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Abstract

The proliferated contamination of agricultural commodities by mycotoxins and their 
attendant toxic effects on humans and animals which consume such commodities con-
stitutes a major concern to food safety and security. These highly toxic food contami-
nants are produced by various filamentous fungi species that are ubiquitous in nature, 
however, favourable climatic conditions in the tropics favour their proliferation in these 
regions. Africa, by virtue of its location along the equator makes it highly accommodative 
to proliferation of mycotoxigenic fungi species, as such, it is the most affected of all the 
continents. Other factors such as poverty, and climate change further complicates the 
mycotoxin situation on the continent. Economic impact due to mycotoxin contamination 
in Africa is thus alarming. The effects of mycotoxins can in fact be felt in the overall health 
of humans and animals, sustainable development, food security and safety, damage to 
the African agricultural export brand, negatively impacting Africa’s self-sustainability 
and increased dependence on foreign aid, not excluding high cost of research, mitigation 
and regulation of the prevalence of these toxins in African countries. This book chapter 
presents an exhaustive appraisal of the socio-economic impact of mycotoxins on Africa. 
Our observations herein are expected to stimulate policy makers, as well as, all stakehold-
ers along the food supply chain to identify critical areas of collaboration and strengthen 
alliances in order to ameliorate the effects of these toxicants on the continent of Africa, 
and the world at large.

Keywords: mycotoxins, socio-economic impact, Africa, fungi, immunosuppression, 
hepatotoxic, socio-economic impact, health impact
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1. Introduction

Globally, the consumption of contaminated foods accentuates a clear food security threat, 
and the central elements leading to contamination are microorganisms, specifically, fungi, 
which produce low-molecular weight toxic secondary metabolites known as mycotoxins. 
About 25% of the global food and feed output is contaminated by mycotoxins, which 
negatively affects human and animal health, productivity, livelihood, household security, 
income and causes significant economic losses [1]. Very often, contamination of agricul-
tural commodities by mycotoxins results from a cumulative process, which begins from 
pre-harvest through post-harvest stage and continues throughout the entire food produc-

tion chain [2]. Some factors that drive mycotoxin contamination along the African food and 

feed chain are the mid and hot tropical climates that are favourable growth conditions for 
fungi, food shortages, ignorance of the cause and implications of mycotoxins, food dump-

ing and adulteration of foods with mouldy agricultural products as well as inadequate 
regulatory mechanisms [3, 4].

A recent investigation on the mycotoxin issue across the entire continent of Africa led 

by Professor Sheila Okoth of the University of Nairobi (Kenya) and commissioned by 
the Technical Centre for Agricultural and Rural Cooperation (CTA) in conjunction with 
Partnership for Aflatoxin Control in Africa (PACA), confirmed and re-affirmed the 
seriousness of the mycotoxin issue [5, 6]. Economic losses arising from mycotoxicosis 

in Africa are alarming; losses incurred by developed nations are usually trade-related, 
whereas Africa tends to incur both economic losses and additional costs related to health 
challenges. This immense socio-economic impact of mycotoxins threatens the UN’s sus-

tainable development goal of improving nutrition, achieving food security and attain-

ing a healthy agro-economic growth [6]. Often, socio-economic impact of mycotoxin 
contamination in Africa can be measured through reduced food availability, specifically 
amongst the rural poor, regulatory rejections of goods mainly at ports of exit, reduced 
market value of contaminated produce in domestic markets, decreased marketability of 
crops, forced alternative uses, increased livestock and human diseases, as well as mortal-
ity. Moreover, this impact should not exclude the high cost of research and regulatory 
activities aimed at reducing health risks because of the existence of causal relationships 
between mycotoxins and their impact on health. It is also overwhelming that in Africa, 
an annual cost of over USD 750 million is been accrued to aflatoxin (AF) contamina-

tion of crops, while the European Union (EU) regulation of AFs reportedly costs food 
exporters an estimated USD 670 million yearly [7]. Misdiagnosis, poor infrastructures, 
undependable and inconsistent data amongst other factors make it difficult to account 
for the additional and indirect costs associated with mycotoxin exposure in Africa. If the 
scale of economic and health impact of mycotoxin contamination is well understood, it 
will hasten policy makers towards imposing regulations and supporting affected popula-

tions. This chapter discusses on some pertinent socio-economic impacts of mycotoxin 

contamination in Africa.
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2. Common mycotoxins in Africa and associated factors that 

facilitate their prevalence

Mycotoxins are secondary metabolites produced by filamentous fungi, especially those mem-

bers within the Aspergillus, Penicillium, Fusarium and Alternaria genera, and notable for their 
toxigenicity and disease-causing effects amongst humans and animals. Different studies on 
mycotoxins since the discovery of AF in early 1960s have led to the identification of over 300 
mycotoxins, few of which have received significant attention due to their health and economic 
importance.

2.1. Common mycotoxins in Africa

From an African context, the major mycotoxins of significance in terms of health and the 
economy are the AFs, fumonisins (FBs), ochratoxins (OTs), trichothecenes (THs) and the 
zearalenones (ZEAs). This is equally relative to their widespread occurrence in major food 
and feed commodities, aggravated by favourable climatic conditions in the continent. Of all 
the several occurring mycotoxins, the AFs are considered the most important. This is par-

ticularly associated with its prevalence in commodities and potency of aflatoxin B
1
 (AFB

1
), 

an AF form known to be the most noxious naturally occurring carcinogen. They have thus 
received substantial attention as compared to other mycotoxins as they frequently con-

taminate food and feed commodities in Africa [8]. Though there are about 20 different 
identified forms of these AFs [9], those of significant and economic importance are AFB

1
, 

aflatoxin B
2
 (AFB

2
), aflatoxin G

1
 (AFG

1
) and aflatoxin G

2
 (AFG

2
). Equally important are 

also aflatoxins M
1
 (AFM

1
) and M

2
 (AFM

2
), which are hydroxylated metabolites of AFB

1
 

and AFB
2
, respectively [10]. FBs, particularly fumonisin B

1
 (FB

1
), have been classified as a 

group 2B carcinogen by the International Agency for Research on Cancer (IARC) [11], and 
is highly prevalent in African staples such as maize, millet and sorghum [12]. The OTs are 

isocoumarin derivatives, occurring as ochratoxin A (OTA), B (OTB), C (OTC), D (OTD) and 
their methyl and ethyl esters [13]. Similar to FB

1
, OTA is a prevalent toxin, classified as a 

Group 2B potential carcinogen to human [11]. The THs, which are tetracyclic sesquiter-

penes with an epoxy-ring [12, 14], are divided into type A consisting of T-2 and HT-2 toxins 
and type B with deoxynivalenol (DON) and nivalenol (NIV), the most important repre-

sentatives [12]. Zearalenone (ZEA) and its hydroxylated derivatives α- and β- zearalenone 
(α-ZEA and β-ZEA) are lactone derivatives commonly found in food commodities [15]. It 
has been reported that ZEA usually co-occurs with one or more of the THs, because of the 
ability of its producing fungi to synthesize more than one mycotoxin [16]. The occurrence 

of modified and emerging forms of these mycotoxins including 3-acetyldeoxynivalenol 
(3-ADON), 15-acetyldeoxynivalenol (15-ADON), beauvericin (BEA), the enniatins (ENNs) 
and moniliformin (MON) have also been reported in African commodities [12]. The preva-

lence of these mycotoxins in African food crops have been reviewed extensively in litera-

ture [17–20], and can be strongly associated with a number of factors which are discussed 
in the next section.
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2.2. Factors that facilitate the prevalence of mycotoxins in Africa

The prevalence of mycotoxins in African food and feed commodities have been well docu-

mented in literature, and major factors that contribute to this have been identified as climate 
change, poverty, limited/lack of awareness, pro-regulation and legislation, poor agricultural 
practices, amongst others. Climate change has in fact been proposed as probably the most seri-
ous environmental issue facing our planet [21], and Africa has been the most affected. In fact, 
2016 was identified as the hottest year in about a century, and accordingly, a manifestation of 
this was the 2016 El-nino drought episode of Southern Africa, which resulted in agricultural 
losses amounting to millions of US dollars (US$). Such imbalances, drastic changes in rainfall, 
temperature and CO

2
 patterns could increase the risk of pathogen migration and influence 

colonization of crops by mycotoxigenic fungal genera [22]. Since mycotoxin production is 

climate dependent, changes in climatic conditions have been suggested and proven to lead to 
possible drastic modifications in fungal population and attendant mycotoxin production [23, 
24]. These would not only favour the emergence of new mycotoxigenic fungal strains, but also 
attendant mycotoxin production in agricultural commodities.

