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ABSTRACT 

The examination of the influence of seasonality on the ocurrence patteh of hnyi, 

bacteria and aflatoxins in the various varfeties of eighteen (18) Nigerian staple Foods and 

their products; the clarification of the effects of microbial interaction and the 

establishment of the influence of the bivalent metals, zinc (znZ'), iron (~ ;~ .~ ' ) ,man~anese  

( ~ n ~ ' )  and copper (cu2') on atlatoxin production and nicrobial distribution both 

qualitatively and quantitatively, was carried out within a two year period - 1996 to 1998 

in Enugu and i ts environs. The results show a significant difference in seasonality of 

fungal genera (P<0.05) but none for bacteria {P>0.05). Fungal isolations were made in 

39.0%, 26.5% and 24.0% of food san~ples during the rainy, hat-dry and cold harmattan 

periods, respectively, while that of bacteria was 9.3%, 5.5% and 4.6% for the hot dry, 

rainy and cold harmattan seasons, respectively. Of the 15 mould grcups encountered in 

the study, A.sperg~fh  j7urw.r group [ A . j ? ~ r ~ u s )  occur red [nost frequently, account in2 for 

34.8% of all fullgal isolates in the study, being followed by Perrrcrliirm species (16.8%) 

and A-rliger (12.0%) among the co~nmonest ones with; Bacil/us strh/ilis accounting for 

14.7%, Sfreplo~wccrrs fueccif'is (14.3%) and Iis~~herichia cidi (13.9%) amongst [he 

commonest bacteria. The A. j?uvus group also showed the highest incidence during the 

rainy seasons being isolated in 14.4% of the samples in that season. The incidence 

declined considerably in samples taken in  the hot dry seasons (4.43%) and in the cold 

harmattan seasons (7.25%). Most other hngi also showed a rainy season prepondence, 

including A.triger, C/adosyorirrm, 'liicl~odernru, ('urvrrlirriu, Geotrichntu. Succharont~~v.~ 

and Cwdida species. A.fr~rnigufr~.s and Mucor. r~rucedo however showed a hot season 



preponderance while Pcnici/lrtmr and IZhodo/orrr/t~ species occurred mostly i n  the cold 

harmattan periods of the study. For the bacteria however, 48.1% of all isolates were 

recorded in the hot dry season, with 28.l%and 23.8% it1 the rainy seasons and culd 

harmattan seasons, respectively. Maize (252 samples) and peanuts (234 samples) were 

the foodstutt's most frequently contaminated by fungi while acha (lh,qi/clr.ict csilis Stapf) 

grains (47 samples) and oil bean seeds (sliced and fermented 42 samples) were those 

most frequently contaminated by bacteria. DiRerences were observed in terms of 

microbia! and aflatoxin contamination according to food varieties (seed colour, class and 

cultivation practice). Thus eg., white maize (49.6%) was more contaminated by moulds 

than the ye1 low variety (43.5%). White testae peanuts (68.8%) were significantly more 

contaminated by tnoulds than those with red testae (23, I%)., (P<0.05). The Abakaliki 

(swamp) rice variety (57.8%) was significantly more contaminated by moulds than the 

Ugbawk~ (upland rice) (42.2%) (PC0 05) Also, white peanuts had a tnean aflatoxin 0,  

(AFBI) level of 876 ppb while the red variety had a mean of 510 ppb; Abakaliki rice had 

193 ppb against 38ppb for Ugbawka rice. Of all the classes of bods, the highest level of 

natural contamination with total aflataxins was recorded in oil seeds, eg. coconut seeds 

(2.732. I ppb); followed by the cereal grains, ey white sorghum (4 l6.4ppb); Protein foods. 

eg, white cowpeas (70.5ppb) as against a load of 1 1 Zppb for the carbohydrate foods, eg. 

unripe plantain. Of the 369 A.J/~ivt~s isolates encountered in  the study, 126were 

aflatoxigenic with lnore numbers of the afIatonigenic strains being encountered in hot dry 

seasons (42. I%), followed by the cold harmattan seasons (29.4%) and the rainy seasons 

(28.6%) of the study period even though 46.3% of the total A,./lavn~.s was actually 

sviii 



encountered in the rainy season as against 30.3% and 29.4% i n  the hot dry and cold 

harmattan seasons, respectively. Also, though more food 

numbers were contaminated by aflatoxins in the hot dry seasons, generally higher 

concentrations of aflatoxins were recorded in these foodstuffs during the rainy season. 

Again, varietal differences in seed crops were also recorded in the distributio~i patterns of 

both total and aflatoxigenic A.  flavrrs eg, white peanuts significantly contained more (6 1)  

total A&vus, than the red counterpart (231, but only 29.0% of these were aflatoxigenic. 

The red peanuts, 43.5% were aflatoxigenic. Similarly, the white maize again contained 

more total A,fivr/.s organisms (42), from which 19.0% were aflatoxigenic while the 

yellow maize contained 33,  from which 48.5% were aflatoxigenic. Some foodstuffs,eg. 

pigeon peas, oil bean seeds, and cassava tubers contained aflatoxigenic A,J7ctvrrs but 

contained no aflatoxins, while some, eg, moin-moin and okpa cake (wet-milled steamed 

cowpeas and bavnbara peanuts) contained no toxiyenic A.JIcrvrr.s but contained some 

detectable levels of aflatoxins. It  was also observed that the majority of food crops 

associated with the soil environment, eg, cocoyam, yam, peanuts produced largely both 

the B and G toxins while others that are not associated with this environment, eg. maize, 

sorghum, millet, produced largely only the B toxins. I n  coniparison with AJknw.s in 

monoculture, co-culture studies showed marked reduction of aflatoxin levels by some 

Fungi eg. Rl?izopus and total inhibition by others, eg. Trichodmncr, still other groups eg. 

C.Ic~do.spr,riurn, gave a mixed trend of either stimulation or no effect depending on the 

food substrate. Some bacterial species, eg. P.serrtlomonc~.s and J3cherichic1 coli reduced 

while others like Acetulmcker stimulated. Proter/.s spp generally reduced aflatoxin levels 

in the solid media (foodcrops) and in the synthetic liquid medium (low salt sucrose 
. . . ,,. . 



medium) but stimulated in the semi-synthetic medium (yeast extract sucrose mediurn- 

YES). Also ~~~~cpfococcus hct is ,  reduced aflatoxin levels in the synthetic medium but 

showed no effects in the semi-synthetic medium,while significantly reducing'aflatoxin 

levels (P<0.05), in all foodcrops (solid media). Some moulds also gave differing 

responses according to the substrate eg. f~it.art?rrtr~ spp which significantly reduced 

aflatoxin levels in the YES medium and the general foodstuffs (Pe0.05) completely 

inhibited the production of aflatoxins in the synthetic medium. Generally, 2n2' and ~ n ~ '  

at concentration 5 550ug/g OF food stimulated Af production, both the level of stimulation 

varied from one food to the other except that with zn2' in oil seeds, a progressive 

inhibition of aflatoxin production was rather recorded while for the protein foods and oil 

seeds with ~ n ~ '  levels, the stimulation started at metal levels of lOOug and 25uglg 

respectively and continued till the highest metal concentration (1000ug ~ n ~ ' / ~ r a n ~  of 

food substrate). A rather constant level of aflatoxins was maintained in all cereals and 

carbohydrate foods at all concentrations of ~ e " ,  while in the protein foods, a slight 

increase in aflatoxin levels occurred till ~ e ' '  concentration of 25ugIg of food substrate, 

and then a decrease thereafter tilt the highest metal level, but in oil seeds, after the initial 

increase i n  aflatoxin levels, at ~ e "  concentration of IOug/g of food, a decrease followed 

thereafter till 250-400ug iron concentration. This started increasing again till the highest 

metal level. With copper in the cereals and carbohydrate foods, after the initid increase 

in toxin levels up to 250ug metal concentration, a progressive decrease till the highest 

metal level was recorded, while the progressive decrease with increasing metal 

concentration occurred from metal concentration of 25-50ug/g protein foods. For the oil 

seed, after the initial decrease in aflatoxin levels~recorded at cu2' level of 25- 1 OOudg of 



food, another drop was recorded again at 550ug copper levels which increased again till 

the highest metal level for coconut seeds, continue to decrease as in peanuts or levels up 

at a constant lower values as in melon seeds. With metal studies in the liquid media 

(semi synthetic and the synthetic media), at 2n2' levels 1-25ug/ml, aflatoxin production 

increased with a slight depression at 25ug/nil and mat weight of the fi111.y~ also 

increased. A similar event occurred with hIn2' though the inycelial lnat weight of the 

A.flavus was essentially constant. With iron in the range 1-25ug/ml, aflatoxin production 

decreased progressively with mat weight almost constant and with copper levels from 1- 

25ug/ml,a depression of Af production progressively occurred even though the mat 

weight was unaffected. Because of the tcsxicological and economic implications of 

aflatoxin contamination in these fbod crops, control proyramrne focusing on the 

knowledge of seasonality, microbial interactions and probably bivalent metal applications 

to reduce the incidence in these crops is hereby advocated. 



1 0  INTRODUCTION 

Over three decades have passed since [lie discovery of aflatoxiris (AF). one of the most 

potent hepato-carcinogens known. The first fifteen years were described as the era of 

'rnycotouin gold rri~sli'. wliicli led to the discovery of a large number of rnycotoxins. 

Mycotouitis are toxic secoridary metabolites of nioulds that contaminate a wide variety 

of fixxis and keds (Sweetly and I)clbson 1998). 'Iliey are produced when ~iioulds grow on any  

srritable substrate including foodst~~fEc. The ingestion of such foodstirff have been implicated 

i n  a range of toxic responses, which could present either in the form of acute toxicity or chronic 

health disorders collectively referred to as mycotoxicoses (Fernandez el crl. 1996; Bhat 1996; 

hliele r.1 trl. 1096: Le-Bars 1996; Matsuniura and Mori 1998). 

Altho~ryh niycotoxins have been experienced by Inan for centuries, it was not until the 

early 1960s that they received worldwide attention following the death of an estimated 100,000 

young turkeys in England in 1960. The deaths were later traced to the consumption of a 

yroundnut meal i~ifestetl with .I.y~i~~;qill~r.v j7mw.v (Rlount 1960) The toxin wlikh was 

elaborated Ijv the rnnuld responsible for the dealli of the birds was then named bflatoxirisO 

Aflatoxins constitute a farliily of toxic metabolites with low molecular weight produced 

by some str-aim ofA.,f701w.v and related organism including A./~nrn.dirtrs, A.rtrhcr, A.tlomittrr.v 

and A.tuttrctrii (Leitao cf ul. 1989: Gnto el a/. 1996). Aflatoxins are based on the coumarin 

~ i i ~ ~ l e u s  (1. 2-benzopyrcme) consisting of stn~ctilrally related bihrano-coumarin-like derivatives 

or higlilv oxvgenated heterocyclic compounds which are designated as aflatoxin 



(AF) BI, B2, GI, G2 in the order of decreasing Rf value on thin layer chromatography (Faraj 

el ul,1993: Moss 1997). They are distiguished on the basis of their fluorescent colour, B 

standing for blue and G for green with subscripts relating to the relative chromatographic 

mobility. Atlatoxins I32 and G2 are the dihydroderivatives of the parent compounds while MI ,  

M2, P I  and Q n  are the hydroxylated derivatives of Bl and B2 which are excreted in  milk, urine 

and faeces as metabolic products following their consumption by mammals. B2.,, Gh, and GM, 

are their closely related compounds (Hoult and Paya 1996: Faraj et n!, 1993). 

Matoxin B2, differs from BZ in the presence of a hydroxyl group at the 2-position of the 

terminat fbran. Some compounds have been found to oxidize AFBI to the reactive aflatoxin 

BI-8,9 epoxide (AFBO) in the human liver rnicrosomes (Gallagher ef a/, 1996). 

The presence of aflatoxins in foodstuffs and feeds is highly undesirable because they 

constitute potential hazards to the consumer. Under conditions where foodstuffs and feeds 

form an appreciable part of the diet, the harmfil effects of these toxins on. the consumer may 

be severe. According to Moss (1989), Gabal and Dirnitri (1998); Neal et a1,(1998), Dhir and 

Mohandas (1998) and Groopman and Kensler (1999),these toxins are characterized by a 

diversity of biological activity, including carcinogenicity, nephrotoxicity, hepatotoxicity, 

immunotoxicity with oestrogenic, dermatitic, haemorrhagic,mutagenic, immunosupressive and 

teratogenic activities. Other various hazardous effects of aflatoxins in both animals and man 

have been widely reviewed (Fernandez ef nl, 1997; Oyelami el a/, 1997; Yu et a1.1997) 

The type of mycotoxins found contaminating foodstuffs and feedstuffs vary from one 

geographical area to another since the mycoflora of any area depends on its climate. Nigeria 

lies within two major climatic zones, the rainforest and savannah. Within these major zones 



are many subzones Eike the derived savannah and Guinea savannah and within the subzones 

are microecological enclaves like the cool highland enclaves climate of Jos, Obudu hills, shere 

hilIs etc (Okoye 1991). It is therefore logical to expect that a wide variety of mycoflora, many 

of them toxigenic tvould infect crops grown in Nigeria and that an equally wide range of 

~nycotoxins may contaminate Nigerian stapIe foodstuffs. 

Certain mycotoxins are also more prevalent in certain geographical zones than others. 

According to records, the aflatoxins occur more frequently in hot humid areas as is found in 

Nigeria, whereas the trichothecenes are more common in colder climates (McDonald 1976; 

Ueno 1985). Toxigenic strains of fungi occur widely in nature thoughout the world. They are 

present in the soil, air, water and on crops and according to Lovelace and Albergsberg (1989), 

all food commodities can therefore be attacked by fungi leading to the production of these 

mycotoxins. Mycotoxins will therefore continue to be important wherever there is agriculture 

(Moss 1996). Tllus, the spoilage of food and stored products pre and post harvest involves a 

wide range of f~ingi that differ greatly in their ecological determinants. They range from plant 

pathogens, weak pathogens and superficial saprophytes that disfigure and damage foods before 

harvest to moulds that cause losses of dry matter and quality in store (Lacey 1989; Sweeny and 

Dobson 1998). 

Aflatoxins may occur in foodstuff if the AspergillusJlavus group develop on them 

under approriate conditions. Numerous surveys have shown that many commodities will 

support the growth of toxigenic strains if inoculated, including various dairy products, bakery 

products, fruit juices, cereals, nuts and forage crops (Awuah and Kpodo 1996; Fernandez- 

Pinto and Vaamonde 1996). In most cases, the growth of a toxigenic strain and the subsequent 
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elaboration of aflatoxin occurs following harvesting or formulation of the product while in the 

case of other foodstuffs such as peanuts (groundnuts), cotton seeds and corn, fungal invasion, 

growth and toxin production could occur prior to harvesting (Doster and Michailides 1994). 

Generally, contamination and the potential for aflatoxin production in these crops is related 

to insect damage, humidity, weather conditions and agricultural practices (Ciegler 19751 

linwidthaya et al. 1987; Wood 1989: Bauduret 1990: Mishra and Daradhiyar 199 1 ; Moss 

1996). 

Some countries have currently enacted or proposed regulations for the control of 

mycotoxins, primarily aflatoxins in foods and animal feeds. Various factors,however, 

influence the establishment of limits for certain mycotoxins in foods. One of the major 

probIems in setting legislative limits is understanding the distribution of a mycotoxin in a bulk 

commodity especially if it is particulate. Moulds rarely grow uniformly throughout a 

commodity and a mycotoxin will not have an even distribution (Van-Egmond 1995; F A 0 

I997).The enforcement of the regulations therefore requires monitoring of the suspected 

commodities. Components of this monitoring and control programme include the full 

understanding of these mycotoxins. 

The chemistry of various aflatoxins and their interrelationships are well at hand, but 

the biosynthesis and other chemical features have been a topic of much conflicting speculation. 

However, it is now evident that severe environmental, nutritional and genetic factors 

considerably influence the variations in types and amounts of aflatoxins produced by moulds 

of the genus Aspergillus (Lacey 1989). 

Perhaps for the two major species of the aflatoxigenic fungi, A. .fZavtrs and A. 
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parusiticus, the optimal nutritional availability of certain trace metals is a crucial factor that 

is yet to be completely understood. Obidoa and Ndubuisi (1981) attributed the resistivity or 

susceptibility of natural commodities to aflatoxin production t~ the presence or absence of 

adequate amounts of trace elements, especially zinc. Metal ions are involved as micronutrients 

in many biological processes and the stimulatory effect of zinc(2n2>n aflatoxin production 

has been confirmed both directly (Tiwari et al. 1986), and indirectly by correlating the 

concentration of 2n2' with aflatoxin contamination in such commodities as maize (Failla et 

al. 1986) and chicken feed (Jones et 4 1  984). 

Tyagi and Venkitasubramanian (1 981) attributed the observed enhanced aflatoxin yields with 

some particular peanut fractions to the presence of inorganic constituents like copper, 

manganese, zinc and iron, Of all the trace elements, zinc seems to play a key role in the 

biosynthesis of many secondary fungal metabolites including the aflatoxins. It is a relevant 

fact that at least 20 zinc dependent enzymes have been detected, all of them being very 

important in the aflatoxin biosynthesis (Tyagi and Venkitasubramanian 198 1) which may 

partly account for its keyrole. Futhermore,the high yields of aflatoxins obtained on some 

substrates like papaya, sugarcane, bananas and carrots, were attributed to the presence of 

magnesium, iron and zinc in them apart from the carbohydrates (Maggon el  a/, 1977). 

Magnesium for instance, appears to be a rnulti hnctional metal in the metabolism of numerous 

fungal and bacterial systems. It is involved in cell wall synthesis as well as nucleic acid and 

fatty acid synthesis (Maggn et ~1.1977). Detroy et ul.(l97l~however,did not observe any 

effect of manganese on aflatoxin formation while Maggon et a1.(1977) observed different 

effects ranging from inhibitory to stimulatory with varying concentrations of the metal in the 
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medium. Copper and iron were reported to exert little influence on aflatoxin formation though 

Maggon ef d(1977)  reported reduced aflatoxin formation in their presence. Also,depending 

on the concentration of the added metals, salts of iron, manganese and copper were observed 

to inhibit aflatoxin formation either partly or totally without influencing the nlycelial weight. 

Trace elements including cu2', zn2' and ~ n ~ '  were shown to inhibit aflatoxin 

degradation by Flavobacteriurn aurantiacum NRRL B-184 which possesses the ability to 

degrade aflatoxin B1 in solution and in several food items (D'Souza and Brackett 1998). Also, 

in guinea pigs experiments, copper was found to increase the capacity of aflatoxin B I  to 

induce liver injury (Schiller et ~1,1998). Literature covering the general role of metals in the 

regulation of primary as well as secondary metabolism in fungi abound (Agarwala et 01.1 986; 

Tiwari et ul. 1986; Failla et al. 1986; Fernandes el al. 1997). Though many of such reports are 

conflicting, apparently, the optimal availability of trace metals in the food substrate is a 

decisive factor to aflatoxin production in amounts and types (Jones el al.1984; Niehaus and 

Failla 1984). 

The discovery that A.jZavus also produces aflatoxins in grains before harvest (Hill et 

a1.1985) has forced mycologists and plant pathologists to abandon the previously held 

viewpoint that mycotoxigenic Aspergilli,.Penicillia and other moulds are limited to the post 

harvest stages of a cereal agroecosystem. Regional surveys have also shown that there is 

considerable variation in the occurrence of A. j7avus and aflatoxins among individual fields, 

rows, ears, kernels and seasons ( Lillehoj 1979; Lacey 1989; El-kady et ~1.1996). 

Extensive research need therefore be conducted in various parts of the world to provide 

biological explanations for such variations. Many workers have done quite a lot in this regard. 
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Such studies include the role of host genotype and genetic factors of resistance (Zuber et ul ,  

19%); arthropod relationships (Wicklow et ~1.1984; Moss 1989) and moisture stress during 

drought (Lillehoj and Hesseltine 1977; Hill et ~1.1985; Moss 1996). An important missing 

component in these ecological investigations is the failure to recognize that A,Javus co-exists 

or competes with the other inicrobiota of the general foodstuffs and that the outcome of such 

species interactions may be important in determining if, and to what extent, aflatoxins are 

produced in these foods (Coallier-Ascah and Idziak 1985; Cuero et ~1.1987; Moss and Frank 

1987). 

If A.flavus, for instance,is principally introduced into developing grains by arthropods 

originating in stored cereals, then one should expect that the inoculum of other so-called 

storage moulds is likely to be introduced as well. The type of individual fungal and bacterial 

coIonists as interference competitiors and the sequence in which these coloilists become 

established within the graidfoodstuff, may contribute to the considerable variation in aflatoxin 

contatnination among field samples (Diener et ~11,1987; Chelkowski '1991; Smith and 

Henderson 1 99 1 ) .  

When stored under harvest, cereal grains develop a succession of microorganisms 

determined by environmental conditions especially water activity, temperature and 

composition of the intergranular air. Components of this microflora will certainly interact, 

giving transient or permanent changes within the population; the interacting organisms may 

either be inhibited on contact or at a distance, stimulated or even unaffected. GeneralIy, at 

harvest, most grains are contaminated by a variety of moulds, including A.fluvus, yeasts and 

bacteria. The production of aflatoxins can certainly be influenced by the competitive growth 
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among different micro-organisms (Kirilenko and Egorova 1985; Kharchenko 1986; Cuero el 

a1 1987; Ono ef aL1997; Gourama and Bullerman 1997; Munimbazi and Bullerman 1997; 

Munimbazi and Bullerman 1998; Ali el al, 1998). Growth of other micro-organisms may 

change available nutrients or produce volatile andlor no volatile end products, which may 

stimulate, inhibit, detoxifjf or have no influence on the growth of A.Javus. In the developing 

nations of the world, information available on the probable factors responsible for fimgal 

growth leading to toxin production on specific agricultural commodities are generalized, 

inconsistent, scanty and in many instances non existent. Most reports have concentrated largely 

on non tropical foods. In Nigeria today, aflatoxin contamination of food resources is a major 

problem due principally to the prevalent weatherlhigh R.H, temperature and unsanitary 

conditions which favour the growth of A.jlaws. 

Compounding these problems is the crude agricultural practices of uninformed farmers 

which often result in high levels of physical damages to the grains and the general food items. 

Reviews indicate that the aflatoxin contamination problem is more frequent in poverty stricken 

and illiterate human communities (Mishra and Daradhiyar 199 1). According to Wood (1 989) 

and Moss (1996), these toxins cannot be entirely avoided or eliminated from foods and feeds 

by current agronomic and manufacturing processes and are therefore considered unavoidable 

contaminants in the developing world. 



From the fore-going, it would appear that the aflatoxin problem is an endemic one in 

our region and therefore deserves closer research emphasis with a view to curtailing its adverse 

health effects on the populace. The present study therefore seeks to achieve the following:- 

1 . 1  AIMS AND OBJECTIVES: 

Screen some Nigerian staple foods and local beverages for the natural occurrence of 

aflatoxins 

Isolate and screen Aspergillzrs species for their aflatoxigenic potentials. 

Establish the effects of seasonality on the distribution of micro-organisms/aflatoxins 

in the food samples studied. 

Indentify the micro-organisms that occur together with the aflatoxigenic moulds. 

Monitor the influence of these micro-organisms on the types and levels of aflatoxins 

produced on the food substrates, synthetic media and semi-synthetic media. 

Trace the influence of bivalent metals (Zinc, copper, manganese and iron) on the 

production of aflatoxins as applied to (5) above. 



Chapter 2 

2.0 LITERATURE REVIEW 
2.1 Historical background 

The toxicity of certain mushrooms has been known for a long time. However, the 

toxicity of other hngi and the mycotoxins they produce were only retrospectively identified as 

the toxic agents of these diseases in animals and man in different parts of the world beginning 

from 1853. For instance, there has been a number of dramatic events of human mycotoxicoses 

in the past. In the middle ages, egortism, caused by the ergot alkaloids produced by Cluviccps 

perrpurea undoutedly claimed many lives as recorded by Ramsbottom (1953) and Groger 

(1 972). 

At the beginning of the century, alimentary toxic aleukia in Russia, associated with the 

toxins of Fus'a~ium species (Joffe, 1986) and yelow rice disease in Japan, associated with the 

toxins of Penicillium (Ghosh et  al. 1977), caused considerable sufferings and mortality. 

Table I summarizes the historical incidence of mycotoxicoses and their association with 

mycotoxins. Despite these historical episodes of fungal associated diseases in fann animals and 

man, the seriousness of mycotoxins as a real threat to public health was not realised until in 

1960 when over a hundred thousand turkey poults died in Britain within a short period of a 

disease epidemic of unknown aetiology called 'turkey-X-disease'. Subsequent systematic 

investigations led to the discovery of the aflatoxins produced by the kngus, Aspergillusj7awr.r 

found to have contaminated a consignment of Brazillian groundnuts used as a constituent of 

the feed fed to the turkey poults ( Blount 1960). A clear and tragic demonstration of the acute 

toxicity of aflatoxin to humans was reported in India in 1974 and involved nearly 1000 people 

of whom nearly 100 died (Tandon and Tandon 1988). 
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(Table 1)Historically important mycotoxicoses of 

U l i l C O * C  

Syndrome 

Ergotism 

Facial 
eczema 

Nephropathy 

Alimentary 
toxic 
aleukia 
(ATA) ; skin 
Inf lamma- 
tion 

ATA 

Liver 
diseases, 
Liver cancer 

Haemorrhagic 
hepatitis 

ATA; 
Circulatory 
disease; 
Dermatitis 

Acute 
hepatitis 

C l a v i  c e p s  
purpurea  

P i t h o m y c e s  
c h a r t a r u n  

A s p e r g i l l  u s  
o c h r a c e u s ;  

P e n i c i l l i u m  
v i r i d i c a t u m  

S t a c h y b o t r y s  
a 1  t e r n a n s  

P u s a r i  urn 
s p e c i e s ,  
S p o r o t r i c h o i  - 
d e s  s p e c i e s  

A s p e r g i l l u s  

i s l a n d i c u m  

A s p e r g i l l u s  
f l a v u s  

Myrothec ium 
r o r i d u m  

A s p e r g i l l  u s  
f l a v u s  

Food 
source 

Grains 
eg. rye 
used in 
bread 
flour 

Plant 
fodder 

Grains, 
Feeds 

grains, 
fodder 

Grains 

yellow 
rice 

Maize 

Grains 

Canned 
mouldy 
corn 

Mycotoxin 

Ergot 
a1 kaloids 

Sporide- 
smins 

Ochratoxins 

Trichothe- 
cenes 

Trichothe- 
cenes 

Luteoskyrin 
, 
Islandtoxin 
cyclochorio 
tine 

Aflatoxin 

Trichothece 
nes 

Af latoxin 

Affected 
species 

Man and 
livestock 

Sheep and 
cattle 

Man and 
Livestock 

Man and 
horses 

Man 

Man 

Swine, 
cattle 

Man, 
livestock 

Dogs 

Country 

Europe 

New 
Zealand 

Denmark 

USSR 
U.K 

USSR 

Japan 

USA 

USSR, 
New 
Zealand 

USA 



2.2. The major mycotoxins in foods 

A considerable bibiliography has accumulated covering the major aspects of 

mycotoxin research, reflecting the multidisciplinary nature of this research. Several 

monographs on the subject include those of Kurato and Ueno (1984), Smith and Moss (1985), 

Betina (1989, Lacey (1989), Moss (1989), Chelkowski (1991), Frazier and Westerhoff (l991), 

Smith and Henderson (l991), Van-Egmond (1995) and Diprossimo and MaIek (1996). About 

two hundred thousand species of fungi have been described and between fifty and hundred of 

these are known to produce mycotoxins according to literature. In numerical terms, there are 

over two hundred known mycotoxins today since most of the identified toxigenic fungi can 

produce more than one mycotoxin, some, as many as ten chemically different mycotoxins 

depending on the nature of the food substrate, temperature, humidity and aeration. It is also 

known that m e  mycotoxin can be produced by several species of fungi. 

Apart from aflatoxins, other major mycotoxins of significant occurrence include 

ochratoxins also produced by species of Aspergillus including A.ochraceus Wilhelm, in 

warmer parts of the world but in temperate climates by mostly Penicillium verrucrmm 

Dierckx, which may occur on cereals like barley. Ochratoxin A is a nephrotoxin for pigs as 

well as being acutely toxic probably to man. Others are patulin produced by species of 

Peniciliium, Aspergillus and Byssochlurnys in apples and other fruits; the Fusurium 

trichothecenes - (T-2 toxin, Deoxynivalenol and Zearalenone) which are either cytotoxic as 

well as immunosuppressive, a vomitoxin or an oestrogenic toxin respectively. Fumonisins are 

other metabolites of Fusurium species found to be carcinogenic (Yoshizawa et a1.1994). Other 

rnycotoxins of significant occurrence include citrinin, citreoviridin, penicillinic acid and 
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tremorgenic mycotoxin (Park 1995; Kedera et ni. 1999). 

2,3. Aflatoxins 

By far the most notorious of the known mycotoxins in the food trade are aflatoxins. 

The term 'aflatoxins' denote toxic metabolites produced by Aspergillus Javus and other 

related species (Lacey 1989). The genus Aspergillzrs is divided into morphologically 

distinguishable groups which are ubiquitous and the potential for contamination of foodstuff 

and animal feed is widespread (Strzelecki et aL1988; Wood 1992; El-Kady et ~1.1995; Resnik 

C L ~  LIL 1996; Awuah and Kpodo 1996). They will grow on a wide variety of substances over a 

mesopl~ilic range of temperatures (Ellis el ul, 1991). Optimal conditions for the production of 

aflatoxins would be a water activity (Aw) of 0.85 and a temperature range of 25-40°C. They 

belong to the family Ascomycetes and are characterized by a felted, septate branching 

mycelium, having a conidial apparatus developing on specialized hyphae (sporangiophores) 

which terminate in a vesicle on which are borne chains of conidia (McDonald and Castle 

1996). The mycelia are usually uncoloured, with colonies that are usualIy zonate, the 

conidiophore or stalk which may be septate or aseptate, arising from a footcell. According to 

Frazier and Westerhoff (1991) and Coulombe (1993), the conidia which are in chains are 

green, brown or black more commonly than other colours. 

The aflatoxins (FigA), of which AFBl is the most potent, are intensely fluorescent 

when exposed to long wave ultra voilet (UV) light. This makes it possible to detect these 

components at extremely low levels on thin layer chromatograms. They are freely sduble in 

moderately polar sdvpntrlike chloroform and methanol and especially in dimeth~lsul~hoxide 

and as pure substances they are highly stable at high temperatures when heated in air- Little 
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or 110 destruction of aflatoxins occurs under the ordinary cooking conditions and heating for 

pasteurization. It is about 60% destroyed by frying in oil. It is highly susceptible to the UV 

component of sunlight. That is why exposure to sunlight is the easiest method for destroying 

aflatoxin in foods. The presence of a lactone ring in the aflatoxin molecule makes them 

susceptible to alkaline hydrolysis. 

2.3.1 Aspects of aflatoxin biosynthesis 

Metabolites essential for growth which are formed during cell multplication of micro 

organisms e.g proteins, nucleic acids, lipids and carbohydrates are termed primary metabolites. 

On the other hand, substances formed during the end of the exponential growth phase of the 

fungus with no apparent significance to the fungal growth or physiology are termed secondary 

metabolites. Whereas primary metabolism is basically the same for all living systems, 

secondary metabolism is essential to lower forms of life and is strain specific. The factors 

controllillg secondary metabolism in hngi  are complex and are not fi~lly understood at present. 

The great chemical diversity of secondary metabolites include such products as quinones, 

antibiotics, alkaloids, mycotoxins and other pigments (Moss 1989; Prieto et al.1996). 

The most commonly accepted postulates suggested that secondary metabolites are 

formed when large amounts of primary metabolic precursors accumulate such as acetate, 

malonate, pyruvate and amino acids. The fbngus gets rid of these precursors by diverting them 

into secondary metabolites. Secondary metabolites also serve as defence agents, and 

attractants like in flower flavours etc (Wicklow et ul, 1984). Exhaution of nitrogen or 

phosphorus in the medium at the end of the exponential growth phase is accompanied by 

inhibition of nucleic acid and protein synthesis and accumulation of the primary metabolic 
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precursors. Alpha-Keto acids particularly pyru~ic acid accumulate to toxic levels, thereby 

inhibiting cell division and growth. During the transition phase from exponential to stationary, 

the synthesis of these macromolecules (proteins, nucleic acids etc) continue but at a reduced 

rate. The enzymes of aflatoxin biosynthesis are derepressed. The activity of the tricarboxylic 

acid cycle continues unabated and reaches a maximum then and the fungus thus responds to 

the toxic levels of pyrumte and other intermediates by shifting to the stationary phase of 

growth. This is the period of onset of aflatoxin production. The synthesis of nucleic acid and 

ptoteins is terminated and the tricarboxylic acid cycle activity declines. Lipid synthesis 

continues unabated during the stationary phase, thereby showing the close relationship with 

aflatoxin biosynthesis (Ellis el al.1991; Bhatnagar et al.1994). 

Moss (1 996) has characterized the stationary phase or idiophase as a ~e r iod  of decline 

in the rate of growth, carbohydrate utilization and oxygen uptake and a period of secondary 

metabolite production. Generally, the mycelial dry weight during this phase remains more OY 

less constant. Bu 'lock (1975) describes some cases where the mycelial dry weight continues 

to increase during the stationary phase. The rate of growth is however lower than during the 

exponential phase and this increase has been attributed to the accumulation of polyols, 

polyphosphates, lipids and non structural carbohydrates and secondary products. The main 

activity metabolically of the fimgus therefore is to synthesize secondary metabolites during the 

stationary phase, pathways of protein and nucleic acid biosynthesis being blocked. This phase 

continues till the exhaustion of the carbon source. 

The biosynthetic pathway of the aflatoxins is quite well understood and has recently 

been described in a number of reviews (Bhatnager et ~1.1994; Trail et a1.1995, Bennett et o14 
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1997: Minto and Townsend 1997: Kelkar et 01.1997). Firstly, acetate and malonyl CoA are 

converted to a hexanoyl starter unit by a fatty acid synthase, which is subseque~ltly extended 

by a polyketide synthase to the decaketide norsolorinic acid, the first stable precursor in 

aflatoxin biosynthesis. The polyketide then undergoes approximately 12 to 17 enzymatic 

transformations, through a series of pathway intermediates, which are summarized in Fig.B; 

including averantin, 5'-hydroxyaverantin, averufanin, averufin, l~hydroxyversicolorone, 

versiconal acetate, versiconal and ves;colorin E. The pathway then branches to form AFBl 

and AFGI which contain dihydro bisfuran rings and are produced from 

demethylsterigmatocystii~. (DMST) and in turn the other branch forms AFB2 and AFG2, 

containing tetrahydrobisfuran rings which are produced from dihydrodemethylsterigrnatocystin 

(DHDMST). The proposed pathway is based mkinly on evidence from enzymatic and genetic 

analysis. 

2.3.2. Toxicology of aflatoxins 

Broiler chicks show depressed weight gains and liver lesions after lOwks on a diet 

containing 200ppb AFBl but laying hens are said to be unaffected after 33 weeks on a diet 

containing 6 1 Oppb. For weanling swine, the no effect chronic level was found to be 140 ppb 

in the diet and concentrations greater than this had demonstrable effects. Beef cattle are said 

to show no effects at concentrations in diet below 440ppb but liver damage is demonstrable 

at 700ppb. The shasta strain of rainbow trout shows liver tumours when exposed to a diet 

containing as little as OSppb after 2Omonths; whereas the coho salmon is apparently 

unqffected by as much as 20ppb. Differences in toxicity of AFBl to the male and female of 

a single species and differences between species arise because the mycotoxin is metabolized 



by the liver and expression of toxicity according to Moss (1996) depends on the dynamics of 

this process. 

' R e  physico-chemical properties of aflatoxin BI are suited for the effective delivery 

of the toxin from the diet to the cytoplasm of the liver cells. Once there, it may be converted 

to the epoxide, a good candidate for the carcinogen and known to react with guanyl residues 

in DNA. The epoxide, itself may be further metabolized by an epoxide hydratase to form a 

dihydroxy compound which is a good candidate for the acute toxin and known to react with 

proteins. The implicatiolls of aflatoxin metabolism for the expression of disease have been 

reviewed by Neal (1987) (Fig C). 

A diverse range of responses to the toxic effects of a compound may occur because the 

compound is metabolized in the animal body and the resulting toxicity is influenced by this 

metabolic activity. This is certainly the case with AFBl from which a very wide range of 

metabolites are formed in the livers of different animal species. Thus,the cow is able to 

hydroxylate the molecule and secrete the resulting aflatoxin MI in the milk, hence affording 

a route for the cont.qmination of milk and milk products in human foods even though these 

products have not been moulded (Neal 1987; Egmond 1989; Aksit et aL 1997) (Fig D). 

The formation of an epoxide could well be the key to both acute and chronic toxicity 

and those animals which fail to produce it are relatively resistant to both. Those animals 

which produce the epoxide, but do not effectively metabolize it further, may be at the highest 

risk to the carcinogenic activity of AFBl because the epoxide is known to react with DNA. 
b 

Those animals which not only produce the epoxide but effectively remove it with a hydrolase 

enzyme, thus producing a very reactive hydroxy acetal, are most sensitive to the acute toxicity. 

2 1 



The hydroxyacetal is known to react with proteins. 

The parent molecule may thus be seen as a very effective delivery system having the 

right properties for absorption from the gut and transmission to the liver and other organs of 

the body. It is,however,the manner in which the parent molecule is subsequently metabolized 

in vivo which determines the precise nature of an animal's response (Moss 1996). 

2.3.2.1. Aflatoxins and Primary liver cancer (PLC) in man 

Aflatoxins are one of the most carcinogenic con~pounds known for rat and rainbow 

trout (Moss 1989; Ramos and Fernandez 1996). EpidemioIogical studies of PLC in man 

indicate that aflatoxins are also carcinogenic to man (Saracco 1995; Methenitou et ai. 1996; 

Groopnlan and Kensler 1999). Liver cancer in such parts of the world as the African 

continent is complex and it is probable that aflatoxin is only one factor in the appearance of 

the disease. There is a good correlation between the presence of hepatitis B virus and PLC in 

man and there is an increasing concensus that these two agents act synergistically to elicit 

hepatocarcinoma (Hsieh 1986; Olubuyide e l  al.1993; BIum 1994; Chao el al. 1994; Diallo el 

al. 1995; Bhat 1996; Yu et al. 1997; Dhir and Mohandas 1998). 

2.3.2.2. Other toxic effects due to aflatoxin 

a Humans: 

Aflatoxins have been shown to be risk factors either experimentally or by 

circumstantial evidence in many disease entities in man. For example, several studies have 

shown significant levels of aflatoxins and aflatoxicols in the blood and other body fluids of 

children in the tropics and it has been proposed that a f l a t ~ x i n  in the diet of children is 



associated with Kwashiorkor (Hendricbe 1984; Coulter ef  d, 1986). Very young children can 

be exposed to aflatoxins even before they are weaned because mothers consuming AFBi in 

their diet can secrete AFMt and AFM2 in the breast milk (Coulter et al.1986; Moss 1996). 

Coulter et aL(1984) detected both toxins in the breast milk of Sudanese women, and also 

demonstrated same in the breast-milk samples of mothers attending maternity hospitals in Abu 

j Dhabi. 

Aflatoxins have been shown to exhibit several 0 t h ~  CIlC,,L> > U L L ~  d~ llullul~ion of 

protein synthesis, inhibition of mitochondrial energy metabolism and the induction of blood 

clotting disorders. Thus, according to Hendrickse (1991), the inhibition of protein synthesis 

is believed to account for the reported role of aflatoxins in the genesis of kwashiokor. 

Aflatoxins have also been reported as a cause of acute hepatitis in a number of cases from 

developing countries (Krogh 1989). In Zaria and Ekpoma, Nigeria, in two prospective studies, 

a possible relationship was shown between perinatal aflatoxin exposure and neonatal jaundice, 

though no relationship was shown between the severity of hyperbilirubinaemia and serum 

aflatoxin levels (Ahmed et al. 1995; Abulu et ~1.1998). In Ibadan, Nigeria, Sodeinde el ul. 

(1995) observed that the presence of any serum aflatoxin was a risk factor for neonatal 

jaundice. 

Jonsyn et al.(1995) in Seirra Leone observed that the presence of aflatoxins in maternal 

blood san~ples contributed to the low birth weight of their infants. De-Vries el a((1989) noted 

that the mean birth weight of infants born to aflat~xin~positive mothers in Kenya was 

significantly lower (255g) than those born to aflatoxin-free mothers. Two still births were also 

recorded, and these results coincided with the adverse-effects of prenatal aflatoxin exposure 
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recorded in animal experiments. 

4 
Dietary exposure to aflatoxins in Benin-City, Nigeria, has been associated with human 

male infertility. Infertile men with aflatoxins in their semen showed a higher percentage of 

spesmatozoal abnormality (50.0%) than fertile men (10.0-1 5.0%) (Ibe et ~1,1994). Aflatoxins 

have also been revealed to act as potent genotoxins causing some forms of genetic alterations, 

including chromosomal abberations, micronuclei and sister chromosomal abberations and 

other forms of genetic damages (Harrison et a!. 1993; Miele et al, 1996). Hollstein et al. (1 997) 

also noted gene P53 alterations in human tumours induced by aflatoxins. 

Increases in protlu-ombin time, decreases in total plasma proteins and albumin levels, 

and increases in red blood cell counts and haematocrit have been demonstrated by Fernandez 

ef u1.(1995). Robens and Richard (1992) also demonstrated acute hepatic failure and Reye's 

syndrome due to aflatoxins in their patients. Further researches have also shown that 

aflatoxins increase childhood susceptibility to infections, compromise immune responses to 

prophylactic immunisations and also may generally have the potential of immunosuppression 

and immunotoxicity (Hendrickse 199 1 ; Neal et 01.1 998; Gabal and Dimitri 1998). Aflatoxin 

involvenlent in digestive tract cancers and lung lesions have also been reported (Oyelami et 

a1.1997; Dhir and Mohandas 1998; Matsumura and Mori 1998) and also in renal problems in 

Nigeria (Oyelaini et al. 1997). 

b. Animals: 

In all species of domestic animals, aflatoxicoses has been well documented in which 

the evidence of disease is a general unthriftiness and reduction in weight gain, feed efficiency, 

immunity and production (Robens and Richard 1992; Moss 1996). More conclusive evidence 



in atlatoxin involvement in animal diseases includes acute to chronic liver diseases with 

concomitant increases in specific liver enzymes in the serum. In cattle, milk production is 

affected, but of greater significance is that the aflatoxins in feeds can be rather efficiently 

converted to toxic metabolites readily detectable eve11 in smaIl amounts in milk. 'She poultry 

industry probably suffers greater economic loss than any other livestock industry because of 

the greater susceptibility of their species to aflatoxins than other species (Robens and Richard 

1992). 

