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ABSTRACT

The food sector often uses enzyme technology because of its efficiency, specificity, and safety benefits. Recent years have seen "future foods" emerge as a new research hotspot for developing healthier, more nutrient-dense, palatable, and sustainably produced meals. Despite this, many foods still have texture, nutrition, and flavor issues. improvements in enzyme technology have made it possible to create new tools and methods for better-manipulating food textures and nutritional elements. In this study, we highlight the uses of enzyme technology in the manufacture of future foods, emphasizing flavor, texture, and safety. In addition, we examine the potential of enzyme-based technologies for the manufacture of food in the future, including the alteration of enzyme activity, the creation of appropriate hosts for the synthesis of food-grade enzymes, and the enhancement of synergistic multi-enzyme systems.

Keywords— Enzyme technology, Texture, Nutrition security.


 INTRODUCTION 


As biological sciences and food technology have advanced, Food science has evolved from conventional methods of food enhancement, such as the mechanical processing of food. components, to high-tech food processing and design. Food production in the future will depend on developments in synthetic biology, artificial intelligence, additive manufacturing, and tasty (Fig. 1) [1]. Future food production will utilize metabolic and enzyme engineering in addition to conventional food processing methods, such as creating biosynthetic pathways to transform renewable raw resources into food components and useful food additives. These technological advancements will solve issues with the quality, safety, and safety of the world's food supply while also advancing food science and technology [2, 3].  

Future food production employing cell culture has the potential to expand land utilization by 1,000 times, consume > 90% less water, and emit 87% less greenhouse gas than traditional food businesses [1, 4]. In terms of health, safety, nutrition, and environmental effect, foods like artificial meat (including plant-based and cell-cultured varieties) outperform traditional meat production in a big way. Impossible Foods Inc., Beyond Meat, and Memphis Meats are current biotech firms that have spent money to create and market fake meat and other future foods. 

Food processing requires the creation of effective methods for modifying and improving synthetic meat's flavor, texture, and nutritional qualities. Enzyme-based technology has emerged as a potent instrument for the fast expansion of the food industry since it cuts down on processing time, material costs, and energy requirements while being non-toxic and environmentally beneficial [5, 6]. As a case study, glutamine transaminase (TGase) and protease were optimized to alter the degree of cross-linkage and degrade allergens for texture improvement in food processing [7].
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Figure 1. The Future mode of food production. Future artificial foods production would be involved in different advanced technologies, such as neural networks, fermentation engineering, metabolic engineering, food synthetic biology, enzyme engineering, and 3D printing technology.(cupping et al. (2020) Current progress and prospects of enzyme technology in future foods).

Currently, enzymes are also used to improve nutritional aspects and utilization efficiency of raw materials and provide methods to customize flavor profiles of food (Fig. 2). This review focuses on the applications of enzyme technology in future food production, including food texture improvement, nutritional safety enhancement, and flavor optimization (see Table 1). Furthermore, the prospects of enzyme technologies are also discussed.

Applications of enzyme-based Technology in future food Production

Food texture improvement
The quality of food is significantly influenced by texture, which makes it a prime candidate for structural and function modification via enzyme technologies. Transglutaminase, as an illustration, may encourage the crosslinking of glutamine and lysine protein residues in meat products, which lowers the number of raw materials needed for manufacturing and gives the meat products a texture comparable to entire fresh flesh [8]. When compared to the conventional chemical procedure of adding a lot of sodium chloride or sodium phosphate salts, TGase-processed meat products are substantially healthier [9]. Milk proteins, minced fish, and sausages have been processed using TGase. The gel texture is improved by this crosslinking. by boosting the gel's water-holding capacity, viscosity, and stiffness [10]. However, due to its lack of enzymatic capabilities and restricted residue substrate range, TGase has just a few crosslinking uses [7]. By creating covalent connections between tyrosine residues, other enzymes like laccase can crosslink milk proteins [11], and laccase may enhance the viscoelastic characteristics of skim milk gels [12]. Additionally, protein crosslinking may be accomplished by polyphenol oxidase [13]. Li et al. discovered that casein emulsification rose by 10% and emulsion stability increased by 6% after crosslinking when they tested the crosslinking impact of horseradish peroxidase on casein in the presence of hydrogen peroxide [14]. Additionally, a significant approach for modifying protein texture is the covalent fusing of fatty acids with proteins [15]. For instance, fatty-acylated proteins can alter the chemical and physical structural characteristics of proteins derived from plants to increase their ability to store oil. 
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Figure 2: Applications of enzyme-based technologies in future foods fields. Enzyme-based technologies are mainly used in the improvement of structure, nutrition, color, and flavor of future food manufacturing as well as in the analysis of food ingredients and the detection of pathogens, antibiotics, and toxins. (Reference, cupping et al. (2020) Current progress and prospects of enzyme technology in future foods).




