International Livestock Research Institute

Aflatoxin literature synthesis and risk mapping:
Special emphasis on sub-Saharan Africa

Christine Atherstone, Delia Grace, Farid Waliyar, Johanna Lindahl and Moses Osiru

August 2014

© 2014 International Livestock Research Institute (ILRI)

This publication is copyrighted by the International Livestock Research Institute (ILRI). It is
licensed for use under the Creative Commons Attribution-Noncommercial-Share Alike 3.0 Unported License. To view this
license, visit http://creativecommons.org/licenses/by-nc-sa/3.0/. Unless otherwise noted, you are free to copy, duplicate, or
reproduce, and distribute, display, or transmit any part of this publication or portions thereof without permission, and to
make translations, adaptations, or other derivative works under the following conditions:
ATTRIBUTION. The work must be attributed, but not in any way that suggests endorsement by ILRI or the author(s)
NON-COMMERCIAL. This work may not be used for commercial purposes.
SHARE ALIKE. If this work is altered, transformed, or built upon, the resulting work must be distributed only under the
same or similar license to this one.
NOTICE
For any reuse or distribution, the license terms of this work must be made clear to others. Any of the above conditions can
be waived if permission is obtained from the copyright holder. Nothing in this license impairs or restricts the author’s moral
rights. Fair dealing and other rights are in no way affected by the above. The parts used must not misrepresent the meaning
of the publication. ILRI would appreciate being sent a copy of any materials in which text, photos etc. have been used.

Authors
Christine Atherstone, International Livestock Research Institute
P.O. Box 24384, Kampala, Uganda
Delia Grace, International Livestock Research Institute
P.O. Box 30709, GPO 00100, Nairobi, Kenya
Farid Waliyar, International Crops Research Institute for the Semi-Arid Tropics
BP 320 Bamako, Mali
Johanna Lindahl, International Livestock Research Institute
P.O. Box 30709, GPO 00100, Nairobi, Kenya
Moses Osiru, International Crops Research Institute for the Semi-Arid Tropics
BP 320 Bamako, Mali

Citation
Atherstone, C., Grace, D., Waliyar, F., Lindahl, J. and Osiru, M. 2014. Aflatoxin literature synthesis
and risk mapping: Special emphasis on sub-Saharan Africa. ILRI project report. Nairobi, Kenya: ILRI.

i

Contents

List of tables ..................................................................................................................................................................................iv
List of figures ................................................................................................................................................................................ v
Acronyms and abbreviations ...............................................................................................................................................vi
Acknowledgements ................................................................................................................................................................. vii
Executive summary ............................................................................................................................................................... viii
1. Background ........................................................................................................................................................................ 10
2. Methods ................................................................................................................................................................................ 12
3. Health .................................................................................................................................................................................... 13
3.1.
3.2.
3.3.
3.4.
3.5.
3.6.
3.6.1.
3.6.2.
3.6.3.
3.7.
3.8.
3.9.
4.
5.
6.

Kwashiorkor ........................................................................................................................................................... 23
Immunosuppression ............................................................................................................................................ 23
Links to HIV and tuberculosis ......................................................................................................................... 23

Maize........................................................................................................................................................................... 32
Groundnuts ............................................................................................................................................................. 33
Milk..............................................................................................................................................................................34
Other commodities ............................................................................................................................................... 35

Impact of aflatoxins ........................................................................................................................................................ 36
7.1.
7.1.1.
7.1.2.
7.1.3.
7.2.
7.3.
7.4.
7.5.
7.5.1.
7.5.2.
7.5.3.
7.5.4.

8.

Stunted and underweight children ......................................................................................................... 19
Wasting and weaning foods ...................................................................................................................... 20
Breast milk .......................................................................................................................................................... 21

Diagnostics .......................................................................................................................................................................... 25
Consumption and exposure data .............................................................................................................................. 26
Prevalence maps .............................................................................................................................................................. 32
6.1.
6.2.
6.3.
6.4.

7.

Acute aflatoxicosis ............................................................................................................................................... 13
Chronic aflatoxicosis ........................................................................................................................................... 14
Liver cancer............................................................................................................................................................. 15
Liver cirrhosis ........................................................................................................................................................ 17
Reproductive health ............................................................................................................................................ 17
Childhood growth performance .................................................................................................................... 19

Aflatoxins in animals and animal-source foods ..................................................................................... 37
Aflatoxins in animal feeds ...........................................................................................................................38
Aflatoxins in dairy cattle and dairy products .................................................................................... 41
Aflatoxins in meat-producing animals ..................................................................................................42
Impact in East Africa ........................................................................................................................................... 47
Impact in Southern Africa ................................................................................................................................ 47
Impact in West and central Africa ............................................................................................................... 48
Trade ..........................................................................................................................................................................49
Aflatoxin regulations .....................................................................................................................................49
Impact of aflatoxin regulations on trade ............................................................................................. 50
Mapping of surveys with aflatoxin levels above European Union standards ..................... 52
Mapping of surveys with aflatoxin levels above United States of America standards ...54

Prevention and control ................................................................................................................................................. 55
8.1.
8.1.1.
8.2.

Field management and pre-harvest practices ......................................................................................... 56
Good agricultural practices ......................................................................................................................... 56
Post-harvest management practices ........................................................................................................... 59
ii

8.2.1.
8.2.2.
8.2.3.
8.3.
8.4.
8.5.
9.

Post-harvest handling of groundnuts .................................................................................................... 59
Post-harvest handling of maize ................................................................................................................ 59
Post-harvest management in the value chain ....................................................................................60
Dietary and food interventions ......................................................................................................................60
Food processing..................................................................................................................................................... 62
Hepatitis vaccination .......................................................................................................................................... 63

Risk reduction challenges in Africa......................................................................................................................... 63
9.1.
9.1.1.
9.2.
9.3.
9.4.
9.5.

Biocontrol .................................................................................................................................................................64
Cyclopiazonic acid ........................................................................................................................................... 65
Post-harvest intervention packages ............................................................................................................ 65
NovaSil™ ................................................................................................................................................................... 66
Hepatitis B vaccination....................................................................................................................................... 66
Willingness to pay ................................................................................................................................................ 67

10.
Alternative uses .......................................................................................................................................................... 68
11.
Case study: groundnuts in West Africa ...........................................................................................................70
12.
Case study: maize in Kenya ................................................................................................................................... 72
13.
Research gaps .............................................................................................................................................................. 73
14.
Conclusion..................................................................................................................................................................... 74
15.
References ..................................................................................................................................................................... 76
Appendix 1 : Aflatoxin regulations by country, as of 2003 .................................................................................... 97
Appendix 2: Aflatoxin prevalence surveys by commodity and country ....................................................... 101

iii

List of tables

Table 1: Disability-adjusted life years from aflatoxin-induced liver cancer, by world region ............... 17
Table 2: Comparison of aflatoxin levels in breast milk, raw cow’s milk and weaning foods, by
country .......................................................................................................................................................................................... 22
Table 3: Characteristics of different tests available for detecting aflatoxins ................................................ 26
Table 4: Literature review of aflatoxin consumption and exposure data ....................................................... 29
Table 5: Literature review of aflatoxin prevalence in other commodities ...................................................... 36
Table 6: Animal studies on the effect of aflatoxin exposure on animal growth .......................................... 40
Table 7: Literature review of published aflatoxin levels in animal-source food products ......................43
Table 8: Aflatoxin levels in tissues after steers were fed a diet containing 800 ppb aflatoxins for 17.5
weeks ..............................................................................................................................................................................................45
Table 9: Aflatoxin standards for peanuts, maize and milk .................................................................................... 50
Table 10: Estimates of the 1991 annual social costs of aflatoxins in Indonesia, the Philippines and
Thailand ........................................................................................................................................................................................ 51
Table 11: Possible solutions at the trader, warehouse and processor levels ..................................................60
Table 12: Willingness to pay for aflatoxin-reduction technology in Kenya .................................................... 68
Table 13: Guidelines for acceptable aflatoxin levels in maize for animal feed ..............................................70

iv

List of figures

Figure 1: Influence diagram of aflatoxin and its health effects. ........................................................................... 13
Figure 2: Areas and populations at risk of chronic exposure to uncontrolled aflatoxin
contamination............................................................................................................................................................................. 14
Figure 3: Distribution of liver cancer attributable to aflatoxin. ........................................................................... 16
Figure 4: Correlation between high liver cancer rates and high risk of chronic exposure to
aflatoxin. ....................................................................................................................................................................................... 16
Figure 5: Aflatoxin range in maize samples. ................................................................................................................. 32
Figure 6: Aflatoxin range in maize samples from sub-Saharan Africa. ............................................................ 33
Figure 7: Aflatoxin range in groundnut samples. ....................................................................................................... 33
Figure 8: Aflatoxin range in groundnut samples surveyed in sub-Saharan Africa....................................34
Figure 9: Aflatoxin range in milk samples. .................................................................................................................... 35
Figure 10: Expected toxic effects, species sensitivity and potentially useful biomarkers of aflatoxins
in farm animals. ......................................................................................................................................................................... 37
Figure 11: Aflatoxin range in animal feed samples. .................................................................................................... 39
Figure 12: Aflatoxin range in fish samples. ....................................................................................................................46
Figure 13: Number of surveys on aflatoxins in animal-source foods, 2000 to 2014. ..................................46
Figure 14: Value of exports of shelled groundnuts from African regions. ...................................................... 51
Figure 15: Percentage of maize samples with aflatoxin levels above European Union limits. ............... 52
Figure 16: Percentage of groundnut samples with aflatoxin levels above European Union limits. .... 53
Figure 17: Percentage of cow milk samples with aflatoxin levels above European Union limits. ........ 53
Figure 18: Percentage of maize samples with aflatoxin levels exceeding United States of America
limits. ..............................................................................................................................................................................................54
Figure 19: Percentage of groundnut samples with aflatoxin levels exceeding United States of
America limits. ............................................................................................................................................................................ 55
Figure 20: Percentage of cow milk samples with aflatoxin levels above United States of America
limits. .............................................................................................................................................................................................. 55

v

Acronyms and abbreviations
AIDS
CAST
CDC
CI
CIMMYT
CPA
DALYs
DNA
FAO
FDA
HIV
IARC
ICRISAT
IFPRI
IITA
ILRI
KES
MRC
OR
ppb
ppm
UNICEF
USAID
USD
WHO

Acquired Immunodeficiency Syndrome
Council for Agricultural Science and Technology
Centers for Disease Control and Prevention
confidence interval
International Maize and Wheat Improvement Center
cyclopiazonic acid
Disability-Adjusted Life Years
deoxyribonucleic acid
Food and Agriculture Organization of the United Nations
Food and Drug Administration
human immunodeficiency virus
International Agency for Research on Cancer
International Crops Research Institute for the Semi-Arid Tropics
International Food Policy Research Institute
International Institute of Tropical Agriculture
International Livestock Research Institute
Kenya shilling(s)
South African Medical Research Council
odds ratio
parts per billion
parts per million
United Nations Children’s Fund
United States Agency for International Development
United States dollar(s)
World Health Organization

vi

Acknowledgements

This report was the work of many people. At the International Livestock Research Institute, Kenya,
thanks to Pamela Ochungo for mapping of the aflatoxin prevalence studies and Isaiah Akuku for
securing many of the journal articles summarized in this report. At the International Crops
Research Institute for the Semi-Arid Tropics (ICRISAT), Mali, thanks to Aoua Traoré for access to
aflatoxin prevalence data from the ICRISAT laboratory. At the International Institute of Tropical
Agriculture, Nigeria, thanks to Ranajit Bandyopadhyay for the detailed information on the
biocontrol product Aflasafe™.
This report was supported by the CGIAR Research Program on Agriculture for Nutrition and
Health, led by the International Food Policy Research Institute.

vii

Executive summary

The availability of a safe and nutritious food supply comprises one of the cornerstones of food
security across much 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 aflatoxins, 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 B1 is the most
toxic aflatoxin and is produced by both A. flavus and A. parasiticus. Aflatoxin B2 is also produced
by both A. flavus and A. parasiticus. Aflatoxin G1 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 aflatoxin M2 are the products of a conversion
process of, respectively, aflatoxin B1 and aflatoxin B2 in the animal's liver. Aflatoxin M1, a metabolite
of aflatoxin B1, and aflatoxin M2, a metabolite of aflatoxin B2, are found in human breast milk and in
the milk of animal’s fed on 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 in developing
world populations.
Humans are exposed to aflatoxins primarily through the consumption of contaminated agricultural
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 growing
conditions favour 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
reproductive 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 meat-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
viii

developing countries. Many of these technologies and practices have proven to be effective during
field trials but large-scale rollout still needs to be evaluated, particularly in their role in reducing
aflatoxin contamination and exposure along the different commodity value chains.
At this time, aflatoxin 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 toxins 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 mycotoxins 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 significance 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 aflatoxin 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 use 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 humidity 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 field, 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 does 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 favour 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 stress 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 favourable to contamination.

10

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 content 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 10–12°C, a maximum of 43–48°C
and an optimum of about 33°C (Pitt et al. 2012). Growth of A. flavus occurs over the pH range of 2.1–
11.2 (the entire range examined) at 25°C, 30°C and 37°C, with optimal growth over a broad pH range
of 3.4–10. 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 exception 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 B1 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 human carcinogen by the
International Agency for Research on Cancer (IARC 1982). Aflatoxin B2 is also produced by both A.
flavus and A. parasiticus. Aflatoxin G1 and aflatoxin G2 are produced exclusively by A. parasiticus.
Aflatoxin M1 and aflatoxin M2 were originally discovered in the milk of cows fed on mouldy grain.
These compounds are products of a conversion process in the animal's liver. Aflatoxin M 1 is a
metabolite of aflatoxin B1 in humans and animals and aflatoxin M2, a metabolite of aflatoxin B2 in
milk of cattle fed on contaminated feeds.
Chronic human aflatoxin exposure causes acute liver damage and liver cirrhosis, as well as
development of tumours (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 aflatoxininduced liver cancer between hepatitis B virus and hepatitis C virus infection is related to their
epidemiology. From an infectious disease standpoint, humans 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 in 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 needles/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 haemorrhage, acute liver damage, oedema and death and
results from consumption of extremely high doses of aflatoxin. Chronic aflatoxin exposure is
associated with immunosuppression (Turner et al. 2003; Williams et al. 2004; Jiang et al. 2005; Jiang
et al. 2008), increased susceptibility to liver 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).
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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 complexity of the disease process. However, the statement tries to
capture the severity of the problem of aflatoxin-contaminated foods, their consumption and health
impacts on both people and livestock throughout much of the developing world.
In recent years, hundreds of aflatoxicosis cases in Africa have been associated with consumption
of contaminated home-grown maize (Azziz-Baumgartner et al. 2005). In high concentrations,
consumption of aflatoxins, particularly aflatoxin B1, can cause rapid death (Beed 2013). Acute
aflatoxicosis in East Africa has become an epidemic, 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 protection in industrialized
nations but have little effect 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 markets 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 subSaharan 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 public health risks and limited resources to manage them. Therefore,
there is a pressing need for public health evidence and a risk-based approach to aflatoxin
mitigation.

2.

Methods

A systematic literature review was undertaken following ‘Preferred Reporting Items for Systematic
Reviews and Meta-Analyses’ 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 ‘Medical Subject Headings’
terms: mycotoxin, aflatoxin, Africa, sub-Saharan Africa, prevalence, maize, sorghum, groundnut,
peanut, milk, fish, dairy, hepatitis, diet, climate, global warming, weather, drought, stunting,
wasting, malnutrition, risk factors, exposure, proxies, outcomes, hepatocellular carcinoma, liver
cancer, control, insect, pest, jaundice and cirrhosis. An initial 2700 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 feeds (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-tropical regions worldwide.
Exposure to aflatoxin leads to, or is associated with, several health-related conditions including
acute and chronic aflatoxicosis, aflatoxin-related immunosuppression, liver cancer and liver
cirrhosis, and nutritional-related problems 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 and analysed 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 biologically unavailable 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 symptoms, which include vomiting, abdominal pain and hepatitis, can signal
potentially fatal liver failure (USAID 2003). Severe acute liver injury with high morbidity and
mortality has been associated with high-dose exposures to aflatoxins (Chao et al. 1991). Ingestion of
2–6 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
13

with feeds, namely, Brazilian peanut meal. It was discovered that 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 toxinproducing fungus was identified as A. flavus in 1961 and the toxin was given the name ‘aflatoxin’
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 deaths 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 B1 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 Azziz-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 officials of a potential aflatoxin contamination 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 contaminated foods (Figure 2).

Source: Williams et al. (2004).

Figure 2: Areas and populations at risk of chronic exposure to uncontrolled 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 2–6 times a
week and the low aflatoxin intake group had eaten groundnuts once or less a week. The
occurrence of groundnut consumption was 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 health 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, correlation 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 still ongoing and there are many variables to
tease apart. Much of the research linking aflatoxin consumption and health outcomes relies on the
patients’ 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 varying levels of aflatoxin exposure
and disease outcome is warranted.

3.3.

Liver cancer

A large body of experimental, clinical and epidemiological 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 4.6–28.2% of all liver cancer cases, most of which occur in subSaharan Africa, southwest Asia and China (Figure 3), the regions with the highest aflatoxin
exposure. Each year 550,000–600,000 new cases of liver cancer are recorded worldwide, and of
these, approximately 25,200–155,000 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 contaminated with
aflatoxins reveal an association between the high incidence of liver cancer in Africa and elsewhere
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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 African and Asian populations that have endemically high
rates of infection of hepatitis B virus and hepatitis C virus are, therefore, likely to have a
significantly increased disease burden from liver cancer (USAID 2003).
North America, 0%

Latin America, 3%

Western Pacific, 20%
Africa, 40%

Southeast Asia, 27%
Eastern
Mediterranean, 10%

Europe, 0%

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 project 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
Africa
North America
Latin America (including Central America)
Eastern Mediterranean
Southeast Asia
Western Pacific
Europe

Disability-adjusted life years annually attributable to aflatoxin-induced liver cancer
147,940–778,700
143–182
8749–65,520
10,231–219,960
41,600–583,700
117,260–360,230
2093–7228

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

3.5.

Reproductive health

Worldwide, cirrhosis of the liver is the sixteenth 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 the cause of liver cirrhosis in the Gambia found
that chronic hepatitis B virus infection and aflatoxin exposure—either separately or in synergy—
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.

