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Abstract 
 

Mushrooms taxonomically belong to the phyla Basidiomycota (class Agaricomycetes) and 

Ascomycota (class Pezizomycetes) of the subkingdom Dikarya. They form epigeal and 

hypogeal sporomata with nutritional and medicinal values. Mushrooms produce various 

bioactive compounds (polysaccharides, terpenoids, phenolics, polyketides, etc.) with different 

therapeutic effects (antimicrobial, antioxidant, antitumor, hypocholesterolemic, hypoglycemic, 

immunomodulatory, neuroprotective, etc.). Currently, about 200 mushroom species are 

cultivated biotechnologically, and about 50 species are produced commercially. Recent 

advances in fungal biology and biotechnology are assisting to develop mushroom-derived 

innovative biotech products for human and animal use. The mushroom growing industry has 

decreased the costs and increased the availability of mushroom-derived biotech products 

(MDBP), making them accessible as healthy food obtained from both wild and cultivated 

samples, as well as mycelial biomass. Agaricomycetes species, such as Coriolus (= Trametes) 

versicolor, Ganoderma lucidum, Grifola frondosa, Hericium erinaceus, and Lentinula edodes 

have been reported as prebiotics that regulate human gut microbiota. Mushroom 

supplementation of various food products, such as dairy beverages, yogurts, bread, pasta, and 

beer, significantly enhances their quality and culinary value. Truffles (Tuber spp.) and morels 

(Morchella spp.) are considered as highly priced gourmet foods with medicinal effects. Further 

studies in fungal biology, biotechnology, myco-pharmacology, genomics, metabolomics, and 

proteomics will contribute to the application of mushrooms in nanobiotechnology and 

nanomedicine, as well as food safety with positive environmental impacts and human welfare.  
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1. Introduction 
 

Basidiomycetes (class Agaricomycetes) and Ascomycetes (class Pezizomycetes) fungi of the 

subkingdom Dikarya develop epigeal and hypogeal sporomata (mushrooms). From an 

estimated 1.5 to 3.0 million fungal species, approximately 150,000 comprise mushroom-

forming fungi. About 50% (80,486 species) belong to class Agaricomycetes and 1.8% to 

Pezizomycetes, with over 40% of the taxa being unknown (Hawskworth, 2012; Tedersoo et. 

al., 2014). Within 1.5 million fungal species, about 15,000 species are taxonomically known 

mushrooms, of which about 7000 are edible, and more than 2000 are considered entirely safe, 

at least 170 are poisonous to deadly toxic, about 700 possess medicinal properties with 130 

described pharmacological effects (Kües & Badalyan, 2017; Badalyan & Zambonelli, 2019, 

2023). 

 

Mushrooms are producers of different bioactive compounds (polysaccharides, terpenoids, 

phenolics, polyketides, alkaloids, lectins, proteins, steroids, etc.) with potential 

pharmacological effects (antitumor, anti-inflammatory, antioxidant, anti-proliferative, 

antiviral, hypocholesterolaemic, hypoglycaemic, hypotensive, immunomodulatory, 

neuroprotective, wound healing, etc.) (Badalyan, 2012; Badalyan & Gharibyan, 2016, 2020; 

Badalyan & Rapior, 2021; Badalyan & Zambonelli, 2023; Badalyan et al., 2021, 2022, 2023; 

Jayasuriya et al., 2017; Lee et al., 2020; Peng et al., 2015; Saltarelli et al., 2015) (Table 1). 

They have been used for medicinal purposes since ancient times. Among Agaricomycetes 

fungi, polyporoid Ganoderma mushrooms (order Polyporales, family Ganodermataceae), 

such as G. lucidum, G. resinaceum, and G. adspersum produce the highest diversity of 

pharmacologically active molecules (Peng et al., 2015; Saltarelli et al., 2015; Kües & 

Badalyan, 2017) (Fig. 1). However, diverse medicinal properties were also reported in edible 

agaricoid Pleurotus species (oyster mushrooms) (P. cornucopiae, P. djamor, P. eryngii, and P. 

ostreatus). They are producers of statins with significant hypoglycaemic and 

hypocholesterolaemic effects, as well as other bioactive molecules (MDBM) (Jayasuriya et al., 

2017; Finimundy et al., 2018). 

