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Executive summary  
The availability of a safe and nutritious food supply comprises one of the cornerstones of food 
security across m uch of the developing world, particularly in Africa. Aflatoxins are naturally 
occurring mycotoxins produced by the  fungus  Aspergillus  spp. These toxins contaminate an array 
of crops including maize (corn), groundnuts (peanuts), millet, wheat, rice, oats, barley, sorghum, 
teff (an African cereal), soybeans, beans and peas, edible oils, nuts (other than groundnuts), 
traditional plant remedies , spices, sesame seeds, dried fruit, dried vegetables, melons, eggs, milk 
(cow, goat, sheep, camel and buffalo), cheese, meat and fish in tropical and sub -tropical regions 
worldwide.  
 
While almost a dozen different Aspergillus species can produce aflatoxin s, Aspergillus flavus  and 
Aspergillus parasiticus  are the most important species for aflatoxin production in food crops. At 
least 14 different types of aflatoxins are produced in nature (Boutrif 1998). Aflatoxin B 1 is the most 
toxic aflatoxin and is produced by both A. flavus  and A. parasiticus . Aflatoxin B 2 is also produced 
by both A. flavus  and A. parasiticus . Aflatoxin G 1 and aflatoxin G2 are produced exclusively by A. 
parasiticus . Aflatoxin  M1 and aflatoxin M2 were originally discovered in the milk of cows fed on 
aflatoxin -contaminated grain. Aflatoxin M1 and aflato xin M2 are the products of a conversion 
process of, respectively,  aflatoxin B1 and aflatoxin B2 in the animal's liver. Aflatoxin M 1, a metabolite 
of aflatoxin B 1, and aflatoxin M 2, a metabolite of aflatoxin B 2, are found in human breast  milk and in 
ĽıĮ ĶĲĵĴ ĸį ĪķĲĶĪĵŚļ įĮĭon contaminated feeds.  
 
Crops are particularly susceptible to infection in the field by Aspergillus  spp. following prolonged 
exposure to high humidity, drought, insect damage and use of susceptible crop varieties. 
Favourable storage conditions that promote growth of Aspergillus  spp. and aflatoxin 
contamination include high moisture content (at least 7%), high temperature and insect or rodent 
damage. Crops can become contaminated in the field, during harvesting and drying  and under 
inadequate storage conditions. While the presence of Aspergillus  spp. in food products does not 
always indicate harmful levels of aflatoxin are also present, it does imply  a significant risk in 
consumption, particularly in food products with frequent and high consumption i n developing 
world populations.  
 
Humans are exposed to aflatoxins primarily through the consumption of contaminated ag ricultural 
or animal products. In recent years, hundreds of aflatoxicosis cases in Africa have been associated 
with consumption of contaminated home -grown maize. Chronic aflatoxin exposure leads to several 
health -related conditions, including acute and chronic aflatoxicosis, aflatoxin -related immune 
suppression, liver cancer, liver cirrhosis and nutritional -related problems. Chronic exposures are 
endemic in developing countries because aflatoxin monitoring is inadequate, populations tend to 
rely on just a few staple crops that are vulnerable to Aspergillus spp. infection and growin g 
conditions favo ur mould growth.  
 
In animals, chronic  exposure through consumption of feed contaminated with low levels of 
aflatoxin can cause liver damage, gastrointestinal dysfunction, decreased appetite, decreased 
reproduc tive function, decreased growth  and decreased production. In addition, 
immunosuppression results in greater susceptibility to other diseases. Trace levels of aflatoxins 
and their metabolites may also carry over into the edible tissue of m eat-producing animals, eggs 
from poultry and milk from dairy animals.  
 
Current technologies in improved field crop management, pre -harvest and post-harvest practices, 
clinical interventions and public information campaigns all have potential to reduce the risk of 
aflatoxin contamination in foods and feeds thereby reducing human and animal exposure in 

http://en.wikipedia.org/wiki/Aflatoxin_B1
http://en.wikipedia.org/wiki/Aspergillus_flavus
http://en.wikipedia.org/wiki/Aspergillus_parasiticus
http://en.wikipedia.org/wiki/Aspergillus_flavus
http://en.wikipedia.org/wiki/Aspergillus_parasiticus
http://en.wikipedia.org/wiki/Aspergillus
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developing countries. Many of these technologies an d practices have proven to be effective during 
field trials but large -scale rollout still need s to be evaluated, particularly in their role in reducing 
aflatoxin contamination and exposure along the different commodity value chain s. 
 
At this time, aflatoxi n contamination is often a problem of unknown dimensions on farms and in 
warehouses, processing facilities and food products. What is known, however, is that the pervasive 
and chronic consumption of aflatoxin -contaminated foods and feeds throughout Africa continues 
to pose a significant threat to both human and animal health.  
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1. Background  
Worldwide, it is estimated that nearly a quarter of agricultural crops are contaminated with 
mycotoxins (Reddy et al. 2010). Mycotoxins are fungal to xins that contaminate staple foods 
consumed by many of the poorest and most vulnerable populations in the world. In livestock 
production, mycotoxins pose the greatest risk to animal feed safety (Bankole and Adebanjo 2004). 
The economic impact of these myco toxins includes losses incurred by human and animal deaths, 
veterinary and physician costs, reduced productivity of animals, loss of livelihoods, costs of 
control measures, loss of trade, losses to farmers through disposal of contaminated foods or feeds 
and investment in aflatoxin research to come up with mitigation strategies. According to the World 
Development Report, diseases caused by mycotoxins lead to reduced life expectancy in developing 
countries (Bankole and Adebanjo 2004). The main mycotoxins of s ignificance for human disease 
are aflatoxins, fumonisins, ochratoxin A, deoxynivalenol and zearalenone (Pitt et al. 2012). 
 
Aflatoxins are highly carcinogenic, secondary metabolites of the fungi Aspergillus  flavus , 
Aspergillus  parasiticus  and occasionally other Aspergillus species (Pitt et al. 2012). While almost a 
dozen different Aspergillus species can produce aflatoxins, A. flavus  and A. parasiticus  are the 
most important species for aflat oxin production in food crops. A. flavus  is delineated into two 
morphotypes called the S and L strains. The  S strain produces many small sclerotia (less than  400 
µm in diameter), relatively few conidia and consistently high levels of aflatoxin. The L strain 
produces fewer, larger sclerotia (over  400 µm in diameter), more conidia and, on average, less 
aflatoxin than the S strain. A significant percentage of L strain isolates produce no aflatoxin which 
makes them good candidates for us e as active agents in biocontrol products that manage aflatoxin 
contamination.  
 
Aflatoxins are prevalent in food crops, particularly maize, groundnuts, oilseeds and tree nuts, in 
tropical and subtropical regions worldwide. Host crops are particularly susceptible to infection by 
Aspergillus following exposure to high hu midity and temperature, or damage from stressful 
conditions such as drought and insects and the average aflatoxin -producing potential of the fungal 
community associated with the crops (Cotty and Jaime-Garcia 2007). Crops can become 
contaminated in the fiel d, during harvesting and after harvest during food storage, transportation 
and processing (Probst et al. 2010; Wu et al. 2011a). While the presence of Aspergillus  in food 
products do es not always indicate harmful levels of aflatoxin are present, it does imply a 
significant risk in consumption, particularly in food products with frequent and high consumption 
in developing world populations. Maize and groundnuts are the major source of aflatoxin exposure 
in humans because of the frequent and high consumption rates of these foods worldwide and their 
susceptibility to Aspergillus  infection (Strosnider et al. 2006). Seasonal variation in contamination 
levels is common (Cotty and Jaime-Garcia 2007; James et al. 2007) and has been linked anecdotally 
to rain at or near harvest and high daily temperatures during key stages of crop development.  
 
Developing crops are frequently very resistant to infection by A. flavus  and subsequent aflatoxin 
contamination unless environmental conditions favo ur both fungal growth and crop susceptibility. 
During the first phase of contamination , wounding of the developing crop by birds, mammals  or  
insects or  mechanically (e.g. by hail) , or the stres s of hot, dry conditions result  in significant 
infections (Cotty and Jaime-Garcia 2007). For crops with the most severe contamination problems, 
the distribution and planting time are generally designed to avoid conditions conducive to A. 
flavus . However, because weather is not consistent, even well planned crops may become exposed 
to conditions favo urable to contamination.  
 

http://en.wikipedia.org/wiki/Aspergillus
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The second phase of contamination may occur at any time from crop maturation until 
consumption. During this phase , toxin increases in crops infected during the first phase and those 
infected after maturation. The second phase occurs when the mature crop is exposed to warm, 
moist conditions in the field  or  during transportation , storage or use. Under high humidity, initially 
dry seeds develop water cont ent conducive to contamination. Substrate moisture content and 
temperature dictate the extent of contamination. Crop contamination with aflatoxins frequently 
involves both of these phases (Cotty and Jaime-Garcia 2007). 
 
Favourable growth temperatures for A. flavus  are a minimum of 10æ12°C, a maximum of 43æ48°C 
and an optimum of about 33°C (Pitt et al. 2012). Growth of A. flavus  occurs over the pH range of 2.1æ
11.2 (the entire range examined) at 25°C, 30°C and 37°C, with optimal growth over a broad pH range 
of 3.4æ10. A. flavus  is also very heat resistant. At 45°C, the time required to kill at least 90% of the 
fungal population is 106 hours , and at 60°C, 1 minute (Pitt et al. 2012). The growth of A. parasiticus  is 
very similar to that of A. flavus , with the e xception that A. parasiticus grows at slightly lower 
temperatures, with a maximum temperature of up to 42°C (Pitt et al. 2012). 
 
At least 14 different types of aflatoxins are produced in nature by the  different species of 
Aspergillus  (Boutrif 1998). Aflatoxin B 1 is considered the most toxic and is produced by both A. 
flavus  and A. parasiticus . Aflatoxin B1 is carcinogenic and teratogenic in both  humans and animals. 
To date, aflatoxin B1 is the only mycotoxin classified as a Group 1a hu man carcinogen by the 
International Agency for Research on Cancer (IARC 1982). Aflatoxin B 2 is also produced by both A. 
flavus  and A. parasiticus . Aflatoxin G 1 and aflatoxin  G2 are produced exclusively by A. parasiticus . 
Aflatoxin  M1 and aflatoxin M2 were originally discovered in the milk of cows fed on mo uldy grain. 
These compounds are products of a conversion process in the animal's liver. Aflatoxin M 1 is a 
metabolite of aflatoxin B 1 in humans and animals and aflatoxin M 2, a metabolite of aflatoxin B 2 in 
milk of cattle fed on contaminated feeds. 
 
Chronic human aflatoxin exp osure causes acute liver damage and liver cirrhosis, as well as 
development of tumo urs (USAID 2003). For people chronically infected with hepatitis B virus, 
chronic aflatoxin consumption raises by up to thirty -fold the risk of liver cancer compared with 
either exposure alone (Groopman and Kensler 2005). Currently, aflatoxins have also been shown to 
have a related effect in inducing liver cancer in people with hepatitis C. The difference in aflatoxin -
induced liver cancer  between hepatitis B virus and hepatitis C virus infection is related to their 
epidemiology. From an infectious disease standpoint, human s are far more likely to acquire 
chronic hepatitis B virus infection early in life, usually in the first year of life. Infection early in life 
lengthens the time at which an individual is both chronically infected  and also exposed to 
aflatoxin.  The later i n life hepatitis B virus is acquired, the less likely it is to become a chronic 
infection. The chance that an infection becomes chronic in adults is about 10%.  Hepatitis C virus is 
typically acquired much later in life, mostly through contaminated needle s/blood or sexual 
transmission.  Hence, the period of time in which an individual is infected and also exposed to 
aflatoxin is relatively shorter (F. Wu, personal communication) . 
 
Acute aflatoxicosis is characterized by h aemorrhage, acute liver damage, oedema and death and 
results from consumption of extremely high doses of aflatoxin. Chronic aflatoxin exp osure is 
associated with immuno suppression (Turner et al. 2003; Williams et al. 2004 ; Jiang et al. 2005; Jiang 
et al. 2008), increased susceptibility to live r cancers  in synergy with hepatitis B virus infection, 
liver cirrhosis and child growth impairment (Gong et al. 2002; Gong et al. 2004; Turner et al. 2007 ; 
Pitt et al. 2012).  
 

http://en.wikipedia.org/wiki/Aflatoxin_B1
http://en.wikipedia.org/wiki/Aspergillus_flavus
http://en.wikipedia.org/wiki/Aspergillus_flavus
http://en.wikipedia.org/wiki/Aspergillus_parasiticus
http://en.wikipedia.org/wiki/Aspergillus_flavus
http://en.wikipedia.org/wiki/Aspergillus_flavus
http://en.wikipedia.org/wiki/Aspergillus_parasiticus
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While it has been stated that 40% of the productivity lost to diseases in developing countries is due 
to diseases exacerbated by aflatoxins (Bankole and Adebanjo 2004), this is an overly simplistic 
statement that disregards the com plexity of the disease process.  However, th e statement tri es to 
capture the sever ity of the problem of aflatoxin -contaminated foods, their consumption and health 
impacts on both people and livestock throughou t much of the developing world.  
 
In recent years, hundreds of aflatoxicosis cases in Africa have been asso ciated with consumption 
of contaminated home -grown maize (Azziz-Baumgartner et al. 2005). In high concentrations, 
consumption of aflatoxins, particularly aflatoxin B 1, can cause rapid death (Beed 2013). Acute 
aflatoxicosis in East Africa has become an epid emic, particularly in arid and semi -arid areas. 
Dietary exposure in East Africa is highest from common foods made from maize, such as ugali in 
Kenya and posho in Uganda. 
 
To limit aflatoxin exposure, over 100 nations worldwide have set maximum tolerated limits  of 
aflatoxin in food (CAST 2003). These standards offer public health prote ction in industrialized 
nations  but have little eff ect in less developed countries  for several reasons. First, the food 
consumed from subsistence farms, which are widespread in less developed countries , rarely enters 
any sort of regulatory inspection for aflatoxin (Williams et al. 2004 ; Strosnider et al. 2006). Second, 
even if this food did meet the maximum tolerated limit  of aflatoxin, many people in less developed 
countries consume such high levels of maize and groundnut products , putting them at risk of 
chronic aflatoxin exposure (Shephard 2008). Third, less developed countries that attempt to export 
maize and nuts abroad may find their export market s severely jeopardized by  strict aflatoxin 
standards, resulting in potential countervailing risks of exporting the best foods and keeping the 
worst for domestic consumption (Wu 2004). 
 
Therefore,  it is estimated that about five  billion people worldwide suffer from uncontrolled 
exposure to aflatoxins (Strosnider et al. 2006). Aflatoxin -associated health effects pervade sub -
Saharan Africa and East Asia. These effects could be mitigated through effective use of current 
agricultural knowledge and public health practice (Khlangwiset and  Wu 2010). The discussion of 
this problem and its remedies must include the underlying question of food insufficiency and more 
general economic challenges in developing countries (Strosnider et al. 2006). Moreover, developing 
countries face a range of publ ic health risks and limited resources to manage them. Therefore , 
there is a pressing need for pu blic health evidence and a risk -based approach to aflatoxin 
mitigation.  
 