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 estimated 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 Millennium 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
weight. 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 blood 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 weight (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 in breast milk and length of the infant at birth (p <
0.01). Abdulrazzaq et al. (2003) did not find any significant correlation between aflatoxin M1 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], 1.18–6.10) (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 blood (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 exists 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 anaemia 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 = 0.44–268.73 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 reaching an 85% increased
odds in the ‘very high’ compared to the ‘low’ category (OR, 1.85; CI, 1.16–2.95). This association was
stronger among women with malaria and findings were robust when women with evidence of iron
deficiency anaemia were excluded. This study found a strong 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 percentage of women having high aflatoxinalbumin levels (≥ 11.34 pg/mg; upper quartile) were inversely associated with indices of higher
socio-economic status. Higher income, being employed, having one child (versus no children) and
having a flush toilet (versus no toilet facilities) were each independently associated with a 30–40%
reduced odds of high aflatoxin-albumin levels (Shuaib et al. 2012). Having a flush toilet has no
bearing on aflatoxin exposure, but this study points 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 among 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 10–15% 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 crosssectional data on aflatoxin exposure. It is clear that aflatoxin consumption does not directly cause
having a flush toilet. On the other hand, it is not clear if aflatoxins cause anaemia. Ingestion of
aflatoxin at very high levels (above 6000 mg) results in liver failure and death within 1–2 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 definitively 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-forage, weight-for-age and weight-for-height. Based on WHO definitions, children whose height-forage, 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 24–36 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% of the world’s stunted children (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 likely to die from diarrhoeal 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 children had, on average, 30–40%
higher levels of aflatoxin-albumin in their 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 breastfed 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 Zscores. Children who were stunted had 30–40% 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 (aged 9 months to 5 years) from 16 villages in four agro-ecological zones were assayed for
aflatoxin-albumin as a measure of recent past (2–3 months) exposure. Aflatoxin-albumin adducts
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were detected in 99% (475/479) of children (geometric mean, 32.8 pg/mg; 95% CI, 25.3–42.5). 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 1–3 year
age group, was significantly (p = 0.0001) related to weaning status. Weaned children had
approximately two-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-albumin adducts. Children in these two
categories had 30–40% higher mean aflatoxin-albumin levels than the remainder of the children
and strong dose–response relationships were observed between aflatoxin-albumin levels and the
extent of stunting and being underweight.
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 agroecological zones and among the higher socio-economic strata due to higher frequencies of
groundnut consumption. Contamination 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 the Gambia by Turner et al. (2003) found that elevated aflatoxin-albumin
levels were associated with stunting and underweight 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 strong 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 higher 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 population 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 3–6 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
20

in East Africa. In Uganda, 89% of children are fed maize porridge regularly. About 24.5% of children
aged 3–28 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 countries. 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 foetal environment, high percentages of
children in various countries have been exposed to aflatoxins, as detected in multiple studies.
About 85–100% 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 nonnegligible aflatoxin exposure among the populations 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 for 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 decades 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 growth 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), 34–95% of breast milk samples from
the studies in developing countries were contaminated with aflatoxins (Lamplugh et al. 1988; Saad
et al. 1995). About 30–60% of breast milk samples from Sudanese (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 60.0–299.99 ng/l and aflatoxin B1 from 94.5–4123.8 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 the 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 that 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 their babies through breastfeeding.
Table 2: Comparison of aflatoxin levels in breast milk, raw cow’s milk and weaning foods, by country
Country

Population

Brazil
Brazil
Egypt
Egypt
Ghana
Iran
Iran
Iran
Iran
Iran
Iran
Iran
Iran
Italy
Italy
Italy
Nigeria
Nigeria
Nigeria
Sierra Leone
Sudan
Sudan
Thailand
Thailand

42 raw milk samples
50 lactating mothers
50 raw milk samples
388 lactating mothers
264 lactating mothers
111 raw milk samples
80 samples of milk-based cereal
weaning foods
160 lactating mothers
98 raw bulk tank samples
186 raw milk samples
88 raw milk samples
319 raw bulk tank samples
75 raw milk samples
341 raw milk samples
231 lactating mothers
82 lactating mothers
22 raw milk samples
7 weaning foods
48 maize-based weaning gruels
113 lactating mothers
99 lactating mothers
44 bulk milk samples
11 lactating mothers
240 raw and bulk tank samples

Uganda
UAE
Zimbabwe
Zimbabwe

5 baby food products
445 lactating mothers
42 lactating mothers
54 lactating mothers

Aflatoxin M1 (µg/kg)
Range
Mean
0.3–1.97
0.024
0.024
0.01–0.25
0.00056–0.5131
0.000135
0.02–1.816
0.15–0.28

Aflatoxin B1(µg/kg)
Range
Mean

0.003–0.035
0.0003–0.0267
0.0003–0.392
0.010–0.410
0.013–0.394
0.005–0.05
0.05
0.194

0.00082
0.039
0.0434
0.052
0.057
0.0601
0.194
0.05535

2.04–4.0
4.6–530
0.2–99
0.22–6.9
0.039–1.736
0.05–0.101

181.6–4806a
0.142–6.516b
0.8
19
2.07
0.664
Winter: 0.084
Rainy season: 0.073
Summer: 0.053
1–20

0.2–0.3
0–50
3.6

0.0168

Source
Sassahara et al. (2005)
Navas et al. (2005)
Motawee et al. (2009)
Polychronaki et al. (2006)
Lamplugh et al. (1988)
Kamkar (2005)
Oveisi et al. (2007)
Sadeghi et al. (2009)
Tajkarimi et al. (2007)
Ghiasian et al. (2007)
Fallah et al. (2011)
Tajkarimi et al. (2008)
Rahimi et al. (2010)
Decastelli et al. (2007)
Turconi et al. (2004)
Galvano et al. (2008)
Atanda et al. (2007)
Oluwafemi and Ibeh (2011)
Oyelami et al. (1996)
Jonsyn et al. (1995b)
Coulter et al. (1984)
Elzupir and Elhussein (2010)
El-Nezami et al. (1995)
Ruangwises and Ruangwises (2010)

Ismail et al. (2008)
Saad et al. (1995)
Wild et al. (1987)
Nyathi et al. (1989)

Note: UAE = United Arab Emirates.
a
Aflatoxin B2: 103–8290 µg/kg
b
Total aflatoxin

Aflatoxin levels vary widely between countries and commodities. It should be noted that very high
levels of aflatoxins were found in two of the three studies that analysed 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 raw cow’s milk. In Brazil and Iran, raw cow’s milk
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
draw any concrete conclusions on whether cow’s milk or human breast milk poses a higher risk of
aflatoxin exposure to infants and weaned children. However, given the high contamination levels
of cereal-based weaning foods in Nigeria 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 kwashiorkor 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 aflatoxins may play a role in the pathogenesis of kwashiorkor
(Fapohunda 2011). However, children prone to kwashiorkor might also be prone to eating the type
of foods which are likely to have 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 B1-albumin adducts in plasma were associated
with lower percentages of certain leukocyte immunophenotypes (Jiang et al. 2005). A study of
Gambian children found an association between serum aflatoxin-albumin levels and reduced
salivary secretory immunoglobulin A levels because of dietary levels of aflatoxin exposure. In a
multivariable analysis, secretory immunoglobulin A was markedly lower in children with
detectable levels of aflatoxin-albumin compared to those with non-detectable levels (50.4 µg/mg
protein [95% CI, 48.0–52.8] and 70.2 µg/mg protein [95% CI, 61.1–79.2], 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 possible 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 increases 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 1.34–8.11) compared to those in the lowest quartile. Those with the highest levels of aflatoxin23

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 antiretroviral drugs. It is possible that these drugs may have interfered with the metabolism of
aflatoxins, influencing 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
with 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 more 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
correlation between consumption of aflatoxin- or multiple mycotoxin-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 interaction of aflatoxin and HIV on
immunosuppression found that among both HIV-positive and HIV-negative participants, high
aflatoxin-albumin was associated with lower perforin expression on CD8+ T-cells (p = 0.012). HIVpositive 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 participants with high aflatoxinalbumin 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 pmol/mg albumin,
respectively; p < 0.01) and significantly lower levels of vitamin 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 aflatoxinalbumin was associated with significantly lower vitamin A (-4.83 µg/dL for every 0.1 pmol/mg
increase in aflatoxin-albumin). People infected with hepatitis 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 lower 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 for the consumption of foods rich in vitamin A, such as confounding factors where people
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 crops 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 people. The other type of problem
is a false negative (that is, accepting a sample as safe even though its aflatoxin level exceeds the
standards); this error exposes people and animals to contaminated food or feed. A number of
protocols for sampling of commodities 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 the 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
variability between different laboratories and different laboratory methods. Most methods require
a correct extraction and clean-up of samples and the way these are done may have effects on the
outcome (Turner et al. 2009).
Highly reliable methods are liquid chromatography–mass 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 chromatography–mass 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 infrared radiation.
Because of the non-uniform distribution of aflatoxins 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 important 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 chronically exposed to aflatoxins in their diets (CDC 2012). In Kenya,
aflatoxin levels were analysed in serum samples previously collected for the 2007 nationwide
Acquired Immunodeficiency Syndrome (AIDS) survey.
Seventy-eight percent of the serum samples had detectable levels of aflatoxin B1-lysine (range = <
limit of detection–211 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 labourers) 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 (median=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 public health 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 (AzzizBaumgartner 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 reported in Kenya. Second, maize samples
collected from Kenya’s Eastern Province 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 patients regardless of symptoms. The fact that
extensive aflatoxin exposure was found during a relatively low-risk year suggests that even
during optimal 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
lifetime average daily dose of aflatoxin in Kenyan adults is 5.2–200 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 years. The hepatitis B virus prevalence in Kenya is 11–15%. 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 1066–53,040 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 found 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 1.19–5.79
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 0.218–0.222 ng/kg body weight for
children and 0.106–1.08 ng/kg body weight for adults (Ding et al. 2012). The risk of liver cancer was
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estimated at 0.003–0.17 cancer cases per year per 100,000 people and 24.7–1273 margins of
exposure values.
The traditional diet in most countries of sub-Saharan Africa is predominantly 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 groundnuts 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 1–46,400 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. 2012; Ndung’u et 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

Africa
Africa
Benin and Togo

Milk
Milk

0.04 kg/day

Benin, February
Benin, June
Benin, October
Brazil
Brazil
Brazil
Brazil
Brazil
Cameroon

Children (9 months to 5
years)
Children (16–37 months)
Children (16–37 months)
Children (16–37 months)
Adults
Adults
Children
Adults
Adults
Children, partially weaned
(1.5–4.5 years)
Children, fully weaned
(1.5–4.5 years)
Adults

Beans
Milk
Milk
Milk
Peanuts

Europe
Europe
Far East
Far East
France
France
France
Gambia
Gambia

Market samples

Maternal breast
milk
Milk
Milk
Milk
Milk
Core foods
Total diet study

Aflatoxin M1 intake

Aflatoxin B1
levels (urine)

Aflatoxin exposure

Aflatoxinalbumin levels
(serum)

0.1 ng/person per day

Cameroon
China (southern
Guangxi)
Egypt
Egypt

Population

Children, 1–2.5 years
Infants

0.29 kg/day
0.03 kg/day
Children
Children
Children
Children (6–9 years)
Infants (> 1 year)

32.8 pg/mg
37.4 pg/mg
38.7 pg/mg
86.8 pg/mg

Source

WHO (2002)
Prandini et al. (2009)
Gong et al. (2003)

1.43 ng/ml

Gong et al. (2004)
Gong et al. (2004)
Gong et al. (2004)
Jager et al. (2013)
Jager et al. (2013)
Shundo et al. (2009)
Shundo et al. (2009)
Jager et al. (2013)
Ediage et al. (2013)

2.82 ng/ml

Ediage et al. (2013)

1.58 ng/kg b.w. per day
0.1 ng/kg b.w. per day
1 ng/kg b.w. per day
0.188 ng/kg b.w. per day
1.56 ng/kg b.w. per day

6.5–53 ng/kg b.w. per day (aflatoxin B1)

Shank et al. (1972)

52.684 ng/day

13.2 pg/ml

Polychronaki et al. (2008)
El-Tras et al. (2011)

6.8 ng/person per day
0.11 kg b.w./day
12 ng/person per day
0.2 kg b.w./day

WHO (2002)
Prandini et al. (2009)
WHO (2002)
Prandini et al. (2009)
0.323–0.89 ng/kg b.w. per day
0.001–0.01 ng/kg b.w. per day
0.323–0.89 ng/kg b.w. per day
22.3 pg/mg
8.7 pg/mg

Sirot et al. (2013)
Leblanc et al. (2005)
Turner et al. (2003)
Turner et al. (2007)
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Gambia
Gambia
Ghana
Ghana
Ghana
Ghana
Ghana
Ghana
Ghana
Ghana
Ghana
Ghana
Ghana
Ghana
Greece
Guinea
Japan
Japan
Japan
Japan
Kenya
Kenya
Kenya

Kenya

Korea
Latin America
Latin America
Middle East
Middle East
Mozambique

Groundnuts
Groundnuts
Groundnuts
Groundnuts
Groundnuts
Groundnuts
Groundnuts
Breakfast cereals

0.15 kg/week
0.42 kg/week
0.50 kg/week
0.63 kg/week
0.93 kg/week
0.94 kg/week
35 kg/year

Total diet study
Total diet study
Total diet study
Total diet study

Adults
Adults (18–70 years)
Adults
Adults, HIV-negative
Adults, HIV-positive
Pregnant women
Pregnant women
Millers
Consumers
Processors
Retailers
Farmers
Poultry
Per capita
Children
Children, 2–4 years
Young children
Older children
Young children
Older children

1.4 µg/day
19.3 mg/pg
0.89 mg/pg
0.9 pmol/mg
1.1 pmol/mg
5 pg/mg
10.9 pg/mg

0.07–10.75 ng/kg b.w. per day
26.6 pg/ml
0.006–0.007 ng/kg b.w. per week
0.005–0.006 ng/kg b.w. per week
0.013–0.014 ng/kg b.w. per week
0.011–0.12 ng/kg b.w. per week
8.4 pg/mg

Maize
Overall (range of
< limit of
detection to 211
pg/mg)
Uncooked food
samples from the
home
Rice
Milk
Milk
Milk
Milk
Samples cooked
at home

400 g/day

Per capita
7.87 pg/mg

Adults

3.5–14.8 ng/kg per day

Peers and Linsell (1973)

1.19–5.79 ng/kg b.w. per day (aflatoxin B1)

Park et al. (2004)
WHO (2002)
Prandini et al. (2009)
WHO (2002)
Prandini et al. (2009)
Van Rensburg et al. (1985)

3.5 ng/person per day
0.06 kg b.w. per day
0.7 ng/person per day
0.1 kg b.w. per day

0.16 kg/day
0.12 kg/day
Adults

Wild et al. (1992)
Miele et al. (1996)
Jolly et al. (2006)
Obuseh et al. (2011)
Obuseh et al. (2011)
Shuaib et al. (2012)
Shuaib et al. (2010a)
Jolly et al. (2008)
Jolly et al. (2008)
Jolly et al. (2008)
Jolly et al. (2008)
Jolly et al. (2008)
Jolly et al. (2008)
Jolly et al. (2008)
Villa and Markaki (2009)
Polychronaki et al. (2008)
Kumagai et al. (2008)
Kumagai et al. (2008)
Sugita-Konishi et al. (2010)
Sugita-Konishi et al. (2010)
Jones et al. (2001)
Muriuki and Siboe (1995)
Yard et al. (2013)

38.6–183.7 ng/kg per day (aflatoxin B1)
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Netherlands
Nigeria
Spain

Cereals
Infant formula

Spain (Catalonia)
Spain (Catalonia)
Swaziland

Swaziland

Taiwan
Taiwan
Thailand
Transkei

Children
Per capita
Infants

0.02–0.44 ng/kg b.w. per day

Total diet study

Adolescents

0.19–1.31 ng/kg b.w. per week

Bakker et al. (2009)
Bandyopadhyay et al. (2007)
Hernández-Martínez and
Navarro-Blasco (2010)
Cano-Sancho et al. (2013)

Total diet study
Uncooked food
samples from the
home
Uncooked food
samples from the
home

Children
Adults

0.03–0.34 ng/kg b.w. per week
5.1–43.1 ng/kg per day (aflatoxin B1)

Cano-Sancho et al. (2013)
Linsell and Peers (1977)

Adults

11.4–159 ng/kg per day (aflatoxin B1)

Peers et al. (1987)

Samples of
cooked food
Samples cooked
at home

138 kg/year

0.08–37.47 ng/kg b.w. per day

Adults, liver cancer positive
Adults, liver cancer negative
Adults

56.5 pmol/mg
59.8 pmol/mg
6.5–53 ng/kg per day (aflatoxin B1)

Wu et al. (2009)
Wu et al. (2009)
Shank et al. (1972)

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 commodity. 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 this 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 favourable environmental conditions and the public health implications, it seems that many
countries in the region are unaware of the magnitude of the aflatoxin problem.

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 throughout sub-Saharan Africa, this area
was mapped separately (Figure 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 surveys from 2000 to 2014 were mapped for milk (raw, pasteurized and ultra-heat
treated). Only surveys done on cow’s 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 the
European Union and the need to comply with their aflatoxin standards. Additionally, the formal
trade in milk in this area better lends itself to surveys for consumer safety.
A few studies have been done in sub-Saharan Africa where the 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 troubling 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 these studies are
summarized in Table 5.
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Table 5: Literature review of aflatoxin prevalence in other commodities
Commodity

Aflatoxin B1 (ppb)
Range
Median

Barley
Barley
Barley
Beans
Breadfruit
Cassava-based street-vended snack
Cassava chips
Cassava chips
Coconut-based street-vended snack
Cottonseed oil (refined)
Cowpea
Dried baobab leaves
Dried fruit
Dried fruit
Dried hot chilies
Dried okra
Dried onion leaves
Dried tomatoes
Garri (cassava-based food)
Ground red pepper
Guinea corn
Hazelnut
Hazelnut
Melon seeds (shelled)
Millet
Millet
Millet
Rice
Rice
Rice
Rice
Sesame oil (unrefined)
Sesame seeds
Sorghum
Soybeans
Spices
Spices
Spices
Teff
Traditional herbal remedies
Wheat
Wheat
Wheat
Wheat
Yam chips
Yam chips
Yam flour

7.

