


Nutritional and medicinal properties of mushrooms: a review with emphasis on Food Industry

Abstract
Mushrooms are becoming more well-known as a nutrient-rich, sustainable food source. They play a variety of roles such as nutritional security, global food security, health promotion and environmental sustainability. The comprehensive nutritional profile of mushrooms comprises of proteins, vitamins, minerals, and bioactive substances including polysaccharides and antioxidants .These compounds have several advantages such as strengthen immunity, prevent illness, and add value to food products. Bioactive peptides in mushrooms with a variety of health-promoting qualities are becoming abundant. Because they can be grown with few resources and have a small environmental impact, mushrooms present a sustainable answer from the standpoint of food security. The purpose of this review is to assess the diverse properties of mushroom. In the first section phytochemical nutritional value and bioactive chemicals, are reviewed followed by a brief review of its medicinal properties. Detailed subsection on the food applications of mushroom in several food products forms the central section. Recent developments in the area and discussion form the final sections. as well as their health advantages, medicinal qualities, and functional food uses. Mushrooms are becoming more valuable in medicine; pharmaceuticals, food production, cosmetics, and environmental bioremediation as science and technology develop, opening up new prospects in a variety of industries. As a result, it is necessary to summarize current information, as well as identify and prioritize topics for research and development.
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1.0.Introduction 
Food insecurity, nutrition and pollution, are some of the important concerns addressed by the world in recent years (Pereira and Hodge 2015; Fuller et al., 2022). The issue of food security has become increasingly serious as the world's population grows. According to UN predictions, the global population will exceed 9.7 billion by 2050, thus straining the food production systems (Bahar et al., 2020). Mushrooms are nutritionally, medicinally, industrially and biotechnologically important groups of fungi (Niego et al., 2021). Edible mushrooms (EMs) have been a staple of human diets since ancient times due to their nutritional value various flavors, and textures (Dimopoulou et al., 2022). They have received increased attention in recent decades due to their numerous health benefits and capabilities to address global concerns such as food security and environmental sustainability (Fitsum  et al., 2025). Mushrooms are a rich source of bioactive compounds with therapeutic properties, as well as proteins, vitamins, minerals, and essential amino acids (Singh et al., 2025). EMs improve the human health and have emerged as an important topic of study in modern food science and technology, as proof of their nutritional and therapeutic properties accumulates (Mayirnao et al., 2025). Because of their low fat and high protein content, EMs are a better substitute for animal protein. Table-1 is a summary of nutrient composition of  various foods. They are also high in dietary fiber, which promotes intestinal health and regulates digestion (Yu et al., 2023). Micronutrients including potassium, magnesium, selenium and several B vitamins contribute to their nutritional value (Fulgoni et al., 2021). Researchers suggests that bioactive substances in mushrooms, such as polysaccharides, triterpenes, and ergothioneine, can improve human health conditions such as diabetes, hypertension, and cardiovascular disease by reducing inflammation, protecting against cell damage, and boosting the immune system (Valverde et al., 2015). Also, they can help prevent chronic diseases (Yu et al., 2024). Finally, mushroom growth reduces the environmental impact of food production by using less water and emitting fewer greenhouse gases (Jayaraman, et al., 2024). Thus, EM has the potential to promote environmental sustainability.
2.0. History, diversity and cultivation of mushrooms 
[bookmark: bbib5]The production of edible mushrooms began in France and was later accomplished sufficiently using natural methods in China around 600AD (Morrison2015). Currently it is grown in several parts of the world. Among them, the most cultivated genera are  Lentinula (22 %), Pleurotus (19 %), Agaricus (15 %), and Flammulina (11 %) (Antunes et al., 2020). About 85 % of the worldwide commercially cultivated edible mushrooms comes from these genera. Over the last 55 years. Several novel and improved growing technologies have been used, resulting in a huge increase in the production of key mushrooms, from 0.3 million tons in 1961 to 20 million tons in 2025. The global mushroom farming industry reached approximately 42–45 million metric tons in 2025(Hoa and Linh 2015). It is projected to surpass 50 million tons by 2030, driven primarily by species such as shiitake (Lentinula edodes), oyster (Pleurotus spp.), and button mushrooms (Agaricus bisporus). According to Zion Market Research, this trend is expected to reach $147.19 billion by 2034, growing at a compound annual growth rate (CAGR) of approximately 9.5 % (Zion Market Research, 2025). Several types of mushrooms have been cultivated and examined because to their applications in daily life as cheaper food source, source of effective treatment  and most importantly in the industry and economy of countries. There are over 14,000 identified species of mushrooms, with 2000 considered suitable for human consumption. Currently, 30-50 mushroom species are currently recognized as an excellent food source in 100 nations worldwide (Itubochi et al., 2025). Several kinds, including Lentinula, Pleurotus, Auricularia, Agaricus, Flammulina, and Volvariella, account for 99% of the market because to their quality, medicinal benefits, flavor, quantity produced, and consumption rate. In Asia, output of these species is expanding in Pakistan, Sri Lanka, India, and Bangladesh countries.
3.0.Phytochemical, nutritional and bioactive compounds composition 