2. Methods 
A systematic literature ĻĮĿĲĮŀ ŀĪļ ľķĭĮĻĽĪĴĮķ įĸĵĵĸŀĲķİ řPreferred Reporting  Items for Systematic 
Reviews and Meta-ĐķĪĵłļĮļŚ guidelines to capture information on aflatoxin prevalence, risk factors 
and control options and costs to support risk maps and evidence around costs and controls. 
Twenty -three databases were searched using a combination of the řMedical Subject HeadingsŚ 
terms: mycotoxin, aflatoxin, Africa, sub -Saharan Africa, prevalence, maize, sorghum, groundnut, 
peanut, milk, fish, dairy, hepatitis, diet, climate, global warming, weather, drought, stunting, 
wasting, malnutr ition , risk factors, exposure, proxies, outcomes, hepatocellular carcinoma, liver 
cancer, control, insect, pest, jaund ice and cirrhosis. An initial 2 700 papers were identified. After 
screening, 543 were retained for data extraction, included in this report  and compiled into a 
prevalence database by region and commodity.  The prevalence database was then converted into 
risk maps. Geographic Positioning System coordinates for the location of samples collected in each 
study included in the database were mapped and the maps included in this report.  
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3. Health 
The major source of human and livestock exposure to aflatoxins is consumption of contaminated 
foods and f eeds (Pitt et al. 2012). Aflatoxin contamination is widespread throughout Africa as well 
as several countries in Asia. Aflatoxins have been detected in maize (corn), groundnuts (peanuts), 
millet, wheat, rice, oats, barley, sorghum, teff (an African cereal) , soybeans, beans and peas, edible 
oils, nuts (other than groundnuts), traditional plant remedies, spices, sesame seeds, dried fruit, 
dried vegetables, melons, eggs, milk (cow, goat, sheep, camel and buffalo), cheese, meat and fish in 
tropical and sub -trop ical regions worldwide.  
 
Exposure to aflatoxin leads to, or is associated with, several health -related conditions including 
acute and chronic aflatoxi cosis, aflatoxin -related immunosuppression, liver cancer and  liver 
cirrhosis , and nutritional -related prob lems such as stunted growth in children ( Figure 1). Exposure 
to aflatoxin may also compound pre -existing health concerns.  
 

 
Source: Wu et al. (2011b). 

Figure 1: Influence diagram of  aflatoxin and its health effects . 
 
Aflatoxin exposure can be measured in two ways: through  an analysis of  prepared foods in 
combination with consumption data or  through biological markers of exposure from blood or 
urine samples that are obtained a nd analys ed for the presence of aflatoxin derivatives.  Possibilities 
to minimize biological exposure include (i) chemoprotection through the use of drugs and dietary 
supplements that detoxify aflatoxin and (ii) enterosorptive food additives that bind to the toxin and 
render the aflatoxin biologicall y unavaila ble to the body.  
 
3.1. Acute aflatoxicosis  
Acute aflatoxicosis is associated with sporadic outbreaks caused by the consumption of highly 
contaminated foods. Early symptoms of acute aflatoxicosis include diminished appetite, malaise 
and low fever. Later sym ptoms, which include vomiting, abdominal pain and hepatitis, can signal 
potentially fatal liver failure (USAID 2003). Severe acute liver injury with high morbidity and 
mortalit y has been associated with high -dose exposures to aflatoxins (Chao et al. 1991). Ingestion of 
2æ6 mg of aflatoxin per day by adults for a month can cause acute hepatitis and death  (Patten 1981). 
 
Acute aflatoxicosis in animals was first documented in 1960 after more than 100,000 turkeys died 
following an outbreak in the United Kingdom. A survey during the outbreak showed an association 
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with feeds, namely , Brazilian peanut meal. It was discovered th at this peanut meal was highly toxic 
to poultry and ducklings with symptoms typical of Turkey X disease. Speculations made during 
1960 regarding the nature of the toxin suggested that it might be of fungal origin. In fact, the toxin -
producing fungus was id entified as A. flavus  in 1961 and the toxin was given the name řaflatoxin Ś 
by virtue of its origin ( Aspergillus  flavus toxin ) (Pitt et al. 2012). 
 
Kenya has experienced several recurrences of acute aflatoxicosis in humans and has recorded 
hundreds of death s in the last four decades. The largest reported outbreak of aflatoxicosis to date 
occurred in Kenya in 2004 where 317 cases and 125 deaths were reported with significant mortality 
among domesticated livestock and widespread socio -economic impact (Azziz-Baumgartner et al. 
2005; Lewis et al. 2005; Wagacha and Muthomi 2008). Other documented fatal aflatoxicosis 
outbreaks have been reported in Western India in 1974: 397 cases and 106 reported deaths 
(Krishnamachari et al. 1975); Nigeria in 2005: more than 100 deaths (Afla-guard 2005); Kenya in 
1981: 20 cases (Ngindu et al. 1982) and Kenya in 2005: 80 cases and 30 reported deaths , and nine  
deaths in 2006 (Wagacha and Muthomi 2008) . Probst et al. (2010) found that in the eastern region of 
Kenya, where the aflatoxicosis outbreaks happen,  A. flavus found in maize samples was primarily 
the S strain, which produces more aflatoxins.  
 
In the 2004 outbreak in Kenya, concentrations of aflatoxin B 1 in maize were found to be as high as 
4400 parts per billion ( ppb), which is 220 times greater than the 20 ppb limit for food suggested by 
Kenyan authorities (Azziz-Baumgartner et al. 2005). During this outbreak, children younger than 14 
years (51% of the child population ) had a greater predisposition to aflatoxicosis  risk  (Obura 2013). 
 
A study by Azzi z-Baumgartner et al. (2005) reported that males were more likely to die from 
aflatoxicosis, in spite of eating similar quantities of maize as females. One hypothesis for males 
being at higher risk of dying from aflatoxicosis is alcohol consumption. This study and that of 
Ngindu et al. (1982) reported that aflatoxicosis patients reported the death of their dogs before 
developing aflatoxicosis themselves. Therefore, in future, reports of deaths of dogs may warn 
public health off icials of a potential aflatoxin co ntamination in the food supply.  
 
3.2. Chronic aflatoxicosis  
Chronic aflatoxicosis is caused by long -term exposure to low to moderate levels of aflatoxins in the 
food supply. It is estimated that more than five  billion people in developing countries worldwide 
are at risk of chronic aflatoxin exposure through contaminat ed foods (Figure 2). 
 

 
Source: Williams et al. (2004). 

Figure 2: Areas and population s at risk of chronic exp osure to un controlled aflatoxin contamination . 
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Chronic exposure to moderate or even low levels of aflatoxin has been linked to development of 
liver cancer . In a study of Gambian liver cirrhosis patients , those that had eaten groundnuts at 
least once daily over the previous  two months  were classified in the high aflatoxin intake group 
(Kuniholm et al. 2008). The moderate aflatoxin intake group had eaten groundnuts 2 æ6 times a 
week and the low aflatoxin intake group had eaten groundnuts once or less a week. The 
occurr ence of groundnut consumption wa s self-reported in this study. As to what constitutes 
moderate and low levels of aflatoxin intake is yet to be standardized and it is left to the publishing 
authors to create their own criteria.  
 
In addition to the links to liver cancer , chronic aflatoxin exposure has been associated with 
impaired growth and immunosuppression in young West African children (Turner et al.  2003; Gong 
et al. 2004). Immunosuppression predisposes humans and animals to many secondary infections 
by fungi, bacteria and viruses (McLean 1995). Thus, chronic aflatoxin exposure could exacerbate 
the burden of disease in already vulnerable populations.  
 
Chronic aflatoxin exposure is evident from the presence of aflatoxin M 1 in human breast milk in 
Ghana, Kenya, Nigeria, Sierra Leone, Sudan, Thailand and the United Arab Emirates, and in 
umbilical cord blood samples in Ghana, Kenya, Nigeria and Sierra Leone (Bhat and Vasanthi 2003). 
 
However, data regarding other potential hea lth effects of chronic aflatoxin exposure are scarce, 
resulting in a significant limitation of current research (Strosnider et al. 2006). Primary limitations 
for conducting this research include difficulties in defining clinical outcomes in often remote or  
resource-constrained environments and difficulty in accurately assessing aflatoxin exposure.  
 
When discussing disease processes in the body, correlatio n between two variables does not 
necessarily imply that one causes the other. This is particularly important in regards to aflatoxin 
exposure and health outcomes because research is stil l ongoing and there are many variable s to 
tease apart. Much of the research linking aflatoxin consumption and health  outcomes relies on the 
patient sŚ knowledge of what they consumed, sometimes much later. Additionally, given the burden 
of disease, compromised immune status and widespread malnutrition of many people living in 
developing countries, elucidating associations between aflatoxin exposure and health 
consequences is a high priority. Additional factors such as consumption patterns, age, gender and 
environmental factors will also contribute to different outcomes. Developing countries face a range 
of public health risks and limited resources to manage them. In order to determine the best 
intervention measures, a better understanding of the risk of varyi ng levels of aflatoxin exposure 
and disease outcome is warranted.  
 
3.3. Liver cancer  
A large body of experimental, clinical and epidemiologic al evidence has defined aflatoxin as one of 
the most potent naturally occurring liver cancer -causing agents. Globally , it is estimated that 
aflatoxin exposure contributes to 4.6 æ28.2% of all liver cancer cases, most of which occur in sub -
Saharan Africa, southwest Asia and China ( Figure 3), the regions with the highest aflatoxin 
exposure. Each year 550,000æ600,000 new cases of liver cancer are recorded worldwide, and of 
these, approximately 25,200æ155,000 are attributable to aflatoxin exposure (Liu and Wu 2010). 
According to the World Health Organization (WHO), liver cancer  is the third leading cause of 
cancer deaths globally. Approximately 83 % of liver -related deaths  in East Asia and sub-Saharan 
African are due to liver cancer (USAID 2003). 
 
Epidemiological studies of human populations exposed to diets naturally contaminate d with 
aflatoxins reveal an association between the high incidence of liver cancer in Africa and elsewhere 

http://en.wikipedia.org/wiki/Correlation_and_dependence
http://en.wikipedia.org/wiki/Causality
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and dietary intake of aflatoxins (MRC 2006). Hepatitis B virus infection and chronic aflatoxin 
exposure places a person at a risk 30 times greater of developing liver cancer than  people who are 
hepatitis B virus  negative. Sub-Saharan Africa n and Asian populations that have endemically high 
rates of infection of h epatitis B virus and hepatitis C virus  are, therefore, likely to have a 
significantly incre ased disease burden from liver cancer (USAID 2003). 
 

 
Source: USAID (2003). 

Figure 3: Distribution of liver cancer  attributable to aflatoxin .  
 
The global disease burden of aflatoxin is influenced greatly by the geographic and temporal 
incidence patterns of liver cancer. Figure 4 depicts the correlation between high liver cancer rates 
and high risk of chronic exposure to aflatoxin.  
 

 
Source: Williams et al. (2004). 

Figure 4: Correlation between high liver cancer rates and high risk of chronic exposure  to aflatoxin . 
  
The International Food Policy Research Institute (IFPRI) -led Aflacontrol p roject quantified the 
impact of aflatoxin -induced liver cancer  into disability -adjusted life years (DALYs).The results are 
presented in  Table 1. 
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Table 1: Disability -adjusted life years  from aflatoxin -induced liver cancer, by world region  

World region Disability-adjusted life years annually attributable to aflatoxin-induced liver cancer 

Africa 147,940ɀ778,700 

North America 143ɀ182 

Latin America (including Central America) 8749ɀ65,520 

Eastern Mediterranean 10,231ɀ219,960 

Southeast Asia 41,600ɀ583,700 

Western Pacific 117,260ɀ360,230 

Europe 2093ɀ7228 

Source: Wu et al. (2011b). 

 
Given the high burden of disease of aflatoxin induced liver cancer, public health interventions to 
reduce aflatoxin exposure and hepatitis B virus infection are critical. Reducing aflatoxin exposure 
to non -detectable levels could reduce liver cancer  cases in high-risk areas by about 23% (Liu et al. 
2012). 
 
3.4. Liver cirrhosis  
Worldwide, cirrhosis of the liver is the sixteen th  leading cause of death, responsible for hundreds 
of thousands of deaths each year.  People with cirrhosis of the liver are at high risk of developing  
liver cancer . A study on aflatoxin exposure and t he cause of liver cirrhosis in t he Gambia found 
that chronic hepatitis B virus inf ection and aflatoxin exposure çeither separately or in synergy ç
were the agents most likely responsible for most cirrhosis cases in that West African population 
(Kuniholm et al. 2008). However, the association between aflatoxin and liver cirrhosis is not as well 
documented as with liver cancer.  
 
3.5. Reproductive health  
It has been hypothesized that aflatoxins have an impact on reproductive health. Globally, one 
useful indicator of reproductive health is infant birth weight. It is estimat ed that more than 20 
million infants worldwide, representing 15.5% of all births, are born with low birth weight (birth 
weight less than 2500 g), with 95.6% occurring in developing countries. Additionally, almost a 
decade after the declaration of the Mille nnium Development Goals, there has largely been no 
change in maternal mortality rates and child mortality rates barely decreased by 27% (Shuaib et al. 
2010b). 
 
There was no consensus on findings regarding the relationship between aflatoxins and birth 
weigh t. While four studies (Abulu et al.  1998; Abdulrazzaq et al. 2002; Abdulrazzaq et al. 2004; 
Turner et al. 2007) reported a negative correlation between birth weight and aflatoxin levels (with 
p values ranging from <  0.001 to < 0.05), two studies found this relationship only in female infants  
(p < 0.5) (Vries et al. 1989; Jonsyn et al. 1995a). In a study in the United Arab Emirates, 100% (43 of 
43) of neonates born with low birth weight had detectable aflatoxin M1 in their cord b lood but only 
55% (68 of 123) of neonates with normal birth weight had detectable aflatoxin M1 in their cord 
blood (Abdulrazzaq et al. 2004). One study conducted in Ibadan, Nigeria did not find any 
correlation between the presence of aflatoxins and birth w eight (Maxwell et al. 1994). Similarly, 
Vries et al. (1989) did not find any correlation between aflatoxins in maternal blood and cord blood 
and birth weight. Two studies reported the occurrence of stillbirths among women  who had 
significantly higher levels of maternal serum aflatoxins (Lamplugh et al. 1988) or both maternal 
and neonatal serum aflatoxin (Vries et al. 1989). One study by Sadeghi et al. (2009) in Iran found an 
association between aflatoxin  M1 concentration i n breast milk and length  of the infant at birth ( p < 
0.01). Abdulrazzaq et al. (2003) did not find any significant correlation between aflatoxin M 1 and 
gestational age, postnatal age, gender or clinical condition.  
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Four studies (Ahmed et al. 1995; Sodeinde et al. 1995; Abulu et al.  1998; Abdulrazzaq et al. 2004) 
reported findings relating aflatoxin biomarkers and jaundice among newborns . Only one study 
found that aflatoxin serum levels of infants were a risk factor for neonatal jaundice ( odds ratio 
[OR], 2.68; confidence interval  [CI], 1.18æ6.10) (Sodeinde et al. 1995). Of the two studies that did not 
find any statistically significant correlation between aflatoxins and jaundice, one used serum from 
the neonate (Ahmed et al. 1995) while the other used cord b lood (Abdulrazzaq et al. 2004). The 
fourth study reported that aflatoxins were associated with jaundice in low birth weight babies but 
did not state whether any association exist s between aflatoxins and jaundice in  babies of normal 
weight (Abulu et al. 1998). It is noteworthy that the aflatoxin levels in body fluids vary by season , 
as was demonstrated by three studies that noted that the frequency of detection of aflatoxins was 
higher during the wet than the dry season (Lamplugh et al.  1988; Vries et al. 1989; Abulu et al. 1998). 
This further complicates drawing conclusions on the association between aflatoxin serum levels 
and disease outcomes. 
 
Due to the high frequency of an aemia in pregnant woman, a study in Ghana investigated 
associations between anaemia and aflatoxin B1. The mean aflatoxin -albumin level was 10.9 pg/mg 
(range = 0.44æ268.73 pg/mg); 30.3% of participants were anaemic. The odds of being anaemic 
increased 21% (OR, 1.21; p = 0.01) with each quartile of aflatoxin -albumin reachin g an 85% increased 
ĸĭĭļ Ĳķ ĽıĮ řvery high Ś ĬĸĶĹĪĻĮĭto ĽıĮ řlowŚ category (OR, 1.85; CI, 1.16æ2.95). This association was 
stronger among women with malaria and findings were robust when women with evidence of iron 
deficiency an aemia were excluded. This study found a str ong consistent association between 
anaemia in pregnancy and aflatoxin biomarkers (Shuaib et al. 2010a).  
 