Fernandez et u1.(1996) observed significant reduction in body weight and in the 

average daily weight gain in the intoxicated group of lambs when compared with a control 

group. In his experiments, lambs fed with aflatoxins had relatively smaller liver weights and 

higher kidney and spleen weights than lambs from the control group. Blood parameter, urea 

levels, alkaline phosphatase and glutamate dehydrogenase enzymatic activities were also 

affected as a result of the intoxication. Changes in the cogulation profile of the lambs 

intoxicated with afIatoxins were also observed. Similar observations were also noted for hens 

and broiler chickens including changes in prothrombin tine, total plasma arid albumin levels, 

haen~atological values and red cell counts (Fernandez er ui.1995). 

In further studies in lambs, Fernandez et ah (1 997) observed that aflatoxins cause a 

failure in the acquired immunity system of lamb by decreasing antibody production and 

altering serum profile proteins. 

2.3.2.3. Epidemiology - based accounts of aflatoxin induced disease 

Descriptive epidemiological studies, elucidating aflatoxin induced disease distribution 

in time and space hQvrbeen conducted in both man and farm animals. The most convincing 
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evidence in establishing causal association between factors and disease is however usually 

obtained from analytical epidemiological studies, from which the necessary quantitative 

expressions of association can be obtained (Lilienfeld and Lilienfeld 1980). 

Lye ef a1.(1995) reported an incidence among thirteen Chinese children who died of 

acute hepatic encephalopathy in the North western state of Perak Peninsular- Malaysia. The 

acuteness of the illness differed from previously reported outbreaks. . Epidemiological 

investigations determined that the children had eaten a Chinese noodle, Loh see fun, hours 

before they died. Aflatoxins were aIso confirmed in post mortem samples from patients. 

Harrison et aL(1993) using both immunological and HPLC methods examined human DNA 

from a variety of tissues and organs to identify and quantify aflatoxins - DNA adducts. They 

detected AFBl - DNA adducts in formalin fixed tissues from acute poisoning incident in 

Southern Asia. Many aetiological relationships between aflatoxins and stomach, colon, cervix, 

breast, pancreas and liver neoplasms was revealed from adduct studies (Yu el ai. 1997). 

SeveraI other epidemiologically based accounts of aflatoxin induced diseases have 

been reported, including the presence of AFBl in lungs of people with lung cancers where 

attempts were made to detect aflatoxins from culture filtrates of those isolates and the tissue 

extract of the lung lesion through thin layer chromatography (TLC), densitometry and high 

performance Iiquid clzrornatography (NPLC). Aflatoxins BI,  B2 and M1 were demonstrated 

in all these materials qualitatively and quantitatively from these people with aspergillosis 

(Oyelaini el ~1,1997; Matsumura and Mori 19%). 



2.4. Environmental and biological factors influencing fungal attack 

and the production of aflatoxins 

An important aspect of the control of mycotoxins is to identify the Factors that 

contribute to contamination of crops. These factors are outlined below broadly. 

2.4.1. Nature of the crop substrate 

The substrate is a determining factor in the deveIopment of  most fungi, some 

commodities are more susceptible to contamination by certain mouIds than others while most 

moulds can however contaminate many substrates. The grains are considered to be an ideal 

substrate for the growth of fungi providing the necessary carbohydrates for energy and fats 
1 

for additional energy (F A 0 1997). Of a11 the agricultural crops studied in Nigeria, the most 

susceptible to aflatoxin contamination are groundnuts (Crowther 1973; Adebajo 1994) maize 

(Nwokolo and Okonkwo 1978; Opadokun 1990; Adebajo et a1.1994) and copra (Obidoa and 

Gugnani I 9W), Maize appears to be one of the most susceptible crops to contamination by 

various fungi and mycotoxins internationally (LoveIace and Aalbersberg 1989; Wood 1989; 

Price et al,1993; Arim 1995). Even with the same crop, certain cultivars appear to be more 

resistant to fungal attack than others. These include groundnuts (McDonald 1976), cowpeas 

and maize (El-Kady et al, 1996) . 

2.4.2. Condition of the crop 

Mature, whole, unbroken kerneIs are less susceptible to mould attack than immature, 

broken and defective kernels (Haq-EIamin el a/, 1988). Adebajo et al. (1994) observed that 

the incidence of tnould contamination was generally higher in shelIed water melon seeds than 



for unshdled seed samples. Doster and Michailides (1 994) got more than three times higher 

aflatoxin load and A.flavus contamination in the early splits of Pistachio nuts than fi-om normal 

nuts with intact hulls. The early splits are atypical nuts that have split hulls exposing the 

kernel to invasion by moulds. 

2.4.3. Strain of fungus 

Fungus may attack food crops without necessarily producing any mycotoxin. This is 

because not all strains of fungus that attack crops produce toxin. Moss (1996) noted that on 

a worldwide basis, only about 35% of strains of A.flavus produce aflatoxins, whik F A 0 

(1997) earlier noted that only 58% of all strains produce aflatoxin. Many other workers have 

also observed the same trend (Mishra and Daradihiyar 1991). Lacey (1 989) in his studies 

noted that only 42.3% of a11 his A.flavus isolates produced aflatoxins. It has also been shown 

that isolates of A.parasiticus produce aflatoxins in higher concentrations than A.Javus which 

contains a greater percentage of non-aflatoxigenic strains and produces only B aflatoxins (Pitt 

1993). 

2.4.4. Temperature 

Fungi can only attack crops successfully within certain temperature limits (between 

0°C and 60°C). In general, low temperatures reduce the rate of hngal growth. A11 fungi have 

characteristic minimum, optimum and maximum temperature for growth. ' Certain fungi Iike 

Fusarium species and Cladosporiurn species grow and produce toxins at rather low 

temperatures (1 O°C and 2Q°C), while A.flavus growsat temperatures between 12OC and 42°C 

but aflatoxin production is maximum at temperatures between 25'C and 32OC (Koehler et alD 
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1985; Pitt and Hocking 1997). These tempertures approximate the ambient temperature in 

most parts of Nigeria most of the year. Most fungi growing on plants before harvest (the field 

environment) grow well in the temperature range 0 to 30°C (Lacey 1989), while most fungi 

found in the storage environment, however thrive within the range 10-40°C (optima 25-35OC). 

Aspergillus fumigatus has an exceptionally wide range from 10-55OC while some 

Ascomycetes have ascospores which are very resistant and able to survive ten minutes heating 

at 90°C. 

2.4.5. Moisture 

Based Iargely on moisture requirements for growth, fungi that attack crops can be 

grouped into field fungi that attack grains at moisture levels exceeding 30% (e.g Alternuria, 

Fusarium and Cludosporiurn species), and storage fungi that predominate in grains in the 13% 

to 18% moisture range (eg Aspergillus and Penicilliurn groups). The moisture content of the 

grains which is in equilibrurn with air is referred to as 'safe' moisture content for which 

Agboola (1990) has enumerated for the storage of some Nigerian food crops at 27°C as 

follows: 

Crop Safe moisture content at 27OC 

Cowpea 15.0 

Maize 13.0 

Millet 16.0 

Paddy 15.0 

Rice 13.0 

Sorghum 13.0 
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Wheat 13.0 

Cocoa beans 7.0 

Copra 7.0 

Cotton seed 9.0 

Groundnut (shelled) 7.0 

Ground nut (unshelled) 9.0 

Palm kernels 5.0 

Soybeans 8.0 

Gari 12.0 

Lacey (1989) has also shown that even when dry grains are put into store, there is a possibility 

of exchange of moisture in the vapour phase due to temperature gradients produced by 

fluctuating external temperatures. This can contribute to even a higher fungal growth during 

storage. 

2.4.6. Biological agents 

The principal role played by insects in toxin contamination of agricultural crops is that 

of predisposing the crop to fungal invasion. Insects damage the crops which they attack, 

rendering them more liable to fingal attack. They also carry spores of fungi'into the crops they 

infest. Their metabolic activities also leads to increase in moisture and temperature of the 

Crop, providing excellent conditions for the growth of the fungi. A.J7avus has been identified 

as the dominant h g u s  associated with rice weevil (Stophilus oryzae) in stored wheat and rice, 

(Ragunathan 1974). Julian et aL(1995) in Honduras also associated heavy contamination of 

pre and post harvest maize crops with A.$avus with insect damage. 
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Insects can aIso inhibit fungal growth by the secretion of quinones (eg by Tribolium 

castaneum) or by feedings on fungi (Lacey 1989). Some fungal species can also attract insects 

[eg. PeniciEliunz species), (Dunkel 1988). Rodents also damage crops which they infest 

making them more readily attacked by fungi while their droppings and hair may serve as 

inoculum for fungal growth and can also act as carriers of h g a l  spores into crops. Birds, too, 

by contaminating the crops with their droppings, feather and debris for making nests can 

similarly contribute to fungal damage in stored crops (Doster and Michailides 1994). 

2.4.7. Nutrients and trace metals 

Besides environmental factors, several metabolic promoters and inhibitor of aflatoxins 

biosynthesis have been reported (Gupta et al. 1976). Similarly, some of the chelating agents 

that selectively bind with zinc or other stimulatory metals have been reported to inhibit 

aflatoxin production in A. parasiticus and A.j7avus. These include phytic acid, dimethyl 

sulphoxide, 2-mercaptoethanol and tolnaftate; and may also inhibit the incorporation of acetate 

into aflatoxin. Many workers reported enhanced aflatoxin production in the presence of amino 

acids including thiamine, methionine, proline, tryptophane, asparagine and alanine (Luchese 

and Harrigan 1993). 

The stimulatory effects of the various amino acids may be due to their effect on the 

growth and general primary metabolism of A.parasiticus and A.flavus or even a direct effect 

on aflatoxin biosynthesis. The effects of anti fungal agents from suppression to stimulation 

on levels of aflatoxins have also been reported (Moss and Frank 1987). 

Reports on the inhibition of aflatoxin production by benzoate and thioglyccrol 

(Buchanan et al. 1986) and certain fo~~riulations of ammonium propronate (Magan and Lacey 

3 1 



1986) abound. Unsaturated but not saturated longer chain fatty acids have also been found to 

stimulate aflatoxin biosynthesis (Tiwari el al. 1986). The inhibitory effect of caffeine against 

aflatoxin bisynthesis while having no effect on growth ofA.purasiticus explains why this mould 

grows on ordinary and decaffeinated coffee beans but only produces aflatoxin on the later 

(Durakovic er aL 1985). Also, the stimulatory and inhibitory effects of carbon sources and 

nitrogen sources on aflatoxin production have been widely discussed (Obidoa and Onyeneke 

1980; Ogundero 1987; Luchese and Harrigan 1993), 

2.4.7.1. Effects of metals 

The role of metals in the regulation of secondary metabolism as well as primary 

metabolism in microorganisms is well documented. Metals function as cofactors of enzymes 

to either stimulate or inhibit enzymatic reactions (Vasavada and Hsieh 1988). They are also 

important in modulating cell wall permeability and in regulating many pre and post 

transcriptional events (Luchese and Harrigan 1993). Numerous secondary metabolites of hngi 

are affected very much either resulting in inhibitory or stimulatory effects, with manganese 

( ~ n * ' ) ,  iron ( ~ e ~ ' )  and Zinc (2n2') being the most important metals involved (Aganvala el d. 

1986; Zaika and Buchanan 1987; Fernando et al. 1993 ). Though it has been established that 

zinc is especially required for the biosynthesis of aflatoxins in solid substrates like corn (Failla 

et al, 1986; Tiwari el al. 1986). Obidoa and Ndubuisi (1 98 1) found no correlation between 

aflatoxins production and zinc content of tropical foodstuffs. A mixed trend was however 

observed depending on salt concentrations with molybdenum, magnesium and manganese while 

iron, copper and cadmium salts decreased the aflatoxin production to different levels {Tiwari 

el al. 1986; D'Souza and Brackett 1998). 



A new eIastinolytic proteinase from A.jZavus has been shown to be markedly inhibited 

by numerous metal ions (Sweenyand DobsonI998). Resistant cultures of cowpea and garden 

pea were found to contain lower levels of sodium and higher levels of phosphate and 

potassium (El-Kady et a/, 1996). 

2.4.8. Microbial interactions and ecosystems 

Fungi rareIy occur in a monospecific culture in stored products but often as a group of 

interacting species of hngi  and bacteria (Lacey 1989). Many studies have shown that 

organisms growing with A,flavus and A.parasiticus can influence the final yield of aflatoxin 

either positively or negatively (Kirilenko and Egorova 1985; Kharchenko 1986; Cuero et ul. 

1987; Salunkhe er ul. 1987; Basappa and Shantha 1996; Sweeny and Dobson 1998). Thus 

microbial cornptetion between different fungi and other microorganisms for substrate under 

favourable conditions may restrict or reduce the amounts of toxins produced by a particular 

fungal species. For example, A jlavus was apparently capable of suppressing the accumulation 

of AFGl and AFGz by A.pnrasiticus when in dual culture with A.flavus (Wilson and King 

1995). 

Weckbach and Marth (1977) observed that Rlzizopus nigricans and Saccharon~yces 

cerevisiue inhibited growth and aflatoxin production by A.pauasiticus in mixed cultures, while 

Brevibacterium linens caused slight inhibition and Acetobacter aceti stimulated growth and 

toxin formation in the mixed culture. Zhu et al,(1989) showed that Rhizopus delemar has 

intensive capacity of inhibiting the toxic damage and carcinogenicity of the liver by AFB I in 

experimentally induced hepatocarcinogenesis in Wistar rats. When A.Jmus was grown with 

the yeast, Cnmiida guilliernzondii on freshly harvested corn, detectable levels of aflatoxins 
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were recorded white nowwas detected when A, flavus was paired with A.niger or 

Tvichoderma viriu'e (BoE and Smith 1990; Knol et al, 1990). The inhibition and removal of 

aflatoxins were observed with Lactic acid bacteria and also Bacillus pumilus when in dual 

culture with AspergiNus parasiticus (Rasic ef  a/, 1991; Muninbazi and Bullerman 1997; el- 

Nezami et al. 1998). Aflastatin A, a novel inhibitor of the production of aflatoxin by 

aflatoxigenic fungi has been isolated from the solvent extract of mycelial cake of Streptomyces 

specie ( Ona et a!. 1997). Also in an experiment conducted with soil isolates of filamentous 

fungi to determine potential inhibitors of A.flavus, twelve taxa, including several strains of 

Fusariun2 sdani, Penici!/ium vinaceum and A.auviconzus produced compounds inhibitory to 

A.j7avus (Klich 1998). 

The growth rates of Streptococcus agalactiae, Staphylococcus aureus and Yersinia 

enterorolifica in the presence of aflatoxin BI (AFBI) were slowed down as shown in an 

experiment conducted by Ali-Vehmas et a1, (1 998). The bacterium Flavobacterium 

aurankxum has been shown to be capable of metabolizing AFBl in various foods (Lime et 

a111 994) 

2.4.9. Food processing 

Fermentation has been associated with a decrease in aflatoxin yield like the fermented 

melon seeds for making the local soup condiment 'Ogiri' (Ogunsanwo et a1.1989). Jespersen 

st aL(1994) and Kpodo e l  aL(1996) however observed no effect in the fermentation of maize 

dough in the preparation of a West African traditional food 'kenkey' though the microbiat load 

was drastically reduced within twenty four hours of fermentation. During the fermentation of 

A.j7avus spiked maize and sorghum for the production of 'tuwo' and 'Ogi' by Adegoke et crl* 
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(1994) and Oyelami ef a/. ( 1  996), reductions of about 72.5% and 71 -4% of the aflatoxin levels 

were obtained respectively. In the same study, a reduction of about 68.0% and 80.8% 

respectively in AFBI levels were observed for pastes boiled for 30 minutes and 60 minutes in 

the production of 'tuwo'. Reconstitution of Ogi paste into a porridge (akarnu, pap) recorded 

aIso a considerable reduction in the aflatoxin levels. 

The fate of aflatoxins when raw cowpea were processed into a porridge or 'moimoin' I .  

or fried in oil to form 'akara' balls was studied and reduction of aflatoxin content was also 

noticed (Ogunsanwo et a!. 1989). The effect of processing on the mycoflora and AFB, level 

of a cassava based product was also studied by Adegoke ei a!, (1994). In one of these studies, 

cassava bread was prepared by pre-gelling, battering and baking cassava flour to which 

moderate amounts of sugar, yeast solution and edible oil were added. ~ a k i n ~  was done at 

2 15°C for 40 minutes. Although the raw cassava contained Penicilliztn~ oxcdicurn, A.flavus, 

and Fusuritrrn species and some unidentified hngi, no moulds were isolated after the baking 

process. AFBr levels of 1.91 microgramslkg in the cassava was drastically reduced to 0.03 

microgramdkg in the bread. Faraj et a/. (1993) also observed that microwave heating reduced 

aflatoxin levels in foodstuffs. However, no reduction with cooking was observed for spiced 

sauces (MacDonald and Castle 1996).- Reductions during fermentation and baking was also 

reported by Hassanin and Kheirella (1 995). 

2.4.10. Other factors 

Both A.flav?rs and A.parasi/icus grow well over a pH range of 2.1 to 1 1.2 with an 

optimum pH between 3.5 and 8 (Wheeler et ai. 1991). Aflatoxins can also be produced 

between pH 3.5 and 8.0 with an optimum at about pH 6 (Buchanan and Ayres 1976). Fungi 



causing detorioration of stored foods are usually considered obligate aerobes but increases in 

carbondioxide concentration by 5- 10% can stimulate growth of some species especially when 

water activity is high (Lacey 1989). Mert and Ekmecki (1987) studied the effect of salinity and 

osmotic pressure of the medium on the growth ofA.flavus and observed that the negative 

growth increased with an increase in the sodium chloride content of the nutrient medium while 

the osmotic pressure increases were inhibitory to growth. 

2.5. Pre-and Post harvest ecology of fungi 

The colonization of aerial parts of plants by microorganisms starts almost as soon as 

leaves or inflorescences are exposed to the air. Bacteria usually appear first but are soon 

followed by yeasts and then by pathogenic and saprophytic filamentous hngi which continue 

to develope thoughout the plant growth but especially as the plant senesces and seed ripens 

(Lacey 1989). Harvest profoundly disturbs the ecosystem and marks the transition from the 

extremes of the field environment to the relatively stable conditions of storage. This is 

accompanied by a profound change. 

Fungi present on plants before harvest have been traditionally referred to as field fkngi 

and may persist on fresh foods after harvest and may be the cause of disfiguring lesions on 

fruits and vegetables. In stored products, they persist if the grains are dry enough to prevent 

the growth of typical 'storage' fungi. These usually occur in small numbers before harvest and 

are chiefly species with Aspergillus and Per?icillitirn anamorphs. As water content increases, 

hngal growth becomes more vigorous leading to spontanneous heating up of the substrate and 

the growth of more thermotolerant hngi including species of Absidia, Rhizonlucor and 

Hzrnriculu often accompanied by thermophilic actinomycetes. 



The concept of field and storage fungi should not be pressed too far. The recognition 

that field species could sometimes grow in storage led to the designation of an intermediate 

group. More recently, it has been recognized that storage species especially A.flavus, oftell 

occur in the fieEd in humid tropical areas (Sinha 1987; Julian el ~1,1995; Resnik et al. 1996). 

Thus it is important to recognise that some species of n~oulds, which are conmonly associated 

with post-harvest spoilage may, also be able to proliferate and produce toxic metabolites in 

the growing crop before harvest. Thus, both A.jZuvus and ~ . ~ a r a s i t i c u s  can establish an 

epiphytic relationship with crops such as maize and goundnuts (Hill et al, 1985). The spores 

of these ~nouIds are able to germinate on the stigma of the plants, apparently mimicking the 

activity of pollen, and establish themselves in the developing seed. This epiphytic relationship 

seems normally to be benign but if the plant is stressed {usually by drought), then the mould 

mycelium becolnes more active and produces aflatoxin. Under these circumstances, aflatoxin 

may occur in apparently undamaged maize or groundnuts at harvest (Moss 1996). 

The complex ecology of A.Jlavus and A.pctr.nsilictts have been reviewed by Diener el 

uL(1987) and it  is now appreciated that A.parasilicus is well adqpted to a soil environment and 

is therefore prominent in peanuts whereas A.Javus seems to be adqpted to active development 

in the aerial parts of plants, such as leavesand flowers and is dominant in maize, cotton seed 

and tree nuts. That invasion from the soil rather than via aerial parts of the plant is important 

in the pre-harvest contamination of goundnuts with aflatoxins was demonstrated by Cole et d* 

( I  986) using colour mutants of A,jlavus and A.parasiiicus. In contrast, natural openings in the 

plant tissues such as cotyledonary nodes and nectaries at or near the time of anthesis, have 

been shown to be important in the infection of cotton seed (Klich 1986). Soil moisture and 
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drought stress are also important factors in the contamination of what appear to be normal, 

undamaged products post-harvest (Lacey 1989). Thus as much as 244 micrograms per kg of 

atlatoxins could be found in sound, mature kernels from a groundnut crop which has sutfered 

drought stress during growth. It has also been confined that water strcss conld be a major 

factor influencing aflatoxin contamination of maize (Moss 1996). 

2 6 .  Dccurrcnce of aflatoxins and fungi in general foodstuffs and animal feeds 

In all parts of the world, reports abound on the distribution of moulds and their 

consequent production of aflatoxins in foodstuffs. 

Johnsyn (1 98 8) isolated toxigenic species of A.flavus, A. ochraceus, A. tamarii, 

Penicillium cilrinum and Fusarium species from sesame seeds in Sierra Leone and AFBI and 

AFGl and other fungal toxins were positively identified. In Sudan, Hag.Elamin et cd(1988) 

observed that levels of aflatoxins were distributed according to geographical climatic feature. 

They also showed that from the samples analysed, that damaged pods had more levels of 

aflatoxins and mould contamination when compared with intact sound pods. According to 

them also, gray and red roasted pods also showed higher amounts of aflatoxins while 

groundnut paste was the least contaminated. A total of 4532 samples of Soviet union domestic 

and ilnported cereals and other foods were sampled for aflatoxin contamination. The results 

showed that 26.9% of peanuts, 2.2% of corn and 28.3% of cotton seeds were contaminated 

with aflatoxins at levels exceeding the maximum tolerated levels established in the U.S.S.R. 

(Smglkg) for AFBl in all foodstuff (Turelyarr r t  a1.198D). Mlinir el aZ,(1989) in Pakistan 

observed that only 41.6% of maize samples and 25% of red chillies assessed were 

contaminated with levels of I 1.12-82.33mg/kg for AFBl and AFBl 4 I .6mg/kg. In Fiji and 
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Tonga islands, local copra, cassava and maize samples were found to be contaminated, with 

maize samples only at a serious level. In the United States of America, food commodities 

including peanuts, peanuts products, tree nuts, cotton seeds, milk, spices and other 

misce!lmeous foods were analysed by Wood (1989). Correlations were highest between 

aflataxin contamination and geographical areas for corn and corn products and cotton 

seedlwtton seed meals. 

Zohri and Saber (1993) isolated 59 species and one variety belonging to twenty-five 

genera of fungi in Egypt from twenty-nine samples of coconzrt. The hngi  included A.j!cr\~u.s, 

A.t71ger, P.chry~oget~un~, C.clado.sporoides, Altert?ar.ia alternata, Rhizopus s to lon~r ,  

7i.rcl~~dcr.rna I~nt~~ai'~wt and Lurofitml cl?evaleri, Analysis showed that five samples tested of 

the twenty-nine were naturally contaminated with AFB, (15-25rngkkg) and three samples were 

contaminated with ochratoxin A (50-205mgkg). Price el a/. (1993) detected that 10 out of 

644 (1.6%) domestic corn samples and 7 of 106 (6.6%) domestic cotton seed samples 

contained aflatoxins at levels greater than 300ppb in a survey of naturalty occurring toxins in 

feedstuff in Rockville. Russell el crl. (1991) also noted that Fwrriurn species were the most 

predominant in maize samples in the United States, however, results from Beijing, where a total 

of 5,000 food samples classified into 104 kinds of 16 types showed that the ~atural  occurrence 

of AFB) in foods in Beijing was not serious (Jia 1991), though foods seriously contaminated 

with moulds were encountered. 

In a study carried out in Mexico, the 41 samples of corn analysed showed AFBI and GI 

465.3Ing'g and 1.59ngg to 57 . lngg  respectively, and of the 89.8% of samples 

contaminated with aflatoxins, 59.5% contained levels above the Mexican legal limits of 



20ndg (Torres-Espinosa ef al. 1995). In Sao Paulo, Brazil, out of 130 samples of post- 

harvest and stored COMS analysed, Fzlscri~im species was again the most predominant (S3.S%), 

A.spergrllrts species (40.7%) and 11 other hngi (Pozzi er al. 1995). In Honduras during 

October 1992 and November 1993, Ftrsariunz species, Penicillium, Slenocarpella, and 

A c r e m m m  species were 

encountered in a decreasing order of frequency from sixty-nine corn samples collected from 

pre-harvest standing crops and aflatoxins were detected only in the 2 samples heavily 

contaminated with AIJlavus (Julian el a/. 1995). 

Jespersen et a/. (1994) studied the maize dough fermentation for the production of 

'kenkey', a West African traditional food from Ghana; a mixed flora comprising C'ar~JIdcl, 

Succharonyce.~, Trrchosporor~, Khyveronyces arld Dehcrryomyces species were isolated from 

the raw maize during steeping and fermentation and high levels of aflatoxins were also observed 

in the raw maize 

Maize in flooded areas of the Bhagalpur district of India demonstrated heavy infestation 

with A.fkrvus and afiatoxins. Sixty samples collected from various fieid lots were positive in 

the bright greenish yellow fluorescence test. However, only 42 were found to be contaminated 

with deleterious levels of aflatoxins. Other fkngi on the maize kernels included A.niger, A. 

oc/rmcetr.s, P, cilrinm and Fzrsarium species and the AFBI ranged from 1 to greater than 

1000pg/kg (Sinha 1987). 

In the Phillipines, a survey on the aflatoxin contamination of various foods indicated 

that corn and peanuts were the two commodities that contained toxic levels of aflatoxins (Arim 1995). 









A study was carried out to investigate the microbial and aflatoxin contamination of 

cereals and cereaI products in Bangkok, Thailand. Results showed that rice and rice products 

were free from bacteria, one sample was contaminated witIv4FB1 (IOppb) and four with AFG, 

(20-50ppb). Two of the four samples cultured for fungus revealed A.niger. Out of the 30 

samples of peanut products, bacterial contamination included only BaciEhs species and 

13(43%) contained aflatoxins (40-780ppb) with a mean of 130ppb and AFGI (1  30-1 60ppb). 

A. jlrrvus was found in 8 samples and A.niger in 2 of the 13 samples. The soybeans samples, 

10 soybean oil examined were safe, 4 of 10 samples of fermented soybeans (tao-chiew) were 

contaminated with AFBl level varying from 10-20ppb and AFGl 20-I00ppb and 2 of the 4 

samples revealed A.niger. Beans samples which included garden pea {Lantao bean), Fava 

bean, Pigeon pea, red bean, black bean and green bean were studied. One sample of lantao 

bean contained 50ppb AFG,. Twenty corn samples studied showed that four contained 

aflatoxins, the amount varied from 30-140ppb of AFBI and 40ppb of AFGI (lmwidthaya et 

~1,1987) 

Stored and cooked samples of pear1 millet (Penn i~e tun~  ~phoibes)  were analysed in 

Bihar State, India. Of the 22 fungal species isolated, A.Juvus and A.puuusiticus were the 

predominant species (63.8%) during the rainy seasons, followed by other species of 

Aspergilltrs, Penci~l l ;~~,Fz~ariut~r ,  Rhizopus, Helminthosporium and Curvularia and reveal an 

alarming level of naturally produced AFB, levels between 17 and 2,110ppb in stored and 18 

and 549ppb in cooked samples (Mishra and Daradhiyar 1991). Samples of cereals and cereal 

products, seeds, spices and herbs, sauces and a variety of canned vegetables were allalysed in 

the United I<ingdorn. Trace levels of inycotoxins including aflatosins were detected in 
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samples containing cereals such as rice, corn flour, noodles and pitta bread (Patel et ~1,1994). 

I11 a survey carried out to detect the natural occurrence of aflatoxins and zearalentlle 

in maize samples from Buenos Aires and Santa Fe provinces in Argentina, among 2,271 

samples analysed, 1,214 (53.3%) were contaminated with mycotoxiils; AFB1 in 445 samplcs 

(19.6%); AFB2 in 92(4.1%) while zearalenone was identified in 676 samples (29.8%). AFG, 

was detected only in one sample and none of the samples contained detectable amounts of 

A12G2. Aflatoxins generally were not detected in the 1988, 1993 and 1994 harvests and in the 

other years, the contamination levels were low with the exception of 1989 (Resnik el alrl 996). 

The level of toxigenic rnouIds alld mycotoxins were also anaIysed in 62 samples of 

medicinal plant materials alld 11 herbal tea samples. The most predominant fungi detected 

were; Aspergillus, Penicillium, Mucor, Rhizopus, Absidia, Allernaria, Chdosparium and 

Trichodermu species. Aspergillusjlavus was present in 1 1 or 18% of the 62 medicinal plant 

samples and ochratoxin was found in one of the seven samples analysed (Halt 1998). Air- 

borne aflatoxins generated in rice and maize processing plants was assayed by an indirect 

competitive enzyme-linked in~munoabsorbent assay and high levels of air-borne aflatoxins 

were detected in processing plant elevator, the loadinglunloading area m d  the mill (Ghosh er 

a1.1997). 

Groundnut samples from 21 selected markets in the 10 regions of Ghana yieled high 

levels of aflatoxigenic A.fluvus and was associated with 3 1.7 and 12.8% respectively of all 

damaged and undamaged kernels assayed. Other fungi detected included A.niger 34% 

A.cnndidus 1.45%, A.lanzarii 3.93%, A,ochraceus 5.26%, Fusarium species 1.7%, Penicillium 

species 5.19%, Mucor spg 2.3%, Trichoderma spp, 0.2%, Rhizopus stolonger 12% and certain 
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unidentifiable hngi (1 1.72%). Matoxin levels of 168ppb were identified with damaged 

samples while none was detected In 50% of undamaged samples tested and very low levels of 

aflatoxlns ranging from 0.1 to 12.2ppb were associated with these undamaged samples (Awuah 

and Kpodo 1996) . 

Maize appears to be more susceptible to affatoxin contamination than other cereals 

sample in Nigeria Studies conducted showed that only 3.7% of millet, 6.9% ofsorghum, 4.7% 

of rice samples have detectable aflatoxins (Opadokun el a/. 1979). A study of Nigerian corn 

and com-based snacks revealed that 3 1 hngal species mostly toxigenic belonging to 1 E genera 

were isolated. Asprrgilhs, Penicillit~nl and Fuscrriurn species accounted for 10, 6, and 3 of 

the species and all together they constituted 90, 94 and 88% of all the total fungi in the corn 

and corn products respectively. Total aflatoxin levels recorded were in the range 25-770ppb 

for coni; 15-1070ppb for corn cake and 10-160ppb for corn roll snacks respectively (Adebajo 

el  a/. 1994). Elegbede (1  978) sampled sorghum during storage in Zaria, Nigeria and detected 

no aflatoxins and fi~sarirrm mycotoxins althou~h Aspergill~rs and Fzmw-im ~noulds were 

isolated in the samples. From a total of 48 samples of maize-based gruels used as weaning 

foods at Ilesha, Nigeria, 12 samples (25%) were positive for aflatoxins though at relatively low 

levels (Oyelarni et a/. 1996). Opadokun el  sJ. (1979) analysed cowpeas and noted that 

contamination of these legumes with aflatoxins appears to be low. Ogunsanwo el a/ .  (1989) 

detected similar levels in cowpea samples analysed in Western parts of Nigeria. 

Popoola and Akueshi (1986) in separate studies on soybeans in Northern Nigeria, 

no A.  jZavus, no aflatoxins and other mycotoxins were reported. In the work 

of Ibeh e ta / .  (1991) in Benin City, Nigeria, fifty percent of yamflour, 40% of 



cassava flour, 30% of gari, 20% of bean and melon and 10% of rice analysed yielded aflatoxin 

at varying levels. 

Nwokolo and Okonkwo (2978) showed that aflatoxin are present at a high level in 

most common foods stored poorly for Iong periods in parts of Eastern Nigeria. Aflatoxia 

ranges of 600 to I: , l  OOppb for groundnuts, 2.01)-350ppb for sorghum, 100-200ppb for maize, 

140-250ppb for rice, 10-125ppb for beans, 2-45ppb for cassava were revealed in their study. 

Adebajo and Idowu (1994) detected appreciable levels of aflatoxins and ochratoxin A in 

stored tubers of cassava in Nigeria while Ogunsanwo et uL(1989) detected no aflatoxins in 26 

market samples of 'Ogiri', a west African fermented melon seed condiment. 

Agbanlahor et al(1997) worked on the microbial burden of gari and cassava in Edo 

State, Nigeria and got BacilFhs species 75%, Psetrdomonas aevuginma 40%, and others, while 

for fungi, AspergiThs species were the commonest, followed by Rhimpus and PenciElium 

species. Of the 94 gari samples examined by Opadokun et aI. (l976), none had aflatoxins, 

though there was an intense fluorescence which has been identified as scopuletin by several 

workers including O bidoa and Obasi (1 99 1). Opadokun (1 9901, recorded mean aflatoxin B 

levels at ranges between 0 and 40ppb and 0-5ppb for sorghum examined in the North and 

Southern Nigeria respectiveIy, groundnuts 15 1 -767ppb and 0-2 16ppb for North and South 

samples respectiveIy, melon seed crop in the North with 0-24ppb, in the South, 0-Sppb; rice 

in the North 0-S6ppb, in the South 0-1 52ppb and cowpea in the North 0-7ppb and in the South, 

44ppb. Other foodstuff like soyabean, gari and yam flour recorded no aflatoxins in this work. 

Amongst the oilseeds, groundnuts are easily the most susceptible to aflatoxin 

contamination in all samples analysed (Crowther 1973). In Nigeria, studies show that over 
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60% of the crops examined showed aflatoxin levels higher than the al!owable limit by the FA0 

(Food and Agriculture Organization 19971, ie 30ppb. According to Obidoa (1975), the food 

crops most commonly infested by aflatoxigenic fingi include groundnuts, cereaIs, cocoa, 

coconuts, fruits and rootcrops, with aflaeoxins being detected with highest levels in the oil seeds 

and nuts such as groundnuts and copra. 

Obidoa and Obasi (1991) reported the aflatoxin levels of table foods sold in public 

eating places at Nsukka including gari, egusi, ora and bitterleaf soups and other foods as 

ranging between 99.84 to 268ppb for AFBI, while beans and stew ranged between 31- 

87.36ppb. Atawodi et a!. (1994) analysing animal feeds noted that groundnut containing 

materials were the most heavily contaminated, the highest value being 1862ppb in groundnut 

cakes. Eighty percent of feeds based on maize were found to be highly contaminated with 

aflatoxins (480mg/kg) and zearalenone (40mglkg) in Egypt. AFBI and AFBz were found in 

50% of cottonseed cake feeds, wheat bran meal 40% while soybean meal appeared to be a poor 

substrate for aflatoxin formation (Mahmoud 1993). 

In Reunion Island, out of a total of 150 samples of noted poultry feeds and raw 

materials andysed, feeds based on white corn and Brazilian Soybean meals seemed to present 

a better microbiological quality than those based on yellow corn and U.S. soybean meal. Mixed 

protein feeds presented a high total mould count reflecting the mould flora of the raw materials. 

The most frequent and abundant hngi were A. Jaws, A .  glaucus group, Fusariurn species, 

Penicillium species, A. candidus, Mucor species, A. resiricufus, Scopulariopsis species, 

Clcadosporium species and A. versicolorrn in order of decreasing frequency (Bauduret 1990). 



Occurrence of mycotoxins in raw ingredients used for making animal feed stuffs in the 

United Kingdom was reviewed by Scudamore eta!.. (1997). Matoxin B1 was the mycotoxins 

found most frequently, occurring in most samples of rice bran, maize products, palm kernels 

and cotton seed but not in 3 out of 20 samples of suntTowers, in none of the 20 samples of soya 

and in no samples of peas, beans or manioc. Maize products frequently contained an average 

of 4lvglkg of AFBI. Out of a total of 180 samples of poultry feeds collected during 1996 and 

1997 from different factories in the South of the province of Cordoba - Argentina analysed for 

moulds and aflatoxin production, the predominant species were A. j7avu.s and A. parcrsiticits 

for Asperg~lfus and P. oxaliczm~, P. purpurogenum and P ,  brevicompactun~ for Peniciflium 

species. Less frequently isolated were A, cnndid~rs, A. firmigotus, A. niger, A. oryzae, A. 

lerreus, A. tm~nrii, P. expansum, P. fiir~iculosim and others. The mean value counts ranged 

from I x 1 o3 to 9.5~10'  CFWg for the AspergilIus spp. and 21 of the 45 assayed strains (47%) 

produced aflatoxins. From them, 24% of the isolates produced AFBl and AFB;! with levels 

from 18 1 to 14,545 and 6 to 3,640 rnicrograms/kg respectively (Magnoli el al. 1998). 

AnaIysis of sorghum and maize used for feeds in Botswana showed a concentration of 

aflatoxins ranging from 0. I to 64 microg/kg for sorghum. Aflatoxins were generally detected 

in 40% of the samples analysed No aflatoxins were detected in maize (Siame ef a/. 1998). 

Thus, from the review, these toxic metabolites (aflatoxins) are produced in association 

with foods, animal feeds and forages which may be ingested to cause health problems to 

humans or farm animals. They are diverse in their structure, their biosynthesis and their toxicity 

and the hngi (A.  fravus group) producing them have diverse ecologies, ranging from obligate 

plant pathogens and endophytes to saprotrophs active in the field and post-harvest spoilage 

hngi active on stored cornrnadities. 



CHAPTER 3 

MATERIALS AND METHODS 

3.1 . Sample collection 

Samples of various cereals/grains rootcrops, oilseeds and their products serving as 

staple foods were randomly bought from stalls in the open market places located in three 

different areas of Enugu and its environs of Enugu State, Nigeria, during January t996 

through March 1998 for laboratory studies, 

Sampling periods corresponded to the dry harmattau cold seasons (November - 

February); Dry hot seasons (March - May) and the wet humid seasons ( Rainy season), 

June - October) of the entire research period. 

For the three groups of samples distributed in time and space, each sample was 

collected from three dealers in each of the three markets to cover a wider spectrum of the 

aflatoxins and microbial flora distribution. Thus a total of nine samples of each food item 

were collected from each of the three markets per season 3(3), making a sum total of 9(3), 

twenty seven san~ples for the three seasons of the year. For each food item therefore, 

2(27), fiftyfour (54) san~ples were collected and analysed for the two years of research. 

This was also done for the sac and basin (display) samples for more chances of microbial 

isolation, thus, making a total of (54 x 2) 108 samples per food item for the two years of 

study (Table 2). 

Samples were carefdly collected in sterile, well labeled brown envelopes and taken 

back to the Department of Medical Laboratory Sciences of the University of Nigeria, 

Enugu Campus for studies. Where studies could be done the same day, samples were 

stored at 4 ' ~  
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TABLE 2 
LOCAL STAPLE FOODSTUFFS ASSAYED FROM 19YG - 1998 

COMMON NAMES 

MAIZE 
a. Maize (Yellow variety) 

b. Maize (White variety) 

c. Fermented Maize Flour (Akamu) 
Yellow variety. 

Peanuts ( G r o u ~ ~ d  Nuts) 

a. White testa varicty 

b. Ked testa variety 

ACHA GRAINS jFI NDI)(I-IUNGARY 
RICE) 

a. Grains 

COWPEA (BLACK-EYED BEANS) 

a. White variety 

b. Brown variety 

c. Moi-Moi 

Soy - Beans 

OIL BEAN SEED [UGBA) 

SPECIES, AND 
NUMBER SAMPLED 
FOR TIIE PERIOD 

Clycirre rrrrrx Merr. 
2 7 

DESCIIIPTION OF 
COMMODITY USED. 

Maize Grains 

Maize Grains 

Fermented Flour 

Shelled nuts. 

Grains 

Fermented beverage. 

Potlrskum variety 

Jos variety 

Wet - milled and. 
steamed in leaves. 

Grains 

Fermented sliced boiled 
and wrapped in green 
leaves. 



COMMON NAMES 

MELON 
a. Egusi 

b. Ogiri 

CASSAVA 
a. Tubers 

b. Gari 

a. Ugbawka variety 

b. Abakaliki variety 

PIGEON PEA (Fio - fio) (Non-eye pea, 
Congo pea) 
a. Wliite variety 

b. Yellow variety 

SORGHUM (Guinea corn) 
a. Wliite variety 

b. Yellow variety 

c. Burukutu (PITO) 

AFRICAN (Ukwa) 
Bread fruit 

BAMDARA PEANUTS 
a. (Okpa - seed).(Stone grotlndnut, 
Madagascar pea) 

- 

SPECIES ANC 
NUMDEII SAMPLE 
FOR TIlE I'ERIOL) 

Crtcrtrrrh mela 
27 

5'orgltrrm hicnlor 
2 7 

Shelled seeds. 

Shelled fertnentaec 
paste product. 

Peeled t ~ ~ b e r s  

I:er~iie~iled fried grated 
:assavn 

Millcd dcl~au lletl 
2platid variety 
Swamp rice 

Nliite or brown Seeds 
Ex. lbadati and Ex. 
frinidad). 

:ereals, Yellow and 
Nliite varieties 

i lcoliolic fer~iientcd 
leverage. 

'erboiled shelled Seeds. 

Yell - ~iiilled, steallied 
11 leaves. 

DESCRIP'rION OF 
COMMODITY USED. 

- 

f 

I 

I 

- 



COMMON NAMES 

YAM 

MILLET (.10RO) 
(Dulrush graili), 

PLANTAIN 
a. Riped 

b. Unriped. 

CUCUNUT SEED 

COCO YAM (COCO 1NI)IA). 

SPECIES AND NUMUEH 
SAMPLED FOR 1'1 IE PERIOU 

I'errrr~isefrrrrr typlroidcs 
(Stapf & 14ubbard) 

M ~ r s n  snpierrtrtrrt 
27 riped 

DESCRI IyI'ION 01: 
C0MMOL)lTY USED. 

Peeled pieces. 

Cereals (Pearl  nill let). 

Riped fruils (peeled) 

Unripetl fruits (peeled) 

Shcllccl scetls 

Peeled 



- .  

in the refridgerator. Attempts were made to associate the products like Okpa (steamed 

pulverized bambara peanuts); moin-rnoin (steamed pulverized cowpea); Akamu; 

(fermented maize flour),beverages like burukutu (pito) and Kunnu (Slightly alcoholic drink 

and non-alcohoIic drink from sorghum and acha respectively) and Ogiri (shelled fermented 

melon paste) with the raw foods where applicable. 