 

Highly prized hypogeal edible Pezizomycetes mushrooms belonging to the genera Tuber (the 

true truffles), Terfezia and Tirmania (the desert truffles), as well as the epigeal Morchella (true 

morels) genus are biotechnologically cultivated and have economic impact due to their unique 

gastronomic and medicinal properties (Badalyan & Zambonelli, 2019, 2023). 

 

The pathways and genes responsible for MDBM (terpenoids, phenolics, polysaccharides, 

polyketides, cyclic peptides, aegerolysins, lectins, ribosome-inactivating proteins, etc.) 

biosynthesis in edible and medicinal mushrooms are largely understudied. These genes and 

gene clusters are found in only a restricted number of fungal taxa and species (Kües & 

Badalyan, 2017). Meanwhile, wild and cultivable, edible and medicinal mushrooms may be 

considered valuable resources to develop innovative healthcare biotech products, such as 

pharmaceuticals, nutraceuticals and cosmeceuticals (Chang & Buswell, 1996; Iotti et al., 2012; 

Wu et al., 2016; Dissanayake et al., 2018; Raethong et al., 2020; Rahi et al., 2021; Badalyan 

& Zambonelli, 2019, 2023; Badalyan et al., 2023; Łysakowska et al., 2023). Advances in 

fungal biology and introduction of new biotechnological cultivation techniques of selected 

taxonomic and ecological groups of edible and medicinal mushrooms will further assist in the 

production of MDBP for human welfare. Biotechnological exploitation of edible and medicinal 

mushrooms is also directed at environmentally friendly bioprocessing of agro-industrial wastes 

(Barua et al., 2024). 
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In this review, advancements and new perspectives in mushroom research for their 

biotechnological cultivation and exploitation are discussed. 

 

2. Progress in Biotechnological Cultivation of Edible and Medicinal Mushrooms 
 

Currently, more than 2780 listed mushroom species are consumed as food or have medicinal 

properties. However, only about 2000 could be considered as safe, and only a few dozen are 

commercially cultivated (Li et al., 2021). Among cultivated species, the most popular edible 

species are Agaricus bisporus, Flammulina velutipes and L. edodes, as well as Auricularia, 

Volvariella, and Pleurotus species (Royse et al., 2017). The number of species specifically 

cultivated in Asian countries for their medicinal value is limited and includes Ganoderma spp. 

and Cordyceps spp. (Badalyan & Zambonelli, 2019, 2023; Badalyan & Rapior, 2021; Badalyan 

et al., 2023; Raethong et al., 2020). 

 

The commercially cultivated mushrooms are mainly saprobic. Their cultivation is achieved by 

inoculating mycelium in an appropriate substrate, choosing the correct combination of 

humidity and temperature. The cultivation of edible ectomycorrhizal mushrooms (EEM) with 

high economic interest (Boletus edulis, Cantharellus cibarius, Lactarius deliciosus, and Tuber 

spp.) (Zambonelli et al., 2021) is more complicated since these species need mutualistic 

interaction with the roots of a host plant to complete the life cycle. Edible mushrooms are 

regarded as sources of low-fat, healthy food due to their high-quality protein and essential 

amino acids, dietary fibre, vitamins, minerals, and unique aroma (Badalyan, 2012; Badalyan & 

Zambonelli, 2019, 2023). Mycoprotein is also a good solution to animal health and welfare 

(Badalyan & Zambonelli, 2023). 

 

Several edible species (A. bisporus, L. edodes, L. deliciosus, and Morchella spp.) contain 

bioactive molecules possessing medicinal and cosmetic values (anticancer, antimicrobial, anti-

aging, antioxidant, immunomodulatory, hypolipidaemic, etc.) (Wu et al., 2016; González et 

al., 2020; Badalyan et al., 2023). Although truffles (Tuber spp.) have proven to have nutritional 

and medicinal properties, their consumption is limited due to high price (Iotti et al., 2012). The 

most valuable are the Italian white truffles (Tuber magnatum), the Périgord black truffle (Tuber 

melanosporum), the bianchetto truffle (Tuber borchii), and the Burgundy truffle (Tuber 

aestivum) (Fig. 1). Among these species, T. magnatum is the most expensive (4000 and 6000 

€/kg in Italy) due to its unique taste and flavor, the limited geographical distribution, and 

cultivation difficulties (Bach et al., 2021). 