Metals and trace elements
Mushrooms contain trace elements and heavy metals such as Zn, Cu, Mn, Fe, Se, Cd, K, PO4, Na, and Pb (Falandysz et al., 2013). These elements act as cofactors for enzymes that perform antioxidant activities (Lingamaneni; et al., 2015). A high potassium and phosphorus intake is useful for patients suffering from musculoskeletal difficulties, whereas low salt levels are important in hypertension (Vorland  et al., 2017). Several selenium compounds found in mushrooms inhibit the harmful effects of reactive oxygen species (ROS) (Kozarski et al., 2015).
Vitamins, Carotenoids
Mushrooms include many vitamins, including riboflavin, niacin, and folates, as well as vitamins C, thiamine (B1), B12, and D2 (Rathore et al., 2017). However, the vitamin content of mushrooms differs between species well as depending on developmental stage. According to research, edible marketed mushrooms (A. bisporus, L. edodes, and P. ostreatus) contain more riboflavin and have a higher bioavailability than vegetables. Vitamin D improves mineral absorption in the gut, including calcium, iron, phosphorus, and zinc (Usman, et al., 2021). D2 is mostly found in mushrooms and yeast. During mushroom treatment, the existing ergosterol is transformed into vitamin D2 (Jiang et al., 2020), which prevents iron-dependent liposomal peroxidation and cancer cell proliferation. Tocopherols and tocotrienols are collectively referred to as vitamin E which exists in the mushroom cell membrane (Azzi 2019). 
Carotenoids are natural antioxidant chemicals found in food in various forms. Several mushroom species have been discovered to contain β-carotene and lutein (Liuzzi  et al., 2023). Cantharellus cinnabarinus and Cantharellus friesii contain a carotenoid molecule called canthaxanthin, which Chinese herbalists use to treat night blindness (Rebelo et al., 2020). Mushrooms have an excellent nutritional composition, with high protein content, low fat, low calorie value, and a high concentration of polyunsaturated fatty acids (PUFA), making them suitable for heart patients(Sande, et al., 2019). Mushrooms naturally contain β-carotene and lycopene.β-carotene is the precursor for vitamin A while, lycopene is an acyclic isomer of β-carotene (Tufail  et al., 2024). Hussein et al. (2015) reported that the amount of β-caroteneand lycopene found in Lentinus squarrolosus is significantly higher than the levels found in other foods such as carrot, persimmon.
Antioxidants
Mushrooms contain a variety of antioxidant chemicals, and dietary supplements which aid to boost the antioxidant defense mechanisms (Mwangi, et al., 2020). Mushroom fruit bodies, mycelium, and culture broth include natural antioxidant substances such as ascorbic acid, carotenoids, ergosterol, ergothioneine, flavonoids, ergothioneine, phenolics, polysaccharides, and tocopherols (Sanchez 2017). Imbalanced metabolism and ROS are the primary causes of oxidative stress in the human body, leading to a variety of health issues. To cope with oxidative stress, natural antioxidant defense systems and dietary antioxidant consumption are critical in managing the body's oxidative homeostasis (Kalogerakou and Antoniadou 2024). Mushrooms are used as natural antioxidants in both preventive medicine and in the food sector.
Phenolic compounds
All mushrooms contain phenolic acids, flavonoids, lignans, tannins, and stilbenes at concentrations ranging from 6.25 to 3.62 mg/mL (Raut, et al., 2020). Gąsecka et al. 2016 identified ferulic acid and p-coumaric acid as the main phenolic acids in oyster mushrooms. The oxidized polyphenols function as free radical inhibitors, peroxide decomposers, metal inactivators, and oxygen scavengers (Rudrapal M, et al., 2022). Several flavonoids have been found in edible mushrooms, including biochanin, catechin, formononetin, hesperetin, kaempferol, naringenin, naringin, pyrogallol, resveratrol, and quercetin(Pukalski et al., 2022). Flavonoids help scavenge reactive species, chelate trace metal ions involved in their production, and regenerate α tocopherol. Several phenolic compounds have shown anti-oxidative activities (Kruk et al., 2022).
Polysaccharides
Mushroom cell walls include polysaccharides called β-glucans and α-glucans (Vetter 2023). These compounds consist of glucopyranose molecules coupled by glycosidic linkages of the form (1→3)-β, (1→6)-β-, or (1→3)-α. β-glucans from mushrooms vary in structure, water solubility, molecule size, and molecular weight. They have a wide range of health-promoting properties (Mirończuk-Chodakowska et al., 2021). Pleuran, the most well-known β-glucan derived from oyster mushrooms, is one of several polysaccharides isolated from mushrooms. Ślusarczyk et al. 2021 found that α-glucans have anti-neoplastic, immunostimulatory, and antioxidant effects. Calocyban from Calocybe indica, Ganoderan from Ganoderma lucidum, Pleuran from Pleurotus species, and Lentinan from 
Lentinus edodes, schizophyllan from Schizophyllum commune are few examples. Polysaccharides exhibits anti-inflammatory, antitumour, and immunomodulatory activities(Ying and Hao 2024).
Ergosterol
Some mushrooms contain ergosterol, which is a precursor of vitamin D (Hu, et al., 2021). When mushrooms are exposed to ultraviolet radiation, they convert to vitamin D2 (ergocalciferol). Vegetarians acquire all of their vitamin D from vitamin D2. Ergothioneine is found in frequently farmed mushroom species such as Agaricus bisporus and Pleurotus spps. It has a crucial role in the protection of mitochondrial components (Borodina et al. 2020).
Proteins, peptides and lectins 
Pleurotus-derived proteins, peptides, and lectins have therapeutic potential(Araújo 2025). Nebrodeolysin is a haemolytic protein derived from P. nebrodensis that promotes apoptosis and has antiviral properties (Raman et al., 2015). Similarly, a protein produced from P. ostreatus resembles ubiquitin and suppresses HIV-1 (Wang and Ng, 2000). The protein extract from P. ostreatus has anti-colorectal cancer activity (Wu et al., 2011). Eryngin and pleurostrin, proteins isolated from P. eryngii and P. ostreatus species, have antifungal and antibacterial activities (Erjavec et al. 2012). Oligopeptides with antihypertensive effects have been reported from P. cornucopiae species (Jang et al., 2011).
According to Lin et al. (2016), the mycelium and fruiting bodies of P. citrinopileatus contain high levels of ergothioneine, a water-soluble amino acid known for its antioxidant qualities. Ribonuclease from P. djamor suppresses the proliferation of hepatic and breast cancer cells (Wu et al., 2010), whereas laccase isolated from P. ostreatus inhibits the hepatitis C virus (El-Fakharana et al., 2010). Lectins consist of polysaccharide-protein and polysaccharide-peptide complexes (Babu, et al., 2024). Research has shown that the polysaccharide-peptide complex from P. abalonus lowers blood glucose levels in mice, and Pleurotus citrinopileatus lectins have been shown to have antineoplastic and antiviral properties (Noreen  et al., 2025).

