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REVIEW ARTICLE 

 

Among the many hurdles faced by developing countries, food safety with respect to mycotoxin contamination has 

frequently been side-lined with few countries having regulations and with poor enforcement where they do exist. 

Whereas commodity exporters may have the resources for engaging commercial accredited laboratories, the greatest 

challenge is found in rural, predominantly subsistence or smallholder farms, where conventional food surveillance 

is lacking. Rapid methods, designed for use in field conditions, where electricity is lacking or unreliable, can offer 

some solution to these problems. The World Food Programme’s ‘Blue Box’ is an example of how technology can 

be adapted for these rural areas. The recent development of temperature stable aptamers and smart mobile phone 

technology may further enhance efforts to provide food safety in these areas. 

 
Keywords: mycotoxins, aflatoxin, third world, screening methods, regulations 

 

 

 

1. Introduction 

 
Over 50 years since the discovery of aflatoxins, mycotoxins 

remain an important food safety issue warranting continued 

research into their occurrence, toxicology and means 

of avoidance or reduction of contamination. Although 

hundreds of fungal secondary metabolites have been 

identified in food commodities, food safety concerns 

have focused on 5 specific mycotoxins (or groups), namely 

aflatoxins, fumonisins, deoxynivalenol (DON), ochratoxin 

A (OTA) and zearalenone (ZEA) (Shephard, 2006). These 

so-called agriculturally-important mycotoxins are formed 

pre- or post-harvest or both, should storage conditions 

be poor. 

 
The well-developed market economies support advanced 

agricultural sectors and agricultural research inputs, which 

aim to provide optimum resources for reducing fungal 

infection of food crops, both before and after harvest, 

such that mycotoxin contamination can be minimised. In 

addition, the regulatory authorities ensure the enforcement 

 
of national regulatory systems, as well as controls over 

food imports, which aim to make certain that commodities 

reaching the human food markets comply with best practice 

as regards food safety. The potential for exposure in these 

populations above internationally recognised safety levels 

such as those set by the Joint FAO/WHO Expert Committee 

on Food Additives (JECFA, 2001) is also reduced by the 

consumption of a varied diet, in which a single contaminated 

item will not feature to an excessive degree. The relative 

food security in these countries also ensures that, unlike 

many instances in developing countries, contaminated 

food commodities are not consumed out of necessity for 

no other available food. 

 
At the heart of many of the mycotoxin research activities 

and of regulatory enforcement lies the need for chemical 

analytical methods, as may be appropriate to the 

circumstances. These analytical methods range from those 

providing a quick ‘yes/no’ answer to contamination above 

or below regulated limits to semi-quantitative assays to 

fully validated chromatographic official methods. The latest 
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advances in analytical methods involve the application of 

LC-MS/MS in the determination of multiple mycotoxins 

in single chromatographic runs. The aim of this review is 

to discuss how rapid analytical methods can play a role 

in monitoring and improving food safety in developing 

countries, with particular emphasis on Africa. 

 

2. Mycotoxin issues in developing countries 

 
Although no clear definition exists of a developing country, 

it is assumed to refer to those countries with a relatively low 

standard of living, an underdeveloped industrial base and 

moderate to low per capita income and human development 

index (Wikipedia, 2013). Many of the countries within 

the tropics, especially in Africa, fall into this development 

category and also experience climatic conditions conducive 

to the development of pathogenic fungi, such as Aspergillus 

flavus, which has optimal growth between 36 and 38 °C and 

maximum aflatoxin production at 25 to 27 °C (Marasas and 

Nelson, 1987). A. flavus and the resulting aflatoxins occur 

widely in crops in these tropical areas, particularly those 

representing food staples such as maize and groundnuts. 

Conditions which exacerbate aflatoxin contamination 

problems are also frequently encountered in these areas, 

namely uncontrolled insect damage to crops, wet and hot 

conditions at harvest, poor agricultural inputs and crop 

genotypes, and poor drying and storage conditions after 

harvest (Marasas and Nelson, 1987). 

