


Review Article
Alternative Proteins as Emerging Nutraceuticals


Abstract
Proteins are vital macronutrients that promote development, tissue repair, and general health. While animal proteins have long been seen to be superior in terms of amino acid composition and digestibility, growing concerns about sustainability, cost, and health hazards have shifted attention to plant-based and other alternative protein sources. Alternative proteins, such as those produced from plants, fungi, algae, insects, and single-cell organisms, provide balanced nutrition as well as useful bioactive substances with therapeutic potential. Plant proteins like soy, peas, and legumes are high in essential amino acids, fiber, and polyunsaturated fatty acids, and have been associated with lower rates of cardiovascular disease, type II diabetes, and obesity. Emerging study emphasizes the health-promoting characteristics of bioactive peptides produced by enzymatic hydrolysis and fermentation. These peptides have a wide range of biological actions, including antioxidant, antihypertensive, hypocholesterolemic, antidiabetic, antibacterial, and immunomodulatory properties, making them ideal nutraceuticals for chronic disease management and general well-being. Furthermore, alternative proteins are being used in medicinal breakthroughs, edible films, and functional meals, broadening their application beyond traditional nutrition. Regulatory frameworks in many locations, such as the FDA, EFSA, and SFA recommendations, are changing to ensure product safety and customer confidence. Despite hurdles like as digestibility, allergenicity, and consumer acceptability, technical breakthroughs and increased awareness are propelling the growth of alternative protein industries. 
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1. Introduction 
Plants and animals are both major sources of protein. Nowadays, plant protein sources are preferred over animal protein sources due to their cost-effectiveness and health-promoting properties. Peptide bonds join amino acids to form proteins. There are three categories of these amino acids: essential, non-essential, and semi-essential. essential amino acids must be obtained through the diet, as the body is unable to manufacture them. While semi-essential amino acids are often produced in adequate amounts but may require supplementation under specific circumstances, such as disease or stress, non-essential amino acids can be synthesized by the body. The quality of the proteins is determined by using biological values. Proteins containing essential amino acids have a high biological value (Krishna Mistry et al., 2022). Despite being in higher demand, animal protein is often perceived as less environmentally friendly. To preserve environmental stability, a gradual transition from animal- to plant-based protein diets is preferable. Moral considerations, affordability, safe food, meeting increased customer demand, and preventing protein-energy deficiency are key factors that make plant-based Proteins more popular, and this trend is predicted to continue. for some decades to come (S Langyan et al.,2022).  Humans have utilized plants for food, medicine, wood, textiles, and numerous other purposes since the dawn of humankind. Moreover, plants were believed to be a useful system for bio-producing a variety of primary and secondary metabolites with therapeutic properties. Protein, carbs, lipids, and nucleic acids are the primary metabolites. In addition to these, plants develop secondary metabolites to protect themselves from infections and predators, manage environmental stress, attract pollinators, and serve as a means of defense (Sapna Langyan et al., 2022). The majority of bioactive substances, including vitamins, phenolic compounds, and bioactive peptides, are found in foods made from plants. These compounds play a vital role in promoting human health and protecting against various chronic diseases (Karas M et al.,2017). Plant-based proteins are considered a vegan food option, offering a range of amino acids that are directly absorbed by the body and can aid in the treatment of certain disease conditions. Additionally, proteins derived from plants are rich in fiber, polyunsaturated fatty acids, carbohydrates, and oligosaccharides. Therefore, they are mostly linked to a decrease in heart-related illnesses, reduced Type II diabetes, obesity, and low-density lipoprotein (LDL) cholesterol, as well as diabetes mellitus (Lonnie et al., 2020). 
Since proteins have a variety of attributes, including the ability to emulsify, gel, thicken, retain water, froth, and absorb fat, they are important in food compositions in addition to delivering amino acids. Optimizing thermal procedures used in food processing, including cooking, autoclaving, microwave heating, irradiation, germination, fermentation, extrusion, and drying, can enhance the quality of plant proteins. Although Food waste reduction may be regulated by isolating them from sustainable and cost-effective sources, such as plant-derived waste from agriculture and agricultural and oil industry byproducts (Langyan, S.et al.,2022).
