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Executive Summary
Aflatoxins are naturally-occurring toxic metabolites mostly produced by the fungi Aspergillus
flavus and Aspergillus parasiticus. Aflatoxins affect the safety of food and feed in tropical and
subtropical regions of the world, including Ghana.
The African Union Commission (AUC) recognized the detrimental effects of aflatoxins and has
therefore established the Partnership for Aflatoxin Control (PACA) to help address the
problem. PACA has developed its strategy for controlling aflatoxin and supported some
Regional Economic Communities (RECs) to develop their action plans for aflatoxin control.
The Economic Community of West African States (ECOWAS) has developed its action plan,
which was adopted by Ministers of Agriculture in November 2015. All ECOWAS countries are
expected to adapt this action plan to their country-specific contexts.
In this vein, the Science and Technology Policy Research Institute of the Council for Scientific
and Industrial Research (CSIR-STEPRI), Ghana in collaboration with the Plant Protection and
Regulatory Services Directorate (PPRSD) of the Ministry of Food and Agriculture (MOFA)
secured funding to develop a national policy with an action plan, and a technical regulation
for aflatoxin control in food and feed.
As part of the policy development process, this situational analysis (SITAN) was conducted.
The objectives of the SITAN were to define the nature and extent of the aflatoxin problem in
the local context; map the knowledge, perceptions and experiences of key stakeholders in
relation to the problem; identify existing strategies and activities which address the problem;
identify the actors and organizations that are already active in the area and those that could
be important partners; and identify gaps in existing strategies and activities.
The situational analysis report is presented in four chapters as follows: Chapter 1 presents a
brief introduction. Chapter 2 gives an overview and status of aflatoxins contamination, health
and economic effects, mitigation measures, and relevant policies. Chapter 3 presents findings
of the survey conducted among university lecturers, researchers, and project implementers
on the teaching, research and intervention projects respectively on mycotoxins (aflatoxin).
Finally, Chapter 4 presents key findings of the knowledge, attitude and practice (KAP) survey
conducted among maize and groundnut value chain actors.
Key findings on overview and status of aflatoxins contamination, effects, mitigation, and
policies
• Both small and large scale laboratory analysis have shown the presence of
unacceptable levels of aflatoxin in several food products. Groundnut and maize
products were found to be highly susceptible to aflatoxin contamination. Other
susceptible products are sorghum and dried partially fermented cassava popularly
known as kokonte.
• Aflatoxin production can occur during the pre-harvest and post-harvest periods.
During storage of crops, high levels of moisture and temperature conditions create a
suitable environment for the rapid growth of moulds, which in turn metabolize and
produce aflatoxins. Furthermore, physical damage to crops during weeding,
8
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harvesting, drying, transportation, storage and marketing can cause decay that
enhances the production of aflatoxins.
Maximum acceptable levels have been set for aflatoxins in food and feed for animals
and fish. However, in Ghana, limits have been set for only a few food products and
poultry feed.
Aflatoxin has been linked to conditions such as stunting in children and immune
suppression. It has also been confirmed as the cause of about 30% of liver cancer
cases.
Aflatoxin contamination negatively impacts trade as food products that do not
conform to standards are rejected by both local food industry and international
buyers. When contaminated products are destroyed or discarded it can lead to food
losses and food insecurity.
Aflatoxin management strategies at pre-harvest stage are (1) genetic or host
resistance, which entails breeding and selection of aflatoxin-resistant and stresstolerant crop varieties; (2) biological control strategies e.g. use of Aflasafe; and (3)
good agricultural practices.
Aflatoxin management strategies at post-harvest stage are (1) rapid and adequate
drying after harvesting crops; (2) cleaning and sorting; (3) proper storage; (4) pest
control; (5) inactivation or detoxification, which entails heat treatment, irradiation,
chemical treatment such as nixtamalisation; (6) biological control at processing stages,
for example, use of lactic acid bacteria and Saccharomyces cerevisiae to bind or
degrade aflatoxins in foods and feeds; and (7) use of extracts from plant such as cloves,
garlic and onion, cinnamon to inhibit fungal growth.
Aflatoxin contamination can also be managed through enforcement of standards and
regulation while human and animal exposure can be minimised through diet
diversification.
Post-exposure management strategies are available and they include enterosorption,
which is the use of products that bind aflatoxin in the gut and prevent its uptake, and
chemoprotection which involves the use of chemical or dietary interventions to alter
the susceptibility of humans to carcinogens.
There is no national policy that exclusively addresses aflatoxin issues. However, there
are food safety-related; health; nutrition; agricultural; and science, technology and
innovation policies that implicitly or explicitly support aflatoxin research and address
health, nutritional and trade effects as well as its management of the toxins.
Strategies exist exclusively for aflatoxins at the African Regional and Sub-Regional
(ECOWAS) levels.

Key findings on teaching and research on aflatoxins
• University Lecturers who teach food safety and mycotoxin topics had various areas of
specialisation, which emphasises the fact that aflatoxin research and interventions
require a multidisciplinary approach.
• A good number of Lecturers covered food safety and hygiene-related topics in their
course content with most of them focusing on hygiene and sanitation, microbial
contamination and mycotoxins/aflatoxins.
• Topics such as legislative and fiscal measures to improve food safety, food safety
related to non-communicable diseases, post-exposure management of aflatoxins,
food safety risk analysis and epidemiology of human exposure to aflatoxins were
9
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inadequately covered.
The main challenges in teaching food safety and hygiene-related topics include
inadequate funds for student’s research, high costs of laboratory equipment and
reagents, limited laboratory space and equipment, and inadequate reference
materials for lecturers and students.
Forty-one mycotoxins projects were identified either as completed or ongoing. The
projects focused on (1) mycotoxins detection to assess prevalence of contamination;
(2) on-field biological control strategies; (3) post-harvest control strategies; (4) risk
assessment including exposure assessment, (5) public health and economic
implications, (6) post exposure management; and (7) communication, advocacy and
policy.
Most of the projects were funded by development partners and other organisations
with a few being self-funded.
The main success factors for these projects were (1) availability of donor funds, (2)
support from collaborating institutions and national partners, (3) demand for safe and
quality grains, (4) willingness and the desire of farmers to improve crop yields and
their finances, (5) perseverance of researchers as well as farmers’ access to improved
crop varieties.
Key challenges to the dissemination of research outputs were inadequate funding to
support dissemination of findings, awareness creation on intervention strategies, and
scaling up of proven technologies; and limited public support and interest in some
control strategies, e.g. Aflasafe.

Key findings from the knowledge, attitude and practices survey among value chain actors
• The actors who participated in the KAP survey comprised maize and groundnut
farmers (129), traders (180), informal processors (89), formal processors (32),
consumers (149), exporters (24), and aggregators (1).
• 97% of actors had seen aflatoxin-producing moulds on grains at least once, and
majority believed that mould-infested grains were unsafe for human and animal
consumption.
• About 58% of the actors believed mould infestation occurred due to improper drying,
poor storage conditions, wet weather during harvest and long storage duration.
• Some actors threw away mouldy grains, but a few would usually clean and wash
mouldy grains before being given to animals.
• Only 19% of actors had heard about aflatoxins from different sources with Extension
Officers and workshops being the most popular information sources.
• 56% of actors would not reduce grains and nuts consumption even if they were told
of the health effects of aflatoxin. They would rather resort to control measures such
as sorting out mouldy grains, changing where they buy grains, submitting product for
aflatoxin tests, and changing grain drying and storage practices to reduce level of
contamination.
• About 84% of maize and groundnut value chain actors did not know standards exist
for aflatoxin levels in food, 94% had never submitted samples for aflatoxin tests and
55% did not think it was necessary to send products for testing.
• In a typical week, between 62% and 72% of actors ate more maize diets than dishes
prepared from rice, plantain, cassava, yam, millet, sorghum, cocoyam and beans.
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On general food safety, nearly 90% of the actors readily indicated that hands must be
washed with soap and water after going to the toilet and before eating. Only between
11 and 30% of actors readily indicated that hands must be washed with soap and
water after handling garbage, changing a diaper or blowing the nose, and before
preparing food or feeding a child.

Conclusion and Recommendations
• Strategies exist for effective management of aflatoxin in food and feed. Some have
been proven to be very effective, some are still at experimental stages and need
further research while others need to be scaled up and scale out for maximum impact.
• There are some supportive national, sub-regional and regional policies, programmes
and legislation for aflatoxin control. However, there is the need to support their
implementation as much as possible.
• Aflatoxins have become a major food safety and public health concern and their
management requires multidisciplinary approaches. It is therefore critical that
institutions of higher learning integrate mycotoxins issues in their teaching and
research programmes to ensure the development of relevant human resource
capacities as well as effective and sustainable technologies for the management of
mycotoxins and other food safety hazards.
• Some amount of research has been implemented in Ghana on mycotoxins (mostly
aflatoxins) issues with most projects focusing on detection of contamination.
• There are still research gaps in developing and testing mitigation strategies, risk
assessment, public health and economic impacts assessment, and post-exposure
management. More projects are needed to strengthen communication and advocacy.
• There is a need to fine-tune some of the research outputs and scale-up major
interventions to actors.
• There is a need for a national research agenda on mycotoxins to improve coordination
among researchers.
• More evidence needs to be generated on the prevalence of aflatoxin contamination
as well as its health and economic effects.
• Findings suggest a high consumption pattern for maize and groundnut products hence
there is a need to prioritise aflatoxin control in these products in order to reduce the
level of contamination and minimise human and animal exposure to the toxins.
• Most of the value chain actors belong to the informal food sector that is minimally
regulated due to challenges such as limited logistics and personnel. However,
considering the important role these actors play in food production and supply, it is
critical to train and encourage them to self-regulate their operations and adopt good
practices for aflatoxin control.
• Provide adequate funding for research, and support dissemination, adoption and
scaling up of research outputs.
• Support value chain actors to access and adopt proven strategies for managing
aflatoxins.
• On general food safety and hygiene, more education is needed on the importance of
hand washing, how to appropriately wash hands and instances when hands must be
washed with soap and water. This is very important because all the actors are food
handlers and must ensure strict hygienic practices to prevent food contamination.
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Chapter 1: Introduction
Aflatoxins are naturally occurring harmful toxins produced by the fungi Aspergillus flavus
and Aspergillus parasiticus. Aflatoxin contamination is widespread throughout Africa where
it has been detected in grains such as maize, groundnuts, millet and sorghum as well as in
animal products such as meat, eggs, poultry, and milk. Humans and animals are exposed to
aflatoxin through consumption of contaminated foods and feed. Exposure to very high
levels of aflatoxin results in acute health effects such as aflatoxicosis, which can cause death
in severe cases. Chronic exposure to low levels of aflatoxin over time can result in health
problems such as immune suppression, delayed recovery from kwashiorkor, impairment of
liver function, liver cancer and reduced growth rate or stunting ((Adhikari et al., 1994;
Rogers, 1993; Kalorey et al., 2001; Mocchegiani, 2001; Turner et al., 2003; Liu & Wu 2010).
Aflatoxin contamination of food products in Ghana poses serious economic concerns and
accounts for losses of about 319,000 tonnes or 18% of Ghana’s annual maize production
(Boateng, 2019).
The African Union Commission recognized the detrimental effects of aflatoxins and has
therefore established the Partnership for Aflatoxin Control (PACA) to help address the
problem. PACA has developed its strategy for controlling aflatoxin and supported the
Economic Communities to also develop their action plans for aflatoxin control. The ECOWAS
action plan was adopted by Ministers of Agriculture in 2015. ECOWAS countries are
expected to be guided by the Action plan to develop country-specific policies for aflatoxin
control.
In this vein, the Science and Technology Policy Research Institute (STEPRI) of the Council for
Scientific and Industrial Research (CSIR) in collaboration with the Plants Protection and
Regulatory Services Directorate (PPRSD) of the Ministry of Food and Agriculture (MOFA) is
implementing a project aimed at developing a national policy and technical regulation for
aflatoxin control in food and feed in Ghana. The policy will among others address
fragmentation and poor coordination of aflatoxin-related activities, which often lead to
inefficient use of resources.
All over the world, policy-makers are now using evidence-based approaches to arrive at
well-informed decision about policies, programmes and projects. Thus, the best available
evidence from research is critical for policy development and implementation. Research
identifies what works and highlight gaps where evidence of program effectiveness is lacking.
Accordingly, to ensure that the expected aflatoxin policy decisions are adequately informed
by rigorously established objective evidence, this Situational Analysis (SITAN) study was
conducted to find out the best course of action (e.g. strategies, entry points, partnerships)
by learning about community attitudes and practices regarding aflatoxin management;
identifying what has already been done to address aflatoxin problem and what results and
lessons were obtained, as well as who the main actors have been and who might be key to
engage. In addition to ensuring the appropriateness of the intervention to the local context,
the situational analysis is expected help avoid duplication of efforts. The objectives of the
SITAN were therefore to:
• Define the nature and extent of aflatoxin problem in the local context;
12
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Map the perceptions and experiences of key stakeholders in relation to the problem;
Identify existing strategies and activities which address the problem;
Identify the actors and organizations that are already active in the area;
Identify the actors and organizations that could be important partners; and
Identify gaps in existing strategies and activities

The approaches used in conducting the study include literature review, interviews with key
informants and surveys. The situational analysis report is presented in four chapters as
follows: Chapter 1 presents a brief introduction. Chapter 2 gives an overview and status of
aflatoxins contamination, health and economic effects, mitigation measures, and policies.
Chapter 3 presents the survey among researchers, project implementers and university
lecturers on the teaching, research and intervention projects on mycotoxins (aflatoxin).
Finally, Chapter 4 presents the survey on knowledge, attitude and practice (KAP) among
value chain actors.
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Chapter 2: Overview and status of aflatoxins contamination, mitigation,
research and policies
2.1 What are aflatoxins and how are they produced?
Aflatoxins are naturally-occurring toxic metabolites produced by the fungi Aspergillus flavus
and Aspergillus parasiticus that affect the safety of food and feed in tropical and subtropical
regions of the world, including Ghana. They are mainly produced by Aspergillus flavus and
Aspergillus parasiticus fungi that reside in the soil. There are four types of aflatoxins that are
important in health and agriculture: aflatoxin B1, B2, G1, and G2. Aflatoxin B1 is the most
common of the four types. Ghana has a tropical climate with an average temperature
ranging from 24-30˚C which is optimum for the growth of Aspergillus flavus and Aspergillus
parasiticus and subsequent production of aflatoxins in food and feed (Adu-Gyamfi, 2013).
Aflatoxins are likely to be produced when crops are exposed to extreme conditions such as
high temperatures, drought, high moisture, high oxygen concentration, and insect
infestation.
Aflatoxin production can occur during the pre-harvest and post-harvest periods. During
storage of crops, high levels of moisture and temperature conditions create a suitable
environment for the rapid growth of moulds, which in turn metabolize and produce
aflatoxins. Furthermore, physical damage to crops during weeding, harvesting, drying,
transportation, storage and marketing can cause decay that enhances the production of
aflatoxins.
2.2 How can aflatoxins be detected in food?
In most cases, the Aspergillus moulds that produce aflatoxins are visible. Hence, the
presence of the moulds could indicate the presence of aflatoxins. However, in some
situations, aflatoxins can be present in foods that are not visibly mouldy. Whereas, the
Aspergillus moulds are visible, aflatoxins cannot be seen with the naked eye. The toxins can
only be quantitatively detected through laboratory analysis. Rapid test kits and ultra violet
(UV) lights can be used to qualitatively detect the presence of aflatoxins in food and feed.

