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ABSTRACT 

There is increasing concern for the contamination of poultry products with Aspergillus 

strains responsible for aflatoxin production. The occurrence of aflatoxigenic fungi in 

poultry feeds and aflatoxin B1 in fresh and boiled broiler liver samples in live bird markets 

in Zaria, Nigeria were examined. Feed samples were cultured for fungi on Sabouraud 

dextrose chloramphenicol agar to detect the presence of Aspergillus species. Aflatoxin 

production potential was evaluated using Czypeck dox agar. Desiccated coconut agar was 

used to detect fluorescence of Aspergillus spp and indirect competitive enzyme linked 

immunosorbent assay (cELISA) was used to determine aflatoxin residue concentrations 

(µg/kg) in both fresh and boiled (100°C for 90 mins) liver samples. Out of the 300 poultry 

feed samples tested, 234(77.9%) were contaminated with Aspergillus spp of which 

126(53.8%), 48(20.5%), 27(11.5%), 15(6.4%), 9(3.9%), 5(2.1%), 3(1.3%), and 1(0.4%) 

were identified as A. flavus, A. fumigatus, A. parasiticus, A. niger, A. nidulans, A. terreus, 

A. nomius, and A. caelatus respectively. On desiccated coconut agar, Aspergillus had 

isolation frequency of 98(51.9%) with (P < 0.05). Samples from Dan Magaji, had isolation 

frequency of 28(28.6%), Zaria City 21(21.4%), Samaru 17(17.4%), Sabon Gari, 7(7.1%), 

Kwangila 14(14.3%) and Tudun wada 11(11.2%). The mean and standard deviation of 

aflatoxins in freshly tested liver concentration were 41.45 ± 29.55, 66.40 ± 22.28, 9.90 ± 

6.50, 10.00 ± 1.74, 29.80 ± 17.16 and 35.25 ± 8.14 µg/kg for Zaria city, Sabon Gari, 

Kwangila, Samaru, Tudun wada and Dan Magaji respectively. All the liver sample of birds 

in live bird markets had aflatoxin B1 concentration higher than the maximum limit (4 

µg/kg) set by World Health Organization and Standard Organization of Nigeria. Also, there 

was statistically significant (P < 0.05) difference in sample locations.  Furthermore, the 

mean value and standard deviation of boiled liver contents were 8.2 ± 5.0, 1.8 ± 0.7, 0.6 ± 
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0.3, 29.0 ± 9.5, 5.2 ± 5.1, 4.5 ± 3.3 µg/kg for Samaru, Kwangila, Dan Magaji, Sabon Gari, 

Zaria City and Tudun wada respectively. The mean value and standard deviation of liver 

content before and after boiling were 15.98±15.00 and 8.22±10.52 µg/kg respectively. 

There was no statistical difference in the processed form of liver (P < 0.05).  Aflatoxin 

content, were found in edible tissues both before and after heat treatment. Strict measures 

should be taken to monitor toxins in feed and chicken meat products. 
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                                                           CHAPTER ONE 

                                                           INTRODUCTION  

1.1  Background of the Study 

The study of mycotoxins really began in 1960 with the outbreak of Turkey X disease in the U.K, 

linked to peanut meal imported from Brazil (Sargeant et al., 1961). Mycotoxins, the secondary 

metabolites from toxigenic fungi, are contaminants in foods and feeds, exerting harmful effects 

upon animal and human health (Zahoor-ul-Hassan et al., 2010). Mycotoxins are low-molecular 

weight secondary metabolites, produced by certain strains of filamentous fungi, such 

as Aspergillus, Penicillium and Fusarium, which invade crops in the field. Mycotoxins are 

structurally-diverse simple C4 compounds, for example, moniliformin, to complex substances 

such as the phomopsins which are filamentous fungi that vary in their chemistry and biological 

effects (Sudakin, 2003; Dinis et al., 2007). The most important mycotoxins in naturally 

contaminated  food and feeds are aflatoxins (AFs), ochratoxins (O), zearalenone (ZEN), T-2 

toxin, deoxynivalenol and fumonisins (Sultana and Hanif, 2009). No region of the world escapes 

the problem of mycotoxins and according to Lawlor and Lynch (2005) and Okoli et al. (2006b), 

mycotoxins are estimated to cause loss of as much as 25 % of the worldôs crops each year. The 

mycotoxins accumulate in foods during storage under favourable conditions of ambient 

temperature and relative humidity for fungal growth. Mycotoxins are produced only under 

aerobic conditions Ratcliff (2002), where they often attack ground nut, maize, cotton seed cake, 

wheat, and soyabean. They are regularly implicated in toxic syndromes in animals and humans 