1.6–5
Trace–11.7
40.06–48.59
0
0
5.2–14.5
0–23
0.2–0.8

18.4
3.8

Total aflatoxin (ppb)
Range
Median
0.6–0.8
3.5–11.5

7.0

0.2–6.2

2.4

1.5–45
0.13–40.6

9.7

% of samples
with over 20
ppb aflatoxin

1.7

45.37

23
3.58

0
0.7–50

6.4

0–6
0–3.2
0
0
0.12–5.71
250–525
27.22–36.13

30.53
25–175
15–25

0
0–260
34-40.3
0
0–1642
4.1–309
0.2–0.8
0–25

0
1.7–38.9
Trace–15.6

1.1–3.4
17.01–36.13
Trace–12.3

2.6–8.1

4.4

0
2–7.5

4.7

27.7–371.9

82.5

1.8–90
0.2–3.9
0.92–17.1

5.0
2.1

3.6–87.4

28.5

37.52

200.19
37.2

11.3
5.1

2.2
19
8.7

5.7
0
0.15–18.6
4.0–12.9

6.7
1.7

5–27
0
0–3.2

5

Country/region

Study

Tunisia
Tunisia
Ethiopia
Cameroon
Nigeria
Nigeria
Benin
Cameroon
Nigeria
Sudan
Benin
Benin, Mali, Togo
Tunisia
Tunisia
Benin, Mali, Togo
Benin, Mali, Togo
Benin, Mali, Togo
Benin, Mali, Togo
Nigeria
Ethiopia
Nigeria
Egypt
Egypt
Benin, Mali, Togo
West Africa
Kenya, Malawi
Nigeria
Tunisia
Tunisia
Nigeria
Nigeria
Sudan
Nigeria
West Africa
Cameroon
Tunisia
Ghana
Tunisia
Ethiopia
South Africa
Tunisia
Tunisia
Nigeria
Ethiopia
Nigeria
Benin
Nigeria

Ghali et al. (2010)
Ghali et al. (2008)
Ayalew et al. (2006)
Njobeh et al. (2010)
Odoemelam and Osu (2009)
Rubert et al. (2013)
Gnonlonfin et al. (2008)
Essono et al. (2009)
Rubert et al. (2013)
Idris et al. (2010)
Houssou et al. (2009)
Hell et al. (2009)
Ghali et al. (2008)
Ghali et al. (2010)
Hell et al. (2009)
Hell et al. (2009)
Hell et al. (2009)
Hell et al. (2009)
Ogiehor et al. (2007)
Fufa and Urga (1996)
Odoemelam and Osu (2009)
Abdel-Hafez and Saber (1993)
Abdel-Hafez and Saber (1993)
Hell et al. (2009)
Bandyopadhyay et al. (2007)
Kenji et al. (2000)
Odoemelam and Osu (2009)
Ghali et al. (2010)
Ghali et al. (2008)
Makun et al. (2007)
Makun et al. (2011)
Idris et al. (2010)
Mbah and Akueshi (2009)
Bandyopadhyay et al. (2007)
Njobeh et al. (2010)
Ghali et al. (2010)
Ahene et al. (2011)
Ghali et al. (2008)
Ayalew et al. (2006)
Katerere et al. (2008)
Ghali et al. (2010)
Ghali et al. (2008)
Odoemelam and Osu (2009)
Ayalew et al. (2006)
Jimoh and Kolapo (2008)
Gnonlonfin et al. (2008)
Somorin et al. (2012)

Impact of aflatoxins

A recent assessment concluded that 4.5 billion people in the developing world are chronically
exposed to uncontrolled amounts of aflatoxins (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 socio36

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
environmental 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 males 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 of contaminated feeds (Reddy et
al. 2010).

Target organs and
major effects

Relative sensitivity
of species

Reduced
performance

Ducklings > turkeys
> chicks > quail

Jaundice

Rabbits > swine >
cattle > sheep

Pale liver
Hepatic toxicity
with fatty changes
Coagulopathy
Increased
susceptibility to
internal bruising
during handling
Liver tumours in
trout

Dogs, rats and mink
are also affected
Young animals >
mature animals

Biomarkers
Aflatoxin-albumin
adducts in serum
and DNA adducts
in urine
Aflatoxin M1 in
milk and urine

Mice are relatively
resistant
Ruminants, if old
enough to have a
functioning rumen,
are relatively
resistant

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 ‘Turkey X’ until the aetiological
cause was discovered and linked to consumption 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 hens,
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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 aflatoxins at lower levels can cause liver damage, gastrointestinal
dysfunction, decreased appetite, decreased reproductive function, decreased growth and
decreased production. In addition, immunosuppression 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 at 250 µg/kg and acute mortality at 500µg/kg. A similar
relative dose–response 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 performance 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 concentrates including cereal grains, soybean products, oil
cakes (from groundnuts, cottonseed, sunflower, palm and copra) and fishmeal. Brewers’ grains, a
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 2000 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 is reduced by contamination with the mould 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 on the effect of aflatoxin exposure on animal growth
Animal
Pigs (n = 50)
Pigs (n = 60)
Pigs, weanlings (n = 110)
Pigs, weanlings (n = 110)
Pigs (n = 32; 8 for each of
4 groups of pigs)

Aflatoxin dose and duration of experiment
0 (A), 0.2 (B), 0.7 (C), 1.1. (D) mg/kg feed
for 16 weeks
0 (A), 1.0 (B), 2.0 (C), 4.0 (D) mg/kg feed
for 13 weeks
< 2 (A), < 8 (B), 51 (C), 105 (D), 233 (E)
µg/kg feed for 120 days
< 6 (A), 450 (B), 615 (C), 810 (D) µg/kg
feed for 120 days
20 (A), 385 (B), 750 (C), 1480 (D) µg/kg
(control: 20 µg/kg group)

Pigs, 5–6 weeks old (n =
30; 10 each in control,
300 and 500 µg/kg
groups)
Pigs, weanlings (n = 90)

0, 300 and 500 µg/kg feed for 10 weeks

Pigs, weanlings (n = 63)

0 (A), 800 (B) µg/kg feed for 42 days

Pigs, weanlings (n = 96)

0 (A), 992 (B) µg/kg feed for 6 weeks

Pigs, weaned (n = 54)

0 (A), 880 (B) µg/kg feed for 4 weeks

Pigs, weaned (n = 81)

0 (A), 500 (B) µg/kg feed for 5 weeks

Pigs, weaned (n = 63)

0 (A), 800 (B) µg/kg feed for 4 weeks

Pigs, growing barrow (n =
40)
Pigs (n = 27)

0 (A), 3 (B) mg/kg feed for 28 days

Pigs (n = 18)

Pigs, 4-week-old weaned
(n = 36)
Piglets, 7 weeks old (n =
15)
2- to 3-year-old sows and
their piglets (n = 24)

Steers, young cross-bred
(n = 50)
Chickens (n = 900)
Broiler chicks (n = 40–48)

Layer chicks (n = 40–48)

0 (A), 420 (B), 840 (C) µg/kg for 49 days

0 (A), 2.5 (B) mg aflatoxin/kg feed, 2.5 mg
aflatoxin/kg feed + 2400 IU tocopherol (C)
for 32 days
0 (A), 2.5 (B) mg aflatoxin/kg, 2.5 mg
aflatoxin + 100 mg fumonisin B1/kg feed
(C) for 35 days
0 (A), 240 (B), 480 (C) µg/kg feed for 30
days
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
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
0 (A), 100 (B), 300 (C), 700 (D), 1000
µg/kg feed for 133 days
0 (A), 0.3 (B), 1.25 (C), 2.0 (D) mg/kg for
28 days
0 (A), 5 (B) mg/kg feed, exercise (C), 5
mg/kg feed + exercise (D) for 24 days

0 (A), 5 (B) mg/kg feed, exercise (C), 5
mg/kg feed + exercise (D) for 33 days

Results
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)
Increase in FCR (3.14 [A], 3.82 [B], 4.13 [C], NA [D]) (p < 0.001)

Study
Armbrecht et al. (1971)

No significant effect on weight gain or feed conversion

Keyl and Booth (1971)

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)
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)
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)

Keyl and Booth (1971)

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)
Decrease in ADG (0.64 kg [A],0 .41 kg [B]) and ADFI (1.32 kg [A],
0.82 kg [B])
Decrease in ADG (0.505 kg [A], 0.392 kg [B]) and ADFI (1.1 kg [A]),
0.88 kg [B]) (p < 0.01)
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)
Decrease in ADG (0.66 kg [A], 0.46 kg [B]) and AFDI (1.41 kg [A],
0.97 kg [B]) (p < 0.05)
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)
Decrease in weight gain (19.1 ± 0.73 kg [A], 10.7 ± 1.06 kg [B]) (p <
0.05)
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)
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])
Decrease in ADG (489 ± 18 g [A], 453 ± 12 g [B], 326 ± 17 g [C]) (p
< 0.05)
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)
Decrease in piglets’ 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
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])
Decrease in body weight and food intake. Increase in FCR (p <
0.001)
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 aflatoxintreated group (1.54 [A], 1.89 [C])
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])

Lindemann et al. (1993)

Armbrecht et al. (1971)

Southern and Clawson (1979)

Panangala et al. (1986)

Lindemann et al. (1993)
Schell et al. (1993a)
Schell et al. (1993b)

Schell et al. (1993b)
Schell et al. (1993b)
Harvey et al. (1994)
Harvey et al. (1995a)

Harvey et al. (1995b)

Marin et al. (2002)
Harvey et al. (1989)

Mocchegiani et al. (1998)

Keyl and Booth (1971)

Bryden et al. (1979)
Randall and Bird (1979)

Randall and Bird (1979)
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Broiler chicks (n = 40–48)

0 (A), 5 (B) mg/kg feed, exercise (C), 5
mg/kg feed + exercise (D)

Broiler chickens (n = 75)

1-day-old broilers (n =
70)

0 (A), 0.075 (B), 0.225 (C), 0.675 (D)
mg/kg feed for 7 weeks
0 (A), 0.3 (B), 0.9 (C), 2.7 (D) mg/kg in
feed for 7 weeks
0 (A), 0.625 (B), 1.25 (C), 2.5 (D), 5.0 (E),
10.0 (F) mg/kg in feed for 3 weeks

1-day-old broiler chicks
(n = 48)

0 (A), 5 (B) mg/kg of feed aflatoxin B1 in
feed for 3 weeks

14-day-old broiler chicks
(n = 200)
Male broiler chicks (n =
180)

0 (A), 100 (B), 200 (C), 400 (D), 800 (E)
µg/kg aflatoxin B1 for 35 days
0 (A), 2.5 (B) mg/kg aflatoxin, 2.5 mg/kg
aflatoxin + 16 mg/kg of deoxynivalenol (C)
for 3 weeks

105-day-old cockerels
(n=120)
1-day-old broilers and
layer chicks (n = 40 each)

0 (A), 2.5 (B), 5.0 (C),10.0 (D) mg/kg in
feed for 4 weeks
0 (A),1 (B), 4(C) mg/kg in feed for 4 weeks

1-day-old broiler chicks
(n = 40)

0 (A), 0.5 (B) mg/kg in feed for 32 days

14-day-old turkeys (n =
200)

0 (A), 100 (B), 200 (C), 400 (D), 800 (E)
µg/kg aflatoxin B1 for 35 days

Channel catfish (n = 450)

0, 100, 404, 2154 or 10,000 µg/kg for 10
weeks

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

Broiler chickens (n = 75)

Lambs (n = 44)

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
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)
Decrease in body weight in group D only (2024 ± 30 g [A], 1671 ±
36 g [D]) (p < 0.05)
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)
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.
No significant difference in weight gain (p < 0.05). Increase in FCR
at dose E (2.02 [A], 2.11 [E])
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)
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])
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)
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)
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)
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.
Decrease in ADG and ADFI but not FCR in group C and higher ADG:
10.87–11.30 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: 0.143–0.160 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)
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)
Reduction in body weight 19.2 (A), 17 (B)

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
Lambs (n = 46)
23 lambs fed 2500 ppb aflatoxins for 21
days (A), 13 lambs control (B)
Kids (n = 20)
0 (A), 50 ppb (B), 100 ppb (C), 150 ppb
Final weight 11.5 kg (A), 9.9 kg (B), 9.48 kg (C), 9.1 kg (D)
(D) for 12 weeks
Source: Khlangwiset et al. (2011).
Notes: ADG = average daily gain; ADFI = average daily feed intake; FCR = feed conversion ratio; NA = data not available.

Randall and Bird (1979)

Doerr et al. (1983)
Doerr et al. (1983)
Huff (1980)

Pimpukdee et al. (2004)

Giambrone et al. (1985)
Huff et al. (1986)

Shukla and Pachauri (1985)
Ram et al. (1988)

Prabaharan et al. (1999)

Giambrone et al. (1985)

Jantrarotai and Lovell (1990)

Chavez-Sanchez et al. (1994)

Edrington et al. (1994)

Fernández et al. (1997)
Ewuola et al. (2013)

Dietary levels of aflatoxin generally tolerated in the above studies are ≤ 50 ppb in young poultry, ≤
100 ppb in adult poultry, ≤ 50 ppb in weaner pigs, ≤ 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 usually considered a
herd rather than an individual cow problem (Feddern et al. 2013).
Because aflatoxins are degraded by flora in the cow’s rumen, the amount of aflatoxin M1 excreted
in milk is only around 1–7% of the total amount of aflatoxin B1 ingested (Fink-Gremmels 2008).
Cows in early lactation can excrete 3.8–6.2% of dietary aflatoxin B1 as aflatoxin M1 and cows in late
lactation can excrete 1.8–2.5% of dietary aflatoxin B1 as aflatoxin M1 (Coppock et al. 2012). Higheryielding animals consuming large amounts of concentrates typically have higher levels of aflatoxin
in their milk. The dietary threshold for aflatoxin excretion in cows’ milk appears to be 15 ppb or
230 µg aflatoxin B1 per cow per day (Coppock et al. 2012). The presence of mastitis may increase 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 vulnerable. 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 exceed 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 subject 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 meatproducing animals. Aflatoxins are generally found in the liver, kidney and edible 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 published aflatoxin levels in animal-source food products
Product

Aflatoxin M1 (ppb)

Aflatoxin B1 (ppb)

Total aflatoxin (ppb)

Range

Range

Range

Mean

Mean

Country

Study

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
Beef, dried

0.0714
0.0013

Nigeria
Nigeria

Olufunmilayo and Oyefolu (2010)
Olufunmilayo and Oyefolu (2010)

Beef, dried (kilishi)

113.10

Cameroon

Jones et al. (2001)

Beef, fresh
Buffalo milk
Camel milk
Cheese
Eggs
Fish, fresh
Fish, salted

0.01

Nigeria
Egypt
Egypt
Libya
Cameroon
Egypt
Egypt

Olufunmilayo and Oyefolu (2010)
Motawee et al. (2009)
Motawee et al. (2009)
Elgerbi et al. (2004)
Tchana et al. (2010)
Hassan et al. (2011)
Hassan et al. (2011)

Nigeria

Adebayo-Tayo et al. (2008)

Egypt

Hassan et al. (2011)

Egypt

Motawee et al. (2009)

10–250
10–250
0.16–0.35

0.82
22–70.5
18.5–50

Fish, smoke-dried

1.5–8.1

Fish, smoked
Goat milk

0.21

32–96
10–250

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
increased susceptibility to infectious agents. The liver is considered the aflatoxins’ target organ
due to the protein production inhibition pathway of aflatoxin 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 interaction 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 3–21% 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 and 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 B1 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 feed 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 adversely by dietary
aflatoxin B1: 193 days for D4 compared to as early as 148 days for D1. Retentions of dry matter,
crude protein, ether extract, calcium and metabolizable energy were adversely affected at various
levels of aflatoxin B1 compared to the control. Patho-anatomical and histopathological studies
showed various adverse changes in the liver, kidneys, heart, ovaries and bursa of Fabricius in

43

aflatoxin B1-fed groups. Aflatoxin residues were detected in eggs and breast muscles of hens 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 rate 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 (0.02–0.09 ng/g), kidney (0.01–0.02 ng/g) and gizzard (0.043–0.162 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 0.02–0.13 ng/g, kidney contained 0.01–0.34 ng/g and gizzard contained trace levels
to 0.113 ng/g whereas aflatoxin M1 in liver was 0.11–0.14 ng/g and kidney contained 0.01–0.07 ng/g.
At the 150 ppb feeding level, fed for 11 weeks, aflatoxin B1 in liver was 0.08–0.13 ng/g, kidney was
0.025–0.08 ng/g and gizzard contained trace levels to 0.22 ng/g whereas aflatoxin M1 levels were
0.03–0.10 ng/g in liver and 0.09–0.13 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 cause a 5% reduction in
growth rate were estimated 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 can be present in the sow’s milk and different levels are possible depending on
the initial 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, aflatoxin consumption
at levels above 2000 ppb produced acute hepatosis and death in 3–10 days. At levels of 500–750
ppb, there were no observed effects on conception in sows and gilts, piglets were normal but had
slower growth due to aflatoxins in sow’s milk (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 355–551 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 (54–72 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 kidney were 4.4, 0.7 and 0.2 ppb, respectively.
A meta-analysis reviewed 85 articles published between 1968 and 2010, totalling 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 aflatoxins in the feed, there was a 3.9% reduction in pig weight gain. Methionine
and protein were protective (Andretta et al. 2011).
Another meta-analysis of studies on the effect of aflatoxins on growth performance 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 cause 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 libitum 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 levels in tissues after steers were fed a diet containing 800 ppb aflatoxins for 15 weeks
Toxin
Aflatoxin B1
Aflatoxin M1

Level of aflatoxin (ng/g or ng/ml)
Liver
Kidney
Muscle
0.37
0.09
0.002
1.07
4.82
0.115

Heart
0.004
0.14

Lung
0.014
0.29

Rumen contents
13.05
0.14

Source: Richard et al. (1983).

Poultry feed contaminated at the level of 3000 ppb may result in levels of 3 ppb in poultry meat.
Aflatoxins may be carried over from feed to eggs at ratios ranging from 5000–125,000 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 relatively 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 children 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 subSaharan Africa, the risk and impact of aflatoxin consumption from fish needs further research.
Finally, mould-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 aflatoxin contamination in animal-source foods
and feeds. Overall, there have been 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 will
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.
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7.2.

