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ABSTRACT 

The North West province of South Africa ranks the second major maize producing region in the 

country after the Free State, South Africa. In the North West province, as is the case in much of 

the world, fungal and subsequent mycotoxin contamination of maize is of great concern. This is 

because maize constitutes the major staple food , and is produced on a small scale and also 

commercially. It is also extensively used as livestock feed and also serves as an export crop. 

Losses incurred as a result of fungal growth and contamination of cereal grains are not only of 

trade and industrial importance, but are also of significant public health and animal health 

concern due to possible production of mycotoxins by these fungi. Mycotoxins are prevalently 

toxic compounds produced as secondary metabolites by various fungi and excreted on 

agricultural crops at pre and post-harvest stages of food and feed production under a wide range 

of climatic conditions. This present study was carried out to evaluate the incidence of fungal 

species and mycotoxins contaminating small -scale and commercial maize grains in the North 

West province of South Africa and to evaluate potential health risks for consumers based on 

South African and international regulations. A total of 100 maize samples were randomly 

collected from commercial and small-scale farmers across the North West province of South 

Africa. Samples were investigated for funga l contamination using conventional (macroscopic 

and microscopic) and molecular phylogenetic methods to identify fungal species. Mycotoxin 

analysis was also carried out using validated methods. 

The percentage incidence of different genera isolated revealed the predominance of Fusarium 

(82%), Penicillium, (63%) and Aspergillus species (33%) compared to other genera. Among the 

species, Fusarium verticilloides had the highest incidence of 70 and 76% in commercial and 

small-scale maize respectively, while P. digitatum had 56% total incidence and Aspergillus 

fumigatus (27%) were also the most dominant of these genera. The data obtained from HPLC, 

ELISA and TLC revealed that the maize samples were contaminated by FB, ZEA, OTA and 

AFB. Furthermore, the analysis of mycotoxins by HPLC revealed that FB1 was the most 

contaminant mycotoxin in the small-scale and commercial maize samples with the incident rate 

of I 00 and 98.6% respectively. Aflatoxins contamination in both samples occurred at incidences 

of 26.7% in small-scale samples and 25.0% in commercial samples. The levels of AFs varied 

between 0.080-9.34 µg/kg and 0.32-8.60 µg/kg in small scale and commercial samples 
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respectively. Furthermore, OTA had a high incident rate of 97.8% and 93.0% which ranged from 

3.60-19.44 to 1.60-9.89 µg/kg respectively in small-scale and commercial maize samples while 

ZEA occurred in 50 and 55% of small-scale and commercial maize samples respectively with 

mean concentrations of 39.2 and 17.5 µg/kg respectively. In addition, sample contamination 

levels for ZEA ranged between 0.2-51 .3 to 0.1-36.8 µg/kg respectively and the values were 

below the acceptable limits of I 00 µg/kg for ZEA in maize intended for human consumption 

(EU, 2007). Furthermore, most of the maize samples analysed showed simultaneous occurrences 

of two or more mycotoxins. 

The low incidence of mycotoxins m the maize samples is in contrast to results from other 

provinces (Limpopo, KwaZulu Natal , Gauteng and Eastern Cape) of South Africa and other 

countries in Africa. The arid and semi-arid climatic conditions that characterised the sampled 

area might be responsible for this.The results also showed that maize from small-scale farmers 

may contribute to dietary exposure to mycotoxins. Farmers and consumers should be aware of 

the dangers of fungal and mycotoxin contamination of maize with resu ltant health risks. 

However, several researchers have analysed and quantified mycotoxins in different parts of the 

country, especially fumonisins but the novelty of this study is that to our knowledge there are 

limited reports from orth West province so far on the occurrence of fungi and mycotoxins on 

food commodities. 

Keywords: Fungi , Fusarium, Aspergillus, maize, mycotoxins, Fumonisins, Aflatoxins, 

Ochratoxin A, ELISA, Immuno affinity, HPLC, molecular methods, chromatography, North 

West Province 
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DEFINITION OF IMPORTANT TERMS 
Aflatoxins: A complex of four mycotoxins produced by Aspergillus flavus; often found in 

peanut products. 

Carcinogenic: Ability of a substance to cause cancer when administered to an organ ism. 

Enzyme Linked Immunosorbent Assay, (ELISA): An ant ibody-based diagnostic technique 

used in molecular biology for the qualitative and quantitative detection of specific biological 

molecules. 

Germ: Embryo of a cereal grain. 

Grain: Single, dry indehiscent fruit of a single seed that is fused to the ovary wall. 

Hepatocarcinogenic: Ability of a substance to cause cancer of the liver when administered to an 

organism. 

Hyphae: Microscopic threads that make up the body of most fungi. 

Mycotoxin: A natural toxin of fungal origin. 

Mycotoxicoses: A disease resulting from toxic effect of mycotoxins on an imal and human 

health. 

Parts per billion, (ppb): A measure of concentration of a substance in which the amount of the 

substance is one billionth of the units of the so lvent. 

Parts per million, (ppm): A measure of concentration of a substance in which the amount of the 

su bstance is one millionth of the units of the so lvent. (E.g. , µg/g). 

Polymerase Chain Reaction, (PCR): A molecular method used for the amplification of specific 

RNA and D A segments in a complex by multiple cycles using short oligonucleotide primers 

and heat to separate the complementary strands. 

Teratogenic: Ability of a substance to cause abnormalities in the embryo or foetus when 

adm inistered to the maternal organi sm. 

Toxin: A poisonous substance. 
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CHAPTER ONE 

GENERAL INTRODUCTION 
Microorganisms are ubiquitous in nature. They interact with plants, animals and humans in order 

to ensure their growth and survival. These interactions, in some cases are beneficial to the host 

and in most of the cases are harmful interactions, causing diseases in plants, animals and 

humans, as well as causing spoilage of foods and feeds (Basappa, 2009). Among the 

microorganisms, fungi have assumed great economic significance, as they not only cause 

spoilage of food during pre and post-harvest stages of production, but may release various toxic 

secondary metabolites, referred to as mycotoxins (Basappa, 2009). These mycotoxins are formed 

by hyphae of certain saprobic fungi , especially on grai ns and nuts in the field. Although not all 

fungi produce mycotoxin, one strain of given species may be capable of producing mycotoxins 

while another strain of that species may not be toxigenic (Levetin and McMahon, 2006). Some 

fungi have the ability to produce more than one mycotoxin and some mycotoxins are produced 

by more than one fungal species. Often more than one mycotoxin can be detected on a 

contaminated foodstuff (Hussain and Brassel , 200 I). 

Mycotoxins (from "myco" fungus and toxin) are natural , chemica lly diverse, fungal products that 

have harmful effects on exposed humans and animals in a variety of ways (Brase et al. , 2009). 

They are non-volatile, relatively low molecular weight compounds (Brase et al. , 2009), 

synthesized mainly by the secondary metabolism of some filamentous fungi (Bennett and Klich, 

2003) . The existence of mycotoxins came into the lime light in 1960 when more than I 00,000 

turkeys died in the U.K (Turkey X disease) after consuming atlatoxin-contaminated peanut meal 

(Blount, 1960). Currently, there are about 300 to 400 known mycotoxins with just about a dozen 

group regularly receiving attention as threats to human and animal health (Bennett and Klich, 

2003) . 

The majority of agro-economically important mycotoxins are produced by Aspergillus, Fusarium 

and Penicillium fungal species, although other genera such as Claviceps also produce potent 

toxins (Hussain and Brassel , 200 I , CAST, 2003 , Jacobsen et al. , 2007, Coppock and Jacobsen, 

2009). These genera are ubiquitous in the env ironment and can exploit any nutritive-rich matrix 

given the appropriate conditions (CAST, 2003 , Coppock and Jacobsen, 2009) . The Food and 
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Agricu ltural Organisation of the United Nations has estimated that over one quarter of the 

world ' s crops, including many basic foods , are significantl y contaminated by these mycotoxin­

producing fungi (CAST, 2003). They produce mycotox ins such as atlatoxin (AF), ochratoxin 

(OT), fumonisins, zearalenone (ZEA) and trichothecenes (TCT) such as deoxynivalenol (DON), 

T-2 toxin and nivalenol (Shephard, 2008). Tropical conditions such as high temperatures, 

humidity, unseasonal rains lead to the proliferation of fungai and the production of mycotoxins 

on various agricultural crops, especially while growing in the field (Bhat and Vasanthi , 2003). 

These toxins when ingested by humans and animals through food or feed respectively, cause 

health hazards and lead to economic losses (P lacinta et al. , 1999). The sign ificance of the health 

risk due to mycotoxin contamination depends on the toxicological properties of the particular 

compound (acute, long-term toxicity, mutagenicity, teratogenicity, carcinogenicity) as well as the 

extent of the exposure (Timbrell , 2002). However, human exposure to mycotoxins can result 

from the direct consumption of contaminated agricultura l crops or by a carry-over of mycotoxins 

into foods derived from animals (milk, meat and eggs) (Basappa, 2009). Mycotoxins (atlatoxins) 

have also been suggested to have a synergist ic effect with the hepatitis B virus in the etiology of 

liver cancer and cou ld interact with some other important diseases in the African continent, for 

example kwashiorkor, malaria and HIV/AIDS (Wagacha and Muthomi , 2008) . Mycotox ins have 

assumed great economic importance worldwide because of their influence on the health of 

human beings and livestock and many countries have set regulatory limits in order to reduce 

their intake. 

In Afr ica, fifteen countries, accounting for about 59% of the African population, are known to 

have specific mycotoxin regulations (F AO, 2004), and for most of African countries, definite 

mycotoxin regulations most likely do not exist. In South Africa, despite str ict regulatory contro ls, 

funga l growth and mycotoxin production are st i 11 present and found in most of the food and feed 

commodities. Maize and bambara nut samples collected from Limpopo Province were found to 

have a high incidence of mycotoxins, espec ia lly fumonisin (Shabangu, 2009). Peanut butter 

given to schoo l children from the Eastern Cape, specificall y the Transkei region, was a lso found 

to have high leve ls of atlatoxin (MRC, 2006). Barley and wheat also contain high mycotoxin 

(DON, OTA, ZEA) levels (Mashinini and Dutton, 2006) and peanut samples collected from 

Marabastad Pretoria were found to contain hi gh levels of atlatoxins (Kamika et al. , 2013). 
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Maize (Zea mays L.) is one of the major cereals in the world and is the third highest produced 

grain behind wheat and rice. It does not on ly serve as human food and as a feed for livestock but 

is also an important commodity in international trade (Basappa, 2009) . However, maize is 

susceptible to infestation by many insect pests and funga l development which most often, results 

in mycotoxin production. Although fumoni sins and aflatoxins most often occur in maize, 

fumonisins have been reported to predominate (Duvick, 200 I , Muthomi et al. , 2009). Invasion of 

maize by fungi may lead to discoloration and loss of nutritional value (Muthomi et a l. , 2012), 

since infection generally occurs at the germ portion, which is the important portion of the grain, 

although other areas of the gra in could also be infected if there is some insect or mechanical 

damage (Basappa, 2009) . 

Several disease outbreaks have been linked to the consumption of contaminated maize which 

includes the human esophageal cancer in the Transkei region of South Africa (Sydenham et al. , 

1990). Between January and June 2004, acute aflatox icos is was reported in eastern Kenya and 

125 of 317 cases of acute hepatic failure reported was attributed to the consumption of 

contaminated maize (Azziz-Baumgartner et al. , 2005) . Since maize is used for an imal feeds , 

several fungal species have been identified in that can produce mycotoxins depending on 

environmental conditions. Thus, maize remai ns a main source of dietary mycotoxin exposure to 

both humans and animals, especial ly in areas where maize serves as a major dietary stap le. 

The orth West province of South Africa ranks the second major maize producing region in the 

country after the Free State. In the orth West province, as is the case in most parts of the world, 

fungal and mycotoxin contamination of maize is of great concern. This is because maize 

constitutes the major stap le food , and is produced both on a small-scale and commercially. It is 

also extensively used as li vestock feed and serves also as an export crop (Ncube and Flett, 2012). 

Several researchers have analysed and quantified mycotoxins in different parts of the country, 

espec ia lly Fusarium toxi ns contaminating maize grains and other cereals (Dutton and Kinsey, 

1996, Burger et al. , 20 I 0). Thus, because of the various factors , including climatic changes that 

trigger fungal and mycotoxin contamination of crops, threatening food security and food safety, 

constant monitoring of these mycotoxins is needed to prevent outbreak of mycotoxicosis. 
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Furthermore, analytical methods for rapid , sensitive and precise determination of these 

mycotoxins in agricultural produce are high ly needed. In addition it is also often necessary to 

identify the funga l species that are responsible for their production. This is in order to properly 

asses the toxico logical risk of exposure to both human and animals and also to ensure that the 

regu latory limits are met (Krska et al. , 2008, Pascale, 2009). 

1.1 AIM OF THE STUDY 
The aim of the study was to evaluate the incidence of fungal and mycotoxin contamination of 

maize consumed in the North West Province of South Africa. 

1.2 OBJECTIVES OF THE STUDY 
In order to achieve the main aim of the study the following specific objectives were addressed: 

a) Determine the incidence of fungal contamination of the maize samples. 

b) Screen the samples for potential contaminating mycotox ins; FB, ZEA, AFs, OTA. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Maize and its uses 
Maize (Zea mays L.) is believed to originate from central Mexico. It is one of the oldest human-

domesticated plants and dates as far as 7000 years ago. From a wild grass, it developed into a 

productive food source (Abassian, 2006). Maize is one of the major cereals in the world and is 

the third highest produced grain behind wheat and rice (Basappa, 2009). Maize does not only 

serve as human food and as a feed for livestock but also as an important commodity in 

international trade (Abassian, 2006, Basappa, 2009, O'Gara, 2007). Today, maize is directly 

present in the diet of more than 200 million people in different forms (Du Plessis, 2003). This 

consumption rate is growing annually. The F AO estimates that human and animal consumption 

demand for maize will increase by nearly 300 million tons by 2030 (F AOSTA T, 2012). This 

excludes the demand for industrial applications (O'Gara, 2007). It is also estimated that about 

65% of the total world maize production is used as livestock feed, 15% as human food while the 

remaining 20% is mainly for industrial purposes (Abassian, 2006). 

In South Africa, even though maize is the second largest crop produced after sugar cane, it is 

considered the most important cereal because it is a major staple diet (DAFF, 2012). Maize in 

South Africa is consumed directly as food and is processed into different food products such as 

maize meal, breakfast cereals, cornflakes, grits and snacks (Sydenham et al. , 1991 ). Maize is a 

major source of starch, oil ( corn oil), corn syrup and maize gluten. It is also a potential raw 

material for the manufacturing of medicines, chemicals as well as biofuel (Abassian, 2006). 

Maize is one of the highest energy grains and its use as animal feed is because it can supply 

energy primarily as digestible carbohydrate plus a small amount of energy as natural oil. It can 

produce more energy per unit of land than any other cereal because it has a carbon-4 

photosynthetic pathway that utilises solar energy more efficiently than carbon-3 plants (Kellems 

and Church, 2010). Maize has the highest metabolizable energy (ME) in Meal/Kg [89% dry 

matter (OM)] compared to all other grains with values that range from 3.03and 3.38 for swine 

and poultry respectively. The main energy yielding fraction is the starchy endosperm consisting 
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of amylose (about 23%) and the remaining 77% of starch is amylopectin (Kellems and Church, 

2010). 

Maize is an important cash crop with the USA being the major exporter of maize (approximately 

60%) followed by Argentina, China, Brazil and Ukraine. Among African countries, only South 

Africa has been reported to have surpluses for exports (Abassian, 2006). Despite the reports on 

maize utilization, it still remains the main source of dietary mycotoxin exposure to both humans 

and animals especially in areas where maize serve as a major dietary staple. 

2.2 Factors influencing the occurrence of Mycotoxins in African food commodities 
Mycotoxin contamination is inevitable and unpredictable, which makes it a serious challenge to 

food safety (Park and Stoloff, 1989). Production of mycotoxins occurs during secondary 

metabolism as they are not necessary for fungal growth and play no biochemical function (Brase 

et al. , 2009). They are produced from one or more primary metabolites (Miller, 2001). The 

incidence of mycotoxins from fungi is governed entirely by the existence of conditions that 

favour the growth of the fungus concerned (Miller, 200 I). Formation of mycotoxins on a given 

food crop involves basically the mycotoxigenic fungi and suitable nutrient factors (intrinsic) of 

the substrate and environmental factors (extrinsic) surrounding the food crop (Basappa, 2009). 

However, the ultimate level of mycotoxin that is accumulated on food and feed material is due to 

overall interaction of all these factors namely: 

2.2.1 Intrinsic factors 
These include moisture and relative humidity, crop variety and its level of growth and maturity, 

nutrient type and their concentrations as well as the pH of the substrate. 

a) Moisture and relative humidity: Important factors in growth and mycotoxin production are 

moisture content and relative humidity equilibrium of the substrate. High moisture content of 

14% and higher in maize, and high relative humidity are essential for fungal spore germination 

and proliferation. This can lead to mycotoxin contamination (Dawlal , 2010). 

b) Crop variety: Naturally, some varieties of field crops are relatively resistant, whereas others 

are susceptible to fungal development and subsequent mycotoxin production. For example, 

yellow maize is more susceptible to fusarium infection than white maize while white maize is a 

better substrate for fumonisin production (Ncube, 2008). The development of crop varieties that 
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resist the development of toxigenic fungi or that wou ld completely inhibit the production of toxin 

even under bad storage conditions would be an ideal so lution. 

c) Level of growth and maturity: This matters since it has been shown that there is higher 

incidence of mycotoxin invasion in over-mature grains, that is grains that stayed longer in the 

field before their harvest than on immature and mature ones from the same plant at harvest 

(Basappa, 2009). 

d) pH: The optimum production of mycotoxin , for example fumonisins occurs under relatively 

high oxygen tension and low pH (approx.2) due to organic acids produced by starch metabolism 

of well-rotted maize (Miller, 200 I). 

2.2.2 Extrinsic factors 
Once the fungus has invaded the food grain or feed material , the extrinsic factors such as 

temperature, light, heat, UV or gamma irradiation, microbial interaction, time and aeration 

(oxygen) play important roles in influencing the growth and mycotoxin formation on these 

materials. 

a) Temperature: It plays an important role in fungal growth and mycotoxin development. Fungi 

usually grow at a wide range of temperatures, but mycotoxigenic fungi are mostly mesophillic. 

Elevated temperature in maize increases the ability of A. flavus to proliferate and produce 

aflatoxin (Ncube, 2008). 

b) Irradiation: This is one of the methods of increasing the storage life of agricultural crops. 

However, it also increases the susceptibility of the product to certain storage fungi such as A. 

flavus that lead to mycotoxin contamination. Previous studies revealed that levels of aflatoxin 

were significantly higher in some irradiated cereals, including maize, than in non-irradiated 

samples of the same food (Basappa, 2009). 

c) Microbial Interaction: Under natural conditions, production of Aflatoxins by Aspergillus 

species is affected by the presence of other fun gi on agricultural commodities. A. flavus is 

frequently associated with many other microorganisms, particularly in stored grains. The 

microbial interaction between fungi and other microorganisms, for substrate under favorable 

environmental conditions will restrict or reduce the quantity of aflatoxin formation by what is 
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referred to competitive exclusion process. Depending upon the population density, the atoxigenic 

strain competes for the same site of invasion of the crop plant and nutrient resource as that of 

toxigenic strain, thereby reducing the toxigenic strain population and mycotoxin accumulation 

(Lee and Magan, 2000). 

2.3 Health risk analysis of dietary Mycotoxins 
Most outbreaks of food-borne mycotoxin poisoning occur in the sub-Saharan Africa where maize 

and groundnuts are staple diets (Wagacha and Muthom i, 2008). Also, the globalisation of food 

trade with stringent mycotoxin standards on exported foods means that developing countries are 

likely to export their best-quality foods while keeping the contaminated food domestically. This 

will inadvertently result in higher risks of exposure in these countries (Cardwell et al. , 2004). 

The resulting health risks of mycotoxin poisoning depends not on ly on the toxicological property 

of the particular compound but also on its concentration and the extent of exposure, as it is said 

that the dose makes the poison (Bennett and Klich, 2009). Animals (and humans) vary widely in 

their response to a given dose of a mycotoxin based not only on the age, sex, nutritional or 

gestational status but also on their ability to detoxify (Bennett and Klich, 2009, Cigic and Prosen , 

2009). Thus, the ability of a mycotoxin to cause detrimental effects will not only depend on the 

nature and concentration of the compound but also on the metabolic status of the organism 

involved, the route of exposure and the potential for metabolic detoxification (Bennett and Klich , 

2009). Generally, the greater the amount of toxin, the more severe the effect, although 

mycotoxins have different threshold levels at which they are toxic (Bennett and Klich, 2009). 

