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    PREFACE




    


    


    


    


    


  




  

    There is an exponential use of food additives, especially processed food, due to the impressive world population growth, changes in lifestyle patterns and demand for high-quality standards including nutritious, safe, colourful, flavourful, affordable and convenient food. Although it is common to add additives to food, it is highly controversial due to the relation of some additives to adverse health effects. This is especially relevant concerning synthetic additives.




    This book assesses food additives to be a valuable tool for their rational and safe use. It provides insight into the impact of food additives on human health in the light of recent scientific information. This book is a valuable instrument for researchers, health professionals, students, laypeople, industry and government regulatory agencies.




    The book is composed of 16 chapters. Chapters 1 and 2 give out an introduction to food additives. Chapter 1 is dedicated to the background of food additives and their advantages and drawbacks and chapter 2 focuses on Human Health implications of specific groups of food additives. Chapters 3 to 13 are related to different sub-groups of food additives, including preservatives (antibrowning agents, antioxidant agents, antimicrobials and essential oils), natural and synthetic colouring agents, flavouring agents (flavour enhancers, flavours and sweeteners), emulsifiers, stabilisers and indirect additives. When possible, chapters 3 to 13 include information on the intended use of the sub-group of food additives, physicochemical properties of the main representatives of the group, legislation, origin/synthesis, maximum levels, toxicological data and positive/adverse health effects.




    Chapter 14 is dedicated to the relation of food additives to adverse health effects, including allergic and immunologic reactions, asthma, autoimmune diseases, cancer, diabetes, hyperkinesis and cardiovascular diseases. Chapter 15 addressed technologies applied to functional foods and food ingredients. Finally, the controversies on food additives are discussed in chapter 16 and foresight is presented.




    We are aware of other food additives that could have been addressed, like nutritional additives. We look forward to this edition being well received and that in the future, other food additives can be addressed.
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      Abstract




      Food additives have been used since primordial times. They are the most important to impart artificial flavors and improve the quality of food and drinks. The earliest record in the history of adding additives to food dates back to Ancient Egyptian papyri circa 1500 BC. Food additives are added to food during preparation, processing manufacturing, treatment or packaging to modify chemical, biological, sensory or physical characteristics, and most of them do not have any nutritional value. They play a very important role as colorants, preservatives, antioxidants, acidity regulators, thickeners, stabilizers, emulsifiers, anti-caking agents and flavor enhancers. In addition, the demand of food additives in the food processing industries has sharply increased due to consumers’ preferences and commercial advantage they provide to the manufactured food because of longer shelf-life, standardized composition and convenience in processing. Dietary fibers play a vital role in weight management, diabetes, immune regulation, promoting dental health, colonic health, cardiovascular disease prevention and functions as dietary fiber and also support digestion in both animals and human beings. On the other hand, the use of food additives has been criticized for multiple health impacts such as cancer, asthma, allergies, and behavioral disorders in children. Therefore, regulatory authorities and law enforcement agencies have passed strict laws regarding food additives' approval and control. Nevertheless, in the last few decades, the food science and technology has swiftly advanced, resulting in an increased number and variety of food additives. Moreover, the quality and safety of food additives have developed as well.
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      INTRODUCTION




      Food additives are added to food during preparation, processing, manufacturing, treatment or packaging to modify chemical, biological, sensory or physical characteristics, and most of them do not have any nutritional value [1]. In the last few decades, changes in food technology and dietary pattern have brought about increased development and consumption of various processed food items. Food additives have become crucial in satisfying consumer demand [2]. The European regulation (EC) No. 1333/2008, defines food additives as any substance not normally consumed as a food itself but is utilized for a technological purpose, e.g. preservation. This regulation comprises 26 categories of food additives, which fall mainly into two categories based on their purpose: (I). Safety and prevention of the degradation of food by bacteria, oxidation or chemical reactions and/or (II). Improvement of the taste, appearance or mouth-feel of the product [3, 4]. In addition to their basic functions, food additives are used as non-nutritive sweeteners to replace sugar in food, thus minimizing the risk of dental decay and reducing the energy content of the food. In food industries, additives are quite important for producing a variety of consistently nutritious, safe and appealing products [3]. Maintaining the standards of safety, selection and convenience of processed food products is unthinkable without food additives [2]. Besides, the basic principle of additive use is safety, hence, prior to its approval for use; an additive must fulfill the toxicological evaluation requirements, considering any synergistic, cumulative and protective effects resulting from its use [1]. As a result, the acceptable maximum permitted levels have been set by authorities, but there are variations among countries. For instance, in the European Union, the daily intake threshold values of authorized food additives are listed in the annexes of council directives [5].




      Improving the taste of food products via flavoring additives that can enhance or provide flavor and aroma without any nutritional value is a common practice. These flavoring agents are classified based on their sources as natural, synthetic nature-identical and synthetic artificial. Their chemical composition is complex and consists of various classes of compounds like antioxidants, preservatives, defoamers, emulsifiers, diluents, flavor enhancers, stabilizers, dyes, acidity regulators, anti-caking agents, and solvents used for the purpose of extraction and processing [6]. The other important feature of food additives is providing a desired appearance to the food item. Dyes are a group of food additives that are used in a wide variety of foods to enhance their appearance [7]. In this regard, natural colors such as chlorophyll, saffron, caramel, β-carotene, and annatto and synthetic colorants like tartrazine, ponceau 4R, permitted organic synthetic dyes, allura red, Brilliant blue, orange GGN and sunset yellow are the most commonly used colorants. Moreover, synthetic colorants are preferred because of their stability, coloring properties, uniformity and low cost [8]. The US Food and Drug Administration (USFDA) has approved 12 synthetic food colorant additives (referred to as ‘certified’ or ‘FD&C’) which are subject to ‘batch certification’, that requires undergoing chemical analysis at the USFDA laboratory for every batch produced, to confirm the quality and purity standards [9, 10]. Artificial food coloring additives (AFCAs) have been studied for their health effects and are associated with systemic, cognitive, behavioral, and skin related effects. Their action against antioxidative enzymes and endogenous antioxidants in the skin has also been recorded [11].




      The other major and important groups of food additives that serve the protective and safety role in processed food by preventing food degradation by microorganisms, oxidative, and chemical processes are the preservatives and antioxidants. Preservatives are food additives that prolong the shelf life by preventing the biodegradation of food. The ester of p-hydroxybenzoic acid (parabens), sorbic acid, benzoic acid and sulfites are among the most commonly utilized preservatives [7]. Various compounds, some with OH groups, are added to food to prevent degradation due to microorganisms and oxygen, or to improve the color, taste, and aroma. However, the added amount will be considered not to exceed the allowed daily intake value of food additives [12]. Essential oils are commonly used as flavoring agents, nevertheless, their antimicrobial effects against foodborne pathogens have made them a significant source of natural preservatives. Particularly in dry-cured meat products, their use has gained interest in the control of microorganisms [13]. Furthermore, natural antioxidant food additives, which comprise extracts and their diverse ingredients, are extensively used to prevent deterioration due to oxidation and control the quality and safety of processed food [14]. Antioxidants mostly used are synthetic antioxidants such as the propyl gallate (PG), dodecyl gallate (DG), octyl gallate (OG), tert-butyl hydroquinone (TBHQ), butylated hydroxyanisole (BHA) and butylated hydroxytoluene (BHT). In addition, ascorbic acid and its L isomer, and isoascorbic acid, are natural antioxidants particularly used in beverages [7]. However, there is a strict regulation on the use of synthetic antioxidants because of their likely health hazard leading to carcinogenesis and consumers' rejection of synthetic food additives. Besides, only a limited number of natural food additives are available to be used as an alternative to replace the synthetic ones. Thus, the demand for the search of more effective natural antioxidants, their development and use is high among researchers in the area [15].




