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    As a teacher, researcher, and administrator in the field of Biotechnology for the past four decades, it gives me immense pleasure to write a foreword to the book entitled ‘Opportunities for Biotechnology Research and Entrepreneurship’. Biotechnology as a Science has improved employability by combining applied scientific research with business, enterprise, and entrepreneurial skills. Though there are several books in the field of Biotechnology, it is important to capture the link between applied research and entrepreneurship. This book edited by Dr. Sagarika Devi, Prof. Gokul Shankar Sabesan and Prof. Sultan Ahmed Ismail and Published by Bentham Science Publishers is an attempt to develop a solid understanding of science, technology in the business management. Applied and innovative approaches in biotechnology coupled with the entrepreneurship can provide more career and business opportunities in future which is a boon in the era where unemployment problem is of major concern.




    The book has 15 chapters and mainly focuses on niche areas of food sciences, medicine, industrial and environmental biotechnology and is authored by global authors representing different countries like India, Vietnam, Thailand and Malaysia. This is Part-1 of the multi series volume. The multi-disciplinary approach of merging diversified areas of Biotechnology in-to one book volume is an appreciable attempt that would help to bring creative ideas in cross-over research and pave the way for new start-ups.




    The innovative information and concepts given in the book would not only add value to the existing knowledge but also provide ideas to students, researchers, scientists, entrepreneurs, and policy makers in the area of applied and industrial biotechnology. I congratulate the authors and editors for bringing out this volume with meticulous commitment and amazing teamwork.




    

      K.R.S SAMBASIVA RAO


      Mangalayatan University, Jabalpur


      Mizoram University


      Madhya Pradesh 481662, India
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    Il n’y a pas des sciences appliquees ´ ... mais il y’a des applications de la science. (There are no applied sciences... but there are the applications of science.) – Louis Pasteur




    Opportunities for Biotechnology Research and Entrepreneurship is a culmination of the efforts and vast knowledge of eminent scientists around the globe in different frontiers of biotechnology. The book intends to sheds light and convey recent progress in advancements of scientific knowledge and significant transformations to improve the environment, human health and sustainable industrial applications. Catering to the needs of graduates, postgraduates, scientists, and entrepreneurs in multidisciplines of life sciences, the book contains a series of chapters on new trends in biotechnological applications with specific references to the future prospects for related technologies. We hope that both scientists and non-scientists will find this book a useful source of information. Although a strong technical background may be necessary to assimilate the fine points described herein, we have tried to make the fundamental concepts and issues accessible to readers whose background in life sciences is quite modest. The attempt is vital, for only an informed public can distinguish desirable biotechnological options from the undesirable ones, and those likely to succeed from those likely to result in costly failure.




    We extend our sincere gratitude and appreciation to all contributing authors of this book who helped us tremendously through their insightful contributions to put together this peer-reviewed edited volume. We thank the editing and publishing team at Bentham Books, for their generous assistance and persistence in finalizing the edited volume. Special thanks are to our families and friends for their support and cooperation in placing everything together.
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      Abstract




      The development of biotechnology has led to improvements in the nutritional value and quality of foods consumed by humans, thereby benefiting their health. Globally, foods developed through biotechnology are heavily studied and judged by governments, health authorities, and scientists. By applying food biotechnology, we can reduce the number of naturally occurring poisons and allergies in food. Food biotechnology can be used by farmers and food producers to provide a safe, convenient, and affordable food supply posing new challenges and opportunities for the prevention of disease. It mainly involves the use of genes from plants, microbes, and animals with a view to enhance productivity and nutritional benefits. The interdisciplinary field of food biotechnology employs modern biotechnology principles to produce, process and manufacture foodstuffs. A variety of tools are used in food biotechnology, including traditional breeding methods such as cross-breeding. There are also various modern techniques including genetic engineering which increase the yield. The aim of food biotechnology is to increase the crop yield for the welfare of farmers and to provide nutritional foods for people around the world. There are various concerns associated with the development of food biotechnology. In this paper, the future prospects of food biotechnology are discussed.
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      INTRODUCTION




      Biotechnology is one of the most promising application domains in the food industry since it allows the creation of new and unique goods [1]. Gene science is being used to develop new products from flora and fauna. In other words, it is a




      scientific approach to create new plants or animals, or innovations with organisms to overproduce any desired products or to improve the quality of the products with some specialised applications [2]. Basically, biotechnology is categorized in two different ways: traditional biotechnology and modern biotechnology. The production of bread, cheese, alcohol, various alcoholic beverages, vinegar, yogurt and other classic biotechnological products are produced through traditional biotechnology whereas modern biotechnology is a field in which biological systems are altered through genetic engineering to produce valuable goods such as human hormones, enzymes, genetically modified foods, insulin and biotech vaccines` [3-5]. But both these modern and traditional biotechnology are commercially viable. Genetic engineering is often known as recombinant DNA technology where manipulation of genes is done. The goal of genetic engineering is to add or delete one or more genes in a creature [6], which are called GMOs (genetically modified organisms) having been created to fulfill human needs majorly as food supply [7]. No government allows the export or import of transgenic plants without prior analysis of the consequences caused by the transgenics. Only a few crops and foods have been approved by some nations, while others are still undergoing field testing and marketing challenges. Biotechnology in food has more benefits than drawbacks, it is serving the demands of the growing population by increasing food production. The increased crop yield benefits the farmers and also provides nutrition to people around the world. However, the development of food biotechnology has also raised many concerns.




      

        Impact of Biotechnology on the Food Sector




        Food is an imperative link between farmers and supermarkets. A lot of agricultural products are processed after they leave the farm except vegetables and fruits which can be eaten raw. The use of biotechnology can improve the safety of the food supply and nutritional quality at every level of this chain [8, 9]. Using food biotechnology, more food can be grown on less land and it helps to fight world hunger owing to its economic benefits [10]. Biotechnology has been shown to push industrialised countries to achieve maximum growth in the food sector, despite the fact that it is still not widely acknowledged in other countries [11]. To satisfy the world’s demand, food production will have to be considerably increased. The potential of biotechnology as a tool to help solve the problem has yet to be completely realised [12]. Less crop yield is widely considered to be the primary cause of food insecurity around the world. People living in developing countries and rural areas tend to be poor and food insecure. Through biotechnology, high-yielding varieties that are resistant to biotic and abiotic stresses can be developed; pest-related losses are reduced, and food nutritional values are improved, which are all vital in rural areas and developing countries [13]. In order to minimise food insecurity, reducing postharvest waste can be a critical step. Thus, environmental concerns about producing safe foods for human consumption in a sustainable way may need to be addressed [14].