Role of proteins in the human diet 
              Protein is the major component in human and animal tissues. The nutritional quality of proteins depends upon their amino acid profile, and the physiological use of amino acids after absorption, digestion, and minimum obligatory stress. The metabolism rate of amino acids depends upon the proportion present in the protein. The availability of amino acids varies according to processing treatments, protein sources, and interactions with other food matrix components. Amino acids play a crucial role in synthesizing proteins and other biomolecules, while also releasing nitrogen. Amino acids are divided based on their absolute or relative rate of protein synthesis. The nutritional quality of protein depends on the ratio and concentration of amino acid constituents, which makes protein a valuable source. The healthy adult protein requirement (RDA) is 0.8 protein/kg body weight (BW) per day.
Structure of plant-based proteins 
The molecular structure of plant proteins significantly influences their functional activity. Plant proteins were primarily composed of salt-soluble globulins and water-soluble globulins. Depending on the plant-based protein source, the ratio of water-soluble to salt-soluble proteins was 70 % to 20%( Singhal et al.,2016). Legumins and Vicilin are the major types of globulins found in plant-based proteins. The proportion of plant-based proteins, such as legumins and vicilin, varies according to their biological origin and affects their functional properties. The minor proteins include convicilin, prolamins, and glutelins (Boye et al.,2010) 
  Previous research has reported that a low legumin-to-vicilin ratio present in pea protein can increase functional performance, including emulsifying and gelling properties, due to higher protein extractability. Pea, soy, and lupin proteins were found to differ in their essential amino acid contents by 30%, 27%, and 21%, respectively (Kai kai Ma et al.,2022).
Comparison between plant and animal protein quality 
The nutritional composition of protein depends on the essential amino acid composition, protein digestibility-corrected amino acid score (PDCAAS), biological value, net protein utilization, and protein digestibility. The PDCAAS evaluates the quality of a protein based on how effectively it fulfills the body's amino acid needs, taking into account the protein's digestibility.(Manoj Kumar et al.,2022) Biological Value (BV) measures the percentage of absorbed amino acids from a food source that are utilized in the body's protein synthesis. Net Protein Utilization (NPU) reflects the ratio of amino acids that are transformed into body proteins compared to the total amino acids consumed. Animal proteins are highly digestible and have higher Net Protein Utilization (NPU), Biological Value (BV), and PDCAAS compared to unprocessed plant proteins. The low PDCAAS of plant protein results in lower digestibility and the absence of specific essential amino acids (Berrazaga, I et al.,2019) 
Nutraceutical 
Nutraceuticals are natural compounds present in food that may be separated and used as physiologically active components in meals and food products. Nutraceuticals also include dietary supplements (tablets and capsules). When humans consume such items and foods, the health and therapeutic benefits are greater than those of regular food (Singh, J., & Sinha, S. ,2012).  Biologically active molecules include dietary fiber, oligosaccharides, polyunsaturated fatty acids (e.g., eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA), polyols (multi-hydroxyl alcohols), micro- and macronutrients, vitamins, and lactic acid bacteria, Choline and lecithin, as well as phytochemicals such as polyphenols, plant colors, herbs, and extracts (Nasri et al.,2014). These substances may delay the aging process, increase longevity, and prevent chronic illnesses, including diabetes, hypertension, CVDs, and Alzheimer's. Parkinson's disease, eye abnormalities, allergies, and neoplastic illnesses( Szerszunowicz, I., & Kłobukowski, J., 2020). 