      Generally, food additives have been utilized to speed up and complement the production process in the contemporary food supply chain. However, every consumer is unavoidably exposed to the potential allergens in the food additives [16]. Although there are thousands of food additives, fairly few have been associated with serious adverse reactions. Some of the additives indicated to have potential adverse reactions are monosodium glutamate, tartarazine, sulphite, salycilate, benzoate, nitrites, aspartame and some colorants [2]. As a matter of fact these additives in food may cause adverse reactions in sensitive individuals with preexisting allergies like hay fever and asthma [5]. Coupled with a significantly increased risk of long-term effects such as cancer, certain consumers have shown acute intolerance and allergic reactions to approximately 200 food additives [17].




      Allergy due to food additives is a widely studied and well-recorded phenomenon [18]. Side effects related to food additives may result in one or more types of health risks [19]. The natural dye cochineal extract, which is obtained from dried female insects of the D. coccus, is hydrophilic, stable to heat and light and changes color with a change in pH without forming sediment. It has been widely used as a food additive but allergic reactions have been reported in relation to its use, probably arising from proteins and peptide contents of the extract [20]. In one study, it is indicated that carmine, a natural food colorant and cochineal extract, plays a role in atopic eczema. Furthermore, carmine-induced occupational asthma and anaphylaxis after consuming carmine containing products have been reported [21]. Additionally, high fructose corn syrup (HFCS), which is a well-refined sweetener and a leading source of calories in the USA, is believed to increase LDL cholesterol level, and the risk of diabetes and obesity. Moreover, the widely used preservatives BHA and BHT, which are added to maintain food color, flavor, and prevent rancidity are liable for the cancer causing reactive compounds in the body [19]. Another notable heterocyclic compound 4(5)-methylimidazole is formed during the thermal processing of food spontaneously via Millard reaction. The 4(5)-methylimidazole, which is commonly found in brown foods such as coffee, backed food, processed sauces, roasted food, beer and soft drinks, has been classified as a carcinogen by the Office of Environmental Health Hazard Assessment (OEHHA) and California Environmental Protection Agency (EPA) [22, 23]. As a result, the European Commission (EC) and the Joint FAO/WHO Expert Committee on Food Additives (JECFA) have recommended limiting class III and IV caramel concentration to 250 mg/kg and 300 mg/kg, respectively [24, 25]. In general, the relevance of food additives used for various purposes in present-day food processing industries is quite obvious. However, their use should be strictly consulted to minimize direct and indirect health hazards.


    




    

      BACKGROUND OF FOOD ADDITIVES




      The earliest record in the history of the addition of additives to food dates back to Ancient Egyptian papyri circa 1500 BC. In addition to adding spices in food to improve the flavor and make it more appealing, the Egyptians also utilized yeast in baking to allow the bread to rise. Later, in the nineteenth century, the invention of a leavening substance containing bicarbonate of soda (E500) replaced yeast. In the last few decades, food science and technology has swiftly advanced, resulting in an increased number and variety of food additives. Currently, there are more than 320 food additives approved for use in the European Union [3, 26, 27]. The dynamics of the human diet have changed significantly since the mid-twentieth century due to a rise in food additives consumption. The basic concern in the approval process of food additives is the idea that they do not lead to acute toxicity at a concentration fairly greater than the approved amount [28]. The Joint FAO/WHO Expert Committee on Food Additives (JECFA) is an international scientific expert committee that is administered jointly by the Food and Agriculture Organization of the United Nations (FAO) and the World Health Organization (WHO). With the primary idea of evaluating the safety of food additives, the JECFA has been conducting meetings since 1956. Currently, the JECFA is responsible for the evaluation of naturally occurring toxicants, contaminants and veterinary drugs in food [25, 29]. Moreover, there are a number of institutions which perform in a similar manner, for instance, the USFDA, the EC and the JECFA, Australia and New Zealand are few among many [3, 4, 10, 25].




      Throughout the history, numerous legislations about the use of food additives have been passed to ensure their safety. Being the first of its kind, the German Beer Purity law of 1516 was enacted in order to control the purity of beer ingredients and substances that could be added to food and beverages. Thenceforth, legislation has been enforced to control the actions of processed food manufacturers and prevent public health threats [3]. With the aim of prolonging shelf life, improving flavor and appearance, food additives have been used for centuries. In 1958, there were only about 800 food additives when the US Congress first g authorized the use of food additives by the USFDA. Since then, the FDA has registered quite a large number of food additives of B class generally recognized as safe (GRAS). Currently, the figure continues to grow faster and there are more than 10,000 food additives in use [19]. In accordance with the US FDA 1958 amendment of food additives, manufacturers are allowed to determine GRAS food additives under the ‘GRAS determination’. Once the GRAS determination is concluded, except in some instances, the producers are not obliged to notify the FDA. However, the agency ruled out this option in 1997 and considered sending a letter to the producers in case there appears an insufficient ground for GRAS determination, whenever the agency disagreed. Later in 2010, the US Government Accountability Office (GAO) inspected the GRAS determination, and recommended that the FDA should minimize the potential for conflicts of interest in companies, GRAS determinations and inquire any company that conducts a GRAS determination to provide the FDA with basic information-as defined by the agency to allow for adequate oversight about this determination [30].