 

The first attempts to cultivate mushrooms date back to the 600 AD when wood-ear Auricularia 

species cultivation was reported in China. Wood was the first substrate used for the cultivation 

of L. edodes and Auricularia spp. The soil saprobe species A. bisporus was the first mushroom 

cultivated in compost in France, which marks the beginning era of biotechnological cultivation 

of mushrooms in 1894. Modern cultivation of EEM species started in the 1960s with the 

production of the first truffle plants in a greenhouse by using spore and, recently, mycelial 

inocula (Badalyan & Zambonelli, 2023). Further development of cultivation methods and 

breeding technologies has enhanced mushroom productivity over the past 50 years (Sánchez, 

2004). The multiple health and nutritional benefits of mushrooms have led to a 21-fold increase 

in their per capita consumption.  

 

In 2025, the global mushroom cultivation market is USD 11.95 billion and is estimated to be 

USD 19.7 billion in 2034 due to the development and modernization of technologies for 
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mycelium cultivation, as well as increased public understanding of the health benefits of 

mushroom and MDBP consumption (Badalyan & Zambonelli, 2019, 2023; Barua et al., 2024). 

Moreover, the necessity to find ecologically sustainable and friendly resources of new food 

and protein is one of the challenges faced by modern mushroom growing industry. 

 

 

 

 
 

Fig. 1. Fruiting bodies of edible and medicinal agaricomycete and pezizomycete mushrooms: 

Laetiporus sulphureus (a); Schizophyllum commune (b); Ganoderma resinaceum (c); Fomes 

inzengae (d); Coprinus comatus (e) (photos from M. Iotti); Tuber indicum (f) and T. borchii(g) 

(photos from A. Zambonelli). 

 

 

2.1.Cultivation of Saprobic Species 
 

The cultivation of edible and medicinal saprobic species needs a short time, and the first 

production of mushrooms begins in a few weeks or, maximum several months, depending on 

the fungal species and the strain, the substrate, and climatic conditions. Moreover, cultivation 

of saprobic species could utilize different agro-wastes as substrates, contributing to economic 

development in rural territories (Sánchez, 2004; Royse et al., 2017). The characteristic of 

saprobic species to grow on different wastes makes them ideal candidates for developing a 

circular bio-economic network. In this process, the use of the digestate, the material remaining 

after the anaerobic digestion of a biodegradable feedstock, as a substrate for mushroom 

cultivation is a challenging alternative. The digestate separated mechanically into liquid or 

solid fractions is commonly used as a fertilizer (Lee et al., 2021). However, the solid fraction 

of digestate from agricultural feed stocks still contains recalcitrant organic compounds 

prevalent in the ligno-cellulosic components, which are not degraded during the anaerobic 

fermentation but may be an excellent carbon source for xylotrophic mushrooms. On the other 

hand, the liquid fraction of digestate is successfully used in spruce sawdust fermentation for 

the cultivation of Oyster (Pleurotus ostreatus and P. eryngii) and Reishi (Ganoderma lucidum) 

mushrooms (Brezáni et al., 2019).  
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After mushroom cultivation, the substrate is used as a fertilizer due to its nutrient content and 

its protective activity against soil-borne diseases. The changes in microbial composition during 

mycelial growth in the substrate and the subsequent abundance of beneficial microbes improve 

its suppressive capacity against several pathogens. Alternatively, the used substrate after lignin 

degradation by mycelium can be reused in plants for biogas production, for the extraction of 

bioactive molecules, enzymes, and chitin or feeding animals, particularly invertebrates, such 

as insects or earthworms (Grimm et al., 2021).  

 

The new species and varieties of saprobic species are annually added to meet the increasing 

demand for MDBP. In recent years, the outdoor cultivation of true morels (Morchella spp.), 

particularly M. importuna, M. sextelata and M. eximia has been successful and expanded to a 

large scale. However, there are also unsuccessful cases of Morchella spp. cultivation for still 

unknown reasons. It may be due to unfavorable soil microbiota (Tan et al., 2021), or genetic 

and biological processes that remain poorly understood. These include several phases of their 

life cycle, such as the mechanisms of fertilization, the role of asexual mitospores 

(microconidia), and factors that trigger the development and morphogenesis of microsclerotia 

and fruiting bodies with mature meiospores. Advancement of fungal biology research is 

important to fill the knowledge gaps and provide innovative biotechnological progress in 

Morchella cultivation (Sambyal & Singh, 2021). 