Essential fatty acids
Mushrooms are high in important fatty acids, particularly omega-3 and omega-6 (2% to 6%)( Tan et al., 2024). They are beneficial to overall health and act as anti-inflammatory chemicals in brain and heart. Further, they improve skin health, immunological function, and metabolic balance (Gutierres et al., 2025). Linolenic acid is essential for cellular membrane integrity. Mushrooms are also high in unsaturated fatty acids, particularly monounsaturated (MUFAs), and polyunsaturated fats (PUFAs), which are necessary for heart health and overall well-being (Gałgowska and Pietrzak-Fiećko 2022). MUFAs like oleic acid, lower harmful cholesterol levels, reducing the risk of heart disease and stroke. PUFAs such as omega-3 and omega-6 are essential for regular bodily activities and promote brain and heart health. Omega-6 is important for skin health, hormone regulation, and immune system support (Balić et al. 2020). The fat content varies between species for example, Suillus granulatus has a fat content of 2.04%, Suillus luteus contains 3.66%, and Agaricus campestris has 2.32% (Łysakowska et al., 2023). Linolenic acid is a key precursor to 1-octen-3-ol, which is a significant fragrant component in mushrooms that contributes to the distinctive flavor (Tan et al. 2024).
Fibers
They are an excellent source of high-quality fiber, including both soluble and insoluble fibers (Bell et al., 2022). The amount of insoluble fiber ranges from 20% to 33%, whereas soluble fiber containing free sugars is around 11%. According to Naeem et al. (2020), chitin and β-glucan account for 80%-90% of the dry weight of the insoluble fiber. Soluble fibers, like beta-glucans and pectin, assist lower cholesterol levels by attaching to cholesterol molecules in the digestive tract (Sima et al. 2018). This process reduces total cholesterol and low-density lipoprotein (LDL) cholesterol, lowering the risk of heart disease and stroke. The mushroom fibers contain both soluble and insoluble components, including as chitin, lignin, cellulose, and xyloglucans (Tian et al., 2022). Chitin provides structural support and adds bulk to the stool, while lignin contributes to cell wall integrity and enhances stool bulk. Insoluble fibers that aid in maintaining digestive health by preventing constipation, aiding weight management, and facilitating food and waste movement  thus regular consumption reduces the risk of digestive disorders(Khalid et al., 2022).
Table-2a,b-A summary of phytochemical, bioactive compound composition in variety of Mushrooms

Other compounds
Mono- and sesquiterpenoids, ergosterol, and fatty acid esters are all low-molecular-weight bioactive chemicals found in oyster mushrooms (Rangsinth et al., 2023). Terpenoids extracted from the P. cornucopiae mycelium are cytotoxic (Cateni et al., 2022). P. cystidiosus fractions have antifungal activity against Colletotrichum gloeosporioides, a fungus that causes anthracnose (Kikuchi et al. 2025). Fatty acid esters from P. eous have been shown to have high antibacterial properties (Suseem and Saral, 2013). The fruiting bodies of Pleurotus mushrooms contain lovastatin, a type of statin that affects cholesterol metabolism (Wei 2018). These chemicals prevent the oxidation of LDL cholesterol while also improving the coagulation system and fibrinolytic activity (Kandadai et al., 2012). Also they possess anti-inflammatory, anticoagulant, and anti-oxidant effects. Incorporating mushrooms into a balanced diet improves cardiovascular health, digestive function, and overall well-being (Fitsum et al., 2025). Table 3 summarises the medicinal activities and the bioactive substances of few mushrooms species.


4.0.Medicinal properties of oyster mushroom
Mushrooms are an excellent source of functional foods with medicinal characteristics that aid in illness prevention and management (Ambhore et al., 2024). These properties could be added to various products naturally or be supplemented with additional nutrients. For ages, diverse civilizations have used mushrooms to enhance well-being, recognizing their immunomodulatory and anticancer properties in sustaining health and preventing illness (Das et al. 2021). In the last two decades, there has been a surge in interest in mushrooms' pharmacological potential, regarding them as mini-pharmaceutical factories synthesising compounds with extraordinary biological capabilities (Niego et al. 2021). Bioactive substances such as polysaccharides, proteins, lipids, and secondary metabolites like terpenoids, phenolics, and alkaloids contribute to mushrooms' medicinal potential (Pathak et al. 2022). These compounds have the potential to modulate biological activities, including anti-inflammatory, antioxidant, and enhance the immune response and inhibit tumor growth. 
Terpenoids and phenolic substances interfere with cancer cell signaling pathways, reducing proliferation and triggering apoptosis (Kamran et al. 2022). Their immunomodulating properties serve to regulate the immune system, enhancing its ability to deter infections and diseases (Arunachalam et al., 2022). Few compounds provide cardiovascular protection, detoxify pollutants, and are efficient against infections (Pigoń-Zając et al., 2025). They also help to promote metabolic and systemic health by boosting immunological function, reducing inflammation, offering hepatoprotection. In the circulatory system they lower cholesterol levels, preventing excessive blood clotting, controlling blood sugar levels, and maintaining appropriate blood pressure (Lakshmaiah and Raghavan 2026). Mushrooms aid to prevent obesity and enable magement of diabetics (Dubey et al., 2019). Furthermore, the high fiber content increases satiety, while beta-glucans improve gut health and decrease cholesterol (Cerletti et al., 2021). The neuroprotective chemicals aid to retain brain function, while the vitamins promote energy metabolism and neurotransmitter activation (Abdelmoaty et al., 2024). 
The active components have been shown to improve hyperglycemia and hypercholesterolemia (Shamim et al., 2023). They are high in acidic polysaccharides, dietary fiber, and antioxidants such as vitamins C, B12, and D, folate, ergothioneine, and polyphenols, which contribute to their anti-inflammatory, hypoglycemic, and hypocholesterolemic properties (Vinjusha and ArunKumar. 2021). Mushroom-derived beta-glucans, prebiotic fibers, and enzymes improve gut health by balancing the microbiome and promoting digestion (Zhao et al. 2023). Bioactive substances with antibacterial and antifungal characteristics provide natural pathogen defense by suppressing both Gram-positive and Gram-negative bacteria as well as fungal growth(Agarwal et al., 2023). Several mushroom extracts have antimutagenic characteristics, which successfully protect cellular DNA against mutations caused by environmental toxins and other hazardous agents(Ikram et al., 2025). The extract from Pleurotus cornucopiae has been found to have potent antigenotoxic and bio-antimutagenic properties (Chandana et al., 2017). Thus they prevent the development of disorders associated with genetic instability. Tremella fuciformis (snow mushroom) hydrates and improves skin elasticity, offering antiaging benefits (Mineroff and Jagdeo 2023).