      Furthermore, the Legislation passed by the US Congress in 1958, which is referred to as the Delaney Clause, prohibits the use of any food additive proved to be carcinogenic in any species of animal or humans. However, it has been blamed for being too restrictive with zero tolerance to any level of risk [31]. In addition to the Delaney Clause, various amendments have been made to the Federal Food, Drug, and Cosmetic Act since the 1960’s. The FDA has recently adopted a review of direct food additives to satisfy the demand to obtain better data and to standardize the criteria for acceptability and the testing procedures. Likewise, the JECFA has also recognized the reevaluation or examination of the safety of numerous food additives [32]. On the other hand, the EFSA and JECFA highlighted children as the most vulnerable to the impact related to food additives due to their dietary behavior and the fact that their physiological reactions may differ greatly from adults [33]. In this regard, the EU legislation of food additives, published in October 2008 and enforced in January 2009 (regulation EC No. 1333/2008; and European Commission 2008), insists on labeling any food on sale to indicate food that contains particular food additives (Sunset Yellow, Carmoisine, Tartrazine, Ponceau 4R, Allura Red, and Quinoline Yellow) that it ‘may have an adverse effect on activity and attention in children’ [4, 26, 34]. Besides, the European Commission published Regulation (EU) No [4], which entered into force in June 2013, produced a system for categorizing foods on the basis of Codex Alimentarius General Standard for Food Additives and the maximum allowed level of food additives [33]. Despite the tight regulatory process that rules out most of the potentially harmful food additives, there still exists a small amount of uncertainty. Thus, consumers who are frequently exposed to misleading information might assume that food additives are associated with a high level of risk. Such misconceptions could cause disbelief and a sense of anxiety among the consumers and the producers [2]. Although inappropriate use may result in carcinogenesis or other toxicity, most food additives are regarded as safe for daily uses. Additionally, hyperactivity in children, migraines, asthma, and allergies are adverse reactions often caused by food additives [35]. However, regardless of all these, food additives have been the heart of the global food industry in the last few decades, represented by terms like ‘food is processing’ and ‘agribusiness’. Therefore, food additives that provide a commercial advantage to manufactured food because of longer shelf-life, standardized composition and convenience in the processing are still demanded in the food processing industry [17].


    




    

      ADVANTAGES AND DISADVANTAGES OF FOOD ADDITIVES




      Food additives have been used since primordial times. They are important in order to impart artificial flavors and improve the quality of food and drinks. They play very important roles as they are not food themselves but being colorants, preservatives, antioxidants, acidity regulators, thickeners, stabilizers, emulsifiers, acidity regulators, anti-caking agents and flavor enhancers, they are the major constituents of the food [36, 37].




      Before pondering over the current sufferings and benefits, just have a look on the list of additives, issued by the secretariat of the joint FAO/WHO. They are also given E number by the European Union committee [38, 39].




      

        Groups of Food Additives





        

          	Acids, bases and salts such acetic acid, citric acid, calcium carbonate and sodium chloride.




          	Anti-caking agents such as magnesium carbonate and calcium silicate.




          	Antioxidants and antioxidant synergists such as ascorbic acid and BHA.




          	Carrier solvents such as glycerin and propylene glycol.




          	Colors such as amaranth and tartrazine.




          	Emulsifiers, stabilizers and thickening agents such as lecithin, propylene glycol esters of fatty acids, and modified starches.




          	Enzyme preparations such as rennet.




          	Extraction solvents such as ethanol, ethyl acetate etc.




          	Flavors such as mint flavor (mint oil).




          	Flavors enhancers such as glutamic acid.




          	Flour-treatment agents such as ascorbic acid, chlorine dioxide.




          	Miscellaneous such as mineral oil.




          	Non-nutritive sweeteners such as saccharin.


        




        The major classes of food additives, along with their effects, have been mentioned in Fig. (1). The major purpose of the food additives as acid and alkalis (bases) is to prevent the growth of bacteria and other harmful microbes in food in order to preserve their characteristics as acidity regulators and pH control agents (Fig. 1). Moreover, they are important to increase food’s shelf life. Oxidative stress gives an impression of being responsible for numerous human disorders; therefore, frequently used antioxidants are indicated in the pharmacological treatment or as dietary supplements for stroke, reproductive and neurodegenerative ailments and even altitude or height phobia [40]. In addition, oxidative stress is both the reason and the result of the disorder. It has been well-established that the body has own self mechanism to secrete cytokines and enzymes which help in the prevention of cancer and improve health safety. They act to prevent healthy cells from apoptosis, DNA damage and oxidative stress caused by the high production of free radicals produced by polycyclic aromatic hydrocarbons and smoke flavorings foods additives [41]. Vast clinical trials with a predetermined number of reinforcements identified no advantage and even recommended that abundant supplementation with certain putative cancer prevention agents might be dangerous.
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Fig. (1))


        Flow chart illustrate various food additives effect categories.



        Food preservatives can cause allergies to skin, nausea, vomiting and irritation of the eyes and nose [42-44].




        Anti-caking agents are anhydrous mediators that are incorporated in little amounts, to keep food and pharmaceuticals dry, to prevent the particles coagulating due to moisture and to ensure that the item stays dry and free-streaming. Calcium silicate is the most well-known anti-caking agent available [45, 46]. A study explored that anticaking agents are broken in the gastrointestinal tract (GIT) and absorb as broken silicates, however, the body also absorbs nano-silica particles themselves from the GIT. For stimulating infants’ lung and gut maturation, a nutritional composition containing 3-20% weight phospholipids based on total fat is needed to be administered [47]. For the first scenario, nearly 100 food additives products were reviewed and observed for toxicological data. In the meeting, where possible, acceptable daily intakes (ADI) were checked for human additives, however, for 14 food additives, no ADI were recommended due to limited data. The adverse effect was found of nano-silica, while for the second situation; hazardous effects of nano-silica are yet to be explored, as anti-caking agents cause liver damage but still studies are in progress [48].




        Food colorants are substances that give colors to food in order to enhance the appearance of food. Different studies have been dedicated to evaluate the toxicity of additives to foods, specifically to azo-colors. This group of colorants normally comprises splendid and bright colors [49-51]. After banning cyclamates in the United State and Britain, the alternative artificial sweetener saccharin was used and it has potential cancer-causing nature and later on, it was declared as a carcinogen due to unique urine chemistry.




        Previous studies (2014-16) have found that children consume more food colorants and they are more affected in order to undergo behavioral disorders, psychological problems which interfere in their activity, produce attention disorders and intolerant reactions in small populations [52-56]. In vitro studies have also remarked the adverse effect of food colorants on the neural cell differentiation but till that time, the mechanism and action of this particular disability were unknown. The common examples are alginic acid (E400) and sodium alginate (E401). Hydrocolloids are miraculous because they exhibit the useful properties relevant to the foodstuff colloidal frameworks. They work as food thickeners, gelling initiators, foaming agents, delicious and attractive coatings for food, emulsifiers, stabilizers, and so on [57-59]. The primary drawback besides the broad use of hydrocolloids in the food industry is their capacity to bind with water and alter the properties of food and its fixation. They also function as dietary fiber and support digestion both in the animals and human beings. Food additives’ consumption provides unlimited benefits such as weight management, immune regulation, colonic health, and cardiovascular disease prevention. It plays a vital role in glycaemia and insulinaemic control in type-2 diabetes [60]. Generally, enzymes/proteins are not added to food but they are the major part of the food in the form of essential amino acids. Numerous enzymes have been widely utilized as a part of nutrition in the food industry [61]. Soybean proteins are incorporated into a wide range of eatables as a food source and nowadays, as an essential protein for vegetarians [62, 63]. Enzymes actively play a role in the preservation of food. The use of biofilm for packaging foodstuff which has an antimicrobial activity enhances the shelf life, maintains the packaging of food fresh and lessens the risk of pathogens attack and their growth. The application of high-grade antimicrobial packaging films is due to biodegradability which reduces the use of drugs/chemicals as antibiotics and decreases economic loss as they are compatible with the modern community [64, 65]. Transformation or preservations have both good and bad aspects. The use of combined and pulse electric field treatment inactivates the endospore, however, in the industrial application, optimization of the treatment chamber design has to be monitored for inhomogeneous temperature fields [66].