(Charoenpornsook and Kavisarasai, 2006). However, animals may have varying susceptibilities 

to mycotoxins, depending on physiological, genetic and environmental factors. Most 

mycotoxins such as aflatoxin B1, T-2 toxin and ochratoxin A inhibit protein synthesis 

http://scialert.net/fulltext/?doi=ajas.2011.19.33&org=12#557375_ja
http://scialert.net/fulltext/?doi=ajas.2011.19.33&org=12#293440_ja
http://scialert.net/fulltext/?doi=ajas.2011.19.33&org=12#57609_b
http://scialert.net/fulltext/?doi=ajas.2011.19.33&org=12#557204_ja
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=environmental+factors
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(Charoenpornsook and Kavisarasai, 2006). The consumption of multiple doses of mycotoxin-

contaminated diet may induce haematological, biochemical, physiological changes in the liver 

and growth depression in animals (Awad et al., 2006; Shi et al., 2006; Rezar et al., 2007; Gowda 

et al., 2008).  Thus, the presence of mycotoxins in poultry feeds can result in significant 

economic losses to the poultry industries (Awad et al., 2006). Mycotoxins have been detected in 

various food commodities from many parts of the world and are presently considered as some of 

the most dangerous contaminants of food and animal feeds (Okoli, 2005; Okoli et al., 2006a; 

2006b; 2007a; 2007b). Adverse effects of mycotoxins on animal health and production have 

been recognized in animals kept under intensive management such as poultry, swine and cattle as 

a consequence of the consumption of high levels of contaminated cereals and oilseeds in the diet 

(Charoenpornsook and Kavisarasai, 2006). 

 Aflatoxins produced by the toxigenic fungi, mainly Aspergillus flavus and Aspergillus 

parasiticus, constitute one of the major health hazard groups of naturally-occurring toxicants, 

both for man and animals. There are six forms of aflatoxins: B1, B2, G1, and G2 are found in 

plant-based food, while M1 (metabolite of B1) and M2 are found in foods of animal origin. 

Aflatoxin B1 is the most harmful form due to its direct link to human liver cancer (Leslie et al., 

2008; USAID, 2012). The order of potency for both acute and chronic toxicity of aflatoxins is 

AfB1 > AfG1 > AfB2 > AfG2 (Santacroce et al., 2008). Among the four major groups of 

aflatoxins; namely B1, B2, G1 and G2; aflatoxin B1 (AFB1) is the most toxic and it is a known 

carcinogen. Acute or chronic aflatoxicosis in domestic birds results in decreased meat/egg 

production, immunosuppression and hepatotoxicosis (Verma et al., 2004; Khan et al., 2010). 

Human exposure to aflatoxins may result from consumption of plant-derived foods that are 

http://scialert.net/fulltext/?doi=ajas.2011.19.33&org=12#557204_ja
http://scialert.net/fulltext/?doi=ajas.2011.19.33&org=12#18479_con
http://scialert.net/fulltext/?doi=ajas.2011.19.33&org=12#539931_ja
http://scialert.net/fulltext/?doi=ajas.2011.19.33&org=12#293440_ja
http://scialert.net/fulltext/?doi=ajas.2011.19.33&org=12#19506_con
http://scialert.net/fulltext/?doi=ajas.2011.19.33&org=12#539934_ja
http://scialert.net/fulltext/?doi=ajas.2011.19.33&org=12#557204_ja
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contaminated with the toxins, and the carry-over of aflatoxins and their metabolites in animal 

products such as meat and eggs (CAST, 2003). 

Aflatoxin is one of the numerous naturally-occurring mycotoxins that are found in soils and 

foods. Aflatoxins have been found in soil as well as in grains, nuts, dairy products, tea, spices 

and cocoa, as well as animal and fish feeds (Waliyar et al., 2008). 

 

                                    1.2 Statement of the Research Problem 

Mycotoxins that occur in food and/or feedstuffs have great significance in the health of humans 

and livestock (Tola and Kebede, 2016). The growth of this heterologous group of fungi in feed 

and the generation of secondary metabolites of mycotoxins have adverse effects on the poultry 

industry and human health as well (Monson et al., 2015; Oliveira et al., 2015). 

Exposure of Pregnant women to aflatoxin may cause increased maternal mortality and low birth 

weight. Infants exposed to aflatoxin-contaminated foods may be more susceptible to stunting 

growth and malnutrition (Shuaibu et al., 2010). Aflatoxins impair livestock growth, 

reproduction, immune functioning and ability to metabolize vaccines (Makun et al., 2012).  

The economic impact of reduced animal productivity, increased incidence of disease due to 

immunosuppression, damage to vital organs and interference with reproductive capacity is many 

times greater than the impact caused by death due to mycotoxin poisoning (Akande et al., 

2006). It has been pointed out that aflatoxin contamination of feeds of food-producing animals 

can result in residues of ingested aflatoxins or its metabolites in meat, milk and egg (Gizachew et 

al., 2016).  