This threshold level (lowest concentration) at which they are toxic may vary from one animal 

species to another and even from one individual to another within a population . Often , the young 

are more sensitive than the adults and such characteristics as diet, pregnancy, general state of 

health and drug interactions can affect mycotoxin sensitivity (Bennett and Klich, 2003). It is 

believed that ruminants are relatively tolerant to adverse effects of mycotoxins, presumably 

because of the ability of rumen microflora to detoxify the mycotoxins. Further studies have 

shown that some of the rumen metabolites are even more toxic than parent mycotoxins, for 

example, conversion of zearalenone to a-zearanol (Su ltana and Hanif, 2009). In addition, 

mycotoxins can impair rumen functions by exerting antimicrobial effects on rumen microflora 

and also, the increased rate of passage of feed through the rumen may possibly overwhelm the 

ability of the rumen to completely denature the toxins (Gremmels, 2008, Berge, 2011). 
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Given the opportuni stic nature of fil amentous fungi , there is al most no food or feedstuff that has 

not at one time or another been fo und to be contaminated with some mycotoxins. Mycotoxins are 

considered one of the most important contaminants of food and feed. The FAO has estimated 

that more than 25% of the world ' s agricultural produce is contaminated w ith mycotoxins (Krska 

et al. , 2008, Rahmani et a l. , 2009). While mycotox ins occur in many variet ies of fungi , not all 

fung i produce mycotoxin. One strain of a given species may be capable of producing 

mycotoxins, whereas another strain of that species is not toxigenic (Levet in and McMahon, 

2006). Some fungi have the ab ility to produce more than one mycotoxin and some mycotoxins 

are produced by more than one fungal spec ies. Often , more than one mycotoxin can be detected 

on a contaminated substrate (Hussai n and Brassel , 200 I, Levetin and McMahon, 2006) . They 

have been reported on cereals, legumes, nuts, dried seafood products, spices and various other 

African food commodities (Egal et al. , 2005 , Ngoko et al. , 2008, Mutegi et al., 2009, Ediage et 

al. , 20 11 , Ezekiel et al. , 20 12, Mwanza et a l. , 20 13) (Table 2 .1 ). The most important mycotoxins 

from both public health and agronomic perspectives include atlatoxins (AF), ochratoxins (OT), 

fu moni sins (FBs) zearalenone (ZEA) and trichothecenes (TCT) such as deoxyni valeno l (DON), 

T-2 toxin and nivalenol (Jarvis, 2003, Shephard, 2008). However, food borne mycotoxins that 

are likely to be of greatest importance in tropical developing countries in Afr ica are fumonisins 

and atlatoxins (Kumar et al. , 2008, Wagacha and Muthomi , 2008, Muthomi et al. , 2009) with 

others like ochratoxins and zearalenone and trichothecenes occurring at varying levels and 

different regions. The presence of mycotoxins in food is often overlooked for several reasons 

such as public ignorance about thei r existence and lack of regulatory mechanisms (Wagacha and 

Muthomi, 2008). However, human exposure to mycotoxins can also increase during chroni c food 

shortage due to drought, war, famine, economic instability and other hardships (Wagacha and 

Muthomi, 2008, Coppock and Jacobsen, 2009). Nevertheless, mycotoxins have been fou nd to be 

carcinogenic (aflatoxins, ochratoxin A and fumonisins), mutagenic (atlatox ins), teratogenic 

(ochratoxin A), estrogenic (zearalenone), haemorrhagic (trichothescenes), immunotox ic 

(atlatoxins and ochratoxin A), nephrotoxic (ochratoxin A), dermotoxic (trichothescenes) and 

neurotoxic (patulin) (Krska et a l. , 2007) . Each mycotoxin group exerts its toxic effects by a 

different mechanism. For example, some intercalate with DNA, inhibit sphingo lipid biosynthesis 

and some interfere with protein synthesis (Rai et al. , 20 12). Many researchers have carried out 

stud ies on the occurrence of mycotoxins on African food commodities, (Tab le 2.1 ). 
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Table 2.1: Occurrence of Mycotoxins in African food/feed commodities 
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'.ountry Food/Commodity Mvcotoxin Freq. Cone. Method Ref. 
3otswana Raw peanuts Aflatoxin 78% 12-329ue/ke: (Mphande et al., 2004) 

Opaque beer FB 1 6.5% 47-1316 ue:/1 (Nkwe et al., 2005) 
Malt ZEA 56% I 02-2213 µg/1 (Nkwe et al. , 2005) 

Nigeria Pre-harvest maize Aflatoxin 65% 3- 138 µg/kg (Bankole and Mabekoje, 2004b) 
Dried yam chips AFB 1 27. 1 ppb (Bankole and Mabekoje, 2004a) 
Mellon seeds AFB 1 32.2% Aboves µg/kg (Bankole et al. , 2004) 
Feed Aflatoxin 94% 11 Sng/g HPLC (Rodrigues et al., 20 I I) 

Fumonisin 51 % 46ng/g HPLC (Rodrigues et al. , 20 I I) 
Gari Aflatoxins 17.5% 0.12-5 .71 ug/kg TLC (Ogiehor et al. , 2007) 
Maize ZEA 37% <50-196 u e:/kg ELISA (Afolabi et al. , 20 13) 

T-2 36% <7.5-29 ug/kg ELISA (Afolabi et al. , 20 13) 
Feed Ochratoxin 100% l2ng/g HPLC (Rodrigues et al., 2011) 
Rice Ochratoxin 66.7% 134-341 µg/kg TLC/ HPLC (Makun et al. , 20 11) 
Rice DON 23.8% 107.9 µg/kg TLC/ HPLC (Makun et al. , 20 I I ) 

Aflatoxins 100 28-372 µg/kg TLC/ HPLC (Makun et al. , 20 I I ) 
Yam AFB 1 85 .7% nd -0.27 µg/kg HPLC (Adejumo et al. , 2013)(Adejum 
Gari AFB 1 72.2% nd- 0.69µ g/kg HPLC (Adejumo et al., 2013) 
Semovita AFB 1 33.3% nd -0. I 7µ g/kg HPLC (Adejumo et al. , 2013 ) 
White yam flour AFB 1 57% 0.02-3.2 HPLC (Somorin et al. , 2012) 
Breast milk AFM1 82% nd-92 . I 4ue/ke: HPLC (Adejumo etal. , 2013) 
Rice AFB 1 90.4% nd-0.30u e:/kg HPLC (Adejumo et al. , 201 3) 
Bush mango seeds AFB 1 0.2-4.0 ue/ke: TLC (Adebayo-Tayo et al. , 2006) 

AFG 1 0.3-4.2 µg/kg TLC (Adebayo-Tayo et al. , 2006) 
Dairy mi lk AFM1 5.9% 0.2-0.4 µg/1 TLC (Atanda et al. , 2007) 
Stored sweet potato flour AFB 1 100% 0.0023 µg/kg ELISA (Jonathan et al. , 2011 ) 

AFB2 100% 0.00 14 µg/kg ELISA (Jonathan et al. , 20 11) 
Peanut cake Aflatoxin 90% >20µ g/kg LC/ESI-MS/MS (Ezekiel et al. , 20 12) 
Coconut candy snack a- Zearalenol 12.5% Up to 54µ g/kg QuEChERS-HPLC-MS/MS (Rubert et al. , 20 13) 
Cocoa seeds Aflatoxins 88.2% 0.03-4.97 µg/kg HPLC (Egbuta et al. , 20 13) 

OTA 88.2% 0.7-525.4 µg/kg HPLC (Egbuta et al. , 2013) 
Weaning.Food (Rice + Milk) AFM1 4.6 ng/ml HPLC (Oluwafemi and lbe, 2011) 

AFB 2 8.290 ng/ml KPLC (Oluwafemi and [be, 2011) 
Cocoa seeds FB 1 100% 18 .7-206 ue/ke: HPLC (Egbuta et al., 2013) 

ZEA 23 .5% 24.2-83.6 ue:/kg HPLC (Egbuta et al. , 2013) 
Akpalata AFB 1 100% 8.5-95 µg/kg TLC (Okwu et al. , 20 10) 
Offor AFB 1 100% 8.0-90 µg/kg TLC (Okwu et al. , 2010) 
Achi AFB 1 100% 4.5-56 µg/kg TLC (Okwu et al. , 20 10) 
Ukpo AFB 1 100% 4.0-50 µg/kg TLC (Okwu et al. , 20 10) 
Fresh meat AFB 1+AFB2 100% 0.0217-0.085 µg/kg TLC (Olufunmilayo and Oyefo lu, 2011 ) 

Sun-dried meat AFB 1+AFB2 100% 0.0029-0.0758 µg/kg TLC (Olufunmilayo and Oyefo lu, 201 1) 
Maize DON 22% 9.6-745 .1 ue:/kg HPLC/MS (Adejumo et al. , 2007) 

DAS 9% 1.0-51.0 u e:/kg HPLC (Adejumo et al. , 2007) 
AcDON 17% 0.7-72.4 ue:/kg HPLC (Adeiumo et al. , 2007) 

G.nut-Maize based snack AFB 1 100% 9.3- 12 ue:/kg LC-MS/MS (Kayode et al. , 2013) 
G.nut-Maize based snack AFM 1 100% 124-130 ue:/kg LC-MS/MS (Kayode et al. , 2013) 
W. Food(Maize + Milk) AFBl 181.6 ng/ml HPLC (Oluwafemi and lbe, 2011) 
W.Food (Maize+ Soya) AFB 1 4,806 ng/ml HPLC (Oluwafemi and Ibe, 2011) 
G.nut based snacks AFB 1 30% 52-362 µg/kg LC-MS/MS (Kayode et al. , 2013) 
G.nut based snacks AFM 1 20% 256-410 µg/kg LC-MS/MS (Kayode et al. , 20 13) 
Maize based snacks AFB ! 62 .5% 1-69.5 u e:/kg LC-MS/MS (Kayode et al. , 20 13) 
Maize based snacks AFM 1 37.5% 2-2.2 u e:/kg LC-MS/MS (Kayode et al. , 201 3) 
Maize based snacks FB 1 100% 44-339 ue:/kg LC-MS/MS (Kayode et al. , 2013) 
Yam chips AFB 1 14 ue:/kg TLC (Jimoh and Kolapo, 2008) 
G.nuts AFB 1 24 µg/kg TLC (Jimoh and Kolapo, 2008) 
Pawpaw fruits Aflatoxins 80% TLC (Baiyewu et al. , 2007) 
Breadfruit AFB 1 100% 40.06-48 .59 µg/kg TLC (Odoemelam and Osu, 2009) 
Grains AFB 1 100% 17. 10-82.1 2 µg/kg TLC (Odoemelam and Osu, 2009) 
Rotten tomato fruits Aflatoxins 100% TLC (Muhammad et al. , 2004) 

11 



'ountry Food/Commodity Mycotoxin Freq. Cone. Method Ref. 
Breast milk AFM 1 82% 3.49-35mg/l HPLC (Ade jumo et al. , 2013) 
Lactating mother' s food AFB 1 79% 0.16-0 .33 ue. /g HPLC (Adej umo et al. , 2013) 

Senegal Peanut oil AFB 1 85% About 40ppb (Diop et al., 2000) 
uth Africa Trad. brewed beer Aflatoxin 0.3% 300 ug/1 HPLC (Odhav and Naicker, 2002) 

ZEA 45% 2.6-426 ug/1 HPLC (Odhav and Naicker, 2002) 
Dietry/med.plant Fumonisin 16% 8.6- 1553 µg/kg HP LC/LC-MS/MS (Sewram et al., 2006) 
Dairy milk AFM, 94.5% 0.02-1.5 ue./ke. HPLC (Dutton et al. , 20 12) 
Maize Fumonisin 222- I, I 42oob RAPP (Burger et al. , 2010) 
Feed Fumonisin 57% 454ng/g HPLC (Rodrigues et al., 20 I I) 

ZEA 29% 86ng/g HPLC (Rodri gues et al. , 20 I I) 
Aflatoxin 6% 0.2ng/g HPLC (Rodrigues et al. , 2011) 
B-trichoth 87% 1469ng/g HPLC (Rodrigues et al. , 20 I I) 

Cowpea seeds FB1 100% 0.12-0.6 1 ug /g HPLC (Kritzinger et al., 2003) 
Maize Fumonisins 60% 0-2.16ppm HPLC/TLC (Shabangu, 2009) 
Bambara nuts Fumonisins 100% 0.9-6 .0 I oom HPLC/TLC (Shabangu,2009) 
Maize Fumonisin Bs 100% 64- 1035 ppb HPLC/TLC (Chi laka et al. , 20 12a) 

AFB 1 70% 0-74 1oob HPLC/TLC (Chi laka et al. , 2012b) 
ZEA 90% 0-l 35oob HPLC/TLC (Chi laka et al., 2012a) 

Beer OTA 27% > 0.lppb HPLC (Maenetie and Dutton, 2007) 
Barley & barley pdts HPLC (Maenetje and Dutton, 2007) 
Whole wheat DON 8 ppm TLC-YI CAM (Mashinini and Dutton , 2006) 
Breakfast cereals OTA 4 ppb TLC-VICAM (Mashinini and Dutton , 2006) 

ZEA 4 ppb TLC-Y I CAM (Mashinini and Dutton, 2006) 
Cotton seed feed AFB 1 26- 164 u e./kg YICAM (Dutton et al. , 20 13) 
Feed Aflatoxins 30% 0.2-71.8 u e./kg LC-MS/MS (Njobeh et al., 2012) 

Fumonisins 100% I 04-2999 µg/kg LC-MS/MS (Niobeh et al., 20 12) 
DON 99% 124-2352 µg/k,g LC-MS/MS (Niobeh et al., 20 12) 

P.nuts Aflatoxins 90% 2. l-73.5ue./kg HPLC (Kamika et al., 2013) 
Kenya Market maize Aflatoxin I - 46 ,400 ppb YI CAM-I AC (Lewis et al. , 2005) 

Maize Aflatoxin Up to 160 ue./kg ELIZA (Muthomi et al. , 2009) 
Feed Aflatoxin 78% 52ng/g HPLC (Rod rigues et al., 2011) 

Fumonisin 56% 67ng/g HPLC (Rodrigues et al. , 2011 ) 
Ochratoxin 50% 2ng/g HPLC (Rodrigues et al. , 20 I I) 

Lager beer DON 100% 1.6-6.4 ue./1 ELISA (Mbugua and Gathumbi, 2004) 
Maize & maize pdts Aflatoxins 83% 0. I l-4593.93oob TLC (Okoth and Kola, 2012) 
Feed Aflatoxins 95% 5. 13-l 123ppb TLC (Okoth and Kola, 2012) 
Homegrown maize Aflatoxins 354.53ppb YICAM-IAC (Azziz-Baumgartner et al., 2005) 
Maize Aflatoxins 46 .4% 0-58,000 IAC (Muture and Ogana, 2005) 

Maize Aflatoxins nd-48 ,000ppb YI CAM-I AC (Daniel et al., 2011) 
Maize Aflatoxins 20.1% > 100 ppb VICAM-IAC (Mwi hia et al. , 2008) 
Wheat DON 68% up to 302 µg/kg ELISA (M uthomi et al., 2008) 
Feed AFB , 81 % up to 280 oob ELISA (Kang ' ethe and Lang' a, 2009) 
Dairy milk AFM 1 99% up to 600 oot ELISA (Kang'ethe and Lang' a, 2009) 

~thiopia Wheat DON 40-490ppb HPLC (Ayalew et al., 2006) 
Cereals OTA 5.1-2106oob HPLC (Ayalew et al. , 2006) 

-anzan ia Cassava pdt Aflatoxins 100% > 1.2oob ELISA (Manjula et al. , 2009) 
Maize Aflatoxins 18% 158 ug/kg HPLC (Kimanya et al., 2008) 

Fumonisins 52% I I ,048 ue./ke. HPLC (Kimanya et al., 2008) 
ameroon Peanut ZEA 57% 70 ue./ke. HPLC (Njobeh et al. , 20 I 0) 

Breast milk AFM , 4.8% 0.005-0.625 µg/1 HPLC (Tchana et al. , 20 I 0) 
Diary milk AFM , 15.9% 0.006-0.527µ g/l HPLC (Tchana et al., 20 I 0) 
Cocoa beans OTA 0-48.02oob HPLC (Mounjouenpou et al. , 2008) 
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ountry Food/Commodity Mycotoxin Freq. Cone. Method Ref. 
Cassava chips Atlatoxins 25% 5.2-14 .5 µg/kg ELISA (Essono et al. , 2009) 
Maize FB 1 67 17 ug/kg ELISA (Ngoko et al. , 2008) 

DON 380 ug/kg ELISA (Ngoko et al. , 2008) 
ZEN 56 µg/k g ELISA (Ngoko et al. , 2008) 

G.nuts AFB 1 97% 47 µg/k g LC-ES I-MS/MS) (Abia et al. , 2013) 
Maize AFB 1 30% 4 µg /kg LC-ESI-MS/MS) (Abia et al. , 2013) 

FB 1 100% 2-23 13 µg /kg LC-ES I-MS/MS) (Abia et al. , 2013) 
P. nut meal(feed) AFB 1 1.2-234.2 ug /kg YICAM (Kana et al. , 2013) 
Broi ler feed AFB 1 1-383.2 ug /kg YICAM (Kana et al ., 2013) 

te d ' Ivoire Peanut Fumonisin 86% 0.6-64 ug /kg HPLC (Sangare-Tigori et al. , 2006b) 
Ochratoxin 86% HPLC (Sangare-Tigori et al. , 2006b) 
Atlatoxin 86% I-I.PLC (Sangare-Tigori et al. , 2006b) 

Maize OTA 100% 3- I 738ng/g HPLC (Sangare-Tigori et al. , 2006a) 
imbabwe Sorghum Fumonisins 61 % 8- I 87ng/g HPLC (Mupunga, 2013) 

P.nut Atlatoxins 17% 6.6-622.1 ng/g HPLC (Mupunga, 2013) 
Breast milk AFM 1 9% < 50 ng/1 ELISA (Weidenborner, 20 I I) 

llorocco Rice OTA 90% 0.02-32.4ng/g IAC, LC-FLO (Zinedine et al. , 2007b) 
Dried raisins OTA 30% 0.05-4.95ng/g IAC, LC-FLO (Zinedine et al. , 2007b) 
Paprika AFB 1 95% I. I-I 5.4oob TLC (El-Mahgubi et al. , 201 3) 
Diary milk AFM 1 88.8% 0.001-0.117 ue: / I IAC,LC-FLD (Zinedine et al. , 2007c) 
Cumin AFB 1 25% 0.8-6 .7 ppb TLC (EI-Mahgubi et al. , 201 3) 
Black pepper AFB 1 15% 0.7-l.3oob TLC (EI-Mahgubi et al. , 201 3) 
White peooer AFB1 10% 2.8-3 .7oob TLC (EI-Mahgubi et al. , 2013) 
Rice OTA 26% 0.08-47ng/g LC-FD (Juan et al. , 2008) 
Red paprika AFB 1 2.88ug /kg HPLC (Zinedine et al. , 2006) 
Corn ZEA 14 µg /kg HPLC (Zinedine et al., 2006) 
Dairy milk AFM 1 27% I 0- 100 ng/1 IAC, LC-FD (El Marnissi et al. , 2012) 
Rice FB2 176µg /kg LC-MS/MS (Serrano et al. , 2012) 

NIV 97 µg /kg LC-MS/MS (Serrano et al. , 20 I 2) 
Egypt Feed ZEA 19% 9 ng/g HPLC (Rodrigues et al., 20 I I) 

Fumonisin 81 % 266 ng/g HPLC (Rodrigues et al. , 20 I I) 
Atlatoxin 19% I ng/g HPLC (Rodrigues et al. , 2011) 

Infant formula AFM 1 43 .2% 0.3-21 .8 ng/1 ELISA (El-Tras et al. , 2011) 
Breast milk AFM 1 69.6% 7.3-328.6 ng/1 ELISA (El-Tras et al. , 20 I I) 
Diary mi lk AFM 1 49% 0.0 I-0 .25ug/ kg ELISA (Motawee et al. , 2009) 
Breast milk AFM 1 36% 0.5-5ug /kg HPLC (Polychronaki et al. , 2006) 

Breast milk AFM 1 100% 0.00 I 4ug /kg HPLC (Tomarek et al. , 20 I I) 
Breast milk OTA 1.890 ng/1 HPLC (Hassan et al. , 2006) 
Diary milk AFM 1 38% 23-73 ng/1 ELISA (Amer and Ibrahim, 20 I 0) 
Cheese AFM 1 40% 52-87 .6 ng/g ELISA (Amer and Ibrahim, 2010) 

Sudan Dairy milk AFM 1 95.45% 0.22-6.9ug /kg HPLC (Elzupir and Elhussein, 20 I 0) 

Breast milk AFM 1 54.3% 0.401-2.561 ng/g HPLC (Elzupir et al. , 2012) 
Feed Fumonisin 11 23ng/g HPLC (Rodrigues et al. , 2011) 

Atlatoxin 54 90ng/g HPLC (Rod rigues et al. , 20 I I) 
Ochratoxin 67 15ng/g HPLC (Rodrigues et al. , 201 I) 

P. nut butter AFB 1 100% 29-128ppb VICAM (Elshafie et al. , 201 I) 
Sesame oil AFB 1 43.75% 0.2-0.8 ug/kg HPLC (Idris et al. , 2010) 
G. nut oil AFB 1 3. 57% 0.6 ug/k g HPLC (Idris et al. , 2010) 
P.nut butter Atlatoxins 100% 26.7- 853 ug/kg HPLC (Elzupir et al. , 2011) 
Feed Atlatoxins 64.29% 130.63 ug/kg HPLC (Elzupir et al., 2009) 

,rra Leone Breast milk AFM 1 23% 0.003-336 ug/kg (Weidenborner, 2011 ) 
Ghana Feed Atlatoxin 72% 26ng/g HPLC (Rodrigues et al. , 20 I I) 
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ountry Food/Commodity Mycotoxin Freq. Cone. Method Ref. 
ZEA 11% l 78ng/g HPLC (Rodrigues et al. , 201 1) 
Fumonisin 89% 500ng/g HPLC (Rodrigues et al ., 201 1) 

Breast milk AFM 1 80% 0. l 94ng/g (Weidenborner, 2011) 
Algeria Feed Fumonisin 64% 977ng/g HPLC (Rodrigues et al. , 201 1) 

B-Trichothecen 0% 0ng/g HPLC (Rodrigues et al., 2011) 
Wheat & derived pdts AFB1 56.6% 0.13-37.42 µg/kg RF-HPLC (Riba et al. , 2010) 

B/Faso Maize Fumonisin 10-3, 1 00ng/g HPLC-FD (Nikiema et al., 2004) 
Malawi Maize based beer FB 1+FB2 100% l 745µ g/kg LC/MS (Matumba et al. , 2013) 

Aflatoxins 88.8% 90 ue/kg LC/MS (Matumba et al. , 2013) 
R.Congo Maize FBs 100% 2207.5ppb TLC/HPLC (Mwanza et al., 20 13) 

Aflatoxins 95% 257.5ppb TLC/HPLC (Mwanza et al., 20 13) 
OTA 45% 6 l .9ppb TLC/HPLC (Mwanza et al., 2013) 
ZEA 92.5% 247.8ppb TLC/HPLC (Mwanza et al ., 20 13) 

Beans FBs 83.3% 243 .5ppb TLC/HPLC (Mwanza et al., 2013) 
Aflatoxins 80% 2 l 5.5ppb TLC/HPLC (Mwanza et al. , 2013) 