        Flavor agents have the capability to restore the taste and to improve aroma or maintain nourishment. Two additive enhancers L-glutamic acid (mono-sodium glutamate) and also aspartame (1-methyl N-L-alpha-aspartyl-phenylalanine) have been analyzed regarding their safety for the purpose of enhancing the taste of food. Since the excitotoxic effects are noteworthy, the possibility to alter central neurons by excessive stimulation of postsynaptic excitatory membrane receptors, predominantly the NMDA subtype of glutamate receptor is obvious [67]. The use of food additives such as acesulfame-K, saccharin, caffeine, benzoic acid and sorbic acid in different beverages, soft drinks and nectars did not establish ADIs in Portuguese people.




        Diabetes and obesity are common problems of modern world that are the consequence of the life style adapted and the intake of unhealthy food. The food industries are obliged to satisfy their customers by fulfilling their demands. To achieve their goals, they prefer to produce products with low energy content, sugar control and dietary products with sugar alcohols and sweeteners. Hydrogenation of carbohydrates with the help of a catalyst promotes the production of such kind of products. Naturally, such sweeteners are found in vegetables, mushrooms and fruits. Human bones ligaments and other organs are also the source of such sweeteners after degradation [68]. Sugar alcohols are supportive towards the enhancement of dental health and as prebiotics [69, 70]. Such food sweeteners are being used in food products, drinks, i.e. colas, medicinal drugs and powdered sweeteners products. Such artificial sugars are expected to control and reduce the intake of calories. Consumption of low-calorie food eventually leads to calorie-controlled diet around the world that results in a dramatically increased population; however, concerns arise in the use of sweeteners. Many surveys highlight the regular use of sugar alcohols, for example, erythritol, isomalt, lactitol, maltitol, mannitol, sorbitol and xylitol as sugar substitutes by the food industry [71-73].




        Some food additives can possibly cause unsafe symptoms. For instance, butylated hydroxyanisole, generally known as BHA, is an additive utilized as a part of food items such as potato chips, wafers, lager, prepared products and oat. It has been certified by the U.S. Bureau of Health and Human Services as an additive “sensibly foreseen to be a human cancer-causing agent.” Sulfites, which are added to prepared products, wine, sauces and nibble agents, could cause hives, diarrhea, nausea, and shortness of breath in a few people.




        Food additives’ consumption improves the quality and quantity of food according to the consumers' demands. This is achieved by flavoring, coloring, emulsification, and stabilization from a medicinal point of view or due to longer preservation and improvement of quality to increase importations/exportations. Furthermore, the advancement in food due to science technology is nowadays noteworthy economic progress [74]. The interesting properties of food additives need special attention to protect nutritive value according to the needs of customers around the globe. Numerous food additives are known to have antimicrobial potential against the most common bacteria found in food, such as L. monocytogenes, E. coli and Salmonella [75]. For some foods, (e.g. meat, poultry, dairy products, vegetables and fruits), both quality and quantity are important and food preservatives enhance as analogous to the conventional synthetic preservative effect for each food, so food preservatives have a vital role in the commercial world. The food scientist usually deals with the challenge of modifying the formulation of food products to enhance taste, texture or appearance of food and to obtain a healthier product or food with longer shelf-life. The objectives are to reduce production cost by incorporating cheaper ingredients or to improve manufacturing efficiency by bringing in new processing technology.




        As mentioned earlier, all perspectives are of greater importance to enhance the value of eatables such as food and drinks at both edges i.e. for seller and buyer. The advancement in food science and technology cannot be underestimated but the major concern is about the original texture and the organic nature of the food. As it is worthy that food is valuable when it is according to the consumer’s choice and nutritional benefits. The more artificial is the food; the more prone it is to have adverse health effects. Food additives have adverse effects particularly on the nervous system, of both children and adults. They are causative agents of psychological disorders [76-79]. They lead to vulnerable mental problems. On one hand, from the industrial point of view, additives in the form of preservatives, and flavors improve the number of consumers and improve business, on the other hand, they can be detrimental to the life of consumers, therefore it is essential to ensure their safe use.


      


    




    

      CONCLUSION AND FUTURE ASPECTS




      Food additives with all their pros and cons are important ingredients of modern food and drinks. Worldwide, they are constantly being used as the major constituents of diet. In the current scenario, global warming is a major threat to climate and drastic changes, which has been observed across the planet in the shape of unexpected drought and food shortage. Hence those substances that are used to ensure the long and safer shelf life of food must be appreciated. Such food additives will improve the quality of stored food and increase their shelf life. However, it should be kept in mind that the application of food additives would be an ideal alternative if the adverse effects of these additives were minimum. The addition of food additives leads to the improvement of the food quality that fulfills the demand of consumers according to their needs. It is noteworthy that food additives’ intake should provide the basis for productive food and nutritional scrutiny policy to aid in developing healthy eating habits. Preliminary utilization of food additives was a great improvement as they enhanced the quantity and quality of food [80]. These chemicals or preservatives are used in order to extend the life of available food and preserve food for longer periods. By providing easy access to consumers of food in adequate quantities by enhancing the shelf life of food, these profits significantly exceed the losses and threats distinguished by the advanced systems of food science and biotechnology. It will be a major breakthrough if the food additives are used under standard conditions of quality and controlled worldwide with greater benefits to the health and economy of the consumers.
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      Abstract




      Additives are added to food in order to stabilize or increase the nutritional quality and quality and/or safety of the food matrix. Moreover, additives have a technological function and could improve the sensory properties of food.




      For a long time, synthetic food additives are largely applied in food industries. Since the last year, there has been a decrease in chemical additives which are less welcome by consumers who prefer the use of additives from a natural source. In this chapter, several groups of additives are described such as antimicrobials, antioxidants and antibrowning agents, with colouring and flavouring agents.
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      INTRODUCTION




      Food additives are defined by “The Food Protection Committee of the Food and Nutrition Committee”, as: “one or more substances, other than the food itself, which are intentionally added to food products for technological purposes in the production, processing, preparation, treatment, packaging, transport or storage of food, becoming directly or indirectly components of such foods.” Over the last decades, following technological evolution, the use of food additives has expanded considerably, about 2500 additives are added to foods in order to have a certain effect even if their use has a remote origin. The various benefits recognized for additives are a safer and nourishing diet, with a better choice of raw materials at a lower cost. Benefits generally fall into four categories:




      1. Health benefits as they decrease health risks or offer health benefits. Two types of health benefits can be provided by food additives as they prevent and/or reduce




      the onset of diseases and other food components that improve nutrition.




      2. They provide benefits in terms of abundance, economic availability and diversity. The use of additives such as preservatives prevents food spoilage and increases the shelf life of food products while reducing their costs. In addition, they have indirect health benefits as they protect nutrients, prevent microbial growth and offer a more nutritious supply of raw materials.