It has been estimated that more than 5 million people in developing countries world-wide are at 

risk of chronic exposure to aflatoxins through contaminated food (Shepard, 2005; Strosnider et 

http://www.sciencedirect.com/science/article/pii/S1319610310000827#b0115
http://scialert.net/fulltext/?doi=ajas.2011.19.33&org=12#124053_ja
http://scialert.net/fulltext/?doi=ajas.2011.19.33&org=12#124053_ja
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al., 2006). Animals exposed to aflatoxins show a variety of symptoms, depending on the animal 

species. However, in all animals, aflatoxins may cause liver damage, decreased reproductive 

performance, reduced milk or egg production, embryonic death, teratogenicity, tumors and 

suppressed immune function, even when low levels are consumed (Akande et al., 2006). 

Aflatoxins are both acutely and chronically toxic in animals and humans (Pimpukdee et al., 

2004).  

Aflatoxin B1 is known to be the most toxic metabolite, especially in sensitive species such as 

poultry (Hussein and Brasel, 2001). Beside direct losses related to mortality, feed conversion and 

growth rate, recovering birds remain poor. Indeed, air sacculitis is a major reason for carcass 

condemnation at slaughter inspection (Kunkle, 2003; Lupo et al., 2010). It is proven that 

aflatoxin leads to reduced egg production as well as their quality in laying hens (Rizzi et al., 

2003).  

Poultry feeds in live bird markets is at risk of unsafe aflatoxin accumulation which can 

negatively affect human health, food security and economic trade (Williams et al., 2004). Their 

toxicity depends on different factors including its concentration, the duration of exposure, the 

species, sex, age, and health status of animals (Jewers, 1990). 

                                       1.3 Justification of the Study 

Ingestion of aflatoxin concentration in broiler tissues or its metabolites may be dangerous to 

humans who consume these products. The Nigerian poultry industry is an estimated at $ 600 

million business with approximately 165 million birds. The estimated poultry meat consumption 

in Nigeria is approximately 1.2 metric tons as at 2013 (SCL, 2015) which contribute about 9-

10% of agricultural GDP, with the provision of about 36.5% of the total protein intake of 

http://ps.oxfordjournals.org/content/89/8/1622.full#ref-31
http://ps.oxfordjournals.org/content/89/8/1622.full#ref-31


 

5 
 

Nigeria. Thus, livestock sector is vital to the socio-economic development of Nigeria (SCL, 

2015).  Zaria being in Sub Saharan Africa with high temperature and relative humidity is at risk 

of unsafe aflatoxin exposure in poultry which can negatively affect human health, food security 

and economic trade.  

Live bird markets are located in a specific areas of the general market, facilities are limited with 

poor hygienic conditions especially stores where feeds are kept, points of sales and slaughter 

with no stringent biosecurity measures (FAOUN, 2008). Most birds receive feed from containers 

which are poorly kept leading to contamination of feed. Thus, it is therefore important to 

understand the level of exposure to mycotoxin contaminated feed. Most mycotoxin control 

efforts are targeted on feed millers and poultry farms.  

There is also a paucity of information regarding aflatoxin contamination of poultry feed and 

carcass of chickens in the area of study. This necessitates the need to investigate the potential 

public health risks, associated with the consumption of food of animal origin, especially 

slaughtered birds in Zaria, Nigeria. 

Constant monitoring of poultry feed and meat will contribute to the improvement of livestock 

and human health, which will also enhance the export potential leading to increased income for 

farmers. The findings of the study may help in bridging the information gap and help to drive a 

search for solutions. 
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                                  1.4 Aim and Objectives of the Study 

1.4.1 Aim of the study 

To determine contamination of feeds in poultry cages with aflatoxigenic Aspergillus spp and 

occurrence of aflatoxin B1 in fresh and boiled broiler liver samples from live bird markets in 

Zaria, Kaduna State, Nigeria. 

1.4.2 Objectives of the study 

 1. To isolate and characterize Aspergillus in poultry feed fed to birds in live bird markets in       

Zaria.  

2. To determine the occurrence of aflatoxigenic strains of fungi in feeds, fed to birds in live bird 

markets in Zaria.  

3. To determine the level of aflatoxins B1 in liver of slaughtered broiler chickens in live bird 

markets in Zaria. 

4. To determine the effect of heat treatment (by boiling) on the persistence of detected        

aflatoxins in contaminated liver tissues.                          

 

1.5 Research Questions 

1. Are there aflatoxin-producing and non-producing strains of Aspergillus in feeds in live 

bird markets in Zaria? 

2. Are there detectable aflatoxins B1 in the liver of slaughtered broilers in live bird markets in 

Zaria? 
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3 Can heat treatment by boiling of aflatoxin-containing livers of chicken affect the 

concentration of the aflatoxins? 
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                                                   CHAPTER TWO  

                                                LITERATURE REVIEW  

                                        2.1 Taxonomic Classification of Fungi 

Fungi are eukaryotic organisms, that is they contain a membrane bound nucleus in their cells. 