Aspergillus moulds in groundnuts

Aspergillus moulds in maize
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2.3 Are there any acceptable levels of aflatoxins in food and feed?
Like many food safety hazards, maximum regulatory limits have been set for aflatoxins in
food and feed. It has been established that foods that contain aflatoxin levels below the
maximum regulatory limits will pose negligible health risks to humans and animals. In
Ghana, regulatory limits or standards have been set for aflatoxins in some foods as shown in
Table 2.1. The European Union (EU), Food and Drug Administration (FDA) of USA and Codex
Alimentarius Commission (CAC) have also set standards for aflatoxins as shown in Table 2.2

Table 2.1 Ghana’s standards for Aflatoxin in food
Maximum level (μg/kg)

Maize
Groundnut

Total
aflatoxins
15
10

Aflatoxin
B1
5

Sorghum

10

5

GS 96

Rice

10

5

GS 765

Soybean

15

-

GS 1039

Cowpea

4

-

GS 1004

Groundnut paste

4

Commodity

Ghana Standard
GS 211
GS 313

GS 49

Table 2.2 Codex, EU and USA standards for Aflatoxin in food
Total Aflatoxins
EU
USA
(ppb)
(ppb)

Product

Codex
(ppb)

Groundnut

15

4

10

All processed foods for human consumption and 15
diary feed

4

20

Milk (AFM1) for human consumption

0.5

0.05

0.5

Maize
Rice

-

4
4

20
20

Food products that contain aflatoxins above regulatory limits are considered unsafe for
human consumption. Animals can tolerate higher levels of aflatoxin. However, it should be
noted that aflatoxins can be deposited in the tissues of animals and animal products such as
meat, milk and eggs and passed to human through the food chain. The EU limit for aflatoxin
in dairy feed is 5 ppb and for USA FDA, it is 20 ppb with details shown in Table 2.3.
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Table 2.3 FDA and EU aflatoxin regulatory guidance for feed and feed ingredients.
USA FDA
Intended use

Immature animals

Dairy animals, animals not
listed above, or unknown use
Breeding cattle, breeding
swine and mature poultry
Finishing swine 100 pounds or
greater in weight
Finishing (i.e., feedlot) beef
cattle
Beef, cattle, swine or poultry,
regardless of age or breeding
status
European Commonwealth
Matrix

Grain, grain by-product, feed or other
products
Corn, peanut products, and other
animal feeds and ingredients, excluding
cottonseed meal
Corn, peanut products, cottonseed, and
other animal feeds and ingredients
Corn and peanut products

Aflatoxin B1 (AFB1)
maximum level (μg
kg−1)
20

20
100

Corn and peanut products

200

Corn and peanut products

300

Cottonseed meal

300

AFB1 maximum level
(μg kg−1)
All feed materials
20
Complete feedingstuffs for cattle, sheep and goats (except dairy animals)
20
Complete feedingstuffs for dairy animals
5
Complete feedingstuffs for calves and lambs
10
Complete feedingstuffs for pigs and poultry (except young animals)
20
Other complete feedingstuffs
10
Complementary feedingstuffs for cattle, sheep, and goats (except 20
complementary feedingstuffs dairy animals, calves, and lambs)
Complementary feedingstuffs for pigs and poultry (except young animals)
20
Other complementary feedingstuffs
5

2.4 What is the prevalence of aflatoxin in food and feed in Ghana, West Africa and
Africa?
In most African countries including Ghana, several laboratory analysis of food samples have
shown the presence of high levels of aflatoxins.
Examples exclusively from Ghana
- Laboratory analysis of maize samples collected from major processing sites in Accra
in the late 1990s showed total aflatoxins levels ranging from 2ppb to 662ppb (Kpodo,
et al., 2000).
- A study by Kpodo et al. (2005) determined aflatoxin contamination in maize,
groundnuts and their products in Accra, Ghana and found that out of a total of 91
groundnut samples, 37 samples contained more than 4 µg/kg (EU maximum
permissible limit) for aflatoxins with 30 samples exceeding the Ghana Standard
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Authority maximum permissible level of 15 µg/kg.
- A study by Baah-Tuahene et al. (2015) determined aflatoxin contamination in
groundnut oil and its by-products (kulikuli and khebab powder). It was found that the
aflatoxin contamination levels far exceeded the set limits of 20µg/kg by Codex and
4µg/kg total aflatoxin for the European Union. The aflatoxin levels for aflatoxin B1,
B2, G1 and G2 were 0.05-522.1 µg/kg, 6.2-41.2 µg/kg, 0.02-25.7 µg/kg and 0.03-2.1
µg/kg respectively.
- Blankson et al. (2019) worked on fifty cereal-based products intended for infants and
young children at retail level across the Greater Accra Region and found that 52% of
the cereal-based foods exceeded the EU maximum limit of 2μg/kg for AFB1 and
4μg/kg for total aﬂatoxins.
- Agbetiameh et al. (2018) investigated the prevalence of aflatoxin contamination in
maize and groundnuts in major producing regions across three agro-ecological zones
in Ghana and found that 15% of maize and 11% of groundnut samples exceeded the
Ghana aflatoxin limits of 15 and 20 ppb, respectively.
- In another study in 2017 by Food Research Institute and Science and Technology
Policy Research Institute, researchers analysed weanimix samples purchased from
shops in Accra and found that 18% of the samples had total aflatoxins level above
codex limits of 10 µg/kg with levels as high as 51.09 µg/kg and 98.87 µg/kg.
However, 63.64% of the samples had total aflatoxins level below Codex regulatory
limits of 10 µg/kg for processed foods while 18.18% had non-detectable levels of
aflatoxins.
- Kumi et al. (2014) who collected homemade weanimix samples from 36 households
in some rural communities in Ghana found that all 36 samples had mean total
aflatoxins level of 145 µg/kg with levels ranging from 7.9 -500 µg/kg. They also found
that 83% of the samples had total aflatoxins above 20 µg/kg.
Figure 1 shows the percentage of food samples tested by the Ghana Standards Authority
that had aflatoxins exceeding maximum limits.

GROUNDNUT
PASTE

RAW MAIZE
28% (29

)

35% (36)

TOM BROWN
12% (12)

TOTAL
SAMPLES:
102

AGUSHIE
CEREAL
LEGUME MIX
4% (4)

13% (13)
RAW
GROUNDNUT

RICE
4%
(4)

4% (4)

Fig. 1 Percentage of tested food samples that had aflatoxin levels above maximum limits
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Table 2.4 summarises the level of aflatoxin B1 detected in groundnut paste exported from
Ghana to the EU for which alert notifications were issued. The levels range from 2.9 ppb to
622ppb with eight (8) of the notifications having aflatoxin B1 levels between 2.1ppb and
4ppb. Although these levels fall within Ghana acceptable levels, they were not in compliance
with the EU maximum limit of 2ppb for aflatoxin B1 in groundnut paste. In total, over 40
notifications showed levels of aflatoxin B1 above codex standard of 10ppb for processed
foods.

Table 2.4 Number of alert notifications and level of aflatoxin B1 detected in groundnut
paste exported from Ghana to the EU (2004-2018)
Year

Range (minimum &
maximum levels)

No. of alerts

Mean level of Aflatoxin B1

2004

9.5 - 263

12

86.1

2005

4.3 - 273

14

69.7

2006

3.5 - 140

19

39.9

2007

31 - 52

3

38.3

2008

9.2 - 173

4

52.9

2009

2.9 - 194

9

29.7

2010

18 - 622

3

223.1

2011

-

2012

85.9 - 151.6

2

118.8

2013

38.9

1

38.9

-

-

2014
2015

-1

-

-

2016

33.0

1

33.0

2017

-

-

2018

-

-

1

According to the Rapid Alert System for Food and Feed (RASFF) notifications, no peanut butter rejections were
recorded from 2014-2015 and 2017 to 2018. However, there were alerts on other food products contaminated
with aflatoxin above acceptable levels. These include cotton seeds, fermented maize flour, tiger nuts, kebab
powder, agushie in 2014 and 2015 with aflatoxin B1 range of 8.1-93.4 µg/kg. From 2017 until present,
notifications were received on corn and cassava flour, kebab powder, agushe, and banku flour with aflatoxin B1
range of 3.5-53 µg/kg.
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Examples from Ghana and other parts of Africa
- It is estimated that aflatoxin level in about 40% of food commodities in local African
markets exceed allowable levels
- A four-year (2008-2012) study on groundnuts in some West African Countries
including Ghana showed mean total aflatoxins level of 164ppb (Waliyar et al., 2013).
- Gruber-Dorninger et al. (2018) who tested for aflatoxins in food and feed from
different African countries detected the toxins in samples from Algeria, Tunisia,
Morocco, Senegal, Côte d’Ivoire, Nigeria, Ghana, Namibia, Uganda, Kenya, Tanzania,
Zambia and Madagascar. In total, 49.4% of maize samples and 64.1% of finished feed
samples were contaminated with aflatoxins. Also 33.3% of maize samples and 54.4%
of finished feed samples from Senegal, Côte d’Ivoire, Nigeria, Ghana, Namibia,
Uganda, Kenya and Tanzania contained more than 20 ng/g of aflatoxins.
- A study by Perone et al. (2014) detected the presence of Aspergillus spp in 61 of 91
maize samples collected from farms and markets in Ghana and Nigeria. They also
detected aflatoxins in 36 of the samples.
Aflatoxins have also been found in aquaculture. This is because of the recent shift in trend of
using fishmeal; which is an expensive source of protein towards a less expensive protein
source from plants (Nácher-Mestre, 2015; Matejova, 2016; Hussain, 2017; Santos et al, 2010;
Martins Almeida, 2011). The level of aflatoxin contamination in feeds is dependent on the
geographical location, processing method and its storage conditions (Dirican, 2015). A recent
study by Mwihia et al. (2018) in Kenya on fish feed showed that 84% of the feeds sampled
tested positive for aflatoxins. It was also found that homemade and tilapia feed had higher
aflatoxin levels compared with commercial and trout feed. Feed containing maize bran and
fish meal contained higher levels of aflatoxins than those not containing them. A study by
Santos et al (2010) also found that the health status of fish and shrimps was affected by
aflatoxins which causes economical losses to fish farmers. There is therefore a need for
awareness creation on the negative impact of mycotoxins on the health of aquaculture and
humans.
2.5 What food products are most affected by aflatoxins
Aspergillus spp. can infect a wide variety of food commodities and contaminate them with
aflatoxins. These include maize and groundnut, which are staple foods in Ghana. The 2016
per capita consumption of maize was 45 kg/annum and that for groundnuts was 12
kg/annum. In Ghana, aflatoxins have been detected in groundnuts, maize, melon seeds
(agushie), chili powder, corn flour and dough, rice, sorghum, millet, partially fermented dried
cassava food product (kokonte) and groundnut paste. The European Commission’s Rapid Alert
System for Food and Feed has reported the presence of high levels of aflatoxins in Ghana’s
export products such as maize, groundnuts, banku mix, groundnut paste, khebab powder,
agushi, and powdered pepper and spices, for which reason the products were rejected.
Animal and fish products can also be contaminated with aflatoxin if livestock, poultry and fish
(cultured fish) are fed with contaminated feed.
2.6 What are the modes of exposure of humans and animals to aflatoxins?
Human and animals get exposed to aflatoxins by two major routes:
a. By direct ingestion of aflatoxin-contaminated foods or ingestion of aflatoxins carried
over from feed into animal products such as milk and milk products, meats and eggs
mainly as aflatoxin M1.
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b. By inhalation of dust particles of aflatoxins especially aflatoxin B1 in contaminated
foods in industries and factories.
Studies in Gambian children showed that aflatoxin cross the placenta and is transported to
the foetus and unborn child where they can cause detrimental effects. Infants can get
aflatoxin M1 from breast milk of mothers who were exposed to aflatoxins.