      3. Benefits of hedonism sensory satisfaction: these include the best colour, flavour and texture to increase the sensory characteristics of food that attract consumers.




      4. Benefits of improved convenience: additives are more important in affluent societies because they reduce the preparation time.




      The health benefits observed from food additives are of primary importance, while the greater practicality is of less importance. With the increasing level of consumer information, for greater public awareness of their eating habits, the distrust toward synthesised and processed additives is growing steadily and is today considered to be one of the main threats to a healthy lifestyle. For this reason, the future of food additives seems to be more directed to natural products as they are harmless to health. They are able to protect the body especially with the action of natural antioxidants such as polyphenols, carotenoids, and tocopherols that fight against the oxidative stress caused by free radicals. In the socio-cultural reality of industrialized countries, conscious nutrition not only aims to protect citizens but is also a crucial factor in reducing healthcare costs caused annually by food-borne diseases; in fact, it is important to remember that in these countries, the re-education campaigns are now increasing, inculcating healthy and balanced eating habits in people. Considering the growing consumer demand on transparency, the future of additives will be increasingly linked to concepts of naturalness, genuineness and multifunctionality.


    




    

      Natural Antimicrobials




      Antimicrobials, a class of preservatives labelled with E and INS numbers ranging from 200 to 290 are employed for the control of growth of microorganisms during the shelf-life [3]. Several studies have described the use of natural compounds for the preservation of both easily perishable foods such as fresh meat and fish products, as well as fermented foods such as cheeses [4-7]. The use of essential oils (EO) or natural extracts could be replaced by chemical additives that contribute to the so-called “green label” food, which consumers are particularly attracted to, as they are shown to be natural. Natural extracts derived from different vegetable matrices, consisting mainly of essential oils, hydroalcoholic extracts and other derivatives, contain a wide range of secondary metabolites which can slow down or stop the growth of microorganisms such as bacteria, molds and yeasts [8, 9]. Antimicrobial compounds of natural origin are usually contained in different parts of plants: leaves (sage, rosemary, basil, thyme, oregano, and marjoram), flowers and buds (cloves), seeds (cumin, fennel, nutmeg and parsley), bulbs (garlic and onion), and fruits (cardamom and pepper). Therefore, essential oils and their constituents, often in the form of spices, have always been in use to improve the aroma of foodstuffs and their extensive antimicrobial activity is known in terms of a spectrum of action [10, 11]. Such compounds can act directly on the microbial cell by inhibiting the growth or production of toxic secondary metabolites such as in the case of mycotoxins. Furthermore, the inhibitory activity of essential oils is greater for gram-positive bacteria than gram-negative bacteria [9, 11-13]. In nature, there are more than 1,300 plants characterized by the presence of compounds with acclaimed antimicrobial activity. Over 30,000 molecules have been identified and tested for potential applications in food systems, and most of them belong to phenolic compounds. Essential oils of cumin and coriander exhibited an antimicrobial effect against Pseudomonas fluorescens, Staphylococcus aureus, and Aeromonas hydrophila [14, 15]. The extracts of marjoram and basil are strongly active against Bacillus cereus, Enterobacter aerogenes, Escherichia coli and Salmonella spp., whereas essential oils of sage and rosemary inhibited the development of Listeria monocytogenes and Staphylococcus aureus [11]. Different authors determined the minimum inhibitory concentration (MIC) and the spectrum of action for some essential oils. Gutierrez et al. [11] described that oregano and thymus extracts are strongly active against enterobacteria and that the MIC of oregano and thymus essential oils against Enterobacter cloacae is 190 and 440 ppm, respectively, against Lactobacillus brevis, at 55 and 440 ppm, and against Bacillus cereus, being 425 and 745 ppm, respectively. The inhibitory activity expressed by the natural substances can be attributed to a single molecule or to a set of these molecules that intervene at the cellular level in multiple sites by affecting the cell externally or the cytoplasm [4, 16, 17]. Possible mechanisms of action may affect the cell membrane since the hydrophobicity of some compounds allows them to penetrate and interfere with the membrane itself by altering its structure and functionality. This mechanism of action would explain the greater inhibitory activity of gram-positive microorganisms compared to gram-negative, in fact, in the latter, there is an outer capsule that wraps the cell wall and does not allow the entry of hydrophobic substances the inside the cell. Naturally-occurring compounds, in addition to altering the cell wall structure, may interfere with the cell wall protein functions involved in the transport processes of essential cellular components. The antimicrobial activity of thyme extract against Salmonella typhimurium and S. aureus is due to the ability of phenolic constituents to bind proteins by altering their normal functions [18]. In addition, Tassou et al. [5] suggested that the antimicrobial effect of mint EO is basically linked to alteration of membrane permeability and destruction of the electron transport system. Certain compounds such as carvacrol, carvone, thymol and trans-cinnamaldehyde in E. coli O157:H7 broth cultures cause an increase in the extracellular concentration of ATP, an event that indicates a destructive action of such molecules against the cytoplasmic membrane [19]. Moreover, carvacrol induces HSP60 protein synthesis and inhibits flagellin synthesis by depriving the bacterium of its pathogenicity [20]. Table 1 presents some antimicrobial activities and components of spices and herbs [21].




      

        Table 1 Antimicrobial activity and flavor components of different spices and herbs.




        

          

            

              	Species and herbs



              	Flavor components



              	Antimicrobial activity

            


          



          

            

              	Cinnamonum zeylanicum



              	Eugenol and Cinnamic aldehyde



              	75–100 (%)

            




            

              	Mustard (Brassica ssp.)



              	Allyl isothiocyanate



              	50–75 (%)

            




            

              	Myristica fragrans



              	Sabinene, α-piene and Myristicin



              	50–75 (%)

            




            

              	Ocimum basilicum



              	Methyl chavicol and Linalool



              	<50 (%)

            




            

              	Origanum vulgare



              	Thymol and Carvacrol



              	75-100 (%)

            




            

              	Pimenta dioca



              	Eugenol and β-caryophyllene



              	75–100 (%)

            




            

              	Rosmarinus offinicalis



              	Camphor, 1,8cineole, borneol and camphor



              	75-100 (%)

            




            

              	Salvia officinalis



              	Thujone, 1,8-cinole, borneol and camphor



              	50-75 (%)

            




            

              	Syzgium aromaticum



              	Eugenol



              	75–100 (%)

            




            

              	Thymus vulgaris



              	Thymol and carvacol



              	75-100 (%)

            


          

        




      




      As shown in Table 2, different studies reported the application of essential oils and their components in dietary studies of the last 10 years [21].




      

        Table 2 Application of essential oils and their components in food studies.




        

          

            

              	Food



              	EO and components



              	Bacterial species

            


          



          

            

              	Chicken



              	Oregano, pimento, oregano



              	
Escherichia coli O157:H7 and


              Pseudomonas spp.