In another study by the same author of socio-demographic determinants of aflatoxin levels in 
pregnant women, aflatoxin -albumin as well as the percent age of women having high aflatoxin -
albumin levels (Ô11.34 pg/mg; upper quartile) were inversely associated with indices of higher 
socio-economic status. Higher income, being e mployed, having one child (versu s no children) and 
having a flush toilet (versu s no toilet facilities) were each independently associated with a 30 æ40% 
reduced odds of high aflatoxin -albumin levels (Shuaib et al. 2012). Having a flush toilet has no 
bearing on aflatoxin exposure, but this study point s out the impact of socio -economic status and 
aflatoxin exposure. Studies continue to show that the most vulnerable populations that consume 
large quantities of staple crops susceptible to aflatoxin contamination are also among the poorest 
in the world.  
 
One study examined the possible association between aflatoxins and male fertility. Semen from 
40% of infertile men had aflatoxins compared to semen from 8% of fertile men. The concentrations 
of aflatoxins detected in the semen were consistently higher amon g infertile men compared to the 
fertile men. Fifty percent of infertile men with high aflatoxin semen levels also showed 
abnormalities (sperm count, morphology and motility) of their spermatozoa on semen analysis. In 
comparison, only 10æ15% of the fertile men showed comparative abnormalities of spermatozoa 
(Ibeh et al. 1994). 
 
These studies show the challenges of drawing conclusions about cause and outcome from cross -
sectional data on aflatoxin exposure. It is clear that aflatoxin consumption does not direc tly cause 
having a flush toilet. On the other hand, it is not clear if aflatoxins cause an aemia. Ingestion of 
aflatoxin at very high levels ( above 6000 mg) results in liver  failure and death within 1 æ2 weeks of 
exposure (Obura 2013). An increasing body of evidence suggests that aflatoxins modulate the 
immune system and may lead to stunted growth in children. While aflatoxin exposure is associated 
with changes in markers of human immune systems, how these changes actually correlate to  
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disease outcomes is less clear and was beyond the scope of the studies. Furthermore, at the 
moment, because of the relatively small number of epidemiological studies undertaken and the 
limited nature of dose -response relationships, it is not possible to d efinitively link an aflatoxin dose 
with a particular risk of stunting in a population. However, while causality has not yet been 
confirmed, the body of evidence consistently shows an association between aflatoxin exposure 
and growth impairment in children (Wu 2013). 
 
3.6. Childhood growth performance  
Childhood growth performance is usually measured by one or more of three indicators: height -for -
age, weight-for -age and weight -for -height. Based on WHO definitions, children wh ose height-for -
age, weight-for -age and weight -for -height  Z-scores are two  standard deviations  or more below the 
WHO growth standards are considered to be stunted, underweight and wasted, respectively. 
Wasting is an indicator of deficits in tissue and fat mass, which may be caused by acute 
malnutrition, whereas stunting is regarded as an indicator of chronic malnutrition. The prevalence 
of severe wasting decreases by 24 months of age, whereas stunting prevalence increases by age 
and reaches a plateau at 24æ36 months (Black et al. 2008). Once established, stunting and its effects 
usually last for years. Children who are stunted often develop long -term development and 
cognitive problems and are more vulnerable to infectious diseases (Ricci et al. 2006). Globally, 26% 
of children under  five  years of age were stunted in 2011, roughly 165 million children worldwide.  
But this burden is not evenly distributed around the world. Sub -Saharan Africa and South Asia are 
home to 75% ĸį ĽıĮ ŀĸĻĵĭŚļ ļĽľķĽĮĭ ĬıĲĵĭĻĮķ(UNICEF 2013). Globally, 21% of deaths and DALYs in 
children aged five  years and under are estimated to be attributed to stunting, severe wasting and 
intra -uterine growth restriction (Black et al. 2008). It has been estimated that children with a 
weight -for -age Z-score of -1 to -2 are twice as like ly to die from diarrh oeal diseases compared to 
children with  normal weight, whereas children with weight -for -age Z-scores ranging  from -2 to -3 
are five  times as likely to die. Additionally, 52% of pneumonia deaths in children aged five years  
and under are  associated with low body weight (Caulfield et al. 2004). 
 
There is a growing body of literature trying to link aflatoxin exposure with impaired growth in 
children (Gong et al. 2003; Egal et al. 2005). This impaired growth is strongly correlated with the 
change from breastfeeding to solid foods. Maize is widely used as the basis for porridge for 
weaning purposes. Whether the effects of weaning foods and associated reduced growth are a 
direct result of aflatoxin exposure has , however, not been confirmed.  
 

3.6.1. Stunted and underweight children 
A study in Benin and Togo found that stunted and underweight chil dren had, on average, 30æ40% 
higher levels of aflatoxin -albumin in the ir  blood than children with normal body weight (Gong et 
al. 2002). Aflatoxin -albumin levels increased with age until three  years of age. This trend reflected 
the transitioning of children from breastfeeding to weaning and post -weaning foods. Children who 
were completely weaned had higher levels of aflatoxin -albumin than b reastfed or partially 
breastfed children (Gong et al. 2003; Gong et al. 2004). Clear dose-response relationships were 
found between mean aflatoxin -albumin levels and lower height -for -age and weight -for -age Z-
scores. Children who were stunted had 30æ40% higher mean aflatoxin -albumin levels compared to 
non-stunted children.  
 
Another study in Benin and Togo investigated aflatoxin exposure in children around the time of 
weaning and correlated the data with food consumption, socio -economic status, agro-ecological 
zone of residence and anthropometric measures (Gong et al. 2003). Blood samples from 479 
children (age d 9 months to 5 years) from 16 villages in four agro -ecological zones were assayed for 
aflatoxin -albumin as a measure of recent past (2æ3 months) exposure. Aflatoxin -albumin adducts 
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were detected in 99% (475/479) of chil dren (geometric mean , 32.8 pg/mg; 95% CI, 25.3æ42.5). Adduct 
levels varied markedly across agro -ecological zones with mean levels being approximately four 
times higher in the central than in the northern region. The central region has two maize growing 
seasons, compared to one season in the north , and higher rainfall and humidity than the northern 
region. The aflatoxin -albumin level increased with age up to three  years and, within the 1 æ3 year 
age group, was significantly ( p = 0.0001) related to weaning status. Weaned children had 
approximately tw o-fold higher mean aflatoxin -albumin adduct levels (38 pg/mg) than children  
receiving a mixture of breast milk and solid foods , after adjustment for age, sex, agro -ecological 
zone and socio-economic status. A higher frequency of maize consumption, but not groundnut 
consumption, by the child in the preceding week was correlated with higher aflatoxin -albumin 
adduct level. In this study , aflatoxin exposure among these children was widespread (99%) and 
growth faltering associated with high blood aflatoxin -album in adducts. Children in these two 
categories had 30æ40% higher mean aflatoxin -albumin levels than the remainder of the children 
and strong doseæresponse relationships were observed between aflatoxin -albumin levels and the 
extent of stunting and being under weight.  
 
However, another study done in Benin and Togo found high aflatoxin -albumin adduct levels were 
correlated with high prevalence of A. flavus  and aflatoxin in groundnut, but significance was weak 
after adjustment for weaning status, agro -ecological zone and maternal socio -economic status (p = 
0.091 and p = 0.083, respectively ). Ingestion of A. flavus  and aflatoxin was high in certain agro -
ecological zones and among the higher socio -economic strata due to higher frequencies of 
groundnut consumption. Co ntamination of groundnuts was similar across socio -economic and 
agro-ecological boundaries. In conclusion, dietary exposure to aflatoxin from groundnut was less 
than from maize in young children from Benin and Togo (Egal et al. 2005). 
 
A study carried out in t he Gambia by Turner et al. (2003) found  that elevated aflatoxin -albumin 
levels were associated with stunting and underwei ght among children aged 6 to 9 years. The study 
detected aflatoxin -albumin adducts in 93% of sampled children and provided evidence  that 
immunoglobulin A in saliva may be reduced because of aflatoxin exposure (Turner et al. 2003). The 
study confirmed that children in rural areas of the Gambia are frequently exposed to high levels of 
aflatoxin.  
 
A study of Gambian infants found a stro ng correlation between maternal aflatoxin exposure 
during pregnancy and growth in the first year of life. Aflatoxin -albumin in maternal blood was a 
strong predictor of both weight ( p = 0.012) and height (p = 0.044) gain, with lower gain in those 
with highe r aflatoxin exposure (Turner et al. 2007). While the correlation between aflatoxin 
consumption and stunting and underweight children is yet to be elucidated, the proportion of 
childhood growth stunting is directly correlated with  the proportion of the popu lation living below 
the national poverty line  and inversely correlated with gross domestic product per capita 
(Khlangwiset and Wu 2010). 
 

3.6.2. Wasting and weaning foods 
A cross-sectional study in Kenya found significant association ( p = 0.002) between aflatoxin 
exposure and wasting. Aflatoxins were also more frequently detected in the flour fed to stunted 
and underweight children compared to that fed to  normal children  (Okoth and Ohingo 2004) . The 
weaning process in West African countries starts in many cases at early ages, when the children  
are about 3æ6 months old. Up to 50% of children in Makurdi, Nigeria consume pap, a porridge made 
from maize, as their main weaning food, followed by Cerelac, a commercial infant formula (26.5%) 
and pap mixed with other food (11%). Weaning foods in West Africa are usually made of maize, 
groundnuts, sorghum, millet and guinea corn. Likewise, maize is a major weaning food in countries 
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in East Africa. In Uganda, 89% of children are fed maize porridge regular ly. About 24.5% of children 
aged 3æ28 months consume maize porridge seven days a week. Gruels prepared from maize are 
used as weaning foods in Ethiopia, Kenya and  Tanzania. Other staple crops are also used to prepare 
weaning foods in these East African cou ntries. Some of them include barley and wheat in Ethiopia , 
sorghum and millet in Kenya and sorghum in Tanzania. Sorghum porridge (nasha) is a traditional 
weaning food in Sudan (Khlangwiset et al. 2011). Research is still needed to strengthen the  evidence 
for  an association between aflatoxin consumption in weaning food and the impact on childhood 
growth.  
 
Because of multiple routes of exposure beginning in the f oetal environment, high percentages of 
children in various countries have been exposed to aflatoxi ns, as detected in multiple studies. 
About 85æ100% of children in African countries , such as the Gambia, Guinea, Kenya, Benin, Togo 
and Senegal, have either detectable levels of serum aflatoxin -albumin or urinary aflatoxins (Wild et 
al. 1990; Wild et al. 1993; Turner et al.  2000; Gong et al. 2002; Gong et al. 2003; Turner et al.  2003; 
Gong et al. 2004; Turner et al.  2007; Polychronaki et al. 2008). None of these studies suggested non-
negligible aflatoxin exposure among the population s of children studied. However, many of the 
studies were done among populations of children in which one would expect to find aflatoxin 
exposure such as rural areas where consumption of susceptible staple crops is high and poverty 
limits the food quality, quantity and variety fo r the children.  
 
Among the risk factors associated with growth impairment, aflatoxin emerges as playing a 
potentially important contributory role. The weight of evidence linking aflatoxins with growth 
impairment has been increasing over the last five decad es of research. One critical piece of 
information that is currently unavailable is a mechanism by which aflatoxin causes growth 
impairment in humans and animals. If such a mechanism could be elucidated, then the weight of 
evidence linking aflatoxin with gr owth impairment would become even stronger (Khlangwiset et 
al. 2011). 
 

3.6.3. Breast milk 
Several studies have also found aflatoxin B1 and aflatoxin M1 in excreted breast milk samples 
(Jonsyn et al. 1995b; Polychronaki et al. 2006; Polychronaki et al.  2007; Sadeghi et al. 2009; Gürbay et 
al. 2010; Tchana et al. 2010; El-Tras et al. 2011; Afshar et al.  2013), further compounding aflatoxin 
exposure and its health risks in breastfeeding infants and children. On the whole, there were 
significant differences  in aflatoxin contamination of breast milk between studies that were 
conducted in developing countries and those in developed countries. While breast milk samples 
from three studies conducted in developed countries had contamination rates ranging from 0% in 
France to 5% in Italy (mean concentration 55.35 ng  per litre ), 34æ95% of breast milk samples from 
the studies in developing countries were contaminated with aflatoxins (Lamplugh et al. 1988; Saad 
et al. 1995). About 30æ60% of breast milk samples from Sud anese (Coulter et al. 1984), Kenyan 
(Maxwell et al. 1989), Ghanaian (Lamplugh et al. 1988; Maxwell et al. 1989) and Egyptian 
(Polychronaki et al. 2006; Polychronaki et al. 2007) mothers contained detectable levels of 
aflatoxins. In Sierra Leone, 88% (99/113) of breast milk samples from mothers contained detectable 
levels of aflatoxins (Jonsyn et al. 1995b). However, only 11% of breast milk samples from 
Zimbabwean mothers (Wild et al. 1987) and 5% of breast milk samples from mothers in Cameroon 
(Tchana et al. 2010) were aflatoxin M1 positive. Levels of aflatoxin M1 in breast milk samples taken 
in Ankara, Turkey ranged from 60.0 æ299.99 ng/l and aflatoxin B1 from 94.5æ4123.8 ng/l (Gürbay et 
al. 2010). 
 
Levels of aflatoxin M1 in breast milk were significantly associated with cereal consumption 
(Sadeghi et al. 2009), consumption of raw milk (El-Tras et al. 2011), high corn oil consumption, 
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obesity, number of children and early lactation stage (Polychronaki et al. 2006). A study  done in 
Egypt found that t he average daily exposure of newborns to aflatoxin M1 via consumption of 
maternal breast milk was 52.7  ng (El-Tras et al. 2011). 
 
There was a significant difference ( p < 0.0001) in aflatoxin M1 exposure between infants fed on 
maternal breast milk and  those fed on formula milk, with breastfeeding being considered a risk 
factor for aflatoxin M1 exposure in early infancy  (Table 2). It is worthwhile to note that the 
detectable levels are inconsistent across countries, which implies th at the marker may be 
unreliable with linking to growth impairment. However, these studies imply that lactating mothers 
are exposed to aflatoxin and can transfer it to thei r babies through breastfeeding.  
 
