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ABSTRACT 

Mycotoxin adulteration in maize, groundnuts and agricultural lands have destabilized Kenya's 

food safety and healthcare status overtime. This study focused on assessing the diversity of 

mycotoxin fungi in maize, groundnut, and soils in Western Kenya, determining in-vitro 

inhibitory indices, and the efficacy of selected fungi against the mycotoxin-producing fungi 

under field conditions. This involved biased sampling of contaminated maize, groundnut, and 

soils from Homa Bay, Migori, Siaya, and Busia Counties. Respective farmers were assessed 

on their awareness on mycotoxin mitigation measures in grains. Pure fungal cultures were 

grown on PDA media and incubated at 25-27 
o
C in a Gallenkamp incubator. Fungal 

identification was done at X400 microscopic magnification and then confirmed using 

pathology reference books and journals. After identification, in-vitro inhibitory indices of 

toxigenic and non-toxigenic species were done to determine their degree of antagonism 

against mycotoxin-producing fungi using the dual culture and the modified techniques after a 

10-day incubation period. The next stage comprised testing of nine fungal isolates for their 

inhibitory capacity against 6 mycotoxin fungi. Finally, field efficacy tests for successful 

antagonists against mycotoxin fungi under a split-plot layout in RCBD were done for two 

sites in two seasons. The arrangement comprised two maize varieties serving as the main plots 

and seven treatments as subplots. Fungal diversity findings were presented in plates and 

description tables, while in-vitro and field data were analysed using ANOVA and DMRT at 

5% significance level applied as a mean separation post-hoc using Genstat software version 

16.0. Additionally, farmers in Busia, Siaya, Homa Bay and Migori counties were unaware of 

field and off-field causes and mitigations of mycotoxins in maize and groundnuts. Pure 

cultures of thirty-five diverse fungal isolates were obtained where14 diverse pathotypes were 

Aspergillus species followed by 8 and 4 diverse isolates from Penicillium and Fusarium 

genera respectively. Busia County had the highest sum of diverse isolates and Siaya recorded 

the lowest. For isolation frequency per sample type, soil samples (30 isolates) and groundnuts 

(9 isolates) had the most and least number of diverse fungal isolates. Twenty-two isolates 

were specific to environments/counties while 13 were not specific to a single region. Over 

80% inhibition levels were observed in T. harzianum, MCMT3, MCMT4b and Monascus 

species in-vitro against mycotoxin fungi. However, isolates MCMT3, MCMT4b and 

Monascus species had the best ZIs against mycotoxin fungal isolates. In field conditions, 

Monascus spp., T. harzianum, MCMT3, MCMT4b, and the mixed concoction MCMT3, 

MCMT4b, and Monascus spp significantly repressed mycotoxin fungi. In conclusion, Western 

Kenya farmers were unaware of mycotoxin causes and best pre- and post-harvest extenuation 

measures. Mycotoxin fungi dominated maize, groundnut, and soils of Busia, Siaya, Homa 

Bay, and Migori counties of Kenya. Isolates MCMT3, MCMT4b, Monascus spp., and T. 

harzianum best repressed mycotoxin-producing fungi but did not display synergism in field 

conditions. This study recommends adequate capacity building on mycotoxin management 

strategies among Western Kenya farmers and mass production of isolates MCMT3, 

MCMT4b, and Monascus species for the management of mycotoxin fungi in maize and 

susceptible economic valuable crops to mycotoxin fungi. 
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CHAPTER ONE 

INTRODUCTION 

 

1.1 Background information 

Maize (Zea mays) is an economically significant crop for over a billion humans 

worldwide (Kaushal et al., 2022). This crop is ranked third after two major cereals, that 

is, wheat (Triticum aestivum) and rice (Oryza sativa) (Hasan, 2008; Kainyu, 2015). It 

contains crucial nutritional components important for human health. In Kenya, maize 

contributes to 68% and 32% of daily intakes of cereal and protein per person (Schroeder, 

et al., 2013). In Kenya, small scale farmers produce 70- 80 % of the crop realizing yield 

of at least 1.5 tons in every hectare. Kenya Agricultural and Livestock Research 

Organization (KALRO) statistics show that countrywide land area under maize 

production currently stands at 1.5 million hectares (KALRO, 2022). Unfortunately, 

average yields in Kenya are 1.8 tons per hectare. According to Njeru et al. (2022), these 

yields are far beneath the estimated expected yield of 6 tons in every hectare. They 

signify deficient maize production levels against rising consumption demands 

countrywide (Gacheri et al., 2022). 

Mycotoxins significantly aggravate maize losses by deteriorating grain quality (Nji et al., 

2022). Mycotoxins that are widely reported in Kenyan to contaminate maize grain 

comprise aflatoxins (AFs), ochratoxin A (OTA), fumonisins, patulin (PAT), penicillic 

acid (PCN) and zearalenone (Kagot et al., 2022; Wafula et al., 2022). In Kenya, maize is 

grown in regions that experience environmental conditions that promote fungal 

annexation and mycotoxin buildup (Nelson et al., 2015). Over 70% of Kenyan maize 
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farmers have inadequate resources to grow the crop under environments that can shield 

the crop from mycotoxin adulteration. The serial processes in maize value chain from 

production to consumption have no appropriate regulations that guarantee food safety 

(Kang'ethe, et al., 2017). Important causative factors of mycotoxin contamination within 

maize value chain are inadequately understood by majority of farmers in Kenya (Kagot et 

al., 2022). In the Western region of this country, maize is widely grown and is known to 

be susceptible to AF accumulation. 

To achieve sustainability, biological control measures that prevent mycotoxin hypes in 

maize, have been identified in the past. For the case of AFs, among the best utilized 

strategies is the institution of non-AF strains in maize fields to prevent colonization of the 

crops by their relative toxigenic counterparts (Dorner, 2004; Mamo et al., 2022). This 

strategy enables the non-toxigenic strains to effectively compete and exclude AF-

producing strains, reducing the likelihood of crop and environment contamination 

(Ortega-Beltran & Bandyopadhyay, 2021; Zhang et al., 2020). An important historical 

milestone was the formulation and approval of AflaSafe KE01
TM 

as a commercial 

biological product with a capacity to control AFs accumulation in maize grown in 

Eastern Kenya (Cotty & Mellon, 2006; Okun et al., 2015). Unfortunately, the product 

development processes were solely focused on Eastern Kenya. Nationwide performance 

data of the product lacks across all maize production zones. This gap is intensified as 

there are no registered bio-control products with capacity to mitigate other important 

mycotoxins in maize.  

To develop effective mycotoxin mitigation strategies, assessing the prevalence of toxin-

producing fungi is an essential procedure. There is a need to evaluate contamination 
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levels and the factors associated with the accumulation of mycotoxins. Thus, this research 

aimed to assess the diversity of non-toxigenic and toxigenic fungi in groundnuts and 

maize fields. The two fungal groups were interacted in the laboratory. Finally, a 

formulation was made from the best-performing antagonists, and the efficacious 

biological concoction of successful antagonists was tested in field conditions. 

1.2 Problem statement 

Sufficient production and ingestion of mycotoxin free food and feed is a vital 

international challenge in tropical regions. It is practically a crucial challenge in most 

African countries to warrant production and distribution of quality food and feed. 

However, it is approaching a unprecedented tragic degrees increasing the possibilities of 

human fatality in Kenya (FAOSTAT, 2016). Exposure, where it is low at chronic levels, 

causes cancer among other illnesses resulting to death under acute acquaintances 

(Muthomi, 2018). Mycotoxin contamination is devastating across entire maize production 

value chain, affecting all stakeholders such as farmers and traders. Commercial 

production of food material is fairly regulated. More attention has been focused on the 

formal market and little attention is given to the informal markets which form the bulk of 

this entire market (Kagot et al., 2022). It is common to find between 30-40% of highly 

contaminated food material in Kenya. 

The history of mycotoxins is long and dates back to time immemorial. For instance, AFs 

were first reported in Turkey in 1960, where over 100,000 turkeys and other birds such as 

ducklings died (Alakonya & Monda, 2013; Negash, 2018). In previous decades, Kenyan 

have suffered several fatal mycotoxin epidemics since 1981 where hundreds of people 

died by consuming spoiled food (Okoth, 2016). For instance, in 2004 over 100 Kenyan 
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nationals died due to AF poisoning (Brown et al., 2013; Mahuku, et al., 2018). Fatality 

records indicate that Kenya is the only country globally that has sequentially experienced 

lethal aflatoxicosis outbreaks over the last 40 years (Julia, 2005; Muthomi et al., 2009; 

Probst et al., 2004). 

Worldwide reports exist on mycotoxin accumulation and poisoning in maize. Reports 

indicate up to 2377.1 parts per billion (ppb) of mycotoxins in maize and groundnuts 

produced in Nyanza and Nairobi regions (Mutegi et al., 2013; Ndisio, 2015). Majority of 

Kenyan mycotoxin outbreaks have occurred in the Eastern Kenya when people consumed 

maize they produced for subsistence. According to Kachapulula, et al., (2017) and Okoth, 

et al., (2012), the Eastern region shelters a significant population of the S-strain 

morphotypes of Aspergillus flavus. Among the highest outbreaks that occurred between 

2004 and 2006 in Kenya, several people succumbed to AF poisoning in diverse regions 

including the Eastern Province in areas like Mbeere and Kitui. Several thousands of 

humans were exposed to dangerous levels of AF quantities (CDCP, 2004). 

Besides these fatal poisoning episodes, ingestion of trifling mycotoxin-adulterated maize 

products is a more significant health hazard especially in Western Kenya. It is common to 

find between 30-40% of highly adulterated food material circulation in Kenya (Ngure et 

al., 2021). Maize samples with 73.3 μg/kg AF levels were reported from Western Kenya 

(Kagot et al., 2022). Nine years prior, Mutegi et al (2013) also found that groundnuts of 

Western, and Nyanza regions had dangerously high AF levels. These statistics imply the 

possibility of significantly deficient mitigation measures against mycotoxin 

contamination in the region thus warranting urgent development of sustainable mitigation 

measures.  
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1.3 Justification of the study 

Mycotoxins contribute to losses of up to 25% in the world's agricultural produce (Jalili, 

2015). Financial losses due to AFs are encountered to a greater extent in developing 

countries (ICRISAT, 2016). Most mycotoxins in food are teratogenic and carcinogenic, 

causing death through illnesses like liver cancer in humans (Elsanhoty et al., 2013). 

Approximately 5 billion individuals globally are recurrently exposed to these mycotoxins 

by consuming grains contaminated with mycotoxins. Reports indicate that AFs levels in 

maize has been reported as high as 2377.1 ppb in risky areas (Atela, et al., 2016; Probst 

et al., 2007; Salano et al., 2015). 

Efficacious approved biological products exist to manage mycotoxins at field conditions. 

A preliminary study was done in 2015 to formulate and develop the first fungal 

biocontrol product, Aflasafe KE01
TM

, for application in Kenya (Migwi et al., 2020). 

Currently, the product is already availed to farmers for purchase in some regions of 

Eastern Kenya. As expected, in certain events of biological control, the interactions in the 

field are entirely different from what is observed in the laboratory due to more complex 

and unpredictable interactions in natural environments. Even a successful case in another 

country may not be directly implemented by simply extrapolating results. In some 

interactions of organisms, the outcome has turned negative and even disastrous. 

Before efficacy testing in Kenya, understanding the associations between toxigenic and 

non-toxigenic fungi is crucial. For proper management of mycotoxins, there is need to 

formulate products with diverse modes of action made from the broad diversity of locally 

existing fungi and test this alongside Aflasafe KE01
TM

 (Wild, Miller, & Groopman, 

2016). In addition to efficacy testing of Aflasafe KE01
TM

 within Western Kenya’s 
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agricultural viable lands , this research aimed to formulate a new bio-control product 

comprising native non-toxigenic fungi. The target is to assist in extending early 

intervention techniques in maize production regions where intercropping is common. The 

initial step involved the isolation and morphological characterization of all fungi obtained 

from soils, maize and groundnut grains from Western regions of Kenya. In-vitro 

interaction studies followed this to identify and verify non-toxigenic fungi with capacity 

to repress the growth of mycotoxin fungi and ultimately limit potential levels of toxins 

produced. Best-performing antagonists were used to formulate an efficacious biological 

concoction applied in the field.  

1.4 Objectives 

1.4.1 Broad objective 

To promote food and nutritional security through bio-control of mycotoxin fungi 

affecting optimal production of maize and groundnuts in Western Kenya. 

1.4.2 Specific objectives 

1. To evaluate the diversity of mycotoxin fungi in maize, groundnut, and soil 

samples in Western Kenya. 

2. To determine in-vitro inhibitory indices of selected fungi against the mycotoxin-

producing fungal species from Western Kenya. 

3. To assess the efficacy of selected bio-control agents (in-vitro) against mycotoxin-

producing fungal isolates in maize in Western Kenya. 
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1.5 Research questions 

1.5.1 Objective 1 

1. Which fungal pathogens were present in samples of maize, groundnuts, and soils of 

Western Kenya? 

2. Which major mycotoxin-producing fungi were among the fungal isolates? 

3. How diverse were isolates of major genera of toxigenic species based on fungal 

morphology? 

 

1.5.2 Objective 2 

1. Which fungal antagonists recorded maximum and minimum inhibitions against 

mycotoxin fungi in-vitro? 

2. Which of the selected fungi formed clear zones of inhibition against mycotoxin fungi 

species? 

3. Which antagonists overgrew the test fungi in-vitro? 

 

1.5.3 Objective 3 

1. Which fungal concoction was most effective against AF fungi in the field? 

2. Which biological concoction mixtures displayed synergism? 

3. How did the test fungi perform compared to the standard product (Aflasafe KE01
TM

)?  
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CHAPTER TWO 

LITERATURE REVIEW 

 

2.1 Overview 

This chapter reviews past literature on mycotoxins' occurrence, spread, and bio-control in 

food crops. The concept of mycotoxins is explored. Major mycotoxins in cereals in 

Kenya described include AFs, OTA, PAT, and PCN. The etiology of mycotoxin fungi is 

reviewed with a focus on host preference and environmental conditions suitable for their 

development. The biology and ecology of significant mycotoxin-producing fungi are 

described. This chapter also discusses regulatory measures employed internationally and 

in Kenya to prevent mycotoxin poisoning on consumers. Lastly, a review is done on in-

vitro and field efficacy studies on mycotoxin-producing fungi.     

 

2.2 Mycotoxins 

The term mycotoxins is a general tag referring to more than 52 toxic compounds of 

fungal origin that occur naturally in nature without causing any known harm (Rossi, 

Gallo, & Bertuzzi, 2020). However, these compounds become poisonous only when 

ingested as they can result in serious health effects on livestock and humans. Some 

intermediate derivatives from aflatoxins include sterigmatocystin and aspergillic acid 

(Kubosaki et al., 2020). Attention is accorded to these compounds because of their direct 

effect on human well-being (Owiro, 2019; Yitbareka & Tamirb, 2013). 

2.2.1 AFs 

AFs refer to a collection of secondary metabolites yielded by certain members of 

Aspergillus fungi. The members of these fungi are essential because they are the primary 
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producers of the poisons from which the name AF is derived. They include Aspergillus 

flavus, Aspergillus nomius, and Aspergillus parasiticus (Negash, 2018). Species and 

strains that produce these toxins have grown in diverse substrates. Examples of common 

food products where the fungi grow include maize, cassava and peanuts (Mahmood, et 

al., 2017). Therefore, virtually all food material requires post-harvest processing: drying 

and storage to prevent contamination by AFs (Pepple, Chukunda, & Ukoima, 2016). 

AFs were discovered in 1960 in Turkey when hundreds of thousands of poultry died from 

consuming A. flavus-infested groundnut meal (Joanne, Linda, & Christopher, 2008). Key 

habitat areas of Aspergillus include soil, decomposing vegetation, and deteriorating grain. 

Fungal species of this genus thrive in all forms of organic substrates under favorable 

environmental conditions. Human foods frequently affected include commonly consumed 

cereals like maize and sorghum. Other favourable substrates for the fungus include 

oilseeds like groundnuts and soya bean (Patel et al., 2015). There are 18 diverse AFs, 

with dominant types including AFs B1, B2, G1, and G2. AF B1 is mainly found in hefty 

levels in preferred substrates and is regarded as the most lethal (Marchese, et al., 2018). 

Different species of Aspergillus may produce specific AFs. For example, A. parasiticus 

produces AFs B1, B2, G1, and G2, whereas A. flavus produces only B1 and B2. AFs M1 

and M2 are metabolic products of AF B1 and B2 when ingested by animals (Wacoo et 

al., 2014). AF B2A and G2A have been isolated from A. flavus and A. parasiticus but in 

minute amounts (Benkerroum, 2020). While these toxins are not utilized at any metabolic 

process of the fungi during their growth or development, they offer protection to the 

fungus by weakening the receiving host and improve the infected environment to favour 

further fungal proliferation (Fox & Howlett, 2008). Aflatoxicol is a product of reductive 
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metabolism of AF B1 and is usually exuded in products like milk and eggs and in 

excreted wastes of dairy and poultry that have ingested AF B1. AF GM1 and parasiticol 

are examples of other toxins produced by A. flavus (Díaz-zaragoza, et al., 2014; Filazi & 

Sireli, 2013). 

 

2.2.2 OTA 

OTA is a typical cereal contaminant in Kenya produced by fungi from Penicillium and 

Aspergillus genera (Tao et al., 2018). The most common Aspergillus species known for 

producing this toxin are A. ochraceous, A. carbonarious, and A. niger. It is the most toxic 

form of the ochratoxins group of metabolites and has fatal implications on human health, 

such as liver inflammation (Wang et al., 2019). This toxin is cancerous and can be stable 

even under heat. This stability makes it difficult to treat foods once produced because 

high heat levels are likely to destroy the foods by denaturing their form and crucial 

nutritional compounds (Tao et al., 2018). These toxins have been detected in various 

human and animal foods such as cereals, fruits, and hay. Its potential to cause fatalities 

led to the establishment of threshold levels by the European Commission on all exported 

and imported products (Schrenk et al., 2020). For example, the highest allowable 

threshold for raw cereals is 5.0 ppb. 

Kibebe (2018) detected OTA from wheat and sorghum samples obtained in Nairobi, 

Kenya. Although they found that the levels were lower than the maximum thresholds, 

they concluded that high OTA frequencies in cereals in Nairobi County are a potential 

human health factor in the region. Mutiga et al. (2021) reported that Kenya does not have 

an extensive regulatory framework against mycotoxins. Toxins such as OTA have not 

been labelled maximum allowable limits by the regulatory authorities. These toxins have 
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also been detected in rice sourced from the Mwea irrigation scheme in the 2018-2019 

growing seasons.  

 

2.2.3 PAT and PCN 

PAT is a critical mycotoxin found in various food staffs consumed by humans (Brito et 

al., 2022). It is produced by several fungal species of Aspergillus and Penicillium genera 

growing in rotting foods. This toxin damages human organs such as kidneys and the liver. 

PAT is genotoxic, but its cancer-inducing properties have not been widely explored 

(Carvajal-Moreno, 2021). The diversity and prevalence of PAT-producing fungi in Kenya 

are limited, but mycotoxin studies in Africa have detected its presence (Wafula et al., 

2022). Conversely, PCN producing fungi have been detected in grains in Kenya. It is also 

produced by several fungi from Aspergillus and Penicillium genera. The large number of 

strains that produce PCN indicate these mycotoxins' ubiquity (Ismaiel & Papenbrock, 

2015). This toxin also increases at low temperatures, posing a great danger to refrigerated 

foods.  

 

2.3 Ecology and biology of major toxigenic species 

Aspergillus and Penicillium species are ubiquitous in the environment grow in diverse 

habitats such as soils and plants. They are found in open and closed spaces where air, 

water and food items are contained. A. flavus and A. parasiticus share several similarities. 

For example, they occur as saprophytic organisms on decaying plants and in soils. These 

species, although have a global distribution, they are mostly detected in tropical 

environments with wide ranges of weather conditions like temperature and humidity 

(Yoshimi, Miyazawa, & Abe, 2016). 
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Aspergillus species produce non-septate conidiophores and have enflamed tips where 

phialides are found. These distinct reproductive cells are either uniseriate or petite 

progressions (Yoshimi et al., 2016). When cultured on Czapek's agar the colonies of A. 

flavus appear greenish and yellowish. They sterigmata are usually biseriate and have 

sclerotia with red to brown colouration. The spores are excellently coarsened and exhibit 

shape variations from ovate to globular (Thathana et al., 2017). The mycelia surface of A. 

parasiticus appears dark green on Czapek’s media but maintain the green colour with 

age, and their sterigmata have a uniseriate pattern. The fungus lacks sclerotia, and the 

spores are roughened. A. parasiticus colonies depict uniformity in size and shape 

(Iheanacho, et al., 2014). 