Africa is the poorest continent in the world [25]. Nearly one in five people living in Africa is 
undernourished and/or go hungry, the highest prevalence of such in the world [26]. This can 

have a huge significance on the quality of food commodities consumed in Africa. There are 
limited resources to adopt relevant technologies/systems to control mycotoxins proliferation, 
and in dire need for food and “quenching” hunger, the quality and safety of food ingested is 
totally irrelevant (even though visibly contaminated). Under such circumstances, having food 
is much more vital and subsequently prioritized. Further to this, limited public awareness 
on the mycotoxins issue has been identified as a critical factor on the prevalence of mycotox-

ins in Africa. Knowledge is power. The available information on the incidence, public health 
importance, prevention and control of mycotoxins in many African countries is still grossly 
lacking, with no indication that such will be addressed anytime soon. Equally important is the 
lack of appropriate mechanisms to promote and educate consumers on the harmful effects of 
mycotoxins, good agricultural practices and post-harvest handling of commodities. Due to all 
these factors, the issue of mycotoxins on the continent has remained infamously persistent, 
with attendant grave implications. The next section of this chapter discusses in detail the 
socio-economic impact of these fungal pollutants on the African continent.

3. Socio-economic impact of mycotoxin contamination in Africa

Mycotoxin contamination have contributed significantly to the elusive sustainable develop-

ment in Africa. The ever daunting and manifest challenges to food safety and security, good 
health and economic empowerment are all undisputable evidences to this fact.

3.1. Impact of mycotoxins on human and animal health in Africa

3.1.1. Impact of mycotoxins on human health in Africa

The most significant impact of mycotoxin contamination in Africa has been shown to be on 
human health. A World Bank report in 1993 observed that the various health problems 

Mycotoxins - Impact and Management Strategies6



modulated by exposure to mycotoxins accounted for up to 40% of lost disability-adjusted life 
years (DALYs) [27], and it is no doubt that Africa is the most affected. In 2004, an outbreak 
caused by food poisoning with AFs occurred in Kenya, where 317 cases of illness were reported 
and 68 of the persons were children below the age of 5 and 90 were from 5 to 15 years. In 
this incidence, at least 123 deaths were recorded [28–30]. In sub-Saharan Africa, about 250,000 
deaths are caused by hepatocellular carcinoma annually and this can be linked to risk factors 
such as AFs and high prevalence of hepatitis B [31]. AF contamination in groundnuts and maize 
in Nigeria contributed to 7761 liver cancer cases, which results in a total burden of 100,965 
DALYs [32]. In 2014, due to AF contamination, about 3334 cases of hepatocellular carcinoma was 
calculated in Tanzania, 95% of which ended as deaths resulting to a loss of 96,686 DALYs [33].

Based on several studies in Southern Africa, AFs contamination have been strongly linked with 
child undernutrition, increased mortality and morbidity due to their negative effect on micro-

nutrient absorption and immune function [34]. In addition to these, immune disruption by AFs 
may aggravate health impacts of principal diseases plaguing Africa such as malaria, kwashiorkor 
and HIV/AIDS [35]. In Nigeria, posthumous autopsy of infants who suffered from kwashiorkor 
showed a significant level of AFs in their brains, because of consumption of contaminated maize 
based gruel [36]. According to Jolly et al. [37], high levels of AFB

1
 and acute aflatoxicosis symptoms 

were found within Ghanaian population that also had abnormal liver function and high level of 
HBV infections. Turner et al. [38] reported decreased levels of secretory immunoglobulin A (IgA) 
in Gambian children exposed to AFs. In Kenya, the mean birthweight of the children of women 
exposed to AFs prenatally was lesser than that of those who had not been similarly exposed [39].

In the Gambia, maternal dietary intake was indicated to be an important factor in carcino-

genic-induced damage in the unborn baby, due to a highly significant correlation between 
AF-albumin adduct levels in the mothers venous and respective cord sera [40]. In the same 
country, children with reduced level of salivary Secretory Immunoglobulin A (sIgA) have 
been linked with exposure to AFs [38]. The consumption of FBs contaminated maize have 
been correlated to the high incidence of oesophageal cancer in parts of South Africa [41] and 

Malawi [42]. According to Ferlay et al. [42], Malawi has the highest prevalence rate (24.2 per 
100,000 persons) of oesophageal cancer in the world. ZEA as a naturally occurring endocrine-
disrupting chemical has been implicated in the manifestations of gynecomastia with testicu-

lar atrophy in rural males in Southern Africa [43]. In 1977 to 1978 an outbreak of ergotism 
occurred in Wollo, Ethiopia where 140 persons were affected, four children lost both or at 
least one leg and the mortality as high as 34% [44]. In North Africa, particularly Tunisia and 
Egypt, cases of human nephropathies have been strongly associated with elevated exposure 
to OTA and outbreaks of ochratoxicosis, i.e., illness due to ochratoxin exposure [45–47]. 

Alpha-ZEA has been implicated as a potential risk factor for breast cancer in Tunisia [48]. 

Likewise, high levels of OTA in Moroccan foods and other agricultural commodities have 
been linked to some chronic illnesses [49, 50]. Table 1 shows some other mycotoxins and the 
toxic effects they provoke on human health. Further studies are required to establish the asso-

ciation between other poorly investigated diseases and dietary exposure to other mycotoxins 
(emerging, modified and multiple mycotoxins).

Though tremendously difficult to estimate in Africa, the net monetarized impact of mycotox-

ins on human health in Africa [including physical pain, death (in severe cases), temporary 
or permanent impairment, loss of productivity, costs of diagnosis, treatment, hospitalization 
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and health care (morbidity), cost of anxiety, pain, misdiagnosis, suffering and reduced life 
quality etc.] could be enormous, and demanding on national budget. A case in point, a study 
conducted in Gambia observed that diseases consistent with mycotoxin exposure (in particu-

lar Hepatitis B and its associated medical complications) results in a total monetized DALY 
worth over 94 million US$ of GDP, which equals 9.4% of the nation’s GDP. This is a huge loss 
to the health of the populace and country [67]. Similarly, in Senegal, the cumulative cost in 
terms of health due to AFs is estimated at no less than 92 million US$ of the nation’s GDP [67]. 

In 2014 in Tanzania, the economic impact (in monetary terms) of AFs was estimated between 
6 million and 264 million US$ due to the resultant health impact [33].