Each food sample was divided into three subsampIes, A, B and C as follows:- 

A - for Mycological studies 

B - for Bacterial studies 

C - for the analysis of the natural occurrence of aflatoxins. 
, ' 

For soee foodstuffs, different varieties were examined for possible disparity in the 

microbial flora and aflatoxin loads. Examples are: white and yellow varieties each of 

maize (corn) and sorghum, (Guinea corn); white and brown varieties of beans (cowpea); 

pigeon pea (fio-fio) Cujanus cajan and groundnuts (peanuts) with white and red testae. 

3.2: Mycological Studies 

3.2.1 Isolation of fungi: 

SampIes, (5g) each from subsample A, were soaked in 5ml of antibiotic solution, 

(Penicillin G. Sodium 5,000 units and Streptomycin sulphate lmg/ml) for thirty minutes to 

eliminate bacterial contamination. The samples were then rinsed in sterile water before 

culturing on to the media listed below. 

( I )  Sabouraud-chloramphenicol agar medium (Difco) SAB-C, containing dextrose (40g), 

peptone (1 Og), agar (ZOg), distilled water (1 000rnls) and chloramphenicol 

(3m1/100ml). 



The media were then sloped in tubes. 

(ii) Aspergillus differential (ADM) medium of composition: - 

Tryptone (1.5%), yeast extract (1 .a%), Ferric citrate (0.5%), agar (1.5%), distilled 

water (1000ml) and tetracycline (30.0ppm). The tetracycline was added after autoclaving 

the rest of the media, after which the medium was poured into sterile disposable petri 

dishes and tubes. 

Qiii) Czapek-Dox agar (Difco), with the following composition: Distilled water (1000ml), 

NaCo3 (Sodium carbonate) (3.0g), K2HPo4 (Potassium hydrogen phosphate) (l.Og), 

MgSQ. 7H20 (Magnesium sulphate) (OSg), Kc1 (Potassium chloride) (0.5g), FeS04. 

7H20 ( Ferrous sulphate) (O.Olg), Sucrose (30.0g) and agar (l5.0g). 

(iv) Sabouraud agar (SAB - DIFCO). 

All chemicals used were obtained from Sigma Chemicals Company and were of 

'Analar' grade. Media were cultured with the pre-sterilized and rinsed food samples by 

pressing the samples on the surfaces of the slopes using pre-sterilized inoculating wire 

loops and were incubated for five to seven days at room temperature (28 '~) .  A loopful 

of the liquid commodities were also streaked on to the agar media surfaces. Methods for 

isolation were according to Collee et ah(1989). Fungal colonies growing on seed surfaces 

or on the culture media were each isolated and transfered to fresh Czapek- Dox media 

incubated to get pure colonies. 

3.2.2 Identification of fungal isolates 

Identification of the various fungal growth was according to Raper and Fennel1 

(1965); Haley and Callaway (1978); Kwong-Chung and Bennett (1992) and Frazier and 

Westerhoff (1991). The methods were entirely based on the macroscopic and microscopic 
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appearances. Macroscpically, they were provisionally identified from their gross colonial 

morphology and distinctive colonial colouration, while microscopically, it was based on 

the nature of the hyphae, conidiophore, colurnelIa, sterigmata and conidia through the 

needle mount technique, 

3.2.2.1 Needle mount: 

Using a sterile needIe, small bits of cultures of the fungal isolates were carefully 

lifted from the plates and pIaced on a microscope slide with a drop of 95% alcohol. The 

preparation was then gently teased out in the alcohol with the needles. When it had been 

satisfactorily spread, the alcohol was then allowed to evaporate and a drop of lactophenol 

cotton blue stain added. A cover slip was then applied, avoiding air bubble formation. A 

gentle pressure was exerted with finger tips if the hngus fragments did not lie flat. The 

stain was then allowed to penetrate before being examined microscopical1y. 

3.3 Bacteriological Studies 

3.3.1. Isolation of bacteria 

Food samples from sub sample B of about 5g amounts each, were placed in to 

nutrient broth, selenite-F broth and alkaline peptone water and incubated at 3 7 ' ~  for 18hrs. 

The broth culture of each item were then subcultured on to freshly prepared plates of the 

following media:- 

(i) Blood agar (Oxoid) for the isolation of all microorganisms 

{ii) Nutrient agar (Oxoid) for the isolation of some bacteria. 

(iii) Salmonella-Shigella agar (SS agar-Oxoid) for the isolation of SalmoneNa and 

ShigeIla species. 



(iv) Mackonkey agar (Difco) for the isolation of enteric bacteria. 

(v) Thoisulphate citrate Bile salt sucrose agar (TCBS - Oxoid) for the isolation of vibrios. 

All plates were incubated overnight at 3 7 " ~  under aerobic conditions, then examined 

for microbial growth. Isolated colonies were checked microscopically for purity. After the 

purity of culture was assured, identification was then carried out according to Collee ef a/. 

(1 989). 

3 .3 .2  Identification of bacteria 

Macroscopically, colonies were examined for the following characteristics: colonial 

morphology, colour, size, presence of haemolysis, and microscopically after Gram-staining. 

Motility and biachemical tests including catalase, coagulase, oxidase, Voges-Prauskaeur, 

Methyl red, indole and sugar fermentation tests were also performed 

3.4 Assay for the natural occurrence of aflatoxins in foodstuffs 

3.4.1 Direct ultraviolet (UV) viewing: 

Samples of the various grains, seeds, and other foodstuffs were subjected to the bright 

greenish yellow fluorescence (BGYF) presumptive test under the ultravoilet (UV) light at 

360nm, using the UV I m p  (Shirnadzu Corp. Kyoto, Japan). Fiuorescence indicates the 

presence of aflatoxins (Food and Agriculture Organisation, 1997). 

3.4.2. Preparation of Foodstuffs for Analysis 

Methods used were according to Imwidthaya eta/. (1987). Twenty grams of each food 

sample analysed was blended with 2.0g citric acid and 8.4ml of saturated sodium chloride 

solution for I min, in a Waring blender. Subsequently, 6Ornl acetone and 2g celite 



were added and rebIended for another two minutes and then filtered through Whatman No.40 

filter paper. The filtrate was shaken with 16ml lead acetate solution, 60ml water and 5.6g 

ammonium sulphate for I min and filtered. Pigments and other interferring substances were 

removed by this treatment. 

Neutral lipids were removed by extraction of each 125ml of filtrate with 40ml 

petroleum ether (SIGMA) using a separatory funnel. The aqueous portion was then extracted 

with chloroform (CHCi3) on a wrist-action shaker for about 2h. The organic phase (chloroform 

extracts) was evaporated to dryness under vacuum in a rotary evaporator and kept for use 

(Fig E) . 

3.4.3. Screening the Aspergillus flavus group of isolates for their aflatoxigenic 

potentials: 

Three hundred and sixty-nine (369) AspergilJusJlavus isolates from the food samples 

were each subcultured in sterile rice flour Iiquid medium in 5mI amounts per tube according to 

Mishra and Daradhiyar (1991) and Sinha and Misra (1979). Each culture tube was incubated 

for seven days at 2 8 ' ~ .  Each culture filtrate (1 Oml) was extracted by using equal volumes of 

chloroform twice. The chloroform extracts were again evaporated under vacuum in a rotary 

evaporator and kept for use. 

3 -4.4 Detection of aflatoxins 

The two dried chloroform extracts from 3.4.2 and 3.4.3 respectively were reconstituted 

in 1.5mI chloroform and filtered. Fifty pl aliquots of each extract were then applied to 

thin layer chromatography plates (TLC). As standards on the same plates, were 

spotted 50pl each of aflatoxins BI and G1 (IOpg/ml), B2 and G2 (5pg/ml). These 
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standards were obtained courtesy of Y. Weno of the Department of Microbial Chemistry, 

University of Tokyo, Japan. 

Thin layer chromatography plates (0.2mm thick, 20 by 20cm) consisting of aluminium 

sheets coated with silica gel, G6O(merck) were used in the study 

Prior to the application of these samples, a pencil line was drawn parallel to one edge 

and a suitable distance from it. A number of small crosses were marked on the line (equal 

distances apart) corresponding to the number of samples to be applied on the chromatoplate. 

Fifty microlitres of each sample were spotted on to the appropriate position with a short length 

carpillary tube. The spots were then allowed to dry. Drying was quickened by the use of a hair 

dryer or by directing a fan towards the plates. 

Fifty rnillilitres. quantity of acetone - chloroform (4:96) was introduced in a trough of 

udined tank, just enough to cover the tank with about Icm of solvent depth. After about thirty 

minutes time lag, to allow equilibrium to be reached in the tank, the lid was kept firmly in place 

while the chromatoplate developed. Plates were removed from the tanks when the solvent 

fronts have reached lOcm above the origin marked carehlly with a pencil. Running time was 

about one and half hours. 

The plates were again allowed to dry and observed under UV lamp at 360nm 

wavelength. Matoxins when present, appeared as four spots or less in the order of mobility 

BI, E2 (blue), GI and G2 (green). Sample spots were compared with standards. Identification 

was confirmed by spraying the plates with 25% sulphuric acid according to Moss (1996). The 

sulphuric acid was sprayed uniformly over the surface of the chromatogram using an 

improvised atomiser. Any aflatoxins present including the standards turned yellow. 
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I 
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waring blender I 
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60mI acetone and 2.0 gram celite 
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Filter through whatman no 40 filter paper 
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I 
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I 
To aqueous portion, add chloroform - acetone ( I  : 1) 

1 1- decant 
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F evaporate to dryness in rotary evaporator. 

Rotary evaporator (keep dry extract for use) 



3.4.5 Quantitative estimation of the aflatoxins 

Quantitative estimation of the aflatoxins detected was done following the methods of 

Nabeny and Nesbitt (1 965). Each aflatoxin spot was located with UV lamp and circled with 

a pencil. The circted zone was then cut out with a pair of scissors and the aflatoxin eluted 

from the paper with 3mL methanol. The process was repeated thrice. The eluates were then 

made up to l O m l  each with methanol and the quantity of the aflatoxins determined by optical 

density measurement at 363nm using a Bausch and Lomb Spectrophotometer (BL Spectronic 

2000). The optical density measurement at 363nm was also determined for the standard 

aflatoxins. 

The spectrophotometer was equipped with an indication for the concentration, 

transmittance and absorbence factors and the results were expressed as microgram per 

kilograms (pdkg) or parts per billion (ppb) or (pglml). Crosschecking of results was also done 

using the following formulae. 

Concentration - Absorbence of unknown x concentration of standard 

of unknown Absorbence of standard 

3.5 EFFECT OF MICROBIAL ECOSYSTEM ON AFLATOXIN PRODUCTION 

3 6 3.5.1 Microbial cultures and preparation of inoculum. 

A representative of each fbngal and bacterial isolate from the screened food items was 

included in the study. Each fbngus was grown as Sabouraud agar slopes at 2 8 ' ~  for ten days. 

Spores/cells were then harvested in sterile distilled water using a sterile inoculation loop 

accompanied by gentle agitation. The suspensions were shaken briefly and then filtered 

through four layers of sterile muslin cloth into sterile centrifbge tubes. The spores 

suspensions were then washed by centrifbgation in sterile distilled water and the 
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concentrations standardized at lo6 cells per ml using the improved Neubauer 

haemocytoineter (Marienfeld Germany), Yeast isolates were grown on yeast extract agar 

slopes at 28Oc for 72h, harvested in sterile distilled water, mixed well and was also 

standardized to lo6 cells/ml by using counting chamber 

Each bacterial isolate used in the study was grown on nutrient agar slopes at 3 7 ' ~  

for three days and harvested with sterile distilled water. Number of cells was determined 

by diluting lnd of the suspension with 0.1% sterilized peptone wafer and plating on to 

Nutrient agar (Difco). After 24hr incubation, the number of cells in the inoculum was 

estimated from the number of colonies, the volume of inoculum used and the degree to 

which the sample was diluted. The suspension was also standardized to lo6 cells/ml 

3.5.2 Cultural conditions for the microbial ecosystem studies 

3.5.2.1 Production of aflatoxin in semi-synthetic media 

Flasks containg 1OOml of yeast extract (Difco); (20g), Sucrose (200g) in one litre of 

water, (YES) broth were sterilized and inoculated with lml of a suspension of conidia 

(106/rnl) of each of the selected aflatoxigenic A.jZavlrs isolate and an equal volume of 

spores of each of the moulds isolated. Similar sets of inoculations in fresh media were also 

done using the A.Jaws and cells of the yeasts (S, cerevisiae, and Cnndida species) as well 

as the bacterial cells respectively. For the bacterial studies, the sucrose concentration was 

reduced to IOOg per litre of water to enable the bacteria to grow. Methods were according 

to Weckbach and Manh (1977). Each trial consisted of duplicate flasks of the specified 

cultures and control flasks of each culture with only the AJlavtrs.. 

Inoculated flasks were then incubated at 2 8 ' ~  for a total of 14 days. After 3,5, 7 

and 14 days incubation, aflatoxin concentration, amount of growth and PH of the broth 
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were determined. Cell concentration was estimated as earlier described. Mould growth 

was determined as dry weight of mycelium by filtering through Whatman No1 filter paper, 

washing twice with sterile water, drying at 5 0 ' ~  for twenty four hours before weighing. 

PH was determined with the aid of a digital Ph meter (Consort) or Universal indicator 

paper (PH 1 - 10 Merck). Aflatoxin in lOml of filtrate from each culture was extracted 

using the already described methods in earlier experiments. 

3.5.2.2 Production of aflatoxin in synthetic media 

Sucrose-low-salt medium of Gupta and Venkitasubramanian (1975) was used for 

this study. The composition was as follows: Sucrose, (85g), Asparagine (IOg), m4)2 SO4 

(3 Sg), KH2P04 (log), Mg S04. 6H2O ,(2g), CaCI2 .2H20 (75mg), Zn s0.1 7H20 (IOmg), 

MnCI?, 4Hz0 (5mg), Ammonium molybdate (2mg), Na~B407 (2mg) and Fe S04.7H20 

(2mg) made up to 1,000ml with double distilled water and steamed sterilized at 1 2 1 ' ~  for 

15minutes. Medium was adjusted to 4 5. 

Inoculations and extractions including determination of aflatoxins both qualitatively and 

quantitatively were as described for 3.5.2. I .  

3.5.2.3 Production of aflatoxin in food substrates 

The experiment was designed to investigate the potential effects of different hngal and 

bacterial co-cultures with aflatoxigenic A.fluvus in the various foodstuffs on aflatoxin 

development and on types and quantities formed in sterilized food items. Prior to that 

study, all food items used in this test were certified as aflatoxin free according to the 

method of F A 0  (1997). 

For each co-culture experiment, 12-20 undamaged grains, kernels or seeds of the 

various food items were placed on a double layer Whatman No1 filter paper in a glass 
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petridish. Five ml, of distilled water were added and the foods allowed to soak for 2h. in 

each of the dishes before autoclaving for 30min at 1 2 1 ' ~  stacked in a canister. 

A small wound was made in each kernel, grain, seed or food with a sterile 

microscapel. In m e  series of test plates, aflatoxigenic A.Jlnvus was simultasneously 

inocdated on to the individual foods with each of the fungi and bacteria as the sole partner. 

This was accomplished by micropipetting I drop (0.05ml) of each pairing consisting of 

mixed spore/cell suspensions on to the wounded area of the food item. Equal volumes of 

the earlier standardized cells and spores of the bacterial and fungal isolates used in 3.5.2.1 

were mixed with R.fl&rvzrs spores of a similar volume and inoculated and incubated for 

fourteent days. 

A second series consisted of incubation of some seeds, kernels and other food items 

inoculated with each of the selected fungal species and bacteria, followed by inoculation 

with A.fla~rs spores after incubating them for five days each. The test plates were then 

incubated an additional eight days. Controls consisted of food items inoculated with 

A.Javz~s alone in all cases. Test plates were all placed in a closed plastic container 

(Eleganza food flasks) to prevent moisture loss and incubated at 2 8 ' ~  for 3,5,7 and 14 

days. Food items were then transferred at the end of the incubation periods to a waring 

blender, item by item and treated as per the earlier experiments for the extraction and 

determination of aflatoxins both qualitatively 

and quantitatively. 



3.6 Role of metal ions in the aflatoxigenic potentials of the Aspergillus 
isolates 

The study was designed to examine the correlation between trace metal content 

and aflatoxin containation of foodstuffs analysed. The trace metals studied were Zinc 

( ~ n ? ~ ) ,  iron ( ~ e ~ ' ) ,  Manganese ( ~ n " )  and Copper (ru2+) all being bivalent metals. 

3.6.1. Trace metal levels in naturally contaminted foodstuffs 

Foods items (Kernels, grains, seeds and other foods) from where aflatoxins were 

earlier detected were selected for the study. Elemental analyses of endogenous metals of 

the food items were carried out by flame atomic absorption as described by Garcia ei  nl 

(1972). For the anaIyses, 2.0g of each food item after thorough washing with de-ionized 

water and blotting dry with sterile filter paper, was decomposed by wet-ashing in test tubes 

with 5rnl nitric acid to yield a clear solution. 

From this solution, the presence and quantity of the metals were then determined by atomic 

absorption techniques using the atomic absorption spectrophotometer (Buck model) of the 

Science and Training Center (STC) of the University of Nigeria, Nsukka. Calibration and 

sample data were derived from absorption readings as indicated on the recorder in the 

equipment. 

Single element hollow cathode lamps at the recommended current rating were used 

for all determinations. A three-slot burner was used for all the elements with fuel 

(acetylene) and oxidizer (air) at optimum flow rates for each elememt. 

Primal-y standard stock solutions were prepared from metals of high purity. 

Secondary working standard solutions were prepared from primary stock solutions 



covering a concentration range for each element De-ionized water was used for all the 

solutions used in the work. 

Ashing was achieved by transfering 2.09 of each sample into a 50ml beaker and 5ml 

of concentrated nitric acid (HN03) added. Each beaker was then well covered with a cover 

glass and placed on a hot plate at low heat for about one hour and a half, (90minutes) until the 

solution clears. As the I-IN03 is evaporated, dropwise additions of more of the acid are made 

as the sample starts to char, until a white ash appeared in each beaker. The beakers were then 

allowed to cool and sides rinsed with the de-ionized water and the mixture was then evaporated 

to dryness on low heat. 

Two ml. of concentrated hydrochloric acid (HcL) was added to each beaker and 

warmed still being covered. The walls of the beakers were once more rinsed with de-ionized 

water the mixture evaporated to dryness. More concentrated Hcl was added to each beaker 

once more and then each mixture evaporated to dryness on low heat. 

Two ml. of concentrated Hcl was again added to each beaker and warmed. Fifteen ml 

of the water was then added to each sample and heated for about 15min. The solutions were 

allowed to cool and transfered each to a 50ml volumetric flask, made up to votume with de- 

ionized water and stored for use. Ashing helps to oxidize all organic materials in the samples. 

3.6.1.1 Atomic absorption techmques 

The aqueous standard solutions earlier prepared were each aspirated. De-io~zed water 

was also aspirated alternatively between standards of various concentrations and also between 

samples to compensate for noise signal and instrument zeroing. A composite 

standard calibration curve was prepared from each series of single element standard 



solutions aspirated before and after the aspiration of samples at the wavelengths indicated 

for each metal. 

Absorption readings were converted to absorbence values for linear presentation. 

Concentrations of elements analysed were read off from the standard curve of 

concentrations against absorbence. 

3.6.2 Aflatoxin production in bivalent metal enriched media 

3.6.2.1. Studies with food substrates 

To each yrarn sample of the food substrates in 50ml Erlenmeyer flask, was added 

lml of the appropriate solution of a specific trace element. Aqueous solutions of the 

following compounds were used as trace element additives; ZnS04. 7H20, CuS04 5H20, 

FeCh MnSOs Hz0 in graded amounts. (0-1 OOOICcglg). Methods were in accordance with 

Lillehoj el u1,(1974). 

Test flasks were then autoclaved for 20 minutes at 121°c and the sterile substrates 

inoculated with 0.5ml of spore suspension (loG/rnl) of the aflatoxigenic A.Javus. Flasks 

were then incubated at 25" for 1- 14 days and 1 Om1 amount of each culture filtrate was 

extracted and aflatoxins detected qualitatively and quantitatively according to methods 

used in earlier experiments. Experiments were performed in duplicates and their means 

calculated. 

3.6.2.2 Studies with synthetic media 

A basal medium as described in Marsh, ef ala(1975) was used. The components of 

the basal medium were glycerol (20gL); NH4N03 (0.7g/L); KH2 Po4 (0.9gJL); 

(0.7gL); and MgS04 7H20 (0.75gL). Aqueous solutions of the trace elements additive 



were used in the experiment in graded amounts (0-25jg/rnl) after being adjusted to PHS.2. 

Twenty five milliliters of medium was then dispensed into serveral 250m1 flasks. The 

flasks were stoppered with cotton plugs and autoclaved for I 5min at 12 I'C. ARer cooling, 

they were needle inoculated with spores of the aflatoxigenic Aflavus, ImI (10~ln11) and 

incubated at 2 8 ' ~  for periods ranging between 1-l4days. After incubation, the PI of the 

~nedium, the fungal rnycelial dry weight and aflatoxin levels were determined as earlier 

described 

3.6.2.3. Studies with semi-synthetic media 

Two percent yeast extract sucrose media (YES) was 'prepared according to 

Weckbach and Marth (1977). The medium composition was as follows: Yeast extract 

(Difco) (ZOg), Sucrose (200g), distilled water (1L) and pH. 6.4. Twenty five millilitres of 

the medium was dispensed into each 250ml flasks and autoclaved and similar experiments 

and determinations conducted as in 3.6.2.1. 

Af levels are reported as the mean of the total aflatoxins of triplicate studies in the various 

experiments. 



CHAPTER FOUR 

RESULTS 

4.1 ISOLATION OF ,MICROORGANISMS FROM FOODSTUFFS. 

4.1.1 Fungi. 

The overall incidence of hngal organisms isolated from samples of the 18 

different varieties of food stuffs analysed for the two year period is presented in f;g.I. 

Of the fifteen identifiable fungal groups encountered, Aspergilltrs j7~wu.s group 

showed the highest incidence (34.S%), followed by Penicillium species (16.8%), A.niger 

(12.0%), Alfirnzigafus (8.6%), Fusarizrm spp, (7.8%), Mzicor spp, (4.7%), Rhizopus 

iw@-icans (3.2%) CJnu'oyoriunt sp p, (2.4%), Candida albicans ( I .  5O/i, Cnndrdn s p p , 

(1 04%), Cwvdorin spp, (0.94%), Geofrichm spp, (0.84%), Khodotoruln spp, (0.7%), 

Trrchoderma viride (0 6%), Sncchnromyces cerevisiae (0.3%) and Mycelia sterilia 

(4.10%). 

Table 3 shows the number of food items and products contaminated by fungi. 

Maize was the most cornmanly contaminated food item with an overall contamination rate 

of 25%, followed by peanuts (22.4%), cowpea and rice (6.1%) each; while the least 

commonly contaminated foods were Pigeon pea (0.9%) and coconut (0.5%). 



FUIIQUS Isolated 

Asp.lla=Aspe rglllus flavus group 
Asp.N=Asperglllus ~ h y e  r 
Asp fum=Asperglllus fumigatus 
Pen=Pe nlcllllum ~ p e c l e s  
Fus=Fusar lum a p e c l e ~  
Rhlz=Rhlzapus nlgrlcans 
Muc=Mucor mueedo 
CIad=Cladosporlum spe c l e ~  

C. alb=Candlda alblcans 
Ce~id=CatldIda spedes 
Sac.=Saccharomyces cehvlslae 
Curv.=Curvularla speclea 
Geol.=Geotrlc hum speclcs 
Trlch.=Ttlchodr? rma vlrlde 
Rhod.=Rhodotorula specles 
Myst.=Mycclla sle rllla 
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TABLE 3 
NO OF FOOD ITEMS AND THEIR PRODUCTS CONTAMINATED BY FUNGI ACCORDING T O  

IS IN THE SAM 

FOOD 
COMMODITY 

Maize 

Peanuts 

Acha 

Cowpeas 

Soyabeans 

Oil beans 

Melon 

Cassava 

Rice 

Pigeon pea 

Sorghum 

Breadfruit 

Bambara Peanuts 

Yam 

Millet 

Plantains 

Cocon~lt 

Cocoyarn 

TOTAL 
I 
I 

JNG PERIOD. 

SEASONS SAMPLED, n = 1188 

JOT DRY 
SEASONS 

RAINY 
SEASONS 

COLD 
HARM ATTAN 
SEASONS 

7 3 

7 5 

! 4 

19 

? 

5 

16 

6 

12 

I 

12 

2 

0 

6 

6 

7 

0 

4 

280 (26.8) 



The variety-wise distribution of mould contaminated food items shows that white maize 

(49 6%) was more contaminated than the yellow variety (43.5%). Peanuts of the white variety 

(68.8%) was significantly more contaminated by moulds than those with red testae (23 I%), 

(KO 05). White cowpeas (54.7%) were also more contaminated by hngal organisms than 

their brown counterparts (37.5%). 

The Abakaliki (swamp) rice variety (57.8%) was significantly more contaminated by 

moulds when compared with the Ugbawka (upland) rice (42.2%) (P<O.O5). Brown pigeon 

peas (88.9%) were also significantly (Pc0.05) more contaminated than the white variety 

(1 1.1%). While ripe plantain (66.7%) clearly doubled the unripe variety (33.3%) in terms of 

hngal contamination, there was no difference in this regards between the white and yellow 

sorghum analyzed (Fig.2). 

4.1.2 The Bacteria 

The bacterial flora encountered in the 18 different foodstuffs are presented in Table 4. 

The most predominant bacterial species out of the 23 1 bacterial isolates encountered 

were Bacillus suhiilis, (1 4.7%), S~repi~coccus~aecaEisis (1 4.3%), Escherichia coli (1 3.9%), 

Psetrdomoms aerrrginosa (1 0. 8%), Protezrs spp ( 1 0.0%) and Staphylococcus nureus (9.5%) 

while the least encountered was Serratia spp (0.9%). 

Figure 3 shows the number of food items and their products contaminated by bacteria. 

Acha (22%) was the most commonly contaminated foodstuff, followed by oil bean (ugba) 

(19.6%), maize and meIon (10.3%) each, while the least level of contamination (0.5% each), 

was noted in soybeans, pigeon pea and millet. 

The varietal anaIysis of the bacterial contamination of foods are shown in Fig.4. 
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TABLE 4 
;ENERAL INCIDENCE OF BACTERIAL FLORA ENCOUNTERED IN THE STUDY 

BACTEIiIA ISOLATED 

INCIDENCE (Oh IN 1 7 0 0 1 )  SAMPLES) 

HOT DRY 
SEASONS 

RAINY 
SEASONS 

3. (4.6) 

3 (4.6) 

6 (9.2) 

3 (4.6) 

7 (10.8) 

8 ( 1  2.3) 

5 (7.8) 

8 (1 2.3) 

3 (4.6) 

10 (15.4) 

9 (13.8) 

65 (28.1 ) 

COLD 
HARMATTAN 
SEASONS 

OVERALL 
TOTAL n =3564 



It 

I y p s  of Food Cointnodity Analysed 

b 

Fig 3:Nu:nbcr of food items and their products contarnlnated 
by bacteria 





Outside plantain and rice that recorded bacterial contamination only in the ripe samples, 

and Abakaliki varieties, there was no actual difference in the distribution of these 

organisms in sorghum, cowpeas, peanuts and maize in the different varieties 

4.2 Seasonal distribution of isolates duriug the study period 

The mould flora isolated from samples of the 18 different varieties of foodstuff 

taken during the hot dry season (March - May); the rainy seasons (June-October) and the 

cold harrnattan seasons (November-February) over a two-year period are presented in Fig, 

5. 

Of the fifteen ~rtould goups  isolated, A,J7criws group showed the highest incidence 

during the ralny seasons. making u p  36 9% of all fungal isolates encountered during that 

season and being isolated in 14.4% of the 1188 samples in that season. The incidence of 

this group of fiingi (9.45%) declined considerably in samples taken in the hot dry seasons, 

and In the cold harlnattan seasons (7 25%). In the hot dry season, A.ji'aws accounted for 

35.7% of all fungal isolates in that season and for 30.2% of those of the cold harmattan 

seasons. 

Other hngal agents with preponderance during the rainy season include 

A.rjwrgriht.9 triger which accounted for IS 6% of all fungal isolates, 1 I .8% of the hot dry 

season, and 1.4% of the cold harmattan isolates. It was isolated in 7.25%, 3.1 1% and 

0 32% of the 1 I88 samples of foods analysed during the rainy, hot dry season and cold 

harmattan seasons each respectively F~~scr r t~ in~  spp. trlre also encountered during the rainy 

season having been isolated in 3 95% of the samples analysed in that season, but onIy in 

0 32% and 2.70% of samples during the hot dry seasons and cold harmattan seasons 

respectively 
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F ~ t n g i r s  isolated . q . . 
E 3  Hot dry -EL3 Rainy seasun ~~ Cold liarmattan , * 

Af.p.lla~Aqxrgll1irn llav us group 
A~p.N=A.;pergillus niqer 
Asp turn-kpnrgllltcs lumlgarus 
Pen=Penlcllllum speclns 
F~ls=Fusarlutn spcclcs 
RhIr=Rhl?npus nlgrlcann 
Muc-Mtrcor mucedo 
Clatl=Cladosporlutn spec le  s 

C. alb-Cantllda alblcans 
CandKandlda specles ' 

Sac.=Saccharomyce s carev Islae 
Curv.=Curvularla speclos 
Geot.=Geotrlchum species 
Trlch.-Trlchoderrna vltldc 
Rhod.-Rhodotorula specles 
Myst.=Myce lla stc rllla 

. . 
' I . ,  . ' 

Pig. 5; General incidence of mycoflora In foadstuffa , 

., ' '  

m a l ~ s e d  in Enugu during 1996-1998 . . ' * 



Similar seasonality patterns were observed for Candida albicans, Saccharomyces 

cerevisiae and Trichoderma spp. ( which did not occur in other seasons at all), Curvularia 

spp., Geotrichum spp., CIaa'ospor.izcrn spp, and Rhizopus spp. 

Asyergillusfumigatus, however, showed a preponderance for the hot dry seasons of 

the research period, being isolated in 3.62%, 2.25% and 1.75% of the samples analysed in the 

hot dry, rainy and cold harmattan seasons each respectively. A similar pattern was also 

observed for Mucor muceub and most of the unidentified hngi  (Mycelia sterilia) were 

encountered in the hot dry seasons. For the cold harmattan seasons, only Penicilliun7 spp, and 

Rhodotonrln spp. showed pre-eminence when compared with other seasons. Penicillium spp. 

showed an incidence of 9.20% in all the samples analysed in that season and only3.45% and 

2.33% in the hot dry and rainy seasons respectively. 

Generally, however, the results show a significant difference in seasonality in the 

general incidence of mycoflora (P<0.05). Fungal isolations were made in 39% of all samples 

(1 188) during the rainy seasons, 26.5% during the hot dry seasons and 24% during the cold 

harmattan period. Out of all the hngi  isolated in the study (1062), the rainy seasons again 

accounted for43.6%, the hot dry seasons29.6% and the cold harmattan seasons 26.8%. 

Figure 6 summarizes the seasonality pattern for bacterial distribution in the study. In 

terms of the general incidence, the results show no significant difference in seasonality 

(P>0.05). However, 48.1% of all the bacterial isolates (23 1)  in the study was recorded in the 

hot dry seasons, while for the rainy seasons, 28.1% was observed and 23.8% for the cold 

hamattan period. Bacillus subfilis was isolated from 1.78% of all the samples analysed in the 

hot dry seasons with 0.25% and 0.84% in the rainy seasons and cold harmattan periods 



I ~ I ~ O I ~ I I S  spp, all other bacterial organisms showed a preponderance for the hot dry seasons. 

(3.732 1 ppb), followed by white test? r , v n T l t q  [2 304 5 n+\, roasted red testa peanuts 

or contained non-toxigenic stmins. 

Table 5 sum~nar-izes the distr-ibution arid concentration of thc various aflatoxins 

according to food items. Maize and its products had a total of 25 samples (out of 324) 

contaminated with aflatosins; 85.7% of this fi~wrc contai;:cJ nilatoxigenic strains of 

A. jkrs~rs  while the remaining 14.3% contained either non-~osigc~-lic / I f l w c ~ . s  or none at all. 

Two san~ples,l~owever,that contained tosigenicA.Jjr~~vm corltai~led no nflztoxins. 

Peanuts (43 samples out of 374) were rlaturally contminztcd by aflatoxins; S3.8?4 

contained aflatosigenic A.J/twrts while 16.3% contained non-tosi~cnic A .  f lc~vm strains or 

Eone at all 

Breadfruits (8 samples out of 108) were naturally contaminated by aflatoxins wlth 

75% habauriny aflatoxigedc A.jluvrts while 25% contained none. Melon (1  I samples otrl 



Food Commodity 

Pi& 7: - - -  Natural Avexage afla.t;oxbs b v e l s  





I (14.3).  
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Avg. amount o f  APB I 



Ave, amount oTAFBI 



I\ I .1.;111gc.(ppI)j A y g L g i ! ~ ~ > ~ ! ~ ~ ~ ~ [ ~ l ~ I ~  
. ? ( I  NI )  
21 - 5 0  K l )  
5 1 - 100 N I )  
1 I 1  1 - 700 NI )  
7 0  1 - 500 NI)  

I - llloo NI)  
I00  I - 20f)O 1 I .wc 
. 'OOO NI > 

I I )  ( ' : \SS / \ \ 'h  11 = 2 

Avg. amount of AFl3 1 

3 70 1.4 
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of 2 16) were found to be naturally contaminated with aflatoxins, 63.6% harboured the 

toxigenic strains of A.jlnvus while 36.4% had none. For cowpeas, out of the 7 samples 

(out of 324) naturally contaminated by aflatoxins, only one sample (moin-moin) which is a 

milled and steamed cowpea product contained no A.fluvus at all. An almost similar trend 

was observed for some other foodstuffs, though some like rice (1 1 samples out of 216) 

were found to harbour aflatoxigenic strains of A , ~ ~ U I ~ U S  from which aflatoxins were 

detected in all but  2 samples and no sample without A.Javus at all, or with non-toxigenic 

strain were found to contain aflatoxins. 

For maize, out of the 28 samples harbouring toxigenic A.jlawts strains, 17.8% 

contained aflatoxin B1,  60.7% contained Bi + B2 while 7.2% contained B1 + B2 + GI.  All 

the millet samples contained either MB, or AFBl +AFB2 onIy. All the rice and acha 

samples contained AFBl i- AFB2 For sorghum, out of the I2 samples containing 

aflatoxin, 11 had aflatoxin BI + B2 while only one sample had the AFGl toxin in addition. 

Most peanut, melon, cowpea, cassava, cocoyarn and yam samples contained the B 

and AFGland or AFG2 toxins while all the eight samples of breadfruit contained BI and 

4.3.1 Natural aflatoxin load according to food class 

In the whole results, both for those samples containing aflatoxigenic A , f l a v ~ ~ ~  

strains and those containing nowtoxigenic strains or none at all from which natural 

aflatoxins were detected, the mean aflatoxin BI (AFBI) load is presented in Figs, £3- 11 

according to the class of foods. 



Fip re  8 shows is the breakdown for ceredcereal products. White sorghum yielded the highest 

value with a mean AFBI of 22 lppb, millet (203.5ppb), yellow sorghum (200.4ppb), Abakaliki 

rice (l93ppb), yellow and white maize (l55ppb and 114.8ppb) respectivefy. 

Figure 9 represents the mean AFBl values in protein foods. Breadfruits ranked highest with 

a mean AFBI of 170.9ppb, bambara peanuts (124 3ppb) and cowpea (white variety and brown 

variety) with meall AFBI values of 39 7ppb and 3 1.2ppb respectively. 

No aflatoxin was detected in oil bean seed (ugba) while soybean was the least with only a mean 

AFBl value of 9.4ppb. 

Figure 10 represents the mean AFBl values in Iipid foods. The highest value was recorded for 

roasted red peanuts(1,38S.3ppb), cocmut seed (927.3ppb), white testa peanuts (876ppb), 

melon (690.8ppb) and red testa peanuts (5 1O.Sppb). 

Figure I 1  shows the mean AFBl values in carbohydrate foods. k p e  plantain had the 

highest level of mean AFBI in this group with a value of 95.3ppb, yam (2 lppb), cocoyam 

(1 5.2ppb), cassava (&.3ppb), unripe plantain (6.6ppb) while gari had none at all 

Generally, the lipid foods ranked highest among all food classes in terms of aflatoxin 

levels. For the 43 peanut sarnpIes found to be naturally contaminated with aflatoxins, 67.4% 

had an average AFBl content of >50Oppb, 27,9%, (>100ppb) and 4.7% contained less than 

1 OOppb (80.9ppb). Of the I 1 samples of melon seeds found to be naturally contaminated with 

aflatoxins, 9(81.8%) contained aflatoxin B1 average value of >200ppb, out of which 

5(55.6%) were found to contain AFBl mean value of >1000ppb. The remaining 2 

samples contained AFBl mean of rI000ppb. Similarly, of the 4 samples of coconut, 

with natural aflatoxin contamination, all contained mean AFBI of >500ppb 

Carbohydrate foods seemed to be poor substrates for anatoxin production. Only one 
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sample (ripe plantain) contained AFB1 mean value of >50ppb while most other carbohydrate 

foods had a mean AFBl <20ppb. This quality is shared almost with the protein foods where 

outside some breadfruit samples and some bambara peanut samples that contained mean AFB, 

values >1 OOppb, all others were e40ppb. 

Next to Lipid foods are the cereals, where quite a good number of samples including 

maize, millet, sorghum and Abakaliki rice had AFBI mean values >200ppb. Acha (Findi) and 

Ugbawka rice were generally poor in AFBI yield. Products of the various foods including those 

of maize (Akamu or Ogi), (24.7ppb); Acha (Kunnu beverage) (29ppb), white sorghum 

(Burukutu beverage) (17 i'ppb), white cowpea (Moin-moin) (16.9ppb), bambara peanuts 

(steamed cake-okpa) (39,2ppb), melon (Ogiri fermented condiment), oil bean seed (Ugba), 

(fermented sliced pieces), cassava (Garri), were all found to be very poor in aflatoxin yield, 

with very low levels of aflatoxin detected or none at all. 

4.4. Aflatoxin production by Aspergilusfivus isolates: 

The results of the 369 isolates of A.fluvu.s group screened for aflatoxin production are 

shown in Tabk 6. Only 34.1 % were found to be aflatoxigenic while the remaining 65.9% were 

non-aflatoxigenic strains. Of the toxigenic strains, 24.6% produced only AFB,, 24.6% 

produced AFB ,+B2, 27.0%, AFB,+B2+GI, I 1.10%. AFB1+B2+Gl+G~, while the remaining 

12.7% produced AFB1+G1. 

Table 7 shows the results of the analysis of the aflatoxigenic strains for AFBI 

production range. 

Eighteen isolates produced AFBl in the range of <50pg/ml, nine, within the range 51 to 

lOOu~ml and thiny three in the range 101 to 150pg/ml Forty tive were in the range of 15 1 to 







200~g/ml, with sixteen in the range of 201 to 250, and the last five, in the range 25 1 to 

30Opghnl. 

Figure 12 represents the distribution of A.,f.?uvzavus organisrns/toxigenic strains in the various 

food varieties. 

White peanuts contained the highest number ofA.fluvus orsanisms (6 1) representing 

16 5% of the entire 369 A.Jnvus organisms encountered in the study. Twenty-nine percent 

of these were found to be aflatoxigenic. Next was white maize with 42 A.flaws organisms, 

which is1 1.4% of the entire 369 isolates and from which 19% were aflatoxigenic. Yellow 

maize (33) ranks third being 8.9% of the entire A.fluvu.s isolates and from which 48.5% were 

toxigenic. Next in a decreasing order of frequency is red peanuts (23 or 6.2%) with 43.5% 

being aflatoxigenic; white cowpeas and melon seeds (17 or 4.6%each) with 23.1% (for white 

cowpea) and 47.1% (for melon seeds) being toxigenic; Abakaliki rice ( 1  5 or 4.1 %) with 

53.3% being aflatoxigenic. Breadfruits contained 14, being 3.8% of the total a.flavus with 

42.9% of these isolates being aflatoxigenic, while yellow sorghum and roasted red peanuts had 

12 each being 3.3% of the entire Alflavza isolates with 41.7% and 66.7% being aflatoxigenic 

in each sample respectively. 

All the processed products including akamu (ogi), kunnu, moin-moin, garri, burukutu, 

ogiri and bambara cake (okpa) had the least numbers of A.$avzis as well as the aflatoxigenic 

strains, with moi-moi, ogiri and garri having no toxigenic strains at all. 

Though oil bean seeds contained nine A.$CNU.S organisms,only one was found to be 

aflatoxigenic Soybeans also had only three Afravus organisms out of which only one strain 

was aflatoxigenic. 
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Varietal differences were equally observed in the distribution of aflatoxiyenic strains of 

A.flavus. Thus, yellow maize contained more toxigenic strains than the white variety; 

white testa peanut had more toxigenic strains than the red testa variety; white cowpea more 

than the brown type and Abakaliki rice more than the Ugbawka variety. There w e r e  

however no differences between the cantentsof toxigenic strains of AJLcwus in the white 

and brown pigeon peas, white and yellow sorghum, and ripe and unripe plantain. 

4.5 EFFECT OF MICROBIAL ECOSYSTEM ON AFLATOXIN 

PRODUCTION (FUNGAL ECOSYSTEM STUDIES) 

The qualitative and quantitative effects of microbial ecosystem on aflatoxin 

Production in the various food substrates are shown in figures 10 - 5 1 and Tables 8 - 1 1 

Each set of experiments involved different food classes with A .  JZcwus in monospecific 

culture and then in partnership with other organisations encountered. 

4.5.1 The cereals: 

The cereals include the following: Maize and sorghum (white ad yellow 

\fa1 iet~es), acha grains, rice (Abakaliki and Ugbawka varieties) and millet. 

( 1 ) A. .flc~vus monoculture. 

The results with A.f luws En monoculture in the cereals are shown in 

Fig. 13 

From here, a similar trend was obtained for all cereal grains, each yielding only the 

'B' aflatoxins (both B1 and Bz) which levels gradually decreased over the days of 

incubation. On the third day of incubation, the highest levels of aflatoxins were 

~ b y r l o d  for millet (480.3 ppb), being followed in a decreasing order by white 

sorghum (367,9ppb), yellow sorghum (290 6ppb) with acha recording the least 

74 
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J (17.3ppb). The decrease over the days of incubation from day three to fourteen was 

statistically significant for all the cereal grains, (P<0.05). Yellow maize had higher AF 

levels than the white variety. 

