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Abstract
The organic food industry is a growing industry that is gaining more and more market share. Consumers demand food products that are natural, healthy and environmentally sound. The main reason for buying organic food appears to be the alleged beneficial effects on human health. Research into the nutritional value of organic food has mostly focused on agricultural produce. The results from these studies are inconclusive, but indicate that the nutritional value of organic produce is similar to that of produce from conventional agriculture. However, the food consumed by people is not limited to agricultural produce. An increasing amount of the organic products sold have been processed. In organic food processing the use of additives is avoided as much as possible and processing is kept to an absolute minimum. The aim is to produce food that is as close as possible to the natural raw ingredients and that has a minimal detrimental impact on environmental and human health. The claim of healthfulness of organic processed foods is reviewed in this paper, covering both the minimal additive use and minimal processing methods applied.

Introduction
Organic food production is a growing industry that originated from of a small movement with a particular philosophy 1. The pillars that now constitute organic food production are health, ecology, fairness and care, according to the International Federation of Organic Agriculture Movements (IFOAM, a federation committed to leading the organic movement and advancing the organic philosophy beyond current legislation) 2. The practical goals that are derived from these pillars are human health, environmental health, sustainability, authenticity and traceability 2.
Several studies of consumer behaviour have shown that the reason for eating organic food most often mentioned by consumers is the beneficial human health effect of organic foods 3–5. It has even been shown that consumers are willing to dig deeper into their pockets for organic food because of expectations of beneficial health effects 4. The assumption made by these consumers that organically produced food is healthier than conventionally produced food has not yet been fully supported by scientific research, both for agricultural produce as for processed products. 
In a time when the organic market is growing at a fast pace 10 and consumers’ choice for organic produce seems to be motivated highly by its alleged beneficial health effects, it is important to gain more insight into the effects of organic food on human health. Research performed over the past decades has focused mostly on organic agricultural produce. Crops straight from the field are assessed for their nutrient and pesticide residue levels, and health effects are extrapolated from these results. With the growth of the organic market, more and more processed organic foods are appearing on the market, catering to the demand of consumers for a wide variety of organic foods that are similar in sensory quality to conventionally processed foods. The effects of processing and packaging methods on the nutritional quality of foods should not be underestimated and must also be researched to provide consumers with adequate information to guide their food choices.
Organic consumers can be divided into several groups based on their consumption patterns 15. Light users allocate a small amount of their household budget to organic products (e.g. less than 2,5%), medium users a higher amount (e.g. 2,5-10%) and heavy users a considerable amount (e.g. more than 10%). Consumer research shows that heavy users often have an overall healthier lifestyle than light users or nonusers 15. Heavy organic users are more aware of what is important in a healthy life besides food (e.g. exercise) and choose food products that are healthier (e.g. predominantly fresh produce like fruits and vegetables and less meat and processed products). Specifying and characterising the different consumer groups in the organic market is important for epidemiological research of health effects of organic food. The extent of possible health effects achieved by organic food consumption is likely to be dependent on the percentage of total food consumed that is organic 16.
To assess health effects of certain foodstuffs, it is important to specify what is meant by health. In 1946, with the founding of the United Nations, the World Health Organisation (WHO) adopted a definition for human health in their constitution. It states that ‘health is a state of complete physical, mental and social well-being and not merely the absence of disease or infirmity’ 17. Where this was a progressive way of thinking at the time, recent concerns have been raised over the usefulness of this definition in current society. With chronic illnesses like diabetes, obesity and cancer posing an increasing problem, suggestions have been made to adopt a new definition of health which includes the capacity of individuals to adapt and self-manage after having procured a chronic illness 18. IFOAM has already adopted this new definition in part, stating that ‘immunity, resilience and regeneration are key characteristics of health’ 2 and recognising that the food individuals consume plays a large role in this. Although this is a valuable addition to the way we define health, biomedical research still tends to focus on the absence of illnesses and therefore the articles reviewed in this paper primarily study the direct beneficial or adverse physical health effects of processing methods or additives. It should be noted however, that research has also shown the effect of consumption of organic food on people’s self-appraisal of health, it seems that people who switch to organic food often feel healthier (most often described as becoming ill less often or recovering from illness faster) than when they ate conventional food 3.
Comparing the health benefits of organic versus conventional agricultural produce, research results are at best conflicting and have not provided any conclusive evidence that either agricultural production methods result in healthier, nutritionally superior crops. Studies comparing the nutritional qualities of organically produced crops and conventionally produced crops have been extensively and systematically reviewed by Dangour et al., Williams and Smith-Spangler 4,6–8. These reviews show that the evidence base is limited and that uncertainty about the health effects of organically produced crops remains. The studies reviewed measured nutrient levels of, contaminant content of and/or antibiotic-resistant bacteria presence in crops. Review of the available studies leads to the conclusion that the nutritional quality of conventional and organic crops is comparable. Out of the eleven nutrient categories that have been studied, only three categories showed significant differences in content between organic and conventional produce 7. These differences were so small, however, that according to the authors, they are unlikely to convey any beneficial health effects. Also, it is important to recognise that differences in nutritional quality cannot always be linked directly to health benefits 6. Ingestion of higher levels of specific nutrients does not necessarily result in risk reduction of a specific disease, but can result in overall increased health status (resilience, reduced susceptibility to infections), which is not easily measured in epidemiologic studies. Pesticide residues appear to be lower in organic foods than in conventional foods, although neither exceeds maximal residue limits (MLRs) 8. Concerns about the combined effects of mixtures of pesticides led the UK Food Standards Agency to perform a risk assessment. The report of this risk assessment concludes pesticides and other chemical residues in food ‘might theoretically result in unexpected toxicity’, however there is no sufficient evidence for this and data of exposure to mixtures of residues in food is lacking 9.
When comparing organic and conventional food processing, it is important to understand what differentiates these two food processing techniques. Organic processed products are defined by the European Commission (EC) as ‘products that should be produced by the use of processing methods which guarantee that the organic integrity and vital qualities of the product are maintained through all stages of the production chain’ 11. The Council Regulation on organic production and labelling of organic products further elaborates on the principle of careful processing as using preferably ‘biological, mechanical and physical methods’. On the use of additives the Council Regulation states that ‘only additives, processing aids, flavourings, water, salt, preparations of micro-organisms and enzymes, minerals, trace elements, vitamins, as well as amino acids and other micronutrients in foodstuffs for particular nutritional uses may be used’. In addition to the official legislation, IFOAM standards determine that organic processing only uses processing methods, processing aids and additives ‘when their use is legally required or strongly recommended for the food products for which they are used’ 2. Organic processing thus entails a minimalist approach to processing, using only those methods or additives which are needed to ensure food safety and healthfulness, and avoiding processing or additives which only serve sensory needs. Minimal/careful processing and minimal input is also what consumers expect when they buy organic food, so legislation and manufacturing procedures should conform to these expectations 12. In the Netherlands, Skal Biocontrole is supervisor of the organic food industry. By order of the Dutch Ministry of Economic Affairs, Skal performs inspections and grants certifications in accordance with EC legislation. They also provide overviews of the EC legislation to facilitate conformance by producers of organic foods 13,14. In this paper, the Council Regulation and Skal overviews will be used as a basis to review health effects of organically processed foods.
Although the health benefits of organic produce and processed foods remains uncertain, there are clear findings that demonstrate the detrimental effects of high processed foods on human health. High processed foods are rich in calories, added sugars and added fats and contribute considerably to the current obesity crisis 19,20. The fact that these food products are cheaper per calorie than fresh products and that consumers are often unaware of the high caloric value of these products only adds to the problem 20,21. Specific health risks have been conclusively linked to these added compounds. Research has shown the effect of added fats on the risk for cardiovascular disease, the effect of high sodium intake on the risk for hypertension and the effect of higher caloric intake on the risk for coronary heart disease, to name but a few 22. Additionally, conventional heat treatment of food products to prolong preservation has been shown to lower nutrient levels and lead to the formation of compounds with possible detrimental health effects 23. These findings support the careful processing goals of organic food production.