3.1.2. Impact of mycotoxins on animal health in Africa

Very little work has been done on the health impact of mycotoxins on animals in Africa. This 
is understandable as the health effects and losses in animals (such as feeding efficiency, infer-

tility, meat, milk and egg quality losses, susceptibility to diseases etc.) are subtler to decipher. 
Moreover, in Africa, people have limited resources and may prioritize the care of humans 
above the ‘waste of resources’ on animals. To this effect, when mouldy cereals are too bad to 
be consumed, they are usually not disposed, but blended with non-mouldy ones and used as 
animal feed, or in some cases fed directly to the animals. However, monogastric farm animals 
such as poultry, swine and dogs are at particular high risk, because their basal diet (feed) is 
made up of cereals [68]. These animals also lack reservoir that harbours microorganisms that 
can break down secondary metabolites of fungi before they are absorbed into the intestine. 
In South Africa, there have been two episodes of aflatoxicosis (illness resulting from AFs) 

Mycotoxins Toxic effects Reference

Ergot alkaloids Ergotism: central nervous system disorder, gastrointestinal symptoms, & 
gangrene

[51]

Citrinin Hepatonephrotoxic [51]

Cyclopiazonic acid Weight loss, diarrhoea, nausea, necrosis, & convulsion [51]

Patulin Genotoxic, teratogenic, carcinogenic, & acute toxicity to kidney [51]

Sterigmatocystin Carcinogenic, & hepatotoxic [51]

Rubratoxin Liver damage, nephrotoxic, & haemorrhage [51]

Gliotoxin Neurological syndrome, & immunosuppressive [51]

Moniliformin Acutely toxic, & cardiac impairment [51]

Fumitremorgen Tremors, & convulsion [51]

AFs Carcinogenic, & immunosuppressive [52]

OTs Mutagenic, carcinogenic, & nephrotoxic [53–56]

FBs Carcinogenic, nephrotoxic, hepatotoxic, immunosuppressive, atherogenic, 
& embryotoxic

[57, 58]

DON Immunosuppressive, immunostimulative, & causes fertility problems [59–62]

ZEAs Infertility, reduced milk production, vaginal secretions, & vaginitis [63, 64]

T2-toxin Cardiovascular defects, gastroenteritis, & alimentary toxic aleukia [65, 66]

Table 1. Mycotoxins and their toxic effects on human health (adapted from Capriotti et al.) [51].

Mycotoxins - Impact and Management Strategies8



amongst dogs through the consumption of contaminated dog food. The first occurred in 1987 
where 10 cases of fatality were reported, and histopathological evaluation revealed chronic 
symptoms of necrosis, bile duct proliferation, hepatocellular fatty degeneration, fibroplasia 
etc. were observed [69]. The second episode occurred in 2011, where over 220 dogs died 
and several others were affected in the Gauteng province. Subsequent clinical examinations 
revealed that the dogs were exposed to highly contaminated feed (with levels of AFs ranging 
from 5 μg/kg and 4946 μg/kg), which is well above regulatory limits [70]. In addition to AFs, 
other mycotoxins such as FB

1
, ZEA, and OTA were all later implicated in this outbreak [71]. 

Mwanza et al. [72] evaluated the productivity and general health of domesticated animals 

in Limpopo Province of South Africa in relation to fungi and mycotoxin contamination, the 
results revealed that these animals were at risk to mycotoxin contamination which possibly 
plays an important role in abortions, low productivity, chronic and acute diseases, as well as 
reduced immunity in these animals, which are similar effects often seen in other rural com-

munities in the country, as well as other parts of Africa, however, no clinical investigation is 
usually conducted to determine the possible causes of such illness/effects [72].

3.2. Impact of mycotoxins on food security in Africa

The CTA has clearly alarmed that mycotoxins significantly threatens achieving food security 
and safety in Africa, which is one of the UN’s sustainable development goals [5]. Food supplies 
are limited and often of poor quality, with mycotoxins proliferation frequently implicated as 
the culprit. About 35% of global food and feed produce is contaminated by mycotoxins. The 

attendant food losses/wastages is in the ranks of 1 billion metric tons annually [73–75], and 
there is little doubt that majority of these losses come from Africa. In a continent where about 
60% of the populace are farmers (mainly at a subsistence level), and majority of households 
relay on their homegrown food for survival, these statistics on mycotoxins are disturbing. The 
eminent reality of global warming further complicates the situation as Africa is the continent 
that is most affected due to its position at the equator. A recent study predicts that fungal 
pathogens and pests are proliferating at a rate of 5–6 km annually from the equator to polar 
regions of the earth [76]. Drought and plant stress makes crops more susceptible to diseases 
and fungal attack, and consequently increases mycotoxin contamination, which reduces crop 
quality and yield, as well as decreases in livestock productivity, disease tolerance and fertility. 
Moreover, adaptation of known mycotoxigenic fungal species to climate change conditions 
could result in a more aggressive and invasive behaviour of the fungi leading to colonization 

of new territories, increased production of mycotoxins, and perhaps the potential of produc-

ing entirely new mycotoxins, which poses a significant threat to food security, safety and 
health in Africa and other developing countries [76–78].

3.3. Impact of mycotoxins on trade and damage to the African agricultural export 

market brand

Mycotoxins affect trade in Africa majorly by reducing the value of commodities offered for sale. 
Reduced value can manifest at different trade levels through the lowering of prices, inspection 
cost, disposal, rejection of lots or treatment of lots at additional cost prior to sale, compensation 
in case of claims and cost of sampling and analysis along the value chain. Not less than 2.3 mil-
lion bags of maize were found unsuitable for marketing (as well as consumption) during the 
outbreak of aflatoxicosis in Kenya from 2004 to 2006 [79]. Following another AF alert in Kitui, 
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Kenya in 2009, it was reported that maize prices dropped by half from 1800 to 900 Kenyan 
shillings [79]. The enforcement of regulatory standards primarily by developed nations which 
are the main destinations of African agricultural export commodities have resulted in a more 

critical situation for the African agricultural trade [52, 80]. EU regulation of mycotoxins was 
expected to reduce African export of nuts, cereals, oil seeds and dried fruits by 64%, reportedly 
costing 670 million US$ yearly [81]. Between 2000 and 2014, the cumulative economic loss on 
domestic and international trade in Gambia was about 23 million US$, which amounts to a 
yearly loss of about 1.52 million US$ [67]. The International Institute of Tropical Agriculture 
(IITA) [82] reported an annual loss of 1.2 billion US$ on a global scale due to AF contamination 
and established that 38% of this loss (450 million US$) is incurred by African nations.

Another major socio-economic impact of mycotoxins on Africa is the damage to the African 

agricultural tradename. Brand in general terms can be described as an intangible and invalu-

able feature that distinguishes an entity from its competitors, and comprises expectations, 
imaginations, emotions and loyalty by the customers [83]. As a matter of fact, in the field of 
accounting, it is regarded as the most valuable asset on the balance sheet [84, 85]. Damage to 
brand can have a significant and enduring (and in some cases irredeemable) impact on subse-

quent business performance, productivity, reputation, financial gains and business prospects. 
Unfortunately, the mycotoxin issue has caused significant damage to African food and agricul-
tural trade brand, particularly in the export market. Some of the consequences can be observed 
in the lack of trust for African food/feed commodities, ‘redundant scrutiny’ (which may result 
in transaction delays and perhaps more food spoilage), rejections, etc. A case in point was the 
significant levels of AFs in groundnuts exported from Africa to Europe in 2007 [86], leading 
to the serious concern about the future of such and other exports from the African continent.

In 2000, 57 cases of border refusal of African exports to the EU were recorded but these cases 
have increased over the years and as at 2012, 525 cases were recorded [87]. More specifically, 
from 2002 to 2008, 130 export rejections from Egypt, 90 from Nigeria, 91 from Ghana, 5 from 
Morocco and 1 from Tunisia were recorded due to mycotoxin contamination [88]. Also in 

2008, Rwanda suffered border rejections of sorghum, maize, soybean flour, destined to United 
Kingdom due to AFs contamination [89]. Between 2007 and 2012, 13 consignments of ground-

nut and groundnut related products from Nigeria were also rejected by the EU [90]. The 

National Agency for Food and Drug Administration (NAFDAC) of Nigeria reported that up 
to 42 semi-processed and processed food products of Nigeria origin destined for the European 
Union where rejected in 2015 and 2016 for failing to meet standards [91]. Twenty-eight of these 
items were destroyed, 6 subjected to official detention, 6 withdrawn from consumers and from 
the market, and 9 were re-dispatched [91]. Based on data from European Commission Rapid 
Alert System (RASFF), 35% of food/feed commodities rejections by the EU borders in 2014 
were due to mycotoxin contamination at levels above the EU legislative limits [76]. It should 
be noted that the cost of a rejected food shipment is significant (about 10,000 US$ per lot in 
demurrage fees) even if the lot can be returned to the country attempting to export [92].