The Abakaliki rice produced almost three times the amount of aflatoxins in the 

Ugbawka rice. The differences in the AF levels over the days of incubation in the two 

rice varieties were also statistically significant (P<0.05), though the decrease from the 

third day to the fourteenth day was more for the Ugbawka type. White sorghum also 

yielded more AF levels in all the days of incubation than the yellow variety, though the 

decrease over the days of incubation was more in the yellow variety. 

(ii) Dual culture experiments. 

When A. Jaws  was in dual culture in all the cereal grains with Rhizoyus 

spp., AF levels were significantly inhibited over the days of incubation (P<0.05) with 

the exception of Ugbawka rice and acha grains when compared with the monoculture 

results. The decrease was more in the yellow maize when compared with the decrease 

in the white variety and about five fold in the white sorghum but less so in the yellow 

variety. Comparing the two varieties of rice, the Rhizopzrs spp. inhibited AF production 

more signiicantly in the Abakaliki variety than the Ugbawka variety (PC0.05) (Fig. 14). 

A general reduction in aflatoxin levels was observed with Saccharomyces spp. 

in dual cultures in all the cereal grains. This reduction was, however, significant 

(PC0.05) only in the white sorghum, millet and Abakaliki rice. With acha grains, the 

reduction became significant only after day five of incubation (Fig. 15). Figure 16 
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shows the effects of Penicilhtrm spp, when in dual culture with A. j7avtr.s in the 

cereals. Generally also, there was a reduction in AF levels in all the cereal grains 

over the days of incubation with the reductions observed for yellow maize and 

white sorghum being significant (P<o.os). In the Abakaliki rice, AF levels were 

significantly reduced only on the fourteenth day of incubation, though generally 

more significantly reduced in all the days of incubation when compared with the 

Ugbawka counterpart (PcO.05). 

Specifically, afl atoxin B I  was significantly reduced in all the cereals 

grains with a subsequent slight increase of AFB2 except in the Ugbawka rice. In 

acha grains, a significant reduction of AFBI was observed too and a production of 

AFB2 that was not formed when A.Juvus was in monoculture in the grains. 

When Cludosporiztm spp. wsn in dual culture with A. ,t7uvus in the cereal 

grains, there were no differences in the AF levels both in the single and dual culture 

experiments, though a slight stimulation was recorded for the maize varieties and 

acha grains (Fig. 17). Czrrvzrlarin spp in the dual culture experiments increased the 

levels of aflatoxins in all the cereal grains with the stimulation being significant in 

the white maize, yellow sorghum and millet seeds (P<0.05) (Fig. 18). 

figures 19 and 20 show the results of the dual culture experiments with 

Fusur.irrm and Rhou'ororula species. In all the cereals, both moulds significantly 

reduced the AF levels (P<0.05) with the effects of Rhodok~l-ufa species being much 

more significant However, I;iwariun~ spp,affected the Ugbawka rice more than the 

Rhudufnmla spp. 



(qdd) slaAa1 u!xop 



D
A

Y
S

 O
F

 IN
C

U
B

A
T

IO
N

 

Fig. 18: EC
O

SYSTEM
 STU

D
IES W

lTH FU
N

G
I (C

ER
EALS) 

(A
. F

LA
V

U
S

 A
N

D
 C

U
R

V
U

L
A

R
IA

 sp
p

) 

M
aize 

: I 
+Y

ellow
 

M
aize 

I 

+W
hite 

S
orghum

 

-+-Yellow
 

S
orghum

 

+M
illet 

+A
bakaliki 

R
ice 

R
ice 



D
A

Y
S

 O
F

 IN
C

U
B

A
T

IO
N

 

) --cW
h

rte
 

I 
M

aize 

+Y
ellow

 
M

aize 

-+W
hite 
S

orghum
 

+Y
ellow

 
S

orghum
 

+A
bakaliki 

R
ice 

-
 Ugbaw

ka 
R

ice 

Fig 19: 
EC

O
SYSTEM

 STU
D

IES W
lTH FUNGI (C

ER
EALS) 

(A
. F

L
A

V
U

S
 A

N
D

 F
U

S
A

R
IU

M
 sp

p
) 





Both moulds in dual cultures with A. j7aw.s completely abolished AF in acha grains. 

Geofrichum spp when in dual culture with A. fl~27,u.s. had no effects at all on AF 

levels when compared with the levels when A. JDWLY was in monoculture in all the 

cereals (Fig. 211, while Cmdrdo alhicans stimulated AF production in all when 

corrlpared with the results when A. j7av1r.s was in single culture, (Fig 22). 

Mucor species in the dual culture experiments significantly reduced AF levels 

in all the cereals (PC0 05) ,  except the Ugbawka rice and acha grains The reduction 

was also more significant in the yellow maize when compared with the white maize 

(Pc0.05) (Fig. 23). The dual cultures with A. fijirn~igatus and Trichoderma spp. with 

A. j7ctvrr.s on all the cereals completely abolished the production of aflatoxins 

4.5.2 The oil seeds 

The oil seeds include the following: Peanuts (white and red testae varieties); melon 

seeds and coconut seeds 

( 1 ) A. f7mu.s in r~ronocultrtrc. 

Figure 24 shows the levels of aflatoxins produced over the days of incubation 

when A. j7ctvr1.s was in single culture in the oil seeds. From the results, it  could be seen 

that a similar trend was followed by all the oil seeds. Generally, high levels of 

aflatoxins were produced by the oil seeds which increased by day five of 

incubation and generally dropped by day seven, increased again by the tenth day 

and still higher by the fourteenth day of incubation for the two varieties of peanuts. 
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For the melon seeds and coconut seeds, the decrease continued into day ten and then 

got much increased by the fourteenth day. 

Coconut seeds yielded the highest AF levels, up to 2036.6 ppb by day 

fourteen, followed by the white peanuts (1538 ppb); melon seeds, (S84,3ppb), with 

red peanuts (682.9ppb) yielding the least. Thus, the oil seeds generally gave a 

biphasic curve pattern in aflatoxin prouction over the days of incubation. The oil 

seeds yielded both AFB,, B2, GI and G2. 

Dual culture experiment. 

f i h i t ~ p ~ s  spp,in dual culture with A. Juvwi in these seeds, very 

rignificantly inhibited AF production (P<0.05) (Fig 25) A. niger qnd A .  jirmigutrrs 

also significantly reducqAF levels in all the oil seeds (P<0.05), though less so than 

Rhiz0p11.s spp. for day three but by the fifth day of incubation, a more serious 

reduction was recorded which got completely abolished by the seventhday till day 

fourteen, though very minute traces were left for melon seed and coconut seeds 

(Fig. 26 & 3 4). 

Sc~cchnronyces and F~rsnrim species both also significatly decreased 

AF levels in all the oil seeds (P<O.OS). though the reduction was less with 

F~rsari~rnz spp. Per7icilliunr spp. in dual culture with A. jltlvtw in the two peanuts 

varieties, also significantly reduced AF levels I(P<0.05), though more so in the red 

variety than white type. More specifically, almost a similar pattern of reduction 

was observed as in the cereals. The aflatoxin BI, GI and Gr were significantly 

reduced (P<0.05) while the AFB2 was slightly stimulated in the two peanuts. 

However, for the other oil seeds, melon seeds and coconut seeds, there was only a 
110 
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slight increase in the levels of afL-,bx;ns in all the days of incubation (PC0.05). 

Specifically, the AFB,, Bz, GI and G:! levels were all slightly stimulated (Figs.27 

28, 3 1). 

Clndosporiunl spp. had a mixed trend on the oil seeds while in dual culture 

with A.flcri.rrs. While AF levels in the two peanut varieties were reduced, levels in 

melon seeds and coconut seeds were increased (Fig. 29). Curvuhria spp. on the 

other hand, increased AF levels in all the oil seeds throughout the incubation 

periods when in dual culture with A, jlavus, when compared with the levels in the 

A. Jaws monoculture expe~iments (Fig. 27). F ~ B  29 and 33 show the effects of 

Rhodoloruh and Mucor species on aflatoxin production when in dual culture with 

A.  flaws respectively. It could be seen from the results that in both experiments, 

AF levels were significantly reduced when compared with the levels in the 

monoculture experiments with A. flaws (P<O.OS). powever, the Rhodotarda spp. 

reduced aflatoxin levels in the two varieties of peanuts more than the Mucor spp 

while the reverse was the case for melon seeds and coconut seeds. 

Both Geofrichilrrrr spp. and Candidn alhicans stimulated the production of . . 

aflatoxins in the oil seeds though the stimulation was more with Geo/richum spp. 

than with Ccmdida spp. More specifically though, the increase in the AF levels in 

the two peanut varieties with both yeasts was less in all the days of incubation than 

with melon seeds and coconut seeds (Figs30 and 32). Trichoderma spp-again 

completely inhibited aflatoxin production in all oil seeds when in dual culture with 

A. f2avus. 
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4.5.3 The protein foods 

The protein foods include cowpeas (white and brown varieties); soyabeans, 

breadfruits, bambara peanuts, pigeon peas (white and brown varieties) and oil bean 

seeds. 

(i) A. jlavils in morlocu/iweS 

f i  37 shows the levels of aflatoxins produced when A. Juvus 

was in single culture in all the protein foods. Specifically, aflatoxins B1, Bp and GI 

and /or Gz were all produced depending on the food item. 

The white cowpeas by day three of incubation, yielded AF levels of 

84.4ppb which showed no differences up to the fourteenth day of incubation. The 

brown cowpeas, on the other hand, yielded significantly lower levels of aflatoxins 

by the third day of incubation (28.7 ppb) and similarly showed no differences again 

up to day fourteen of incubation. AF levels in soyabeans was quite low (3.8ppb) by 

the third day of incubation, then continued to increase significantly by days five, 

seven and about trippling by the tenth day (10.2 ppb) with a slight decrease (7.3 

;eon peas of both varieties yielded about a similar 

level w i l l lawmm uric: ILK U I U ~ ' ~  cowpeas (22.4 - 24.2 ppb) by day three of 

incubation and which levels showed no differences all though the incubation 

periods. There was also no differences in AF yields between the brown and white 

plgeon peas. 

Breadfruit yielded the highest AF levels among all the protein-rich 

foods, hsd; og 246.3 ppb by the third day and this continued to increase gradually 

over the days of incubation with the highest value (327.4 ppb) being obwr~cd on 
r 2 2  
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day fourteen. Bambara peanuts ranked next to breadfruits in the level of aflatoxins 

produced; yielding about 162.9 ppb by day three, which increased gradually typical 

of most of the protein foods with a drop to 157.6 ppb by day fourteen of incubation 

The oil been seeds recorded only 17.8 ppb by day three and this rather 

decreased significantly ( K O  05) over the days of incubation and getting completely 

abolished by the tenth day of incubation Specifically, for the protein foods, a 

pattern of gradual increase was recorded in AF levels over the days of incubation, 

with a slight drop on the fourteenth day of incubation with the exception of 

breadfruits which: levels continued to increase till day fourteen and the oil bean 

seeds that got abolished with time. 

(ii) Dual culture experiments 

F3i,w5 38 and 39 show the effects of i ( h m p s  spp, and Smchnromyces spp, 

on f& production when in dual cultures with A. ,Jl~zvrrs. Both organisms decreased 

AF levels in all the foodstuffs except breadfruits in which there were no effects on 

AF levels when compared with the levels when A. firvrrs was in monospecific 

cultures Both fungi also completely abolished the aflatoxins in soyabeans. 

Xhizoptrs spp.significantly reduced the AF levels in brown cowpeas 

(P<0.05) AF levels in bambara peanuts, white and brown pigeon peas were also 

significantly decreased by both fungi (P<O.OS), though Hhizupus spp, decreased the 

aflatoxins more Aflatoxin production in the oil bean seeds were also reduced by 

both fungi though Xhizupr~s spp.effected it  more and even, abolished the little trace 

of aflatoxins by day seven 
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There were no differences in the aflatoxin levels in all the protein foods 

when Peniciiliurn spp was in dual culture with A. &vus and when A. Jlnvzrs was in 
\ 

inonoculture except the slight stimulation recorded in bambara peanuts from day 

ten to fourteen and the higher increase recorded for the breadfruits. However, the 

AF was completdy abolished rn the oil bean seeds in the dual culture experiment 
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the two varieties of pigeon peas while having no effects in the oil been seeds and 

brown cowpeas. Geohichun~ spp.~owever,also had no effects in barnbara peanuts 

while Cmdidn spp,stimulated AF production in this foodstuff. Both yeasts also 

decreased aflatoxin levels in the breadfruit though significantly with Geoirichm 

spp.(P<0.05). Cur~didu spp,had no effects on AF production in soyabeans while 

Geufrichun) spp,slightly increased the levels. Also,while the levels of aflatoxins 

were stimulated in the white cowpeas by Cmtdida nlbicnrrs, Geoirichm species 

decreased it (Figs 45, 46). 

Mucor spp. when in dual culture with A.$'av~.s in white cowpeas and 

breadfruits, stimulated the production of aflatoxins but significantly decreased 

same in barnbara peanuts, the pigeon peas and the brown cowpeas (K0.05) while 

completely abolishing same in soyabeans, and oil bean seeds (Fig. 47). 

Tricho~iernm s p ~ ,  A,r?igw and A. .ftrnngcrlm all abolished the production of 

aflatoxins in all the proteindich foods in this study. 

4.5.4 The carbohydrate foods 

The carbohydrate foods include plantain (ripe and unripe varieties), 

cassava, yam and cocoyam. 

(i) A. flavus in rnonocluture 

Cassava, yam and cocoyam all produced afl atoxins B, and /or B2, GI 

and /or G2. Ripe plantain produced the highest aflatoxin levels about 112.5ppb by 

the third day of incubation, followed by yam (98.6ppb), cocoyam (30.8 ppb). 

cassava (13.5ppb) and unripe plantain (12.8ppb). A similar trend was established 
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as for the cereal grains The aflatoxins decreased over the days of incubation, 

yielding the least levels on the fourteenth day of incubation (Fig.48). 

(ii) Dual culture experiments. 

When A. j7avus was in dual culture w ~ t h  Rhrzopzrs spp., Sncchummyces, A. 

jirmrgntus and Mucor spp, respectively in the carbohydrate foods , AF production 

was completely abolished in cassava, yam and cocoyam. A. jirnirgatzw and Mucor 

spp, additionally abolished aflatoxin production in unripe plantains also These four 

fungi also significantly decreased AF levels in the remaining carbohydrate foods 

(ripe and /or unripe plantains), (P<O 05) 

Pemcrllr~rm spp. s~gnificantly (P<0.05), decreased AF levels in all the 

carbohydrate foods while completely inhibiting AF production i n  cassava and 

cocoyam. Specifically too, the AFBl were either completely inhibited like in the 

yams or significantly reduced like in the plantains, while the AFBz was slightly 

increased The AFGl/G2 were also reduced (Fig. 46). Figs 47 and 48 show the 

effects of Clndosporrum and Cz~lt.darrn species on aflatoxin production when in 

dual cultures with A. jluvru in the foodstuffs Both hngi  had stimulatory effect on 

the aflatoxin production in the two plantains and yam especially with Czrrvulrm 

spp However, no effects were recorded for cassava and cocoyam 

Fzrmrrlrm and Rhodoloixln species both reduced aflatoxin levels in all the 

carbohydrate foods significantly (P<0 05) and completely abolished same in 

cassava, though Rhodotorula spp, also abolished aflatoxins in cocoyam too 

Comparatively,however, Rhodotorula spp-had more serious effects on AF than the 

Fzrsal-izrm spp. 
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Geuirichum spp, on the other hand, had no effects on aflatoxin production in 

all the carbohydrate foods, except the ripe plantains where there was a slight 

stimulation. (Figs52, 53, 54). 

Candida albicans in dual culture with A.flcavw when compared with 

A . f i v ~ i s  in monospecific cultures stimulated aflatoxins production in all the 

carbohydrate foods but this increase was significant in the two plantain varieties 

and cocoyam (W0.05) (Fig 55). Trichodemn speciesand A. niger both completely 

inhibited aflatoxin production in all the carbohydrate foods. 

4.6 FOOD SUBSTRATES AND BACTERU 

Each set of experiment involved different food classes (cereals, oil seeds, 

protein foods, and carbohydrate foods) with A.flavus in monospecific culture and 

then A. j7nvzrs and a bacterium, each in a dual culture in the individual foods. 

4.6.1 The cereals 

The cereals in the study are made up of maize (white and yellow 

varieties) acha grains, sorghum (white and yellow varieties), millet and rice 

(Abakaliki and Uyhwka varieties). 

(i) A. fl(~vus in nionoculture: 

Table 8 shows the results of the ecosystem effects in the cereals. A general 

pattern was established with the A. $avrrs monoculture studies in the cereals. AF 

levels decreased with time, with the lowest levels detected on day fourteen as in the 

previous experiments with fungi. 



TABLE 8 EFFECTS OF MICROBIAL ECOSYSTEM STUDIES WITH BACTEFUA ON AFLATOXIN 

PRODUCTION IN CEREALS (MEAN AFLATOXIN LEVELS IN PPB). 

FOOD 

White Maize 

Yellow Maize 

Acha 

Wliite Sorghum 

Yellow Sorghum 

Millct 

Abi~lcaliki Rice 

Ugbanka Rice 

White Maize 

Yellow MaEr,c 

Acha 

Wllitc Sorghuni 

Ycllow Sorghum 

Millet 

Abi~lti~l.I:i Rice 

Ugba~ki t  Rice 

White Milize 

Ycllorv M ; k e  

Achil 

White Sorghum 

Yellow Sorgliu~~i 

Millct 

Ycllom Maize 

White Sorgliunr 

Ycllow Sorglium 

Millet 

Ab:~ki~Iiki Ricc 

Ugbiiwlci~ Ricc 

DAYS OF INCUBATION BACTERIA 

Asl~ergillus 

flaws alone 

(control  I 

Plus B;willus 

subtiliv 

Plus 

Pseudornon;rs 

Plus 

Acetobi~cter 

nceti 



White M i h c  

Yellow Mirize 

Achn 

White Sorghum 

Ycllow Sorghum 

Millct 

Abi~kalilti Rice 

Uglmvlte Rice 

White Milbe 

Yelluw Mithe 

Achir 

White Sorghum 

Y c l l u ~  Sorghum 

Millct 

AB:~lci~liki Rice 

Ugbi~rvltir Ricc 

'Clr'liitc Miiizc 

Yellow M:thc 

Achi~ 

White Sorghum 

Yellow Sorgllunl 

Millet 

Ab:~l<aliki Rice 

U g b i ~ ~ k i ~  Rice 

White ?-l,ti;r,c 

Ycllorv Makc 

Acho 

White Sorghum 

Yellow Sorghum 

Millct 

Abi~lu~lild Kcc 

Ugb;~wki~ Rice 

Plus 

Lnctobi~cillus 

spccics. 

Plus 

Stit~)hylococcua 

ilUI'CUS 

Plus 

Streptococcus 

I;tccalis 

Plus Prutcus 

J plr. 



FOOD 

Wliite Mirize 

Yellow Mithe 

Achi~ 

Wliite Sorghum 

Yellow Sorglium 

Millet 

Abi~liirlilti Rice 

Uebi~wb;~ Rice 

Wliite Mithe 

Yellow Mirhe , 

Achu 

Whitc Sorgl~uni 

Yellow Surghu111 

Millet 

Ab;rl;aliki Rice 

Ugbnwka Liice 

Whitc M:the 

Yellow M;ihe 

Acllii 

White Sorghum 

Yellow Sorgliurn 

Millet 

Abaltalilci Rice 

White M a h e  

Yellow M a k e  

Acliii 

White Sorghum 

Yellow Sorgliuni 

Millet 

Abirkirliki Rice 

Ugbawltir Rice 

DAYS OF INCU13A'ClON BACTEIUA 

PIus Bacillus 

cereus 

Plus 

Escherichiil 

coli 

PIus 

S ~ I X ~ ) ~ ~ C O ~ C U S  

liictis 

PIus S c r r d i r  

species 



Yellow Mahe 

Achu 

White Sorghum 

Ycllow Sorghum 

Millct 

Abnkitliki Rice I 



(ii) Dual culture experiments: 

Bacillzrs suhtilis when in dual culture with A.  Javus in the various cereal 

grains, generally stimulated the production of aflatoxins, though very slightly in 

acha grains, and much more than all others, in millet grains. Acetohacter aceti 

also stinlulated AF production in these foodstuffs though more when compared 

with that of BrrciElr~s ssrrbti!is. AF production in acha grains and the Ugbawka rice 

for example increased significantly when compared with the levels in the A. jlclv~rs 

nlonospecific cultures (P<0.05), and in the two maize varieties after the eleventh 

day of incubation. (P<0.05). 

However, with Pseudon~onas spp, there was a general reduction in AF 

levels in all the days of incubation for all the cereal grains though there were no 

effects in acha grains when compared with the levels when A. Jaws  was in single 

culture. The reduction of the AF Ievel wqs significant in the two rice varieties 

after the third day of incubation (P<0.05). Lactohacill~rs spp.also significantly 

reduced AF production in all the cereal gr 

(P<O.OS). 

The reduction was significantly more in yellow maize and in Abakaliki rice 

when compared with the reduction in the white maize variety and Ugbawka rice 

variety respectively (Pc0.05) in all the days of incubation. E coli and S. 1acris both, 

reduced AF levels significantly in the dual cuIture studies with each of them and A. 

jlavus 

except, 

(P<0.05), though the decrease was more with S. luclis than with E, cvli 

with the two varieties of sorghum where the levels were slightly more in the 



there I 

and mc 

reducti 

in all t 

Saln70i 

rice, M 

(PC0.C 

4.6.2 The oi 

The oi 

(9 

(ii) 

there 7 

when 



TABLE 9 EFFEC'B OF MlCROSIAL ECOSYSTEM S'IUDIES WITH BAC'I'EIUA ON AFLb'I'OStN 

PRODUC1'ION IN OlL SEEDS (MEAN AFLATOXlN LEVELS IN YPB). 

4 I Cuconul sceds I 1023.7 1 1516.7 1 786.7 . 

j I hlelurr sccds I 688.1 1 727.2 1 441.4 

4 Cocouu t sceds 1030.9 1532.8 709.9 

1 1Zcd Yer~~iuts ' 188.2 189.9 .179.% 

4 Cocunut seeds 320.9 J57.G 221.1 

I Rcd Peiuluts 665 79 1.6 519.7 

2 Whitc Peruluts 1621.6 1831 1083.5 

3 Mclorr secds 828.6 878.4 603.5 

4 C ~ ~ c o ~ r u  t sceds 1059.3 1566.8 736 

1 lied Pt!;;nuts 585.4 7 5 6 6  t l ) 6 . s  

Clxunut sccds 100.5 36.1 - 
Ibltl I'citauts 429.3 

White Ycilouls 

hlclun sccds 

2 N'hitc Pcir~ruts 1255.3 1521.3 828.4 

3 Ril~:lo~h seeds 683.2 719.8 
I 
I 433.6 

681.9 Plus 

1338 Aslwrgillus 

884.3 ilirvus 

2036.3 <dpe> 
-- 

682 Plus 

1537.11 Bidl lur  

875.1 sul)tilis 

2U47.4 

W6,4 Plus 

1526.1 I'seudoniorrirs 

737.2 ;icrugiuus;r 

658.7 

665.4 Plus 

1519.3 I'r'otcub 

817.# sl)lt 

647,s 
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FOOD 

Red Ycurutv 

White Pcaiiuts 

Melori seeds 
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Me1u11 sceds 

Cuco~~ut seeds 

Rcd Pe;uiu ts 

Wliite Pe;inuts 

Melon seeds 

Cuco~lut seeds 

Red Peanuts 

White Peiaiuts 

Rlclun sccds 

Coconut secds 



Lacfobacillus s p ~ ,  S, facecnlis, Pseztdmzonns spp, and Proleus sp p, each in dual 

culture with A. flavw a decrease in A.F levels was recorded S~ecificallv though. 
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TABLE 10 EFFECTS OF MICROBIAL ECOSYSTEM STUDIES WITH BACTERIA ON AFLATOXIN 

PRODUCTION IN PROTEIN FOODS (MEAN AFLATOXIN LEVELS IN PPB). 

FOOD 

- 
il beiin seeds 

DAYS OF INCUBATION BACTERIA 

Plus 

l'luS 

Bacillus 

subtilis 

Plus 

Pscudomo~iirs 

Sl'J'. 

Plus 

Acctobacter 

i~ceti 



FOOD 
- -  

White corvlicas 

Brown C w  peas 

Soya bcaes 

Breadfruits 

Bmlhar ;~  Peanuts 

Pigeon Pcav (white) 

Pigeon P c i ~  (Brown) 

Oil bean BCC& 

White cowlwas 

Brown Cow pens 

Soyit beans 

Brcadfiuitu 

Biunbara Pcio~utv 

Pigem Pe;u (while) 

Pigeu~i Peas (Brown) 
. . 

Oil bean seeds 

White cowpe;ls 

Brown Cowpeas 

Soya beans 

12rcadkuits 

Daliibara Peamtv 

Pigeo~i Peiis (white) 

Pigeon PC~IS (Brow)  

Oil bean seeds 

While curvpeas 

Brolvn Cow peas 

Soy it beaus 

B~utclfruits 

Bicmbiwa Peivlut~ 

Pigeon Peas (white) 

Pigeun Peas (Brow) 

Oil bean seeds 

DAYS OF  INCUBATION 

0 

0 

0 

47.4 

42.4 

U 

U 

0 

5.6 

2.3 

4.U 

258.7 

JG. 1 

4.5 

5.7 

II 

BACTERIA ==I 





White CoWl)eiLS 

Brurvn cowpeas 

Soya bcim 

Breadfruits 

Bi~n~bnrib Peimuis 

Pigcon Pcas (white) 

Pigcon Pcas @mvnJ 

Oil bean sccds 

Plus 

Siilmonella 

51'1'. 



culture results (W0.05). In the dual culture studies also, Pseudomorzcrs spp, 

generally significantly reduced AF levels in all the protein foods (P<0.05), except 

in the bambara peanuts, while abolishing same in soyabeans and oil beans seeds. 

Laclobacillus spp,also significantly reduced AF levels in all protein foods (P<0.05), 

though there was no effects in the breadfruits. AF production was also completely 

inhibited in soyabeans and oil bean seeds. Comparatively, the effects of 

Luctobrrcill~ls spp,was more than that of Psemionmna~ spp. 

Sfuphylocvccus aweus generally had no effects on aflatoxin production in these 

food items, though some slight decreases were recorded. S~replococc~rsfuecalis had more 

serious effects on AF production in the protein foods. AF production was completely 

abolished in all food items while being significantly reduced in bambara peanuts and 

breadfruits (P<O.OS). Proreus spp, also very significantly inhibited the production of 

aflatoxins in the protein foods (P<0.05), though there was a complete inhibition in the oil 

bean seeds, while there were just slight reductions in AF levels in the breadfruits. 

Specifically too, the effects were less in the bambara peanuts when compared with the 

other protein foods. 

A similar effect on AF production was also recorded with Bacillus cereus on the 

protein foods as with the Proleus spp, though AF production were completely abolished in 

the two cowpeas as well as the oil bean seeds. S/r.ep/ocvccus Iaclis also recorded similar 

events though the reduction was more this time around in the bambara peanuts and 

breadfruits when compared with the other two previous organisirns. Here also, AF 

production was completely abolished in soyabeans and brown cowpeas and significantly 

inhibited in the oil bean seeds, (PcO.05). 
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E, colt and the Sumtin spp both had no effects on aflatoxin production 

in the two varieties of cowpeas, pigeon peas and the bambara peanuts. Both organisms 

reduced AF levels in the oil bean seeds. E. cali also reduced AF levels in sayabeans and 

breadfruits while the Serratin spp, significantly (Pc0.05) reduced the AF levels in 

breadfruits while completely abolishing same in soyabeans. On the other hand, Sdtno~iellc~ 

sppa significantly reduced AF levels in all the protein-foods (P<0.05), while having no 

effects on AF production in the oil bean seeds 

peas (P<0.05), when compared with the levels in the A. Jlavlrs single culture experiments. 

46.4. The carbohydrate foods: 

The carbohydrate foods include plantains (ripe and unripe), cassava, yam 

and cocoyam. 

( i )  A. flnvtts in monoculture. 

Table 1 1  shows the results of the ecosystem studies with the 

carbohydrate foods. Also, a general pattern was established as with hngal 

studies for the monoculture experiments with carbohydrate foods. 

(ii) Dual culture experiments. 

When in dual cultures with A. f/mris in the carbohydrate foods, B. 

subtilis stimulated AF production in both varieties of plantain though significantly 

in the ripe variety (P<0.05). It however significantly inhibited AF production in the 

remaintng carbohydrate foods (P<0.05), though less so in cocoyam. Proteits .~yg, S. 

faecnlis, R. cereus, Sewatin spp, and Pseudomonas spp. however had no effects on 
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TABLE 11 EFFECTS OF MICROBIAL ECOSYSTEM STUDIES WITH BACTERlA ON AFLATOXIN 

PRODUCTION CARBOHYDRATE FOODS (MEAN AFLATOW LEVELS IN PPB). 

B A C T E W  

L 

1 SIN 

17.2 1 6.9 I 4.6 

13.5 10.2 6.7 5.5 

17.9 8.2 5.7 3.U Plus 

113.8 GG.7 53.J 4 2.9 Yscudoa~oa 

FOOD 1 DAYS OF WCUBATION 

5 1 7  1 10 1 14 

12.7 6.5 4.2 4.0 Plus 
18.3 49. I 44.3 36. J S tiiphyl 

5.8 0 0 0 PUTCUS 

15.6 70.2 57 45 

17.1 11.6 11.4 9.8 

I 
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I I 

1 Unripe plantuin 

Cassava 1 / Yi~m 

Cocoyam 

Unripc pl;uitain 

2 R i p  P l i u ~ t i h  

3 Ciusiwa 

4 Yam 

DAYS OF INCUBATION BACTERIA 

Plus 

Streptococcus 

f i tc~ id i~  

Plus 

Y I-oteus 

S I ) ~ .  

Plus 

13i1cillus 

cereus 

Plus 

Eschet-irtiii~ 

coli 

Plus 

Streptococcus 

Ii~ctis 

Plus 

Scrratiir 

Spccics 

Plus 

Spccics 



A F  nrn~lrt;nn in A ~ P P  fnnd i t ~ m c  though the levels in cassava were generally 

reduced by 3erratra spp, useudomonas spp-and S faecalis. 

A, acefi ~enerallv stimulated the ~roduction of aflatoxins in all the 

foa nd cassava being statistically 

s igmmxr~~ artel Lne ~ m n  uays or lncuoatlon \ r v . v J ) .  

Lncfohncillus spp,significantly decreased AF levels in all the 

car1 hile a 

complete inhrbltlon was recorded -in tne cassava tubers throughout the aays of 

incubation and in the unriue ~lantains from the tenth dav of incubation. S. aureus 

generally dec 

tubers most, wnere me nr levels were slgnlrlcanrly reuuceu \I---V.VJ), uy uays 

three G1.a h&n- ~ n m n l n t o l x r  a h n l ; c h d  thoro~Ftmr T ~ P ~ P  I I I P ~ P  n l c n  nn 
allu 1 1 v b  CLIIU ub1115 ~ V I I I ~ I ~ C U I J  u u u a l a a n r u  L I I Y I U U I C U L .  I ..VI v V T V Z V  u .uw 

rences in the aflatoxin levels in yam when compared with the levels in the 

xulture studies. With Salrwonella spp, AF levels in the dual culture 

with the monoculture studies. 

Escherich ia coli and Streptococcus laclis both significantly inhibited t 

nr,.,:n, in - 1 1  +Lo r a r h n h x r A r q t o  fnnrl~ IP<n I?<\ Rnth nrvanirl production of aflavhllla 111 all r l l L  u c r r v v r r y u l r r r u  .VVUo - V . V J , .  U.31...U.n~ 

completely aboliqhed A F  nroduction in cassava. F. coli reduced AF levels more 

than S. lactis in  

more in yam and cocoyam tuoers respecrively. 
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T ~ B L E  1P: Effkcks of Microbial ecasystem pn AF, product ioli in YES -- - - 
medium w i t h  fungal isolates. .- - - .- C -. --- - - - .- I - 

Days of Incubation 

A. jlavzrs alone 

Plus Rhimpzrs Spp. 

Plus Trichodertna 
SPY. 

Plus Saccharornyces 
SPP. 

Plus Penicilliutn 
SPP. 

Plus Curnularia Spp. 

0.25 0.77 1.29 1.76 1.65 AF LEVELS 

ym1 
25 1 370 389 400 417 Mycelial dry wt. 

~rng/lOOml) 
4.36 3.97 3.94 4.36 4.39 pH 



SABLE 13: E f f e c t s  of m i c r o b i a l  ecosystem on AF prodc 
synthetic mediua with. - fwga$ - --  .-isolates - a 

lc t ion in sem 

Days of lncubanon 

A. / laws alone 

Plus Rhnopus Spp. 

Plus Saccharomyces 

SPP. 

Plzis Penicilliutn Spp. 

Phis Cladospo~iurn 
SPP. 

Plus Fusur-izrw Spp. 

Plus Rhodotorula 
SPP. 

Plus Gcotrichum Spp. 

-- - 

Plus A. futnigatus 



not affected as evrdenced by the mycelial dry weight. Co-cultures with Calbica~~s showed 

an increase in the mean Aflevels and also In mycelial dry weights. 

Cladospwiunl s p p ,  also reduced Ailevels except on day 14 when a slight rise was 

recorded. No differences were recorded for the mycelial dry weights in the dual culture 

and single culture for A.flavus. A slight increase in Arlevels and mycelial dry weights 

was observed with Curvularia spp. up to day 14 when compared with the monoculture 

results but Geotrichum spp, and Sacchnron?yces spp, on the other hand decreased Af mean 

levels in the competitive environments. As evidenced by the lnycelial dry weights, the 

growth of A,Jjrc~vris was also not affected in dual cultures with Gcorrichum spp, 

Snccharon~yces spp, and A.jh~igahr.s, though Af production was affected. 

Almost a similar trend of events was observed in the synthetic media as seen in  the 

semi-synthetic media with Tvichoderma spp, Rhizopzrs spp, Saccharonyces spe, A.niger 

and Rhodoforrrla spp. However, in the synthetic media, Fusurium spp. completely 

inhibited the production of aflatoxins while Penicilliwn spp,more significantly inhibited A F  

production except for AFBI. Aflatoxins levels were higher when A..flavus was in dual 

culture with C'urv~rlurin spp, than when in single culture up to day five and then dropped 

thereafter up  to day fourteen. 

Gwfrichum spp, in dual culture, A.jZnv~is increased the mean A f  levels up to day 

seven and then inhibited thereafter 

In the YES medium, A.Javrrs alone in single culture, produced a higher level of 

mean Arwhen compared with the pattern in the synthetic medium. In the YES medium 

also, the aflatoxins produced increased gradually with time and then got inhibited on day 

fourteen while in the synthetic medium, it increased with time till the seventh day of 
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incubation and then started decreasing over the tenth and fourteenth daysof incubation 

Specifically, the AFBl was less affected than AFG, by Saccharon~yces cerevisiae in the 

two liquid media. AFGI was more drastically inhibited by this organism than AFB,. 

4.7.2 Effects of bacterial ecosystem a11 nflatoxin production in Y ~ S  aad synthetic 
media 

In the YES medium co-cultivation experiment with A.flavtr.s and B.mb/ilis, mean 

Aflevels were significantly increased in all the days of incubation when compared with 

A,flawrs in single culture as evidenced by both mycelial dry weight and 'H of the medium P 
(P<0.05). The same events were c Pvokzts spe, and 

and Safn?onellu spp, decreased Anevels to varying degrees, but with S.lactis there was no 

difference in the AF mean levels as compared with Azflavus in single culture. With 

Sfc~ecalis, mean A f  level was lower than in single c u h e  till the fifth day,then higher 

thereafter. With Salmme/ln s p ~  and Lnctobncillus spp, AF levels were significantly 

inhibited in the dual cultures (PcO.05) 

In the synthetic media with bacterial co-cultures, S.Iactis and Proreus spp, reduced Afmean 

levels. Otherwise a similar trend of events were observed in both types of media. (Tables 

14 and 15) .  

4.5 EFFECTS OF THE ADDITION OF SALTS OF BIVALENT METALS 
TO FOOD SUBSTRATES AND LIQUID iMEDIA ON AFLATOXIN 
PRODUCTION 

4.8.1 Bivalent metal concentration in food substrates 

Table 1G shows the result of the analysis of the bivalent metal concentrations in the I8 

foodstuffs analysed by atomic absorption spectrophotometry. From the results, yellow and 
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rTABLE.14: Effects of microbial ecosystem on AF product ion  in YES 
- medium with bacterial-. isolates -'-: -.-. 

. - 
I,, -- --i- - 

Days of Incubation 3 5 7 I0 14 

A Javus alone 0.25 0.77 1.29 1.76 I .65 Aflatoxin level 
JJ@l 

25 1 3 70 3 89 400 417 Mycelial Dry wt 
Md100ml 

P ~ Z I S  8, suhrilis 

PIus Pseudomonas 
SPP. 

Plus Laciobaci/lus 

SPP 

Pfus Acetobacter 
acet i 

Plus S. arrreus. 

Plus St faecalis 

P l u ~  Proreus Spp. 

Plus 8. cereus. 

Plus E, cofi 

Plus S. lac~is 

4.36 3.97 3.94 4.36 4.39 

0.40 1.20 1.90 1.85 2.28 
270 376 3 99 424 446 
4.19 3.86 4.08 5.14 5.2 1 

0.14 0.55 1-00 1.15 1.08 
223 328 348 3 74 381 
4.48 4.60 5.4 1 6.10 6.97 

0.07 0.36 0.60 0.60 0.52 
2 19 324 343 3 70 378 
4.48 4.60 6.10 6.96 6.98 

0.29 I.32 1.76 2.17 1.79 
27 1 3 76 399 423 447 
4.19 4.88 4.68 6.12 6.2 1 

0.18 0.6 1 1.08 1-54 1.44 
25 1 3 69 388 402 408 
4.20 3.89 4.09 5.14 5.20 

0.22 0.64 1.3 1 1.92 1.78 
223 34 1 339 379 390 
4.30 3.91 3.99 4.30 4.4 1 

0.27 0.8 1 1.47 1.83 1.68 
253 3 76 392 403 42 1 
4.36 3.91 3.95 4.29 4.43 

0.26 1.22 1.57 2 .07 1.80 
257 3 72 400 420 427 
4.48 4.70 6.12 6.80 6 .96 

0.22 0.65 1.16 1.56 1.46 
234 352 361 3 76 3 87 
4.40 4.00 5.15 5.92 6.84 

0.25 0.77 1.30 l .76 1.63 

Plus Serratia Spp. 

Plus Sulmonella 

SPP. 

253 3 70 3 90 40 1 420 11 

4.36 3.96 3.92 4.38 4.40 

0.22 0.42 0.83 0.99 0.97 
255 345 380 408 4 17 1 1  

4.44 4.59 5.15 6.10 6.95 

0.07 0.24 0.47 0.66 0.60 
1.62 1.72 1.89 1.08 1.19 1 I 

6.30 5.09 5.06 3.36 3.17 



~ ~ B L E  t'5: Effect o.f m i c r o b i a l  sco 
sgrItfi&tic medium w 3 t K  b 

--- - 
Days of Incubation 

A .  flczvrrs alone 

kction in semi- 
<* - ' 

* ..4t*: - - - -- 

Phrs S. uureus. 

Phs Proleus Spp. 

P h s  E. coli 

Plus B. cereus. 

Plus Serrrrliu Spp. 

0.29 1.01 1.72 1.62 1.38 
240 374 4 02 425 428 11 
4.20 3.88 4.08 5.1 1 5,12 
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I S .  COCOYAM 

s per gnun of f 
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I 1.35 

7 3  j --.. 
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34.81 

12.72 

8.88 

10.86 - 

0.02 

2 1.46 

1I.SI 
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j0.0 

i4.0 

l0.80 

18.07 

19.0 

i .73 

j.68 

lU.92 

i.38 

!0.84 

!0.80 

0.47 



Table 16 shows the result of the analysis of the bivalent metal concentrations in the I S  

foodstuffs analysed by atomic absorption spectrophotometry. From the results, yellow and 

white maize varieties had no apparent differences in their endogeneous bivalent metal 

contents except in zinc where the yellow had about double (22.5ppm) that of the white 

variety (1 1.35ppm). The red and white varieties of peanuts do not differ, generally 

speaking,in their endogeneous bivalent metals analysed, while the major difference in the 

cowpea varieties lie on the iron levels (56 ppm and 40.8 ppm) for the white and brown 

varieties respectively. Soybean was quite high in its iron content but extremely Iow 

(0.02ppm) in the zinc content. The two varieties of rice showed an overall similarity in 

their bivalent metal contents while the varieties of sorghum on the other hand showed 

some slight differences in their copper and manganese levels. 

The carbohydrate foods (yams, cocoyams, plantain and cassava) were generalIy 

poor in the distribution of these bivalent metals except that they were quite high in iron 

excludin,a the plantain varieties. The plantains were similar except that the ripe ones 

showed some superiority in their zinc and manganese content. Soybean and cowpeas 

differ from other pulses in their zinc content being much lower than in others; otherwise, 

the pulses were generally rich in these bivalent metals except copper 

4.8.2 Effects of'addition of salts of bivalent metals to YES and synthetic 
medium on aflatoxin production 

Tables 17 and 15 show the results obtained with the progressive addition of 2n2', 

~ n ' ~ ,  cu2 '  and ~e ' '  salt each to YES and Syn' h a constant level of each of 

the other remaining elements in the rnediulll a~ J W W  arld fourteen days incubation 

respectively. 
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EFFECi' OF ADDITION OF BIVALENT 
METALS TO A SEMI SYNTHETIC MEDIUM 
AFTER I4 DAYS INCUBATlON WITH A.  

EFFECTS OF ADDITION OF SALTS OF 
BIVALENT METALS TO A SYNTHETIC 
MEDIUM AFTER 14 DAYS INCUBATION 
WITH A .  F L A W S  ISOLATES. FLAVUS ISOLATES.(Y EAST 

SUCROSE MEDIA YES). 

M ETA t S )-Js/MI 
Icvrls of 
acldcd 
ulctals 

0.0 
I .O 
5.0 

Mean 
tosin levd 
ydtn' ) 

Mea~i 
roxi~i 
levels 

( p g h l )  
medium. 