 

In comparison to the developed countries, the potential 

health impacts of mycotoxins such as aflatoxin are greater 

in these developing countries (Shephard, 2008a). Reasons 

for this include widespread natural occurrence of the 

mycotoxin, frequently at high levels, and food consumption 

patterns which can involve large intakes of a single cereal 

such as maize (Shephard, 2008b). The risks of aflatoxin- 

induced primary liver cancer are exacerbated by the synergy 

that exists between aflatoxin B1 (AFB1) and hepatitis B 

virus (HBV), with the cancer potency of aflatoxin being 

increased 30-fold in that section of the population carrying 

the virus (WHO, 1998). Unfortunately, the regions of Africa 

experiencing high aflatoxin exposure are also subject to 

high HBV prevalence, with levels of up to 20% of the 

population in some countries (Liu and Wu, 2010). The 

concomitant poverty and malnutrition will also have a 

deleterious influence on individuals’ ability to manage the 

toxicological challenge of aflatoxin exposure. Similarly, 

high consumption levels of maize, on average between 400 

and 500 g/person per day, lead in certain rural subsistence 

areas to high fumonisin exposures, which can exceed the 

internationally recognised provisional maximum tolerable 

daily intake of 2 µg/kg body weight per day set by JECFA 

(Shephard et al., 2007). 

Less is known about the occurrences and health impacts of 

the other three agriculturally important mycotoxins, DON, 

ZEA and OTA, in developing countries. Their associations 

with various outbreaks of human disease in developing 

countries have been reviewed by Shephard (2006, 2008a). 

Most of the analytical effort in developing countries 

has been expended on aflatoxin and some fumonisin 

determination in foods, whereas knowledge of the levels of 

the other mycotoxins is scare. More recently, collaboration 

with developed world laboratories and application of their 

multi-mycotoxin LC-MS/MS methods are beginning to 

provide greater information on mycotoxin occurrence in 

Africa (Abia et al., 2013; Ezekiel et al., 2012a,b; Shephard 

et al., 2013b; Warth et al., 2012). 

 

3. Regulatory issues in developing countries 

 

Developing countries are faced with a wide range of 

challenges in areas as diverse as economic development, 

health and education, yet mostly lack the internal resources 

to effectively deal with them. Food insecurity is widespread 

across the developing world (FAO/WFP/IFAD, 2012). The 

latest Food and Agriculture Organization (FAO) data on 

undernourishment (in terms of dietary energy supply) 