3.4. Impact of mycotoxins on national budget due to mitigation costs

Some African countries have started to set up interventions to reduce the prevalence of myco-

toxins in their jurisdiction, however, most of these interventions have high cost implication 
with regards to their design and implementation. In 2014, the Economic Community for 

Mycotoxins - Impact and Management Strategies10



West African States (ECOWAS) in collaboration with the African Union’s PACA and other 
stakeholders developed the “ECOWAS Aflatoxin Control Action Plan (ECOACAP)” which 
identified key actionable strategic interventions in order to combat the prevalence of AFs 
across ECOWAS member States. Policy 4.3 SO3 of this plan recommended that ECOWAS 

member states increase budgetary allocations and investments to at least 1% of national GDP 
for the development and enforcement of AFs control efforts [67]. An annual cost of 7.5 mil-
lion US$ was calculated by member states of the African Groundnut Council (Mali, Nigeria, 
Gambia, Sudan, Niger and Senegal) for the implementation of an AF contamination reduction 
program [90]. The Maize Trust, an initiative principally funded by the government of South 
Africa, spends over 4 million US$ per annum on funding projects directly targeted at improv-

ing the South African maize industry, and one of the outlined key objectives is to combat 
mycotoxins in South African maize [93]. Details of other interventions sponsored by other 
African governments can be found in the PACA report [94].

3.5. Impact of mycotoxins on Africa’s self-sustainability and increased dependence 

on foreign aid

Africa has been caught in a vicious circle of the cause and effects of mycotoxin contamination 
and poverty. Mycotoxins aggravates poverty, and due to poverty, many African countries 
lack the resources to sponsor effective mycotoxin research and mitigation interventions, 
which further worsens the situation on the continent. As such, majority of the mycotoxin proj-
ects conducted on the continent are sponsored by external sources, hence, increasing Africa’s 
dependence of foreign aid. For instance, the US government via the Feed the Future (FTF) ini-
tiative of the United States Agency for International Development (USAID) Bureau for Food 
Security budgeted 2–5 million US$ per year in 2010, and 15–20 million US$ per year in 2014, 
for AF-specific researches in African countries and developing countries in other continents 
[95]. Ghent University, Belgium sponsored an international thematic network ‘Mytox-South’ 
established in 2017, with an initial approved funding of 600,000 EUR. This intends to build/
strengthen the human capacity of researchers from the Southern Hemisphere, leveraging on 
infrastructure and expertise at Ghent University in order to combat the mycotoxin problem 
and associated food security and safety issues at global level [96]. The Standards and trade 

development facility (STDF) sponsored a six month project on strengthening AF control in 
the Republic of Malawi through the Malawi Programme for Aflatoxin Control (MAPAC) with 
a budget of 46,265 thousand US$ [97]. Details on other foreign mycotoxin interventions in 
Africa worth millions of US$ can be found from these sources [94, 98, 99].

Interestingly, even the private sector has not been left out. Recently, the spotlight has turned 
on strengthening coalitions with the private sector, while leveraging on the efforts of dif-
ferent actors for effective management of mycotoxins in Africa. In October 2016, PACA and 
CTA convened a roundtable event in Entebbe, Uganda to identify concrete areas of collabora-

tion and evaluate avenues for effective public-private sector partnership and engagement 
in the common agenda for tackling mycotoxin prevalence. CEOs and other representatives 
from various private establishments such as Cereal Millers’ Association—Kenya, AFRI-
Nut—Malawi, CTA, Meds For Kids—Haiti, GrainPro—East Africa, PACA, USAID, Nestlé—
West Africa, various Women’s organisations in Zimbabwe and Uganda, were in attendance, 
amongst others [5, 6].
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4. Commitment to research and awareness as effective tools in 
mitigating the impact of mycotoxins in Africa

Mycotoxicology research is an important component of mycotoxin management. Particularly 

in Africa, more research needs to be done in order to establish safe limits and guard against 
potential health hazards. Availability of stringent scientific data provides the basis for govern-

ment regulatory bodies to assess the risk of exposure, as well as, establish/enforce or reassess 
regulatory limits for mycotoxins [52, 100]. For example, from central African countries, there 
is hardly any information on mycotoxins. This may be due to ignorance on the mycotoxin 

issue, poverty, lack of research facilities and skills/manpower in these countries [17]. In a 
recent study by Adekoya et al. [101], the perceived understanding, practices and health risks 
related to fungal and mycotoxin contamination amongst fermented food sellers was evalu-

ated. It was observed that up to 98% of respondents were unaware of mycotoxin contamina-

tion [101]. Elsewhere, findings by Changwa [102] in South Africa indicated that there are 

several knowledge gaps on the mycotoxin issue, such as causes of mycotoxins, health implica-

tions, prevention and control of mycotoxins, which corroborates the observation of Adekoya 
et al. [101]. In a recent round-table discussion on future directions in research facilitated by the 
European Horizon2020 project, MycoKey, it was agreed that forging partnerships between 
scientists and appropriately-placed communication experts constitutes a critical avenue for 

creating awareness and communicating risks, while maintaining overall confidence in the 
quality and safety along the food supply chain [103].

Despite all said, it must be acknowledged that mycotoxin research in Africa has yielded fruit-
ful and positive results. While some of these studies were funded by governments in the conti-
nent, many are equally funded by research organizations and governments of other developed 
nations. For example, researchers at IITA and the University of Ibadan, in partnership with the 
Agriculture Research Service (ARS) of the United States Department of Agriculture developed 
a natural, safe and affordable solution to the problem of AF called “Aflasafe™”, intended for 
use by groundnut and maize farmers. The product which contains non-toxigenic strains of A. 

flavus, is reported to be able to reduce AF levels in maize by 80–100%, and together with other 
good agricultural practices will increase the crop value by at least 25%, as well as improve the 
health of children and women [104, 105]. Due to the immense success of Aflasafe™, expan-

sion of the biocontrol research reached Ghana, Tanzania, Burkina Faso, Senegal, Kenya, Mali, 
and Zambia [105]. AflaSTOP is another project which started in 2012, aimed at identifying 
the most effective, efficient, low-cost, innovative storage and drying technology to combat 
AF contamination, and other post-harvest losses in Kenya, Tanzania and Rwanda [106]. The 

Aflasafe™ and Aflastop projects together with other mycotoxin projects described herein  
[95, 105] cost about 15–20 million US$ in 2014 and 2–5 million US$ in 2010, sponsored by the 
US Government under the Feed the Future (FTF)—USAID Bureau for Food Security [95, 105].

Last year 2017, Ethiopia farmers/researchers supported by Ethiopia’s Agricultural 
Transformation Agency, was able to produce and market much of the 27 tons of new, disease-
resistant wheat seed, in direct response to an annual attack of rapidly-evolving fungal diseases 
that can infect their locally grown crops worth as much as 200 million US$ [107]. Elsewhere, 
several African scientists are working on a project aimed at reduction of AF contamination 
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via RNA interference (RNAi) in peanut plants. Three peanut varieties endemic to Africa are 
currently been genetically transformed at Kenyatta University in Nairobi, Kenya, by means of 
RNAi molecular constructs. Many of the African scientists involved in the project have been 
trained hands-on at the National Peanut Research Laboratory (NPRL) in Dawson, Georgia 
[99]. At the University of Johannesburg and Stellenbosch University both in South Africa, 
microbial means of degrading and detoxifying mycotoxins have also been proposed as a pos-

sible way of reducing/eliminating mycotoxins in food [108–110].

Previously, much of research was focused on producing enough food to meet the teaming 
population of the world, however, it is becoming more obvious that reducing food spoilage/
loss and contamination could be a more efficient approach towards addressing issues of food 
security particularly in Africa. As a way forward, research objectives should be prioritized 
to ensure a positive impact for public health, food safety and security and economic devel-
opment. Recently, a global initiative has been launched, The Mycotox Charter, which pro-

vides a global platform for the various players along the food supply chain to commit to the 

mycotoxin cause, by means of a globally applicable statement and clearly outlined principles 
and practices targeted at reducing mycotoxin contamination in food and feed and associated 

health problems [111]. It is hoped that such an initiative will achieve its objectives in address-

ing these problems linked to mycotoxins.

