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FOREWORD



Toxin-free food is wishful thinking, yet a view shared by many consumers. According to a study by the German Federal Institute for Risk Assessment (BfR), 70 % of the population expect food free from pesticide residues. The same expectation most likely exists for other potentially hazardous substances, such as fungal toxins – the so-called mycotoxins – or plant toxins. In any case, toxin-free food and food safety continue to be at the top of consumers’ priority list. A Eurobarometer published by the European Commission (EC) showed that 31 % of the respondents were very concerned, and another 40 % were concerned about the chemical contamination present in fruit, vegetables, and cereal products. Even in highly developed Europe, with its comprehensive measures to ensure food quality and safety from field to fork, public concern remains high. All too often, there are media reports on food contamination, such as the recall of “finest wholemeal rye flour”, which was reported on the Austrian Broadcasting Corporation (ORF) (help.orf.at, 15/07/2022) website when we started to write this book. The reason: during chemical analysis of food samples, traces of the possibly carcinogenic fungal toxin ochratoxin A were found in a wholegrain sample. The company, therefore, urgently recommended against any consumption of the affected product. In the case of pesticides, the maximum permissible levels for fruit and vegetables are repeatedly exceeded, even though the vast majority of food samples tested show no or very low concentrations of these chemicals. European consumers are confronted with food-related health risks resulting from dietary exposure, i. e., the oral exposure of humans to harmful environmental chemicals, such as toxic substances, which can have pathogenic effects, on a regular basis due to chronic exposure over prolonged periods. Thus, food without toxins seems to be more of an illusion than a reality. However, it is important to be able to better assess and classify the health risks to which consumers are exposed through the long-term intake of harmful substances via food. To support this, we conducted a study two years ago. In this study, we first determined how safe our food actually was in order to develop a ranking that identified risks according to their relevance to public health in Europe. In this study, which was published in the renowned scientific journal Critical Reviews in Food Science and Nutrition in 2020, we scrutinised a total of more than 100 risk assessments conducted at the European level, mainly by the European Food Safety Authority (EFSA). As a result, we evaluated, in detail, those potentially harmful chemical substances in food to which consumers were exposed over a prolonged period of time, known in technical terms as ‘chronic dietary exposure’. For this book, some parts of our previous evaluation have been updated. After discussing the health risks and benefits of food in the first part of the book, the second part presents the findings from the above-mentioned study for individual contaminants or contaminant groups. Finally, in the third part of this book, an attempt has been made to rank the risks of the food contaminants that are health concerns.


Our thanks go to the superb teams of the Wiener Vorlesungen in Vienna and the University of Natural Resources and Life Sciences, Vienna (BOKU). Rudi Krska is grateful to have been given the opportunity to deliver a lecture on the important topic “Toxin-Free Food?” in the wonderful ballroom of the Vienna City Hall on the occasion of the 150th anniversary of BOKU Vienna. In the reference list, you can find some articles that were an important basis for his lecture and for this book. Also, we would especially like to thank our colleagues David Steiner (formerly affiliated with BOKU Vienna) and Jana Hajšlová from the University of Chemistry and Technology (UCT), Prague, for their excellent (inter-)national collaboration in the field of food analysis and research. Our gratitude also goes to all staff members at the Institute of Bioanalytics and Agro-Metabolomics at the Department of Agrobiotechnology IFA-Tulln of BOKU, as well as to our colleagues at the Campus Technopol Tulln, where the Austrian Competence Centre for Feed and Food Quality, Safety & Innovation (FFoQSI) is also located. We are equally grateful to our colleagues from DSM Austria and from the Institute for Global Food Security at Queen’s University Belfast. In addition, we would like to express our sincere thanks to our BOKU colleagues, Franz Berthiller and Rainer Schuhmacher, for proofreading and making valuable suggestions for improvement, as well as to Rudi’s dear wife, Vera, for many useful comments on the original German version of this book.


We would like to wish you a pleasurable, and hopefully interesting and informative, time reading this book.









PART 1:



HEALTH RISKS AND BENEFITS OF FOODS



TOXINS IN FOOD – IN SEARCH OF THE CULPRITS





WITCHES



Without wanting to give too many spoilers: even in sophisticated Europe, we are exposed to complex mixtures of hazardous substances present in our food that pose potential health risks. Moreover, several of these pollutants are, or appear to be, cancer-promoting substances (carcinogens). One of the best known examples of this is the fungal toxin aflatoxin B1, which is naturally found in peanuts and cereals. But who is to blame for the fact that we still have to deal with these toxins in our food? In the 11th century, i. e., in the High Middle Ages, such questions were apparently easy to answer, because the culprits for the then raging food contamination epidemic were quickly identified: witches! They were held to account when people were afflicted by a disease known as Holy Fire, which resulted in the rotting of their limbs. 600 years later, in the 17th century, people raged even more vehemently against the supposedly demon-possessed people. By that time, however, French doctors had found the cause of these dramatic health effects: grain (rye flour) had been consumed that was contaminated with ergot – a 4–6 cm grain-like permanent form of the purple-brown ergot fungus Claviceps purpurea. Thanks to modern research, we now know that witches were definitely not to blame for the so-called Holy Fire, but, in fact, it was a dangerous and naturally occurring food contaminant. It was fungal toxins, so-called ergot alkaloids, that were generated by this ergot fungus. Ingestion of these substances leads to a massive constriction of blood vessels, which hurts ‘like fire’, and can even cause whole limbs to fall off. A little-known fact is that lysergic acid can be obtained from the ergot fungi, from which, in turn, the drug lysergic acid diethylamide, better known by the abbreviation LSD, can be produced. This psychedelic substance can alter the state of consciousness and lead to a partial or complete dissolution of the boundaries between self and the outside world. It is not surprising that the toxic effects of ergot alkaloids include hallucinations. As analytical chemists, we must add that these fungal toxins are also difficult to analyse because parts of their chemical structure can rapidly transform into their mirror-image counterparts – so-called epimers.