estimates about 870 million people undernourished in 

the period 2010-2012, with 98% of them in developing 

countries. Overall, 14.9% of the developing world is 

undernourished, a figure that rises to 26.8% of the total 

population in sub-Saharan Africa. Given these problems 

of providing adequate nourishment to the population, it 

is not surprising that ‘hidden’ problems such as mycotoxin 

contamination are not given high priority. The long term 

chronic health implications of mycotoxin exposure in 

years to come are effectively ignored if the population 

today has no food. It is only the occurrence of the acute 

effects of mycotoxins, such as the aflatoxicosis deaths in 

Kenya (MMWR, 2004) that focus sufficient attention on 

the problem for political action to be taken. Of the over 

50 countries in Africa, only 15 (including Mauritius) were 

known to have mycotoxin regulations for human food 

as recorded on the FAO survey of 2003 (FAO, 2004). In 

addition, seven countries were positively identified with 

no regulations, whereas no information was available for 

the rest of Africa. The regulations were almost exclusively 

on maximum tolerated levels (MTLs) for aflatoxin and 

ranged from 1 to 20 µg/kg for AFB1 and 10 to 20 µg/kg for 

total aflatoxin. However, the existence of legislated MTLs 

will be ineffective unless accompanied by market surveys 

and consequent enforced compliance. As discussed below, 

the absence of suitable mycotoxin testing facilities makes 

MTL enforcement difficult. This situation is exacerbated 

by the extent of subsistence farming and informal village 

or street food markets. In subsistence communities, food 

is grown and consumed at home, divorced from any 

regulatory environment. Similarly, village food markets 

may primarily involve locally grown produce, effectively 

https://www.researchgate.net/publication/5566508_Impact_of_mycotoxins_on_human_health_in_developing_countries?el=1_x_8&amp;enrichId=rgreq-d8a18573f6e6c1efc7c684f5e9aec38f-XXX&amp;enrichSource=Y292ZXJQYWdlOzI3MDA0NDA4MztBUzozNDMwOTA5Njg3MTExNzFAMTQ1ODgxMDY2OTY3NQ%3D%3D
https://www.researchgate.net/publication/5243430_Risk_assessment_of_aflatoxins_in_food_in_Africa?el=1_x_8&amp;enrichId=rgreq-d8a18573f6e6c1efc7c684f5e9aec38f-XXX&amp;enrichSource=Y292ZXJQYWdlOzI3MDA0NDA4MztBUzozNDMwOTA5Njg3MTExNzFAMTQ1ODgxMDY2OTY3NQ%3D%3D
https://www.researchgate.net/publication/41509589_Global_Burden_of_Aflatoxin-Induced_Hepatocellular_Carcinoma_A_Risk_Assessment?el=1_x_8&amp;enrichId=rgreq-d8a18573f6e6c1efc7c684f5e9aec38f-XXX&amp;enrichSource=Y292ZXJQYWdlOzI3MDA0NDA4MztBUzozNDMwOTA5Njg3MTExNzFAMTQ1ODgxMDY2OTY3NQ%3D%3D
https://www.researchgate.net/publication/6343056_Exposure_assessment_for_fumonisins_in_the_former_Transkei_region_of_South_Africa?el=1_x_8&amp;enrichId=rgreq-d8a18573f6e6c1efc7c684f5e9aec38f-XXX&amp;enrichSource=Y292ZXJQYWdlOzI3MDA0NDA4MztBUzozNDMwOTA5Njg3MTExNzFAMTQ1ODgxMDY2OTY3NQ%3D%3D
https://www.researchgate.net/publication/5566508_Impact_of_mycotoxins_on_human_health_in_developing_countries?el=1_x_8&amp;enrichId=rgreq-d8a18573f6e6c1efc7c684f5e9aec38f-XXX&amp;enrichSource=Y292ZXJQYWdlOzI3MDA0NDA4MztBUzozNDMwOTA5Njg3MTExNzFAMTQ1ODgxMDY2OTY3NQ%3D%3D
https://www.researchgate.net/publication/235334824_Determination_of_multi-mycotoxin_occurrence_in_cereals_nuts_and_their_products_in_Cameroon_by_liquid_chromatography_tandem_mass_spectrometry_LC-MSMS?el=1_x_8&amp;enrichId=rgreq-d8a18573f6e6c1efc7c684f5e9aec38f-XXX&amp;enrichSource=Y292ZXJQYWdlOzI3MDA0NDA4MztBUzozNDMwOTA5Njg3MTExNzFAMTQ1ODgxMDY2OTY3NQ%3D%3D
https://www.researchgate.net/publication/255691410_Mycological_Analysis_and_Multi-Mycotoxins_in_Maize_from_Rural_Subsistence_Farmers_in_the_Former_Transkei_South_Africa?el=1_x_8&amp;enrichId=rgreq-d8a18573f6e6c1efc7c684f5e9aec38f-XXX&amp;enrichSource=Y292ZXJQYWdlOzI3MDA0NDA4MztBUzozNDMwOTA5Njg3MTExNzFAMTQ1ODgxMDY2OTY3NQ%3D%3D
https://www.researchgate.net/publication/255691410_Mycological_Analysis_and_Multi-Mycotoxins_in_Maize_from_Rural_Subsistence_Farmers_in_the_Former_Transkei_South_Africa?el=1_x_8&amp;enrichId=rgreq-d8a18573f6e6c1efc7c684f5e9aec38f-XXX&amp;enrichSource=Y292ZXJQYWdlOzI3MDA0NDA4MztBUzozNDMwOTA5Njg3MTExNzFAMTQ1ODgxMDY2OTY3NQ%3D%3D
https://www.researchgate.net/publication/230572011_Quantitation_of_Mycotoxins_in_Food_and_Feed_from_Burkina_Faso_and_Mozambique_Using_a_Modern_LC-MSMS_Multitoxin_Method?el=1_x_8&amp;enrichId=rgreq-d8a18573f6e6c1efc7c684f5e9aec38f-XXX&amp;enrichSource=Y292ZXJQYWdlOzI3MDA0NDA4MztBUzozNDMwOTA5Njg3MTExNzFAMTQ1ODgxMDY2OTY3NQ%3D%3D
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away from any regulatory authority (Lewis et al., 2005). 