5. Conclusion

The impact of mycotoxins on Africa has been and is still illustrious. Limited knowledge/
awareness, poverty, bad governance and climatic conditions have further aggravated this 
unfortunate situation. Africa is the largest continent in the world and the most plagued by the 
mycotoxin menace. Despite the notoriously incessant occurrence and exceptionally high levels 
of mycotoxins reported in dietary food for humans and animals, and the associated lethal 
consequences, regulation for their control and management is significantly limited in this part 
of the world. It has been projected that between 2015 and 2050, the population of Africa will 
increase by 1.3 billion people. In fact, according to the UN, the population of Nigeria alone 
is projected to surpass that of the entire US by 2050. This teaming population puts immense 
pressure on the already scarce food resources on the continent. More compelling is the fact 

that Africa’s population is comprised mainly of the younger age (with two-fifths between the 
ages of 0–14 years, and one-fifth in the age bracket to 15–24 years), where good food and health 
plays a critical role in the overall development of individuals. As such, the proliferation and 
widespread effect of mycotoxins in Africa is of great concern. The eminent reality of climate 
change is also looming steadily with Africa at the epicentre. Biodiversification of fungi due to 
adaptation to climate change leads to threats of newer mycotoxins or more of existing ones. 
In order to stay aligned with the UN’s sustainable development goals (particularly goal No. 2: 
end hunger, achieve food security and improved nutrition and promote sustainable agricul-
ture), a concerted effort is needed to adequately address the issue of mycotoxin in Africa and 
other developing countries of the world. Critical areas to concentrate efforts include develop-

ment of efficient and cost-effective intervention strategies, public awareness, strengthening 
research and human capacity development as well as harmonizing and enforcing regulations.

The Socio-Economic Impact of Mycotoxin Contamination in Africa
http://dx.doi.org/10.5772/intechopen.79328

13



Acknowledgements

This work was financially supported via the Global Excellence and Stature (GES) Fellowship 
of the University of Johannesburg granted to the main author (S. Gbashi), as well as, the South 
African National Research Foundation (NRF).

Author details

Sefater Gbashi1*, Ntakadzeni Edwin Madala2, Sarah De Saeger3, Marthe De Boevre3, 
Ifeoluwa Adekoya1, Oluwafemi Ayodeji Adebo1 and Patrick Berka Njobeh1

*Address all correspondence to: sefatergbashi@gmail.com

1 Department of Biotechnology and Food Technology, Faculty of Science, University of 
Johannesburg, Doornfontein Campus, Gauteng, South Africa

2 Department of Biochemistry, School of Mathematical and Natural Sciences, University of 
Venda, Thohoyandou, South Africa

3 Laboratory of Food Analysis, Department of Bioanalysis, Ghent University, Ghent, 
Belgium

References

[1] Enyiukwu DN, Awurum AN, Nwaneri JA. Mycotoxins in stored agricultural products: 
Implications to food safety and health and prospects of plant-derived pesticides as novel 
approach to their management. Greener Journal of Microbiology and Antimicrobials. 

2014;2(3):32-48

[2] Wilson DM, Abramson D. Mycotoxins. In: Sauer DB, editor. Storage of Cereal Grains 
and their Products. Saint Paul, Minnesota: American Association of Cereal Chemists; 
1992. pp. 341-391

[3] Njobeh PB, Olotu I. The socio-economic impact of mycotoxin contamination in Africa. 
In: Proceedings of the 1st MYCOKEY International Conference. Global Mycotoxin 
Reduction in the Food and Feed Chain. September 11-14, 2017. Ghent, Belgium: 
Toxins; 2017

[4] Mejía-Teniente L, Chapa-Oliver AM, Vazquez-Cruz MA, Torres-Pacheco I, Guevara-
González RG. Aflatoxins biochemistry and molecular biology - biotechnological approaches 
for control in crops. In: Torres-Pacheco I, editor. Aflatoxins – Detection, Measure- 
ment and Control. Rijeka, Croatia: InTech; 2011. pp. 317-354

[5] CTA. Mitigating the consequences of aflatoxin in Africa - what role for the private sector? 
Agricultural policies - technical Centre for Agricultural and Rural Cooperation ACP-EU 
(CTA) in conjunction with the Partnership for Aflatoxin Control in Africa (PACA); 2016. 

Mycotoxins - Impact and Management Strategies14



(Online) Retrieved December 20, 2017, from http://www.cta.int/en/article/2016-10-21/
mitigating-the-consequences-of-aflatoxin-in-africa.html

[6] AUC-PACA and CTA. Engaging the private sector for aflatoxin control in Africa. 
Concept note. Technical Centre for Agricultural and Rural Cooperation ACP-EU (CTA) 
in conjunction with the Partnership for Aflatoxin Control in Africa (PACA), Entebbe, 
Uganda; 2016. (Online) Retrieved December 20, 2017, from http://www.cta.int/images/
PACA_CTA_Concept Note_Engaging the Private Sector for Aflatoxin Controlv2_JAF 
CTA_080916.pdf

[7] Udomkun P, Wiredu AN, Nagle M, Bandyopadhyay R, Müller J, Vanlauwe B. Mycotoxins 
in sub Saharan Africa: Present situation, socio-economic impact, awareness, and out-
look. Food Control. 2017;72:110-122

[8] Makun HA, Dutton MF, Njobeh PB, Gbodi TA, Ogbadu GH. Aflatoxin contamination in 
foods and feeds: A special focus on Africa. In: Ayman AE, editor. Trends in Vital Food 
and Control Engineering. Rijeka, Croatia: InTech; 2012. pp. 187-234

[9] Marin S, Ramos AJ, Cano-Sancho G, Sanchis V. Mycotoxins: Occurrence, toxicology, and 
exposure assessment. Food and Chemical Toxicology. 2013;60:218-237

[10] Dors GC, Caldas SS, Feddern V, Bemvenuti RH, dos Santos Hackbart HC, de Souza 
MM, dos Santos Oliveira M, Garda-Buffon J, Primel EG, Badiale-Furlong E. Aflatoxins: 
Contamination, analysis and control. In: Guevara-Gonzalez RG, editor. Aflatoxins-
Biochemistry and Molecular Biology. Rijeka, Croatia: InTech; 2011. pp. 415-438

[11] IARC. Some traditional herbal medicines, some mycotoxins, naphthalene and sty-

rene. In: Monographs on the Evaluation of Carcinogenic Risks to Humans (Vol. 82). 
Lyon, France: International Agency for Research on Cancer (IARC) - World Health 
Organization. Monographs on the evaluation of carcinogenic risks to humans; 2002

[12] Chilaka CA, De Boevre M, Atanda OO, De Saeger S. The status of Fusarium mycotoxins 
in sub-Saharan Africa: A review of emerging trends and post-harvest mitigation strate-

gies towards food control. Toxins. 2017;9(1):1-37

[13] Haschek Haschek WM, Voss KA, Beasley VR. Selected mycotoxins affecting animal 
and human health. In: Handbook of Toxicologic Pathology. 2nd ed. Vol. 1. San Diego, 
California: Academic Press; 2002. pp. 645-699

[14] Mbundi L, Gallar-Ayala H, Khan MR, Barber JL, Losada S, Busquets R. Advances in the 
analysis of challenging food contaminants: Nanoparticles, bisphenols, mycotoxins, and 
brominated flame retardants. Advances in Molecular Toxicology. 2014;8:35-105

[15] Gratz SW. Do Plant-bound masked Mycotoxins contribute to toxicity? Toxins. 2017;9(3):85

[16] Grenier B, Oswald I. Mycotoxin co-contamination of food and feed: Meta-analysis of 
publications describing toxicological interactions. World Mycotoxin Journal. 2011; 
4(3):285-313

[17] Darwish WS, Ikenaka Y, Nakayama SM, Ishizuka M. An overview on mycotoxin con-

tamination of foods in Africa. Journal of Veterinary Medical Science. 2014;76(6):789-797