Health benefits of bioactive peptides present in alternative proteins 
Antioxidant Activity 
Natural antioxidants have attracted considerable interest in the nutraceutical and cosmetic industries, as well as preventive medicine, due to their potential applications in food, cosmetic, and pharmaceutical products to replace synthetic antioxidants associated with health concerns, such as putative carcinogenic effects. One of the primary causes of food degradation and discoloration is oxidation. One of the main reasons for food deterioration during preparation and storage is the oxidation of lipids caused by radicals (Pihlanto et al., 2017). Among the most appealing naturally occurring antioxidants are polyphenols and peptides. Digestive enzymes, microbial and plant proteolytic enzymes, and food fermentation can hydrolyze native proteins to liberate antioxidant peptides. Although Antioxidant peptides typically have a low molecular mass (<6.0 kDa) and can function through a variety of antioxidant processes, including scavenging free radicals, inhibiting lipid peroxidation, and acting as chelating agents for metal ions (H. Korhonen and A. Pihlanto,2006). The antioxidant qualities of these peptides include scavenging or quenching free radicals and reactive oxygen species (ROS), as well as preventing ROS-induced oxidation of biological macromolecules, such as proteins, DNA, and lipids. The capacity of food antioxidants to participate in single-electron transfer reactions is what gives them their radical-quenching properties (Udenigwe, C. C., & Aluko, R. E., 2012). 
Antihypertensive (ACE-inhibitory) Activity
Peptides produced from plants, algae, dairy, marine, and fermented foods can block the angiotensin-I converting enzyme (ACE), decrease the synthesis of Ang II, and increase vasodilation—processes that have been repeatedly associated with lower blood pressure in small clinical settings, in vitro, and in vivo (Daskaya-Dikmen et al., 2017). Plant proteins, including soy, pea, and hemp, produce short, hydrophobic sequences with substantial ACE-inhibitory efficacy (frequently containing Pro, Val, and Ile); fermentation (e.g., Lactobacillus helveticus) releases canonical tripeptides like VPP and IPP that have been shown to reduce blood pressure in humans. Structure-activity studies emphasize the significance of C-terminal proline for competitive ACE inhibition and resistance to gastrointestinal proteolysis, whereas marine and animal proteins offer further sequence variety and stability. When combined, peptide enrichment procedures and enhanced hydrolysis/fermentation pathways are increasing bioavailability and converting ACE-inhibitory action from bench to food systems (Guo et al., 2023; Pujiastuti et al., 2019).
Hypocholesterolemia Activity
 Lipid homeostasis is modulated by peptides from soy, lupin, pea, and other alternative proteins through many complementary mechanisms, including (i) binding bile acids and reducing their reabsorption; (ii) decreasing cholesterol micellar solubility; (iii) down-regulating HMG-CoA reductase and up-regulating LDL receptor pathways (which in some models has a "statin-like" effect); and (iv) modifying gut–liver signalling that promotes cholesterol catabolism (Kashima et al.,2014).  Recent research links sequence patterns to micelle interference and FXR-related signalling, whereas traditional soy studies demonstrated steady serum-cholesterol decreases compared to casein, partly due to bile acid interactions.  In vitro and in animal models, hydrolysate processing conditions (enzyme, DH%) modify bile-acid binding and peptide hydrophobicity, which is associated with more potent hypocholesterolemic effects (Li et al., 2024).
Antidiabetic 
 Key enzymatic and enteroendocrine targets related to the treatment of type 2 diabetes are acted upon by alternative protein peptides.  Inhibition of DPP-IV (prolonging GLP-1/GIP incretins), α-glucosidase/α-amylase (slowing the digestion of carbohydrates), and PTP-1B (improving insulin signaling) are documented ways.  Low-micromolar DPP-IV inhibition and positive cell-based effects on glucose uptake are demonstrated by peptides derived from soy, casein, walnut, pigeon pea, and fermented matrices; some sequences exhibit simultaneous ACE/DPP-IV inhibition (cardiometabolic synergy).  The best methods to enrich these sequences while maintaining GI stability are still enzymatic hydrolysis and regulated fermentation.  (Yang and colleagues, 2022).
