, UK. Sodium hypochlorite solution, obtained from Reckitt
Benckiser ™, Reckit Benckiser (Nig) Ltd, Agbara Industrial Estate, Ogun
State Nigeria, methylene chloride from Maxheal Pharmaccuticals (India)
Muribi, 4000102; n-hexane, sodium hydroxide pellets, citric acid, sulphuric
acid, methanol and potassium dichromate were all obtained from May and
Baker Limited, Dagenham, England. Dicthyl ether, ethanol, phosphoric acid,
benzene, anhydrous sodium sulphate, sodium hydrogen carbonate, acctone
and silica gel 60 - 120mesh were obtained from BDIH Chemical Ltd, Poole,
England. Acetic acid (Iopkins and Williams, Chad wellhealth, ssex,
England). Silica gel GI© ~ 254 (Fluka Chemical AGCIH 9470 Buchs,
Switzerland). Chloramphenicol sodium  succinate for injection (Medrel

GMBH - D - 25421, Pinneberg, Germany).
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3.13 Equipments

Autoclave AUX-2061, BIFJ-510-P .clcclr()nic weighing balance, BIFE-
610 analytical weighing, balance, BJI:-750 multiple place rectangular water
bath, glass chromatography tanks, columns chromatography, [LCF-610 UV
lamp, Olympus MKU-350 microscope, OUB-305 oven, PMP-720
micropipette, SGL.-700 shaker, SPR-610 spectrophotometer, all made by

Gallenkamp and company L.td, L.ondon.

3.2 CULTURE MEDIUM PREPARATION

The culture medium used was Sabouraud dextrose agar (Biotech
Laboratories L.td, Ipswich, United Kingdom) and was prepared by weighing
20 grammes in 1 litre distilled water and sterilized by autoclaving at 121°C
for 15minutes prcss;urc after 0.5gramme of chloramphenicol (antibiotic) was
added to inhibit bacteria growth (IFawole and Oso, 1995). The sterilized
medium was then poured into Petri dishes for solidification. Some of the
medium was put into slants and were later used in the sub-culturing of the

fungi isolates from the cultured maize.

3.3 ISOLATION OF FUNGI

About ten grains were taken [rom cach sample and washed with ten
successive 10ml portions of sterile distilled water and surface sterilized
using 5.25% sodium hypochlorite solution, Five grains were placed into
cach petri dish containing Sabouraud dextrose agar used as medium. The
dishes were incubated at 27°C and were examined daily for 7 - 10 days and
fungi from plated grains were sub cultured to get pure culture and for

identification.



3.4 IDENTIFICATION OF FUNGL

Pure cultures of fungal isolate were characterized based on colour and
structure of hyphae, shape and kind of asexual spore appearance and
characteristic of spore head. For the microscopic examination, the isolates
were placed in a drop of lactophenol blue on a clean slide, covered with slip
and examined under microscope. The fungi were 1dentified by comparing
their characteristic features with those ol known taxa using the scheme of

Rhode and Hartmann (1980).

3.5 MYCOTOXINS DETERMINATION

sA multi mycotoxin assay mecthod developed and used in U.S.
Department of Agriculture, Southern Regional Research Center New
Orleans
was used (IEhrlich and Lee, 1984). The method utilizes methylene chloride
and phosphoric acid for the simultancous extraction of aflatoxins. and
zearalenone. Portions of the initial methylene chloride and phosphoric acid

were subjected to a specific clean up procedure for mycotoxins.

3.5.1 Extraction And Identification Of Mycotoxins
Glasswares used  for extractions and identification  were
decontaminated by sterilizing them in 10% sodium hypochlorite solution for
one hour and dried at 110°C in an oven until they were completely dried.
Two hundred grammes portion of each maize sample was grinded, in
a [lammermill. 25g portions of the resultant powder were weighed
accurately into a conical flask, 12.5ml, of 0.1M phosphoric acid and 125ml

methylene chloride were added.
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The flasks were corked and agitated on a wrist shaker (Griffin and
George Ltd. England) for 30minutes and the contents were filtered under
reduced pressure on a Buchner funnel fitted with 18cm circle rapid filter
paper. At least 100ml of the filtrate were collected from each sample.

A glass column was mounted on a retort stand with a plug of glass
wool placed tightly at the lower end of the column. 150ml of methylene
chloride was then poured into the column and drained half way followed by
addition of 5 spatulafulls of anhydrous sodium sulphate; the remaining half
of the methylene chloride was then drained.  Four spatulafulls of silica gel
G-60 was then made into slurry with methylene chloride and poured into the
column. This was allowed to settled and another four spatulafulls of
anhydrous sodium sulphate were then added to the column and the
remaining methylene chloride drained off after the column have settled.

Twenty-five milliliter aliquot of the sample filtrate was measured
accurately and poured into the column and drained to the top of the column
followed by addition of 65ml of hexane which was similarly drained off.
65ml of dicthyl cther was later added and drained off the column. A new
beaker was then placed under the column and 65ml of diethyl cther
methanol-water (960:3:1) were added into the column which was collected
with the extract and evaporated to dryness on a stecam bath (Griffin and
George Ltd England). The residue was quantitatively transferred into a vial
with 10mls of methylene chloride and dried; this was stored for the thin
layer- chromatography for identification and quantitation. This same
procedure was used for all the samples for aflatoxin extraction. ¥

For zearalenone extraction, the procedure used was that of Thorpe and
Ware (1978). And the procedure is as follows, 25ml of the sample filtrate

was poured into a separating funnel mounted on a retort stand and 25ml of
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4% sodium hydroxide solution was added and shook manually for about 2
minultes, this was then allowed to scttled and separate for about 15minutes,
the lower layer was then discarded and 25ml of 7% citric acid solution was
added with 25ml of benzene, shaken manually for 3minutes and allowed to
scttle and scparate The lower layer was then transferred into another
scparatory funncl and 25ml of benzene added to it and was shaken manually
for about 2minutes after Ieaving it for separation. The lower layer in the
sccond separatory funnel was discarded and the upper layer was combined
with the content in the first separating funnel and 25ml of distilled water was
added, shaken and then allowed to scttle and scparate. The lower aqueous
layer was discarded and the upper benzene layer was passed through an
anhydrous sodium sulphate column and collected in a conical flask, and
cvaporated on a steam bath. 10ml portion of methylene chloride was used to
transfer the extract into a vial and evaporated to dryness. The extract was
stored in refrigerator pending thin layer chromatography. This procedure

~was used for all the samples.

