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    The aim of this book is to provide an approach to recent improvements in conventional meat products’ processing and the development and/or use of new technologies to students, researchers, and lecturers in the meat science and technology field, as well as professionals in the meat industry. Needs and demands by consumers for meat-based products have guided meat processing plants to adapt themselves to this new reality by implementing innovative technologies and ensuring that meat products are stable and microbiologically safe, nutritionally healthy, with good sensory characteristics, practical and of quick preparation, with compatible and affordable costs. Beef, pork, and poultry are the ones most used in meat products preparation. The use of additives and traditional techniques, such as fermentation and drying, salting, smoking, and cooking, contribute to the production of safe meat products. Chapter 1 provides an overview regarding the importance of the meat-based market in the world, as well as overall meat processing aspects. Chapters 2 to 7 describe conventional and emerging technologies presenting relevant and promising data applied in the processing of dry-fermented meat products, emulsified, salted and non-emulsified thick mass, marinated, and restructured products, and advancements in fresh meat tenderness. These chapters discuss the QDS (quick-dry-slice) technology that aims at reducing the processing time of sliced matured and/or fermented meat products; the use of ultrasound or high pressure to reduce salt contents of meat products as well as improve emulsion stability and replace pork fat; and new cooking methods such as microwaving, radio frequency and ohmic heating, the latter two could be used for reducing cooking time and production costs. Also, technologies such as pulsed light, ultraviolet light, irradiation, ultrasound, and high hydrostatic pressure may reduce microbial contamination of meat and meat-based products. Furthermore, the application of ultrasound waves could augment fresh meat tenderness. The use of such new technologies would reduce additives content, posing economic benefits such as reduced preparation time and reduced energy and water consumption. In addition, safety and quality are secured and the processed products have sensory characteristics similar to products obtained using traditional technologies. A specific chapter describes strategies for the development and production of meat analogues with nutritional and sensory properties typical of meat products to meet the demands of vegetarians and vegans alike. New approaches to the use of alternative ingredients in order to obtain meat-based products with technological, microbiological, and sensory quality are discussed in the last chapter. These new ingredients aim at replacing animal fat, reducing sodium chloride, and chemical additives, such as nitrites and synthetic antioxidants. The advancements in processing technologies and/or development of new meat-based products covered in this book were based on relevant literature and experiences of the authors with nearly two decades of experience in lecturing and researching, as well as technical-scientific interaction with meat processing plants. This book on Advances in Meat Processing Technologies ought to provide the readers with further knowledge regarding recent developments in the new technology for the full meat processing chain.
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    This ebook titled ‘Cutting Edge Techniques in Biophysics, Biochemistry and Cell Biology: From Principle to Applications’ provides principles of basic and analytical techniques in biophysics, biochemistry and cell biology and their potential applications in biomedical research. The volume covers the basics of in-vitro cell culture techniques, such as flow cytometry including FACS, Real time PCR based disease diagnosis as well as gene expression analysis, X ray crystallography, RNA sequencing and their various biomedical applications, including drug screening, disease model, functional assays, disease diagnosis, gene expression analysis, and protein structure determination. This is a valuable resource for biomedical students, cellular and molecular biologists who want to be an eminent biomedical researcher.




    We strongly believe that this book is a reader’s delight providing a comprehensive understanding on cell biology, macromolecular structure, in silico studies and functioning. It is an excellent introduction for students towards cell biology and biophysics that clearly help them to develop a wider perspective of the field. The idea to encompass knowledge covering from what is known to what is unknown in the writings from the experts in the field results in a concerted effort to justify the various topics. We sincerely hope our efforts will be embraced by students with appreciation and enthusiasm for learning.
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      Abstract




      Meat is consumed worldwide and from ancient times to the present day, the development of meat products and processes has been driven by meat consumers. Beef, pork and poultry are the most common varieties of meat preferred for human consumption and the emergence of meat processing industrialization has allowed the use of the entire carcass, the development of different products, and microbiological safety due to advances in the technology used. Meat consumers have been driving production trends for meat products that aim at acceptable nutritional, physico-chemical, microbiological and sensory characteristics of the final product. In this context, the development of emerging technologies for meat industrialization aims at improving conventional processes, offering new and suitable solutions to the meat industry to meet consumer demand.
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      INTRODUCTION




      Meat is consumed worldwide. In the past, it was associated with strength and power, a typical illustration of one’s social status. Nowadays, this perception is still valid and such a context has persisted over the years [1]. Meat sensory properties, such as color, aroma, texture, flavor, juiciness, and chewability [2] have attracted ever more demanding consumers.