Anti-inflammatory/Immunomodulatory Action
 Microalgae (like Spirulina and Chlorella) and plant peptides can influence both innate and adaptive responses by inhibiting NF-κB signaling, lowering pro-inflammatory cytokines (such as TNF-α and IL-6), and promoting the activity of macrophages and lymphocytes.  While some phycobiliprotein-derived fragments demonstrated cytokine-balancing and cytoprotective benefits, spirulina protein hydrolysates improved phagocytic activity and antioxidant defenses in both in vitro and aquaculture/animal models.  Peptide size, charge distribution, and aromatic residues seem to be important for pattern-recognition receptor interactions and downstream immune metabolic outcomes—a field that is quickly developing for nutraceutical design, even if human evidence is currently few.  (Htoo and colleagues, 2024;
Antimicrobial activity
Cationic, amphipathic peptides generated by plant, dairy, and algal proteins have a wide antibacterial action because they break microbial membranes, chelate metal ions, and inhibit intracellular targets. Enzymatic hydrolysis and tailored fractionation enhance short, positively charged sequences that are active against major foodborne pathogens and spoilage organisms, allowing for clean-label preservation when immobilized in films/coatings or coupled with hurdles. Sensory effects, proteolysis in complex meals, and regulatory safety are all significant obstacles, but new studies and process advances (encapsulation, sequence engineering) are speeding up application readiness (López-García et al.,2022)
Isolation and Purification of Plant-based Proteins 
The structure and amino acid sequence of a given protein are crucial for comprehending its functions. Techniques such as X-ray crystallography, nuclear magnetic resonance, and spectroscopy are frequently employed to analyze the three-dimensional structure of proteins. Understanding the amino acid sequence is just as crucial as understanding the protein's shape. Mass spectroscopy is said to be the best technique for protein and peptide sequencing, conformation characterization of proteins, and dynamics, as it relies on the separation of molecules based on the mass to charge ratio (Zhu, Y., & Fang, Q., 2013).In addition, the sequence of amino acids is chosen after consideration. Isolation and purification from the required source may be carried out if the distinctive characteristics, such as structure and amino acid sequence, are understood. Proteins can be extracted, measured, and purified using a variety of techniques based on their physicochemical characteristics. Appropriate isolation techniques take into account the chemical, physical, and biological characteristics of the sources as well as the kind of proteins. Numerous factors, including temperature, pH, and solvent type, must be carefully regulated when employing these approaches. Many variables, including temperature, pH, and solvent type, must be closely regulated while employing these methods (Hadnađev, M. et al.,2017).
Application of Plant-based Proteins 
Biomedical Industry 
Neem leaf glycoprotein (NLGP) is an active ingredient in neem leaf extract. NLGP boosts the immune system in tumor-bearing hosts by boosting the number of immune cells, including T helper cells, cytotoxic T cells, macrophages, monocytes, and dendritic cells. Cancer cells include suppressor cells such as Tregs, MDSCs, and TAMs, which impede immune activity. The function of these suppressor cells is enhanced in cancer cells (48). NLGP boosts the immune system by downregulating suppressor cells. HIF1α controls VEGF. VEGF plays a crucial role in cancer angiogenesis, providing the necessary nutrients and oxygen for tumor growth. NLGP inhibits VEGF production by inhibiting HIF1α binding to VEGF. NLGP inhibits VEGF, which reduces angiogenesis and so plays an antimetastatic function (Hao F et al.,2014).
Edible Coating
Plant-derived proteins are also employed as edible films. Environmental concerns have resulted in the substitution of coating materials such as plastic with edible plant protein-based film. Plant protein-based films offer a sustainable solution. Edible films may be made from a variety of grains and pulses, such as soya and wheat. Gluten protein contained in wheat has significant elastic characteristics, making it suitable for application as a film or coating (50). Apart from gluten, other protein sources such as zein and rice bran protein can be employed. Zein's hydrophobic nature and strong disulfate and hydrogen linkage make it a great choice for edible film (Krishna Mistry et al.,2022).