            




            

              	Cod fillets



              	Eugenol



              	Listeria monocytogenes,

            




            

              	Fried meat



              	Oregano, sage and thyme



              	
Listeria monocytogenes


              B. cereus, P. aeruginosa, and


              Escherichia coli O157:H7


            




            

              	Lettuce and Carrots



              	Carvacrol



              	Listeria monocytogenes

            




            

              	Kiwi fruit and Honeydew melon



              	Clove, cardamom, cinnamon, peppermint oil



              	Streptococcus thermophilus

            




            

              	Mozzarella cheese



              	Clove oil



              	Listeria monocytogenes

            




            

              	Meat



              	Clove oil, coriander, eugenol, thyme oils,oregano, encapsulated rosemary EO



              	
Listeria monocytogenes,


              Escherichia coli O157:H7 and


              Aeromonas hydrophila


            




            

              	Salmon



              	Geraniol, carvacrol and citral



              	Salmonella typhimurium

            




            

              	Semi-skimmed milk



              	Oregano oil



              	Photobacterium phosphoreum

            




            

              	Yoghurt



              	Mint oil



              	Salmonella enteritidis

            


          

        




      




      Clove, oregano and thyme EO and compounds such as eugenol showed the ability to inhibit microbial growth of L. monocytogenes, Aeromonas hydrophila in meat products [22].


    




    

      Natural Antioxidants




      Antioxidants are a class of preservatives. Antioxidants labelled E300-E326, as food preservatives can be used in food products for preventing lipid and/or vitaminic oxidation; in fact, oxidation has a profound effect on the quality of food, all of the major food components are susceptible to oxidation. The consequence is manifested in the reduction of the shelf-life, compromising its appearance, structure, sensory properties and nutritional value and changes in aroma and savour, structure and function and loss of nutritional value. Furthermore, the oxidation of pigments causes a reduction in visual attractiveness due to colour alteration which is reflected in a decrease in food product marketing. Hence the role of antioxidants for the prevention of oxidative processes responsible for the rancidity and off-flavour in foods [3]. Among the antioxidant food additives, the most commonly used are: vitamins C and E, butylated hydroxyanisole, BHA and butylated hydroxytoluene, BHT) [3]. In the past, Native Americans used natural blueberries as antioxidants to prevent the oxidation of meat. In 1980, consumers’ demand for natural antioxidant ingredients started increasing. Antioxidants are particularly useful for the preservation of dried and frozen foods [23]. The vegetable phenols inhibit the formation of radicals of lipids catalyzed by metals and radiations [24, 25] and also peroxides, hydroxides and individual oxygen radicals [25-27].




      The tocopherols, most present in nuts, are recognized as powerful natural antioxidants and are used as preservatives in products based on meat, oils and dairy products given their resistance to high temperature and low volatility processing phases. Ascorbic acid, found in many species of the genus Citrus, is used as a preservative in cured meats, fruit juices, jams, and some canned foods. Carotenoids and phenolic compounds also have these properties. The Food and Drug Administration normalizes the application and concentrations allowed for the use of both natural and synthetic food additives. Several natural extracts are recognized as GRAS (Generally Recognized As Safe) [28]. Several studies proved the antioxidant effect of herbs and spices such as Origanum vulgare, Rosmarinus, Thymus, Cinnamomum verum, Capsicum, Myristica and Ocimum basilicum [29-31]. The main constituents of herbs and spices are represented by a) phenolic acids, most studied, such as rosmarinic, caffeic and gallic acids, b) phenolic diterpenes such as carnosol and carnosic acid c) flavonoids: quercetin, catechin, kaempferol, naringenin, apigenin and hesperetin, d) carotenoids, e) constituents of essential oils: carvacrol, eugenol, thymol and menthol [28]. Rosmarinus and Origanum vulgare extracts are recognized as potential antioxidants and are added as natural ingredients in meat processing. Carnosic and rosmarinic acids, as well as carnosol are mainly responsible for this protective activity [32]. Moreover, Zhang et al. [33], demonstrated the antioxidant action of liquorice extracts. Table 3 reports a collection of studies regarding the application of natural antioxidants in the food industry [34].




      

        Table 3 Application of natural antioxidants.




        

          

            

              	Natural Antioxidants



              	Active Compounds



              	Treated Meat Product

            


          



          

            

              	Essential oils



              	Terpenoids



              	Turkey meat patties and beef burgers

            




            

              	Fruits and leaves extracts



              	Flavonoids and water-soluble vitamins



              	Cooked burger patties, raw and cooked pork patties

            




            

              	Nuts and seeds extracts



              	Tocopherols, tocotrienols and polyphenols



              	Restructured steaks

            




            

              	Spices, herbs and extracts



              	Phenolic acids and terpenoids



              	Breakfast sausage and precooked pork

            


          

        




      




      The addition of antioxidants increases oxidative stability to improve organoleptic properties and nutritional value of meat products [35-39]. Youdim et al. [40] reported that dietary supplementation with thymus EO and thymol in aged rats showed a positive effect on superoxide dismutase and glutathione peroxidase enzyme. Furthermore, an antioxidant effect on muscle tissue was observed following dietary supplementation of oregano in a dose of 50-100 mg/kg to feeding chickens [40]. The results obtained in the study by Forte et al. [41] confirmed that the use of aqueous extracts of oregano in diets enriched with PUFA improved the oxidation resistance of meat and enhanced the taste of meat.


    




    

      Antibrowning Agents




      Another class of preservatives is represented by anti-browning agents used to prevent browning in food products. Many foods are subject to degradation reactions during manipulation, storage and processing [42, 43]. These reactions are divided into enzymatic browning and non-enzymatic browning. Enzymatic browning is determined by the oxidation of quinone polyphenols for the action of the polyphenol oxidase enzyme and followed by the quinone polymerization reaction. This effectively reduced the shelf life of fresh mushrooms, fresh fruit, potatoes, salads etc. [44]. Non-enzymatic browning reactions can originate, for example, from the Maillard reaction involving reducing sugars and amino acids [45]; this produces melanoidins in foods such as cereals, fruit, dairy, and vegetables products [46]. To reduce non-enzymatic browning, sulphites are added to the food matrix. However, adverse reactions such as allergic reaction, have been observed following the use of these compounds. As a result, the U.S. Food and Drug Administration has forbidden the use of sulphites in some raw fruit and vegetable products. Today ascorbic acid represents a valid alternative to sulphuring agents. The antibrowning action of ascorbic acid is related to its ability to reduce quinones and therefore avoid the additional reactions that lead to the formation of dark pigments. Therefore, the main effect of ascorbic acid is the inhibitor of the enzyme browning reaction, not as a PPO inhibitor. However, ascorbic acid has a direct inhibitory effect on PPO [47-49]. Currently, the main suppliers of ascorbic acid or burner inhibitors of eritorbic acid are Monsanto Chemical Company (Snow Fresh), EPL Technologies, Inc. (Fresh Potato) and Montrose-Haeuser Co., Inc. (NatureSeal). Many companies provide the ingredients from which these formulations can be made.