0.00 1 
I .59 
1.14 

Mycclial 
D~~ A 

~ d 1 0 0 m ~  

82.5 
212 
213 
216 
218 

Myceliai 
dry wt. 
[kg/! 00rnl: 

7 9 
2 15 
2 18 
220 
223 

10.0 ' 1.12 
23.0 ( 0.28 

- 
PH 

3.1 
5.7 
5.8 
6.0 
6.2 



At zero level of zinc, ~ f p r o d u c t i o n  was very low in YES medium, mycelial mat 

dry weight low and finai H also low. At zinc levels 1-25yg/ml, Af production increased P 
steadily with increasing concentration, with a moderate depression at 25pg/ml dose of the 

metal in the medium, whereas both rnat weight and final 'H were higher and nearly P 
constant. The increase in the AFfrorn addition at zero level 2n2' to I.Oyg/ml 2n2- was 

significant (P<0.05). 

With added ~ n ' '  from 0-25pg/ml, Af-pductioo increased to its highest levels at 5 

and 10pg/mI levels of metals and then decreased again very slightly at 25pg/ml, whereas 

mat weight and . H were essentially constant throughout the experiments. With iron salts P 
at 0 level, Afproduction was relatively high; mat weight slightly lower than at higher 

concentrations with final fH,  4.5. However, with iron in the range 1-25pgim1, production 

decreased progressively with increasing iron concentration, mat weight being almost 

constant and final H being nearly constant at average of 7.0. With cuZT levels from P 
I-25pglml. a depression of ~ f ~ r o d u c t i o n  occurred even though mat weights and final pH 

were unaffected. 

Generally, a similar pattern was obtained with experiments in the synthetic media 

but levels of aflatoxins were much lower and the reduction more than in the YES medium 

experiments. Also A f  levels were generally much lower in both sets of experiments for 

those incubated over a period of fourteen days when compared with those incubated over 

a period of only seven days. 

4.8.3 Effects of addition of salts af bivalent metals to rood substrates 011 aflatoxin 
production: 
Figs 55 to 15 1 show the results obtained when graded doses of the bivalent metals 

each were added into the food substrates analysed 
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( i )  Zinc: 

The addition of 10-250pg of zinc per gram of cereals increased Afyield gradually 

with a maximum increase occurring at 250-550pggm of the foodstuff and then decreasing 

gradually till 1000pglg of zinc per gram of food substrate. In all experiments a similar 

trend was followed when the incubation was for fourteen days but usually with reduced 

level of aflatoxins. In protein foods generally, the addition of znZ2 also gradualIy 

stimulated Afproduction by 1-2 folds approximately till 400&g of zinc when a further 

increase occurred till 550pg/g then declined again up to 1000pg/g zinc per gram of food 

substrate. However, for the breadfruits, this increase was observed at a lower 

concentration, 250pg of 2n2+ per gram of food. 

In the oiI seeds, a progressive inhibition in Afproduction was rather observed with 

increase in concentration (1000pg'g) of the metal ions. The carbohydrate foods had a 

similar pattern as the cereals; with gradual increase in A f  levels with increasing metal 

concentrations with a peak at 250yg metal per gram of food and a decrease after 550pg 

2n2' concentration per gram of food substrate till 1000pg zinc concentration. 

There were no actual differences in the ~ F l e v e l s  at day seven and day fourteen 

incubation for the oilseeds and breadfruits in the zinc experiments. For the cereals, protein 

and carbohydrate foods, ~ r l e v e l s  at day seven were generally higher than levels at day 

fourteen. 

(ii)  Manganese: 

Manganese stimulated Arproduction almost 2 folds or more from IOpg metal per 

gram of food, and continued in a constant rate with a very mild drop at 250-400pg h4n2- 
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concentration per gram of cereals which again became constant till the highest metal 

concentration. A similar trend was also recorded for the carbohydrate foods. However, 

instead of the slight drop observed in all other food substrates in these food classes at 250- 

400py ~ n ~ ' ,  plantain rather increased and maintained same till the highest metal 

concentration though this effect was more noticeable at seven day incubation rather than 

fourteen days. In alI the carbohydrate foods and cereals with the exceptian of the sorghum 

varieties and the Abakaliki rice variety, the difference between the Af levels analysed at 7 

days incubation and 14 days incubation were statistically significant (Pc0.05). 

The ~ f l e v e l s  in the protein foods decreased from 10yg per gram food substrate of 

the manganese added, and started increasing at 100yg ~ n ~ '  per gram of substrate t i l l  the 

highest metal concentration. However, a different pattern was observed in the breadfruits 

in which ~ h v e l s  continued to increase with increasing metal concentration. 

For the oilseeds, a drop in toxin production occurred at 10yg metal per gram of 

food, started picking up again at 25pg/g and increased at 100ug metal concentration per 

gram of food and rose very significantly from 700pg metal per gram of food till the highest 

metal concentration (Pc0.05). There were no differences in AF levels at day seven and 

fourteen incubation periods for the oil seeds, but for the protein foods, this difference was 

statistically significant (P<0.05) only at higher levels of metal concentration (from 700pg 

metal per gram of food to 1000pg metal per gram of food substrates) except brown cowpea 

and soyabean. 

Aflevels in bambara peanuts seed and soybeans were almost similar for days seven 

and fourteen analysis. 
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(iii) Iron: 

A constant level of aflatoxins was sustained at all iron concentrations for all the 

cereals and carbohydrate foods. In the protein foods, a slight increase in aflatoxin levels 

occurred up to 2fiyg of iron per gram of food, and then, a drop at 50yg metal which 

continued till the highest metal concentration per gram of food substrate, even being 

completely inhibited in some foods at higher metal levels. In some like pigeon peas, 

brown cowpeas and bambara peanuts, however, the drop occurred earlier at 25yg of iron 

per gram of food substrate. 

For the oil seeds, a significant increase in Af level was observed at 10pg of iron per 

gram of food substrate (P<O.OS), and then started declining gradually with a significant 

drop at 250-440pg iron per gram of food (P<0.05), and then thereafter started rising 

gradually till the highest metal concentration. There was also no difference in the level of 

Ara t  day seven and day fourteen of incubation for the cereals, protein foods and oil seeds 

while this difference was statistically significant for the cereal (yellow sorghum) and 

carbohydrates (P<O.OS) except cocoyam. 

(iv) Copper: 

Added copper increased Aflevels from 10pg metal per gram of food substrate of 

cereals until 250pg metal concentration after which a progressive decrease was recorded 

till 1000pg per gram of food substrate. A similar pattern was obtained for the 

carbohydrate foods too. In the protein foods, the increase at 10pg metal per gram of food 

was sustained till between 25 and 50pg metal concentration and then gradually decreased 

with increasing metal concentration 



In the oil seeds, a significant increase in Aflevel occurred at IOyg metal per gram 

of food substrate (P<0.05), and dropped again by 25-100pg metal per gram of food 

depending on the oil seed concerned. It rose sharply again after a drop at 550pg copper for 

coconut seeds, but for the other oil seeds, it continued to decrease with increasing metal 

concentration as in the peanuts; or leveled up at a constant lower value as in melon seeds. 

In all the oil seeds, protein foods and cereals,there were no differences in ~ f i e v e l s  

in  samples analysed at day seven and day fourteen of incubation. 

This differences were however statistically significant for the carbohydrate foods (Pc0.05) 

with the exception of cocoyam. Af levels were also generally higher at seven days 

incubation than at fourteen days incubation in all food items. 

Statistical analysis: 

Statistical analysis summaries show that the means of aflatoxins in the eight types of 

cereals studied for effects of iron were significantly different using the one way analysis of 

variance (ANOVA TEST) (P<0.0001) though the variances did not differ significantly 

with metal concentrations using the Bartlett's test. However, using the Tukey's multiple 

comparison tests, there were statistically significant differences when the mean AF values 

per food item was compared with each other in all the cereals (P<0.001). In the same iron 

studies with protein foods, the AF mean were also significantly different with the ANOVA 

test, (PC0.05) and the variances also differed significantly (PcO.0001) with metal 

concentrations. 

The Tukey's multiple comparison tests however showed that there were no differences 

when the means AF values per food item was compared with each other except soybean 

and breadfruits that were statistically significant (P<0.05). 
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In iron studies with oil seeds, the one way analysis of variance showed that the AF means 

were not different, though the variances differed significantly (W0.05). There was also no 

actual mean differences when each food is compared with the other in the multiple 

comparison test. 

In the copper- studies with cereals, the AF means were not different and the 

variances also did not differ significantly (PXl.05) while the Tukey's test also showed no 

significant mean differences (P>0.05). For the Protein foods, the AF means were 

significantly different (P<0.05), variances also differ significantly using the Bartlett's tests 

while the Tukey's multiple comparison test showed no significant mean differences among 

food items except between soybean and breadfruits that differed significantly (P<0.01). 

With oil seeds, again the AFmeans differed significantly (P<0.05), the variances also 

differed significantly (P<0.05) while with the Tukey's comparison test, mean differences 

were not significant when white and red testa peanuts; white peanuts and melon seeds; red 

peanuts and melon seeds; melon seeds and coconut seeds were compared respectively, but 

significant when white peanuts and coconut seeds (P<0.01); Red peanuts and coconut 

seeds were compared respectively (P<0.1)001). 

With carbohydrate foods, A( means were significantly different (P<0.000 1 )  while the 

multiple comparison tests showed significant mean differences in yam and ripe plantain; 

cassava and ripe plantain; ripe plantain and unripe plantain; ripe plantain and cocoyam 

pairings respectively (P>O.OS). 

In the manganese studies with cereals, the ANOVA tests reveal that the AF means 

were not significantly different (P>0.05), however, using the BartIettls tests, the variances 

differed significantly (P<O.OOOl), while the Tukey's multiple comparison test also showed 
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no significant mean differences (P>O.OS) in all the food samples being compared with each 

other. The one way analyses of variance for the protein rich foods showed that the Armean 

levels were significantly different (P<0.0001) and also the variances differed significantly 

too (P<O.OOOl), while the multiple comparison tests showed that when white cowpea was 

compared with brown cowpeas; white cowpeas and white pigeon peas; with brown pigeon 

peas, with bambara peanuts, respectively; also when brown cowpeas were compared with 

each of white pigeon peas, brown pigeon peas, bambara peanuts, soyabeans; when white 

pigeon pea was compared with each of brown pigeon peas, bambara peanuts, and when 

brown pigeon peas was compared with- bambara peanuts, and when bambara peanut was 

compared with soyabeans, there were no in Aflevels. However, they differed significantly 

with the following pairs: white cowpeas and soyabeans; white cowpeas and breadfriuts, 

brown cowpeas and breadfruits; white pigeon pea and soyabeans and breadfruits 

respectively; brown pigeon pea and soyabeans, and breadfruits respectively, Bambara 

peanut and breadfruits; soyabean and breadfruits (P <0.001). 

In the zinc experiments with cereals, the ANOVA tests show that the AF means 

were significantly different (P <0.0001) and the variances also differed significantly (P 

<0.05), while the multiple comparison test showed that Af mean differences were 

significant in the following pairings (P <0.05): white maize and millet; yellow maize and 

acha grains; Acha grains and Abakaliki rice, acha and yellow sorghum, white sorghum, 

and millet respectively; Abakaliki rice and Ugbawka rice, and also ugbawka rice and 

yellow sorghum, white sorghum and millet respectively. 

However the mean differences were not significant (P >0.05) in the following 

pairings when compared with each other: white maize and each of the followings; yellow 



maize, acha grains, AbakaIiki rice, Ugbawka rice, yellow sorghum and white sorghum; 

yellow maize and each of the foltowing: Abakaliki rice, Ugbawka rice, yellow and white 

sorghum millet; acha grains and Ugbawka rice, Abakaliki rice and each of the following: 

yellow sorghum, white sorghum, millet; yellow sorghum and white sorghum and millet; 

then white sorghum and millet. 

Witb Protein foods, the AFrneans differed significantly (P <0.0001) using the ANOVA 

tests and the variances also differed significantly (P <0.0001), while the multiple 

comparison tests among the different f o ~ d s  revealed that mean differences were not 

significant in the following pairings: white cowpeas versus each of the following - brown 

cowpeas, white pigeon peas, brown pigeon peas, soyabeans, Brown cowpeas with white 

and brown pigeon peas and soyabeans, Brown pigeon peas and soyabeans, while pigeon 

peas and soyabeans, Brown pigeon peas and soyabeans, while the mean differences were 

significant in the following pairings: white cowpeas and bambara peanuts; white pigeon 

pea and bambara peanuts, brown pigeon pea and bambara peanuts; bambara peanuts asnd 

soyabeans. 

In the oil seeds. The AF means and variances did not differ significantly (P >0.05). The 

multiple comparison tests showed that the mean differences between the various foodstuffs 

were not significant (P 30.05). 

In the carbohydrate foods, the AF means were significantly different (P C0.0001). 

The variances also differed significantly (P C0.05). The multiple comparison tests showed 

that mean difference were not significant in the following pairings when compared with 

each other: Yam and ripe plantain, Yam and cocoyam; cassava and unripe plantain; while 

in the following pairings, the mean differences were significant: Yam and cassava; yam 
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and unripe plantain, cassava and ripe plantain, cassava and cocoyam; ripe plantain and 

unripe plantain, ripe plantain and cocoyam, unripe pIantain and cocoyam. (Appendix). 
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CHAPTER 5. 

DISCUSSION: 

The results indicate that all the tropical foodstuffs analyzed are subject to mould 

and bacterial contamination with a dominance of the A. flavus group out of the sixteen 

mould groups isolated with an incidence of 34.8% being followed closely by Perricillizmm 
- - - 

species ( I  6.8%), A. nlger ( I2.0%), A. fmigaizds (8 6%) and Fztsrrrium species (7.8%) 

among others. It does appear from previous works worldwide, that out of the many genera 

of moulds invofved in food contamination, three stand out as especially important 

(Aspergillus, Penicillium and Fusarium) (Adams and Moss 1996). 

In surveys worldwide, the three genera of hngi have been consistentIy prominent 

in food samples and animal feeds (Mahnoud 1993, Adebajo ef aL 1994; Awuah and Kpodo 

1996; Fernandez - Pinto and Vaamonde 1996) as found in Egypt, Nigeria, Ghana and 

Argentina respectively. However, in the temperate areas of the world, reports show that 

Fusnriurn species seem to be the most incriminated genus out of the three genera ( Pozzi 

e l  nl. 1995; Julian el nl. 1995). The difference appears to go in line with weather 

conditions - temperate versus tropical climates. 

From the results as shown ( Fig 1 and Table 4), 16 mould groups and 12 bacterial 

groups were encountered. Many previous studies have implicated such groups in various 

coinbinations in different foods ( Moss 1996; Sweeny and Dobson 1998, Kedera el a!. 

1999). According to Lacey (1989), the spoilage of food and stored products preand posta 

harvest involves a wide range of fungi that differpeatly in their ecological determinants. 

The large variety and forms of micro-organisims isolated in the current studies is not 





favoured by wet weather and the chief specie.is Fusarium. Thus, the higher incidence of 

FusarIzm spp. in the rainy season may be expected. Penicjilium s p p  ranked highest among 

all isolates made during the cold harmahan period and third in the hot dry seasons. 

According to Lacey ( 1989). PeniciNIum spp, have generally greater tolerance of low aw. 

Ciegler ( 1975) showed that the occurrence of any given toxin can vary from year to year, 

depending to a considerable extent on weather conditions. Okonkwo and Obionu (198 1) in 

the South-eastern parts of Nigeria also observed a clear seasonality in aflatoxin levels, 

being highest during the peak rainy seasons in various tropical food items analyzed with a 

rainy seasoddry season ratio in aflatoxin mean values being 2.80 to 1.65. In the current 

study; hngal isolations were made in 39% of aII samples during the rainy season (1 188); 

26.5% during the hot dry seasons and 24% during the cold harmattan seasons with similar 

sarnnr~ * ; 7 ~ @  A!-, out of the 1062 fingal organi j p s  encountered in the study, 43.6% 

wer ie rainy seasons, 29.6% in the dry seasons and 26.8% in the cold 

harmattan seasons. 

The dea r  seasonality disparity favouring the warm rainy seasons is not surprising 

because it is a known fact that a warm humid environment favours the proliferation of A. 

Jaws  and other moulds ( Lacey 1989, Moss 1989). Additionally, in Nigeria, the rainy 

season is the planting periods and foods sold in the market at that time comes from the 

previous harvest. The foods in storage are bound ( with all existing conditions) to develop 

toxigenic moulds. Two factors - prolonged storage and warm humid environment may 

therefore contribute to the higher values of mycoflora and aflatoxin levels in the rainy 

season market foods. A. fumigatus in the current studies w q ~ -  mostly isolated during the 

hot dry seasons - ranking highest only after A. fluvus. Lacey (1989) observed that A. 
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/untiga&s can thrive up to 55OCor more. This organism many therefore naturally prefer 

hotter climatic conditions as shown in this study. 

Bacteria were also isolated from the foodstuffs analyzed but with much less 

frequency than fungal isolates and also being mostly encountered in the dry seasons of the 

research period ( Fig. 6). BaciNus srrhNlis was the commonest bacterial isolate in this 

season and also in the overall bacterial organisms encountered The predominance of B. 

.s~~bti/is in the hot dry season is not surprising since as spore formers, they are normally 

associated with dry soil and can normally thrive at elevated temperatures of the soil 

decaying vegetations from where they can contaminate foodstuffs. 

In the work of Imwidthaya el d. ( 1987) in Bangkok, Thailand, only Bacihs  spp. 

were the bacteria isolated from cereals and cereal products collected from the local 

markets. Moss ( 1989), also observed that Bcrcillrfs spp. are frequent as surface 

contaminants of maize seeds. Lacey (1989) stressed that fingi sarely occur in a 

moilospecific culture in stored products but more often as a group of interacting species of 

fungi and bacteria. 

Strzelecki et a!. ( 1988) in Poland observed a 94% incidence of proteolytic bacteria 

contaminating feed and food over a period of about 15 years. Pmteolytic bacteria 

according r* c-=L* W a t w h n f F  f 19911 include Bucil/rrs cereus, Pseudomunm Spp. 

and Proten 

where they 

Escherichi 

this study 

occur in tk 
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w spp. and these genera were among the most important bacteria in this study 

were involved in the protein foods sampled. It is also not very surprising that 

a coli and S/rep~omccusfaecalis ranked next to Bacillus spp. in frequency in 

(Table 4). These organisms, being indicators of faecal pollution as they widely 

ie human colon, can contaminate the foodstuffs during harvesting, storage or in 



the field or even when displayed in the market places for sale. The overall preponderance 

of moulds in the rainy seasons and bacteria in the hc 

Frazier and Westerhoff ( 1991) that fungi tolerate mm.. ...,., .,,,.,,,,, 
,,I,,,, 

also have the ability to survive more in dry environments especially the spore forming 

genera. 

From results obtained in this study Figs,S, 7 and 8), it can be shown that 

susceptibility of agricultural commodities to rnycofloral and aflatoxin contamination varies 

from crop to crop, from one area to another and from season to season Generally. the 

cereal grains appear to be ideal substrates for growth of most h n j  I 

production. Maize, in the study appears to be the most susceptible cereal to myc~floral 

and aflatoxin contamination ( Table 3). This finding is consistent with other results from 

Niseria (Okmkuzb and Obionu 1981, Adebajo e/  a/. 1994); in the United States ( Wood 

198 I ;  Russell et nl, 199 1, Price et a/. 1993); in ThaiIand and Russia ( Imwidthaya e l  a!. 

1987, Tutelyan el a!. 1995) and in Kenya and Botswana ( Sianle el al. 1998; Kedera el a/. 

1999). 

In the current studies, a total of 24 ( 85.7%) of the 28 samples of maize with 

detectable levels of aflatoxins had AFBT levels higher than the W M 0 /F A O 

recommendation ( 30 ppb) while only 4(14.3%) had levels beIow this (FA0 1947). 

However, the levels of aflatoxins obtained in this study for white maize (mean AFBl 

114.8ppb) and yellow maize ( mean 155ppb) agree with a previous work done in the 

savanna and forest regions of the southern part of Nigeria with AFBl range of 100 - 

200ppb ( Okonkwo and Nwokolo 1978) and in western Nigeria with a mean value of 

200ppb (Adebajo el 01.1994). Studies in other pans of the world also reveal toxic levels of 
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aflatoxins in maize samples (Sinha 1987: Lovelace and Aalbersberg 1989: Arim 1995; 

Dhavan and Choudary 1995). 

From this work ( Fig. 7 and S), other cereals had higher aflatoxin levels than maize 

apart form acha grains eg. sorghum had a mean AFBl of 221.4ppb and 200.4ppb for the 

white and yellow varieties respectively; millet ( 203 Sppb) on the Abakaliki rice (193ppb). 

Okonkwo and Nwokolo (1978) working in different parts of the south got the following 

AFBl mean values; millet ( 262Sppb); sorghum ( 2E aize ( 150.75ppb) and acha, 

with only IOppb. Though the exact variety of the cereals were not mentioned, other 

cereals yielded higher Af levels when compared with maize with the exception of acha 

grains. These results however conflict with Opadokun el af.(1979) who detected only a 

mean AFBl values of 58ppb and 40ppb for millet samples from the north while southern 

samples only yielded 5.0ppb AFBi mean values; sorghum, 40ppb and only 5ppb for 

northern and southern samples respectively. 

Acha grains in this work yielded only a mean AFBl level of 20.3ppb. This 

observation rhymes with the Okonkwo and Nwokolo (1978) who detected even lower 

mean levels of 10.00ppb in their studies in different areas of southern Nigeria. According 

to Oyenuga (19881, acha ( findi) is slightly inferior in protein content to the other cereals 

(millet, sorghum, maize and rice) and also very low in ash. Opadokun (1990) aIso got low 

AFBl mean levels for rice ( 5.ppb and 40ppb) for their southern and northern samples 

respectively. This however disagrees with the findings of Okonkwo and Nwokolo (1978) 

who reported a mean AFBl of 182.5ppb for their rice samples from the southern part of the 

country. However, in the present investigation, two varieties of rice were analyzed - the 

Abakaliki (swamp) rice and the Ugbawka (upland) rice with mean AFBl values of 193ppb 

2.88 



and 38ppb respectively Works done on rice elsewhere also recorded low AFBl values. 

Imwidthaya el a/. (1987) in Thailand recorded only lOppb for AFBl mean and 20ppb for 

M G I ;  Patel el d (1996) in the U.K., recorded only trace levels of AF in rice The two 

values are consistent with the values obtained for the upland rice in this study, though there 

was no information on the variety and handling in these studies. 

The two rice varieties studied in the current investigation show that the Abakalikf 

variety was greater than the Ugbawka counterpart in terms of microbial contamination and 

aflatoxin level The two rice varieties differ in many ways which could account for these 

results. The Abakaliki rice for example, which has to be flooded for a period of from 60 to 

90 days during growth is unique in being able to thrive on flooded land while the Ugbawka 

rice can be grown without irrigating or flooding the land. It is not therefore surprising that 

the Abakaliki (swamp) rice will favour more microbial growth and the greater capacity to 

support aflatoxin by the invading A. ,fJnvtrs when compared with the drier upland variety. 

Uyenuga (1978) also observed that samples of the upland rice were lower in oil, fibre, ash 

and minerals and these factors may influence aflatoxin production and microbial 

contamination as observed in the current study. 

Total aerobic bacteria and moulds were higher in the white variety of maize with 42 

( I  1.4%) and 3; ( 89%) being A.jlnvrrs organisms in the white and yellow maize varieties 

respectively. However, 12.7% and 6.3% of these A. flavus were aflatoxigenic from the 

yellow and white maize respectively ( Fig. 2,3,7,). In a work done in Reunion Island, a 

French tropical country, Bauduret ( 1990) observed that white maize seemed to present a 

better microbial quality than yellow maize but that also yellow maize samples were more 

frequently contaminated with aflatoxigenic strains of A.  JILIws (54.5%) as against 45% in 



the white variety. Also Oyenuga (1978) observed that the yellow maize was a hybrid 

product originating from the USA, with desirable qualities such as higher carbohydrates, 
4 

protein and carotene. These factors may favour the choice of A. Jlnvus for yellow maize 

especially for aflatoxigenic potential and higher AF levels as observed in this study. It is of 

considerable interest that the genome of the plant can itself influence levels of AF 

contamination during growth and development of the plant (Zuber 1978). There are 

certain significant strain differences in inbred lines of maize even for aflatoxin levels in 

inoculated wounded kernels ( Lacey 1989). Some correlation has been found between the 

antifungal effects and lecithin activity of protein extracts from highly susceptible ( 

Huffman) and highly resistant ( yellow creole) strains of maize (Lacey 1989). 

From this study, most maize crops and other cereals yielded only the 'B'  aflatoxins 

while the majority of peanuts and other crops associated with the soil yielded both the B 

and G aflatoxins. The complex ecology of A. flavus and A. parasif/u,z has been reviewed 

by Diener e i  al. (1987) and Pitt ( 1993). According to them, it is now well appreciated that 

A. parasiticus is well adqpted to a soil environment and is therefore prominent in peanuts 

whereas A.  j7'nvris seems to be adapted to active development on the aerial parts of plants 

such as leaves and flowers and is therefore dominant in maize, general cereals, cotton 

seeds and tree nuts. They noted that a biochemical distinction between isolates of the two 

species is that A. parasific?rs may largely produce AFB and AFG toxins whereas A. jlavus 

usually largely produces B1 and B2. Thus, in their reviews, over 90% of contaminated 

maize samples contain the 'B' toxins only whereas the majority of contaminated peanuts 

contain both the B and G toxins. It is thus considered that the air temperature for maize 

and others and the gecarposphere temperature for peanuts and others during the seed 



development of these crops is an important factor in determining colonization and 

subsequent aflatoxin contamination by A. Jaws  and A. parasilicz/s ( Hill el a/. 1985). The 

selective nature of microbial ecosystem in food stuffs was studied by Wilson and king 

(1995) who showed that in a mixed growth of A. ,flavz~s and A. parasiticus, the former 

apparently suppresses the accumulation of the 'G' aflatoxins with an increase in the 'B' 

toxins. This is consistent with the aflatoxin distribution both qualitatively and 

quantitatively in the current study. 

Acha grains are also used to produce a non-alcoholic beverage, kunnu, which is 

largely supplemented with sugar, sweet potatoes and other sugar sources for an improved 

taste. These supplements may further favour higher colonisation and subsequent AF 

production when compared with the grains themselves as observed in this study. Thus in 

this study, acha grains yielded a total average aflatoxin levels of 21.5ppb while the kunnu 

beverage produced from the batch yielded a total of 67.4 ppb. Sorghum ( Guinea corn) is 

also widely used in the production of an alcoholic beverage ( burukutu) or pito. The low 

AFBl mean of 17.7ppb observed in this study in Pito can be explained by the fact that 

fermentation has been largely associated with a decrease in both mycofloral and mycotoxin 

levels ( Ogunsanwo el al. 1989; Jespersen el a/. 1994; Adegoke el a/. 1994). Thus the 

beverage which was actually also produced from the same batch of white sorghum 

analyzed in this study, yielded much reduced AFBl mean levels ( 17.7ppb) as against the 

level in the grains ( 221.4ppb) ( Fig. 8 ) According to Sweeny and Dobson (1998), some 

bye products in fermentation reactions may be lactic acid which has been shown to convert 

AFBl to AFBza or degrade the aflatoxins as they are formed. The same may also be true 

of ogi (akamu), the fermented product of maize analyzed. While the mean AFBl level 
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( 155ppb) or total average ( 216.2ppb) from the yellow maize batch from which it was 

produced was quite high, the ogi had only a total average of 24.7ppb showing a serious 

reduction after fermentation. This agrees with Adegoke el  al, (1994); who observed a 

reduction of 72.5% and 7 1.4% respectively in the levels of aflatoxins after the preparation 

of ogi from contaminated corn and sorghum. 

Also in the samples of a fermented condiment (ogiri) made from the melon seeds 

analyzed in this study, no aflatoxins were detected. This is consistent with the results of 

Ogunsanwo e l  a/. ( 1989) who also did not detect any aflatoxins from his ogiri samples by 

the fourth day of fermentation. It is also probable that the succession of various microbial 

groups during fermentation as detected by Jespersen el  al. (1994), may account for some 

competitive interaction which may affect aflatoxin before or after production. In the 

current analysis, also, various groups of hngi  and bacteria including proteolytic forms 

were detected in the ogiri samples. 

For the oil seeds, peanuts were the most contaminated generally and also by A. 

jlavus group as well as with the aflatoxigenic strains and with very high levels of aflatoxins 

being next only to coconut seeds. According to previous works, peanuts are easily the 

most susceptible of the oil seeds to aflatoxin contamination (Atawodi el a/. 1994; Awuah 

and Kpodo 1996; Moss 1996; Siame e l  al. 1998). A mean AFBI of 876; 510.5 and 

1,388.3ppb were recorded in the white, red and roasted (Red) varieties of peanuts 

respectively in the current study. The high levels of aflatoxins detected in peanuts in 

this study has been reported in previous studies (Okonkwo and Nwokolo 1978; Opadokun 

1990; Atawodi e l  al. 1994; Awuah and Kpodo 1996). This is however not unexpected 

since peanuts grow and mature in the soil where there are great potentials for damage by 
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soil pest such as insects, nematodes, termites and harvesting methods (practices) all of 

which can predispose this crop to fingal attack before or after harvest. 

From the study, a significant difference was observed ( P< 0.05) in aflatoxin 

contamination and levels as well as rate of contamination by these micro-organisms for the 

two peanut varieties studied ( Fg. 2, Fig 7, fig. 9). Thus, the peanuts with white testae were 

consistently found to favour both in types and in quantity, more moulds when compared 

with the red testae. The white testa variety also yielded more A. Javus group as well as 

more aflatoxigenic strains 61 (16.5%) and 18 (14.3%) of the total A. .flavzrs group and 

aflatoxigenic strains respectively while the red type yielded only 23(6.2%) and 10( 7.9%) 

of these respectively. Mc Donald (1986) found that groundnuts with red testa were more 

resistant to invasion by A. f7clv1rs and other hng i  than were seeds with white testa. Dorner 

el al. (1989) in the USA, observed that mature peanuts possessed additional resistance to 

contamination which may be associated with the production of phytoalexins. It may also 

be probable that the red varieties possess more phytoalexins than their white counterparts. 

Similar findings were also reported by Ogundero ( 1987) and Ellis el a/. (1 99 1). 

The results hrther reveal that the roasted red peanuts yielded the highest aflatoxins 

levels among all the peanuts sampled. Haq-Elamin ef al. (1988) in Sudan observed that 

gray (white) and red roasted groundnut pods showed higher amounts of aflatoxins. An 

association between the loss of the capacity of kernels to produce phytoalexins and the 

appearance of aflatoxins contamination has been shown by Dorner et a/. (1989). They 

explained that kernel water activity appeared to be the most important factor controlling 

the capacity of kernels to produce phytoalexins which seems to endow them with the 

capacity for resistance to contamination. According to them, roasting appears to reduce 
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the water level to such an extent that it will affect 
groducnofl of P ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ -  

groundnuts 
This observation however conflicts with some workers who noted that fm5tinu 

appreciiibiy reduces the levels of aflatoxi~s and that about 50% of the aflatoxins are altered 

to such an extent that they can no longer be detected (Waltking 1971: Stoloff and 

Trucksers 198 1). However, the details of the complexity accounting for the observations 

in  the current study needs funher elucidation. 

Coconut seeds, in this study were found to have very high levels of atlataxins in 

comparison with other oil seeds with an AFBl range of 527 -1,605ppb ( mean 9273ppb) 

( Fig 7,  Fig. 10). Obidoa (19751, and Zalui and Saber ( 1993) confirmed that coconut is 

one of the best substrates for the production of large and high quantities of aflatoxins 

Zohri and Saber's work recorded AFBl range of 1,500 - 2,500ppb for their coconut 

samples. According to Arseculeratne et al. (1969); Davis and Diener (1987)and Lovelace 

and Aalbersberg ( 19891, coconut is superior to peanut and other oil seeds for the 

preparation of aflatoxins. According to them, this may be due to the nature and content of 

neutral fat in the mature coconut kernel which are predominantly the C12 - C L ~  fatty acids, 

Iauric and rnyristic acids, whereas in peanuts, are mainly the C l x  acids, oleic and linoleic 

acids This according to them results in a proportionately greater yield of glycerol from the 

hydrolysis of the neutral fats from coconut oil than peanut oil which has been shown to 

enhance growth of A. fluvus and subsequent aflatorin production. 

The melon reeds analyied in this study also gave high aflatoxin yields ranging 

between 4 - 1, 4903ppb with a mean *FBI level of 69ORppb thus coming nlid wry 

between red peanuts and coconut seeds isolates including AspergiNu, spp, Peiii~illiiin~ 

spp.,F~tsarirm spp. and Rhmpzis spp  encountered in this work in melon seeds were also 



recorded by Adebajo el 01. (1994). Opadokun ( 1990) however detected a much lower 

aflatoxin AFB1, mean Level (53ppb) than in this work in melon seeds in northern Nigeria, 

(53ppb) mean AFBI level. Many complex factors like moisture, (aW), microbial 

ecosystem, temperature, seasonality, genetic differences and other undisclosed factors may 

be responsible for this remarkable difference. 

Apart form bambara peanuts and breadfruits with mean AFBl of I24.3ppb and 

170.9ppb respectively, the protein foods were generally low in aflatoxin levels ( g g .  7) + 

Oil bean seeds did not contain any detectable Ievels of aflatoxins. The oil bean 

seeds which were fermented for 72 hours became soft and slimy on the surface with a 

characteristic strong aroma. Bacteria were more encountered than moulds in all samples 

analyzed. The organisms isolated from these fermented sliced oil bean seeds included 

Bncilhs cereus, Pseudornonas neruginosa, Profeus spg, Strepf. faecalis, 

E. coh and 5'. aurerfs, among the bacteria, -while moulds included A. flaws both toxigenic 

and non toxigenic strains. Obeta ( 1982) also obtained similar organisms in his study of oil 

bean fermented seeds in Nsukka, Nigeria. Ogunsanwo el al, (1989); Fardiaz (1991); 

Hassanin and beirella (1995) have shown that activities and products involved in 

fermentation may inhibit aflatoxin production. Adegoke el a/.( 1994) has identified some 

volatile products which he thaught to be responsible for the changes in texture and 

characteristic strong aroma to possibly affect aflatoxin production in oil been seeds during 

fermentation. 

The levels of aflatoxins in cowpeas'were also low in this study with AFBl range of 

23.4 - 46.6ppb (mean 39.7ppbb) for the white variety white the brown type had a mean 

MB1 of 3 1.2ppb. This falls within the values obtained in previous works (Okonkwo and 
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Nwokolo 1978; Irnwidthaya el al. 1987 ; Opadokun 1990). From the results also, the 

white cowpeas were superior to the brown beans in the levels of aflatoxins produced as 

well as in the levels of microbial contamination including A. j7avu.s both toxigenic and non 

toxigenic strains. In Egypt, el - Kady ef al. (1996) showed that aflatoxin production 

varied between different cultivars of cowpeas which differed morphologically and 

histologically, in colour, shape and size of seeds though the chemical analyses of the 

different constituents from their seed coats and kernels also revealed that the resistant 

cultivars contained lower levels of sodium and higher levels of pimphate and potassium. 

The moin-moin (wet-milled and steamed cowpea wrapped in fresh leaves) prepared 

from the white variety yielded no aflatoxins except a sample that yielded a mean AFB, of 

16.9ppb even though no Alflavus was isolated from the moin-main samples. There was 
t 

however a significant reduction in the initial AFBl level (46.6ppb) from the raw white 

cowpeas used in their preparation ( PC 0.05). Ogunsanwo ef al. (1989) investigated the 

fate of aflatoxins when raw cowpeas are prosessed into moin-moin and observed a 

reduction in the aflatoxin levels. Similar findings were noted in the production of 'tuwo' 

and 'ogi', two cereal based products from sorghum and corn after boiling the pastes to 

prepare porridge (Adegoke el at. 1994). 

Soyabeans in this study, were contaminated by only a mean AFBl of 9.4ppb (range 

8 5 - 10.3ppb). Literature abound supporting the fact that soyabean appears to be a poor 

substrate for aflatoxin formation ( Stossel*l986; Imwidthaya el a/. 1987; Mahmoud 1993). 

Many conflicting proposals have been forwarded by many workers attempting to explain 

the reasons behind this, including seed coat integrity, trypsin inhibitors, limiting role of the 

carbon source and the availability of zinc said to be bound to phytic acid in the soyabean 
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( Richardson 1977; Erdman 1979,' Obidoa and Onyeneke 1980; Stossel 1986). The view 

supporting ly, and may also be used 

to explain t ~ r ;  l a u  ul U ~ ; L G L L I U I I  VL ~ L M L V X I I I ~  111 ~ I ~ G U I I  pcd W I I I ~ I C S  in this study. Naturally 

too, both soyabeans and pigeon peas are rarely prone to insect/weevil attack hence the 

resultant poor colonization by moulds and consequent aflatoxin contamination as actually 

observed in  the current work. Imwidthaya er al. (1987) in Thailand detected no aflatoxins 

in pigeon pea samples analyzed. Ciegler el a/. (1966) demonstrated that peroxidized 

methyl esters of soyabean oil could degrade aflatoxins in vitra. However, further work 

would be required to elucidate the various factors operating in pigeon peas. The bambara 

peanuts supported higher aflatoxin yields though less invasion by moulds ( AFBl mean 

level of 124.3ppb). These food items also have very hard seed coats but may have other 

factors supporting aflatoxin formation once invasion occurs. The low IeveIs of  aflatoxins 

detected in okpa ( wet-milled and steamed bambara peanuts wrapped in fresh leaves) must 

not be unconnected with factors already discussed for moin - moin ( Ogunsanwo el a/. 

1989; Adegoke el a/. 1994). 

De-coated per boiled breadfruits supported the highest levels of both microbial 

growth and aflatoxin formation among the protein.-rich foods. The striking feature here 

includes the production of only AFBl and AFG2 throughout the study. Possibilities 

including quality of the carbon source available to the toxigenic mould, presence and 

quality of oils in the food substrate and other undisclosed factors may affect aflatoxin 

production both qualitatively and quantitatively in the breadfruits. Cassava, yam and 

cocoyarn (the carbohydrate foods) analyzed were all shown to be low in aflatoxin yield in 

this study, having AFBl mean levels of 8.3ppb, 2lppb and 15 .2ppb respectively also with 
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both the I3 and G toxins being detected. The low levels of aflatoxins &xYI/~d are 

consistent with previous reports ( opadakbn el al. 1976; Okonkwo and Nwokolo, 1978). 

Though these crops are prone to attack by boring insects which can introduce fungal spores 

into the root tubers or also through wounds inflicted by diggers and matchets during 

harvesting, the study surprisingly also reveals poor microbial contamination af these craps 

generally Though nut investigated in the current study, Onyenuga (1978) attempted to 

explain the reasons behind his observed poor invasion rates by insectdnematodes in these 

crops by the fact that the peels of cassava and cocoyam corm samples he analyzed 

contained 3 - 5 times the amount Q€ glycosides found in the edible portions of the roots for 

his cassava samples and an acid substance for his cocoyam samples. These he thinks may 

be responsible for warding off these agents since they were found to be irritating and even 

poisonous to them. 

The garri samples analysed in this study did not contain detectable aflatoxins as 

noted by Adegoke el al. (1994). The finding also agrees with other previous reports on 

garri (Opadokun 1976; Obidoa and Gugnani 1990) An intense blue colour fluoresced on 

the thin layer chramatogram at the Rf of AFBl but confirmation tests showed that the 

fluorescing compound was not AFBl Similar observations have been recorded by Obidoa 

and Guguani (1990). This blue fluorescent spot, according to  them was shown to be a non 

fungal coumarin glycoside and their corresponding aglycones (viz scopdin,  esculin and 

esculetin aglycones) Organisms isolated from cassava and other root crops included A.  

frnvus, A. fimligcrtus, Penicrllizrrn spp, Fusurium spp. and Rhizopzrs spp. in this study. 

These however differ from the Uganda repart by Essers (1995) where Neurospom spg, 

Gc.oh.ichtm spp, and Z?h~zuprrs spp* were prominent but however agrees with that of 
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Agbonlahor et a/. (1997) in Edo State, Nigeria. This difference may be related to soil 

types and different geocarposphere temperature and features. 

The ripe plantain pulp samples anaIysed in the current study yielded a mean AFBl 

of 95 25 ppb while the unriped one yielded a mean AFBIlevel of 6.6ppb. Okonkwo and 

Nwokolo (1978) reported a mean AFBl of 5.00ppb though the variety was not mentioned 

but this seems to rhyme with the results obtained in this study for the unripe plantains. The 

results obtained in the current series is not very surprising though, since the plantain (ripe) 

seemed over-ripe and were normally thrown down the loaded trucks for the dealers and 

this practice is likely to encourage the infliction of wounds on the already damaged peels 

which will encourage the easy invasion of insectdspores into the already softened pulp. 

To krther encourage mould growth and subsequent aflatoxin production, these plantain 

bunches are normally packed in market stalls for sales where the heat and humidity 

abounding there will be favorable for such. This category of over ripe plantain is normally 

cheaper and easily purchased especially for Ukpo Ogede (a steamed -wet milled pudding 

wrapped in fresh leaves), In this grade of plantain, Oyenuga (1 978) showed that the higher 

availability of reducing sugars in the ripe pulp and the increased moisture content will 

favour mould growth and aflatoxin production. 

In this study, out of the total of 369 A. fluvus isolates encountered from various 

foodstuffs analyzed, only 126 ( 34.1%) were found to be toxigenic using the rice flour 

liquid medium technique of Mishra and Daradhiyar (1991). This is consistent with 

previous reports. According to Moss (1996), on a world wide basis, only about 35% of 

strains of A ,  jrln1m.s produced aflatoxins. Magnoli ef nl. (1998) observed that only 47% of 

the strains encountered in Argentina produced aflatoxins. Pitt (1993) also showed in his 
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studies that only a small proportion of A.  j7rn.c.s produce aflatoxins. The general findings 

in this study concerning microbial colonization and toxin production stresses the 

importance of substrates as governing factors in secondary metabolites synthesis. It was 

observed that the substrate may play a role in selecting for or against toxin producing 

strains of a given species According to Ciegler (1975), there is a higher proportion of 

toxin producing strains ofA. flavus isolated from peanuts and cotton seeds than from rice 

and sorghum in his work Thus, from the current results, out of the total A. Jlavzrs isolates 

per food substrate, only a fraction appeared to be toxigenic; with the peanuts having the 

highest toxigenic isolates (Fig. I2), followed by maize. Consistent with previous reports 

therefore, different food substrates tend to select for or against the toxigenic strains quite 

differently from each other According to 6egler's findings, factors that influence mould 

growth on a commodity also influence toxin production, the most important being 

moisture, type of substrate and temperature. From the current study, the least number of 

toxigenic strains &ere encountered in the rainy seasons being followed very closely by the 

cold harmattan periods, with the highest isolation recorded during the hot dry seasons of 

the entire research period. 