Biologically they are the members of an independent taxonomic rank known as kingdom fungi 

(Kirk et al., 1988). Fungi are mainly classified depending on the type of spore and nature of 

specialized structures produced for reproduction. Multiple regions of the fungal rRNA genes 

have been used to study fungal taxonomy and diversity; these include the small-subunit (SSU) 

and large-subunit (LSU) rRNA genes and the internal transcribed spacer (ITS) region that 

separates the two rRNA genes (O'Brien et al., 2005; Öpik et al., 2006; Jumpponen and 

Jones, 2009).  The internal transcribed spacer (ITS) regions of the ribosomal RNA have also 

become a useful tool in fungal taxonomy, as these regions evolved rapidly and help distinguish 

different species within a genus (White et al., 1990). 

 Ascomycota is a Division/Class of the kingdom fungi that together with the Basiodiomycota, 

form the sub-kingdom Dikarya. Its members are commonly known as the Sac Fungi. They are 

the largest class of fungi, with over 64,000 species. The defining feature of this fungal group is 

the "ascus" meaning sac. The Eurotiales are an Order of sac fungi, also known as the green and 

blue moulds. The Order contains 3 families, 49 genera, and 928 species. The Order was 

circumscribed in 1980 (Benny and Kimbrough, 1980). 

The fungi from these 5 genera: Aspergillus, Fusarium, Penicillium, Alternaria, and Calviceps are 

responsible for majority of mycotoxins of agricultural relevance (Jones and Toal, 2003; Cannon 

and Kirk, 2007). 
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                                                2.2 Molecular Tools 

Molecular genetic analysis using DNA marker provides valuable tools for detecting genetic 

relationship among Aspergillus (Bardakci, 2001). The random amplified polymorphic DNA 

(RAPD) technique has also been used to characterize and detect genetic variability between 

isolates of A. flavus and related species (Batista et al., 2008; Gehlot et al., 2011; Irshad and 

Nawab, 2012) The inter-spaced sequence repeats (ISSR) technique has been employed to 

investigate the diversity and population structure of A. flavus (Tran-Dinh et al., 2009; Hadrich et 

al., 2010; Wang et al., 2012).  

 

                                             2.3 Aspergillus species 

Aspergillus was first identified in 1729 and catalogued by an Italian biologist P Micheli who 

named it as holy water sprinkler" (Bennett, 2010). Laboratory identification of Fungi is based 

on their appearance and structure. The genus Aspergillus is one of the most important 

filamentous fungal genera. Aspergillus is a filamentous fungi as opposed to yeast which is single 

celled. Aspergillus appears as round single cell or chains of cells called hyphae. Aspergillus is a 

filamentous, cosmopolitan and ubiquitous fungus found in nature. It is commonly isolated from 

soil, plant, debris, and indoor air environment. While a telemorphic state has been described only 

for some of the Aspergillus others are accepted to be mitosporic, without any known sexual spore 

production (Bennelt, 2010). There are over 185 species of the genus Aspergillus, with 20 

incriminated as a causative agent of opportunistic infection in man. Among these is A. fumigatus, 

which is the most frequently isolated species (Bennelt, 2010). 
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A. flavus, A. niger, A. clavatus, A. glaucus group, A. nidulans, A. oryzae, A. terreus, A. ustus, A. 

fumigatus and A. versicolor are among the other species less frequently isolated as opportunistic 

pathogens (Bennelt, 2010).  Aspergillus species are used in the fermentation industry, but they 

are also responsible for various plant and food secondary spoilage with result of accumulation of 

mycotoxins (Perone et al., 2007).     

2.3.1 Growth of Aspergillus 

Fungi reproduce by forming tiny spores which grow under a variety of conditions and many are 

known to be plant pathogens. Aspergillus can produce mycotoxins which are often found in 

contaminated foodstuff and hazardous to the consumer (Makun et al., 2011). Many toxins from 

this type of mould have been identified and they depend greatly on genus and species 

(Fratamico, 2005). 
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Figure 2.1: Conidial head morphology in Aspergillus (A) uniseriate, (B) biseriate. 

Adopted from Ellis et al (2007). 

 

 

2.3.2 Identification of Aspergillus species 

Aspergillus species identification is based on microscopic examination and morphological 

characteristic of colony (MacClenny, 2005). For identification, isolates are usually inoculated at 

three points on Czapek Dox agar and 2% malt extract agar and incubated at 25 °C. Most species 

sporulate within 7 days (Ellis et al., 2007). Molecular methods continue to improve and become 

more rapidly available. However, microscopy and culture remain commonly used for 

identification of Aspergillus (Diba et al., 2007).  

 

The 2003 American Society for Microbiology (ASM) survey documented that 89 % of 

laboratories performing mycological examination (morphology based), 16 % of them use 

serologic test and fewer than 5 % use molecular test for the identification of microbial pathogens 

A B
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(Warris et al., 2001). Isolation in culture and phenotypic identification of common clinical 

isolates of Aspergillus is usually quick and easy. However, culture is often described as slow and 

sometimes creating misconception about its value for the detection of Aspergilli (Klich, 2002). 

Given the continued reliance on microscopy and culture, the diagnostic value of this method 

must be improved by procedural changes and adequate training of laboratory personnel (Diba et 

al., 2007). 