Food safety
Allergies and antibiotic contamination have created widespread public concern about food quality and safety [16]. Plant-based proteins like soy protein are restricted due to allergies to -conglycinin and soy globulin [17], and it is vital to lower the concentration of these allergens in the next food manufacturing to avoid health issues. Numerous investigations [18] have shown that the proteases papain and pepsin may hydrolyze soybean allergens and diminish allergenicity. Chymotrypsin's breakdown of 11S glycinin significantly reduces its allergenicity, according to "Lee et al." [19]. Enzyme-based technologies offer a significant advantage in lowering allergenicity when compared to conventional physical and chemical techniques, which have harsher processing conditions, poorer selectivity (degrade all proteins), and higher toxicity [20Alterations to proteins (such glycosylation) are another method for treating dietary protein allergies. Glycinin (11S)'s antigenicity dropped by around 30% after glycosylation, suggesting that glycosylase may be a helpful enzyme for lowering the allergic response to soy products [21]. In the dairy industry, veterinary medications, in particular penicillin and cephalosporin, are often used. Because of the excessive usage of these antibiotics, milk, and meat products can frequently get contaminated [22, 23]. Therefore, developing efficient and precise enzyme-based methods to monitor the product composition may ensure food safety [24]. 
In general, it is critical to decrease allergens, antibiotics, and other dangerous components in raw materials to produce healthful and nutrient-dense food. The use of enzyme technology might make food processing in the future safer, more efficient, and environmentally beneficial. These enzymes might be made using microbial fermentation, which provides scalable extraction techniques, affordable manufacturing prices, and small industrial footprints. Fermentation may also supply tailored enzymes to eliminate particular sensitivities and dangerous substances.


Nutrition and flavor enhancements
Food experts are always coming up with new ways to improve the flavor profile and boost nutrients to meet the growing demand for palatable food. Enzyme technology improves the color, flavour, and nutritional value of food production through the enzymatic degradation of animal or plant sources. Veggie proteins [25]. Heat may be used to produce beef-flavored additives such as mercaptan, pyrazine, thiazole, and disulfide from enzyme hydrolysates and other precursors of mushroom protein [26]. The fatty acid linolenic acid, which may be created in the bacterial host Yersinia lipolytic by expressing two desaturase genes from the fungus Mortierella alpine, is also necessary for some fake meals to develop their flavor [27]. 
Cheap protein sources may be transformed into specialty foods with excellent nutritional content and unusual tastes via enzyme modifications. People can consume hydrolysates without experiencing adverse responses since they function as beneficial nutritional taste enhancers and antibacterial agents [28]. According to recent studies [29, 30], these hydrolytic polypeptides help lower oxidative stress, type 2 diabetes, and hypertension. Therefore, a variety of active peptides with intrinsic advantages for human health might be created by enzymatic processing [31]. The chemical and physical stability of bioactive peptides still has to be improved, and molecular changes to functional meals may help.
Bean protein has also been employed as the main component of plant-based meat substitutes, although the beany flavor compromises food quality processing [32]. The enzymatic reaction of an n-hexanal aldehyde with alcohol, catalyzed by lipoxygenase in plants, produces the beany flavor [33]. Utilizing aldehyde dehydrogenase to convert the aldehydes into the appropriate acids is one method to lessen the beany flavor [33]. Utilizing another approach would be to generate meals with enticing aromas, soybean (which lacks lipoxygenase) [34].