5.0.Mushroom as a source of functional compounds: Application in food product development
Functional foods with mushroom provide health advantages beyond basic nutrition by protecting against chronic disease. Thus it can be included in a variety of diets due to their therapeutic characteristics and culinary value (Rahman,et al., 2022). Sławińska  et al., 2022 report addition of A. bisporus in bread thus increasing protein, iron, and nutritional content, lowering anemia and malnutrition. Mushrooms are increasingly being added to grains to increase their phenolic content, which provides antioxidants and antidiabetic effects (Okumuş et al., 2025). Adding a water-alcoholic extract of A. blazei mushrooms to milk increased antioxidant activity and inhibits lipid oxidation (Vital, et al., 2017). These methods increases the nutritional value of staple grains and meets the growing customer demand for functional, health-promoting foods thereby promoting health and wellness. A study on puffed snacks discovered that adding mushrooms such as A. bisporus, L. edodes, and Boletus edulis powder considerably increased their antioxidant and antihyperglycemic activities (Lu, et al. 2019). Adding them to cereal bars increased the antioxidant content associated with improvement in cardiovascular health and lower oxidative stress (Dimopoulou, et al. 2023). L. edodes mushroom powder was also found to improve the texture and sensory properties of sweet cereal bars (Spim et al. 2021).
Bioactive substances such as polysaccharides, vitamins, and antioxidants improve the nutritional and functional properties of baked goods. According to study, adding mushroom extracts to muffins increases their phenolic content as well as their sensory appeal (Rangel-Vargas et al., 2021). The enriched muffins provide a well-rounded nutritious profile by enhancing dietary fiber, protein, and antioxidants while keeping a pleasant taste, texture, and appearance. The improved sensory properties make them a practical choice for healthy, high-quality foods without sacrificing flavor (Das et al., 2021). Mushrooms are an excellent choice for modern plant-based diets because they are low in calories yet high in nutrients. Integrating them into everyday products such as muffins and cereal bars allows manufacturers to create items that give vital nutrients, with additional health advantages, and easy, tasty options (Ayimbila et al. 2023). According to studies, integrating powdered mushrooms into bread items increases their nutritional content while also providing excellent sensory characteristics (Lu et al. 2021). 
Variations in fibre content have an impact on the firmness and volume of cakes. Sheikh et al. (2013) demonstrated that a 15% mushroom powder fortification improves cake quality and acceptability. Similarly, Salehi et al. (2016) discovered that adding mushroom powder boosted the protein and ash content of the cake. Rheological qualities of cake batter, such as viscosity, volume, springiness, and cohesiveness increase in tandem with the concentration of mushroom powder. Ibrahium and Hegazy (2014) found that replacing wheat flour with a blend of mushroom powder and sweet potato flour in biscuits resulted in improved sensory analysis and acceptability. The processed biscuits contained high protein, fiber, ash, iron, calcium, potassium, and amino acids than the FAO/WHO reference protein pattern. The mushroom powder reduced the viscosity and enthalpy of starch gelatinization in biscuits and β-glucan content. Finally, it inhibited starch hydrolysis reduced the glycemic index of biscuits. Singh et al. (2016) show that shitake mushroom powder improves the overall characteristics of the biscuits and increases protein content from 5.74 to 10.55% and boosted the mineral content. Sulieman et al. (2019) demonstrate that the fermented and unfermented mushroom polysaccharide flour containing biscuits were high in protein, dietary fibres, minerals and amino acids.
Bioactive chemicals stimulate nerve growth and improve brain function, making it an important ingredient in cognitive health supplements for memory retention and neurological well-being (Szućko-Kociuba et al. 2023). G. lucidum is a potent health supplement with anti-inflammatory and antioxidant characteristics that can help reduce alcohol-induced liver damage and boost immunological defense (Ahmad et al. 2023). 
Mushrooms' rich flavor, nutritional benefits, and low allergen content have led to their increased use in meat products, notably meat analogs A mushroom-based meat analog was created by mixing edible mushrooms such as Coprinus comatus, L. edodes, and P. ostreatus with soybean protein isolate using a thermos-extrusion technique. The final product had a desired sensory and textural profile, making it a promising food industry option ((Panda et al., 2025). Nutritious snack using P. eryngii mushrooms, emphasizes their great nutritional and biological worth. The sensory tests revealed satisfactory product quality, reinforcing the trend toward healthy food choices while underlining the need for additional study to optimize mushroom dosages (Amerikanou et al. 2023). 
Mushroom fortification has significantly improved the nutritional and sensory quality of noodles. Parvin et al. (2020) report noodles fortified with 5% mushroom powder showed higher sensory acceptability, along with increased protein (14.4%), mineral content, and reduced carbohydrate, fat, and sodium levels. Similarly, fortification of instant noodles with Pleurotus ostreatus enhanced protein (17.3%), fibre (8.89%), and ash content, with optimal acceptability at 4% addition. Antioxidant activity increased markedly, with 70% DPPH inhibition observed at 2% fortification (Arora et al., 2017).Spreadable cheese is a valuable source of protein, fat, and water, and its nutritional profile can be further improved through fortification with mushroom powder. Such supplementation enhances moisture content and derived proteins and amino acids, resulting in high sensory acceptability. Processed cheese spreads fortified with fresh and dried Pleurotus ostreatus (Hk 35) exhibited improved functional, compositional, sensory, and microbiological qualities (Khider et al. 2017). β-Glucan, a bioactive polysaccharide recognized for its health-promoting properties, has also been successfully used in dairy fortification. Fresh ovine milk spreadable cheese fortified with 0.4% (w/w) β-glucan showed high moisture (75.26%), fat (10.30%), protein (8.50%), and salt (1.71%) contents, without adversely affecting proteolysis or sensory characteristics, and achieved high consumer acceptance(Kondyli et al., 2022). Özge and Fuat 2021  developed gluten-free tarhana soup by partially or completely replacing rice flour with Lactarius deliciosus powder, resulting in increased ash, protein, fat, mineral content, acidity, phenolic compounds, and antioxidant activity.
Fermentation is a vital process in the food industry that generates biologically active substances from raw materials and fermentation products, using methods like boiling, milling, or sprouting to counteract antinutritional effects (Asensio-Grau et al. 2020). Researchers have improved the nutritional value and digestibility of lentil flour by fermenting it with P. ostreatus, leading to a 6% reduction in carbohydrate content, an 18.5% increase in protein, and a 53% boost in phenolic compounds (Badia-Olmos, et al., 2024). These enhancements result from various factors, including carbohydrate bioconversion into protein, nitrogen loss prevention, increased unicellular protein biomass, and the production of extracellular fungal enzymes during growth and bioconversion (Asensio-Grau et al. 2020). Fermenting P. ostreatus increases antioxidant activity, total phenolic compounds, protein digestibility, and essential amino acids in kidney bean, black bean, and oat flours—even after simulated digestion. These findings indicate that using P. ostreatus in fermentation can improve the nutritional value and health advantages of these flours, highlighting its potential as a natural and sustainable technique (Melanouri et al. 2025).