 

The use of Sabouraud dextrose agar, malt extract inhibitory mould agar, or similar sporulation 

agar as primary isolation media for Aspergillus may speed growth rate and the production of 

conidia (Diba et al., 2007). The addition of antibacterial agents to isolation media help to prevent 

bacterial growth and reducing the need for subculture (Diba et al., 2007). The initial incubation 

of fungal media is 35-37 °C (Tarrand et al., 2002). Aspergillus can be detected and measured due 

to strong fluorescence and ultra-violet (UV) light absorbing properties (Bhatnagar et al., 2002).  

 

2.3.3 Biological properties of Aspergillus 

Aspergillus species are capable of growing on a variety of substrates and under a variety of 

environmental conditions (Bradburn et al., 1993). Aspergillus grows rapidly in tropical countries, 

with high temperature, extreme ranges of rainfall and humidity, which favour a large number of 

heterogeneous filamentous fungi that exist heterotrophically (Reddy et al., 2007; Bandh et al., 

2012). The colonies are usually fast growing, white, yellow, yellow-brown, brown to black or 

shades of green, mostly consisting of a dense felt of erect conidiophores (De Hoog et al. 2000; 

Klich, 2002; Ellis et al., 2007). Conidiophores terminate in a vesicle covered with either a single 

palisade-like layer of phialides (uniseriate) or a layer of subtending cells (metulae) which bear 

small whorls of phialides (biseriate) (Ellis et al., 2007). 
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 The vesicle, phialides, metulae and conidia form the conidial head. Conidia are one-celled, 

smooth or rough walled, hyaline are produced in long dry chains which may be divergent 

(radiate) or aggregated in compact columns (columnar). Some species may produce Hülle cells 

or sclerotia (De Hoog et al., 2000; Klich, 2002; Ellis et al., 2007).  

 

 2.3.4 Features unique to certain species of  Aspergillus 

Sclerotia, Cleistothecia, Aleuriconidia, and Hülle cells are the microscopic structures of 

Aspergillus. These structures are of key importance in identification of Aspergillus species like 

A. nidulans and A. vesicolor. Cleistothecium is a round, closed structure enclosing the asci which 

carry the ascospores (Doctor Fungus, 2007). 

 When the cleistothecium bursts, the asci are spread around the surroundings, cleistothecium is 

produced during the sexual stage of reproduction of Aspergillus (Doctor Fungus, 2007). During 

lysis of conidium it produces aleuriconodium, the base are usually truncated and carries remnant 

of the lysed supporting cells. These remnants form annular frills at its base. Hulle cell is a large 

sterile cell bearing a small lumen, similar to cleistothecium. It is associated with the sexual stage 

of some Aspergillus species (Doctor Fungus, 2007).  

 

2.4 Common Microscopic Features of all Species of Aspergillus 

The genus Aspergillus has a typical vesicle (Doctor Fungus, 2007). Conidiophores originate from 

the basal foot cell located on the supporting hyphae and terminate in a vesicle at the apex. 

Hyphae are septate and hyaline (Doctor Fungus, 2007). The morphology and colour of the 

conidiophores vary from one species to another (Table 2.1). 
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Conidiophores covers the surface of the vesicle entirely (radiate head) or partially only at the 

upper surface (columnar head). The flask-shaped phialides which are either uniserate or biserate 

are attached to the vesicle directly or via a supporting cell, metula over the phialidesare the round 

conidia (2-5 ɛm diameter), forming radial chains (Doctor Fungus, 2007). In the presence of 

Hülle cell which form the morphology of cleistothecia and asco spore (Okuda et al., 2000)   

 

2.4.1 Microscopic features of Aspergillus species 

2.4.1.1 Aspergillus flavus  

Conidia are finely roughened, variable in size and oval to spherical in shape, conidial heads are 

typically radiate, later splitting to form loose columns (mostly 300-400 ɛm in diameter), 

biseriate, but having some heads with phialides borne directly on the vesicle (uniseriate). 

Conidiophore stipe is hyaline and coarsely roughened. Conidia are globose to subglobose (3-6 

ɛm in diameter), pale green and conspicuously echinulate (Sabatelli et al., 2006; Doctor Fungus, 

2007). Yellow-green colonies, rough-walled stipes, mature vesicles bearing phialides over their 

entire surface and conspicuously echinulate with uniseriate and biseriate conidial head (Doctor 

Fungus, 2007). 

 

2.4.1.2 Aspergillus parasiticus  

Sterigmata are uniserate, sclerotia are usually absent, conidia are coarsely echinulate, uniform in 

shape, size and echinulation (Reddy et al., 2007). 
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2.4.1.3 Aspergillus fumigatus 

 Sterignate are uniseriate and columnar conidial heads with the phialides limited to the upper two 

thirds of the vesicle and curving to be roughly parallel to each other (Cuenca-Estrella et al., 

2006; Sabatelli et al., 2006). Conidia are produced in basipetal succession forming long chains 

and are globose to subglobose (2.5-3.0 ɛm in diameter), green and rough-walled to echinulate 

(Sabatelli et al., 2006). 