There is however also a clear need for processing to ensure food safety and augment nutritional quality of food products. Processing technologies are important to inactivate pathogens, certain toxins and other detrimental components and also aid in postponing perishability and making nutrients more readily available for take-up in the alimentary tract 24. Additionally, processing allows us to develop a wide range of products from the same raw material, making it possible to cater to individual consumer taste and needs. Lastly, consumers have become very used to certain quality characteristics of food products that can only be attained by certain processing methods (e.g. redness of meat products by processing with nitrites) 25. When buying organic food, consumers (especially new organic consumers) expect and demand the same quality and variety they find in the conventional range, which poses particular challenges for the minimal processing philosophy of the organic food industry 25.
Post-industrial society has always sought convenience for people. Production of processed foods is part of this readymade life. However, in the age of obesity and related illnesses, which are partly caused by the consumption of overprocessed foods, the organic processing standard could aid in reducing the development of these illnesses. The philosophy of organic food production, to strive for minimum use of additives and minimal processing, calls for a balancing act that will ensure food safety and reasonable shelf-life of products, but is also expected to retain the inherent nutritional qualities of fresh products 26. 
In the following paragraphs the evidence for differential health effects of organically processed food products compared to conventionally processed food products due to the use of additives or particular processing methods will be reviewed.

Additives
In organic processing only a limited number of all available additives are approved for use. In conventional processing the use of additives is much more widespread. A total of more than 500 different additives, including sweeteners, aromatics, colouring agents, preservatives and extraction solvents are approved by the European Commission for use in conventionally processed foods 27. Labelling of additives used in conventional processing is compulsory, unless the additives are already present in ingredients that are included in the end product 27, which does not always allow consumers to know the quantity of certain additives. EC legislation for organic processing allows only around 90 different additives, of which no more than two are colouring agents (allowed in a limited number of listed products) and none are sweeteners 28. Legislation for labelling of organic products concerning the included additives is similar to that of conventional products 11. The minimal use of additives in organic food processing is usually not linked to possible health risks of these additives, but is motivated by the goal of keeping as close as possible to nature. The reasons for using additives in conventional processing that predominantly serve sensory goals, like sweetening and colouring food products, keeping them from oxidizing etcetera, are not reasons that justify their use in organic processing. In the following section the studies performed into the health effects of different types of additives will be discussed.
Sweeteners
Sweeteners, both natural and artificial, are widely used in the processing of conventional foods, whereas no artificial sweeteners have been approved for use in organic food processing. Artificial sweeteners (e.g. aspartame, acesulfame K, sucralose) are used as low-caloric alternatives to sucrose-like sweeteners, to allow consumers to satisfy their appetite for sweet food and beverages without the weight gain and other related health consequences. Artificial sweeteners are now used in great quantities in diet sodas and other diet products, leading to high level consumption by certain population groups. It seems however, that artificial sweeteners do not satiate the appetite for sweet products and do not lead to considerable weight loss 29. The consumption of sugar-containing drinks seems to have increased since artificial sweeteners have been approved for use in food processing 29, making the contribution of artificial sweeteners to health controversial. Most artificial sweeteners (with the exception of aspartame) are not metabolised by the body and are excreted in the urine unchanged, which is why they are often deemed safe by food safety approval authorities. However, detrimental health effects of artificial sweeteners have been reported in both animal and human studies 30, making a case for banning these additives in organic food processing. 
Aspartame (E951), the most widely used sweetener, is one artificial sweetener that has been repeatedly implicated in detrimental health consequences. A study in rats has shown that aspartame ingestion increases the risk for leukemia and lymphoma in male and female rats and the risk for mammary cancer in female rats 31. This risk increased further when rats were exposed to aspartame starting in foetal life 31. In humans, the risk for non-hodgkin lymphoma and myeloma among men consuming more than one can of diet soda per day has been shown to be increased (relative risk 1.31 for non-hodgkin lymphoma and 2.02 for myeloma, in men consuming more than one can of diet soda per day compared to male non-consumers) 32. No increased risks for these malignancies were observed among women consuming more than one can of diet soda per day compared to female non-consumers 32. Studies by Abhilash et al. show that aspartame has a dose-dependent detrimental effect on brain and liver antioxidant defence status in rats 33,34. Reduced ability of brain and liver to fight oxidative stress causes brain or liver tissue damage respectively and impaired functionality. Several individual patient cases have been reported of migraine and thrombocytopenia attributed to consumption of products containing aspartame and avoidance of aspartame-containing products caused cessation of symptoms 30. A safety evaluation of aspartame performed by Magnuson et al. shows that estimated daily intake (EDI) of aspartame is well below the acceptable daily intake (ADI)[footnoteRef:1] levels set by the US Food and Drug Administration (FDA) and the European Food Safety Authority (EFSA), even for heavy consumers of diet products 35. An advisory forum meeting organised by EFSA with experts on aspartame also concludes that exposure to aspartame is unlikely to exceed ADI in any population group, ruling out adverse effects of aspartame in consumers 36. [1:  With the aid of toxicity studies in animals and observational studies in humans a ‘no observable adverse effect level’ of food additives is established. This level is divided by a safety factor (usually 100) to calculate the acceptable daily intake (ADI). This ADI is expressed in milligrams per kilogram of bodyweight and represents the amount of the substance in question that can be safely consumed daily over a lifetime.] 

Sucralose (E955), used in a wide range of foods, is another artificial sweetener that has raised some concerns about its safety as a food additive. A toxicology study in rats found that inclusion of sucralose in the diet caused thymus shrinkage 30, although the precise role of sucralose in this process remains unclear. Qin suggests a possible role for sucralose in the development of inflammatory bowel disease (IBD) in children. He shows for several countries how the approval of sucralose as an artificial sweetener in food processing is timed with a sudden increase in IBD among children 37. Additional research is needed to clarify the role of sucralose in the development of IBD as well.
Saccharin (E954) is a widely used artificial sweetener in the EU, although it was banned in Canada after several two-generation studies in rats showed it caused increased urinary bladder cancer incidence, predominantly in male rats 38. A review published in 2004 disputed these results, as the concentrations of saccharin had to be extremely high during the gestation and lactation period to cause urinary bladder cancer 30. The authors also questioned the possibility of saccharin being a carcinogen as it is a molecule which does not interact with DNA and thus could not cause genetic damage. This review caused the Canadian food authority to consider reinstating saccharin as a food sweetener in 2007, although at present saccharin is still not on their list of approved additives 39.
Acesulfame-potassium (acesulfame-K, E950) was implicated in in vivo animal studies to be genotoxic40,41. Bandhyopadyay et al. performed a study into the effect of acesulfame-K on DNA damage in mice bone marrow cells and the in vitro mutagenicity of acesulfame-K 40. The results indicated acesulfame-K can cause DNA damage at concentrations above the acceptable daily intake (ADI), but did not show mutagenic activity. Research by Mukherjee et al. also identified acesulfame-K as a potential DNA-damaging agent at various concentrations tested 41. Both authors urge to use acesulfame-K as a food additive with caution.
Natural sweeteners, like sucrose, play an important role in the development of modern society chronic diseases, like obesity and diabetes 42, especially when they are consumed in liquid form like soda drinks and fruit juices 43. Although consumers often expect organic food products to contain less sugar than conventional products, there is no specific referral to added sugar limitations in EC legislation or in the IFOAM standards. There is a goal to reduce sugar content of for example organic yoghurt, although increased sugar content can also be a way to prolong shelf life as an alternative to preservatives used in conventional processing 25. Although dietary sugar is not the only factor in developing obesity and physical activity can restore the energy balance 44, clearer regulations regarding the reduced use of added sugar in organic processing, could offer a health advantage compared to conventional processed foods. Organic food processing uses unrefined sugar as opposed to refined sugar in conventional processing. Differences in health properties of refined and unrefined sugar are unclear. A study in rats showed that there was no difference in energy use in rats that were fed refined or unrefined sugar 45. Surprisingly, the rats on a diet of unrefined sugar gained more weight than the refined sugar fed rats, apparently because the unrefined sugar was more palatable to the rats 45.