6.0.Recent developments and applications of Mushrooms in Food and allied industry
Chitosan, a major component of mushroom cell walls, is widely used in food packaging due to its variability in purity, molecular weight, salt forms, and viscosity (Flórez et al., 2022). However, commercial chitosan manufacturing is mostly based on processing shellfish waste (shrimp, crab, and lobster) with strong alkalis at high temperatures (de Queiroz et al. 2019). Chitin and chitosan manufacturing from fungal sources is increasing popularity due to benefits such as uniform polymer length, high deacetylation degree, and solubility (Huq et al. 2022). Ethylene-coated chitosan films have antibacterial qualities that make them promising for food packaging applications (Flórez et al., 2022). Similarly, integrating acai mushroom extract (known for high phenolic content) with zeolite in active packaging has been shown to protect button mushrooms from deterioration for up to 28 days (Hanula, et al., 2021). This active packaging enhances chemical properties by increasing antioxidant activity, slowing down the browning process (both internally and externally), and reducing moisture loss. Further, it significantly reduce physiological weight loss in storage (Sangeeta et al., 2024). 
[bookmark: bbib84]The goal of nutrigenomics in the food industry is to provide scientifically developed value-added products (German et al., 2011). The food industry recognizes the significance of nutrigenomics research as a foundation for the concept of "personalised diets". Nutrigenomics has a few goals, including the discovery of molecular biomarkers or novel bioactive food ingredients, as well as the confirmation of their efficacy as functional food ingredients or nutraceuticals. Nutrigenomics also aims to investigate the genome-wide impacts of nutrition on human health (Fenech  et al., 2011). To this end, mushrooms are increasingly recognized as a source of nutraceuticals that can aid in nutritional balancing, increasing natural body resistance, enhancing human immunity, and lowering illness susceptibility. As a result, they are now regarded as a wonder food in the field of nutrigenomics. The impact of mushroom products such as glucans, enzymes, and secondary metabolites on the inflammatory process and the gut microbiota, justifies their nutritional significance as indirect probiotics, direct prebiotics, or synbiotics (El-Maradny et al., 2025). Several bioactive compounds present in fungi are known to improve health and well-being and are used as preventatives for a number of human diseases. The texture and flavour of mushroom can be a substitute for various ingredients and additives (Rangel-Vargas et al., 2021). Kokumi peptides are protein fragments (such as glutathione and γ-EVG) that improve the richness, thickness, and flavor continuity of food (Rodríguez Valerón et al., 2023). They function as a "sixth taste" by enhancing the sweet and salt already present without contributing a unique flavor of their own. By increasing palatability and decreasing the need for fats, carbohydrates, and salt, they activate calcium-sensing receptors (CaSR) on the tongue, resulting in a fuller, more pleasing mouthfeel and enabling healthier, low-sodium goods(Yang et al., 2025). Chiber™ is a natural fiber extract from the stems of white button mushrooms, this ingredient is used to improve the quality, freshness, and shelf-life of food and beverage products (Food safety magazine 2025). Mycelium composites are used to replace expanded polystyrene (EPS) for protective packaging, such as corner pads for electronics, wine boxes, and premium cosmetic trays (Balaeș et al., 2023). "mycelium coolers" are being developed as sustainable alternatives for transporting perishables like fish (Balaeș et al., 2023 ). Mycelium-derived chitin and chitosan are being investigated for use in coatings to extend food shelf life. Advantages include sustainability, faster growth and requirement of minimal energy, making it a regenerative alternative to plastic. Also it is lightweight, durable, and naturally fire-retardant. Finally, customization  allows for a tight fit and optimal protection for specific items.
High-quality proteins, β-glucans, ergosterol, chitin, and umami-related amino acids are abundant in mushroom by-products, which also have reduced levels of fat (Davila, et al., 2022). Additionally, the by-products of mushrooms are excellent for circular bioeconomy methods and complement plant-based waste valorization systems due to their quick biodegradability (Antunes et al., 2020). 
Research has been done on the nutritional, compositional, and bioactive characteristics of mushroom by-products. Few examples are the stems and caps from  Pleurotus ostreatus and Lentinula edodes with high cellulose is used to make fresh extruded noodles(Guo, et al., 2022). Banerjee et al., 2020 report a preparation of goat meat nuggets supplemented with enoki mushroom (Flammulina velutipes) stems with 13.5 % protein and 6.3 mg GAE/g TPC, contributing to its antioxidant capacity, further enhancing the cooking yield and shelf life. In contrast to plant-based meat alternatives, mycelium contains lower sugar levels, saturated fat, and sodium, and can revolutionize large-scale product development (Maseko et al., 2025). Additionally, the low phytate content of mycelium suggests increased bioavailability of essential micronutrients. However, dietary intervention trials are needed to validate this information (Słyszyk, et al., 2024). The mycoprotein itself is a rich source of folate, riboflavin, vitamin B12, manganese, zinc and phosphorus (Derbyshire, 2020). 3D printing is a manufacturing process that builds three-dimensional objects layer by layer from a digital model. The use of 3D printing is promisingly growing in food industry
(Pérez-Monterroza et al., 2025). Improving 3D printed food characteristics by using mushroom by-products and olive oil in the formulation is reported by Reche et al., 2024. Biotechnology and genetic engineering have opened new avenues to tailor and enhance these abilities, and transform
fungi into powerful industrial workhorses. Progress in tailored genetic engineering tools and improved cultivation technologies has facilitated the establishment of fungi as robust cell factories for producing valuable terpenoids, with significant contributions to the food, biotech, and pharmaceutical sectors (Iacovelli et al., 2024). For decades, the edible mushroom has been cultivated as important raw materials for food and pharmaceutical industries. Unfortunately, the generation and improvement of new cultivars are very difficult since there are many barriers. CRISPR-Cas9 gene editing tools are been widely applied to solve the problem. Wang et al., 2021 report using a codon-optimized Cas9, U6 promoter-guided sgRNA and protoplast transformation system with highly efficient pyrG gene. The study opens new chapter for the improvement of edible mushroom cultivars. In the area of bio-medical research recent study by Deng et al., 2016 implicate novel application of P. eryngii polysaccharide in pluripotent reprogramming via active epigenetic modification. The cationized P. eryngii polysaccharide (CPS), was co delivered with plasmids (Oct4, Sox2, Klf4, c-Myc) for generating induced pluripotent stem cells (iPSCs), with the hybrid  nanoparticles could significantly enhance the process and efficiency of reprogramming (1.6-fold increase) in comparison  to CP nanoparticles. Psilocybin, the prodrug to the psychoactive compound is currently being studied in clinical trials as a treatment for severe mental health conditions, such as depression and anxiety (Daniel J, et al., 2018). Psilocybin and baeocystin are produced using various exogenous genes sourced from psilocybin-producing mushrooms such as Psilocybe cubensis, Psilocybe cyanescens, and Panaeolus cyanescens with psilocybin titers of 1.46 ± 0.13 g/L (Keller et al., 2025). Finally, Ergothioneine (ERG), a natural thio-histidine derivative with potent antioxidant properties and diverse biological functions, is widely utilized in food processing and also as a nutritional supplement. Current bioproduction methods for ERG primarily depend on fermenting edible mushrooms. Recent advancements in catalytic metabolic pathway for ERG is facilitated by synthetic biology tools (Liang et al., 2024).