Table 2: Comparison of ĪįĵĪĽĸŁĲķ ĵĮĿĮĵļ Ĳķ īĻĮĪļĽ ĶĲĵĴ! ĻĪŀ ĬĸŀŚļ ĶĲĵĴ Īķĭ ŀĮĪķĲķİ įĸĸĭļ, by country  

Country Population Aflatoxin M1 (µg/kg) Aflatoxin B1(µg/kg) Source 

Range Mean Range Mean  

Brazil 42 raw milk samples 0.3ɀ1.97    Sassahara et al. (2005) 

Brazil 50 lactating mothers 0.024 0.024   Navas et al. (2005) 

Egypt 50 raw milk samples 0.01ɀ0.25    Motawee et al. (2009) 

Egypt 388 lactating mothers 0.00056ɀ0.5131 0.000135    Polychronaki et al. (2006) 

Ghana 264 lactating mothers 0.02ɀ1.816    Lamplugh et al. (1988) 

Iran 111 raw milk samples 0.15ɀ0.28    Kamkar (2005) 

Iran 80 samples of milk-based cereal 

weaning foods 

  0.003ɀ0.035 0.0168  Oveisi et al. (2007) 

Iran 160 lactating mothers 0.0003ɀ0.0267 0.00082   Sadeghi et al. (2009) 

Iran 98 raw bulk tank samples 0.0003ɀ0.392 0.039   Tajkarimi et al. (2007) 

Iran 186 raw milk samples 0.010ɀ0.410 0.0434   Ghiasian et al. (2007) 

Iran 88 raw milk samples 0.013ɀ0.394 0.052   Fallah et al. (2011) 

Iran 319 raw bulk tank samples  0.057   Tajkarimi et al. (2008) 

Iran 75 raw milk samples 0.005ɀ0.05 0.0601   Rahimi et al. (2010) 

Italy 341 raw milk samples 0.05    Decastelli et al. (2007) 

Italy 231 lactating mothers 0.194 0.194   Turconi et al. (2004) 

Italy 82 lactating mothers  0.05535    Galvano et al. (2008) 

Nigeria 22 raw milk samples 2.04ɀ4.0    Atanda et al. (2007) 

Nigeria 7 weaning foods  4.6ɀ530  181.6ɀ4806a  Oluwafemi and Ibeh (2011) 

Nigeria 48 maize-based weaning gruels   0.142ɀ6.516b  Oyelami et al. (1996) 

Sierra Leone 113 lactating mothers 0.2ɀ99  0.8   Jonsyn et al. (1995b) 

Sudan 99 lactating mothers  19    Coulter et al. (1984) 

Sudan 44 bulk milk samples 0.22ɀ6.9  2.07   Elzupir and Elhussein (2010) 

Thailand 11 lactating mothers 0.039ɀ1.736  0.664   El-Nezami et al. (1995) 

Thailand 240 raw and bulk tank samples 0.05ɀ0.101  Winter: 0.084 

Rainy season: 0.073 

Summer: 0.053 

  Ruangwises and Ruangwises (2010) 

Uganda 5 baby food products   1ɀ20   Ismail et al. (2008) 

UAE 445 lactating mothers 0.2ɀ0.3    Saad et al. (1995) 

Zimbabwe 42 lactating mothers 0ɀ50    Wild et al. (1987) 

Zimbabwe 54 lactating mothers  3.6    Nyathi et al. (1989) 

Note: UAE = United Arab Emirates.  
aAflatoxin B2: 103ɀ8290 µg/kg 
bTotal aflatoxin 

 
Aflatoxin levels vary widely between countr ies and commodities . It should be noted that very high 
levels of aflatoxins were found i n two  of the three  studies that analys ed customary weaning foods 
in their countries. In Egypt, Italy, Sudan and Thailand, breast milk from lactating mothers had 
higher levels of aflatoxins compared to  sampled ĻĪŀ ĬĸŀŚļ ĶĲĵĴ Ęķ đĻĪŃĲĵ Īķĭ ĘĻĪķ! ĻĪŀ ĬĸŀŚļ ĶĲĵĴ
had higher levels of aflatoxins than breast milk from lactating mothers. Given the small number of 
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studies done in each of the countries and the seasonal variation in aflatoxin levels, it is hard to  
ĭĻĪŀ Īķł ĬĸķĬĻĮĽĮ ĬĸķĬĵľļĲĸķļ ĸķ ŀıĮĽıĮĻ ĬĸŀŚļ ĶĲĵĴ ĸĻ ıľĶĪķ īĻĮĪļĽ ĶĲĵĴposes a higher  risk  of 
aflatoxin exposure to infants and weaned children . However, given the high  contamination levels 
of cereal-based weaning foods in Ni geria and Uganda (countries with warm, humid climates that 
favour Aspergillus  growth),  the risk of aflatoxin consumption in cereal -based weaning foods seems 
particularly high. Additional studies to determine the extent of contamination in popular weaning 
foods is definitely warranted.  
 
3.7. Kwashiorkor  
Aflatoxin exposure has also been suggested as a causal or aggravating factor for kwashiorkor, a 
form of protein -energy malnutrition (Ramjee et al. 1992; Tchana et al. 2010) and chronic 
hepatomegaly (Gong et al. 2012) in African  children. Because kwashiorkor reduces the capacity of 
the liver to detoxify aflatoxins, much higher aflatoxin levels have been found in the blood, urine 
and livers of children with the disease than in similar age -matched children (Hendrickse et al.  1983; 
Hendrickse 1984). 
 
The number of children suffering from kwashi orkor at hospitals in Durban , South Africa  has risen 
since 1992. These cases of kwashiorkor, marasmus (severe underweight) and underweight that 
were reported during this period correlated with findings of impaired liver function (USAID 2003). 
Researchers have suggested that aflatoxin s may play a role in the pathogenesis of kwashi orkor 
(Fapohunda 2011). However, children prone to kwashiorkor might also be prone to eating the type 
of foods which are likely to hav e higher levels of aflatoxins. The association between aflatoxin 
exposure and kwashiorkor, if any, has yet to be proven.  
 
3.8. Immunosuppression  
Research into links between aflatoxin exposure and immunosuppression is still ongoing. In a 
recent study in Ghana, higher levels of aflatoxin B 1-albumin adducts in plasma were associated 
with lower percentages of cert ain leukocyte immunop henotypes (Jiang et al. 2005). A study of 
Gambian children found an asso ciation between serum aflatoxin -albumin levels an d reduced 
salivary secretory i mmunoglobulin A  levels because of dietary levels of aflatoxin exposure. In a 
multivariable analysis, secretory i mmunoglobulin  A was markedly lower in children with 
detectable levels of aflatoxin -albumin compared to th ose with non -detectable levels (50.4 µg/mg 
prote in [ 95% CI, 48.0æ52.8] and 70.2 µg/mg protein [ 95% CI, 61.1æ79.2], respectively; p < 0.0001) 
(Turner et al. 2003).Given the high burden of infection -related mortality throughout the developing 
world, further investigation of the immune effects of aflatoxin exposure in children is merited.  
 
3.9. Links to HIV and tuberculosis  
New research has linked high aflatoxin levels to an increased risk  of developing tuberculosis in 
human immunodeficiency virus  (HIV)-positive individuals (Keenan et al. 2011). Hypotheses of the 
link between HIV infection and aflatoxin exposure suggest two p ossible routes: (1) HIV infection 
decreases the levels of antioxidant nutrients that promote the detoxification of aflatoxin or (2) the 
high degree of co-infection of HIV -infected people with hepatitis B also increase s the biological 
exposure to aflatoxin (Williams et al. 2004). However, this research  is still in its early stages and 
more work is needed to determine  whether aflatoxin consumption is correlated with tuberculosis  
infection . It is possible that poverty is associated with both tuberculosis  and eating foods 
contaminated with aflatoxins and there is no link between aflatoxins  and tuberculosis . 
 
In a study done on HIV -positive Ghanaians , hazard ratios for developing symptomatic tuberculosis 
were significantly higher for those in the highest aflatoxin -albumin quartile (hazard ratio 3.30;  95% 
CI 1.34æ8.11) compared to those in the lowest quartile . Those with the highest levels of aflatoxin -
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albumin from dietary intake have an increased hazard of symptomatic tuberculosis  but not 
malaria, hepatitis B virus  or pneumonia (Keenan et al. 2011). However , these findings were based on 
analysis of physician findings and there is no mention of whether tuberculosis , malaria, hepatitis B 
virus or pneumonia were laboratory confirmed. Additionally, the sample size of the study was 
small (n = 141) and the patients in the study were on a variety of medications, including anti -
retroviral drugs. It is possible that these drugs may have interfered with the metabolism of 
aflatoxins, influenci ng aflatoxin -albumin levels in these patients. As stated previously, there may 
be confounding factors rather than correlation between aflatoxin exposure and symptomatic 
tuberculosis . 

Another recent study concluded that the frequency of HIV transmission is positively associated 
wit h maize consumption in Africa. While the article suggested that improvements in the quality of 
maize may avoid up to 1 million  transmissions of HIV annually (Williams et al. 2010), there was no 
clear evidence to support anything mo re than a  connection between maize consumption and the 
frequency of HIV transmission. In 2010, HIV ranked as the top cause of DALYs in sub-Saharan 
Africa with  15,782,000 DALYs recorded (Ortblad et al. 2013). Further research is still needed into the 
correl ation between consumption of aflatoxin - or multiple m ycotoxin -contaminated maize and the 
frequency of HIV transmission. Once again , poverty may be a confounding factor in the association 
between maize consumption and HIV transmission.  
 
In Ghana, a study to investigate the possible interactio n of aflatoxin and HIV on 
immuno suppr ession found that  among both HIV-positive and HIV-negative participants, high 
aflatoxin -albumin was associated with lowe r perforin expression on CD8+ T -cells (p = 0.012). HIV-
positive  participants with high aflatoxin -albumin had significantly lower percentages of CD4+ T 
regulatory cells (Tregs; p = 0.009) and naive CD4+ T-cells (p = 0.029) compared to HIV-positive 
participants with low aflatoxin -albumin . In addition, HIV-positive parti cipants with high aflatoxin -
albumin had a significantly reduced percentage of B -cells (p = 0.03) compared to those with low 
aflatoxin -albumin (Jiang et al. 2008).  
 
These results suggest that high aflatoxin -albumin accentuates some HIV-associated changes and 
may facilitate HIV -associated immune hyper -activation and lead to more severe disease. However , 
there are many possible confounding issues such as poverty, burden of other diseases and 
nutritional status.  
 
In another study in Ghana, HIV -infected participants had significantly higher aflatoxin -albumin 
levels (median for HIV -positive and HIV -negative participants was 0.93 and 0.80 p mol/mg albumin, 
respectively; p < 0.01) and significantly lower levels of vitam in A (-16.94 µg/dL; p < 0.0001) and 
vitamin E ( -0.22 mg/dL; p < 0.001) (Obuseh et al. 2011). For the total study group, higher aflatoxin -
albumin was associated with significantly lower vitamin A ( -4.83 µg/dL for every 0.1 pmol/mg 
increase in aflatoxin -albumin ). People infected with h epatitis B virus had significantly lower 
vitamin A ( -5.66 µg/dL; p = 0.01). Levels of vitamin A and vitamin E were inversely associated with 
HIV viral load ( p = 0.02 for both) and low levels of vitamin E were associated with low er CD4 
counts (p = 0.004).  
 
The finding of the significant decrease in vitamin A associated with aflatoxin -albumin suggests 
that aflatoxin exposure significantly compromises the micronutrient status of people who are 
already facing overwhelming health problems, including HIV infection. However , the study did not 
control f or the consumption of foods rich in vitamin A,  such as confounding factors where p eople 
prone to eating aflatoxin -contaminated foods are also prone to not eating foods rich in vitamin A  
because of poverty.  
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4. Diagnostics 
Aflatoxins are difficult to detect because they are dangerous at very low levels and they are not 
distributed evenly in foods or feeds. Since aflatoxins cannot  be completely prevented in crops , 
regulations are needed  to prevent highly contaminated crops from entering the food chain. 
However, regulations are not enough. In Kenya , for example, where the vast majority of crop s are 
sold in  the informal market, regulations regarding aflatoxins are enforced only in the formal 
market, leaving most of the population, especially the poorest portion, unprotected. The same 
situation occurs for animal feeds, where only the formal market chain has tests imposed on them.  
Generally, the difficulty of obtaining a representative sample is  recognized as the major cause of 
insecurity in aflatoxin testing. Tests seek to find very small amounts of aflatoxins. Most standards 
are expressed in ppb. Finding one ppb of aflatoxin is the equivalent of detecting one second in 32 
years or of finding seven people in the population of the world.  
 
Another problem is that aflatoxins are often not distributed evenly throughout the material being 
sampled. As a result, repeated tests on the same cereals or nuts often give different results. Moulds 
do not  grow uniformly in crops  and therefore toxins are unevenly distributed  (Turner et al. 2009 ). 
In the case of maize and groundnuts, individual kernels and nuts, respectively, can contain very 
high levels of aflatoxins. Considering that one maize kernel can have 50 ,000 ppb, just 30 of these 
kernels would be enough to put a 50 kg bag of maize above the limits of 10 ppb. This means the 
samples have to find just one in 5000 kernels.  
 
The variability of aflatoxins in crops and the dependence on a large sample size was demonstrated  
early  (Whitaker et al. 1976; Whitaker et al. 1979). In animal feeds, where the crops are milled , there is 
increased homogeneity  but variability will still depend on how sampling, mixing and subsampling 
are done (Coker et al. 2000). 
 
Sampling errors can lead to different types of problems . False positives occur when samples are 
rejected when they are  actually safe for consumption. This leads to losses for producers and 
decreases the amount of feed available for animals and food for peo ple. The other type of problem 
is a false negative (that is, accepting a sample as safe even though it s aflatoxin level  exceeds the 
standards) ; this error exposes people and animals to co ntaminated food or feed. A number of 
protocols for sampling of commod ities for mycotoxins have been developed , with different risks 
for consumers (accepting food or feed that should have been rejected) and producers (rejecting 
food or feed that should have been accepted).  
 
For smallholders, it may be unfeasible to attain th e desired amount of animal feed for sampling and 
less may need to be taken (Pitt et al. 2012). Since milk is more homogenous, it is assumed that there 
is less variability in testing for aflatoxin M1 but this has not been proven.  However, there is also 
vari ability between different laboratories and different laboratory methods. Most methods require 
a correct ext raction and clean -up of samples and the way these are done may have effects on the 
outcome (Turner et al. 2009) . 
 
Highly reliable me thods are liquid chromatography æmass spectrometry  and high (or ultra)  
performance liquid chromatography , and these often serve as references for other methods. Total 
aflatoxins can also be measured by direct fluorescence of purified extracts. Different 
immunoassays have also been developed, such as enzyme-linked immunosorbent assays, which 
are easy and cost-effective  (Turner et al. 2009; Pitt et al. 2012). There are a number of rapid tests 
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providing a result over or under a certain limit (agristrips and dipsticks).  Table 3 summarizes the 
characteristics of different types of tests available for detecting aflatoxins.  
 
Table 3: Characteristics of different tests available for detecting aflatoxins  

 Test Cost Complexity Portable Detects < 10 ppb  Detects other mycotoxins 

LC-MS $$$ + No Yes Yes 

TLC $ ++ No Yes No 

UPLC $$ +++ No Yes No 

DF $ +++ No Yes No 

ELISA $ +++ No Yes No 

NIRS $$ + Yes No Potentially 

Agristrips and dipsticks $ ++ Yes Yes No 

Source: Modified from Harvey et al. (2013). 

Notes: ppb = parts per billion; LC-MS = liquid chromatographyɀmass spectrometry; TLC = thin-layer chromatography; UPLC = ultra performance liquid chromatography; DF = 

direct fluorescence; ELISA = enzyme-linked immunosorbent assay; NIRS = near infrared spectroscopy; $ = low cost; $$ = medium cost; $$$ = high cost; + = low complexity; ++ = 

medium complexity; +++ = high complexity 

 
While these current technologies can provide an accurate measurement of aflatoxin levels, they 
are generally expensive, have low throughput and are not readily portable. A promising technology 
is near infrared spectroscopy , an instrumental technique used to identify substances by measuring 
their absorption of in frared radiation.  
 
Because of the non-uniform distribution of aflato xins in crops, it is possible that subsequent tests 
on the same batch of cereals or oilseeds will give very different results, and there have been 
several studies to identify robust sampling protocols. Unlike analytical methods, sampling schemes 
cannot be collaboratively tested; usually a particular sampling plan is proposed, based on statistical 
consideration of the measured toxin distribution, and thereafter adopted as an official procedure.  
Due to the difficulties in assessing mycotoxin levels, it is imp ortant to have a reference system 
where local laboratories  can be accredited and ring tests performed, both within a country and in a 
region. This way , the reliability of laboratory results can be established.  
 