Fig. 2: Human, animal, and environmental interactions and aflatoxin exposure

2.7 How are aflatoxins distributed, absorbed and metabolised in the body?
Aflatoxins are highly liposoluble compounds and are readily absorbed through the
gastrointestinal tract and respiratory tract into the blood stream (Agag, 2004; Larsson
Tjalve, 2000). After entering the body, the aflatoxins are absorbed across the cell
membranes where they reach the blood circulation. They are distributed in the blood to
different tissues and to the liver. Aflatoxins are mainly metabolized by the liver to a reactive
substance (epoxide intermediate or hydroxylated) to become the less harmful aflatoxin M1
(Wild & Montesano, 2009; Wu & Khlangwiset, 2010). In humans and susceptible animal
species, aflatoxins especially aflatoxin B1 are metabolized by certain types of enzymes
(cytochrome P450 [CYP450] microsomal enzymes) to a reactive form (aflatoxin-8,9-epoxide)
that binds to DNA and to albumin in the blood serum, forming adducts and hence causing
deoxyribonucleic acid (DNA) damage (Wild & Montesano, 2009; Wu & Khlangwiset, 2010).
The aflatoxin B1 also binds directly to DNA and causes structural DNA alterations that lead
to gene mutations (Ezekiel et al. 2011; Jacotot et al. 2000). The binding of aflatoxin B1 to
DNA at the guanine base in liver cells corrupt the genetic code that regulates cell growth,
thereby leading to formation of tumors (Wallace, 1997; Vermeulen).
2.8 What are the health effects of aflatoxins?
Exposure to very high levels of aflatoxin results in acute health effects such as aflatoxicosis,
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which can cause symptoms such as haemorrhage, acute liver damage, vomiting, abdominal
pains, coma, and death in severe cases. The first reported outbreak of aflatoxicosis in Kenya
was in 1978. Other outbreaks occurred in 1981, 2001, 2004, 2005, 2006, 2007, and 2008
that resulted in sickness, death, and the destruction of contaminated maize stocks (Lewis et
al., 2005). The largest outbreak reported in the world during the last 30 years, occurred in
Kenya from January to June 2004 where 317 cases were recorded with 125 deaths (Lewis et
al., 2005).
Chronic exposure to aflatoxins is also linked to decreased protein synthesis, delayed
recovery from kwashiorkor, immune suppression, increased susceptibility to infections;
growth retardation and stunting in Children. (Adhikari et al., 1994; Rogers, 1993; Kalorey et
al., 2001; Mocchegiani, 2001; Turner et al., 2003). Studies conducted in animals show that
aflatoxin reduces the bioavailability of liver and serum vitamin A, zinc and selenium and
hence can lead to micronutrient deficiency (Reddy et al., 1989; Pimpukdee et al., 2004).
Aflatoxin is a class 1 carcinogen that is known to cause liver cancer, liver cirrhosis and
impairment of liver function. Aflatoxin’s cancer-causing potential is due to its ability to
produce altered forms of DNA adducts as described earlier. Liver damage by aflatoxins can
lead to devastating health consequences because of the important functions the liver
performs, which include, detoxification, synthesis and storage of food nutrients. The liver
filters the blood coming from the digestive tract, before passing it to the rest of the body. It
also detoxifies chemicals and eliminates many toxins from the body. Metabolism of food
nutrients including carbohydrates, fat and proteins takes place in the liver while it produces
bile, which is essential for digestion. The liver also stores fat-soluble vitamins (A, D, E, and K)
and glycogens (carbohydrates) as energy and makes it available when needed by the body.
- In 2012, aflatoxin was estimated to have caused 745,000 deaths globally, mostly due
to hepatocellular carcinoma (HCC) (Ferlay et al. 2015).
- In the same year, a total of 782,451 new liver cancer cases and 745,533 related
deaths were estimated to occur per year (Wong et al. 2017).
- Hepatitis B virus (HBV) infection is an important risk factor for liver cancer as it is
estimated that 30% of liver cancers are due to aflatoxin exposure (Liu & Wu 2010).
- Persons infected with hepatitis B, HIV and tuberculosis are 30 times more likely to
develop liver cancer when they are exposed to aflatoxins (Liu & Wu 2010).
- Globally, it is estimated that annually, 11–450 and 44–2270 HCC cases are
attributable to aflatoxins exposure from maize and groundnuts in hepatitis B
negative and hepatitis B positive persons, respectively (Liu & Wu 2010).
- In Africa, aflatoxins have been found to cause between 0.1–1 deaths per 100,000
people annually (Gibb et al. 2015)
The World Health Organisation (WHO) estimated that in 2014 in Ghana, 1,923 people had
liver cancer and this increased to 2,753 in 2018 according to the GLOBOCAN statistics. Liver
cancer was found to be one of the commonest cancers among males representing 21.1%) of
all cancers (Laryea et al., 2014).
In livestock, aflatoxins can cause weight loss and death. Chickens fed with contaminated
feed lay 70% fewer eggs than those on normal diets.
2.9 What are the economic and trade effects of Aflatoxin?
Economic losses occur when aflatoxin-contaminated products are rejected by importing
countries or when badly damaged and contaminated products are discarded. This also
results in food loss and food insecurity. PACA estimates that Africa loses up to $670m
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annually due to aflatoxin contamination. Aflatoxin contamination of food products in Ghana
poses serious economic concerns and accounts for losses of about 319,000 tonnes or 18% of
Ghana’s annual maize production (Boateng, 2019). Some Ghanaian food exports have been
rejected especially by the European Union Member States due to high levels of aflatoxin.
Fig. 3 shows the number of alerts issued by the European Commission’s Rapid Alert System
for Food and Feed (RASFF) on aflatoxins in products exported from Ghana to the EU.
The highest number of notifications recorded on aflatoxins was 33 in 2006. Various products
were involved as follows: groundnuts (2), groundnut paste (18), khebab powder (7), agushie
(3), ogbono (1), and chili powder (2). According to the RASFF 2004 annual report, a total of
219 notifications were received concerning aflatoxin in peanut and derived products out of
which 79 concerned products from China, 32 from Brazil, 22 from Argentina and 14 from
Ghana. In that report, Ghana was mentioned among the top 10 countries with high
incidence of aflatoxin in groundnut and maize products in 2004. Consequently, in 2006, the
European Commission carried out a mission in Ghana to investigate the control measures
Ghana has in place for aflatoxins. These happenings could have contributed to a reduction in
the quantity and revenue obtained from groundnuts products exported to the EU as shown
in Table 2.5.
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Fig. 3 Number of alert notifications on aflatoxins issued per year by the RASFF

2.9.1 Export performance and destinations of Groundnut paste
The quantity of groundnut paste exported from Ghana increased from 95kg in 2001 to
130,297kg in 2013 with a corresponding value of US$60,779 and US$303,288 respectively.
Within this period however, there have been fluctuations in both the quantity of groundnut
paste exported as well as the corresponding values. For example, quantity of groundnut
paste exported in 2003 was 1,651kg, it increased sharply to 2,184,999 kg in 2004 and then
decreased to 290,482kg in 2006 and further to 16,238kg in 2010. However, the volume of
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groundnut paste exports increased sharply again in 2012 and further in 2013 to 130,297kg
(Table 2.5).
The major destinations of Ghana’s groundnut paste have been the European Union (i.e.
Denmark, Finland, France, Germany, Netherlands, Sweden, United Kingdom); ECOWAS
(Benin, Burkina Faso, Côte d'Ivoire, Gambia, Guinea, Nigeria, Senegal, Sierra Leone, Togo)
and the USA. In 2004 and 2005 the ECOWAS was the largest contributor to the revenue
from groundnut paste followed by the EU. Income obtained from exports to the EU however
began to decrease consistently from 2006 to 2011. In 2011, Finland was the only EU country
that imported Ghana’s groundnut paste. The value of exports increased from US$500 in
2011 to US$46,807 in 2012 and US$10,920 in 2013 with the importing countries being the
United Kingdom and Greece, respectively. According to the data from the Ghana Export
Promotion Authority (GEPA), the high value of exports in 2012 and 2013 were also due to
groundnut paste exported to Japan at a value of 15,081 and 240,000 US Dollars,
respectively.
From the GEPA data, it can be also observed that the number of importing EU countries has
decreased sharply from 2008 onwards. Similarly, exports to the ECOWAS decreased sharply
in 2009 with no exports at all in 2010 and 2012. In 2013 however, Benin and Guinea
together imported groundnut paste at a value of 19,554 US Dollars. Over the period 2009 to
2012, value of exports to the EU and ECOWAS were inconsistent and decreasing however,
value of exports to the USA generally increased over the period. Several factors including
aflatoxins contamination could account for the decrease in the export volume, revenue and
the number of EU destinations. Further studies are required to update the export
performance data as well as the experiences of groundnut products exporters.

Table 2.5 Export performance and destinations of peanut butter from 2001-2013
Year
EU
ECOWAS
US
TOTAL Value
Total Volume
($)
(Kg)
2001
60,779
95
2002
172,313
763
2003
1,057,116
1,651
2004
829,022
1,104,536
6,970
1,982,768
2,184,999
2005
86,378
1,603,336
462,033
2,172,497
1,307,051
2006
9,414
8,000
6,859
27,229
290,482
2007
340,420
168,868
2008
910
1,17077
22,314
27,602
43,236
2009
40
28,105
20,122
49,797
31,928
2010
856
9,628
11,594
16,238
2011
500
919
10,204
11,623*
2012
46,807
7,888
70,408
106,300
2013
10,920
19,554
31,304
303,288
130,297
*Represents total value of exports to EU, ECOWAS and US
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2.10 What are the measures for controlling aflatoxins in food?
Aflatoxin contamination can occur at both pre- and post-harvest stages; hence mitigation
measures must be applied at throughout the value chain.
2.10.1 Pre-harvest Strategies for controlling aflatoxin
The moulds that produce aflatoxin (Aspergillus sp.) are mostly found in the soil, hence
critical actions must be applied at the farm level to control mould infection and subsequent
aflatoxin production. The farm level strategies are:
i. Genetic or host resistance, which entails breeding and selection of aflatoxinresistant and stress-tolerant crop varieties. This is done through genetic engineering
which requires moving resistance genes into agronomically acceptable varieties
(Moreno and Kang, 1999; Eller et al., 2008; Warburton et al., 2013; Zila et al., 2013;
Warburton and Williams, 2014). Progress has been made in selecting breeding lines
of maize with resistance to aflatoxin accumulation that show high and repeatable
resistance under different environments (Mayfield et al., 2012; Williams and
Windham, 2012). Maize hybrids with improved resistance to Aspergillus flavus and
aflatoxins are being used, but the level of resistance is not yet adequate to prevent
unacceptable aflatoxin contamination in some fields. Groundnut germplasm with
some resistance is available, but genotypes do not show consistent response across
locations, due to large interaction effects between the genotype and environment
on aflatoxin contamination (Liang et al., 2006; Arunyanark et al., 2010; Girdthai et
al., 2010a, 2010b; Hamidou et al., 2014). An improved understanding of resistance
mechanisms is required to help improve selection of resistant germplasm of
groundnut.
ii.

Biological control strategies have been developed to reduce aflatoxin
contamination in crops using strains of Aspergillus flavus that do not produce
aflatoxins (i.e. atoxigenic strains). These atoxigenic strains are applied to the field
during crop development and under appropriate conditions, the spread of the
introduced strain throughout the field displaces the native, toxic strains (Mehl et al.,
2012; Atehnkeng et al., 2014). In Ghana, biological control product called Aflasafe
Gh02 has been developed by the International Institute for Tropical Agriculture and
other researchers with support from United States Department of Agriculture
(USDA). The product was launched in June 2018 and now commercially available and
being marketed and distributed by Macrofertil Ghana Ltd. Aflasafe has been shown
to reduce aflatoxin contamination by over 90%.
Despite the great potentials of Aflasafe, several factors have been identified that
affect its efficacy:
- Dew and moisture will allow for the atoxigenic strains to produce spores
over several days (longer if conducive conditions persist).
- If the seeds are placed on dry soil, an adequate production of spores may
not occur, but they will stay inert and viable until moisture is available (Bock
and Cotty, 1999).
- A late application of atoxigenic strains on maize (after silking) may not be
effective.
- In the event of a heavy rain shortly after the inoculum is spread, the
biological control product may not stay evenly distributed on the surface of
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iii.

the field.
Good agricultural practices such as crop rotation, adoption of drought and disease
resistant seeds, planting of treated seeds, pesticide application, soil amendment,
moisture management, disease and pest control, irrigation, timely application of soil
nutrients (fertilisers), and timely harvesting have proven to be effective in reducing
aflatoxin contamination in crops. For example, application of lime/calcium to the
soils results in up to 72% aflatoxin reduction, farmyard manure yields up to 42%
aflatoxin reduction while a combination of both approaches gives up to 84%
reduction in aflatoxin contamination.

2.10.2 Post-harvest Strategies for controlling aflatoxin
Aflatoxin contamination can be controlled at the post-harvest stages using a combination of
strategies, which include:
i. Rapid and adequate drying after harvesting crops:
Drying is needed to ensure that the crops have moisture content at levels that will not
promote mould growth. The appropriate moisture content for maize is 12%, groundnut (inshell) 9% and shelled groundnut 7%. It is important to observe good hygiene and sanitary
conditions during drying to prevent contamination of grains. Crops dried adequately away
from the field and off the ground are less susceptible to insect damage and mould growth.
Sun-drying of maize and groundnuts is a common practice in Ghana and, together with the
use of raised platforms, it has been shown to reduce the growth of toxigenic fungi such as
Aspergillus, Fusarium, and Penicillium (Hell et al., 2008).
In Ghana, the method of inverted windrowing of groundnut pods after harvest ensures
exposure to direct sunlight and circulating air. This cost-effective method dries the pods
rapidly and sufficiently to ensure reduction of aflatoxin levels (Amoako-Attah et al., 2007). A
good replacement for open sun-drying is the use of solar dryers, because they dry crops
faster and more efficiently and provide a controlled environment that offers improved
sanitation. Very simple and affordable solar dryers can be constructed and used by most
farmers and other value chain actors in Ghana at very little cost. However, the key problem
is that the technology has not been widely disseminated. What have been introduced are
prototypes usually designed with some costly inputs and this created the erroneous
impression to farmers and other value chain actors that technology is expensive.

ii. Cleaning and sorting
Grain cleaning and sorting techniques are required to reduce aflatoxin contamination.
Normally, sorting can be achieved based on differentiation of physical properties such as
colour, size, shape, and density as well as visible identification of fungal growth in affected
crops. By rejecting damaged and discoloured grains, sorting operations can reduce the
presence of aflatoxin and other contaminants in food and feed (Fandohan et al., 2005). In
groundnuts, after basic clean-up of the crop by commercial farmers, high-capacity electronic
optical sorters are used to remove nuts contaminated by aflatoxin (Whitaker et al., 2005).
Specific gravity seed cleaning equipment has also been used for a long time in grain sorting.
There is a need to adapt commercial optical sorting equipment for groundnuts for both
large and small operations.
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Good and bad drying practices

Hand sorting, which is commonly practised in Ghana, has been shown to be effective when
the grains have visible moulds. Although very laborious, a study in the Philippines found that
manual sorting reduced aflatoxin concentrations in raw groundnuts from 300 ppb to less
than 15 ppb (Galvez et al., 2003). Research conducted in Kenya (and Haiti) demonstrated
that manual sorting of groundnuts purchased at local markets could reduce aflatoxin
concentrations by about 98% (Filbert and Brown, 2012). Manual sorting however needs to
be done under hygienic conditions and away from sand. For maize, removing visibly mouldy,
insect-damaged, and broken grains by hand reduced aflatoxin concentrations by 40%, based
on reports from a study in Benin (Fandohan et al., 2005).
The application of computer-based image processing techniques is one of the most
promising methods for large-scale screening of fungal and aflatoxin contaminations in food
and feed. For example, image based sorting technology involving the use of UV light and
colour detection system has been reported to successfully detect and separate 98% of
aflatoxin contaminated figs (Ozlüoymak 2014). This method used the viability of bright
greenish-yellow fluorescence (BGYF), which is produced by Aspergillus flavus via the
oxidative action of peroxidases in living plant tissue as an image screening technique for the
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Women sorting grains. Sorting must be done under hygienic conditions and away
from sand
classification of aflatoxin contaminated crops (Hadavi, 2005; Lundadei, Ruiz-Garcia, Bodria,
& Guidetti, 2013)

Proper storage:
Storage of grains under good conditions provide protection against rain and ground water,
insects and other pests and excessive heat, which are factors that promote mould growth
and aflatoxin production. Strategies to reduce aflatoxin levels during storage mainly consist
of:
- adequate drying of crops before storage;
- using clean, dry, and enclosed storage facilities;
- proper water drainage;
- well-aerated stores; and
- eliminating insects and other pests such as rodents and birds (Lanyasunya et al.,
2005; Turner et al., 2005; Hell et al., 2008).
Before storage, harvested crops should be dried as soon as possible to attain safe moisture
levels. Common storage practices for crops include:
- storing on the field;
- storing on the floor in homes;
- storing on top of or under the roof of houses;
- storing in jute or polypropylene bags, wire cribs, pits, and metal bins; and
- storing in conical structures or other constructed structures, with or without roofing,
made from wood, bamboo, thatch, or mud (Hell et al., 2010; Narrod, 2013; Abass et
al., 2014).
Hermetically sealed storage bags, such as those of the Purdue Improved Crop Storage
project, is apparently effective for insect control, increasing insect mortality by 95–100% in
stored maize (Baoua et al., 2014; Hell et al., 2014). The Purdue Improved Crop Storage
(PICS) bags are simple and provide a cost-effective way of storing grain and seed without
using chemicals to control insect pests. PICS enables farmers to store a variety of legume
and cereal crops for more than one year after harvest. Storage facilities with anti-fungal
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properties have also been produced in Egypt. The Mobile Utility Grain Storage facility is also
being promoted by NeverIdle Farms (Ghana) as effective in protecting grains against
postharvest losses.

Metallic / Plastic Silos

Warehouse

Mud Silos

Purdue Improved Crop Storage (PICS)

iii. Pest control
Insects and pests such as rodents can infest and damage crops thus increasing their
susceptibility to mould growth and aflatoxin contamination. Insects and pests can be
controlled using appropriate storage facilities, maintaining hygienic and good sanitary
conditions, and using chemical and biological pest control methods. Some chemicals
commonly used are Actellic 25 EC and Aluminium phosphide (Phostoxin/Gastotoxin), which
are used for fumigation.
iv.