Meat Analogues 
Proteins are one of the most significant macronutrients in meat analog manufacturing because, in addition to nutritional makeup, they provide structural resemblance to actual meat. Plant proteins, when processed properly, may produce textures that resemble the fibrous and opaque appearance of animal flesh. Impossible Foods™ uses leg hemoglobin, a heme protein produced from soybean roots, which not only adds color but also enhances flavor when cooking. The ability of meat analogs to imitate fluid-holding capacity, comparable to that of actual meat, is also heavily dependent on the protein matrix, which binds water and fat inside the structure. Protein selection and processing must be optimized in order to reproduce meat's chewiness, juiciness, and overall sensory qualities. However, establishing a nutritional profile equal to actual meat remains a significant problem, with most of this focus on the protein percentage of plant-based meat analogs. (Malav, O. P. et al.,2015).
Plant-based Milk 
Proteins are an important component in the production of plant-based milk analogs because they influence the colloidal stability, texture, and nutritional content of the finished product. Proteins exist in milk analogs in both soluble and aggregated forms, scattered in the aqueous media with fat droplets, oil bodies, and plant tissue fragments. Their interaction with other components, such as sugars, salts, and polysaccharides, influences the physicochemical attributes and sensory quality of the product. Soaking, enzymatic hydrolysis, homogenization, and heat treatment all have an impact on the size, distribution, and stability of protein aggregates, which in turn affects mouthfeel, light scattering, and overall appearance (McClements et al.,2019).



Egg Analogues 
Proteins are vital to the operation of both natural eggs and their plant-based substitutes, since they contribute to the foaming, emulsification, and gelation qualities required in a variety of culinary applications. Plant proteins such as chickpea, pea, sunflower, bean, and soybean are utilized to replicate the structural and physicochemical properties of egg proteins. An important trait is their capacity to convert a solution into a gel when heated, albeit plant proteins often require greater temperatures (63-93 °C) to accomplish gelation than genuine eggs. The gel nature of these analogs is strongly influenced by protein type, concentration, and environmental conditions like pH, ionic strength, and thermal history S Langyan et al.,2022). Methods such as dynamic shear rheometry and differential scanning calorimetry are applied to study gelation temperatures and protein denaturation. Ultimately, proteins in plant-based egg analogs must provide not only functional stability, including solubility, segregation, and emulsification, but also deliver desirable sensory attributes such as appearance, flavor, and color, while ensuring bioavailability and nutritional quality similar to real eggs (Kovacs-Nolan J, et al.,2005).
Functional Properties of Plant-based Proteins 
Several trials have examined the effects of plant-derived proteins on insulin, blood glucose, and appetite-regulating hormones. Conflicting results were observed when the study was undertaken to determine the positive effects of plant proteins on postprandial glycemia control. A variety of plant components, such as flavonoids and carotenoids, provide human health advantages through bioactive functioning. In addition to their nutritional value and bioactivity, plant proteins offer functional qualities. They play a significant role in food processing and formulation, that is, the manufacturing of gluten-free and protein-rich food (Shevkani K et al.,2015). Protein's chemical and physical features facilitate food storage, consumption, processing, and preparation. Protein interaction with other molecules, such as carbohydrates, salts, lipids, water, and volatiles, involves properties such as solubility, foaming capacity, water and fat absorption, foam stability, gel formation, and emulsifying activity. The size, charge distribution, and structure of peptides and proteins significantly impact their functional capabilities. Changing environmental conditions during food processing can impact the structural and functional characteristics of plant proteins (Bara´c MB et al.,2015).
Protein Modification (Physical, chemical, and enzymatic).