Impact in East Africa

The recurrent cases of aflatoxin poisoning in East Africa have become a revolving epidemic,
particularly in the arid and semi-arid areas of the region. This epidemic has been attributable
primarily to crop planting and post-harvest practices. Retail stores and open markets have been
shown to pose highest risk of crop contamination. Rates of aflatoxin exposure and hepatitis B
prevalence in rural populations are higher than those in urban populations, even within the highburden developing countries. This disparity may be explained by differences between an urban
diet that is more diverse and the rural population’s staple-based diet consisting of maize, peanuts
and other foods prone to aflatoxin contamination (Liu and Wu 2010).
Kenya has experienced several aflatoxicosis outbreaks during the last 25 years, most of which
have occurred in Makueni and Kitui districts in Eastern Province. Both districts are prone to food
shortages due to poor and unreliable rainfall and high temperatures. In Kenya, more than 40% of
rural and urban diets consist of maize and maize products (Mwihia et al. 2008). The 2004 Kenyan
aflatoxicosis outbreak followed a poor maize harvest that had been damaged and consequently
made susceptible to mould by drought. To guard against theft of the meagre harvest, people stored
the maize in their houses, which were warmer and more moist than the granaries where the crop
was usually stored. Maize samples taken during the outbreak showed aflatoxin B 1 concentrations
as high as 4400 ppb, 220 times higher than the Kenyan limit for aflatoxin in food (USAID 2003).
Until appropriate post-harvest handling and storage methods for maize are adopted by the local
population, aflatoxin poisoning will continue to be a public health concern.
In Uganda, research in the 1960s and early 1970s indicated that a significant portion of the
population was regularly exposed to aflatoxin-contaminated foods (Kaaya and Warren 2005).
Because Sudan is the leading world producer of groundnuts (Younis and Malik 2003), the high
standards for the export market have resulted in thorough sorting of peanut products to eliminate
contaminated kernels. However, contaminated kernels may still find their way into the local
market, particularly for oil processing factories (Idris et al. 2010).
The East African Community, the regional trade body, is developing aflatoxin standards for food
and feed. However, the majority of the people in East Africa are subsistence farmers who produce
and consume their own foods which do not pass through the government regulatory systems
(Wild 2007). Grains sold at local markets are also not commonly screened for mycotoxins, thus
consumers of foods from such markets are also at a risk of exposure. Poverty and food insecurity
in the region has led to further increased mycotoxin exposure as the people are more concerned
with having food to eat without regard of the quality or risks (Shephard 2008). Additionally,
alternative uses for highly contaminated crops need to be developed.

7.3.

Impact in Southern Africa

Several aflatoxin surveys have been conducted in Botswana, Malawi and South Africa. In
Botswana, half of the maize meal samples contained aflatoxins at concentrations greater than 20
ppb (Mphande et al. 2004). In Malawian brewing grains, aflatoxin levels of up to 1020 ppb were
reported. Malted maize and millet are used to make local brews that are widely consumed in Kenya
and Malawi. Previous studies determined that toxins present in grains are not affected by normal
cooking temperatures, indicating that beer may be contaminated with aflatoxins due to the use of
contaminated grains in production (Kenji et al. 2000). Aflatoxin levels 30 times higher than the
South African legal limit (10 ppb) have been reported in peanut butter given to school children in
Eastern Cape, South Africa (MRC 2006). Researchers in South Africa have also noted a high
incidence of mycotoxin contamination in maize porridge (Shephard et al. 2002).
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7.4.

Impact in West and central Africa

Exposure to aflatoxin is widespread in West Africa, probably starting in utero, and blood tests have
shown that a very high percentage of West Africans is exposed to aflatoxins (Bankole and
Adebanjo 2004). Aflatoxin-albumin adducts were detected in 99% of children in Benin and Togo
(Gong et al. 2003). Over 90% of West Africans were reported to contain detectable levels of
aflatoxin-albumin adducts, with exposure occurring throughout life, including in utero and via
breast milk (Turner et al. 2000; Wild et al. 2000). In Benin and Togo, the level of aflatoxin in stored
maize has been shown to exceed 100 ppb in 50% of tested samples (Hell et al. 2000). In fact, some of
the highest levels of aflatoxin-albumin ever measured have been reported in children aged
between 9 months and 5 years in Benin and Togo where 5.4% had levels greater than 200 pg/mg
with a maximum level in one child of 1064 pg/mg (Gong et al. 2003). A study in Nigeria by Uriah et
al. (2001) found that blood and semen aflatoxin levels ranged from 700–1393 ng/ml and 60–148
ng/ml, respectively, in infertile men and were significantly higher than those in fertile men.
Burkina Faso, Ghana, Nigeria, Senegal and Togo and have recorded aflatoxin contamination at
varying levels in sorghum, maize, cotton seeds, groundnuts and groundnut products, yams and
cassava. Studies in Ghana that collected samples from major processing sites in Accra reported
aflatoxin levels that ranged from 2–662 ppb (Shuaib et al. 2010a), levels that far exceeded both
Codex Alimentarius Commission and United States of America regulations. In Benin and Togo,
aflatoxin levels in maize have been reported to average five times the safe limit in up to 30% of
household grain stores (Egal et al. 2005; Hell et al. 2005). Udoh et al. (2000) reported that 33% of
maize samples from different agro-ecological zones of Nigeria were contaminated with aflatoxins.
Hell et al. (2000) found that the percentage of maize samples with more than 5 µg/kg aflatoxin was
9.9–32.2% in the different agro ecological zones of Benin before storage, but this increased to 15.0–
32.2% after six months of storage. All the maize samples collected from silos and warehouses in
Ghana contained aflatoxins at levels ranging from 20–355 µg/kg, while fermented maize dough
collected from major processing sites contained aflatoxin levels of 0.7–313 µg/kg (Kpodo 1995).
Aflatoxins were detected in 98% of samples of dried yam chips surveyed in Benin with levels
ranging from 2.2–220 µg/kg and a mean of 14 µg/kg (Bassa et al. 2001). Aflatoxin B1 was detected in
54.2% of dried yam chips in Nigeria (Bankole and Mabekoje 2004) while Bankole and Eseigbe (1996)
detected aflatoxins in 35% of tiger nut (Cyperus esculentus) in Nigeria, with concentrations ranging
from 10–120 µg/kg.
As early as 1961, scientists at the National Stored Products Research Institute and the Institute of
Agricultural Research, with the assistance of the Tropical Products Research Institute of London,
demonstrated the susceptibility of groundnuts to aflatoxin contamination in Nigeria. The
prevalence of the toxic Aspergillus strains on maize kernels from three agro-ecological zones in the
northern part of Nigeria has been well established (Atehnkeng et al. 2008a).
In West Africa, many people are not only malnourished but also chronically exposed to high levels
of mycotoxins. A study to determine the level of aflatoxin exposure among young children from
Benin and Togo suggests a link with food consumption, socio-economic status, agro-ecological
zones of resilience and culture-specific measures. Elevated aflatoxin levels were associated with
child stunting, child mortality, immunosuppression and child neurological impairment (Gong et al.
2003). In a study carried out in the Gambia, Guinea, Nigeria and Senegal, over 98% of the subjects
tested positive to aflatoxin markers (Bankole and Adebanjo 2004).
In Cameroon, researchers determined that cassava chips consumed by locals contained elevated
aflatoxin levels, which may have occurred as a result of processing practices, conditions in storage
facilities and long duration of storage (Essono et al. 2009).
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In the Gambia, aflatoxins have been detected sera, maternal intravenous blood, breast milk and
umbilical cords of patients in the maternity wards (Zarba et al. 1992). Peanuts are a staple food and
the primary cash crop in the country and their common consumption results in high and
prolonged exposure to aflatoxin. Furthermore, extensive research efforts have documented high
liver cancer incidence resulting from childhood hepatitis B infections, lifetime dietary aflatoxin
exposure and chronic hepatitis C infections (Kirk et al. 2006). The Gambia Intervention Study
showed that hepatitis B vaccination can be implemented in the national immunization programs of
developing countries and that immunization is highly effective in preventing chronic hepatitis B
infection and the likely onset of liver cancer (Kirk et al. 2006).

7.5.

Trade

With global trade of commodities susceptible to aflatoxin contamination and the impact of these
food products on public health, aflatoxin regulations to facilitate trade and safeguard human and
animal health have been developed. These standards vary by region and country.

7.5.1. Aflatoxin regulations
Appropriate levels of sanitary and phytosanitary standards are needed to mitigate food-borne
health risks. However, import restrictions have been imposed without sufficient support in
international science. In 1997, the European Commission proposed a uniform standard for total
aflatoxins, setting the acceptable level of the contaminant in food products. It set a standard of 4
ppb total aflatoxin in cereals, edible nuts, dried and preserved fruits and groundnuts intended for
direct human consumption, and 10 ppb in groundnuts subject to further processing. It also
established the maximum allowable level for aflatoxin M1 in milk at 0.05 ppb. For eight European
Union members (Belgium, Greece, Ireland, Italy, Luxembourg, the Netherlands, Spain and Sweden),
the new regulation resulted in a reduction in the level of acceptable food imports by more than
50%.
In part as a result of the objections raised by European trading partners, the commission relaxed
the aflatoxin standard for cereals, dried fruits and nuts. A July 1998 commission regulation
established the total aflatoxin standard in groundnuts subject to further processing at 15 ppb (8
ppb for aflatoxin B1) and in other nuts and dried fruit subject to further processing at 10 ppb (5 ppb
for aflatoxin B1). A more stringent standard on cereals and dried fruits, and nuts intended for
direct human consumption was set at 4 ppb (2 ppb for aflatoxin B1). According to the revised
regulation in March 2001, European Union members were to implement the necessary laws to
comply with the new standards no later than April 2002.
The World Trade Organization Agreement on Sanitary and Phytosanitary Standards encourages
member countries to harmonize national standards with international standards and
recommendations developed by other World Trade Organization member governments in
international organizations, such as the joint Food and Agriculture Organization of the United
Nations (FAO)/WHO Codex Alimentarius Commission for food safety. The Codex Alimentarius
Commission permits importing countries to impose more stringent measures than the international
standards. Real world experience indicates that the costs of regulatory intervention can be high.
The loss arising from rejection is not limited to the value of the product. It also includes
transportation and other export costs. How regulatory costs for exporters compare with possible
gains in the higher sanitary and phytosanitary levels in importing countries is a key part of today’s
trade policy. In general, a tighter standard on aflatoxin B1 is applied to food products intended for
direct human consumption compared to those subject to further processing.
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Table 9 outlines the more common aflatoxin standards for peanuts, maize and milk. A full list of
aflatoxin standards by country is provided in Appendix 1. These stringent aflatoxin regulations
have raised questions and concerns, particularly on the impact the standards have on trade.
Table 9: Aflatoxin standards for peanuts, maize and milk
Standard

Product

Codex Alimentarius Commission

Peanuts, for further processing
Milk
Peanuts, to be sorted
Peanuts, processed
Maize
Maize, to be sorted
Milk
Maize, processed peanuts
Milk

European Union

United States of America

Total aflatoxin
(ppb)
15

Aflatoxin B1
(ppb)

15
4
4
10

8
2
2
5

Aflatoxin M1
(ppb)
0.5

0.05
20
0.5

7.5.2. Impact of aflatoxin regulations on trade
In 2001, a study estimated that African food exporters lost 670 million United States dollars (USD)
per year by not meeting European Union safety standards alone (Otsuki et al. 2001). According to
FAO, only 15 African countries had regulatory limits for aflatoxins as of 2003 (Van Egmond and
Jonker 2004), but even in countries with regulations, food that does not move through formal
market channels, e.g. almost all food sold in local markets in Africa, is effectively unregulated.
Contamination is proving to be a major obstacle in linking African farmers to export markets as
aflatoxin contamination prevents commodities from meeting international, regional and local
regulations and standards governing agricultural trade and food safety. Up to 25% of world food
crops are affected and countries that are situated between 40°N and 40°S are most at risk (Van
Egmond and Jonker 2004). The cost of compliance with these aflatoxin regulations can exceed total
government development budgets for all expenditures in the least developed countries (Otsuki et
al. 2001).
The joint FAO/WHO Expert Committee on Food Additives estimated that implementing a 10 ppb
total aflatoxin standard leads to a risk of 39 cancer deaths per year per billion people, with an
uncertainty range between 7 and 164 people. In comparison, a 20 ppb standard yields a risk of 41
cancer deaths per year per billion people with an uncertainty range between 8 and 173 people. It is
therefore estimated that lowering the aflatoxin threshold from 20 to 10 ppb in countries where the
percentage of carriers of hepatitis B1 is around 1% (e.g. countries in the European Union) would
result in a drop in the population risk of approximately two cancer deaths a year per billion people.
Approximately 0.2 cancer deaths will be prevented each year by tightening total aflatoxin
standards by 1 ppb (Otsuki et al. 2001).
If both market and heath economic impacts of mycotoxins can be estimated, the cost-effectiveness
of different interventions to reduce mycotoxin risk can then be assessed. Various studies have
attempted to quantify the potential market losses associated with mycotoxins in crops. In the
United States of America, Vardon et al. (2003) estimated the total annual losses due to three
mycotoxins (aflatoxin, fumonisin and deoxynivalenol) to reach as high as USD 1 billion. Almost all
of this loss was borne by maize, groundnut and wheat growers. However, a small portion of this
loss was estimated to be suffered by livestock producers due to adverse animal health effects.
In three Asian countries (Indonesia, the Philippines and Thailand), the total estimated annual loss
due to aflatoxin was about half a billion Australian dollars (Lubulwa and Davis 1994). The loss was
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a combination of market impacts, through rejected lots with excessively high mycotoxin levels, and
adverse health effects, specifically, the impacts of liver cancer in these populations (Table 10).
Table 10: Estimates of the 1991 annual social costs of aflatoxins in Indonesia, the Philippines and Thailand
Sector

Impact of aflatoxin considered

Parameter used in social cost estimation

Grains sector
households

Product spoilage effects
Human health effects

Change in wastage rates and post-harvest costs
Cost of premature death due to aflatoxin-related
primary liver cancer
Cost of disability due to aflatoxin-related
primary liver cancer
Reduction in the unit cost of production when
the aflatoxin content of feed is reduced

Human health effects
Poultry

Hen eggs

Pig meat

Increased mortality rates and
reduced feed-to-weight
conversion
Increased mortality rates and
reduced feed-to-weight
conversion
Increased mortality rates and
reduced feed-to-weight
conversion

Total cost for three countries (million Australian dollars)
Maize
Peanuts Maize and peanuts
70.9
36.8
107.7
112.7
73.2
185.9
63.8

41.5

105.3

28.9

2.5

31.4

Reduction in the unit cost of production when
the aflatoxin content of feed is reduced

6.6

0.6

7.2

Reduction in the unit cost of production when
the aflatoxin content of feed is reduced

36.2

3.1

39.3

319.1

157.7

476.9

Total
Source: Lubulwa and Davis (1994).

Wu (2004) estimated the market impacts on the world’s top maize and groundnut exporting
countries of conforming to hypothetical harmonized standards for fumonisin in maize and
aflatoxin in groundnuts. If the current United States of America standard for total aflatoxin level
(20 µg/kg) were adopted worldwide, total annual groundnut losses in exporting countries would be
USD 92 million, whereas if the European Union standard (4 µg/kg) were adopted worldwide, the
total annual losses would increase to USD 450 million.
However, Xiong and Beghin (2011) showed that the standards set by the European Union had no
significant trade impact on groundnut exports from Africa across various methods of estimation.
Their findings concluded that the trade potential of African groundnut exporters is more
constrained by domestic supply issues rather than by limited market access. African exports were
already declining and African exporters would likely not have met the earlier less restrictive
standards either (Figure 14).

Source: Roy (2013).

Figure 14: Value of exports of shelled groundnuts from African regions.
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However, standards are meant to protect human health and testing alone is an inefficient and
ineffective approach to the control of food contaminants (Clarke and Fattori 2013). Adopting good
practices at all stages of the food chain to minimize infection by toxigenic moulds and the
accumulation of mycotoxin contamination is the best way to reduce levels of these fungal toxins in
the food supply.

7.5.3. Mapping of surveys with aflatoxin levels above European Union standards

Maps were developed from the literature review of aflatoxin surveys. From the maps, it is apparent
that many countries in sub-Saharan Africa have aflatoxin contamination levels well above the
European Union aflatoxin standards for groundnuts. Many parts of the world, including subSaharan Africa, also have contamination levels above the European Union standards for milk.
These maps highlight that many countries have both high levels of contamination and a need for
aflatoxin risk mitigating strategies, particularly in groundnuts and milk. These maps may underestimate contamination levels, as only published surveys were mapped and those countries
without surveys would appear to lack aflatoxin contamination at levels above European Union
standards.

Figure 15: Percentage of maize samples with aflatoxin levels above European Union limits.

From Figure 15, it appears that the number of surveys with maize samples containing aflatoxins at
levels above European Union standards is quite low. However, many surveys did not specifically
state whether they had samples containing aflatoxins at levels above European Union limits.
However, despite the small number of surveys mapped, there was a high percentage of samples
with aflatoxin levels above European Union standards, indicating high frequency of
contamination. From the surveys of aflatoxin-contaminated groundnuts, a high percentage of
samples had aflatoxin levels above European Union limits, especially in parts of sub-Saharan Africa
(Figure 16).
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Figure 16: Percentage of groundnut samples with aflatoxin levels above European Union limits.

Figure 17: Percentage of cow milk samples with aflatoxin levels above European Union limits.

A large number of countries have reported aflatoxin levels in milk above European Union limits
(Figure 17). The 0.05 µg/kg standard is quite strict, especially for countries with favourable
environmental conditions that make it hard to control aflatoxin levels in grains and other
ingredients that comprise animal feeds. Given the large number of aflatoxin-positive milk samples
and the fact that only about 7% of aflatoxins ingested by cows ends up in their milk, it appears
from the maps that there is a high degree of contamination in grains typically fed to dairy cattle.
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7.5.4. Mapping of surveys with aflatoxin levels above United States of America
standards

The United States of America has less strict aflatoxin regulations than the European Union.
However, as the maps show, even meeting less stringent aflatoxin standards, particularly in milk,
would still be difficult for countries in sub-Saharan Africa. These maps may underestimate
contamination levels, as only published surveys were mapped and those countries without
surveys would appear to lack aflatoxin contamination at levels above United States of America
standards.
It appears that the number of surveys with maize samples containing aflatoxins at levels exceeding
the United States of America standards is quite low (Figure 18). However, many surveys did not
specifically state whether they had samples containing aflatoxins above these standards. The few
studies mapped had a high percentage of samples with aflatoxin levels above the United States of
America standards, indicating high frequency of contamination.

Figure 18: Percentage of maize samples with aflatoxin levels exceeding United States of America limits.