7.0.Discussion and Conclusion
In addition to being a highly significant source of nutraceuticals, cosmeceuticals, and mycotherapeutics worldwide, mushrooms are also a rich source of functional food. The pharmacological qualities range from immunomodulation to anti-diabetic, anticancer, and antioxidant. In the food and nutraceutical industries, mushrooms are emerging as functional foods and sustainable meat substitutes due to their rich nutrient profiles and bioactive compounds. An increasing number of studies from different centre’s globally confirm that mushroom species of the several genus exhibit multidirectional health-promoting effects (Cheung 2008;Khaskheli et al., 2024).The multidirectional health-promoting and therapeutic effects of mushrooms of the commonly used Pleurotus genus in particular result from the presence of secondary metabolites, which have been isolated from both oyster mushroom fruiting bodies and mycelia (Bulam et al., 2022). In this regard, technological advancements in extraction and culture techniques will improve mushroom applications in the food business (Sangeeta et al. 2024). In the field of value-added foods, mushroom meal, for example, Pleurotus, is used as a supplement to cereal-based products such as breads, pastries, noodles, tortillas, and so on, since it enhances protein and fiber content(Carrasco-González, et al., 2017). Currently, diabetics, cholesterol, and gut-related problems are the most common lifestyle diseases affecting global populations(Garg et al., 2015). To this end, various research findings point to the potential benefits of using mushroom products to treat certain conditions. According to Owheruo, et al., 2023 adding mushrooms to maize and wheat bread lowers their glycemic index. Pleurotus are also a strong source of prebiotics due to their high soluble fiber content (Aida et al., 2009; Synytsya et al., 2009). Hamdi, report the benefits of Pleurotus spp. for the prevention and treatment of atherosclerosis via reduction of oxidative stress, hypertension, and hypercholesterolemia. According to Shankar et al., 2025, the dietary supplement of Ganoderma lucidum has both prebiotic and anticancer properties. Furthermore, the current literature review supports the idea that a healthy plant-based diet supplemented with common edible mushrooms or novel mushroom or myco-protein products could provide antioxidants and anti-inflammatory factors, allowing for dietary management of chronic kidney disease (CKD) patients (Calvo and Uribarri 2025). Immunosuppression raises the chance of tumor recurrence and death. Mushroom bioactives have a variety of anti-cancer effects, including reactive oxygen species, mitotic kinase inhibition, mitosis prevention, angiogenesis suppression, and topoisomerase. Hence, identifying, separating, and transferring bioactive macromolecules naturally present in tumor-genic foods could be a promising option (Ikram et al., 2025).
The biodiversity and ecological niches of different places provide unique mushroom resources containing a wide range of bioactive chemicals. Panthari et al. (2025) discuss the health-promoting and functional dietary qualities of Himalayan wild edible mushrooms. 
According to current patterns in the world's predicted nutrition data, most countries are experiencing a significant challenge of undernutrition, which may evolve into overnutrition as the world population grows at a rapid pace(Moramarco ET AL., 2025). Human activities such as mining, urbanization, and industrialization destroy the land, causing indirect negative consequences on human health(Shetty, ET AL., 2023). As a nutrient-dense superfood, mushroom supply critical elements like as dietary fiber, high-quality protein, key vitamins (particularly D and B), and minerals. They are naturally low in fat, sugar, and calories, and cholesterol, making them a beneficial addition to a balanced diet for all age range population (Fulgoni et al., 2023). Since mushroom cultivation and processing don’t occupy large space they are an advantage. The identification of novel bioactive substances in mushrooms opens the door to developing new medicines for clinically chronic and severe ailments like neurological and cardiovascular diseases, as well as cancer. To increase the specificity of each mushroom feature, extensive research into numerous theoretical factors, bioactive substances, and other aspects should be conducted on a broad collection of mushrooms. Furthermore, novel toxicological investigations must be conducted to evaluate their clinical qualities. 
Mushrooms provide a sustainable food security solution since they can be grown using agricultural waste, need little resources, and have a low environmental impact. Their manufacture contributes to circular economies by transforming organic waste into healthy food (Mishra, et al., 2025). Environmentally, mushrooms contribute to sustainability through bioremediation, soil enrichment, and carbon sequestration (Hu et al., 2021). Thus, mushroom research is poised to revolutionize sectors such as food, healthcare, pharmaceuticals, and environmental sustainability. The active metabolic component of mushroom study can be greatly enhanced by the confluence of genomics, proteomics, and metabolomics. Further, it can be enhanced by sustainability.
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Table-1. A summary of nutrient composition of various foods.