5. Consumption and exposure data  
The Centers for Disease Control and Prevention (CDC) estimates that 4.5 billion people in the 
developing world may be chronic ally exposed to aflatoxins in the ir  diets (CDC 2012). In Kenya, 
aflatoxin levels were analy sed in  serum samples previously collected for the 20 07 nationwide 
Acquired Immunodeficiency Syndrome ( AIDS) survey.  
 
Seventy-eight percent of the serum samples had detectable levels of aflatoxin B 1-lysine  (range = < 
limit of detection æ211 pg/mg albumin; median = 1.78 pg/mg albumin). Aflatoxin exposure did not 
vary by sex, age group, marital status, religion or socio -economic characteristics. Aflatoxin 
exposure varied by province ( p < 0.05); it was highest in Eastern (median =  7.87 pg/mg albumin) 
and Coast (median = 3.70 pg/mg albumin) provinces and lowest in Nyanza (median = < limit of 
detection ) and Rift Valley (median  = 0.70 pg/mg albumin) provinces (Yard et al. 2013).  
 
In addition to province, aflatoxin exposure was also closely related to occupation. Those engaged in 
crafts and trades  (e.g. miners, machine mechanics and food preparers ) and elementary occupations 
(e.g. street vendors, farm hands and construction/manufacturing labo urers ) had significantly 
higher aflatoxin adduct levels (p < 0.05). Aflatoxin levels were higher in urban  (median = 2.23 
pg/mg albumin) than in rural participants  (median = 1.49 pg/mg albumin; p < 0.05).  
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Participants who reported that they were sick in the past week had higher aflatoxin adduct levels 
(median = 2.29 pg/mg albumin) than did those who reported not  being sick (median  = 1.67 pg/mg 
albumin; p < 0.01). Participants seeking health care outside the home in the past three  months had 
higher aflatoxin adduct levels (median  = 2.67 pg/mg albumin) than did those not seeking health 
care outside the home (median  =1.59 pg/mg albumin; p <0.01). Participants living in a household in 
which someone (including themselves) sought outpatient care during the past four  weeks had 
higher aflatoxin adduct levels (median=3.06 pg/mg albumin) than did households with no one 
seeking outpatient care (medi an=1.61 pg/mg albumin; p < 0.01). While the causal association 
between aflatoxin exposure and illness is still be elucidated, the findings from this study suggest 
that aflatoxin exposure is widespread throughout Kenya and poses a p ublic heal th problem 
through the country.  
 
During aflatoxicosis outbreaks in Kenya in 2004, 2005 and 2010, geometric mean aflatoxin levels 
among patients with potential liver dysfunction ranged from 120 to 1200 pg/mg albumin  (Azziz-
Baumgartner et al. 2005). Although most of the participants in the above mentioned study in Kenya 
had much lower albumin levels, six participants (1%) had aflatoxin adduct levels above 120 pg/mg 
albumin. This is notable for three reasons. First, the survey was conducted in 2007 , the first year 
since 2004 that no aflatoxicosis outbreaks were report ed in Kenya . Second, maize samples 
ĬĸĵĵĮĬĽĮĭ įĻĸĶ ĚĮķłĪŚļ ĔĪļĽĮĻķ ğrovince had lower aflatoxin levels in 2007 (84% of maize samples 
contained less than 20 ppb aflatoxin ) than in 2006 (only 48% of maize samples contained less than 
20 ppb aflatoxin ). Third , this study sampled patie nts regardless of symptoms. The fact that 
extensive aflatoxin exposure was found during a relatively low -risk year suggest s that even 
during opt imal times, aflatoxin remains a persistent health threat in Kenya (Yard et al. 2013). 
Research suggests that chronic aflatoxin exposure at the levels seen in this study could stunt 
growth  (Gong et al. 2004; Khlangwiset et al. 2011) and impair immunity (Jiang et al. 2005). 
 
An estimate of the health impacts of aflatoxin in Kenya determined that the approximate  daily 
consumption of maize and peanuts is 357 and 44 grams per person , respectively. Therefore, the 
lif etime average daily dose of aflatoxin in Kenyan  adults is 5.2æ200 ng/kg  body weight per day (Wu 
et al. 2011b). The wide variance in aflatoxin exposure is probably due to the varying levels of 
consumption of commonly contaminated crops and varying aflatoxin levels throughout the 
different seasons and ye ars. The hepatitis B virus prevalence in Kenya is 11æ15%. Therefore, the 
estimated number of aflatoxin -induced liver cancer cases are between 82 and 4080 per year. The 
estimated DALYs associated with aflatoxin -induced liver cancer in Kenya are 1066æ53,040 per year 
(Wu et al. 2011b). These numbers  do not take into account occasional exposure to very high 
aflatoxin levels. Another interesting finding from this estimate is that average daily maize 
consumption  in rural areas  (624 g per person) is 1.77 times higher than that in urban areas ( 352 g 
per person), putting rural populations at a higher risk of aflatoxin exposure  (Wu et al. 2011b). 
However, this finding is in contrast to the results from a study of a similar population in Kenya 
that fou nd urban participants had higher aflatoxin -albumin levels than rural participants (Yard et 
al. 2013). 
 
In Korea, it was estimated that the probable daily intake of aflatoxin B1 fell in the range of 1.19æ5.79 
ng/kg  body weight (Park et al. 2004). This range exceeded the estimated provisional tolerable daily 
intakes in Korea. Rice is the major contributor to the dietary intake of aflatoxin B1 in Korea. 
 
In China, the mean estimated daily aflatoxin B1 intakes were 0.218æ0.222 ng/kg  body weight  for 
children and 0.106æ1.08 ng/kg body weight  for adults  (Ding et al. 2012). The risk of liver cancer was 
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estimated at 0.003æ0.17 cancer cases per year per 100,000 people and 24.7æ1273 margins of 
exposure value s. 
 
The traditional diet in most countries of sub-Saharan Africa is predominant ly cereals (rice, maize, 
millet and  sorghum)  and tubers  (cassava, yam and cocoyam). A recent report found acutely toxic 
aflatoxin levels of 30,000 ppb in boiled groundnut s and 24,000 ppb in roasted groundnuts in Lagos, 
Nigeria (Thomas et al. 2003). During the 2004 aflatoxicosis outbreak in Kenya, aflatoxin levels in 
maize products in markets of affected areas varied from 1 æ46,400 ppb, with over  20 ppb in 55% of 
maize products , over  100 ppb in 35% and over  1000 ppb in 7% (Lewis et al. 2005). The mean 
aflatoxin levels in  maize from the households of those affected by aflatoxicosis was 354.5 ppb 
compared to 44.1 ppb in control households (Azziz-Baumgartner et al. 2005). Multiple studies in 
sub-Saharan Africa have shown widespread exposure (Gong et al. 2002; Gong et al. 2003; Cardwell 
and Hendy 2004; Gong et al. 2004; Egal et al. 2005; Jolly et al. 2006; Jolly et al. 2007; Polychronaki et 
al. 2008; Khlangwiset et al. 2011) in addition to high levels of contamination in staple crops and milk 
(Lewis et al. 2005; Muture and Ogana 2005; Urio et al. 2006; Atanda et al. 2007; Atehnkeng et al. 
2008a; Mwihia et al. 2008; Kang'ethe and Lang'a 2009; Mutegi et al. 2009; Elzupir and Elhussein 
2010; Daniel et al. 2011; Kamika and Takoy 2011; Ezekiel et al. <:;<" ĝĭľķİŚľet al. 2013; Wagacha et 
al. 2013). Table 4 lists the studies in published literature of aflatoxin consumption and exposure .
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Table 4: Literature review of aflatoxin consumption and exposure data  

Country or region Commodity Amount Population Aflatoxin M1 intake Aflatoxin B1 

levels (urine) 

Aflatoxin exposure Aflatoxin-

albumin levels 

(serum) 

Source 

Africa Milk   0.1 ng/person per day    WHO (2002) 

Africa Milk 0.04 kg/day      Prandini et al. (2009) 

Benin and Togo   Children (9 months to 5 

years) 

   32.8 pg/mg Gong et al. (2003)  

Benin, February   Children (16ɀ37 months)    37.4 pg/mg Gong et al. (2004) 

Benin, June   Children (16ɀ37 months)    38.7 pg/mg Gong et al. (2004) 

Benin, October   Children (16ɀ37 months)    86.8 pg/mg Gong et al. (2004) 

Brazil Beans  Adults   1.58 ng/kg b.w. per day  Jager et al. (2013) 

Brazil Milk  Adults 0.1 ng/kg b.w. per day    Jager et al. (2013) 

Brazil Milk  Children 1 ng/kg b.w. per day    Shundo et al. (2009) 

Brazil Milk  Adults 0.188 ng/kg b.w. per day    Shundo et al. (2009) 

Brazil Peanuts  Adults   1.56 ng/kg b.w. per day  Jager et al. (2013) 

Cameroon   Children, partially weaned 

(1.5ɀ4.5 years) 

 1.43 ng/ml   Ediage et al. (2013) 

Cameroon   Children, fully weaned 

(1.5ɀ4.5 years) 

 2.82 ng/ml   Ediage et al. (2013) 

China (southern 

Guangxi) 

Market samples  Adults   6.5ɀ53 ng/kg b.w. per day (aflatoxin B1)  Shank et al. (1972) 

Egypt   Children, 1ɀ2.5 years  13.2 pg/ml   Polychronaki et al. (2008) 

Egypt Maternal breast 

milk 

 Infants 52.684 ng/day    El-Tras et al. (2011) 

Europe Milk   6.8 ng/person per day    WHO (2002) 

Europe Milk 0.29 kg/day  0.11 kg b.w./day    Prandini et al. (2009) 

Far East Milk   12 ng/person per day    WHO (2002) 

Far East Milk 0.03 kg/day  0.2 kg b.w./day    Prandini et al. (2009) 

France   Children   0.323ɀ0.89 ng/kg b.w. per day   

France Core foods  Children   0.001ɀ0.01 ng/kg b.w. per day  Sirot et al. (2013) 

France Total diet study  Children   0.323ɀ0.89 ng/kg b.w. per day  Leblanc et al. (2005) 

Gambia   Children (6ɀ9 years)    22.3 pg/mg Turner et al. (2003) 

Gambia   Infants (> 1 year)    8.7 pg/mg Turner et al. (2007) 
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Gambia   Adults   1.4 µg/day  Wild et al. (1992) 

Gambia   Adults (18ɀ70 years)    19.3 mg/pg Miele et al. (1996) 

Ghana   Adults    0.89 mg/pg Jolly et al. (2006) 

Ghana   Adults, HIV-negative    0.9 pmol/mg Obuseh et al. (2011) 

Ghana   Adults, HIV-positive    1.1 pmol/mg Obuseh et al. (2011) 

Ghana   Pregnant women    5 pg/mg Shuaib et al. (2012) 

Ghana   Pregnant women    10.9 pg/mg Shuaib et al. (2010a) 

Ghana Groundnuts 0.15 kg/week Millers     Jolly et al. (2008) 

Ghana Groundnuts 0.42 kg/week Consumers     Jolly et al. (2008) 

Ghana Groundnuts 0.50 kg/week Processors     Jolly et al. (2008) 

Ghana Groundnuts 0.63 kg/week Retailers     Jolly et al. (2008) 

Ghana Groundnuts 0.93 kg/week Farmers     Jolly et al. (2008) 

Ghana Groundnuts 0.94 kg/week Poultry     Jolly et al. (2008) 

Ghana Groundnuts 35 kg/year Per capita     Jolly et al. (2008) 

Greece Breakfast cereals  Children   0.07ɀ10.75 ng/kg b.w. per day  Villa and Markaki (2009) 

Guinea   Children, 2ɀ4 years  26.6 pg/ml   Polychronaki et al. (2008) 

Japan Total diet study  Young children   0.006ɀ0.007 ng/kg b.w. per week  Kumagai et al. (2008) 

Japan Total diet study  Older children   0.005ɀ0.006 ng/kg b.w. per week  Kumagai et al. (2008) 

Japan Total diet study  Young children 0.013ɀ0.014 ng/kg b.w. per week    Sugita-Konishi et al. (2010) 

Japan Total diet study  Older children 0.011ɀ0.12 ng/kg b.w. per week    Sugita-Konishi et al. (2010) 

Kenya       8.4 pg/mg  Jones et al. (2001) 

Kenya Maize 400 g/day Per capita     Muriuki and Siboe (1995) 

Kenya Overall (range of 

< limit of 

detection to 211 

pg/mg) 

     7.87 pg/mg Yard et al. (2013) 

Kenya Uncooked food 

samples from the 

home 

 Adults   3.5ɀ14.8 ng/kg per day  Peers and Linsell (1973) 

Korea Rice     1.19ɀ5.79 ng/kg b.w. per day (aflatoxin B1)  Park et al. (2004) 

Latin America Milk   3.5 ng/person per day    WHO (2002) 

Latin America Milk 0.16 kg/day  0.06 kg b.w. per day    Prandini et al. (2009) 

Middle East Milk   0.7 ng/person per day    WHO (2002) 

Middle East Milk 0.12 kg/day  0.1 kg b.w. per day    Prandini et al. (2009) 

Mozambique Samples cooked 

at home 

 Adults   38.6ɀ183.7 ng/kg per day (aflatoxin B1)  Van Rensburg et al. (1985) 
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Netherlands   Children   0.02ɀ0.44 ng/kg b.w. per day  Bakker et al. (2009) 

Nigeria Cereals 138 kg/year Per capita     Bandyopadhyay et al. (2007) 

Spain Infant formula  Infants   0.08ɀ37.47 ng/kg b.w. per day  Hernández-Martínez and 

Navarro-Blasco (2010) 

Spain (Catalonia) Total diet study  Adolescents 

 

  0.19ɀ1.31 ng/kg b.w. per week  Cano-Sancho et al. (2013) 

Spain (Catalonia) Total diet study  Children   0.03ɀ0.34 ng/kg b.w. per week  Cano-Sancho et al. (2013) 

Swaziland Uncooked food 

samples from the 

home 

 Adults   5.1ɀ43.1 ng/kg per day (aflatoxin B1)  Linsell and Peers (1977) 

Swaziland Uncooked food 

samples from the 

home 

 Adults   11.4ɀ159 ng/kg per day (aflatoxin B1)  Peers et al. (1987) 

Taiwan   Adults, liver cancer positive    56.5 pmol/mg Wu et al. (2009) 

Taiwan   Adults, liver cancer negative    59.8 pmol/mg Wu et al. (2009) 

Thailand Samples of 

cooked food 

 Adults   6.5ɀ53 ng/kg per day (aflatoxin B1)  Shank et al. (1972) 

Transkei Samples cooked 

at home 

 Adults   16.5 ng/kg per day (aflatoxin B1)  Van Rensburg et al. (1985) 

Note: b.w. = body weight 
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6. Prevalence maps 
To better visualize the prevalence of aflatoxins globally and to identify gaps in prevalence data, a 
literature review of 23 databases of aflatoxin prevalence studies was undertaken. The data from 
these prevalence studies were compiled by region and commod ity. The resulting spreadsheets 
were converted into risk maps.  
 
6.1. Maize 
A total of 89 studies from 2000 to 2014 in maize and maize products were mapped.  Maize samples 
in East Africa contain aflatoxin at levels that are consistently well above limits, as  evidenced by the 
number of studies with maize samples containing aflatoxins above 10,000 ppb (Figure 5). To get a 
better picture of the situation in  sub-Saharan Africa, the studies in th is region were mapped 
separately (Figure 6). As would be expected, there were a number of surveys in Kenya, particularly 
in the eastern part of the country,  where recorded acute aflatoxicosis cases have occurred. Several 
studies also highlighted highly contaminated maize in West Africa . Perhaps most telling for this 
mapping exercise is the lack of prevalence studies throughout much of sub -Saharan Africa. Given 
the favo urable environmental conditions and the public health implications, it seems that many 
countries in the region are unaware of the magnitude of the aflatoxin pr oblem. 
 