 

2.3.1 Environmental conditions promoting mycotoxin adulteration in agricultural 

products 

Environmental conditions are vital dependable influences for mould growth and toxin 

production, leading to mycotoxin adulteration in foods and feeds. Adulteration of 

harvested and processed cultivated foodstuffs can occur on- and off-field stages (Omara 

et al., 2020).  While A. parasiticus thrives in soils and peanuts, A. flavus is mostly 

detected in the aerial parts of a plant like flowers and mostly infects corn. Mycotoxin 

accumulation in maize and oilseeds are favoured by high moisture (over 80%) and high 

temperature levels (10-40 
o
C) (Agriopoulou, Stamatelopoulou, & Varzakas, 2020; 

Mahukua, et al., 2019). 

Drought conditions favour spore production by Aspergillus (Sibakwe,et al., 2017). Low 

levels of major soil minerals like nitrogen and other stressors that limit pollination favour 

Ochratoxin A production (Marin & Taranu, 2012; Atumo, 2020). Both dry and undried 
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maize grain remaining in the field is susceptible to infection by mycotoxin producing 

fungal species. Infections are also favoured by poor storage conditions of feeds and 

grains (Lunyasunya et al., 2005). 

The harvest time has also been shown to influence build-up of mycotoxins such as AFs. It 

is because Aspergillus does not effectively compete with other fungi at moisture levels of 

less than 20%. Therefore, a key management tip is to conduct harvesting at moisture 

levels of 20% and then drying the grains to attain moisture levels to below 15% (Muga, 

Marenya, & Workneh, 2019). Low oxygen content diminishes mycotoxin formation 

(Marin & Taranu, 2012). Insect infestation in grains cause physical injuries on grain 

allowing entry by Aspergillus and Penicillium species leading to adulteration (Bowen et 

al., 2014; Dowd, 2003). Inappropriate storage of protein enhancements like cottonseed 

cakes habour mould often detected in homemade feed concentrates of smallholders 

(Alvarado et al., 2017). Traditional maize storage systems such as granaries may favour 

growth of toxigenic fungi on wet kernels when their environment is warm and floors are 

dusty (Eduardo et al., 2005; Mutiga, Mushongi, & Kangéthe, 2019). 

When these storage places are elevated and are kept clean, they assist in isolating the 

maize from fungal spores and insect infestations. Although drying is a recommended 

preventative management strategy, most mycotoxin fungal spores remain attached to 

favourable agricultural products after drying and grow under light conditions (Dagnas & 

Membre, 2013). Unfortunately, most stakeholders especially traders in this value chain 

do not employ appropriate protective measures against insect pest infestation and fungal 

colonization in grain. Elimination of possible moisture sources in foods and feed at 
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handling and storage phases is vital to prevent prolific growth and reproduction of 

mycotoxin fungi.  

 

2.4 Prevalence of non-toxigenic strains in Kenya 

In Kenya, the laboratory production of non-toxigenic strains has been focused mostly on 

Aspergillus flavus. It has been established that some strains cannot produce toxins 

(Bandyopadhyay et al., 2016). In some cases non-toxic producers are applied as 

biocontrol of the toxigenic strains. They are selected as biocontrol based on the inability 

to mate with toxin-producing forms, as shown through genetic profiling using simple 

sequence repeats (SSR) and Vegetative Compatibility Grouping (VCG) (Moral et al., 

2020; Shenge et al., 2019). Non-toxigenic strains are ecologically competitive. This 

method applies competitive exclusion necessitating physical obstruction of growth or 

entrance of the mycotoxin producing pathotypes to the seed. In the case of A. flavus, 

based on functional, genetic, and morphology, this pathogen can be clustered into L- and 

S- strains characterized by production of low quantities of large sclerotia and several 

petite sclerotia (<400 µm) respectively (Ndisio, 2015). 

For almost two decades, biological control strategies have been pursued for utilizing non-

AF (non-toxigenic) pathotypes to curb AF adulteration on crops (Dorner, 2004). In this 

case, the non-toxigenic strains are given a competitive gain to deny AF-producing fungi 

growth opportunities hence decreasing their contamination impact. Effective approaches 

have been realized by utilizing native non-toxigenic fungal strains (Cotty & Mellon, 

2006; Okun et al., 2015).  

Studies by Okun et al., 2015 indicate high variations of forms of non-toxigenic species in 

Kenya. Reports show that non-toxigenic strains or L-morphotypes of both A. flavus and 
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A. parasiticus occur naturally, but this depends on the ecological niche. Aspergillus 

species were positively detected in all soil samples obtained from Kenyan regions. The L- 

strain morphotypes were the most common occurring in over 50% of the samples and 

then followed closely by the S-strains. Among Aspergillus species, A. flavus and A. 

parasiticus recorded the highest detection frequencies. There were variations in toxin to 

non-toxigenic strain ratio of Aspergillus across ecological regions. For example, while 

Msambweni region had the lowest strain ratio Makindu had the highest ratio (Okun et al., 

2015). The outcomes of this research signal that Eastern Kenya contains potentially a 

high diversity of non-toxigenic fungal species that may be utilized to develop biological 

controls against mycotoxin fungi in that region.   

Another study that identified non-toxigenic strains in Kenyan agroecological zones was 

by Pobst et al. (2011). This study sampled 12 districts of Kenyan regions formerly known 

as provinces, including Eastern, Coast, Rift Valley and Nairobi. While there were 96 

strains of mycotoxin non-producing A. flavus, 12 of these isolates significantly reduced 

AF levels by over 80%. This study found that non-toxigenic strains in these regions have 

a high potential of mitigating AF contamination to significant levels hence reducing 

mycotoxin outbreaks in the region.    

 

2.5 Regulations of mycotoxins 

2.5.1 International regulations 

In the United States, the Food and Drug Administration (FDA) termed mycotoxins, such 

as AFs, as unavoidable food poisons and enforced the highest acceptable limit in 

agricultural products. However, the maximum residual limits vary from 10ppb for food 

(human beings) to 20 ppb for feed (domestic animals: such as ruminants) (Liu & Wu, 
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2010; Williams et al., 2004). Thus, if AFs are detected beyond human safety levels 

(10ppb), the material is converted to feed through further downstream processing. While 

this (10ppb) level is tolerated among certain countries, there seem to be differences in the 

enforcement as countries are at liberty to impose more stringent requirements on trading 

partners. The European Commission has placed various regulations to manage 

mycotoxins. Major toxins such as AFs and ochratoxin A have been prioritized, and the 

commission has signed several agreements with neighboring states to address these 

toxins. By 2018, mycotoxins were the primary reason for border rejection of products in 

Europe, with more than 500 notifications (Daou et al., 2021).   

2.5.2 Local regulation of mycotoxins 

The practice of stringent regulation works well in Europe and Asia, but the same does not 

apply in Africa. By contrast, most of the populance in Africa depend on on cereals for 

their everyday nourishment, and it is nearly impossible to enforce these regulations in 

practice (Probst, et al., 2011). In Kenya, for example, food declared unfit for human 

consumption by the NCPB is often sold in an unregulated market dominated by 

smallholder farmers and producers. This is a significant cause of non-adherence; hence a 

large part of the population, as in the rest of Africa, keep on consuming food with 

mycotoxins exceeding permissible threshold (Atela, et al., 2016; Salano et al., 2015). 

However, the scenario is more severe in Kenya and Tanzania, where human fatalities 

have occurred in the past (Wild, et al., 2016). The difficulty in implementing the stringent 

requirements for AF regulations strengthens the view that AFs are a silent killer and a 

disaster waiting to happen. This study sought to tackle mycotoxin dilemma in maize to 
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lower the toxin levels circulating in the food chain enabling more access to trading blocs 

among states in agreement. 

2.6 Mycotoxin management approaches 

Mycotoxins have received considerable research attention to understand the biology, 

epidemiology, and manifestation of associated fungi. Several efforts have been underway 

to improve some practices that predispose crops to contamination and apply them on 

large scale (Obonyo & Salano, 2018). Matumba et al. (2021) outlined 5 solutions to 

preventing and managing mycotoxins in cereals. These strategies are being employed in 

various degrees throughout the world. The first strategy is to maintain plant vigour 

through timely planting well-performing varieties using healthy seeds and routine 

management and fertilization practices. The second key entails reducing toxin-producing 

fungi at pre-harvest and in storage by crop rotation, optimal fungicide application, 

reduction of crop-soil contact, field sanitation, and disinfection of storage bags and 

facilities. The third technique is by protecting husks and the pericarp to maintain the 

integrity of the grains. It minimises mechanical damage to the grains by using chemicals 

such as rodenticides. The last two strategies include rapid reduction of grain moisture and 

cleaning mycotoxin fungi preferred spots (Ayeni et al., 2021). While these strategies may 

be promising, in Kenya, there hasn't been much attention to reducing and possibly 

eliminating the toxins from food material through BCAs (Wild et al., 2016).  

 

2.6.1 Pre-harvest and post-harvest handling techniques 

Crop mycotoxin adulteration is a multifaceted procedure that commences in the farm, 

ensuing from ecological and biological elements like host vulnerability, high-

temperatures, insect infestation, and mycotoxin-producing capacities of fungi within 
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specific habitats (Ojiambo et al., 2018). The contamination process in the field begins 

with the causative fungi colonizing the crop and "waiting" for the right conditions to 

grow to maturity, where they produce toxins (Salano et al., 2015). This necessitates both 

field and off-field interventions. Crop exposure to mycotoxin ultimately leads to 

adulteration by mycotoxins. During processing and storage, this may either happen at on-

field or post-harvest (Mahukua et al., 2019). A simple drying device has been designed 

for use at subsistence levels. This device is still at patenting stage, but the trial phase 

showed that the device could significantly lower AF levels in Maize crops (Walker & 

Davies, 2013). It is currently being tested in other crop models. There is a need to 

examine other pre- and post-harvest strategies and their effect on reducing toxins in 

agricultural products. 

2.6.2 Biological management of mycotoxin producers 

Biological control is anchored on the premise that it is possible to use live organisms to 

control another often-harmful target organism, bringing it under control and reducing the 

harm caused by the other harmful organisms (Unnevehr & Grace, 2013). Most mycotoxin 

producing fungal species closely link with diverse crops steering contamination in 

storage and handling spaces. Maize and groundnut are valuable staples for millions of 

people across Africa, being among the key crops that are highly contaminated and also 

consumed. It follows that they should be ranked highly among crops to control AFs 

(Wild et al., 2016). Within the Aspergillus genus, several members cannot produce AFs 

(non-toxigenic) (Alakonya & Monda, 2016). It is also believed that careful selection of 

non-toxigenic genotypes in bio-control products can competently reduce mycotoxin 
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adulteration of crops if introduced before flower formation and pollination 

(Bandyopadhyay et al., 2016; Moral et al., 2020; Shenge et al., 2019). 

Previous reviews revealed that no local groundnut variety or maize is resistant to the 

accumulation of mycotoxins such as AF (Ndisio, 2015). Were et al. (2015) isolated 

mycotoxin-producing fungi in groundnuts from Bungoma County but did not examine 

their capacity to produce toxins. Mutegi et al. (2013) studied the incidence of Aspergillus 

section Flavi in Homa Bay County but did not provide sufficient information on the 

specific regions sampled. Therefore, little has been done to document the diversity of 

Aspergillus and Penicillium strains and possible mycotoxins produced in Western Kenya. 

2.6.3 In-vitro screening of bio-control agents 

In-vitro assessment to test the capacity of BCAs (BCAs) to antagonize pathogenic fungi 

has been widely employed for grouping and explicating the mechanisms used. 

Trichoderma species and Pseudomonas species are among the most utilized BCAs 

worldwide (Begum et al., 2008). In vitro studies to evaluate the ability of BCAs to 

detoxify AFs have been done in past studies (Elsanhoty et al., 2013). Alternatively, the 

capability of AF non-producing strains to competitively exclude aflnon-toxigenic fungi 

has been investigated in-vitro to ultimately reduce the potential total amount of AFs to be 

produced. This has been achieved using the dual culture technique either through co-

inoculation of grains with non-toxigenic and toxigenic agents on grains or growing them 

side by side on culture media (Calistru, McLean, & Berjak, 1997; Hruska et al., 2014). It 

has also been used to study gene-coding repression for AFs production by non-toxigenic 

strains (Hua et al., 2019). 
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2.6.4 Field efficacy assessments 

Inoculation of non-toxigenic strains has been tested and found safe and environmentally 

friendly in the USA (Nesic et al., 2021). Later the concept and practice were scaled up to 

over a million acres where susceptible hosts were treated (Cotty, Probst, & Jaime-Garcia, 

2008). The technology is currently being improved for use in sub-Saharan Africa with the 

intention to develop bio-control products, under the Aflasafe tradename, for 11 countries 

in Africa, including Kenya. In 2015, a preliminary study was formulated and set Kenya's 

first mycotoxin fungal bio-control product, Aflasafe KE01
TM

. It was later registered that 

year by PCPB as a bio-pesticide. A factory to manufacture the inoculum was set up, and 

initial laboratory experiments on efficacy were carried out in Kibwezi, indicating chances 

of success. After the seemingly successful event, the Kenyan Government purchased 270 

tons of Aflasafe KE01
TM

 and applied it in AF hotspots in Bura District (Bandyopadhyay, 

et al., 2016). Findings of field trials in Wote District point to the need for a more 

thorough and possibly independent re-assessment of the safety and efficacy of Aflasafe 

KE01
TM

 since the levels of toxins in both test and control farmer groups are ostensibly 

higher than expected (Bakari, 2016). 

The field has fewer chances of recombination between toxin producers and non-

producers since the two sets of fungi are selected from different vegetative compatibility 

groups (VCGs). At this point, the chances of genetic transmissions and fusion of the 

hyphae are minimal (Kagot, Okoth, Boevre, & Saeger, 2019; Moral et al., 2020). The 

application of non-toxigenic forms relies on the principle of competitive exclusion/out 

competition, where before colonization of kernels by aflnon-toxigenic fungi, non-

toxigenic strains are introduced.  
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Testing other fungi outside the genus Aspergillus is of a great boost as it helps broaden 

the scope of options for biological control. Generally, fungi used as bio-control agents 

employ varied mechanisms for antibiosis. Strains of gram-positive rhizobacteria such as 

Paenibacillus polymixa and rhizobia fungi as Trichoderma species produce lytic enzymes 

and have been explored and utilized further to manage phytopathogenic fungi (Raza, 

Yang, & Shen, 2008; Smitha et al., 2014). Several bio-fungicides, such as Protect, have 

been formulated and utilize these proteins to manage infectious fungi (Hamid, et al., 

2013; Jadhav & Sayyed, 2016). 

2.7 Way forward 

This study focused on distinguishing the normal manifestation of diverse strains of 

Aspergillus and Penicillium species and the ecological occurrence of both toxigenic and 

non-toxigenic species. It was a critical step toward identifying the proportion of non-

toxigenic species and other antagonistic fungi in natural environments. It is an essential 

step toward approximating their pertinency in the biological management of the more 

pathologically and economically critical mycotoxin producing strains in Kenya. Field 

tests of suitable antagonists helped evaluate the possible utilization of the fungi and their 

compounds as bio-control agents. 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Overview 

This section describes the protocol and the materials used to collect credible data that 

sufficiently answers the research questions. Busia, Siaya, Homa Bay, and Migori regions 

of Western Kenya were chosen for grain and sample collection based on the intensity of 

farming practices and environmental conditions that favour the occurrence and 

proliferation of mycotoxin fungi. It also explains the fungal isolation and incubation 

procedures using a laboratory-made Potato Dextrose Agar (PDA) media to grow pure 

cultures for morphological diversity assessment from groundnut, maize grain and soil 

samples. The third section describes the in-vitro assays to test for antagonistic properties 

of newly identified species from the successfully isolated fungi. The last section of this 

chapter describes procedures used in laying field experiments to identify the most 

efficacious BCAs against mycotoxin-producing fungal isolates affecting maize 

production in Western Kenya.  

 

3.2 Study sites 

Surveys were conducted during June and July 2019 in three sub-counties of Busia, Siaya, 

Homa Bay, and Migori counties (Table 1). Homa Bay and Bungoma have been 

associated with AF in Kenya. Little has been studied in Busia, Siaya, and Migori counties 

(Njoki et al., 2023). The four study regions were chosen based on the production of 

groundnuts and maize and their diverse agroecological conditions. Fungal isolation and 

in-vitro assessment studies were performed at the University of Eldoret, while field 

experiments were laid in Busia and Kisumu counties. The regional survey involved 
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County Sub Counties 

Homa Bay Homa Bay Town, Rachuonyo North, and Rangwe 

Busia Butula and Matayos 

Migori Suna East, Suna West and Awendo 

Siaya Ugenya 

 

sampling maize grains, groundnut grains, soil from intercrop, and pure stands of the two 

crops. Global Positioning System (GPS)-sensing applications and administrative block 

were used for site identification. 

Table 1: Counties and Sub Counties of sampling sites 

 

3.3 Fungal diversity in maize, groundnut and soils of Western Kenya  

3.3.1 Study location and environmental characteristics 

Surveys were conducted during June and July 2019 in three sub-counties of Busia, Siaya, 

Homa Bay, and Migori counties (Table 1 and Figure 1). The four study regions were 

chosen based on the production of groundnuts and maize, and diversity in agro-ecological 

conditions. The study regions were clustered based on administrative boundaries 

(Taherdoost, 2016). Biased sampling was used where farmers with maize and groundnuts 

intercrops from the previous season were targeted. This strategy was used ensure precise 

collection of adulterated maize. Groundnut and soil samples. 

Homa Bay County receives annual temperatures of 21.7
o
C, 1330.9mm of rainfall, and 

64.8% relative humidity. The highest temperatures (22.5
o
C) are recorded in February and 

March, while the highest relative humidity rates (71.5%) are recorded in May 
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(Weatherbase, 2022). Siaya County records annual temperatures of 21.4 
o
C, yearly 

rainfall of 2143.8mm, and annual average humidity of 77.25%. The highest relative 

humidity (82.74%) is recorded in April, and the highest temperatures (22.7°C) are 

recorded in February (Climate Data, 2022a). The average annual temperature level 

recorded in Migori County is 21.0°C, and precipitation levels of 1521.5mm per year. The 

highest temperatures (21.9°C) are recorded in February, while April is the month that 

records the highest relative humidity (76.88%) (Climate Data, 2022b). Busia County 

records annual average temperatures of 21.8°C and precipitation levels of 2291.1mm. 

May records the highest relative humidity levels (82.59%), while the most elevated 

temperatures are recorded in February (29.3°C) (Climate Data, 2022c). 

 

 

  

 

 

 

 

 

Figure 1: Geographical mapping of the survey area using QGIS location mapping 
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3.3.2 Sampling strategy 

Grain samples of maize and groundnuts, and soils weighing 250g each were obtained 

from the selected farmers. Soil samples were obtained from the fields where the grains 

were harvested in the previous season. Samples were aseptically transported to the 

laboratories to isolate fungi (Salano et al., 2015). This procedure assisted in 

determination of the incidence and prevalence of AFs in diverse farming practices and 

environmental conditions. Forty-six maize and groundnut farmers were sampled and 

interviewed on their awareness and mitigation measures against  mycotoxin fungi 

occurrence using semi-structured questionnaires (Appendix I). 

3.3.3 Fungal isolation and purification from grains and soils 

Commercial TM Media PDA at 39g/l concentration in sterile distilled water was heated 

to ensure a uniform mixture. The media was sterilised at 121 °C for 15 minutes. 

Contaminating bacteria were controlled  by adding streptomycin antibiotic at 1g/litre of 

PDA (Pardley & Sharma, 2010). The grains were surface pasteurised in 1% sodium 

hypochlorite (NaOCl) for 60 seconds, rinsed three times in antiseptic water, and then 

placed on solidified sterilised PDA media. The gains were subjected to 27
o
C Gallen 

Kamp incubator conditions in alternating light and dark at the rate of five grains per plate 

(Salano et al., 2016). After five days, culture purification was done where a 

representative mycelium was inoculated on new PDA plate and incubated at similar light 

and temperature conditions. The emerging colonies were sub-cultured and pure cultures 

were obtained subsequently for use in succeeding studies (Were et al., 2015).  

The soils were put through a sieve using a 2-millimetre mesh to get rid of crop remains. 