Inactivation or detoxification
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Heat treatment
Heat treatment of food does not completely eliminate aflatoxins however some studies
have reported different levels of reduction depending on the heat treatment method used.
In a study on maize, all processing methods (boiling, roasting, baking and steaming)
destroyed aflatoxin to a considerable extent ranging from 50-70% (Reddy & Rani 2004). Dry
heat treatments such as roasting and baking were more effective in reducing aflatoxin
levels.
Irradiation
Gamma radiation has been considered as an effective technique for preserving and
maintaining the quality of food products. Several studies have reported that gamma
irradiation can be used to decrease aflatoxin contamination. For example, gamma radiation
dose of 6 kGy reduced aflatoxin content in red chilies by more than 80% (Iqbal et al. 2013). A
radiation dose of 10 kGy was used to reduce aflatoxin B1 level in maize to an acceptable
level without compromising animal and human health (Markov et al. 2015).
Chemical treatment
Chemical treatment has been used as one of the most effective means for the removal of
mycotoxins from contaminated commodities. Many common chemicals have been used to
test the effectiveness in detoxification of aflatoxin. These chemicals include acetic acid,
ammonia gas or ammonium salts, calcium hydroxide, formaldehyde, hydrogen peroxide,
methylamine, ozone gas, phosphoric acid, sodium bicarbonate), sodium bisulphite, sodium
bisulphite, sodium hypochlorite.
Gaseous and liquid ozone are applied to crops to inactivate bacterial growth, prevent fungal
decay and destroy pesticides and chemical residues, control storage pests and degrade
aflatoxins (Kells et al., 2001; Young et al., 2006). Ozone detoxification has been found by
some studies to be useful in reducing aflatoxins in food commodities. For example, ozone
treatment degraded aflatoxin B1 in red peppers (Inan et al. 2007) while aflatoxin B1 levels in
groundnuts decrease with ozone application (Diao et al. 2013).
Nixtamalisation involves boiling maize in lime water (a mixture of water and slaked lime or
calcium hydroxide) before processing into other products. It is widely practised in Mexico.
The process has been shown to yield 30- 58% aflatoxin reduction in tortillas and 60-75%
aflatoxin reduction in ugali (a popular maize dish in East Africa). The process is effective but
its effectiveness depends on the initial level of aflatoxins. The higher the level of aflatoxin
contamination the less effective the nixtamalisation process. Nixtamalised products have
added nutritional benefits such as:
• Reduction in pellagra disease risk, due to the improved niacin bioavailability;
• Increasing calcium intake due to its absorption by the kernels during the steeping
process;
• Serving as a source of dietary fibre by increasing resistant starch content in the food
products;
• Slightly decreasing the levels of phytic acid, which is an inhibitor of iron and zinc
absorption.
• Increasing the calcium/phosphorous ratio which makes the tortilla nutritionally
similar to milk;
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•

Significantly reducing mycotoxins in kernels.

Biological control at post-harvest stages
Biological methods based on competitive exclusion by non-toxigenic fungal strains have
been reported as a promising approach for mitigating formation of mycotoxins and
preventing their absorption into the human body (Farzaneh et al., 2012). Lactic acid bacteria
(LAB) namely Lactobacillus, Bifidobacterium, Propionibacterium, and Lactococcus are
reported to be active in terms of binding aflatoxin B1 and M1 in food and feed (Ahlberg et
al., 2015; El-Nezami & Gratz, 2011; Peltonen, et al., 2001). Other microorganisms such as
Saccharomyces cerevisiae have also been reported to bind or degrade aflatoxins in food and
feed. The aflatoxin B1 binding abilities of Saccharomyces cerevisiae was tested in indigenous
fermented foods from Ghana and findings showed high aflatoxin B1 binding capacity (Shetty
et al., 2007). These binding properties could be useful for the selection of starter cultures to
prevent high aflatoxin contamination levels in relevant fermented foods.
Use of extracts from plant such as Syzygium aromaticum (cloves), garlic and onion,
cinnamon and other herbs including thyme, star anise seeds, and black and white pepper
have shown good results in inhibiting fungal growth. These plant extracts are mostly used in
traditional settings and although generally good, their dosages and efficacies have not been
scientifically determined and/ or established.
2.10.3 Other intervention strategies
Regulation
The corporate, international, and governmental regulatory frameworks can be important
drivers in the reduction of aflatoxin levels in food and feed. As capacity and appropriate
legal frameworks and enforcement structures are put in place, contamination levels in crops
eventually decrease. Where regulatory systems are established, implementation of
intervention strategies and technologies is usually robust and exposure to hazards is low.
Enforcement and compliance with standards and regulation are critical for the management
of aflatoxins. In many food businesses including the informal sector where enforcement can
be challenging, there is a need to promote self-regulatory mechanisms such as Hazard
Analysis and Critical Control Points (HACCP) system and other food safety management
practices to ensure food safety.
Diet diversification
Dietary diversity is a good way to improve nutrition and health. A lack of dietary diversity is
directly related to levels of mycotoxin exposure especially in population where susceptible
products are staple foods. In Ghana and many African countries, a high percentage of
calories come from maize, which is commonly contaminated by aflatoxins and/or
fumonisins. In East Africa, aflatoxin exposure has also been directly correlated with reported
daily intake of maize, and fumonisins exposure occurs almost entirely from maize (Kimanya
et al., 2008). Another major source of exposure to aflatoxin is through the consumption of
groundnuts (Liu and Wu, 2010; IARC, 2012). A greater variety of foods will lower the risk of
exposure by reducing the intake of these commonly contaminated foods (Groopman et al.,
2008). Replacing foods at high risk of mycotoxin contamination with those at lower risk
would improve access to foods with better nutritional value.
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2.10.4 Post exposure management
These interventions are usually required in emergency situations such as outbreak of
aflatoxicosis where those who are most likely to consume foods contaminated with
aflatoxins suffer the most severe effects, including death in some cases (Lewis et al., 2005).
Thus, feasible interventions and therapies to diminish human and animal exposure to
aflatoxins during aflatoxin outbreaks are imperative. The strategies include enterosorption
and chemoprotection.
Enterosorption entails the use of products that bind aflatoxin in the gut and prevent its
uptake. An examples are the Chlorophylin and NovaSil clay (sodium calcium aluminosilicate)
that was piloted in Ghana (Phillips 1999; Phillips, Lemke et al. 2002; Wang, Luo et al. 2005).
Initial human trials in Ghana and in Texas (USA) showed no adverse health effects in humans
(Phillips et al., 2008; Johnson et al., 2009; Mitchell et al., 2013). Based on animal and human
studies, NovaSil (NS) clay does not significantly alter the levels of vitamins and minerals.
Overall, use of NS clay during outbreaks of acute aflatoxicosis appears to be a safe and
practical strategy for vulnerable populations at high risk for exposure (Mitchell et al., 2014).
Further studies are warranted to assess the effects of aflatoxin dose and duration of
exposure on efficacy and the safety of NS clay and chlorophyllin on vulnerable population
including malnourished infants, children, and pregnant women.
Chemoprotection or chemoprevention involves the use of chemical (e.g. Dithiolethiones or
Oltipraz and Sulforaphane) or dietary interventions (e.g., broccoli sprouts, green-tea) to
alter the susceptibility of humans to carcinogens.
2.11 What are the national and continental policies supporting aflatoxin control?
There are a number of policies that contribute in part or even tangentially, to broadly defining
the policy context within which a system for aflatoxin control and management can be
established. Though most of them do not specifically detail the strategies or steps for aflatoxin
control, they outline the policy direction along which such an aflatoxin control and
management system can be elaborated. The key policies highlighted here are more directly
relevant for the elaboration of such a system.
The Coordinated Programme of Economic and Social Development Policies (2017-2024) is
the current development policy framework for Ghana. It acknowledges the problems of the
agriculture, nutrition and health sectors and therefore makes provision, among other things,
to:
• promote a demand-driven approach to agricultural development, with a focus on
quantity, quality and timely delivery of produce. This will be achieved by for example,
setting grades, standards and regulations to guide the conduct of actors.
• promote production efficiency by establishing modalities and regulatory frameworks for
production of seed/planting materials, and other agro inputs; and increase investment in
research and development;
• provide incentives to the private sector and District Assemblies to invest in post-harvest
activities, and facilitate the provision of storage infrastructure, with a drying system at
district level and a warehouse receipt system
• institute measures to prevent food losses; and promote the production and utilisation of
locally grown and nutrient-rich food to ensure food security and promote good nutrition.
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Food and Agriculture Sector Development Policy (FASDEP I& II) and the Medium-Term
Agricultural Sector Investment Programme (METASIP I &II) emphasize food safety,
application of STI and promotion of improved technologies among smallholder farmers and
other value chain actors. A key objective of FASDEP I was to ensure food security hence the
policy thus provided a working definition for food security as follows:
“Good quality nutritious food, hygienically packaged and attractively presented, available in
sufficient quantities all year round and located at the appropriate places at affordable prices.”
The emphasis on nutrition, quality and safety in the definition of food security enabled the
Ministry of Food and Agriculture (MOFA) and the agricultural sector to focus on these issues,
which were previously not given much attention in past programmes. MOFA has established
a food safety unit within the Women in Agricultural Development (WIAD) Directorate to
address food safety issues. WIAD is harmonizing all food safety activities within MOFA
technical Directorates to ensure better coordination and efficient use of resources.
National Trade Policy developed in 2005 recognises technical barriers and sanitary and
phytosanitary (SPS) issues as critical to inter and intra-regional trade. It also recognizes that
Ghanaian exporters have an obligation to meet the standards set by other countries if they
are to successfully trade in these markets. Consequently, the policy seeks to ensure that
technical as well as sanitary and phytosanitary regulations do not constrain the export
potential of Ghana. Among the strategies outlined, government will actively participate in
international standards setting to influence future standards so that such standards do not
become barriers to Ghana’s exports. This will also provide early warning to exporters in Ghana
to enable them prepare and adjust to new standards.
National Nutrition Policy (2014-2017) recognizes food safety and hygiene are important
contributors to good nutritional status. Hence key policy actions prescribed are:
- strengthening institutional capacities to implement and enforce food safety
regulations and sanitary and phytosanitary measures.
- supporting the development of cost-effective technologies for food safety and quality
control.
National Strategy for Cancer Control (NSCC 2012-2016) recognises liver cancer among
Ghana’s priority cancers list. The strategy also considers aflatoxins as a major diet-related and
occupational cause of cancer. The proposed strategies are to:
- collaborate with FDA to minimize consumption of carcinogenic food;
- take measures to reduce exposure to carcinogenic compounds in the workplace;
- support occupational safety and hygiene research into occupational exposures; and
- improve the reporting of occupational cancers
National Food Safety Policy was developed in 2016 but it has not yet been approved by
relevant authorities. The policy provides a well-coordinated and structured food safety
system that clearly outlines the roles of all relevant stakeholders for the management and
control of food safety. It focuses on food safety research, food borne disease surveillance,
inspection and enforcement, food safety training, food safety public education, and consumer
protection.
National Aquaculture Development Plan seeks to improve the aquaculture sector by
preparing guidelines to guide and regulate private investments into production/supply of
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quality fish feed fries, fingerlings, aquaculture-logistics and farmed fish products. It also
provides for testing fish feed for the purposes of certification of fish-feed supply enterprises
as well as for fish feed quality assurance; conducting research into the feasibility of use of
local ingredients in the commercial production of fish feed; design a permit system for
certifying existing fish feed supply/production enterprises and for permitting establishment
of start-up fish feed enterprises.
Ghana Livestock Development Policy and Strategies identifies low quality and high cost of
feed as a major to the livestock sector and therefore makes provision for the development of
protocols for the operations of feed mills; creating awareness and training feed mill operators
on feed standards; undertaking feed quality control and certification of feed mills; building
capacity of feed mill operators in proper feed formulation and production; facilitating private
sector investment in feed production; developing simple feed formulations based on locally
available feed ingredients for all livestock species; and constructing new and maintaining
existing community based silos for feed ingredients (e.g. grains). The policy calls for anti and
post mortem inspection at slaughter facilities as well as enactment of new legislation to
enable the Veterinary Services Division to perform all functions relative to meat inspectionthis could include aflatoxin testing in meat and meat products.
Science Technology and Innovation (STI) Policy (2017-2020) was developed to support
research and development activities including food safety research. The policy also
emphasises the development of human resource for STI research and development and
building capacities of various actors to utilise research outputs including technologies.
2.12 Continental and global policies and programmes supporting food safety and aflatoxin
control
At the continental level, the Africa Union Development Agency (AUDA-NEPAD) has
developed the Nutrition and Food Systems Strategic Programme (2018-2025) in which food
safety and quality management is one of the seven flagship programmes identified as
strategic focus areas. Within the Comprehensive African Agricultural Development
Programme (CAADP) Result Area A (ii), AUDA-NEPAD is tasked to ensure that countries
initiate national and regional food safety policies and guidelines, food laws; SPS measures;
promote legislation on tracking and monitoring processes, including traceability systems.
In 2019, AUC has developed food safety performance indicators to track countries’ progress
in the implementation of the Malabo Declaration of Ending Hunger by 2025. AU Members
States are required to report on their progress towards the achievement of the Malabo
targets through biennial review mechanism. The first review was done in 2017 with 46
indicators. The second review is currently ongoing and this year, the 47 th performance
indicator (i.e. food safety indicator) has been developed and added to the list of indicators
that countries will report on. Data collection is currently ongoing in most countries. The
parameters of interest are:
Food Safety Systems Index, which includes existence of food safety legislations,
standards, policies, laboratory infrastructure, monitoring and surveillance
programmes.
Food Safety Health Index, which includes rate of reduction of foodborne
diarrheal diseases, rate of reduction of the cases of liver cancer caused by dietary
exposure to aflatoxin.
Food Safety Trade Index, which concerns the rate of reduction in rejection of
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food products due to food safety violation (non-compliance).
Africa Union is making efforts to establish a Continental Food Safety Body, namely the
African Union Food Safety Management Coordination Mechanism (AU-FSMCM) with the
broad objectives to:
• Protect public health by reducing the risk of food-borne illness, taking into account
relevant animal and plant health issues, and the environment;
• Protect consumers from unsanitary, unwholesome, mislabelled or adulterated food;
• Increase market access and competitiveness in food trade, including raising
production levels;
• Promote inter-African food trade and exchange between the member States;
• Contribute to economic development by maintaining consumer confidence in the
food system and providing a sound regulatory foundation for trade in food.
Africa Union Commission (AUC) has prioritised aflatoxin as a major food safety concern and
therefore established Partnerships for Aflatoxin Control in Africa (PACA) in 2012 to help
countries develop systems for aflatoxin management. PACA’s Strategy (2013-2022) focuses
on 5 themes namely:
- Research and technology for prevention and control of aflatoxins
- Policies, legislation and standards for the management of aflatoxins
- Growing commerce and trade and protecting human health from aflatoxins
- Enhancing capacity for effective aflatoxin prevention and control
- Public awareness, advocacy and communication
PACA is currently supporting six pilot countries (Nigeria, Gambia, Senegal, Tanzania, Uganda,
Malawi) to develop systems for the control of aflatoxins. PACA has also supported the
Regional Economic Communities to develop action plans for aflatoxin control.
The ECOWAS Aflatoxin Control Action Plan (ECOACAP) was adopted in 2015 by ECOWAS
Ministers for Agriculture. The strategic objectives of the ECOACAP are to:
- Enhance stakeholder awareness and demand for aflatoxin safe food and feed,
- Improve the crop management and post-harvest handling practices to mitigate
aflatoxin contamination in food and feed, and
- Create an enabling environment for aflatoxin control within ECOWAS. All ECOWAS
member states are expected to adapt the ECOACAP to their contexts.
ECOWAS is providing support to countries for aflatoxin control and coordination in the area
of pesticides because food safety is high on its agenda. New resources are being mobilized
for these activities. ECOWAS has facilitated the development of SPS Framework and efforts
are being made to mainstream the framework in each member state. Already, countries
have been trained on the new SPS framework, but the major challenge is that countries’
capacities to customise the framework were not assessed before the development of the
framework hence adapting it to the countries’ context is now a challenge.
The Agreement Establishing the African Continental Free Trade Area (AfCFTA) was
adoption on March 21, 2018. As of October 2019, 54 countries (except Eritrea) have signed
the Agreement, which entered into force on May 30, 2019. It has also been ratified in 28
African countries. The main objectives of the AfCFTA are to:
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•