 
Figure 5: Aflatoxin range  in maize samples. 
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Figure 6: Aflatoxin range in maize samples from sub-Saharan Africa . 
 
6.2. Groundnuts  
In groundnuts and groundnut -based snacks, 66 surveys from 2000 to 20014 were mapped. While 
there were fewer groundnut surveys, the surveys are more geographically dispersed (Figure 7). 
Because groundnuts are a significant source of protein through out  sub-Saharan Africa , this area 
was mapped separately (Figur e 8). 
 

 
Figure 7: Aflatoxin range in groundnut samples . 
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Figure 8: Aflatoxin range in groundnut  samples surveyed in sub -Saharan Africa .  
 
While fewer groundnut studies than maize have been done in East and West Africa, the maps 
highlight that surveys have found high levels of aflatoxin contamination in groundnuts sampled. 
There are definite gaps in prevalence throughout the region, emphasizing a need for further 
research. 
 
6.3. Milk  
A total of 135 survey s from 2000 to 2014 were mapped for milk (raw, pasteurized and ultra -heat 
treatedé Ğķĵł ļľĻĿĮłļ ĭĸķĮ ĸķ ĬĸŀŚļ milk were included in this map (Figure 9). A number of 
studies have been done on milk in eastern Europe. Some of this is a result of trade with t he 
European Union and the need to comply with their aflatoxin standards. Additionally, the formal 
trade in milk in this area better lends itself to survey s for consumer safety.  
 
A few studies have  been done in sub-Saharan Africa where t he vast majority of milk is informally 
traded . As such, testing is harder and awareness of the risk of aflatoxins in milk very low. 
However, several surveys have found samples containing aflatoxins at levels well above national 
and regional standards. This is particularly tro ubling for infants and children who consume more 
milk and hence are more susceptible to the adverse health effects associated with chronic aflatoxin 
exposure. 
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Figure 9: Aflatoxin range in milk samples . 
 
6.4. Other commodities  
In addition to maize, groundnuts and milk, there are many other commodities in sub-Saharan 
Africa  that have been analysed for aflatoxin contamination. The  results of the se studies are 
summarized in Table 5.  
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Table 5: Literature review of aflatoxin prevalence in other commodities  
Commodity Aflatoxin B1 (ppb) Total aflatoxin (ppb) % of samples 

with over 20 

ppb aflatoxin 

Country/region Study 

Range Median Range Median 

Barley   0.6ɀ0.8   Tunisia Ghali et al. (2010) 

Barley  1.6ɀ5 18.4 3.5ɀ11.5 7.0  Tunisia Ghali et al. (2008) 

Barley Traceɀ11.7 3.8   1.7 Ethiopia Ayalew et al. (2006) 

Beans   0.2ɀ6.2 2.4  Cameroon Njobeh et al. (2010) 

Breadfruit 40.06ɀ48.59 45.37    Nigeria Odoemelam and Osu (2009) 

Cassava-based street-vended snack 0     Nigeria Rubert et al. (2013) 

Cassava chips 0     Benin Gnonlonfin et al. (2008) 

Cassava chips 5.2ɀ14.5     Cameroon Essono et al. (2009) 

Coconut-based street-vended snack 0ɀ23 23    Nigeria Rubert et al. (2013) 

Cottonseed oil (refined) 0.2ɀ0.8     Sudan Idris et al. (2010) 

Cowpea   3.58    Benin Houssou et al. (2009) 

Dried baobab leaves 0     Benin, Mali, Togo Hell et al. (2009) 

Dried fruit 0.7ɀ50 6.4 1.5ɀ45 9.7  Tunisia Ghali et al. (2008) 

Dried fruit   0.13ɀ40.6   Tunisia Ghali et al. (2010) 

Dried hot chilies 0ɀ6     Benin, Mali, Togo Hell et al. (2009) 

Dried okra 0ɀ3.2     Benin, Mali, Togo Hell et al. (2009) 

Dried onion leaves 0     Benin, Mali, Togo Hell et al. (2009) 

Dried tomatoes 0     Benin, Mali, Togo Hell et al. (2009) 

Garri (cassava-based food)   0.12ɀ5.71   Nigeria Ogiehor et al. (2007) 

Ground red pepper 250ɀ525     Ethiopia Fufa and Urga (1996) 

Guinea corn 27.22ɀ36.13 30.53    Nigeria Odoemelam and Osu (2009) 

Hazelnut   25ɀ175   Egypt Abdel-Hafez and Saber (1993) 

Hazelnut   15ɀ25   Egypt Abdel-Hafez and Saber (1993) 

Melon seeds (shelled) 0     Benin, Mali, Togo Hell et al. (2009) 

Millet   2.6ɀ8.1 4.4  West Africa Bandyopadhyay et al. (2007) 

Millet 0ɀ260     Kenya, Malawi Kenji et al. (2000) 

Millet 34-40.3 37.52    Nigeria Odoemelam and Osu (2009) 

Rice   0   Tunisia Ghali et al. (2010) 

Rice 0  2ɀ7.5 4.7  Tunisia Ghali et al. (2008) 

Rice 0ɀ1642 200.19    Nigeria Makun et al. (2007) 

Rice 4.1ɀ309 37.2 27.7ɀ371.9 82.5  Nigeria Makun et al. (2011) 

Sesame oil (unrefined) 0.2ɀ0.8     Sudan Idris et al. (2010) 

Sesame seeds 0ɀ25     Nigeria Mbah and Akueshi (2009) 

Sorghum   1.8ɀ90 5.0 5 West Africa Bandyopadhyay et al. (2007) 

Soybeans   0.2ɀ3.9 2.1  Cameroon Njobeh et al. (2010) 

Spices   0.92ɀ17.1   Tunisia Ghali et al. (2010) 

Spices 0     Ghana Ahene et al. (2011) 

Spices 1.7ɀ38.9 11.3 3.6ɀ87.4 28.5  Tunisia Ghali et al. (2008) 

Teff Traceɀ15.6 5.1   5.7 Ethiopia Ayalew et al. (2006) 

Traditional herbal remedies   0   South Africa Katerere et al. (2008) 

Wheat   0.15ɀ18.6   Tunisia Ghali et al. (2010) 

Wheat 1.1ɀ3.4 2.2 4.0ɀ12.9 6.7  Tunisia Ghali et al. (2008) 

Wheat 17.01ɀ36.13 19    Nigeria Odoemelam and Osu (2009) 

Wheat Traceɀ12.3 8.7   1.7 Ethiopia Ayalew et al. (2006) 

Yam chips   5ɀ27   Nigeria Jimoh and Kolapo (2008) 

Yam chips 0     Benin Gnonlonfin et al. (2008) 

Yam flour 0ɀ3.2     Nigeria Somorin et al. (2012) 

 

7. Impact of aflatoxins  
A recent assessment concluded that 4.5 billion people in the developing world are chronically 
exposed to uncontrolled amounts of aflatoxin s (CIMMYT 2004). There is ample evidence that 
inhabitants of sub -Saharan Africa are experiencing heavy dietary exposure to food -borne 
mycotoxins, particularly aflatoxins and fumonisins. According to Miller (1995), 40% of the 
productivity lost to diseases in developing countries is due to diseases exacerbated by aflatoxins. 
Regrettably, many of the people in the region are not even aware of the effect of consuming 
mouldy products (Wagacha and Muthomi 2008) . Due to low literacy levels and other socio-
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economic factors, even if steps were taken to make food products safe, consumers might be unable 
or unwilling to pay extra costs and may still prefer to buy the cheap commodities (Wagacha and 
Muthomi 2008) . Besides the direct health risks and premature deaths in Africa, aflatoxin 
contamination has wide ranging impacts on trade , food safety and food security throughout Africa. 
(Wu 2004; Fellinger 2006; MRC 2006). 
 
7.1. Aflatoxins in animals and animal -source foods  
No animal species is completely resistant to the acute toxic effects of aflatoxins. However, animal 
species respond differently in their susceptibility to chronic and acute toxicity of aflatoxins ( Figure 
10). For most species, the aflatoxin  median lethal dose  (the dose required to kill 50%  of a population 
of test animals) ranges from 500 to 10,000 µg/kg body weight. Toxicity is influenced by 
enviro nmental factors, exposure level and  duration of exposure , besides age, health and nutritional 
status of diet  (Wagacha and Muthomi 2008) . Foetuses are very susceptible to even low levels  of 
aflatoxins , and young and fast -growing animals are more affected than adults. Some studies report  
that m ales are more susceptible than females (Cassel et al. 2012; Grace 2013). Aflatoxin residues can 
be found in eggs, milk and meat of animals following consumption o f contaminated feeds (Reddy et 
al. 2010). 
 

 
Source: Pitt et al. (2012); Grace (2013). 

Note: DNA = deoxyribonucleic acid. 
Figure 10: Expected toxic effects, species sensitivity and potentially useful biomarkers of aflatoxins in farm 
animals . 
 
The first recorded case  of aflatoxicosis in animals was  responsible for the deaths of over 100,000 
turkeys in the United Kingdom in 1960. This new disease was called řTurkey XŚ until the aetiological 
cause was discovered and linked to consum ption of aflatoxins in the feed. Mortality is also 
documented in ducks, chickens, pheasant, calves and pigs. In the United States of America  and 
elsewhere, field outbreaks causing mortality have been well documented in turkeys, laying he ns, 
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pigs, cattle, rainbow trout  and dogs. In the case of poultry, pigs and farm -raised trout, large 
numbers of animals were involved.  
 
Acute toxicity is easily recognized, but the more subtle effects are probably of greater concern to 
farmers. Chronic consumption of aflatoxi ns at lower levels can cause liver damage, gastrointestinal 
dysfunction, decreased appetite, decreased reproductive function, decreased growth and 
decreased production. In addition, immuno suppression results in greater susceptibility to other 
diseases. Adverse impacts are more severe where there is co -contamination with other mycotoxins 
(Pitt et al. 2012; Grace 2013). 
 
In turkeys, a sensitive species, reduced weight gain is seen at a dose of 125 µg/kg diet, impaired 
immune response and increased mortality a t 250 µg/kg and acute mortality at 500µg/kg. A similar 
relative doseæresponse occurs in pigs but at higher levels of exposure because they are less 
affected by aflatoxins. In cattle and chickens, much higher levels are required to induce a decrease  
in perf ormance and in chickens,  impaired immune response can occur at levels that have no effect 
on the growth rate  (Pitt et al. 2012). 
 

7.1.1. Aflatoxins in animal feeds 
Aflatoxins occur in many animal feed concentrat es including cereal grains, soy bean products,  oil 
cakes (from groundnuts, cottons eed, sunflower, palm and copra)  Īķĭ įĲļıĶĮĪĵ đĻĮŀĮĻļŚ İĻĪĲķļ! Ī
by-product of the manufacture  of cereal-based alcoholic drinks, can also be contaminated with 
aflatoxins (Odhav and Naicker 2002). Pasture, hay, straw and silage are more prone to 
contamination with other types of mycotoxins besides aflatoxins (Grace 2013). Poorly stored 
homemade dairy concentrates are suspected as the main source of aflatoxin exposure to livestock 
on smallholder farms in Kenya (Lanyasunya et al. 2005). Little is known about aflatoxin levels in 
animal feeds in sub -Saharan Africa. Surveys of animal feeds from 2 000 to 2014 were mapped 
(Figure 11). There are issues of aflatoxin contamination in animal feed due to the use of ingredients 
prone to contamination. However, given the small number of surveys , it is hard to  quantify the 
scale and impact. Further work undertaken by the International Livestock Research Institute on 
behalf of the East African Community to determine the current situation of aflatoxin regulations in 
animal feed in East Africa is to be published in  late 2014. 
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Figure 11: Aflatoxin range in animal feed samples . 
 
In general, livestock in intensive systems are at higher risk of dietary exposure to aflatoxins than 
animals in extensive systems due to the greater use of concentrates containing products 
susceptible to aflatoxin contamination in intensive systems. Worldwide, a high and increasing 
proportion of dairy cattle, poultry and swine are kept in intensive systems; aflatoxins are thus 
likely to be an increasing problem (Grace 2013). 
 
Chronic aflatoxicosis probably has greater economic impacts than acute disease. Numerous studies 
show a worsening in feed conversion rations, a decrease in average daily gain and a decrease in 
body weight for animals experimentally fed aflatoxins ( Table 6). Additional losses occur to the 
livestock sector if grain and feed do not meet the standards for animal feed. Moreover, the 
nutritive value of grains and cereals i s reduced by contamination with the mo uld that produces 
aflatoxins. Economic loss also occurs if livestock and fish products do not comply with the 
standards for aflatoxins in human foods (Grace 2013). 
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Table 6: Animal studies o n the effect of aflatoxin exposure on animal growth  
Animal Aflatoxin dose and duration of experiment Results Study 

Pigs (n = 50) 0 (A), 0.2 (B), 0.7 (C), 1.1. (D) mg/kg feed 

for 16 weeks 

No significant difference in body weight between groups. Increase 

in FCR (4.53 [A], 4.55 [B], 4.67 [C], 4.76 [D]) (p < 0.05) 

Armbrecht et al. (1971) 

Pigs (n = 60) 0 (A), 1.0 (B), 2.0 (C), 4.0 (D) mg/kg feed 

for 13 weeks 

Increase in FCR (3.14 [A], 3.82 [B], 4.13 [C], NA [D]) (p < 0.001) Armbrecht et al. (1971) 

Pigs, weanlings (n = 110) < 2 (A), < 8 (B), 51 (C), 105 (D), 233 (E) 

µg/kg feed for 120 days 

No significant effect on weight gain or feed conversion Keyl and Booth (1971) 

Pigs, weanlings (n = 110) < 6 (A), 450 (B), 615 (C), 810 (D) µg/kg 

feed for 120 days 

Decrease in ADG at 615 and 810 µg/kg feed (0.71 kg [A], 0.60 kg 

[C], 0.47 kg [D]) (p < 0.05) 

Keyl and Booth (1971) 

Pigs (n = 32; 8 for each of 

4 groups of pigs) 

20 (A), 385 (B), 750 (C), 1480 (D) µg/kg 

(control: 20 µg/kg group) 

Decrease in ADG (dose-related) (0.77 kg [A], 0.67 kg [B], 0.57 kg 

[C], 0.41 kg [D]) and ADFI (2.87 kg [A], 2.53 kg [B], 2.15 kg [C], 

1.61 kg [D]) (p < 0.05). Increase in FCR in the 1480 µg/kg group 

(3.74 [A], 3.97 [D]) (p < 0.05) 

Southern and Clawson (1979) 

Pigs, 5ɀ6 weeks old (n = 

30; 10 each in control, 

300 and 500 µg/kg 

groups) 

0, 300 and 500 µg/kg feed for 10 weeks Decrease in weight gain in both aflatoxin-treated groups up to 2 kg 

in 10-week period and feed consumption in high-dose group 

compared with controls (p < 0.01) 

Panangala et al. (1986) 

Pigs, weanlings (n = 90) 0 (A), 420 (B), 840 (C) µg/kg for 49 days Decrease in ADG (0.52 kg [A], 0.46 kg [B], 0.28 kg [C]) and ADFI 

(1.13 kg [A], 0.95 kg [B], 0.67 kg [C]). Increase in FCR (1.72 [A], 

1.92 [B], 2.70 [C]) (linear p < 0.01 and quadratic p < 0.05) 

Lindemann et al. (1993) 

Pigs, weanlings (n = 63) 0 (A), 800 (B) µg/kg feed for 42 days Decrease in ADG (0.64 kg [A],0 .41 kg [B]) and ADFI (1.32 kg [A], 

0.82 kg [B]) 

Lindemann et al. (1993) 

Pigs, weanlings (n = 96) 0 (A), 992 (B) µg/kg feed for 6 weeks Decrease in ADG (0.505 kg [A], 0.392 kg [B]) and ADFI (1.1 kg [A]), 