One gram of the sieved soil was mixed with 9 ml antispetic water. Serial dilutions to 10
-3 
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of the suspension were done and a 200 microlitres aliquot was evenly dispersed on PDA 

media in two replicates (Muthomi et al., 2009). Incubation procedures lasted for five days 

and fungal colonies counted. The Colony Forming Units per gram (CFU g
–1

) of soil was 

calculated according to Odhiambo, Murage, and Wagara (2013); 

CFU g
-1

 Soil = Number of colonies / (Amount plated x dilution factor) 

3.3.4 Fungal identification and diversity assessment 

Fungal isolates across the study areas were analysed using morphologically descriptive 

assays. Further classification was completed through pathology reference books and 

journals such as Agrios (2005), Lucas (2009), Tronsmo et al., (2020), and Khokhar and 

Bajwa, (2015). By use of a light microscope at X400 magnification the fungi were 

identified and clustered according to their spore and mycelial morphologies such as 

shape, colour and texture. The fungal isolates were also categorised according to AEZs 

(Counties) of isolation to determine whether they occurred within a specific region or in 

more than one geographical space. 

3.4 In vitro inhibition of selected fungi against mycotoxin fungi  

This research was done at the University of Eldoret Crop Protection Laboratory 1. A sum 

of six fungal isolates known to produce mycotoxins and nine fungal isolates without clear 

history of mycotoxin production were obtained from the experiment in section 3.3 of this 

study. 

3.4.1 In-vitro assays against mycotoxin fungi 

Inhibition characteristics of selected fungal isolates was tested against against mycotoxin-

producing fungi. The assays were done by growing the two groups of fungi on PDA 
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media using two different placement methods within a petri-dish (Maurya, Singh, & 

Tomer, 2014; Kumar et al., 2020). Antagonistic fungal isolates selected included 

Biatriospora species, Coniothyrium species, Epichloe species, MCHB2 (unidentified), 

Phialemoniopsis species, Trichoderma species, MCMT4 (unclassified) and Monascus 

species. These nine isolates were assesssed against three AF-producing fungal species 

(Aspergillus flavus, Aspergillus parasiticus, and Aspergillus nomius); two PAT and PCN 

(Penicillium corrylophillum and Penicillium auratiogriseum); and one OTA-producing 

fungal isolate (Aspergillus niger).  

 

Among the two methods used, the first was a dual culture while the second was the 

author’s modified technique. For the dual culture technique, the test fungal isolates were 

plated at opposite and equidistant points against the antagonist from the periphery of a 

PDA enriched petri-dish. In comparison, for the modified technique, the antagonistic 

fungal isolate was cultured at four equidistant positions while the test/mycotoxin fungi 

placed at the middle (Figure 2). Each arrangement was replicated three times for every 

test. 

  



28 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Isolate placement illustration myctoxin/test (A) and antagonist (B) fungi 

using the dual culture (method 1) and the modified method (method 2) 

 

3.4.2 Data collection 

After a 7-day incubation period, the width of inhibition zones (IZ) in millimeters was 

measured. Percentage inhibition levels were calculated according to Maurya et al., 

(2014). 

𝐈(%) =
𝑟1 − 𝑟2

𝑟1
𝑥 100 

Where: I = Percentage inhibition, r1 = length of longest radius in millimeters of the 

test/toxigenic fungi grown in the control experiment and r2 = the length of radius in 

millimeters of mycotoxin fungi in the test experiment.  
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A visual scale of 1-5 was also used to measure the degree of antagonism. Where: 1 = the 

antagonist completely covered the whole petri-dish and grew over the mycotoxin fungi, 2 

= the antagonistic fungi grew and occupied at least 2/3 of the petri-dish, 3 =  the test and 

antagonistic fungal isolates shared equal portions of the surface of the plated media, 4 = 

the test fungal isolate occupied to more than 2/3 of the surface area and 5 = the test fungi 

occupied the whole plate and grew over the antagonistic fungal isolate (Kucuk & 

Kyvanc, 2011). 

3.5 Efficacy of biocontrol agents against mycotoxin fungi in maize under field 

conditions 

3.5.1 Site characteristics 

The field research was done for two seasons in Kibos and Sega regions of Kisumu and 

Siaya counties. The study sites were selected based on their rich history in maize 

production, occurrence in different AEZs and suitable conditions for mycotoxin fungi 

infection and growth. Kibos site receives 1464 mm annual rainfall and 23
o
C average 

daily temperatures. The site’s altitude is 1184m above sea level at -0.06994N and 

34.81688 E. The soils pH ranges from 5 to 6 (Juma et al, 2018). Alternatively, Sega site 

receives average rainfall amounts of up to 1450mm annually while temperature vary from 

15-30
o
C. The site’s altitude stands at 1120m asl and is located at 0.250425995N and 

34.20243912E. Ferralsols are among the most dominant soil types of the area (Okaron, 

2017; Owino et al., 2015).  

3.5.2 Sowing and study design 

The field research was planted in a split-plot layout using Randomized Complete Block 

Design (RCBD) in two sites with treatments replicated four times. The main plots of the 
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split plot comprised the Duma and Punda milia maize varieties known to be susceptible 

hosts of AF producing fungi. The sub plots comprised the seven fungal concoctions 

including Trichoderma harzianum, Monascus species, isolates MCMT3, MCBT4b, a 

mixture of Monascus sp, MCMT3, and MCBT4B, AflaSafe KE01
TM

 standard check and 

the untreated negative control. The plots measured 18.75m
2
 while inter- and intra-row 

spaces were maintained as 75cm by 25cm respectively. During planting, Di-Ammonium 

Phosphate fertiliser of 18% N, 46% P and 2.5% S was added. The equivalents of nitrogen 

and phosphorus were 22.5kg/Ha and 25.13kg/Ha, and 0.042 kg/plot and 0.047kg/plot 

respectively. Weeding was completed at 21 and 56 days after planting. Calcium 

ammonium nitrate was applied as a top dress at 65g of N per plot at 21 days after crop 

emergence after the first weeding. The experiment was planted for two seasons including 

the long rains and short rains of 2020 in Western Kenya.  

3.5.3 Concoction formulation and application 

Fungal spores were washed from the petri-dishes by adding 10 milliliters of distilled 

water to the mycelial surface. A sterilized glass rod was used to gently scrub the surface 

to detach conidia from the colonies and suspend them in water. The spore suspension was 

transferred into sterile conical flasks where a concoction of 4 suspensions/litre was 

attained (Atehnkeng, et al., 2008). The mixed concoction treatment consisted of mixing 

the individual suspensions at equal concentrations. For proper storage, the fungal 

concoctions were refrigerated at 4
o
C (Atehnkeng, et al., 2008).  

When the field maize attained 50-70% silking, inoculation of the concoctions was done 

on the ears at 4ml per ear using clean syringes. For the standard treatment AflaSafe 
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KE01
TM

, applications were done at 14 days prior to flowering which at 40 Kg/ha 

(Atehnkeng, et al., 2008). 

3.5.4 Fungal diversity in harvested kernels 

At maturity 20 samples of ears per treatment/subplots were obtained and were sundried 

until grain moisture content reached 13%. Symptomatic grains were sampled and were 

surface pasteurized using 1% of NaOCl for two minutes and then washed thrice using 

disinfected water. PDA was prepared and sterilized using procedures outlined in section 

3.3.3. Afterwards, streptomycin was  applied as an antibiotic to the media to repress 

growing bacteria on the media (Gulbis et al., 2016). Five grains were placed into the 

media dispensed on petri-dishes in triplicates and then incubated in sterile conditions at 

25-27
o
C in darkness. After 5 days, fungi were observed to grow from the cultured seeds 

and identified according to their morphological features of the mycelia, spores and spore-

bearing structures (Gulbis et al., 2016). Percentage incidences of mycotoxin fungi 

propagating from the cultured seeds were recorded. Key mycotoxin fungi targeted in the 

assessments include A. flavus, A. parasiticus, A. nomius, P. corrylophilum, P. 

auratiogriseum and A. niger. These fungi were grouped into three categories including 

AF, PAT, PCN and OTA producing fungi. Fungal diversity assessments were also made 

by recording the total number of fungal species per petri-dish.  

3.5.5 Experimental Layout and statistical model 

The layout for the field experiment is shown in figure 3 below. 
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1 T5 T1 T3 T2 T6 T7 T4 T2 T4 T5 T7 T1 T6 T3

2 T1 T3 T4 T6 T5 T2 T7 T3 T2 T1 T6 T4 T7 T5

3 T5 T1 T6 T4 T2 T7 T3 T4 T5 T1 T3 T7 T6 T2

4 T7 T6 T4 T1 T3 T5 T2 T3 T2 T7 T5 T6 T1 T4

Key 

Treatment 3 (T3) = Isolate MCMT3 

Block/Rep

Treatment 4 (T4) = Trichoderma harzianum

Treatment 5 (T5) = Isolate MCMT4b 

Treatment 6 (T6) = Aflasafe KE01
TM 

(Positive check)

Treatment 7 (T7) = Control/Untreated experiment (Negative check)

Main Plots

Subplot A (Duma variety) Subplot B (Punda variety)

Treatment 1 (T1) = Co-inoculation of isolates MCMT3, MCMT4b and Monascus  species.

Treatment 2 (T2) = Monascus  species

Figure 3: Study layout of a split-plot arrangement in RCBD. 

Experimental Model 

Yijkl = µ + βi + αj + ∑(a)ij + ʎk + αʎjk + ∑(b)ijkl 

Where: Yijkl = total observation, µ = overall mean, βi = i
th

 effect of block, αj = j
th 

effect of 

the main plot, ∑(a)ij = error due to the i
th 

and j
th

 effects, ʎk = k
th 

effect of the subplot, αʎjk = 

Interaction between the j
th

 level of the main plot and the k
th

 level of the subplot and ∑(b)ijkl 

= residual effect. 

3.6 Statistical analysis 

Data obtained from farmer practices and their knowledge status against mycotoxin 

contamination were analysed using descriptive statistics using bar graphs with standard 

error bars. The data on inhibitory indices was analyzed for ANOVA using Genstat 

software version 16.0. Pictorials were organized in figures to visually illustrate the 
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antagonism effects of tested siolates. Similarly, for the field studies, incidence data 

depicting performance of the applied treatments and fungal diversity were subjected to 

descriptive statistics using Excel software of Microsoft 365. Seasonal and varietal 

performance trends of the treatments were depicted in line and bar graphs with custom 

error bars. Numerical data was subjected to ANOVA and DMRT used as a post hoc at 

95% confidence interval for all mean separations in this study. 
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CHAPTER FOUR 

RESULTS 

4.1 Overview 

This section entails the findings obtained in this research. The first section provides 

detailed information on the current status on farmer practices, awareness levels and 

mycotoxin mitigation measures. The second section outlines vital findings on fungal 

morphological diversity and environmental specificity of isolated fungi from the sourced 

samples. The third section contains findings on in-vitro assays between identified 

antagonists and major mycotoxin-producing fungi. Finally, the performance of successful 

antagonists from in-vitro studies is revealed in the last part of this section.   

4.2 Farmers’ cognizance on mycotoxin mitigation  

Regarding farmer awareness of causes and mitigation measures of mycotoxins, Migori 

County registered the highest frequency while Siaya had the lowest in both aspects. More 

than 10% of respondents in Busia, Siaya, Migori, and Homa Bay counties were aware 

that improper drying, rainfall at harvesting, dampness, and high moisture content are 

causative factors of AF accumulation in maize and groundnuts. However, less than 20% 

of respondents from all sampled regions were aware that improper storage, soil infection, 

pest damage, maize rotting, bad seeds, chemical sprays on wet cereals, delayed 

harvesting, and untreated cereals were causative factors of mycotoxin accumulation 

(Figure 4). Further, farmer practice assessments revealed that over 60% of the 

interviewees stored their harvested groundnuts and maize in gunny bags while less than 

40% stored their grains in granaries (Figure 4). 
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Farmer evaluations on mycotoxin mitigation uncovered that respondents were least aware 

of strategies used to mitigate their accumulation (Figure 5). Appropriate drying and grain 

storage techniques emerged as the only key techniques known by at least 40% of the 

respondents across the study regions. Conversely, other alleviation strategies such as 

growing resistant genotypes, chemical use and crop rotation recorded less than 20% 

among all the study regions (Figure 5). 

 

 

 

Figure 4: Storage techniques used by respondents of harvested grain (groundnut and 

maize) 
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4.3 Fungal diversity in grains and soils of Western Kenya 

Fungal diversity and identification assessments recorded 35 different/diverse fungal 

isolates across the four study regions of Western Kenya and across the grain and soil 

samples. Furthermore, several morphotypes were observed within a single species were 

noted phenotypically in plates at a microscopic level based on mycelial and spore 

features. Among the 35 diverse isolates, Aspergillus species were the most frequently 

isolated with 14 diverse pathotypes (Table 2 and Table 3). The second and third most 

frequently obtained isolates belonged to Penicillium (8 isolates) and Fusarium (4 

isolates), respectively (Table 2 and Table 3). Only 4 isolates remained unidentified 

whereas 34 diverse isolates were identified to the genus level.  

Figure 5: Farmer’s response on mycotoxin mitigation in groundnut and maize 



37 
 

4.4 Environmental distribution of fungal isolates from Western Kenya 

In general, most fungal isolates from the maize, groundnut and soil sample sets were 

environment specific. Across the sample types, most fungal isolates were traced to Busia 

County samples while Siaya County recording the least. Numerically, 13 fungal isolates 

were not specific to a single environment (Figure 6). In terms of sample types, maize and 

groundnuts of Busia County had the most frequently isolated environmentally non-

specific fungal isolates (Table 2). 

In maize samples, A. flavus (MUG5) was the most frequently isolated fungus detected 

across all the study areas but absent in all groundnut samples. Similarly, Fusarium 

oxysporium (MGW5) and A. niger (MBT2) were traced in three Counties out of the total 

four. Interestingly, A. flavus (GMT3) record the highest detection frequencies in 

groundnuts except for Migori County where it was not detected. In comparison, A. niger 

(MBT2) was detected in all sampling regions hence emerging as the most occurring 

isolate in the assessed soil samples (Table 2).  

In addition to regional non-specificity, some of the isolates were specific to sample types. 

For instance, the detection of A. flavus (MUG5) occurred in maize samples from all the 

counties and from soils of Siaya County. Also, while Aspergillus flavus (GMT3) was 

only specific to groundnut samples,  Aspergillus nomius, MCMT4b, and Biatriospora 

species were specific soil samples.  

 

Besides regional non-specificity, some of the isolates were specific to sample types. 

Aspergillus flavus (MUG5) was found in maize samples alone in all counties and in soils  
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of Siaya County. Aspergillus flavus (GMT3) was only specific to groundnut samples. 

Isolates that were specific to soil samples include Aspergillus nomius, MCMT4b, and 

Biatriospora species.   

No Identification

Mycelial 

morphology & 

colour

Spore morphology 

(X400 

magnification)

No Identification

Mycelial 

morphology & 

colour

Spore morphology 

(X400 

magnification)

1

Aspergillus 

flavus 

(MUG5) 

(Makhlouf  et 

al., 2019)

8

Aspergillus 

nomius (Azeez 

et al ., 2016)

2

Aspergillus 

niger 

(Moslem et 

al. , 2010)

9

Aspergillus 

flavus 

(GMT3) 

Makhlouf  et 

al ., 2019)

3

Penicillium 

auratiogriseu

m  (Khokhar 

& Bajwa, 

2015)

10

Fusarium 

species 

(MCBT1) 

(Ignjatov et 

al ., 2018)

4

Penicillium 

species 

(MMT2) 

(Peterson et 

al ., 2015)

11

Penicillium 

chrysogenum 

(Xia et al ., 

2018)

5

Fusarium 

oxysporium 

(MGW5) 

(Teixeira et 

al ., 2017)

12
MCMT4b 

(Unidentified)

6

Fusarium 

proliferatum 

(Husain et al ., 

2017)

13

Trichoderma 

harzianum 

(Rachniyom, 

& 

Jaenaksorn, 

2008)

7

Biatriospora 

species 

(Kolarik et 

al ., 2017)

Figure 6: Environmental non-specific diverse fungal isolates 



39 
 

 

  

 In addition to environment/regional-specific fungal isolates in Table 2, 22 of the total 

isolates were region/County-specific (Figure 7 and 8). Taxonomically, 10 isolates were 

from Aspergillus genus, while 1 isolated was Penicillium species. When classified into 

regions, 8 isolates were from Busia County (7 from soil samples and 1 from maize) with 

3 from Siaya County soil samples (Table 3). 

 

Table 2: Detection frequencies of environmental or region non-specific isolates 

M G S M G S M G S M G S

A. flavus  (MUG5) + - - + - + + - - + - - 5

A. niger + + + + - + - - + + - + 8

Penicillium auratiogriseum + + - - + - - + + - + - 6

Penicillium  species (MMT2) + + + - - - - - - - + - 4

Fusarium oxysporum  (MGW5) + - + + + - + - - - - - 5

Fusarium proliferatum + - - - - + - + - - - - 3

Aspergillus nomius - - + - - - - - + - - - 2

A. flavus  (GMT3) - + - - + - - + - - - - 3

Fusarium  species (MCBT1) - + + - - + - - + - - + 5

Penicillium chrysogenum - - + - - - - + - - - + 3

MCMT4b (Unidentified) - - - - - + - - + - - - 2

T. harzianum - - - - - - + - - - - + 2

Biatriospora species - - - - - - - - + - - + 2

Number of diverse fungi per sample 6 5 6 3 3 5 3 4 6 2 2 5

Number of divserse fungi per region/County

Key 

M - Maize

G - Groundnut

S - Soil

Isolate Identity Isolation Frequency
Siaya 

 WESTERN KENYA COUNTIES

Busia Homa Bay Migori 

17

50

11 13 9
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Figure 7: Environment/region-specific diverse fungal isolates 

No Identification

Mycelial 

morphology & 

colour

Spore morphology 

(X400 

magnification)

No Identification

Mycelial 

morphology & 

colour

Spore morphology 

(X400 

magnification)

1
MMT3 

(Unidentified)
7

MCMT3 

(Unidentified)

2

Aspergillus 

terreus 

(MCBT6) 

(Upendra et 

al ., 2013)

8
MCMBT3 

(Unidentified)

3

Aspergillus 

tubingensis 

(Guerrero et 

al ., 2021)

9

Athrinium 

sacchari 

(Wang et al ., 

2018)

4

Aspergillus 

Candidus  

(Ulloa et al ., 

2006)

10

Coniothyrium 

olivaceum 

(Abdollahi 

Aghdam & 

Fotouhifar, 

2016)

5

Monascus 

species (Virk 

et al ., 2020)

11
Epichloe 

species 

6
MCMT4a 

(Unidentified) 
12

Aspergillus 

terreus 

(MGW1) 

(Upendra et 

al ., 2013)
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No Identification

Mycelial 

morphology & 

colour

Spore morphology 

(X400 

magnification)

No Identification

Mycelial 

morphology & 

colour

Spore morphology 

(X400 

magnification)

13

Aspergillus 

flavipes 

( Kebeish & 

El-Sayed, 

2012)

18

Aspergillus 

parasiticus  

(Al-Hmoud et 

al ., 2012)

14

Aspergillus 

tamarii 

(Jayshree & 

Seema, 2018)

19

Aspergillus 

oryzae 

(Mahmoud & 

Zohri, 2021)

15
MCHB2 

(Unidentified)
20

Penicillium 

species 

(MCSW3) 

(Suhaib et al ., 

2011)

16
MCRN1 

(Unidentified)
21

Phialemoniop

sis 

endophytica 

(Su et al., 

2016) 

17

Aspergillus 

species 

(MSE2) 

(Asan, 2003)

22

Aspergillus 

species 

(MCSW1) 

(Pitt & 

Hocking, 

2022)

Figure 8: Environmental specific diverse fungal isolates (Cont’) 
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Table 3: Detection frequency of region-specific isolates 

 

M G S M G S M G S M G S

MMT3 (Unidentified) + - - - - - - - - - - - 1

Aspergillus terreus (MCBT6) - - + - - - - - - - - - 1

Aspergillus tubingensis - - + - - - - - - - - - 1

Aspergillus Candidus - - + - - - - - - - - - 1

Monascus  species - - + - - - - - - - - - 1

MCMT4a (Unidentified) - - + - - - - - - - - - 1

MCMT3 (Unidentified) - - + - - - - - - - - - 1

MCMBT3 (Unidentified) - - + - - - - - - - - - 1

Athrinium sacchari - - - - - + - - - - - - 1

Coniothyrium olivaceum - - - - - + - - - - - - 1

Epichloe species - - - - - + - - - - - - 1

Aspergillus terreus (MGW1) - - - - - - + - - - - - 1

Aspergillus flavipes - - - - - - + - - - - - 1

Aspergillus tamarii - - - - - - - + - - - - 1

MCHB2 (Unidentified) - - - - - - - - + - - - 1

MCRN1 (Unidentified) - - - - - - - - + - - - 1

Aspergillus  species (MSE2) - - - - - - - - - + + + 3

Aspergillus parasiticus - - - - - - - - - + - - 1

Aspergillus oryzae - - - - - - - - - - - + 1

Penicillium species (MCSW3) - - - - - - - - - - - + 1

Phialemoniopsis endophytica - - - - - - - - - - - + 1

Aspergillus  species (MCSW1) - - - - - - - - - - - + 1

Number of fungi per sample 1 0 7 0 0 3 2 1 2 2 1 5

Number of fungi per region (County)

Key 

M = Maize grain

G = Groundnut grain

S = Soil sample

 Isolation/Detection 

Frequency

24
8 3 5 8

WESTERN KENYA COUNTIES

Fungal isolates' identification

Busia Siaya Homa Bay Migori 
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4.5 Colony Forming Units (CFU) of soil fungi in Western Kenya 

Fungal colony assessments revealed non-significant differences of CFUg
-1

 among the 

four study regions (Busia, Siaya, Homa Bay and Migori) (Figure 9). However, variations 

were observed between CFUs where Homa Bay recorded the highest differences. The 

highest variations occurred in Siaya which had a mean of over 17 CFUg-
1
. Also, for 

sample spreading (whiskers), Busia County had the highest tally of CFUg
-1

, that is, over 

30 CFUg
-1

and Homa Bay recording the least (<5 CFUg
-1

) (Figure 9). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: CFUg
-1

of soil inhabiting fungal isolates 
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4.6 In-Vitro Inhibitory Indices against Mycotoxins from Western Kenya  

4.6.1 Percentage inhibition of mycotoxin-producing fungi 

The nine antagonistic fungal isolates performed uniquely against the major AF-producing 

fungal species. T. harzianum exhibited the best inhibition levels (> 60%) in-vitro using 

the dual culture method against A. flavus, A. parasiticus, A. niger, P. corrylophylum and 

P. auratiogriseum. Uind the same technique A. nomius exhibited less inhibition when 

grown against T. harzianum but was best supressed by MCMT4b. In addition to A. 

nomius, isolate MCMT4b expressed parallel inhibition levels (>40%) against P. 

auratiogriseum. Like T. harzianum and MCMT4b, Monascus species and isolate 

MCMT3 significantly repressed all the mycotoxin fungi assessed (Table 4). 