      




      

        Future Foods




        The perishability of agricultural products is a big issue. Various strategies for extending the shelf life of crops, particularly fruits and vegetables, have been launched and developed. Delaying the ripening of fruits and vegetables by modifying genes through genetic engineering is one such successful strategy [15]. There are a variety of applications of these genetically modified plants/organisms (Fig. 1), some are as described below. Transgenic tomatoes, sometimes referred to as genetically modified tomatoes, contain genes modified through genetic engineering. The first commercially accessible genetically modified product was the Flavr Savr tomato, which has a longer shelf life [16, 17]. Humans require vitamin A for vision, development, reproduction, cellular differentiation and proliferation, and immune system integrity. A lack of vitamin A can cause visual or ocular problems such as night blindness and xerophthalmia [18].




        
[image: ]


Fig. (1))


        Schematic representation for application of food biotechnology.

      




      

        Food Processing




        For millennia, bacteria, yeast, and fungi have been employed to make fermented foods [19] and to produce new products or modify existing foods [20]. Applying genetic engineering in producing new products helps in overproducing food materials or to enhance the quality of the food or increase the shelf life of food [21]. As so many methods are there to increase the yield or quality of the plant, the preservation of food has been an essential part. Preservation of food started from mankind's survival since ancient times, ensuring the safety and stability of different foods. Salting, drying, heating, fermentation, freezing and pasteurization are some of the traditional methods used to prevent food deterioration in the past. Its primary objective is to extend the shelf life of food while retaining its nutritional properties, colour, texture, and flavour [22, 23]. Fermented foods rely heavily on food microorganisms for flavour enhancement, preservation, and developing aroma and texture [24]. Probiotics can penetrate the gastrointestinal system and compete with many different bacterial strains [25]. Enzymes play an important role in controlling and enhancing food texture, flavour, and nutritional value [26]. Several food substances are produced using these enzymes, including sweeteners, cheese, and curd cheese. The first recombinant enzyme (rennin) for the direct use in food has received “generally recognized as safe” (GRAS) certification, making it a milestone in food biotechnology [9].


      




      

        Fermentation




        Fermentation is the most prominent technique for the production of various beverages including beer, wine, etc. Yeasts like Saccharomyces cerevisiae are the primary yeast for wine fermentations [27]. Grapes, berries, cherries, apples, apricots, peaches, kiwis, plums, and strawberries are the sources for the production of wine [28]. There are two types of fermentation in winemaking; primary fermentation and secondary fermentation. Yeast is primarily used in the primary fermentation process of converting sugars into alcohol [29]. Red wine is produced by a secondary fermentation initiated by various bacteria that belong to the genera Leuconostoc, Lactobacillus, and Pediococcus, in order to decrease the wine acidity. This fermentation also converts malic acid into lactic acid, thereby reducing wine acidity, improving acid balance, and increasing the complexity of flavour in the finished wine [8]. There are various steps in the production of wine like harvesting, extracting juice, alcoholic fermentation, clarification, aging, and bottling [30].


      




      

        Yield Enhancement through Biotechnology




        Biotechnology has assisted in increasing crop yield by making crops more disease-resistant and drought-tolerant. It is possible now to choose disease-resistant genes from different animals and transfer them to essential crops [31]. More instances can be found in dry climates, where crops must conserve water as much as possible. Many crop varieties can benefit from genes from naturally drought-resistant plants, which can be exploited to improve drought tolerance [32].




        In microorganisms, there are so many methods to enhance the production of enzymes like optimization of yield condition using RSM [33-35] or mutating them [5].


      




      

        Genetically Modified Foods




        Feeding the world’s hungry and malnourished population is also a challenge. Genetically modified (GM) foods are those produced from organisms whose DNA are altered. Introducing DNA from one organism into another or altering an organism's DNA to achieve a desired characteristic [36]. The process of creating genetically engineered foods differs from selective breeding. It involves selecting plants or animals that possess desirable traits and breeding them. As a result, these traits are passed on to offspring over time [37]. 86% of maize crops of the USA are genetically modified whereas it is 32% in the entire world according to the data from 2010 and 2011, respectively [38, 39]. 13% zucchini of in the USA is genetically modified, and resistant to certain viruses [40]. Using these genetically modified plants increases the yield. In a meta-analysis study conducted by Klümper and Qaim [41], they found that GM plants reduced the usage of pesticides by 37%, which enhanced the crop yield by 22%. The profit for the farmers was also found to be increasing by 68%. Some of the cons are also associated with the usage of GM, which are listed in Table 1. The importance of genetically modified food is elaborated below.




        

          Table 1 Pros and cons of Future Genetically Modified foods.




          

            

              

                	Pros of Genetically Modified Foods



                	Cons of Genetically Modified Foods

              


            



            

              

                	• Increased nutrient content [45].



                	• There is a serious problem with antibiotic resistance. The efficiency of antibiotics could be lowered and humans could be exposed to higher infectious disease risks if genes penetrate the food chain and are taken up by bacteria in their gut [50].

              




              

                	• Enhanced consumer appeal, such as apples and potatoes are less likely to bruise or turn brown [46]



                	• Allergens could be introduced or created as a result of genetic engineering. For people who are allergic to nuts, putting genes from a nut into another plant could be disastrous [51].

              




              

                	• It has a higher tolerance for herbicides, making weed control easier for farmers [47].



                	• Crossbreeding is the artificial mating of genetically related organisms from two different breeds This could lead to herbicide-resistant weeds, which would necessitate greater use of herbicides, potentially contaminating soil and water [52].

              




              

                	• It offers a better flavour and a longer shelf life, resulting in less waste [48].