Similarly, mapping of surveys of groundnut samples contaminated with aflatoxins found that a
high percentage of samples contained aflatoxins at levels above United States of America limits,
especially in parts of sub-Saharan Africa (Figure 19).
Despite the less stringent standards for aflatoxin in milk in the United States of America (0.5
µg/kg), many countries still had a high percentage of samples containing aflatoxins at levels above
the country’s standards (Figure 20). Appendix 2 contains maps detailing the number of surveys
carried out, by commodity and country.
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Figure 19: Percentage of groundnut samples with aflatoxin levels exceeding United States of America limits.

Figure 20: Percentage of cow milk samples with aflatoxin levels above United States of America limits.

8.

Prevention and control

Aflatoxin contamination is a serious health concern present throughout the entire food chain,
necessitating a multidisciplinary approach to analysis, action and solution. Current technologies in
improved field management, pre-harvest and post-harvest practices and public information
campaigns can all potentially reduce the risk of aflatoxin contamination in foods and feeds and
reduce human and animal exposure (James et al. 2007; Mutegi et al. 2007).
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8.1.

Field management and pre-harvest practices

Most aflatoxin problems begin and develop in the field (Khlangwiset and Wu 2010). Strategies are
needed to prevent infection of growing plants by toxigenic moulds. Pre-harvest management
interventions seek to reduce or eliminate fungal infection in the field. Damage by insects, birds and
stress, such as drought, predispose crops to A. flavus infection.

8.1.1. Good agricultural practices
Field management practices that increase crop yields can also reduce the risk of aflatoxin
development. Listed below are pre-harvest good agricultural practices in groundnut production
(Waliyar et al. 2013).
 Use of A. flavus resistant or tolerant varieties
 Selection of healthy seeds
 Early planting
 Avoidance of mono-cropping
 Application of Trichoderma at 1 kg/hectare
 Ploughing before sowing
 Appropriate weeding
 Application of farmyard manure at 2.5 tonnes/hectare before planting
 Treatment of foliar diseases using 1–2 sprayings of Kavach
 Application of lime or gypsum at 400 kg/hectare at flowering
 Mulching with crop residues at 40 days after planting
 Maintenance of optimal density of plants in the field
 Avoidance of end-of-season drought through irrigation (if possible)
 Removal of dead plants from the field before harvest
Resistant or tolerant varieties
Developing genetic resistance to Aspergillus spp. in maize and groundnuts is a high priority.
Worldwide, the advantages of using resistant plant genotypes include direct health and economic
benefits, the lack of impact on crops or the environment and the ability to use these genotypes in
combination with other aflatoxin control strategies (Menkir et al. 2006). For instance, groundnut
genotypes with drought resistance have also shown aflatoxin reduction (Holbrook et al. 2006; Guo
et al. 2008).
Despite global efforts, progress in breeding for aflatoxin resistance in groundnuts has been limited
due to the low level of resistance to different components of resistance, variable performance due
to high genetic and environmental interaction, lack of reliable screening protocols and limited
understanding of genetics of resistance (Nigam et al. 2009). Studies indicate that the three
components of resistance (seed infection, seed colonization and aflatoxin production) are inherited
independently (Waliyar et al. 2007a). Efficacy in reducing aflatoxin has been shown to be as high as
90–98% in resistant maize varieties developed and tested in the United States of America (Guo et al.
1996). Groundnuts bred for aflatoxin resistance in the United States of America achieve at least 70%
reduction in pre-harvest aflatoxin contamination in multiple environments (Holbrook et al. 2006).
Similarly, naturally aflatoxin-resistant lines in India had significantly lower aflatoxin levels
compared to susceptible lines and produced higher pod yields, reducing aflatoxin contamination to
less than 4 ppb (ICRISAT 2006).
Other plant traits may also help to some extent to mitigate the problem of aflatoxin contamination.
These traits include short growth duration to match the period of soil moisture availability to avert
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moisture stress, uniform pod maturity and longer root systems to extract moisture from the
deeper soil layers to maintain plant–water status (Nigam et al. 2009).
Pre-harvest aflatoxin contamination is most frequent in groundnuts cultivated under rain-fed
conditions. Drought and heat stress at maturity exacerbate fungal invasion, and high temperature
and humidity during harvesting and storage lead to further fungal invasion and higher production
of the toxin in the kernels (Waliyar et al. 2007a). Under the present circumstances, genetic
resistance alone cannot eliminate the problem of aflatoxin contamination in groundnuts unless it is
accompanied by other good management practices such as soil amendments, biocontrol, soil–water
management, soil pest control and proper drying, curing and storage.
Biocontrol
Biocontrol of aflatoxin refers to the use of living organisms to reduce the incidence, growth and/or
pathogenicity of Aspergillus spp. in susceptible crops in order to reduce aflatoxin contamination.
The most widely used biocontrol method employs atoxigenic strains of Aspergillus that can
competitively exclude toxigenic strains from colonizing crops. There is a strong correlation
between the presence of atoxigenic strains and aflatoxin reduction (Dorner and Horn 2007).
Toxigenic strains of A. flavus are more aggressive colonizers than atoxigenic strains. Therefore,
achieving long-term aflatoxin reduction would depend on maintaining a high atoxigenic to
toxigenic strain ratio in soil through repeated applications of the atoxigenic strain in years when
susceptible crops are grown (Dorner and Horn 2007).
The International Institute of Tropical Agriculture (IITA) has developed Aflasafe TM, a biocontrol
technology that introduces native local atoxigenic strains of A. flavus. The introduced atoxigenic
strain competitively displaces toxigenic A. flavus, drastically reducing its population. AflasafeTM is
broadcast by hand 2–3 weeks before the flowering stage of maize to prevent the aflatoxinproducing fungus from colonizing and contaminating the crop while it remains in the field and
subsequently in storage. AflasafeTM can also be used in fields of groundnuts and chilies. Field
testing of Aflasafe™ in Nigeria between 2009 and 2012 consistently showed a decrease in
contamination in maize and groundnuts by 80–90% or more (Cotty and Bandyopadhyay 2013). Per
hectare, AflasafeTM costs USD 18 and provides crop protection in the field and during storage. In
Senegal, a major groundnut exporter, use of Aflasafe™ would annually add USD 281 million in
value to groundnut exports (Bandyopadhyay et al. 2013a).
Other biocontrol methods by competitive exclusion have been developed (Dorner et al. 2003;
Dorner and Lamb 2006; Pitt and Hocking 2006; Khanafari et al. 2007; Atehnkeng et al. 2008b;
Alaniz-Zanon et al. 2013). The International Crops Research Institute for the Semi-Arid Tropics
(ICRISAT) has used isolates of Trichoderma spp. and strains of Pseudomonas and Actinomycetes
for reducing groundnut seed colonization by competitive exclusion or inhibition of aspergilli
(Waliyar et al. 2007a).
Soil moisture and temperature
Soil surface temperature greatly influences fungal communities, with densities decreasing when
daily average soil temperature is either below 18°C or above 30°C and the proportion of A. flavus
belonging to the S strain, which produces more aflatoxins, increasing as soil temperature increases
(Jaime-Garcia and Cotty 2010). Another study found similar results. Growth of A. flavus was
optimal between 25°C and 30°C while aflatoxin B1 production was optimal at 25°C (Giorni et al.
2007). Infection and aflatoxin concentration in groundnuts can be related to the occurrence of soil
moisture stress during pod-filling when soil temperatures are near optimal for A. flavus (Craufurd
et al. 2006).
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Insect damage
The most important insects that spread A. flavus in pre-harvest maize are in the lepidopteran
family: ear borer Mussidia nigrivenell (snout moth), Sitophilus zeamais (maize weevil), Carpophilus
dimidiatus (cornsap beetle) and Spodoptera frugiperda (fall armyworm). Damage by these pests is
correlated with higher aflatoxin levels (Hell et al. 2000; Khlangwiset and Wu 2010; Ni et al. 2011).
In groundnuts, A. flavus was commonly associated with kernels from broken pods. Damage to
shells which occurs while the crop is in the ground was found to predispose the kernels to
contamination with aflatoxin (Bankole et al. 2006). Additionally, infection of groundnut plants with
the root-knot nematode Meloidogyne arenaria can lead to an increase in aflatoxin contamination of
groundnut kernels when the plants are subjected to drought stress during pod maturation (Timper
et al. 2004).
Farmyard manure, lime and gypsum
The application of lime and farmyard manure significantly reduced aflatoxin contamination,
especially in susceptible cultivars. The application of lime alone reduced aflatoxin contamination
by 79% and farmyard manure reduced aflatoxin content by 74%. The above practices help ensure
that groundnut plants have the nutrients they need for good growth and that healthy plants that
are able to withstand A. flavus infection. However, the pod yield was not sufficient with the use of
lime or farmyard manure, indicating that the technology may face difficulties in adoption.
Additionally, the lack of lime and farmyard manure is a major constraint (Waliyar et al. 2007b).
Timely harvesting
Aflatoxin contamination increases with delays in pod removal after lifting the plants and during
storage. In addition, traditional heap drying enhances rapid fungal proliferation and toxin
production. Small and immature seeds (gleans) contain the highest levels of toxin and segregating
such seeds reduces contamination in the final product. Replacement of farmers’ traditional practice
of ‘heap’ drying with window drying of lifted plants has dramatically reduced contamination
(Waliyar et al. 2007a).
Other practices
In general, early sowing of groundnuts results in greater pod yields, less infection and lower
aflatoxin concentration (Craufurd et al. 2006). Practices that prevent fungal infection and
proliferation include summer ploughing, selection of appropriate planting dates to take advantage
of periods of rainfall to avoid end-season drought effects, seed dressing with systematic fungicides
or biocontrol agents, maintaining good plant density in the fields, removal of premature dead
plants, managing pest and diseases, timely harvesting, exclusion of damaged and immature pods,
quick pod drying, controlling storage pests and storing the pod or seed with less than 10% moisture
(Waliyar et al. 2007a). The use of safe and efficient mechanical threshers and seed storage bins are
other cultural practices for reducing aflatoxins in groundnuts.
Ultimately, a combination of pre-harvest strategies, as described above, may be needed to
adequately prevent aflatoxin contamination in the field. Although most of the options are costeffective and practical under subsistence farming conditions, they have largely not been adopted
by farmers mainly due to lack of access to inputs, lack of education about the risks of aflatoxins
and lack of market incentives for aflatoxin-safe groundnuts (Waliyar et al. 2007a).
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8.2.

Post-harvest management practices

Post-harvest interventions that reduce aflatoxins include early harvesting; rapid and proper
drying, sanitation, packaging, sorting, cleaning, drying and smoking; post-harvest insect control;
use of botanical or synthetic pesticides as storage protectants and proper transportation.
Contamination is increased by rain during harvest, drying on soil, poor handling during harvest
and transport and storage in humid, warm, insect-infested containers and structures (Beed 2013).
Food is vulnerable to contamination until it is consumed.

8.2.1. Post-harvest handling of groundnuts
Because the common practice of allowing the groundnuts to dry out in the field predisposes the
kernels to A. flavus infection (Bankole et al. 2006), ICRISAT has tested various groundnut
harvesting practices that help reduce aflatoxin levels. Some of the best harvesting and drying
techniques tested, such as avoiding damage to pods, harvesting at right maturity and proper
drying of pods reduced aflatoxin by 69–88%. The proper drying technique essentially involves
lifting the plants and laying them with foliage directly on the ground and the pods sitting on the
foliage, facing the sun. With farmers’ practice of removing pods nearly one month after harvesting
the crop, the aflatoxin content ranged from 77–342 µg/kg. Removing of pods immediately after
lifting reduced aflatoxin contamination by 60% while removal of pods two weeks after harvest
reduced contamination by 30%. Pods left in the soil (gleaned pods) had the highest aflatoxin
contamination, ranging from 99–413 µg/kg in susceptible varieties compared to 7–11 µg/kg in
resistant cultivars. In Nigeria, the recommended method of drying the pods facing the sun reduced
aflatoxin contamination by as much as 97% compared to the farmers’ method of window drying
(Waliyar et al. 2007b).
A package of groundnut post-harvest interventions studied in Guinea included hand sorting to
remove visibly mouldy and damaged shells and kernels, drying on natural fibre mats instead of on
the ground, training on how to determine the completeness of sun drying, storage of dried
groundnuts in natural fibre bags, storage of groundnut bags on wooden pallets and use of
insecticide on the floor of the storage facility under the wooden pallets. The cost of these locally
available materials for the intervention package was USD 50 per household. Exposure was more
than halved five months after harvest in individuals from the intervention villages (Turner et al.
2005).

8.2.2. Post-harvest handling of maize
In maize, removing existing aflatoxin contamination is possible by sorting aflatoxin-contaminated
kernels from relatively cleaner ones. This can be done by either simple physical methods (e.g. hand
sorting) or flotation and density segregation methods. These sorting methods have been shown to
significantly reduce aflatoxin levels in post-harvest maize (Kabak et al. 2006).
After sorting, there are several methods to prevent the growth of Aspergillus and hence reduce
post-harvest aflatoxin contamination. These include control of moisture levels in stored crops,
storage temperature, insect pests and rodents (Kabak et al. 2006). Combinations of these methods
to reduce post-harvest contamination have been tested for efficacy in actual rural village
conditions.
In Uganda, field drying of maize is a traditional practice carried out by farmers. However, delayed
harvesting is associated with higher aflatoxin levels. A study in 2003 and 2004 found that mould
incidence, insect damage and aflatoxin levels significantly increased with delayed harvest time.
The results indicated that farmers should harvest no later than three weeks after maize has
attained physiological maturity (Kaaya and Kyamuhangire 2006). In another study in Uganda,
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aflatoxin contamination of harvested maize was positively related to leaving maize to dry in the
field for more than three weeks, drying maize without husks, drying maize on the bare ground,
shelling maize by beating, heaping maize on the floor during storage and storing maize in baskets.
Sorting before storage, storage of maize in shelled form, storage of maize in bags, used of improved
granaries as storage structures, storage of maize above the fireplace and use of synthetic pesticides
during storage were all practices negatively related to aflatoxin development (Kaaya et al. 2006).
In a study in Benin, higher aflatoxin levels in maize were associated with storage for 3–5 months,
insect damage and use of Khaya sengelensis bark or other local plants as storage protectants.
Additionally, storage of maize in locally made baskets (‘ago’ made from woven raffia palms, tree
branches or bamboo and ‘secco’, a giant basket made from Hypparhenia diplandra) or ‘zingo’, a
granary with a wooden conical based posed on a stone and a thatched roof, were all associated
with higher levels of aflatoxins. Lower aflatoxin levels were related to the use of storage or cotton
insecticides, mechanical means or smoke to protect against pests and cleaning of stores before
loading them with the new harvest (Hell et al. 2000; Gnonlonfin et al. 2013).

8.2.3. Post-harvest management in the value chain
Since cross-contamination and further fungal growth are possible further up the value chain,
possible solutions at the trader, warehouse and processor levels are highlighted in Table 11.
Table 11: Possible solutions at the trader, warehouse and processor levels
Application point
Trade/warehouse/processor
Trader/warehouse/processor
Warehouse/storage

Warehouse/storage/processor
Processor

Procedure
Awareness building
Monitor mycotoxin levels in stores, remove damaged corn, promote the drying of corn to optimal
moisture content before storage
Frequent cleaning of feed delivery systems and short-term storage areas; drying techniques to
achieve adequate storage moisture and store product on a clean, dry surface; promote appropriate
storage structures of different sizes; monitor and control pests and moisture levels
Separation of damaged and mould-infested kernels by one method or combination of methods
Enterosorption; chemical inactivation by ammonization, nixtamalization with addition of hydrogen
peroxide and sodium bicarbonate, thermal processing

Source: Narrod (2011).

8.3.

Dietary and food interventions

When it is not possible to control aflatoxin contamination in the field, after harvest, during
outbreaks of acute aflatoxicosis or when contamination levels are uncertain, several dietary
interventions are available to reduce aflatoxin-related health risks. One simple dietary
intervention, where feasible, is to consume less maize and groundnuts, in favour of other food
crops that have significantly lower aflatoxin contamination, such as sorghum and pearl millet
(Bandyopadhyay et al. 2007). However, where it is not easy to make such a dietary shift (e.g. where
maize and groundnuts have traditionally been staples), other dietary interventions may be helpful.
One class of dietary interventions involves absorption of aflatoxin. Adsorbent compounds can be
included in food or feed or taken separately during mealtimes to bind aflatoxin in the
gastrointestinal tract, resulting in reduced aflatoxin bioavailability. Several materials have varying
degrees of ability to bind aflatoxin, including bentonites, zeolites, diatomaceous earth, activated
charcoal and fibres from plant sources (Khlangwiset and Wu 2010). One material that has proven
effective in animal feed and is showing promise in human trials is calcium montmorillonite,
marketed as NovaSil™ clay.
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NovaSil™ clay, a naturally occurring and heat processed calcium montmorillonite, is commonly
used as an anticaking additive in animal feed. Studies have shown that capsules containing
NovaSil™ clay can be used to effectively reduce the bioavailability of dietary aflatoxin based on a
reduction of aflatoxin-specific biomarkers (Wang et al. 2008). It has also been used to prevent
aflatoxicosis in a variety of animals by tightly binding aflatoxins in the stomach and intestines,
resulting in decreased bioavailability (Phillips et al. 2008). NovaSil™ clay has been shown to reduce
aflatoxin toxicity on body and organ weights, feed intake and hepatic vitamin A when tested in
broiler chicks. No toxicity has been found in a dose as high as 0.5% w/w in the diet (Pimpukdee et
al. 2004).
Green tea polyphenols have been shown to inhibit chemically-induced cancers in animal and
epidemiological studies (Groopman et al. 2008; Phillips et al. 2008). Green tea polyphenols inhibit
initiation of aflatoxin-induced liver cancer in rats by modulating aflatoxin metabolism (Qin et al.
1997) and in humans, there are inverse associations between green tea consumption and cancer
risk (Fujiki and Suganuma 2012).
Chlorophyllin, a derivative of chlorophyll, is a natural constituent of green vegetables in the
human diet that has shown anti-carcinogenic effects in animals (Dashwood et al. 1998).
Chlorophyllin appears to protect against aflatoxin by sequestering it during the digestive process
and hence impeding its absorption. In addition, chlorophyllin may have enzyme-inducing
properties that contribute to its mechanism of detoxification (Egner et al. 2001; Groopman et al.
2008). Side effects of chlorophyllin are rare, but may include diarrhoea and discolouration in urine
and faeces.
There is increasing evidence that some lactic acid bacteria have the ability to bind aflatoxin B1 (ElNezami et al. 2000; Lahtinen et al. 2004; Kabak and Var 2008; Hernandez-Mendoza et al. 2009).
These bacteria are important in the fermentation of many foods, including vegetables, fruits and
dairy products. The main purpose of Lactobacillus inclusion in food has typically been
fermentation, not the prevention of aflatoxin risk. Hence, inclusion of culturally appropriate
fermented foods in the diet may be a feasible method of partially reducing aflatoxin risk.
For example, in KwaZulu-Natal, South Africa, the fermentation process used to produce a sour
maize-based gruel or beverage called amahewu has also been shown to reduce the levels of
aflatoxin B1 while improving nutritional quality (Chelule et al. 2010). However, another study has
shown that fermentation and cooking have little effect on reducing aflatoxins (Fandohan et al.
2005). These studies also highlight the risk of reusing the water used to wash contaminated grains,
as the water was contaminated with aflatoxins from the maize.
The microorganisms Nocardia corynebacteroides, Mycobacterium fluoranthenivorans,
Corynebacterium rubrum and Rhodococcus erythropolis have all been evaluated for their ability to
degrade aflatoxin B1 (Hormisch et al. 2004; Teniola et al. 2005; Alberts et al. 2006). Additionally,
fungal lactase enzymes (Alberts et al. 2009), inorganic salts and organic acids (Shekhar et al. 2009)
and methyleugenol (Sudhakar et al. 2009), a naturally occurring substance present in many
essential oils and fruits, have also been studied to determine whether they can degrade aflatoxin
B1. Much of the research on biodegradation of aflatoxins has not made it beyond the laboratory.
Large-scale use of biological agents to bind or degrade aflatoxins in contaminated foods may not be
feasible or economically viable in developing countries.
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8.4.