Food colouring agents
As is the case for sweeteners, food colouring agents (both natural and artificial) are widely used in conventional food processing, but are banned in organic food processing. Since the 1950s there has been a striking increase in the use and consumption of predominantly artificial food dyes in conventional processing of foods and beverages. Only two colouring agents are approved for use in organic products, and only in limited products (E153 and E160b are only allowed in certain cheeses). In both scientific and popular media, food dyes have been implicated as causative agents in attention deficit-hyperactivity disorder (ADHD) 46,47. Scientific evidence exists for the role of several individual food dyes in the development of ADHD. Mixtures of food dyes could also lead to synergistic or antagonistic effects on ADHD and other disorders, although the majority of research only studies individual colouring agents 47. It is also important to recognise that food dyes are often contaminated with impurities acquired during the production process, which could also have effects on human health (e.g. carcinogens) 47.
The effect of artificial food colourings (AFCs) on the development of ADHD among children has been extensively reviewed by Arnold et al. in 2012 48. AFCs seem not only to worsen ADHD in already diagnosed children, but also induce the development of ADHD in previously unaffected children, making AFCs a public health problem. Three landmark studies by Stevenson et al. at Southampton University in 2004 and 2007, which showed that AFCs have a small but significant effect on all children, led the EU to request manufacturers to voluntarily refrain from using AFCs in food and beverage production or to put a warning on the product label informing consumers of the possible effects of AFCs on child behaviour. Other studies have shown the beneficial effect on ADHD symptoms of excluding AFCs from the diet and reported recurring symptoms when challenging with AFCs after adhering to an exclusion diet48–50. The positive effects of these exclusion diets are primarily seen in children who have been selected for food sensitivity 49,50. Arnold et al. conclude their review by saying that AFCs are a contributory cause for ADHD and that AFCs seem not only to pose a problem for ADHD patients, but for the general public health. These observations warrant restricted use of AFCs in anticipation of more research clarifying the precise effect of AFCs on child behaviour. 
A review by Nigg et al., also published in 2012, is much more sceptical about AFCs’ role in ADHD development 49. Their meta-analysis of related studies implicates AFCs in 8% of children with ADHD and shows restriction diets have beneficial effects in some children. However, they report publication bias, which possibly distorted results and overestimated the effect of AFCs, and call for renewed research. These observations are supported by meta-analysis performed by Sonuga-Barke et al., who also call for more research before restriction diets are adopted as treatment strategies for ADHD 50.
Food colouring agents have also been researched individually. Carmine (E120), a natural red food dye, has been implicated repeatedly in allergy cases. Several case studies have been published of occupational asthma as a result of working with carmine 51,52 and some cases of allergic reactions following ingestion of commercial food or beverages containing carmine 52. A study making an inventory of causative agents of severe allergic reactions in Finland identified carmine and patent blue (E131) as occurring allergens 53. A review by Kobylewski et al., done upon instructions from the US-based Center for Science in the Public Interest, shows concerning results for several food colouring agents 47. Food additives E133, E132, E127, E129, E102 and E110 have been shown in several studies to increase the risk for different tumours. Four of these (E133, E129, E102 and E110) have been implicated in hyper-sensitivity reactions and two (E129 and E102) have been identified as ADHD-factors.
Other additives
Other additives include agents used to prolong shelf life of foods (preservatives), agents that improve taste, fragrance or texture of food products (aromatics), or agents used to remove undesirable compounds or flavours from food (extraction solvents). In organic food processing, most of the approved additives are of this last category, but are only allowed to be used when absolutely necessary. Nitrates and nitrites, although a suspected carcinogen 54, are allowed in organic processing due to their importance in preservation of meat products. EU countries are urged to find alternative preservation methods so that the use of nitrates and nitrites in organic processing can be banned 28. As for the additives discussed above, among the preservatives, aromatics and extractions solvents approved for use in conventional food processing there are several additives linked to detrimental health effects.
Sulphite additives, used as preservatives and antioxidants in food, can induce urticaria and asthmatic reactions in sensitive individuals 55,56. Studies show up to 10% prevalence of sensitivity to sulphite additives among asthmatic patients, reactions to sulphite were of varying degrees 56. Avoiding sulphite additives in the diet, leads to improved symptoms among sensitive individuals 56. Of the numerous sulphite additives allowed in conventional food processing, only two (sulphur dioxide, E220, and potassium disulphite , E224) have been approved for use in organic food processing. Additionally, the use of these two additives is restricted to fruit wines, making it easier to exclude them from the diet 28.
High to normal phosphate serum levels have been shown to lead to a higher risk of mortality in chronic kidney patients and a higher risk of cardiovascular disease in the general population 57. Phosphate ingested in the diet leads to calcification of blood vessels and organs directly and through a hormonal system. The fact that phosphate additives are often not quantitavely labelled on food products makes it difficult for the general public and kidney patients in particular to avoid phosphate in the diet 58. Of the numerous phosphate additives allowed in conventional food processing, only one (calcium phosphate, E341) is approved for use in organic food processing, and its use is restricted to production of self-rising flour 28, limiting the ingestion by individual consumers.
Nitrate and nitrite additives (E249-252), used mostly for preservation of meat products, are approved for use in both conventional and organic processing, although EU organic legislation encourages member states to search for safe alternative preservation methods 28. The health effects (both beneficial and detrimental) of nitrates and nitrites in food are under debate, calling for more research to support the decision to ban these additives from the food chain. Nitric oxide (NO) is an important signalling molecule in the body involved in several physiological cellular processes. Nitrite and nitrate in the diet are important precursors of NO, making dietary ingestion of these compounds important to maintain the aforementioned physiological processes 54. Nitrites and nitrates are present in fresh fruits and vegetables and are thus always ingested in the diet, regardless of whether they are used as meat preservatives. However, one could argue that consumers ingest an excess of the compounds when they are approved for use as additives, causing a possible increased risk of cancer. Research has shown an increased risk of cancer and general mortality associated with processed meat in the diet, possibly partly due to nitrite levels 59. In a review on health effects of dietary nitrite and nitrate, Milkowski et al. stress the beneficial health effects of nitrites and nitrates as precursors of necessary physiological NO, and say that these outweigh the possible negative impacts, negating the need to ban nitrites and nitrates from the food production process 54.
Benzoic acid and sodium benzoate (E210-E213), used as preservatives in conventionally processed acidic foods and beverages, have been linked to asthma and chronic urticaria in sensitive individuals60. The effect was shown to be synergistic with other food additives, and a diet free of additives improved symptoms in the individuals followed. Some patients with urticaria even reported complete disappearance of symptoms when following the exclusion diet 60. In a Concise International Chemical Assessment Document (CICAD) of benzoic acid and sodium benzoate published by the World Health Organisation (WHO) in 2000, the validity of this and other studies showing asthma and urticaria effects of the additives is questioned due to the limited number of participants in the studies 61. The WHO thus deems a level of 500 mg/kg of body weight oral intake per day a safe level, although it is stated that lower doses can cause adverse allergic reactions in sensitive individuals 61. 
Sorbates (E200-E203), food preservatives used in conventional processing, have been implicated as compounds that aggravate allergy and asthma among sensitive individuals by modulating the cross-regulation of helper T1-type and helper T2-type immunity 62. A review by Wurgler et al. of studies looking into the genotoxicity of sorbates concludes sorbate compounds stored overtime are potentially genotoxic, but considers the use of sorbates as food additives safe 63.
Salt, added as a preservative and for taste, is not included in the category of additives, but is seen as a normal ingredient. There is no reference to added salt or sodium in the EC legislation for organic production, nor in the IFOAM standards 2,11. Popular media often insinuate that organic products contain lower levels of added salt 64. Including maximum salt levels in the legislation could contribute to making organic foods healthier, as the levels in (conventional) processed foods are alarmingly high. Reducing salt intake has risk lowering effects on a host of conditions like cardiovascular disease, stroke, renal disease, obesity, asthma and stomach cancer 65. Organic food processing uses predominantly unrefined sea salt as opposed to refined salt used in conventional food processing. Unrefined sea salt contains more minerals than refined salt, however, to the best of my knowledge there is no evidence that sea salt has a lower impact than refined salt on the conditions listed above.