From the results obtained in the analysis of AFBl production in rice liquid media 

by the toxigenic A.jIuvus strains, the amounts ranged between 46.2 tc, 285.1 pg/ml and is 

consistent with the findings of Moreno-Romo and Suarez-Fernandez (1986); Bauduret 

(1990); Mishra and Daradhiyar (1995) and Bsseler el nl (1995) though the values were 

much lower than the results of el-Kady e /  n/.(199$) in Egypt. The results obtained from 

the natural occurrence of aflatoxins in the food samples fiu-ther substantiate the probability 

of anatoxin ingestion by the Nigeria The high incidence of naturally produced 
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aflatoxins in these foods illustrates the hazards with which this country is confronted. The 

actual amounts of aflatoxin levek obtained for most foodstuffs when compared with the 

tolerance Iirnit of 30ppb decided by the F A 0  (FA0 1997), leaves no doubt regarding the 

existence of aflatoxins contamination in the country. Many foodstuffs that did not contain 

any A. j l a v ~ r s  at all, or contained only non aflatoxigenic strains of A.flavus also yielded 

appreciable levels of aflatoxins (Table 5). It is probable that the aflatoxigenic A. ji'avus 

strains involved may have died by the time of the analysis but the aflatoxins themselves 

were preserved. Some foodstuffs also contained aflatoxigenic strains of A. flavus but no 

aflatoxins were detected in such food items. A lot of factors may account for this 

observation including the environmental factors, the substrates, as well as the effects of 

microbial ecosystem. Findings in this study generally show the superiority of lipid foods 

over all other food classes in terms of aflatoxin formation. This is consistent with 

observations elsewhere (Moss 1989, Mishra 

el - Kady ef al. 1994; Julian et al. 1995). 
d d * n ~ w \  

In the ecosystem studies, the experiments show that dual cultures of Rhizops  spp 

and Daradhiyar 1991 ; RusseI1 el 

r w 4- 
x. 

al. 1991; 

and Sncchor-onlyces spp.with A. flnwrs either significantly (P<0.05) inhibited aflatoxin 

roduction as in most cereals, all oil seeds, some carbohydrate : foods e.g the plantains, and 

most protem rlch toods, or completely lnhlbltecl AP proauctlon as in soyabeans, cassava, 

yam and cocoyam, or had no effects as in acha grains, Ugbawka rice, white cowpeas and 

breadfruits. Sczccharonzyces spp also had no effects on the two maize varieties, 

Rhizuprrs migricms was found to inhibit growth and AF production by Weckbach 

and Marth ( 1977). Zhu et nl. (1989) were able to decrease hyperplastic and pathological 

enzymic foci in AFBl induced hepc$oceIlular carcinoma in wistar rats fed with Rhizopas 



spp mixed with rations. R h i z o p ~  spp. have also been shown by several workers to be 

capable of degrading aflatoxins and reducing their inherent toxicity and potential 

mutagenicity (Bol and Smith 1990; Knol el a/. 1990). Lacey (1989)  was also able to 

suppress the growth of A. Javzts by interactions with Rhizopus sto/ort@-, while Faraq el 

a/. (1993) recorded a 70% aflatoxin degradation when A. flavus was in dual cultivation 

with Rhizopus oryzae in maize in Thailand. Zhu et a1.(1989); Stanley el al.(1993) also 

showed the inhibitory effect of Saccharontvces spp-on aflatoxin vroduction by A. Jlavzrs 

With A. wiger, A. firn~iga/us and Mtrcor spp, as co-partners to A. f laws each in all 

food classes analyzed, aflatoxins were completely inhibited except in the oil seeds and ripe 

plantain where the AF levels were significantly reduced ( P<O.05), &Iucor spp, also slightly 

increased AF I e d s  in white cowpeas while having no effects in breadfruits, acha grains 

and Ugbawka rice. This finding is consistent with many previous reports. Thus, in a study 

of low attitude desert cotton fields, soil fungi analyzed for their ability to inhibit A. jlavus 

revealed that several fungi including Ftrsarium solani. Penicillium spp, and Aspergillzrs s p ~  

produced compounds inhibitory to A.flnvzrs (Klich 1998) Other workers have shown 

experimentally that interactions of AJ'Zavus with other n~oulds can dramatically influence 

aflatoxin production and showed the inhibitory effects of A.niger for toxin production 

(Faraq ef a?. 1993; Moss 1996). 

The lack of detection of aflatoxins in any food item when Pichoderma spp, was the 

partner to AJIavus agrees with previous findings (Wicklow 1980; Cuero cf nl. 1987). In 

the pairing with Trichodemin spp, in the current study, there was no visuaI evidence like 

spomlation and also the bright greenish yellow fluoresence ( B.G.Y.F.) that A.fZnvlrs was 
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able to colonize these kernels and seeds. In the pairings with A. niger, results of the 

experiments in this study reveaIed that both Amiger and A. Jlavus grew in harmony on all 

food substrates as evidenced by the sporulations of both moulds - being about equal to 

each other. It was therefore noted that both A. niger and Trichoderma spp, interacted quite 

differently with A.flavus. Ciegler el a/, (19661, observed that occasional degradation or 

modification of aflatoxins by members ofsi. niger was noted but long incubation, up to 1 1  

days were required. It is therefore likely that A.niger in dual culture with A. Jams on the 

food items allowed aflatoxins to form and also the A,flavus to grow well, but then degraded 

the toxins immediately upon formation or graudally as in the oil seeds or might have as 

well converted them into a modified product with an entirely different Rf value from 

aflatoxins and so could not be detected by the routine methods in this work. 

Studies have shown that Trichoderma viride is a strong antagonist of A.fkrnts and 

could be expected to restrict or prevent the establishment of the later in individual kernels 

(Wicklow 1980). Ingold .(I 978) observed that world wide, fimgi live as saprophytes on 

organic matter mainly of vegetable origin and in the soil, and a fairly characteristic flora 

has been recognized in which species of~z&r, Peuicillium. A s y r g i h s  and Trichoderrna 

are particularly prominent, and observed that T viride is capable of killing the mycelia of 

other hngi in such ecological niches. Similar observations were also recorded for 

A,fimtigutzrs in dual culture with Afluvzrs on the various food items as observed for A. 

~riger and it seems probable that both moulds might have similar mechanisms of action. 

Ciegler ef a/, (1966) had a similar result with spores of two other Asyei;gillus species -A. 

t e r ~ z u s  and A. !uchmnsus which they observed to have absorbed aflatoxins non 

specifically or partially transformed AFBl into a series of pale blue fluorescing compounds 
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with different Rf values. Lacey (1989) studying interactions of organisms observed that 

the most competitive or antagonistic species to A. flavus included Penicilliurn species, A. 

fumigntus and A. nidulans each giving a high ID (indices of dominance) against A. flavus 

in his experiments. Hill ef a1,(1985) also found that A. niger can inhibit aflatoxin 

production in groundnuts contaminated with aflatoxigenic species ofA. j7awr.n 

Dual culture experiments of A. j7amrs with each of Fusarium spp-and Rhodotorula 

spp, when compared with A. j lav~~s  in mono-culture in each food stuff in this study, show 

that these moulds inhibited aflatoxin production by the aflatoxigenic A. flaws when 

grown together on these foodstuff to varying degrees. Studies on the effects of these 

moulds when in dual cultures with A. Juvrrs on peanuts, maize, rice and also in liquid 

media on aflatoxin production revealed an inhibitory effect (Zhu ef a/+ 1989; Stanley e l  a/. 

1993; Cuero and Osuji 1995; Basappa and Shantha 1996). In the current experiments, the 

seed crops with the dual cultures of A.favus and Hhodororula spp. were observed to be 

overtaken by the intense coral pigmentation from the Rhodolonrla spp.with no visual signs 

of sporulation by the A.j7avu.s was observed. This was mostly noticeable in some protein 

and carbohydrate foods, though very slight sporulation was observed in the cereals and oil 

seeds when compared with the observations in these foods with A.fluvus in mono- culture. 

It may be possible that the carbon source for the aflatoxin production by A. j7avzr.s in dual 

culture with Rhou'oforula spp,may have been directed towards pigment production. 

In the current studies, PeniciUium spp. either inhibited or stimulated aflatoxin 

production depending on the food substrate in question when in dual culture with 

aflatoxigenic A. ji'avus when compared with the toxin levels with A. flclvlrs in mono- 

culture in similar foodstuffs. There was however no effects in the Ugbawka rice for the 
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cereals, and melon and coconut seeds for the oil seeds. With the protein rich foods, apart 

from the increase in AF levels recorded for the breadfruits and complete abolishing of AF 

production in the oil bean seeds, there were generally no differences in the dual culture and 

mono culture AF levels. In the carbohydrate foods, a significant (P<0.05) reduction in AF 

levels were recorded for the two plantains and yam while same was completely inhibited in 

cassava and cocoyarn Specifically in the carbohydrate food, AFBl production was 

completely inhibited with a subsequent increase in the AFB2 levels. 

cereals and 

some oil seeds when Pe~~iciltizrrn spp, was in dual culture with A f1e1m.s. Kirilenko and 

Egorova (1985), and Smith e /  aim (1988) observed a complete inhibition of aflatoxin 

F ith Penicilliunl 

I gave a partial 

Ciegler e/ d ( 1 9 6 6 )  observed a reduction in aflatoxin production in 

~roduction while Cuero et a/ .  (1987) reported a stilnulatory effect w 

solates. Ciegler et a/ .  (1 966) also observed that Penicilli~nr species 

,,.,,.-,:A- ,C A C l 3  +A n r n ~ . ~ ~ . . n r l  +ha+ A A  T T  f' L n A  I -  D C n i m i l n r  t a  hl2D C U I ~ V C I > I U I I  UL n 1  0 1  LU a w u I p u u l I u  LIIaL U I I  I L L  llau a l l  IU ~ I I I I L I ~ I  LU N ~ 2 .  

When compared with A. j70vu.r. in monoculture, Geutr-dxrm s p ~ ,  C~hdo.sporirrm 

spp, Cwwlnr-in spp, and Ccrndidu 'alhiccrns each in dual culture with aflatoxigenic A. 

ft~tvr~s in the foodstuffs sampled, either stirnufated or had no obvious effect on aflatoxin 

grains while having no effects ir the 

levels of aflatoxins produced when A. ~7avus was in monospecific culture and when in dual 

culture with Geolrichum spp. in all the cereals. 

Ctudo.sporium spp, and Curvulc~ria spp, when in dual culutres in the carbohydrates 

foods slightly increased AF levels in the two plantains and yam tubers while having effects 
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in the other carbohydrate foods. Geotrichum spp. also had no effects in all the 

carbohydrates foods expect the slight increase recorded in the ripe plantain C. albicans 

stimulated the production of aflatoxin in all the foodstuffs though with no effects in 

cassava 

There were no differences in AF levels in the monoculture and dual culture studies 

in the protein rich foods with Ckudoporium spp,except the slight increase recorded for the 

white cowpeas and significant decrease in the breadfruits (P-4.05). With Ctrrvt~hrin spe, 

a general stimulation in AF production was observed in these foodstuffs which was 

significant (W0.05) in the breadfruits and the two pigeon peas. 

Ceofrichzm spp, in dual culture in the protein rich foods, did not have much effects 

on AF levels except in the breadfruits where AF levels were significantly decreased 

(P<0.05) and the slight decrease in the white cowpeas. However, a slight increase in AF 

levels were observed in the two pigeon peas and soyabeans. An almost similar trend was 

followed by Cmrdida albicans except that the decrease in the breadfruits was slight while 

AF levels were also slightly increased in the white cowpeas. 

In the oil seeds, AF levels in the two peanut varieties were slightly decrease while 

being slightly increased in the melon and coconut seeds with Ckzdosporilm spp. 

Czrrvulcrrin spp.generally stimulated AF production in all the oil seeds. The AF levels in 

the two peanut varieties were unaffected in the dual culture studies with Geoirichum spp, 

and Cnndida nlbic'ans while there was a stimulation of same in the other oil seeds. Similar 

observations of general stirnulatory effects by these organisms on aflatoxin production in 

several types of foodstuffs have also been reported ( Wicklow et a!. 1950; Cuero el 

~1.1987; Lacey 1989; Klich 19%). Wicklow el ul, (1980), also noted that these fingi in 
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serveral seed crops including peanuts and maize were less antagonistic than A.flavus, and 

The bacterial ecosystem studies generally revealed that Pseudornonas spp, 

Lacfuhacitlzrs s p ~ ,  Staphylococcus ctureus, S~replococczrs lrclis, Serralia, E. cnli and 

Sa/n~one//a species inhibited AF production by toxigenic A. flcrvus or had no effects when 

in co-culture with this organism. Others also had no effects depending on food type or 

stimulated AF production. Psez~dornonas spp, Prolet~s spp. and Bacillzrs cereus are all 

proteolytic bacteria and to an extent also lipolytic according to Frazier and Westerhoff 

(1991). By virtue of these properties, these bacteria are capable of attacking and 

metabolising the protein foods and oil seeds as observed in the current study. It is therefore 

probable that certain metabolites produced in there metabolic processes are inhibitory to 

either the growth or aflatoxin production by A, flavus in these food categories. 

Escker~chia cofi and /,ac~uhcrci//zins spp, are saccharolytic organisms ( Frazier and 

Westerhoff 199 1) According to these workers, these organisms are able to produce acids 

bye products during the metabolic processes. They are therefore capable of attacking thc 

cereal grains and carbohydrates to produce acid bye products which can be inhibitory to 

aflatoxins produced in such food substrates. A similar trend was observed for S, lacfis 

and S. faecalis which Frazier and Westerhoff( 199 1 )  have shown to have some proteolytic 

abilities, producing acid as bye products of proteolytic activities on protein rich substrates. 

Thus, it is not very surprising that these organisms significantly inhibited aflatoxin 

production in protein foods in this study ( P€0.05). S. Iacfis also have some saccharolytic 

properties according to Frazier and Westerhoff (1991), and so in the current study, this 

~ r ~ a n i s m  also significantly inhibited AF production in the cereal grains as well as the 
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monoculture in such foodstuffs. It is possible that acids and othe~ 

:, CI-A-~ -...-.Bna--l- - A * .  Ir- :-L:L:r--.  r -  A l- --- .3-.-r!-- n # -  --  I t 

carbohydrate foods ( P< 0.05), when compared with the levels when A. jkzvus in was in 

r bye products produced 

111 LIICX ~ I U L C W = ~  LIMY ue I I I I I I V ~ L U I ~  LU tu- pluuuuwn, MOSS ( 1989) have demonstrated 

the inhibitory effects of some metabolites of bacteria and fungi from some foodstuffs on 

1 

1 

cuItures on these foods, with the stimulation in the two varieties of plantain being 

statistically significant ( P<0.05). The oil seeds and protein foods were not affected by 

this organism, except the two varieties of pigeon peas and some carbohydrate foods 

the growth and mycotoxin production of A. Jlnvl~s organisms. Bucilfus sublilis when i r  

dual culture with A. fluvtw on the cereal grains and some carbohydrate foods stimulatec 

AF production when compared with the AF production in A. jlaw~s in monospecific 

- - 

( casava, yam and cocoyam) in which the AF production were significantly inhibited 

( P<O.OS) when compared with the levels when A. Javus was in monocu1ture on these 

food items. According to Frazier and Westerhoff (19911, B. szdbtih has saccharolytic 

properties and it is likely that some breakdown products in the cereal grains and plantains 

may have stimulated AF production while others including acids may have caused some 

inhibition of the production of aflatoxins -in yam, cassava, cocoyam and pigeon peas as 

observed in this study. 

Sfaphy/ocuccus aurezrs inhibited AF production in all categories of faodstuffs 

with the inihibtion in coconut ( oil seed) and Abakaliki rice (cereal) being significant 

( P<0.05), while having no effects in protein foods Snfrnunelln spp,when in, dual culture 

with A. jlavus significantly inhibited the production of aflatoxins in the protein foods, 

same cereal grains ( acha, and the two rice varieties) and melon seed ( P< 0 05) and in the 

. . 
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decreased growth of the mould white inoculation afterwards stimulated the growth, though 

in our studies, the decrease observed was when S. /uclis and A. Jlnvus were inoculated 

simultaneously. However, according to Coallier-Ascah and Idziak (1985), and Rasik el  al, 

(1991) S. lcrc/is was found not only inhibiting aflatoxin biosynthesis but also degraded 

preformed toxins in their own study. This organism also produces lactic acid as one of the 

end metabolic products and its been widely established that acids can directly degrade 

aflatoxins and may also catalyse the conversion of AFBl to AFBza ( Ciegler el a!. 1966; 

Lindenfelser and Ciegler 1970. El - Gendy and Marth 1980, Matsushima et nl . 1996). 

Kubo and Kazuhiro (1996) also observed that a Bacillus sub/ilrs strain had aflatoxin 

d 

a 

stimulated Af production In a study on bacteria-mycotoxins interactions, using the genera 

rysipelolhrix and 

egrading ability in same food stuffs just as observed in the current studies though Cuero 

/ ul. (1987) and Lacey (1989) demonstrated that Bcrcillzts spp, in rice and maize 

( Ali - Vehmas eta/. 1998). This shows as illustrated in the current studies, that members 

of these genera could survive in the presence of competitive growth with A. fkrvus and 

~ . r n r \  n W a ~ t  nrma.rth n r  nrrrr4ltrt;nn nf n f l a t n u i n e  hu tho mnlllrl W h p n  pnnlnnrprl with t h p  y"''" 7."" " "  

Af levels detected in foodstuffs with A. flm~.s in sinrzle culture. A. aceti stimulated Af 

production either signific 

Lacey ( 1989) who obse 
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major role of acetate - a metabolic product of Acetobctcter aceti as a starter molecule in 

the aflatoxin biosynthetic pathway has also been demonstrated ( Trail el a/. 1995; Bennett 

ef nl. 1997; Minto and Townsend 1997, Sweeny and Dobson 1998). 

Also when compared with A.flnvus in monoculture in semi-synthetic media 

( YES), Rhrzupus spp, in dual culture with A.Jlavus , significantly inhibited the production 

of aflatoxins ( Pc0.05) in all the days of incubation. The mycelial dry weight was also 

reduced while the pH was lowered to 3 17 by the tenth and fourteenth days of incubation. 

With A.  iuger in dual culture with A.  Jaws, there was not effects on aflatoxin production 

till day seven, when it was significantly inhibited ( P < 0.05) and then compIetely inhibited 

by days ten and fourteen of incubation. The lnycelial dry weights in the dual culture of the 

A.Javus was also reduced while the H was also lowered over the days. f 
With 7krchaZermu spp, in co-culture with A. fkavrls, aflatoxin production was 

completely inhibited and the mycelial dry weight of the A. flavus significantly reduced 

( P < 0.05). Saccharon?yces, PenieiThwn, Cr'adosporiurn, and Geotrichunz species a1 l 

inhibited AF production when compared with A.  Jlavm in monospecific culture. 

Fu~arirrm, and Rhodoforuln species including A. frrnrigahrs all significantly reduced both 

the mycelial dry weight of the A.flavus as well as inhibiting AF production significantly 

( P < 0.05) though to a greater extent by A. jirmigatrrs alld Fusuritm~ spp. Cumlaria spp. 

and Cmdrda ulhicnns on the other hand stimulated the production of aflatoxins when 

compared with the AF levels when A. j7awr.s was alone in the YES media over the 

fourteen days of incubation. In both instances also, the mycelial dry weight were also 

increased. Similar observations were recorded in the tests in the synthetic media except 

that in the synthetic media tests, F/rsnr.irtm spp. completely inhibited the production of 
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aflatoxins, while C~rrvulnrra spp,stimulated Af production only up to day five and then 

inhibited this thereafter. Geotrrchum spp, in dual cultures in synthetic medium 

experiments in comparison with the results in the A. jlavtrs monospecific cultures 

stimulated Arproduction to day seven of incubation and thereafter inhibited the Af 

production up to day fourteen Carldida alhicnns on the other hand rather inhibited the 

production of AF in the synthetic media. 

Certain strains of Rhizopus spp have been shown to metabolize pre-formed AFB, 

and AFG, or possibly convert them to isomeric hydroxy compounds ( Bol and Smith 1990; 

Knol eic a/, 1990). In the dual culture tubes with A. niger in the semi synthetic and 

synthetic media and also from the myceIial dry weights, there were visual evidence of 

growth of both the A.jlavus and the A. niger though extraction and analysis showed very 

low levels of aflatoxins when compared with the leveI in the monospecific culture tubes. 

This finding may be that the A. niger actually degrades aflatoxins as they are formed 

rather than affect the growth of A. fluvus in the competitive environment as demonstrated 

by Cie: 

~ y n t h e ~  

evidenc 

(19781, Trrchodermu spp,have been shown to be very antagonistic towards A. f l c z v t ~  In 

both media also, Penicilhn spp, inhibited AFBl production either partially or completely 

while stimulating the production of AFB2. This is consistent with the reports of Ciegler et 

al. (1966) Tubes with fiodoforuln spp, in both media showed no evidence of growth of 

the A.-fluvus but were rather overtaken by the coral red pigmentation of the Rhodotortrln 

spp. It seems probable that the carbon source available for aflatoxin production were 
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exhausted in the pigment production. However hrther work to elucidate the details of this 

finding is needed. 

The differences observed in the production of aflatoxins in the YES and synthetic 

meduim in the dual culture experiments with Fusarrum spp, Curvdaria spp and Curdiu'a 

nll~icans may not be unconnected with the nature of the carbon source as well as 

exhaustion of available nutrients and probably accumulation of toxic wastes that may all 

affect the production of aflatoxins in the two liquid environments. Geo/rrchzrrn spp, 

inhibited Af production in the YES medium but rather stimulated the AF production in the 

synthetic media up to day seven and thereafter inhibited it significantly. It is likely that in 

the YES medium, Geotrrchum spp, specifically produced a metabolite that was 

unfavourabie to Afproduction or growth of A. j7avlrs while in the synthetic media, the 

metabolite accumulated to toxic levels by day ten of incubation. 

In a study conducted by Klich ( 1998), twelve taxa of fungi produced compounds 

inhibitory to A. j7uvus and these included Fzrsurri~m and Penicillium strains. Lacey ( 1989) 

found PeniciI'/ilm? and A. JiArnigcrtus to be highly antagonistic to A. Jlnvus in liquid media. 

Also in the current study, it seems that the production of AFGl was retarded by the 

presence of Succharonzyce.s spp, but the production of AFBI was not much affected. The 

production of more AFBl than AFGl was expected depending on the favourable pH of the 

medium ( Tables 12 and 13). 

For bacterial cultures in dual cultures with A. flavus in YES medium ( Table 14 ), 

when compared with A. j7uvrrs in monospecific cultures, B. suhtilis, A ,  acefi, IJrofeus spp, 

and B. cererrs stimulated AF production by A. j7uwt.s. while others like Pseudornonas spp, 



Staphy1ococcu.s aureus, E. coli, and Serratia spp, inhibited AF production. Snlrnonella spp, 

and Lacfobacillus spp however inhibited AF production significantly ( P < 0.05), while 

S. fnecalis had a mixed trend. S. faecnlis inhibited aflatoxin production up to day five and 

then stimulated it thereafter up to day fourteen, while S. hclis had no effects on aflatoxin 

production throughout the periods of incubation. Mycelial dry weights were also higher in 

the sets that stimulated toxin production and was either less or equal to the weight in the 

monoculture ( control) studies in all the sets that ;nh;h;+dJ *c nr,-~llrt;nn T n  tho cams 

experiments i n  the synthetic media, Protezrs spp, 

compared with the levels in the control ( ie A.,Jhvus in monoculture), S. /krcl~.s and 

S, fueccrlis also inhibited AF production. Also Sch~onelh spp. and k~clobucillzts spp. 

both significantly inhibited AF production i s  in the YES experiments. 

Differences in some results in the two liquid environments may not be unconnected 

also with the carbon source or factors available for the A. flavus in the two environments in 

the competitive growth. In the liquid environments and in the presence of R. cereus, 3. 

subtilis and A. aceti, AF production increased and the growth of A. flavus was generally 

better when both organisms grew together. Results indicate that the increase in total 

aflatoxins production probably resulted from enhanced growth of A j hvus  as evidenced by 

the mycelial dry weight. This increase in growth of A. Juvzis could have been caused by 

initial growth of these bacteria creating conditions which favoured the subsequent growth 

of the mould. Also according to Faraq et al,(1993), A. aceti can produce acid from sucrose 

and in most instances, will produce 5 - ketogluconic acid and gluconic acid which might 

be utilized for growth by A. flrrvus more readily than sucrose 



A regular pattern of variation in the yield of aflatoxins with age of the A. flavlrs 

monoculture was observed with different food types. In cereals and carbohydrates foods, it 

was observe 

culture ase may indicate depletion of the carbon source in the medium. The higher 

activities of the glycolytic enzymes indicate a higher breakdown of glucose for energy and 

metabolic activities and accumu~ation of pyruvate which is assumed to be essential for the 

on set of aflatoxin biosynthesis. 

For the oil seeds, biphasic curves were obtained The variations in aflatoxin 

content are larger than can be accounted for by any errors arising in the assay procedure. It 

may probably reflect actual differences in the net content of aflatoxin arising from 

alterations in the relative rates of synthesis and degradation of these compounds within the 

culture. The initial drop in aflatoxin content observed on the seventh day to about the tenth 

day might conceivably be due  to a degrading n~echanism or possibly also due to 

breakdown of aflatoxin by an enzyme appearing during this phase of growth of the 

organism. The appearance of the second peak might be due to an increased production of 

AF arising as a result of glycerol now being liberated by lipolysis, in addition to a possible 

exhaustion of the degrading reactions. Cienler et n1. (1966) had demonstrated that 

peroxidized methyl esters could degrade i 

this type might arise in medium containing unsaturated fatty acids . Arseculeratne e! a/. 

(1969) also demonstrated that the hydrolysis of neutral fats yields glycerol which has been 

shown to be good carbon source for growth and aflatoxin production by A. yurcr.siticus and 



With the protein foods, there was a general steady but gradual increase in AF levels 

but this dropped by the tenth to the fourteenth day depending on the food crop. In the 

breadfruits however, AF levels continued to increase unabated up till the fourteenth day of 

incubation. Details responsible for these observations need further studies. The drop on 

day ten to fourteen may be related to the exhaustion of the carbon source. Patterns of 

general increase or decrease in AFlevels in the dual culture studies with bacterial and 

fungal organisms also took a similar pattern as with A. j7avu.s in single culture in the entire 

foodstuffs studied. 

In the bivalent metal studies, aflatoxin yields plotted against bivalent metals added 

0 - 1000 pgig of food substrates at seven days incubation, showed that zinc levels between 

10 - 400 pglg of food substrate ( cereals) stimulated A f  vields araduallv with the 

maximum yield bein 

maximum yield for b g o a w ~ a  rlce was at ~ 3 u y g i g  OI IOOU SUUSLIBI~. LCVCIS U I  ~ l l i l l U & L l l b  

then started to decline thereafter till the highest metal concentrations. There was a 

- - . a  - 
~g recorded at metal level 400 pg/g  of food substrate. However, the 

, r  r I . _ , .-rrn 1 C L T --.-II -C-Kl..*-..:-.. 

stastistically significant difference between the mean A f  levels at zero n~etaI concentration 

and at the levels at the metal concentration ( 400&g) the peak A f  yield for the cereals ( P 

c 0 05), but not for the Ugbawka rice and acha grains. A similar trend was observed fa[- 

the carbohydrate foods except that the peak yields were recorded at metal concentration 

550 pgig of food though for the unripe plantain, the drop in A f  levels started right from 10 

~ w l u  nf fond rnetaI concentration. while the peak for the ripe plantain was recorded at 



In the protein foods, Aflevels rose sharply though not significantly from the level 

at zero metal concentration to the level at 10 ygJg of food substrate ( P > 0.051, though it 

was significant in white cowpeas ( P < 0. 05)  especially for the AFB,. There was no 

difference between the levels of A f  in the two metal concentrations for soyabeans and 

breadfruits. For zero pg/g of food substrate metal concentration, the A f  levels increased 

continuously till the peak at metal level of 550 pg/g of food substrate. Thereafter, the AF 

levels decreased continuouslv till the hiehest metal concentration. In all the protein foods, 

xtion and the peak Aflevels 

at metal concentration of 550 ug/g food substrate was statistically significant ( P < 0.05). 

For the oil seeds, a completely different trend was recorded. The ~f levels rather 

decreased continuously with increase in metal concentration with a significant decrease in 

all oil seeds by the highe st metal concentration ( 100 pg/g) ( P 

The stimulatory effects observed in the zinc experiments in all food substrates apart 

from oil seeds agree with the works of Faila ef a/. ( 1986) who observed that Aflevels 

positively correlated with zinc and copper levels in corn simples in USA. Many other 

reports exist supporting the stimulatory effects of zinc on certain food substrates 

( Lillehoj el a/. 1974, Obidoa and Ndubuisi 198 1, Stossel 1986, Tiwari et a/, 1986). Metal 

ions are involved as enzyme cofactors in many biological processes. Lacey (1989) showed 

that zinc is required for AF formation and infestation of maize germs may be associated 

with the increased trace etements levels in the germ fraction. However, the accompanying 

high levels of phosphate ( phytate - inositol - hexaphosphate) in the germ strongly binds 
-* 

several elements particularly zinc and render them biologically unavailable to the hngus. 

This may be true for all other seeds and food crops. The typical requirements of food 



stuffs for zinc salts especially as seen for cereals and carbohydrate foods supports the 

findings of Maggan et a/. ( 1977), that zinc is involved in carbohydrate metabolism in the 

fungi, and that the glycolytic enzymes of A. parasiticus and others are zinc dependent. 

They also showed that zinc deficiency impaired fungal growth and metabolism of nucleic 

acids and proteins and activity of enzymes of the glycolytic pathways. 

Thus in A. par.n.sitrc~ts, Venkitasubrarnanian and Gupta ( T 977) and Sweeny and 

Dobson ( 1998) noted that an impaired glycolytic cycle tends to reduce the level of primary 

metabolites such as pyruvate, citrate, and oxaloacetate which tigger off aflatoxin formation 

and that inorganic phosphates accumulated due to zinc deficiency and may be 

unfavourable for aflatoxin biosynthesis. The decrease observed at higher zinc levels might 

be due to an adverse effect of excess zinc on the hnga! macromolecular biosynthesis, as 

reported previously by Gupta el a/. (1977) and Chulze eta]. (1987). The higher yields of 

aflatoxins in the oil seeds at lower zni+ levels and the serious decrease at higher zn2' 

levels mav be due to manv factors as discussed above. though it does agree with Chulze et 

It is also noteworthy that soyabeans which have generally not supported good A T  

production gave a distinct rise in the level of aflatoxins with increasing zinc levels. Zinc, 

being an essential trace eIement for Af production has been used to explain, the higher 

production of aflatoxins on autoclaved soyabeans ( Stossel 1986). According to Gupta and 

Venkitasubramanian (1975$, zinc is bound to phytate in soyabeans, but may be released 

during cooking and therefore become more biologically available. Thus, in this study, the 

addition of extraneous supply of zinc definitely increased A f  production in soyabean; 

though Stossel ( 1986) noted that autoclaving sayabean flakes and protein for 30 minutes 
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destroyed less than 5% of the phytate and that autoclaving the growth, media with and 

without pbytate, apparently did not improve zinc availability, so that other factors must be 

involved and needs hrther studies in soyabeans and other tropical foodstufls. Maggan e/ 

cd .  ( 1977) also showed that zinc deficiency in the medium resuked in altered morphology, 

growth and metabolism in the fungus, Rhodo/oruh gi'acilis. 

Apparently, from the result in the current series, the optimal availability of zinc is a 

decisive factor in A~biosynthesis As Obidoa and Ndubuisi ( 198 1) noted, the resistance 

and susceptibility of natural food con~modities to A f  production has been explained in 

terms of the I pate amounts of trace elements especially zinc. It 

is a relevant lab1 ulaL al JcaaL L.V L1llb uzpendent enzymes have been detected, all of them 

being very important in ~ f b i o s ~ n t h e s i s .  (Tyagi and Venkitasubramanian 198 1). Zinc has 

been observed to stabilize nucleic acids, ribosomes, lysosomes, microtubules and cell 

membranes in various fungal groups ( ~ l a ~ ~ a ~ l  c t .  d 1 4 7 7 ) .  

Manganese added at 10 pg/g of cereals and carbohydrate foods double or tripled the 

levels of aflatoxin produced at zero level of metal and continued at such levels with a very 

slight decrease at the highest metal concentrations. The increase in Aflevels in all these 

foodstuffs were statistically significant ( P < 0.05). However instead of decreasing as 

observed generally at higher metal concentrations, AF levels were rather increased in 

~ ~ n r i p e  plantain after 100 pg/g metal per food substrate. The Ugbawka rice was more 

significantly stimulated at IOpgIg of food by ~ n "  more than that of Abakakili rice ( P < 

0 05) while there was no difference with the two varieties of sorghum. For the protein 

foods, a significant inhibition was recorded in aflatoxin production ( P < 0.05) at metal 
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levels concentration IO&g of food and this continued till metal concentration 100pg/g of 

food, and then started increasing thereafter with increasing metal concentration with a 

significant stimulation by the highest metal concentration ( P < 0.05), when compared 

with the level of AF at zero metal levels 

However, there were no differences in AF production at all metal concentrations 

for soyabeans, while in the breadfruits, AF concentration gradually increased with 

increasing metal concentration, With the oil seeds, AF levels were high at zero metal 

levels and then decreased significantly in all the oil seeds ( P < 0.05) with the exception of 

the white peanuts at metal level 10 ~.&g of food. AF IeveIs then started increasing 

gradually thereafter with increasing metal concentration from metal level 25 ,~~g /g  of food 

substrate. A~reeing with the current findings for cereals and carbohydrate foods, Lillehoj 

e/ nl. (1974) also observed that the svnthesis of aflatoxin on defatted germ of corn was 

incre 

i n h i b ~ ~ l ~ t l  a l w  L I I ~  auu luvu  ul IU - JUU J J , ~  pt:t ;;la111 ul wt: W I I I  ~ ~ I I I I .  

Managanese appears to be a multifunctional metal in the metabolism of numerous 

fungal and bacterial systems being involved in cell wall synthesis as well as nucleic acid 

and fatty acid synthesis ( Maggan el ul. 1977). A mixed trend was observed depending on 

salt concentrations with ~ n ~ ' i n  the works of Tiwari et a/.(1986) and this supports the 

different results at different concentrations in different foodstuffs obtained in the current 

study. However some conflicting previous results exist. Mateles and Adye ( 1964), Lee et 

of. (1966) and Detroy el of. (1971) did not observe any effects of ~ n ~ '  on aflatoxin 

production though they noted some slight reduction in growth of the organisms in some 

instances. They also observed in some of their experiments that ~ n ~ '  deficiency caused 
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~t zero CU*' concentration ( I3 < 0.05). This increase co: 

incomplete or altered cell wall synthesis in A. pamsilicus resulting in a change of fimgal 

morphology to a yeast-like form. 

At copper levels of 10 u,o/g of the cereals and the carbohydrate foods analysed in 

this study, aflatoxin levels were significantJy stimulated when compared with the Aflevels 

I ntinued gradually reaching its peak 

at copper levels of 250 ug/g of the food substrate after which a gradual decrease in AF 

concentration sta~ted, becoming significant at cu2? concentrations of 550 &g of food 

substrate when compared with the peak concentrations ( P < 0.05). Thereafter, the 

decrease in A? ~evels continued gradually till the highest metal concentration and even 

t :s 

among all the carbohydrate foods and cereals ( Colour, method of cultivation, ripe or 

unripe). For the protein foods however, at copper levels of 10 p ~ j g  of food, a slight 

stimulation of Aeproduction was observed when compared with the levels at zero metal 

concentration but this was however, significant for breadfruits ( P < 0.05). A slight 

decrease in Afconcentration or production was then recorded thereafter till  the highest 

metal concentration per gram of food substrate. This decrease was significant again for 

breadfruits and both cowpeas varieties when AF levels at metal concentrations of 50 yg/g 

and 1QO yS/% of food substrates were compared since there was another sharp drop in A f  

levels at this point ( P < 0.05). Also after metal levels of 550 .ug/g of food, a complete 

inhibition in A f  production was recorded for the protein foods with the exception of 

bambara peanuts and breadfruits where some traces of aflatoxins could still be detected. 



For the oil seeds, at copper levels of 10 yg/g of the food substrate, AT production 

were increased for both peanut varieties and melon seeds though significantly for coconut 

seeds ( P < 0.05). Thereafter a decrease in Arlevels were recorded for the melon seeds 

and coconut seeds but significantly in the two peanuts (P<O.OS). Interestingly too, the 

production of aflatoxins became completely inhibited at copper levels of 550 yg lg  of food 

substrate till  the highest cuZ' concentration, while for the melon seeds, Aflevels remained 

constant till the highest cu2' concentration. In the coconut seeds however, after the 

decrease at cu2' level of 550 pg/g of the food substrates, a slight increase in A f  level 

occurred again at metal level of 700 pg/g of food and remained constant till the highest 

~ 1 1 ~ '  concentration. 

The findings in the current study agrees with Lillehoj el al. ( 1974) in maize. Failla 

e? a/. ( 1986) also noted that AF levels positively correlated with zn2' and cu2 '  levels in 

maize, but in the absence of biochemical data linking copper levels with polyketide 

synthesis, they believe that this correlation may be incidental. The inhibition of A f  

production at highest levels of cu2+ ( > 550) pg/g of these food substrates analysed may be 

because, copper as one of the heavy metals like mercury and silver are known to be 

fungicidal at higher concentrations. 

Apparently, from the results in this study, iron does not seem to have any effect on 

AF production in cereals and carbohydrate foods at all levels of concentration. This is in 

line with the findings of Lillehoj e? a/. ( 1974) who also observed no effects on the AF 

levels in maize For the protein foods 'in the current study, a slight increase in AF 

production and level was observed at ~e ' '  concentration of 10 ug/g of the foodstuff when 

compared with the AF levels at zero ~ e ' +  level for bambara peanuts, 
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soyabeans ,both cowpea and pigeon pea varieties. However, this increase was significant 

for breadfruits ( P < 0.05). Thereafter, a significant ( P < 0.05) decrease in Af levels was 

recorded down the ~e' '  concentrations to the highest levels and becoming completely 

inhibited in the cowpeas and soyabeans at ~ e ~ '  levels of? 400 pg/g of food substrate with 

only traces in the other foods. By ~ e ~ '  level 1000 pg/g of breadfruits, Af productron was 

completely inhibited. 

For the oil seeds, a campletely different pattern was observed. At ~e ' '  levels of 10 

pg@ of the oil seeds, a significant increase in Aflevels were recorded as against the levels 

at zero ~ e ~ +  ( P < 0.05). Thereafter, a decrease was recorded in aflatoxin levels with the 

greatest decrease at ~ e ~ '  levels of 250 pg/g of white peanuts, red peanuts and melon seeds 

but at ~ e ' -  levels of 400 pgig of coconut seeds. Thereafter again, a slight increase 

occurred in Aflevels which remained more or less constant till the highest ~ e ~ '  levels. 

Tiwari et a/. ( 1986) and Maggon et a/. ( 1977) using peanut fractions observed that iron 

and copper decrease AF production to certain levels. 

From the studies in the YES and synthetic media, using the bivalent metals, the fact 

that at 2n2' levels 1.0 pgiml of YES media ( Table 17) the AF production was increased 

about 1000 times when compared with the AFlevel at zero zinc concentration, whereas mat 

tveiyht was increased only 2.5 times suggest in accordance with previous studies in 

submerged liquid media ( synthetic and non synthetic) ( Lee e/ a/. 1966; Marsh el ul. 

1975), that zinc has a stimulate 

media, AFBl > GI > Bz > G2 throughout all zinc concentration is consistent with most 

other works using liquid media (YES and synthetic) and also food substrates ( rice, maize, 

.X% 



beans and peanuts) ( Lee ef a/ . 1966, Marsh et ul. 1975; Moss 1989; Lacey 1989). The 

observed depression of AF yield at 25 pg/ml of YES and the synthetic media in the current 

work, agrees with Chulze et al, ( 1987), that 2n2& could be a stimulatin~ factor in the AF 

production up to a certain concentration, as it happens with all essential elements. Also 

from the study, there seems to be a clear distinction in the way A.  Jlnv~u responded to zinc 

addition and other bivalent metals in the different food substrates studied as compared with 

t 

S 

experiments, the influence of zinc was not so evident as was observed in  the synthetic 

media It is evident that in the sohd substrates ( food items) various factors besides 

bivalent metals like zinc interact to promote AF biosynthesis. 

With the addition of ~ n ' ~  at 5 ydml of the synthetic medium, and of YES 

medium, aflatoxin levels increased to their highest levels ( Table 17 ) A decrease again 

occurred at ~ n "  levels of 25.0 &ml of the synthetic medium but not in the YES medium. 

The fact that the ~nycelial mat weights of the two liquid media remained essentially on the 

increase throughout - from 230mg/100ml at h4n2- zero level to 233 rng/100ml at ~ n ~ '  

level of IO.Opg/rnl of the synthetic media, and from 248 mg/100ml at zero level of kln2' to 

256 pJl00ml at ~ n ' +  level of 10.0 pg/ml of the YES media, points to the fact that ~ n "  is 

essential for growth rather than for AF production. The rnycelial dry weights in both 

media were however lowered at ~ n "  levels of 25.0 &ml of media - in the synthetic 

medium, dropping back to 230 rng/lOOrnl and in the YES 250 mg/lQOml. However, the 

lesults conflict with Marsh el nl. (1975) who observed a constant mycelial mass weight 

throughout their ~ n * '  experiments in synthetic media. Maggon e? a/,( 1977) observed 
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that ~ n "  can be interchanged as cofacrors for a number of enzymes as well as in the 

production of ATP. 

Although this study and some other previous ones ( Lee ef ~1,1966; Marsh et a/. 

1975, Masgon ef n/,1977), have shown that Afryields in liquid media fermentations can be 

restricted by low levels of manganese or give lower yields, the synthesis of Afin some 

food substrates ( cereals, carbohydrates and oil seeds) was increased by the addition of 

10pg of the ~ n ~ '  per gram of food with no real inhibition, after the addition of up to 

1000ug of the ~ n ' '  per gram of the food substrate Clearly, the response of the A. .fl~rvav 

to manganese differs in the two media (food substrates versus liquid media). A similar 

observation was also made by ChuIze e ta / .  (1987). 

With iron at zero level in both the synthetic and YES media, ~fproduct ion  was 

relatively high rhough the mycelial mat weight were lower than in the higher Fez' 

concentrations. Thereafter, Af levels decreased with increasing Fez' levels. The rnycelial 

dry weights increased at ~ e "  levels of l.O,ug/ml of both the synthetic and YES media and 

fluctuated around a constant value throughout ( Table 17 ). From the results, iron 

definitely had a stirnulatory effect on growth but may not be affecting Af production. 

