MYCOTOXIN RISKS IN THE ORGANIC PRODUCTION CHAIN
R.W. van den Bulk, Plant Research International, Wageningen, The Netherlands

email: R.W.vandenbulk@plant.wag-ur.nl
Organic agriculture

Organic farming is a growing production method with good long-term prospects which has attracted much attention the last decade. Nonetheless, for the countries of the European Union it still only accounts for a small proportion of agriculture: an average of about 3.2% of the agricultural land is used for organic agriculture (statistics 2001). The share of total production in the EU ranged from 0.2% for organic pork up to 2.3% for organic fruit. On average, Denmark and Austria had by far the highest organic share of total food production in 2000, with 6% and 5% respectively. The lowest organic production shares were recorded in Spain, Greece and Ireland, with the organic share of total production at less than 0.4 % (statistics 2000).

Organic agriculture includes all agricultural systems that promote the environmentally, socially and economically sound production of food and feed. These systems differ from conventional ones in soil fertility management, weed management, and disease and pest management. By respecting the natural capacity of plants, animals and the landscape, it aims to optimise quality in all aspects of agriculture and the environment. Organic agriculture reduces external inputs by refraining from the use of chemo-synthetic fertilizers, pesticides and pharmaceuticals. Instead it aims at using natural approaches which increase both agricultural yield stability and disease resistance.

Legislation for organic farming

"Organic" is a labelling term that denotes products that have been produced in accordance with organic standards throughout production, handling, processing and marketing stages, and certified by a duly constituted certification body or authority. The "organic" label is therefore a process claim rather than a product claim. It should not necessarily be interpreted to mean that the foods produced are healthier or safer. It simply means the product follows the defined standard of production and handling, although surveys indicate that consumers consider the organic products as more natural, healthier and safe. In 1991 the European Community adopted regulations on organic production of agricultural products and indications referring thereto on agricultural products and foodstuff (Council Regulation (EEC) No. 2092/91, which came into force in 1992. In 1999, the Codex Alimentarius Commission (CAC) adopted guidelines for the production, processing, labelling and marketing of organically produced foods. These regulations set out the principles of organic production at farm, preparation, storage, transport, labelling and marketing stages. Through these sets of regulations it should be clear what the term “organic” means and when a product may be labeled as organic, thereby facilitating trade in organic products. Through a system of inspection and certification, assurance can be given that all relevant guidelines constituting "organic" production are met and that foods labelled as "organic" are really what they claim to be. 

Nonetheless, with regard to food safety aspects it is important to realise that organic foods must meet all quality and safety standards applied to conventionally produced foods. This paper will focus on the risks of mycotoxin occurrence in the organic food production chain.

Mycotoxins

Mycotoxins are secondary metabolites of fungi which are capable of producing acute or chronic effects (e.g. carcinogenic, mutagenic, teratogenic and oestrogenic effects) in animals and humans. Toxic syndromes resulting from the intake of mycotoxins by man and animals are known as “mycotoxicoses”. A few hundred mycotoxins are currently known, which are often produced by the genera Aspergillus, Penicillium and Fusarium and are mostly ubiquitous (Van Egmond and Speijers, 1990). In addition, there are a number of other fungal species, such as Alternaria alternata and A. tenuissima, which are able to produce alternaria toxins and tenuazonic acids, and Claviceps purpurea and C.paspali, which are able to produce ergot alkaloids, secalonic acids and paspalicin. Exposure to mycotoxins via consumption of contaminated products does threaten human health. Mycotoxins can be taken up directly via plant-based food products or indirectly via feed after transfer of the mycotoxin to animal products. The risk of the latter is relatively low compared to direct uptake via plant products, with the exception of aflatoxin M1 in milk.

Legislation for mycotoxins

With respect to the legislation in force in the EU, the basis principles of EU legislation on contaminants in food are provided in Council Regulation 315/93/EEC of 8 February 1993. This regulation states, among other things, that in order to protect public health, maximum levels must be set for certain contaminants in foodstuffs. With regard to mycotoxins, maximum levels have formally been set for aflatoxins in nuts, dried fruit, cereals, spices and milk (Commission Regulations no. 466/2001, 257/2002 and 472/2002) and for ochratoxin A in cereals, cereal products and dried vine fruit (Commission Regulation 472/2002). Provisions for the sampling and analysis for the official control of the levels have been set in Commission Directives 1998/53/EC and 2002/27/EC for aflatoxins and in Commission Directive 2002/26/EC for ochratoxin A. Following various Scientific Cooperation (SCOOP) studies, proposals for maximum levels of other contaminants, such as patulin and Fusarium toxins (deoxynivalenol and other trichothecenes, zearalenone, fumonisins) are under consideration. The Joint FAO/WHO Expert Committee on Food Additives (JECFA) also has set a provisional maximal tolerable daily intake for some myxotoxins, including patulin and several Fusarium toxins. Various EU member states have set their own tolerance limits for certain mycotoxin-food combinations, but at present no country has covered all important mycotoxins and all relevant commodities.  This emphasizes the need for harmonisation of regulations in a EU context and worldwide.