                	• Pollen from Bt. maize produced significant mortality rates in monarch butterfly caterpillars [53] which would reduce the number of butterflies in the environment.

              




              

                	• It is more resistant to viruses and other illnesses, which may also result in less waste and improved food security [49].



                	• It widens the gap between developed and developing countries in terms of financial resources [54].

              


            

          




        


      




      

        Shelf Life




        The first use of genetic modification came from producers trying to keep food fresh for a long time. These modifications allowed for greater accessibility to markets and longer shelf-life for the food. Genetically modified tomatoes offer a longer shelf-life and greater profitability. In general, tomatoes soften after picking because of a protein produced in the fruit. Researchers are now able to introduce a gene into a tomato plant that prevents the softening of the cell walls. Gene-modified tomatoes soften more slowly than conventional tomatoes, allowing farmers to harvest them at the peak of their flavor and nutrition [42].


      




      

        Efficient Food Processing




        The genetic modification of food-producing organisms makes it possible to reduce the time and quantity necessary for certain food processing necessities. This type of modification can be very cost-effective.




        

          Production of Rennin




          Rennin is a protein used to coagulate milk during the production of cheese. Traditionally, rennin is made from the stomach of calves, which is a very labour-intensive process [43]. Now scientists can insert a copy of the rennin gene into bacteria and then use bacterial cultures to mass produce rennin. This saves time, money, space, and animals.


        


      




      

        Nutrient Composition




        It is common for some plants to lose some of their nutrients during processing. There are others that are grown in areas that lack nutrients. Genes can be introduced to plants to increase their potency and to increase the availability of nutrients. Using genetic engineering, scientists have developed 'golden rice', which produces beta-carotene as a result of obtaining genes from a daffodil and a bacterium. Vitamin A deficiency is a worldwide problem, which can be overcome with the use of this technique [44].


      




      

        Promises and Limitations of Food Biotechnology




        Scientists employ biotechnology to detect harmful viruses and bacteria that may be present in food. As a result, the risk of foodborne illness will be reduced. For example, some pathogen strains identified in maize produce substances that are hazardous to humans. Biotechnology is being utilised to lower the level of these harmful chemicals in maize and other food crops [55]. Biotechnology in agriculture aids in crossbreeding to generate new food types as well as boosting the nutritional content of food crops. These new kinds can be engineered to withstand herbicides on farms and develop tolerance to germs and viruses. Herbicide tolerance, pest and virus resistance, and drought tolerance are all examples of improved input qualities. Farmers may be able to develop food crops with improved growth, nutrient profiles and yields as a result of this technology. Fruit and vegetables can now be grown all year, in any season, thanks to genetic engineering. It's also used to treat vitamin and mineral inadequacies in people's diets [56]. The agricultural sector also helps the biofuels industry by providing the feedstocks needed for bio-oil, biodiesel, bioethanol fermentation and refining. Feedstocks for efficient conversion and increased BTU outputs of fuel products can be developed via genetic engineering and enzyme optimization methods [57]. Over the ages, genes inserted in genetically modified foods may become resistant to herbicides and insecticides [58]. The immune system of some persons may be unable to tolerate the intended genes added by genetically engineered foods. It may result in the development of antibiotic-resistant illnesses [59]. The cause of cancer caused by eating genetically modified foods is undergoing further study [60]. There is a concern among scientists that genetically engineered foods will introduce new allergies. Novel proteins produced by genetically engineered foods can act as allergens causing allergic reactions in humans and throughout the food chain [61]. The long-term viability of genetically engineered crops is also a source of concern [62]. The long-term impacts of genetically modified crops on the environment and human health are yet to be determined by scientists [63]. Environmentalists are also concerned that biotechnology may reduce biodiversity, since farmers choose to produce insect/pest-resistant genetically modified crops over other varieties in order to increase profits [64]. As a result, the modified crop would outcompete other local types, eventually causing extinction. Ecosystems can be weakened as a result of biodiversity loss putting food security in jeopardy. By introducing one or more additional genes into plants, biotechnology in agriculture may increase heavy metal contamination in soil. Plants created utilising biotechnology techniques by generating harmful proteins, may poison wildlife [65].


      




      

        Innovation and Challenges for Food Applications




        Since the beginning of time, man has relied on agriculture and cattle to supply his food needs. A nutritious diet can aid in the development of a healthy mind and a healthy society in the country [66]. Looking to the future development of genetic food, future biotechnology will not only aid in food diversity but also in the production of essential nutritional and superfoods [67-69]. Advances in food biotechnology is a comprehensive summary of the most recent advancements in food biotechnology as they relate to safety, quality, and security. The quality, safety, and nutritional content of processed foods can all be improved by using biotechnological techniques and methods [70]. Biotechnology has already had a significant impact on food business. It has provided us with high-quality foods that are delicious, healthy, and wholesome. It is convenient, self-supporting, and secure. In the food processing industry, biotechnology is used to preserve food as well as produce a variety of value-added products such as vitamins, enzymes, microbial cultures, flavour compounds and food components [71]. The introduction of genes that encode enzymes in the biosynthetic route of vitamins and critical amino acids has altered the way we make and consume food, thanks to advances in genetic engineering [72]. Cattle, swine, poultry, and fish that have been genetically modified are being produced with the goal of improving milk quality, lowering fat content, increasing productivity/growth, and offering tolerance to freezing conditions. In the future, it reduces the amount of natural poisons in plants, makes it easier and faster to detect pathogens, extends the life of the product and increases the efficiency of farming [73].


      




      

        Future of Food Biotechnology




        The development of food biotechnology may lead to a faster way to detect harmful viruses and bacteria in food. Foodborne illness could be reduced by the advancement of food biotechnology. Biotechnology is also being used to develop crops that flourish in adverse environmental conditions, such as heat or drought [74]. This could result in crops being planted on ground that was previously unsuitable for cultivation. Biotechnology can produce a wide range of novel products and ways to produce them in the future, including increased agricultural yields, plants that are naturally resistant to illnesses and insects, and potentially more nutritional and delicious foods [75]. Scientists have also begun to target specific allergy-causing proteins in meals in the hope of one day allowing people with food allergies to safely consume previously allergenic foods [76]. Food biotechnology may potentially result in more nutritious diets for humans and animals. Foods with improved nutritional qualities are making their way to store shelves [77]. Food biotechnology may assist in treating chronic diseases by sup- plying more nutritious substances, such as higher antioxidant and vitamin levels and lower levels of harmful fats [78].