P.nuts AFB 1 70% 1.5-937 µg/kg TLC (Kamika and Takoy, 2011) 
Aflatoxins 100% 2. 19-1 258 µg/kg HPLC (Kamika et al. , 2013) 

Maize AFB 1 50% 1.14-7 l.67ppb ELISA (Man jula et al., 2009) 
Beans OTA 82.4% 47.8ppb TLC/HPLC (Mwanza et al. , 2013) 
Beans ZEA 90% l 85.2ppb TLC/HPLC (Mwanza et al. , 2013) 
Peanuts Aflatoxins 100% 368.7ppb TLC/HPLC (Mwanza et al. , 2013) 

OTA 72.5% l l .6ppb TLC/HPLC (Mwanza et al., 2013) 
l esotho Maize DON 100% l ,469µ g/kg HPLC (Mohale et al., 20 13) 

Moniliformin 5-320 µg/kg HPLC (Mohale et al. , 2013) 
Beauvericin 1.16 µg/kg HPLC (Mohale et al., 2013) 
Fusaproli ferin 128.5 µg/kg HPLC (Mohale et al., 20 13) 
AFB 1 0.43 µg/kg HPLC (Mohale et al. , 20 13) 
FB 1 7-936 µg/kg HPLC (Mohale et al. , 2013) 
ZEA 10.2 µg/kg HPLC (Mohale et al., 2013) 
Fusaric acid 56 .8 UQ/kQ HPLC (Mohale et al. , 20 13) 

Uganda Maize AFB1 1-l000ng/g VICAM (Kaaya and Warren, 2005) 

Maize Aflatoxins >20ppb YICAM/TLC (Kaaya and K yamuhangire, 200 

Stored maize Fumonisins 5.7 mg/kg YlCAM (Atukwase et al. , 2012) 

Cassava flour Aflatoxins 20% 16.0 ppb YICAM (Kitva et al. , 20 10) 

Eshabwe soup Aflatoxins 16% 18 .0 ppb VICAM (Kitya et al. , 20 l 0) 

G.nut Aflatoxins 3% 11.5 ppb YICAM (Kitya et al. , 20 10) 

,zambique Peanuts AFB 1 l .2-5.5ng/g HPLC (Conzane et al., 2002) 

Benin Cowpea seeds Fumonisins 0.8-25 .30 UQ /g HPLC (Kritzinger et al. , 2003) 

Cowpea AFB 1 0.03 0.03 u11: /g HPLC (Houssou et al. , 2009) 

FB 1 0.06 3.58 µg /g HPLC (Houssou et al. , 2009) 

Dried yam chips Aflatoxins 80% Above 4ng/g HPLC (Mestres et al. , 2004) 

Cowpea seeds AFB 1 6.52% 3.58 ue/kg HPLC (Houssou et al., 2009) 

FB 1 3.26% 0.03 ue/kg HPLC (Houssou et al. , 2009) 

Cotton seed feed AFB1 26- 164 µg/kg YICAM (Dutton et al. , 20 13) 

Maize Fumonisins nd-12 mg/kg YICAM (Fandohan et al. , 2005) 

Angola Maize Fumonisins 100% 8-5929.0 uQ/k11: HPLC (Panzo, 2013) 
Aflatoxins 81.7% 0.4-425 .9 ue/kg HPLC (Panzo, 2013) 
Ochratoxins 33 .3% 0.5-40.3 ue/kg HPLC (Panzo, 2013) 
ZEA 8.3% 0.7-143 .0 uQ/k11: HPLC (Panzo, 2013) 

Rwanda Peanuts Aflatoxins 75% 0.06-1755 .9 ue/kg HPLC (Nyinawabali , 20 13) 
Fumonisins 90% 0.2-5 .0 ue/kg HPLC (Nyinawabali, 20 13) 

OTA 95% 0.16-1155 .8 ue/kg HPLC (Nyinawabali, 20 13) 
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ountry Food/Commodity Mycotoxin Freq. Cone. Method Ref. 
DON 40% 2.5-254.2 µg/kg HPLC (Nyinawabali, 20 13) 
ZEA 60% 0.2-5.2 ug/kg HPLC (Nyinawabali, 20 13) 

Maize Atlatoxin 85% 0.2-3210 µg/kg HPLC (Nyinawabali, 2013) 
Fumonisins 85% 0.2-4591.0 µg/kg HPLC (Nyinawabali, 20 13) 
OTA 5% 8.9- 144.4 µg/kg HPLC (Nyinawabali, 20 13) 
DON 85% 0.3-225 .1 µg/kg HPLC (Nyinawabali, 2013) 
ZEA 35% 0.0-0.1 µ_g/kg HPLC (Nyinawabali, 2013) 

Cassava Atlatoxins 65% 0.05-534.9 uv kg HPLC (Nyinawabali , 2013) 
Fumonisins 30% 0.5-1.0 ug/kg HPLC (Nyinawabali, 20 13) 
OTA 10% 33.8-44.2 ug/kg HPLC (Nyinawabali, 2013) 
DON 70% 0.3-6.1 ug/kg HPLC (Nyinawabali, 20 13) 
ZEA 65% 0.03-3.0 ug/kg HPLC (Nyinawabali, 20 13) 

Beans Atlatoxins 70% 0.2-154.9 ug/kg HPLC (Nyinawabali, 20 13) 
Fumonisins 100% 0.4-7.1 ug/kg HPLC (Nyinawabali , 20 13) 
OTA 30% 8.9-144.4 µg/kg HPLC (Nyinawabali , 20 13) 
DON 95% 0.2-35.4 µ_g/kg HPLC (Nyinawabali, 20 13) 
ZEA 60% 0.02-2.6 µg/kg HPLC (Nyinawabali, 20 13) 

Rice Atlatoxin 80% 0.2-55.6 µg/kg HPLC (Nyinawabali, 2013) 
Fumonisins 70% 0.08-0.62 µg/kg HPLC (Nyinawabali, 2013) 
OTA 20% 7.1-36.9 ug/kg HPLC (Nyinawabali, 20 13) 
DON 90% 0.11-419.7 ug/kg HPLC (Nyinawabali, 20 13) 
ZEA 30% 0.02-0.07 ug/kg HPLC (Nyinawabali, 20 13) 

Togo Okra AFB 1 5.4 ug/kg RF-HPLC (Hell et al., 2009) 
AFB2 0.6 uvkg RF-HPLC (Hell et al. , 2009) 

Hot chilli AFB1 3.2 uvkg RF-HPLC (Hell et al., 2009) 
Zambia Maize Fumonisins 96.4% 0.02-21.44 ppm ELISA (Kanko longo et al. , 2009) 

AFB 1 21.4% 0.7-108.39 ppb ELISA (Kankolongo et al. , 2009) 
Maize Fumonisins 100% 3.7- 192ppm ELISA (Mukanga et al., 2010) 

Atlatoxins 100% 0.2- 10 ppb ELISA (Mukanga et al., 20 10) 
Libya Dairy milk AFM 1 71.4% 0.03-3 .113 ng/1 HPLC (Elgerbi et al., 2004) 

White soft cheese AFM 1 75% O. I 1-0.52ng/g HPLC (Elgerbi et al. , 2004) 
Breast milk AFM 1 2.4% 0.015-0.343 og/ml HPLC (E lgerbi , 2005) 
Infant food Atlatoxins 2.4% 44.5 ug/kg HPLC (Aidoo et al. , 20 11) 

Tunisia Barley OTA 40% 1 1-940 ug/k_g HPLC (Zaied et al. , 2009) 
Cereals OTA 36% HPLC (Zaied et al. , 2009) 
Cereals OTA 59.8% 0.8-36.4 ng/g ELISA (Ghali et al. , 2008) 

AFB 1 37% 0.7-50 ng/g ELISA (Ghali et al. , 2008) 
Wheat pasta FB 1 184 ug/kg LC-MS/MS (Serrano et al., 20 12) 

Mali Okra AFB 1 5.4 ug/kg RF-HPLC (Hell et al. , 2009) 
AFB2 0.6 µg/kg RF-HPLC (Hell et al., 2009) 

Hot chilli AFB 1 3.2 µg/kg RF-HPLC (Hell et al., 2009) 
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2.3.1 Mycotoxins produced by Aspergillus and Penicillium species 

Aspergillus and Penicillium species are close ly related and can produce the same mycotoxins. 

These fungi grow on a wide variety of food and feedstuffs worldwide, especially cereals and 

oilseeds (Jelinek et al. , 1989, Payne, 1998). Important Aspergillus and Penicillium mycotoxins 

include Aflatoxins and Ochratoxins. 

2.3.1.1 Aflatoxins 
Atlatoxins (AF) are produced by fungi belonging to the Aspergillus family on a variety of crops. 

The highest level of contamination has been recorded in peanuts, maize, brazil nuts, pistachio 

nuts and cotton seeds. Lower levels are recorded in almonds, pecans, walnuts, rai si ns, spices and 

figs (Jelinek et al. , 1989). The four main naturally occurring atlatoxins are AFB 1, AFB2, AFG1 

and AFG2 with AFB 1 being the most important in terms of toxicity and occurrence (Turcotte et 

al. , 2013). Other members of the aflatoxin group include AFM I which is a hydroxy lated 

metabolite found mostly in animal tissues and fluid (mi lk and urine) as a metabolic product of 

atlatoxin B1 (AFB1) (Richard, 2007). 

AFB1 is the most potent hepatocarcinogens in nature and is classified by !ARC as Group I 

carcinogen (IARC, 1993). The liver is the predominant target of atlatoxin. AFB 1 and its 

metabolites have been found in the heart, kidney, brain tissues and urine or feaces of humans. 

Atlatoxins have been implicated in human disease including liver cancer, encephalopathy and 

fatty degeneration of the viscera in children, known as Reyes syndrome, Indian childhood 

cirrhosis, chronic gastritis, atlatoxic hepatitis in India and Kenya. Studies by different authors, 

have also shown aflatoxin to be present in blood, urine and livers of children with kwashiorkor 

(Hatem et al. , 2005 , Brabin and Coulter, 2009). Positive correlation between atlatoxin content of 

food grains and occurrence of liver enlargement in children has been observed (Basappa, 2009). 

In Kenya, the average birth weight of the offspring of women exposed to aflatoxin prenatally 

was lower than those who were not exposed (Cardwe ll , 1999). There is also an incidence of 

decreased vitamin A and the assimilation of other nutrients. The chronic incidence of aflatoxin in 

diets is evident from the presence of Atlatoxin M I in human breast milk in Ghana, 1gena, 

Sierra Leone and Sudan as well as m umbilical cord blood samples in Ghana, Kenya, 

Nigeria and Sierra Leone (Jiang et al. , 2005 , Turner, 20 13) Epidemiological studies have shown 
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a strong connection between exposure to aflatoxins and primary liver cancer (Bhat and Vasanthi , 

2003). 

Aflatoxin exposure in ch ildren is also associated with child stunting and child neurological 

impairment (Turner et al. , 2007). A cross- sectional study in Benin and Togo investigated 

aflatoxin exposure in children and showed that exposure to this toxic contaminant increases 

markedly after weaning and was associated with reduced growth (Gong et al. , 2003, Gong et al., 

2004, Turner, 2013). Studies on Gambian children and human adults in Ghana have shown 

significant correlations between aflatoxin exposure and suppress ion of the immune system 

(Turner et al. , 2003 , Jiang et al., 2005). Thus, this may like ly increase child susceptibility to 

infections and may cause failure of immunizations. Aflatoxins have been identified as a risk 

factor in neonatal jaundice (NNJ), although recent epidem iological studies have shown 

inconclusive evidence of the association between NNJ and exposure to aflatoxins (Galal et al., 

2006). Other concerns of dietary aflatoxin exposure include causing a variety of symptoms on 

various animal species. Aflatoxin B1 (AF B1 ) has been shown to cause acute toxicity at 

concentration (LD50=0.3-l 8) miligram per kilogram body weight to all studied animal, bird and 

fish species (PUss i, 2007). It was shown to have adverse effects on growth and ant inutritiona l 

effects in animals. For example, AFB 1 was reported to reduce hepatic vitamin A significantly in 

a variety of animals, including chickens (Wil liams et a l. , 2004). However, in all animals, 

aflatoxin damages the liver, decreases reproductive performance, reduces egg production, causes 

embryonic death, teratogenicity (birth defect), tumours and suppressed immune system functions 

(Ncube, 2008) even when low levels are consumed. Aflatoxin exposure also causes general 

reduction in weight gain for a variety of production animals, including cattle, pigs and poultry. 

Also, in dairy animals milk production can be decreased in the presence of aflatoxin 

contaminated food (Phillips et al. , 2008). Although many countries have regulatory limits for 

aflatoxins in foods and feeds , outbreaks of poisoning commonly occur. The 2004 outbreak of 

aflatoxin poisoning in eastern Kenya resulted in the death of 125 of the 317 cases of acute 

hepatic failure linked to the consumption of contaminated maize (Lewis et al. , 2005 , Azziz­

Baumgartner et al., 2005). Furthermore, according to (Wagacha and Muthomi , 2008), aflatox in 

contaminated food was implicated in the death of over 100 people in Nigeria in 2005. The 

occurrence of Aflatoxins in foods and feeds in different countries has also been published; South 

African peanut butter (MRC, 2006), Ghanaian fermented maize dough (Kpodo et al., 2000), 
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Peanut samples from Cameroon (Njobeh et al. , 2009), Egyptian maize and maize products (El­

Sayed et al. , 2003) Beans and wheat from Nigeria (Makun et al. , 2010), Animal feed from South 

Africa (Mwanza, 2007, Mnagadi et al. , 2008, Rodrigues et al. , 2011), Sudan feed (Elzupir et al. , 

2009, Rodrigues et al. , 2011 ). 
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Figure 2.1: The chemical structure ofaflatoxin B1 , B2, G1 and G2 

Source: (Hussain and Brassel , 2001 ). 

2.3.1.2 Ochratoxins 

0 

0 

Ochratoxin A (OTA) is a mycotoxin produced mainly by certain species of Aspergillus and 

Penicillium (Bayman and Baker, 2006, Clark and Snedeker, 2006). Other members of the 

ochratoxin family include Ochratoxin B and Ochratoxin C, although Ochratoxin A is the most 

commonly detected and most toxic amongst the three. Toxicological reports have indicated that 

OTA is nephrotoxic, carcinogenic, teratogenic, hepatotoxic and immunotoxic and has been 
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classified by the International Agency for Research on Cancer (IARC) as possibly carcinogenic 

to humans (Group 28) (!ARC, 1993). Ochratoxin A has been found as a contaminant in a wide 

variety of commodities such as raisins, barley, soy products and coffee, but at relatively low 

levels (CAST, 2003). Its occurrence in food and feedstuffs has been reported in many African 

countries as follows: Nigeria (Makun et al., 2010, Makun et al. , 2007, Dongo et al. , 2008, 

Adetunji et al., 2014), Cote d'Ivoire (Sangare-Tigori et al., 2006b, Sangare-Tigori et al. , 2006a), 

Kenya, Algeria, Sudan (Rodrigues et al. , 20 11 ), Morocco (Zinedine et al. , 2007c), South Africa 

(Shephard et al., 2003 , Stoev et al. , 20 I 0), Tunisia (Zaied et al. , 2009), Cameroon (Njobeh et al. , 

2009). Ochratoxin A has also been shown to contaminate human milk and thus can cause kidney 

disorders in breast-fed infants. The kidney is the primary target organ for OT A toxicity but can 

also damage the liver at sufficiently high concentration (Richard, 2007). There have been 

specu lations that OTA is involved in the human disease referred to as the Balkan endemic 

nephropathy (Bennett and Klich, 2003). The condition is a progressive chronic nephritis that 

occurs among the population living in the former Yugoslavia and there is evidence also that it 

contributed to human renal and urinary tract tumours (Richard, 2007). It is also suspected of 

playing a role in chronic interstitial nephropathy in North Africa. It has been detected in blood 

and serum and analysis of urine from children in Sierra Leone detected ochratoxin and aflatoxin 

(Bennett and Klich, 2003). The EU scientific committee recommended that OTA be reduced to 

TOI of below 5llg/kg body weight. It has also been hypothesised that OTA might be a risk factor 

for testicular cancer (Bennett and Klich, 2003). Ochratoxin A has elicited great concern and has 

been previously and extensively reviewed by various authors (Khoury and Atoui, 20 l 0). 

Abortions have also been reported alongside other effects for instance polyuria, depression, 

reduced weight gain, low specific gravity of urine as well as dehydration. Fortunately, ruminants 

can breakdown and detoxify OTs to other less harmful metabolites and thus, mycotoxins are not 

usually a problem (Sultana and Hanif, 2009) . Exceptions may occur in high producing milk 

cows because they have increased rumen passage rates and thus faster processing of 

contaminated feed may overwhelm the rumen micro flora so that they may not be able to 

denature all the toxins (Gremmels, 2008, Berge, 2011 ). Also, young stocks that have not 

developed functioning rumens may not be ab le to detoxify the toxins (Ncube, 2008). 
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Figure 2.2: Chemical structure of ochratoxin A. Source: (Zain, 2011) 

Other miscellaneous mycotoxins produced by Aspergi llus and Penicillium species include 

Patulin (PAT), Citrinin (CIT), Cyclopiazonic acid (CPA) and Penicilic acid . 

2.3.1.3 Patulin 
Penicillium expansum is regarded as the primary producer of patulin. According to Bennett and 

Klich (2003), it was first isolated from P. griseofulvin as an active antimicrobial agent in the 

1940s. However, research later found that despite its efficacy as antibacterial, antiviral or 

antiprotozoal agent,patulin is toxic to animals, humans as well as plant species (Bennett and 

Klich, 2003). Patulin is a common contaminant of fruits and cereals with apple and apple 

products being the principal substrate. According to Speijers (2004), Patulin caused acute 

toxicity on some experimental animals with signs such as convulsions, pulmonary congestion 

and edema, ulcerations, hyperemia including dilation of the gastrointestinal tract (GIT), while 

chronic toxicity showed increased mortality rate (Speijers, 2004). 

2.3.1.4 Citrinin 
Citrinin was among the earliest antibiotics, but its utilisation was overshadowed by its toxicity in 

mammals (Scott, 2004). It is produced by the Aspergillus (A. terreus, A. niveus, A. oryzae) and 

Penicillium (P.camembert) spp (Bennett and Klich, 2003). Citrinin has shown to be nephrotoxic, 

embryotoxic, teratogenic and genotoxic to different species of animals with the kidney being the 

target organ (Scott, 2004). The effect on humans is as yet unknown. 

2.3.2 Mycotoxins produced by Fusarium species 
Fusarium species are pathogens on a wide variety of crop plants throughout the world . They 

cause mainly stem and root rots and frequently infect the grains of cereal crops. Several species 

of fusarium produce mycotoxins on a range of cereal crops which include wheat, maize, rice 
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barley and oats. Important Fusarium mycotoxins include fumonisins zearalenone, 

trichothescenes (t-2 toxin, deoxynivalenol (DON) and nivalenol) (Richard, 2007). 

2.3.2.1 Fumonisins 
Fumonisins were first discovered m 1988 and the most abundant member is fumonisin B1 , 

(Bennett and Klich, 2003). They are known to be produced by Fusarium verticillioides (formerly 

known as F. moniliforme), a common fungal pathogen of maize. Also, Aspergillus niger has now 

been found to form fumonisin B2 (FB2) (Frisvad et al., 2007). FB1 has been implicated in human 

esophageal cancer in the Eastern Cape of South Africa. This was linked to the consumption of 

contaminated maize. Also this was observed in China and in North east Italy (Peraica et al. , 

1999, Bennett and Klich, 2003). According to Marasas et al., (2004), because FB1 reduces uptake 

of folate in different cell lines, it is likely to be implicated in neural tube defects in babies 

(Marasas et al., 2004 ). FB1 has also been associated with high incidence of neural tube defects in 

babies of mothers consuming fumonisin-contaminated maize along the Texas-Mexico border 

(Missmer et al., 2006). The (IARC) designated FB 1 in Group 2B as 'possibly carcinogenic to 

humans ' (IARC, 2002). Its structural resemblance to the sphingoid bases explains the inhibition 

of the biosynthesis of sphingolipid complexes leading to cell destruction and subsequent cell 

death (Richard, 2007, Rodrigues et al. , 2011). Fumonisins are relatively heat stable, but in heat­

processed foods, FB1 occurs in covalently bound forms (Richard, 2007). Anyway, not like most 

well-known mycotoxins, which dissolve in organic solvents, fumonisins are water soluble which 

makes it challenging to be studied (Bennett and Klich, 2003). 

On the other hand, though fumonisin has a relatively simple chemical structure, its blockage of 

sphingolipid metabolism can have varied and complex effects on different animal systems 

(Desjardins, 2006). Fumonisin impairs immune function, causes liver and kidney damage, 

decreases weight and increases mortality rates. Horses are the most sensitive animals to 

fumonisin toxicity and levels ranging from 0.2-126 ppm FB1 were found in feed samples 

associated with outbreaks of leukoencephalomalacia (LEM) (hole in the head syndrome), which 

is a necrosis of the brain in North America, South America and South Africa (Wilson et al., 

1985, Jackson, 2004). Porcine pulmonary edema in pigs is associated with the consumption of 

fumonisin- contaminated feed (Harrison et al., 1990, Marasas, 2001 ). Dairy cattle may be more 
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susceptible to fumonisins than beef cattle due to greater production stress (Sultana and Hanif, 

2009). 

OR OH H 

CH3 OR CH3 OH 

R = COCH 2C ~(COOH ,CH 2COOH 

Figure 2.3: Chemical Structure of fumonisin B1. Source: (Biotechnology, 2013) 

2.3.2.2 Zearalenone 
Zearalenone, also known as F-2, is also a metabolite produced by fungi of Fusarium genus. It is 

commonly found in maize but can also be found in other crops worldwide (CAST, 2003, 

Richard, 2007, EFSA, 2011). Several publications have reported its occurrence in foods as well 

as in livestock feeds in different African countries such as South Africa (Mwanza, 2007), Nigeria 

(Makun et al., 2011). As an endocrine disruptor, they are widely believed to reduce male fertility 

in human and animal populations. It has been claimed that the high frequency of early menarche 

in Puerto Rico might be due to ZEA and related compounds in diet (Bennett and Klich, 2003). 