3.5.2 Thin Layer Chromatographic Plate ('Tlc Plates)

The dried extract for aflatoxins is the vials were dissolved with 200ul
of benzene-acctonitrile (98:2). Aliquots of the sample were then spotted on
the chromatographic plate using disposable micropipette. The pipette tips
were changed after cach sample applications and were done in such a way
that the resultant spots were very compact. Then different volumes Spul, 10pul,
[5pl and 20pdof aflatoxin standard were spotted on the plate as shown in the

figure 4.
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The dried extracts for zearalenone in the vials were dissolved with
50ul of benzene — acetonitrile (98:2). Different volumes of the samples were
then spotted on the plate using disposable micropipette. The tips of the
pipette were changed after each sample application, then different volumes
of zearalenone standard were spotted on the same plate as shown in Figure 4
and these plates were developed in different developing solvents.

The plate for aflatoxin samples were developed using diethyl ether -
methanol — water (96:3:1) as developing solvent. The solvent was poured
into chromatographic tank and allowed to stand for about 30minutes for
equilibration. The plate was then placed in the tank and developed to a
solvent front of 10cm. The plate was then removed and dried in air for some
minutes.

Plates for zcaralenone extract were developed first in benzene -
hexane (75:25) followed by development the in methylene-cthanol (97:3).
The first solvent was poured into a tank and allowed to equilibrate before
placing the spotted plate into it. When the solvent front was about 10¢m,.the
plate was removed and dried before placing in the second tank containing
the sccond developing solvent (methylenc-cthanol). This also was allowed to
reach about 10cm solvent front, then the plate was removed from the tank

and dried in air for some minutes.



3.5.3 Confirmatory Tests And Quantitation

The presence of aflatoxim presence was confirmed ‘by spraying the
thin layer chromatographic plate with aqucous sulphuric acid (50/50 v/v),
dried and viewed under 365nm uvlight when the spots fluoresced yellow.
The presence of zearalenone was confirmed by spraying the thin layer
chromalograplﬁc plate with alcoholic aluminium chloride (20g/100ml), dried
and viewed under 365nm uvlight where the [Tuorescence mtensity increased.

The quantitation of both mycotoxins was done by using “Comparison
of standards”™ techniques. This involved the comparison of the fluorescence
intensities of the spots of various Ry of the mycotoxins in the samples with
those of their corresponding standard spots to determine which of the sample
spots matches any of the standard. The corresponding aliquot volumes were

then recorded and the concentration of the mycotoxin in the sample in

18 1 kg was then calculated using the formula:-

FFor allatoxin:-

SxY mn¥V
Allatoxin content  (#g /1 kg ) = —

W x 7

Where

S = Volumes of standard with same colour intensity as Sample (in pl)

Y = Concentration of aflatoxin standard used in pg/ml

V = Volume of solvent required to dilute sample contained in final extract.
W = Effective weight (g) of original sample contained in final extracts

Z = Volume of spotted sample equivalent to standard



3.6 DETERMINATION OF THE CONCENTRATION OF
MYCOTOXIN STANDARDS
The concentrations of mycotoxin standard solutions were determined
using v U.V  absorption  spectrophotometers  (toloff, 1980). The
spectrophotometer (Spectronic 601, Gallenkamp was calibrated as described

below.

3.6.1 Calibration of the Spectrophotometer

Iml of concentrated Tetraoxosulphate (V1) acid (98%I1,S04,Sp.gr
1.84), was diluted and made up to 2 litres with distilled water to give a
solution of 11,50, (approx. ().018N). [25mg of potassium dichromate was
weighed out, dissolved and made up to 1 litre with the 0.018N solution of
the suphuric acid. The molarity of this was then calculated thus:

Molarity in mM = weight of dichromate in mg
Molecular weight of dichromate

| 25
Two accurate successive serial dilutions of the acidified dichromate

solution were made (o prepare solution of approximately 0.2mM and
0.1mM, respectively, by making the acidified solution up with 0.018N
solution of tetraoxosulphate (VI) acid. The absorbances of the three
solutions (0.4, 0.2, and 0.1mM) were determined at 350nm wavelength
~using sulphuric acid as the solvent blank.

The absorptivity or molar extinction cocflicient (22) for cach of the

solutions was calculated using the equation:

I = absorbance x 1000




Concentration (mM)
The average of the three values obtained then gave £ and the correction
factor (CF) for the instrument and the ceil used was determined by applying
the equation;
e dl60
3.6.2 Determination of Concentration of Mycotoxin Standard
Solutions '
Mycotoxin standards reccived as dry films or crystals were dissolved
in appropriate solvent by mecans ol a syringe through the rubber séplum of
‘the vial. A known volume of this solution was then withdrawn from the
concentrated solution and transferred to a volumetric flask and diluted to the
required concentration.  The concentration ol cach mycotoxin was then
determined by measuring absorbance (A) at wavelength of" maximum

absorption and using the following equation.

Concentration (pg/m/) = 1000 x A x Mwt x CF
I
Mwt = Molecular weight of the mycotoxin

CI = Correction factor

I~ Molar extinction cocllicient of the mycotoximn.

3.7 STATISTICAL ANALYSIS

Data gcncrull:d were assessed using analysis of variance (ANOVA).
This was used to evaluate variation duc to factors (occurrence and
concentration) of the toxins from the sampling sites (fsield, market and
store). Probability level was maintamed at 0.05 (confidence limit) and was

used for the significant test of the variation.