Protein modification involves modifying protein structures to meet particular demands and improve processing abilities. Protein modification is often achieved by physical, chemical, and enzymatic techniques. Physical modification is the alteration of a protein's advanced structure and intermolecular aggregation through physical means such as ultra-micritization, high-frequency electric field, high-pressure treatment, ultrasonic treatment, thickening agent addition, and supercritical CO2 fluid treatment, among others. Moderate physical alterations have minimal influence on the protein's fundamental structure. However, it can increase the protein's functional capabilities by modifying its secondary and tertiary structure. Plant proteins are changed by heat deformation or by adding edible gum to make the protein gel well, followed by high-speed shearing to lower the protein particle size to get a plant-based protein emulsion meal (Nowacka, M.,2023). The foundation of chemical modification is the interaction between chemical reagents and proteins, wherein certain proteins' peptide bonds are broken or new functional groups are added to the protein structure to enhance its functional characteristics. Hydration (water-holding, solubility, adhesion, etc.), surface (emulsification, foaming, etc.), structural (gelation, viscoelasticity, etc.), and organoleptic (color, taste, odor, smoothness, palatability, chewiness, etc.) qualities are all enhanced in plant-based protein products. The use of plant proteins depends in large part on the improvement of their functional characteristics. Acylation, phosphorylation, deamidation, glycosylation, and acid-base modification are examples of common modification techniques (Wang, R., & Guo, S.,2021). Nonhydrolytic modifications and hydrolytic modifications are the two types of enzymatic alterations. The practice of employing certain proteases to break down big molecules into short peptide chains of different lengths is known as "enzymatic hydrolysis modification. It is also essential for making dishes with plant-based protein emulsions. When proteins hydrolyse to a certain degree, they create a reticulated gel with a soft texture and high-water absorption capacity, giving the material a smooth, viscous appearance. However, gel formation is inhibited by excessive hydrolysis. Trypsin, papain, and certain microbial enzymes are the primary proteases utilized in enzymatic modification (Nasrabadi, M. N. et al.,2021). 
Methods of improving plant-based proteins
1. Fermentation 
Fermentation is an old food biotechnology that uses microbes to convert complex organic substances into simple chemicals. It is commonly employed in the food business to enhance nutritional, safety, organoleptic, and functional qualities. Fermented plant proteins and their products are often researched by inoculation fermentation to produce stable and high-quality products such as cheese and yogurt. Fermentation may be a useful bioprocessing technology for producing palatable, hypoallergenic plant protein with acceptable physicochemical characteristics. Lactobacillus and Bifidobacterium are the most often utilized bacteria for fermenting plant-based products, excluding Bacillus subtilis and fungi (molds). The protein matrix is often related to both big and small molecules, including carbohydrates, lipids, and phenolic compounds. Fermentation is an ancient food biotechnology that uses microorganisms to convert complex organic substances into simple compounds. It is widely used in the food industry to improve the nutritional, safety, organoleptic, and functional properties of products, including free phenolic compounds, carbohydrates, proteins, and amino acids (Sharma, R. et al.,2020).
2. Germination 
The germination of cereal and legume seeds, which results in changes in proteins, amino acids, and other components, is a fascinating area with enormous promise. Current research on pulse and grain germination focuses on the nutritional quality and functional activity of flavonoids and phenolics, including antioxidants and alterations in protein fractions and subunits. For example, the crude protein content of Chenopodium quinoa and field pea rose following germination, most likely due to a reduction in Changes in the composition and functional characteristics of plant-based proteins after germination. Germination of cereal and legume seeds, causing changes in proteins, amino acids, and other components, is an interesting field with great potential. Current research on pulse and grain germination focuses on the nutritional quality and functional activity of flavonoids and phenolics during seed germination, including antioxidants and changes in protein fractions and subunits. After germination, the crude protein content of Chenopodium quinoa and fieldpea rose due to reduced consumption of own proteins and increased creation of new ones. 