Because of its high estrogenic activity zearalenone has been used to treat post-menopausal 

symptoms in women. Despite that, research has also shown the potential for ZEA to provoke the 

growth of human breast cancer cells containing estrogen response receptors (Ahamed et al. , 

2001). However, the biological potency of this compound is high, but its actual toxicity is low 

(Bennett and Klich, 2003) and was placed in Group 3, which means not classifiable as to their 

carcinogenicity to humans (IARC, 1993). 

Since zearalenone, exhibits estrogenic activity and appears to bind to estrogen receptors 

(Richard, 2007), it has also been implicated in numerous mycotoxicoses in domestic animals. 

The ingestion of contaminated grains by animals can result in the development of feminine 

characteristics in males, premature sexual development of young females, and infertility in 

adults, abortion, stillbirth and birth of deformed offsprings. It can also lead to atrophy of the 
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testes and decreased libido in males. Cattle may have reddened, swollen vulvas and increased 

size of nipples while vaginal and rectal prolapse may fo llow. It also causes a reduction in feed 

intake and perhaps feed refusal. Its effects are most clearly seen in pigs. Infact pigs appear to be 

the most susceptible spp. to ZEA (Richard, 2007, EFSA, 2011). Recommended safe human 

intake of ZEA per day is in the estimate of 0.05 microgram per kilogram body weight (Bennett 

and Klich, 2003). 

HO 0 

0 

HO 

Figure 2.4: Chemical structure of ZEA. Source: (Zain, 2011) 

2.3.2.3 Trichothescenes 
Trichothecenes are the largest group of mycotoxins comprising Type A (T-2 toxin) and Type B 

(deoxynivalenol) (DON) and nivalenol. They can contaminate commodities like com, wheat, 

barley and oats . The most abundant source of trichothecenes contamination in cereal grains today 

is as a result of Fusarium head blight, mostly caused by type-B trichothecene-producers (Foroud 

and Eudes, 2009). Trichothescenes inhibit protein synthesis in the cell and induce apoptosis. A 

survey conducted by Rodrigues et al. (2011) on the occurrence of mycotoxins in agricultural 

products, feeds and feed materials obtained from the Middle East and Africa showed the 

following results for level of trichothescene contamination in different African countries: Sudan-

33% (1 O0µg/kg), Nigeria-58% (316µg/kg), Kenya-48% ( 422µg/kg) , Ghana-50% (955µg/kg), 

Algeria-0% (0 µg/kg), Egypt-38% (643 µg/kg) and South Africa-87% (1469 µg/kg). In South 

Africa, B-trichothecenes were the main contaminants, w ith 87% of samples testing positive at a 

mean contamination level of 1469 µg/kg. 

2.3.2.4 Deoxynivalenol (DON) 
Deoxynivalenol (DON), also refered to as vomitoxin, is produced principally by Fusarium 

graminearum, and in some geographical areas by F. culmorum (Richard, 2007). DON may co­

exist with zearalenone, which is also produced by these organisms. Small grains such as oats, 
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wheat and barley are the main crops affected but DON can be found in corn as well (CAST, 

2003). DON was placed in Group 3, which means not classifiable as to their carcinogenicity to 

humans (IARC, 1993). Deoxynivalenol has been associated with reduced milk production in 

dairy cattle, vomiting by swine consuming contaminated feed or their refusal to eat feed 

containing the toxin due to unpalatability of the feed. Also, reduced feed intake results in severe 

weight loss and inhibits reproductive performance and immune function in several animal spp 

(Agag, 2005, Pestka and Amuzie, 2008). 

Humans are thought to exhibit a similar vomiting syndrome if they consume consuming DON­

contaminated grains (Richard, 2007). Also, increased incidence of upper respiratory tract 

infection was reported in children who consumed DON contaminated wheat bread for more than 

one week and the illnesses subsided when consumption of the bread ceased (Hopton et al., 2010). 

DON's toxicity action is understood to be by the modulation of innate immune system (Pestka, 

2010). Chronic low dose exposure to DON may lead to anorexia, impaired weight gain, growth 

hormone deregulation and aberrant IgA production, whereas acute high dose exposure evokes 

gastroenteritis, emesis and a shock-like syndrome (Pestka, 20 10). DON does not appear to be 

significantly carried over into the tissues or fluids of animals consuming toxic levels, baking and 

malting using contaminated wheat and barley are adversely affected (Richard, 2007). 
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Figure 2.5: Chemical structure of DON. Source: (Zain, 2011) 

2.3.2.5 T-2 toxins 
T-2 toxin is produced by fungi of the genus fusarium on grains allowed to remain in the field 

unharvested. T-2 toxins are irritative, hemorrhagic and can cause necrosis all through the 

digestive tract. They also slow down regeneration of cells in the bone marrow and spleen, impair 
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the functions of the immune system and cause some changes in the reproductive organs. 

Affected animals show symptoms of weight loss, poor utilisation of feed, lack of appetite, 

vomiting, bloody diarrhea, abortion and (in severe cases) death (Agag, 2005). T-2 toxin was 

responsible for Alimentary Toxic Aleukia (A TA) that caused the death of thousands of people in 

Russia. Alimentary Toxic Aleukia (AT A) causes fever, bleeding from the skin, nose, throat and 

gums, necrosis and in addition to their cytotoxicity, they also have immunosuppressive effects 

(Bennett and Klich, 2003). 
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Figure 2.6: Chemical structure of T-2 toxin. Source: (Zain, 2011) 

2.3.2.6 Nivalenol 
Nivalenol with molecular formula C 1sH2oO1, is one of the trichothescenes toxins produced by 

Fusarium fungi . It also constitutes problems to pig farmers. Nivalenol contamination of feed 

leads to feed refusal because of the unpalatability of the feed and may result in vomiting (Agag, 

2005). Maize containing more than 5% infected kernels should not be included in rations for 

pigs. Cattle are more resistant to these effects and chickens do not seem to be affected. No 

reported effects on humans have been published so far. Nivalenol was also placed in Group 3 

IARC classification as to their carcinogenicity to humans (IARC, 1993). 

Other less common Fusarium mycotoxins include Moniliformin (MO ), Fusarin C and 

Beauvericin. 

2.3.2. 7 Moniliformin 
Moniliformin is a worldwide natural contaminant of cereals such as rice, wheat, oats, barley, rye 

and maize (Sanhueza and Degrossi, 2004). It is produced by several species of fusarium with its 
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production mostly associated with F. proliferatum (Zain, 2011). The first report of its natural 

occurrence was published in 1982 from mouldy maize obtained from the Transkei region of the 

Eastern Cape of South Africa at levels of l 6-25ppm (Thiel et al., 1982). Moniliformin has been 

found to co-occur with other fusarium mycotoxins such as FB 1, ZEA, trichothescenes, fusarin C, 

and beauvericin. In humans, MON ingestion has been linked to some disease outbreaks such as 

the case of Keshan disease, a myocardia disease which occurred in the rural areas of China and 

South Africa (Bottalico, 1998). 

Also worth mentioning here are some other mycotoxins produced by fungal species such as the 

Claviceps and altemaria. An example is the Ergot alkaloids which are produced by C. purpurea. 

It is known to be the earliest, yet interesting fungal secondary metabolite ever reported. The 

periodic outbreak of human disease termed ergotism or St. Anthonys fire which occurred in 

Europe during the Middle Ages was reported to be associated with ingestion of bread produced 

from ergot alkaloids- contaminated rye flour (Bennett and Klich, 2003). It also poses veterinary 

problems in animals such as cattle, pigs, sheep and chickens. Interestingly, outbreaks of human 

ergotism have reduced significantly due to modem grain cleaning methods employed which 

reduce to a greater extent, ergot alkaloid sclerotia (Bennett and Klich, 2003). Also, Alternaria 

species contaminate various fruit plants, cereal crops as well as medicinal plants, producing 

mycotoxins which include tenuazonic acid and altemariol (Howard, 2003). 

Fungal infection and subsequent mycotoxin contamination of maize (Zea mays L.) and other 

cereal grains, including animal feedstuffs, is a global threat to food and feed safety. The co­

occurrence of mycotoxins in agricultural commodities is a common phenomenon and indeed has 

been linked to chronic toxicity. However, their levels vary among commodities and also from 

region to region. A summary of mycotoxin contamination of different commodities in Africa as 

reported in the literature within the last decade is presented in Table 2.1 

2.4 Fungal Analysis 

2.4.1 Molecular analysis 

Molecular techniques such as per-based techniques help to elucidate the difference among 

species based on genetic diversity. It has been shown that the Internal Transcribed Spacer (ITS) 

regions are used to identify different fungal species (Bruns and Shefferson, 2004) . Why the ITS 
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region is so popular is because its highly conserved priming site makes it easy to be amplified 

from virtually all fungal species. The ITS regions are stretches of DNA between l 8S, 5.8S and 

28S rRNA regions (White et al. , 1990). There is also the added advantage of the growing ITS 

sequence data that helps in the identification of various fungi. Use of this information can also 

allow the development of species-specific primers to detect certain fungi in a much shorter 

period than using the morphological means (Mule et al., 2004). In this study, molecular analysis 

was used to confirm the isolated fungal species. 

2.5 Updates on methods of extraction, detection and quantitation of different mycotoxins 
The detection of mycotoxins is crucial for food safety and food security in order to prevent the 

outbreak of mycotoxicosis which is a public health concern. The presence of mycotoxins in a 

particular commodity is an indication that one or more fungi may have grown on the material at 

some stage (CAST, 2003). The fact that a mycotoxin producing fungus is present does not mean 

that the associated toxin will also be present, as several factors are involved in its formation 

(Atanda et al., 2013). Similarly, the absence of any visible mold will not guarantee freedom from 

toxins as the mold may have died out while leaving toxin behind (Turner et al. , 2009b ). 

Determination of mycotoxins in food and feeds as well as in biological samples is always 

challenging due to the great variety of sample matrices and also the different molecular species 

that need to be determined (Razzazi-Fazeli and Reiter, 2011). The fact that most mycotoxins are 

toxic in low concentrations requires sensitive and reliable methods for their detection (Krska et 

al. , 2007, Krska et al., 2008, Cigic and Prosen, 2009). Furthermore, given that these compounds 

have varied chemical structures (Krska et al., 2008, Bennett and Klich, 2009, Cigic and Prosen, 

2009, Rubert et al., 2012), it is not possible to use one standard method to detect all mycotoxins, 

thus chemical analysis must be tailored to the individual mycotoxins, which invariably calls for 

different analytical methods (Jarvis, 2003, Cigic and Prosen, 2009, Turner et al. , 2009b). 

What works well for some molecules could be unsuitable for others of the same properties or for 

the same molecule in a different environment. Therefore, depending on the physical and 

chemical properties (of the mycotoxin of interest), procedures and analytical techniques should 

offer flexible and broad-based methods of detection (Turner et al., 2009a). A successful detection 

method should at least be sensitive and have a high degree of flexibility, over a wide range of 

compounds, but which can be very specific when required. All techniques should be 
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reproducible to a high level and the results must be relevant and easy to analyze (Rubert et al., 

2012). However, the methods of mycotoxin analysis may be broadly grouped into 

physicochemical analysis, biological assays and immunoassays (Basappa, 2009). Nevertheless, a 

number of recent reviews have been published on the methods of analysis of mycotoxins 

(Shephard, 2008, Cigic and Prosen, 2009, Turner et al., 2009b, Maragos and Busman, 2010, 

Koppen et al., 2010). 

2.5.1 Physicochemical analysis 
The physicochemical/chemical assays are based on the differences in the physicochemical 

properties of different mycotoxins. Their solubility in certain organic solvents helps their 

extraction from the commodities. Their insolubility in some other solvents, for instance, 

aflatoxin in diethyl ether, petroleum ether and hexane affords a method for their separation from 

interfering substances and pigments. Their characteristic fluorescence and absorption under long 

wave UV light, aid their detection and estimation (Basappa, 2009). 

Table 2.2: Physico-chemical properties of major mycotoxins 

Mycotoxin Mot. Formula Mot. Weight Solubility M.P Storage Physical state 
Aflatoxin B1 C nH 12O6 312.3 Soluble in DCM,DMSO 268-269"C 4·c Off-white 

or Methanol powder, blue 
fluorescence 

Fumonisin B1 CJ4Hs9NO 1s 72 1.8 Soluble in water, ACN. 147-149 ·c 4·c White to off-
Insoluble in Chloroform, colour powder 
Petroleum ether, Hexane 

DON C 1sH20O6 296.3 Soluble in ACN, I51-153"C 4' C White crystalline 
Methanol, Ethyl acetate, solid 

water 

T-2 toxin C24HJ4O9 466.6 Soluble in DCM, DMSO, 151-152 ' C -20 ' C White crystalline 
Ethanol, Ethyl acetate, solid 
Petroleum ether, Water 

OTA C20H 1sCINO6 403 .8 Soluble in DMSO, 105-1 l0 ' C 4·c Yellow crystals, 
Methanol, Ethanol blue fluorescence 

ZEA C 1sH22Os 318.4 Soluble in Benzene, ACN, 159-163"C -20' C White powder 
DCM, Methanol, Acetone, 

Hexane, Water 
NIV C 1sH2oO1 312.3 Soluble in DCM, DMSO, 127-130"C -20' C White crystalline 

Methanol, Water powder 
Source:(Cousin et al ., 2005, Biotechnology, 2013), (DMSO-Dimethylsulphoxide, DCM-D1chloromethane, ACN -Acetomtr1le) 
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Generally, physicochemical assay involves sampling of the commodity (food and feed), sample 

extraction, sample clean-up and separation, detection and quantitation (Jarvis, 2003, Basappa, 

2009, Bennett and Klich, 2003, Bennett and Klich, 2009). 

2.5.1.1 Sampling 
The obvious reason for sampling a given lot of commodity is to obtain a portion for the 

estimation of the level of mycotoxin contamination of a particular lot (Cigic and Prosen, 2009, 

Maestroni and Cannavan, 2011 ). This may be done either for routine monitoring, surveillance or 

for quality control purposes (Maestroni and Cannavan, 2011). Hence, the method of sampling 

should be designed for the intended objective. Sampling is a very important stage in mycotoxin 

analysis since non-representative sample can invalidate the results of analysis (Turner et al., 

2009b). Nearly 90% of the errors associated with mycotoxin assay could be ascribed to how the 

original sample was collected. Mycotoxin contamination is usually heterogeneous within any 

given food commodity which brings problem in obtaining representative sample for analysis 

(Cigic and Prosen, 2009, Turner et al., 2009b). 

The problem is more severe with agricultural commodities such as grains and nuts. Within a 

given lot of such commodity, mycotoxin contamination can occur in pockets of high 

concentration and may not be randomly distributed (Basappa, 2009). Relatively small percentage 

(that is less than 0.5%) of the kernels can be contaminated. Even within a single contaminated 

kernel, the distribution is not uniform, it may be concentrated in the heart and low in the outer 

portion while in others, it is concentrated in the outer portion and almost absent in the centre 

(Basappa, 2009). Individual peanut kernels have been reported to contain aflatoxin B1 at levels as 

high as l. lmg/g. The presence of such kernel with an extremely high concentration would be 

sufficient to contaminate 10kg sound kernels with high levels of aflatoxin (Bullerman, 1987, 

Whitaker, 2003, Blanc, 2006, Plissi, 2007). 

Further processing of such a lot of peanut into peanut butter or of a lot of corn containing one 

highly contaminated kernel into meal would result in a finished product high in aflatoxin, yet the 

initial sample would have been negative for aflatoxin if it had not included the contaminated 

kernel. Hence, the importance of adequate sample selection for mycotoxin analysis cannot be 

overemphasised. Sampling plans for obtaining representative lot samples and techniques for 

sample preparation have been published by several authors (Whitaker, 2003, Schatzki and 
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Toyofuku, 2004, Whitaker, 2004, Whitaker, 2006, Whitaker et al., 2006, Ozay et al., 2007, 

Whitaker et al., 2007a, Whitaker et al. , 2007b, Maestroni and Cannavan, 2011). 

It is usually felt that there is no error-free method of sampling, so it is suggested that whatever 

the quantity available, the sample should be ground and thoroughly mixed to obtain a 

homogeneous distribution of mycotoxins. The subsamples should be taken from as many points 

as possible (Basappa, 2009). It is immaterial whether a 5, 10 or 25g sample is analysed. Francis 

et al. (1988) analysed 5, 10 and 25g test portions of finely ground samples of contaminated com 

and statistically compared with 50g test portions for aflatoxin concentration. The results showed 

good agreement for all weights of the samples analysed (Francis et al. , 1988). In addition, after 

sampling, all the possible precautions should be taken in order to avoid any alteration of the 

samples by human error, spillage, contamination, loss of fine particles during handling or 

grinding, moisture uptake or loss, biodegradation and so on (Maestroni and Cannavan, 2011). 

The selection of methods used for mycotoxin extraction will depend on the nature of the sample 

as well as on the nature of the toxin (Bennett and Klich, 2003, Rubert et al., 2012). 

2.5.1.2 Extraction 
The purpose of extraction is to release as much of the mycotoxin from the food and feed 

commodity as possible into a solvent suitable for subsequent clean up and detection. The choice 

of extraction solvent used is determined by the structure of the toxin, the type of commodity, 

safety considerations and the analytical procedure. In this case, the polarity of the mycotoxins to 

be extracted is of major concern and thus, some solvents used for extraction are more suitable 

than others (Jarvis, 2003, Maestroni and Cannavan, 2011). Furthermore, mycotoxins with acidic 

functional groups such as fumonisins and ochratoxin A require the addition of an acidic modifier 

to enhance recoveries (Cigic and Prosen, 2009). Ideally, an extraction solvent is able to remove 

only the mycotoxin of interest from the sample matrix. Also, it should easily be recoverable, 

non-toxic and non-inflammable. Other aspects such as being volatile, stable, transparent to UV 

light and environmental impacts of solvents are also important. Volatile organic compounds 

(VOC) may cause ozone depletion. For example, previously, chlorofluorocarbons (CFCs) were 

the great solvent choice due to their effectiveness, low cost and non- flammability. Nowadays, 

there are restrictions on CFCs and chlorinated solvent use due to environmental concerns 

(Rahmani et al., 2009, Razzazi-Fazeli and Reiter, 2011). Extraction of mycotoxins from food and 
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feed commodity is often performed with mixtures of water and relatively polar solvents such as 

acetone, acetonitrile, ethyl acetate, methanol and chloroform. Methanol and acetonitrile are by 

far the most common solvents used in extracting the major mycotoxins, with the notable 

exception of patulin for which ethyl acetate is preferred. (Pittet, 2005, Murillo-Arbizu et al., 

2009). 

Furthermore, after evaluation of the extraction efficiency of some solvents, it has been reported 

that using either methanol-water or acetonitrile-water mixtures for the extraction of mycotoxin 

contaminated samples yielded different recovery rates. Possible reasons for the different 

recoveries are either interference with matrix compounds or possible absorption of water into the 

dry matter. However, in further evaluation using fumonisin (FUM) extraction solvents on com­

based samples, only methanol-water and acidified methanol water mixtures were used. A higher 

recovery for maize gluten using acidic extraction was shown (Meister, 1999). For more polar 

metabolites than fumonisin such as deoxynivalenol (DON), extraction with only water is 

common (Rahmani et al., 2009) and other compounds need non-polar organic solvents to be 

extracted. Hydrophobic toxins such as aflatoxins rely on the use of organic solvents. Moller and 

yberg evaluated the efficiency of four extraction solvent mixtures in the analysis of aflatoxins 

from a certified reference peanut meal. The extraction mixtures, chloroform-water (100+ 10), 

acetonitrile-water (60+40), acetone-water (85+ 15) and methanol-water (80+20) were tested. The 

recoveries for the reference material containing 206 µg/kg of aflatoxin were 211 , 204, 160 and 

123 µg/kg respectively. Thus, the solvents containing chloroform-water and acetonitrile-water 

mixtures showed good recoveries close to the reference material (Moller and Nyberg, 2004). For 

T-2 toxin, an acetonitrile-water extraction procedure was developed and tested to compare it with 

often suggested methanol-water mixtures. It showed that acetonitrile is more effective in the 

extraction of complex matrices. On the other hand, methanol is as suitable as acetonitrile in the 

extraction of simple matrices (Trebstein et al. , 2009). 

Sample to solvent ratio is also another aspect to consider in the extraction procedure. A rule of 

the thumb is that 4-5ml of solvent/g of contaminated sample be used in the extraction of 

mycotoxins while sometimes higher sample to solvent ratios ( e.g. 1 0ml/g) are proposed. 

According to the experiment on extraction efficiency of different extraction times, it was 

reported that it is easier to extract spiked samples than naturally contaminated ones (Scott, 1995). 
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This is because the added mycotoxins are not so strongly embedded in the matrix like the native 

ones, hence a longer extraction time is needed for naturally contaminated samples (Krska et al., 

2007, Cigic and Prosen, 2009). In general, mycotoxins can be extracted from feed and food 

matrices either by shaking with mixtures of water or other polar solvents in a mechanical shaker 

or high-speed blending. Blending is more rapid than shaking when small numbers of samples are 

being analysed. However, if large numbers of samples are being analysed, the shaking may be 

preferable because modem shakers are capable of holding up to 20 samples concurrently. Then 

the liquid is separated from the solids either by filtration or centrifugation and will be ready for 

either clean-up or applied directly to the determinative step in the procedure. In case of liquid 

samples such as fruit juices or milk, liquid-liquid extraction (LLE) can be applied.It is now being 

replaced by solid-phase extraction or immunoaffinity column clean-up. The LLE uses two 

immiscible liquid phases, which during the extraction, the analyte and any other compounds with 

similar properties will migrate into the extracting solvent until equilibrium is reached. This way, 

the target compounds can be condensed in a solvent and interfering substances are removed 

(Rahmani et al. , 2009). The procedure is effective for several toxins and works well in small 

scale preparations. However, it is time consuming, labour intensive, requires large volumes of 

solvent and dependent on which matrix is being used, and which compounds are being 

determined. The disadvantage is the possible loss of sample by adsorption onto the glassware 

(Rahmani et al., 2009, Turner et al., 2009b). Besides the commonly used extraction techniques, s 

extraction techniques such as pressurised liquid extraction (PLE), supercritical fluid extraction 

(SFE), microwave-assisted extraction (MAE) or ultrasonic extraction (USE) have been evaluated 

and established in mycotoxin analysis (Cigic and Prosen, 2009). By comparing MAE, USE and 

PLE with conventional shaking and blending, it was shown that USE and MAE have higher 

extraction efficiency (Pallaroni and Von Holst, 2003). These extraction techniques usually are 

coupled to HPLC or LC-MS. Nevertheless, after extraction, additional clean-up steps are 

necessary in most cases to eliminate matrix interferences. 