Copper, according to the observations in the current studies, depressed Afproduction in 

both liquid media ( the synthetic and YES media), though the rnycelial dry weight of the 

A . j l ~ v r / s  was more wless constant, having no actu different 

c?' levels. By the cuZ- levels at 10.Qpg - 25pglml of both the synthetic media and YES 

media. Avproduction was completely inhibited with only traces of ~ F b e i n ~  detected at 

cU2' levels of I - 5 yg/rnl of both media. The hngicidal action of copper has already 



been emphasized, but the lack of correlation between this and the mycelial dry weight 

makes the explanation mare complicated. 

The general decrease of AF levels between seven and fourteen days of incubation 

in both the food substrates and the liquid media was in accordance with literature 

( Goldblatt 1969: Arseculeratre and Bandunatha 1972; Sweeny and Dobson 1998). In 

laboratory studies also, differences in toxin production by A. flcrvzrs have been attributed to 

heterogeneity of the fungal substrate. Synthetic media have routinely supported minimal 

toxin production whereas maximum yields occur in such commodities as autoclaved 

w T- 

According to Reddy ef a/. (1971), the yields of AFare generally low in synthetic 

media normally used for hngal growth but A f  production is higher in crude or synthetic 

me 

the 

sol 
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low salts medium ( SLS) contrasting with sunflower seeds which he observed had much 

more complex carbon and nitrogen sources 

Many other previous studies abound, demonstrating a relationship between the 

addition of several metals and significant differences in toxin yields ( Lacey 1989: D'souza 

and Brackett 1998: Schiller e l  a/. 1998). They have also described an enzyme efastinolytic 

proteinase ofA.Jlnvrrs which activity is markedly inhibited by numerous metal ions. 

]eat, rice, corn among others ( Detroy et nl. 1971). 

:dia supplemented with crude extracts like yeast extract ( YES medium). It is not 

:refore surprising that in the current studies, high levels of A f  yield were recorded in 

id food substrates, followed in a decreasing order by YES medium and lastly the 

ithetic haw1 medi~lm Ch11l7e ~t d r  f 19871 t h m w h  recorded hirrher levels in q1lcrn.w 



CHAPTER 6 

6.0 CONCLUSION -.. 

Major factors therefore based on the findings in this work found to influence mould growth 

on a food commodity and toxin production are summarized as follows: 

a) Seasonality factors:- Mould growth and aflatoxin production was directly correlated with the 

time of the year. The rainy season favoured both factors most and the cold harmattan periods 

favoured them least. 

b) Type of substrate:- whether oil seeds, protein-rich foods, carbohydrate foods or 

cereal grains. Results showed that oil seeds supported highest aflatoxin yields, while cereal 

grains supported greater microbial contamination. The results also showed that substrates 
r 

may also play a role in selecting for or against toxin producing strains of A.Ja\w,s. 

c) Agricultural pl-actices:- whether upland or swamp, where seed crops are faced with either 

drought or moisture stress as typified by the Ugbawka and Abakaliki rice. 

d) Varieties of seed crops:- eg Red and white testae peanuts (ie cdour variations) or  state of 

the seed crop leg ripe or unripe plantains). 

P) Crnwtli ~nvitmnm~ntr-  The s t d v  showed that seed crops associated with the soil 

n, melon, breadfruits, produced IargeIy the B and G 

B I I ~ C O X I I I ~ ,  W~IIIC LIWS ~ I W V U , ~  aUVvr; the ground environment, produced largely the B toxins 

eg, maize, sorghum, millet, acha etc. 

0 Microbial interactiojls:- Findings in this study suggest that the successful establishment of 

A,$'u/lavra in a food substrate and subsequent aflatoxin contamination, may depend upon the 



sequence in which the mould reaches the seed crop in relation to their colonization by other 

hngi or bacteria. The results indicate the great variability in Af production by A.Jcrvrl.s in a 

competitive environment, even when the substrate is favourable for mould growth and aflatoxin 
'.. 

production. It also probably indicates the potential importance of co-occurring fungalhacterial 

jecies in determining which biosynthetic pathways arc 

I...- .. .-.---+ .,,..-~,.L~I:+.. L.." L,..-... -&.---.-A 1.. A C+..-AA..a, 

: available to the A.y~ergi//rr.sf/al,rts. 

the competitive growth with other hngi and bacteria, but this effect is also largely dependent 

g) l ~ i l ~ u e r r c e  UI  1 r r e m  IUIIS I C  I t l e t i l l  SitlW;' U ~ J C I I U I I I ~  largely on concentration and nature of food 

crop. 

It is therefore hoped that the application ofthe less harmhl microbial strains shown to inhibit 

or decrease Af production eg. Sacc/~crronr)~cc.s spp, as active ingredients in a livestock feed product 

or as a microbial consortium in human rations may assist an eradication goal. . 

Conclusively therefore, results from the current study show that [he susceptibility of 

agricultural conmodities to aflatoxin contamination varies tiom crop to cri and 

method of cultivation), and from season to season, being largely influenced by the microbial fauna 

ciated with the crop, and this may be affected by the availability of certain metal ions. 

T ~ I I C  the  nrPcPncp nf aflatmcin~ in avrir.r~lt~mI commodities renrewnt an extrenielv comr 

series of interactions between: 

1 .  The causative fungi (A.flavr~.s w o w )  - -  . . ~ -  - ...- - -. " \ .r V I 

he contaminated product and 

. . .  m . .  . . 
3 .  The physlcochernlcal environmental factors. 



The various components involved still need to be unravelled hither; at best, will probably 

never be fully understood since laboratoiy studies, where interacting variables are of necessity limited, 

\ 
can only approximate the infinite tiumber of variables manifested in nature eg. 

(1)  the chemical composition of the commodity. 

'a 
(2) the complex interactions of the microbial fauna and 

( 3 )  weather conditions. 



REFERENCES 

Abulu E.O., Uriah N., Aigbefo H.S., Oboli P.A. and Agbonlahor D.E (1998). Preliminary 
investigation on aflatoxin in cord lood of jaundiced neonates. Wesl A/ican Journal of 
Medicine, July - Sept l7(3): 184-1 87. 

Adanis M.R.and Moss M.O. (1996). Non bacterial agents of foodborne illness; In: I;'ood 
Microbiology. Chichester, U K .  229-244. 

Adebajo L.O., ldowu A.A. and Adesanya 0.0. (1994). Mycoflora and mycotoxins 
production in Nigeria corn and corn-based snacks. Mycoynthologia Jun; 126(3): 183- 192. 

Adebajo L.0. and Idowu A.A. (1994). Mycaflora and aflcltoxins in a West African corn- 
groundnut based co~lveliicnce food. Mycoparhologiu Apr: 126( I ): 2 1-26. 

Adegoke G.O., Otumu E.J. and Akanni A.O. (1994). influence of grain qualily, heat, and 
processing time on the reduction of aflatoxin B1 leveIs in 'tuwo' and Ogi: two cereal based 
products. Plmt Foods and Human Nulrition. 45(2): 1 13- 1 1 7 

Agarwala C.1'. (1986) Cliatterjee, C., Nnutiyal N, and Sliamia C.P. (1986). Molybclcnum 
nutrition of isolatcs of four Aspergilluus species. Cmudiun Juurrwl oj'MiclruBiolop. Jul; 
32(7): 557-561. 

Agbonlahor D..E., Eke S.O., Ekundayo A.O., Oga E., A~bonlahor F.E. and Ihenyen J.O. - - 
(1997). The microbial burden of readyto-eat Gari processed from cassava roots ~ a n n i h o t  
utilisima and Mannihot esculenta. -Journal ufMedicaI Laborulory Sciences, 6 :  30-33. 

Agboola S.D. (1990). Post-harvest teclmologies to reduce mycotoxin contaniination of food 
rrnnc P r n r ~ ~ r l i n o c  nf t h ~  Nntinnnl Wnrkchnn nn Mvcntnuinc Inc 77381h-1n N n v  74-87 

Ahrned H., I-Iendrickse R.G., Maxwell S.M. and Yakubu A.M. (1995). Neonatal jaundice with 
reference to anatoxins: an aetiological study in Zaria, Nothcrn Nigeria. Anrzuls uf7'ropicul 
Paedhlrics. 15 ( I ) :  1 1 - 20. 

Aksit S., Caglayan S., Yaprak I and Kansoy S. (1997). Ailatoxin: Is it a neglected threat for 
, 

formula-fed infants? Acfa Paediulr Jqun .  39, 34-36. 



Ali - Vehrnas T., Rizzo A., Westermarck T. and Atroshi F. (1998). Measurement of 
antibacterial activities of T-2 toxin, deoxynivalenol, ochratoxin A, aflatoxin B1 and hmonisin 
B 1 using inicrotitration tray-based turbidimetric techniques. Zentralol, Veterinamed-A. 45(8): 
453-458. 

Arim R.H. (1995). Present status of the aflatoxin situation in the Philippines. FoodAdditives 
and Contaminants. l2(3): 29 1-296. 

aflatoxin I 

r l  A J I / G I & L I L L U J  J G U V M J  V V I C ~ I  U U I U L L U I L  UI  Iubuuauull  auu I C J  lblauuu LU ~LUUIGJ u11 

production. Journal of Applied Bacteriology. 35: 43-52. 

Arseculeratne S.N., De Silva L.M., Wije Sundera S. and Bandunatha C.H.S.K. (1969). 
Coconut as a medium for the experimental production of aflatoxin. Applied ~Microbiology. 
18: 1 ,  88-94. 

Atawodi S.E., Atiku A.A. and Lamorde A.G. (1 994). Aflatoxin contamination of Nigerian 
foods and feeding stuffs. Food-Chem-Toxicofogy. Jan., 32(1): 61-63. 

Awuah R.T. and Kpodo K.A. ( I  996). High incidence of Aspergillus flavus and aflatoxins in 
stored groundnut in Ghana and the use of a microbial assay to assess the inhibitory effects of 
plant extracts on aflatoxin synthesis. Mycopathology. 

Bauduret P, (1 990). A mycological and bacteridogical survey on feed ingredients and mixed 
poultry feeds in Reunion island. Mycopathologia, 109: 3, 157-1 64. 

Bennett J.W., Chang P.K. and 
of norsotorinic acid in aflatoxi~ 
Applied Microbiology, 45. A C ~ , ~ , , , , ~  yL,,,, LlvLLuvrl. - I 

Bhatnagar D.(1997). One gene to whole pathway: The role 
2 research. In Neidleman S.A., Laskin A.I. (ds). Advances in 
brlorn;r n r m c c  T ~ n r l n n  1 - 1  < 

Bresler G., Brizzio S.B. and Vaamonde G. (1995). Mycotoxin producing potential of fungi 
isolated from amaranth seeds in Argentina. International Journal of Food ~~icrobiology. 
March; 25(1): 101-108. 

Betina V.C. (1 989). Mycotoxins, Chemical, Biological and Environmental Aspects. Elsevier, 
Amsterdam. 

Bhat R.V. (1996). Aflatoxin and liver injury. Tropical Gastroenterology Jul-Sept; 17(3): 
153-160. 

Bhatnagar D., Cleveland T.E. and Cotty P.J. (1994). MycologicaI aspects of aflatoxin 
formation. In: Eaton D.L., Groopman T.D. (Eds). The toxicology of Aflatoxins Academic 
Press, London, 327-346. 



Blount W.P. ( 1  960). Disease of turkey poults. Veterinary Record 72: 786. 

Blum H.E. (1 994). Hepatocellular cercinoma: molecular biology aspects. Zentvalbl-Chir: 
119(1 I): 759-763. 

BoI J. and Smith J.E. (1990). Biotransfonnation of aflatoxins. Food Biotechnology. 3, 127- 
144. 

Boswald C., Engelhardt G., Vogel H., Wallnofer P.R. (1995). Metalbolism of Fusarium 
mvcotoxins. zearalenone and deoxvnivalenol bv veast strains of tecl~noloeical relevance. 

Buchanan R.L. and Agnes J.C, (1976). Effects of sodium acetate on growth and aflatoxin 
* r n r l i ~ ~ t ; n n  in A cnmrn;ll~rr D n r ~ c ; t ; r ~ ~ c  N R R T  7000 I n l r r m n I  nf EnnJ V-;OMI.O A 1 13Q-127 

Buchanan R.L., Stahl H.G., Ocker L.A., Kunsch C.A. and Purcell C.J. (1986). Thioglycerol 
inhibition of growth and aflatoxin production in Aspergillus parasiticus. Journal ofGeneral 
Microbiology. 132,2767-2773. 

Bu'Lock J.D. ( I  975). Secondary metabolism in fungi and its relationships to growth and 
development. In the filamentous fungi, vol.1, Industrial Mycology, pp 33-58. Edited by J.E. -- - - 
Smith and D.R. Berry. London: ~ d w a r d  Arnold. 

Chao T.U., Lo D.S., Bloodworth B.C., Gunasegaram R., Koh T.H. and Ng H.S. (199 
Aflatoxin exposure in Singapore, Blood afl atoxin levels in normal subjects, hepatitis B 7 

carriers and primary hepatoceIlular carcinoma patients. Medicine, Science and Law 31 

Chelkowski J. (ed) (1991). Cereal Grains Mycotoxins, Fungi and Quality in Drying and 
Storage. Elservier: Amsterdam. 

Chulze S., Fusero S., Dalcero A,, Etcheverry M. and Varsavsky E. (1987). Aflatoxins in 
sunflower seeds: Effect of zinc in aflatoxin production by two strains of AspergilIus 
parasiticus. 1Mycopathologiu. 99: 9 1-94. 

Ciegler A,, Lillehoj E.B., Peterson R.E. and Hall H.H. (1966). Microbial detoxification of 
aflatoxin. Applied Microbiology. 14: 934-939. 

Ciegler A., (1 975). Mycotoxins; Occurrence, Chemistry, biological activity. Lloydia. 38: 
21-35. 

Coaller-Ascah J. and Idziak E.S. (1985). Interaction between Stt4eprococcus lactis and 
Aspergillusflavus on production of aflatoxin. Applied and Environmental Microbiology 49, 
163-167. 



Cole R.J. (1 986). Etiology of turkey - X- disease in retrospect - A case for the involvement 
of cyclopiazonic acid Mycoroxin-Research 2: 3-7. 

Collee J.G., Duguid J.P., Fraser A.G. and Marmion B.P. (1989). Mackie and McCartney 
Practical Medical Microbiology. Vo1.2. Medical Microbiology, 13th ed. Churchill 
Livingstone. London. 141 - 160. 

Coulonlbe R.A.Jr.(1993). Biological action of mycotoxins. Journal of Dairy Sciences 76(3): 
880-89 1. 

Coulter J.B.S., Lamplugh S.M. a 
Annals of Tropical Paediatrics 

tnd Omer M.I.A. ( I  984). Aflatoxins in human breastmilk. 
4,61-66. 

Coulter J.B.S., Suliman G.I., Lamplugh S.M., Mukhtar B.I. and Hendrickse R.G. (1986). 
Aflatoxins in liver biopsies from Sudanese children. American Journal of Tropical Medicine 
and Hygiene 35,360-365. 

Crowther P.C. (1 973). Report to the Government of Nigeria on aflatoxin in groundnut and 
groundnut products. UNDP Project. Food and Agriculture Organisafion {F.A. 0 . )  REPORT 
NOTA. 322 1, pp 33-36. 

Cuero R.G., Smith J.E. and Lacey J. (1987). Stimulation by Hyphopichia burtonii and 
Bacillus mzyloliquefaciens of aflatoxin by Aspergilluusfluvus in irradiated maize and rice 
grains. Applied and Environmental Microbiology 53 ,  1 142- 1 146. 

Cuero R.G.and Osuii G.O. (1995). Asvergillus flavus induced chitosanase in germinating 
corr 
and 

d - - 
I and peanuut seeds: A. flavus mechanism for growth dominance over associated fur 
concomitant aflatoxin production. Food Additives and Contaminants 1 Z(3): 479-48 

Davis N.D. and Diener U.L. (1 987). Mycotoxins. In Food and Beverage Mycology, 2nd 
ed.(ed.L.R. Beuchat). Pp 5 17- 570. Van Nostrand Reinhold: New York. 

Detroy R.W., Lillehoj E.B. and Ciegler A. (1971). Aflatoxin and related compounds. In 
A.Ciegler, S. Kadis and S.J. Ajl (ed), Microbial toxins, vo1.6. Academic press, Inc, New 
York. 

De-Vries H.R.,MaxweIl S.M. and Hendrickse R.G. (1989). Foetal and neonatal exposures to 
aflatoxins. Acfa-paediatr. Scandinavia 78(3): 373-378. 

Dhir V. and Mohandas K.M. (1998). Epidemiology of digestive tract cancers in India. 111. 
Liver. Indian Journal ofgasrroenreuology. 17(3): 100- 103. 



Diener U.L., Cole R.J., Sanders T.H., Payne G.A., Lee L.J. and Keich M.A. (1987). 
Epidemiology of aflatoxin formation by Aspergillusjalavur Annual Review ofphyfopathology 
25: 249-270. 

ulpusslrnu v .r. anu lvlaleK c.u. ( l r ro) .  Lomparison or tnree methods tor determtng 
aflatoxins in melon seeds. Journal of fhe Association of aSJicial Analytical Chemists 
lnternatianal. 79(6): 1330- I33 5. 

Dorner J.W., Cole R.J., Sanders T.H. and Blankenship P.D. (1989). Interrelationship of 
Kernel water activity, soil temperature, maturity and phytoalexin production in pre harvest 
aflatoxin contamination of drought-stressed peanuts. Mycopathologia. 105(2): 1 17- 128. 

pistachio trees. 
Plant Diseases. 78: 393-397. 

DtSouza D.H. and Brackett R.E. (1998). The role of trace me 
degradation by Fluvohacteriunz auruntiucum. Journal offood Protec 
E 669. 

tal ions in aflatoxin B1 
lion. Dec; 6 l(12): 1666- 

Durkovic S., Durakovic Z., Labic L.M., Poissil 0. and Radic B. (1985): Influence of selected 
cultivation parameters of the growth of the toxigenic mould Aspergillus parasiticus on coffee 
beans and the biosynthesis of aflatoxins. Microbiologia 22, 1-9. 

i- 3 T T  n / *nnn\  A . .. A -  I L * .  t- - -  A - L - -  - - -  cgnlona n.r. van ( ~ r a y ) :  Lurenr situation on regularions ror mycul 
tolerances and status of standard methods of sanmling and analvsis. 

ioxlns. Overview of 
Food Additives and 

Elegbede J.A. (1978): Fungal and mycotoxin containination of sorghum during storage. M.Sc. 
Thesis, Ahmadu Bello University, Zaria. 

El-Kady I.A. El-Maraghy S.S.M and Eman-Mostafa N, (1995): Natural occurrence of 
mycotoxins in different spices in Egypt. Folia Microbial Prahu. 40(3): 297 - 300. 

El-Kady LA., El-Maraghy S.S. and Zohri A.A. (1996): Aflatoxin formation and varietal 
differences of cowpea (Vigna unguiculata [L] Walp.) and garden pea (Pisum sativum L. ) 
cultivars. iMycopnthologia, 133(3): I85 - 188. 

!Alis W.W., smltn J.Y., simpson a.L. mu urullalrl J.11. \ I  7 7  11. nIIQLVAIIIJ VVVUl.Y.rrV, 

biosynthesis, effects on organisms detection, and methods of control. CriticalReviews in Food 
Sciences and Nutrition. 30(4): 403-439. 

el-Nezami H., KanKanpa P., Salminen S. And Ahokas J. (1998): Physicochemical alterations 
enhance the ability of dairy strains of lactic acid bacteria to remove aflatoxin from 



contaminated media. Journal of Food Protection. 6 l(4): 466-468. 

Essers A.J., Ebong C., Van-der-Grift R.M., Nout M.J., Otim-Nape W., Rosling H. (1995): 
Reducing cassava toxicity by heap fermentation in Uganda. hernafional  Journal ofFood 
Science and Nutrition; May 46(2): 125- 1 36. 

FaiIla L.J., Lynn 
aflatoxin content ( 

D. and Niehaus W.G.Jr. (1986): Correlation of zinc zn2+ conten 
of corn. Applied Environments! Microbiology 52(1): 73-74. 

.t with 

Faraj M.K., Smith J.E, and Harran G. (1993): Aflatoxin biodegradation: effects of temprature 
and microbes.  mycology Research: 97 : 1388 - 1392. 

Fardiaz S. (1991) 
peanuts into differ 

I: Destruction of aflatoxin during processing of aflatoxin contaminate 
ent peanut products. Indonesian Journal of Tropical Agriculture, 3.27-3 

Fernandez A., Ramos J.J., Saez T., S a m  M.C. and Verde M.T. (1995): Changes in the 
coagulation profile of lambs intoxicated with aflatoxin in their feed. Vetrinary Research. 
26(3): 1 80- 1 84. 

Fernandez A,, Ramos J.J., Sanz M., Saez T. and Fernandeze-de-Luco D. (1996): Alterations 
in the performance, haenlatology and clinical biochemistry of growing lambs fed with 
aflatoxin in the diet. Journal of Applied Toxicology; 16(1): 85-9 1 .  

Fernandez A., Hernandez M., Sanz M.C., Verde M.T. and Ramos J.J. (1 997): Serological 
serum protein fractions and responses to Brucella melitensis in lambs fed aflatoxins. Vetrinary 
and Human Toxicology. 39(3): ' 137- 140. 

Fernandez-Pinto V.E. and Vaamonde G. (1996): Mycatoxin producing fungi in foods. 
Reviews qf Argentinian Microbiology. July-Sept., 2S(3): 147- 1 62. 

Ferrando R., and Tn~hant R. ( 1  993): Reconsideration of the role of aflatoxins in pu 
BuIletin ofAcademics and National Medicine 177(5): 775-783. 

blic health. 

Food and Agriculture Organisation (F.A.0.) (1 997): Worldwide regulations for mycotoxins 
1995: A compendiunl. Food and Agriculture Orgunisation - Food and Nutririon Papers. 64: 
1-43. 

Frazier W.C.and Westerhoff D.C. (1991): Food Microbiology 5th ed. Butterworth, London. 
Pp 84- 139. 

Gabal M.A. and Dimitri R.A. (1998): Humoral iminunosuppressant activity c 
ingestion in rabbits measured by response to Mycobacterium bovis antigens usii 
linked immunoabsorbent assay and serum protein electrophoresis. Mycoses. Sept 
8): 303-308. 

,f aflatoxin 
ng enzyme- 
-0ct.; 4 l(7- 



Gallagher E. P., Kunze K.L., Stapleton P.I. and Eaton D.L. (1 996): The Kinetics of aflatoxin 
BI  oxidation by human cDNA-expressed and human liver microsornal cytocluomes P450, IA2 
and 3A4. Toxicoloy and Applied Phurmocology, 14 1(2): 595 - 606. 

Ghosh S.K., Desai M.R., Pandya G.L. and Venkaiah K. (1997): Airborne aflatoxin in the 
grain processing industries in India. American Indiun Hygiene Associarion Journal August 
58(8): 583-586. 

Golo T., Wicklow D.T. and ito Y. (1996): Aflatoxin and cyclopiazonic acid production by a 
sclerotiurn-producing Aspergillus tamarii strain. Applied Environmental ~Microbiology. 
62(11): 4036-4038. 

Courama H. and Bullerrnan L.B.(1997): Anti-aflatoxigenic activity of Lactobacillus casei 
pseudoplantarum. Jnternational Jowncrl of Food ~Vicrobiology, 34(2): 13 1 - 143. 

Groger D. (1  972): Ergot. In Microbial Toxins. Vo1.8. (ed. S. Kadis A. CiegIer and S.J. Ajl). 
pp. 321 -373. Academic press, New York. 

Groopinan J.D. and Kensler T.W. (1999): The light at the end of the tunnel for chemical- 
specific biomarker: daylight or headlight? Curcinogenesis. 20(1): 1 - 1 1 .  

Gupta S.K., Maggan K.K. and Venkitasubramanian T.A. (1376): Effect of zinc on adenine 
nucleotide pools in relation to aflatoxin biosynsthesis in Aspergillus parasiticus. Applied 
Environmental Microbiology. 32: 753-756. 

Gupta S.K., Maggon K.K. and Venkitasubramanian T.A. (1977) 
tricarboxyliic acid cycle intermediates and enzymes in relation to a 
Journal qf General ;Microbiology. 99,43-48. 

I: Effect of zinc on 
flatoxin biosynthesis. 

Gupta S.K. and Venkitasubramanian T.A. (1975); Production of aflatoxin on soybeans. 
Applied Microbiology. 29: 834-836. 

Haley L.D. and Callaway C.S. (1978): Laboratory metl~ods in Medical Mycology, 4th ed. US. 
Dept. of Health Education and Welfare; Public Health Services, Center for Disease Control, 

Atlanta Georgia. 



Halt M.(1998): Moulds and mycotoxins in herb tea and medicinal plants. European Journal 
ofEpiderniology. 14(3): 269-274. 

Haq-Elamin N.H., Abdel-Rahim A.M. and Khalid A.E. (1988): Aflatoxin contamination of 
groundnuts in Sudan. Mycupathologia. Oct., 1 O4( I) :  25-3 1. 

Harrison J.C. Carvajal M. and Garner R.C. (1993): Does aflatoxin exposure in the United 
Kingdom constitute a cancer risk? Environmental Health Perspectives. Mar., 99: 99- 105. 

Hassanin N.J. and Kheirella Z.H. (1 995): reduction of aflatoxins during the process of making 
palady and white bread from contaminated wheat. Egypt. Jottrnu/ of Microbiolo  29: 139- 
148. 

Hendrickse R.G. (1 99 1): Kwashiorkor: The hypothesis that incriminates aflatoxins. 
Paediatrics Aug., 88(2): 376-379. 

Hill R.A., Wilson D.M., McMillan W.W., Widstrom N.W., Cole R.J., Sanders T.H. and 
Blankenship P.D. (1985): Ecology of the AspergillusfIavus group and aflatoxin formation in 
maize and groundnut. In Trichothecenes and other Mycotoxins (ed.J. Lacey), pp. 79-95. John 
Wiley: Chichester. 

Holtstein M., Soussi T., Thomas G, and Von-Brevern M. (1997): P53gene alterations in 
human tumours: Perspectives in cancer control. Recent Results in cancer research. 143: 
369-389. 

Hoult J.R. and Paya M. (1996): Pharmacological and biochemical actions of simple 
counarins: national products with therapeutic potential. General Pharmacology. 27C4): 7 13- 
722. 

Hsieh D.P.H. ( I  986): The role of aflatoxin in human cancer. In Mycofoxins and Phycotoxins 
ed. Stegn P.S ., and Vleggaar R. pp.447-456. Amsterdam: Elsevier. 

Ibeh I.N., Uraih N. and Ogonor J.I. (1991): Dietary exposure to aflatoxin in Benin-city, 
Nigeria: a possible public health concern. Interna~ional Journal ofFood Microbiolo~. Nov., 
14(2): 171-174. 

Ibeh I.N., Uraih N. and Ogonor J.I. (1994): Dietary exposure to aflatoxin in human male 
infertility in Benin City, Nigeria. Znternafional Journal of Fertility and Menopausal Studies. 
July-Au~; 39(4): 208-2 14. 

International Commission on Microbiological Specifications for Foods (ICMSF), (1996): 
Toxigenic Fungi: Aspergillus; In: Micro-organisms in Foods. 5. Characteristics of food 
Pathogens. Academic press, London. pp.347-38 1. 



lmwidthaya S., Anukarahanonta T., Komolpis P. (1987): Bacterial, fungal and aflatoxin 
contan~ination of cereal and cereal products in Bangkok. Journal of frhe Medical Association 
oJ'Thuilund, 70: 7 ,  390-395. 

lngold C.T. (1 978): Some habitat relations of fungi; Zn the Biology of Fungi. Hutchison and 
co. Ltd. London. pp. 129-1 39. 

Jespersen L., Halm M., Kpodo K. and Jakobsen M. (1994): Significance of yeasts and moulds 
occurring in maize dough fermentation for 'Kenkey' production. Inter-nalional Journal of Food 

Jia. Z.Z. (1991): A review of the studies on fungi and mycotoxins in foodstuffs in Beijin 
during 1976- 1986. Chung-Hua-Yzi-Fang-I-Hsueh-Tsu-Chih. Jan; 25(1): 36-3 8. 

Joffee A.Z. (1986): Fusarium species, their Biology and Toxicology. Wiley: New York. 

Johnsyn F.E. (1988): Seedborne fungi of sesame (Sesamum indicurn L) in Seirra Leone and 
their potential aflatoxiil/mycotoxin production. ~Lfycopathologia. Nov; 1 O4(2): 123- 127. 

Johnsyn F.E., Maxwell S.M. and Hendrickse R.G. (1995): Human foetal exposure to 
ochratoxin. A and aflatoxins. Annals of Tropical Pcredialrics. 15(1): 3-9. 

Jones F.T., Hsgler W.H. and Hamilton P.B. (1 984): Correlation of aflatoxin contamination 
with zinc content of chicken feed. Applied and Environmental Microbiology. 47,478-480, 

Julian A.M., Wareing P.W., Phillips S.I., Medlock V.F., MacDonaId M.V., and del-Rio L.E. 
(I 995): Fungal contamination and selected mycotoxins in pre- and post-harvest maize in 
Honduras. ~Mycq~uthologia; 129(1): 5-1 6.  

Kedera C.J., Plattner R.D. and Desjardins A.E. (1999): Incidence c 
of fumonisin B 1. in maize in Western Kenya. Applied Environrne 
41 -44. 

~f Fusarittm spp. and IeveIs 
wtul Microbiology. 65(1): 

:Ikar H.S., SkIoss T.W., Haw J.D., Keller N. and Adams T.H. (1997): Asp~rgi1tu.s 
iuluns.stel encodes a putative cytochrome P,450 inonooxygenase required for bisfuran 
sturation during aflatoxidsterigmatocystin biosynthesis. Journal o f B i o l o ~  and Chemistry. 
2, 1589 - 1594. 

Kharchenko S.N. (1 986): Antimicrobial activity of mycotoxins. Mikrobiologicheskii-Zhvrnul. 
48:1, 71-76. 

Kirilenko O.A. and Egorova Z.E. (1985): Effect of relative humidity of the air and 

accoinpanying microflora on aflatoxin formation in food concentrates. Mikrobiologicheskii- 
Zhurnal. 47: 1, 52-56. 



Klich M.A. (1986): Presence ofAspergillusJlavus in developing cotton balls and its relation 
to contamination of mature seeds. Applied and Environmental Microbiology. 52, 963-965. 

Klich M.A. (1998): Soil fungi of some low altitude desert cotton fields and ability of their 
extracts to inhibit Aspergillus jlavus ~Mycopathologia. 142(2): 97- 100. 

Knol W., Bol J., Huis in't Veld J.H.J. (1990): Detoxification of AFB1 in feeds by Rhizopus 
oryzae in solid state. In: Zeuthen P., Cheftel J.C., Ericksson C., Gormley T.R., Linko P. and 
Paulus K. (Eds.), Processing and Quality of foods. vo1.2. Food Biotechnology. Elsevier. 
Applied Science, London, pp 132-1 36. 

Koehler P.E., Beuchat L.R. and Chinnan M.S. (1985): Influence of water activity and 
temperature on aflatoxin production by Aspergillusflavus in cowpea seeds and meal. Journal 
qf Food Protection, 48: 1040-1 043. 

Kpodo K., Sorensen A.K and Jakobsen M. (1996): The occurrence of mycotoxins in 
fermented maize products. Food Chemistry. 56: 147- 153. 

Krogh P. (1989): The role of mycotoxins in disease of animals and man. Jotlrnal ofApplied 
Bacteriology Symposium Szrpplemen~. 995- 1043. 

Kubo Z. and Kazuhiro P. (1 996): U.S. Patent number 5364788. 

Kurata H. and Ueno Y. (1984): Toxigenic Fungi - Their Toxins and Health Hazard. 
Amsterdam: Elsevier. 

Kwon-Chung K.J. and Bennett J.E. (1992): Medical Mycology: Philadelphia, Lea and 
Febiger. 

Lacey J. (1989): Pre and Post harvest ecology of fungi causing spoilage of foods and other 
stored products. Journal of Applied Bacteriology Symposium Supplement. 1 1 S-25s. 

Lacey J. and Magan N. (1991): Fungi in cereal grains: their occurrence and water and 
temperature relationships. In Cereal Grain: Mycotoxins, Fungi and Quality in Drying and 
Storeage (ed.J. Chelkowski), pp 71-1 18. Amsterdam: Elsevier. 

Le Bars J. and Le Bars P.(1996): Recent acute and subacute mycotoxicoses recognized in 
France. Veterinary Research. 27(4-5): 3 83-394. 

Lee E.G., Townsley P.M. and Walden C.C. (1966): Effect of bivalent metals on the 
production of aflatoxins in submerged cultures. Journal of Food Science. 3 1 : 432-436. 

Lee L.A. Cucullu A.F., Franz A.O., Jr and Pons W.A., Jr. (1969): Destruction of aflatoxins 



in peanuts during dry and oil roasting. Journal ofAgr-iculture and Food Chemistry. 17: 45 1 - 
453. 

Leitao J., Le-Bars J. and Bailly J.R. (1989): Production of aflatoxin B1 by A s p e ~ g i h s  ruber 
THOM and CHURCH. Mycopthologia Nov., 108(2$: 135-1 38. 

Lilienfeld A.M. and Lilienfeld D.E.(1980); Foundations of Epidemiology. pp. 191 -228. New 
York: Oxford University Press. 

Lillehoj E.B., Garcia W.J. and Larnbrozo M. (1974): Aspergillusflavus infection and aflatoxin 
production in corn: Influence of Trace elements. Applied Microbiology. 28(5): 763-767. 

Lillehoj E.B. ( I  979): Natural occurrence of mycotoxins in feeds. Pitfalls in determination. 
In: Inteructions of Mycotoxins in animal production. National Academy of Sciences, 
Washington D.C. pages 139-1 53. 

Lillehoj E.B and Hesseltine C.W. (1977): Aflatoxin control during pIant growth and harvest 
of corn. In. J.V. Rodricks, C.W. Hesseltine and M.A. Mehlman eds. Mycotoxins palhox, Park 
Forest, South, IL. Pages 107-121. 

Lime, J.E., Brackett, R.E. and Wilkinson, R.E. (1 9%). Evidence for the degradation of 
aflatoxin B, by Flavobacterium aurantiacum. Journal of Food Protection 57,788 - 79 1 

Lovelace C.E. and Aalbersberg W.G. (1 989): Aflatoxin levels in foodstuffs in Fiji and Tonga 
islands. Plant Foods and Human Nutrition. Dec; 39(4): 393-3 99. 

Luchese R.H. and Harrigan W.F. (1993): Biosynthesis of aflatoxin, the role of nutritional 
factors. Journcrl of Applied Bacteriology. 74: 5- 14. 

Lye M.S. Ghazali A.A., Mohan J., Alwin N. and Nair R.C. (1995): An outbreak of acute 
hepatic encephalophathy due to severe aflatoxicosis in Malaysia. American Journal of 
Tropicul Medicine and Hygiene. July. 53(1): 68-72. 

Maggon K.K., Gupta S.K. and Venkitasubrarnanian T.A. (1977): Biosynthesis of aflatoxins. 
Bacferiological Reviews. 41 :4,822-855. 

Magan N. and Lacey J. (1984): Effects of gas composition and water activity on growth of 
field and storage fungi and their interactions. Transactions of the British Mycological Socieg. 
82,305-3 14. 

Magnoli C., Dalcero A.M., Chiacchiera S.M., Miazzo R. and Saenz M.A. (1998): 
Enumeration and identification of Aspergillus group and Penicillium species in poultry feeds 
from Argentina. Mycoprhalogia; l42(l): 27-32. 



Mahrnoud A.L. (1993): Toxigenic fungi and mycotoxin content in poultry feedstuff 
ingredients. Journal of Basic Microbiology; 33 (2):  10 1 - 1 04. 

Marsh P.B., Sitnpson M.E. and Trucksess M.W. (1975): Effects of trace metals on the 
production of aflatoxins by Aspergillus parasiticus. Applied Microbiology. 30: 52-57. 

Mateles R.I. and Adye J.C. (1965): Production of aflatoxin in submerged cultures. Applied 
Microbiology. 13; 208-21 I .  

Matsurnura M. and Mori T. (1998): Dectection of aflatoxins in autopsied materials from a 
patient infected with Aspergillusflavus. Nippon-lshinkin-Gakkai-Zasshi. 39(3): 167- 1 171. 

Matsushima T., Okarnoto E.,Miyagawa E., Matsui Y., Shimizu H. and Asano K. (1996): 
Deacetylation of diacetoxyscirpenol to IS-acetoxyscirpenol by rumen bacteria. Journal of 
General Applied ~kficrobiology. 42: 225-234. 

McDonald D., (1976); Aflatoxins: Poisonous substances that can be present in Nigeria 
groundnuts. I.A.R. Summu, Special Report, pp.25-26. 

McDonald S. and CastIe L. (1 996): A UK retail survey of aflatoxins in herbs and spices and 
their fate during cooking. Food Additives and Contaminants. Jan., l3(l): 12 1 - 128. 

Mert H.H. and Ekrnecki S. (1987): The effect of salinity and osmotic pressure of the medium 
on the growth, sporulation and changes in the total organic acid content of Aspergillusflavus 
und Penicillium chrysogenunr. Mycuparhologia. Nov., 1 OO(2): 85-89. 

Methenitou G.,  Maravelias C., Koutsogeorgopouloi~ L., Athanaselis S. and Koutselinis A. 
( 1  996): Immunornodulative effects of aflatoxins and selenium on human peripheral blood 
Iytnphocytes. Veterinary and Human Toxicology, 38(4): 274-277. 

Miele M., Donato F., Hall A.J., Whittle H., Chapot B., Bonatti S., De-Ferrari M., Artuso M., 
Gallerani E., Abbondandolo A., Montesano R. and Wild C.P. (1995): Aflatoxin exposure and 
cytogenetic alterations in individuals from the Gambia West Africa. Mutation Research. 
349(2): 209-2 17. 

Minto R.E. and Townsend C.A. (1997): Enzymology and molecuIar biology of aflatoxin 
biosynthesis. Chemistry review 97: 2537-2552. 

Mishra N.K. and Daradl~iyar S.K. (1991): Mold flora and aflatoxin contamination of stored 
and cooked samples of pearl millet in the Paharia Tribal Belt of Santhal Pargana, Bihar, India. 
Applied and Environmental Microbiology. 57: 4, 1223- 1226. 



Moreno-Romo M.A. and Suarez-Fernandez G41986): Afl atoxin producing potential o f  
AspergilIusj7avus strains isolated from Spanish poultry feeds. ~ ~ o ~ ~ t h o l o ~ i ~  sept.,95(3): 
129- 132. 

Moss M.O. (1989): Mycotoxins of fiIanlentous fungi. Journal of Applied Bacteriology 
Syrrysr'urn Supplement. 69s-79s. 

Moss M.O. ( 1  996) Centenary Review - Mycotoxins. Mycology Research 1 OO(5): 5 13- 
523. 

Moss M.O. and Frank M. (1987): Prevention: effects of biocides and other agents on 
mycotoxin production. In natural Toxicants in Foods (ed. D.H. Watson). pp. 125-25 1. Ellis 
Horwood: Chichester, 

Muninbazi C .  a i d  BuIlerman L.B. (1997): Inhibition of aflatoxin production of Aspergillus 
parasiticus NRRL 2999 by Bacillus pundus. Mycopathologia. l40(3): 163- 169. 

Muninbazi C ,  and Bullerman L.B. (1 998): Isolation and partial characterization of antifungal 
metabolites of Bacillus pumilus. Jouurnnl oJApplied Microbiology- 84(6): 959-968. 

Munir M.A., Saleem. M.,Malik Z.R., Ahrned M. and Ali A. (1989): Incidence of aflatoxin 
cantamination in non perishable food commodities. Journal ofPrrkimn Medical Association. 
Jan; 39(6): 154-1 57. 

Murthy V.S. (1 977): Mycotoxins in Food - A Public Health Problem. Aroaya Journal of 
Nealrh Sciences. 11 1: 4-13. 

Nabney J. and Nesbitt B.F. (1965): Spectrophotometric method of determination of the 
aflatoxin. Analyst. 90: 155-1 60. 

Neal G.E. (1987): Influences of metabolism: aflatoxin metabolism and its possible 
relationships with disease. In Natural Toxicants in Foods (ed. D.H. Watson), pp. 125-168. 
Ellis Horwood: Chichester. 

Neal G.E., Eaton D.L., Judah D.J. and Verrna A. (1998): Metabolism and toxicity of 
aflatoxins MI  and BI in human-derived in vitro systems. Toxicology and App\ied 
Pharzacology. 15 l(1): 152-158. 

Niehaus W.G. and FaiIla L.J. (1984): Effect of zinc an  versicolorin production by a mutant 
strain of Aspergillus parasiticus. Experimental Mycoloy. 8: 80-84. 

Nwokolo C. and Okonkwo P. (1978): Aflatoxin load of common food in Savanna and forest 
regions of Nigeria. Ti-arisactions of the Royal Society of Tropical Medicine and Hygiene. 
72(4): 329-332. 



Obeta J.A.N. (1982): A note on the micro-organisms associated with the ferrnentatic~n of seeds 
of the African oiI Bean Tree. Journd @Applied Bacterio/ogy. 54, 433-435. 

Obidoa 13. (1975): Comparative effects of the aflatoxins on some energy-linked functions of 
rat liver mitochondria in vitro. Ph.D Thesis, University of Ibadan, Ibadan, pp 1-383. 

Obidoa 0. and Gugnani H.C.(1990): Mycotoxins in Nigerian Foods: causes, consequences 
and remedial measures. Proceedings of the National Workshop on Mycotoxins, Jos, 28th-30th 
Nov. 95-108. 

Obidoa 0. and Ndubuisi E.I. (1981): The role of zinc in the aflatoxigenic potential of 
Aspergillus flavus NRRL 3251 on foodstuffs. Mycopathologia. 74: 3-6. 

Obidoa, 0. and Obasi, S,C. (1991): Coumarin compunds in; cassava diets: 2 health 
implications of sec~poletin in gari. Plant Foods and Human Nutrition. 41: 283 - 289. 

Obidoa 0 .  and Qnyeneke E.C. (1980): Effect of sucrose suppIementation on aflatoxin 
production by Aspergillus parasiticus 2999 cultures in soybeans and cashew fruit juice. 
Mycopu&hologiu. 70(1); 33-36. 

Ogundero V,  W. (1 987): Temperature and aflatoxin production by Aspcrgilhs flavus and 
A.prasitictts strains from Nigerian groundnuts. Journul ofBasic Microbiology. 27(9): 5 1 1- 
5 14. 