Other applications in future food production
Thanks to the rapid advancements in biotechnology and artificial intelligence, food production in the future will be able to control quality and safety criteria across the whole food processing process in real time. Food safety monitoring must be rapid, simple, and precise to generate nutrient-dense food. Enzyme-based biosensors have the advantages of small sample sizes, superior selectivity, lower detection limits, and faster response times, all of which are urgently needed for point-of-care food analysis [35]. Until now, pathogenic microbes, biotoxins, additives, pesticides, and dietary components have all been measured using enzyme-based biosensors. Rastislav et al. developed a variety of enzyme biosensors for the combinatorial analysis of food samples, including sugars, acids, and alcohols [36]. White fish's freshness was verified using a simple biosensor that combined a cylindrical oxygen sensor with nylon threads containing the immobilized enzyme amine oxidase [37]. Since the oxidase was stable for over three months at both 4 °C and 12 °C temperatures, the sensor performs well in the detection of biogenic diamines. Enzyme-based biosensors have also been used to determine food smells and ripeness, using an electrochemical biosensor to detect the pheromone androstenone [38]. This biosensor was created using immobilized -hydroxysteroid dehydrogenase and a screen-printed carbon electrode. For application in future food production and quality assurance, biosensors for viruses, mycotoxins, and antibiotics have also been created [39, 40]. The detection technique known as an enzyme-linked immunosorbent assay (ELISA) combines the affinity between an antigen and an antibody with the observable catalysis of enzymes.
Future ELISA-based methods for food authenticity and control have a lot of potential [41]. To evaluate the quantity of sesame seed residue, Stef and others 42 developed an ELISA test that is sensitive and specific. This test might be utilized as a screening tool for foods for persons with severe allergies. ELISA tests may detect a variety of foodborne infections, including Salmonella [43], Escherichia coli O157:H7 [44], Vibrio parahaemolyticus [45], Listeria [46], and Staphylococcus aureus [47]. Additionally, ELISAs are used for the detection of toxins present in food, such as enterotoxins generated by E. coli and Clostridium perfringens [41, 48]. Enzyme-based food safety monitors may be enhanced from single assay to multi-array function by combining modules [49].






Table 1: Application of enzymes in food processing.



	
	

	Enzyme property
	Enzyme
	Application
	References

	Food texture
	Chymosin
	Hydrolysis of α-casein, β-casein, κ-casein, and β-lactoglobulin milk solidification
	[65]

	
	Trypsin
	Improvement of the foaming and emulsifying properties of protein
	[66]

	
	Transglutaminase
	Improvement of protein gel stiffness, viscosity, and water-holding capacity
	[10]

	
	Lipoxygenase
	Carotenoids bleaching and improvement of bread dough rheology
	[32]

	
	Pectinase
	Improvement of the juice yield and clarity
	[67]

	
	Protease
	Tenderization of meat
	[68]

	
	Lipases
	Production of food-grade surfactants
	[69]

	Food safety
	Laccase
	Detection of the quality change during the storage of fresh-cut fruits and 
vegetables
	[70]

	
	β-lactamase
	Determination of β-lactam antibiotic
	[71]

	
	Alkaline urate oxidase
	Reduction of food uric acid content under alkaline conditions
	[72]

	
	Organophosphate hydrolase
	Detection of pesticide residues
	[73]

	Nutritional and flavor
	Chymosin
	Production of more volatile substances
	[65]

	
	Glucose isomerase
	Production of sweeteners
	[74]

	
	Lipase
	Improvement of the yogurt flavor
	[75]

	Customized food
	Pullulanase
	Production of functional starch microparticles with reduced digestibility
	[76]

	
	Lactase
	Production of low-dosage lactose milk
	[77]

	
	Proteolytic enzymes
	Production of bioactive peptides
	[78]


 (Reference, cupping et al. (2020) Current progress and prospects of enzyme technology in future foods).















The prospects of enzyme technology in future food production

Long-standing issues in the utilization of enzyme-based technology in the food industry include the flexibility of enzymatic characteristics, the creation of food-grade protein expression hosts, and the optimization of multi-enzyme systems (Fig.3).
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Figure 3: The prospect of enzyme technology in future foods. (Reference, cupping et al. (2020) Current progress and prospects of enzyme technology in future foods).