2.5.1.3 Clean-up 

The aim of sample clean-up techniques is to remove the co-extracted substances in the sample 

extract that may interfere with the detection of the target analytes. In addition to removing the 

interfering substances, the clean-up may further concentrate the analyte prior to the 
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determinative step (Pittet, 2005 , Rahmani et al. , 2009, Razzazi-Fazeli and Reiter, 2011). A 

variety of clean-up methods have been used, which include solid-phase extraction (SPE) 

columns, Ion-exchange columns, Immune-affinity columns (IAC). 

Solid-phase extraction (SPE) 

Formerly, solvent-consuming techniques such as LLE were used. They are now being replaced 

by solvent-saving methods using SPE. SPE gained enormous interest in the field of analytical 

chemistry including pharmaceutical analysis, food and environmental analysis. This is because 

SPE is easy to perform, rapid and can simply be automated. There is no necessity to use 

chlorinated solvents and extraction time is reduced (Turner et al., 2009b ). An SPE technique is 

based on partitioning of analytes and interfering compounds between a mobile and stationary 

(immobile) phase. The stationary phase within the cartridge is composed of a solid adsorbent or 

an immobile liquid phase. C 18, octadecy-silica is the most useful SPE column for mycotoxin 

detection (Poole, 2003, Rahmani et al. , 2009). Solid-phase extraction (SPE) can either be used 

for sample clean-up, sample concentration and matrix elimination or can be applied as a reversed 

phase or a normal phase separation. A typical SPE sequence starts with a conditioning step, 

activating it with solvent. Then the aqueous sample extract is applied to the conditioned column 

and the analyte is trapped alongside the matrix. After that, a rinsing procedure eliminates matrix 

compounds. Finally the target analyte is eluted from the column with an organic solvent and a 

further preconcentration step is employed by evaporating excess solvent with nitrogen gas. 

The disadvantages of SPE are the variations in reproducibility caused by sorbent properties and 

additionally often low capacities in retaining impurities, which interfere in subsequent 

determination (Poole, 2003). Moreover, it is currently not likely to find a universal type of 

cartridge for extraction of all mycotoxins. Different types of cartridges function under certain 

conditions and performance can be affected by pH, solvent and ion concentration of the sample 

(Turner et al. , 2009b). An important advantage of SPE is the ease of online coupling. Using 

online SPE techniques has made possible, the development of faster methods by reducing the 

sample preparation time and thus increasing the sample throughput. Conditioning step, and also 

rinsing and elution steps can be performed automatically (Rodriguez-Mozaz et al. , 2007). 
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Ion exchange columns 

Ion exchange mechanisms are another type of clean-up that are employed if the analyte is present 

as an ion (Rahmani et al. , 2009). Anionic compounds isolate on strong anion exchange-bonded 

silica columns (SAX columns).The retention is based on the electrostatic interactions formed 

between the functional group of the analyte and charged groups on the silica surface of the 

column (Rahmani et al., 2009, Turner et al., 2009b). The analyte is eluted by adding a solution 

with high ionic strength because of its higher affinity to the sorbent. SAX (Strong anion 

exchange) columns can be used for the determination of mycotoxins such as ochratoxins and 

fumonisins (Rahmani et al. , 2009). Several researchers have applied this technology in 

mycotoxin analysis for example in the analysis of Fumonisin B1 from yam and cassava chips 

from Benin West Africa (Gnonlonfin et al. , 2008) and also Fumonisins from maize in South 

Africa (Chilaka et al. , 2012a). 

Immunoaffinity columns (IAC) 

lmmunoaffinity columns are easy to use for purification of samples that are contaminated with 

different mycotoxins. The principle of this procedure is based on monoclonal antibody 

technology which makes the test highly specific to the toxins of interest. Apart from being 

specific, the test is also sensitive, rapid and simple to perform. However, the use of this 

technology is constrained by cost (Senyuva and Gilbert, 2010, Razzazi-Fazeli and Reiter, 2011) 

and as such, in this study not all samples and mycotoxins were screened for using this method. 

The mycotoxins are bound to the immobilised specific antibodies on the column (Jarvis, 2003, 

Rahmani et al. , 2009). As matrix components do not interact with the antibodies, a rinsing 

procedure eliminates almost all the possible interferences and the toxin can be eluted by antibody 

denaturation by washing with organic solvents, such as methanol (Jarvis, 2003, Rahmani et al., 

2009). 

Immunoaffinity columns feature high recovery rates and there are commercially available 

columns for the clean-up of different mycotoxins. The advantages of IACS include clean extracts 

due to high specificity of the antibodies for one toxin or group of related toxins, rapidity of the 

purification step and reduction in the use of hazardous solvents (Rahmani et al. , 2009) 

Nevertheless, the use of this technology, however, is constrained by cost due to lack of 
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reusability (Senyuva and Gilbert, 2010, Razzazi-Fazeli and Reiter, 2011). Application of 

lmmunoaffinity columns has been reported in the clean-up of different mycotoxins such as OT A 

in cocoa products and chocolate (Bonvehi, 2004, Brera et al., 2011 ), OT A in cocoa powder 

(Brera et al. , 2005), OTA and Aflatoxins in chocolate (Copetti et al., 2012) and also in 

Aflatoxins in animal feeds (Dutton et al. , 2013). A study by Chen et al. (2005) showed that IAC 

clean-up was more sensitive than a Mycosep multifunctional column for milk samples (Chen et 

al., 2005). 

However, the IAC are not absolutely selective for individual mycotoxins as mycotoxin analogues 

are usually bound to the material (Cigic and Prosen, 2009). This could be as antibodies often 

show cross reactivities with structurally similar compounds. However, when a separation 

technique is used for subsequent determination, this does not present a problem. A detailed 

review on IAC clean-up techniques in food analysis has been done by (Senyuva and Gilbert, 

2010). 

2.5.1.4 Separation 
In most of the mycotoxins assay methods, a further stage of separation is often needed to 

separate the toxins from other impurities still remaining in the purified extract. Moreover, most 

important mycotoxins such as aflatoxins and fumonisins occur as a number of different 

analogues. Chromatographic separation is therefore needed to quantify each analogue one by 

one. Several types of chromatographic techniques such as TLC, GC and HPLC are used for 

mycotoxin separation in samples. Although thin layer chromatography and gas chromatography 

are still in use, the separation technique that has come to predominate for mycotoxin analysis is 

high-performance liquid chromatography (HPLC), coupled to a range of detectors. 

Thin-layer chromatography (TLC) was the first chromatographic method to be applied to 

mycotoxin determination and is still in routine use in many laboratories, especially in developing 

countries (Shephard, 2011). Its many advantages include being suitable for analyzing crude 

extracts, an extensive choice of mobile and stationary phases, as well as assorted spraying agents 

used for the detection (Cigic and Prosen, 2009). Even though used also for more accurate 

determinations, TLC is now rarely used for other than screening purposes (Cigic and Prosen, 

2009). 
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After suitable extraction and clean up, aflatoxins are readily separated on silica gel-coated TLC 

plates using various developing solvent systems. Chloroform: Acetone (9:1) is one of the most 

common developing solvent systems employed, although many alternatives are also available 

(Basappa, 2009, Shephard, 2011). After the chromatographic separation of aflatoxins on the 

silica gel plates, the fluorescence emitted when visualised under long wavelength UV light forms 

the basis for their estimation. The nomenclature of the toxins as 'B' and 'G' was derived from 

their blue and green fluorescence colours observed under such a light. Visual inspection of the 

plates and comparison with a similarly chromatographed set of authentic standards can yield 

semi-quantitative results (Basappa, 2009, Cigic and Prosen, 2009, Shephard, 2011). This basic 

system of TLC has been improved in a number of ways, including the use of high-performance 

TLC plates, two-dimensional TLC and bi-directional TLC. Also, there has been improved 

quantification by the use of fluorodensitometric measurement which yields more precise, 

sensitive and accurate results (Basappa, 2009, Cigic and Prosen, 2009, Shephard, 2011). 

2.5.1.5 Detection and quantitation 

High-performance liquid chromatography (HPLC) is the most frequently and widely used 

method of mycotoxin detection in foods (Xu et al., 2006). High Performance Liquid 

Chromatography (HPLC) involves the use of high pressure to drive the analyte (extracts) in 

solution through a packed column, causing the analyte to separate and be detected by a 

fluorescence detector, photodiode array detector or mass spectrometer. The analyte is finally 

recorded by the chromatogram recorder by quantification of selected peaks against known 

standards and retention time (Wilson and Walker, 2000). 

HPLC with a fluorescence detector (HPLC-FD) has been used to detect and quantify mycotoxins 

such as ochratoxin, aflatoxin and citrinin among others (Yang et al., 2013). However, some 

mycotoxins such as fumonisins, lack a suitable chromophore, so that their determination requires 

chemical derivatisation using derivatising agents such as O-phthaldialdehyde (Yang et al. , 2013). 

It is sometimes helpful to use precolumn or postcolumn derivatization to assist sensitive 

detection of the mycotoxin. For example, in the case of aflatoxins, on-line electrochemical 

bromination using a "Cobra" cell has become a well-established procedure in order to enhance 

fluorescence before passing through the detector (Pittet, 2005, Cigic and Prosen, 2009). For 

many mycotoxins, the time for analysis following injection onto the column is less than 20 
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minutes, but the extract must be substantially cleaned up (through an immunoaffinity column) 

before injection. 

HPLC has been a standard for mycotoxin detection in industries (Turner et al., 2009b ). It has 

been employed in the analysis of mycotoxins in infant food and feed formulae retailed in orth 

Africa using Cobra cell to derivatise the aflatoxins (Aidoo et al., 2011 ). Also, it was applied in 

the analysis of aflatoxin and fumonisin in yam and cassava chips from Benin, West Africa 

(Gnonlonfin et al. , 2008). A more detailed and comprehensive review on HPLC has been done 

by Cigic and Prosen (2009). 

2.5.2 Biological assays (Bioassays) 
Besides physicochemical tests, numerous biological systems have been proposed and used by 

several workers as bioassays for the detection and quantification of mycotoxins (Basappa, 2009). 

Historically, the use of bioassay for the detection of mycotoxins has proven pretty successful. In 

the discovery of aflatoxin, which marked the birth of modem mycotoxicology, bioassay played a 

vital role. While chemical assays are generally preferred over biological assays for mycotoxin 

analysis, in food and feedstuffs, in that they are faster, more specific and more reproducible, they 

are limited to known mycotoxins with available standards and analytical methodology (Cole et 

al., 2012). Obviously, a chemical assay cannot be used until a mycotoxin is chemically 

characterised and the methodology developed. Therefore, chemical and bioassay methods 

complement each other. Hence, bioassay methods are generally for the initial detection and 

isolation of unknown mycotoxin which then provides the basis for the development of 

subsequent chemical assays (Cole et al., 2012). 

These factors should be considered before using bioassay methods for routine analysis of 

mycotoxins. The capability of the method to respond to a diverse range of mycotoxins, 

sensitivity and repeatability must be acceptable, cost should be relatively low in terms of 

resources required and results should be obtained in a short time, less than 24hours. Finally, the 

assay should be unambiguous, which means that the occurrence of false positives must be 

minimal to none (Cole et al., 2012). These assays employ various biological systems which 

include cell, tissue and organ cultures, intact animals and microorganisms. The assays are based 

on the toxic/carcinogenic effects on the test organism (Basappa, 2009). 
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2.5.2.1 Cell, tissue and organ culture 
Various cells, tissues and organ cultures have been used such as HeLa cell (Bouaziz et al., 2009) 

human chang liver cell (Kang et al., 2013), human lymphocyte cell (Mwanza et al., 2009, 

Maenetje et al., 2008, Al-Hammadi et al., 2013); rat kidney cells (Dominjan et al., 2006); rat 

hepatic tissue(Vasatkova et al., 2009); pig jejuna! epithelia cell (Goossens et al., 2012, Wan et 

al., 2013, Wan et al., 2013b); Kidney fibroblast cell (Stec et al., 2007). 

Cytological assays involve exposure of various concentrations of mycotoxins or test materials to 

various cell cultures for various periods of time. Cytological, morphological and biochemical 

methods are used to evaluate general toxicity, morphological changes and effects on enzyme 

regulation. The advantages of these bioassays are that they are readily available, inexpensive and 

sensitive. However, they may suffer from lack of mycotoxin specificity (Cole et al., 20 12). 

2.5.3 Immunoassays 
Immunoassays are highly specific and sensitive for the detection and quantification of 

mycotoxins and have been developed for various mycotoxins. Immunoassay methods are based 

on the interactions between antigens and antibodies. In immunoassay methods for detecting 

mycotoxins, mycotoxins are the antigens. Antibodies are highly specific for structurally diverse 

compounds, but can exhibit significant cross-reactivity for structural analogs, since they can only 

recognise specific chemical groups- the epitope (Cigic and Prosen, 2009). Mycotoxins are small, 

non-immunogenic molecules (haptens) and have to be bound to suitable carrier proteins to elicit 

adequate immune response and production of antibodies in an animal. ovel methods of 

recombinant antibody production can avoid the binding of hapten to protein and inherent risk 

that the free hapten would not be detected in samples (C igic and Prosen, 2009). 

Wide use has been made of immunoassays to detect mycotoxins in foods. The immunoassay 

methods that have been used to analyse food commodities include enzyme-linked 

immunosorbent assay (ELISA), radioimmunoassay (RIA), fluorescence immunoassay (FIA), 

surface-plasmon resonance-based immunoassays (SPR), chemical sensors and biosensors (Cigic 

and Prosen, 2009). Markers, also known as tracers or labels , are involved in the assay to aid 

detection. The marker could be radioactive in radioimmunoassay (RIA) - rarely used nowadays, 

or a chromogenic reacting with enzyme in enzyme immunoassay (EIA, ELISA) or fluorogenic 

compound in fluorescence immunoassay (FIA) (Cigic and Prosen, 2009). Marker-free 
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immunoassays exploit the ability of some mycotoxins such as ochratoxins and aflatoxins to 

fluoresce naturally and also on conductometric or impedimetric measurements. In SPR, the 

change in the optical features observed when antibodies attach to surface-bound antigens is 

measured and the mycotoxin content is correlated to the quantity of free antibodies. Other 

immunoassay types measure fluorescence polarization induced by increased molecular mass of 

antibody-bound labeled mycotoxin (Cigic and Prosen, 2009). 

The enzyme-linked immunosorbent assay (ELISA) has become very popular owing to its 

relatively low cost and easy application (Goryacheva et al. , 2007). ELISA is a heterogeneous 

procedure mostly performed in 96-well polystyrene plates. One of the immunoreagents is 

normally immobilised on the bottom and walls of the wells for separation of bound and free 

reagents. This heterogeneous nature of ELISA makes it easy to separate effectively the bound 

and free elements of an analytical system after the immunochemical reaction. Because 

mycotoxins are monovalent antigens, competitive ELISA techniques are usually used 

(Goryacheva and Saeger, 2011). Direct competitive ELISA is the most commonly used approach 

where a known amount of enzyme labelled toxin competes with any possible toxin present in the 

sample to bind to specific amounts of antibodies on the wells. After incubation, the compounds 

that are not bound are removed by washing and chromogenic substrate is added. The enzymatic 

activity in each well results in a coloured product that can be measured with colorimetric 

detection and it is inversely proportional to the mycotoxin concentration (Goryacheva and 

Saeger, 2011). Replacement of colorimetric detection by chemiluminescent detection increases 

the sensitivity of mycotoxin detection, for example, up to 10 times for FB 1 (Quan et al. , 2006). 

Since the chemiluminescent signal might be instantly read out after adding the substrate, the 

assay time is less than with colorimetric ELISA. 

Factors such as structurally related mycotoxins as well as matrix constituents can interfere with 

conjugate attachment to the antibody. It may be by absorption of the conjugate or antibody, by 

denaturation of the antibody or by inhibition of the enzyme. This means that cross-reactivities 

and matrix dependence are the major disadvantages of ELISA methods and can lead to false 

positive results (Pittet, 2005). Other conditions influencing the results include temperature, 

sample viscosity, pH, and ionic strength (Cigic and Prosen, 2009). If no sample clean-up or 

extraction is done before the test, matrix effects might well be expected (Krska et al. , 2007), 
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sometimes leading to significant overestimation of mycotoxin (Pittet, 2005). This has been 

applied in the analysis of aflatoxin in peanuts from Kenya (Mutegi et al., 2009). 

to remove them. Although it is said that "prevention is better than cure", no preventive 

techniques have been developed so far that is reliable, especially for preventing mycotoxin 

formation completely during pre-harvest stages of crop production (Basappa, 2009). 

2.6 Possible intervention strategies 

2.6.1 Pre-harvest prevention 

This involves adoption of appropriate agronomic practices which includes reduction of insect 

and fungal damage by use of crop varieties that can resist insect and fungal infection. Crop 

rotation will limit fungal inoculums in the field by breaking the chain production of these 

infectious agents. This will therefore aid prevention of mycotoxin contamination, for example, it 

has been reported that a maize- soya bean rotation yielded a less extensive outbreak of Fusarium 

than did maize-maize planting operations (Fandohan et al. , 2005). Also proper and uniform 

irrigation will help to reduce plant drought stress because maize grown under drought-stressed 

conditions have higher fumonisin concentration (Miller, 2001) . Destruction of weeds, grasses, 

debris, crop residues and alternate host plants, which serve as reservoirs to fungal inoculums will 

also prevent mycotoxin contamination of crops in the field. Then, reducing mechanical injury to 

crops to a minimum since incidence of Aspergillus spp. is generally higher in broken kernels. 

Although the use of appropriate and approved fungicides , pesticides and other chemicals could 

yield limited success in preventing aflatoxin contamination of grains, their judicious use should 

be considered_since they are toxic to mammalian cells (Basappa, 2009). 

2.6.2 Post-harvest prevention 
This is primarily dependent on good management practices before and after harvest. Aflatoxins 

are potentially serious post-harvest problems unlike fumonisins , since fusarium spp. does not 

grow in maize at less than 18-20% moisture (Munkvold and Desjardins, 1997). Aflatoxin 

contamination is considered to be primarily a storage problem and this is very severe in many 

rural areas in Africa. This is due to lack of infrastructure for drying and other appropriate storage 

conditions. Drying of food and feed to safe moisture levels is perhaps the best method of choice. 

Keeping moisture of grains and ambient humidity very low during storage will help prevent 

mycotoxin (aflatoxin) formation. Any produce with a higher moisture level than that considered 
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safe should not be stored. Cleaning and disinfection of storage containers and transportation 

equipment is recommended. In addition, during storage, the initial grain condition is critical as 

good quality, clean, sound grain is easier to maintain in storage than physically damaged grains. 

Also, Modified Atmosphere Packaging (MAP) which is a useful technology involving 0 2 

absorbents, storage temperature and packaging film barrier can be used to prevent fungal growth 

and mycotoxin contamination on finished products (Basappa, 2009). 

However, various approaches such as physical and chemical decontamination of mycotoxins 

from commodities as well as biological methods that aid in destroying mycotoxins and their 

toxic effects have been developed. Several microorganisms, including bacteria and fungi have 

the potential to degrade aflatoxin and or inhibit their formation in food and feed both invivo and 

invitro (Samarajeuwa et al. , 1990). Also, other novel approaches such as addition of certain 

nutrients and adsorptive earth metals to the animal diet have helped in reducing the toxic effects 

or avoiding the bio-availability of mycotoxins respectively in animal systems (Basappa, 2009). 

Mycotoxin control strategies should also include the approaches for the diversion of 

contaminated products to lower risk uses and laboratory safety measures to protect researchers 

from the toxic effects of mycotoxin. There should be producer /consumer education, and also 

accurate and affordable detection methods of mycotoxin in developing African countries. 
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CHAPTER THREE 

MATERIALS AND METHODS 
3.0 MATERIALS 

All reagents and chemicals used were of analytical grade and were obtained from Merck and Co, 

Sigma or Microsep, Pretoria, South Africa. 

3.1 METHODS 

3.1.1 Sampling and sample preparation 
A total of 100 maize samples were collected from randomly selected small-scale farmers 

(markets) and commercial farmers (silos) in the North West Province of South Africa from April 

to August 2013. 50 maize samples were collected from each of the small-scale farmers and 

commercial farmers respectively. 1 kg of the maize samples were collected in sterile plastic bags, 

carefully labelled and conveyed to the laboratory. The maize samples were thoroughly mixed 

and milled using a steri le high speed laboratory blender (IKA M20, Merck, Germany) and 

packaged in sealed sterile plastic bags to avoid contamination. Samples were stored prior to 

analysis at -4°C in the freezer. 

3.1.2 Fungal culture and isolation 
Fungal culturing was done under aseptic conditions with the dilution plate technique as 

previously described with slight modifications (Rabie et al. , 1997). Briefly, one gram of the 

milled sample was weighed into sterile test tube, suspended in 9ml of sterile Ringer's solution 

(S igma-Aldrich) and vortexed with whirl mixer. The suspension (1ml) was decimally diluted and 

one millilitre of each dilution was spread plated on agar plates and incubated at 30°C for 7 days. 