      Furthermore, meat is recognized by its nutritional properties, consisting of 70% water, which is affected by the lipid content ranging from 8% to 20%, 18% to 23% protein, 1% carbohydrates, and 1 to 1.2% minerals [3, 4]. The protein content has been highlighted due to amino acids’ high biological value especially those essential to the human diet [4-6].




      The content and composition of meat lipids vary according to aspects such as spe-




      cies, breed, gender, age, feed (especially for pork and chicken), nutritional status, as well as the animal’s activity level [7-10]. Overall, meat has high saturated fatty acid levels to keep the fat tissue healthy, while phospholipids




      possess higher unsaturated fatty acids levels conferring greater fluidity to the muscular cells’ plasmatic membrane [3].The small portion (<1%) of carbohydrates is represented mainly by glycogen that is used as a muscle energy source [3, 4].




      Meat is considered an excellent source of water-soluble vitamins such as thiamine, riboflavin, niacin, vitamin B6, and vitamin B12. For the mineral content, red meat is famous due to its iron content combined with myoglobin content. In addition, potassium, phosphorus and magnesium are also abundant in meat [3, 4, 11]. In addition to the importance of calcium in muscle contraction, considerable amounts of such minerals are only found in mechanically processed meat due to the presence of microscopic bone fragments [3].




      In 2018, worldwide meat production increased by 1.0% to 327 Mt, reflecting an increase in bovine (hereafter “beef”), pork and poultry meat production, with rather modest gains for lamb. The world’s meat exports (excluding live animals and processed products) are forecasted to increase 18% more by 2028 than in the base period. This represents a decline in the 1.4% average annual meat trading growth rate compared to 3% during the previous decade. However, the total meat output traded share on the global market could increase slightly [12].




      According to the data from the United States Department of Agriculture (USDA) [13], worldwide beef production for 2020 could reach 61,861 Mt (carcass weight equivalent), led by the USA and followed by Brazil, the European Union and China. For pork, the forecast for 2020 indicates a 95,223 Mt (carcass weight equivalent) production, led by China and followed by the European Union, USA, and Brazil. For chicken, the production in 2020 could reach 103,498 Mt (ready-to- cook equivalent), led by the USA and followed by China, Brazil and the European Union.




      Fig. (1) presents the worldwide per capita meat consumption considering beef, pork, and poultry meat per continent. The data were provided by the Organization for Economic Co-operation and Development (OECD) [14]. It was observed that the leading meat producers (including beef, pork and chicken) are also the leading consumers.




      The meat marketing success depends on continuous innovation and increased production of high-quality products. It is important to point out that meat consumption patterns are constantly changing. These changes are associated not only with wide-ranging, socio-economic, and cultural trends, but also with specific lifestyles of increasingly diversified consumer groups and the use of natural resources.
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Fig. (1))


      Meat per capita consumption worldwide (%) (data from OECD [14]).



      In this context, good taste, convenience orientation, and meat avoidance are some important meat consumption trends that put pressure on policymakers aiming to influence consumer behavior and achieve more sustainable consumption [15]. It should be emphasized that meat products’ sales are subdivided into fresh and processed ones and the decision to purchase either one or the other is affected by the consumer profile. Consumer preferences differ according to the type of meat (beef, pork, or chicken). In Latin America, for instance, beef is mostly sold in its fresh form as opposed to pork that is mainly sold in its processed form (bacon, sausage, mortadella etc); the only fresh pork cuts sold on a large scale are chops, ribs and leg [16]. Chicken meat has a greater balance in terms of fresh and processed products’ sales; however, its sale in the fresh form prevails. A survey in Europe showed that processed meat products’ consumption was around 54% by men and 24% by women, reinforcing that many factors influence meat preferences [17]. Another aspect of meat consumption trends is that higher income allows for a greater meat purchasing power, which is the case in both the more developed and developing countries; meat consumption in developing countries increases as purchasing power increases [18].




      Consumers always look for convenient food products with new/exciting flavors, textures, etc. It is not enough for the consumer that the food only meets the nutritional aspects; consumers also look for a variety when eating food [19]. Moreover, the failure rate of innovative products launched in the market is high, reinforcing the consumer decision-making power in the search for more suitable products that meet their expectations. The consumers' choice for processed meat products represents a substantial meat market share, and it deserves further study [20].