Adaptability of enzymatic properties
Enhancing the functioning of enzymes under certain conditions through protein engineering helps to increase the applications of enzyme technology in food production. For instance, -amylase is needed for the formation of wine, starch, and monosodium glutamate, but its activity is compromised by the acidic environments of these processes. [50] Liu et al. By employing directed evolution, it was possible to isolate a mutant -amylase from Bacillus licheniformis with better acid tolerance at pH 4.5 and a 14-fold increase in catalytic efficiency (kc at/Km) over the natural type. 
Enhancing chemical modification can also help enzymes adapt better to the industrial setting. Although this tactic has the potential to result in activity loss, enzyme-polymer conjugates can increase the stability of the enzyme [51]. PromisingIn order to improve catalytic efficiency and identify the crucial residues involved in catalysis, natural enzymes are frequently changed. The specific activity and catalytic efficiency of the fibrinolytic enzyme from the marine bacteria Serratia marcescens sub sp. amanuensis was increased by 19-fold and 219-fold, respectively, by Anusha [52] using amino acid modifiers. These fibrinolytic enzymes' structural analyses revealed modifications to their ß-sheet and -helix conformations. Additionally, enzymes can be chemically altered to enhance enzyme immobilization [53, 54]. The most popular techniques in this regard are hydrophobization, cationization, and unionization, and improvements to the characteristics of the enzyme range from increased cell penetrability to improved stability or activity [55]. 
The development of stable, focused, and highly active enzymes to catalyze complicated processes in silico has also been made possible by advancements in protein structure databases and computational biology [56]. The xylanases and lactonase enzyme families were put together by Gideon, who also reported on the optimization of their amino acid sequences using the modeling programme Rosetta [57]. Despite having just 25% sequence homology, 21 GH10, and 7 PLL designs are active among these optimized variations. Overall, the ability to modify food enzymes through rational and semi-rational design, high-throughput screening, and new technologies like machine learning will be crucial for future advancements in food enzymes.

Construction of food-grade expression system
Food-grade protein production needs secure hosts and genetic techniques free of antibiotic indicators, but the workflow for strain modification is constrained by the small number of hosts available. To identify enzymes that are secure for upcoming food processing, food-grade protein expression platforms must be developed. By creating dual-host (shuttle) expression vectors with detachable selection markers for feasible cloning in E. coli and downstream protein expression in the food-grade lactic acid bacteria, these challenges have been overcome [58], including Lactococcus lactis, Lactobacillus, Bacillus subtilis, Aspergillus niger, Aspergillus oryzae, and B. licheniformis. The -galactosidase gene was incorporated by Douglas et al. into the L. acidophilus chromosome. Recombinant lactic acid bacteria are employed in the dairy industry to increase the rate of lactose breakdown (for example, lactose-free milk), which enhances the body's ability to absorb and utilise lactose [59]. Takeuchi et al. expressed prolyl aminopeptidase in the bacteria A. oryzae for high specific activity and salt tolerance, which are used in the production process of fermented foods [60]. 
New food-grade expression hosts are still needed to develop new expression modules with efficient expression levels. Using the resources of synthetic biology and system to develop the biosynthetic and regulatory components and to optimize the food safety expression system for future food production, biology, and microbiological datasets may be screened. Assembling various molecular components into a de novo synthesis route is important in the interim to characterize strain characteristics between the pathway and expression system.

Optimization of multi enzyme system
By combining several functional enzymes to enhance the reaction rate synergistically, the multi-enzyme system has steadily evolved into a potent instrument in food production. Ginseng hardness may be greatly decreased following treatment with both neutral proteases and animal proteolytic enzymes, according to Zhou et al. [61]. Li et al. [62] used the multi-enzyme system has slowly developed into a formidable tool in food production by combining numerous functioning enzymes to speed up the reaction rate synergistically. According to Zhou et al. [61], both neutral proteases and animal proteolytic enzymes have the potential to significantly reduce the hardness of ginseng. cited after Li et al. According to (Dupont, Rochester, NY, USA), the proportion and mix of several high-quality enzymes can enhance food processing through synergistic effects. Plant-based proteins can also be hydrolyzed enzymatically (using the proteins papain, bromelain, and fiction) and treated with transglutaminase to produce high-quality hydrolysates with improved functional qualities including emulsifying and foaming capabilities [64].To increase the use of multi-enzyme systems in food production, it will be necessary to: (1) screen enzymes with excellent performance; (2) optimize the composite enzyme/strain system for the highest yield and catalysis; and (3) construct a robust system to handle the wide range of pH and temperature conditions in industrial applications.

Conclusion
The urgent needs of human civilization cannot now be fully met by conventional food production. To address the resource and environmental difficulties of upcoming development challenges, the food sector will need to deliver more effective, environmentally friendly, and sustainable production. Future food consumption will change to fit each person's dietary and spiritual requirements and to meet the need for wholesome, Foods that are wholesome and delectable while also enhancing food processing. Since people demand customized diets, future food production will rely on enzyme technology to produce customized meals. The effectiveness of robust enzymes in enhancing human health has previously been demonstrated by advanced enzyme design technologies. After all, Enzyme-based technologies not only increase the variety of food items in the future but also enhance food quality to satisfy rising demand and deliver the food sector enormous economic benefits. 
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