 

Entomopathogenic ascomycete Cordyceps militaris is a well-known medicinal fungus. In 

nature, it infects the larvae of lepidopteran hosts. Over the past decade, it has been cultivated 

in China using artificial nutrient media. Improving the cultivation medium will increase 

mushroom formation and extend the production of bioactive compounds, such as cordycepin, 

with significant antitumor and immunomodulatory effects (Raethong et al., 2020). The study 

of biological (morpho-ecological, physiological, and genetic) and growth characteristics of 

mycelia, as well as in vitro development of agaricomycete and pezizomycete fruiting bodies 

are required to establish the life cycle of these fungi during biotechnological cultivation of new 

species from different ecological and taxonomic groups. 

 

Currently, about 50 mushroom species are grown commercially and about 200 species, 

including G. lucidum, G. frondosa, H. erinaceus, F. velutipes, L. edodes, P. ostreatus and 

Termitomyces versicolor are cultivated by submerged or static methods. Submerged mycelium 

cultivation is the best technique with significant industrial potential and is considered a 

promising and reproducible alternative to obtain mycelial biomass and sustainable MDBM for 

human and animal use (Elisashvili, 2012; Bakratsas et al., 2021). During submerged 

cultivation, fungal mycelium is grown in a liquid medium in flasks, fermenters or bioreactors 

where nutrients are dissolved, and oxygen supply is reinforced by physical (temperature, 

aeration, agitation, etc.) and chemical (pH, medium composition, etc.) factors to safely control 

the biomass quality. Currently, the mycelium cultivation industry is progressing, and the 

production of high-quality mycelium biomass-derived safe biotech products is improving 

(Bakratsas et al., 2021).  

 

2.2. Cultivation of Edible Ectomycorrhizal Mushroom (EEM) Species 
 

The EEM species are culinary valuable and widely used for their unique flavour and texture. 

However, the biology and the complex lifestyle of EEM create obstacles and complicate their 

cultivation processes, as well as extend the time of first mushroom production. Among them, 

T. melanosporum was the first species that was successfully cultivated in the early 1800s. The 

truffle cultivation industry has improved over the last decades due to modern technologies and 
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methods consisting of inoculating seedlings or cuttings with truffles in greenhouses and then 

transplanting them into suitable sites.  

 

Initially, three different methods of truffle inoculation were proposed: i) spore inoculum, ii) 

mother plant technique, and iii) mycelium inoculation. Among these, spore inoculum has 

become the suitable method used by all companies producing Tuber mycorrhized plants since 

it is simple and effective to apply for the most valuable truffle species (Iotti et al., 2012). Since 

the mid-nineties, morphological and molecular methods to identify ascomata and mycorrhizas 

have been developed (Parladé et al., 2016; Zambonelli et al., 2000). Recently, the plants 

obtained through mycelial inoculation yielded their first productive results (Iotti et al., 2016; 

Parladé et al., 2016). Mycelium inoculation enables the selection of strains that produce 

ascomata with superior aroma profiles or greater adaptability to climatic conditions-traits that 

appear to be genetically regulated. This technique has also been applied to produce L. 

deliciosus mycorrhizal plants. Cultivation of this species was introduced first in New Zealand 

in the late 1990s and spread to Europe and China. The ascoma production in New Zealand has 

been estimated at 1–3 tons per hectare (Wang et al., 2021). 

 

2.3. Mushroom-Derived Bioactive Molecules (MDBM) and Mushroom-Derived Biotech 

Products (MDBP)  
 

A wide spectrum of pharmacological activity of MDBM and recent progress in fungal biology 

and biotechnology, genomics, proteomics, and myco-pharmacology have contributed in the 

development of different innovative MDBP from agaricomycete and pezizomycete mushrooms 

for human and animal use (Kües & Badalyan, 2017; Badalyan & Zambonelli, 2023; Barua et 

al., 2024). The pharmaceutical potential of MDBM from edible and medicinal mushrooms, 

such as lectins (A. bisporus), polysaccharides (Auricularia auricula-judae), glifolan (G. 

frondosa), lovastatin (Pleurotus sajor-caju), and cordycipin (Ophiocordyceps sinensis) has 

been assessed and several MDBP from these fungi were approved for clinical use (Dissanayake 

et al., 2018; Badalyan & Rapior, 2021; Badalyan et al., 2023) (Table 1).  