1
Adjustment of the dual culture method surfaced distinct and increased supression for T. 

harzianum against the tested mycotoxin fungi to over  80% inhibitory levels (Table 5). In 

contrast to the dual culture method the rest antagonistic fungi lower (< 40%) inhibition 

indices against mycotoxin fungi vitro conditions.
2
 

                                                           
1
 Percentage inhibitions with different letters are statistically different at 5% significance level 

2
 Percentage inhibitions with different letters statistically differ at 95% confidence interval 

Table 4: Percentage inhibition of toxigenic fungi in-vitro using dual (1:1) culture 

technique 
Antagonist Fungi A. flavus A. Parasiticus A. nomius A. niger P. corrylophilum P. auratiogriseum

Isolate MCMT3 5.34a 49.49c 20.08a 23.47b 12.03a 3.15a

Isolate MCMT4b 4.27a 30.87b 53.56c 6.34a 31.28b 54.33c

Monascus  sp. 15.26b 14.86a 34.81b 19.89b 8.21a 14.99b

T. harzianum 58.31c 88.55d 31.17b 79.01c 87.21c 66.94d

MEAN 20.8 45.94 34.91 32.18 34.68 34.85

Probability <.001 <.001 <.001 <.001 <.001 <.001

S.E 2.023 2.872 3.171 1.987 3.43 1.841

S.E.D 1.652 2.345 2.589 1.622 2.8 1.503

% CV 9.7 6.3 9.1 6.2 9.9 5.3
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4.6.2 Inhibition of mycotoxin-producing fungi in-vitro using the 1-5 rating scale 

According to the inhibition scale the best repression levels against mycotoxin fungi were 

observed in T. harzianum, MCMT3, and Monascus species had. In particular, T. 

harzianum best supressed mycotxin fungi to < 2.5. In contrast, notable differences were 

not observed among T. harzianum, Monascus species and MCMT3 against P. 

auratiogriseum. Additionally, isolate MCMT4b expressed significant positive 

antagonistic levels against A. Parasiticus, P. corrylophylum, and P. auratiogriseum. All 

mycotoxin fungi were not positively supressed by Biastrospora species, C. olivaceum, 

Epichloe species, MCHB2, and P. endophytica (Table 6). 

 

 

 

 

 

Antagonist Fungi A. flavus A. Parasiticus A. nomius A. niger P. corrylophilum P. auratiogriseum

Isolate MCMT3 23.49b 23.12b 11.45a 28.76a 14.74a 5.02a

Isolate MCMT4b 6.77a 4.91a 16.95b 31.64b 21.63b 47.94c

Monascus  sp. 38.32c 25.32b 33.76c 47.93c 41.22c 11.20b

T. harzianum 80.42d 88.55c 87.19d 87.24d 87.21d 87.42d

MEAN 37.25 35.48 37.34 48.89 41.2 37.9

Probability <.001 <.001 <.001 <.001 <.001 <.001

S.E 1.374 1.375 1.482 1.408 2.997 1.975

S.E.D 1.122 1.123 1.21 1.15 2.447 1.613

% CV 3.7 3.9 4 2.9 7.3 5.2

Table 5: Percentage inhibition of toxigenic fungi in-vitro using the modified (4:1) 

technique 
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4.6.3 Inhibition of mycotoxin-producing fungi-based on zones of inhibition 

Positive or successful inhibitions against the examined mycotoxin fungi were exhibited 

by isolates MCMT3, MCMT4b, T. harzianum, Monascus species and P. endophytica in 

the dual culture technique (Table 7 and Figure 10). Comparatively, isolates MCMT3, 

MCMT4b and Monascus species best formed ZIs (>1mm) (Table 8). The rest of the 

antagonistic fungal isolates tested did not exhibit capacity to form inhibition zones .  

 

 

 

 

                                                           
3
 Percentage inhibitions with different letters statistically differ at 95% confidence interval 

Antagonist Fungi A. flavus A. Parasiticus A. nomius A. niger P. corrylophilum P. auratiogriseum

Biatriospora sp. 4.133de 5e 4.6d 5f 4.333e 5e

C. olivaceum 3.7d 4.3d 4.367d 3.867d 3.9d 4.433d

Epichloe  sp. 4.333e 4.767e 4.733d 4.8ef 4.6ef 3.933c

Isolate MCMT3 2.5b 2.667b 3.267b 2.667b 3.133c 2.367a

Isolate MCMT4b 3.8d 2.9b 3.367bc 3.433c 2.5b 2.867b

Isolate MCHB2 4.967f 3.967d 4.433d 5f 4.867f 4.633de

Monascus  sp. 3.133c 3.433c 3.267b 3.867d 3.133c 2.367a

P. endophytica 3.767d 4.7e 4.067cd 4.6e 4.767f 4.6de

T. harzianum 1.367a 1.7a 1.767a 2.133a 1.733a 2.1a

MEAN 3.522 3.715 3.763 3.93 3.663 3.589

Probability <.001 <.001 <.001 <.001 <.001 <.001

S.E 0.1764 0.0339 0.1302 0.0714 0.14 0.1567

S.E.D 0.238 0.1855 0.3408 0.1356 0.0525 0.1868

% CV 5 0.9 3.5 1.8 1.4 4.4

Table 6: Mycotoxin fungi suppression using the inhibition scale (1-5) in dual culture 
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Antagonist Fungi A. flavus A. Parasiticus A. nomius A. niger P. corrylophilum P. auratiogriseum

Isolate MCMT3 3.0a 2.7ab 7.0c 4.0b 3.7b 5.0a

Isolate MCMT4b 29.0c 1.7a 7.0c 6.0c 6.0c 5.7a

Monascus  sp. 2.7a 2.3a 2.7a 2.0a 4.3bc 4.7a

T. harzianum 20.0b 6.3c 2.3a 4.7b 1.3a 22.7b

P. endophytica 4.0a 4.0b 5.3b 6.0c 3.3b 3.3a

MEAN 11.73 3.4 4.87 4.53 3.73 8.27

Probability <.001 <.001 <.001 <.001 0.002 <.001

S.E 1.366 0.816 0.894 0.516 0.931 1.693

S.E.D 1.116 0.667 0.73 0.422 0.76 1.382

% CV 11.6 24 18.4 11.4 24.9 20.5

Table 7: Inhibition of mycotoxin-producing fungi by ZI width in millimetres using 

the dual culture 

Table 8: Inhibition of mycotoxin-producing fungi based on the ZI width in millimetres 

using the modified method 

Antagonist Fungi A. flavus A. Parasiticus A. nomius A. niger P. corrylophilum P. auratiogriseum

Isolate MCMT3 2.7a 1.7a 2.7a 2.0a 4.3a 3.7a

Isolate MCMT4b 3.0a 1.7a 6.3b 4.0b 3.0a 4.0a

Monascus  sp. 6.0b 3.3b 4.3ab 5.0b 4.0a 11.7b

MEAN 3.89 0.019 4.44 3.67 3.78 6.44

Probability 0.027 2.22 0.023 0.002 0.236 <.001

S.E 1.202 0.577 1.155 0.577 0.882 1.374

S.E.D 0.981 0.471 0.943 0.471 0.72 1.122

% CV 30.9 26 26 15.7 23.3 21.3
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Figure 10: An illustration of best performing antagonists in-vitro using dual culture 

and the modified method 
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4.7 The effect of efficacious biological concoctions on incidences of toxigenic fungi 

and fungal diversity at post-harvest  

4.7.1 Performance of applied bio-controls against mycotoxin fungi 

In terms of percentage incidences, there were no notable differences observed in grain 

inoculated with Monascus species, MCMT3, MCMT4b, T. harzianum and mixture 

treatment AF, PAT, PCN, and OTA fungi in Sega and Kibos sites. Lowest incidences 

(<15%) of mycotoxin fungi were recorded in grains inovulated with Monascus species, 

MCMT3, MCMT4b and mixture treatment. These incidences differed significantly with 

those of the untreated control in Sega and Kibos sites except incidences recorded in the 

mixed concoction treatment against PAT & PCN fungi in Sega site (Figure 11). 

 

 

Figure 11: Performance of applied biological concoctions against toxigenic fungi 

during the long rains season  
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On the other hand, all treatments namely Monascus species, MCMT3, MCMT4b, T. 

harzianum and the mixed concoction exhibited no significant differences against AF, 

OTA, PAT and PCN-fungi percentage incidences in Sega site. Their performances 

replicated in Kibos with an esception of MCMT4b and MCMT3 concoctions that did not 

exhibit notable differences with AflaSafe KE01
TM

 against all mycotoxin fungi except for 

OTA fungi (Figure 12). Tellingly, in Kibos, MCTM3 did not outperform the control 

experiment in repressing percentage incidences of all tested toxigenic fungal isolates 

(Figure 12). 

4.7.2 Effect applied fungal concoctions on diversity of other fungi 

In Kibos, there were no significant variations in the effect of Monascus species, MCMT3, 

MCMT4b, T. harzianum and the mixed concoction on fungal diversity in both seasons. 

Similar effects were recorded in Sega with an exception of Monascus spp. and T. 

harzianum. These fungal concoctions had the lowest fungal diversity levels. However, 

Figure 12: Performance of bio-controls against toxigenic fungal incidences during 

short rains  
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they differed notably with MCMT3 and the mixed concoction in the long rains (Figure 

13). 

 

 

4.7.3 Efficacy of the tested BCA’s as influenced by maize variety  

Maize variety had no notable effect on the effects of the assessed biological concoctions. 

Their performances had a similar effect in reducing incidences of mycotoxin fungi across 

the two varieties.  In addition to the similar performances, higher incidences of AF fungi 

in Punda milia than Duma variety were observed (Figure 14). For fungal diversity 

assessments, the results revealed non-significant variety effects on biological 

concoctions, performance against fungal diversity (Figure 15).  

 

 

Figure 13: Effect applied fungal concoctions on diversity of other fungi during long and 

short rains of Western Kenya 
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Figure 14: Performance of applied fungal concoctions against toxigenic fungal 

incidences as affected by maize variety  

Figure 15: Performance of applied BCAs against fungal diversity across maize 

varieties 
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4.7.4 Effects of applied biological concoctions the quality of maize grain 

Grain quality in terms of colour also revealed that the applied biological concoctions 

differed in their performances. The best grain quality was obtained in ear inoculations 

using Monascus spp., MCMT3, MCMT4b, T. harzianum and the mixed concoction 

(Figure 16). Grains harvested from untreated and AflaSafe KE01
TM 

- applied 

grains/subplots were decoloured and had a yellowish-green appearance with visible 

toxigenic moulds growing along the longitudinal fissures. 

 

 

 

 

 

Figure 16: Effects of applied concoctions on grain quality  
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CHAPTER FIVE 

DISCUSSION 

 

5.1 Farmer cognizance and fungal diversity   

Respondents from all the study regions expressed insufficient knowledge of the causes 

and palliation of AFs. This study adds tremendously to mycotoxin literature because it 

provides a current overview of AF awareness levels in Western Kenya which is 

undocumented in numerous studies on the topic in Kenya and Africa (Bauchet et al., 

2021; Kaale et al., 2021; Meijer et al., 2021; Stepman, 2018). This knowledge is 

consequential since farmers within the study region are more likely to deliberately apply 

crop management practices favour mycotoxin accumulation. For example, gunny bags 

lead to humidity build-up favouring fungal proliferation when put on floors (Bbosa et al., 

2013; Costa et al., 2019; Singh et al., 2022). Such practices expose the grains to 

mechanical damages and pest infestations, favour penetration and multiplication of 

mycotoxin-producing fungi (Birgen et al., 2020; Matumba et al., 2021; Niyibituronsa et 

al., 2020). Likewise, farmers may neglect useful techniques like crop rotation that break 

disease and pest cycles (Fouche, Claassens, & Maboeta, 2020). These consequences 

imply the central role of knowledge by farmers useful to repress mycotoxin 

contamination (Mutegi et al., 2018; Patel et al., 2015). Although useful knowledge is 

acquired in important platforms such as farmer discussion forums, there is limited 

participation within the region. 

5.2 Fungal diversity and environmental specificity 

Key evaluations on fungal diversity exhibited a wide-ranging genetic bank of fungal 

species inhabiting soils and grains of Western Kenya. This study confirms that mycotoxin 



55 
 

accumulation is still a major threat to Kenya's food security. It is because the most 

frequently isolated fungi were species of major genera that generate mycotoxins, that is, 

Aspergillus, Penicillium, and Fusarium (Martínez-Culebras et al., 2021).  

The vast diversity revealed in mycotoxin and virulent species depicts their profusion and 

genetic potential to have widespread distribution by evolving through the swapping of 

genes (Ropars et al., 2014; Were et al., 2015). For instance, A. flavus was highest ranked 

fungal isolate in frequency but was also recorded in two diverse pathotypes suggesting its 

evolutionary potential. This occurrence which confirms its regional universality shows 

that mycotoxin adulteration will persist in Western Kenya for several years if left 

unattended (Gupta et al., 2022; Brauer et al., 2020; Njoroge, 2018).  

While elevated diversity levels of mycotoxin fungi could be a looming management risk, 

they also provide a gateway to the innovation of efficacious biological control 

technologies such as the use of non-toxigenic strains. Besides variations within a single 

genus, differences between genera were the highest hence a high likelihood identifying 

several other BCAs to manage mycotoxin occurrence in grains and soils. As an 

illustration, since A. flavus (MUG5) was isolated from both maize and soils it indicates 

that this fungus a seed borne and a soil pathogen. Therefore, the best management 

practice for this pathogen is that which would manage its buildup in the soil atmosphere 

and on grain. 

Additional analysis on diversity discloses that most of fungi were derived from the soils 

(Table 2 & Table 3). By assessing the study counties, the diversity extent of the species 

among soil samples correlated with the diversity degrees recorded among maize and 
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groundnut samples (Table 1). For instance, most fungal isolates were detected in Busia 

County samples with mycotoxin fungi registering the highest frequencies. The biology 

and reproduction of these species could be an important link in understanding this 

occurrence. As an illustration, Aspergillus and Penicillium species generate several air-

borne spores thus spread directly from soils to seeds within production fields (Houbraken 

et al., 2020; Houbraken, de Vries & Samson, 2014). 

In addition to soils, more fungal isolates were isolated from maize grains than in 

groundnuts. These findings could be associated to their specificity to pathogen and/or 

race since the division Forma specialis of these toxigenic fungal species into diverse 

races justifies the occurrence where fungi with similar morphologies may have different 

virulence levels on hosts (Jayawardena et al., 2021). Nonetheless, this research cannot 

entirely discover this occurrence since molecular idnetifcation of the fungal isolates 

lacked. Additionally, the grains examined were sampled from the research area; thus data 

generalization is restrained by sampling limitations. 

5.3 Implications in performances of beneficial fungi in-vitro  

The findings of in-vitro assays against toxigenic fungi disclosed that Isolate MCMT3, 

Isolate MCMT4b, and Monascus species significantly suppressed growth of all the 

examined mycotoxin fungi. The formation of notable ZIs against the test/mycotoxin 

fungal isolates, these antagonists revealed their capabilities to produce repressive 

chemicals against fungal proliferation (Lass-Flori, Perkhofer & Mayr, 2010). Suppression 

levels varied as evidenced by differences in ZIs which could be subject to differences in 

forms and quantities of antifungal compounds generated. Also, it could be caused by 

differences in their main suppression criteria such as antibiosis, competitive exclusion, 
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mycoparasitism and hyperparasitism (Abdallah et al., 2018). Therefore, additional 

research in confirming action modes by each fungal isolate from the study region is 

critical. 

Monascus species portrayed unique antagonism mechanism where the isolate produced 

red pigments when tested against in-vitro. These occurrences on pigment production were 

parallel Liu et al., (2018) study findings. Other researchers have documented the 

generation of red and orange stains generated and have documented their application in 

food processing using these pigments. For instance, Kim et al., (2006) uncovered that 

Monascus species colorants with L-and D- forms of amino acids had antimicrobial effects 

against A. niger and Penicillium citrinum. Also, these species are extensively utilized in 

the pharmaceutical field (Agboyibor et al., 2018). They are applied as detoxifying agents 

against AFs, PAT, PCN and OTA. However, they are underutilized despite their high 

potential as observed in in-vitro studies.  

In contrast, fungal isolates MCMT3 and MCMT4 portrayed repressive effects against 

mycotoxin fungal isolates. Although, their conclusive identification lacked, they 

exhibited leutiomycete features. For example, when grown on PDA they had undulate 

edges, umbonate elevations with irregular surfaces. The two fungal isolates had irregular 

fissures on surfaces on media; their mycelial colour ranged from pewter to tan and was 

bordered by white borders on the observe surface. The spores were enclosed in whole 

bitunicate asci, a shared characteristic by leutiomycetes of ascomycota (Ekanayaka et al., 

2019; Schoch et al., 2009). These fungi established clear ZIs against all tested mycotoxin 

fungi hence capable of metabolizing lytic and secondary antifungal substances. 
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5.4 Inferences on performances of non-toxigenic fungi in the field 

Variations in percentage incidences of mycotoxin fungi at post-harvest imply that 

Monascus spp, MCMT3, MCMT4b, T. harzianum and the mixed concoction suppressed 

proliferation of mycotoxin fungi in the field. The results on deterioration of grain quality 

verify these variations. Inter-seasonal performances incidence data of toxigenic fungi 

revealed that the short rains had more mycotoxin fungi than the long rains period except 

for AF producing where AflaSafe KE01
TM 

was applied in Kibos. These seasonal 

variations are a function of weather fluctuations. According to Krnjaja et al., (2019) crop 

stand and weather variations influence incidences of Aspergillus and Penicillium species 

in maize production zones. There are high possibilities that the weather and plant density 

variations beyond the study area might have influenced such variations. For incidence 

data obtained in AflaSafe KE01
TM

 maize cannot be fully ascertained because non-

toxigenic Aspergillus strains present in the product were not distinguished from their 

toxigenic relatives. This signals an important research gap where future research must 

target genetic characterization of isolated fungi to achieve accuracy.  

There no distinct varietal effects on the performance of applied bio-controls against 

mycotoxin fungi. However, incidence data revealed Punda milia was more susceptible 

variety than Duma. Similar trends were observed by Krnjaja et al., (2019) where varietal 

susceptibility to mycotoxin fungi were faintly displayed. According to Blandino et al. 

(2017), maize varieties are variably susceptible to ear rot. These differences translate to 

variations in varietal variations in their susceptibility to mycotoxin fungal infections. The 

14-kDa maize trypsin inhibitor determines the susceptibility or resistance levels by the 

maize host plant (Soni et al., 2020). The protein obstructs the typical growth patterns of 
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A. flavus through instigation of conidial disnitegration and abnormal expansion of the 

hyphal structures (Pechanova & Pechan, 2015; Chen et al., 2016).  