The assessment of mycotoxin contamination is frequently 

restricted to private companies engaged in commodity 

exports to developed markets with stringent mycotoxin 

regulations, such as the European Community. Products 

not meeting these regulations will remain in the producing 

nation for local consumption if local MTLs are absent or 

not adequately enforced. 

 
Despite the above problems, there is an increasing 

movement in Africa to recognise the importance of food 

safety with respect to mycotoxins. The Participation of 

African Nations in Sanitary and Phytosanitary Standard 

Setting Organizations Programme (PAN-SPSO) has been 

set up to facilitate effective involvement of African nations 

in international standard-setting organisations such as 

the Codex Alimentary Commission (AU-IBAR, 2013). 

Recent meetings of the Codex Committee for Contaminants 

in Food have addressed agenda items such as mycotoxin 

contamination in sorghum, an important food cereal in 

parts of Africa (CAC, 2013). The Partnership for Aflatoxin 

Control in Africa (PACA) was officially launched in October 

2012 and aims to identify, support and manage aflatoxin 

control programmes in Africa (www.aflatoxinpartnership. 

org). Such activities will require attention to be paid to 

suitable analytical methods and infrastructure. 

 

4. Analytical issues in developing countries 

 
Current situation 

 
Analytical issues vary across the different food supply 

systems in developing countries. From this perspective, 

three situations can be identified. Firstly, there is the export- 

oriented food value chain, then there is commercial food 

processing of products marketed in outlets ranging from 

first world style supermarkets to small scale sellers, such 

as South African spaza shops, and then there is the rural 

food supply in the form of subsistence farmers or small local 

markets selling local farmers’ excess produce. Firstly, the 

value chain involving export of food commodities which 

must meet legislated requirements at their destination, 

mostly relies on private laboratories, preferably accredited 

to ISO standards. Given the cost of rejections at border 

controls, the data provided by these laboratories needs to 

be reliable and controlled by adequate quality assurance 

methods and to be generated from correct sampling plans. 

Frequently, these laboratories may not be in the country of 

origin of the food export due to a limited local market for 

such services. Delays in transportation of samples, possibly 

over long distances, add to the difficulties. Secondly, the 

local commercialised food supply chain in African countries 

is the equivalent of that found in the developed world. In 

order to maintain food safety standards for consumers, 

national regulations need to be in place and official control 

laboratories sufficiently resourced to undertake some 

surveillance monitoring. Yet as mentioned above, only 15 

African countries actually have national regulations. The 

establishment of mycotoxin analytical facilities in many 

African countries is subject to considerable difficulties due 

to poor infrastructure and severe economic problems. These 

have been dealt with in considerable detail by Waliyar et al. 

(2008) in describing efforts to institutionalise mycotoxin 

testing in Africa. These authors describe the establishment 

of aflatoxin-testing facilities in Nigeria, Malawi, Mali and 

Mozambique. Some of the main problems experienced by 

them were the obtaining of sufficient political commitment 

for funding (both for the establishment and operation of a 

facility) and infrastructural problems related to a reliable 

electrical supply, instrumentation, computerisation and 

communication. Further problems arose in developing local 

capacity with respect to qualified analytical or technical 

staff. Laboratories once established are also reliant on 

imported operational supplies and instrument parts through 

frequently expensive local agents and the lack of local 

technical expertise for instrument maintenance and repair. 