Problem associated with plant-based proteins 
In comparison to animal-based proteins, plant-based proteins are mostly seen as a more sustainable choice. Generally speaking, plants have greater concentrations of bioactive substances like phytonutrients, which can help prevent a number of diet-related illnesses, including cancer. Additionally, plants include a significant quantity of fiber, which will benefit a person's overall health when they follow a plant-based diet as opposed to one that mostly consists of animal products (Munialo, C. D., & Andrei, M., 2023). However, compared to animal proteins, plant-based proteins typically have a lower anabolic effect. This is primarily because they contain fewer amino acids, particularly leucine, are less digestible, and generally lack other essential amino acids like lysine or sulfur (Munialo, C. D.,2024). One of the problems with employing plant-based proteins in food processing is that they can have flavors that are persistent, which is unacceptable for consumers (Ismail, B. P. et al.,2020). Researchers have been working to reduce off-flavors and odors in plant protein sources, including pea. Various approaches have been used to improve the flavor of peas, including selecting germplasm with reduced odd notes, improving purification processes, adding fermentation steps, using bitter inhibitors, adapting post-processing marinating/seasoning matrix, and using supercritical fluid extraction to remove problematic compounds from pea protein (Vatansever et al.,2022). Antinutrient side effects could include inflammation and interference with thyroid iodine uptake (goitrogens), maldigestion of proteins (protease and trypsin inhibitors), carbohydrates (alpha-amylase inhibitors), autoimmune and leaky gut (e.g., certain saponins and lectins), malabsorption of minerals (oxalates, phytates, and tannins), behavioral effects, and gut dysfunction (when converting cereal gliadins to exorphins).
The isoflavone content of various soy protein ingredients has been reported, including isolates (88-164 mg/100g), defatted and whole soy flours (120-340 mg/100g), commercially used textured soy protein isolates (66-183 mg/100g), and commercial isolates of soy hypocotyl and flours (542-851 mg/100g). Consumers often avoid soy proteins due to their negative effects on thyroid and reproductive hormones. Various treatment methods, including fermentation, soaking, gamma irradiation, sprouting (germination), heating, and genomic technologies, have been used to lower antinutrient concentrations in plant proteins and their negative consequences. (GenoveseMI et al.,2007).
Bioactive peptides/ Protein hydroxylates 
For the synthesis of protein hydrolysates or bioactive peptides, plant sources are becoming a more sustainable and renewable option. Protein hydrolysates are complex mixtures of peptides, oligopeptides, and free amino acids that are produced when protein peptide linkages are hydrolyzed completely or partially (Kumar, M et al.,2022). Protein hydrolysates include bioactive peptides (BAPs), which are tiny protein fragments with molecular masses under 6000 Da and residues ranging from 2 to 20 amino acids. Different methods have been used to produce BAPs, including (a) hydrolysis by proteolytic bacteria, (b) hydrolysis by digestive enzymes, (c) hydrolysis by acids or alkalis, and (d) hydrolysis by plant or microbial proteolytic enzymes (Taniya, M.S. et al.,2020).


Comparison between Animal protein and Plant protein
Many plant-based proteins are frequently lacking in one or more essential amino acids and typically have lower protein digestibility corrected amino acid scores (PDCAAS) than animal proteins. In contrast, the majority of animal-derived proteins have PDCAAS scores above or near 1.0 and are regarded as complete protein sources. While there are some variations in the amount and makeup of amino acids, overall, there aren't many distinctions between plant and animal proteins for protein supplements (Accardo F. et al.,2022). In general, animal proteins—particularly those found in eggs and dairy products—contain the nine necessary amino acids and are more similar in kind and amount to human proteins, making them somewhat compatible with the nutritional makeup of humans. The body needs to get the remaining nine amino acids from the diet, but it can make eleven. Because they are full proteins, animal products include every amino acid (Xiao, X. et al.,2023). Although certain plant-based foods, like quinoa and soy, are incomplete proteins, others are full proteins. Despite the abundance of plant protein sources, there are differences between the types and amounts of plant proteins and what the human body needs. For example, plant proteins do not include immunoglobulins or some important amino acids. Beans, nuts, nine, glycine, alanine, and serine have much more methionine than animal proteins. Although plant proteins may not have the same necessary amino acid ratios as animal proteins, ingesting a variety of plant proteins can help satisfy the body's essential amino acid requirements. Plant proteins are typically more difficult to digest than animal proteins. Plant fiber and other components might hinder digestive enzymes from breaking down proteins for absorption (Opazo-Navarrete, M. et al.,2019).