Two different media were used, Potato Dextrose Agar (PDA) and Malt Extract Agar (MEA) 

(Merck) and both were each supplemented with 80mg1- 1 of Chloramphenicol and Streptomycin 

to suppress bacteria growth. After incubation, the fungal colonies were counted using a Colony 

Counter and the number of colonies per gram of sample was calculated and expressed in colony 

forming units per gram ( cfu/g) as illustrated below: 

Cfu/g = umber of colonies x reciprocal of the dilution factor 

Plating volume (1 ml) 
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Sub-culturing of the fungal colonies was done on PDA and MEA using sterile wire loops, plates 

were sealed with parafilm and further incubated at 30°C for 7 days. Furthermore, pure colonies 

were harvested and placed on microscopic slides containing a drop of lactophenol cotton blue 

solution, covered with a cover slip and viewed microscopically. Macro and microscopic 

identification of the fungal species isolated from the samples was done according to their 

morphological characteristics between the 5th and 7th day of incubation using the identification 

keys as described by Pitt and Hocking (1997) and Klich (2002). Whenever macro- and 

micromorphology failed to show unambiguous results, molecular analysis was performed. 

The isolates were further maintained by growing them on Carrot Potato Agar (CPA) slants and 

stored at 4°C for further use when required. See appendices for the composition and preparation 

of different culture media. 

The incident rate of fungal contamination of the samples was calculated as follows: 

Incident rate (%) == umber of samples contaminated by fungal species x 100 

Total number of samples analysed 

3.1.3 Molecular Analysis 

3.1.3.1 Fungal DNA extraction 
The genomic DNA of fungi was isolated using Fungal/Bacterial DNA extraction kit (Zymo 

Research Corporation, Southern California, USA) according to the manufacturer's instructions. 

The fungal isolates were grown on PDA plates and 7-day old cultures were used for DNA 

extraction. The mycelia were harvested by scraping the agar surface and about 200mg of the 

mycelia was suspended in 750µ1 of lysis solution contained in a 1.5ml ZR Bashing Bead™ lysis 

tube. The lysis tube was placed in disruptor genie bead beater fitted with a 2 ml tube holder 

assembly (Scientific industries Inc., USA) and processed at maximum speed for 5 minutes, then 

followed by centrifugation of lysed samples at 10,000g for 1 minute. The supernatant was 

transferred to a Zymo-Spin ™ IV spin filter in a 1.5ml eppendorf tube and again centrifuged at 

7000g for 1 minute. The content was then filtered into a collection tube and 1,200µ1 of 

fungal/bacterial DNA binding buffer added and vortexed. The extracted mixture (800µ1) was 

transferred to a Zymo spin™ IIC column in the collection tube and again centrifuged at 10,000g 

for 1 minute and the supernatant discarded. An aliquot (200µ1) of DNA pre-wash buffer was then 
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added to Zymo spin TM IIC column in a new collection tube and centrifuged at I 00Og for I minute. 

The filtrate was discarded while retaining the column, which was placed into a new tube. A 

500µ1 aliquot of the DNA wash buffer was added to Zymo spin TM IIC column and again 

centrifuged at 10,000g for 1 minute. The Zymo spin TM IIC column was transferred into a sterile 

1.5ml eppendorf tube and 100µ1 D A elution buffer was added directly to the column matrix, 

and was centrifuged at 10,000g for 30 seconds to elute the D A. The eluted purified DNA was 

stored at -20 cc until further analysis. 

3.1.3.2. Polymerase chain reaction (PCR) 
The internal transcribed spacer (ITS) region of the fungal DNA was amplified by PCR using the 

primer set: FF2; 5' -GGT TCT ATT TTG TTG GTT TCT A-3' (forward) and FRI; 5'-CTC TCA 

ATC TGT CAA TCC TTA TT-3' (reverse). The primer set: FF2 and FRlwas designed by Zhou 

et al., (2000) and produced commercially (Cruachem Inc. Aston, PA, USA). Individual reactions 

had 4µ1 of D A sample solution which was mixed with 25µ1 master mix (Taq DNA polymerase 

(Fermentas Life Science, Lithuania), dNTPs, MgC!i and reaction buffers at optimal 

concentrations for efficient amplification of DNA templates by PCR), 1 µI of the primers i.e. FF2 

(0 .5 µI), FRI (0.5 µI) each and 20 µI of nuclease free water to make up a reaction volume of 

50µ1. A negative control containing all the reagents except the DNA was also prepared. The PCR 

was performed in eppendorf tubes placed in a C 1000 Touch TM thermocycler (Bio-Rad, USA). 

The conditions for PCR were as follows: initial denaturation of DNA at 95 cc for 3 minutes and 

then 35 cycles of denaturation at 94 cc for 1 minute, primer reannealing at 58 cc for 45 seconds 

and a further extension at 72 cc for 1 minute, 30 seconds. The PCR was further extended for 10 

minutes at 72 cc and held at 4 °C until samples were retrieved. 

3.1.3.3 Gel electrophoresis 

Agarose gel D A electrophoresis was performed according to the method previously described 

(Saghai-Maroof et al., 1984 ). One time Tris/ Acetate/ EDTA (1 x T AE) buffer was prepared by 

adding 4900ml of distilled water to 100 ml of 50x TAE (375ml of Tris-Cl, 28.55 ml of acetic 

acid, 50 ml of EDT A and 46.45 distilled water) and filled in the electrophoresis tank. Two grams 

of agarose (Fermentas Life Science, Lithuania) was prepared in 98 ml of Ix TAE buffer to give a 

2% solution which was melted in a microwave. The solution was allowed to cool to 60 cc prior 
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to the addition of 3µ1 ethidium bromide (Sigma-Aldrish, ST Louis, MO, USA) and thoroughly 

mixed. The gel was poured into the casting chamber (Bio-Rad laboratories, California, USA) and 

the combs of desired sizes were inserted in such a way that no bubbles were caught under the 

teeth. After the gel was set, the combs were gently removed and the gel was placed in the 

electrophoresis tank. The PCR product (10 µI) was mixed with 6 µI of loading buffer and 16µ1 

slowly loaded into each of the wells in the gel with sterile micro pipette. Care was also taken not 

to cross-contaminate the wells. A 6µ1 of molecular marker (1 kilo base (kb)) DNA ladder 

(Fermentas Life Science, Lithuania) was loaded in the first well and the negative control (water) 

was loaded in the last well of each comb. The chamber was closed and run at 450 V and 70 mA 

for 30 minutes and DNA fragments (Figures 4.1, 4.2 and 4.3) were viewed by removing the gel 

slab from the tray and placing it on a UV transilluminator, the gel photographed with the 

Chemidoc ™ MP imaging system (Bio-Rad Laboratories, California, USA). 

3.1.3.4 Sequencing 
PCR products were purified to remove excess primer using shrimp alkaline phosphatase and E. 

coli exonucleous 1. The purified products were sequenced in both directions (forward and 

reverse) with the primer set FF2 and FRI. Sequencing of the amplified ITS region was 

accomplished using the ABI PRISM® 3700XL automated DNA Sequencer (Applied Biosystems, 

USA) at the Inqaba Biotechnological Industries (Pty) Ltd, Pretoria, South Africa. 

3.1.3.5 Species identification and phylogenetic analysis using DNA sequence of the 
amplified ITS region 
The resulting ITS region chromatograms of forward and reverse sequences of fungal DNA 

obtained in this study were cleaned, combined, analysed and edited using Chromas Lite version 

2.4 software (Technelysium Pty Ltd 2012). Nucleotide sequences were analysed and edited 

using the BioEdit software (Hall, 1999) to form consensus sequences. Sequence BLAST search 

was done and partial nucleotide sequences of the fungal isolates were compared with entries in 

nucleotide database of the CBI web server and used to identify the specific fungi. Sequence 

data were aligned using the software MAFFT version 7 (Katoh, 2013) and phylogenetic analyses 

were conducted using the software MEGA version 6 (Tamura et al., 2013). The MEGA software 

was also used to create the phylogenetic tree (Figure 4.4), using the maximum likelihood (ML) 
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method. Manipulation and tree editing were carried out using Tree View (Page, 1996). Sequences 

generated in this study were submitted to the GenBank for accession numbers. 

3.1.4 Mycotoxin analysis 

3.1.4.1 Thin layer chromatography (TLC) 

The TLC was used to qualitatively screen the mycotoxins using the two dimensional technique 

(Patterson and Roberts, 1979), which involved the use of an aluminium backed 20cm by 20cm 

silica gel TLC plate (Merck, Germany). Twenty millilitres of solvent system (Aflatoxin mobile 

phase: First run-Dichloromethane/Ethyl-acetate/Propan-2-ol (DEP) (90:5:5 v/v/v) and Second 

run-Toluene /Ethyl-acetate/Formic acid (TEF) (6:3:lv/v/v). Ochratoxins mobile phase: First run­

Dichloromethane/Ethyl-acetate/Propan-2-ol (DEP) (90:5 :5 v/v/v). Second run-Toluene /Ethyl­

acetate/Formic acid (TEF) (6:3: 1 v/v/v). Fumonisins mobile phase: First run­

Butanol/Water/Acetic acid (BWA) (12:5:3 v/v/v), Second run- Butanol/Water/Acetic acid 

(BWA) (12:5:3 v/v/v) and derivatizing reagent- Anisaldehyde solution. Zearalenone mobile 

phase: First run-Dichloromethane/ Acetone (DA) (90/10 v/v), Second run­

Dichloromethane/ Acetone (DA) (90/10 v/v) and derivatizing reagent-diazotized benzidine 

(dianisidine) was poured into individual TLC tanks which were properly labeled. Solvent system 

was allowed to equilibrate for at least 15 minutes. Twenty microlitres of the reconstituted 

extracts in amber screw cap vials were spotted unto the origin of the TLC plate in 2µ1 portions, 

drying at each stage with a stream of warm air. Mycotoxin standards (AFs, OTA, FBs and ZEA 

(Sigma-Aldrich South Africa)) were also spotted on the TLC plates and used as references . The 

plates were inserted into the tanks in pairs facing each other with the origin at the bottom left 

hand comer and run ensuring complete saturation at the surface of the plate and avoiding the 

solvent to overrun the top of the plates. Plates were dried and inserted into another mobile phase 

for the second run at right angle to the first run. They were allowed to run and were removed 

after the run and dried with a drier. Plates were viewed under ultra-violet (UV) light, long waves 

(366 nm) and short waves (254 nm) using Spectroline model CM-lOA fluorescence analysis 

cabinet (spectronics corporation Westbury New York, USA) and fluoresced and absorbed spots 

were marked with a pencil. Other mycotoxins were further determined using the recommended 

spraying reagent depending on the mycotoxin of interest and the developed plates viewed under 
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UV light. The distance covered by the compound (DC) was measured from the baseline to the 

spot and RF value for the spot was calculated as follows: 

RF = Distance covered by the compound (DC) x 100 

Distance covered by solvent (DC) 

The retardation factor (RF) values were calculated for both runs resulting in two RF values (RF 1 

and RF 2) per mycotoxin analysed (Dutton, 2004). The RF values of the various spots on TLC 

plates were compared with those of standard mycotoxin to aid in the identification of the 

mycotoxins present. 

3.1.4.2 Immuno-affinity column (IAC) mycotoxin extraction and clean-up 

Aflatoxins were extracted from the sample using Immuno Affinity Column (IAC) according to 

the manufacturer' s instruction manual (Biopharm, SA). In brief, 50g of milled sample was mixed 

with 5g of aCl and 100ml of methanol: water (80:20) in a blender (IKA M20, Merck, 

Germany) and blended at high speed for 2 minutes. The mixture was filtered through Whatrnan 

number 4 filter paper into a clean vessel. A 2ml aliquot of the filtrate was diluted with 14 ml of 

phosphate buffered saline (Ix.PBS) solution (8.0g NaCl, 1.2 g a2HPO4, 0.2 g KH2PO4, 0.2 g 

KCI, dissolved in 990 ml purified water) and pH adjusted to 7.0 with HCI. The diluted filtrate, 

(16 ml) which is equivalent to 1 gram of sample, was passed through the Aflatest™ IAC at a flow 

rate of 2 ml per minute to enable the mycotoxins to be captured by the antibodies present in the 

column. After that, the column was washed with 20ml of lxPBS at a flow rate of 5ml per minute 

in order to remove the unbound material , until air passed through the column. Aflatoxins were 

released from the column following elution with 1 ml of 100% methanol at a flow rate of 1 drop 

per second and 1 ml of water passed through the column and collected in the same vial to give a 

total of 2 ml. The eluate (extracted mycotoxin) was collected in an amber vial , evaporated to 

dryness with stream of nitrogen gas at 50°C and stored at 4 ·c. 

Zearalenone was extracted from the sample using Immuno Affinity Column (IAC) according to 

the the manufacturer's instruction manual (Biopharm, SA). 25g of milled sample was mixed with 

5g of NaCl and 125ml of acetonitrile: water (75: 25 v/v) in a blender and blended at high speed 

for 2 minutes. The mixture was filtered through Whatman number 113 filter paper (Whatman 
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International Ltd, Maidstone England) into a clean vessel. The filtrate , (20 ml) was diluted with 

80 ml of phosphate buffered saline (lxPBS) solution (8.0g NaCl, 1.2 g Na2HPO4, 0.2 g KH2PO4, 

0.2 g KCI, dissolved in 990 ml purified water) . The pH was adjusted to around 7.4 using 2M 

sodium hydroxide. The diluted filtrate, (25 ml) which is equivalent to lg of sample was passed 

through the IAC at a flow rate of 2 ml per minute to enable the mycotoxins to be captured by the 

antibodies present in the column. After that, the column was washed with 20ml of lxPBS at a 

flow rate of 5ml per minute in order to remove the unbound materials, until air passed through 

the column. Zearalenone was released from the column following elution with 1.5 ml of 100% 

acetonitrile at a flow rate of 1 drop per second and 1.5 ml of water passed through the column 

and collected in the same vial to give a total of 3 ml. The eluate (extracted mycotoxin) was 

collected in an amber vial , evaporated to dryness with stream of nitrogen gas at 60°C and stored 

at 4°C. 

Fumonisin was extracted from the sample using Immuno Affinity Column (IAC) according to 

the manufacturer's instruction manual (Biopharm, SA). 25g of milled sample was mixed with 5g 

of NaCl and 125ml of acetonitrile: methanol: water (25:25:50 v/v/v) in a blender and blended at 

high speed for 2 minutes. The mixture was filtered through Whatman number 113 filter paper 

(Whatman International Ltd, Maidstone England) into a clean vessel. A 10 ml aliquot of filtrate 

was diluted with 40 ml of phosphate buffered saline (lxPBS) solution (8.0g NaCl, 1.2 g 

a2HPO4, 0.2 g KH2PO4, 0.2 g KCI, dissolved in 990 ml distilled water) with pH adjusted to 7.0 

with HCI. The diluted extract was filtered through glass microfiber filter paper. A 10 ml of the 

diluted filtrate , which is equivalent to 0.4g of sample was passed through the Fumonitest™ IAC 

at a flow rate of 2 ml per minute to enable the mycotoxins to be captured by the antibodies 

present in the column. After that, the column was washed with 10ml of 1 xPBS at a flow rate of 

5ml per minute in order to remove the unbound materials, until air passed through the column. 

Fumonisins was released from the column following elution with 1.5 ml of 100% methanol at a 

flow rate of 1 drop per second. A 1.5 ml of water was also passed through the column and 

collected in the same vial to give a total of 3 ml. The eluate (extracted mycotoxin) was collected 

in an amber vial , evaporated to dryness with stream of nitrogen gas at 60°C and stored at 4 ·c. 
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3.1.4.3 Solid phase extraction (SPE) 

Solid Phase Extraction (SPE) method was used to extract fumonisins based on the method 

previously described (Shephard et al., 2005). A subsample (25g) of sample was mixed with 50 

ml of methanol: water (3:1) in a volumetric flask and shaken on a shaker for one hour and then 

filtered through Whatman number 113 filter paper into a clean vessel. The pH of the extracts was 

adjusted to 6.0-6.5 and an aliquot of 10ml was passed through the solid phase strong anion 

exchange (SAX) column previously conditioned by washing with 5ml methanol and 5ml 

methanol: water (3 :1; v/v). The flow rate was maintained at 2ml per minute. Each column was 

then washed with 5ml of methanol: water (3 : 1; v/v) followed by 3ml methanol and fumonisin 

eluted at the rate of 1 ml/min with 10ml methanol/ acetic acid (99/1; v/v). Each eluate was 

evaporated to dryness with stream of nitrogen gas at 60°C and stored at 4 °C. 

3.1.4.4 Enzyme linked immunosorbent assay (ELISA) 

Aflatoxin analysis: Two grams of milled sample was weighed into a srew cap glass vial , 

followed by the addition of 10ml of extraction solvent, methanol/water (70/30; v/v). The mixture 

was shaken vigorously using a Stuart® Orbital Shaker (Karlsruhe, Germany), for 10 minutes at 

room temperature (20-25°C). The extract was filtered through a Whatman o.4 filter paper and 

100 µI of filtrate was diluted with 600 µl of distilled water. Sufficient numbers of microtitre 

wells were inserted into the microwell holder with the standard and sample positions recorded. 

Fifty microliter of the standard solutions or prepared samples was added into the wells followed 

by addition of 50 µI of the enzyme conjugate. Fifty microliter of anti-Aflatoxin antibody 

solution was added to each well and mixed gently by shaking the plate manually. The plate was 

incubated for 30 minutes at room temperature (20-25°C) in the dark. The liquid was poured out 

of the wells and the microwell holder was tapped upside down vigorously (three times in a row) 

against absorbent paper to ensure complete removal of liquid from the wells. The wells were 

washed by filling each well with 250 µl of washing buffer and the liquid was again poured out. 

The washing process was repeated two times. Then 100µ1 of chromogen/ substrate was added to 

each well and mixed gently by shaking the plate manually and incubated at room temperature 

(20-25°C) for 15 minutes in the dark. Finally, 100 µI of stop solution was added to each well and 

mixed gently by shaking the plate manually. The absorbance was measured at 450nm 
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wavelength within 30 minutes of addition of stop solution using an automatic micro plate reader, 

Heales Model MB-580, (Wellkang Ltd, London). 

Ochratoxin A analysis: Two grams of milled sample was weighed into a centrifugal screw cap 

vial, followed by the addition of 5ml of 1 N hydrochloric acid (HCl) and shaken for 5 minutes 

using a horizontal shaker Edmund Buhler SM30 control, (Hechingen, Germany). 10ml of 

dichloromethane (DCM) (CH2Ch) was also added and shaken vigorously for 15 minutes making 

sure that the vials lie in a horizontal position while shaking. Thereafter, the vials were 

centrifuged at 3500g and l 5°C for 15 minutes. Then, the upper aqueous layer was completely 

removed up to the sample cake and discarded. The entire DCM layer was filtered using a filter 

paper to separate the sample cake and the filtrate was collected in a new centrifugal screw cap 

vial. An equivalent volume of 0.13M Sodium hydrogen carbonate buffer (NaHCO3) was added 

to the filtrate and shaken vigorously for 15 minutes. The mixture was further centrifuged for 15 

minutes at 3500g andl5°C and 100 µl. The upper aqueous phase was diluted with 400 µI of 

0.13M sodium hydrogen carbonate buffer. Sufficient numbers of microtitre wells were inserted 

into the microwell holder with the standard and sample positions recorded. Fifty microlitres of 

the standard solutions or prepared samples was added into the wells followed by the addition of 

50 µI of the diluted enzyme conjugate. The content was mixed gently by shaking the plate 

manually and incubated for 30 minutes at room temperature (20-25°C) in the dark. Thereafter, 

the liquid was poured out of the wells and the microwell holder tapped upside down vigorously 

(three times in a row) against absorbent paper to ensure complete removal of liquid from the 

wells. The wells were washed by filling each of them with 250 µI of washing buffer and the 

liquid was again poured out. The washing process was repeated two times. Then 100µ1 of 

chromogen/substrate was added to each well and mixed gently by shaking the plate manually and 

incubated at room temperature (20-25°C) for 15 minutes in the dark. Finally, 100 µI of stop 

solution was added to each well and mixed gently by shaking the plate manually. The absorbance 

was read at 450nm wavelength within 30 minutes of the addition of stop solution using an 

automatic micro plate reader (Heales Model MB-580, (Wellkang Ltd, London). The detection 

limit is 1.25ppb. 

Zearalenone analysis: Five grams of milled sample was weighed into a suitable container, 

followed by the addition of 25ml of methanol/water (70/30; v/v) and shaken vigorously for 3 
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minutes using a Stuart® Orbital Shaker (Karlsruhe, Germany). The extract was filtered with 

Whatman o.1 filter paper and the filtrate diluted in the ratio of 1 :7 with sample dilution buffer 

(buffer 1) ( contained in the kit). Sufficient numbers of microtitre wells were inserted into the 

microwell holder with the standard and sample positions recorded. Fifty microliter of the 

standard solutions or prepared samples was added into the wells followed by addition of 50 µI of 

the diluted enzyme conjugate. The content was mixed gently by shaking the plate manually and 

incubated for 2 hours at room temperature (20-25°C) in the dark. Thereafter, the liquid was 

poured out of the wells and the microwell holder tapped upside down vigorously (three times in a 

row) against absorbent paper to ensure complete removal of liquid from the wells. The wells 

were washed by filling each of them with 250 µI of distilled water and the liquid was again 

poured out. The washing process was repeated two times. Then 50µ1 of chromogen and 50µ1 of 

substrate was added to each well and mixed gently by shaking the plate manually and incubated 

at room temperature (20-25°C) for 30 minutes in the dark. Finally, 100 µI of stop solution was 

added to each well and mixed gently by shaking the plate manually. The absorbance was read at 

450nm wavelength within 30 minutes of addition of stop solution using an automatic micro plate 

reader (Beales Model MB-580, (Wellkang Ltd, London)). 

3.1.4.5 High Performance Liquid Chromatography (HPLC) 

Analysis on HPLC was performed to determine the exact concentrations of the extracted 

mycotoxins according to the method previously described (Mwanza, 2011) with modifications. 

The Shimadzu Prominence UFLC Liquid chromatography system (Kyoto, Japan) was used for 

the HPLC determination. It consists of a Liquid Chromatography, LC-20AD which is fitted to a 

degasser, DGU 20AsR, auto sampler (injection) SIL 20A, communication bus module CBM 20A, 

column oven CTO 20A, photodiode array detector SPD M20A and fluorescent detector RF 20A 

XL, connected to a gigabyte computer with Intel Core DUO and Microsoft XP operating system. 

