Natural toxins - a potential food safety issue?
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Plants contain a very large number of chemical compounds, distinct from the intermediates and products of primary metabolism. These so called secondary metabolites are produced from primary metabolites and their precursors, and some of them contributes to the specific odours, tastes and colours of plants. In the past secondary metabolites have been viewed as waste products resulting from 'mistakes' of primary metabolism, and therefore of little importance to plant metabolism and growth. Now it seems clear that the old view is inaccurate and misguided, as many secondary metabolites have been identified as having specific roles in the plant. Not least they are key components of active and potent defence mechanisms, thus contributing to the chemical warfare fought between plants and their pests and pathogens.

A number of toxic compounds of natural origin have been identified in food, not the least in plants. These compounds are commonly secondary metabolites and referred to as natural toxins. Only a few primary metabolites have been defined as natural toxins. The definition of natural toxins may be narrow or broad. In the narrow, and more accurate sense (used in this presentation), natural toxins are defined as food constituents endogenously produced by the food organism, and capable of giving rise to adverse effects when the food organism or products thereof is consumed. Most inherent natural toxins have been identified in plants.

In the broad definition of natural toxins, toxic compounds originating from a contamination of the food are included. Contamination of a food can occur in many ways. Firstly, non-toxic raw materials of plant origin may by accident or unlucky circumstances be contaminated by being mixed with a toxic non-nutritive plant species. For example, the black nightshade (Solanum nigrum) is a vigorously growing weed that may contaminate cultivated fields. The latin name refers to the dark berries, but when unripe they are green. The black nightshade contain different toxic glycoalkaloids ((-solasonine, (-solamargine, (-solamargine, (-solanigrine, (-solanine and soladulcidine tetrasaccharide) and may cause serious problems at crop harvesting, as the poisonous (unripe) berries may be collected with such crops as peas and beans from which they are difficult to separate. Similarly, millet, the principal dietary cereal in some parts of Asia, have been found heavily contaminated with seeds of Crotalaria and Heliotropium. These contaminating plants are known to contain pyrrolizidine alkaloids, compounds that may cause acute liver damage, liver cancer and vein lesions when ingested. Secondly, raw materials of animal origin, mainly fish and milk, can become contaminated if the animal has feed upon organisms/plants containing natural toxins. Local outbreaks of milk sickness has been reported in the United States, sometimes with fatale results. These outbreaks occur in regions where people have consumed milk from cows that have grazed the weeds white snakeroot (Polygonum) and rayless goldenrod (Solidago). This is particularly likely to happen in periods of draught, when normal feed plants are scarce and the weeds are in flower. The plant toxin responsible for milk sickness is tremetone. Other well-known cases of intoxication due to contamination of food occur in fish and shellfish. Fish from tropical waters feeding on dinoflagellates containing ciguatoxins may result in ciguatera fish poisoning when consumed, whereas shellfish may be contaminated with various toxins (e.g. saxitoxin) from marine plankton and give rise to for example paralytic shellfish poisoning. Thirdly, microorganisms producing toxic compounds may contaminate a variety of foods and result in intoxication when these foods are consumed. Perhaps best known are the mycotoxins produced as secondary metabolites in fungi. The mycotoxins (e.g. aflatoxin B1, ochratoxin A, deoxynivalenol, patulin, zearalenone) can induce acute as well as chronic toxic effects (i.e. mutagenic, teratogenic, oestrogenic and carcinogenic effects) in animals and man consuming products from mouldy plants.

NETTOX, was an European Community AIR Concerted Action 1995-1997 with 43 participants (including 5 major food industries) from 15 European countries. The initial project was subsequently followed by the FAIR project BioActive Substances in Food Plants Information System, BASIS (1999-2001). Whereas NETTOX focused on two aims - to establish a European network of scientists dealing with inherent natural toxins in food plants, and to initiate and exploit information systems containing critically evaluated compositional and toxicological data on natural toxins, BASIS compiled and evaluated data on natural food plant toxins, and entered them into a data base, with the goal to use the evaluated data for risk assessment of food plants.

In the initial work of NETTOX 307 different plants and mushrooms, either intended for human consumption in the sense of the Codex Alimentarius definition or used as herbs and spices, were identified within the 15 European countries participating in the project. Plants used for other purposes, like in herbal teas and folk medicine, were not listed in the project. The individual well-defined endogenously produced natural toxins in these food plants were identified, and found to be classifiable into 31 groups of chemical compounds. Eighteen other groups of compound were identified as not being endogenously produced by the plant, and were defined as belonging to the grey area not being natural toxins according to this project. 

In order to set priorities for food plants to be incorporated by database managers into a future European database, NETTOX collected data on vegetable and fruit consumption, mainly from governmental surveys obtained from the 15 participating countries but also from production statistics and information on export/import. Plants with a high consumption and/or which the industry had interest in were defined as priority plants. These were 113 of the 307 food plants. Since it still were to many food plants to work in parallel with when entering information into the database, they were classified in six priority classes based on toxic potential of the natural toxins in the plant, level of natural toxins, consumption of the plant and industry interest. Forty-five food plants were prioritised as of high priority, 10 of high/medium priority, 31 of medium priority, 22 of medium/low priority and 5 of low priority. The remaining 6 of the 113 selected food plants were assigned a very low priority.

Examples of natural toxins in some of the food plants given highest priority to be entered into the database on occurrence and toxicology will be given in the presentation, and their potential toxicity for consumers discussed.