      




      

        Role of Nanobiotechnology in the Food Sector




        Developing innovative food products and their process with nanotechnology is an integrative process and also offers fascinating opportunities in the food industry, such as food safety and quality control, manufacturing of new food additives/supplements, and other flavors. The growing demand for organic foods has also led to the adoption of new technologies in the food industry. It is possible to extend the shelf-life of food products by using active packaging (AP) containing natural antimicrobial agents [79]. An improved way to maintain food quality during storage is by using antimicrobial-loaded nanocarriers that can release antimicrobial active packaging controlled releases throughout the shelf life of the food [80]. Food shelf-life can be prolonged and food safety can be enhanced by using antimicrobial packaging films that control the growth of microorganisms in food. A combination of inherent antimicrobial materials, such as chitosan, can be utilized to produce these films [81, 82]. Food packaging can be made using nanofibers which are incorporated antibacterial, antioxidant, oxygen scavenger, moisture absorbent, odour absorbent, and numerous other bioactive components created through electrospinning [83, 84]. For example, zinc oxide is a nanocomposite used in active food packaging due to its important antioxidant properties for the food industry [85, 86]. Temperature is one of the important factors in food products. This factor can change the product’s shelf life. An increase and a decrease in temperature can degrade the food and may result in undesired phase changes. These will be rectified by time-temperature indicators (TTIs), which can be used to monitor food storage, handling, and distribution. Zeng et al. [87] have developed a time-temperature indicator that uses aqueous suspensions of triangular silver nanoplates with relatively sharp corners. In the visible region of these nanoplates, there are localized surface plasmon resonance peaks, whose positions are highly sensitive to the sharpness of their corners [88]. A number of studies have shown that nanocarriers have strong therapeutic effects in providing ultimate healing outcomes [89, 90]. A variety of biopolymers (plant gums and other animal products, proteins, and polysaccharides) can be used for the synthesis of nanocarriers and that can be used in food product development with antimicrobial properties [91-97]. Samrot et al. [98] reported that Ficus iyrata extract and gum have potent antibacterial and antioxidant effects. They were utilised to create drug-delivery nanocarriers. Carboxymethylated Terminalia cattapa gum and Araucaria heterophylla have been loaded with curcumin [99-101] and the encapsulation of chemical components in polysaccharides [102] are used as nanocarriers [103, 104]. Further, these nanocarriers from various plant sources can be used to protect flavour, and aroma and these nanoparticles also enhance the physical performance of the food. The range of nanobiotechnology has developed in recent years, with advanced nanomaterials and nanodevices already revolutionizing the food industry.


      


    




    

      CONCLUSION




      The population of the world faces the challenge of feeding a large number malnourished people. Gene-modified crops provide a valuable source of nutritious grain with the reduced use of pesticides and herbicides, which are not harmful to our environment or agriculture. This technology is still in its embryonic stage, despite all its positive attributes. Farmers are encouraged to adopt the latest technologies in field farming, such as organic farming, crop rotation, and genetic modification, through awareness programmes at the village level. Only a few crops and foods have been legally accepted by the government, while others are currently undergoing field testing and experiencing difficulty in commercialization. In some countries, the acceptance of genetically modified food remains a new concern due to misconceptions and myths that ignore the benefits it provides. Today, the benefits of biotechnology outweigh the downsides. It is vital that food production be increased in order to meet the demands of the growing population.
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      Abstract




      Functional foods and ingredients offer health benefits that extend beyond their nutritional value. To develop functional foods, often functional ingredients or supplements are added to create desired properties, especially in the area of health improvement. Many well-known functional ingredients can be obtained from biological processes including probiotics, prebiotics, beta-glucan, enzymes, peptides, antioxidants, medium or short-chain fatty acids, vitamins, etc. Therefore, it is necessary to understand the biotechnological process that is used to create high-quality functional ingredients. This chapter gives an overview of functional foods and ingredients in terms of definition, category, biological production, safety, and future functional foods. Functional food can not only prevent nutrient deficiencies but also protect against diseases and promote proper growth and development, as well as enhance health by boosting the intake of important nutrients. Innovations in functional foods and ingredient development would result from understanding more about their biotechnological manufacturing.
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      DEFINITION OF FUNCTIONAL FOODS, BENEFITS AND TRENDS




      Functional foods are foods or ingredients that offer health benefits besides their nutritional value. Development of functional foods could contain supplements or other additional ingredients designed to improve health. The concept of functional foods originated in Japan in the 1980s when government agencies started approving foods with proven benefits to the better health of the general population [1]. Some examples include foods fortified with vitamins, minerals, probiotics, or




      fiber. Nutrient-rich ingredients like fruits, vegetables, nuts, seeds, and grains are often considered functional foodsas well. Oats, for instance, contain a type of reduced soluble fiber called beta-glucan, which has been shown to reduce inflammation, enhance immune function, and improve heart health. Similarly, fruits and vegetables are packed with antioxidants, which are beneficial compounds that help protect against diseases. Functional foods are generally separated into two categories: conventional and modified. Conventional functional foods are natural, whole-food ingredients that are rich in important nutrients, for example, vitamins, minerals, antioxidants, and heart-healthy fats. Modified functional foods have been fortified with additional ingredients, such as vitamins, minerals, probiotics, or fiber. These additional ingredients can be obtained from animals or plants by extraction, separation, and purification process. In addition, some useful microorganisms can produce metabolites such as vitamins, oligosaccharides, antioxidants, or micronutrients, which exhibit health benefits as well. The process that utilizes microorganisms is called a biotechnological process. Therefore, by using safe biotechnological processes, it is possible to produce additional functional ingredients like vitamins, probiotics, or fiber for the development of functional foods.