Processing methods
European legislation regarding organic processing of foods is very clear on what additives are allowed for use and which are prohibited. The rules for processing methods however, are a lot less clear cut. The EC organic regulation of 2007 stipulates the importance of separating organic and conventional production processes, the non-use of additives, and ‘careful’ processing 11. The latter is explained as: ‘substances and techniques that reconstitute properties that are lost in the processing and storage of organic food, that correct the results of negligence in the processing of these products or that otherwise may be misleading as to the true nature of these products shall not be used’ 11. In the amending regulation of 2008 it was included that food processors should ‘take account of appropriate procedures based on a systematic identification of critical processing steps in order to ensure that the produced processed products comply with the organic production rules’ and that the processing methods applied ‘shall respect the principles of good manufacturing practice’ 66. With the growth of the organic market, consumer expectations of a wide range of qualitative organic products have grown more demanding. This has challenged the organic processing sector to find ways in which to produce organic products comparable to conventional products in sensory quality and safety, using processing standards that comply with EC regulation. Different organic organisations, such as IFOAM, Demeter and Bioland, have developed their own standards translating the EC regulation into practical principles to be adopted by the processors joined to the organisation in question. The principles adopted differ among the various organisations, making research into this area a difficult undertaking. The Swiss Research institute of Organic Agriculture (Forschunginstitut für biologische Landbau, FiBL) published an analysis of the current state of knowledge of organic processing in 2012, which will be used as a guideline in this chapter 25.
Grains and grain products
Organic processing focuses on the use of whole grains in breads, pastas and other grain products 25. This fits with the aim of minimal processing and keeping the natural characteristics of the raw materials intact as much as possible. Grains consist of endosperm, germ and bran, the latter two of which are removed when refining grains. The endosperm consists almost entirely of carbohydrates, where the bran and germ contain most of the fibres, vitamins, minerals and proteins. Removing the germ and bran when refining grains also means most of the nutrients are removed. Using whole grains in organic processing is thus not only in keeping with the principles of minimal processing and naturalness, but also serves the aim of producing healthful and nutritious foods. Research results from Kristensen et al. and Isaksson et al. show that individuals who consume a meal with wholegrain products have improved satiety and reduced hunger after the meal compared to individuals who consume the same meal with refined grain equivalents 67,68. Individuals consuming wholegrain also reported reduced craving for fatty, salty, savoury or sweet food products following the meal. Energy intake at the next meal did not appear to be less among the whole grain consumers, although both studies report possible problems in the applied study design. Ample scientific evidence shows that including whole grains and whole grain products in the diet leads to several health benefits, nutrient components of wholegrain induce a reduced risk of developing CVD, hypertension, stroke, metabolic syndrome, type 2 diabetes and several types of cancers  69,70.
Research has identified the different components of whole grains that are responsible for the host of beneficial health effects observed. Dietary fibres are a large constituent of whole grains and cannot be digested in the intestinal tract. They have been shown to lower blood cholesterol levels and blood glucose levels, thereby exerting a protective effect against CVD 69,70. Arabinoxylans are non-starch poly-saccharides, present in both the endosperm and the bran of wheat grains. These fibres have been ascribed antioxidant activity 71 and can improve glycemic control through enhanced insulin sensitivity 70, conveying CVD protective effects. Inulin, an indigestible dietary fibre, serves as a prebiotic, promoting growth of beneficial intestinal bacteria 69. These are important for appropriate digestion of food and also keep dangerous bacteria from growing in the gut that can increase the risk of intestinal cancer 69. β-glucan, a dietary fibre present in the cell wall, is widely acknowledged to lower blood cholesterol 69–71, lower blood pressure and improve insulin resistance 69,70. In reducing these symptoms, β-glucan contributes to a reduction in the risk of developing CVD and type 2 diabetes mellitus 69,70. Amylose and amylopectin are two digestion resistant starches which produce short-chain fatty acids when fermented by intestinal bacteria in the colon 69. These short-chain fatty acids have cancer-protective properties and thus contribute to lowering the risk of colon cancer 69. Carotenoids, phenolics and E vitamins are chemicals with antioxidant activity which may provide protection against CVD and several cancer types 69. Lastly, phytosterols in whole grains lower LDL-cholesterol levels in the blood, while leaving HDL-cholesterol levels unaffected 71. In conventional grain products which contain refined grains, the nutrients missing because of removal of the bran and germ are often replaced by dietary supplements. These have been shown to be less biologically active and so do not exert the same beneficial health effects as whole grains 71.
The increased use of whole grains in food products brings with it a negative consequence too. The high fibre, and particularly asparagine, content of these products means that there is also increased acrylamide formation, a substance that poses several health risks, when the grains are heat processed. In conventional food processing the acrylamide content can be lowered using certain additives. These additives are not allowed in organic processing however, posing a challenge for the organic processing industry to develop safe minimal processing methods for grains 25. Experimental animal research has indicated that exposure to acrylamide leads to neurotoxicity and reproductive toxicity. These risks are encountered at higher doses than people are exposed to through dietary ingestion, but do pose a threat through occupational exposure 72. The evidence implicating acrylamide as a genotoxic carcinogen is sufficient, with research in rats showing an increase in thyroid gland adenoma, testicular tumours, mammary gland tumours and central nervous system tumours upon dietary ingestion of acrylamide 72. Epidemiologic research in humans has not supported the findings in rats. Although some studies suggest an increased risk of endometrial cancer, serous cancer 73 and renal cell cancer 74, meta-analyses of the available studies show a consistent lack of evidence for association between acrylamide and most cancer types 75–77. The exception is renal cell cancer, for which the meta-analyses advise further research. Several food safety authorities regard acrylamide likely to be a human carcinogen however, warranting the development of safe processing methods for grains in the organic industry.
Gluten-free food products are an important part of dietary treatment for patients suffering from coeliac disease and non-coeliac gluten sensitivity 78,79. Due to the restriction of processing methods allowed in organic processing, the production of organic gluten-free products is very challenging and availability of these products is lacking 25. The ingestion of gluten by patients with coeliac disease or gluten sensitivity will lead to inflammation of the small intestine, a reduced ability to digest and absorb nutrients, and even secondary afflictions such as infertility, osteoporosis or malignancies 78,79. Exclusion of gluten from the diet is the primary way of treatment and will alleviate all symptoms completely 78 and lead to better psychological wellbeing and quality of life 79. Symptoms will reappear upon reintroduction of gluten into the diet. Some gluten sensitive individuals can consume spelt bread, which is available in the organic range but is not completely gluten-free. The development of organic gluten-free products is unavoidable to allow coeliac disease and gluten-intolerant patients to sustain an organic diet.
Milk and dairy products
The minimal processing and additive use strived after in organic food production poses particular challenges in the dairy sector. In conventional processing heat treatment and dehydration are imperative to ensure long shelf life of dairy products, and the use of additives and several more processing methods are central to producing a wide range of dairy product varieties like cheese, yoghurt, milk powder and butter. With the growth of the organic market, consumers no longer make do with a limited product range and short shelf life and expect products equivalent to what can be found in the conventional dairy sector. This has challenged the organic industry to develop production methods that respect the organic philosophy of naturalness, healthfulness and minimal processing, but still allow for the extension of product lines and prolongation of shelf life. Legislative evaluation of minimal processing methods for the organic dairy sector is scarce, with only genetic engineering and ionizing radiation having been prohibited for use 25. Methods that have been put forward as appropriate for the organic industry are ultrafiltration, pulsed electric fields (PEF) and homogenisation. Ultrafiltration uses a membrane filter that removes microorganisms, but allows sugars and proteins to pass through, sterilizing the dairy while retaining the nutrients. The PEF method sterilizes milk by passing electric pulses through the dairy at a slightly elevated temperature, inactivating microorganisms, but leaving nutrients largely unaffected. Homogenisation breaks the fat droplets into smaller droplets, making sure the milk does not separate into a fat- and water-phase, when storing it over time.