Food processing

Physical cleaning—where mould-damaged kernels, seeds or nuts are removed from the intact
commodity—may result in 40–80% reduction of aflatoxins (Park 2002). While sorting, trimming
and cleaning may reduce aflatoxin concentrations in commodities, these operations may not
completely remove all of the contamination. The initial condition of the grain or commodity and
extent of the contamination will have an effect on cleaning efficiency.
In the milling process, aflatoxin contamination may be redistributed and concentrated on certain
mill fractions, but there is no step or operation that destroys aflatoxins. In the dry milling of wheat,
barley and other cereals, deoxynivalenol, zearalenone, aflatoxins and ochratoxin A were found in
highest amounts in fractions of the commodity that are less likely to be used for food production
(germ and bran fractions) but are diverted into animal feed (Park 2002; Bullerman and Bianchini
2007).
In the wet milling of corn, aflatoxins may be dissolved into the steep water or distributed among
the by-products of the process but not destroyed. By the end of the wet milling process, aflatoxin
can be found in the steep water, gluten fibre and germ, while the starch tends to be relatively free
of aflatoxins (Park 2002).
In the brewing process, aflatoxin B1 may be transferred from contaminated grains into beer.
Aflatoxin B1 was relatively stable at boiling temperatures of the mash cooking step, but was more
sensitive to mash malting (protein hydrolysis), wort boiling and final fermentation with a removal
of 12–27%, 20–30% and 20–30%, respectively, in these steps (Chu et al. 1975).
In a study of corn muffins made from cornmeal naturally contaminated with aflatoxins, 87% ± 4%
of the initial amount of aflatoxin B1 in the cornmeal was found in the baked muffins (Stoloff and
Trucksess 1981). However, ordinary cooking of rice contaminated with aflatoxin B1 showed an
average reduction of 34%. Even further reduction was obtained with pressure cooking (78–88%)
(Park et al. 2005; Park and Kim 2006). In another study, boiling corn grits resulted in an average
reduction of aflatoxins of 28%, while frying the boiled grits resulted in 34–53% total reduction
(Stoloff and Trucksess 1981). Production of tortillas by alkaline cooking and steeping of the corn
followed by further processing into tortilla chips and corn chips led to reduction of initial aflatoxin
contamination by approximately 52% in the tortillas, 84% in the tortilla chips and 79% in the corn
chips (Torres et al. 2001).
The effect of the corn flake process on aflatoxin has been studied. Cooking the grits with and
without sugars resulted in 64–67% reduction of aflatoxin. After toasting the flakes with and
without sugar, the reduction in aflatoxin ranged from 78–85% (Lu et al. 1997).
The effect of extrusion on aflatoxin content appears to be influenced by moisture content,
temperature and the presence or absence of additives. Hameed (1993) showed that extrusion alone
was able to reduce aflatoxin content by 50–80% and with the addition of ammonia, either as
hydroxide (0.7% and 1.0%) or as bicarbonate (0.4%), the aflatoxin reduction achieved was over 95%.
Similar results were obtained when peanut meal was subjected to extrusion cooking in the absence
(23–66% reduction) or presence (87% reduction) of 2–2.5% ammonium hydroxide (Cheftel 1989).
Other methods of food processing, such as extrusion processing at temperatures above 150°C, have
moderate ability to reduce aflatoxin and other mycotoxins (Bullerman and Bianchini 2007). Total
aflatoxin levels in peanuts were reduced by 51% after roasting, 27% after blanching and skin
removal and a further 11% after grinding to make peanut butter. Overall, there was an 89%
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reduction of aflatoxin concentration during the process of peanut butter production (Siwela et al.
2011). Dehulling, following 24 hours of soaking (steeping) and subsequent washing, significantly (p
< 0.05) reduced aflatoxin B1 content of corn flour from 900 to 150 µg/kg (Njapau et al. 1998). This
same study found that roasting of whole peanut kernels significantly (p < 0.001) reduced the levels
of aflatoxin B1 and aflatoxin G1 in the raw kernels from 8600 µg/kg to 1300 µg/kg and from 6200
µg/kg to 1200 µg/kg, respectively.
However, the aflatoxin levels in the corn flour and roasted peanut kernels were still unacceptably
high after these traditional processing techniques. The process of producing refined peanut oil
destroys aflatoxins but the peanut cake left over after oil production is contaminated (F. Waliyar,
personal communication).

8.5.

Hepatitis vaccination

Liver cancer is the fifth most common cancer in the world, with 80% of cases occurring in
developing countries. The major risk factors for this cancer have been identified as chronic viral
infections, such as hepatitis B and hepatitis C, and dietary exposure to aflatoxin. Given estimates
that approximately 70% of liver cancer cases in developing countries can be attributed to hepatitis
B, a safe and effective vaccine to prevent chronic hepatitis B infection could prevent more than
250,000 cases per year (Wild and Hall 2000). Hepatitis B vaccination has not been formally
considered as an aflatoxin control intervention, as the vaccine itself has no impact on actual
aflatoxin levels in diets. However, it reduces the synergistic impact of hepatitis B and aflatoxin in
inducing liver cancer (Wu and Khlangwiset 2010b). According to the CDC website
(http://www.cdc.gov), a dose of hepatitis B virus vaccine currently costs just over USD 1. It is
estimated that hepatitis B vaccination costs USD 910 for every death averted and USD 23 for every
DALY averted (Griffiths et al. 2005).
A regular practice now in the United States of America and some other developed nations, hepatitis
B vaccination in children is still rare in many parts of the world. Vaccinating children against
hepatitis B virus has shown, over the last three decades, to significantly decrease hepatitis B virus
infection in several regions including Europe (Williams et al. 1996; Bonanni et al. 2003), Taiwan
(Chen et al. 1996) and Thailand (Jutavijittum et al. 2005). This vaccine has already had, and will
continue to have, significant impacts on liver cancer incidence, particularly in Africa and East Asia,
considering that roughly 65 million out of the 360 million individuals who are chronically infected
live in Africa (Kramvis and Kew 2007).
In Nigeria, aflatoxin and chronic hepatitis B infection account for approximately 8–27% and 59–62%
of total liver cancers, respectively. Of the three aflatoxin control strategies tested in Nigeria
(hepatitis B vaccination, biocontrol and NovaSil™ clay), hepatitis B vaccination resulted in the
greatest reduction in number of total liver cancer cases. Out of 43,000 total liver cancer cases, it
was calculated that hepatitis B vaccination, biocontrol and NovaSil™ would reduce liver cancer by
49%, 5–19% and 3–10%, respectively (Khlangwiset and Wu 2010).

9.

Risk reduction challenges in Africa

Aflatoxin regulations in many least developed countries do little to protect public health, as there is
limited enforcement of food safety regulations, especially among rural communities where food
quality is rarely formally inspected (Shephard 2008). Subsistence farmers and local traders
sometimes have the luxury of discarding obviously mouldy maize and groundnuts. In conjunction
with drought, poverty and lack of other food options, people often have no choice but to eat
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mouldy food or starve. Thus, regulations do little to help reduce aflatoxin and its related health
effects in least developed countries (Shephard 2008; Williams 2008).
Mitigation technologies and practices can be highly effective. However, they are generally complex
and require multiple steps not only to reduce prevalence of aflatoxin but also, in some cases (e.g.
biocontrol), to ensure a high enough yield to cover the costs of investing in mitigation. Preliminary
data suggest that some low-cost mitigation options (e.g. drying technologies) can be as costeffective as more expensive ones (e.g. biocontrol) (Turner et al. 2005; Wu and Khlangwiset 2010b;
Narrod 2011). Pre-harvest biocontrol and post-harvest interventions show the most promise for
reducing exposure because they abate the greatest risk (exposure) and have been shown to be
effective under conditions found throughout Africa. In the absence of low-cost testing, however, it
would be difficult for large numbers of small-scale farmers and traders to sustain a market for
premium grain without external support (Waliyar et al. 2007b). In many pilot projects that link
small-scale farmers to markets for low-aflatoxin grain, farmers are provided with technical
support and in some cases (e.g. AgResults) provided with services directly to ensure a large amount
of high-quality production (Bandyopadhyay et al. 2013a). The sustainability of this type of support
over time and at scale needs to be assessed. Additional market models will need to be evaluated to
ensure access and sustainability.
A major incentive for farmers to invest in technologies and practices that reduce aflatoxin
contamination is provided when maize, groundnuts or other crops with low levels of aflatoxin can
be sold for a higher price than the same crops with high or unknown levels of aflatoxin. This
difference in price is the ‘price premium’ or the reward to the farmer for producing a higher
quality product. In one type of differentiated market, maize or groundnuts have to meet a standard
based on human health consequences of aflatoxin consumption. These markets are rare in
developing country domestic markets but common for exports or international food aid programs
such as the World Food Programme (Méaux et al. 2013). A second type of differentiated market is
where grains are used as inputs into other production processes, for example, as animal feed in the
production of meat or milk, where there is a perceptible economic benefit associated with use of
low-aflatoxin maize or groundnuts.

9.1.

Biocontrol

The most promising biological control technique in maize and other grains involves the application
of competitive atoxigenic strains of the fungus to the field to displace toxigenic strains that
produce aflatoxins. The atoxigenic strains inhibit the development of the toxigenic strains,
reducing aflatoxin contamination. Products based on this approach are widely used in the United
States of America and have been adapted for Africa. IITA has developed Aflasafe™, a biocontrol
product, for use in maize, groundnuts, chili peppers and cassava using native atoxigenic strains of
A. flavus. The first large-scale production plant for Aflasafe™ opened in Nigeria in 2013. In Nigerian
maize, using local atoxigenic strains of A. flavus has shown efficacy levels as high as 90%, with a
cost of about USD 18 per hectare (Bandyopadhyay et al. 2013a). While the cost of Aflasafe™ is high,
it has been shown under certain conditions to be profitable (Bandyopadhyay et al. 2013a). It may
also provide spillover benefits in terms of protection during storage and transport and in
subsequent cropping seasons (Bandyopadhyay et al. 2013b; Cotty and Bandyopadhyay 2013). In an
analysis of cost-effectiveness of risk mitigating practices, biocontrol was the most cost-effective
per unit of risk reduction (Narrod 2011). Other biological control options are also available and have
been proven to be effective. Application of Trichoderma can reduce aflatoxin contamination
significantly (Waliyar et al. 2005). Because of the cost, however, there is very little adoption by poor
farmers.
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9.1.1. Cyclopiazonic acid

In addition to aflatoxins, A. flavus also produces cyclopiazonic acid (CPA). CPA is found in corn,
cottonseed and groundnuts, and their products. At high concentrations, CPA is toxic to humans
and livestock. The levels of aflatoxins and CPA produced by various A. flavus isolates vary widely,
ranging from isolates that produce high levels of both CPA and aflatoxins to other isolates that
produce undetectable levels of the toxins. A problem with some of these biocontrol strains is that
while they do not produce aflatoxins, they still produce CPA (Abbas et al. 2011). The implication of
aflatoxin biocontrol on A. flavus ecology and population biology is a research gap.

9.2.

Post-harvest intervention packages

In industrial nations, food storage and processing practices usually prevent post-harvest
development of aflatoxins, but post-harvest aflatoxin accumulation remains a threat in many least
developed countries. Therefore, attention to key critical control points during crop growth,
harvesting, drying and storage of food is essential to reduce post-harvest aflatoxin accumulation in
least developed countries (Wagacha and Muthomi 2008).
The post-harvest intervention package of Turner et al. (2005) reduced aflatoxin levels in
groundnuts by 69% compared to control groundnuts. Moreover, mean serum aflatoxin albumin
adducts in villagers adopting the package were 57.2% lower than in the control villagers five
months after harvest. While the initial cost of this package was about USD 50 per household in
2005 to improve the storage condition of 25 groundnut bags, many components of the package last
for several years (e.g. wooden drying pallets, storage bags and insecticide).
A beneficial feature of successful post-harvest intervention packages is that most aspects are a
simple modification of already existing, culturally appropriate practices. In order to deliver
effective post-harvest intervention packages to groundnut growers, provisions must be made for
both facilities and human resources. A network of agricultural extension workers is needed to
provide education in rural groundnut-growing villages of Africa to ensure broader adoption that
can lead to population health benefits. With proper training from extension staff, individuals in
communities may be able to educate and train other farmers in their communities to apply postharvest intervention packages properly. For such an intervention to succeed, it is crucial to
develop community interest and support. However, there may be difficulties in changing current
practices. As with biocontrol, the challenge to large-scale adoption of post-harvest intervention
packages is providing the right economic incentives, especially in the absence of market incentives
for aflatoxin-safe products. Individual groundnut growers need motivation to undergo training
and bear all the costs needed to implement this package, which can be difficult if aflatoxin is not
recognized as a significant public health or market problem. In this case, unlike biocontrol, the
packages cannot be applied by agricultural staff going from household to household; the growers
themselves must implement the intervention.
Consideration of the fate of groundnuts sorted out because of high aflatoxin levels must also be
addressed. If they are consumed by poor households who cannot afford to discard the nuts, then
the poorest people in Africa would still suffer the greatest burden of aflatoxin-induced risk. Hence,
as part of intervention packages, public education on health risks of aflatoxin is absolutely crucial
to ensure the right economic and health incentives for groundnut growers to adopt interventions
and to remove highly contaminated nuts from the human food chain. Additionally, if wood is a
scarce resource in poor households, the wooden pallets may be destroyed for alternative uses
(such as firewood) rather than used for their intended purpose, namely, to elevate the stored
groundnut bags for post-harvest protection against aflatoxin accumulation.
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Presuming that the insecticides used are already registered in the target countries, no special
regulation is required for wide-scale adoption of the intervention package anywhere in Africa.
Funding from external agencies may be desirable to aid in the public education efforts, as well as to
offset the initial costs of the packages.

9.3.

NovaSil™

A variety of dietary interventions can reduce aflatoxin-related health risks. Enterosorbents can be
blended into food or feed, or taken separately (e.g. in capsule form) during mealtimes to bind
aflatoxin in the gastrointestinal tract, resulting in reduced aflatoxin bioavailability in the body. One
advantage of including NovaSil™ (or other effective enterosorbents) in a comprehensive plan to
reduce aflatoxin risk is that it can mitigate adverse health effects even if pre-harvest and postharvest conditions were conducive to high aflatoxin levels in food. NovaSil™ could conceivably be
used in ‘emergency’ situations when aflatoxin levels are determined to be high in foodstuffs. In
these situations it is too late to change pre-harvest or post-harvest practices to improve the food
available to people at that moment, and few other options to reduce aflatoxin risk are possible.
While NovaSil™ does not directly reduce aflatoxin levels in food, it can reduce aflatoxin
bioavailability.
Depending on the delivery method to consumers (capsules, blended into meal or other options),
NovaSil™ can be purchased or distributed in food markets or local health centres. If any part of the
production chain is carried out locally, including blending the clay into meal, trained personnel are
required. If NovaSil™ must be imported, transportation and delivery issues to at-risk populations
are among the top priorities that need to be planned in advance.
NovaSil™ may be subject to regulations governing food additives in target nations. National and
local governments, in collaboration with outside partners, need to make a financial investment for
the initial subsidy of NovaSil™, as many of the most aflatoxin-vulnerable populations do not have
sufficient funds to purchase quantities necessary to reduce risk through NovaSil™ consumption on
a regular basis.
Additionally, it is important to consider the likelihood of adherence to a demanding regimen. For
optimal effectiveness, consumers should take NovaSil™ at every meal in which aflatoxincontaminated foodstuffs (such as maize or groundnuts) are present. NovaSil™ may be unaffordable
on a daily basis in certain parts of the world where poverty is rampant and aflatoxin is a
significant problem. NovaSil™ proves most cost-effective when other pre-harvest and post-harvest
methods fail to prevent dangerously high levels of aflatoxin from entering the food supply (Wu and
Khlangwiset 2010a).

9.4.