    




    

      Nutritional Additives




      Another class of additives is nutritional additives. Their use has increased because the consumers are more interested in the safety of their “health”. The category of nutritional additives includes the use of pure chemical compounds, minerals, vitamins, amino acids and fatty acids to improve and maintain the nutritional quality of food. With this purpose, folacin and ascorbic acids are used as fortificants in the soft drink. Carotenoids are added not only as food colorants but also as precursors of vitamin A. Vitamin E is used to prevent lipid peroxidation and to protect vitamin A from oxidation in the intestinal tract. Furthermore, at the cellular level, vitamin E, seems to protect the membranes by scavenging the free radicals containing oxygen. The main sources of vitamin E are vegetable oils, including soybeans, maize, cottonseed and safflower, products derived from these oils, as well as wheat germ, nuts and different cereals.


    




    

      Food Colorants




      Since ancient times, the addition of colorants to foods has made them more appealing. Synthetic colorants are frequently used for their stability, availability, and low cost. However, several studies demonstrated the possible toxic effects of these compounds that limit their use. For this reason, the search for natural colorants is constantly increasing. Flavonoids (mainly anthocyanins), carotenoids, chlorophyll, betalains, and curcumin are the main food colorants from the plant kingdom.




      Anthocyanins comprise a group of natural compounds responsible for the blue, purple, magenta, red, and violet colour of several plant species. Anthocyanins are anthocyanidins glycosides. The six most abundant anthocyanidins namely pelargonidin, delphinidin, malvidin, cyaniding, petunidin, and peonidin (Fig. 1) are found in the skin of grape, plums and red apples, and in strawberries, blueberries, and shiso (Perilla ocimoidis var. cripsa) leaves. Anthocyanidins are, in general, less soluble and unstable in aqueous media than anthocyanins. Therefore, glycosylation is expected to confer a major solubility and stability to the pigment. The colour of anthocyanin solutions is significantly influenced by pH. Generally, below pH 3, anthocyanin solutions exhibit a red coloration. When the pH of such solutions is raised, their red colour normally fades to the point where they appear colourless (pH in the range 4-5). Further increases in pH give rise to blue and purple anthocyanins solutions. Upon storage or heat treatment, the colour of these solutions changes from blue to yellow. As reported by Timberlake [50], anthocyanins have not toxic and mutagenic effects, but only bring benefits both in the medical and in food sectors.




      
[image: ]


Fig. (1))


      Structure of some major anthocyanins.



      Carotenoids are commonly distributed in bacteria, fungi, animals, and algae but mainly in plants and, in particular, in carrots, peppers, and tomatoes [51]. The most abundant compound of this class is β-carotene (Fig. 2). It is widely used in dairy products, cakes, soup, and confectionery. Moreover, it is added to several nutraceutical beverages and functional foods. Other carotenoids used for colouring food are annatto, saffron, and gardenia extracts [3].




      
[image: ]


Fig. (2))


      Structure of β-carotene.



      Annatto Fig. (3) is an orange-yellow pigment extracted from the pericarp of the seeds of Bixa Orellana. Generally, annatto contains 4.5-5.5% pigments that consist of 70-80% bixin. There are two forms of annatto obtained from different methods of extraction of seeds. The oil-soluble form is called bixin while the water-soluble form is called norbixin. Bixin is extracted by using non-polar solvents including vegetable oils. Norbixin is obtained in the presence of alkali leading to the hydrolysis of bixin.
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Fig. (3))


      Structure of annatto pigments.



      The tinctorial value of bixin is equivalent to that of β-carotene. It is employed in dairy and fat-based food products, like cheese, margarine, bakery products and creams.




      The fat-soluble bixin is also used, in addition to other food colorants, to have a different tonality of colour. Norbixin is added in cheese, smoked fish, snack foods, sugar confectionery, meat products (e.g., frankfurter sausages) and bakery products [52].




      Saffron is a water-soluble extract produced from the flower of Crocus sativus, C. albiflouris, C. lutens, Cedrela toona, Nyctasthes arbortristes, Verbascum phlomoides, and Gardenia jasminoides. Crocin, the digentiobioside ester of crocetin Fig. (4), is the dominant compound of saffron. Other constituents are β-carotene, zeaxanthin, and certain flavouring components (mainly picrocrocin and safranal).
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Fig. (4))


      Structure of saffron pigment.



      Usually, saffron is added as an intensifier the yellow colour of food like in soups, certain confectionery goods and meat, where a spicy flavour is desirable [3]. New food colorant is lycopene, characterized by an intense red colour. The major source of lycopene is tomato, followed by watermelon and red grapefruit. The strong stability of this pigment for industrial production has brought to its use as a new commercial natural colorant [53]. Lycopene is used as a colorant in beverages, bread, confectionery, boiled sweets, and cakes.




      Betalains occur in both yellow (vulgaxanthins) and red forms (betanins). These compounds are water-soluble and usually stable at moderately acid pH. Light, heat, and oxygen accelerate their decomposition. Although betalains showed a limited distribution, their importance is enhanced by their presence in some food crops, namely beetroot, chard, and amaranth.




      Betanin represents one of the most common red pigments obtained from the red beetroot Beta vulgaris Fig. (5).
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Fig. (5))


      Betanin



      Vulgaxanthine I and II are the yellow principal compounds extracted from B. vulgaris var. lutea Fig. (6). Betanin and vulgaxanthine can exclusively be added in products with a short shelf-life and not subjected to heat treatments.




      
[image: ]


Fig. (6))


      Vulgaxanthin I and II, which is extracted from the yellow beet root.



      Chlorophyll is the most extensively distributed natural pigment that occurs in the leaves and other parts of almost all plants. In nature, there are two main types of chlorophyll, chlorophylls a and chlorophyll b. The chlorophyll a is a bluish-green pigment, instead type b is yellowish-green in colour. The chlorophyll is a porphyrin pigment, consisting of four pyrrole rings combined along via methine linkages. There is also a magnesium atom inside the porphyrin structure, held in position by two covalent and two coordinate bonds. Principally, chlorophyll pigments are extracted from dried plant materials [54]. The most used plant materials are lucerne, alfalfa and nettles. In the food industry, chlorophyll is used for colouring sugar confectionery, chewing gum, soups, edible oil, and dairy products. Chlorophyll is used, also, in the pharmaceutical and cosmetic industries [3].




      Curcuma longa is the main source of turmeric, obtained from the root and it is responsible for a fluorescent yellow colour. By grinding the tuber, a powder is obtained that comprises three pigments: bisdemethoxycurcumin, demethoxy-curcumin and curcumin. The curcumin is insoluble in water and represents the principal pigment [54]. Traditionally, it is added to the food as a spice rather than as a colouring agent, even if the uses of this extract are rather restricted for the characteristic odour and sharp taste and for its sensitivity to light and to alkaline conditions. After the deodorization process, the odourless extract is principally utilised in food products such as in mustard, soups, confectionery, pickles and canned products. It is also used in acidic food products and salad dressing for its strong stable pH.