Pasteurisation (heat treatment) is conventionally used for the inactivation of microorganisms in milk and other foods. The high temperatures used in pasteurisation affect the nutritional value of milk, some vitamins and minerals are lost during this process, resulting in many organic institutions prohibiting pasteurization. Non-thermal alternatives for preservation of dairy products include ultrafiltration, PEF and homogenisation. Results from a study performed by Walkling-Ribeiro et al. show the efficacy of PEF combined with ultrafiltration (‘cold pasteurisation’) in inactivating microorganisms and prolonging shelf life 80. Compared with conventional pasteurisation, ultrafiltration and PEF alone achieved slightly lower inactivation levels. When ultrafiltration and PEF were combined however, the microbial inactivation was as effective (first ultrafiltration, then PEF) or even more effective (first PEF, then ultrafiltration) than conventional pasteurisation. Achieved shelf life stability for combined PEF and ultrafiltration were comparable to that of conventional pasteurisation. Together, these results make ‘cold pasteurisation’ a viable alternative for the organic processing of milk and dairy products with minimal impact on nutritional quality and maximal safety. A review by Sampedro et al. on the microbial inactivation efficacy of PEF supports the above results, citing a host of studies that show the effect of PEF on individual strains of microorganisms 81. In the Netherlands unpasteurised milk is not allowed to be sold away from the farm 82, so a change in national legislation would be necessary to allow alternative ‘cold pasteurisation’ for organic milk. Cheese and other processed dairy products made from unpasteurised milk are allowed to be sold 82, posing a direct opportunity for the implementation of ‘cold pasteurisation’ in the Dutch organic dairy industry.
In conventional processing of cheese and clotted milk, sorbates are used as preservatives 27; their antioxidant activity prevents the growth of moulds. As discussed above, sorbates have genotoxic characteristics and have been implicated in the pathogenesis of asthma and allergies. Their preserving role is substituted for in organic dairy processing by lowering the pH and increasing the sugar or salt level 25. Both added sugar and added salt contribute negatively to health, as described above. The question remains which is the lesser of two evil: sorbate or added sugar and/or salt. 
Meat and meat products
Similar to dairy products, the minimal processing of meat poses particular challenges in the area of food safety. Meat is inherently sensitive to oxidation and chemical degradation, and attracts microorganisms which pose health threats. In conventional processing safety of meat and meat products can be ensured with the use of preservatives like nitrite. In organic processing, nitrite use for meat production is still allowed at this time because good alternatives are scarce. Traditional processing methods like smoking and salt curing are alternatives to preservation by using nitrites 83. For the latter, the benefit to health is questionable, as salt use should be limited as much as possible (as described above).
Organic meat production entails strict rules concerning the treatment of animals; stress inflicting the animals should be kept to a minimum throughout their lives. This can be attained by limiting the number of animals kept in the same place, not tethering the animals, giving them unlimited free access to pastures, keeping the transport time to a minimum, and not letting the animal suffer at any time (including during slaughter) 11. Animals that do experience stress produce stress-hormones like cortisol and adrenaline that reduce the meat quality 25. The meat can become soft, pale and exudative (PSE meat) or dark, firm and dry (DFD meat), both of these are of lower quality. Some popular media state that this lower quality meat has detrimental health effects, increasing the risk of chronic diseases like CVD  and diabetes, and organic meat that does not contain these stress hormones is thus healthier 84. To the best of my knowledge, there is no scientific evidence for such claims. A scientifically based link can be made between stress in farm animals and the immune system. Stress hormones produced in farm animals that experience stress can interfere with the immune response against pathogens 85. Reducing stress in food-producing animals means they are less prone to infections and need less intervention by antibiotics. Contrary to the conventional meat industry, organic meat producers administer no preventive antibiotics but only administer antibiotics when therapeutically necessary 11. The use of preventive and non-therapeutic (growth-promoting) antibiotics in the conventional meat industry possibly leads to the development of antibiotic resistant pathogens, which could lead to dangerous infections in consumers 86–88. Additionally, antibiotic residues in consumed meat can lead to adverse health effects in consumers, like allergic reactions and disturbance of intestinal flora 89,90. These effects are not observed at levels below the maximum residue levels (MLRs), but accidental acceding of these levels could result in public health problems.
Fruits, vegetables and related products
Juices made from fruits or vegetables are not allowed to be heated to high temperatures for preservation according to EC organic legislation. The heating of juices will reduce the content of vitamins, which does not align with the ideal of minimal and careful processing. An alternative for preservation of juices is fermentation by lactic acid bacteria (LAB). A study performed by Filannino et al. showed that fermentation of pomegranate juice promotes its nutritional properties 91. Sensory characteristics of the juice (flavour, aroma and colour) were shown to be preferable compared to unfermented pomegranate juice and preservation effect was comparable. The health-promoting effect of the fermented pomegranate juice was ascribed to decreased glucose and fructose content, increased polyphenolic content, antioxidant activity and antimicrobial activity, enhanced modulation of peripheral blood mononuclear cells in vitro (lower inflammation), and inhibition of tumour cell growth in vitro. Preservation of juices using fermentation by LAB can be applied to other fruits as well.
As for the foodstuffs discussed above, heat treatment of fruits and vegetables has detrimental effects on nutritional value, destroying micronutrients (vitamins, minerals, fatty acids, amino acids) and macronutrients (proteins, lipids and carbohydrates) during processing. Non-thermal processing methods have been developed for fruits and vegetables too, including high pressure processing (HPP) and PEF. HPP and PEF can inactivate microorganisms and food spoilage enzymes. A large amount of studies have been performed showing that the preservation and sterilisation capacities of these methods are up to standard, their effect on nutritional qualities have been researched rather less. The studies that have been performed have been reviewed by Sanchez-Moreno et al.92. This review shows that products processed by HPP and PEF are of similar quality to the fresh equivalents. Both HPP and PEF do not significantly affect the vitamin C content of fresh fruits and vegetables and even show an improved retention rate of vitamin C during storage compared to conventional heat pasteurisation. The same holds true for carotenoid levels after processing with HPP and PEF and during storage. HPP even resulted in a higher concentration of extractable carotenoids, contributing to an improved bioavailability. Both HPP and PEF have no significant effect on antioxidant activity of fruits and vegetables and products show better antioxidant activity after these processing treatments than after heat pasteurisation. These improved nutritional values after mild processing by HPP or PEF could heighten the beneficial effects fruits and vegetables are reputed to have on the risk for several chronic diseases like cardiovascular disease and cancer 92.

[bookmark: _GoBack]Discussion
The chapters above give a short overview of possible health effects of organic processed foods. Although some beneficial health effects are apparent, like the use of wholegrain, the effects of other organic processing standards that differ from conventional processing remain unclear. 
The difference in the use of additives between conventional and organic processing is striking. Conventional processing uses more than 500 different additives, among which artificial sweeteners and artificial colourings, where organic processing only allows the use of around 90 different additives. Most importantly, organic processing does not allow the use of any artificial sweeteners or artificial food colourings, which have been frequently associated with the risk of adverse health effects, ranging from allergies and ADHD to several types of cancers. 
Artificial sweeteners were introduced in food production to achieve sweetness in food while eliminating the calories natural sweeteners bring with them. Research has shown, however, that these artificial sweeteners do not satiate the taste for sweetness and, more importantly, do not contribute to weight loss 29. Seeing that artificial sweeteners do not solve the problem they were thought to, and they have been linked repeatedly to disease development, it seems plausible from a health perspective that their use has been banned from organic food production. Artificial colourings have been implicated predominantly in the development of ADHD among food sensitive children. Both artificial colourings and artificial sweeteners are used only for sensory purposes[footnoteRef:2], raising the question what we think is more important: healthful food or sensory pleasing food? Obviously, health effects of eating should not be the only concern, enjoying food is also of importance. However, perhaps we should balance the two more carefully and not choose food for its vibrant colours and low calorie sweetness, while disregarding its health effects.