THE EU – ‘THE SYSTEM’



How do things look today? Who are the current witches or sorcerers that we can accuse, even in our modern times, for the almost infinite number of toxins in our food? In public, the European Union (EU) or ‘the system’ is often blamed as being the culprit. In our opinion, the European Commission (EC), together with the European Union’s member states, has created an excellent and indeed world-leading system for ensuring safe food in the EU through the well-organised cooperation between the European Food Safety Authority (EFSA), the Directorate-General for Health and Food Safety (DG Santé) at the EC, and the national authorities. Food law is harmonised within the EU, and thus, food is subject to the same safety regulations throughout the EU market. Food imported into the EU from third countries must also meet these requirements. These high food-safety standards are monitored by numerous control systems. The enormous responsibility of the food industry should not be forgotten and indeed EU food law stipulates that this is the case. Even with all these measures in place, consistently when surveys are conducted with EU consumers, the results show they still have concerns about the safety of the food they eat. This is very much around perceived risks rather than actual risks because food scares, even if they occur much less frequently in the EU than other regions of the world, are well reported and can cause deep concerns.


The assessment of food risks starts with the identification of the potential hazard, such as a novel plant toxin discovered in herbs. The results of such a study are often subsequently published in a scientific journal or they could be directly forwarded to EFSA. The chemical substance is then brought to the attention of peers or the EC (DG Santé). The DG Santé then decides jointly with the EU member states to evaluate the health risk of this newly discovered substance for the protection of consumers. The next step is to determine the exposure of consumers to this chemical compound in cooperation with appropriate European partner organisations. This requires analytical data on the occurrence and frequency of intake of this newly discovered substance via food. So, in this case study, it would be a matter of examining the amounts of herbs we consume that might contain this potential toxin. Finally, once the dietary exposure has been determined, the health hazards posed by this substance must be toxicologically evaluated. This last step is particularly labour intensive, as there are a variety of potential toxic effects, ranging from diarrhoea to the development of cancer. Once all this information is available, independent experts from the EFSA draw up a so-called ‘scientific opinion’, which reports the assessed health risks. In the end, the DG Santé, or more formally the EC, together with the EU member states, decides which regulations or legal provisions must be issued and subsequently enforced by the EU to keep this new health risk as low as possible. The independent action of the EFSA and DG Santé ensures that the scientific risk assessment by the EFSA is not influenced by the risk-management decisions of the DG Santé. A similar process is also used to establish, for example, legal limits for the maximum permissible concentrations of pesticides in vegetables or in water. Of course, when the limit values are introduced, the final reality check, in cooperation with the food industry, is an important step that must not be overlooked. This is because there must also be checks to ensure that the limits established by the legislators can be complied with without leading to complete elimination or causing severe shortages of any important foods on the market. This dichotomy is a challenge that many countries, especially in the tropical regions of the world, have to face. For many years, these countries have had a scarcity of safe grains or fruits available, due to severe fungal infestations of these commodities.


This highly professional and efficient system for safeguarding the safety of our food is completed by the European Rapid Alert System for Food and Feed (RASFF). The RASFF, within its network of the EU Member States, EFSA, and the EC, exchanges notifications of risks to human and animal health or the environment. This setup ensures that those foodstuffs which exceed the limits for the maximum permissible concentration of a contaminant when imported into the EU are immediately reported to the authorities of all other EU member states. This ensures that any potential health hazards from imported food and feed can be responded to immediately. This is an important and perhaps under-recognised achievement of the EU. Finally, but equally importantly, the EC’s internal auditing body carries out audits and inspections of the implementation of food-safety legislation in the EU and the EU’s trading partners.


One country, which unfortunately left the EU, provides a perfectly suited anecdote to conclude this topic on the responsibility of politics for food safety. Theresa May, the former prime minister of the United Kingdom (UK), was asked in 2019 about the eternal dilemma of whether mouldy jam was still edible. In response, the then head of government said, “Yes! I just scrape off the mould with a spoon and eat what’s underneath.” This headline even made it onto the main BBC News bulletin. What followed was a heated debate around the safety of mouldy jam. Experience shows that this question is also one found to be particularly fascinating for audiences of our lectures. There are already several publications on this problem area, including one from BOKU, and, without going into scientific details, it can be stated that Theresa May was incorrect in her risk assessment! This is because even 4 cm below the mouldy surface of jam, there are often still considerable concentrations of fungal toxins. This includes, for example, the neurotoxic chemical patulin. As a reader of this book, we can, therefore, advise you to dispose of mouldy jam. The same principle applies to mould-infested bread, fruits, or vegetables: due to the water content and diffusion forces at work, high concentrations of fungal toxins are often still found on the apparently completely healthy-looking side of the food.
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