Hepatitis B vaccination

Though the hepatitis B vaccine itself does not affect actual aflatoxin levels in diets, it reduces
aflatoxin-induced liver cancer by lowering the risk of hepatitis B virus, thereby preventing the
synergistic impact of hepatitis B virus and aflatoxin in inducing liver cancer. To maintain product
stability, the vaccine should be stored at 2–7°C (refrigerated but not frozen). Generally, vaccines
have been standardized during their manufacturing processes. The hepatitis B vaccine has been
used safely for decades with low risk of significant side effects. One main technological challenge
for many parts of rural Africa lies in providing and maintaining cold storage for the vaccines. It is
also not optimal for individuals to have to travel too far in order to receive the vaccine.
Administration of the vaccine is another consideration. One option is to deliver the vaccine to
existing hospitals, clinics and other health care centres. Another option is to deliver the vaccine
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through a mobile vaccination service, travelling door-to-door as necessary, with cold storage in the
medical vehicle; focusing at first on reaching everyone who had never been previously vaccinated,
then focusing primarily on reaching newborn babies, if possible. Even if it were impossible to
perfectly target the households with newborn babies, simply vaccinating the mothers in a broad
vaccination outreach could dramatically reduce the risk of hepatitis B virus transmission to babies.
Nurses, medical assistants or other trained personnel can administer the vaccines. Aside from
administering the vaccine, outreach services should also be provided to educate the public on the
importance of vaccination and completing the recommended regimen (a series of three or four
shots).
Initiating, preparing and maintaining a vaccination program is an extremely complex task that
requires governmental coordination at administrative, technical, medical, logistical, educational,
financial and political levels. Fortunately, the Global Advisory Group of the Global Alliance for
Vaccines and Immunization has specifically recommended that hepatitis B vaccination be
integrated into national immunization programs in all countries of the world. The vaccine itself is
extremely inexpensive, considering its lifetime benefit: less than USD 1 per dose, with three doses
recommended per individual to provide up to 95% efficacy in protection from hepatitis B virus.
However, economic issues surrounding hepatitis B vaccination in Africa are largely out of the
hands of individuals (Wu and Khlangwiset 2010a).
There are many competing demands for scarce resources and availability of food is often more
important than the quality of that food. Moreover, a major challenge for any intervention in foodinsecure countries is that there is little price differential for quality; hence, producers may have no
incentive to invest in quality enhancement (Khlangwiset and Wu 2010). Overall efficacy to reduce
aflatoxin-related health risks tends to be higher for agricultural interventions (pre-harvest and
post-harvest) and for hepatitis B vaccination than for dietary interventions. However, there are
many times in which only dietary interventions would be helpful, such as in the case of an
emergency (Khlangwiset and Wu 2010).
No single intervention to reduce aflatoxin risk in Africa emerges as being ‘most feasible’ in all
categories. It is worth noting that aflatoxin exposure in Ghana has been shown to be significantly
correlated with farmers’ knowledge of aflatoxin risk (Jolly et al. 2006), while farmers’ knowledge of
aflatoxin risk in Benin has been correlated with motivation to implement aflatoxin-reduction
interventions (Jolly et al. 2009).
In undifferentiated markets, the adoption of risk mitigating practices based solely on health
benefits rather than economic incentive will be a hard sell. It will be worthwhile to explore
different push mechanisms from other public health interventions (for example, HIV/AIDS testing,
condom use and hand washing) to evaluate their inclusion in messaging and adoption of risk
mitigating practices.
Risk mitigating practices that increase productivity will face fewer hurdles to adoption. Identifying
the different practices or packages of practices will be important. It is also necessary to keep the
practices to a minimum to achieve better farmer adoption and success. Practices that show
immediate or near immediate benefits will also be easier to adopt. The cost of these practices must
be offset by increased yield for adoption at national and regional scale to be feasible.

9.5.

Willingness to pay

The risk of aflatoxin contamination and prevalence changes as products move along the value
chain, as do strategies to mitigate that risk. When evaluating pre- and post-harvest interventions to
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control aflatoxins, what consumers are willing to pay for the different intervention options and
aflatoxin-free foods is an important determinant of what interventions are more likely to be
adopted. For instance, local food procurement by the World Food Programme in Africa in 2007
encountered significant levels of aflatoxins, thus hindering its ability to access needed foods for
feeding programs on the continent. Some work on willingness to pay was done in Kenya as part of
the Aflacontrol project headed by IFPRI. The results are summarized in Table 12.
Table 12: Willingness to pay for aflatoxin-reduction technology in Kenya
Technology

Initial starting
price (KES)
240

Mean price
WTP (KES)
425

Premium/discount (-)
of initial starting price
77

Aflatoxin
reduction

Metal silo (capacity 2.5
bags x 90 kg)

6500

5734

-12

60% compared
to standard bags

Drying on tarpaulin 4 x 4
m (8 bags x 90 kg)

2000

2591

30

50% compared
to drying on
ground

Plastic silo (capacity 2.5
bags x 90 kg)
Biocontrol (2.5 acres)

2800

2800

0

1000

1575

58

Improved seed (2 kg)

60%

Factors that impact demand for technology
Land assets, age of HH head (-), HHs with
children aged below 5, HH head’s primary
occupation is non-agricultural, knowledge and
perceptions of risk of aflatoxins
Land owned, age of HH head (-), HHs with
children aged below 5, HH head’s primary
occupation is non-agricultural, knowledge and
perceptions of risk of aflatoxins
Land owned and assets, knowledge and
perceptions of risks of aflatoxin

Land owned and assets

Source: Tiongco (2011)
Note: KES = Kenya shillings; WTP = willing to pay; HH = household

Some of the key findings from this study were: (1) the mean willingness to pay was higher for more
cost-effective aflatoxin reduction technologies, (2) the demand for aflatoxin-reduction technologies
was higher among younger farmers and those with more assets or income, (3) the perception on
risk of aflatoxin contamination drove demand for improved seeds, metal silos and tarpaulins and
(4) knowledge on attributes associated with moulds affected demand for improved seeds (Tiongco
2011). It is important to note that this study asked farmers what they would be willing to pay
without requiring that payment.
Another study in Kenya found that consumers were clearly willing to pay a premium for visibly
clean maize and maize tested and labelled aflatoxin-free. The willingness to pay was higher among
younger participants and those with higher income (De Groote et al. 2011).
The evidence on consumer willingness to pay for low-aflatoxin products suggests that where
farmers are also consumers, they may take health benefits into consideration when making
production decisions. In addition, results from a study by IITA suggest that farmers in Nigeria are
willing to pay USD 12–15 per hectare for biocontrol treatments (Bandyopadhyay et al. 2013b) and
studies from Kenya and Mali also found that farmers were hypothetically willing to pay more for
aflatoxin-reducing technologies (Narrod 2011).

10.

Alternative uses

Even with control strategies, the issue of what to do with highly contaminated foods still needs to
be addressed. In many countries there are different strategies for this. The most important of these
strategies, along with their advantages, disadvantages and costs, are discussed below:
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Diversion from feed use: In countries like the United States of America where biofuel is a major
consumer of maize, contaminated crops may be used for this purpose. Even though biofuel
production may be one way to divert contaminated crops from the food market, mycotoxins
are concentrated in the by-products, and since dried distiller’s grain and solubles are
important animal feed components, mycotoxins may still end up being sold as commercial feed
and cause production losses (Wu and Munkvold 2008; Khatibi et al. 2014).
Destruction: Highly contaminated cereals and feeds that cannot be safely used should be
destroyed.
Sorting, trimming and cleaning: Physical sorting can reduce contamination significantly. In
some studies, 40–80% reductions in aflatoxins were achieved (Park 2002).
Extrusion and heating: The greatest reduction in mycotoxin concentrations in extruded
products seems to occur at temperatures greater than 160°C.
Binding: The addition of binding agents such as zeolite clays and aluminosilicates is effective in
reducing toxicity. Studies in the United States of America found that when zeolite clays were
included in feed at a ratio of 200 parts feed to one part binding agent, they reduced most of the
harmful effects of aflatoxins at levels of 1000 ppb for pigs and 7000 ppb for poultry. The cost
was around USD 0.25 per tonne of feed (Grace 2013).
Charcoal, yeasts and alumina silicates are capable of binding mycotoxins and are allowed in
some countries to be used in feeds (Huwig et al. 2001). Although not common on a large-scale
global level, binding and detoxifying techniques are a promising way of utilizing contaminated
crops to increase the availability of safe foods. Yeast derivatives such as glucomannans and
mannanoligosaccharides can increase growth in animals independent of aflatoxin levels, but
can also reduce the pathogenic effects of the toxins (Aravind et al. 2003; Ghahri et al. 2009;
Taklimi et al. 2012). Humic acid has also been shown to reduce the toxic effects of aflatoxins
(Ghahri et al. 2009; Taklimi et al. 2012).
Lactic acid bacteria are generally considered harmless food additives and are used
traditionally in fermented milk products, sourdough and silage. Some strains have the ability
to bind aflatoxins and may prevent the fungi from producing toxins (El-Nezami et al. 1998;
Pierides et al. 2000).
Blending: One method of reducing moderate levels of aflatoxin contamination is to blend
contaminated grain with clean grain (blending one kilogram of grain with aflatoxin
contamination five times above the limits with nine kilogram of grain with no detectable
aflatoxin would result in 10 kg of grain with aflatoxins at 50% of the permissible amount).
Blending of contaminated crops has been practised where highly contaminated crops are
mixed with non-contaminated crops to produce a mix that has an average aflatoxin level below
the legal limits. This is not allowed in the United States of America since the feed would be
considered adulterated, but has been allowed on exception during unusually contaminated
harvests (Bagley 1979; Price et al. 1993).
Ammoniation: Other interventions aim to detoxify the contaminated products (Bata 1999;
Peltonen et al. 2001). Treatment with gaseous ammonium can reduce aflatoxin levels
dramatically and make feed safe and tolerated by animals (Bagley 1979). Ammoniation is a safe
and effective way to decontaminate aflatoxins; it has been used with success in many
countries but is not legal in others. The average costs are 5–20% of the value of the commodity.
Gaseous ozonisation has also been applied and shown to have effect, especially on reducing
aflatoxin B1 (Proctor et al. 2004). However, it is not in use commercially.
Nixtamalization, the traditional alkaline treatment of maize in Latin America, can reduce
toxicity and has potential for wider applications.
Experimental treatments: A large number of chemical, physical and microbiological methods
have shown promise under experimental conditions.
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Flexible feeding of aflatoxin-contaminated cereals to livestock: Flexible levels of feed means
that highly contaminated crops can be diverted from sensitive species to animals that are less
susceptible, but only up to a certain level. Feeding to appropriate livestock is probably the best
use of most aflatoxin-contaminated cereals, provided levels can be reduced to acceptable limits.
There are currently no established levels at which aflatoxins can be guaranteed safe for
livestock, but many animals, especially mature ones, can tolerate aflatoxins well. Indeed, many
experimental studies do not show statistically significant effects of low doses of aflatoxins and
there is a consistent pattern of fewer or no signs at lower doses of aflatoxins and increasing
effects at higher doses. Moreover, there appear to be no scientific papers describing toxic
effects of mycotoxin when present at very low levels (Boudergue et al. 2009). Growth
depression associated with aflatoxins is affected by other factors than species and age. Rats on
high-protein diets with 500 ppb aflatoxins had better growth than rats on low-protein diets
without aflatoxins. Depending on species, age and length of trial, experiments have found no
effects from aflatoxins at levels from 200–5000 ppb and significant effects at levels from 20–
10,000 ppb (Grace 2013). Table 13 highlights the acceptable levels of aflatoxin for maize used in
animal feeds in the United States of America.
Table 13: Guidelines for acceptable aflatoxin levels in maize for animal feed
Animal
Finishing beef cattle
Beef cattle, swine or poultry
Finishing swine of 45 kg or greater
Breeding beef cattle, breeding swine or mature poultry
Immature animals

Feed
Corn and groundnut products
Cottonseed meal
Corn and groundnut products
Corn and groundnut products
Corn, groundnut products and other animal feeds and
feed ingredients, but excluding cottonseed meal

Aflatoxin level (ppb)
300
300
200
100
20

Source: FDA (1994).



Palliative: If aflatoxin-contaminated feed is given to livestock, then palliative measures can
reduce some of the risk. Levels of protein in feed and vitamins A, D, E, K and B should be
increased as the toxin binds vitamins and affects protein synthesis. Exercise may help.

Optimally, interventions should be focused on different levels. The most effective way of reducing
mycotoxins in feed and food is to avoid or minimize contamination in the crops. For this, different
strategies have been developed, including drying techniques, addition of preservatives or
treatments, genetically modified crops that are more resistant, breeding for more resistant variants
and applying non-toxigenic strains of moulds to the crops (Dorner and Lamb 2006; Magan and
Aldred 2007; Wu et al. 2008). However, in spite of decades of research and new technologies,
mycotoxin continues to contaminate crops and most of the technologies available today are still
inaccessible by the poorest producers.

11.

Case study: Groundnuts in West Africa

This case study is from the Aflacontrol Project (2012b). Worldwide, approximately 25.7 million
tonnes of groundnuts are produced annually from 21 million hectares of cropped land. Twentythree percent of the world’s groundnut production comes from sub-Saharan Africa, of which about
78% comes from West Africa. It is estimated that 95% of groundnuts produced in West Africa are
consumed by the household or traded locally. The risk of aflatoxin contamination and prevalence
changes as products move along the value chain, as do strategies to mitigate that risk.
Groundnuts play an important role in terms of nutrition and income for people in rural Mali who
consume an average of 5–12 kg of groundnuts or groundnut paste per month. Growing of
70

groundnuts is a major livelihood activity for men and women throughout Mali and the share of
total household income from groundnuts is relatively high. Results indicate that aflatoxin
contamination results in losses of 9–11% on average. Reduction in income and wealth from
aflatoxin contamination of groundnuts is higher for groundnut-producing households in high-risk
areas (those areas with aflatoxin levels over 100 ppb) and more so for smallholders; losses are
doubled for market-oriented households.
In 2009–10, 33–59% of groundnut samples taken from farmers’ fields across the three study areas
in Mali (Kayes, Koulokani, and Kita) had aflatoxin levels greater than 20 ppb. Current storage
practices—such as use of gunny or plastic bags or single sacks, storage inside farmers’ houses or
storage in pods without bags in farmers’ granaries—are a significant risk factor for contamination.
Monthly sampling of farmers’ granaries revealed that the aflatoxin content of groundnuts
continuously increased from December 2010 (after harvest) to April 2011 in the three regions. There
was a positive linear relationship between aflatoxin contamination levels and the number of
months that grains were stored in farmers’ granaries. Observations showed that the increases in
contamination were due to poor facilities, pest damage, inappropriate cultural practices and lack of
knowledge of proper storage methods.
Analysis of more than 2500 groundnut samples collected at regular intervals from traders,
processors, wholesalers and retail markets revealed no exception in the prevalence of
unacceptably high levels of aflatoxins. Furthermore, groundnut paste showed an extremely high
level of contamination (1746 ppb and 3135 ppb in 2010 and 2011, respectively). This confirms
farmers’ observations that groundnuts of poor quality are set aside of making paste after sorting
good kernels for markets, leading to high aflatoxin concentrations in this processed product that is
commonly used and marketed as an important source of protein.
Overall, aflatoxin levels were generally higher in 2009. There was also a trend of aflatoxin
remaining high in some fields from 2009 to 2010. The overall decrease in aflatoxin levels in 2010
suggests an association with weather from year to year. The tendency for some fields to retain
high aflatoxin levels from year to year suggests a more local controlling factor such as soil texture,
crop rotation or other farming methods. Key findings from focus groups show that knowledge
regarding aflatoxin was generally poor and inadequate. Farmers generally did not consume
mouldy groundnuts, as they tasted bad, and would instead use these nuts for making soap. There
are, however, instances in which farmers mixed mouldy groundnuts with good ones and ground
them into paste. Other key findings include (1) female decision-makers have lower pre-storage
knowledge, i.e. practices like sorting and discarding bad groundnuts after drying and before
storing them, (2) market-oriented households are more likely to take actions to ensure they have a
better crop and to mitigate risks of aflatoxin by using storage facilities, (3) households that engage
in non-agricultural jobs as a primary occupation have a higher concern about the risks of aflatoxin
in purchased food, (4) households that are wealthier have more access to information, (5)
consumers were willing to pay a premium for groundnuts that were tested for aflatoxins and
labelled aflatoxin-free, (6) respondents would pay at least 53% less for contaminated groundnuts
compared to clean groundnuts, (7) on average, producers were willing to pay 62% more than the
estimated market price for improved seeds, 72% more for drying upside down, 48% more for
tarpaulins and 55% more for improved granaries and (8) producers with more assets were more
willing to pay for aflatoxin-reducing technologies.
Overall, the work to reduce aflatoxins in the groundnut value chain in West Africa cannot be
driven by public health consequences, although public health messaging is very helpful for donor
funding. However, for consumers throughout West Africa, there are too many things that can kill
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them and the uncertain nature of when they will die makes it difficult to ‘scare’ people into
adoption of aflatoxin-reduction strategies. The adoption of aflatoxin-reduction strategies in
groundnuts is linked to better quality harvest, e.g. the groundnuts taste better, have a higher yield,
have a shorter duration to maturity or are resistant to foliar leaf rot. Farmers have to see a
difference themselves to adopt a new technology (F. Waliyar, personal communication).

12.

Case study: Maize in Kenya

This case study is from the Aflacontrol Project (2012a). Maize is the main dietary staple in Kenya
and is one of the crops most susceptible to contamination by aflatoxin. Aflatoxin contamination
has a significant negative effect on maize production and hence results in 9.5% loss of total
household income on average across all regions in Kenya. An even higher reduction of total
income (20%) is experienced by smallholder maize-producing households.
A frequent misconception is that the Kenyan maize aflatoxin issue is confined to eastern Kenya.
However, a significant number of samples from farmers’ fields in both western and eastern Kenya
contained aflatoxin levels that were above 10 µg/kg, the legal limit set by Kenyan authorities. In
eastern Kenya, the mean aflatoxin level was 273.8 µg/kg and the highest level detected was 9091.8
µg/kg, representing a level 909-fold higher than the legal limit allowed by government authorities.
On average, the proportion of samples with aflatoxin levels greater than 10 ppb varied between
25% and 40% in both 2010 and 2011.
During the April 2004 aflatoxicosis outbreak, research to determine characteristics of maizeproducing households and traders in the outbreak area concluded that maize trade was primarily
local. The majority (88%) of maize was locally grown, sold to vendors by local farmers (70%) and
bought by local residents (88%). Once household stores are depleted, local farm families are likely
to buy back essentially the same contaminated maize they sold to vendors, thus continuing
exposure from the maize consumed at household level and from market maize (Lewis et al. 2005).
In western Kenya, the mean aflatoxin level was 13.94 µg/kg and the sample with the highest
aflatoxin level contained 722.2 µg/kg. On average, 17% of samples from western Kenya had
aflatoxin levels above 10 µg/kg. Overall, around 40% of all samples taken from farmers’ fields in
both eastern and western Kenya had aflatoxin levels of 10 ppb in February 2010. The proportion of
maize with aflatoxin levels greater than 10 ppb was higher in samples taken from farmers’ stores
and markets than maize samples taken from farmers’ fields, suggesting that current storage
practices are a significant factor in high levels of aflatoxin contamination.
Analysis of the economic efficiency (measured in terms of storage costs per tonne) of the different
storage structures revealed that storing maize using separate structures is the most efficient
method at about 1650 Kenya shillings (KES) (about USD 17) per tonne of maize, followed by
traditional cribs with round bottoms, traditional granaries with flat bottoms and improved
granaries with wooden walls. On the other hand, it is costly and inefficient to store maize in
baskets, metal silos or large pots.
Results from the risk assessment indicate that adding pre-harvest operational practices (such as
use of drought- and pest-resistant seeds, irrigation and insecticides, and adoption of good
agricultural practices and cropping system management), both singularly and in combination,
reduced aflatoxin concentrations; the more operational practices added, the more reduction was
seen. Findings on environmental conditions (temperature, rainfall and elevation) indicated that
average temperature seemed to be more important in predicting aflatoxin prevalence in maize.
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The biocontrol option was the first to be employed as it provides the greatest aflatoxin reduction at
the lowest cost. The second option was the use of plastic containers. While this option is not as
effective at reducing contamination as the other two remaining options (metal silos and
tarpaulins), it is significantly less expensive.
Knowledge of the causes and nature of aflatoxin contamination and how to limit it or evaluate risk
is generally poor. Other key findings included:
1.