CHAPTER FOUR
RESULT

Tables 3, 4 and 5 show the different species of fungi isolated from maize
samples collected in Niger State and their incidence. In all, nine hundred and
seventy one (971) isolates were cultured and identified. Ninety six maize
samples were collected during the dry cold harmattan period (November
February); Aspergillus spp were the most common fungi isolated from the
samples followed by Penicillium spp;, Iusarivm spp, Trichophyton spp,
Cephalosporium spp M)‘cm.sp()r/z,tm spp, Mucor spp, Rhizopus spp and
Trichothecium spp, in that order. During the hot dry season (March-May),
lusarium spp were the commonest maize spoilage fungal moulds followed
by Aspergillus spp, Penicillium spp, Trichophyton spp, Microsporium
species, Rhizopus spp, Mucor spp, C'ephalosporium spp, Cladosporium spp.,
Trichoderma spp and Trichothecium spp in that order. 96 samples were
collected during the period. The 96 samples collected during the warm
humid season of the year (June - October) were mostly infested by
Iusarium spp, Aspergillus  spp, Penicillium spp, Microsporium spp,
Trichophyton spp, Mucor spp,  Rhizopus —spp,  Cephalosporium — spp,
Cladosporium spp, Trichothecium spp, and Trichoderma spp .

Table 6 shows the incidence of contamination by aflatoxins and
zearalenone in maize samples collected during the cold dry period, 15 local
government arcas samples were contaminated with aflatoxin B, (454 728
ppb), 5 local government arcas were contaminated with aflatoxin 3, (234
ppb). On the other hand, maize samples from 19 local governinent arcas
were contaminated with zearalenone (356 - 72 1ppb). Aflatoxins Gyand G,

were not detected in any samples.



Table 6-9 show the levels of contamination by Aflatoxins and
Zearalenone in maize samples collected from different local government
areas in different climatic periods. During the hot dry period, samples from 8
local government arcas were contaminated with aflatoxin BI (454 -908ppb)
while one local government area samples was contaminated with aflatoxin
Bz (234ppb). On the other hand, maize samples from 16 local government
areas were contaminated with zearalenone (356 -1424ppb). Aflatoxin G
and G, were not detected in-any samples.

Of all the 96 sample collected during the warm humid period, samples
from 18 local government areas were contaminated. AflatoxinB, (454 -
728ppb) while those [rom 4 local government arcas were contaminated with
zearalenone (356 -712 ppb).. Aflatoxins B, G, and G, were not collected in
any of the sample.

Statistical analysis carriecd out on the mycotoxins (aflatoxins and
zearalenone) contamination f[rom  spoilage by moulds from the four
microclimatic zones at different times of the year in three units samples
(field, store and meirkct) indicated that there was a significant difference at
5% probability level of mycotoxins contamination in the samples from the
market while there were no significant differences in the level of the
mycotbxins contamination in samples from the ficld and the store.

Maize samples collected from scventeen out of the 25 local
government areas of the state were contaminated with both aflatoxins and
zearalenone whilc those from all the 25 local government areas were

contaminated by either of the two mycotoxins.
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Table 3: Fungi Isolated from Maize and their occurrence in the four
microclimatic zonés in Niger State during dry cold harmattan period
(November - IFebruary).

l*ungl lsglﬂatcdm______i Ioncl Zone ll | Zone 111 I;n:l‘V E&‘dc;uc o A
| Aspergillus I'lavus 724|824 824 |64 |29 99
A niger 324|624 |724  |4/24 20 6.8
A nidulans 424 224 | 124 . 7 2.4
A fumigalus 524 (724|424 7724 24 - iR
A. parasiticus | 4/24 7/24 524 | 6/24 22 75
A-versicolar - [224 |34 . |1124 ] A 9 13a¢
A glawens 124 (224 [3/24 124 17 e
Jusarium ()xy§})()rlzln1 0 2/24 3/24_ 1/24 1240 17 EFT
Cephalosporium spp. 4 (224 " lipAd T RREA 15 IR
Cladosporium spp 2/24 1/24 124  2/24 6 2.1
Fusarium r mva/e AR T 1124 324 - |2/24 +7 - 2.4
I poae PG T T T R T R T 10 34
/ tricinctum VY IR TV DR T R T 7 RS i NG I T
W3 m()m/l/orme e L 90y 324 Land o L1d . 45
Microsporium scanis 1/24 124|224 |3/24 7 hv2.§:;
Microsporium gypsium 1724 1/24 R ot 4 ks,
Mucor spp 3/24 2124 14/24 1 3/24 12 14.1
Penicillium expansum 1/24 324 2/24 3/24 9 3.1
P, notatum ciage o4 . T2ma Taf 5 i3
P. rubrum 324 | 2/24 124 | 3/24 9 31
P. ruqulosum I L TR T 1224 |24 8 %7
P. viridicatum oot 1 sPs T w24 (324 TR T
‘Rhizopusspp. | 124 1224|324 - 124 17 T l24
Trichothecium | - | 1/24 2/24 1/24 Bt 1.4
—.Y'I‘I'Ch()phyfl)l’l ga/linae 5 1/24777"— .:2/244/“;» : 7]/24” é/i-i_- 4 76—h k 21 :
7. mentagrophyte 124 1224 [3/24 . SanA 9 3.1
7. rubrum e ET ] F R o S LA
7. violaceum 1/24 324|124 | 2/24 7 (2.4
Penicillium cyclopium l/2fl __._,_112,4,_, | 1724 :i 124 4 : :l t{
Penicillium citreoviride | 1/24  12/24  |2/24 | 3/24 8 2.7
Total ool AR AT RS N il e
Percentage % 223|284 23.6 2 N




Table 4: Fungi isolated from maize and their occurrence in the four
microclimatic zones of Niger state during hot and dry period (march — may)