	Food sources
	Proteins (g/100 g)
	Fats (g/100 g)
	Carbohydrates (g/100 g)
	Important Nutrient contents

	Mushrooms
	3.1
	0.3
	3.3
	Vitamin D, Potassium, Vitamins B2 & B3

	Chicken breast
	3.1
	3.6
	0
	Vitamin B, Selenium, Phosphorus

	Fish (Salmon)
	25.4
	13.6
	0
	Omega-3, Vitamin D, Potassium

	Lentils
	9
	0.4
	20.1
	Iron, Folate, Magnesium

	Eggs
	13
	11
	1.1
	Vitamin B12, Vitamin D, Selenium

	Almonds
	21.2
	49.9
	21.6
	Vitamin E, Magnesium, Fiber

	Oats
	16.9
	6.9
	66.3
	Manganese, Phosphorus, Zinc

	Rice (brown)
	2.6
	0.9
	23.5
	Magnesium, Selenium, Vitamin B

	Broccoli
	2.8
	0.4
	6.6
	Vitamin C, Vitamin K, Folate

	Avocado
	2
	15
	9
	Potassium, Folate, Vitamin E

	Quinoa
	14.1
	6.1
	21.3
	Magnesium, Iron, Vitamin B

	Spinach
	2.9
	0.4
	3.6
	Iron, Calcium, Vitamins A & K

	Sweet potatoes
	1.6
	0.1
	20.1
	Vitamin A, Vitamin K, Potassium

	Cheese
	24.9
	33
	1.3
	Calcium, Vitamin B12, Phosphorus

	Tuna
	30
	1
	0
	Omega-3, Vitamin D, Potassium

	Jabin et al., International Journal of Innovation and Applied Studies 2015. 




























Table-2a : Summary of phytochemical composition in variety of Mushrooms
	Edible Mushrooms
	Phenolics
	Polysaccharides
	Proteins
	Triterpenoids
	References

	Agaricus bisporus
	Gallic acid
	Heteropolysaccharide-AEP
	Protein type FIP-fve
	Ergosterol
	Fakhreddin .International Journal of Food Properties. 2019


	Boletus edulis
	Gallic acid
	Polysaccharides (BEP-1)
	β-Trefoil lectin
	Boletusic A-C
	

	Cordyceps militaris
	Protocatechuic acid
	Fucoidan
	Argentin
	Bovistins A-C
	

	Coprinus comatus
	Flavones and flavonols
	Modified polysaccharide
	Laccases
	Triterpenoids
	

	Pleurotus ostreatus
	Caffeic acid, ferulic acid
	polysaccharide
	Concanavalin A
	Ergosterol
	

	Pleurotus eryngii
	Cinnamic acid
	PEPE-A1 and PEPE-A2
	Laccase
	Ergosterol
	

	Pleurotus cornucopiae
	Gallic acid
	β-glucan
	Oligopeptides
	Erosta-7-ene sterols
	