The PR-10 protein also assists in crop resistance development. It is because when the pr-

10 genes are silenced, maize grains become more sensitive to heat stress which is an 

important gateway to fungal infections (Dhakal et al., 2017). The rachis also determines 

maize susceptibility to mycotoxin fungal infections because A. flavus uses it as a pathway 

to grow and reach the ears (Pechanova et al., 2010). Parallel to these findings, Jeremy 

and Tibor (2021) affirmed repression of A. flavus multiplication by the rachis. Therefore, 

rachis formation and developmental variations in maize varieties are critical determinants 

of their resistance to mycotoxin buildup in the field. 

Performances of the mixed concoction in repressing mycotoxin fungal incidences 

revealed no synergistic effects of the combined fungi. The combination of isolates 

MCMT3, MCMT4b and Monascus spp. did not outperform the individual isolates in 

suppressing mycotoxin fungal incidences. These results infer possible presence of 

antagonistic forces between the combined isolates. Xu et al. (2011) recorded comparable 

observations and asserted that antagonism is a more likely phenomenon than synergism 

when bio-control agents are applied simultaneously. For this research, the lives 

organisms were used posing a high likelihood of competitive elimination and antibiosis 

processes. The co-inoculation of these fungal isolates to suppress mycotoxin fungi is an 

important research gap. While the evaluation of fungal diversity in maize disclosed trivial 

variations, more accurate strategies are needed. According to Thambugala et al., (2020), 

molecular methods are vital in determining the unprecedented effects of fungal bio-
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controls and in tracking their pathways. These techniques will assist in determining 

appropriate approaches of leveraging BCA’s antifungal properties against mycotoxins. 
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CHAPTER SIX 

CONCLUSIONS, RECOMMENDATIONS, AND WAY FORWARD 

 

6.1 Conclusions 

1. Farmers in Western Kenya were unaware of AF causes and best pre and post-

harvest mitigation practices. Busia County had more diverse fungal isolates than 

Siaya, Homa Bay, and Migori Counties. Mycotoxin-producing Aspergillus, 

Penicillium, and Fusarium species dominated maize, groundnut, and soils of 

Busia, Siaya, Homa Bay, and Migori counties of Western Kenya.  

2. Isolate MCMT3, Isolate MCMT4b, Monascus species, and T. harzianum 

significantly supressed A. flavus, A. parasiticus, A. niger, P. corrylophylum, and 

P. auratiogriseum in-vitro. Also, isolates MCMT3, MCMT4b, and Monascus 

species formed clear inhibition zones in in-vitro assays against A. flavus, A. 

parasiticus, A. niger, P. corrylophylum, and P. auratiogriseum. 

3. Monascus species, MCMT3, MCMT4b, T. harzianum and the mixed concoction 

of Monascus species, MCMT3 and MCMT4b, significantly supressed incidences 

A. flavus, A. parasiticus, A. nomius, A. niger, P. corrylophilum, and P. 

auratiogriseum in field conditions. Individual and mixed combinations of 

MCMT3, MCMT4b, and Monascus species did not significant vary in repressing 

A. flavus, A. nomius, A. parasiticus, A. niger, P. corrylophilum, and P. 

auratiogriseum incidences in the field. Punda milia and Duma maize varieties did 

not significantly affect the performance of the assessed fungal concoctions. 
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6.2 Recommendations  

1. There is a need for capacity building on efficient pre-harvest and post-harvest 

mycotoxin management strategies in Western Kenya. 

2. Further studies and mass production of isolates MCMT3, MCMT4b and 

Monascus species, and their antifungal metabolites should be prioritized.   

3. Isolates MCMT3, MCMT4b and Monascus species should be used as effective 

bio-controls against mycotoxins in maize and other susceptible hosts.  

6.3 Way Forward  

Extensive evaluation of grains and soils in Western Kenya should be the primary goal of 

future research. This study has revealed a high likelihood of finding some of the best 

BCAs against mycotoxin fungi in this region. Scientific efforts should be focused on 

formulating effective biological control products to manage mycotoxins in Western 

Kenya either as complimentaries or alternatives to Aflasafe KE01
TM

.  

 

 

 

 

 

  



63 
 

REFERENCES 

Abdallah, M. F., Ameye, M., De Saeger, S., Audenaert, K., & Haesaert, G. (2018). 

Biological control of mycotoxigenic fungi and their toxins: An update for the pre-

harvest approach. In Mycotoxins-impact and management strategies. IntechOpen. 

https://biblio.ugent.be/publication/8580508/file/8580795  

Agboyibor, C., Kong, W. B., Chen, D., Zhang, A. M., & Niu, S. Q. (2018). Monascus 

pigments production, composition, bioactivity and its application: A 

review. Biocatalysis and Agricultural Biotechnology, 16, 433-447. 

https://doi.org/10.1016/j.bcab.2018.09.012  

Agriopoulou, S., Stamatelopoulou, E., & Varzakas, T. (2020). Advances in Occurrence, 

Importance, and Mycotoxin Control Strategies: Prevention and Detoxification in 

Foods. Foods, 9, 137. https://doi.org/10.3390/foods9020137  

Agrios, G. N. (2005). Plant pathology. Elsevier. 

 https://services.just.edu.jo/CourseQA/Uploads/Syllabus/627450.pdf  

Alakonya, E. A., & Monda, O. E. (2013). A New Approach in AF Management in 

Africa: Targeting AF/Sterigmatocystin Biosynthesis in Aspergillus Species by 

RNA Silencing Technique. In M. Razzaghi-Abyaneh (Ed.), AFs - Recent 

Advances and Future Prospects. Janeza Trdine 9, 51000 Rijeka, Croatia: InTech.: 

InTech. https://www.intechopen.com/chapters/38211  

Alvarado, M. A., Zamora-Sanabria, R., & Granados-Chinchilla, F. (2017). A Focus on 

AFs in Feedstuffs: Levels of Contamination, Prevalence, Control Strategies, and 

Impacts on Animal Health AF-Control, Analysis, Detection and Health Risks (pp. 

116-152): IntechOpen. https://www.intechopen.com/chapters/56001  

Atehnkeng, J., Ojiambo, P. S., Cotty, P. J., & Bandyopadhyay, R. (2014). Field Efficacy 

of a Mixture of Non-toxigenic Aspergillus flavus Link: For Vegetative 

Compatibility Groups in Preventing AF Contamination in Maize (Zea mays L.). 

Biological Control, 72, 62-70. 

 https://www.sciencedirect.com/science/article/pii/S1049964414000346  

  

https://biblio.ugent.be/publication/8580508/file/8580795
https://doi.org/10.1016/j.bcab.2018.09.012
https://doi.org/10.3390/foods9020137
https://services.just.edu.jo/CourseQA/Uploads/Syllabus/627450.pdf
https://www.intechopen.com/chapters/38211
https://www.intechopen.com/chapters/56001
https://www.sciencedirect.com/science/article/pii/S1049964414000346


64 
 

Atehnkeng, J., Ojiambo, P. S., Ikotun, T., Sikora, R. A., Cotty, P. J., & Bandyopadhyay, 

R. (2008). Evaluation of Non-toxigenic Isolates of Aspergillus flavus as Potential 

Biocontrol Agents for AF in Maize. Food Additives & Contaminants: Part A, 

25(10), 1264-1271. 

 https://www.tandfonline.com/doi/abs/10.1080/02652030802112635  

Atela, J. A., Tuitoek, J., Onjoro, P. A., Obonyo, M., & Judith, C. K. (2016). Occurrence 

of AFs in Feed Ingredients Used For Feeding Indigenous Chicken in Baringo and 

Kisumu Counties, Kenya. IOSR Journal of Agriculture and Veterinary Science, 

9(1): 40-44. http://journalissues.org/wp-content/uploads/2016/06/Atela-et-al.pdf  

Atumo, S. (2020). A review of ochratoxin a occurrence, condition for the formation and 

analytical methods. International Journal of Agricultural Science and Food 

Technology, 6(2), 180-185. 

 https://www.peertechzpublications.com/articles/IJASFT-6-171.php  

Ayeni, K. I., Atanda, O. O., Krska, R., & Ezekiel, C. N. (2021). Present status and future 

perspectives of grain drying and storage practices as a means to reduce mycotoxin 

exposure in Nigeria. Food Control, 126, 108074. 

 https://doi.org/10.1016/j.foodcont.2021.108074  

Bakari, A. M. (2016). Population of Aspergillus Section Flavi and AF Contamination in 

Maize from Fields Treated with Non-toxigenic Aspergillus flavus (Aflasafe 

KE01) in Lower Eastern Kenya. University of Nairobi, Nairobi. 

http://41.204.161.209/handle/11295/97375  

Bandyopadhyay, R., Ortega-Beltran, A., Akande, A., Mutegi, C., Atehnkeng, J., Kaptoge, 

L., et al. (2016). Biological Control of AFs in Africa: Current Status and Potential 

Challenges in the Face of Climate Change. World Mycotoxins Journal, 9: 771-

789. https://doi.org/10.3920/WMJ2016.2130  

Bauchet, J., Prieto, S., & Ricker‐ Gilbert, J. (2021). Improved drying and storage 

practices that reduce AFs in stored maize: experimental evidence from 

smallholders in Senegal. American Journal of Agricultural Economics, 103(1), 

296-316. https://onlinelibrary.wiley.com/doi/abs/10.1111/ajae.12106  

https://www.tandfonline.com/doi/abs/10.1080/02652030802112635
http://journalissues.org/wp-content/uploads/2016/06/Atela-et-al.pdf
https://www.peertechzpublications.com/articles/IJASFT-6-171.php
https://doi.org/10.1016/j.foodcont.2021.108074
http://41.204.161.209/handle/11295/97375
https://doi.org/10.3920/WMJ2016.2130
https://onlinelibrary.wiley.com/doi/abs/10.1111/ajae.12106


65 
 

Bbosa, S. G., Kitya, D., Lubega, A., Ogwal-Okeng, J., Anokbonggo, W. W., & 

Kyegombe, B. D. (2013). Review of the Biological and Health Effects of AFs on 

Body Organs and Body Systems. Intech Open. http://dx.doi.org/10.5772/51201  

Begum, M. M., Sariah, M., Abidin, Z. M. A., Puteh, A. B., & Rahman, M. A. (2008). 

Antagonistic potential of selected fungal and bacterial biocontrol agents against 

Colletotrichum truncatum of soybean seeds. Pertanika Journal of Tropical 

Agricultural Science, 31(1), 45-53. https://core.ac.uk/download/pdf/20544786.pdf  

Benkerroum, N. (2020). AFs: Producing-Molds, Structure, Health Issues and Incidence in 

Southeast Asian and Sub-Saharan African Countries. International Journal of 

Environmental Research and Public Health 17, 1215. 

 https://doi.org/10.3390/ijerph17041215  

Birgen, J. K., Cheruiyot, R. C., &Akwa, T. E. (2020). Mycotoxin contamination of stored 

maize in Kenya and the associated fungi. Journal of Plant Pathology 

Research, 2(1), 7-13. https://doi.org/10.36959/394/620   

Blandino, M., Scarpino, V., Giordano, D., Sulyok, M., Krska, R., Vanara, F., & Reyneri, 

A. (2017). Impact of sowing time, hybrid and environmental conditions on the 

contamination of maize by emerging mycotoxins and fungal metabolites. Italian 

Journal of Agronomy, 12(3). 

 https://www.sciencedirect.com/science/article/pii/S0733521016303551  

Bowen, K. L., Flanders, K. L., Hagan, A. K., & Ortiz, B. (2014). Insect Damage, AF 

Content, and Yield of Bt Corn in Alabama. Journal of Economic Entomology, 

107(5):1818-1827. 

https://academic.oup.com/jee/article-abstract/107/5/1818/808597  

Brauer, V. S., Pessoni, A. M., Bitencourt, T. A., de Paula, R. G., de Oliveira Rocha, L., 

Goldman, G. H., & Almeida, F. (2020). Extracellular vesicles from aspergillus 

flavus induce M1 polarization in vitro. Msphere, 5(3), e00190-20. 

https://journals.asm.org/doi/abs/10.1128/msphere.00190-20  

 Brito, V. D., Achimón, F., Zunino, M. P., Zygadlo, J. A., & Pizzolitto, R. P. (2022). 

Fungal diversity and mycotoxins detected in maize stored in silo‐ bags: a 

review. Journal of the Science of Food and Agriculture, 102(7), 2640-2650. 

https://doi.org/10.1002/jsfa.11756  

http://dx.doi.org/10.5772/51201
https://core.ac.uk/download/pdf/20544786.pdf
https://doi.org/10.3390/ijerph17041215
https://doi.org/10.36959/394/620
https://www.sciencedirect.com/science/article/pii/S0733521016303551
https://academic.oup.com/jee/article-abstract/107/5/1818/808597
https://journals.asm.org/doi/abs/10.1128/msphere.00190-20
https://doi.org/10.1002/jsfa.11756


66 
 

Brown, L. R., Bhatnagar, D., Cleveland, E. T., Chen, Y. Z., & Menkir, A. (2013). 

Development of Maize Host Resistance to Aflnon-toxigenic Fungi. In M. 

Razzaghi-Abyaneh (Ed.), AFs - Recent Advances and Future Prospects. Janeza 

Trdine 9, 51000 Rijeka, Croatia: In Tech. http://dx.doi.org/10.5772/54654  

Calistru, C., McLean, M., & Berjak, P. (1997). In-Vitro Studies on the Potential for 

Biological Control of Aspergillus flavus and Fusarium moniliforme by 

Trichoderma species. Mycopathologia, 139, 115–121. 

https://link.springer.com/article/10.1023/A:1006802423729  

Carvajal-Moreno, M. (2021). Mycotoxin challenges in maize production and possible 

control methods in the 21st century. Journal of Cereal Science, 103293. 

https://doi.org/10.1016/j.jcs.2021.103293  

CDCP. (2004). Outbreak of AF Poisoning-Eastern and Central Provinces, Kenya. 

MMWR, 53:790-793. https://scholarworks.gsu.edu/iph_facpub/3/  

Chen, Z. Y., Warburton, M. L., Hawkins, L., Wei, Q., Raruang, Y., Brown, R. L., ... & 

Bhatnagar, D. (2016). Production of the 14 kDa trypsin inhibitor protein is 

important for maize resistance against Aspergillus flavus infection/AF 

accumulation. World Mycotoxin Journal, 9(2), 215-228. 

https://doi.org/10.3920/WMJ2015.1890 

Climate Data, (2022a). Climate Siaya, Kenya. Retrieved from:  

https://en.climate-data.org/africa/kenya/siaya/siaya-11165/  

(Accessed 19th April 2022) 

Climate Data, (2022b). Climate Migori, Kenya. Retrieved from: https://en.climate-

data.org/africa/kenya/migori/migori-11136/ (Accessed 19th April 2022) 

Climate Data, (2022c). Climate Busia, Kenya. Retrieved from: https://en.climate-

data.org/africa/kenya/busia/busia-11168/  (Accessed 19th April 2022) 

Costa, J., Rodríguez, R., Garcia-Cela, E., Medina, A., Magan, N., Lima, N., ... & Santos, 

C. (2019). Overview of fungi and mycotoxin contamination in Capsicum pepper 

and in its derivatives. Toxins, 11(1), 27. https://doi.org/10.3390/toxins11010027 

Cotty, P. J., & Mellon, J. E. (2006). Ecology of AF Producing Fungi and Biocontrol of 

AF Contamination. Mycotoxin Research, 22:110–7. 

 https://link.springer.com/article/10.1007/BF02956774  

http://dx.doi.org/10.5772/54654
https://link.springer.com/article/10.1023/A:1006802423729
https://doi.org/10.1016/j.jcs.2021.103293
https://scholarworks.gsu.edu/iph_facpub/3/
https://doi.org/10.3920/WMJ2015.1890
https://en.climate-data.org/africa/kenya/siaya/siaya-11165/
https://en.climate-data.org/africa/kenya/migori/migori-11136/
https://en.climate-data.org/africa/kenya/migori/migori-11136/
https://en.climate-data.org/africa/kenya/busia/busia-11168/
https://en.climate-data.org/africa/kenya/busia/busia-11168/
https://doi.org/10.3390/toxins11010027
https://link.springer.com/article/10.1007/BF02956774


67 
 

Cotty, P. J., Probst, C., & Jaime-Garcia, R. (2008). Etiology and Management of AF 

Contamination (Vol. 287-299). Wallington, UK: CAB International. 

https://experts.arizona.edu/en/publications/etiology-and-management-of-AF-

contamination  

Dagnas, S., & Membre, J.-M. (2013). Predicting and Preventing Mold Spoilage of Food 

Products. Journal of Food Protection, 76(3):538–551. 

https://meridian.allenpress.com/jfp/article-abstract/76/3/538/171901  

Daou, R., Joubrane, K., Maroun, R. G., Khabbaz, L. R., Ismail, A., & El Khoury, A. 

(2021). Mycotoxins: Factors influencing production and control strategies. AIMS 

Agriculture and Food, 6(1), 416-447.  https://doi.org/10.3934/agrfood.2021025  

Dhakal, R., Chai, C., Karan, R., Windham, G. L., Williams, W. P., & Subudhi, P. K. 

(2017). Expression profiling coupled with in-silico mapping identifies candidate 

genes for reducing AF accumulation in maize. Frontiers in plant science, 8, 503. 

https://doi.org/10.3389/fpls.2017.00503  

Díaz-zaragoza , M., Carvajal-Moreno, M., Méndez-Ramírez, I., Chilpa-Galván, N. C., 

Ávila-González, E., & Flores-Ortiz, C. M. (2014). AFs, Hydroxylated 

Metabolites, and Aflatoxicol from Breast Muscle of Laying Hens 1. Poultry 

Science, 3152-3162. 

https://www.sciencedirect.com/science/article/pii/S0032579119385736  

Dorner, J. W. (2004). Biological Control of AF Contamination of Crops. Toxin Reviews, 

23:425–450. https://doi/abs/10.1081/TXR-200027877  

Dowd, F. P. (2003). Insect Management to Facilitate Preharvest Mycotoxin Management. 

Journal of Toxicology, 22:(2 & 3)327-350. https://doi/abs/10.1081/txr-120024097  

Eduardo, A. B., Kimberly, L., Karen, G., Hellen, S. R., Stephanie, K., & Henry, N. 

(2005). Case-Control Study of an Acute Afatoxicosis Outbreak, Kenya. 

Environmental Health Perspective, 113(12):1779-1783. 

https://ehp.niehs.nih.gov/doi/abs/10.1289/ehp.8384  

Ekanayaka, A. H., Hyde, K. D., Gentekaki, E., McKenzie, E. H. C., Zhao, Q., Bulgakov, 

T. S., et al. (2019). Preliminary classification of Leotiomycetes. Mycosphere 

10(1): 310–489. https://doi/abs/10.5943/mycosphere/10/1/7   

https://experts.arizona.edu/en/publications/etiology-and-management-of-aflatoxin-contamination
https://experts.arizona.edu/en/publications/etiology-and-management-of-aflatoxin-contamination
https://meridian.allenpress.com/jfp/article-abstract/76/3/538/171901
https://doi.org/10.3934/agrfood.2021025
https://doi.org/10.3389/fpls.2017.00503
https://www.sciencedirect.com/science/article/pii/S0032579119385736
https://doi/abs/10.1081/TXR-200027877
https://doi/abs/10.1081/txr-120024097
https://ehp.niehs.nih.gov/doi/abs/10.1289/ehp.8384
https://doi/abs/10.5943/mycosphere/10/1/7


68 
 

Elsanhoty, M. R., Ramadan, F. M., El-Gohery, S. S., Abol-Ela, M. F., & Azeke, M. A. 

(2013). Ability of Selected Microorganisms for Removing AFs In-vitro and Fate 

of AFs in Contaminated Wheat during Baladi Bread Baking. Food Control, 33, 

287-292. https://doi.org/10.1016/j.foodcont.2013.03.002  

FAOSTAT. (2016). Statistical databases. Rome, Italy. 