—F_u_nﬂg—l—glsan—t—e;” | Zonel _iO_llLﬁ Zone | lll | Zone IV | Incidence | % ‘
A sperglllus /Iavﬁ;“ﬁ'_—- 324" | 3/24 . 4/24 19t (137 .5 15 —*
A niger g ¥ TN Y, VIS I 7Y RESIRE 7 REE KT ISR k¥
A fumigatus 124 | 3/24 4/24 T R R T S
A nidulans | 124|124 |3/24 f2m4~ 17 o e
A. parasiticus TN T A Y- R T N T L
A. versicolor e (7 et T S R paE s T 14 TR
A glaucus 224 124 1/24 2/24 B 1.5

| F usarmm";Xysp()rlzl/rl T AR YT A 7 R YT FraapaTE -
Ie ehha/ospurmm spp T R T TR T R 75T S I S
Clddi}sp()rlzlm spp- 14 |14 |34 124 R R LY
Fusarium nivale '13/@1“"'12/24-'“' 1304 . ekt s i
I, poae 1124 1024 1124 | 12/24 44 107 |
I tricinctum ; 12/24 11/24 12/24 11/24 46 11.2
F moniljorme | 11/24 | 1424 | 1524 | 14724 |54 R
Mlcrosp()rlzzh cams ARy (0. (M3 T R e L
Mlérospormm g,ypseum 504 - [ 124 |34 . 224 .8 1.9
Mucor species 1/24 2/24 1324 [1/24 b & T 1.2
Penicillium expansum e T T YR T TR T 8 g
P. notatum 124 | 2/24 324 124 |7 R ET RS
P rubrum RSN T R N T 13724 7T G i L SN i
F . rugul()sum . 124 | 3/24 1/24 2/24 7 1.7

P. cyclopium | 2/;24 124|224 |1/24 6 113

P. ulre()wrlde—— R U7 R KT T CYCTRRER - T M - A
“Rhizopus species | 324 | 4/24 2/24 124 110 o led
““Trichothecium species | 124 | 2/24 | 1124 ST ST T NNE W T
Trichoderma species i 777 R 777 SR TN T T R | i 1
Trichophyton gallinace Y Y Y R B Y, Y 2/24 6 ) K. e
7. mentagrophyte a4 1A 324 Gl T N T T R
T. rubrum s oo BT o v DR CUNRERER 1 2
T wblaccaum e 1324 | 124 1/24 Jang. 11 | LT
TOTAL |98 |96 TR LT N T R A
PERCENTAGE "o _-_;23«8—_—23_4 BES = T i 270 SRR




Table 5: Fungi isolated from maize and their occurrence in the four
microclimatic zones of Niger State during the humid period (June — October)

‘Fungiisolates - - Loncl Zone Il | Zone 1 | Zone IV | Incidence | %
Aspergillus flavus 1524 | 7/24 6/24 424 |22 |82
oniger s o o . - i3I24 1424|324 T R R . ¢
X\ A nidulans |24 " |24 | - |l/24 ‘__”3_______ Ly
A fumigatus 1/24 1/24 4724 B S | RS 3.0
A parasiticus e F 224 424 - o f Y24 T - Jed
Ao yemicolar- -~~~ " L I M L 3/24 Y, Suat & MRl 13
A. glaucus SRS A L 2/24 {24 B 235
(,cphalasporlum spp 324 v SRR Y R U R ¥ DGR ¢ 7
Cladosporium spp 2/24 3/24 124~ 1 3de 9 34
Iusarium nivale 6/24 4/24 524  |424 o 19 | 7.1
I, poae cne i |G SR iR YT ERa
F. tricinctum |5/24  |3/24 _|2/24 |54 |15 |56
F_moniliforme 324|224 |424 |34 |12 |43
Microsporium canis | 2/24 3124 | 524 324 . 413 4l
| Microsporium gypseum | 1/24 | 224 | 3/24 B SR N r Y
Mucor spp 3/24 2/24  |4/24 - |3/24 12 O
& [Popansum - 124 224 (V24 124 Bt
P. notatum B D R e S S L
P. rubrum 5y SRR e . PR A |
Poruguloguny . (g4 (324 (124 . (324 19 7134
Pocyclopium|124 124 1224 4724 6 22
P, citreoviride - . .. 12/24 | 3/24 2/24 Tr . B L SIS .
| Rhizopus spp S ST e - A - i [ 18 3.7 _
lrlchvfhecmn?.#1?1?‘._____, | V24 1224|2724 | 124 N 22
Trichoderma spp LHza 124 1/24 et . SR £ T
1r1chophylongu/lmac e v el et TG T ) 124 T W I SRS, &, 2
Trichophyton menlagrophlle 1/24 2/24 | 2/24 PREr - j s pERe
T rubrum |24 2024 V24 . |24 |6 22
1. violaceaum SR | ST 124 - L R 5T S B A B
| Frusarium oxysporium | 3/24  |4/24 |24 (124 }10 (37
« | TOTAL 61 71 P8R ) 268 G o
PERCENTAGE % |22.8  |265  [280 . |2238 C v

"' ()
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Table 6a: Incidence of aflatoxins in samples of maize collected at different times of the year in the four

microclimatic zones of Niger State of Nigeria.

Incidence Of Aflatoxins

Zone 1 5 Zone 11 j Zone 111 Zone IV
SAMPLING | | = B & i€ |s |® = = | B e |8
PERIODS  CONDITIONS = e s |5 |= f il 08 o e o G L
Nov - Feb Dry, cold } i l i | | ‘
harmattan 58| 181 8| 48 38| 5/8| am| 38 am| 3| 28| 38
% Incidence @25 128]. 25| 37.5{625; 5013751 501 375] 25| 375
Mar—May _ Hot, dry 8 28 5/8| 458 38 458 558 458 38 38 48| 5/8
% Incidence 9%, . 25| 628 50 37.5; 50 625 50 375 375 50, 625
Jun—Oct  Hot, humid {8 23 308 0% /8 B 28 478 , 178 28 278 178
% Incidence 25| 28] 3781 251373 | 125 29| 50| 135|251 25| 123
50
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Table 6b: Incidence of zearalenone in samples of maize collected at different times of the year in the four

microclimatic zones of Niger State of Nigeria.