Ogunsanwo B.M., Faboya O.Q., Idowu O.R. and Ikotun T. (1989): Reduction of aflatoxin 
content of infected cowpea seeds during processing into food. Nuhrung, 33(6): 595-597. 

Oko~lkwo P.O. and Nwokolo C. (1  978): Afl atoxin B : simple procedures to reduce levels in 
tropical foods. hkir-iflonal r-eporfs international; March; 17(3)3 387-395. 

Okonlwo P .0 ,  and Obionu C.N. (1881): Implications of seasonal variations in aflatoxin BI 
levels in Nigerian market foods. Nutrition and Cuncer. 3(1): 35-39. 

Okoye Z.S. (1991): Fusarium mycotoxins in mouldy maize harvested from farms in Jos 
District, Nigeria. Bioscience Research Communications. 3 ,  23-28. 

Olubuyide I.O.,Maxwell S.M., Hood H., NeaE G.E., and Hsndrickse R.G. (1993): HBs Ag, 
aflataxins and primary hepatocellular carcinoma. A J k a n  Journul of Medical Sciences. Sept; 
22(3): 89-9 1 .  

Ona M., Sakuda S., Sazuki A. and Isogai A. (1997): Aflastatin A, a novel inhibitor of 
aflatoxin production by aflatoxigenic fungi. Jozivnai-Acafibiol-Tokyo, 50(2): 1 1 1-1 18. 



- .  Opadokun J.S. (1976): The aflatoxin content of locally consumed foodstuffs: Part I: Gari: 
Annual Report ofNigerian Stored Products Research Institute (1975/76), 45-50. 

Opadokun J.S (1979). The aflatoxin contents of locally consumed foodstuffs. Part 11: 
Sorghum. i id. (1 976/77), 18 I - 104. 

Opadokun, J.S. and Ikeorah J.N. (1983): Moisture and aflatoxin contents of market grain 
samples from Kano and Plateau states of Nigeria. Annual Reports of Nigerian Stored 
Procitrcrs Research Institufc 33-41. 

Opadokun J.S. (1 990): Occurrence of aflatoxin in Nigerian food crops. Proceedings of the 
Nalional Workshop on Mycoloxins; Jos, 28th-30th Nov. 49-62. 

Oyelami O.A., Maxwell S.M. and Adeoba E. (1996): Aflatoxins and ochratoxin A in the 
weaning food of Nigerian Children. Annals ofTropical Paediatrics. Jun; 16(2): 137-149. 

Oyelami O.A.. Maxwell S.M., Adelusola K.A.,Aladekoma T.A. and Oyelese A.O. (1997): 
Aflatoxins in the lungs of children with Kwasluorkor and children with ~niscellaneous diseases 
in Nigeria. Journal of Toxicobogy und Environmen!al Health. 5 l(63: 623-628. 

Oyenuga V.A. (1 978): Nigeria'a foods and feeding stuffs. Their chemistry and nutritive value 
(3rd ed.); Reprinted by Photolithography; Caxton Press, West Africa Ltd. Ibadan. 

Park D.L. (1995): Surveillance programmes for managing risks from naturally occurring 
toxicants. Food Additive nnd Contaminants. May-Jun; l2(3): 36 1-37 1.  

Pate1 S., Hazel C.M., Winterton A.G. and Mortby E. (1996): Survey of ethnic foods for 
mycotoxins. Food Additives and Contaminants. 1 3(7): 833-34 1. 

Pitt J.I. (1993): Corrections to species names in physiological studies on Aspergillusflavus 
and Aspergillus parusiticus. Journal of Food Protectionl 56: 265-269. 

Pitt J.I. and Miscamble B.F. (1995): Water relations of Aspergillusflavus and closely related 
species. Journal of Food Prokction. 58: 86-90. 

Pirt J.1. and Hocking A.D. (1997): Aspergillus and related teleornorphs. In: Pitt J.I,, Hocking 
A.D. (eds.), Fungi and Food spoilage, Academic Press, London, pp. 339-41 6. 

Popoola T.0.S and Akueshi C.O. (1986): Seed-borne fungi and bacteria of soyabean in 
Nigeria. Samaru Journal of Agricultural Research. 4: 45-49. 

Pozzi C.R., Cornea B., Gambalie W., Paula C.R.. Chacon-Reehe N.O. and Meirelles M.C. 
(1995): Postharvest and stored corn in Brazil: Mycoflora interaction, abiotic factors and 



' mycotoxin occurrence. Food Addifives and Contaminants. l2(3): 3 13-3 19. 

Price W.D., Love1 
foodstuffs: Center 
l(9): 2556-3562. 

1 R.A. and McChesney D.G. (1993): Naturally occurring toxins in 
for Veterinary Medicine Perspective. Journal ofAnima1 Science. Sept, 

Prieto R., Yousibova G.L. and Woloshuk C.P. (1996): Identification of aflatoxin biosynthesis 
genes by genetic cc 
cluster. _Applied a, 

~mplementation in an Aspergillusflcrvus mutant lacking the aflatoxin gene 
r~d Environmental Microbiology. 62(10): 3567-357 1. 

Ragunathan A.N., Srinath D. and Majumder S.K. 9(1974): Storage fungi associated weevil 
(Sitophilus oryzae). Journal of Food Science and Technology. 1 1 : 19-22. 

Ramos A.J. and Fernandez E. (1 996): In situ absorption of aflatoxins in rat small intestine. 
~\/lycoparhologia. 134(1): 27-30. 

Ramsbottom J.  (1953): Mushrooms and Toadstools: A study of the ~c t iv i t i e s  of Fungi, pp 
140- 153. Collins: London. 

Raper K.B and Fennel1 D.I. (1965): The Genus Aspergillus. The Williams and Wilkins 
Company, Baltimore. 

Rasik J.L., Skrinjar M. and Markov S. (1991): Decrease of aflatoxin B, in Yoghurt and 
acidified milks. Mycopathologi_a Feb; 1 l3(2): 1 17- 1 19. 

Reddy T.V., Viswanathan L. and Venkitasubramanian T.A. (1971): High aflatoxin production 
on a chemically defined medium. Applied Microbiology. 22: 393-396. 

Resnik S., Neira S,, Pacin A., Martinez E,, Apro N. and Latreite S. (1996): A survey of the 
natural occurrence of aflatoxins and zearalenone in Argentine field maize: 1983-1 994. Food 
Additives and Contaminants. Jan; l3(I): 1 15- 120. 

Rheeder J.P., Sydenham E.W., Marasas W.F., Thiel P.G., Shephard G.S., Schlechter M., 
Stockenstrom S., Cronje D.E. and Viljoen J.H. (1994): Ear-rot fungi and mycotoxins in South 
African corn of the 1989 crop exported to Taiwan. Mycopathologia, July; I27(1): 35-4 1 

Richardson M. (1977): The proteinase inhibitors of plants and micro-organisms. 
Phytochenristry. 16: 159-1 69. 

Robens J.F. and Richard J.L. (1992): Aflatoxins in animal and human health. Review of 
Environinenfal conraminants and Toxicology 127: 69-94. 

Russell L., Cox D.F., Larsen G., Bodwell K. and Nelson C.E.(1991): Incidence of moulds and 
mycotoxins in commercial animal feedmills in seven Mid-Western States, 1988-1 989. 



Journal of Animal Science. Jan; 69(1): 55-12. 

Salnukhe E.K., Adesule R.N. and Padule D.N. (1987): Aflatoxins in Foods in New Delhi, 
Metropolitan Publishers, pp 5 10-512. 

Saracco G. ( 1  995): Primary liver cancer is of multifactoral origin: importance of the hepatitis 
B virus infection and dietary aflatoxin. Journal of Gastroenterology and Hepatology. 1 Q(5): 
604-408. 

Schiller F., Lippold U., Heinze R., Hoffmam A. and Seffner W, (1998): Liver fibrosis in 
guinea pigs experimentally induced by combined copper and aflatoxin application. Sept; 50(4- 
6); Experiments/ Toxicdogy and Pathology. 5 19-527. 

Scudamore K.A., Hetmanski M.T., Chan H.K. and Collins S. (1997): Occurrence of 
Mycotoxins in raw ingredients used for animal feeding stuffs in the United Kindom in 1992. 
Food Additives and Contaminants. l4(2): 1 57-1 73. 

Siarne B.A., Mpuchane S.F., Gashe B.A., AIloteg J. and Teffera G. (1998): Occurrence of 
aflatoxins, fumonism B1 and Zearalenone in foods and feeds in Botswana. Journal of Food 
Protection; 6 l(2): 1670-1 673. 

Sinha K.K. (1 987): Aflatoxin contamination of maize in flooded areas of Bhagalpur, India. 
Applied and Environmental Microbiology. 53(6): 1391 -1 393. 

Sinha K.K. and Misra R.S. (1979). Rice flour liquid medium: a new medium to study the 
aflatoxin producing potentials of Aspergillus flaws. National Academy ofScience Letlers 
(India) 2: 87-88. 

Smith J.E. and Henderson R.S. (ed.) (1 991): MycoIoxins and Animal Foods. CRC Press: 
Florida. 

Smith J.E, and Moss M.O. (1 985): Mycotoxins, Foi-rnarion, Analysis and Significance. John 
Wiley: Chichester. 

Sodeinde O., Chan M.C., Maxwell S.M., Familusi J.B. and Hendrickse R.G. (1995): Neonatal 
jaundice, aflatoxins and naphthols: report of a study in Ibadan, Nigeria. Annals of Tropical 
Paediatrics. Jun; 1 S(2): 107- 1 1 3. 

Stanley V.G., Ojo R., Woldesenbet S., Autchinson D.H., Kubena L.F. (1993). The use of 
Saccharomyces cerevisiae to suppress the effects of aflatoxicosis in broiIer chicks. Poultry 
Science. Oct., 72(lO): 1867-1 872. 

Stoloff L. and Trucksess M.W. (1981): Effect of boiling, frying and baking on recovery of 



- aflatoxin from naturally contaminated corn grits or co rnea l .  Journal of Association oflcial 
Analytical Chemists. 64(3): 678-680. 

Stossel P. ( 1  986). Aflatoxin contamination in soybeans: Role of proteinase inhibitors, zinc 
availability and seed coat integrity. Applied and Environmental Microbiology. 52: 68-72. 

Strzelecki E.L., Gasiorowska U., Gorazdowska M., Cader-Strzelecka B. and Pawelczak M. 
(1 988). Levels of aflatoxin BI,  bacteria and fungi in feed and food in 1971 -1987. Mycofoxin 
Research, 4 2 ,  89-96. 

Sweeny M.J. and Dobson A.D.W. (1 998). Mycotoxin production by Aspergillus, Fusurium 
and PeniciElirm species. hternutional Journal oJ'Faud Microbiology. 43 : 14 1 - 158. 

Tandon I-ID. and Tandon B.N. (1 988). Pathology of liver in an outbreak of aflatoxicosis in 
man with a report on the follow up. In ~Mycoioxins and Phycotoxins '88(ed.S. Natori; K.  
Hashimoto and Y. Ueno), pp.99-197. Elsevier: Amsterdam. 

Titvari R.P., Mittal V., Bhalla T.C., Saini S.S., Singh G, and Vadehra D.V. (1986). Effect of 
metal ions on aflatoxin production by Aspergillus parasiticus. Folia Microbiof. Praha. 3 l(2): 
124-128 

Torres-Espinosa E., Acuna-Askar K., Naccha-Torres L.R. (1  995). Quantification of aflatoxins 
in corn distributed in the city of Monterry Mexico. Food Additives and Conlatrninants. May- 
Jan. 12(3): 383-386. 

Trail F., Mallanti N. and Linz J.E. (1995). Molecular biology of aflatoxin biosynthesis. 
~Microbiulugy. 14 I : 755-765. 

Tutelyan V.A., Eller K.I. and Sobolev V.S. (1989). A survey using normal phase high 
performance liquid chromatography of aflatoxins in domestic and imported foods in the 
USSR. Food Addilives and Contuuzinants, Oct-Ded; 6(4): 459-465. 

Tyagi J.S. and Venkitasubramanian T.A. (1981). The role of glycolysis in aflatoxin 
biosynthesis. Canadian Journal of Microbiology. 27: 1276-1 28 1. 

Ueno Y.(1985). The toxicology of mycotoxins. CRC Critical Reviews in Toxicology. 14: 
99- 132. 

Van Egmond H.P. (1995). Myctoxins: regulations, quality assurance and reference materials. 
Food Additives and Contaminants. May-Jun; 12{3): 32 1-330. 

Venkitasubratnanian T.A. and Gupta S.K. (1 977). Biosynthesis of aflatoxins. Jemmali M.: 
&fycoloxins in joodsrufs. 3 1 : 63 5-642. 



- Waltking A.E. (1 971). Fate of aflatoxin during roasting and storage of contaminated peanut 
products. Journal of the Association of oSJicia.l AnaEyticaI Chemists. 54: 533-539. 

Weekbach L..S. and Marth E.H. (1977). Aflatoxin production by Aspergillus parasitius in a 
competitive environment. 
Mpopathulogia. 62(1): 39-45. 

Wheeler K.A., Hurdman B.F. and Pitt J.I. (1991). Influence of PH on the growth of some 
toxigenic species of Aspergillus, Penicillium and Fusarium. International Journal of Food 
~Microbiology~ 12: 4 14- 150. 

Wicklow D.T., Hesseltine C.W., ShotweII O.L. and Adams G.L. (1980). Interference 
coinpetitioll and aflatoxin levels in corn. Postharest Pathology and Mycatoxins. 70(8): 761 - 
766. 

Wicklow D.T., Oowd P.F. and Glover J.B. (1984). Anti insectant effects of Aspergillus 
metabolites. In The Genus Aspergillus (ed.K.A., Powell A.Renwick & J.F. Peberdy), pp 93- 
114. Plenum Press: new York. 

Wilson D.M. and King T.K (1995). Production of aflatoxins El ,  B2, GI and Gz in pure and 
mixed cultures of Aspergillus parasiticus and Aspergi1h.t~ Jlavus. Food additives and 
conturninantx May-Jun; 1 Z(3): 52 1-525. 

Wood G.E. (1989). Aflatoxins in domestic and imported foods and feeds. Journal of  
Association of OSfictial Analytical Chemists. July- Aug. 72(4): 543 -548. 

Wood G.E. (1 992). Mycotoxins in foods and feeds in the United States. Journal ofAninzal 
Science. Dec; 7O(l2): 3941 -3949. 

Yoshizawa T., Yamashita A. and Lou Y. (1994). Fumonisin occurrence in corn from high and 
law risk areas for human oesophageal cancer in China. Applied and Environmental 
iMicrobiology. 60, 1626-1 629. 

Yu M.W., Lien J.P., Chiu Y.H., Santella R.M., Liaw Y.F. and Chen C.J. (1997). Effect of 
aflatoxin metabolism and DNA adduct formation on hepatocellular carcinoma among chronic 
hepatitis B carriers in Taiwan. Journal ofHepatalogy. 27(2): 320-330. 

Zaika L.L. and Buchanan R.L. (1987). Review of compounds affecting the biosynthesis or bio 
regulation of aflatoxins. Journal of Food Prutec~ion. 50(8): 691 -708. 

Zhu C.R., Du M.J., Lei D.N. and Wan L.Q. (1989). A study on the inhibition of aflatoxin B1 
induced hepatocarcinogenesis by the Rhizopus delemar. Mater-Med-Pol: Apr-Jun; 21 (2): 
87-9 1. 



Zohri A.A. and Saber S.M. (1 993). Fiamentous fungi and mycotoxin detected in coconut. 
Zentrule-Mikrobiol. Aug; l48(5): 325-332. 

Zuber M.S., Calvert O.H., Lillehoj E.B. and Kwolek W.F. (1976). Preharvest development 
of aflatoxin B, in corn in the United States. Phytopathology. 66: I 120-1 121. 

Zuber M.S., Calvert O.H., Kwolek W.F., LiIlehoj E.B. and Kang M.S. (1978). Aflatoxin BI 
production in an eight line diallel of Zea mays infected with Aspergillus jlavus. 
Phytopathology 68: 1346-1 349. 



Parameter Value Dale S e t 4  Data Set-C 

X Y Y Y 
1 TtWe Annlyteri 

2 Data Table-38 ! 
3 One-way analysis of varlance : 

4 Pvalue P<O.OOOl 

5 P vebe sunmary t.. I 

' 
6 Ara means slqinil. different? (P 0.05) Yes ' 

7 Nunberolgoups 8 

8 F 72210000000@00 

10 1 I 1 
11 [~artlett's test lor equal variances 

13 1 P valve I I I 
14 ( P value sunmary Ins 

16 

17 ANOVA T a m  SS d l '  MS 
10 Treabneni (between cohmns) 574.7 7 82.10 

' 
1 I I I 

10 I Residuol (within cohms) : l 0 . 0 0 0 ~ 0 9 1  Is0 ~ 0 . 0 0 0 0 0 0 ~ 1  - -- . - - -- - - -. ?%I Total I 574 7 : 87 . 
21 ( 

I 

22 Tukevs Multlpl~ Cornparim Test Mean Dill. 9 P value 

23 C o l v m A ~ ~ C ~ l u m B  . -1.030 3204000 P<0.001 ' -- 
24 ColumAvsColurmC . 3,200 ; 9954000 P -: 0.001 

- 
25 Cdumn Avo C o h  D i -1.75C1 5444000 P < 0.001 , 

26 Cokmn Avs ColunnE I 2.520 . - -- 7839000 P < 0.001 - - - -- - - 
27 CohmnArsCdwmF j -2 550 7932000 P 0001 

20 Cdmn A vs Colurm G -2.650 8213000 PcO.001 , 

20 C d m A v s C o m H  -4.950 15100000 P 0.001 

30 Colunn Bvs C o h C  4.230 13 160000 P < 0.001 - 
31 CO~WM B vs COIW D -0.7?00 2:40vw r 0.001 

-I 
32 Column €3 vs Cohnnn E 3.550 1 1040000 P < 0.001 

33 Colut~nt B vs Colurru~ F - 1.520 4728000 P < 0001 
, - -- -. - - -  

54 Cohrmn P vs C d r m  O ' -1 620 - .50.19900 P c O W l  

35 Column D vs Colmn H -3.920 12190000 P<OOOt 
-. 

,q, Column C vs Column D -4.950 15600000 P < 0.001 

37 Column C vs Cdumn E -0.6800 21 15000 P ~ O 0 0 1  

38 Column C vs Column F -5.750 17890000 P < 0.001 

39 COIUIW C vs CO~XIV'I G -5.850 t 8200000 P 0.001 

40 Colurn~ C vs Colurn~ H -8.150 25350000 P i 0.00 1 
4 1 Cohnnn D us Co11.m E 4.270 132RnO00 P*OIK)t 

42 Cokmn D vs CokaM F -0.BOCX) 2488000 IP * 0.001 
43 C o m n  0 vs Column 0 -0.9000 7800000 

I r o n  effects on cereals. Appendix Ia 



---- 
X Labels A B 

Parameter Value Dah S e t 4  

I X Y Y 

I 

6 I k e  means slanif. different? IP 0.05) l ~ e s  1 

0 K squared 0.1625 

10 

11 Eartlett's lest for equal variances 

12 Dartlett's stalstic (corrected) 81.4G 

14.1 P vabe suwnary I . .  I I 1 
I S  I [?o the variances l f fw slgnif. ( P  * 0.05) l~es 

I 
I6 
17 NJOVA Table SS (11 MS 

18 Treabnenl (beheen cdunns) 660.5 6 1101 

I9 Res~ihlal {wltlm cohns) 3404 70 48 GS - - -- ..- - . --  -- ----. 
!O Total 6 6 5  76 

', 

26 - - - . 
27 

29 
29 

30 

31 

32 

33 
.- 

35 
36 

37 

38 

39 

40 
41 

42 

43 

24 

25 

Iron effects  i n  p r o t e i n  f o o d s .  ~ p p e n d i x  I b  

Coiur~n A vs Collnn E -- - A - 
Cohmn A w Cohmn F 

C o R n r m A ~ ~ C ~ l u m n ~  

Co4nnn 8 vs Column C 

Column 8 vs C0,km D 

C o h n  B vs C o w  E 
Cohmn B vs C o l m  F 

Cdurnn B vs Colur~m G - 
~o11.m C&  ohm D 

Colwm C vs Colum E 
Column C vs C o l ~ n n  F 

Column C vs Column G 

Column D vs Column E 
C o h n  D vs Cokjmn F 

Cohntr~ Dvs CohnrmG 

Cd~rmnEv~CnhmnF 

Column E vs Colunlo G 

C~lumftF vs Column G , 

\ 

C G ~ H I  AVS CGIMWIC 
C o l m  A vs CalvmO 

-0.1 109 
-. - 
3 132 

-7.065 

-0.5545 

-0.2664 

-0.3455 

2.297 

-7.900 . -- 
0 2RA2 

-0.3909 

2.852 

-7.345 

-0.6791 

2.564 

-7.634 

3 24.3 

-6.955 

- 10.20 

0.2800 

0.5682 

0.05275 - - - pp 

1 490 

3.360 

0.2637 

0.1767 

0.4497 

1.093 

3.767 . 
0 1371 

0.1859 

1.336 

3.494 

c3230 

1.219 

3.63 1 , 

1.542 

3.308 
4.850 

0.1332 

0.2702 

F :. 0.05 
-. - -- 
P > O 0 5  

P > 0.05 

P 7 0.05 

P . 0.05 

P>005 

P, 0 0 5  

P s 0 0 5  
~ - ;  

P+00 .5  

P 3 0 D 5  

P - 0 0 3  

P 3 0 0 5  

I ' .  0 05 

P 7 0.05 

P ~ 0 0 5  

PpO05 

P > 0 . ~ 5  

P c 0.03 
- 

P.005 

P 0.05 

-3.765 10 9.325 

-8.177 to 9.613 

-9.156 10 8.934 - .- . . .-A - - . -, . . 
-5 913 la 13 1R 

-16.11 10 1.980 

-9.600 lo B.490 

-9 3 11 10 8.779 

-3.090 to 8.100 

-6.748 10 11.34 

-16.94 10 9.145 
-. 

-8 757 to 9 333 

-9.436 to 8.654 

-6.193 to 11.90 

-16.39 lo 1.700 

-9 724 10 8.366 

-6.481 to 11.61 

-166810 1.411 

-5 002 to 12 39 

-16.00 to 2.0~0 

-19.21 10-1.152 
-. - 

. 



Iron e f f e c t s  in o i l  seeds. Appendix Ic 



---- - . - .- 
X Lsbele A 6 C 

Parameter Value Data S e t 4  Oats SeCC 

X Y Y Y 

I TeNe Amfyztvl 
2 M a  7aMe-30 
3 One-way anafysls of VarlaflC8 
d Pvabe 0.1085 

P value summery ns I I 
Are meens signif. afferent? (P < 0.05) INO 

I I I 

R squared 10.1286 

I I -. I 
f3arUett's test for equal variances 

12 Bartletl's stabstlc (corrected) 7.254 

13 P value 0.4029 

14 P value summary ns 
15 1 00 the variances dlfer slgnlf. (P 0.05) 1 
16 1 I I 

Residual (wilhin cdunms) 8546 83 103.0 
d 

Told 9808 90 -1 
I I I I 

22 I Tukev's Multiple Cmarison Tesl Itdean Dilf. la 1 P value 

Oats Set-0 

Copper effects  i n  cereals. Appendix 2a. 

28 

27 

20 

29 

30 
31 

32 

33 

3-4 

35 
36 

*.'JT 
Jfl 

39 

40 

41 

42 

43 

Cdunn A vs Colunn E 
Cohmn A vs C o b  F 

Colwm A vs CO~IITW G 

CdunnAvsCdumnH 

C d u m B v s C d u m C  

Column B vs Column D , 

Co lum B vs C o l m  E 
CO~UIW 6 vs C~IJIVII F 
CO~II-IWI R vs COIWWI O 

COIMW 0 vs CO~WIII H 
Coiumn C vs Column D 

Cdumn C vs C o l m  E 

CO~IM C vs CO~JIWI F 

ColumnC~~CokmnO 
Collnrw C vs Cokn~w~ H 
Cd?rnn D vs C o h m  E 
Column D vs Column F 

Co)urmDvSColtrnnG 

2.701 .- 
-6 999 

-3.699 

-7.599 

6.200 . 
-0.6864 

5.99 1 

-3.709 

-0.4091 

-4.306 

-6.885 

-0.2091 

-9.909 

-6.609 

- 10.51 

6.677 

-3.WL3 

0.9342 -- 
2.421 

1.280 

2.629 - 1 - - -  

C 

1 

1.212 

O 1337 

1.408 

2.251 

0.06834 , 

3.239 

2. 160 

3.436 

2.182 

0.9880 

0 . ~ ~ 7 3 o . o g o e ~  

Pa005 - - - - 
~r 005 

P r 0.05 

P , 0.05 

P 0.05 

P, 0.05 

P, 005 

P 0.05 

P * 0.03 
P, 005 

P= 0.05 

P r  0.05 

P > 0.05 

P r 0.05 

P 0.05 

P b 0 0 5  

P 3 0.05 

-10.05 lo 15.45 
. - - 
-19 75l0 5.753 

-16 45 10 9.053 

-20.35 to 5.153 

-7.296 lo 19.70 

-14.15 lo 12.81 

-7,505 lo 19.49 

-17.20 lo 9.787 -- - - 
-13 90 10 ?.? op 
-17.80 lo 9.187 

-20.38 10 6.509 

-13.7010 13 29 

-23.40 to 3.587 

-20.10 b 6:887 

-24.00 to 2.987 

-6RlR t02O.17 

-16.52t0 10.41 
P- 0.05 -13 ?? 10 1 1  77 



------- - ---A. ---2- -*a- - - - - A . - - - - - - - - - - -- - - - - . - - - . -- - - 
X Labele A B C - 1  
Parameter I Value I Data Set4 I Data SetC I Oala SeCD I 

X Y Y Y Y 
1 Table Annlyzed . . 
2 Data Table-31 . 

I 

3 o n e m y  anstysls of varlame 

d P vabe 0.0071 

5 F value summary .. 
8 Pre means signif. different? (P 0.05) Yes 

7 Nurnber of qoups -, 

8 F 3.251 

9 R squared 0.2180 

10 

11 EtarUetPs test for equal variances 

12 Bartlett's statistic (corrected) 53.81 

13 P value P<O.OOOl 

14 P value summary ... 
15 [?o the variances differ slgnif. (P c 0.05) Yes 

16 

17 ANOVA Table SS 

18 Treatment (between cdwnns) 667.8 

19 Residual (within coknixls) 2396 
I 

20 1 Total 

ukey's Multiple Comparison Test 
Column A vs Column B 

21 -- 
22 T Mean Dill. 9 P value 95% C1 ol din -- 
23 1.191 0.6751 P r o 0 5  -6.398 to 8.780 -- 
24 ww,ws, ,, . ,, ., w-mu n r w .  , 0,9364 0.5308 P r 0.05 -6.652 to 8.525 

25 Column A vs Column D 0.8636 0.4896 P r 0.05 -6.725 to 8.452 

I 

27 1 Column Avs C o l m  F (4 327 

Column 6 vS Column 0 

Column 0 vi Column E 

28 Column A vs Column G -6.255 

29 Column B vs Column C -0.2545 

30 
- -  - - -  - 

-0.3273 -- 
3 1 -0.8318 -- 
32 3.136 -- 
33 4 coiutwi B vs coiunn ti -7.445 

Column 8 vs Column F 
- .  - - .  - 

34 Colr~rnn C w CoCmn D -0 07273 

35 Column C vs Column E -0.6373 
I I 

38 1 Column C vs CokKnn F 3.391 

Column D vs Cotumn E 

Colwnn D vs Column F 
Cnh l tntr  I3 vs COIO~HIUI G 

, -- 
38 -0.5645 0.3200 F 0.05 -I 
4- 

31  3.464 1.963 P r 0.05 -4.72510 17.05 
-7 

40 ,-.-.... . - -- -- . - -7.1 18 4.035 P r 0.05 -14.71 to0.4705 

41 C d m n  E vs Column F 4 028 2.283 P > 0 OS -3561 I011 62 

42 Column E vs Column G -6.554 3.715 P 0.05 -14.14 10 1.035 

43 Cofurnn F vs Column G -10.58 5.999 P < 0.01 - 18.17 I0 -2.993 

Cspper effects i n  p r o t e i n  fooas. Appendix 2b 



3 

4 

5 

6 

7 
8 

8 

Data Set43 

Y 

C 

Data Set-C 

Y 

ll [BartleWs test for equal variances I 

A 
Value 

Y 

D 
Data Set-D 

Y 

- 
X Labels 

Parameter 

One-way analysis of variance 

Pvakre 

F value summary 

Are means s~gn~f. different7 (P 0.05) 

Numberolgioups 

F 

\ ' 
14 1 P vaiue summary I '  

Mean [hfl. 

Column A vs Column C -28.34 1.372 

1 

2 

0.0010 .. 
Yes 

4 

6.574 

12 I BartleWs statistic (corrected) 19.021 I 
I 

15 1 Lb  the variances dRer signif. (P 0 05) l ~ e s  I 

C o h n  B vs Cohmn D -122.8 5.945 

C o M  C vs Cotumr~ D -69.01 3.340 

X 

Tnble Anelyzed 

Data Table32 

I 

I 
16 

17 

18 

19 

20 

Copper effects in oil seeds. Appendix 2C 

ANOVA Table 

Treeherd (between columns) . 
Residual (wtlun coknms) --- 
Total 

MS 

30870 

4695 - 

SS 

92600 

187600 

280400 

dl 

3 

40 
. -- 
43 



---- 
D 

Data Set-D 

Y 

95% CI of dl1 

-5.823 lo 11.15 

-23.5 1 10 -6.54 1 
-8.468 k 8.504 

-12.94 to 4.032 
-26.18 b -9.203 

-11.13t0 5.841 

-15.60 tO 1.368 

6.559 to 23.53 

2.086 to 19.06 

-12.96 to 4.014 

-. , Copper e l l ec t s  i n  carbohydrate  f o o d s .  Appendix 2d 

II Labela A 

Vahre 

Y 

P~O.0001 ... 
Yes 

5 

10.95 

0.4669 

33.12 
P~0.0001 ... 
Yes 

SS 

2159 

2466 
4625 

Mean DIII. 

2.664 

- 15.03 

0.01818 

-4.455 - 
-17.69 

-2.645 

-7.1 18 

15.05 

70.57 
-4.473 

1 

2 

3 

4 

5 
6 

7 
e 
0 

10 

11 

12 

13 

14 

15 

16 

17 

l a  
1 U 
20 

2 1 

22 

23 

24 

Parameter 

X 
T W / h ~ r y Z d  

Data labWJ 

Omway anatysis of varlance 
Pwbe 
PvaM surmery 
k s  means siyif.  dilferent? (P 0.05) 

IJurlber of y l p s  

F 

R squared 

BerleWs test lcr equel variances 

BartleWs statlstlc [corrected) 
Pvabe 

P vakre sunmary 
Do Re varlsnces dffer slgnlf. (P * 0.05) 

ANCNnTablc 

lreabnent (between c o h s }  

Residual (wilhin coCnns) 
Total 

Ttkefs Murriple Comparlsm Test 

Cdm?AvsCdumB 

CdumAvsCoCunnC 

-- 
B 

0ata set-0 

Y 

dl 

4 

50 
54 

9 
1.258 

7.037 

0.008587 

2.104 

----- 
C 

Deh Set-C 

Y 

MS 

539.9 

49.31 

P v a b  

P * 0.05 

P f 0.00 1 

P * 0.05 

P 0.05 

25 

26 

27 

'28 
29 

30 

31 

32 

CoCmnAvsColumD 

ColnnAvsCoLmnE 

W n n B a C o L m n C  

Cdum BVSCC~NIMID 

C~LAWI BVS Co'kmnE ' 

CoCmnCvsCdumD . 

ColuMCv~ Cohsm E 

CoknnDveCoME 
,,.,'. . . 
8"' 

8.355 

1.249 

3.362 

7.106 . 
4.993 

2.112 

P c O W l  

P 0.05 

P ' 0.05 

PeO.M)I 

P 0.01 

P * 0.05 



- -.- 
A ~ a ~ e l e  A t  

I - 
i I 

Per ameler Velue D ~ I ; ~ - c  

X Y '1 
I -- 
I I ' r n t ~ m t p ~ r e d  

2 Data T a b 3 4  

F 1.861 --.-- 
K squared 0.14W 

, .- 
. .- 

Bettett'a lesl fore :ual variances a . *- 
Dartatrs slaUstlc corrected) 232.9 . -- 
P ~ h e  PeO 0001 

P value summary 
Do h e  rarlanccs dlfcr slgnll. (P 0.05) . 

- 
ANOVA Table S 

Trsr!rnent (between cokmns) 

Reslihal (wiUJn cohmls) - 
Total 80480 87 

Cohmn A vr Cobmi D- 
Cdu~n A vs Coknwi E ' -5.682 0.6407 P 9 0.05 
Colum k v s  Cohrm F -32.35 3.647 

I 

i Managsnese eSfects ori ccreels. Appendix 3a 
CI - I  

i 



L'. !: V i - 
Data Set4  . Data SeCD -. 

Y i  Y i 
C--.-t 

- 1 . . . . 

? :  f n ~ e  Anatped . . . - .  -. ! - ! 
2 Data Table-35 I . . . , 1 1 .- - t 
3 . One-way anatysls of varlance ; , - I ! 
1 pvalue P<O.ooOl f ,.>. 

# .  , I *) 
. . .  . . . . . .  

3 ~ v a k e  summary . i 8. ' b  
... 

I . 
-i k e  means dgrif. diltermt? {P * 0.05) Yes t . I n y  

? I  ANOVA Table , - SS It 1 dl I I 

18  Treatment (between co;kmns)' I . '  , 2163 : i 6 : , . -  I 
- - 

10 Resicha1 Lwittincdunnsl .. ' ,  I 1882 . -  i 70 : - ,  ! 

-~ 

. - 
rl 

-. 

3 - 
II 

7 i 

1 24 I Coesnn A vs Column C 
I I I 

. I 1-1.300 : 10.8316 E 

Bartletrs statlstfc (corrected) : 54.14 i :.. I .: f  - - 
13  ah,, I . . . _  _ .  ( I P < o . o ~ 1  j F t l r  , I [  * . .  . I - - 
14 Prekresummary I ." ., .I - 
7 tha variancds dffer s~gn~t. (P 0.05) Yes I , . , , . . l y , . . . . .  

-- ~ ~ 

N u d w  ol y wps I 

F I 

R W a  j : 
i 

. . . _  1 . _. .. ! 
W t r r  test for equal veriences I 

- -- 
22 

23 

c' 

. ' : . Manageqese e f f e c t s  on p r o t e i n  foods. Appeiidix 3 b  

- - ~ -  - - -  -- 

7 ! 

13.41 1 
0.5348 i 

I 

I 

- 
rukws ~urbplc thrrQarSsgTcst 
~ A v s C o k n n B  " ' ' I  ' 1  

' 

- -  ~- 

' i  
" ' - 1  

. ! . ! ,  , . ,  

! 

I 

Mean Ckll.~ 

t.991 1 1  

34 

35 
30 

37 

38 

39 

40 
41 

12 
-- 

43 

. * 
- - 

B. > : r , ,  ;. ;>.:,. 

9 ' - ' :  
1.274 ' I 

4.5273 

2.800 

8.109 

-10.63 

3.327 

6236 

-10.10 
5,309 

-13.43 

-18.74 

1 

Coiiw C v s  Golimn D 

ColnnCvsCokmnE 
COIW C vs Colunn F 
CL~UTXICVSCO~G 

COIUW 0 vs Colunn E 
Column 0 vs Column F 

Colwnl D vs Co lw~ l  G 
Colintn E vs CO~W!UI F 

C G W I ~ E V S C ~ ~ ~ G  
Cdumn F vs ~OIWXI G 

.... ,.,. I , . 
+ r >. - 

! ,: . . , , 

i t c  

. , . ,  . - - .  . . . 
, ., . 

I 

P v a k  .,.., , Jgs.mci~ran - 
Pr0.05 4 . , . + I  1-4.734b8715 

0.3373 

1.791 

5. 188 

6.798 

2.129 

5.525 
6.461 

9.396 

8.590 
- - - -. - - 

1 1.99 

I ---- 
P * 0.05 1-7.252 toFi.197 

P B 0.05 

P G.01 

P *O.Ool 

F' pO.05 

P < G.01 

P i 0.001 
P * 0.05 

P c 0.001 

P < 0,001 

.. - --. 
-3.025 td ~ .5 .25  

i.385 10 14.83 -- 
-1 7.35 16 -3.903 - 
-3.397 lo 10.05 
1.912 to 16.36 

-16.82 to -3.376 
-1.41510 1203 

-20.15 to -6.703 
-25.46 10-12.01 
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.- I 

X Labelo A I 8 I G I 
Parameter V a h  ( Data Sot-8 1 Oala Set-C I ,Data 

, 

1 - 
2 

3 

4 

I 
9 - 
7 
0 

9 

10 
11 

12 

13 

14 

15 
18 

17 
18 

-20.03 to 4.115 . 
-10.7910 13.41 

7.957 10 32.15 

-19- l09.633 

31 -7.382 2.747 -- 
32 1.309 0,4605 

- .  - 
20.05 6.90 1 - . - 
-7 464 2.669 - 

P > 0.05 

P ~ 0 . 0 5  

P e  0,004 --- - 
P * 0 0 5  

Y 

dl 
5 

GO --- 
65 

7 
1 .079 . 

0.9010 

1.352 

7.802 

1.667 

0.1783 

0.2722 

6.723 

1 X 
TnMAnn~ced  . . 
Data l a b - 4 0  

~newey enatpls 01 mrlance 
P v a h  

--- 
7 v a h  summery 
k o  meem slgJl. bflerenf? (P 0.05) 

Nunhofgoups 

F 

R sguBred 

BsrUen's test lor equal mrlances 

BarUelt's statlsllc (corrected) 
Pvaba 

Pvabsurmary 
Do Um variances flfrw s l ~ f .  IP 4 0.05) 

ANOVATaMc 

Treabnent(bshencolums) 

n 

Y 

.---- 

95% C1 or dfl 
-8.961 10 15.23 

-0.4 79 to 14.7 2 
-8.170 10 16.02 

10.58 to 34.77 ------ 
-16 94 lo 7.252 

-12.62to 11.58 

-11.31 to 12.89 

7.439 to 31.63 

I 

Y 

MS 

975.7 

92.68 -~---- 

P v a k  

P .0.05 

P r 0.05 
P * 0.05 

P < 0.001 

P ~ 0 . 0 5  

P .0.05 

P 0.M 

P e 0.00 1 

18.75 6.451 

-8.773 . a  3.0 19 

-27.52 9.470 , - 

P<O.oOO 1 ... 
Yes 
6 

10.51 

0.4668 

46.6!i ,, 

P<O.OM)l ... 
Yes 

SS 

1879 

1 

a 

I 

. 

6573 

10460 

Mean Dill. 

3.136 

2.613 
3.927 

22.67 - 
-4.845 

-0.5182 

0.7909 

19.54 

19 

20 

2 l 
22 

23 -- 
24 -- 
25 

26 

17 

28 
29 

Residrel (wit Jn cohw~s)  
Total 

Tlrkey's Mulllple Cornpadson Test 

Cokmn A vs Cobin E 
ihh~nnAvsCokmnF 

CoCnnBvsCohmnC 

C O R J ~ B V S C O ~ D  
3 0 - .  - ~- - 

P+O001 

P ' 0.05 

P 0.001 

-- 

6.648 to 30.84 

-20.87 to 3.324 

-39.62 10 -15.42 - 



3 

4 

5 

8 

7 

, 

One-way snatysls of variance 
Pvakre 
P value summary 
Are means signif. dfferenn (P c 0.05) 

NunClerof q q s  

11 

12 
13 

14 

15 

16 

0.1482 

ns 
No 

4 
8 

9 

10 

. . 

I 7  
18 

Z i n c  effects on oil seeds. Appendix 4c 

BartleWs test for equal variances 

Bartlett's statisfic (corrected) , 

P value 

P value summary 
@o the variances differ slgntf, (P c 0.05) 

19 
20 

21 
22 

23 

F 

R squared 

6.158 

0.1042 

ns 
No 

ANOVA Table 

Treatment (between columns) 

1 .a82 

0.1237 

Residual (withtn columns) , 

Total 

Tukeys Multiple Cpmparison Test 

24 

25 

26 

- 21 

28 
--. 

SS 

15220 

107900 

123100 

Mean Difl. 

. . 

dl 

3 

Cdumn A vs Column B /29.11 
I 

MS 

5074 

0.8774 
1.373 

0.98 19 

3 232 

2.250 

Column A vs Column C 

Column A K Column D 

Coiunn B vs Coknul C 

~ o l m  R vs CGD 
C O M  C vs COIW D --- 

95% CI of dff 

40 

43 

q 

13.74 
-21.49 

-15.37 
-50.60 

-35.23 , 

-30.25 to 88.46 

2696 

P value 

1.859 
P r 0.05 
P > 0.05 

P 0.05 

P.005 

P > 0.05 

P r 0.05 
J 

-1 - 
- E  

-74.73 lo 43.98 

-1 10.08.753 . 

-94.58 to 24.13 



. - 
X ~ a b e l s  
Parameter 

I X 

11 BarUetfs test for equal variances 

12 Bartlatls statistjc (corrected) 
13 Pvalue 

14 P value summary 
15 @o the variances differ signif. (P c 0.05) 

16 

Treatment (bebeen columns) 

Residual (wihn cduimi) . 
1 20 1 Total 

-- 
I .  A Y 

Value Data Set-B 
I Y Y 

Yes 

5 :  

Yes I I 
I 

Colunin A vs Colunm E -- 
Cdwm B vs Cohmi C 

Column B vs Column D 
- .  - - .  - - 

Tukey's Multiple Cmparlsm Test Mean Dill. 9 P value 95% CI of dill 
Colunn A vs CoRnnn I3 - 6.134 7.859 P 0.001 3.005 to 9.262 
- .  - - .  - 

-0.7182 0.9202 P > 0.05 -3.846 to 2.4 10 - 
7. 9.400 , P 0.001 4.208 to 10.46 

- -- 
2. 3.413 

- -- P 0.05 -0.4646 to 5 792 

-6.832 8 779 , P < 0.001 -9.980 to -3.724 - 
1.203 1.541 P > 0.05 -1.925 to 4.331 - 

GOIUM ti vs LOIW t -3.470 4.446 P c 0.05 -43.598 to -0.34 18 

Column C vs Column D 8.055 10.32 P c 0.001 4.926ta 11.18 

Colunvl C vs Column E . 3.382 4.333 P - 0.05 0.2536 to 6.5 10 

COIWM 0 vs Column E -4.673 5.987 P .z 0.001 -7.801 10 -1.545 
---- - -- - -. - -- .--u----- 

Zinc efxects on carbohydrate foods. Appendix 4d. 
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