      The demand for functional foods is rising. As can be witnessed from the global sales of fortified/functional foods, which reached $292 billion in 2021, up from $274 billion in 2020, per Euromonitor [1]. A Kerry survey of consumers in 16 countries found that 4 in 10 (42%) bought more functional foods in 2021 than in 2020. Nutrition Business Journal put U.S. functional food/drink sales at $83 billion in 2021, up 6.8% versus 2020 [1]. The reason the demand for functional foods has increased over the years is that consumers have believed in the potential benefits of functional foods. There are several studies that have pointed out the benefits of functional foods such as (1) preventing nutrient deficiencies, (2) protecting against disease, (3) promoting proper growth and development. Consequently, the top 10 functional food trends that are influencing consumer behavior in 2022 are (1) self-defense, (2) fit and ready, (3) sustainably healthy, (4) conditions and connection (5) weighting in (6) plant-based plateau (7) alternatively clean (8) functional cooking (9) mainstream niches (10) inside out [1].


    




    

      FERMENTATION PROCESS




      The functional ingredients produced from microorganisms through a biological process require an understanding of fermentation. The fermentation process is a microorganism-mediated procedure that requires the transformation of large molecules to small ones or molecular oxidation/reduction reactions. Fermentation technology, which ranges from a small experimental scale to a massive manufacturing scale, depends on microbial components and creates a variety of chemicals. Various bioactive compounds are created during this process, which can provide consumers with significant health benefits [2]. In the fermentation process of functional food production, probiotics and lactic acid bacteria (LAB) are the most commonly employed microorganisms, particularly in dairy processing. This microorganism is well-known in the functional food industry since it provides health benefits and is generally regarded as safe (GRAS). Since several countries have traditionally fermented milk products derived from their agricultural source, fermented milk is the greatest example of fermented functional food. Cheese is a popular fermented milk product made mostly by LAB fermentation of milk curd as a main process [3]. In cheesemaking, microorganisms found naturally in raw milk, natural starting cultures, cyclically generated milk or whey cultures, or selected starter cultures can all cause the fermentation process. The cheese starter, whether natural or selected, is in charge of acidification parameters, cheese taste development, and the decrease of unwanted microbes [4]. According to a study [5], the influence of culture on cheese flavor and texture was assessed in Caciotta-type cheeses by comparing the use of various LAB starters. All settings evaluated resulted in proper acidification, with the attenuated adjunct cultures having a superior overall influence on cheese quality. The result is similar to Gouda cheese reported by another study [6]. Due to the large proteolysis and lipolysis effects, the fermentation of a strain of Lactobacillus paracasei chosen from raw milk enabled enrichment and uniformity in the flavor range of cheese with a greater volatile component synthesis. In Cheddar cheese production, it was produced with cow or buffalo milk with commercial and indigenous cultures of Lactococcus lactis subsp. lactis and Lactococcus lactis subsp. cremoris sensory features were improved in buffalo milk cheese [7]. As a result, the primary components of the cheese fermentation process are the source of milk and the starter.


    




    

      FUNCTIONAL BIOTECHNOLOGICAL PRODUCTS




      This section will give an example of functional food and ingredient products that can be obtained from a biological process. Brief production or involved technology information, key microorganisms, and suitable conditions of production will be presented.




      

        Probiotics




        Probiotics were defined as “live microorganisms which when administered in adequate amounts confer a health benefit to the host” [8]. They can be directly used as a fermentative starter in dairy and non-dairy products such as yogurt, kefir, fermented fish, meat, and vegetables. On the other hand, they can be prepared by various encapsulation methods as a dried product to be used as a functional food additive. Spray drying and freeze drying are the most well-known and commonly used methods for preparing commercial probiotic powder in the food industry. Spray drying is a microencapsulation technology that ensures a stable and long shelf life for probiotics in large-scale production by lowering transportation and storage expenses [9]. This method delivers the probiotic cell suspension through an atomizer to a chamber with heated air. Since the atomizer turns the solution into a droplet that comes into contact with the heated environment, it dries out rapidly due to the evaporation of water molecules. In a very short period of time, the dried particles formed as microcapsule powder collected at the bottom of the chamber [10]. The survival rate of probiotics appears to be inversely proportional to the outlet temperature; the higher the temperature, the lower the survival rate. This method produces probiotic powder in a short time, at a low cost, and on a large scale, but with a low survival rate. Freeze drying, also known as lyophilization, is another common technology used in the production of functional foods. This method consists of three stages including sample preparation, primary drying, and secondary drying. The sample is precooled below its glass transition temperature and then sublimated and dried under vacuum at a low temperature. The primary drying involves increasing the shelf temperature to remove frozen water, while the second step involves sublimation to remove unfrozen water. The product can be dried until the moisture content is reduced to 95–99% [10]. Freeze drying is a very effective technique for preparing probiotic powder because occurs in low temperature. However, equipment with high operational, maintenance and production costs is necessarily required [11]. In the process of probiotics production, these two technologies can be combined with a wide range of materials to improve its efficiency, for instance, carbohydrates, protein, fatty acids, green tea and fruit extracts, curcuminoid, and prebiotics [12]. These materials can improve efficiency by either acting as a cryoprotectant in lyophilization or wall materials to increase thermal stability in spray drying. Besides, they can protect probiotics in severe GI conditions, provide health benefits, and prolong shelf life. Recently, many techniques have been developed to be an alternative and increase encapsulation efficiency such as ion gelation which is based on cross-linkage between polyelectrolytes and counterions. Ion gelation can be performed by dropping probiotic polysaccharide (alginate, chitosan, gum, etc.) mixture solution into the gelling agent solution through a syringe needle to form microbeads. This bead can enhance probiotic protection and viability in intestinal conditions [13]. Complex coacervation is also interesting due to its advantage of high loading capacity. The process occurs by covering the probiotics with a complex shell of polyelectrolytes. The shell is formed when oppositely charged polyelectrolytes spontaneously phase separate. Chemical or physical crosslink reaction leads to complex shell hardening followed by the removal of solvent [14]. Even complex coacervation has a high loading capacity of up to 99%, but it is pH and ionic charge sensitive, difficult to scale up, and could be toxic to probiotic cells [15]. Apart from using temperature as a key role in the encapsulation process, electrospinning and electro-spraying are other processes based on an electric field between two electrodes. These processes use different atomized tools to shape fibers (electrospinning) or spheres (electro-spraying). This shape of microencapsulation was produced by spinning or atomizing in an electric field. After solvent removal, these fibers or spheres entrapped with probiotics are ready to collect [11]. Because it requires polymers in the process, it is possible to change the properties of the solution by adding appropriate additives, expressing its utility in food applications [12].