Incidence Of Zearalenone

Zone I § Zone 11 ; Zone I11 | Zone IV
0 | - R-5 18 |
SAMPLING = %: 2 l:-; 'é I8 . =g s ‘% | -
PERIODS  CONDITIONS = 2 R s e B & AR R |5
‘Nov - Feb Dry, cold ’ l | | 1 %
harmattan 48, 5/8| 4/81 3/8 4/8 5/8 28| 4/8| 4/8 28| 58| 4/8
% Incidence 50 625 . 50| 375, 50 t 6251 25| 50 50 25 625 l 50
Mar —May  Hot, dry 48 4/8] 58] 48] 38 4/8 38 38| 481 48] 48] 5/8 |
% Incidence 507 50| 625] 50375 50{37.5:375| 50, 50] 50] 625
Jun-Oct  Hot, humid 3781 4/8| 3/8| 2/8] 3/8] 358 28 48] 38' 28] 478 278
% Incidence 25 50 3735 | 25 . 37.5 | 375 | 25 | 50 ‘ 375 S 50 ‘ 25




TABLE 7: Levels of contamination of maize
aflatoxin and zearalenone during dry-cold harmattan period (Nov-IFeb) m

Niger state (Concentration in pig/kg or ppb)

'LGA/TOWN Bi(ppb) | B,
Agaie/Agaie T a5 | 23 |
Agwara/T. Maraji ) 454 |- ND .
Bida/Bida | 454 | ND
Borgw/New Bussa | ND | ND
Bosso/Mckunkele | 454 | ND
‘Edati/Sakpe | ND 234
‘Gbako/Lemu ND | ND
Gurara/lzom “ETIND | ND
(Katcha/Badegi | 454 | ND
Kotangora/S'éiha ND | 234
Lapai/Lapai | 454 | ND
Lavun/Kutigi | 454 | ND. |
Magama | ND | ND
Mariga/Bangi 454 ND
Mashegu/Daffan 454 | ND
Mokwa/Kudu 454 | ND
Minna/Chanchaga Wa | ND.
‘ M'unyAa/Scriki‘pawar' 454 “ND
Paikoro/Paiko ND ND
Rafi/Kagara | ND ND
‘Rijaw/Danragi | 454 | ND
Suleja/Madala | 728 234
‘Shiroro/Kuta | 454 ND
Tafa/Sabo Wuse | 728 | 234
Wushislﬁ/Zungcruov ~ND ND
Total Number of Samples: 288

LGA = Local Government Arca

ND = Not Detected
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CND

ND

ND
ND

ND
ND
ND

ND
ND
TND

ND
i

CND
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ND
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ND

ND |

ND
ND

‘ND
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ND
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ND
ND
ND
ND
ND

ND
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ND
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Table 8 Levels of contamination of maize samples by aflatoxins and
zearalenone during hot dry period (Mar-May) in Niger State

(Concentration in jg/Kg or ppb)

LGA/TOWN Bi(ppb) | B, Gr
Agaic/Agaic 908 | ND ND |
Agwara/rlﬂ'.‘-Mamj_i" 17908 | ND | ND
Bidabida ~ | ND | ND | ND
Borgu/New Bussa 454 “ND ND
“Bosso/Mckunkele ND ND ND
Fdati/Sakpe | ND | ND | ND
“Gbako/Lemu | 454 ND ND
Gurara/lzom ND ND ND
Katcha/Badegi ND ND | ND
Kotangora/Salka 454 ND ND
Lapai/Lapai ND | ND | ND
Lavan/Kutigi | ND | ND | ND
Magama T ND: ND | ND
Mariga/Bangi 454 | ND | ND
Mashegu/Daffan | ND ND | ND
Minna/Chanchaga ND | . ND | ND
Mokwa/Kudu ND ND ND
Munya/Seriki pawa | 454 | ND ND
Paikoro/Paiko | ND “ND | ND
Rafi/Kagara ND ND 15
Rijau/Danragi DB S| - ND CND
Suleja/Madala 454 |- 234 | ND
Shiroro/Kuta ND ND ND
“Tafa/Sabo Wuse ND ND ND
“Wushishi/Zungeru | ND ND | ND
288

Total Number of Samples:

I.GA = Local Government Arca

NI = Not Detected
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Table 9: levels of contamination of maize samples by aflatoxins and
zearalenone during hot Humid period (Jun-Oct)) in Niger State .
(Concentration in pg/Kg or ppb)

LGA
ND = Not Detected

= Local Government Arca

54

ND

LGA/TOWN Bi(ppb) | B2 |Gl
Aguic/Agaic ND | ND | ND
Agwara/T. Mmajl $la 458 - | ND:. | ND
Bida/Bida “454" | ND | ND
Borg,u/Nc,w Bussa | 454 ND “ND
Bosso/Mekunkele =484 | ND | NP
Edati/Sakpe > 3 454 ND ND
deko/l_c;n—uwv i ND ND ND
Gurara/lzom | 454 ND “ND
Katcha/Badegi & 454 | ND | ND
Kotang,ora/_sﬂél_la“m —_—4§4ﬁ# TND | ND
Lapa/Lapai | ND | ND | ND
Lavun/Kutigi 454 | 'ND |
Magama 228 | ND |- ND
f\;ial'fg-éi/l?angi EE ND CND ND
ml\ia—s'il'c.gu/f)a[fah‘ ke ND ND ND
Minna/Chanchaga 454 ND " ND
Mokwa/Kudu 728 ND | ND
Munya/Seriki pawa 1908 ND “ND
' Paikoro/Paiko 728 ND ND
Rafi/Kagara ND ND ND
Rijaw/Danragi | - 454 | ND ND
Suleja/Madala | 454 | ND ND
Shiroro/Kuta | 454 | ND ND
Tafa/Sabo Wuse ND ND | ND
Wushlth// un;,cru TeaAste | ND | ND.-
“Total Number of Samples: 288

(.2

Lc.walcnonc (ppb)
356
~ ND

" ND

ND

B A
ND




CHAPTER FIVE
DISCUSSION

Mycotoxigenic fungi are capable of growing on various substrates and
substrates differ in their ability to support mycotoxins production
(Madyastha et al., 1990). Even if a strain of mould has the potential to
produce a particular mycotoxin, the level of production would be influenced
by the nutrient available (Madyastha et al., 1990). Typically, fungi require a
source of energy in form of carbohydrate or vﬁgcluhlc oil and a source of
nitrogen and available water for growth and toxin production (Heseltine,
1976).