 

2.4.1.4 Aspergillus nidulans 

 Conidia are globose and rough-walled, conidial heads are short columnar and biseriate. Stipes 

are usually short, brownish and smooth-walled. conidial heads are short columnar (up to 70 x 30 

ɛm in diameter) and biseriate. Conidiophore stipes are usually short, brownish and smooth 

walled. (Espinel-Ingroff et al., 2001; Espinel-Ingroff, 2003; Cuenca-Estrella et al., 2006). 

 

2.4.1.5 Aspergillus niger  

Conidial heads are large (up to 3 mm by 15 to 20 ɛm in diameter), globose, dark brown, 

becoming radiate and tending to split into several loose columns with age. Conidiophore stipes 

are smooth-walled, hyaline or turning dark towards the vesicle. Conidial heads are biseriate with 

the phialides borne on brown, often septate metulae. Conidia are globose to subglobose (3.5-5 

ɛm in diameter), dark brown to black and rough-walled. Conidial heads are dark brown to black 

rough-walled, radiate and biseriate with metulae twice as long as the phialides (Espinel-Ingroff et 

al., 2001;  Pfaller et al., 2002; Diekema et al., 2003;  Espinel- Ingroff, 2003; Serrano et al., 2003; 

Cuenca-Estrella et al., 2006). 
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2.4.1.6 Aspergillus terreus 

 Conidial heads are compact, columnar (up to 500 x 30-50 ɛm in diameter) and biseriate. 

Conidiophore stipes are hyaline and smooth-walled. Conidia are globose to ellipsoidal (1.5-2.5 

ɛm in diameter), hyaline to slightly yellow and smooth-walled. cinnamon-brown cultures, 

conidial heads biseriate with metulae as long as the phialides (Samson et al.,1995;  de Hoog et 

al., 2000;  Klich, 2002). 
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                                        Table 2.1: Microscopic properties of Aspergillus Species 

Species Conidiophore Phialides Vesicles 

A. clavatus long, smooth Uniserate Huge, clavate-shaped 

A.flavus Colourless, rough Uni/Biserate Round, radiate head 

A. fumigatus Short (<300µm), smooth, colourless or greenish Uniserate Round, columnar head 

A. glaucus gr Variable length, smooth, colourless Uniserate Round, radiate to very loosely columnar head 

A. nidulans Short (< 250µm), smooth, brown Biserate short Round, columnar head 

A. niger long, smooth, colourless or brown Biserate  Round, radiate head 

A. parasiticus Long, smooth, colourless or greenish Uni/biserate Round, columnar head 

A. terreus short (<250µm), smooth, colourless Biserate  Round, compactly columnar head 

A. versicolor Long, smooth, colourless or brown Biserate  Round, loosely radiate head 

               Source:http://www3.abe.lastate.edu/AE469_569/cornmoods/Aspergillus_summary.htm,2015 
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                                2.5 Macroscopic Features of Aspergillus species  

Variation in growth rate help in species identification (Samson and Pitt, 2000; McClenny, 2005; 

Diba et al., 2007). Surface colour variation is based on the species. The reverse is uncoloured to 

pale yellow in most of the isolate (Table 2.2). A. fumigatus is a thermolerant fungus and can 

grow at high temperature (Cuenca-Estrella et al., 2006; Sabatelli et al., 2006).  
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                                   Table 2.2: Colonial properties of Aspergillus species 

Species Surface Reverse 

A. flavus Yellow-green Golden to Red brown 

A. clavatus Blue-green White, brownish with age 

A. fumigatus Blue-green to gray White to tan 

A. parasiticus Blue-green White to tan 

A. niger Black White to yellow 

A. terreus Cinnamon to brown White to brown 

A. nidulans Green, buff to yellow Purplish red to olive 

A. versicolor White at the beginning, turns to yellow White to yellow or purplish red 

A. glaucus  Tan, pale green or pink green with yellow areas Yellow to brown 

              Source: http://www3.abe.lastate.edu/AE469_569/cornmolds/Aspergillus_summary.htm, 2015 
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2.5.1 Aspergillus flavus  

Colonies are granular, flat, most at times with radial grooves, yellow at first, but quickly 

becoming bright to dark yellow-green with age (Sabatelli et al., 2006; Doctor Fungus, 2007) 

 

2.5.2 Aspergillus parasiticus 

The colony is dark green on czapak's agar, remain green with age (Reddy et al., 2007). 

 

2.5.3 Aspergillus fumigatus 

This species is thermotolerant and grows at very high temperatures, Colonies have blue-green 

surface pigmentation with a suede-like surface, consisting of a dense felt of conidiophores 

(Cuenca-Estrella et al., 2006; Sabatelli et al., 2006). 

 

2.5.4 Aspergillus nidulans  

They are plain green in colour with dark red-brown cleistothecia, developing within and upon the 

conidial layer. Reverse may be olive to drab-grey or purple-brown (Espinel-Ingroff et al., 2001; 

Espinel-Ingroff, 2003; Cuenca-Estrella et al., 2006). 