Plant proteins can be digested more easily by soaking, boiling, concentrating, or separation procedures. Plant-based protein products are cholesterol- and lactose-free, making them easy to consume while also meeting the body's protein requirements. Plant proteins are typically paired with carbs (non-starch polysaccharides and dietary fiber), while animal proteins, such as fatty meats, milk, and egg yolk, include greater levels of fat (Gastaldello, A et al.,2022). These variables can cause disparities in the nutritional content and health risks of plant and animal proteins. For example, certain proteins derived from intramuscular fat in pigs might be associated with a high consumption of saturated fat, as opposed to plant proteins, which contain more unsaturated fatty acids. However, plant protein intake (not only protein) contains functional components, including dietary fibers, isoflavones, and phospholipids. Plant protein has more health advantages than animal protein, including a lower risk of cardiovascular disease, type 2 diabetes, and some malignancies. For example, milk protein has been found to have weight management and triglyceride-lowering effects (Opazo-Navarrete, M. et al.,2019).
Regulatory Aspect 
Food laws and regulations have a significant impact on the development and marketing of alternative protein products. Because these rules and regulations may significantly affect the market success of their goods, it is crucial for firms that produce and sell alternative proteins to be aware of them. Government organizations such as the US Food and Drug Administration (FDA), the US Department of Agriculture (USDA), and the European Food Safety Authority (EFSA) oversee the labelling and marketing of alternative protein products. These organizations ensure that alternative protein products are accurately and non-deceptively labeled and adhere to food safety regulations. Food safety and labeling standards are covered by several rules and regulations regarding plant-based protein products in the European Union (EU). The novel foods legislation of the European Union describes the steps and specifications for approving and labeling novel and innovative food items, including substitute proteins (Lähteenmäki-Uutela, A. et al., 2021). Guidelines for the safety evaluation of novel and inventive food items, such as alternative protein products, have also been created by the Singapore Food Agency (SFA). The purpose of these recommendations is to guarantee that these goods are safe to eat and satisfy the SFA's requirements for food safety and quality. According to the guidelines, businesses must submit information on their ingredients, manufacturing processes, and any potential health hazards associated with consuming the goods to obtain approval. (SFA, 2021).
Consumer Acceptance and Future Aspect 
Customer acceptance of the product significantly hinders the commercial potential of alternative proteins. Therefore, it is crucial to both favourably affect and model the cause of the customer acceptance reaction. Knowledge and education might be a crucial tactic to do this. The main reasons alternative proteins are viewed with suspicion are their novelty and comparatively recent manufacturing methods. On the other hand, customer acceptability may be enhanced by the application of manufacturing technological knowledge, as well as the use of new and creative substrates. A convincing communication medium and a critical evaluation of recent scientific advancements are both necessary for educating and informing consumers about these alternative possibilities. Better information presentation and the application of more powerful communication techniques (such as influencer marketing, targeted advertising, and social media campaigns) may both be used to persuade (García-Segovia et al., 2020).  
Conclusion
 Alternative proteins have emerged as viable nutraceuticals, providing not only an extended solution to the world's expanding protein requirement but also additional health benefits. These proteins, derived from a variety of sources including plants, algae, fungi, insects, and single-cell organisms, are high in essential amino acids, bioactive peptides, dietary fibers, and functional chemicals that promote human health. Scientific data support their significance in antioxidant defense, antihypertensive and hypocholesterolemic action, antidiabetic properties, immunological modulation, and weight control. These properties make alternative proteins excellent instruments for the prevention and treatment of chronic illnesses, while also contributing to food security and environmental sustainability.
Despite problems such as low digestibility, the existence of antinutritional elements, and consumer mistrust, technical developments in protein processing, enzymatic hydrolysis, fermentation, and genetic modifications are constantly improving nutritional quality and acceptability.  Regulatory frameworks are also being updated to ensure the safety, effectiveness, and customer confidence in these new compounds. Overall, alternative proteins are the future of nutraceutical innovation, filling the gap between promoting wellness and sustainable nutrition.  Their incorporation into functional meals, supplements, and medicinal applications demonstrates their potential to revolutionize dietary patterns and global protein supply chains, eventually benefiting human well-being and environmental sustainability.
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