    




    

      Pigments from Animal and Insect Sources




      

        Cochineal




        Cochineal belongs to the quinonoid pigments, characterized by red colour. The very popular cochineal pigment industrially used is carminic acid, obtained from the female Dactylopius coccus Costa, a parasite of plants from Opuntia and Nopale genera. For a lot of time, it was used as a red dye, in particular for dyeing fabrics, while today, it is of great value as a colorant in food [3]. Other pigments are Armenian red, Kermes, Polish Cochineal, and Lac dyes. Carminic acid Fig. (7) is the principal cochineal pigment used in the industry, but it has little intrinsic colour that conglomerates with diverse metals, such as aluminium, imparting a bright red colour. The product obtained from this complex is known as carmine and it is utilised for jams, preserves, syrups, baked goods and confectionery. However, it has a range of colours, from pale “strawberry” to near “black currant” [55], corresponding to varying ratio of carminic acid to aluminium.
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Fig. (7))


        Carminic acid.

      




      

        Heme Pigments




        Heme possesses four pyrrolic rings such as chlorophyll, but the difference is the central iron atom instead of the magnesium atom. In the animal kingdom, heme is associated with complexes that form proteins such as haemoglobin in the blood and myoglobin in the muscle and its function is of a carrier of oxygen in the body. In the oxygenated blood, the complex is red because the central iron atom is oxidized, subjecting heat to the complex brownish in colour, characteristic of cooked meat because the oxygen atom bound will be lost. The heme pigments are not toxic as confirmed by several studies conducted on animals. However, the characteristic colour has limited their use only in the food where the colour of cooked meat is preferred for example, in sausages and meat analogues [3].


      


    




    

      Flavouring Agents




      In 1969, the Society of Flavor Chemists [3] defined: “a flavour is a substance which may be a single chemical entity, or a mixture of chemicals of natural or synthetic provenance, whose primary purpose is to provide all or part of the unique effect to any food or other products taken in the mouth”. Furthermore, the Council of Europe has defined: “flavouring is a substance which has prevalently odor-producing properties and which likely influences the taste”.




      Essential ingredients for adding flavour are spices and essential oils. People use spices specially to modify or improve the flavour of food. The most important spices came from the east, particularly from India, but now it is possible to grow these spices and herbs in diverse parts of the world. Both chemical and natural flavours are reported in Table 4. The number of synthetic chemicals authorized for use in food flavours increases continuously, with approximately 1600 till date. Instead, the natural materials could be averaged to around 600.




      

        Table 4 Sources of materials used in flavour compounding.




        

          

            

              	Natural source



              	Botanical (Fruit and vegetable juice, extract and distillate, herbs, spices, nuts)


              Animal (drippings, seafood byproducts, enzyme- modified cheese, meat extract)

            




            

              	Chemical source



              	Benzaldehyde, Cinnamic alcohol

            


          

        




      




      Before the 1900, 90% of the materials used for flavours were of natural provenance, after this data, the majority of known chemical products were generated synthetically with an economic cost. For this reason, the industry prefers the use of artificial flavours [3].




      The function of a flavour agent is to give pleasant sensation to tobacco, beverages or pharmaceuticals depending on its different uses. The functions of a flavour are different, however, in many ways of utilisation, one application is more prominent than the other. It is important to differentiate three principal classes of functions: economic, physiological and psychological. Most of the flavouring agents fulfil all of these functions; however, each of them will have a diverse contribution. It is necessary to modify the taste of many foods to make more palatable and desirable the food with undesirable tastes (e.g. vitamins and soya). A further example is the use of flavour to prevent the loss of flavour during the food manipulations or to prolong freshness during conservation. Different studies specify that the taste can modify the metabolic rejoinder to a fatty meal [56, 57].




      Other studies demonstrate that oral stimulation affects intestinal absorption [58].




      Flavours are used with different products in the pharmaceutical, food and oral hygiene sectors. Flavoured products are divided into two groups:




      - Flavour-dependent. This term indicates foods and beverages that, without the application of flavours, cannot exist; for example gelatin desserts, chewing gum, powdered artificial beverages, carbonated and non-juice drinks and hard-boiled candy.




      - Flavour-independent. This term defines the products for which flavours are legally banned or can be marketed, not having flavours. For example, the first type of products includes milk, butter and orange juice in which flavour consolidation is prohibited, except if a product is identified as a new product. While the second type consists of crackers, cereals and nuts.


    




    

      Natural Raw Materials




      Since ancient times, herbs and spices have been added to food for their nutritional value and properties, to enhance the sensory properties, and to act as preservatives. Herbs and spices are a good substitute for chemical additives because they are safe. Essential oils are blends of volatile compounds obtained, primarily by steam distillation, from aromatic and medicinal plants. In the Mediterranean region, there are many aromatic plants rich in essential oils, such as thyme, rosemary, and sage [59].




      Considering the fact that flavour industry is principally interested in the sensory quality of materials, it is very unusual that a spice or any other natural food product is utilised in its natural form. The spice or food is elaborated to remove the chemical compounds (fiber, cellulose, pectin, etc.). The objective is to have the complete concentration of aromatic chemicals within the minimum totality of neutral compounds at the most desirable composition of flavour profile, cost, and stability. Practically, one factor usually has to be renounced to increase the other. It is important to see that flavours obtained by the industry in the late 19th century were approximatively 90% natural, ensued principally from essential oils and spices. In the 1950s, flavours change into circa being 90% artificial, due to the disponibility of synthetic chemicals. In the 1980s and 1990s, natural flavours comprised more or less 70% of the flavours [3].




      The genus Salvia (Lamiaceae) is constituted around 900 species, distributed all over the world, several of which with a great economic advantage, because they are used as spices and flavouring agents by cosmetic and perfumery industries [60, 61]. Since the ancient times, Salvia sp. have been used for the treatment of rheumatism, fever, chronic bronchitis, and mental disorders [62, 63].




      The most common Salvia species are S. fruticosa Mill., S. officinalis L., and S. lavandulifolia Vahl [63]. S. officinalis (garden sage, sage, or common sage) is a perennial, evergreen subshrub, with woody stems, grayish leaves and blue to purplish flowers. It is typical in the Mediterranean area [63, 64]. Essential oil or dried leaves of sage are used as a savoury food flavouring [65]. In all European countries, it is one of the most widely used spices in the kitchen to add flavour to meat, fish, soups and vegetables.


    




    

      CONCLUDING REMARKS




      Interest in food additives, mainly in those of natural origin, has increased significantly over the past years. This increase is expected to continue because of interest of food industries, consumers, and the scientific communities. Consumers are more aware of the potential role of food in the prevention of several diseases in addition to their nutritional value. This determines a greater interest and a growing demand for natural additives in contrast to the use of synthetic additives. Synthetic additives are widely used in the past years due to their stability, availability, and low cost. However, the use of some of these food additives is not free from side effects to health that limited their use. For these reasons, the consumer seeks high-quality food in which natural additives are used.
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