      Overall, processed meat products refer to meat transformed by conventional processes such as salting, curing, fermentation, cooking, smoking, among others allowing for achieving the sensory characteristics of products. Nowadays, there are a wide range of meat products varying in terms of the raw materials and ingredients used, production processes as well as chemical compositions. All in all, they are an important source of protein, B-complex vitamins and hematinic iron, among other nutrients.




      Processed meat products could be grouped into categories as per the similarity of processes to which they are subjected. The most widespread categories worldwide include dry-fermented products (i.e. raw hams, salami, etc.), salted products (jerky, jerked beef, bacon, etc.), emulsified sausages (frankfurters and mortadellas), non-emulsified sausages (fresh and cooked thick dough), marinated and restructured (seasoned, nuggets, etc.) and more recently meat analogues that are innovative products processed using techniques transforming non-meat protein and other compounds into a fibrous material with meat-like characteristics.




      At first, pork was the main processed meat; however, over the past four decades, the growth in poultry production has resulted in several meat products. The mild taste of chicken contributes to the development of practical and easy to prepare products (marinated/seasoned/breaded products). Such an alternative stimulates the inclusion of chicken in everyday meals, pleasing consumers. Also, traditional products such as frankfurters, mortadella, burgers, among others, could also be chicken-meat-made.




      Historically, lower product prices have contributed to making poultry and pork meat the favorite consumers' choices in developing countries [16]. On the other hand, increased income levels allow consumers to gradually diversify their meat consumption into more expensive meat varieties such as beef and lamb. Other factors have also influenced meat consumption trends, such as religious beliefs, cultural norms, urbanization, as well as environmental, ethical, and health concerns [1]. Consumer demands for healthier foodstuffs have increased over the last few years and the food industry has been up to the challenge [21].




      Alternatives to industrialize meat have been developed to ensure nutritional, sensory and safety aspects and emerging technologies are playing an important role in food production, improving existing traditional technologies. These so-called green technologies use either physical, chemical, or biological methods more efficiently with lower electric power, chemical, and water consumption as well as lower wastewater production. These incorporate drying time reduction during the QDS (Quick-Dry-Slice) process used for mature and/or fermented sliced meat products, salt content reduction in meat products using ultrasound or high pressure, new cooking methods such as microwave, radiofrequency and ohmic heating, reducing processing time and cost. Also, technologies such as pulsed light, ultraviolet light, irradiation, ultrasound and high hydrostatic pressure have been used to reduce microbial contamination in meat and meat products.




      Moreover, efforts have been made to replace animal fat and chemical additives/ingredients (nitrites, salt, synthetic antioxidants, phosphates and others) linked to health problems. Significant innovations have been achieved and made available to the meat industry to ensure meat products with microbiologically safe, stable, and sensorially attractive characteristics, similar to those obtained by conventional processes at reasonable costs. Such advances have provided a healthier approach to meet fierce consumer demands of meat products that have been the driving force on developing innovative technological processes.




      Today, the trend for vegetarian or vegan food is notable. In this context, studies have sought to develop animal-ingredient-free products but with the appearance and sensory characteristics similar to meat products. For developing these new products, important innovations have already been achieved to meet consumers’ expectations. Consumers have changed their perceptions of animal food production and consumption and a great number have moved to either vegetarian or vegan diets. Thus, the development of meat analogues has represented a significant approach in the past 5 years. Such consumers have already been attracted to consuming meat, but have decided to opt for an alternative diet. Therefore, they look for the same sensory properties and functionality in meat analogues that meat provides, opening a new market opportunity.




      The subsequent chapters describe the use, advantages and disadvantages of most studied emerging technologies for meat products, and the advances in additives use and the meat analogues approach.