Niger state which is generally warm and humid throughout the year
(average annual rainfall of 1400mm, 85% ol relative humidity and
temperature of between 28.5-35.5°C) has suitable climate conditions to
support fungal growth and mycotoxins production on cultivated cercals like
maize.

FFungi found infesting cereals have been classified into field, storage
and advanced decay fungi (Christensen, 1965) but Pelhate (1968) subdivided
the mycoflora of grains into three groups based on their ability to persist as
ephemeral, mesobiotic and persistent fungi. The first group consists of the
field mycoflora while the second and the third groups comprise of the
storage mycoflora. However, Christensen (1971) discovered that in some
cases a sharp distinction is not possible because the prevalence of storage
fungi was noticed in harvested maize that had been damaged.

Field fungi identified from this study arc Cladosporium, IFusarium,
Microsporium, Cephalosporium and some 1richophyton species. These

moulds were also observed as ficld fungi by Bankole (1994). The storage
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fungi observed in this are Aspergillus, I‘usarium, Mucor, Penicillium and
Rhizopus species. They are also in accord with the classification of
Christensen (1970).

The stored grains collected from all the four microclimatic zones have
higher incidence of fungal growth than the ficld and market samples. There
appears to be a relationship between the fungal growth and the moisture
content of the stored grains because at the onset of rainy scason the moisture
content of the stored maize rose to a level that facilitate the inversion and
proliferation by the storage fungi. This result agrees with the report of other
workers (Martins and Gilman, 1976).

Inscct infestation was also a contributing factor to the high incidence
of fungal growth in stored maize, because insects generate moisture and
distribute fungi spores in commodities especially stored cereals and most
stored grains especially in the Tropics are infested with insects as in the case
of those grains collected for this rescarch, this is also in accordance with
Setamou et al., (1998).

The incidence, (36.5%, 30.2% and 41 3%) of fungi infestation of
maize samples collected from the market samples for the three seasons were
higher than that of the ficld samples (7.2%, 6.8% and 24.3%). 'This may also
probably be as a result of mechanical  damage to the grains which then
paved way for human and cnvironmental factors that are suitable for
mycoflora infestation. The high incidence of fungal growth in the market
samples also may be due to the fact that the maize apart from being infected
from the ficld by the fungi has also been subjected to storage fungal
invasion before been taken to the market. |

Maize samples from zones 11 (wet zone) and zone 111 (dry zonc) of the

four microclimate zone have high incidence of fungal growth throughout the
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study period and in all the units (field, market and store) of collections. This
observation could be attributed to favourable climate conditions as well as
poor storage facilities used in the zones and the various farming practices
including lricll]()ds of harvesting the crops. This discovery‘. 1s also in
accordance with the work of Udoh et al, (2000). However some of the fungi
isolated and identified belong to the genera known to produce mycotoxins.

The result shows that there i1s a high incidence of aflatoxin and
zearalenone in maize samples found in different parts of Niger state. Both
have been presumed to occur mainly in grains in temperate countrics with
some reports from Zambia where up to 4mg of zearalenone per litre was
found in maize grain (Scott, 1978) and Sctamou et al., (1997) reported
~aflatoxins contamination in maize samples from Benin.

The presence of aflatoxins and zearalenone in high concentration from
market samples show that the level of mycotoxin production by the
identified fungi was very high as it is suspected that most of these fungi are
toxigenic in nature.

Some areas (the wet zones) have high concentrations of aflatoxins and
zcaralenone, has obscerved during the course of this work, out of all the four
microclimate zones in Niger state. This 1s in agreement with the work of
Udoh er al, (2000). This observation correlated with the incidence of fungal
growth in these zones and from the statistical analysis it was discovered that
the market maize samples have high concentration of aflatoxin which is also
in accordance with the work ol Sctamou ¢t al, (1998). Aflatoxin
contamination n these zones could be attributed to insect infestation, poor
storage facilities and favorable cnvironmental conditions as stressed by

Payne (1992) and Hell er al, (2000a).
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High dietary aflatoxin through consumption of contaminated maize can
also be immunotoxic {o both livestock and human as maize serves as a popular
food base and ration in livestock feeds. The incidence of high concentration of
zearalenone in maize samples collected from various zones in Niger State on
the other hand, also poscs a very serious health hazard to the populace as 1t has
the mycotoxin been implicated as a p()tcnliéI human mutagen and carcinogen
and speculated (o be a causative agent in precocious pubertal changes in young
children in Puerto Rico (Saenz de Rodriguez er al., 1985).

Apart from the nutritional loss and heath hazard of fungal
contamination and mycotoxins production in maize, the fungal growth and
mycotoxin producti:()n in Nigerian maize may also had to economic losses as
some of the countrics 1mporting this cereal grains have enacted laws

stipulating permissible levels of these mycotoxins for their countries.

CONCLUSION

This study has shown that stored and marketed maize samples have
highest fungal contaminations than the field samples. This indicates that the
methods of storage and handling of the crop were inadequate.

The presence of Aflatoxins and zearalenone in maize grain has serious
nutritional and health implications for human and livestock as well as
economic implications.  What then should be done to prevent fungal

invasion and mycotoxins contamination of maize in Niger State?
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RECOMMENDATION AND SUGGESTION FOR FURTHER WORK

Prevention of fungal invasion of commodity is by far the most
effective method of avoiding mycotoxin problems.  Attention must be paid
to drying of the commodity, carly harvest ol the crop, adoption of good
agronomic practices, sanitation of the storage bin, sorting out of damaged
crops belore storing, use of improved and resistant varieties of the crop,
fumigation, enlightenment programmes in form of workshop and seminars,
education and extension programmes and minimum exposure to conditions
that may aid fungal growth.