      




      

        Prebiotics




        There is a rising interest in finding novel compounds that enhance health and have the potential to be used in technology applications. Prebiotics are naturally occurring functional components found in various plant and animal diets that have attracted the interest of the pharmaceutical and food industries due to their beneficial health effects. Food components with prebiotic properties include non-digestible carbohydrates such as polysaccharides (resistant starch, pectin, and dextrin) and oligosaccharides such as fructooligosaccharides (FOS), galacto- oligosaccharides (GOS), xylooligosaccharides (XOS), isomaltooligo- saccharides (IMO), mannanooligosaccharides (MOS), raffinose oligosaccharides (RFOs), arabinoxylan oligosaccharides (AXOS), lactulose and inulin [16]. Prebiotics are currently only produced on a large scale by extracting them from plants using traditional processes such as enzymes, hot and supercritical water, and chemical hydrolysis. Because of its reproducibility and high yield, enzymatic hydrolysis is the most widely used technology [17]. For example, FOS can be obtained by microbial enzymatic synthesis using fructosyl transferase (FTase). Several bacteria and fungi produce FTase, but Aspergillus niger and Aureobasidium pullulans are mostly used in the industry [18]. Moreover, β-fructofuranosidase from Apostichopus japonicus is also able to convert sucrose into FOS. With the technological advances in prebiotic production, the combination of β-fructofuranosidase and glucose oxidase from A. niger can increase the yield of FOS formation by up to 98% [19]. GOS is another well-known prebiotic that can also be produced by microbial enzymes, galactosyl-transferase and β-galactosidase. Even galactosyl-transferase is used to synthesize GOS, giving higher yield than the latter, but it is uneconomical at the industrial scale due to nucleotide sugars requirement in the reaction [18]. β-galactosidases used in GOS production are found in Aspergillus oryzae, Sterigmatomyces elviae, Bifidobacteria, and Lactobacilli. Different sources of β-galactosidases generate different types of GOS including the amount, degree of polymerase, and glycosidic linkages. Furthermore, each source of β-galactosidases necessitates various GOS production conditions; for example, fungal and bacterial sources require acidic conditions, whereas yeast sources require a neutral pH. High temperatures are also required for GOS production from the thermophilic microorganism [20]. MOS is one of the most attractive prebiotics because of its ability to promote normal flora growth while inhibiting pathogenic microbes in the GI tract [21]. MOS can be produced by hydrolyzing natural sources such as locust bean gum, copra meal, and konjac. In the production of MOS, β-mannanases, β-mannosidase, β-glucosidase, α-galactosidase, and acetyl mannan esterase can be utilized [22].


      




      

        β-Glucans




        β-Glucans are a group of biologically active fibers or polysaccharides that are widely distributed in bacteria, fungi, algae, and cereals [23]. Food and Drug Administration (FDA) states that β-glucan includes the GRAS (Generally Recognized As Safe) category and has no toxicity or side effects [24]. Naturally, beta-glucans, which are found in cereals, oats, and barley, have been approved for numerous health claims when consumed in amounts of at least 3g of barley or oat beta-glucans. As a result, they have a wide range of positive benefits, including lower blood pressure, lower serum lipid content, lower blood glucose, higher stool bulk, anticancer, immunomodulatory, and immunostimulatory properties [25]. β- Glucan has a wide range of commercial applications, especially in the nutraceutical, food, and healthcare industries. Generally, microorganisms secrete β-glucan as exopolysaccharides (EPS) in the form of capsules or slime. β-glucan can be applied in the food industry, such as thickening, stabilizing, emulsifying, and gelation. These properties are used to be adapted to soups, sauces, drinks, and other food products. To cater to the commercial demand for β-glucan, it can be produced by microbial fermentation by microorganisms. The enzymatic synthesis of these glucans by glycosyl transferases, glycosynthases, and glycoside phosphorylases is a rapidly emerging area in which such significant carbohydrates and derivatives have drawn a great deal of interest. The production of β-glucans from microorganisms is largely determined by the population and is influenced by the condition of the growth media, especially pH and glucose content. Many researchers indicated that bacterial populations could affect the production yield because β-glucans are arranged in their cell walls. Generally, β-glucan was extracted using acid-alkaline methods from the growth media of β-glucan producing strains. For example, the results of Utama et al., 2021 [26] showed that Saccharomyces cerevisiae, Aspergillus oryzae, Xanthomonas campestris, and Bacillus natto were expected for β-glucan production in submerged fermentation up to 120 h. The highest β-glucan yield was shown by B. natto (20.38%) with a β-glucan mass of 1.345 ± 0.08 mg and a globular diameter of 600 µm [26]. Current industrial production of β-glucans from crops is mostly by chemical routes generating hazardous and toxic waste. Therefore, alternative sustainable and eco-friendly pathways are highly desirable. Ascencio et al., 2021 [27], have studied the Lasiodiplodan production from sugarcane bagasse (SCB), a major lignocellulosic agricultural residue, by Lasiodiplodia theobromae CCT 3966. Lasiodiplodan accumulated on SCB hydrolysate (carbon source) supplemented with soybean bran or rice bran (nitrogen source) was 16.2 (6.8 × 103 Da) and 22.0 (7.6 × 103 Da) g/L, respectively.