Where natural sweeteners are concerned, currently no content maximums are included neither in EC legislation nor in IFOAM standards. Research shows that 8% of total energy intake of US adolescents is accounted for by sweetened beverages 43. Even in the Netherlands, statistics show that children below the age of four consume mostly sweetened beverages instead of water 93. The ingestion of added sugar is not the only factor in the development of chronic diseases like diabetes and obesity. High sugar consumers often also have other lifestyle patterns that contribute, e.g. smoking and low physical activity levels 43. However, sweetness is an addictive taste and the high consumption of added sugar in adolescence can lead to habituation. The limitation of added natural sweeteners in organic food processing could therefore prove to be a valuable addition to improving healthfulness of organic processed food compared to conventional processed food. The same holds true for added salt, for which there are also currently no content limitations. The ingestion of salt is a considerable problem worldwide, contributing to a host of conditions like CVD and hypertension. Limiting the ingestion of salt worldwide could be aided by a legal limitation of salt use in organic food processing. 
Nitrates and nitrites are restricted for use in organic processing to only meat production, which means consumers are exposed to them to a limited extent. Nitrites and nitrates are needed in the human body as precursors to NO, an important signalling molecule. However, fruits and vegetables are rich sources of nitrites and nitrates already, raising the question whether we need extra nitrites and nitrates from additive origin.
EC legislation concerning processing methods allowed in organic food production is rather vague, not naming the precise methods which are or are not allowed, but giving a more general guideline of ‘careful’ processing. Organic institutions, like IFOAM, have their own practical standards, which can be followed by producers, but these differ between institutions, so it is no always clear which methods can or cannot be used.
The use of whole grains is a common standard among all organic institutions. Wholegrain products contain more nutrients (fibres, vitamins, minerals and proteins) than refined grain products, which contain predominantly carbohydrates. Whole grains have been proven to be protective against CVD, stroke, diabetes and several types of cancer. Whole grains are widely accepted as being a healthy food, as is shown in a survey by Decision Analyst of what foods Americans view as most healthy. Wholegrain was at the top of the list in the survey, being picked as one of the products that offers the highest health benefits by 59.5% of participants 94. Even so, Americans still do not consume enough whole grain products, with only 11% of the total grains consumed in 2008 being wholegrain 95. The Whole Grains Council advises that at least half of the grains consumed by individuals should be whole grains, indicating there is still a long way to go for most people. With organic grain products always being whole grain, the consumption of organic food would make the Whole Grains Council’s advice easily achievable. The use of wholegrain in organic minimal processing brings with it the formation of acrylamide, a compound that can lead to neurotoxicity and reproductive toxicity. There is a clear need to develop safe minimal processing methods. 
The dairy industry has developed a few minimal processing methods to replace the conventional processing methods that negatively influence nutritional value of dairy. These methods (PEF, homogenisation and ultrafiltration) have been shown to be effective for preservation and sterilisation of dairy, while leaving nutrient content unaffected.
Clearly, the organic industry has several challenges ahead to continue to provide a wide range of products that are safe and nutritious and also comply with consumer demand. The processing methods used are continually in progress, new technologies are developed and old technologies are modified to meet new requirements. In the organic sector these developments are always carried out with care for the human and environmental health as a primary concern. However, consumers expect organic products to have the same sensory qualities and shelf life as conventional products. The question arises whether it is possible to produce food with the exact same characteristics when using very different production approaches. Perhaps consumers should be educated about the limitations of minimal processing and helped to accept differences in sensory quality (e.g. greyer meat colour when nitrites and nitrates are not used) and reduced shelf life. Additionally, when organic food products become part of a generally healthier lifestyle, the need for certain products may diminish. Making all conventional products available in the organic range, even products like soda drinks and potato crisps, likely does not fit the aim of the organic philosophy. As it is apparent that heavy organic users are often more health conscious than nonusers, also in their product choice, the question arises whether the organic product range should be matched to the conventional product range. 
As the organic industry gains market share, it is important to increase the knowledge base on health properties of organic food. Especially since consumers seem to choose organic food predominantly based on its alleged beneficial health effects. It is apparent from the paragraphs above that knowledge is lacking in certain fields and results of performed studies are often inconclusive. As processed foods are increasingly becoming available in the organic sector, more research must be performed to clarify the effects of minimal additive use and minimal processing methods on the nutritional quality and safety of food products.
The definition of health should also be kept more in mind when assessing the health effects of organic (and conventional) food. The paragraphs above have focused solely on the physical side of health, looking only at the effect of additives and processing methods on development of specific diseases. Research shows that consumers of organic food often report that the consumption of food that is aimed to be healthier for both the body and the environment is a boost for psychological health also, described as feelings of satisfaction and meaningfulness 1. Rather than seeing food only as a means to nourish the body, i.e. a medicalization of food, the enjoyment of food should also keep a prominent place in the development of the organic sector. [2:  The sensory qualities of food products include their qualities in taste, smell, consistency and appearance.] 


Acknowledgement
This thesis was written under the kind supervision of Lucy van de Vijver, senior researcher Food Quality & Health at the Louis Bolk Institute in Driebergen-Rijsenburg, and Mirianne Bol-Schoenmakers, researcher at the Immunotoxicology department of the Institute for Risk Assessment Science at Utrecht University.

References
1.	Schösler, H., De Boer, J. & Boersema, J. J. The Organic Food Philosophy: A Qualitative Exploration of the Practices, Values, and Beliefs of Dutch Organic Consumers Within a Cultural–Historical Frame. Journal of Agricultural and Environmental Ethics 26, 439–460 (2013).
2.	International Federation of Organic Agriculture Movements The IFOAM norms for organic production and processing, version 2012. (2012).
3.	Van de Vijver, L. P. L. & Van Vliet, M. E. T. Health effects of an organic diet--consumer experiences in the Netherlands. Journal of the Science of Food and Agriculture 92, 2923–7 (2012).
4.	Williams, C. M. Nutritional quality of organic food: shades of grey or shades of green? Proceedings of the Nutrition Society 61, 19–24 (2002).
5.	Bourn, D. & Prescott, J. A Comparison of the Nutritional Value , Sensory Qualities , and Food Safety of Organically and Conventionally Produced Foods. Critical Reviews in Food Science and Nutrition 42, 1–34 (2002).
6.	Dangour, A. D. et al. Nutrition-related health effects of organic foods : a systematic review. American Journal of Clinical Nutrition 92, 203–210 (2010).
7.	Dangour, A. D. et al. Nutritional quality of organic foods : a systematic review. American Journal of Clinical Nutrition 90, 680–685 (2009).
8.	Smith-spangler, C. et al. Are Organic Foods Safer or Healthier Than Conventional Alternatives? A systematic Review. Annals of Internal Medicine 157, 348–366 (2012).
9.	Committee on Toxicity Risk Assessment of Mixtures of Pesticides and Similar Substances. (2002).
10.	Heinze, K. Organic as motor of the economy. Oneco, Organic News Community (2011).at <http://oneco.biofach.de/en/news/organic-as-motor-of-the-economy--focus--03b4f9ba-ad50-45be-b5e9-49339dd2a03c/>
11.	Council of the European Union Council Regulation (EC) No 834/2007 of 28 Juni 2007 on organic production and labelling of organic products and repealing Regulation (EEC) No 2092/91. 2007, (Council of the European Union: 2007).
12.	Kretzschmar, U. & Schmid, O. Quality and safety aspects of organic and low-input food processing: Results of a Delphi survey from an expert consultation in 13 European countries. NJAS - Wageningen Journal of Life Sciences 58, 111–116 (2011).
13.	Skal Biocontrole Verordening (EG) nr. 889/2008 van de commissie van 5 september 2008, versie Skal augustus 2012. (Skal Biocontrole: 2012).
14.	Skal, V. Verordening (EG) Nr. 834/2007 van de raad van 28 juni 2007. 2007, 1–38 (2009).
15.	Krarup, S., Christensen, T. & Denver, S. Are Organic Consumers Healthier than Others ? 16th IFOAM Organic World Congress, Modena Italy (2008).
16.	Oates, L., Cohen, M. & Braun, L. Characteristics and consumption patterns of Australian organic consumers. Journal of the science of food and agriculture 92, 2782–7 (2012).
17.	World Health Organization Preamble to the Constitution of the World Health Organization as adopted by the International Health Conference, New York, 19-22 June, 1946; signed on 22 July 1946 by the representatives of 61 states (Official Records of the World Health Organization, no. (1948).