Create a single continental market for goods and services, with free movement of
business persons and investments, and thus pave the way for accelerating the
establishment of the Customs Union.
• Expand intra-African trade through better harmonization and coordination of trade
liberalization and facilitation and instruments across the Regional Economic
Communities (RECs) and across Africa in general.
• Enhance competitiveness at the industry and enterprise level through exploitation
of opportunities for scale production, continental market access and better
reallocation of resources.
The AfCFTA treaty has recognized and integrated the WTO SPS and TBT measures into the
Agreement as indicated in Part VI Article 21 (Technical Barriers to Trade) and Article 22
(Sanitary and Phytosanitary Measures2). The implementation of Article 21 shall be in
accordance with the provisions of Annex 6 on TBT while the implementation of Article 22
shall be in accordance with the provisions of Annex 7 on SPS Measures.
Sustainable Development Goals (SDGs)
In 2015, the United Nations General Assembly adopted the new development agenda:
Transforming our world: the 2030 agenda for sustainable development. This comprised a set
of 17 goals to end poverty, protect the planet, and ensure prosperity for all. These goals
integrate all three dimensions of sustainable development (economic, social and
environmental) and have specific targets (169) to be achieved by 2030. Food safety is
integral to attaining the SDG 3: Good health and wellbeing, and has a significant influence
on attaining SDG 6: Clean, water and sanitation, SDG 1: No poverty, SDG 2: Zero Hunger
(sustainable agriculture). Food safety contributes to attaining SDG 9: Industry, innovation
and infrastructure, SDG 12: Responsible consumption, SDG 8: Decent work and economic
growth, SDG 5: Gender equality, SDG 10: Reduced inequalities, SDG 14: Life below water
(fisheries), SDG 15: Life on land (livestock), SDG 11: Sustainable cities and communities.
2.13 National and international legislations on food safety
Ghana had the Food & Drugs Act, 1992 (PNDCL 305B) which has now been incorporated in
the Public Health Act, 2012 Act 851. Part 1 (communicable diseases), Part 5 (Environmental
sanitation), Part 7 (Food and Drugs) of the Public Health Act address issues related to food
safety. The implementation of some parts of the Act requires regulations, which can be
made by legislative instruments.
Local Government Act, 2016 (Act 936) and Local Government
(Metropolitan/Municipal/District Assemblies, MMDA) Establishment Instruments mandate
MMDAs to ensure the inspection of all foodstuffs and liquids intended for human
2

Sanitary or phytosanitary measure - Any measure applied:
a. to protect animal or plant life or health within the territory of the Member from risks arising from the entry,
establishment or spread of pests, diseases, disease-carrying organisms or disease-causing organisms;
b. to protect human or animal life or health within the territory of the Member from risks arising from additives,
contaminants, toxins or disease-causing organisms in foods, beverages or feedstuffs;
c. to protect human life or health within the territory of the Member from risks arising from diseases carried by
animals, plants or products thereof, or from the entry, establishment or spread of pests; or
d. to prevent or limit other damage within the territory of the Member from the entry, establishment or spread of
pests
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consumption whether exposed for sale or not. The MMDAs are also mandated under their
Establishment Instruments to seize, destroy and otherwise deal with all such foodstuffs or
liquids that are unfit for human consumption
Other relevant Acts are the Environmental Protection Agency Act, 1994 (Act 490) and
Pesticides Control and Management Act - 1996 (Act 528), Plants and Fertilizer Act 2010
(Act 803) which are implemented to food and environmental safety.
Ghana has also adopted various international codes of practices and guidelines for the
improvement of food safety along the food value chain. These include good agricultural
practices (GAP), good manufacturing practices (GMP), Good distribution practices (GDP),
good storage practices (GSP), General Principles of Food Hygiene, and hazard analysis
critical control point (HACCP) systems
Codex Alimentarius Commission
The Codex Alimentarius Commission (CAC), established by FAO and WHO in 1963, is the
foremost body recognised internationally for the development of food standards to ensure
food safety. Codex standards ensures food safety and fair trade practices in the food trade.
The Commission’s mandate is to develop harmonised international food standards,
guidelines and codes of practice to protect the health of consumers and ensure fair trade
practices in the food trade. The Commission also promotes coordination of all work on food
standards and food safety undertaken by international, governmental and nongovernmental organizations. In carrying out its work, the Commission has established a
number of committees to work on general and specific aspects of Codex work. Codex
Regional Coordinating Committees have been established to discuss regional food standards
issues and work towards more effective utilization of Codex work in developing and
developed countries. At the national levels, National Codex Committees (NCCs), pursue the
objectives of the Commission and make inputs towards the work of the Commission. Issues
related to aflatoxins can be discussed by Committees such as the Codex Committee on
Contaminants in Foods (CCCF), Codex Committee on Food Hygiene (CCFH), Codex
Committee on Food Additives and Contaminants (CCFAC), and Codex Committee on
Methods of Analysis and Sampling (CCMAS).
International Plant Protection Convention (IPPC)
The International Plant Protection Convention (IPPC) is an international plant health
agreement, established in 1952, that deals with plant health standards. It aims to protect
cultivated and wild plants by preventing the introduction and spread of pests. The Regional
Plant Protection Organization (RPPO) is an inter-governmental organization functioning as a
coordinating body for National Plant Protection Organizations (NPPOs) on a regional level. In
Ghana, the Plant Protection and Regulatory Services Directorate (PPRSD) of the Ministry of
Food and Agriculture (MOFA) is the national plant protection organization that has been
established in accordance with the provisions of the IPPC. In compliance with the IPPC, the
PPRSD aims to prevent the spread and introduction of pests of plants and plant products
and to promote appropriate measures for their control.
Office Internationale des Epizooties (OIE)
The OIE also known as World Organisation for Animal Health, created through the
International Agreement signed on January 25, 1924, is the intergovernmental organisation
responsible for improving animal health worldwide. The OIE is responsible for setting
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international animal health and welfare standards, which cover among others, disease
diagnosis, reporting and management, health measures for international trade in animals
and animal products and standards for the humane transportation and slaughter of animals.
Ghana actively participated in the development of these codes and standards and is
required to comply with them. These standards are designed to ensure the sanitary safety
of international trade in animals and animal products by detailing the health measures to be
used by the veterinary services of importing and exporting countries.
Agreement on Sanitary and Phytosanitary Measures (SPS Agreement)
The WTO’s Agreement on Sanitary and Phytosanitary measures (SPS) references the
standards developed by the Codex Alimentarius Commission, OIE and IPPC in relation to
Food Safety, Animal Health and Plant Health respectively as the source of international
standards. This imposes an obligation on Ghana, as a member of the WTO, to progressively
adopt these international standards on food safety as the basis of its national requirements,
policies and regulations.
Ghana has also adopted various international codes of practices and guidelines for the
improvement of food safety along the food value chain. These include good agricultural
practices (GAP), good manufacturing practices (GMP), Good distribution practices (GDP),
good storage practices (GSP), General Principles of Food Hygiene, and hazard analysis
critical control point (HACCP) systems.

2.14 National programmes and interventions for aflatoxin management
The Alliance for a Green Revolution in Africa (AGRA) awarded the Ghana Standards
Authority (GSA) a project support grant to carry out the National Aflatoxin Sensitisation and
Management (NASAM) Project for the period 2018-2020. The project aims to catalyse and
sustain an inclusive agricultural transformation by improving food safety and security
through increased knowledge about aflatoxins, its impacts and management. It is expected
that the project will:
• Strengthen agricultural input systems, technology development and supply chain
• Increase adoption of agricultural productivity enhancing technologies
• Reduce impact of agricultural volatility.
The Ghana’s Food and Drug Authority (FDA) has developed a draft handbook on ‘Food
Handling to Minimize Aflatoxin Poisoning in the Home’. The FDA has also drafted Frequently
Asked Questions (FAQs) on aflatoxin, which is pending review prior to publication. The
Agricultural Extension Services Directorate of MOFA has produced a video depicting good
aflatoxin management practices in maize.
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Chapter 3: A survey of university lecturers, researchers, and project
implementers on teaching, research and interventions on mycotoxins
(aflatoxins).
3.1 Introduction
Research is needed to generate knowledge on mycotoxins or aflatoxins issues and this
knowledge must be shared through formal and informal education. Research is critical
because it, among others, provides better understanding of how aflatoxins are produced,
factors that are favourable to their production, how they can be managed or prevented,
their effects on humans, animals and the economy as well as generate evidence for policy
decisions. The role of knowledge institutions such as universities and research institutes is
therefore critical in finding a comprehensive approach to tackling the problems of
mycotoxins.
The objectives of this survey were to:
•
Assess the extent to which selected departments in the universities have
incorporated in their course contents food safety and hygienic-related topics
and more specifically mycotoxins or aflatoxin topics.
•
Assess the capacity needs for aflatoxin testing
•
Assess the level of involvement in aflatoxin projects as well as the kinds of issues
that are addressed to help improve coordination and harmonisation.
3.2 Methods
A survey developed using Open Data Kit (ODK) App and Kobo Toolbox server was conducted
among 35 purposively selected lecturers in selected universities (i.e. University of Ghana
(UG), Kwame Nkrumah University of Science and Technology (KNUST) and University for
Development Studies (UDS). The questionnaire was programmed on mobile phone tablets
and was also available online. Most of the respondents completed the online version of the
questionnaire with a few interviewed face-to-face by researchers using the mobile phone
tablets. To gather additional information on research and intervention projects
implemented in Ghana, researchers from other organisations such as the CSIR and
International Institute for Tropical Agricultural Research (IITA) were also contacted to
provide the information online. Data was collected from lecturers in 3 Universities namely
UG, KNUST and UDS. The respondents were randomly selected from the following
departments.
• Crop Science
• Food Technology
• Food Science
• Nutrition
• Public health
• Marine and Fisheries Sciences
• Animal Science
• Pharmacy
• Biochemistry
• Chemistry

Additional data on aflatoxin projects was obtained from the Partnership for Aflatoxin
Control in Africa (PACA) database.
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3.3 Findings
3.3.1 Characteristics of Respondents
The respondents were made up of 85.71% males and 14.29% females most of whom were
in the rank of Senior Lecturer and above. Some of the respondents had retired (28.57%) but
were actively teaching and conducting research (Fig. 4).
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31-40
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Fig. 4 Age range of respondents
The lecturers have various areas of specialisation, which is an indication that aflatoxin
research requires a multidisciplinary approach. The areas of specialisation were:
• Organic chemistry
• Mycotoxins and mycology
• Post-harvest technology
• Marine Chemistry
• Pollution and ecotoxicology
• Food Science
• Food Safety
• Public health
• Human Nutrition
• Food systems
• Toxicology
• Risk Assessment
• Environmental Chemistry
• Food technology
• Plant pathology (Mycology)
• Food microbiology
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3.3.2 Inclusion of food safety and hygiene-related topics in course content
About 93% of the respondents had food safety and hygiene-related topics in their course
content with most of them (57%) focusing on hygiene and sanitation, microbial
contamination and mycotoxin/aflatoxin topics (Fig. 5). Over 85% of the lecturers indicated
that food safety topics were not adequately covered during teaching and would wish to
cover additional topics such as:
•
Legislative and fiscal measures to improve food safety
•
Food safety related to non-communicable diseases
•
Microbial food safety
•
Post-exposure management of aflatoxin
•
Food safety risk assessment, management and communication
•
Aflatoxin detection
•
Epidemiology of human exposure to aflatoxin
The study noted that there was no uniformity in the teaching content and curriculum of
aflatoxin in the three universities. Basic content development criteria are required to
ensure harmonization in the teaching of food safety and mycotoxin topics in the
universities.
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Food safety risk management
Food safety risk assessment
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Fig. 5 Food safety and hygiene-related topics in course content
The main challenges in teaching food safety and hygiene-related topics are shown in Fig. 6
where over 71% of the respondents indicated inadequate funds for students’ research while
50% mentioned high cost of reagents, limited laboratory space and limited laboratory
equipment. Nearly 43% indicated inadequate reference materials for lecturers and students
(Fig. 6).
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Fig. 6 Challenges in teaching food safety and hygiene topics
3.3.4 Mycotoxin/Aflatoxin teaching and research
Out of the lecturers who teach mycotoxin or aflatoxins-related topics, 57% focused on
health effects of aflatoxin, 50% taught aflatoxin production and 43% covered the control of
growth of Aspergillus sp. as well as prevention or reduction of aflatoxin contamination (Fig.
7).
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Figure Fig. 7 Mycotoxin topics taught
Some of the lecturers supervised students’ research on aflatoxins. Key aflatoxin issues
covered in the students’ research were:
•
Aflatoxins exposures and risks in the diets of University students;
•
Evaluation of aflatoxin levels in stored maize in the Nkoranza South District of the
Brong-Ahafo Region of Ghana;
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•
•
•
•
•
•
•
•
•

Processing methods to degrade aflatoxins in contaminated peanut flour and corn
flour;
Methods to reduce aflatoxins concentration in peanut kernels by: floatation in
water, blanching and sorting;
Designing inexpensive extraction and clean-up methods for aflatoxin
determination using HPLC;
Prevalence of aflatoxins in peanut soups sold in chop bars in Ghana;
Occurrence of aflatoxins in groundnut pastes sold in all the 10 regions of Ghana
Occurrence of aflatoxins in malted beverages: pito and beer;
Reduction of aflatoxins in peanuts by using HSCAS clay;
Assessment and Safety improvement of peanut oil and its by-products: kulikuli
and kebab powder; and
The development of a food safety system to control aflatoxin contamination in
peanut oil processing in Ejura.