      




      

        Enzyme




        Enzymes are biocatalysts that activate practically most biological processes and are fundamental for life [28]. Different food products, including beer, wine, vinegar, cheese, and sourdough, demonstrate the traditional culture of utilizing enzymes. Although enzymes were not initially employed in their purest form, large-scale fermentation systems generating pure enzymes from a specific strain were eventually developed [29]. Microorganisms have played an important role in industrial biotechnology [30]. Microbial enzymes serve as metabolic catalysts and are thus employed in a variety of industrial applications. The majority of enzymes employed in industrial processes are hydrolytic and are used to degrade a variety of natural chemicals, such as protease, which is now the most popular enzyme on the worldwide market. Proteases, also known as proteolytic enzymes, are enzymes that hydrolyze peptide bonds to break down proteins. Proteases lack substrate specificity; yet, regardless of the protein, they recognize the carboxylic side of an amino acid that forms a peptide bond. Proteases from Bacillus and Aspergillus species, which can be produced from natural strains or utilized in commercial preparations, have a wide range of uses in the food industry. Some of these applications can be employed in many sectors; bioactive peptides, for example, can be used in the food and pharmaceutical industries [31]. Many proteins can be limitedly hydrolyzed to produce peptides, also known as protein hydrolysates, that have extraordinary biological activities including antihypertensive, immuno stimulating, antimicrobial, and antioxidant properties [32]. These peptides are made by using proteases to break down proteins from milk (casein and whey), eggs (albumin), and soy, ensuring that they are safe to eat as a functional food. Sharma et al., (2019) [33] described that the production of proteases relies on a few important factors including pH and temperature. Because both microorganisms are alkaliphilic, their cell growth and enzyme synthesis are extremely dependent on extracellular pH. For these microbes to grow, a pH of approximately 10 is ideal. Another important parameter to optimize for optimum cell growth and protease enzyme production is temperature. Even though they are genetically related, each microbe has a specific optimal temperature for protease activity, such as Bacillus clausii (60°C), Bacillus amovivorus (37°C), Aspergillus oryzae (50°C), and Aspergillus nidulans (35°C). Genetic engineering has recently been used to enhance the enzyme industry in large-scale manufacturing. Molecular genetic technology employs a wide range of techniques, including conventional mutagenesis and genome editing. Conventional mutagenesis refers to traditional genetic engineering techniques that enhance enzyme production by mutagenesis using UV radiation or chemicals such as intercalating agents [34]. Furthermore, enzyme production can be increased by employing genetically modified microorganism strains. This microbe contained edited DNA that was modified to promote gene expression, resulting in increased enzyme synthesis. In recent years, new technologies “CRISPR/Cas9” have been introduced. “Clustered Regularly Interspaced Short Palindromic Repeats” and “CRISPR-associated protein 9” are a microbial adaptive immune system that cleaves foreign genomic elements using RNA-guided nucleases [35]. CRISPR-Cas9 has been effectively used to enhance xylanase synthesis in recent studies. It was used to investigate sxlR, a negative regulator of xylanase activity. This regulator's overexpression caused a reduction in xylanase activity. The deletion of the sxlR gene resulted in a significant increase in xylanase gene expression [36].


      




      

        Peptides




        Protein-rich meals are recommended as a high-quality source of protein since they are a natural component of functional foods. Meat, milk, egg, fish, soy, and wheat are examples of typical dietary proteins obtained from plants and animals [37]. Proteins in meals not only provide nutrition but also play physiochemical roles that benefit health. The function of food-derived bioactive peptides exhibits an effect on immunity, the cardiovascular system, the nervous system, the gastrointestinal system, and antioxidant properties. Effects on immunity include antifungal, antimicrobial, antiviral, immunomodulatory, cyto modulatory, anticancer, and antigenotoxic. Effects on the cardiovascular system include antithrombotic activity, antidiabetic, hypocholesterolemic, anti-anemic, antihypertensive, and anti-inflammatory. Effects on the nervous system include antinociceptive, enhanced relaxing effect, and anti-amnesic effect. Effects on the gastrointestinal system include prebiotic effects and protective effects on the gut mucosa [38]. The majority of protein highly structured actions are carried out by peptide sequences encoded in the primary structure, which become active when cleaved intact [39]. Microbial fermentation or commercial exogenous enzymes that hydrolyze proteins into peptides can be used to produce bioactive peptides. Milk proteins have yielded the highest number of bioactive peptides to date. Meat, fish, eggs, and plant sources like soy and wheat are some of the other options. Papain, Pepsin, Trypsin, a-chymotrypsin, Pancreatin, Flavourzyme, Pronase, Neutrase, Protamex, Bromelain, Cryotin F, Protease N, Protease A, Orientase, Thermolysin, and Validase are the most often utilized enzymes for the production of bioactive peptide [38]. Because of the short reaction time, the simplicity of scaling, and predictability, enzymatic hydrolysis is chosen over microbial fermentation for the production of bioactive peptides. To hydrolyze the protein and produce the hydrolysate containing short peptide sequences, more than one proteolytic enzyme (purified or crude) can be utilized. The addition of enzymes would be dependent on the enzyme’s optimal pH and temperature [40]. There are multiple stages in the production of bioactive peptides:




        

          	Isolation of proteins from the source;




          	Hydrolysis of proteins by different enzymatic proteases;




          	Bioactivity screening;




          	Purification of bioactive peptides; and




          	Bioactivity verification using de novo peptide synthesis and bioactivity testing in vitro and/or in vivo [37]. Other breakthroughs in bioinformatics, also known as in silico analysis or software-based approaches, allow for the prediction and identification of cryptic peptides with bioactivities, the elucidation of structure-function correlations, and the proposal of mechanisms of action [41].