Filazi, A., & Sireli, T. U. (2013). Occurrence of AFs in Food AFs - Recent Advances and 

Future Prospects: INTECH. https://www.intechopen.com/chapters/38172  

Fouché, T., Claassens, S., & Maboeta, M. (2020). AFs in the soil ecosystem: An 

overview of its occurrence, fate, effects and future perspectives. Mycotoxin 

research, 36(3), 303-309. https://doi.org/10.1007/s12550-020-00393-w  

Fox, E. M., & Howlett, B. J. (2008). Secondary Metabolism Regulation and Role in 

Fungal Biology. Curriculum Opinion Microbiology, 11(6): 481-487. 

https://doi.org/10.1016/j.mib.2008.10.007  

Gacheri, K. G., Paul, K., Mbute, N. F., & Jepkemoi, C. J. (2022). Evaluation of maize 

germplasm for resistance to maize chlorotic mottle virus and sugarcane mosaic 

virus: The casual agents of maize lethal necrosis disease. African Journal of Plant 

Science, 16(8), 201-209. https://doi.org/10.5897/AJPS2022.2262 

Gulbis, K., Bankina, B., Bimšteina, G., Neusa-Luca, I., Roga, A., & Fridmanis, D. 

(2016). fungal diversity of maize (zea mays l.) Grains. Rural sustainability 

research, 35(330), 2-6. https://doi.org/10.1515/plua-2016-0001  

Gupta, C., Yadav, S., Sircar, M., Gupta, R., Chavhan, N., Mehra, S., ... & Kaur, R. 

(2022). Secondary organizing pneumonia caused by Aspergillus flavus in 

immunocompromised patients. Medical Mycology, 60(S1), 131. 

https://academic.oup.com/mmy/article-

pdf/doi/10.1093/mmy/myac072.P204/46107639/myac072.p204.pdf  

Hamid, R., Khan, M. A., Ahmad, M., Ahmad, M. M., Abdin, M. Z., Musarrat, J., et al. 

(2013). Chitinases: An Update. Journal of Pharmacy and BioAllied Sciences, 

5(1). https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3612335/  

  

https://doi.org/10.1016/j.foodcont.2013.03.002
https://www.intechopen.com/chapters/38172
https://doi.org/10.1007/s12550-020-00393-w
https://doi.org/10.1016/j.mib.2008.10.007
https://doi.org/10.5897/AJPS2022.2262
https://doi.org/10.1515/plua-2016-0001
https://academic.oup.com/mmy/article-pdf/doi/10.1093/mmy/myac072.P204/46107639/myac072.p204.pdf
https://academic.oup.com/mmy/article-pdf/doi/10.1093/mmy/myac072.P204/46107639/myac072.p204.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3612335/


69 
 

Hasan, M. F. (2008). Economic efficiency and constraints of maize production in the 

northern region of Bangladesh. J. innov. dev. strategy, 2(1), 18-32. 

https://www.researchgate.net/profile/Md-Faruq-

Hasan/publication/266408569_Economic_efficiency_and_constraints_of_maize_

production_in_the_northern_region_of_Bangladesh/links/614d6e6b3c6cb310698

b537a/Economic-efficiency-and-constraints-of-maize-production-in-the-northern-

region-of-Bangladesh.pdf  

Houbraken, J., de Vries, R. P., & Samson, R. A. (2014). Modern taxonomy of 

biotechnologically important Aspergillus and Penicillium species. Advances in 

applied microbiology, 86, 199-249.  

http://dx.doi.org/10.1016/B978-0-12-800262-9.00004-4  

Houbraken, J., Kocsubé, S., Visagie, C. M., Yilmaz, N., Wang, X. C., Meijer, M., ... & 

Frisvad, J. C. (2020). Classification of Aspergillus, Penicillium, Talaromyces and 

related genera (Eurotiales): An overview of families, genera, subgenera, sections, 

series and species. Studies in mycology, 96(1), 141-153. 

https://www.sciencedirect.com/science/article/pii/B9780128002629000044  

Hruska, Z., Rajasekaran, K., Yao, H., Kincaid, R., Darlington, D., Brown, L. R., et al. 

(2014). Co-Inoculation of Aflnon-toxigenic and Non-Aflnon-toxigenic Strains of 

Aspergillus flavus to Study Fungal Invasion, Colonization and Competition in 

Maize Kernels. Frontiers in Microbiology, 6(122), 1-6. 

https://www.frontiersin.org/articles/10.3389/fmicb.2014.00122/full  

Hua, T. S. S., Parfitt, E. D., Sarreal, L. B. S., & Sidhu, G. (2019). Dual Culture of Non-

toxigenic and Toxigenic Strains of Aspergillus flavus to gain Insight into 

Repression of AF Biosynthesis and Fungal Interaction. Mycotoxin Research. 

Mycotoxins, Naphthalene and Styrene. International Agency for Research on 

Cancer, 82: 171-300.  

https://link.springer.com/article/10.1007/s12550-019-00364-w 

ICRISAT. (2016). How to Reduce AF Contamination in Groundnuts and Maize: A Guide 

for Extension Workers. elangana, India: International Crops Research Institute for 

the Semi-Arid Tropics.  

http://www.icrisat.org/wp-content/uploads/2017/02/AF_mannual.pdf  

https://www.researchgate.net/profile/Md-Faruq-Hasan/publication/266408569_Economic_efficiency_and_constraints_of_maize_production_in_the_northern_region_of_Bangladesh/links/614d6e6b3c6cb310698b537a/Economic-efficiency-and-constraints-of-maize-production-in-the-northern-region-of-Bangladesh.pdf
https://www.researchgate.net/profile/Md-Faruq-Hasan/publication/266408569_Economic_efficiency_and_constraints_of_maize_production_in_the_northern_region_of_Bangladesh/links/614d6e6b3c6cb310698b537a/Economic-efficiency-and-constraints-of-maize-production-in-the-northern-region-of-Bangladesh.pdf
https://www.researchgate.net/profile/Md-Faruq-Hasan/publication/266408569_Economic_efficiency_and_constraints_of_maize_production_in_the_northern_region_of_Bangladesh/links/614d6e6b3c6cb310698b537a/Economic-efficiency-and-constraints-of-maize-production-in-the-northern-region-of-Bangladesh.pdf
https://www.researchgate.net/profile/Md-Faruq-Hasan/publication/266408569_Economic_efficiency_and_constraints_of_maize_production_in_the_northern_region_of_Bangladesh/links/614d6e6b3c6cb310698b537a/Economic-efficiency-and-constraints-of-maize-production-in-the-northern-region-of-Bangladesh.pdf
https://www.researchgate.net/profile/Md-Faruq-Hasan/publication/266408569_Economic_efficiency_and_constraints_of_maize_production_in_the_northern_region_of_Bangladesh/links/614d6e6b3c6cb310698b537a/Economic-efficiency-and-constraints-of-maize-production-in-the-northern-region-of-Bangladesh.pdf
http://dx.doi.org/10.1016/B978-0-12-800262-9.00004-4
https://www.sciencedirect.com/science/article/pii/B9780128002629000044
https://www.frontiersin.org/articles/10.3389/fmicb.2014.00122/full
https://link.springer.com/article/10.1007/s12550-019-00364-w
http://www.icrisat.org/wp-content/uploads/2017/02/Aflatoxin_mannual.pdf


70 
 

Iheanacho, H. E., Njobeh, P. B., Dutton, F. M., Steenkamp, P. A., Steenkamp, L., 

Mthombeni, J. Q., et al. (2014). Morphological and Molecular Identification of 

Filamentous Aspergillus flavus and A. parasiticus Isolated from Compound Feeds 

in South Africa. Food Microbiology. 

 https://www.sciencedirect.com/science/article/pii/S0740002014001257  

Ismaiel, A. A., & Papenbrock, J. (2015). Mycotoxins: producing fungi and mechanisms 

of phytotoxicity. Agriculture, 5(3), 492-537. 

 https://doi.org/10.3390/agriculture5030492  

Jadhav, H. P., & Sayyed, R. Z. (2016). Hydrolytic Enzymes of Rhizospheric Microbes in 

Crop Protection. MOJ Cell Sci Rep, 3(5):135‒136. 

https://www.researchgate.net/profile/Hitendra-Jadhav/publication/311933806.pdf  

Jalili, M. (2015). A Review on AFs Reduction in Food. Iranian Journal of Health, Safety 

& Environment, 3(1), 445-459. https://ijhse.ir/index.php/IJHSE/article/view/136  

Jayawardena, R. S., Hyde, K. D., de Farias, A. R. G., Bhunjun, C. S., Ferdinandez, H. S., 

Manamgoda, D. S., ... & Thines, M. (2021). What is a species in fungal plant 

pathogens?. Fungal Diversity, 109(1), 239-266. 

 https://doi.org/10.1007/s13225-021-00484-8  

Jeremy, W., & Tibor, P. (2021). Comparison of homogenization methods for extraction 

of maize cob metabolites. African Journal of Biotechnology, 20(3), 108-114. 

https://academicjournals.org/journal/AJB/article-full-text-pdf/2F0F6ED66193 

Joanne, M. W., Linda, M. S., & Christopher, J. W. (2008). Prescott's Principles of 

Microbiology (1st ed.): McGraw-Hill Higher Education. 

Julia, R. B. (2005). Liver cancer and AF: New information from the Kenyan Outbreak. 

Environ. Health Perspect, 113: A837-A838. 

https://ehp.niehs.nih.gov/doi/full/10.1289/ehp.113-a837  

Juma, E. O. A., Musyimi, D. M., & Opande, G. (2018). Enumeration and Identification of 

Rhizospheric Microorganisms of Sugarcane Variety Co 421 In Kibos, Kisumu 

County, Kenya. Journal of Asian Scientific Research, 8(3), 113-127. 

https://archive.aessweb.com/index.php/5003/article/view/3881  

  

https://www.sciencedirect.com/science/article/pii/S0740002014001257
https://doi.org/10.3390/agriculture5030492
https://www.researchgate.net/profile/Hitendra-Jadhav/publication/311933806.pdf
https://ijhse.ir/index.php/IJHSE/article/view/136
https://doi.org/10.1007/s13225-021-00484-8
https://academicjournals.org/journal/AJB/article-full-text-pdf/2F0F6ED66193
https://ehp.niehs.nih.gov/doi/full/10.1289/ehp.113-a837
https://archive.aessweb.com/index.php/5003/article/view/3881


71 
 

Kaale, L. D., Kimanya, M. E., Macha, I. J., & Mlalila, N. (2021). AF contamination and 

recommendations to improve its control: a review. World Mycotoxin 

Journal, 14(1), 27-40. 

https://www.ingentaconnect.com/content/wagac/wmj/2021/00000014/00000001/a

rt00003  

Kachapulula, P. W., Akello, J., Bandyopadhyay, R., & Cotty, P. J. (2017). AF 

Contamination of Groundnut and Maize in Zambia: Observed and Potential 

Concentrations. Journal of Microbiology. 

https://sfamjournals.onlinelibrary.wiley.com/doi/abs/10.1111/jam.13448  

Kagot, V., De Boevre, M., Landschoot, S., Obiero, G., Okoth, S., & De Saeger, S. 

(2022). Comprehensive analysis of multiple mycotoxins and Aspergillus flavus 

metabolites in maize from Kenyan households. International Journal of Food 

Microbiology, 363, 109502. https://doi.org/10.1016/j.ijfoodmicro.2021.109502  

Kagot, V., Okoth, S., Boevre, M., & Saeger, S. (2019). Biocontrol of Aspergillus and 

Fusarium Mycotoxins in Africa: Benefits and Limitations. Toxins, 11(109), 1-9. 

https://www.mdpi.com/410840  

Kainyu, C. A. (2015). Reaction of Maize Germplasm to common foliar Diseases and 

Variability of MSV Isolates. University of Nairobi, Nairobi. 

http://erepository.uonbi.ac.ke/handle/11295/71405  

KALRO, (2022). Maize. Retrieved from: 

https://www.kalro.org/maize/#:~:text=Maize%20(Zea%20mays%20L.),2%20metr

ic%20tons%20per%20hectare (Accessed 5
th

 September 2022) 

Kang’ethe, E. K., Gatwiri, M., Sirma, A. J., Ouko, E. O., Mburugu-Musoti, C. K., Kitala, 

P. M., et al. (2017). Exposure of Kenyan population to AFs in foods with special 

reference to Nandi and Makueni Counties. Food Quality and Safety, 1(2): 131–

137. https://academic.oup.com/fqs/article-abstract/1/2/131/3854890  

Kaushal, M., Sharma, R., Vaidya, D., Gupta, A., Saini, H. K., Anand, A., ... & KC, D. 

(2022). Maize: an underexploited golden cereal crop. Cereal Research 

Communications, 1-12. https://doi.org/10.1007/s42976-022-00280-3 

https://www.ingentaconnect.com/content/wagac/wmj/2021/00000014/00000001/art00003
https://www.ingentaconnect.com/content/wagac/wmj/2021/00000014/00000001/art00003
https://sfamjournals.onlinelibrary.wiley.com/doi/abs/10.1111/jam.13448
https://doi.org/10.1016/j.ijfoodmicro.2021.109502
https://www.mdpi.com/410840
http://erepository.uonbi.ac.ke/handle/11295/71405
https://www.kalro.org/maize/#:~:text=Maize%20(Zea%20mays%20L.),2%20metric%20tons%20per%20hectare
https://www.kalro.org/maize/#:~:text=Maize%20(Zea%20mays%20L.),2%20metric%20tons%20per%20hectare
https://academic.oup.com/fqs/article-abstract/1/2/131/3854890
https://doi.org/10.1007/s42976-022-00280-3


72 
 

Khokhar, I., & Bajwa, R. (2015). International Journal of Current Research in 

Biosciences and Plant Biology. Int. J. Curr. Res. Biosci. Plant Biol, 2(7), 88-91. 

http://www.ijcrbp.com/  

Kibebe, K. P. (2018). Determination of levels of ochratoxin A in wheat, finger millet and 

sorghum grains and their products retailed in Nairobi County, Kenya. Chemistry, 

Kenyatta University.  

https://irlibrary.ku.ac.ke/bitstream/handle/123456789/19049/Determination%20of

%20Levels%20of%20Ochratoxin%20A%20in%20Wheat.pdf?sequence=1  

Kim, C., Jung, H., Kim, Y. O., & Shin, C. S. (2006). Antimicrobial activities of amino 

acid derivatives of Monascus pigments. FEMS microbiology letters, 264(1), 117-

124. https://doi.org/10.1111/j.1574-6968.2006.00451.x  

Krnjaja, V., Mandić, V., Stanković, S., Obradović, A., Vasić, T., Lukić, M., & Bijelić, Z. 

(2019). Influence of plant density on toxigenic fungal and mycotoxin 

contamination of maize grains. Crop Protection, 116, 126-131. 

https://doi.org/10.1016/j.cropro.2018.10.021  

Kubosaki, A., Kobayashi, N., Watanabe, M., Yoshinari, T., Takatori, K., Kikuchi, Y., ... 

& Sugita-Konishi, Y. (2020). A new protocol for the detection of 

sterigmatocystin-producing Aspergillus section versicolores using a high 

discrimination polymerase. Biocontrol Science, 25(2), 113-118. 

https://www.jstage.jst.go.jp/article/bio/25/2/25_113/_article/-char/ja/  

Kucuk, C., & Kyvanc, M. (2011). In-vitro Interactions and Fungal Populations Isolated 

from Maize Rhizosphere. Journal of Biological Sciences, 11(8), 492-495. 

https://www.jstage.jst.go.jp/article/bio/25/2/25_113/_article/-char/ja/  

Lass‐ Flörl, C., Perkhofer, S., & Mayr, A. (2010). In vitro susceptibility testing in fungi: 

a global perspective on a variety of methods. Mycoses, 53(1), 1-11. 

https://doi.org/10.1111/j.1439-0507.2009.01813.x  

Liu, L., Zhao, J., Huang, Y., Xin, Q., & Wang, Z. (2018). Diversifying of chemical 

structure of native Monascus pigments. Frontiers in Microbiology, 9, 3143. 

https://www.frontiersin.org/articles/10.3389/fmicb.2018.03143/full 

http://www.ijcrbp.com/
https://irlibrary.ku.ac.ke/bitstream/handle/123456789/19049/Determination%20of%20Levels%20of%20Ochratoxin%20A%20in%20Wheat.pdf?sequence=1
https://irlibrary.ku.ac.ke/bitstream/handle/123456789/19049/Determination%20of%20Levels%20of%20Ochratoxin%20A%20in%20Wheat.pdf?sequence=1
https://doi.org/10.1111/j.1574-6968.2006.00451.x
https://doi.org/10.1016/j.cropro.2018.10.021
https://www.jstage.jst.go.jp/article/bio/25/2/25_113/_article/-char/ja/
https://www.jstage.jst.go.jp/article/bio/25/2/25_113/_article/-char/ja/
https://doi.org/10.1111/j.1439-0507.2009.01813.x
https://www.frontiersin.org/articles/10.3389/fmicb.2018.03143/full


73 
 

Liu, Y., & Wu, F. (2010). Global Burden of AF-Induced Hepatocellular Carcinoma: A 

Risk Assessment. Environmental Health Perspectives, 118: 818-824. 

https://ehp.niehs.nih.gov/doi/abs/10.1289/ehp.0901388  

Lucas, J. A. (2009). Plant pathology and plant pathogens. John Wiley & Sons.  

Lunyasunya, T. P., Wamae, L. W., Musa, H. H., Olowofesso, O., & Lokwaleput, I. K. 

(2005). The Risks of Mycotoxins Contamination of Dairy Feed and Milk on 

Smallholder Dairy Farms in Kenya. Pakistan. Journal of Nutrition 4 (3):162. 

https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.541.3204&rep=rep1&t

ype=pdf  

Mahmood, Z. A., Shaheen, N., Tasleem, F., Imam, S., Abidi, S., & Azhar, I. (2017). 

Detection of AFs and Use of Scanning Electron Microscope for the Identification 

of Fungal species in Some Commonly Used Spices. Asian Journal of Plant 

Science and Research, 7(5):64-73. https://hal.archives-ouvertes.fr/hal-03640254/  

Mahuku, G., Nzioki, H. S., Mutegi, C., Kanampiuc, F., Narrodd, C., & Makumbi, D. 

(2019). Pre-Harvest Management is a Critical Practice for Minimizing AF 

Contamination of Maize. Food Control, 96: 219- 226. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6251936/  

Mahuku, G., Nzioki, S. H., Mutegi, C., Kanampiu, F., Narrod, C., & Makumbi, D. 

(2018). Pre-harvest management is a critical practice for minimizing AF 

contamination of maize. Journal of Food Control, 96  219–226. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6251936/  

Mamo, F. T., Shang, B., Selvaraj, J. N., Zheng, Y., & Liu, Y. (2022). Biocontrol efficacy 

of non-toxigenic Aspergillus flavus strains against AF contamination in peanut 

field in Guangdong province, South China. Mycology, 13(2), 143-152. 

https://doi.org/10.1080/21501203.2021.1978573 

Marchese, S., Polo, A., Ariano, A., Velotto, S., Costantini, S., & Severino, L. (2018). AF 

B1 and M1: Biological Properties and Their Involvement in Cancer: Review. 

MDPI, 10(214), 1-19. https://pubmed.ncbi.nlm.nih.gov/29794965/  

  

https://ehp.niehs.nih.gov/doi/abs/10.1289/ehp.0901388
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.541.3204&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.541.3204&rep=rep1&type=pdf
https://hal.archives-ouvertes.fr/hal-03640254/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6251936/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6251936/
https://doi.org/10.1080/21501203.2021.1978573
https://pubmed.ncbi.nlm.nih.gov/29794965/


74 
 

Marin, E. D., & Taranu, J. (2012). Overview on AFs and Oxidative Stress. Toxin 

Reviews, 1–12. 

https://www.researchgate.net/publication/262834694_Overview_on_AFs_and_ox

idative_stress  

Martínez-Culebras, P. V., Gandía, M., Boronat, A., Marcos, J. F., & Manzanares, P. 

(2021). Differential susceptibility of mycotoxin-producing fungi to distinct 

antifungal proteins (AFPs). Food Microbiology, 97, 103760. 

https://www.sciencedirect.com/science/article/pii/S0740002021000253 

Matumba, L., Namaumbo, S., Ngoma, T., Meleke, N., De Boevre, M., Logrieco, A. F., & 

De Saeger, S. (2021). Five keys to prevention and control of mycotoxins in 

grains: A proposal. Global Food Security, 30, 100562. 

https://doi.org/10.1016/j.gfs.2021.100562  

Maurya, K. M., Singh, R., & Tomer, A. (2014). In Vitro Evaluation of Antagonistic 

Activity of Pseudomonas fluorescens Against Fungal Pathogen. JBiopest, 7(1):43-

46. http://www.jbiopest.com/users/LW8/efiles/vol_7_1_43-46.pdf  

Mbaawuaga, E. M., Nwabude, J. O., & Shiriki, D. (2020). Effects of Farmers’ Practices 

on Maize (Zea mays) Contamination by Potential Aflnon-toxigenic Fungi and AF 

in Benue State, Nigeria. Agricultural Sciences, 11(5), 500-513. 

https://doi.org/10.4236/as.2020.115031  

Meijer, N., Kleter, G., de Nijs, M., Rau, M. L., Derkx, R., & van der Fels‐ Klerx, H. J. 