2.

3.

4.
5.

6.

13.

General level of education of households had a significant positive effect on knowledge of
the risk and spread of aflatoxin contamination. However, education also had a negative
effect on the degree of concern about high levels of aflatoxin prevalence and aflatoxicosis
outbreak in the village. This finding suggests that households with more education are able
to make decisions to take appropriate actions to prevent or reduce exposure to aflatoxin
contamination.
Most farmers had heard about aflatoxins through local radio. Efforts to expand the
effectiveness of such media are needed, especially to target farmers who have not received
formal education.
Having children under five years of age in the household has a positive effect on
knowledge of the attributes associated with safe consumption of food for humans and
animals and on storage practices that minimize the formation and growth of fungi/mould.
Female household heads have higher knowledge about the harmful effects of feeding
mouldy grains to animals and eating mouldy maize products.
Households in eastern Kenya (drylands), where aflatoxicosis outbreaks occurred in 2004,
had a higher perception of risk (which was expected) but less knowledge of safety
attributes and recommended storage practices such as use of plastic and metal silos, clay
pots and plastic bags.
Consumers showed a high discount for contaminated maize (KES 20–30 per 2 kg) and a
high premium for labelled and tested maize (KES 10–15 per 2 kg). The premium is positively
associated with increased schooling and is higher in regions where aflatoxin awareness is
high and where fatalities have been reported.

Research gaps

The immediate research needs are:
1. Human and animal health
a. Quantifying the human health impacts and burden of disease due to aflatoxin
exposure
b. Threshold aflatoxin levels associated with adverse health effects
c. Impacts of aflatoxin on malnutrition and stunting
d. Whole diet assessment of aflatoxin exposure
e. Allergenic and human health aspects of the use of atoxigenic strains of A. flavus in
biocontrol
f. Interpretation and application of aflatoxin B1 adducts and urine immunoassays
(aflatoxin metabolites or adducts in urine and semen indicate exposure but do not
necessarily equate to adverse health effects)
g. Interaction of toxins, malnutrition, zoonoses and stunting
h. Impact of aflatoxins on intensive livestock and options for control
i. The relationship between aflatoxin levels in biological specimens and levels in food
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j.

14.

An early warning system designed to detect food contamination that could cause
illness. To create an effective and sustainable system, health surveillance and food
and biological monitoring strategies must be adapted to meet the needs of
developing countries. Early warning signs need to be validated and response
protocols need to be developed.

2.

Risk mitigation
a. Where risk-mitigating technologies and practices provide sufficient economic
benefits to justify their adoption, more research is needed to document the extent
of adoption, the factors that promote and constrain adoption within farm
households in the context of risk and imperfect information, and the magnitude of
the potential impacts of their adoption on aflatoxin exposure in producer
households as well as local markets.
b. Further evaluation on the sustainability, cultural acceptability, ethical implication
and overall effectiveness of potential interventions
c. Identification of critical control points for aflatoxins in food and feed
d. Alternative uses for highly contaminated foods and feeds
e. Small-scale decontamination of aflatoxins
f. Gender analysis of risk-mitigating technologies especially related to access,
messaging and adoption
g. Negative or unintended consequences of risk-mitigating technologies (e.g. more
income in the household and the impact this may have on women)

3.

Diagnostics
a. A simple screening method, adapted for developing countries, would benefit
subsistence farmers and be useful to public health and agriculture institutions.
Current field methods lack applicability and suitable action levels for developing
countries.
b. Reducing the cost and improving durability, ease of transport and usability of field
methods
c. Standard analytical protocols to enable comparison of results across laboratories
and studies

Conclusion

Preventing aflatoxin contamination is a hidden challenge. Because aflatoxins are invisible and
odourless, have an extended timeframe for the health impacts from chronic consumption to
become manifest and the fact that aflatoxin consumption works in synergy with nutritional and
health conditions in poor communities, the risk of aflatoxin exposure is overshadowed by larger
issues of poverty, food security, child health, maternal health, infectious disease and fragmented
health services. However, the risk of aflatoxin consumption is real to billions of people throughout
the developing world and initial research has shown links between aflatoxin exposure and some of
the larger issues of health and disease. Many studies have already established widespread
exposure in populations throughout the developing world. More research is needed to strengthen
the links between health and exposure to make a stronger case for scaling up research,
interventions and policy.
Additional challenges include the need for diagnostics to determine contamination levels in areas
where laboratory capacity is still being developed. Awareness of aflatoxins and their risks is still
very low, particularly in the areas that are at highest risk for consumption of highly contaminated
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food products. In addition to poor laboratory infrastructure and lack of inexpensive rapid farmlevel diagnostics, aflatoxin regulations are either non-existent or poorly enforced in these high-risk
areas. The need for alternative uses of highly contaminated products will need to be addressed,
especially as regulations are developed and enforced.
Furthermore, the market does not usually discriminate between contaminated and aflatoxin-free
products. At present, there is no price incentive for many farmers to adopt aflatoxin-reduction
strategies. It can be hard to demonstrate product value to consumer health and farmer income,
making it difficult to create more than niche markets for aflatoxin-safe foods.
Interventions would ideally be combined in a suite to solve aflatoxin problems in least developed
countries. Delivery of the intervention to people and places in need may be the most significant
challenge to implementing aflatoxin risk-reduction interventions. Understanding constraints to
feasibility helps scientists and policymakers to think beyond efficacy and material costs. For
interventions to succeed in less developed countries, governments, scientists, international
organizations, farmers and consumers must work collaboratively to overcome challenges in
implementing the interventions, namely, human resource, equipment, technology and
transportation and financial requirements as well as constraints to adoption.
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Appendix 1 : Aflatoxin regulations by country, as of 2003
Country/region

Aflatoxins regulated

Feeds regulated

Animals regulated

Maximum limits (ppb)

Bangladesh
Barbados
Brazil
Canada
Chile
Chile
Chile

B1, B2, G1, G2
B1, B2, G1, G2
B1, B2 ,G1, G2
B1, B2 ,G1, G2
B1, B2, G1, G2
B1, B2, G1, G2
B1, B2, G1, G2

Poultry

100
50
50
20
30
10
50

Chile

B1, B2, G1, G2

Colombia
Colombia
Colombia
Colombia
Colombia
Costa Rica
Cote d’Ivoire

B1, B2, G1, G2
B1, B2, G1, G2
B1, B2, G1, G2
B1, B2, G1, G2
B1, B2, G1, G2
B1, B2, G1, G2
B1, B2, G1, G2

Mixed feed
All feedstuffs
Feed and ingredients
All feeds
Complete
Complete
Feed ingredients except groundnuts,
cottonseed, maize and their
derivatives
Groundnuts, cottonseed, maize and
their derivatives as feed ingredients
Feed
Feed
Feed
Maize and products
Sorghum
Maize
Complete

Cote d’Ivoire
Cote d’Ivoire
Cote d’Ivoire
Cote d’Ivoire
Cuba

B1, B2, G1, G2
B1, B2, G1, G2
B1, B2,G1, G2
B1, B2,G1, G2
B1, B2,G1, G2

Complete
Complete
Complete
Straight
Feed and ingredients

Egypt
Egypt
El Salvador
El Salvador
El Salvador
Estonia
Estonia

B1
B1, B2,G1, G2
B1
B1
B1
B1, B2, G1, G2
B1, B2,G1, G2

Estonia

B1, B2, G1, G2

Estonia

B1, B2, G1, G2

Estonia

B1, B2, G1, G2

Estonia

B1, B2, G1, G2

European Union

B1

Feed
Feed
Supplementary feeds
Composite feedstuffs
All feedstuffs
Ingredients of vegetable origin
Complete feedstuffs for cattle, pigs
and other farm animals
Complete feedstuffs for young cattle,
young pigs and other young farm
animals
Complete feedstuffs for milk
producing animals
Complementary feedstuffs for cattle,
pigs and other farm animals
Complementary feedstuffs for young
cattle, young pigs and other young
farm animals
Complete

European Union

B1

Complementary feedstuffs

European Union
European Union

B1
B1

Complete
Complete

European Union

B1

Complementary feedstuffs

European Union
European Union

B1
B1

Complete
Other complete feedstuffs

All animals
Poultry, goat, cattle

200
Rabbit, trout
Poultry, dog, cat, fish
Bovine, pig

Pigs, poultry (except ducks and
young animals)
Dairy cattle
Cattle, sheep, goats

Animal, chicken
Animal, chicken
Pigs, poultry, dairy cattle
Cattle, sheep, goats

10
20
50
20
40
50
38
50
75
10
100
5
10
20
20
20
10
100
100
50

20
50
10

Pigs, poultry (except young
animals)
Pigs, poultry (except young
animals)
Dairy cattle
Cattle, sheep, goats (except
young animals)
Cattle, sheep, goats (except
young animals)
Calves, lambs

20
20
5
20
20
10
10

97

European Union

B1

Other complementary feedstuffs

5

European Union
Guatemala
India
Iran

B1
B1, B2, G1, G2
B1
B1

Export
Sheep, goats, beef cattle

20
20
120
10

Iran

B1

Sheep, goats, beef cattle

10

Iran

B1, B2, G1, G2

Sheep, goats, beef cattle

20

Iran

B1, B2, G1, G2

Sheep, goats, beef cattle

10

Iran
Iran

B1
B1

Sheep, goats, beef cattle
Poultry, calf, lamb, kid, dairy
sheep, dairy goats, dairy cattle

50
5

Iran

B1, B2, G1, G2

Poultry, calf, lamb, kid, dairy
sheep, dairy goats, dairy cattle

20

Iran

B1

Poultry, calf, lamb, kid, dairy
sheep, dairy goats, dairy cattle

5

Iran

B1, B2, G1, G2

Poultry, calf, lamb, kid, dairy
sheep, dairy goats, dairy cattle

20

Iran

B1, B2, G1, G2

Poultry

10

Iran

B1

All feed materials
Feed concentrate
Peanut meal
Fish meal, meat meal, bone meal,
blood meal, single cell protein, rice
and wheat bran
Soya bean meal, sunflower meal,
sesame seed meal, olive meal and
other meals from oil producing seeds
Soya bean meal, sunflower meal,
sesame seed meal, olive meal and
other meals from oil producing seeds
Premixes including vitamins and
mineral premixes
Complete
Soya bean meal, sunflower meal,
sesame seed meal, olive meal and
other meals from oil producing seeds
Soya bean meal, sunflower meal,
sesame seed meal, olive meal and
other meals from oil producing seeds
Fish meal, meat meal, bone meal,
blood meal, single cell protein, rice
and wheat bran
Fish meal, meat meal, bone meal,
blood meal, single cell protein, rice
and wheat bran
Premixes including vitamins and
mineral premixes
Complete

5

Iran

B1, B2, G1, G2

Complete

Iran

B1

Complete

Iran

B1, B2, G1, G2

Complete

Iran

B1, B2, G1, G2

Iran

B1

Premixes including vitamins and
mineral premixes
Complete

Iran
Iran
Iran

B1
B1
B1, B2, G1, G2

Complete
Maize
Maize

Layers and broiler parent and
grandparent stocks
Layers and broiler parent and
grandparent stocks
Layers and breeders (broilers
and layers)
Layers and breeders (broilers
and layers)
Calf, lamb, kid, dairy sheep,
dairy goats, dairy cattle
Calf, lamb, kid, dairy sheep,
dairy goats, dairy cattle
Broilers and pullet
All animals
All animals

Iran
Iran
Israel

B1
B1, B2, G1, G2
B1, B2, G1, G2

Cottonseed meal
Cottonseed meal
Grain

Japan

B1

Complete

Japan

B1

Complete

Jordan
Jordan
Latvia
Mexico

B1
B1, B2, G1, G2
B1
B1, B2, G1, G2

Feedstuffs
Feedstuffs
Animal feed
Cereals

All animals
Cattle, pigs, chicken, quail
(except young and dairy cows)
Calves, dairy cows, piglets, young
chicken, broilers
All animals
All animals
Fattening cows, pigs

20
10
20
5
5
10
5
20
15
50
20
20
10
15
30
5
200
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Mexico
Morocco

B1, B2, G1, G2
B1

Feedstuffs
Complete feedstuffs

Morocco

B1

Complementary feedstuffs

Morocco
Morocco
Morocco

B1
B1
B1

Complete feedstuffs
Other complementary feedstuffs
Complete feedstuffs

Morocco

B1

Complementary feedstuffs

Morocco
Morocco

B1
B1

Morocco

B1

Morocco
Mozambique
Mozambique
Nepal
Oman
Philippines
Philippines
Republic of Korea
Republic of Korea

B1
B1, B2, G1, G2
B1, B2, G1, G2
B1, B2, G1, G2
B1
B1
B1
B1
B1

Complete feedstuffs
Simple feedstuffs (except peanuts,
copra, cottonseed, babassu, maize
and their products)
Peanuts, copra, cottonseed, babassu,
maize and their products
Other complete feedstuffs
Peanut, maize, peanut butter
Cereals and feedstuffs
Feedstuffs
Complete feedstuffs
Mixed feed
Copra and copra products
Complete
Complete

Republic of Korea

B1

Senegal
Senegal

B1
B1

Serbia and Montenegro
Serbia and Montenegro
Serbia and Montenegro

B1, B2, G1, G2
B1, B2, G1, G2
B1, B2, G1, G2

Suriname
Sweden
Sweden

B1, B2, G1, G2
B1
B1

Sweden
Sweden
Sweden
Switzerland

B1
B1
B1
B1

Feedstuffs
Feedstuff ingredients
Cereal grains and forages as feedstuff
ingredients
Feedstuff ingredients
Complete feedstuff (including forage)
Mixed feedstuffs (excluding forages)
Complementary feeds

Switzerland

B1

Complete feeds

Switzerland
Switzerland

B1
B1

Complete and complementary feeds
Complementary feed

Switzerland

B1

Complete and complementary

Feed ingredients: vegetable proteins,
grains, by-products of grains and
food
Straight feedstuffs: peanut products
Feedstuff ingredients: peanut
products
Feed
Feed
Feed

Dairy cattle, poultry
Pigs, poultry (except young
animals)
Pigs, poultry (except young
animals)
Dairy animals
Dairy animals
Cattle, sheep, goats (except dairy
and young animals)
Cattle, sheep, goats (except dairy
and young animals)
Calves, lambs

0
20
30
5
10
50
50
10
50

20

All animals
All animals
All animals
Poultry
All animals
All animals
Other
Calves, chicken, piglets, broilers
(early stage), dairy cattle

10
10
10
50
20
20
20
20
10
50

All animals
All animals

50
300

Pigs, poultry
Oxen, sheep, goats
Chicken, pigs (until 50 kg),
calves, young turkeys, ducklings,
cows
All animals
Other
Dairy cattle

20
50
10

Dairy cattle
Dairy cattle
Dairy cattle
Pigs, poultry (except young
animals)
Pigs, poultry (except young
animals)
Other
Dairy cows, dairy sheep, dairy
goats
Cattle, sheep, goats (except dairy
and young animals)

10
1.5
3
30

30
50
1

20
10
5
50
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Switzerland

B1

All animals

200

All animals

20

B1

Babassu seed, cotton seed, peanut,
coconut, maize kernel, palm kernel
and their products as raw materials
Babassu seed, cotton seed, peanut,
coconut, maize kernel, palm kernel
and their products as single feed
materials
Other single feeds/raw materials

Switzerland

B1

Switzerland

All animals

50

Syria
Syria
Taiwan
Taiwan
Tanzania
Tanzania
Turkey
Turkey
Turkey
Turkey
Ukraine
Ukraine
Ukraine
Ukraine

B1, B2, G1, G2
B1, B2, G1, G2
B1, B2, G1, G2
B1
B1
B1, B2, G1, G2
B1
B1
B1
B1
B1
B1
B1
B1

Complete
Complete
Maize: raw material
Feedstuffs
Complete
Complete
Mixed feed
Mixed feed
Mixed feed
Feedstuffs
Combined feed
Combined feed
Combined feed
Combined feed

20
10
50
25–100
5
10
50
20
10
50
25
10
50
100

United States of America

B1, B2, G1, G2

United States of America
United States of America
United States of America

B1, B2, G1, G2
B1, B2, G1, G2
B1, B2, G1, G2

Maize, peanut and other products
except cottonseed meal
Maize and peanut products
Maize and peanut products
Corn, corn products, cottonseed
meal, and other animal feeds and
feed ingredients

Other
Cattle
All animals
All animals
All animals
All animals
Ruminants (except young)
Poultry (except young)
Other
All animals
Poultry
Non-productive animals
Dairy cows, piglets
Calves and sheep older than 4
months, animals for meat,
breeding bulls
Immature animals

200
300
20

United States of America

B1, B2, G1, G2

Maize and peanut products

United States of America
Zimbabwe

B1, B2, G1, G2
B1, G1

Maize and peanut products
Complete

Finishing swine over 45 kg
Fattening beef cattle
Dairy animals, for animal species
or uses not specified above, or
when the intended use is not
known
Breeding beef cattle, breeding
swine, or mature poultry
Beef cattle, swine, poultry
Poultry

20

100
300
10

Note: ppb = parts per billion
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Appendix 2: Aflatoxin prevalence surveys by commodity and country

Maps delineate the number of aflatoxin surveys by commodity and country between 2000 and the
present, in published literature written in English.
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