Some of the lecturers reported no challenges in teaching mycotoxin and aflatoxin topics.
However, about half of the lecturers indicated they had limited knowledge about aflatoxins
/mycotoxins. Absence of testing facilities for aflatoxins, non-inclusion of aflatoxin topics in
course content, and course content already too loaded were also mentioned as constraints
to the teaching and learning with regard to aflatoxin.
3.3.5 Capacity to test for aflatoxins
Teaching and research activities on aflatoxin involve laboratory testing. Nonetheless, over
71% of the lecturers do not have aflatoxin testing laboratories, but relied on laboratories of
the Food Research Institute (CSIR-FRI), the Ghana Standards Authority (GSA) and other
accredited laboratories to test food samples. Only 29% of the laboratory staff had training in
aflatoxins testing.
About 67% of lecturers did not have standards for testing for aflatoxin but they can obtain
them from other laboratories or from suppliers outside the country. All but 33% of the
lecturers indicated that the results of the laboratory tests were internationally recognised.
The choice of sampling techniques, testing methods and types of testing instruments are
important as they influence the quality, accuracy, credibility and acceptance of the results
globally. As a result, several sampling techniques, testing methods and instruments have
been developed for use in aflatoxin testing. In this survey, over 50% of the respondents used
the codex sampling protocol (Fig. 8), 43% used the EU testing method (Fig. 9) while 60%
used High Performance Liquid Chromatography (HPLC) as testing instrument (Fig 10).
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Fig. 8 Sampling protocol for aflatoxin testing
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Fig. 9 Aflatoxin testing methods

10

10
60
10

U/HPLC

VICAM

Fluorimeter

Don't know

Elisa

Fig. 10 Instruments used for aflatoxins testing
To improve the capacity for aflatoxins testing, there is the need to acquire standards and
testing instruments such as HPLC system with fluorescence detector, Aflatest column for
cleaning up extracts, homogenizer, kobra cell and other laboratory facilities.
3.4 Mycotoxin/ Aflatoxin Research and Intervention Projects
The information in this section was gathered from lecturers who participated in the teaching
and research survey, as well as researchers in national and international research
organisations located in Ghana. Additional projects were collated from the website of PACA.
In total, forty-one aflatoxin/mycotoxin projects were identified either as completed or
ongoing. The projects have been grouped into for broad categories and listed in Table 3.1
while detailed information on each project is provided in Appendix 1. Sixteen of the
projects focused on mycotoxin detection to assess prevalence of contamination, five
projects each focused on on-field biological control strategies and communication while six
projects each focused on post-harvest control strategies and risk assessment, public health
and economic implications.
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Table 3.1 Aflatoxin project titles by categories
Mycotoxin
1. Evaluation of aflatoxin levels in stored maize in the Nkoranza South District
detection to
2. Prevalence of aflatoxins in peanut soups sold in chop bars in Ghana
assess
3. Occurrence of aflatoxins in groundnut pastes sold in all the 10 regions of
prevalence of
Ghana
contamination 4. Occurrence of aflatoxins in malted beverages: pito and beer
5. Survey of aflatoxins in Children's foods
6. Screening of millet samples on sale commercially in 10 local markets in Accra
7. Prevalence study for aflatoxin contamination in maize and groundnut value
chains in Ghana
8. Insect pests, Moisture content and Mycotoxin levels of Yellow Maize at
harvest and post-harvest and its implications for poultry production
9. Quality assurance of agricultural products through metrological and testing
services: laboratory support to achieve international accreditation according
to ISO 17025
10. Assessment and safety improvement of peanut oil and its by-products: kulikuli
and kebab powder
11. The development of a food safety system to control aflatoxin contamination
in peanut oil processing in Ejura
12. Designing inexpensive extraction and clean-up methods for aflatoxin
determination using HPLC
13. Enhancing the livelihoods of women actors in the groundnut value chain
through up-scaling of integrated innovative strategies
14. Enhancing the peanut value chain from processing to marketing peanuts and
peanut products
15. Developing aflatoxin-free peanut-based recovery and functional food
16. Adding an aflatoxin component to major infant feeding trials in Ghana,
Burkina Faso, and Mali
On-field
1. Biological control of Aflatoxin contamination in maize and groundnut in
biological
Ghana using native atoxigenic strains of Aspergillus flavus
control
2. Aflasafe Technology Transfer and Commercialization
strategies
3. Development of high yielding aflatoxin-resistant maize hybrids for improved
nutrition and health in Ghana
4. Evaluation of groundnut genotypes for resistance to aflatoxin
5. Expansion of biocontrol activities
Post-harvest
1. Strengthening Innovations and Technology Dissemination for Sustainable
control
Development in Cereals, cocoa and coffee value chains in Western and
strategies
Eastern Africa
2. Reduction /Elimination of aflatoxins in peanut and peanut products below
regulatory limits
3. Processing methods to degrade aflatoxins in contaminated peanut flour and
corn flour
4. Methods to reduce aflatoxins concentration in peanut kernels by: floatation in
water, blanching and sorting
5. Reduction of aflatoxins in peanuts by using HSCAS clay
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6. Processing for aflatoxin elimination in peanut products and HACCP
procedures
Risk
assessment,
public health
and economic
implications

Post-exposure
management
Communicatio
n advocacy
and policy

1. Risk assessment of aflatoxin in maize-groundnut complementary foods
2. Aflatoxins exposures and risks in the diets of University students
3. Investigating an association of aflatoxin biomarker levels with health status
and HIV disease
4. Collaboration with ministries of health in Kenya and Uganda; a review of
economic health costs for Uganda
5. Investigating aflatoxin financial and health risks along the peanut marketing
chain.
6. Developing methods for establishing a global network for aflatoxin exposure.
1. Developing enterosorbent intervention therapies for populations at risk for
aflatoxin-related diseases
1. Developing national policy and technical regulation for aflatoxin control in
food and feed
2. National aflatoxin sensitisation and management project
3. Strengthening linkages between research, advocacy and the media
4. Holding a conference entitled ‘Processing for aflatoxin elimination in peanut
products; hazard analysis and critical control points (HACCP) for the peanut
processing industry
5. Communicating food processing techniques to eliminate aflatoxin
contaminated peanuts using a scale-neutral approach

3.4.1 Source of funds for aflatoxin research and intervention projects
A few of the projects were self-funded but majority were funded by Organisations such as:
• United States Agency for International development (USAID)
• Alliance for a Green Revolution in Africa (AGRA)
• Southern Africa Trust
• Social Enterprise Development Foundation (SEND Ghana)
• Bill and Melinda Gates Foundation
• National Academy of Sciences (NAS) through their program: Partnership for
Enhanced Engagement in Research (PEER)
• International Crops Research Institute for the Semi-Arid Tropics (ICRISAT)
• Africa RISING Project- Competitive Funds.
• United States Department of Agriculture- National Institute of Food and AgricultureForeign Agriculture Services (USDA-NIFA-FAS)
• North Carolina Agricultural and Technical State University.
• Savannah Agricultural Research Institute (CSIR-SARI)
• Federal Ministry of Economic Cooperation and Development, Germany (BMZ)
• Peanut Collaborative Research Support Program (CRSP)
3.4.2 Dissemination of research findings, success factors and challenges
The main channels used to disseminate research findings were:
• Agricultural extension officers
• Seminars for stakeholders including development partners
• Workshops, field demonstrations, Farmer Field School (FFS)
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•
•
•
•
•
•
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•

Peer-Reviewed Journals
International conferences
Project reports
Mass media
Newsletters e.g. Peanut Science
Stakeholder engagements using innovation platforms
Extension leaflets, factsheets, Manuals
Research and Extension Linkage Committees (RELC) meetings

Success factors of aflatoxin projects and dissemination workshops
The success factors of aflatoxin projects and the dissemination of the research findings to
key stakeholders are as follows:
• Prior knowledge of farmers and traders on information on aflatoxin made data
collection easier;
• Proper understanding of Aflatoxin issues by relevant stakeholders and aflasafe and
its use;
• Importation of the products from IITA, and retailers interested in distributing the
products;
• Availability of donor funds;
• Support from collaborating institutions and national partners;
• Demand from quality conscious niche markets for specific aflatoxin levels in grains
while the supply is a push factor for aggregators to ensure adoption and use of
Aflasafe by farmers;
• The willingness and the desire of the farmers to improve upon their yield in order to
increase income;
• Dedication and commitment of researchers and students;
• Perseverance of researchers;
• Cooperation between project partners;
• Having strategic meetings to ensure partners are in tune with current issues affairs;
• Partner commitment to time for consultation and execution of project;
• Hard work of supervisor and students; and
• Farmer access to improved varieties.
Constraints of research dissemination
The challenges in disseminating aflatoxin research findings are as follows:
• Inadequate funding to support dissemination of findings, awareness creation on
intervention strategies, and scaling up of proven technologies;
• Limited public support and interest in some control strategies e.g. Aflasafe product;
• Lack of public demand for safe and quality grains;
• Inadequate reward for value chain actors, who invest in the proven interventions,
slows down adoption e.g. use of Aflasafe by smallholder farmers;
• Inadequate time for dissemination;
• Irregular organization and arrangements for Farmer Field School (FFS);
• Limited logistics and supplies; and
• Inadequate funds for follow-up and in-depth research.
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3.5 Conclusion and Recommendations
Aflatoxin has become a major food safety issue of public health significance. Management
of aflatoxins requires multisectoral and multidisciplinary approaches. It is therefore critical
that institutions of higher learning integrate aflatoxin issues in their teaching and research
programmes to ensure the development of relevant human resource capacities as well as
effective technologies and sustainable interventions for the management of aflatoxins and
other food safety concerns. Substantial amount of research has been implemented in Ghana
on aflatoxin issues. Most of the projects have over the years focused on detection of
contamination hence there is still research gap in developing and testing mitigation
strategies, risk assessment, public health and economic impacts, and post-exposure
management. There is also a need to fine-tune some of the research and scale-up major
findings and interventions for maximum impact.
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Chapter 4: Knowledge, attitude and practice (KAP) survey among value chain
actors
4.1 Background
For the successful management of aflatoxins by the actors in the food value chain, there is
the need for new and effective food safety education and health promotion approaches.
This requires an understanding of various socio-economic and socio-cultural factors that
influence the adoption of food safety practices and integrating these into relevant policies
and programmes. One of FAO’s key recommendations for increased impact is to incorporate
food safety promotion and education that builds on existing local knowledge, attitudes and
practices (KAP). Conducting situation analysis in terms of knowledge, and attitudes and
practices can help characterize the current situation, identify KAP problems and determine
the best course of action to address those problems (Contento, 2011).
Knowledge, attitudes and practices (KAP) studies have been widely used around the world
for different applications in public health based on the principle that increasing knowledge
will result in changing attitudes and practices to minimize disease burden. Other
applications of KAP surveys include identifying knowledge gaps, cultural beliefs and
behaviour patterns that may pose barriers to controlling diseases (Contento, 2011),
designing relevant public health awareness campaigns (Stanfield, 1983), and provision of
baseline data for planning, implementation and evaluation of national control programmes.
In Swaziland, for instance, KAP surveys were used to investigate local communities’
understanding of malaria transmission, recognition of symptoms, perceptions of causes,
treatment-seeking patterns, and preventive measures and practices in order to provide
baseline data for a national malaria control programme (Medeiros et al., 2005).
In this study, a KAP survey was conducted among maize and groundnut value chain actors
(farmers, traders, formal and informal processors, consumers) in Accra, Techiman and
surrounding communities, and Tamale and its environs. The purpose of the KAP survey was
to:
• Assess the knowledge of maize and groundnut value chain actors on aflatoxin, with
regard to the moulds that produce the toxins, their health effects, how the mould
growth can be controlled, and standards;
• Assess the practices that actors use to prevent mould growth and aflatoxin
production, what they do with contaminated grains, how they determine whether
grains are dried, hygienic practices, insect and pests control, and whether they
submit products for aflatoxin tests; and
• Assess actors’ attitudes and beliefs about mould infested grains, aflatoxins in food
and their health effects and prevention methods, technical regulation for aflatoxin,
who the regulation should target, types of sanctions for non-complying actors, its
impact and the kind of support expected from government for effective compliance
with the regulation.
4.2 Methodology
The target population for the survey were maize and groundnut value chain actors in Accra
(Greater Accra Region), Techiman (Brong Ahafo Region) and Tamale (Northern Region).
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Multi stage sampling technique was used to select respondents for interview. In Accra,
traders and informal processors were randomly selected at the major market centres of
Kaneshie, Madina and Agblogbloshie. Consumers were selected by convenience sampling
technique while formal processors were purposively selected by searching for their
addresses on labels of processed maize and groundnut products as well from the list of the
Association of Ghana Industries (AGI). The list of exporters was obtained from the Ghana
Assorted Foodstuff Exporters Association (GAFEA). A group interview was organised for 15
GAFEA members.
In Techiman and Tamale, the list of Maize and Groundnut Farmers and Traders Associations
were used to purposively select respondents for interview. The leaders of the Maize and
Groundnut Associations assembled the farmers and traders at various locations where they
were asked to complete the Open Data Kit (ODK) questionnaire through an interview.
Consumers of maize and groundnuts products were interviewed in their households. The
snowball sampling techniques was used to identify informal maize and groundnut
processors in Techiman and Tamale.
A structured questionnaire was prepared and formatted on an Open Data Kit (ODK) App and
stored in the Kobo Toolbox server. The respondents completed the questionnaire through
an interview on a one-on-one basis since the majority of them were illiterate.

4.3 Key findings
4.3.1 Characteristics of respondents
In total 579 value chain actors participated in the KAP survey with 34% from Accra, 32.5%
from Techiman and 33.5% from Tamale. The value chain actors interviewed comprised
farmers (129), traders (180), informal processors (89), formal processors (32), consumers
(149), exporters (24), and aggregators (1). Most of the respondents were engaged in more
than one value chain activities such as farming, trading, processing and consumption.
Thirty-six (36) of the respondents were males and 64% were females. 42% of the
respondents had no education while 36%,15% and 7% had basic, secondary and tertiary
education, respectively. Tables 4.1, 4.2 and 4.3 show the main roles of the actors per age,
gender and educational level, respectively. Of the 121 informal and formal processors, 75
produce maize products, 13 produce only groundnut products while 87 produce mixed
cereals.
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Table 4.1 Respondents' main role in the value chain by age

Age
>70
21-30
31-40
51-60
41-50
51-60
61-70
Total
%

Main Role in the value chain
Farmer
Trader
Processor
(Informal)
5
3
1
17
27
8
33
34
39
0
0
1
35
55
29
26
51
7
13
10
4
129
180
89
22.3%
31.1%
15.4%

Total
Processor
(Formal)
0
2
14
0
10
4
2
32
5.5%

Consumer
2
37
40
0
41
23
5
149
25.7%

11
91
160
1
170
111
34
579
100.0%

Table 4.2 Respondents’ main role in the value chain by gender
Gender

Male
Female

Farmer

Main Role in the value chain
Trader
Processor
Processor
(Informal)
(Formal)

52
25.1%
77
20.7%

58
28.0%
122
32.8%

0
0.0%
89
23.9%

12
5.8%
20
5.4%

Total
Consumer
85
41.1%
64
17.2%

207
100.0%
372
100.0%

Table 4.3 Respondents' main role in value chain by level of education
Education
al level
None
Basic
Secondary
Tertiary
Other
Total

Farmer
70
28.9%
47
22.6%
10
11.8%
2
4.8%
0
0.0%
129
22.3%

Main role in the value chain
Trader
Processor
Processor
(Informal)
(Formal)
84
31
0
34.7%
12.8%
0.0%
65
42
2
31.2%
20.2%
1.0%
29
16
10
34.1%
18.8%
11.8%
2
0
18
4.8%
0.0%
42.9%
0
0
2
0.0%
0.0%
100.0%
180
89
32
31.1%
15.4%
5.5%

Total
Consumer
57
23.6%
52
25.0%
20
23.5%
20
47.6%
0
0.0%
149
25.7%

242
100.0%
208
100.0%
85
100.0%
42
100.0%
2
100.0%
579
100.0%
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4.3.2 Knowledge, attitudes and practices on aflatoxin- producing moulds
With the aid of pictures, 97% of actors indicated that they had seen aflatoxin-producing
moulds on grains at least once. The majority of the respondents believed that mouldinfected grains were unsafe for human and animal consumption (Table 4.4). According to
58% of the actors, mould infection of grains occurred due to improper drying, poor storage
conditions, wet weather during harvest and long storage duration (Fig 11). Some of the
actors said they threw away mouldy grains, a few will give slightly contaminated grains
directly to livestock, but most will wash in water before giving it out to the animals. Others
also washed off the moulds prior to processing for human consumption.