The analytes that fluorescence were detected at specific excitation and emission wavelengths 

also referred to as the compound's fluorescence signature. Table 3 .1 presents a detailed analysis 

of the methods used to detect the mycotoxin by HPLC. Extracts from IAC and ELISA were 

dissolved in 500µ1 of HPLC grade acetonitrile. The extracts for fumonisin B analysis were 

dissolved in 500µ1 of HPLC grade methanol according to the method described by shepherd et 

al. (2005) and an aliquot (25µ1) was derivatised with (250µ1) of o-phthaldialdehyde solution 
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(Sigma). The derivatised sample was injected into the HPLC system within minutes due to the 

instability of OPA. The derivatised analogues became highly unstable within a short time and 

rapidly broke down into non-fluorescent substances. 

Samples were run at a flow-rate of 1ml per minute (min-1
) retention times. Aflatoxin analysis 

involves the coupling to the detector a coring cell (CoBrA cell) (Dr Weber Consulting, 

Germany) as an electrochemical cell for the derivatisation of aflatoxins. An analysis of 

Ochratoxin A and Zearalenone was done according to the method previously prescribed, with 

some modifications (Abdulkadar et al. , 2004, Njobeh et al. , 2009). The different mobile phases 

for mycotoxins are as follows: Aflatoxins mobile phase - Methanol/Acetonitrile/Water 

(20/20/60, v/v/v) containing 119 mg of potassium bromide (K.Br) and 350ul of nitric acid 

(4MHNO3). Ochratoxin A mobile phase-Acetonitrile/Water/Acetic acid (90/18/02, v/v/v). 

Fumonisins mobile phase- Methanol/sodium dihydrogen phosphate (80/20, v/v) and Zearalenone 

mobile phase-Acetonitrile/Water (15/55, v/v). 

Table 3.1: Methods used to detect mycotoxins (AFs, FBs, OTA and ZEA) on HPLC 

Mycotoxins analyzed Aflatoxins Fumonisins Ochratoxin A Zearalenone 

Extraction methods IAC, ELISA IAC, SAX ELISA IAC, ELISA 

Sample amount 50g/100ml, 2g/10ml 25g/125ml, 2g/15ml 25g/125ml, 5g/25ml 
25g/50ml 

Extract for 500µ1 250µ1 OPA and 50µ1 500µ1 500µ1 
autosampling extract 

Standards 1.25, 2.5,5.0 ng/ml 10,20,40 ng/ml 10,20,40ng/ml 5, 10,20 µg/ml 
concentrations 

Injection volume 20 µI 20 µI 20 µI 20 µI 

Flow rate 0.8ml/min lml/min lml/min lml/min 

HPLC detector Fluorescent Fluorescent Fluorescent Fluorescent 

Excitation/emission 365nm/440nm 335nm/440nm 336nm/465nm 274nm/418nm 
wavelength 
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3.1.5 Recovery analysis 

In order to confirm the effectiveness of the methods used for the extraction of mycotoxins, 

recovery analysis was carried out. Negative maize samples or samples with known concentration 

of mycotoxins were spiked in triplicates with different concentrations (5, 10 and 20 ng/g) of 

mycotoxins standards (AFs, FBs, OTA and ZEA), mixed thoroughly and extracted with the 

Immuno Affinity, the SAX columns, ELISA and HPLC following the methods described above. 

% Recovery =Amount recovered /Amount spiked x 100 

3.1.6 Statistical analysis 

Microsoft Excel software version 2010 was used to carry out descriptive statistics in order to 

determine the frequency, means, standard deviation and significant differences among the two 

groups of samples 
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CHAPTER FOUR 

RESULTS 

4.1 Fungal contamination 
The mycological investigation into 100 commercial and small-scale maize samples collected 

from the North West Province of South Africa revealed that a wide variety of fungi contaminated 

the maize samples. It also showed that most of the samples were contaminated with at least one 

fungal species, whereas co-contamination with different fungi occurred in most of the samples. 

Table 4.1 showed that the predominant fungal contaminants in the samples were Fusarium 

(82%), Penicillium, (63%) and Aspergillus species (33%) compared to other genera. Fusarium 

occurred in 90% and 74% of small scale and commercial samples respectively while Penicillium 

occurred in small scale and commercial samples at an incidence rate of 64% and 62% 

respectively. The second major fungal genera isolated was the Penicillium genera with P. 

digitatum, P. chrysogenum P. decumbens P. griseofulvin P. citrinium P. viridicatum P. 

nalgiovince being the most predominant in maize collected from both commercial and small 

scale farmers. Out of the Aspergillus species, 36% and 30% occurred respectively in small scale 

and commercial samples. However, among the species, Fusarium verticilloides had the highest 

incidence of 70% and 76% in commercial and small-scale maize respectively, while P. digitatum 

has 56% total incidence. Aspergillus fumigatus (27%) was also the most dominant of these 

genera. Finally among fungal genera isolated Alternaria and Cladosporium spp. were also 

isolated and identified although occurring at a lower incidence level of 30%, 32% and 16%, 20% 

in small-scale and commercial maize respectively. 
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Table 4.1: Fungal species isolated from maize grains in the North West Province of South Africa 

Dominant Spp Commercial Small-scale 
% incidence Cfu/g % incidence Cfu/g 

F. verticilloides 70 1.1 X 106 76 1.2 X 106 

F. oxysporum 54 3.3 X 104 60 1.2 xl05 

F. graminearum 12 1.1 X 102 18 1.0 X 102 

F. equiseti 16 1.5 X 103 18 1.0 X 103 

F. culmorum 7 1.3 X 103 15 1.5 X 102 

F. solani 4 1.3x10 1 10 1.4 X 102 

F. poae nd nd 4 1.2 x 10 1 

F. spp 4 1.1 x 101 9 1.0 X 102 

P. digitatum 32 } .4 X 102 40 1.5 X } 02 

P. chrysogenum 30 1.3 X 103 36 1. 1 X 103 

P. spp 6 1.3 X 102 10 1.3 X 10 1 

P. decumbens 20 1.5 x 10 1 18 1.3 X 103 
P. griseofulvin 8 0.9 X 102 nd nd 
P. citrinium nd nd 10 1.3 X 102 

P. viridicatum 22 1.0 X 102 12 1.5 x 10 1 

P. nalgiovince 2 1.3 X 101 4 0.9 X 102 

Afumigatus 20 1.5 X 104 22 1.0 X 103 

A.candidus 10 0.9 X 104 16 1.2 X 104 

Ajlavus 8 3.1 X } 02 12 1.5 X 102 

A.ochracious 6 1.0 X 103 10 1.3 X 101 

A. vesicolor nd nd 6 1.3 X 102 

A.spp 4 2.3 x 10 1 10 1.4 x102 

A.niger 4 0.4 X 104 6 1.3 X 102 

Alt. alternata 20 1.1 X 102 18 1.3 x103 

Alt. spp 10 1.5 X 102 14 1.5 X 103 

Cladosporium 16 1.3 X 10 1 20 0.9 X 104 
Others 20 l.4x 102 24 1.0 X 102 

Cfu/g- colony forming unit per gram, nd - not detected, P - Penicillium, F - Fusarium, A -

Aspergillus, Alt - Alternaria 

4.2 Molecular analysis 

Results of the gel electrophoresis are presented in Figures 4.1 to 4.3 while the phylogenetic tree 

of the fungal isolates is presented in Figure 4.4. The sequence comparison of fungal isolates 

showed 89-100% identification similarities with reference species from the GenBank database. 

As shown on the phylogenetic tree, the fungal isolates with the code TF are closely related with 

reference species from the NCBI database. 
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Figure 4.1: Agarose Gel electrophoresis showing DNA bands of isolated fungal species (1-15). 
M= 1kb DNA marker, C= negative control and lanes 1-15= PCR amplification of isolates 

M 16 17 18 19 20 21 22 23 24 25 26 27 28 

Figure 4.2: Agarose Gel electrophoresis showing DNA bands of isolated fungal species (16-31). 
M= lkb D A marker, C= negative control and lanes 16-31= PCR amplification of isolates 
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Figure 4.3: Agarose Gel electrophoresis showing DNA bands of isolated fungal species (32-4 7). 
M-lkb DNA marker, C- negative control and lanes 32-47= PCR amplification of isolates 
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Figure 4.4: Phylogenetic tree of the isolated fungal species. The scale bar indicates 0.01 substitutions per 
nucleotide position. 



4.3 Mycotoxin contamination 

4.3.1 Determination of mycotoxins using thin layer chromatography (TLC) 
Thin layer chromatography (TLC) was performed as a qualitative screening method to determine 

the presence of mycotoxins in maize samples prior to analysis by advanced instrumentation 

(HPLC). Results obtained for TLC analysis (Figure 4.5-4.7) demonstrate the occurrence of 

Fumonisin B1 (FB1) and Ochratoxin A (OTA), whereas aflatoxins in the sample extracts did not 

show on TLC plates probably due to low concentration. Zearalenone (ZEA) was not screened for 

due to lack of suitable reagents. 

Figure 4.5: Thin Layer Chromatography plate showing Aflatoxin (B1, B2, G1 and G2) standards 
under U.V at 5µg/ml. 
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A B 

Figure 4.6: Thin Layer Chromatograpgy plates showing OTA standard (A) at 5µg/ml and OTA 

positive sample (B) under U.V 

A 

Figure 4.7: Thin Layer Chromatography plates showing Fumonisin B1 standard (A) at l0µg/ml 
and Fumonisin B1 positive samples (B) 
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4.3.2 Mycotoxin determination using HPLC and ELISA 

The most contaminant mycotoxin in small-scale and commercial maize samples was FB1 with 

an incidence rate of 100% and 98.6% respectively. Fumonisin B1 and FB2 were obtained on 

HPLC at retention time of 5.9 and 11.4 minutes respectively. See appendix II for the retention 

time of standards and the maize sample. Their respective calibration curves are also shown in 

appendix II (7) for FB 1 and (8) for FB2 standard represented. In the case of aflatoxins, AFB I had 

an incidence rate of 38% and 37% and ranged from 0.1-4.96 and 0.4-4.80 µg/kg in small-scale 

and commercial maize samples respectively. Aflatoxins were obtained on HPLC at retention 

times of 14.2; 10.9; 9.4 and 7.6 min in order for AFB1:AFB2:AFG1 and AFG2 standards and in 

sample. The calibration curves (3, 4, 5, and 6) of each aflatoxin standard were obtained with R2 

2: 0.95, (appendix II). Aflatoxins appeared to be the most important contaminants in both 

samples with incidences of 26. 7% in small scale samples and 25 % in commercial samples with 

mean concentrations of 4.63 µg/kg in small scale samples and 4.10 µg/kg in commercial 

samples. The levels of AFs were varyied between 0.080-9.34 µg/kg and 0.32-8.60 µg/kg in small 

scale and commercial samples respectively (Table 4.2 and Table 4.3). 

Furthermore, OTA had a high incidence rate of 97.8% and 93.0% and ranged from 3.6-19.44 and 

1.6-9.88 µg/kg respectively in small-scale and commercial maize samples. Ochratoxin A was 

detected on HPLC at 11.4 min in both standards and samples and contamination levels ranged 

between 3.6-19.44 µg/kg and 1.6-9.89 µg/kg respectively in small scale and commercial 

samples. Zearalenone occurred in 55% and 50% of small-scale and commercial maize samples 

and mean concentrations were of 39.2 and 17.5 µg/kg respectively in small-scale and 

commercial maize samples. Sample contamination levels ranged between 0.2-51.3 µg/kg and 

0.1-36.8 µg/kg for ZEA respectively in small-scale and commercial maize samples. A summary . 

of the results is presented in Tables 4.2 and 4.3. Chromatograms of the different mycotoxin 

standards and positive samples with the retention times are shown in appendix II. 
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Mycotoxin analyses with the ELISA method, showed aflatoxins to have an incidence rate of 41.6 

and 26.l % for small-scale and commercial maize samples respectively. Ochratoxin A and ZEA 

occurred at 100, 100, 77 and 59.5% for small-scale and commercial maize samples respectively. 

Table 4.2: Mycotoxin contamination of small-scale South African maize by High Performance 

Liquid Chromatography (HPLC) method 

Mycotoxins Positive% Range (µg/kg) Mean (µg/kg) 
FB1 100 28.8-1566. 7 672.5 (±9.103) 
FB2 39.8 12.4-239.0 186.4(±1.031) 
FBs 79.5 12.4-1652.9 906.2(±20.23) 
AFB1 38 .0 0.10-4.96 3.766(±0.321) 
AFB2 23 .0 0.009-4.92 3.062(±0.025) 
AFO1 20.5 0.007-1.94 0.16(±0.014) 
AFO2 19.4 0.002-1.78 0.35(±0.035) 
AFs 26.7 0.080-9.34 4.63(±0.251) 
ZEA 55 .5 0.2-51.30 39.2(±0.045) 
OTA 97.8 3.6-19.44 8.6(±0.132) 

Fumonisin B1, FB2- Fumonisin B2, FBs- total Fumonisin, AFB1- Aflatoxin B1 , AFB2-

Aflatoxin B2, AFO1- Aflatoxin 01 , AFO2- Aflatoxin 0 2, AFs- total Aflatoxin, ZEA­

Zearalenone, OT A-Ochratoxin A. 
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Table 4.3: Mycotoxin contamination in commercial maize samples as determined by High 

Performance Liquid Chromatography (HPLC) 

Mycotoxins Positive¾ Range (µg/kg) Mean (µg/kg) 
FB1 98.6 4.8-1354.2 535.6(±9.103) 
FB2 37.9 4.2-136.0 120.0(±1.031) 
FBs 70.5 4.2-1401.0 703.1(±20.23) 
AFB1 37.0 0.4-4.8 3.57(±0.045) 
AFB2 23.0 0.16-4.2 2.95(±0.025) 
AFG1 22.7 0.12-1.90 0.16(±0.025) 
AFG2 15.5 0.08-1.4 0.34(±0.045) 
AFs 25 .0 0.32-8.6 4.10(±0.251) 
ZEA 50.0 0.1-36.8 17.5(±0.045) 
OTA 93.0 1.6-9.89 5.3(±0.142) 

Fumonisin B1 , FB2-Fumonisin B2, FBs-total Fumonisin, AFB1-Aflatoxin B1, AFB2-

Aflatoxin B2, AFG1-Aflatoxin G1, AFG2-Aflatoxin G2, AFs-total Aflatoxin, ZEA­

Zearalenone, OT A-Ochratoxin A. 

Table 4.4: Mycotoxin contamination in small-scale and commercial maize samples as 

determined by ELISA 

Mycotoxin 
AFs (ss) 
AFs (c) 
ZEA (ss) 
ZEA (c) 
OTA (ss) 
OTA (c) 

Positive% 
45.1 
41.6 
79.5 
77.0 
100.0 
100.0 

Range(ppb) 
0.00-9.27 
0.00-5.51 
1.07-48.0 
0.74-38.0 
1.05-23.2 
0.02-11.5 

Mean(ppb) 
2.56(±0.15) 
0.59(±0.08) 
41.0(±1.06) 
18.73(±2.13) 
12.8(±2.07) 
5.9(± 1.05) 

AFs- total Aflatoxin, ZEA- Zearalenone, OTA-Ochratoxin A, ss- small -scale, c­

commercial. 
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Table 4.5: Occurrence of Fumonisins in maize samples using different analytical methods 

Analytical method Positive% Range (ppb) 

FBs (ss) SAX 100 18.3-2040 

FBs (c) SAX 100 13.5-1620 

FBs (ss) IAC 100 12.4-1652 

FBs (c) IAC 92 4.2-1401 

FBs- total Fumonisin, ss- small-scale, c- commercial 

4.2.3 Method validation in terms of linearity 

Mean (ppb) 

1056(±20.23) 

901(±14.35) 

906(±9.03) 

703(±3.35) 

Linearity was determined by injecting mycotoxin standards at three different concentrations into 

the HPLC column. Calibration curves between the different concentrations and correlation 

coefficient (R2
) were used to evaluate the linearity of the HPLC method. See appendix II for the 

calibration curves of different mycotoxin standards. The results showed good linearity with R2 

values ranging from 0.9935-0.9999 for the different mycotoxin standards. In terms of the 

recovery rates, the mean % recovery ranged from 80-98%. 
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Table 4.6: Mean recoveries obtained from maize samples spiked with mycotoxin standards 

on High Performance Liquid Chromatography (HPLC) 

Mycotoxin standard S~iked Cone. {!!gig} Mean amount recovered {l:!g} % Recovery 

Aflatoxin B 1 50/25 42±1.3 84 

Aflatoxin B2 50/25 47±3.5 94 

Aflatoxin 01 50/25 49 ±2.8 98 

Aflatoxin 02 50/25 40±3.7 80 

Fumonisin B 1 50/25 49 ± 1.2 98 

Fumonisin B2 50/25 43± 2.5 86 

Ochratoxin A 50/25 47± 1.6 94 

Zearalenone 50/25 45± 1.5 90 

Mean of three determinations 
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CHAPTER FIVE 

GENERAL DISCUSSION 

5.1 Fungal contamination 

Agriculture is affected by the main climatic factors (temperature, precipitation, drought, and 

atmospheric carbon dioxide) that are slowly but surely significantly affecting the quality of 

grains produced. This might also explain the presence of these fungi in the analysed maize. A 

number of agricultural entities could be affected by these climatic factors , including soil quality, 

crop yields, and the biological environment of crops such as the abundance of pests and plant 

pathogens. Mycotoxins are among the food-borne risks that are dependent upon climatic 

conditions. Indeed, the ability of fungi to produce mycotoxins is largely influenced by 

temperature, relative humidity, insect attack, and stress conditions of the plants (Miraglia et al. , 

2009). Hence the need to continuously monitor the quality of grains to assess possible climatic 

effects and be able to take measures before any outbreak. Several genera and species of 

filamentous fungi produce mycotoxins that have significant agricultural , epidemiological and 

economic and health impacts. 

Mycological analysis of the maize grains from orth West province of South Africa revealed 

that various field and storage fungi are associated with both small-scale and commercial maize 

grains. In addition, the analysis also showed contamination, predominantly by the three major 

toxigenic fungi, Fusarium (82%) Penicillium (63%) and Aspergillus spp. (33%). The findings are 

in line with other studies done in South Africa (Shabangu, 2009, Chilaka et al. , 2012a, Phoku et 

al. , 2012) and elsewhere (Pacin et al. , 2002, Saleemi et al., 2012, Mwanza et al. , 2013, Mohale et 

al., 2013, Egbuta et al., 2015) on maize that the three genera were the most common 

contaminants of maize. It was also reported that they are the major fungal genera commonly 

encountered in maize producing regions (Navi et al. , 2005). However, Aspergillus and 

Penicillium spp., usually co-infect maize grains with Fusarium spp. (Bush et al. , 2004). 

Futhermore, in a study conducted by (Dawlal , 2010), he reported the predominance of Fusarium 

and Penicillium species in South African maize cultivars. atural contamination by fumonisin­

producing Fusarium species was also reported in maize from the North West province of South 
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Africa (Janse van Rensburg, 2012). It was also reported that Penicillium spp. are the most 

abundant genus after Fusarium spp. in com in Spain (Jimenez et al., 1984). Dutton and Kinsey 

(1995) also reported Aspergillus spp. at lower occurrence when compared to Penicillium spp. 

and Fusarium spp. in maize. In addition, Dutton and Kinsey (1995) also reported the occurrence 

of Aspergillus spp. at lower occurrences when compared to Penicillium species and Fusarium 

spp. in maize. 

Among the species, Fusarium verticilloides reported the highest incidence in the maize grains. 

This agrees with previous reports that Fusarium verticillioides is the dominant fungal species in 

South African maize (Marasas, 2001 , Ncube et al. , 2011, Chilaka et al. , 2012a) and maize from 

other parts of Africa and the world (van der Westhuizen et al. , 2003 , Desjardins, 2006, Adetunji 

et al. , 2014, Egbuta et al. , 2015). The predominance of Fusarium verticilloides is generally 

associated with warm, dry climates (Shephard et al. , 1996, Fandohan et al. , 2003 , Ncube et al. , 

2011) as is the case in North West province of South Africa characterised by temperatures 

ranging from l 7°C to 31 °C in the summer and from 3 °C to 21 ° C in the winter. Annual rainfall 

totaled about 360 mm with most all of it falling during the summer months, (October and April). 

However, some areas of the North West province such as Mafikeng, Vryburg in South Africa 

receive less rain fall which explains the low colony counts of fungi in the maize grains. 

The contamination of maize grains from both small scale and commercial farms by Fusarium 

spp. may be due to the late harvesting method used in rural areas. The Fusarium genus is one of 

the major genera producing toxins such as fumonisins and trichothecenes (Pitt and Hocking, 

1997). Most Fusarium spp. are plant pathogens and invade plant tissues and developing seeds in 

the fields (Mills, 1989, Pitt and Hocking, 1997), however, some are able to persist in harvested 

and stored grains and grow in storage when moisture content become favourable (Mills, 1989). 

This may explain their presence in these analysed samples from both areas by late harvesting and 

improper storage. Dutton and Kinsey (1995), Bezuidenhout et al (1988) and Marasas et al (1988) 

also obtained similar results and reported that fungi of the genera of Fusarium, Aspergillus and 

Penicillium spp. were isolated from agricultural commodities and animal feeds (Dutton and 

Kinsey, 1995, Bezuidenhout et al., 1988, Marasas et al., 1988). 
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The presence of Aspergillus in samples obtained from small scale and commercial farms might 

be explained by the fact that in commercial farms usually large volume of grain are produced and 

stored in conditions which are suitable for fungal growth, such as interactions between 0 2 and 

CO2 concentrations and moisture content (Tuite et al., 1985, Pitt and Hocking, 1997, Magan et 

al., 2003) and that small scale farmers do not have proper storage facilities to store properly their 

grains. This favours humidity, fluctuating temperature (very hot during the day and very low at 

night) which favour the growth of these fungi . Aspergillus spp. are also know to be storage fungi 

(Yiannikouris and Jouany, 2002, Pitt and Hocking, 1997, Klich, 2002) and they are found in 

com, maize, cereals, peanuts, cotton seed and oilseed products (Yiannikouris and Jouany, 2002, 

Klich, 2002, Dutton et al., 2013). 