0.88 kg [B]) (p < 0.01) 

Schell et al. (1993a) 

Pigs, weaned (n = 54) 0 (A), 880 (B) µg/kg feed for 4 weeks Decrease in ADG (0.64 kg [A], 0.48 kg [B]) (p < 0.05) and ADFI 

(1.32 kg [A], 1.0 kg [B]) (p < 0.05). Increase in FCR (2.08 [A], 2.43 

[B]) (p < 0.05) 

Schell et al. (1993b) 

Pigs, weaned (n = 81) 0 (A), 500 (B) µg/kg feed for 5 weeks Decrease in ADG (0.66 kg [A], 0.46 kg [B]) and AFDI (1.41 kg [A], 

0.97 kg [B]) (p < 0.05) 

Schell et al. (1993b) 

Pigs, weaned (n = 63) 0 (A), 800 (B) µg/kg feed for 4 weeks Decrease in ADG (0.63 kg [A]), 0.52 kg [B]) (p < 0.05) and ADFI 

(1.29 kg [A], < 1.02 kg [B]) (p < 0.01) 

Schell et al. (1993b) 

Pigs, growing barrow (n = 

40) 

0 (A), 3 (B) mg/kg feed for 28 days Decrease in weight gain (19.1 ± 0.73 kg [A], 10.7 ± 1.06 kg [B]) (p < 

0.05) 

Harvey et al. (1994) 

Pigs (n = 27) 0 (A), 2.5 (B) mg aflatoxin/kg feed, 2.5 mg 

aflatoxin/kg feed + 2400 IU tocopherol (C) 

for 32 days 

Decrease in body weight (38.4 ± 3.9 kg [A], 22.0 ± 2.0 kg [B], 23.5 

± 3.0 kg [C]) and feed consumption (138 ± 20 kg [A], 41 ± 4.5 kg 

[B], 45 ± 2.0 kg [C]) (p < 0.05) 

Harvey et al. (1995a) 

Pigs (n = 18) 0 (A), 2.5 (B) mg aflatoxin/kg, 2.5 mg 

aflatoxin + 100 mg fumonisin B1/kg feed 

(C) for 35 days 

Decrease in body weight (49.2 kg [A], 33.2 kg [B], 23.9 kg [C]), 

weight gain (31.6 kg [A], 15.8 kg [B], 6.3 kg [C]) and feed 

consumption per pen (153.7 kg [A], 89.0 kg [B], 42.7 kg [C]) 

Harvey et al. (1995b) 

Pigs, 4-week-old weaned 

(n = 36) 

0 (A), 240 (B), 480 (C) µg/kg feed for 30 

days 

Decrease in ADG (489 ± 18 g [A], 453 ± 12 g [B], 326 ± 17 g [C]) (p 

< 0.05) 

Marin et al. (2002) 

Piglets, 7 weeks old (n = 

15) 

0 (A), 2.0 mg aflatoxin (B), 2.0 mg 

ochratoxin (C), 2.0 mg aflatoxin + 2.0 mg 

ochratoxin (D) per kg feed for 28 days 

Decrease in body weight gain in all aflatoxin-treated groups (18.2 ± 

0.9 kg [A], 13.5 ± 0.8 kg [B], 13.8 ± 1.0 kg [C], 8.8 ± 0.9 kg [D]) (p < 

0.05) 

Harvey et al. (1989) 

2- to 3-year-old sows and 

their piglets (n = 24) 

0 (A), 800 µg/kg aflatoxin G1 (B), 800 

µg/kg aflatoxin B1 (C), 800 µg/kg aflatoxin 

G1 + 800 µg/kg aflatoxin B1 (D) for 60 days 

of pregnancy to 28 days lactation 

Decrease in pigletsɅ body weight in aflatoxin B1-treated group but 

not in aflatoxin G1-treated group: 6.51 ± 0.42 g (A), 5.66 ± 0.39 g 

(B), 5.32 ± 0.63 g (C), 5.25 ± 0.44 g (D); p < 0.05 and p < 0.005 for 

C and D, respectively 

Mocchegiani et al. (1998) 

Steers, young cross-bred 

(n = 50) 

0 (A), 100 (B), 300 (C), 700 (D), 1000 

µg/kg feed for 133 days 

Decrease in ADG at 700 and 1000 µg/kg (p < 0.01) (1.14 kg [A], 

0.86 kg [D], 0.79 kg [E]). Increase in FCR at 700 and 1000 µg/kg (p 

< 0.01) (5.7 [A], 6.4 [D], 6.6 [E]) 

Keyl and Booth (1971) 

Chickens (n = 900) 0 (A), 0.3 (B), 1.25 (C), 2.0 (D) mg/kg for 

28 days 

Decrease in body weight and food intake. Increase in FCR (p < 

0.001) 

Bryden et al. (1979) 

Broiler chicks (n = 40ɀ48) 0 (A), 5 (B) mg/kg feed, exercise (C), 5 

mg/kg feed + exercise (D) for 24 days 

Decrease in body weight in aflatoxin-treated group which can be 

partially improved by exercise (557.6 ± 9.3 g [A], 542.7 ± 9.0 g [B], 

366.8 ± 7.4 g [C], 412.5 ± 7.4 g [D]). Increase in FCR in aflatoxin-

treated group (1.54 [A], 1.89 [C]) 

Randall and Bird (1979) 

Layer chicks (n = 40ɀ48) 0 (A), 5 (B) mg/kg feed, exercise (C), 5 

mg/kg feed + exercise (D) for 33 days 

Decrease in body weight in aflatoxin-treated group which can be 

partially improved by exercise (469.5 ± 9.9 g [B], 370.8 ± 20.2 g 

[C], 384.1 ± 14.4 g [D]). Increase in FCR in aflatoxin-treated group 

(1.59 [A], 1.75 [C]) 

Randall and Bird (1979) 
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Broiler chicks (n = 40ɀ48) 0 (A), 5 (B) mg/kg feed, exercise (C), 5 

mg/kg feed + exercise (D)  

Decrease in body weight in aflatoxin-treated group which can be 

partially improved by exercise (510.5 ± 12.5 g [A], 502.0 ± 12.0 g 

[B], 414.9 ± 19.8 g [C], 434.0 ± 8.1 g [D]). No change in FCR 

Randall and Bird (1979) 

Broiler chickens (n = 75) 0 (A), 0.075 (B), 0.225 (C), 0.675 (D) 

mg/kg feed for 7 weeks 

Decrease in body weight in all aflatoxin-treated groups (2256 ± 21 

g [A], 2098 ± 26 g [B], 1989 ± 20 g [C], 2047 ± 24 g [D])(p < 0.05) 

Doerr et al. (1983) 

Broiler chickens (n = 75) 0 (A), 0.3 (B), 0.9 (C), 2.7 (D) mg/kg in 

feed for 7 weeks 

Decrease in body weight in group D only (2024 ± 30 g [A], 1671 ± 

36 g [D]) (p < 0.05) 

Doerr et al. (1983) 

1-day-old broilers (n = 

70) 

0 (A), 0.625 (B), 1.25 (C), 2.5 (D), 5.0 (E), 

10.0 (F) mg/kg in feed for 3 weeks 

Aflatoxin dose-related decrease in body weight in groups D, E and 

F (511 ± 32 g [A], 463 ± 16 g [D], 386 ± 25 g [E], 286 ± 13 g [F]) 

and feed consumption (851 ± 52 g [A], 773 ± 50 g [D], 703 ± 55 g 

[E], 734 ± 14 g [F]) (p < 0.05) 

Huff (1980) 

1-day-old broiler chicks 

(n = 48) 

0 (A), 5 (B) mg/kg of feed aflatoxin B1 in 

feed for 3 weeks 

Decrease in weight gain (866 ± 12.7 g [A], 699 ± 38.5 g [B]) (p < 

0.05) and feed intake (1369 ± 45.7 g [A], 957 ± 183.5 g [B]) (p < 

0.05). No change in FCR. 

Pimpukdee et al. (2004) 

14-day-old broiler chicks 

(n = 200) 

0 (A), 100 (B), 200 (C), 400 (D), 800 (E) 

µg/kg aflatoxin B1 for 35 days 

No significant difference in weight gain (p < 0.05). Increase in FCR 

at dose E (2.02 [A], 2.11 [E]) 

Giambrone et al. (1985) 

Male broiler chicks (n = 

180) 

0 (A), 2.5 (B) mg/kg aflatoxin, 2.5 mg/kg 

aflatoxin + 16 mg/kg of deoxynivalenol (C) 

for 3 weeks 

Decrease in body weight (626 ± 11 g [A], 521 ± 12 g [B], 488 ± 9 g 

[C]), weight gain (490 ± 10 g [A], 397 ± 10 g [B], 365 ± 8 g [C]) and 

protein serum (2.9 ± 0.1 g/100 ml [A], 2.0 ± 0.1 g/100 ml [B], 2.1 

± 0.1 g/100 ml [C]) (p < 0.05) 

Huff et al. (1986) 

105-day-old cockerels 

(n=120) 

0 (A), 2.5 (B), 5.0 (C),10.0 (D) mg/kg in 

feed for 4 weeks 

Aflatoxin dose-related decrease in body weight (p > 0.05) (1.85 ± 

0.03 g [A], 1.57 ± 0.05 g [B], 1.51 ± 0.04 g [C], 1.47 ± 0.03 g [D]) 

Shukla and Pachauri (1985) 

1-day-old broilers and 

layer chicks (n = 40 each) 

0 (A),1 (B), 4(C) mg/kg in feed for 4 weeks Aflatoxin dose-dependent decrease in body weight (p < 0.05). 

Broiler chicks: 332 ± 17.81 g (A), 254 ± 14.35 g (B), 239 ± 13.5 g 

(C). Layer chicks: 158 ± 3.6 g (A), 139 ± 4.41 g (B), 126 ± 5.82 g (C) 

Ram et al. (1988) 

1-day-old broiler chicks 

(n = 40) 

0 (A), 0.5 (B) mg/kg in feed for 32 days Decrease in body weight (246.32 ± 2.14 g [A], 140.79 ± 1.31 g [B]), 

percentage weight gain (100% [A], 57% [B]) and total feed 

consumption (691.0 g [A], 590.0 g [B]) (p < 0.01) 

Prabaharan et al. (1999) 

14-day-old turkeys (n = 

200) 

0 (A), 100 (B), 200 (C), 400 (D), 800 (E) 

µg/kg aflatoxin B1 for 35 days 

Decrease in percentage weight gain at dose D and higher (averaged 

5-week percentage weight gain: 48.2% [A], 33.2% [D], 19.7% [E]). 

Increase in FCR at the two highest doses (FCR averaged in 5 weeks: 

1.81 [A], 1.89 [D], 2.28 [E]) (p < 0.05) 

Giambrone et al. (1985) 

Channel catfish (n = 450) 0, 100, 404, 2154 or 10,000 µg/kg for 10 

weeks 

Decrease in weight gain in the 10,000 µg/kg group by 24% 

compared to the control (p < 0.05). Weight gain per fish in the 

highest dosed group = 60 g compared to 80 g/fish in the control. 

Jantrarotai and Lovell (1990) 

Nile tilapia (n = 160) 0 (A), 0.94 (B), 1.88 (C), 0.375 (D), 0.752 

(E), 1.50 (F), 3.0 (G) mg/kg diet for 25 

days following with basal diet for 50 days 

Decrease in ADG and ADFI but not FCR in group C and higher ADG: 

10.87ɀ11.30 g (A), 7.28 g (C), 7.1 g (D), 4.78 g (E), 3.25 g (F), 3.66 

g (G) (p < 0.01). ADFI: 0.143ɀ0.160 g (A), 0.115 g (C), 0.116 g (D), 

0.711 g (E), 0.052 g (F), 0.048 g (G) (p < 0.01) 

Chavez-Sanchez et al. (1994) 

Lambs (n = 44) 0 mg aflatoxin in soybean meal (A), 0 mg 

aflatoxin in fish meal (B), 2.5 mg/kg diet 

soybean meal (C) or 2.5 mg/kg diet fish 

meal (D) for 35 days followed by 32-day 

wash out period 

Decrease in feed intake and daily gain in aflatoxin-fed lambs (p < 

0.05) during treatment and wash out periods. ADG: 0.53 kg (A), 

0.24 kg (C), 0.50 kg (B), 0.05 kg (D). ADFI: 4.19 kg (A), 2.74 kg (C), 

4.05 kg (B), 1.7 kg (D). Increase in FCR in aflatoxin-fed lambs (p < 

0.05); FCR: 7.6 (A), 11.2 (C), 7.6 (B), 45.5 (D) 

Edrington et al. (1994) 

Lambs (n = 46) 23 lambs fed 2500 ppb aflatoxins for 21 

days (A), 13 lambs control (B) 

Reduction in body weight 19.2 (A), 17 (B) Fernández et al. (1997) 

Kids (n = 20) 0 (A), 50 ppb (B), 100 ppb (C), 150 ppb 

(D) for 12 weeks 

Final weight 11.5 kg (A), 9.9 kg (B), 9.48 kg (C), 9.1 kg (D) Ewuola et al. (2013) 

Source: Khlangwiset et al. (2011). 

Notes: ADG = average daily gain; ADFI = average daily feed intake; FCR = feed conversion ratio; NA = data not available. 

 
Dietary levels of aflatoxin generally tolerated in the abo ve studies are Ó50 ppb Ĳķ łĸľķİ ĹĸľĵĽĻł! Ó 
100 ppb Ĳķ ĪĭľĵĽ ĹĸľĵĽĻł! Ó 50 ppb Ĳķ ŀĮĪķĮĻ ĹĲİļ! Ó 200 ppb in finishing pigs, <  100 ppb in calves, < 
300 ppb in cattle and < 100 ppb in Nile tilapia.  
 

7.1.2. Aflatoxins in dairy cattle and dairy products 
In ruminants , aflatoxin B1 is metabolized to aflatoxin M1 in the liver and  excreted in the milk of 
dairy cows. Aflatoxin intoxication in dairy cattle is characterized by liver cell injury, fatty liver  
syndrome, poor feed conversion  and a significant reduction in milk yield. High -yielding dairy cows 
are considered to be more sensitive to aflatoxins than fattening cattle. Even low levels of aflatoxins 
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are able to affect the cellular and humoral immune system, resulting in increased susceptibility to 
infectious diseases in exposed animals (Fink -Gremmels 2008). Aflatoxicosis is usual ly considered a 
herd rather than an individual cow problem (Feddern et al. 2013). 
 
đĮĬĪľļĮ ĪįĵĪĽĸŁĲķļ ĪĻĮ ĭĮİĻĪĭĮĭ īł įĵĸĻĪ Ĳķ ĽıĮ ĬĸŀŚļ ĻľĶĮķ! ĽıĮ ĪĶĸľķĽ ĸįaflatoxin M1 excreted 
in milk is only around 1 æ7% of the total amount of aflatoxin B1 ingested (Fink -Gremmels 2008). 
Cows in early lactation can excrete 3.8æ6.2% of dietary aflatoxin B1 as aflatoxin M1 and cows in la te 
lactation can excrete 1.8æ2.5% of dietary aflatoxin B1 as aflatoxin M1 (Coppock et al. 2012). Higher-
yielding animals consuming large a mounts of concentrates typically have higher levels of aflatoxin 
Ĳķ ĽıĮĲĻ ĶĲĵĴ ģıĮ ĭĲĮĽĪĻł ĽıĻĮļıĸĵĭ įĸĻ ĪįĵĪĽĸŁĲķ ĮŁĬĻĮĽĲĸķ Ĳķ ĬĸŀļŚ ĶĲĵĴ ĪĹĹĮĪĻļ Ľĸ īĮ ;? ĹĹī ĸĻ
230 µg aflatoxin B1 per cow per day (Coppock et al. 2012). The presence of mastitis may incr ease the 
secretion of aflatoxins.  
 