Examples of photos of grains infested with Aspergillus flavus aflatoxin used in the survey
Table 4.4 Beliefs about safety of mouldy grains
Statements
Is it safe for humans to eat mouldy grains?
Is it safe for animals to eat mouldy grains?
Is it safe to eat meat or chicken from the animals that were fed with
mouldy grains?
Is it safe for humans to eat grains that look good but smell bad?
Is it safe to eat grains infested with pests/insects?
Is it safe to give your child food prepared from mouldy grains?
Is it safe to process mouldy grains into other products e.g. flour,
groundnut paste, corn dough?
Is it safe to sell mouldy grains to consumers and food processors?

% of respondents
Yes
No
1.9
91.8
28.32
71.68
23.49
76.51
5.7
5.7
3.97
4.32

93.61
93.61
93.96
92.92

2.42

93.26
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I don't know
Other (specify)
Variety susceptible to disease
Harvesting maize earlier than usual
Drying the maize longer than average
Poor soil condition where maize are grown
Wetness in the piles of harvested maize
Dampness in storage place
Insects/pests in storage place
Wet weather during harvest
Poor storage condition
Improper drying
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40
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Fig. 11 Factors responsible for mould growth

4.3.3 Knowledge, attitudes and practices on aflatoxins
Only 19% of actors had heard about aflatoxins and most of these actors considered aflatoxin
as a poison. They heard about aflatoxins from different sources with extension officers and
workshops being the most popular (Table 4.5). The 81% who had never heard of aflatoxins
were educated by the enumerators that aflatoxins were produced by the moulds they saw
in the pictures (see section 4.3.2). This is an indication that more work is required to
sensitise and educate all value chain actors including consumers about aflatoxins. It also
calls for the need to train extension officers on aflatoxins matters and involve them in
sensitisation and educational activities.
Table 4.5 Sources of information about aflatoxins
Information source
No. of respondents
TV
9
Radio
15
Newspaper
3
Family member
7
Friend
16
Trade Association
14
Extension officer
27
NGO
10
Workshop
27
Social media
5
Hospital
7
School
17
Other
15
Beliefs about products that can contain aflatoxins
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Over 70% of the actors believed mouldy grains, discoloured grain, partially dried gains, bad
smelling grains, insect infested grains, and food prepared with mouldy grains could contain
aflatoxins (Table 4.6.).
Table 4.6 Perceptions about nature of foods that indicates the presence of aflatoxin
Statements
Certain moulds on grains (groundnut, maize, soybean) can produce
aflatoxin
Discoloured grain or nuts indicates the presence of aflatoxin
Partially dried grain or nuts indicates the presence of aflatoxin
Bad smelling grain or nuts indicates the presence of aflatoxin
Grain or nuts damaged with insects or pests indicates the presence of
aflatoxin
Mouldy grain or nuts indicates the presence of aflatoxin
Food prepared with mouldy grains and nuts can contain aflatoxin
Grains from Village market is likely to contain Aflatoxin
Grains from Urban/city market (e.g. Madina or Makola) is likely to
contain Aflatoxin?
Grains from a neighbour is likely to contain Aflatoxin
Grains from a supermarket is likely to contain Aflatoxin

Yes
85.15

No
11.23

85.15
78.76
81.52
80.14

13.99
19.34
16.93
18.48

78.24
74.27
83.2
80.5

19.69
20.73
16.8
19.5

80.1
56.1

19.9
43.9

Beliefs about grains and processed products that can be contaminated with aflatoxins
There was a consensus among the actors that grains and processed food purchased from
various sources were most likely to be contaminated than those obtained from the home
(Fig. 12). About 82% of actors were of the view that foods from Chop bars (traditional
eateries) could contain aflatoxins. This is followed by foods from street food vendors, open
markets, restaurants and provision stores.

Chop bar
Restaurant
Street vendor
Super market
Provision store
Open market
Weighing centre/ Hospital (e.g. weanimix)
Your home

0
Very Likely

Likely

20
Neutral

40
Not likely

60

80

100

120

Not very likely

Fig. 12 Likelihood that food from various sources would contain aflatoxins
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Value chain actors waiting to be interviewed in turns
Health effects of aflatoxins
About 89% of respondents believed aflatoxins had health effects while 11% thought they
had no health effects. The health effects mentioned include: liver cancer (39%), poor
functioning of immune system (36%), liver failure (18%) and stunting (17%) (Fig. 13)
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No health effects
Fever
Abortion in livestock
Aflatoxicosis
Stomach ache/diarrhoea
Stunted growth in children,
Liver failure
Other specify
Poor functioning of the immune system,
Liver cancer
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Fig 13 Health effects of aflatoxins
Practices and actions taken on mouldy grains
About 60% of actors who found moulds on grains threw them away, 53% sorted or removed
the mouldy grains while 30% did not use the grains for food (Fig. 14). Other actors (16%)
would give the mouldy grains to livestock or feed producers (7.4%). There is the need to
promote the good practices and discourage bad practices mentioned by the actors.

I don’t know what to do
I give it to commercial grain processors
I process the grains to kill the moulds
Others (specify)
I give it to animal feed producers
I wash the grains in clean water before using it…
I give it to animals (livestock)
I don’t use it for food
I sort out the mouldy grains
I throw it away
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Fig. 14. What is done when grains become mouldy
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A female trader being interviewed with the help of an interpreter
What would you do when a doctor told you aflatoxins had killed some people in a village
when they ate food prepared with aflatoxin-contaminated grains?
More than half (56%) of the actors would not reduce grains and nuts consumption even if
they were told of the effects of aflatoxin (Table 4.7). Only a few would change their maize
and groundnut consumption pattern if they were told about the high prevalence of aflatoxin
and its detrimental health effects. The majority of the actors would resort to control
measures that will reduce the level of contamination such as sorting out mouldy grains,
changing where they buy grains, submitting product for aflatoxin tests, changing grain
drying and resorting to good storage practices. This is an indication that more evidence
need to be generated to show the prevalence and levels of contamination as well as health
effects. It also suggests that much efforts need to be put into ensuring the reduction of
aflatoxins levels in staple foods to safer levels.
Table 4.7 Actors’ reactions to the news of aflatoxin causing death
Actors’ Reaction
By reducing grains and nut consumption
By always sorting out mouldy grains
By changing where you buy grains
By submitting your product for aflatoxin tests
By changing grain drying practices
By changing grain storage practices
Other ways of reacting

Yes
28.67
80.31
55.61
43.35
61.83
68.39
6.22

No
56.3
11.05
30.22
34.37
23.49
19.69
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Group discussion with members of the Ghana Assorted Foodstuff Exporters Association
(GAFEA)

Beliefs and practices about prevention of aflatoxins
About 90% of actors believed it was possible to prevent aflatoxin contamination but 10%
thought it was not possible. Over 60% reported that thorough drying of grains could help
prevent aflatoxin contamination. Other prevention practices mentioned were grain storage
in dry conditions, sorting and avoiding pest infestation (Figure 15).

Other (specify)
Harvesting maize earlier than usual
Testing grains for aflatoxin
Using storage chemicals (e.g. fungicides,
pesticides)
Ensuring good soil condition where grain is grown
Avoiding insects/pests attack during storage
Sorting mouldy grains
Storing grains in dry conditions
Drying grains thoroughly
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Fig 15. Practices for the prevention of aflatoxin contamination
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How to check if grains are adequately dry
About 63% of respondents tested the dryness of grains by biting with the teeth to ascertain
grain hardness which indicates adequate dryness. Other methods mentioned were grain
making cracking sound when dropped on the ground, grain changing colour and use of
moisture meters. Other methods of checking adequate grain dryness include use hands to
feel texture, use of choker to check, when weight of the dry grains is lighter, cracking
groundnut shell when pressed to open by itself, asking the sellers before buying, and clean
looking mould free grains. They asserted that dried grains are smaller than those that are
not well dried. They also indicated that dried grains make noise when the hand is inserted
through. Farmers also used state and colour of maize leaves to determine the appropriate
harvesting time.
Insects control methods
Various methods were used to control insect infestation of grains. The methods were airing
in the open, chemical treatment and use of wood ash. Other methods were sun drying, use
of camphor, herbs (Nyulenyunga, powdered pepper), sieving, special sack from the
agricultural office for storing grains, frequent cleaning of storage facility, keeping grain at
the National Buffer Stock facility, and drying with smoke from fuel wood. The main
chemicals use in pest control are Actellic dust, Spinder dust, Actellic super, Malathion dust,
Skana super, Akwalaa Nyame, DDT, Bypel, Camphor-like chemical, Akate, Soldier powder,
Akali powder, and Lamder. Thirty-one (31%) percent of the actors did not apply any method
to control insects.

Market scene during interview with traders
4.3.4 Knowledge, beliefs and practices related to aflatoxin Standards and Regulation
About 84% of actors did not know standards exist for aflatoxin levels in food and 94% had
never submitted samples for aflatoxin tests. 55% did not think it was necessary to send
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products for testing. Other reasons for not sending products for aflatoxin testing were lack
of aflatoxin testing facilities, perceptions that products were not contaminated and high
cost of testing. These findings have important implications for food standards and
regulatory authorities. Most of these actors belong to the informal food sector that is
minimally regulated due to challenges such as limited logistics and personnel. However,
considering the important role of these actors in food supply and delivery, it is critical to
train and encourage them to self-regulate their operations and adopt good practices for
aflatoxin control.
A total of 31 actors had submitted products for testing of which 13 had their products not
meeting the standards. The actors either sold the non-complying products to feed
producers or gave it to livestock. Others sold the non-complying products to unsuspecting
individuals while one actor sent them a non-EU country the standards were perceived to be
less stringent. Another actor stopped using highly susceptible grains such as groundnuts in
the production of processed products while some of the actors disposed of the
contaminated products. It is a common practice among some of the actors to mix products
with high levels of aflatoxin with those with very low aflatoxins levels to obtain a uniform
aflatoxin level, which may fall within acceptable limit.
Products rejection
As many as 29 traders, 8 farmers, 11 informal processors and 4 formal processors have had
their projects rejected by buyers because of high levels of aflatoxins. The buyers were
mostly supermarkets followed by traders and distributors, exporters, food processing
industries, aggregators, schools and individual consumers.

Other issues on regulations
• 42% of actors were aware that some food products on the markets have very high
aflatoxin levels while 58% were not aware. This calls for the need to generate and
share evidence of aflatoxin contamination in food.
• About 73% of actors were of the view that food products that have safe levels of
aflatoxins should be labelled as Aflatoxin-safe.
• 64% of actors would be willing to pay more for food products that are labelled as
aflatoxin-safe
• 96% of the actors believed that Ghana needs to develop a technical regulation for
aflatoxin control
• 97% of the actors thought having a technical regulation would ensure compliance
with aflatoxin standards. For the few actors who thought Ghana does not need a
regulation on aflatoxin control, the reasons provided include:
o Penchant for fraudulent practices where some food processors could still
secretly use mouldy grains to prepare their products,
o High testing costs and delay in getting tests results, which slows down
business operations,
o Unwillingness of some actors to obey the rules
o Implementation of the regulation will bring additional costs to the food chain
actors and may result in high pricing of products
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Although these points were raised by a few of the actors they are worth considering
especially in the development of the Technical Regulation for aflatoxin control.
Targets of aflatoxin technical regulation
About 80% of the actors held the view that farmers should be the main targets of the
technical regulation while 78% believe it should target traders. 60% and 47% indicated that
informal processors and formal processors respectively should be the main targets (Fig. 13).
The greatest challenge for food safety regulators in Ghana is how to effectively monitor and
regulate the informal sector to which most farmers, traders and processors belong. For an
aflatoxin technical regulation to be effective, efficient strategies are required to regulate the
operations of the informal sector.
To facilitate compliance with the technical regulation, the actors recommended
government’s support in the form of training in aflatoxin management, financial support,
infrastructural support (e.g. improved storage facilities), free testing of samples and
subsidised cost of testing.