The Socio-Economic Impact of Mycotoxin Contamination in Africa
http://dx.doi.org/10.5772/intechopen.79328

15



[18] Magoha H, Kimanya M, De Meulenaer B, Roberfroid D, Lachat C, Kolsteren P. Risk of 
dietary exposure to aflatoxins and fumonisins in infants less than 6 months of age in 
Rombo, northern Tanzania. Maternal and Child Nutrition. 2014;12(3):516-527

[19] Cardwell KF. Mycotoxin contamination of foods in Africa: Antinutritional factors. Food 
and Nutrition Bulletin. 2000;21(4):488-492

[20] Misihairabgwi JM, Ezekiel CN, Sulyok M, Shephard GS, Krska R. Mycotoxin contamina-

tion of foods in southern Africa: A 10-year review (2007-2016). Critical Reviews in Food 
Science and Nutrition. 2017:1-16

[21] Paterson RRM, Lima N. How will climate change affect mycotoxins in food? Food 
Research International. 2010;43(7):1902-1914

[22] Magan N, Medina A, Aldred D. Possible climate-change effects on mycotoxin contami-
nation of food crops pre-and postharvest. Plant Pathology. 2011;60(1):150-163

[23] Madgwick JW, West JS, White RP, Semenov MA, Townsend JA, Turner JA, Fitt BD.  
Impacts of climate change on wheat anthesis and fusarium ear blight in the UK. European 
Journal of Plant Pathology. 2011;130(1):117-131

[24] Van der Fels-Klerx HJ, Liu C, Battilani P. Modelling climate change impacts on myco-

toxin contamination. World Mycotoxin Journal. 2016;9(5):717-726

[25] Chihombori-Quao A. Q & A with AU ambassador to US Arikana Chihombori-Quao. 
In: Aljazeera. 2017. Retrieved January 31, 2018, from http://www.aljazeera.com/indepth/
features/2017/07/qa-au-ambassador-arikana-chihombori-quao-170719090234363.html

[26] Hedden S, Hughes BB, Rothman DS, Markle AJ, Maweni J, Mayaki IA. Ending hunger in 
Africa: The elimination of hunger and food insecurity on the African continent by 2025: 
Conditions for success. In: NEPAD Eliminating Hunger Report Summary (Pp. 3-46). 
Colorado, USA: Frederick S. Pardee Center for International Futures, University of 
Denver; 2016

[27] Marechera G, Ndwiga J. Farmer perceptions of aflatoxin management strategies in 
lower eastern Kenya. Journal of Agricultural Extension and Rural Development. 2014; 
6(12):382-392

[28] Lewis L, Onsongo M, Njapau H, Schurz-Rogers H, Luber G, Kieszak S, Nyamongo J, 
Backer L, Dahiye AM, Misore A, DeCock K, Rubin C. Aflatoxin contamination of com-

mercial maize products during an outbreak of acute aflatoxicosis in eastern and Central 
Kenya. Environmental Health Perspective. 2005;113(12):1763-1767

[29] Azziz-Baumgartner E, Lindblade K, Gieseker K, Rogers HS, Kieszak S, Njapau H, 
Schleicher R, McCoy LF, Misore A, DeCock K, Rubin C, Slutsker L. Case-control study 
of an acute aflatoxicosis outbreak, Kenya, 2004. Environmental Health Perspective. 
2005;113(12):1779-1783

[30] Peraica M, Richter D, Rašić D. Mycotoxicoses in children. Archives of Industrial Hygiene 
and Toxicology. 2014;65(4):347-363

Mycotoxins - Impact and Management Strategies16



[31] Zain ME. Impact of mycotoxins on humans and animals. Journal of Saudi Chemical 
Society. 2011;15(2):129-144

[32] Atanda O, Ndenn J, Diedhiou P. The economic impact of aflatoxins in West Africa: The 
case of Nigeria, Gambia and Senegal; 2015. Retrieved February 5, 2018, from http://afla-
toxinpartnership.org/uploads/2.3 - Economic impact of aflatoxin in West Africa.pdf

[33] Kimanya ME, Tiisekwa B, Mpolya E. Country and Economic Assessment for Aflatoxin 
Contamination and Control in Tanzania; a Supplement to the 2012 Report. Tanzania: 
Arusha; 2012

[34] Katerere DR, Shephard GS, Faber M. Infant malnutrition and chronic aflatoxicosis in 
southern Africa: Is there a link? International journal of food safety. Nutrition and Public 
Health. 2008;1(2):127-136

[35] Gnonlonfin GJB, Hell K, Adjovi Y, Fandohan P, Koudande DO, Mensah GA, Sanni A, 
Brimer L. A review on aflatoxin contamination and its implications in the develop-
ing world: A sub-Saharan African perspective. Critical Reviews in Food Science and 
Nutrition. 2013;53(4):349-365

[36] Oyelami OA, Maxwell SM, Adelusola KA, Aladekoma TA, Oyelese AO. Aflatoxins in the 
lungs of children with kwashiorkor and children with miscellaneous diseases in Nigeria. 
Journal of Toxicology and Environmental Health. 1997;51(6):623-628

[37] Jolly PE, Jiang Y, Ellis WO, Awuah RT, Appawu J, Nnedu O, Williams JH. Association 
between aflatoxin exposure and health characteristics, liver function, hepatitis and 
malaria infections in Ghanaians. Journal of Nutritional and Environmental Medicine. 
2007;16(3-4):242-257

[38] Turner PC, Moore SE, Hall AJ, Prentice AM, Wild CP. Modification of immune func-
tion through exposure to dietary aflatoxin in Gambian children. Environmental Health 
Perspectives. 2003;111(2):217-220

[39] Hendrickse RG. Of sick turkeys, kwashiorkor, malaria, perinatal mortality, heroin 
addicts and food poisoning: Research on the influence of aflatoxins on child health in 
the tropics. Annals of Tropical Paediatrics. 1999;19(3):229-235

[40] Wild CP, Rasheed FN, Jawla MFB, Hall AJ, Jansen LAM, Montesano R. In-utero expo-
sure to aflatoxin in West Africa. The Lancet. 1991;337(8757):1602

[41] Wagacha JM, Muthomi JW. Mycotoxin problem in Africa: Current status, implications 
to food safety and health and possible management strategies. International Journal of 
Food Microbiology. 2008;124(1):1-12

[42] Ferlay J, Soerjomataram I, Dikshit R, Eser S. Mortality world-wide. In: Cancer Incidence 
and Mortality Worldwide: IARC Cancer Base No. 11. 2013

[43] Shephard GS. Impact of mycotoxins on human health in developing countries. Food 
Additives and Contaminants. 2008;25(2):146-151

[44] King B. Outbreak of ergotism in Wollo, Ethiopia. The Lancet. 1979;313(8131):1411

The Socio-Economic Impact of Mycotoxin Contamination in Africa
http://dx.doi.org/10.5772/intechopen.79328

17



[45] Wafa EW, Yahya RS, Sobh MA, Eraky I, El-Baz M, El-Gayar HA, Betbeder AM, Creppy 
EE. Human ochratoxicosis and nephropathy in Egypt: A preliminary study. Human and 
Experimental Toxicology. 1998;17(2):124-129

[46] Maaroufi K, Achour A, Hammami M, El May M, Betbeder AM, Ellouz F, Creppy EE, 
Bacha H. Ochratoxin a in human blood in relation to nephropathy in Tunisia. Human 
and Experimental Toxicology. 1995;14(7):609-614

[47] Zaied C, Bouaziz C, Azizi I, Bensassi F, Chour A, Bacha H, Abid S. Presence of ochra-

toxin a in Tunisian blood nephropathy patients. Exposure level to OTA. Experimental 

and Toxicologic Pathology. 2011;63(7-8):613-618

[48] Belhassen H, Jiménez-Díaz I, Arrebola JP, Ghali R, Ghorbel H, Olea N, Hedili A.  
Zearalenone and its metabolites in urine and breast cancer risk: A case-control study in 
Tunisia. Chemosphere. 2015;128:1-6