(2021). The AF situation in Africa: Systematic literature review. Comprehensive 

Reviews in Food Science and Food Safety, 20(3), 2286-2304. 

https://ift.onlinelibrary.wiley.com/doi/full/10.1111/1541-4337.12731  

Migwi, B., Mutegi, C., Mburu, J., Wagacha, J., Cotty, P., Bandyopadhyay, R., & 

Manyong, V. M. (2020). Assessment of willingness-to-pay for Aflasafe KE01, a 

native biological control product for AF management in Kenya. Food Additives & 

Contaminants: Part A, 37(11), 1951-1962. 

https://doi.org/10.1080/19440049.2020.1817571  

  

https://www.researchgate.net/publication/262834694_Overview_on_aflatoxins_and_oxidative_stress
https://www.researchgate.net/publication/262834694_Overview_on_aflatoxins_and_oxidative_stress
https://www.sciencedirect.com/science/article/pii/S0740002021000253
https://doi.org/10.1016/j.gfs.2021.100562
http://www.jbiopest.com/users/LW8/efiles/vol_7_1_43-46.pdf
https://doi.org/10.4236/as.2020.115031
https://ift.onlinelibrary.wiley.com/doi/full/10.1111/1541-4337.12731
https://doi.org/10.1080/19440049.2020.1817571


75 
 

Monda, E. O., & Alakonya, A. E. (2016). A Review of Agricultural AF Management 

Strategies and Emerging Innovations in Sub-Saharan Africa. African Journal of 

Food Agricultural Nutrition and Development, 16(3), 11126-11133. 

https://www.ajol.info/index.php/ajfand/article/view/141935  

Moral, J., Garcia-Lopez, T. M., Camiletti, X. B., Jaime, R., Michailides, J. T., 

Bandyopadhyay, R., et al. (2020). Present Status and Perspective on the Future 

Use of AF Biocontrol Products. Agronomy, 10(491), 1-19. 

https://cgspace.cgiar.org/handle/10568/112930   

Muga, C. F., Marenya, O. M., & Workneh, S. T. (2019). Effect of Temperature, Relative 

Humidity and Moisture on AF Contamination of Stored Maize Kernels. Bulgarian 

Journal of Agricultural Science, 25 (2):271–277. 

https://www.agrojournal.org/25/02-07.pdf  

Mutegi, C. K., Cotty, P. J., & Bandyopadhyay, R. (2018). Prevalence and mitigation of 

AFs in Kenya (1960-to date). World Mycotoxin Journal,, 11(3):341-357. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7797628/  

Mutegi, C., Wagacha, M., Kimani, J., Otieno, G., Wanyama, R., Hell, K., et al. (2013). 

Incidence of AF in Peanuts (Arachis hypogaea) from markets in Western, Nyanza 

and Nairobi Provinces of Kenya and related market traits. Journal of Stored 

Products Research, 52: 118-127.  

http://oar.icrisat.org/6443/1/JSPR_52_118-127_2013.pdf  

Muthomi, Njenga, L. N., Gathumbi, J. K., & Chemining'wa, G. N. (2009). The 

Occurrence of AFs in Maize and Distribution of Mycotoxin-Producing Fungi in 

Eastern Kenya. Journal of Plant Pathology, 113-119. 

http://erepository.uonbi.ac.ke/handle/11295/34137  

Muthomi. (2018). AF Research in Kenya. University of Nairobi, Parklands, Nairobi. 

https://documents.pub/document/pdfAF-research-in-kenya-department-of-plant-

james-w-muthomi-department.html?page=1  

Mutiga, Mushongi, A. A., & Kangéthe, K. E. (2019). Enhancing Food Safety through 

Adoption of Long-Term Technical Advisory, Financial, and Storage Support 

Services in Maize Growing Areas of East Africa. Sustainability, 11, 2827. 

https://www.mdpi.com/464394  

https://www.ajol.info/index.php/ajfand/article/view/141935
https://cgspace.cgiar.org/handle/10568/112930
https://www.agrojournal.org/25/02-07.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7797628/
http://oar.icrisat.org/6443/1/JSPR_52_118-127_2013.pdf
http://erepository.uonbi.ac.ke/handle/11295/34137
https://documents.pub/document/pdfaflatoxin-research-in-kenya-department-of-plant-james-w-muthomi-department.html?page=1
https://documents.pub/document/pdfaflatoxin-research-in-kenya-department-of-plant-james-w-muthomi-department.html?page=1
https://www.mdpi.com/464394


76 
 

Mutiga, S. K., Mutuku, J. M., Koskei, V., Gitau, J. K., Ng’ang’a, F., Musyoka, J., ... & 

Murori, R. (2021). Multiple mycotoxins in Kenyan rice. Toxins, 13(3), 203. 

https://doi.org/10.3390/toxins13030203  

Ndisio, B. O. (2015). Assessment of Locally Cultivated Ground nut  Varieties fro 

Susceptibility to AF Accumulation in Wstern Kenya. University of Nairobi, 

Nairobi. 

http://erepository.uonbi.ac.ke/bitstream/handle/11295/101199/Ndisio_Assesment

%20of%20Locally%20Cultivated%20Groundnut%20(Arachis%20Hypogaea)%2

0Varieties%20for%20Susceptibility%20to%20AF%20Accumulation%20in%20

Western%20Kenya.pdf?isAllowed=y&sequence=1  

Negash, D. (2018). A Review of AF: Occurrence, Prevention, and Gaps in Both Food and 

Feed Safety. Novel Techniques in Nutrition and Food Science, 1(3), 10. 

https://www.innovationinfo.org/articles/JAMBR-106.pdf  

Nelson, R. J., Mutegi, S. K., Hoffmann, V., Harvey, J. W., & Milgroom, M. G. (2015). 

Assessment of AF and Fumonisin Contamination of Maize in Western Kenya The 

American Phytopathological Society 105(9), 1250-1260. 

https://apsjournals.apsnet.org/doi/abs/10.1094/PHYTO-10-14-0269-R  

Nešić, K., Habschied, K., & Mastanjević, K. (2021). Possibilities for the biological 

control of mycotoxins in food and feed. Toxins, 13(3), 198. 

https://doi.org/10.3390/toxins13030198  

Ngure, F. M., Ngure, C., Achieng, G., Munga, F., Moran, Z., Stafstrom, W., & Nelson, R. 

J. (2021). Mycotoxins contamination of market maize and the potential of density 

sorting in reducing exposure in unregulated food systems in Kenya. World 

Mycotoxin Journal, 14(2), 165-178. https://doi.org/10.3920/WMJ2020.2631  

Niyibituronsa, M., Mukantwali, C., Nzamwita, M., Hagenimana, G., Niyoyita, S., 

Niyonshima, A., ... & Karangwa, P. (2020). Assessment of AF and fumonisin 

contamination levels in maize and mycotoxins awareness and risk factors in 

Rwanda. African Journal of Food, Agriculture, Nutrition and Development, 20(5), 

16420-16446. https://www.ajol.info/index.php/ajfand/article/view/206469  

https://doi.org/10.3390/toxins13030203
http://erepository.uonbi.ac.ke/bitstream/handle/11295/101199/Ndisio_Assesment%20of%20Locally%20Cultivated%20Groundnut%20(Arachis%20Hypogaea)%20Varieties%20for%20Susceptibility%20to%20Aflatoxin%20Accumulation%20in%20Western%20Kenya.pdf?isAllowed=y&sequence=1
http://erepository.uonbi.ac.ke/bitstream/handle/11295/101199/Ndisio_Assesment%20of%20Locally%20Cultivated%20Groundnut%20(Arachis%20Hypogaea)%20Varieties%20for%20Susceptibility%20to%20Aflatoxin%20Accumulation%20in%20Western%20Kenya.pdf?isAllowed=y&sequence=1
http://erepository.uonbi.ac.ke/bitstream/handle/11295/101199/Ndisio_Assesment%20of%20Locally%20Cultivated%20Groundnut%20(Arachis%20Hypogaea)%20Varieties%20for%20Susceptibility%20to%20Aflatoxin%20Accumulation%20in%20Western%20Kenya.pdf?isAllowed=y&sequence=1
http://erepository.uonbi.ac.ke/bitstream/handle/11295/101199/Ndisio_Assesment%20of%20Locally%20Cultivated%20Groundnut%20(Arachis%20Hypogaea)%20Varieties%20for%20Susceptibility%20to%20Aflatoxin%20Accumulation%20in%20Western%20Kenya.pdf?isAllowed=y&sequence=1
https://www.innovationinfo.org/articles/JAMBR-106.pdf
https://apsjournals.apsnet.org/doi/abs/10.1094/PHYTO-10-14-0269-R
https://doi.org/10.3390/toxins13030198
https://doi.org/10.3920/WMJ2020.2631
https://www.ajol.info/index.php/ajfand/article/view/206469


77 
 

Nji, Q. N., Babalola, O. O., & Mwanza, M. (2022). AFs in maize: can their occurrence be 

effectively managed in Africa in the face of climate change and food 

insecurity?. Toxins, 14(8), 574. https://doi.org/10.3390/toxins14080574 

Njoki, L., Okoth, S., Wachira, P., Ouko, A., Mwololo, J., Rizzu, M., ... & Amakhobe, T. 

(2023). Evaluation of agronomic characteristics, disease incidence, yield 

performance, and aflatoxin accumulation among six peanut varieties (Arachis 

hypogea L.) grown in Kenya. Toxins, 15(2), 111. 

https://doi.org/10.3390/toxins15020111  

Njoroge, S. M. (2018). A critical review of AF contamination of peanuts in Malawi and 

Zambia: The past, present, and future. Plant disease, 102(12), 2394-2406. 

https://apsjournals.apsnet.org/doi/full/10.1094/PDIS-02-18-0266-FE  

Obonyo, M. A., & Salano, E. N. (2018). Perennial and seasonal contamination of maize 

by AFs in eastern Kenya. International Journal of Food Contamination, 5(1), 1-5. 

https://foodcontaminationjournal.biomedcentral.com/articles/10.1186/s40550-

018-0069-y  

Odhiambo, B. O., Murage, H., & Wagara, I. N. (2013). Isolation and Characterisation of 

Aflnon-toxigenic Aspergillus species from Maize and Soil Samples from Selected 

Counties of Kenya. African Journal of Microbiology Research., 7(35):4379-4388. 

. https://academicjournals.org/journal/AJMR/article-full-text-pdf/6662C3113626  

Ojiambo, S. P., Battilani, P., Cary, W. J., Blum, H. B., & Carbone, I. (2018). Cultural and 

Genetic Approaches to Manage AF Contamination: Recent Insights Provide 

Opportunities for Improved Control. Phytopathology, 108:1024-1037. 

https://apsjournals.apsnet.org/doi/abs/10.1094/PHYTO-04-18-0134-RVW  

Okaron, V. (2017). Genetic Variation in Groundnut (Arachis Hypogaea L) Nodulating 

Rhizobia Native To Phosphorus Deficient Soils of Western Kenya (Doctoral 

dissertation, University of Eldoret). 

http://41.89.164.27:8080/xmlui/bitstream/handle/123456789/1272/VELMA%20O

KARON.pdf?sequence=1 

Okoth, S. (2016). Improving the Evidence Base on AF Contamination and Exposure in 

Africa. CTA Working Paper, 16(13), 128. 

https://cgspace.cgiar.org/bitstream/handle/10568/90118/1975_PDF.pdf  

https://doi.org/10.3390/toxins14080574
https://doi.org/10.3390/toxins15020111
https://apsjournals.apsnet.org/doi/full/10.1094/PDIS-02-18-0266-FE
https://foodcontaminationjournal.biomedcentral.com/articles/10.1186/s40550-018-0069-y
https://foodcontaminationjournal.biomedcentral.com/articles/10.1186/s40550-018-0069-y
https://academicjournals.org/journal/AJMR/article-full-text-pdf/6662C3113626
https://apsjournals.apsnet.org/doi/abs/10.1094/PHYTO-04-18-0134-RVW
http://41.89.164.27:8080/xmlui/bitstream/handle/123456789/1272/VELMA%20OKARON.pdf?sequence=1
http://41.89.164.27:8080/xmlui/bitstream/handle/123456789/1272/VELMA%20OKARON.pdf?sequence=1
https://cgspace.cgiar.org/bitstream/handle/10568/90118/1975_PDF.pdf


78 
 

Okoth, S., Nyongesa, B., Ayugi, V., Kang'ethe, E., Korhonen, H., & Joutsjoki, V. (2012). 

Toxigenic Potential of Aspergillus Species Occurring on Maize Kernels from Two 

Agro-ecological Zones in Kenya. Toxins, 4:991–1007. 

https://doi.org/10.3390/toxins4110991  

Okun, D. O., Khamis, F. M., Muluvi, G. M., Ngeranwa, J. J., Ombura, F. O., & Yongo, 

M. O. (2015). Distribution of Indigenous Strains of Non-toxigenic and Toxigenic 

Aspergillus flavus and Aspergillus parasiticus in Maize and Peanuts Agro-

Ecological Zones of Kenya. Agriculture and Food Security, 4:14. 

https://doi.org/10.1186/s40066-015-0033-5   

Omara, T., Nassazi, W., Omute, T., Awath, A., Laker, F., Kalukusu, R., et al. (2020). 

AFs in Uganda: An Encyclopedic Review of the Etiology, Epidemiology, 

Detection, Quantification, Exposure Assessment, Reduction, and Control. 

International Journal of Microbiology, 2020(4723612), 18. 

https://doi.org/10.1155/2020/4723612  

Ortega-Beltran, A., & Bandyopadhyay, R. (2021). Contributions of integrated AF 

management strategies to achieve the sustainable development goals in various 

African countries. Global Food Security, 30, 100559. 

https://doi.org/10.1016/j.gfs.2021.100559 

Owino, C. O., Owuor, P. O., & Sigunga, D. O. (2015). Elucidating the causes of low 

phosphorus levels in ferralsols of Siaya County, Western Kenya. 

https://repository.maseno.ac.ke/bitstream/handle/123456789/1511/13FEB175488

6.pdf?sequence=1 

Owiro, O. N. (2019). Mycotoxin Contamination of Plant-Based Feeds Fed to Indigenous 

Chicken in Western Kenya. University of Eldoret, Eldoret. 

Pardley, R. R., & Sharma, G. (2010). Influence of Culture Media on Growth, Colony & 

Sporulation of Fungi Isolated from Decaying Vegetable Waste. Yeast and Fungal 

Research, 1(18):157-167. http://internationalscholarsjournals.org/journal/ajmr  

Patel, V., Bosamia, C. T., Bhalani, N. H., Singh, P., & Kumar, A. (2015). AFs: Causes & 

Effects. A Monthly Magazine of Agricultural and Biological Sciences, 13, 148. 

https://www.researchgate.net/profile/Sahil-Patel-12/publication/272296015.pdf  

https://doi.org/10.3390/toxins4110991
https://doi.org/10.1186/s40066-015-0033-5
https://doi.org/10.1155/2020/4723612
https://doi.org/10.1016/j.gfs.2021.100559
https://repository.maseno.ac.ke/bitstream/handle/123456789/1511/13FEB1754886.pdf?sequence=1
https://repository.maseno.ac.ke/bitstream/handle/123456789/1511/13FEB1754886.pdf?sequence=1
http://internationalscholarsjournals.org/journal/ajmr
https://www.researchgate.net/profile/Sahil-Patel-12/publication/272296015.pdf


79 
 

Pechanova, O., & Pechan, T. (2015). Maize-pathogen interactions: an ongoing combat 

from a proteomics perspective. International journal of molecular 

sciences, 16(12), 28429-28448. https://doi.org/10.3390/ijms161226106  

Pechanova, O., Pechan, T., Ozkan, S., McCarthy, F. M., Williams, W. P., & Luthe, D. S. 

(2010). Proteome profile of the developing maize (Zea mays L.) 

rachis. Proteomics, 10(16), 3051-3055. https://doi.org/10.1002/pmic.200900833  

Pepple, G. A., Chukunda, F. A., & Ukoima, H. N. (2016). Detection of Fungi and AF 

Contamination in Shelved Fruits of Dialium guineense Wild, Rivers State, 

Nigeria. Asian Journal of Plant Science and Research, 6(1):1-5. 

https://www.researchgate.net/profile/Ukoima-Nkalo/publication/312165615.pdf  

Probst, C., Bandyopadhyay, R., Price, L. E., & Cotty, P. J. (2011). Identification of Non-

toxigenic Aspergillus flavus Isolates to Reduce AF Contamination of Maize in 

Kenya. Plant Disease, 95: 212-218. https://doi/abs/10.1094/PDIS-06-10-0438  

Probst, C., Njapau, H., & Cotty, P. J. (2004). Outbreak of an Acute Aflatoxicosis in 

Kenya: Identification of the Causal Agent. Applied and Environmental 

Microbiology, 73(8): 2762-2764. 

https://journals.asm.org/doi/abs/10.1128/aem.02370-06  

Probst, C., Njapau, H., & Cotty, P. J. (2007). Outbreak of an Acute Aflatoxicosis in 

Kenya: Identification of the Causal Agent. Applied and Environmental Microbio, 

73(8):2762-2764. https://journals.asm.org/doi/abs/10.1128/aem.02370-06  

Raza, W., Yang, W., & Shen, Q. R. (2008). Paenibacillus Polymixa Antibiotics, 

Hydrolytic Enzymes and Hazard Assessment. Journal of Plant Pathology, 90(3): 

419-430. https://www.jstor.org/stable/41998534  

Ropars, J., Aguileta, G., Vienne, D. M., & Giraud, T. ( 2014). Massive Gene Swamping 

among Cheese-Making Penicillium Fungi. Microbial Cell, 1(3), 107-109. 

https://doi.org/10.15698%2Fmic2014.01.135  

Rossi, F., Gallo, A., & Bertuzzi, T. (2020). Emerging mycotoxins in the food chain. 

Mediterranean Journal of Nutrition and Metabolism, 13(1), 7-27. 

https://content.iospress.com/articles/mediterranean-journal-of-nutrition-and-

metabolism/mnm190345  

https://doi.org/10.3390/ijms161226106
https://doi.org/10.1002/pmic.200900833
https://www.researchgate.net/profile/Ukoima-Nkalo/publication/312165615.pdf
https://doi/abs/10.1094/PDIS-06-10-0438
https://journals.asm.org/doi/abs/10.1128/aem.02370-06
https://journals.asm.org/doi/abs/10.1128/aem.02370-06
https://www.jstor.org/stable/41998534
https://doi.org/10.15698%2Fmic2014.01.135
https://content.iospress.com/articles/mediterranean-journal-of-nutrition-and-metabolism/mnm190345
https://content.iospress.com/articles/mediterranean-journal-of-nutrition-and-metabolism/mnm190345


80 
 

Schoch, L. C., Lopez-Giralrdez, F., Sung, G., & Townsend, P. J. (2009). The 

Ascomycota Tree of Life: A Phylum-wide Phylogeny Clarifies the Origin and 

Evolution of Fundamental Reproductive and Ecological Traits. Systematic 

Biology, 58(2), 224-239. https://academic.oup.com/sysbio/article-

abstract/58/2/224/1671572  

Schrenk, D., Bodin, L., Chipman, J. K., del Mazo, J., Grasl‐ Kraupp, B., ... & Bignami, 

M. (2020). Risk assessment of ochratoxin A in food. EFSA Journal, 18(5), 

e06113. https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2020.6113  

Schroeder, C., Onyango, K., Bahadur, N. R., Jick, N. A., Parzies, H. K., & Gemenet, D. 

C. (2013). Potentials of Hybrid Maize Varieties for Small-Holder Farmers in 

Kenya: A Review Based On Swot Analysis. African Journal of Food, Agriculture, 

Nutrition and Development, 13(2), 1-25. 

https://www.ajol.info/index.php/ajfand/article/view/87480  

Shenge, C. K., Adhikari, N. B., Akande, A., Callicott, A. K., Atehnkeng, J., Ortega-

Beltran, A., et al. (2019). Monitoring Aspergillus flavus Genotypes in a Multi-

Genotype AF Biocontrol Product With Quantitative Pyrosequencing. Frontiers in 

Microbiology, 10(2529):1-13. 

https://www.frontiersin.org/articles/10.3389/fmicb.2019.02529/full  

Sibakwe, B. C., Kasambara-Donga, T., Njoroge, M. C. S., Msuku, W. A. B., & Mhango, 

G. W. (2017). The Role of Drought Stress on AF Contamination in Groundnuts 

(Arachis hypogea L.) and Aspergillus flavus Population in the Soil. Modern 

Agricultural Science and Technology, 3(5-6), 22-29.  

http://oar.icrisat.org/id/eprint/10450  

Singh, R., Kaur, G., & Kaur, G. (2022). Shelf-life Prolongation of Spring Groundnut 

Pods (Arachis hypogaea L.) using Packaging Systems. 

http://nopr.niscpr.res.in/handle/123456789/59434  

Smith, L. E., Stasiewicz, M., Hestrin, R., Morales, L., Mutiga, S., & Nelson, R. J. (2016). 