This necessitates the use of international expertise, which 

results in long down times and considerable extra expenses, 

such as travel and subsistence for foreign engineers, which 

add considerably to the cost of the maintenance. In the 

absence of any public reporting, the extent to which any 

mycotoxin control analyses are performed will be mostly 

unknown. 

 
Thirdly, there is the rural food supply system incorporating 

subsistence farming and local village marketing. Here 

the produce remains within the household or circulates 

within the community. It is here that food safety comes 

into conflict with food security and where little if any 

official attention has been devoted in the past. However, 

the serious outbreaks and deaths from aflatoxicosis over 

a number of years in rural Kenya have focused official 

attention on mycotoxin exposure in rural subsistence 

populations. Analytical methods to address these issues 

would require minimal infrastructure, supply rapid results 

and be economically viable, as the local communities 

would not be in a position to pay for the service. As in all 

mycotoxin analyses, correct sampling is a necessity, yet 

this frequently involves collection and grinding of large 

samples. In rural settings, frequently subject to a ‘hunger 

season’ between staple cereal harvests, removal of a large 

sample is problematic for householders. Food safety in 

these communities may best be achieved by finding local 

culturally acceptable practices, such as the sorting and 

washing of maize kernels to reduce fumonisins (Van der 

Westhuizen et al., 2011) or provision and encouragement 

for better storage structures and drying practices as part 

of a postharvest intervention strategy to reduce aflatoxin 

exposure (Turner et al., 2005). However, such interventions 

must be accompanied by an education process to highlight 

the dangers of consuming mouldy foods, especially in areas 

unaffected by traumatic events such as aflatoxicosis and 

https://www.researchgate.net/publication/7439900_Aflatoxin_Contamination_of_Commercial_Maize_Products_during_an_Outbreak_of_Acute_Aflatoxicosis_in_Eastern_and_Central_Kenya?el=1_x_8&amp;enrichId=rgreq-d8a18573f6e6c1efc7c684f5e9aec38f-XXX&amp;enrichSource=Y292ZXJQYWdlOzI3MDA0NDA4MztBUzozNDMwOTA5Njg3MTExNzFAMTQ1ODgxMDY2OTY3NQ%3D%3D
https://www.researchgate.net/publication/261720864_Institutionalizing_mycotoxin_testing_in_Africa?el=1_x_8&amp;enrichId=rgreq-d8a18573f6e6c1efc7c684f5e9aec38f-XXX&amp;enrichSource=Y292ZXJQYWdlOzI3MDA0NDA4MztBUzozNDMwOTA5Njg3MTExNzFAMTQ1ODgxMDY2OTY3NQ%3D%3D
https://www.researchgate.net/publication/261720864_Institutionalizing_mycotoxin_testing_in_Africa?el=1_x_8&amp;enrichId=rgreq-d8a18573f6e6c1efc7c684f5e9aec38f-XXX&amp;enrichSource=Y292ZXJQYWdlOzI3MDA0NDA4MztBUzozNDMwOTA5Njg3MTExNzFAMTQ1ODgxMDY2OTY3NQ%3D%3D
https://www.researchgate.net/publication/49784988_Fumonisin_B1_as_a_Urinary_Biomarker_of_Exposure_in_a_Maize_Intervention_Study_Among_South_African_Subsistence_Farmers?el=1_x_8&amp;enrichId=rgreq-d8a18573f6e6c1efc7c684f5e9aec38f-XXX&amp;enrichSource=Y292ZXJQYWdlOzI3MDA0NDA4MztBUzozNDMwOTA5Njg3MTExNzFAMTQ1ODgxMDY2OTY3NQ%3D%3D
https://www.researchgate.net/publication/7806709_Reduction_in_exposure_to_carcinogenic_aflatoxins_by_postharvest_intervention_measures_in_West_Africa_A_community-based_intervention_study?el=1_x_8&amp;enrichId=rgreq-d8a18573f6e6c1efc7c684f5e9aec38f-XXX&amp;enrichSource=Y292ZXJQYWdlOzI3MDA0NDA4MztBUzozNDMwOTA5Njg3MTExNzFAMTQ1ODgxMDY2OTY3NQ%3D%3D
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where mouldy food may have been consumed for many 

years without the ill effects being known. Local customs 

such as adding mouldy maize during beer brewing are 

difficult to overcome, especially as they form part of the 

traditional culture. Where analytical services are available 

to such communities, clear messages or actions regarding 

mycotoxin management practices must be available. In the 

case of the Kenyan situation, food replacement has been the 

chosen route together with extension training and public 

awareness, once analytical results indicated high levels of 

aflatoxin contamination of maize in affected households 

(Daniel et al., 2011; MMWR, 2004). 
 