18.	Huber, M. et al. How should we define health? BMJ 343, d4163–d4163 (2011).
19.	Wallinga, D. Our Unhealthy Food System - Why physicians’ voices are critically needed. Minnesota Medicine (2012).at <www.minnesotamedicine.com/PastIssues/December2012/ourunhealthyfoodsystem.aspx>
20.	Putnam, J., Allshouse, J. & Kantor, L. S. U.S. Per Capita Food Supply Trends: More Calories, Refined Carbohydrates, and Fats. Food Review (the Magazine of Food Economics) 25, 2–15 (2002).
21.	Drewnowski, A. The real contribution of added sugars and fats to obesity. Epidemiologic reviews 29, 160–71 (2007).
22.	Hiza, H. A. B., Casavale, K. O., Guenther, P. M. & Davis, C. A. Diet quality of Americans differs by age, sex, race/ethnicity, income, and education level. Journal of the Academy of Nutrition and Dietetics 113, 297–306 (2013).
23.	Tritscher, A. M. Human health risk assessment of processing-related compounds in food. Toxicology letters 149, 177–86 (2004).
24.	Van Boekel, M. et al. A review on the beneficial aspects of food processing. Molecular Nutrition & Food Research 54, 1215–47 (2010).
25.	Beck, A. et al. Analysis of the Current State of Knowledge of the Processing and Quality of Organic Food , and of Consumer Protection. (2012).
26.	Ngadi, M. O., Bajwa, S. S. S. & Alakali, J. Minimally Processed Foods. Food Biochemistry and Food Processing 746–763 (2012).
27.	Council of the European Union REGULATION (EC) No 178/2002 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 28 January 2002 laying down the general principles and requirements of food law, establishing the European Food Safety Authority and laying down procedures in matters of food saf. (Council of the European Union: 2002).
28.	Council of the European Union Verordening 889/2008 - bijlage VIII. Official Journal of the European Union 1–6 (Council of the European Union: 2008).
29.	Bellisle, F. & Drewnowski, a Intense sweeteners, energy intake and the control of body weight. European journal of clinical nutrition 61, 691–700 (2007).
30.	Whitehouse, C. R., Boullata, J. & McCauley, L. A. The potential toxicity of artificial sweeteners. AAOHN journal : official journal of the American Association of Occupational Health Nurses 56, 251–9 (2008).
31.	Soffritti, M., Belpoggi, F., Tibaldi, E., Esposti, D. D. & Lauriola, M. Life-span exposure to low doses of aspartame beginning during prenatal life increases cancer effects in rats. Environmental health perspectives 115, 1293–7 (2007).
32.	Schernhammer, E. S. et al. Consumption of artificial sweetener – and sugar-containing soda and risk of lymphoma and leukemia in men and women. The American Journal of Clinical Nutrition 96, 1419–1428 (2012).
33.	Abhilash, M., Paul, M. V. S., Varghese, M. V & Nair, R. H. Effect of long term intake of aspartame on antioxidant defense status in liver. Food and Chemical Toxicology 49, 1203–7 (2011).
34.	Abhilash, M., Sauganth Paul, M. V, Varghese, M. V & Nair, R. H. Long-term consumption of aspartame and brain antioxidant defense status. Drug and Chemical Toxicology 36, 135–40 (2013).
35.	Magnuson, B. a et al. Aspartame: a safety evaluation based on current use levels, regulations, and toxicological and epidemiological studies. Critical reviews in toxicology 37, 629–727 (2007).
36.	Advisory Forum of the European Food Safety Authority REPORT OF THE MEETINGS ON ASPARTAME WITH NATIONAL EXPERTS. ON-1641 Noted at the 36th Advisory FOrum Meeting May 19-20, (2010).
37.	Qin, X. Food additives: possible cause for recent remarkable increase of inflammatory bowel disease in children. Journal of pediatric gastroenterology and nutrition 54, 564 (2012).
38.	Arnold, D. L. Two-generation saccharin bioassays. Environmental health perspectives 50, 27–36 (1983).
39.	Health Canada Food and Nutrition - Sugar Substitutes. (2010).at <http://www.hc-sc.gc.ca/fn-an/securit/addit/sweeten-edulcor/index-eng.php>
40.	Bandyopadhyay, A., Ghoshal, S. & Mukherjee, A. Genotoxicity testing of low-calorie sweeteners: aspartame, acesulfame-K, and saccharin. Drug and Chemical Toxicology 31, 447–57 (2008).
41.	Mukherjee, A. & Chakrabarti, J. In vivo cytogenetic studies on mice exposed to acesulfame-K--a non-nutritive sweetener. Food and chemical toxicology 35, 1177–9 (1997).
42.	Stanhope, K. L. Role of fructose-containing sugars in the epidemics of obesity and metabolic syndrome. Annual review of medicine 63, 329–43 (2012).
43.	Drewnowski, A. & Bellisle, F. Liquid calories, sugar, and body weight. The American journal of clinical nutrition 85, 651–61 (2007).
44.	Malik, V. S., Willett, W. C. & Hu, F. B. Global obesity: trends, risk factors and policy implications. Nature reviews. Endocrinology 9, 13–27 (2013).
45.	Dulloo, a G., Eisa, O. a, Miller, D. S. & Yudkin, J. A comparative study of the effects of white sugar, unrefined sugar and starch on the efficiency of food utilization and thermogenesis. The American journal of clinical nutrition 42, 214–9 (1985).
46.	Leake, L. Real food tips: 7 reasons I hate artificial food dyes. (2012).at <http://www.100daysofrealfood.com/2012/03/13/real-food-tips-7-reasons-i-hate-artificial-food-dyes/>
47.	Kobylewski, S. & Jacobson, M. F. Food Dyes - A Rainbow of Risks. (2010).
48.	Arnold, L. E., Lofthouse, N. & Hurt, E. Artificial food colors and attention-deficit/hyperactivity symptoms: conclusions to dye for. Neurotherapeutics 9, 599–609 (2012).
49.	Nigg, J. T., Lewis, K., Edinger, T. & Falk, M. Meta-analysis of attention-deficit/hyperactivity disorder or attention-deficit/hyperactivity disorder symptoms, restriction diet, and synthetic food color additives. Journal of the American Academy of Child and Adolescent Psychiatry 51, 86–97 (2012).
50.	Sonuga-Barke, E. J. S. et al. Nonpharmacological interventions for ADHD: systematic review and meta-analyses of randomized controlled trials of dietary and psychological treatments. The American journal of psychiatry 170, 275–89 (2013).
51.	Ferrer, Á., Marco, F. M., Andreu, C. & Sempere, J. M. Occupational asthma to carmine in a butcher. International archives of allergy and immunology 138, 243–50 (2005).
52.	Lucas, C. D., Hallagan, J. B. & Taylor, S. L. The role of natural color additives in food allergy. Advances in food and nutrition research 43, 195–216 (2001).
53.	Mäkinen-Kiljunen, S. & Haahtela, T. Eight Years of Severe Allergic Reactions in Finland - A Register-Based Report. World Allergy Organization Journal 184–189 (2008).
54.	Milkowski, A., Garg, H. K., Coughlin, J. R. & Bryan, N. S. Nutritional epidemiology in the context of nitric oxide biology: a risk-benefit evaluation for dietary nitrite and nitrate. Nitric Oxide 22, 110–9 (2010).
55.	Freedman, B. J. Sulphur dioxide in foods and beverages: its use as a preservative and its effect on asthma. British Journal of Diseases of the Chest 74, 128–134 (1980).
56.	Vally, H., Misso, N. L. A. & Madan, V. Clinical effects of sulphite additives. Clinical and experimental allergy 39, 1643–51 (2009).
57.	Ritz, E., Hahn, K., Ketteler, M., Kuhlmann, M. K. & Mann, J. Phosphate additives in food--a health risk. Deutsches Ärzteblatt international 109, 49–55 (2012).
58.	Sherman, R. A. & Mehta, O. Phosphorus and potassium content of enhanced meat and poultry products: implications for patients who receive dialysis. Clinical journal of the American Society of Nephrology 4, 1370–3 (2009).