	Macrolepiota procera
	Protocatechuic acid
	Polysaccharides
	β-Trefoil lectin
	Lanostane triterpenoids
	

	Russula virescens
	Quercetin
	SRPs
	Laccase
	—
	

	Tuber melanosporum
	Flavonoids, phenols
	Exo-polysaccharides (TP1)
	—
	Ergosterol
	












Table-2b: Proximate composition and total phenol content (%) in a variety of Mushrooms
	Mushroom species 
	Moisture (%)
	Total Protein (%)
	Total Carbohydrate (%)
	Crude Fiber (%)
	Ash (%)
	Total Phenols (%)
	References

	Agaricus bisporus, Agrocybe cylindracea, Boletus loyo, Cortinarius lebre, Cyttaria espinosae
	88–96
	8.56–23.88
	62.97–83.65
	7–15
	5–13
	0.75–4.72
	Peter . Food Science and Human Wellness.2013


	Apioperdon pyriforme, Helvella elastica, Morchella conica, Rhizopogon luteolus
	-
	11.5–24.5
	-
	2.6–4.8
	9.5–14.7
	5.0–12.3
	

	Auricularia auricula-judae, A. polytricha, Lentinus piperatus, Laetiporus sulphureus
	49–88
	19–56
	7–18
	5–11
	3–8
	7.3–10.2
	

	Agaricus bisporus, Pleurotus ostreatus, Lentinula edodes
	88–92
	1.7–2.11
	3–9
	20–37
	0.8–1.15
	1.1–1.5
	

	Tricholoma, Shiitake mushroom, Pleurotus eryngii, Dictyophora indusiata
	6.9–15.5
	8.5–36.9
	0.5–37.3
	14.4–70.2
	1.3–10.1
	-
	

	Agaricus bisporus, Boletus edulis, Cantharellus cibarius, Lactarius deliciosus, Leccinum rufum
	82.6–91
	1.5–3.6
	3.2–8.3
	-
	-
	-
	

	Agaricus bisporus, Boletus edulis, Calocybe indica, C. gambosa, Grifola frondosa, Flammulina velutipes
	-
	18.1–52.8
	31.1–70.6
	7.81–32.3
	3.5–19.7
	-
	

	Pleurotus sajor-caju, Calocybe indica
	87–89
	1.74–3.4
	3.37–3.33
	-
	1.2–1.3
	-
	

	Agaricus bisporus
	81.79
	29.29
	20.57
	24.56
	7.12
	-
	

	Grifola frondosa
	83.06
	21.1
	58.8
	10.1
	7.0
	-
	

	Hericium erinaceus
	95.69
	23.3
	57.0
	7.8
	9.4
	-
	

	Lactarius deliciosus
	92
	17.19
	68.61
	31.81
	8.62
	4.5–13.6
	

	Lyophyllum decastes
	-
	18.31
	34.38
	29.02
	14.20
	-
	

	Pleurotus florida
	87.05
	34.56
	31.59
	11.41
	7.40
	-
	

	Pleurotus ostreatus
	85.55
	30.92
	31.40
	12.10
	7.05
	-
	

	

	Tremella fuciformis
	91.73
	4.6
	94.8
	1.4
	0.4
	-
	


























Table-3:  A summary of medicinal properties of mushrooms
	Activity
	Bioactive compounds
	Species
	References

	

	Anti-cancer
	β-glucans
	P. ostreatus
	Venturella et al., Int J Mol Sci. 2021.


	
	α-glucan
	P. ostreatus
	

	
	proteins
	P. ostreatus
	

	
	
	P. nebrodensis
	

	Antitumour
	polysaccharides
	P. ostreatus
	

	
	proteoglycans
	P. ostreatus
	

	
	lectin
	P. citrinopileatus
	

	
	
	P. ostreatus
	

	Immunomodulatory
	polysaccharides
	P. ostreatus
	

	
	
	P. cornucopiae
	

	
	heteroglucan
	P. ostreatus
	

	Antihypercholesterolemic
	lovastatin
	P. ostreatus
	

	
	
	P. sajor-caju
	

	
	
	P. florida
	

	
	ergosterol
	P. ostreatus
	

	Antihypertensive
	D-mannitol
	P. cornucopiae
	

	
	peptides
	P. cornucopiae
	

	Anti-atherogenic
	angiotensin converting enzyme inhibitor peptide
	P. cornucopiae
	

	
	ergothioneine
	P. eryngii
	

	
	chrysin
	P. ostreatus
	

	
	lovastatin
	P. ostreatus
	

	Antiviral
	proteins
	P. ostreatus
	

	
	
	P. nebrodensis
	

	
	polysaccharides
	P. abalonus
	

	
	lectins
	P. citrinopileatus
	

	Antibacterial
	β-glucans
	P. ostreatus
	

	
	fatty acid esters
	P. eous
	

	Antifungal
	ergosterol
	P. cystidiosus
	

	
	proteins
	P. ostreatus
	

	
	
	P. eryngii
	

	Anti-oxidative
	phenols
	P. citrinopileatus
	

	
	lectins
	P. florida
	

	
	polysaccharides
	P. ostreatus
	

	
	
	P. tuber-regium
	

	Hypoglycemic
	unspecified
	P. ostreatus
	

	
	β-glucans
	P. sajor-caju
	

	
	polysaccharide-peptide
	P. abalonus
	

	Anti-inflammatory
	polysaccharides
	P. ostreatus
	

	
	
	P. ostreatoroseus
	

	
	
	P. florida
	

	Anti-arthritic
	β-glucans
	P. sajor-caju
	

	
	
	P. ostreatus
	

	Anti-atopic dermatitis
	pleuran
	P. ostreatus
	

	Anticataractogenic
	unspecified
	P. ostreatus
	

	Antinociceptive
	β-glucans
	P. eous
	

	
	
	P. pulmonarius
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