Other specify
Buffer stock company
Aggregators
Exporters
Processors (formal)
Processors (informal)
Traders
Farmers
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Fig. 16 Actors who the regulation should target

Sanctions for non-conforming actors
The actors proposed several sanctions for non-conforming actors. These include withdrawal
of non-complying products from the market, imposition of a fine, and closure of business. A
few others thought there should be no sanctions but rather actors should be educated and
advised on the best practices for ensuring compliance. It is also critical to explore what to do
with contaminated products. Perhaps alternative non-food uses could be identified for
contaminated products.
4.3.5 Consumption pattern for maize and groundnut products
Based on a 24-hr recall, 42% of actors had eaten banku (fermented maize meal) on the day
before the interview while 51%, 36%, 21% and 24% had eaten groundnut soup, koko,
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kenkey, and roasted groundnuts respectively (Table 4.8). Also, in a typical week, between
62% and 72% of actors ate more maize diets than dishes prepared with rice, plantain,
cassava, yam, millet, sorghum, cocoyam and beans. These findings suggest a high
consumption pattern for maize and groundnut products hence aflatoxin control needs to be
prioritised to minimise dietary exposure to the toxin.
Table 4.8 24-hr recall of maize and groundnut diets consumed (N=579)
Maize diet
No. of
%
Groundnut diet
respondents
Banku
242
41.8
Roasted groundnuts
Kenkey
121
20.9
Groundnut soup
Eworkple (Corn flour
63
10.9
Groundnut paste (in
meal)
bread)
Koko (Corn dough
211
36.4
Fried coated
porridge)
groundnut
Tombrown (Roasted
57
9.8
Groundnut (Nkatie)
corn flour porridge)
cake
Tuo Zaafi
218
37.7
Khebab powder
Maize grits
12
2.1
Kulikuli
(Ekuegbemi /Oblayo)
Roasted maize +
46
7.9
Freshly boiled
Groundnuts
groundnuts
Abolo
8
1.4
Groundnut oil
Boiled maize wrapped 12
2.1
in corn husk
(Nkyekyera)
Dzowoe (Darkwaa)
5
.9
Asana (Aliha)
9
1.6
Hausa Koko
174
30.1

No. of
respondents
136
294
55

%

20

3.5

11

1.9

22
65

3.8
11.2

24

4.1

99

17.1

23.5
50.8
9.5

4.3.6 Knowledge, attitude and practices on general food safety
Nearly 90% of the respondents mentioned hand washing after going to the toilet/latrine and
before eating as instances when hands must be washed with soap and water (Table 4.9).
More education is required to promote other instances when hands must be washed with
soap and water especially because the actors are food handlers, who must ensure strict
hygienic practices.
Table 4.9 Instances when you must wash your hands with soap and water
Handwashing instances
No. of respondents
After going to the toilet/latrine
491
After changing a baby’s nappy
90
Before preparing/handling food
174
Before eating
499
Before feeding a child
86
After handling raw food
141
After handling garbage
174
After blowing your nose, touching face or hair
66

%
84.8
15.5
30.1
86.2
14.9
24.4
30.1
11.4
61

Other findings
• 93.6% of the actors thought it was likely that they would become sick if they did not
wash their hands
• 82% thought diarrhoea was serious and harmful for their health
• 91% thought it was not difficult for them to wash their hands before eating
• 93% thought it was likely they would become sick if they ate spoilt food
• 93% thought it was not difficult for them to reheat leftover foods before eating or
serving them.
4.4. Conclusion and recommendations
Maize and groundnut value chain actors including farmers and consumers had seen the
growth of Aspergillus sp. on grains. However, they had limited knowledge about the link
between these moulds and aflatoxin production. They also had inadequate knowledge
about the health and economic effects of aflatoxins. Having been given some information
on aflatoxins most of the actors believed the toxins could be harmful to health and the
economy. The actors agreed that aflatoxin production must be managed, but that will
require adequate support from government. The following recommendations are proposed:
• Create awareness on the conditions that promote aflatoxins production, how to
make the conditions unfavourable for the growth of moulds, and how to prevent or
reduce aflatoxin contamination in food and feed
• Create awareness on the health and economic effects of aflatoxins,
• Findings suggest a high consumption pattern for maize and groundnut products
hence there is a need to prioritise aflatoxin control in these products in order to
reduce the level of contamination and minimise human and animal exposure to the
toxins.
• Most of the value chain actors belong to the informal food sector that is minimally
regulated due to challenges such as limited logistics and personnel. However,
considering the important role these actors play in food supply, it is critical to train
and encourage them to self-regulate their operations and adopt good practices for
aflatoxin control.
• Provide adequate funding for research, and support dissemination, adoption and
scaling up of research outputs.
• Support value chain actors to access and adopt proven strategies for managing
aflatoxins.
• On general food safety and hygiene, more education is needed on the importance of
hand washing, how to appropriately wash hands and instances when hands must be
washed with soap and water. This is very important because all the actors are food
handlers and must ensure strict hygienic practices to prevent food contamination.
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Appendices
Appendix 1 Researchers Contacted for Research Projects
#
1.

Name
Prof. Firibu K. Saalia

Organisation
Nutrition and Food Science Department, University of
Ghana, Legon, Accra

Email
fsaalia@ug.edu.gh

2.

Prof. Richard Awuah

awuahrt@yahoo.com

3.

Dr. Kafui Kpodo

Kwame Nkrumah University of Science and Technology
(KNUST), Kumasi
Independent Mycotoxin Expert, Accra

4.

Dr. Gloria Essilfie

gloriawfp@yahoo.com

5.

Dr. Richmond Aryeetey

Department of Crops Science, School of Agriculture,
University of Ghana
School of Public Health, University of Ghana

6.

Dr. Daniel Agbetiameh

International Institute for Tropical Agriculture (IITA), CSIR
Campus, Accra

d.agbetiameh@cgiar.org

7.

Abdou Konlambigue

Aflasafe Technology Transfer and Commercialisation
Program, IITA, CSIR Head Office, Accra

m.konlambigue@cgiar.org

8.

Dr. George Anyebuno

Food Research Institute, Accra.

georgeanyebuno@yahoo.com

9.

Mr. Justice Kumi

justicekumi@gmail.com

10.

Dr. Allen Oppong

Clinical Pathology Department, Noguchi Memorial
Institute of Medical Research
Crop Research Institute, CSIR, Fumesua,

alnopp@yahoo.co.uk

11.

Prof. Francis Zotor

University of Health and Allied Sciences, Hohoe

francisfirst@gmail.com

12.

Dr. Michael Lartey

University of Ghana

miclartey@ug.edu.gh

kafuikpodo@gmail.com

raryeetey@ug.edu.gh; rnokai@gmail.com
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13.

Prof. Agnes S. Budu

asbudu@ug.edu.gh

Dr. Enock Dankyi

Department of Nutrition and Food Science, University of
Ghana
Department of Marine and Fisheries Sciences, University
of Ghana
Department of Chemistry, University of Ghana

14.

Dr. Benjamin Osei Botwe

15.
16.

Dr. Isaac Williams Ofosu

Kwame Nkrumah University of Science and Technology

ofosuiw.sci@knust.edu.gh

17.

DR. Amos Laar

School of Public Health, University of Ghana

alaar@ug.edu.gh

18.

Prof. Fred Adzitey

University of Development Studies

adzitey@yahoo.co.uk

19.

Dr. Eric William Cornelius Department of Crop Science, University of Ghana

ericnri@yahoo.com

20.

Dr. Reginald Annan

reggie@imtf.org

21.

Dr. Issah Sugri

Department of Biochemistry and Biotechnology, Kwame
Nkrumah University of Science and Technology
Savannah Agricultural Research Institute, CSIR

boseibotwe@yahoo.co.uk
edankyi@ug.edu.gh

isugri22@gmail.com
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Appendix 2 Mycotoxin Projects in Ghana
#

Period

Project Title

1

2015-2016

Evaluation of aflatoxin
levels in stored maize

2

2013-2018

3

2013-2017

Location of the
project

Nkoranza South
District of the
Brong-Ahafo Region
of Ghana
Biological control of
Field studies done
Aflatoxin
in Ashanti, Brong
contamination in
Ahafo, Eastern,
maize and groundnut
Northern, Upper
using native atoxigenic East, Upper West
strains of A. flavus
and Volta regions.
Laboratory studies
were conducted in
International
Institute of Tropical
Agriculture (IITA),
Ibadan – Nigeria

Biological control of
aflatoxin
contamination in
maize and groundnut
in Ghana using native

Field studies were
carried out in the
Ashanti, Brong
Ahafo, Eastern,
Northern, Upper
East, Upper West

Implementers (lead
institution and
collaborators)
University of Ghana,
University of Energy
and Natural
Resources
Kwame Nkrumah
University of Science
and Technology
(KNUST), IITA, USDAARS lab University of
Arizona

IITA in collaboration
with the Kwame
Nkrumah University
of Science and
Technology (KNUST),
United States

Donors or funders of
the project

Proposed follow up
activities

To conduct more education
on aflatoxin contamination
and prevention for Farmers
and traders in the district.
Meridian Institute on
- Popularization of the
behalf of PACA; the Bill
aflasafe products in
and Melinda Gates
Ghana.
foundation; USDA-Africa - Awareness raising,
and the European Union
sensitization and training
MycoKey Programme,
of farmers on the risk of
USAID –Africa RISING
aflatoxin contamination
and use of the products.
- Commercialization and
transfer of technology to
private/public sector
organizations
- Construction of an
aflasafe production plant
in Ghana
The Bill and Merlinda
Gates Foundation. The
European Union (EU)
MycoKey
PACA through the
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atoxigenic strains of
Aspergillus flavus

4

2016-2020

Aflasafe Technology
Transfer and
Commercialization

5

2013-2017

6

2012

Strengthening
Innovations and
Technology
Dissemination for
Sustainable
Development in
Cereals, cocoa and
coffee value chains in
Western and Eastern
Africa
- Processing methods
to degrade
aflatoxins in
contaminated

and Volta regions.
Laboratory studies
were conducted in
International
Institute of Tropical
Agriculture (IITA),
Ibadan – Nigeria
Ghana but also with
presence in Burkina
Faso, Kenya,
Malawi,
Mozambique,
Nigeria, Senegal,
Tanzania, The
Gambia, Uganda,
and Zambia
Brong Ahafo Region

Department of
Meridian Institute
Agriculture –
Agriculture Research
Service (USDA-ARS)
and the Ministry of
Food and Agriculture
(MoFA)
IITA in collaboration
The Bill & Melinda Gates
with MoFA and other Foundation and USAID
national/development
partners

UENR, Sunyani,
University of Molise,
Italy

EU-ACP

Visits to farmers

University of
Georgia and
University of Ghana

University of Georgia
and university of
Ghana

USAID

Education of small scale
peanut processors on Good
hygienic practices and Good
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-

-

-

-

-

-

peanut flour and
corn flour
Methods to reduce
aflatoxins
concentration in
peanut kernels by:
floatation in water,
blanching and
sorting
Reduction of
aflatoxins in
peanuts by using
HSCAS clay
Prevalence of
aflatoxins in peanut
soups sold in chop
bars in Ghana
Occurrence of
aflatoxins in
groundnut pastes
sold in all the 10
regions of Ghana
Occurrence of
aflatoxins in malted
beverages: pito and
beer
Designing
inexpensive
extraction and
clean-up methods

manufacturing practices
through workshops
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7

2016

8

2002-2013

9

2013-2017

10

2015-2020

for aflatoxin
determination using
HPLC
Survey of aflatoxins in
Children's foods
- Screening of millet
samples on sale
commercially in 10
local markets in
Accra
- Reduction
/Elimination of
aflatoxins in peanut
and peanut products
- Strengthening
linkages between
research, advocacy
and the media
Processing for
aflatoxin elimination
in peanut products
and HACCP
procedures
Development of high
yielding aflatoxin
resistant maize
hybrids for improved
nutrition and health in
Ghana

Accra

KNUST

Round two in risks of
exposures in the Diets of
University students
Policy Briefs with
Recommendations

Accra
Techiman

CSIR-Food Research
Institute
University of Georgia

George Anyebuno
University of Georgia
supported by USAID and
CSIR-FRI, Southern
Africa Trust,
SEND Ghana, Bill and
Melinda Gates

Accra, Ejura and
Tamale

University of Georgia
University of Ghana

USAID

Conducting of workshops
and training for peanut
processors

CSIR-Crops
Research Institute,
Kumasi

CSIR-Crops Research
Institute in
collaboration with
Corn Host Plant
Resistance Research
Unit (CHHPRU) of

USAID
National Academy of
Sciences (NAS) through
their program:
Partnership For

Research on-going
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11

12

13

14

2013-2014

Prevalence study for
aflatoxin
contamination in
maize and groundnut
value chains in Ghana
2013-2016 Evaluation of
groundnut genotypes
for resistance to
aflatoxin.
2015 - 2018 Enhancing the
livelihoods of women
actors in the
groundnut value chain
through up-scaling of
integrated innovative
strategies
2018-2020 Insect pests, moisture
content and
mycotoxin levels of
Yellow Maize at
harvest and postharvest and its
implications for
poultry production

USDA, Starkville MS,
USA
CSIR-SARI

Enhanced Engagement
in Research (PEER)
USAID/ICRISAT/Africa
RISING ProjectCompetitive Funds.

Northern, Upper
East and Upper
West Regions

CSIR-SARI

USAID/ICRISAT/Africa
RISING Project,
Competitive Funds.

Upper East Region,
Nabdam and Bawku
West Districts

CSIR-SARI/ North
Carolina A&T
University

Ashanti and Brong
Regions

KNUST
Ministry of Food and
Agriculture (MoFA)

USDA-NIFA-FAS/ North
- Make improved seed
Carolina A&T Univ. CSIRavailable at district
SARI Competitive Funds
capitals.
- Training in improved
postharvest handling to
reduce aflatoxin
contamination
Self-funding
- Identify major insect
pests of yellow maize
grain and their natural
enemies

Upper East and
Upper West Regions

Need to release the
genotype through multilocation trials

- Assessing insect damage,
moisture content,
nutritional level and
mycotoxins level of
yellow maize grain at
harvest and during
storage.
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- Determine profitability
of yellow maize in
poultry production.
- Determine the rate of
development of two
major insect pests of
yellow maize grain in the
laboratory.
15

16

17

18

2007-date

Enhancing the peanut
value chain from
processing to
marketing peanuts
and peanut products
Quality assurance of
agricultural products
through metrological
and
testing services:
laboratory support to
achieve international
accreditation
according to ISO
17025
Investigating aflatoxin
financial and health
risks along the peanut
marketing chain.
Developing aflatoxinfree peanut-based

Ghana
Uganda

University of
Georgia; Makerere
University; University
of Ghana; CSIR-Food
Research Institute
PTB, Germany;
CSIR Food
Research Institute,
Ghana

USAID Washington

Ghana

Auburn
University; KNUST

USAID

Ghana
Uganda

University of
Georgia; Makerere

USAID

Ghana

BMZ
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19

20

21

22

2011–
present

23

2013present

recovery and
functional food
Developing methods
for establishing a
global network for
aflatoxin exposure.
Developing
enterosorbent
intervention therapies
for populations at risk
for
aflatoxin-related
diseases
Investigating an
association of
aflatoxin
biomarker levels with
health status and HIV
disease
- A review of
economic and
health costs;
- Adding an aflatoxin
component to major
infant feeding trials
in Ghana, Burkina
Faso, and Mali
Testing lipid nutrient
supplements (LNS)
with a lower energy

Ghana , Worldwide

University; University
of Ghana
University of Georgia

USAID

Ghana , Worldwide

Texas A&M
University; Noguchi
Memorial Institute of
Medical Research

USAID

Ghana , Worldwide

University of
Alabama; Kwame
Nkrumah University
of Science and
Technology

USAID

Kenya
Uganda
Ghana
Burkina Faso
Malawi

Malawi
Ghana

EMF

UC Davis; University
of Malawi; Nutriset;
Institut de Recherche

Bill & Melinda Gates
Foundation
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dose per high level of
micronutrients to
prevent child stunting
and support normal
motor
development

Burkina Faso
Ghana

Mali
Ghana
Tanzania

24

2012 to
Present

Expansion of
biocontrol activities

25

2012

- Holding a
conference entitled
‘Processing for
aflatoxin
elimination in
peanut products;
hazard analysis and
critical control
points (HACCP) for
the
peanut processing
industry’.
- Communicating
food processing
techniques to
eliminate aflatoxin
contaminated
peanuts using a

en Sciences de la
Santé, Burkina Faso;
University of Ghana;
University of
Tampere, Finland;
Helen Keller
International; Project
Peanut Butter,
Malawi
USDA; IITA; Meridian
Institute
IUFoST; UIRI;
University of Georgia;
Makerere University;
Virginia Tech

Bill & Melinda Gates
Foundation
Peanut CRSP
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26

27

28

scale neutral
approach
Aflatoxins exposures
and risks in the diets
of University students
Processing methods to
degrade aflatoxins in
contaminated peanut
flour and corn flour
Methods to reduce
aflatoxins
concentration in
peanut kernels by:
floatation in water,
blanching and sorting

University of Ghana
Supervised Student’s
Research
University of Ghana
Supervised Student’s
Research
University of Ghana
Supervised Student’s
Research
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