While levels of mycotoxins in cereals may reach thousands of ppb, levels in milk are generally less 
than 100 ppb. However, aflatoxins in milk are of concern because milk consumption is often higher 
among infants and children, who are likely to be more vuln erable. Accordingly, many countries set 
a lower threshold for aflatoxins in milk. According to  European Union and Codex Alimentarius  
Commission standards,  the maximum level of aflatoxin M1 in liquid milk and dried or processed 
milk products should not exce ed 0.05 µg/kg and in the United States of America, the maximum 
level permitted is 0.5 µg/kg. 
 
Aflatoxin levels are around three times higher in soft cheese and five times higher in hard cheese 
than  in  the milk of origin. Since cheese is more concentrated, using aflatoxin -contaminated milk 
for cheese production is risk mitigating (for example, if 10 litres  of milk makes 1 kg of cheese and 
aflatoxins are five times higher in hard cheese  than in milk , then the exposure to aflatoxin  by 
consuming 1 kg of cheese is half as much as that  from consuming 10 litres  of milk). Aflatoxins may 
also be present in yoghurt and other dairy products. Recent studies have suggested that a related 
toxin called aflatoxicol may also be excreted in significant amounts in milk, a subj ect that requires 
further research (Grace 2013). 
 

7.1.3. Aflatoxins in meat-producing animals 
Trace levels of aflatoxins and their metabolites may also carry over into the edible tissue of meat -
producing animals. Aflatoxins are generally found in the liver , kidney and edi ble parts of the 
gastrointestinal tract. Aflatoxins are not known to accumulate in body fat. Studies have shown that 
frequency of processed meat contamination with aflatoxin B1 was low and the toxin level within 
meat was usually less than 10 ppb (Miller et al. 1982; Trucksess et al. 1982; Trucksess et al. 1983; 
Richard et al. 1986; Beaver et al. 1990; Madden and Stahr 1992; Qureshi et al. 1998; Bailly and Guerre 
2009; Feddern et al. 2013). Table 7 summarises a review of the  published  literature on aflatoxin 
levels in animal -source foods. 
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Table 7: Literature review of publi shed aflatoxin levels in animal -source food  product s 
Product Aflatoxin M1 (ppb) Aflatoxin B1 (ppb) Total aflatoxin (ppb) Country Study 

Range Mean Range Mean Range Mean 

Beef heart, dried    0.0143   Nigeria Olufunmilayo and Oyefolu (2010) 

Beef heart, fresh    0.0285   Nigeria Olufunmilayo and Oyefolu (2010) 

Beef kidney, dried    0.0348   Nigeria Olufunmilayo and Oyefolu (2010) 

Beef kidney, fresh    0.0435   Nigeria Olufunmilayo and Oyefolu (2010) 

Beef liver, dried    0.0021   Nigeria Olufunmilayo and Oyefolu (2010) 

Beef liver, fresh    0.0714   Nigeria Olufunmilayo and Oyefolu (2010) 

Beef, dried    0.0013   Nigeria Olufunmilayo and Oyefolu (2010) 

Beef, dried (kilishi)    113.10   Cameroon Jones et al. (2001) 

Beef, fresh    0.01   Nigeria Olufunmilayo and Oyefolu (2010) 

Buffalo milk 10ɀ250      Egypt Motawee et al. (2009) 

Camel milk 10ɀ250      Egypt Motawee et al. (2009) 

Cheese 0.16ɀ0.35 0.21     Libya Elgerbi et al. (2004) 

Eggs      0.82  Cameroon Tchana et al. (2010) 

Fish, fresh     22ɀ70.5  Egypt Hassan et al. (2011) 

Fish, salted     18.5ɀ50  Egypt Hassan et al. (2011) 

Fish, smoke-dried   1.5ɀ8.1    Nigeria Adebayo-Tayo et al. (2008) 

Fish, smoked     32ɀ96  Egypt Hassan et al. (2011) 

Goat milk 10ɀ250      Egypt Motawee et al. (2009) 

 
Aflatoxins in poultry 
While chickens are relatively resistant to aflatoxins, turkeys and ducks are highly susceptible . 
Aflatoxin ingestion by chickens results in many different symptoms, such as reduced growth and 
ĲķĬĻĮĪļĮĭ ļľļĬĮĹĽĲīĲĵĲĽł Ľĸ ĲķįĮĬĽĲĸľļ ĪİĮķĽļ ģıĮ ĵĲĿĮĻ Ĳļ ĬĸķļĲĭĮĻĮĭ ĽıĮ ĪįĵĪĽĸŁĲķļŚ ĽĪĻİĮĽ ĸĻİĪķ
due to the protein production inhibition pathway of aflatoxi n elicited in the hepatocytes 
(Dhanasekaran et al. 2009). Long-term consumption of feed contaminated with relatively low 
aflatoxin content causes immunosuppression in broilers by impairment of humoral and cellular 
immune response. Heavy loss due to the int eraction of infectious bursal disease and aflatoxicosis 
has been reported (Otim et al. 2005). The symptoms observed in  aflatoxicosis were anorexia and 
lack of thriftiness and the mortality rate was 0.03%. The interaction of infectious bursal disease 
and aflatoxicosis led to an increased mortality rate of 35.6% as compared to 3æ21% in infectious 
bursal disease and 0.03% in aflatoxicosis (Otim et al. 2005). 
 
As low  as 0.2 parts per million ( ppm) of aflatoxin B1 have been documented to reduce egg 
production an d egg mass in laying hens from 22 to 40 weeks of age (Azzam and Gabal 1998). An 
experiment was conducted on 1-week-old White Leghorn female chicks to study the effect of 
aflatoxin B 1 on weight gain, feed intake, feed gain ratio, age at sexual maturity, production and 
quality of eggs and retention of nutrients,  and of aflatoxin B1 residues in eggs and muscles of hens. 
The chicks were assigned to four  dietary treatments: D1 (without aflatoxin B1), D2 (2.50 mg/kg 
aflatoxin B1), D3 (3.13 mg/kg aflatoxin B1) and D4 (3.91 mg/kg aflatoxin B1) up to the age of 40 weeks. 
At the end of the experiment, the mean body weight gain and feed intake were significantly lower 
in all aflatoxin -fed groups compared to the control. The fe ed gain ratios were noted as 13.41, 13.59, 
13.82 and 14.71, with the group fed the highest concentration of aflatoxin B1 showing a significantly 
poorer ratio than the other groups. Age at sexual maturity was also affected adv ersely by dietary 
aflatoxin B1: 193 days for D4 compared to as early as 148 days for D1. Retentions of dry matter, 
crude protein, ethe r extract, calcium and metaboliz able energy were adversely affected at various 
levels of aflatoxin B1 compared to the cont rol. Patho-anatomical and histopathological studies 
showed various adverse changes in the liver, kidney s, heart, ovaries and bursa of Fabricius in 
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aflatoxin B1-fed groups. Aflatoxin  residues were detected in eggs and breast muscles of hen s in all 
aflatoxin B1-fed groups (Pandey and Chauhan 2007). 
 
At two  weeks of age, groups of chickens were placed on diets containing minimum levels of 0, 2.5, 
3.13 and 3.91 ppm aflatoxin B1. These diets were fed for 40 weeks. Tissues and eggs were collected 
on day 40 for aflatoxin analyses. Aflatoxin B1 in eggs increased with feed levels;  the mean levels 
were 1.43, 1.39 and 1.63 ppb, respectively, for the different treatment groups. Levels in breast meat 
were 18, 26 and 26 ppb, respectively, for the chickens in the different treatment groups. Young 
birds have been shown to have higher levels of aflatoxins and require longer to clear aflatoxins  
(Hussain et al. 2010). 
 
The transfer of aflatoxin B1 from diet to eggs was studied in 12 -week-old hens given diets 
containing 0, 100, 300 or 500 ppb aflatoxin B1 (Oliveira et al. 2000). Aflatoxin B1 was only detected at 
levels from 0.05 to 0.16 ppb (mean 10 ppb) in the eggs from hens on the 500 ppb diet. In this study , 
the transfer rat e was 5000:1 diet to egg ratio. 
 
In a feeding trial of 2 -week-old turkey poults, at 50 ppb feeding level for 11 weeks , aflatoxin B1 was 
found in the liver (0.02æ0.09 ng/g), kidney (0.01æ0.02 ng/g) and gizzard (0.043æ0.162 ng/g) whereas 
aflatoxin M1 could not be detected in the same organs (Richard et al. 1986). Feeding 50 ppb 
aflatoxins for 13 weeks increased the residues of aflatoxin B1 and aflatoxin M1. For aflatoxin B1, 
liver contained 0.02 æ0.13 ng/g, kidney contained 0.01æ0.34 ng/g and gizzard  contained trace levels 
to 0.113 ng/g whereas aflatoxin M1 in liver was 0.11æ0.14 ng/g and kidney contained 0.01æ0.07 ng/g. 
At the 150 ppb feeding level, fed for 11 weeks, aflatoxin B1 in liver was 0.08 æ0.13 ng/g, kidney was 
0.025æ0.08 ng/g and gizzard contained trace levels to 0.22 ng/g whereas  aflatoxin M1 levels were  
0.03æ0.10 ng/g in liver and 0.09æ0.13 ng/g in kidney. Aflatoxin M1 was not shown to be present in 
the gizzard. Breast and thigh muscles did not contain aflatoxins (Richard et al. 1986). 
 
A meta-analysis of studies on the effect of aflatoxins on growth performance found that for every 
mg/kg increase of aflatoxin in the diet, the growth rate in broilers would be reduced  by 5% 
(Dersjant-Li et al. 2003). Additionally, dietary concentrations that would ca use a 5% reduction in 
growth rate were esti mated at 1 mg/kg from broilers. Due to the rapid metabolism of aflatoxins in 
the body of a chicken (Hussain et al. 2010), exposure to aflatoxins through consumption of chicken 
liver and meat is probably not a significant public health risk.  
 
Aflatoxins in pigs 
Pigs are highly susceptible to aflatoxins. The most susceptible feed components and those used in 
commercially  available pig feedstuffs are groundnuts, maize and cottonseed. Aflatoxin B1, aflatoxin 
G1 and aflatoxin M1 ĬĪķ īĮ ĹĻĮļĮķĽ Ĳķ ĽıĮ ļĸŀŚļ ĶĲĵĴ Īķĭ ĭĲįįĮĻĮķĽ ĵĮĿĮĵļ ĪĻĮ ĹĸļļĲīĵĮ ĭĮĹĮķĭĲķİ ĸķ
the ini tial contamination of the feed ( Kanora and Maes 2009). Experimental intoxications have 
shown damaged lymphocytes and macrophages in piglets, indicating a loss of immune -competence 
due to exposure of sows to aflatoxins. Clinical signs of acute aflatoxicosis include anorexia, 
nervous signs and sudden death (Kanora and Maes 2009). In sows and gilts, aflatoxi n consumption 
at levels above 2000 ppb produced acute hepatosis and death in 3æ10 days. At levels of 500æ750 
ppb, there were no observed effects on conception in sows and gilts, piglets were normal but had 
slower groŀĽı ĭľĮ Ľĸ ĪįĵĪĽĸŁĲķļ Ĳķ ļĸŀŚļ ĶĲĵĴ(Osweiler 2006). 
 
The transfer of aflatoxins into edible tissues of pigs has been studied. The half -life of aflatoxin 
residues is very short. In feed concentrations of 355æ551 µg/kg, the average half-life was 24 hours. 
After 48 hours, only minute quantities of residues were found ( less than 0.05 µg/kg) and after four 
days there were no residues (Kanora and Maes 2009). 
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Jacobson et al. (1978) fed feeder pigs (54æ72 kg body mass) diets containing pure aflatoxin B1 at 
2000, 400 and 100 ppb for four  weeks. In decreasing dietary level, aflatoxin B1 levels in liver were 
1.5, 0.5 and 0.2 ppb, respectively , levels in skeletal muscle were 1, 0.5 and 0.2 ppm, respectively and 
levels in kidn ey were 4.4, 0.7 and 0.2 ppb, respectively. 
 
A meta-analysis reviewed 85 articles published between 1968 and 2010, tota lling 1012 treatments 
and 13,196 animals. Mycotoxins resulted in a 15% reduction in weight gain in females and 19% in 
males. The effects were greater in younger animals and at higher doses. For each additional 1000 
ppb (1 mg/kg) of aflat oxins in the feed , there was a 3.9% reduction in pig weight gain. Methionine 
and protein w ere protective (Andretta et al. 2011). 
 
Another meta -analysis of studies on the effect of aflatoxins on growth perf ormance found that for 
every milligram per kilogram  increase of aflatoxin in the diet, the growth rate in pigs would be 
reduced by 16% (Dersjant-Li et al. 2003). Additionally, dietary concentrations of aflatoxins that 
would ca use a 5% reduction in growth rate were estimated at 0.3 mg/kg for pigs.  
 
Aflatoxins in beef cattle 
Beef cattle are relatively resistant to aflatoxins. Steers given ad lib itum  feed with aflatoxins at 700  
ppb showed reduced weight gain  and at 1000 ppb, death resulted after 59 days. However, even at 
100 ppb, increases in liver weight have been noted (Whitlow and Hagler 1997). Steers fed a diet 
containing 800 ppb aflatoxins for  15 weeks and then placed on an aflatoxin -free diet for 2.5 weeks 
did not have residues of aflatoxin in the heart, skeletal muscle, liver and kidney (Table 8). 
 
Table 8: Aflatoxin l evels in tissues after steers were fed a diet conta ining 800 ppb aflatoxins  for 15 weeks 

Toxin Level of aflatoxin (ng/g or ng/ml) 

Liver Kidney Muscle Heart Lung Rumen contents 

Aflatoxin B1 0.37 0.09 0.002  
 

0.004 0.014 13.05 

Aflatoxin M1 1.07 4.82 0.115  
 

0.14 0.29 0.14 

Source: Richard et al. (1983). 

 
Poultry feed  contaminated at the level of 3 000 ppb may result in levels of 3 ppb in poultry meat. 
Aflatoxins may be carried over from feed t o eggs at ratios ranging from 5 000æ125,000 to 1 (Zaghini  
et al. 2005). These transfer rates are much lower than for milk and surveys in developing countries 
typically find trace levels in meat and offal. Given the rela tively low quantities of animal -source 
food consumed, this is not likely to present a major contribution to overall consumption of 
aflatoxins in the  diet. Consumption of aflatoxin -contaminated milk by infants and chi ldren poses 
the greatest animal -source food risk , based on present information.  
 
Another source of aflatoxin exposure is  processed fish which has been found to be significantly 
contaminated with aflatoxins  (Adebayo-Tayo et al. 2008) (Figure 12). However, given the small 
number of surveys of aflatoxin contamination in fish and varying consumption levels across sub-
Saharan Africa , the risk and impact of aflatoxin consumption from fish needs fur ther research.  
 
Finally, mo uld-fermented foods such as fermented meat may also contain aflatoxins but there is 
very little information regarding the level of aflatoxins in traditionally processed foods (Grace 
2013). 
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Figure 12: Aflatoxin range in fish  samples. 
 
Figure 13 shows the number of surveys on aflatoxins in  animal -source food  products and animal 
feed to identify countries with research gaps in af latoxin contamination in animal -source foods 
and feeds. Overall, there have be en far more studies of aflatoxin levels in milk and dairy products. 
As livestock intensification increases to meet food demands, the magnitude and impact of aflatoxin 
contamination on livestock health and productivity, animal -source foods and food safety w ill 
continue to be monitored, risk mitigating strategies employed along the value chains and 
alternative uses found for highly contaminated products.  
 

 
Figure 13: Number of surveys on aflatoxins in animal -source foods, 2000 to 2014. 
















































































