[49] Zinedine A, Mañes J. Occurrence and legislation of mycotoxins in food and feed from 
Morocco. Food Control. 2009;20(4):334-344

[50] Filali A, Betbeder AM, Baudrimont I, Benayada A, Soulaymani R, Creppy EE. Ochratoxin 
a in human plasma in Morocco: A preliminary survey. Human and Experimental 
Toxicology. 2002;21(5):241-245

[51] Capriotti AL, Caruso G, Cavaliere C, Foglia P, Samperi R, Laganà A. Multiclass myco-

toxin analysis in food, environmental and biological matrices with chromatography/
mass spectrometry. Mass Spectrometry Reviews. 2012;31(4):466-503

[52] Gbashi S, Madala NE, Adebo OA, Piater L, Phoku JZ, Njobeh PB. Subcritical water extrac-

tion and its prospects for aflatoxins extraction in biological materials. In: Abdulra’uf LB, 
editor. Aflatoxin-Control, Analysis, Detection and Health Risks. Rijeka, Croatia: InTech; 
2017. pp. 229-250

[53] Clark HA, Snedeker SM. Ochratoxin A: Its cancer risk and potential for exposure. Part B, 
Critical Reviews. 2006;9(3):265-296

[54] Malir F, Ostry V, Pfohl-Leszkowicz A, Malir J, Toman J. Ochratoxin a: 50 years of 
research. Toxins. 2016;8(7):191 (1-49)

[55] Palma N, Cinelli S, Sapora O, Wilson SH, Dogliotti E. Ochratoxin A-induced mutagen-

esis in mammalian cells is consistent with the production of oxidative stress. Chemical 
Research in Toxicology. 2007;20(7):1031-1037

[56] Pfohl-Leszkowicz A, Manderville RA. Ochratoxin a: An overview on toxicity and 
carcinogenicity in animals and humans. Molecular Nutrition and Food Research. 
2007;51(1):61-99

[57] Soriano JM, Dragacci S. Occurrence of fumonisins in foods. Food Research International. 
2004;37:985-1000

[58] Nair MG. Fumonisins and human health. Annals of Tropical Paediatrics. 1998;18:S47-S52

Mycotoxins - Impact and Management Strategies18



[59] Awad W, Ghareeb K, Böhm J, Zentek J. The toxicological impacts of the fusarium 
mycotoxin, deoxynivalenol, in poultry flocks with special reference to immunotoxicity. 
Toxins. 2013;5(5):912-925

[60] Bondy GS, Pestka JJ. Immunomodulation by fungal toxins. Journal of Toxicology and 
Environmental Health, Part B. 2000;3(2):109-143

[61] Pinton P, Braicu C, Nougayrede JP, Laffitte J, Taranu I, Oswald IP. Deoxynivalenol 
impairs porcine intestinal barrier function and decreases the protein expression of clau-

din-4 through a mitogen-activated protein kinase dependent mechanism. Journal of 
Nutrition. 2010;140(11):1956-1962

[62] Becker C, Reiter M, Pfaffl MW, Meyer HH, Bauer J, Meyer KH. Expression of immune 
relevant genes in pigs under the influence of low doses of deoxynivalenol (DON). 
Mycotoxin Research. 2011;27(4):287-293

[63] Zinedine A, Soriano JM, Molto JC, Manes J. Review on the toxicity, occurrence, metabo-

lism, detoxification, regulations and intake of zearalenone: An oestrogenic mycotoxin. 
Food and Chemical Toxicology. 2007;45:1-18

[64] Agag BI. Mycotoxins in foods and feeds 3-zearalenone. Assiut University Bulletin for 
Environmental Researches. 2004;7(2):169-176

[65] Yuan G, Wang Y, Yuan X, Zhang T, Zhao J, Huang L, Peng S. T-2 toxin induces develop-

mental toxicity and apoptosis in zebrafish embryos. Journal of Environmental Sciences. 
2014;26(4):917-925

[66] Semple RL, Frio AS, Hicks PA, Lozare JV. Mycotoxin Prevention and Control in 
Foodgrains. Italy: Rome; 1989

[67] ECOACAP. Aflatoxin control action plan for ECOWAS member states 2014-2024. 
ECOWAS Aflatoxin control action plan 2014, 1-35; 2014. Retrieved February 18, 2018 
from, http://aflatoxinpartnership.org/uploads/ECOWAS Action Plan- FINAL DRAFT.pdf

[68] Bhat R, Rai RV, Karim AA. Mycotoxins in food and feed: Present status and future con-

cerns. Comprehensive Reviews in Food Science and Food Safety. 2010;9(1):57-81

[69] Bastianello SS, Nesbit JW, Williams MC, Lange AL. Pathological findings in a natural 
outbreak of aflatoxicosis in dogs. The Onderstepoort Journal of Veterinary Research. 
1987;54(4):635-640

[70] Arnot LF, Duncan NM, Coetzer H, Botha CJ. An outbreak of canine aflatoxicosis in 
Gauteng Province, South Africa. Journal of the South African Veterinary Association. 
2012;83(1):1-4

[71] Mwanza M, Ndou RV, Dzoma B, Nyirenda M, Bakunzi F. Canine aflatoxicosis outbreak 
in South Africa (2011): A possible multi-mycotoxins aetiology. Journal of the South 
African Veterinary Association. 2013;84(1):1-5

[72] Mwanza M. An investigation in South African domesticated animals, their products and 
related health issues with reference to mycotoxins and fungi. In: Masters Dissertation. 
South Africa: University of Johannesburg; 2007

The Socio-Economic Impact of Mycotoxin Contamination in Africa
http://dx.doi.org/10.5772/intechopen.79328

19



[73] Rahmani A, Jinap S, Soleimany F. Qualitative and quantitative analysis of mycotoxins. 
Comprehensive Reviews in Food Science and Food Safety. 2009;8:202-251

[74] Rajani P, Sridevi V, Lakshmi MVVC. A review on biological control of aflatoxin crop 
contamination. International Journal of Chemical, Environmental and Pharmaceutical 
Research. 2012;3(1):83-86

[75] Schmale DG, Munkvold GP. Mycotoxins in crops: A threat to human and domestic ani-
mal health. The Plant Health Instructor. 2009;3:340-353

[76] Magan N, Medina A. Mycotoxins, food security and climate change: Do we know 
enough?; 2016. Retrieved January 10, 2018, from https://microbiologysociety.org/
publication/past-issues/fungal-diseases/article/mycotoxins-food-security-and-climate-
change-do-we-know-enough-fungal-diseases.html

[77] Magan N, Aldred D, Medina A. Food security, climate change and mycotoxins. Quality 
Assurance and Safety of Crops and Foods. 2012;4(3):145-145

[78] Medina A, Akbar A, Baazeem A, Rodriguez A, Magan N. Climate change, food security 
and mycotoxins: Do we know enough? Fungal Biology Reviews. 2017;31(3):143-154

[79] Marechera G. Estimation of the potential adoption of Aflasafe among smallholder maize 
farmers in lower eastern Kenya. African Journal of Agriculture and Resource Economics. 
2015;10(1):72-85

[80] Wu F. Mycotoxin risk assessment for the purpose of setting international regulatory 
standards. Environmental Science and Technology. 2004;38(15):4049-4055

[81] Bankole SA, Adebanjo A. Mycotoxins in food in West Africa: Current situation and pos-
sibilities of controlling it. African Journal of Biotechnology. 2003;2(9):254-263

[82] IITA. Annual report 2012. International Institute of Tropical Agriculture (IITA) (pp. 14-62). 
Croydon, UK; 2012. Retrieved on February 18, 2018 from, http://newint.iita.org/wp-
content/uploads/2016/04/Annual-Report-2013.pdf

[83] Ghodeswar BM. Building brand identity in competitive markets: A conceptual model. 
Journal of Product and Brand Management. 2008;17(1):4-12

[84] Soler-Labajos N, Jimenez-Zarco AI. Country brand management: Assessing the role 
of social media in creating the image of Marca Espana (Spain brand). In: Singh A, 
Duhan P, editors. Managing Public Relations and Brand Image through Social Media. 
Pennsylvania, USA: Business Science Reference; 2016. pp. 91-92

[85] Sharma MK. Product branding strategy. International Journal of Marketing and Financial 
Management. 2014;2(7):80-86

[86] Unnevehr LJ, Grace D. Tackling aflatoxins: An overview of challenges and solutions. In: 
Unnevehr LJ, Grace D, editors. Aflatoxins: Finding Solutions for Improved Food Safety, 
Vision 2020 (P. 2). Washington, DC: International Food Policy Research Institute (IFPRI); 2013

[87] RASFF. Notification details. Rapid alert system for food and feed. European Commission, 
health and food safety; 2012. Retrieved May 13, 2017, from https://webgate.ec.europa.