    




    

      FINAL CONSIDERATIONS




      Meat is a well-established product in the human diet worldwide and consumers have driven the production and processing development of meat and meat products traded. Emerging technologies could be used either alone or combined with existing conventional technologies to meet consumers’ demands ensuring the food’s nutritional, physico-chemical, microbiological and sensory characteristics. Food scientists have the role of meeting the expectations of the consumers and the industry, influencing production, industrialization, and marketing of food by offering suitable solutions.
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      Abstract




      The technology of the production of dry-fermented products is old and even in current days these meat products are produced, appreciated and consumed worldwide. The fermentation and drying steps are responsible for chemical and biochemical transformations that ensure the final characteristics of the product were reached. One of the disadvantages in dry-fermented product processing is the time required for all transformations that characterize the product and meets the required standard of safety and quality. Thus, the use of emerging technologies allows the improvement in the production process considering the use of new approaches, always ensuring food safety and quality. In this chapter, the ultrasound, pulsed UV light and QDS process® are discussed. The approach includes the advantages and disadvantages of each technology, the report of researchers describing the use of mentioned technologies and the most probable mechanisms associated with the effects.
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      INTRODUCTION




      Dry-fermented meat products are consumed worldwide representing a part of traditional diets and perceived as attractive gastronomic entities contributing to cultural and geographic distinctiveness [1]. This processed meat product group is characterized by a ripening process accompanied by a more or less intense drying and even large of chemical and biochemical transformations [2]. Sausages and some meat cuts are the most popular dry-fermented products, which were named and prepared according to the influence of specific regions and diverse types had the designation of origin recognized. Some examples include Parma ham from Italy, Chorizo, Serrano and Iberian ham from Spain, Milan and Italian salamis, and Sobrassada from Mallorca (Islas Baleares) [2-5].




      The dry fermented technique was mainly associated with pork meat industrialization [6].




      The sausage consisting of seasoned and salted minced meat that is stuffed into intestinal casings, while is based on the art of dry ham production previously developed by the Celts and Gauls, consisting of the salting and drying of hind legs




      of wild boars and pigs [1]. The most popular and famous dry-fermented cut is ham; however, the shoulder and loin are also produced and consumed.




      Over the years, fermented meats came to exist in an overwhelming variety, characterized by large differences in ingredients, shape and caliber, and processing conditions. Several types of meat have been applied, including pork, beef, horse, donkey, deer, poultry, and ostrich [1]. In this context, the possibility of the use of emerging technologies on dry-fermented products represents alternatives in order to improve food safety, quality, and manufacturing process time consumption.


    




    

      TRADITIONAL DRY-FERMENTED PRODUCTS ELABORATION PROCESS




      Salami is prepared by grinding the meat and fat and mixing with all other ingredients including salt, curing salts as nitrite and or nitrate, sugars, spices, antioxidants, and starter culture [6]. Moreover, the processing technologies may differ depending on the drying intensity, ripening length or smoking [2]. Table 1 summarizes some dry-fermented meat product formulations. Note the high salt content used in the formulations, and considering that during the maturation stage the product can lose up to 50% moisture, which causes the salt content in the final product to increase significantly. Thus, the reduction of the salt content of these products is necessary and will be discussed later on as new technologies can contribute.
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Fig. (1))


      Characteristics of salami during product elaboration.



      The mass is stuffing in artificial casings and is submitted to a fermentation/drying for a few days with the external development of mould (Penicillium nalgiovense), and ripening for sufficient time up to reaching the desired water activity in the final product (Fig. 1) [6]. The dry-fermented products were generally packed and stored under a modified atmosphere composed of nitrogen and carbon dioxide (80:20, v/v) or under vacuum to enhance their shelf life stability by minimizing microbial growth and lipid oxidation processes [7, 14].




      

        Table 1 Dry-fermented meat products formulation.




        

          

            

              	Meat product



              	Meat base



              	Ingredients and additives



              	Starter culture



              	Reference

            




            

              	
Italian


              salami




              	100% pork meat



              	1% salt, 0.3% curing salt, 1% flavoring, 1% sucrose, and 0.25% sodium erythorbate



              	
S. xylosus, S. carnosus, P. pentosaceus and P. acidilactici




              	[7]

            




            

              	Italian salami



              	70% pork meat, and 30% pork fat



              	Salt, spices, aromas, sodium nitrate, sodium nitrite, ascorbic acid, citric acid, milk powder, lactose, and sucrose



              	Lactobacillus



              	[8]

            




            

              	Italian salami



              	62.09% pork meat, and 19.10% beef



              	2.91% salt, 0.28% sodium nitrite and nitrate, 0.23% sodium ascorbate, 0.19% pepper, 0.19% garlic powder, 0.19% nutmeg, 0.28% glucose, and 0.19% sucrose
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