Examining environmental drivers of spatial variability in AF accumulation in 

Kenyan maize: Potential utility in risk prediction models. African Journal of 

Food, Agriculture, Nutrition and Development, 16(3), 11086-11105. 

https://doi.org/10.18697/ajfand.75.ILRI09  

https://academic.oup.com/sysbio/article-abstract/58/2/224/1671572
https://academic.oup.com/sysbio/article-abstract/58/2/224/1671572
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2020.6113
https://www.ajol.info/index.php/ajfand/article/view/87480
https://www.frontiersin.org/articles/10.3389/fmicb.2019.02529/full
http://oar.icrisat.org/id/eprint/10450
http://nopr.niscpr.res.in/handle/123456789/59434
https://doi.org/10.18697/ajfand.75.ILRI09


81 
 

Smitha, C., Finosh, G. T., Rajesh, R., & Abraham, P. K. (2014). Induction of Hydrolytic 

Enzymes of Phytopathogenic Fungi in Response to Trichoderma viride Influence 

Biocontrol Activity. International Journal of Current Microbiology and Applied 

Sciences 3(9):1207-1217. 

 https://www.academia.edu/download/36036797/C.Smitha__et_al.pdf  

Soni, P., Gangurde, S. S., Ortega-Beltran, A., Kumar, R., Parmar, S., Sudini, H. K., ... & 

Varshney, R. K. (2020). Functional biology and molecular mechanisms of host-

pathogen interactions for AF contamination in groundnut (Arachis hypogaea L.) 

and maize (Zea mays L.). Frontiers in Microbiology, 11, 227. 

https://www.frontiersin.org/articles/10.3389/fmicb.2020.00227/full  

Stepman, F. (2018). Scaling-up the impact of AF research in Africa. The role of social 

sciences. Toxins, 10(4), 136. https://www.mdpi.com/275650  

Taherdoost, H. (2016). Sampling Methods in Research Methodology; How to Choose a 

Sampling Technique for Research. International Journal of Academic Research in 

Management (IJARM), 5(2), 18-27. https://dx.doi.org/10.2139/ssrn.3205035 

Tao, Y., Xie, S., Xu, F., Liu, A., Wang, Y., Chen, D., ... & Yuan, Z. (2018). Ochratoxin 

A: Toxicity, oxidative stress and metabolism. Food and Chemical 

Toxicology, 112, 320-331. https://doi.org/10.1016/j.fct.2018.01.002    

Thambugala, K. M., Daranagama, D. A., Phillips, A. J., Kannangara, S. D., & 

Promputtha, I. (2020). Fungi vs. fungi in biocontrol: An overview of fungal 

antagonists applied against fungal plant pathogens. Frontiers in cellular and 

infection microbiology, 10, 604923. https://doi.org/10.3389/fcimb.2020.604923  

Thathana, G. M., Murage, H., Abia, K. L. A., & Pillay, M. (2017). Morphological 

Characterization and Determination of AF-Production Potentials of Aspergillus 

flavus Isolated from Maize and Soil in Kenya. Agriculture 7(80), 1-14. 

https://www.mdpi.com/225458  

Tronsmo, A. M., Collinge, D. B., Djurle, A., Munk, L., Yuen, J., & Tronsmo, A. 

(2020). Plant pathology and plant diseases. CABI. 

https://books.google.com/books?hl=en&lr=&id=wGgCEAAAQBAJ&oi=fnd&pg

=PR3&dq=plant+pathology+books+&ots=pwD000O6VR&sig=d4vtnadzPrxLEQ

B_2oe2taKx7y8  

https://www.academia.edu/download/36036797/C.Smitha__et_al.pdf
https://www.frontiersin.org/articles/10.3389/fmicb.2020.00227/full
https://www.mdpi.com/275650
https://dx.doi.org/10.2139/ssrn.3205035
https://doi.org/10.1016/j.fct.2018.01.002
https://doi.org/10.3389/fcimb.2020.604923
https://www.mdpi.com/225458
https://books.google.com/books?hl=en&lr=&id=wGgCEAAAQBAJ&oi=fnd&pg=PR3&dq=plant+pathology+books+&ots=pwD000O6VR&sig=d4vtnadzPrxLEQB_2oe2taKx7y8
https://books.google.com/books?hl=en&lr=&id=wGgCEAAAQBAJ&oi=fnd&pg=PR3&dq=plant+pathology+books+&ots=pwD000O6VR&sig=d4vtnadzPrxLEQB_2oe2taKx7y8
https://books.google.com/books?hl=en&lr=&id=wGgCEAAAQBAJ&oi=fnd&pg=PR3&dq=plant+pathology+books+&ots=pwD000O6VR&sig=d4vtnadzPrxLEQB_2oe2taKx7y8


82 
 

Unnevehr, L., & Grace, D. (2013). AFs: Finding Solutions for Improved Food Safety. 

2033 K Street, NW, Washington, DC 20006-1002 USA: International Food 

Policy Research Institute  (IFPRI).  

Wacoo, P. A., Wendiro, D., Vuzi, C. P., & Hawumba, F. J. (2014). Methods for 

Detection of AFs in Agricultural Food Crops. Journal of Applied Chemistry, 

2014, 15. https://downloads.hindawi.com/archive/2014/706291.pdf  

Wafula, E. N., Muhonja, C. N., Kuja, J. O., Owaga, E. E., Makonde, H. M., Mathara, J. 

M., & Kimani, V. W. (2022). Lactic Acid Bacteria from African Fermented 

Cereal-Based Products: Potential BCAs for Mycotoxins in Kenya. Journal of 

Toxicology, 2022. https://doi.org/10.1155/2022/2397767    

Walker, S., & Davies, B. R. Y. N. (2013). Afaltoxins: Finding Solutions For Improved 

Food Safety. Farmers Perceptions of AFs: Implications for Intervention in Kenya. 

http://sanon.ihostfull.com/COURSES/AFLAT/focus20_07.pdf  

Wang, W., Zhai, S., Xia, Y., Wang, H., Ruan, D., Zhou, T., ... & Yang, L. (2019). 

Ochratoxin A induces liver inflammation: involvement of intestinal 

microbiota. Microbiome, 7(1), 1-14. 

https://microbiomejournal.biomedcentral.com/articles/10.1186/s40168-019-0761-z  

Weatherbase, (2022). Homa Bay, Kenya. 

https://www.weatherbase.com/weather/weather.php3?s=603060&cityname=Hom

a+Bay%2C+Homa+Bay%2C+Kenya (Accessed 5
th

 January 2022) 

Were, J. O., Ngeywo, P. C., Ochuodho, J. O., Rop, N. K., & Owino, A. A. (2015). 

Diversity and Selectivity of Mycotoxin Fungi Affecting Arachis hypogaea Seed 

Quality in Western Kenya. Inernational Journal of Current Microbiology and 

.Applied Sciences, 4(3): 216-221. 

 https://www.cabdirect.org/cabdirect/abstract/20153129829  

Wild, C., Miller, J. D., & Groopman, J. D. (2016). Mycotoxin Control in Low-and 

Middle-income Countries. Geneva, Switzerland: World Health Organization. 

https://www.ncbi.nlm.nih.gov/books/NBK350558/  

  

https://downloads.hindawi.com/archive/2014/706291.pdf
https://doi.org/10.1155/2022/2397767
http://sanon.ihostfull.com/COURSES/AFLAT/focus20_07.pdf
https://microbiomejournal.biomedcentral.com/articles/10.1186/s40168-019-0761-z
https://www.weatherbase.com/weather/weather.php3?s=603060&cityname=Homa+Bay%2C+Homa+Bay%2C+Kenya
https://www.weatherbase.com/weather/weather.php3?s=603060&cityname=Homa+Bay%2C+Homa+Bay%2C+Kenya
https://www.cabdirect.org/cabdirect/abstract/20153129829
https://www.ncbi.nlm.nih.gov/books/NBK350558/


83 
 

Williams, J. H., Phillips, T. D., Jolly, P. E., Stiles, J. K., Jolly, C. M., & Agarwal, D. 

(2004). Human Aflatoxicosis in Developing Countries: a Review of Toxicology, 

Exposure, Potential Health Consequences, and Interventions. American Journal of 

Clinical Nutrition, 80:1106-1122.  

https://academic.oup.com/ajcn/article-abstract/80/5/1106/4690412  

Xu, X. M., Jeffries, P., Pautasso, M., & Jeger, M. J. (2011). Combined use of biocontrol 

agents to manage plant diseases in theory and practice. Phytopathology, 101(9), 

1024-1031. https://apsjournals.apsnet.org/doi/pdf/10.1094/PHYTO-08-10-0216  

Yitbareka, M. B., & Tamirb, B. (2013). Mycotoxines and/or AFes in Milk and Milk 

Products: Review. American Scientific Research Journal for Engineering, 

Technology, and Sciences, 7(1), 1-32. 

http://www.asrjetsjournal.org/index.php/American_Scientific_Journal/article/vie

w/502  

Yoshimi, A., Miyazawa, K., & Abe, K. (2016). Cell Wall Structure and Biogenesis in 

Aspergillus Species. Bioscience, Biotechnology, and Biochemistry, 80(9):1700-

1711. https://academic.oup.com/bbb/article-abstract/80/9/1700/5955824  

Zhang, W., Chang, X., Wu, Z., Dou, J., Yin, Y., Sun, C., & Wu, W. (2020). Rapid 

isolation of non-aflnon-toxigenic Aspergillus flavus strains. World Mycotoxin 

Journal, 13(2), 277-286. https://doi.org/10.3920/WMJ2019.2490 

 

 

 

 

 

 

 

https://academic.oup.com/ajcn/article-abstract/80/5/1106/4690412
https://apsjournals.apsnet.org/doi/pdf/10.1094/PHYTO-08-10-0216
http://www.asrjetsjournal.org/index.php/American_Scientific_Journal/article/view/502
http://www.asrjetsjournal.org/index.php/American_Scientific_Journal/article/view/502
https://academic.oup.com/bbb/article-abstract/80/9/1700/5955824
https://doi.org/10.3920/WMJ2019.2490


84 
 

APPENDICES 

APPENDIX  I: Farmer questionnaire on maize and ground nut farming and 

mycotoxin knowledge during the 2018-2019 crop seasons. 

 

SECTION A: FARMER IDENTIFICATION 

 
Name of the farmer  

County  

Sub- County  

Altitude  

Longitude  

Maize sample no.  

Groundnut sample no.  

Monocrop soil sample no.  

Mixed cropping soil sample no.  

 

SECTION B: DEMOGRAPHIC INFORMATION (Mark (√)Appropriate Box) 

1. Age in completed years………………………………………..    Sex:  Male           Female  

          

2. Education level: None                 Primary              Secondary              Above secondary   

  

3. Main source of income: Farming           Salaried             Self- employed                                      

others (specify)………………………………………………………………… 

4. Do you have any forum for discussing  Maize/ Groundnut/farming issues? Yes                  

No                     

5. If Yes, name it……………………………………………………………………………… 

 

 

SECTION C: AGRONOMIC INFORMATION 

1. How long have you been growing Maize/ Groundnut?  

Maize…….(yrs)        Groundnut………(yrs) 

2.  How many acres of land do you own………………………………………………………….. 

3. Name other crops grown on your farm…………………………………………………………. 
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4. Rank the crops according to their profitability to you starting with the most profitable 

 

Crop Rank (with 1 most profitable) Area planted this season 

I   

II   

III   

IV   

 

5. Do you intercrop maize and groundnut?...............[Yes=1; No=2] 

6. Which crops were cultivated previous season on the current land area groundnut? 

i. ……………………………… 

ii. ……………………………… 

iii. ……………………………… 

7. Where do you source your planting seeds? 

[Own=1; Neighbor=2; Local market=3;  Commercial dealer=4;  

others (specify)………………………………………………………………….…………] 

 

SECTION D: FARMERS’ KNOWLEDGE ON CAUSES OF MYCOTOXINS 

 

 

 

  

Cause Aware [ √] Not Aware [ √] 

Improper storage   

Improper drying   

Rains at harvesting   

Store dampness    

Elevated air moisture levels   

Infection from soil   

Damage by pests   

Rotting of maize   

Bad seeds   

Applying pesticide on wet cereals   

Delayed harvesting -  

Untreated cereals   

Do not know   
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SECTION E: FARMERS AWARENESS ON MANAGEMENT TECHNIQUES OF 

MYCOTOXINS 

 

Technique Aware [√] Not Aware [√] Successful [√] Unsuccessful [√] 

1.Crop rotation     

2. Use of resistant varieties     

3. Bio control     

4. Pest control in the farm     

5. Proper drying of grains     

6. Timely harvesting     

7. Proper storage     

8. Others     

9. Not aware of any 

management 
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APPENDIX  II: ANOVA summaries for percentage inhibition of mycotoxin fungi 

using dual culture technique 

 

Analysis of variance  

     Variate: Aspergillus flavus 

     Source of variation d.f. s.s. m.s. v.r. F pr. 

Antagonist 3 5851.507 1950.502 476.45 <.001 

Residual 8 32.750 4.094 

 

  

Total 11 5884.258 

 

    

Variate: A. parasiticus 

     Source of variation d.f. s.s. m.s. v.r. F pr. 

Antagonist 3 9062.973 3020.991 366.27 <.001 

Residual 8 65.984 8.248    

Total 11 9128.957      

Variate: A. nomius 

     Source of variation d.f. s.s. m.s. v.r. F pr. 

Antagonist 3 1745.47 581.82 57.86 <.001 

Residual 8 80.45 10.06    

Total 11 1825.92     

Variate: A. niger 

     Source of variation d.f. s.s. m.s. v.r. F pr. 

Antagonist 3 9264.933 3088.311 782.10 <.001 

Residual 8 31.590 3.949    

Total 11 9296.523     

Variate: P. corrylophilum 

     Source of variation d.f. s.s. m.s. v.r. F pr. 

Antagonist 3 11956.29 3985.43 338.83 <.001 

Residual 8 94.10 11.76    

Total 11 12050.39     

Variate: P. auratiogriseum 

     Source of variation d.f. s.s. m.s. v.r. F pr. 

Antagonist 3 8426.404 2808.801 828.61 <.001 

Residual 8 27.118 3.390    

Total 11 8453.523     
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APPENDIX  III: ANOVA summaries on percentage inhibition in-vitro of 

test/mycotoxin fungal isolates by applying the modified culture technique 

 

Analysis of variance  

     Variate: Aspergillus flavus 

     Source of variation d.f. s.s. m.s. v.r. F pr. 

Antagonist 3 8949.555 2983.185 1579.47 <.001 

Residual 8 15.110 1.889 

 

  

Total 11 8964.665 

 

    

Variate: A. parasiticus 

     Source of variation d.f. s.s. m.s. v.r. F pr. 

Antagonist 3 12019.757 4006.586 2117.75 <.001 

Residual 8 15.135 1.892    

Total 11 12034.892      

Variate: A. nomius 

     Source of variation d.f. s.s. m.s. v.r. F pr. 

Antagonist 3 10749.950 3583.317 1631.28 <.001 

Residual 8 17.573 2.197    

Total 11 10767.523     

Variate: A. niger 

     Source of variation d.f. s.s. m.s. v.r. F pr. 

Antagonist 3 6524.078 2174.693 1096.67 <.001 

Residual 8 15.864 1.983    

Total 11 6539.942     

Variate: P. corrylophilum 

     Source of variation d.f. s.s. m.s. v.r. F pr. 

Antagonist 3 9601.598 3200.533 356.39 <.001 

Residual 8 71.843 8.980    

Total 11 9673.441     

Variate: P. auratiogriseum 

     Source of variation d.f. s.s. m.s. v.r. F pr. 

Antagonist 3 13040.499 4346.833 1114.50 <.001 

Residual 8 31.202 3.900    

Total 11 13071.701     
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APPENDIX  IV: ANOVA summaries on mycotoxin fungal repression using a 1-5 

scale 

Analysis of variance  

     Variate: Aspergillus flavus 

     Source of variation d.f. s.s. m.s. v.r. F pr. 

Antagonist 3 27.38667 3.42333 40.27 <.001 

Residual 8 1.36 0.085    

Total 11 29.30667      

Variate: A. parasiticus 

     Source of variation d.f. s.s. m.s. v.r. F pr. 

Antagonist 3 30.10741 3.76343 72.91 <.001 

Residual 8 0.82593 0.05162    

Total 11 30.95407      

Variate: A. nomius 

     Source of variation d.f. s.s. m.s. v.r. F pr. 

Antagonist 3 21.5496 2.6937 15.46 <.001 

Residual 8 2.7881 0.1743    

Total 11 24.643      

Variate: A. niger 

     Source of variation d.f. s.s. m.s. v.r. F pr. 

Antagonist 3 25.72296 3.21537 116.53 <.001 

Residual 8 0.44148 0.02759    

Total 11 26.2563      

Variate: P. corrylophilum 

     Source of variation d.f. s.s. m.s. v.r. F pr. 

Antagonist 3 29.06296 3.63287 123.57 <.001 

Residual 8 0.47037 0.0294    

Total 11 29.58296      

Variate: P. auratiogriseum 

     Source of variation d.f. s.s. m.s. v.r. F pr. 

Antagonist 3 31.98667 3.99833 76.36 <.001 

Residual 8 0.83778 0.05236    

Total 11 33.26667      
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APPENDIX  V: ANOVA tables for Inhibition of mycotoxin fungi based on zones of 

inhibitions in millimeters using the dual culture method 

 

 

 

 

 

Analysis of variance  

     Variate: Aspergillus flavus 

     Source of variation d.f. s.s. m.s. v.r. F pr. 

Antagonist 4 1754.267 438.567 234.95 <.001 

Residual 10 18.667 1.867    

Total 14 1772.933      

Variate: A. parasiticus 

     Source of variation d.f. s.s. m.s. v.r. F pr. 

Antagonist 4 40.9333 10.2333 15.35 <.001 

Residual 10 6.6667 0.6667    

Total 14 47.6000      

Variate: A. nomius 

     Source of variation d.f. s.s. m.s. v.r. F pr. 

Antagonist 4 61.7333 15.4333 19.29 <.001 

Residual 10 8.0000 0.8000    

Total 14 69.7333      

Variate: A. niger 

     Source of variation d.f. s.s. m.s. v.r. F pr. 

Antagonist 4 33.0667 8.2667 31.00 <.001 

Residual 10 2.6667 0.2667    

Total 14 35.7333      

Variate: P. corrylophilum 

     Source of variation d.f. s.s. m.s. v.r. F pr. 

Antagonist 4 34.2667 8.5667 9.88 0.002 

Residual 10 8.6667 0.8667    

Total 14 42.9333      

Variate: P. auratiogriseum 

     Source of variation d.f. s.s. m.s. v.r. F pr. 

Antagonist 4 786.267 196.567 68.57 <.001 

Residual 10 28.667 2.867    

Total 14 814.933      
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APPENDIX  VI: ANOVA tables for Inhibition of mycotoxin fungi based on zones of 

inhibitions in millimeters using the modified method 

 

Analysis of variance  

     Variate: Aspergillus flavus 

     Source of variation d.f. s.s. m.s. v.r. F pr. 

Antagonist 2 20.222 10.111 7.00 0.027 

Residual 6 8.667 1.444    

Total 8 28.889      

Variate: A. parasiticus 

     Source of variation d.f. s.s. m.s. v.r. F pr. 

Antagonist 2 5.5556 2.7778 8.33 0.019 

Residual 6 2.0000 0.3333    

Total 8 7.5556      

Variate: A. nomius 

     Source of variation d.f. s.s. m.s. v.r. F pr. 

Antagonist 2 20.222 10.111 7.58 0.023 

Residual 6 8.0000 1.333    

Total 8 28.222      

Variate: A. niger 

     Source of variation d.f. s.s. m.s. v.r. F pr. 

Antagonist 2 14.0000 7.0000 21.00 0.002 

Residual 6 2.0000 0.3333    

Total 8 16.0000      

Variate: P. corrylophilum 

     Source of variation d.f. s.s. m.s. v.r. F pr. 

Antagonist 2 2.8889 1.4444 1.86 0.236 

Residual 6 4.6667 0.7778    

Total 8 7.5556      

Variate: P. auratiogriseum 

     Source of variation d.f. s.s. m.s. v.r. F pr. 

Antagonist 2 122.889 61.444 2.53 <.001 

Residual 6 11.333 1.889    

Total 8 134.222      
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APPENDIX  VII: Similarity Report  