        


      




      

        Antioxidants




        Antioxidants are important for physical wellness because they minimize the negative consequences of free radical attacks. Free radicals are involved in a variety of oxidation processes in the body. They can cause tissue malfunctions, which can lead to degenerative illnesses. Oxidation may occur in both food systems and the human body. Food quality and safety decrease as a result of the development of free radicals, off-flavor, and hazardous by-products in food systems. Oxidative stress is a major issue in physical health, especially when there is an imbalance between the production of reactive oxygen and antioxidants [42]. In fact, the human body has an immunological process that involves antioxidative defenses to reduce the negative effects of free radicals. Additional dietary antioxidant consumption, on the other hand, is necessary to strengthen the human body's defenses against free radicals. These antioxidants can be found in the form of nutrients (such as vitamins A, C, E, and peptides) as well as phenolic compounds. In the prevention of oxidative processes, various antioxidants have different mechanisms and scavenging activities. Some chemicals can act as antioxidants by transferring hydrogen atoms and/or single electrons to stop the oxidation chain process, while others can chelate transition metals. They can react either by a predominant mechanism or multiple mechanisms [43]. Generally, antioxidants can be extracted from plant materials, known to be natural sources of antioxidants, such as herbs, fruits, and vegetables. Antioxidants can be extracted from different plant parts including leaves, roots, stems, seeds, and peels [44]. So far, extraction processes have mostly been carried out on a laboratory level. Scale-up is not straightforward since it is heavily reliant on complicated transport phenomena [45]. Recently, there has been a rise in interest in microbiologically produced antioxidants, due to the fact that microorganisms are excellent producers of secondary metabolites, and some of them also have antioxidant characteristics [46]. Actinomycetes efficiently synthesize a wide range of bioactive compounds, including antioxidants. Streptomyces sp. produced different antioxidant isoflavonoids, 4′, 7, 8-trihydroxyisoflavone. These compounds exhibit anticancer action in addition to their antioxidant properties [47]. Benthocyanins A, B, C, and benthophoenin, for example, found in Streptomyces prunicolor, have antioxidant properties such as lipid peroxidation inhibition [48]. Lactic acid bacteria and probiotics are also very efficient in producing antioxidants. Exopolysaccharides generated by Lactobacillus paracasei and Lactobacillus plantarum were shown to have considerable antioxidant capabilities in addition to in vitro immunomodulation. Three different probiotic bacteria, namely, Lactobacillus casei, Lactobacillus acidophilus, and Lactococcus lactis found in fermented milk, exhibit antioxidant and cholesterol assimilation properties both in vitro and in vivo. All of these strains were able to scavenge DPPH, malonaldehyde, and H2O2 radicals, and limit linoleic acid peroxidation activity. Lactobacillus casei had the highest Trolox equivalents (48.7 mM), followed by Lactobacillus acidophilus (46.3 mM), and Lactobacillus lactis (23.4 mM) [49].


      




      

        Short and Medium-chain Fatty Acids




        Short- and medium-chain fatty acids (SCFAs and MCFAs) are natural compounds commonly found in both animal and plant tissue. Fatty acids can be distinguished by their length. Short-chain fatty acids that have aliphatic tails within five carbons, while medium-chain fatty acids have aliphatic tails between 6 to 12 carbons. They are also different in lipophilicity which increases as carbon atoms increase [50]. From the pharmaceutical aspect, SCFAs and MCFA are essential compounds for energy metabolism in mammals and are associated with regulatory and signaling functions [51]. Dietary habit directly modulates the composition of the gut microbiome, the main source of SCFA and MCFA production, in the host and hence affects SCFA production [52]. Both fatty acids are absorbed in the colon epithelium via diffusion [53] and intestinal lumen via Cl- exchange [54]. It has also been used for preventing pathogens such as Clostridium perfringens, toxin-producing bacteria causing necrotic enteritis disease in the poultry industry by improving intestinal health [55]. Microorganisms produce a wide range of fatty acids including SCFA and MCFA during fermentation. Gut microbes create unique lipid mediators which have anti-inflammatory properties [56]. In large-scale production, those essential fatty acids have been produced via the fermentation process. Saccharomyces cerevisiae are commonly used as a host for SCFA and MCFA production as they were claimed safe by the FDA in 1986 [57]. Fermentation processes using unsustainable resources have raised many concerns regarding environmental issues and economic feasibility. Large-scale production using renewable resources is now a much more attractive way to produce such products. Industrial organic wastes that are susceptible to spoilage and hence cannot efficiently be used as feed for livestock such as Chinese liquor distillers’ grains are promising candidates for the production of medium-chain fatty acids using microbial community in pit mud [58]. During wastewater treatment, a quantity of waste-activated sludge (WAS) is produced. These sludges can also be used for MCFA production by using an electron donor such as ethanol through a chain elongation process [59]. There has been an attempt to improve fatty acid production by genetic engineering. It was found that multiple transporter genes such as acrE, mdtC, mdtE, cmr, fadL, marA, and soxS play a key role in microbial efflux pumps involved in the quality of biochemical secretion [60].


      




      

        Vitamins




        Vitamins play a significant role in maintaining the integrity of the body with an appropriate intake level [61]. Vitamin deficiency is a major global public health problem that needs to be primarily addressed. Different vitamin deficiencies lead to the development of several diseases, disorders, and conditions. Many studies have shown that a lack of vitamin A is associated with pulmonary and respiratory diseases, liver disease, and vision. Adequate vitamin B2 (“Riboflavin”) is also vital for the prevention and treatment of many diseases [62]. There are many sources of vitamins in nature from animals and vegetation. Mushrooms are a promising candidate for the source of vitamin B and essential trace minerals [63]. Ruminant meat and liver are also a great source of vitamin B12 (Cobalamin) [64]. Apart from that, vitamins can also be synthetically obtained. These synthetic analogs can be made by means of chemical and biological processes. There are a number of studies trying to mimic the biological properties of natural compounds chemically. In biological processes, microorganisms have widely been used for the biosynthesis of vitamins. Microorganisms can also be used in situ for food fortification [65]. Each strain has different routes to produce vitamins, it mainly consists of aerobic or anaerobic pathways. On an industrial scale, fermentation has been used for large-scale production. Propionibacterium shermanii, Pseudomonas denitrificans, and Sinorhizobium meliloti were predominantly used for vitamin production [66]. However, those exemplary strains have some limitations such as economically feasible and time-consuming fermentation cycles [67]. To overcome these challenges, many new approaches, mostly genetic approaches, have been conducted. One study has discussed the potential of improving menaquinone-7 biosynthesis, one form of vitamin K2, via metabolic engineering [68]. In another study, generally recognized as safe (GRAS) microorganisms have been utilized as cell factories for the production of folate [69]. In certain approaches, symbiosis of microorganisms was introduced to increase vitamin B12 levels [70].
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