 

2.5.5 Aspergillus niger 

 The colonies consist of a compact white or yellow basal felt covered by a dense layer of dark-

brown to black conidial heads (Espinel-Ingroff et al., 2001; Pfaller et al., 2002; Diekema et al., 

2003;  Espinel-Ingroff, 2003; Serrano et al., 2003; Cuenca-Estrella et al., 2006). 

 

2.5.6 Aspergillus terreus 

 Colonies are suede-like and cinnamon-buff to sand brown in colour with a yellow to deep dirty 

brown reverse (Samson et al., 1995; de Hoog et al., 2000; Klich, 2002). 
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                                            2.6 Mycotoxin Production by Moulds 

Mycotoxin-producing fungi are ubiquitous (Murphy et al., 2006). Grains can be contaminated 

with mycotoxin producing fungi at all levels of production, processing, and supply chains 

(Enyiukwu et al., 2014). Mycotoxins are secondary toxic metabolites with low molecular weight 

produced by members of the various mould genera (Aspergillus, Fusarium, Penicillium, 

Calviceps) (Valchev et al., 2014). They possess a broad spectrum of biological activity 

comprising carcinogenic, tetratogenic, mutagenic, embryotoxic, nephrotoxic, oestrogenic and 

immunosuppressive effects (Valchev et al., 2014). Mycotoxins are secondary metabolites 

produced by filamentous fungi on food crops that are capable of being potentially harmful to 

animals and human population such that they cause diseases or death in humans and other 

animals when ingested depending on the level and duration of exposure (Bennett and Klich, 

2003; Viljoen, 2003; Bandyopadhyay et al., 2007; Fakhruddin et al., 2015). Mycotoxins are 

commonly associated with oil seeds, groundnut, spices, cotton seeds, soybean, cowpea as well as 

several cereals like maize, wheat, barley, sorghum, oats and rye which serve as main staple for 

humans and raw materials for livestock (Farag, 2008; Tiffany, 2013). They are secreted in the 

blood, urine, feaces, milk, meat, muscles, and eggs (Eaton et al., 2001; Wild and Turner, 2002; 

Mykkänen et al., 2005; Johnson et al., 2008; Okello et al., 2010). 

 

 In poultry production, feed is the key vehicle for introducing mycotoxin into flocks (Habib et 

al., 2015a). Some of these fungi species especially those that produce mycotoxins can 

contaminate the feed of the birds which they may subsequently consume resulting in 

mycotoxicosis (Kwanashie et al., 2013). The occurrence and incidence of mycotoxin in chicken 

meat and eggs are alarming (Iqbal et al., 2014b). Dietary exposure to aflatoxin B1 (AFB1) is 

detrimental to avian health and leads to major economic losses for the poultry industry (Monson 

http://ps.oxfordjournals.org/content/89/8/1622.full#ref-7
http://ps.oxfordjournals.org/content/89/8/1622.full#ref-43
http://ps.oxfordjournals.org/content/89/8/1622.full#ref-25
http://ps.oxfordjournals.org/content/89/8/1622.full#ref-21
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et al., 2014). Consumption of feed contaminated with mycotoxins can adversely affect poultry 

performance and health (Monson et al., 2014). 

 

Over 400 different types of mycotoxins have been identified so far; however, the significant 

agriculturally important mycotoxins in terms of their toxicity and occurrence are aflatoxin, 

ochratoxins, patulin, ergot alkaloids, fumonisins, zearalenone and trichothecenesïnivanenol 

(NIV), deoxynivanenol (DON), diacetoxyscirpenol (DAS) and T-2 toxins (Bankole and 

Adebanjo, 2003; Binder et al., 2007; Spiteller, 2009; Iqbal et al., 2013; Iqbal et al., 2014a). They 

are odourless and tasteless (Fapohunda, 2013, 2014). Environmental factors favouring mould 

growth and aflatoxin production are hot and humid conditions (Enyiukwu et al., 2014).  The 

optimum temperature and moisture content for growth and toxin production for various 

aflatoxigenic fungi varies between 24°C and 28°C with moisture content of at least 17.5% 

(Ominski et al., 1994). The ambient climatic condition in most Africa countries fall within these 

range, which encourages high prevalence of these toxins in grains (Makun et al., 2011). 

 

These poisonous chemical compounds are capable of causing acute or chronic effects on humans 

including the induction of cancer, birth defects, digestive systems disorders, reproductive 

dysfunction, immune suppression, impediment of liver metabolism, liver cirrhosis and premature 

puberty in girls (FAO, 2013; Viljoen, 2003). Mycotoxins damage gastrointestinal tracts, 

respiratory systems, DNA and sulphyhydryl bonds in many enzymes in humans (Reddy et al., 

2010). It was suggested that mycotoxins exacerbates some disease conditions such as 

kwashiorkor, malaria, HIV/AIDS and hepatocellular carcinoma (Wagacha and Muthomi, 2008). 