 

Appropriate technologies 

 
Based on the above considerations, it is clear that 

appropriate technologies are required to ensure food 

safety across the food supply spectrum in developing 

countries. Perhaps more than in developed countries, 

chosen methods need to be ‘fit-for-purpose’, varying from 

the provision of export certification to rapid screening in a 

rural village setting. In this regard, it can be assumed that 

exporters will always require the best methods supplied by 

private laboratories, although this service could provide 

essential funding for upgrading of official laboratories. 

Commercial exporters mostly regard mycotoxin analysis as 

a financial loss, with the costs having to be recouped from 

the profits of export sales. It would also be advantageous 

for laboratories and authorities in developing countries 

to focus their attention on the major mycotoxins in their 

local crops, although this will certainly include aflatoxins, 

rather than follow the trend in the European Community 

to have increasing scope and complexity of regulations. 

As the range of regulated mycotoxins increases, the use 

of multi-mycotoxin LC-MS/MS as an analytical technique 

becomes an attractive option, but is one that will remain 

beyond the scope of laboratories in the developing world for 

the foreseeable future and thus constitute a technological 

barrier to trade. 

 
Currently, high-performance liquid chromatography (HPLC) 

with ultraviolet and fluorescence detection represents 

the work horse for mycotoxin regulatory laboratories in 

the developed countries. There is a gradual shift to even 

more sophisticated instrumentation in the use of tandem 

mass spectrometry (LC-MS/MS) for multimycotoxin 

determination, although a recent proficiency test indicated 

that there are problems identifying a robust and reliable 

method for simultaneous determination of mycotoxins in 

maize (Solfrizzo et al., 2013). In laboratories in developing 

countries, the availability of HPLC is extremely limited. In 

their description of establishing a mycotoxin laboratory in 

Nigeria, Waliyar et al. (2008) described the infrastructure 

and management issues to be overcome if a successful 

outcome of establishing an HPLC laboratory is to be 

achieved. Even then, the individual cost per analysis 

makes the routine use of HPLC problematic. Besides the 

capital outlay and instrumental running costs, the costs of 

sample clean-up must be considered, and for this reason, 

there is interest in the possible re-use of items such as 

immunoaffinity columns (IACs). Methods for regenerating 

IACs with anti-fumonisin antibodies have been published 

(Fazekas et al., 1999). 

 

The earliest methods for mycotoxins were based on thin- 

layer chromatography (TLC) and many of these achieved 

official status as AOAC International approved methods. 

These include various methods for aflatoxins in different 

matrices, deoxynivalenol in wheat, ochratoxin A in barley 

and green coffee, patulin in apple juice, ZEA in maize, 

and sterigmatocystin in wheat and barley (AOAC, 2000). 

Although a TLC method has been developed for fumonisin 

determination, a collaborative study indicated that some 

improvement was still necessary before it could be accepted 

as an official method (Shephard and Sewram, 2004). TLC 

has largely disappeared from control laboratories in the 

developed countries, but continues to be used in the 

developing world, where experienced analysts can achieve 

sound results by visual estimation. The TLC methods can 

be upgraded for better precision and accuracy by the use 

of computerised scanners, which improve the reliability of 

quantitative results. The advantages of TLC for laboratories 

rest on the technique’s cheaper costs per sample due to the 

absence of sophisticated instrumentation and its capital 

and running costs, and the fact that multiple samples can 

be quantified simultaneously on a single TLC plate. The 

possibility of various formats, such as bi-directional and 

multiple development methods, adds to the technique’s 
versatility (Shephard, 2008c). Although TLC represents a 