Mycotoxins - Impact and Management Strategies20



eu/rasffwindow/%0Aportal/?event=SearchByKeyword&NewSearch=%0A1&Keywords
=egusi

[88] Kareem OI. The European Union sanitary and phytosanitary measures and Africa’s 
exports. In: Global Governance Programme-137. EUI Working Paper RSCAS 2014/98. 
Italy: San Domenico di Fiesole (FI); 2014

[89] Matsiko F, Kanyange C, Ingabire G, Dusingizimana T, Vasanthakaalam H, Kimonyo 
A. Detection and quantification of aflatoxin in cassava and maize flour sold in Kigali 
open markets, Rwanda. International Food Research Journal. 2017;24(1):459-464

[90] Atanda O, Makun HA, Ogara IM, Edema M, Idahor KO, Eshiett ME, Oluwabamiwo 
BF. Fungal and mycotoxin contamination of Nigerian foods and feeds. In: Makun HA, 
editor. Mycotoxin and Food Safety in Developing Countries. Rijeka, Croatia: InTech; 
2013. pp. 1-38

[91] Ogunfuwa I. EU rejects 67 Nigerian foods in two years; 2017. Retrieved January 10, 
2018, from http://punchng.com/eu-rejects-67-nigerian-foods-two-years/

[92] Wu F, Liu Y, Bhatnagar D. Cost-effectiveness of aflatoxin control methods: Economic 
incentives. Toxin Reviews. 2008;27(42067):203-225

[93] Du Plessis L. The maize trust: Custodian of the maize industry; 2014. Retrieved February 13, 
2018, from http://www.grainsa.co.za/the-maize-trust:-custodian-of-the-maize-industry

[94] PACA. Activities in Africa. The Partnership for Aflatoxin Control in Africa (PACA); 
2018. Retrieved February 14, 2018, from http://www.aflatoxinpartnership.org/?q= 

activities-in-africa

[95] Bowman J, Leslie J, Wu F. How mycotoxins impact agriculture, nutrition and develop-

ment. USAID Bureau for Food Security. 2012

[96] Mytox-South. MYTOX-SOUTH—An intercontinental partnership striving to solve 
mycotoxin problems; 2017. Retrieved 20 April 2018 from http://mytoxsouth.org/

[97] Lilongwe M. Advancing collaboration for effective aflatoxin control in Malawi. Malawi 
Programme for Aflatoxin Control (MAPAC). 2013:1-52

[98] Grace D. Second joint CGIAR meeting on mycotoxins. In: Consultative Group on 
International Agricultural Research (CGIAR). Naivasha, Kenya. 2013. pp. 3-15. Retrieved 
February 18, 2018 from, https://a4nh.cgiar.org/files/2013/10/A4NH-aflatoxin-meeting-
report-Oct2013.pdf

[99] Arias RS. RNAI Silencing of Aflatoxin Synthesis. Feed the Future Peanut and Mycotoxin 
Innovation Laboratory. University of Georgia, College of Agricultural and Environmental 
Sciences; 2016. Retrieved December 28, 2017, from http://www.caes.uga.edu/global/feed-
the-future-innovation-labs/peanut-mycotoxin-innovation-lab/Research/USDA201.html

[100] FAO. Worldwide regulations for mycotoxins in food and feed in 2003. Food and 
Agriculture Organization (FAO) - Food and Nutrition Paper 81. Rome, Italy; 2004

The Socio-Economic Impact of Mycotoxin Contamination in Africa
http://dx.doi.org/10.5772/intechopen.79328

21



[101] Adekoya I, Njobeh P, Obadina A, Chilaka C, Okoth S, De Boevre M, De Saeger S.  
Awareness and prevalence of mycotoxin contamination in selected Nigerian fermented 
foods. Toxins. 2017;9(11):363

[102] Changwa R. Quantification of multi-mycotoxins in animal feeds from Gauteng Province 
using UHPLC-QTOF-MS/MS. In: Masters Dissertation. South Africa: University of 
Johannesburg; 2017

[103] Leslie JF, Lattanzio V, Audenaert K, Battilani P, Cary J, Chulze SN, De Saeger S, 
Gerardino A, Karlovsky P, Liao YC, Maragos CM, Meca G, Medina A, Moretti A, 
Munkvold G, Mulè G, Njobeh P, Pecorelli I, Perrone G, Pietri A, Palazzini JM, Proctor 
RH, Rahayu ES, Ramírez ML, Samson R, Stroka J, Sulyok M, Sumarah M, Waalwijk C, 
Zhang Q, Zhang H, Logrieco AF. MycoKey round table discussions of future directions 
in research on chemical detection methods, genetics and biodiversity of mycotoxins. 
Toxins. 2018;10(3):109

[104] Aflasafe. Aflasafe - safer food in Africa; 2017. Retrieved December 27, 2017, from https://
aflasafe.com/aflasafe/

[105] CIMMYT. Tackling Toxins with aflasafeTM. International Maize and Wheat Improve-
ment Center - Centro Internacional de Mejoramiento de Maíz y Trigo (CIMMYT); 2013. 
Retrieved December 27, 2017, from http://www.cimmyt.org/tackling-toxins-with-aflasafe/

[106] Raimond R. AflaSTOP project identifies the most promising storage options to arrest 
aflatoxin growth in Kenya, Rwanda and Tanzania. In: SAVE FOOD: Global Initiative 
on Food Loss and Waste Reduction - Community of Practice on Food Loss Reduction; 
2012. Retrieved December 27, 2017, from http://www.fao.org/food-loss-reduction/
news/detail/en/c/413664/

[107] Listman M. Ethiopian Farmers Profit from Scaled-up, Fast-Track Production of Disease 
Resistant Wheat Seed. International Maize and Wheat Improvement Center - Centro 
Internacional de Mejoramiento de Maíz y Trigo (CIMMYT); 2017. Retrieved December 
27, 2018, from http://www.cimmyt.org/ethiopian-farmers-profit-from-scaled-up-fast-
track-production-of-disease-resistant-wheat-seed/

[108] Adebo OA, Njobeh PB, Sidu S, Tlou MG, Mavumengwana V. Aflatoxin B
1
 degradation 

by liquid cultures and lysates of three bacterial strains. International Journal of Food 
Microbiology. 2016;233:11-19

[109] Adebo OA, Njobeh PB, Mavumengwana V. Degradation and detoxification of AFB
1
 

by Staphylocococcus warneri, Sporosarcina sp. and Lysinibacillus fusiformis. Food 
Control. 2016;68:92-96

[110] Alberts JF, Gelderblom WCA, Botha A, van Zyl WH. Degradation of aflatoxin B1 by 
fungal laccase enzymes. International Journal of Food Microbiology. 2009;135:47-52

[111] Logrieco AF, Miller JD, Eskola M, Krska R, Ayalew A, Bandyopadhyay R, Battilani P,  
Bhatnagar D, Chulze S, De Saeger S, Li P, Perrone G, Poapolathep A, Rahayu ES, 
Shephard GS, Stepman F, Zhang H, Leslie JF. The Mycotox charter: Increasing aware-

ness of, and concerted action for, minimizing mycotoxin exposure worldwide. Toxins. 
2018;10(4):149

Mycotoxins - Impact and Management Strategies22