As much has been reported on mycotoxins by various workers,
mycotoxins considerations should be a component of an integrated
commodity management programme focusing on the maintenance of
commodity quality from the field to the consumer. Much more work needs
to be done in the Nigerian scene to elucidate the possible role of mycotoxins
in discascs like cancer, precocious pubertal changes in young children,
protein energy malnutrition syndrome in relation to growth rate of our
children such studies should include an examination of: the geographical

distribution of the discases and its actiology and pathogenesis in the region.
Recommendation is also made that. some of the fungi isolated should be

investigated for their mycotoxin production and chemotaxonomy in maize substrate.
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Appendix 1: Incidence of mould fungi in maize samples collected in three units of samples collection from each
zone during Dry and Cold Harmattan season (November — February)

- Fungi Isolates Zonel ; Zone 11 : Zone 111 Zone IV “Incidence
“field store . market field ’ store | market  field ' store '| market field = store | market
Aspergillus flavus 1 [ 4 | 2 o o I 2 1 4 , 3 g . 129
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Fusarium nivale. - 1 - - | (R S - 2 1 - 1 1 7 '
I poac NS N R TR T b o s TN TS Ok e |
F. tricintum - 1 2 E 1 - - SO SRS 1 - S ﬁ;
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Appendix 1: Contir_méd

- Fungi Isolates Zone l j Zone 11 ': Zone 111 : Zone IV Incidence
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Appendix 2: Incidence of mould fungi in maize samples collected in three units of samples collection from each
zone during Hot and Dry season (March — May)

‘ Fungi Isolates Zone | Zone Il Zone 111 ' Zone IV : Incidence

‘ field Store market field store market field store ' market | field ' store - market : !
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‘Appendix 2 Continued
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PERCENTAGE 15 158 68 12 (148 | 73 |17 156| 88 |24 168| 75 |
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Appendix 3: Incidence of mould fungi in maize samples collected in three units of samples collection from

each zone during humid period (June - October)

Fungi Isolates “Zonel Zone 11 Zone 111 Zone IV ‘Incidence
~ field ; Store market field | store l market : field | store . market ' field | store =market |

Aspergillus flavus 2 1 2 3 L T T - l Yy E0 1 2 122

A. niger i R 2 B I N G o N O B R e e S R B

A. nidulans 1 ' s ] < co O - ! W VT, TR - 1 4

A. fumigatus T 1 - e il 5 B A 2 1 - 1 8

A. glaucus 1 . - 1 - - ] 1 ‘ - 1 1 - ¥

A. parasiticus e - - ol 1 ‘ 1 2 1 s - 7

A. versicolor 1 - - - - 1 1 1 1 - ‘ - - g

(‘ephalosporium spp 1 1 1 I - 1 - 1 X B 5 9

("ladosporium spp 1 1 - 1 P - 1 - 1 ' - 2 9

Fusarium nivale 1 3 2 1 1 2 P 2 1 ' 1 2 19

I poae 1 1 2 2 1 3 . 1 e Sot B ! 1 17

I~ tricintum C A ST e e R o e R T {13

I-. moniliforme bt 2 - 1 ‘ S T el - ; 1 2 {12

{". oxysporiun 1 bei 1 1 2 i 1 1 i - } 1 1 I = WL Y 10
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g
Appendix 3: Continued
Fungi Isolates Zone 1 Zone Il Zone II1 i Zone IV | Incidence
Microsporium canis  ARES b 2 2 1 2P PSR T 13
i"\/Il'cro.spur/'um apseum l 1 - - - 1 1 1 1  CREE | il 7
ixMucor species B o R | 1 1 - 1 1 2 . ey 12
'; Penicillium expansum I SR - 1 SR 2 Ak - - E ol 423 | 5
 P. notatum o S0 Sty b e 2 T A - 1 gl B0 | Y
P. rubrum il - - - M SR 1 ) L 1 85y 7
P. rugulosum L1 - 1 - i £ | ¥ 1 1 - - 1 2 |9
P. eyclopium o 1 - vRCH e ! 1 - 1 i 1 - 2 - : 6
P citreoviride o 1 N R R i T T - 1 N |8
' Rhizopus species & 1 - i 1 O T I - r 206 B i 10
Trichothecium spp - ] - ; RS - ! - 1 | 1 - 1 P | 6 |
Trichoderma spp - - R TT S OO I e o - o TR |
' Trichophyton gallinae - - e o e PR B NG G - = 02 i
T meniagrophite - 1 & oL IRt R 5D - | - B o 1 |6
i T. rubrum - 1 - o | 1 i\ - 1 e t §- L | 6
1. violaceum TR - - ' el Foh i TR T B N BN
i TOTAL : | 15 21 25 16 | 26 | 29 19 | 24 k5 O b 21 ‘ 25 268

|

"PERCENTAGE 56 78 93 |60 97| 108 |71 (90| 119 |56 | 7.8
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APENDIX 4: Incidence of mould fungi from maize sample and their

occurrence in twee units of sample collection at different time of the year.

FFungi 1solates

Dry cold hammarttan

Dry hot season

Warm Humid

Nov-I‘eb Mar-May period Jun-Oct
FiELD Aspergillus spp 10 2 22
Cephalosporium spp NI, NII. I
Cladosporium specieys NIIL. NIIL. 4
Fusarium spp 3 2.6 14
Microsporium spp NII. NIL 8
Mucor spp | I NIL 2
Penicilliim spp | NIL 8
Rhizopus spp NIL. NIL. 2
Trichothectum spp NIIL. NIL I
: Trichophyton spp | NIIL. ]
MARKIET  Aspergillus spp 44 19 35
Cephalosporium spp l I 3
Cladosporium spp 3 I 2
Fusarivum spp IS 66 30
Microsporim spp 5 2 5
Mucor spp 4 2 5
Penicillium spp 19 11 18
Rhizopus spp 3 7 3
Trichoderma spp NIL ~NIL 2
Trichothecium spp 2 2 1
Trichophyton species I 12 4
STORE Aspergillus species 64 49 7
Cephalosporium species 4 5 2
Cladosporium species 3 5 4
Iusarivm species 25 123 29
Microsporim specieys O Il 4
Mucor species 7 5 5
Penicillium species 32 24 18
Rhizopus species 4 3 2
Trichoderma species NII 5 1
Trichothecium species 2 3 4
19 13

lrichophyton species
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APENDIX §: Percentage of fungi isolated from maize in three units of
samples collected from the four microclimate zones at different times of the
year in Niger State.:

SEASON ~Zonel  Zonell  Zonelll  Zone IV Total (%)

AR R R R N O O RO T T G

" Dry cold Harmattan 1.0 1.7 2.4 - A
(Nov-Ieb)

[ot Dry scason 1.5 1.2 1.7 2.4 6.8
(Mar-May)

Hot Humid Scason 5.6 6.0 7.1 5.0 24.3
(Jun-Oct)

L A T M/.\Rkl‘:'l‘ ' R #
Dry cold Harmattan: B 98 - 75 0 90 oy aBG 5
(Nov-Ieb)

Hot Dry scason 6.0 1.3 8.8 B 30.2
(Mar-May) ‘

Hot Humid Scason 93 10.8 11.9 9.3 41.3
(Jun-Oct)

ST STORE v N
l)i‘y cold I larmattan 12.0 168 [3.7 FLN IR T
(Nov-Ieb)

[Tot Dry scason 15.8 11.8 5.6 16.8 63.0

(Mar-May)

Hot Humid Scason 7.8 9.7 9.0 7.8 34.3

(Jun-Oct)
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APPENDIX 6: Statistical Analysis of Variance (ANOVA) carried out on

Aflatoxins and Zearalenone concentration in (at 5% probability level) field,

market and stored samples at different times of the year in the four

microclimatic zones of N.S.

Source  of | Degree, of | Sum of Square Mean sum of
Variation I‘'recdom Squarce
BwR bof et
gy P SSR
yz R (f oty
: r = |
Biw C A
. C-1 Y ¢ o SSC
i ‘ (" -1
Residual | re-cr+l | Q 1N 2 ISV o .,
| S"FZ( ;ZR Ll
(Lirror)
RS T

Btw R=Between Row (Occurrence of mycotoxins)

Btw C=Between Column (Concentration of Mycotoxins)
§S= Sum of Square of Variables

MSS - Mean sum of Square of Variables

I, cal = Fischer test Caleulated

I, tab = Fischer table
o = Null Ilypothesis
CF = Correction factor  (1/rc x17%)
12 - Grand Total

Residual = Error due to variation
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HO

wssit |

NS

MSSC
MSE
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1 Field samples Analysis for Aflatoxins

=

B
i

Total

Zone |l

62.5

25.0

~ Zone Il

50.0
50.0

Ry T
1250

A = November - February Collections

B = March - May Collections

C = June - October Collections

S.V DK
" BtwR 9
C BtwC | g
"Residual | 6
(error)
Total Y1+

SS
1744.7925
351.563

857.37

295573

Zone I11

50.0

MSS

872.3963

(1287 |

1432291 |

Zone IV

375
315 .

250

100.0

Feal
6.091
0.820

5

SRSPERASERRRSS RN, ¢

Total

| 2000

[75.0

RS
4625

1O

599

e .

Aflatoxin concentrations from ficld samples were not significant at 5%

probability level.
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2. Markets samples Analysis for Aflatoxins

Zone | “Zone 11
"5 Y- N T 3785
Egaes 25.0 TR
'S 25.0 37.5
" Total 62.5 112.5
A,Band Casin |
SR DK 788
G T RS SR 312,500
BwC | 3 976.5625
Residual 6 312,500
(error)
o e R | 1601.5625

Zone 111

21,3

MSS

156.250

© 325.521

©52.083

ZonelV | Total
TR R Y
500 | 1625
250 | 1375
1000 4125
Fcal | HO
3.00 599
625 | 4.76

Aflatoxins concentrations from thé market samples were significant at 5%

probability level
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Aflatoxins concentrations from the store samples were not significant at 5%

probability level.

3, Store samples Analysis for Aflatoxins
- | Zonel | Zonell
A 9250 625
B 62.5 50.0
G 370 12.5
Total 125 Y - L
A,BandCasin 1.
By DI SS
BtwR | SR R T ETR T
CBtwC 3 52.0837
Residual 6 338.5413
(error)
St | . 11 15104167
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Zone Il | ZonelV | Total
el 37s5 | T
37.5 625 TYREy
BT SRR R e
100 112.5 4625
MSS Ieal - HO
550.896 | 9.923 | 599
17.361 0308 | 4.76
156.424 ¢ g




4. Field samples Analysis for Zearalenone.

A

B

Total

i

S.V
 BtwR

THiwC

Residual

(error)

Zone |

50.0

Total

7’/:()"0 li
375

50.0

250

963.5417

260.4167

2864583

| 15104167

- MSS

Zone 111
25.0
B i
IR

87.5

481.7708

86.8056

C47.7431 |

~ Zone IV

FL A L

Total

137.5

p
10,091

18181 |

100
425.0

1875

o8O

599

Zearalenone concentrations from the ficld samples were not significant at

5% probability level.
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. - Market Samples Analysis for Zearslenone.

Zone | Zone Il | Zonelll | ZonelV Total
A R 50.0 50.0 62.5 T |
Sl 300 3150 315 1 . 500 175.0
2 50.0 37.5 50.0 500 4 “I8ES
Rl | eis - | 1250 [ eRs i ol6as o shed J
A,Band C asin | S e Rt P L
oy BE. SS MSS | Feal | HO |
Bw R 2 3385417 | 169.2709 | 130000 | 599
Btw C 3 351.5626 117.1875 | 9.90000 | 4.76
Residual | 6 78.1250 130008l
(crror)‘
Total I - 768.2292 - '}

Zearalenone concentrations from the market samples were significant at 5%

probability level.
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6.  Stores samples Analysis for Zearalenone,

4 g e e e

Zearalenone

concentrations from th

5%-probabilily level.

90

¢ store sampies were not significa

Zone I Zone 11 Zone 111
o A 7500 62.5 500 | . 500
2Ty R 625 500 50.0 625
C 375 TR e 25.0
et | 00 | 1500 137.5 137.5
‘A BandC-asinl s (e
B 0 e R | SS MSS Feal
e B R 5 11797917 | 559.8959 | 10.6802
fow |y : 5 ;
Btw C ST TR G TR T
| Residual '3 3385146 52.42.36 Pl
(error) '
Total I 15104167 o 1