Naturally, it is important to realise that the food industry must ensure the quality and safety of their products through the implementation of quality assurance programmes, including food safety programmes based on the Hazard Analysis and Critical Control Point (HACCP) system, designed to ensure compliance with all relevant regulations.
Mycotoxins in organic products

The principal mycotoxins of interest in the European context are likely to be those associated with Fusarium infection of cereals, and those causing patulin production in foods processed from apples and similar fruit, such as juice, jams and compotes. Also the mycotoxin ochratoxin A gets more and more attention. In organically grown cereals in North-west Europe, ochratoxin A and trichothecenes are considered to be the most important mycotoxins. Several reports and observations indicate that organically produced cereals do show mycotoxin contamination, although the general believe in the organic sector is that organically grown crops are more tolerant to disease and therefore less mycotoxins are to be expected. 
It has been suggested that due to the fact that synthetic pesticides are not allowed in organic farming there is an increased risk of mycotoxin contamination. Not using fungicides would lead to a higher incidence of mycotoxin producing fungi, and not using insecticides could be the cause of more insect damage, thereby stimulating growth of mycotoxin producing fungi by providing additional points of entry. Also the opposite, that sub-optimal fungicide concentrations or the use of less effective fungicides generate stress conditions for the fungus which stimulate mycotoxin production, has been suggested. A report of the EU Scientific Committee on Plants on “The relationship between the use of plant protection products on food plants and the occurrence of mycotoxins in foods” did mention a number of reported cases which showed lack of inhibition of the production of mycotoxins by using pesticides and a few studies which showed the stimulation of mycotoxin production. However, the effects were often variable and the results equivocal, leading to the committee’s conclusion that there is not sufficient evidence that pesticides play a prominent and consistent role in preventing, inhibiting or stimulating the production of mycotoxins by toxicogenic fungi. 

In recent years, organically produced cereals have been compared to conventionally grown cereals for the presence of Fusarium and fusarium mycotoxins in various studies. In Italy contamination levels of cereals with deoxynivalenol (DON) were determined in 1998 (Pascale et al. 2000). A percentage of contaminated samples of 51% was found for organic soft wheat compared to 12% for conventional samples, with the average contamination level being lower for the organic samples. Berleth et al. (1998) compared wheat samples from organic farms with samples from farms using an integrated production system in Germany, and did not find differences in the levels of contamination with DON. In a survey of 327 cereal-containing products in Germany, levels of DON and other derivatives of nivalenol were lower for organic products (Schollenberger et al., 1999). In The Czech Republic a comparison was made during 2 years for wheat grown according to the IFOAM principles and conventionally grown wheat (Prokinova et al., 2000). The growth conditions and the varieties used were kept the same. The overall crop health was similar in both systems. However, in 1997 less Fusarium contamination was found in the organic wheat crop, but in 1998, which was a relatively wet year, the opposite was found.

The abovementioned studies did not result in an unambiguous conclusion. This may be due to the fact that determinants such as location, varieties, soil, weather, cultural practices and micro-climate, are not the same in many studies. Furthermore, it likely is not enough to determine the presence of Fusarium as such, because this genus contains various subspecies which do differ in their capability of producing mycotoxins. Also, basic knowledge on the genetics of Fusarium, and in particular with respect to mycotoxin production, is limited. Nonetheless, based on the results obtained it cannot be concluded that organic farming leads to an increased risk of mycotoxin contamination. It is clear, however, that more and long-term studies are needed to get a fair view of mycotoxin risks in organic versus conventional systems. Inspection bodies could deliver valuable information based on their food safety monitoring programmes when they differentiate between conventional and organic products, and, where possible, record additional information on fungicide use, varieties, weather conditions etc. in an effort to study cause and effect.

Prevention

Opposed to components like pesticides and antibiotics, which are not used in organic farming, the mycotoxin problems cannot be totally eliminated. They can, however, be reduced if fungal growth and mycotoxin formation is inhibited by prevention strategies and suitable management practices. In Denmark, a research project currently focuses on management practices, which are relevant to the general practice in organic farming, and which are known or assumed to affect the ochratoxin A producing Penicillium verrucosum and the trichothecene producing species of Fusarium. The work will address both preharvest and postharvest aspects with a main emphasis on seed quality, harvest practice, and drying facilities. 

Within the 5th Framework Programme of the EU, key action 1 on Health, Food and Nutrition,4 projects related to mycotoxins, i.e. ochratoxin A, Fusarium toxins, and Alternaria toxins are currently executed. Three of these projects aim at the development and validation of mycotoxin prevention strategies and the implementation of the HACCP-approach for ochratoxin A and Fusarium mycotoxins. The fourth one aims at the development of strategies for ensuring a safe and high quality vegetables supply and anticipating Alternaria mycotoxin risks in the organic production chain of carrots specifically. Some results of the latter project will be presented.
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