 

Mycotoxin concentrations are usually sporadic and their distribution in location varies annually. 

However, local weather patterns, crop damage and agronomic practices affect their production 
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(ISU, 2014). According to statistics, up to 25% of the worldôs crops are mycotoxin contaminated 

and over 4.5-5.0 billion people around the world especially in less developed nations are at the 

risk of chronic exposure to mycotoxins (Bryden, 2007; Bhat, 2008; Tiffany, 2013; Whitlow and 

Hagler, 2013). A significant level of grain-mould contamiantion occur in the field, is encouraged 

by damp conditions at time of harvest, insect infestations, delayed harvesting as well as improper 

post-harvest handling, transportation, poor drying and poor storage (Reddy et al., 2013; Tiffany, 

2013). 

                                           

                                                        2.7 Aflatoxin s 

Aflatoxins are polyketide secondary metabolites produced by toxigenic strains of Aspergillus 

(Da Costa et al., 2010; Valchev et al., 2014). Chemically they are difuro-coumorins which are 

freely soluble in chloroform and methanol (Enyiukwu et al., 2014). They grow on a variety of 

nutritional substrates like cereals which is the main active ingredient of poultry and human food 

(Banerjee, 2010). They are extremely harmful to the health of humans and animals, showing 

carcinogenic, mutagenic, teratogenic and immunosuppressive actions (Zinedine and maŒes, 

2009; Agriopoulou et al., 2016). Among the 18 different types of aflatoxins identified, the major 

members are aflatoxin B1 (AFB1), B2 (AFB2), G1 (AFG1), G2 (AFG2). M1 (AFM1) and M2 

(AFM2) are metabolites of B1 and B2 which are produced by Aspergillus flavus, Aspergillus 

parasiticus, and A. nomius (Kurtzman et al., 1987). Additionally other species which produce 

aflatoxin are A. pseudotamarii, A. ochraceoroseus, A. rambellii, A. toxicarius (Reiter et al., 

2009; Sarigiannis et al., 2014; Agriopoulou et al., 2016). A. flavus can vary from non-toxic to 

highly toxigenic and are more likely to produce AFB1 than AFG1. Strains of A. parasiticus 

generally have less variation in toxigenicity and produce AFB1 and varying amounts of AFB2, 

AFG1 and AFG2 (Coppock and Christian, 2007). Aflatoxins B occur more frequently as 
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contaminants, and are also believed to be more potent, than Aflatoxins G (Bennett and Klich, 

2003). Aflatoxin B1 (AFB1) is most relevant mycotoxins due to it toxic effects as demonstrated 

in human exposure as carcinogenic, mutagenic and teratogenic effect (EFSA, 2006; EFSA, 

2007). AFB1 causes acute hepatoxicity in humans and animals, and in severe intoxications may 

cause death (Corcuera et al., 2012).  

 

The toxicity of aflatoxins in poultry has been widely investigated by determining their 

teretogenic (Sur and Celik, 2003), carcinogenic, mutagenic and growth inhibitory potentials 

(Oguz and Kurtoglu, 2000). Aflatoxin has caused serious destructions in Africa, which has 

caused significant financial losses in agricultural commodities contaminated with toxins and 

consequently  having effects on animal and human health point of view (Wu and Munkvold, 

2008: Zhag and Caupert, 2012). Although most countries of the world have been affected by 

aflatoxin, it is sub-saharan Africa (SSA) that has suffered most (Makun et al., 2012). Most of 

SSA agriculture occurs in impoverished rural areas and a lack of technical infrastructure in many 

African countries does not allow for routine quality control of even commercially produced 

commodities, never mind those produced by rural population for their own consumption (Makun 

et al., 2012). 

 

2.7.1 Physical and chemical properties of aflatoxin B and G 

Structurally they are dihydrofuran-coumorins moiety containing double bond which are freely 

soluble in chloroform and methanol. They are unstable to UV light or polar solvents (Reddy and 

Waliyar, 2007; Farag, 2008). Aflatoxins are secondary metabolites that have two possible 

designations, B or G, which relate to fluorescence under exposure to long-wave ultra violet (UV) 
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light. Aflatoxin B appears blue in colour, while aflatoxin G appears green in colour due to 

differences in their chemical structures (Verma, 2004; Reddy and Waliyar, 2007).  

 

The aflatoxin B occur as difuro macro-cyclopentenone series and difurocoumaro lactone series 

(Reddy et al., 2007). The order of acute and chronic toxicity is AFB1 > AFG1 > AFB2 > AFG2, 

reflecting the role played by epoxidation of the 8, 9-double bond and also the greater potency 

associated with the cyclopentenone ring of the B series, when compared with the six-membered 

lactone ring of the G series as illustrated by their LD50 values for day-old duckling (Reddy and 

Waliyar, 2007). Table 2.3 and Figure 2.2 show the physical and chemical properties of 

aflatoxins. 

 

 

 

 

 

 

 

 

 

 

 

 

 