more economical method for mycotoxin analysis, it does 

not represent a rapid method, nor is it suitable for use 

outside a controlled laboratory environment. A portable 

aflatoxin analysis kit, which was developed in India for use 

under field conditions, still required three different solvent 

mixture extraction or partition steps, as well as extract 

clean-up on a neutral alumina-anhydrous sodium sulphate 

clean-up column (Sashidar, 1993). Development of TLC 

plates can take between 15 and 40 minutes, depending on 

the solvent system in the development tank and whether 

the tank has been equilibrated. The method performance 

is also dependent on an exact and reproducible spotting 

technique, which can also be a time-consuming operation. 

 
Anti-mycotoxin antibodies have found widespread use in a 

plethora of immunologically-based assays for mycotoxins. 

Indeed, research interest into these methods remains high, 

as they are seen as providing the answer to the need for 

rapid analytical determinations at reasonable cost. The 

annual mycotoxin method reviews by Shephard et al. 

(2013a) feature the range of advances in linking antibodies 

into an array of formats for rapid detection of mycotoxins. 

Unfortunately, many of these advances have only been 

https://www.researchgate.net/publication/51573723_Comprehensive_Assessment_of_Maize_Aflatoxin_Levels_in_Eastern_Kenya_2005-2007?el=1_x_8&amp;enrichId=rgreq-d8a18573f6e6c1efc7c684f5e9aec38f-XXX&amp;enrichSource=Y292ZXJQYWdlOzI3MDA0NDA4MztBUzozNDMwOTA5Njg3MTExNzFAMTQ1ODgxMDY2OTY3NQ%3D%3D
https://www.researchgate.net/publication/274444938_Results_of_a_proficiency_test_for_multi-mycotoxin_determination_in_maize_by_using_methods_based_on_LC-MSMS?el=1_x_8&amp;enrichId=rgreq-d8a18573f6e6c1efc7c684f5e9aec38f-XXX&amp;enrichSource=Y292ZXJQYWdlOzI3MDA0NDA4MztBUzozNDMwOTA5Njg3MTExNzFAMTQ1ODgxMDY2OTY3NQ%3D%3D
https://www.researchgate.net/publication/261720864_Institutionalizing_mycotoxin_testing_in_Africa?el=1_x_8&amp;enrichId=rgreq-d8a18573f6e6c1efc7c684f5e9aec38f-XXX&amp;enrichSource=Y292ZXJQYWdlOzI3MDA0NDA4MztBUzozNDMwOTA5Njg3MTExNzFAMTQ1ODgxMDY2OTY3NQ%3D%3D
https://www.researchgate.net/publication/12205348_Reusability_of_immunoaffinity_columns_for_determination_of_fumonisins_in_maize?el=1_x_8&amp;enrichId=rgreq-d8a18573f6e6c1efc7c684f5e9aec38f-XXX&amp;enrichSource=Y292ZXJQYWdlOzI3MDA0NDA4MztBUzozNDMwOTA5Njg3MTExNzFAMTQ1ODgxMDY2OTY3NQ%3D%3D
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demonstrated in principle and do not advance further than 

the research laboratory. Of the more conventional antibody- 

based methods, enzyme-linked immunosorbent assays 

(ELISAs) and dipstick/lateral flow devices have achieved 

prominence. Direct fluorescence methods require expensive 

IACs for clean-up of extracts and fluorescence polarisation, 

although having the advantage of measurement in the 

extract solution, has not achieved wide commercialisation 

or use in developing country laboratories. Commercial 

ELISAs have been developed for all major mycotoxins and 

encompass various contamination ranges. Due to their 

simplicity of use, they have found widespread application 

in laboratories of developing countries. However, the 

problems associated with matrix effects are not always 

recognised and, in certain cases, ELISA kits have been used 

for analysis of matrices for which they are not validated. 