59.	Sinha, R., Cross, A. J., Graubard, B. I. & Leitzmann, M. F. Meat intake and mortality: a prospective study of over half a million people. Archives of Internal Medicine 169, 562–571 (2009).
60.	Genton, C., Frei, P. C. & Pécoud, a Value of oral provocation tests to aspirin and food additives in the routine investigation of asthma and chronic urticaria. The Journal of allergy and clinical immunology 76, 40–5 (1985).
61.	World Health Organization Concise International Chemical Assessment Document 26 BENZOIC ACID AND SODIUM BENZOATE. (2005).
62.	Zaknun, D., Schroecksnadel, S., Kurz, K. & Fuchs, D. Potential role of antioxidant food supplements, preservatives and colorants in the pathogenesis of allergy and asthma. International archives of allergy and immunology 157, 113–24 (2012).
63.	Würgler, F. E., Schlatter, J. & Maier, P. The genotoxicity status of sorbic acid, potassium sorbate and sodium sorbate. Mutation Research 283, 107–111 (1992).
64.	Lee, L. M. Top 10 foods with the lowest sodium content. Yahoo Voices (2010).at <http://voices.yahoo.com/top-10-foods-lowest-sodium-content-5335973.html?cat=5>
65.	He, F. J. & MacGregor, G. A. Reducing population salt intake worldwide: from evidence to implementation. Progress in cardiovascular diseases 52, 363–82 (2010).
66.	Commission of the European Communities Commission Regulation (EC) No 889/2008 of 5 September 2008 laying down detailed rules for the implementation of Council Regulation (EC) No 834/2007 on organic production and labelling of organic products with regard to organic production, labelling and co. 16, (2008).
67.	Kristensen, M. et al. Wholegrain vs. refined wheat bread and pasta. Effect on postprandial glycemia, appetite, and subsequent ad libitum energy intake in young healthy adults. Appetite 54, 163–9 (2010).
68.	Isaksson, H., Sundberg, B., Aman, P., Fredriksson, H. & Olsson, J. Whole grain rye porridge breakfast improves satiety compared to refined wheat bread breakfast. Food & nutrition research 52, 1–7 (2008).
69.	Borneo, R. & León, A. E. Whole grain cereals: functional components and health benefits. Food & function 3, 110–9 (2012).
70.	Bernstein, A. M., Titgemeier, B., Kirkpatrick, K., Golubic, M. & Roizen, M. F. Major cereal grain fibers and psyllium in relation to cardiovascular health. Nutrients 5, 1471–87 (2013).
71.	Siurek, B., Rosicka-Kaczmarek, J. & Nebesny, E. Bioactive compounds in cereal grains - occurrence, structure, technological significance and nutritional benefits - a review. Food science and technology international 18, 559–68 (2012).
72.	Lineback, D. R., Coughlin, J. R. & Stadler, R. H. Acrylamide in foods: a review of the science and future considerations. Annual review of food science and technology 3, 15–35 (2012).
73.	Wilson, K. M., Mucci, L. a, Rosner, B. a & Willett, W. C. A prospective study on dietary acrylamide intake and the risk for breast, endometrial, and ovarian cancers. Cancer epidemiology, biomarkers & prevention 19, 2503–15 (2010).
74.	Hogervorst, J. G., Schouten, L. J., Konings, E. J., Goldbohm, R. A. & Van den Brandt, P. A. Dietary acrylamide intake and the risk of renal cell, bladder, and prostate cancer. American Journal of Clinical Nutrition 87, 1428–1438 (2008).
75.	Lipworth, L., Sonderman, J. S., Tarone, R. E. & McLaughlin, J. K. Review of epidemiologic studies of dietary acrylamide and intake and the risk of cancer. European Journal of Cancer Prevention 21, 375–86 (2012).
76.	Hogervorst, J. G. F. et al. The carcinogenicity of dietary acrylamide intake : A comparative discussion of epidemiological and experimental animal research. Critical Reviews in Toxicology 40, 485–512 (2010).
77.	Pelucchi, C., La Vecchia, C., Bosetti, C., Boyle, P. & Boffetta, P. Exposure to acrylamide and human cancer--a review and meta-analysis of epidemiologic studies. Annals of oncology : official journal of the European Society for Medical Oncology / ESMO 22, 1487–99 (2011).
78.	See, J. & Murray, J. A. Gluten-Free Diet: The Medical and Nutrition Management of Celiac Disease. Nutrition in Clinical Practice 21, 1–15 (2006).
79.	Aziz, I. & Sanders, D. S. Emerging concepts: from coeliac disease to non-coeliac gluten sensitivity. The Proceedings of the Nutrition Society 71, 576–80 (2012).
80.	Walkling-Ribeiro, M., Rodríguez-González, O., Jayaram, S. & Griffiths, M. W. Microbial inactivation and shelf life comparison of “cold” hurdle processing with pulsed electric fields and microfiltration, and conventional thermal pasteurisation in skim milk. International journal of food microbiology 144, 379–86 (2011).
81.	Sampedro, F., Rodrigo, M., Martínez, A., Rodrigo, D. & Barbosa-Cánovas, G. V. Quality and safety aspects of PEF application in milk and milk products. Critical reviews in food science and nutrition 45, 25–47 (2005).
82.	Ministerie van volksgezondheid welzijn en sport Warenwetbesluit hygiëne van levelsmiddelen. BWBR0018823 (2005).at <http://wetten.overheid.nl/BWBR0018823/geldigheidsdatum_12-06-2013#>
83.	Schmid, O., Beck, A. & Kretzschmar, U. Underlying principles in organic and “ Low-Input Food ” Processing - Literature Survey. 1, (2006).
84.	Falcon, D. Hormones in animals and meat quality. Nutrition and Dieting on steadyhealth.com (2012).at <http://www.steadyhealth.com/articles/Hormones_In_Animals_And_Meat_Quality_a2217.html?show_all=1>
85.	Salak-Johnson, J. L. & McGlone, J. J. Making sense of apparently conflicting data: stress and immunity in swine and cattle. Journal of animal science 85, E81–8 (2007).
86.	Marshall, B. M. & Levy, S. B. Food animals and antimicrobials: impacts on human health. Clinical microbiology reviews 24, 718–33 (2011).
87.	Phillips, I. et al. Does the use of antibiotics in food animals pose a risk to human health? A critical review of published data. The Journal of antimicrobial chemotherapy 53, 28–52 (2004).
88.	Landers, T. F., Cohen, B., Wittum, T. E. & Larson, E. L. A review of antibiotic use in food animals: perspective, policy, and potential. Public health reports 127, 4–22 (2012).
89.	Berends, B. R., Van den Bogaard, A. E. J. M., Van Knapen, F. & Snijders, J. M. A. Veterinary public health : Human health hazards associated with the administration of antimicrobials to slaughter animals - Part I. An assessment of the risk of residues of tetracyclines. Veterinary Quarterly 23, 2–10 (2001).
90.	Paige, J. C., Tollefson, L. & Miller, M. Public health impact on drug residues in animal tissues. Veterinary and Human toxicology 39, 162–9 (1997).
91.	Filannino, P. et al. Exploitation of the health-promoting and sensory properties of organic pomegranate (Punica granatum L.) juice through lactic acid fermentation. International journal of food microbiology 163, 184–92 (2013).
92.	Sánchez-Moreno, C., De Ancos, B., Plaza, L., Elez-Martínez, P. & Cano, M. P. Nutritional approaches and health-related properties of plant foods processed by high pressure and pulsed electric fields. Critical reviews in food science and nutrition 49, 552–76 (2009).
93.	Peuters drinken nog vooral zoete drankjes. Nu.nl (2013).at <http://www.nu.nl/gezondheid/3498464/peuters-drinken-nog-vooral-zoete-drankjes.html>
94.	Decision Analyst Americans believe whole grains are healthiest foods, Decision Analyst study shows. (2008).at <http://www.decisionanalyst.com/publ_data/2008/Food.dai>
95.	Whole grains council Make Half Your Grains Whole Conference - Are We There Yet ? Measuring Progress on Making At Least Half Our Grains Whole. 1–19 (2009). 

21