The presence of Penicillim spp in the maize grains might be due to favourable environmental 

conditions for their growth. It is known that Penicillim spp. grow well between 0-30°C and have 

been found to produce Ochratoxin A (Pitt and Hocking, 1997). The differences in colony counts 

and fungal contamination of small-scale and commercial maize grains may be due to two major 

factors. Firstly by early (high moisture content in crops) or late (enough to favour fungal 

contamination) harvesting of crops in rural areas and the lack or poor storage facilities 

characterized by poor ventilation, high temperatures and humidity (Magan et al., 2003). Early 

harvesting, to avoid scavenging animals and robbers to spoil and remove crops, results in crops 

with high moisture content which will take longer to dry and make them prone to fungal 

contamination both by saprophytes such as Aspergillus spp. and pathogens such as Fusarium 

spp. (Sweeney and Dobson, 1998, Pitt and Hocking, 1997). 

Alternaria spp. are known to cause opportunistic human infections. It was reported that the most 

frequent clinical manifestations of contamination by Alternaria spp. are cutaneous and 

subcutaneous infections such as occulomycosis invasive and non-invasive rhinosinusitis and 

onychomycosis (Pastor and Guarro, 2008). In addition, immunosuppression is frequently 

associated with cutaneous and subcutaneous infections and rhinosinusitis. 

Fungal growth of F. verticillioides suppresses relatively F. graminearum and F. subglutinans 

(Rheeder et al. , 1990a, Reid et al., 1999). This explains the low percentage incidence of F. 

graminearum of 18 and 20% in commercial and small-scale maize respectively. Studies have 
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also reported that maize samples with a high incidence of F. verticillioides are less likely to be 

infested with A.flavus and have been shown to be negatively associated with other fungal species 

(Rheeder et al., 1990a). This could also explain the low incidence of A.flavus and some other 

fungal isolates as reported in this study. 

Small-scale maize was mainly contaminated probably due to poor drying methods or lack of 

proper storage facilities, improper handling conditions, among other factors while the major 

cause of infection in commercial maize is mostly due to elevated temperatures in storage 

facilities , during transportation as well as high moisture during transportation (Mwanza, 2007). 

Generally, factors such as early harvesting usually result in crops with high moisture contents. 

This will take longer to dry making the crops prone to contamination with storage fungi such as 

Penicillium and Aspergillus species. While late harvesting usually favours the growth of field 

fungi such as Fusarium species some are able to persist and grow during storage when moisture 

content becomes favourable (Pitt and Hocking, 1997, Mwanza et al. , 2009). 

However, the level of fungal contamination does not always correlate with the level of 

mycotoxin present but indicates the risk involved. Low levels of fungi normally indicate a 

relatively low level of mycotoxin but high contamination only increases the possibility of 

mycotoxin to be present, whether at low or high levels (Dawlal, 2010). 

5.2 Mycotoxins occurence 

Mycotoxin exposure to young children of whom cereal grains including maize may represent an 

important component of their weaning diet is of particular concern. Aflatoxin contamination, for 

example represents a serious health concern and is known to suppress immune system, cause 

teratogenic, mutagenic and carcinogenic effects to humans (Bhat and Vasanthi, 2003). Positive 

correlation between aflatoxin content of food grains and occurrence of liver enlargement in 

children has been observed (Basappa, 2009). Aflatoxins have been linked to reduction in the 

average birth weight of the offsprings who were exposed prenatally, and also causes decreased 

vitamin A and the assimilation of other nutrients (Cardwell, 1999). The chronic incidence of 

aflatoxin in diets is evident from the presence of Aflatoxin M, in human breast milk in Ghana, 

Nigeria, Sierra Leone and Sudan (Jiang et al. , 2005), as well as in umbilical cord blood samples 

in Ghana, Kenya, Nigeria and Sierra Leone (Turner, 2013). Epidemiological studies have shown 
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a strong connection between exposure to aflatoxins and primary liver cancer (Bhat and Vasanthi, 

2003). 

The susceptibility of maize to fungi contamination is well documented (Marasas, 2001, Muthomi 

et al., 2009). Fumonisin B1 was the most predominant mycotoxins in the maize samples. The 

result is in agreement with the one obtained in the mycological analysis, in which, Fusarium 

verticilloides were found in high contamination in the same analysed samples. Fusarium 

verticilloides is one of the known, prolific fumonisin producing Fusarium spp. (Shephard et al. , 

1996). The occurrence of Fumonisins (FBs) has been positively correlated with Fusarium spp. 

contamination of maize produced by subsistence farmers in South Africa (Waalwijk et al. , 

2008a). Jansen van Rensburg (2012) also reported that Fusarium spp. is a common contaminant 

in South African commercial maize, especially in areas such as the North West province. 

According to Frisvad et al. , (2007), FBs in particular FB2 have now been shown to be produced 

by Aspergillus niger, though closely related compounds are produced by Alternaria spp. 

(Desjardins, 2006). Not all the Fusarium species have the ability to produce Fumonisin, Fumonisin 

producing ability seems to be lacking from the F. solani spp. complex and from all the trichothecene 

producing Fusarium species (Desjardins, 2006). Contamination of maize by Fumonisins was 

considered an important risk factor in human oesophageal cancer in the former Transkei region 

of South Africa and Santa Catarina State, Brazil (Peraica et al., 1999, Bennett and Klich, 2003). 

Fumonisin BI has also been implicated in the development of neural tube defects in babies of 

mothers consuming fumonisin-contaminated maize, especially in certain regions of South Africa, 

China and Italy (Bhat and Vasanthi, 2003, Marasas et al. , 2004). 

Besides fumonisins contamination in maize samples, aflatoxins are the other major mycotoxins 

that contaminated maize. Aflatoxin exposure in children is also associated with child stunting 

and child neurological impairment (Turner et al., 2007). A study in Benin and Togo investigated 

aflatoxin exposure in children and showed that exposure to this toxic contaminant increases 

markedly after weaning and was associated with reduced growth (Gong et al. , 2003, Gong et al., 

2004, Turner, 2013). Studies have shown significant correlations between aflatoxin exposure and 

suppression of the immune system (Turner et al. , 2003, Jiang et al., 2005), which may likely 

increase susceptibility to infections and may cause failure of immunizations. Aflatoxins have 
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been identified as a risk factor in neonatal jaundice (NNJ), although recent epidemiological 

studies have shown inconclusive evidence of the association between NNJ and exposure to 

aflatoxins (Gala! et al., 2006). Its low occurrence in this study can be linked to the low incidence 

of Aspergillus flavus which is known to produce aflatoxins. Other Aspergillus specie such as 

Aspergillus parasiticus were also reported to produce, both B and G aflatoxins (Pitt and 

Hocking, 1997, Klich, 2002). The low incidence and absence of Aspergillus flavus and 

Aspergillus parasiticus respectively as recorded in this study, agrees with the study conducted by 

Shepherd (2005) who reported that Aspergillus flavus and Aspergillus parasiticus only occur 

rarely in both commercial and small-scale maize in South Africa and are not fungal pathogens 

under local conditions. He further concluded that although South African maize is virtually free 

from af!atoxin contamination, improper harvest and storage practices can give rise to fungal 

growth (Shephard, 2005). On the other hand, Ncube (2008) reported high levels of total aflatoxin 

in the Limpopo Province of South Africa. Therefore, the potential threat of aflatoxin 

contamination in maize infected with Aspergillus spp. should not be underestimated. 

Sample contamination levels ranged between 0.2-51.3 µg/kg and 0.1-36.8 µg/kg for ZEA 

respectively in small-scale and commercial maize samples. These values fall below the ZEA 

acceptable limits of 100 µg/kg in maize for human consumption (EU, 2007). The detection of 

ZEA in both small-scale and commercial maize samples can also be explained and or justified by 

the contamination of the same samples with F. graminearum. The organism is considered as an 

important producer of ZEA in maize and other cereals (Pitt and Hocking, 1997, Shephard et al., 

2000). Fusarium. oxysporum has also been reported as a potential producer of ZEA and FBs 

(Marasas, 1984 ). Zearalenone contamination of maize samples agrees with other reports of 

zearalenone contamination of food commodities (CAST, 2003, Richard, 2007). Zearalenone is 

known to be produced in relatively cool conditions compared to other mycotoxins, but it is likely 

that most grains can become contaminated with ZEA during storage and levels that were present 

in the grain before harvest may increase if the grain is not sufficiently dried and stored (Krska et 

al., 2012). In this study, it was observed that there was a higher incidence of Fusarium 

oxysporum, than F. graminearum, in the small-scale and commercial maize respectively. This 

result is in line with the study conducted by Chilaka et al., (2012a). In their study of South 

African commercial maize, they also recorded higher incidence of F. oxysporum than F. 

graminearum. Zearalenone occurrence in foods are generally low as observed in many studies 
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reviewed by Placinta et al. , (1999), but its significance is in its estrogenic potential to mammals. 

This corroborates the report found in this study as ZEA occurred in low concentrations in the 

samples. 

Ochratoxin A levels ranged between 3.6-19.44 µg/kg and 1.6-9.89 µg/kg respectively in small 

scale and commercial samples. The levels of OTA detected in this study were within the 

tolerated limits laid down by countries, range of 3-50 µg/kg for human consumption (F AO, 

2004). The presence of OTA in the maize grains could be associated with the presence of 

Aspergillus Ochracious which is a known producer of OT A (Klich, 2002). Other fungal species 

such as Aspergillus niger and Penicillium viridicatum have also been reported to produce OTA 

(Bayman and Baker, 2006, Juan et al. , 2008). Furthermore, only few African countries have 

reported the occurrence of OTA in maize, although its incidence in other agricultural 

commodities such as rice, peanut, raisins, cocoa seeds have been reported. In this study, a high 

incidence of OTA in the maize samples was observed which agrees with the study conducted by 

Sangare-Tigori et al., (2006a). In their study on maize from Cote d ' Ivoire, they reported the 

occurrence of OTA in 100% of maize grains . Conversely, low incidence, 45% of maize samples 

from DR Congo was reported to be contaminated with OTA (Mwanza et al. , 2013). However, in 

South Africa, several studies have demonstrated the occurrence of this toxin in various products. 

Occurrence of OT A in agricultural commodities is of health concern as toxicological reports 

have indicated that it is nephrotoxic, carcinogenic, teratogenic, hepatotoxic and immunotoxic 

(Bennett and Klich, 2003). Ochratoxin A has also been shown to contaminate human milk and 

thus can cause kidney disorders in breast-fed infants. The kidney is the primary target organ for 

OTA toxicity but can also damage the liver at sufficiently high concentration (Richard, 2007). 

The results revealed that the methods (ELISA and HPLC) used to assess mycotoxin levels in 

maize samples were validated and found to be sensitive for the mycotoxins analysed. However, 

the HPLC method was more specific for mycotoxin detection than the ELISA method. When 

comparing the HPLC results and those of ELISA, the percentage occurrences of different 

mycotoxins recorded in the maize samples were found to be lower than the percentages recorded 

using the ELISA method. This revealed the sensitivity of the HPLC analytical method over the 

ELISA method. 
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In this study, some of the samples showed higher concentrations on ELISA than on HPLC 

methods. This could be attributed to cross-reactivity with related substances as well as matrix 

dependence which often can result in tremendous overestimation. The ELISA technique 

normally does not include a sample clean-up procedure such as the IAC which gave cleaner 

extracts, removes interfering substances and ease mycotoxin determination. Furthermore, 

extraction solvents may also affect ELISA results as it has been observed that the use of organic 

solvents such as aqueous methanol could lead to co-extraction of fatty materials in samples 

which may interfere with the assay. This may have contributed to higher values in ELISA since 

the extraction solvent was methanol. In the analysis of fumonisins using Immunoaffinity 

columns (IAC) and the SAX columns on the same samples, lower values were recorded on IAC 

than SAX columns. This could be due to the limited capacity since IAC has specific capacity and 

in the case of highly contaminated sample, may be saturated with the antibody-binding which 

may lead to loss of some toxins in the sample. 

In assessing the potential health risk of the consumers of the maize grams based on South 

African and international regulations, the acceptable limits of mycotoxins were compared with 

the result of the study. Presently, the only two mycotoxins considered under South African 

national regulations are aflatoxin in all foodstuffs and Patulin in apple juice (Rheeder, 2008). 

There are no maximum limits set for Fusarium mycotoxins in South Africa (Fandohan et al., 

2003). Depending on maize use, maize products intended for human consumption (1000 µg/kg), 

unprocessed maize 4000 µg/kg and 200 µg/kg for maize-based foods and baby foods are the 

various Fumonisins (total of fumonisin B1 and B2) limits set by the European Union (EU) as 

maximum tolerable limit (MTL) (EU, 2006b, EU, 2007). Depending on maize use, regulations 

by the USA-FDA are set at maximum levels of 2 - 4 mg/kg (total of fumonisin B1, B2 and B3) for 

human consumption (FDA, 2001). The South African national regulations stipulates that no food 

commodity destined for human consumption may contain more than 10 µg/kg total aflatoxin of 

which only 5 µg/kg may be Aflatoxin B 1. However, aflatoxin levels in this study were below the 

South African acceptable limits. Fumonisins levels on the other hand, were within the EU and 

FDA acceptable limits of 1000-4000 µg/kg for human consumption. 

However, ZEA levels in this study were found to be below the EU recommended limits for 

maize intended for direct human consumption, maize-based snacks and maize-based breakfast 
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cereals of 100 µg/kg (EU, 2007). Similarly to OTA levels found in this study were within the 

recommended limit for all products derived from unprocessed cereals, including processed cereal 

products and cereals intended for direct human consumption, with the exception of foodstuffs for 

infants and young children which is 3-50 µg/kg (EU, 2006b, EU, 2010a). 

Even though relatively low levels of these mycotoxins occurred in the maize samples, the fact is 

that it should not be overlooked. This is because as said earlier, maize is a major staple food in 

South Africa and is consumed on daily basis and in different forms . Moreover, the estimated 

daily intake of maize in South Africa can be as high as 400g per person (Shephard et al. , 2007). 

Therefore, due to the high maize intake levels, dietary mycotoxin loads can also be high. Hence, 

chronic exposure to low levels of these mycotoxins could cause various health risks coupled with 

the possibility of exerting synergistic or additive effect~ on humans and animals owing to co­

contamination of the different toxins in the samples. This can induce a completely different 

symptomatology in animals as well as in human consumers as compared to exposure to a single 

mycotoxins (Stoev et al., 2010, Mwanza, 2011 ). 

There is also the possibility of other mycotoxins being present in the maize grains. Such 

mycotoxins refered to as "masked mycotoxins" are those which have undergone some chemical 

transformations and as a result can escape detection by routine mycotoxins analysis. These set of 

mycotoxins in essence, contribute to the total mycotoxins content of foods and feeds and pose 

additional potential risk for the consumer (Di Mavungu and De Saeger, 2011). 

However, several researchers have analysed and quantified mycotoxins in different parts of the 

country, especially fumonisins but the novelty of this study is that to our knowledge there are 

limited reports from orth West province so far on the occurrence of fungi and mycotoxins on 

food commodities. 
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CHAPTER SIX 

CONCLUSION AND RECOMMENDATIONS 
Conclusions: 

Maize is the major locally produced field crop and also an important source of carbohydrate in 

South Africa (NDA, 2003). The majority of South Africans consume maize in various forms. 

Mycological analysis in this study revealed that various field and storage fungi are associated 

with maize and previous studies have shown that at least 190 toxigenic fungi are associated with 

food and feed commodities in South Africa (Rabie and Marais, 2000). 

❖ The higher incidence of fungal species was isolated from small-scale maize compared to 

commercial maize samples, which is possibly due to general poor harvest, inadequate 

storage practices, improper handling conditions, among other factors. 

❖ Mycotoxin analysis also revealed that FBs, OTA, ZEA and AFBs were the most 

frequently contaminated mycotoxins in both samples with small-scale having higher 

contamination than commercial ones and it was observed that FBs, were the highest 

contaminants . These mycotoxins occurence was in agreement with fungal contamination. 

Mycotoxin contamination is seen as a serious food safety issue worldwide (F AO, 2004 ), 

as they are known to cause various health effects on exposed humans and animals. 

Furthermore, the high incidence of HIV/ AIDS in South Africa combined with the 

consumption of mycotoxin contam inated maize could negatively affect the immune 

system of infected persons. Legislation for maximum tolerable levels of Fusarium 

mycotoxins in maize and maize products have not been determined or entrenched in South 

Africa. Although commercially grown maize may contain lower levels of Fumonisin B 1 

than home grown maize (Burger et al. , 2010), the higher daily consumption of a greater 

part of the populatoin would warrant lower maximum tolerable levels than that set by the 

European Union (EU). 
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Maize from the small-scale farmers are more contaminated than commercial farmers. 

Moreover in rural areas of South Africa, food is difficult to come by and people tum 

towards subsistence or small-scale farming which can sometimes produce food with 

higher risk of mycotoxin contamination. In addition, people in rural areas would rather 

choose to consume contaminated food rather than to starve (Marasas et al. , 2008). 

Therefore, this study has shown that there is higher risk of mycotoxin exposure with 

consumption of small-scale maize than with the commercial maize in the NorthWest 

Province of South Africa. Hence, the presence of fungal contaminants and mycotoxins in 

the samples should warrant intervention strategies to minimize their occurrence. 

Recommendations 

❖ It is therefore recommended that continuous monitoring for fungal infection as well as 

mycotoxins production in maize is important in order to ensure food safety thereby 

minimizing consequences to consumers ' health. The effect that these mycotoxins may 

have both on small-scale and commercial farming is uncertain, so it is important that 

high-risk areas as well as consumers who may be exposed to these toxins be identified. 

This is because mycotoxins are chemically stable and tend to resist temperature, storage 

and processing conditions. 

❖ Additionally, improved agronomic practices and post-harvest handling of maize are 

necessary to ensure a healthy food supply. Disease-management practices, such as 

planting of locally adapted maize varieties, reducing pest damage, early harvesting and 

discarding moldy kernels should be adopted, with farmer education in rural areas which 

can help to reduce fungal and mycotoxin contamination. Farmers, traders and consumers 

should be educated on mycotoxins, their health hazards and different ways to manage 

their occurrence. This can be done through semmars, workshops and media 

announcements. There is also a need to train personnel at all levels ; scientists, 

technicians, extension workers, in sampling protocols and modem methods of mycotoxin 

analysis . The adoption of GAP in the field and throughout the whole field to table chain, 

coupled with the best sampling practices and the use of validated and fit-for-purpose 

analytical methods wi ll go a long way in solving mycotoxin problems. This is 
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particularly important because unlike commercial farmers, small-scale farmers rely 

solely on their produce as the primary source of sustenance (food) and income, 

irrespective of its quality. 

❖ Moreover, in order to ascertain the correct conditions underwhich to prohibit the 

production of mycotoxins, further research is required to understand the factors under 

which mycotoxigenic fungi grow and produce their respective mycotoxins. For instance, 

Fusarium spp. are the most dominant fungi found in South African maize and also in this 

study but much is still to be learned about the metabolic pathways that are involved in 

the production of their mycotoxins. Also even the various temperature requirements that 

activates the different metabolic pathways that synthesizes different mycotoxins has to 

be learned (Sanchis and Magan 2004). 
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Appendices 

Appendix 1: Preparation of media and other reagents 

1.1 Ringers solution 

Ringers solution was prepared by dissolving two ringers tablets (1 /4 strength) in 1 litre of 

distilled water and autoclaved at 121 °C and 15psi for 15minutes. 

1.2 Antibiotics 

1 % each of Streptomycin and Chloramphenicol were prepared by dissolving 1 g of each in 100ml 

of sterile distilled water. The solution was filter-sterilized by passing through 0.22µm pore sized 

filter before use and 8ml of each was added to the culture media to suppress bacteria growth. 

1.3 Malt extract agar 

Malt extract agar was prepared by dissolving 50 grams of malt extract agar powder in 1 litre of 

distilled water in a 1 litre Schott bottle and autoclaved at 121 °C and 15 psi for 15 minutes. The 

media was cooled to 50 °C using water bath and supplemented with antibiotics. Approximately 

20ml was aseptically poured into sterile 90mm petri dishes and allowed to set. 

1.4 Potato dextrose agar 

Potato dextrose agar was prepared according to the manufacturer's instruction by dissolving 39 g 

of PDA powder in 1 litre of distilled water in a 1 litre Schott bottle and autoclaved at 121 °C and 

15 psi for 15 minutes. The media was cooled to 50 °C in water bath and supplemented with 

antibiotics . Approximately 20ml was aseptically poured into sterile 90mm petri dishes and 

allowed to set. 

1.5 Carrot potato agar 

Carrot potato agar was prepared by boiling grated carrots (20g) and potatoes (20g) in 1 litre of 

distilled water for 1 hour. The mixture was strained through a sieve and 20g agar added to the 

liquid. The solution was heated until the agar dissolved and distilled water added to make up 

to llitre. The solution was autoclaved at 121 °C and 15 psi for 15 minutes . It was cooled to 50 °C 

using water bath and supplemented with antibiotics. Approximately 10ml was aseptically poured 

into sterile screw capped bottles in slants and allowed to set. 
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1.6 Fumonisin derivatizing reagent: Anisaldehyde solution 

This was prepared by mixing 70ml of methanol and 5ml of concentrated sulphuric acid and 

allowed to cool. The solution was then mixed with 10ml of glacial acetic acid and 0.5ml P­

anisaldehyde. Plates were sprayed and heated at 120°C fo r a few minutes before being viewed. 

1.7 Zearalenone derivatizing reagent: Diazotized benzidine (Dianisidine) 

This was prepared by dissolving 0.5g of dianisidine in 20 ml distilled water containing 1.5ml 

cone. hydrochloric acid (HCl) and made up to 100ml with distilled water. An equal volume was 

added to 10% sodium nitrite solution, mixed and cooled to 5°C. Plates were sprayed without 

heating (cold spray) before being viewed. 
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Appendix 11: Chromatograms and calibration curves 
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