The cost of commercial kits imported into these countries 

can be high, which can encourage the development of local 

in-house antibodies. ICRISAT has successfully established 

aflatoxin diagnostic laboratories in India, Kenya, Malawi, 

Mali and Mozambique based on ELISA technology and in- 

house developed antibodies, which offer analytical results 

economically to local farmers and farmer organisations 

(ICRISAT, 2013; Waliyar et al., 2008). 

 

Lateral flow devices, especially when coupled with an 

optical reader for quantitation, offer the advantage of semi- 

quantitative results with minimal laboratory requirements 

and training. They can thus be used effectively in field 

applications were infrastructure is lacking. For its Purchase 

for Progress (P4P) programme, the World Food Programme 

developed its ‘Blue Box’ designed for grain quality testing 

before purchase from smallholder farmers in rural settings 

(WFP, 2011). This portable kit contains, besides regular 

grain testing equipment such as bag trier, scale, sieves, and 

moisture meter, a commercial aflatoxin testing kit for total 

aflatoxin containing basic equipment (mill, timer, pipette, 

and extraction solvent) and a lateral flow device with reader 

(IFPRI, 2013). Provision for operation of the reader by 

battery makes the kit portable and user friendly in field 

operations where electricity is unavailable or unreliable. 

More recently, a mobile smartphone application (app) 

has been developed in which a phone camera coupled 

with suitable algorithm can replace an optical reader for 

quantitation of the lateral flow response bands and be 

linked to a central facility via mobile phone technology 

(SciDevNet, 2013). 

 
Antibody-based kits tend to be expensive for developing 

country laboratories, which together with issues on 

transport, delivery and storage in hot and humid tropical 

climates, can cause problems in their application. In this 

regard, the development and application of non-antibody- 

based mycotoxin recognition probes hold out considerable 

promise. Molecularly imprinted polymers, with their 

custom-designed template, have found use for extraction 

of a range of analytes, including mycotoxins, thus replacing 

IACs for purification prior to analyses (Baggiani et al., 

2007; Bryla et al., 2013). More recently, aptamer probes 

for mycotoxins have been developed. These are single 

stranded oligonucleotides with high binding capacities 

for the target mycotoxin. As opposed to the intelligently 

designed molecular imprints, these are ‘mined’ from a 

random pool of nucleotide sequences using a process called 

Systematic Evolution of Ligands by Exponential enrichment 

(SELEX) (McKeague et al., 2010). Aptamers have a range 

of advantages over conventional antibody probes, namely 

they can be chemically synthesised in high purity at 

relatively low cost, have long shelf lives due to chemical 

stability under a range of environmental conditions and can 

retain specificity after being denatured. If these aptamer 

recognition probes can be developed into rapid test kits 

for use outside temperature-controlled environments, 

they may prove useful as rugged, low cost alternatives to 

the current antibody-based kits in rural environments. 

Aptamer technology for ochratoxin A was recently used to 

develop a lateral flow device, which the authors claimed to 

be comparable in sensitivity to ELISA (Wang et al., 2011). 

Coupled with the smart phone technology described above, 

these new developments may provide new methods for 

rural food safety testing. 

 

5. Conclusions 

 
Mycotoxins remain a significant health risk and constraint 

in developing countries. Although important in focusing 

attention and resources, the mere setting of regulations 

is not the only answer, as there needs to be consequent 

implementation, as well as greater attention to food security, 

consumer education and poverty alleviation, the last being 

related to the Millennium Development Goals (Goal 1: 

eradication of extreme poverty and hunger). As incomes 

rise, there is a concomitant increase in the varieties of food 

consumed, decreasing the effects of a contaminated single 

food source (FAO/WFP/IFAD, 2012). These developments 

require ‘fit-for-purpose’ mycotoxin analytical methods 

in which rapid methods can play an important role in 

supplying relevant data at reasonable cost in a range of 

situations. Analytical outcomes in rural settings can be 

maximised by appropriate screening and remedial action 

should significant contamination be identified. These 

actions should be by collaboration and consensus with local 

householders and their community leaders regarding their 

food safety rather than mere enforcement of legislation. 
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