 

The MDBP are a food or part of the food with nutritional and beneficial health effects and may 

be used is a preventive and therapeutic strategy to improve the outcome of different diseases 

without side-effects (Badalyan et al., 2023; Łysakowska et al., 2023). The mushroom products 

can be obtained from wild or cultivable fruiting bodies, mycelium biomass, cultural broth and 

their extracts, as well as from sclerotia and spores (Badalyan & Zambonelli, 2023; Barua et al., 

2024). 

 

The main groups of MDBP are nutraceuticals and nutriceuticals (dietary supplements and 

functional food); myco-pharmaceuticals and myco-cosmeceuticals (nutricosmetics and 

nutracosmetics) (Ahad et al., 2016; Wu et al., 2016; Mayolo-Deloisa et al., 2020; Raman et 

al., 2021; Barua et al., 2024). 

 

Currently, several mushroom species, such as Agaricus subrufescens, A. bisporus, Auricularia 

spp., B. edulis, F. velutipes, Ganoderma spp., G. frondosa, H. erinaceus, Laetiporus 

sulphureus, L. edodes, Morchella esculenta, Pleurotus spp., T. borchii, T. melanosporum, 

Phellinus linteus, and Volvariella volvacea are considered rich sources of bioactive and volatile 

compounds with nutritional and medicinal properties to be used in the production of innovative 

MDBP (Badalyan & Zambonelli, 2019, 2023; Badalyan & Rapior, 2021; Badalyan et al., 2023; 

Łysakowska et al., 2023; Barua et al., 2024). Among these B. edulis, Tuber spp. and Morchella 

spp. are high-value gourmet dietary food for human well-being (Rapior et al., 2000). 
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Mushroom-derived supplementation of dairy products, yogurts, bread, pasta, beer, and 

beverages increases their quality, as well as dietary, culinary and medicinal values (Chang et 

al., 1996; Finimundy et al., 2018; Bakratsas et al., 2021). 

 

Enzymes derived from filamentous fungi (amylase, cellulase, xylanase, pectinase, lipase, and 

protease) are widely used in food production, including baking, brewing, dairy and fruit juice 

products, as well as in meat and fish processing industry. Edible and medicinal mushroom-

derived enzymes, particularly laccases have a potential to improve the quality of food and 

beverages (Mayolo-Deloisa et al., 2020; Sun et al., 2021). Several white-rot agaricoid, 

polyporoid, hymenochaetoid and russoloid Agaricomycetes fungi are used in the production of 

functional food, nutraceuticals and cosmeceuticals, as well as for stabilization and 

delignification of feed supplies (Wu et al., 2016; Rahi et al., 2021). Moreover, T. versicolor, 

G. lucidum, G. frondosa, H. erinaceus, Inonotus obliquus and L. edodes have been reported as 

prebiotics due to fungal glucans regulating gut microbiota in the host (Nowak et al., 2018). 

Cosmeceuticals are the products between cosmetics and pharmaceuticals containing bio-

ingredients with anti-aging, anti-inflammatory, antioxidant and anti-UV effects. Currently, the 

cosmetic industry is in a constant search for anti-aging biomolecules (anti-collagenase, anti-

elastase, anti-hyaluronidase, and anti-tyrosinase). Wild or cultivable edible and medicinal 

mushroom species (A. subrufescens, A. bisporus, Auricularia auricula-judae, O. sinensis, 

Ganoderma lingzhi, G. lucidum, G. frondosa, Hypsizygus ulmarius, I. obliquus, L. edodes, 

Polyporus spp., Phellinus spp., Schizophillum commune, T. versicolor, Tremella fuciformis and 

Tuber spp.) are producers of bioactive phenolics, glucans, polysaccharides and terpenoids 

which are valuable bio-ingredients in the formulation of skin and hair care organic cosmetic 

products (nutricosmetics and nutracosmetics).  

 

Mushrooms and their extracts are incorporated in the formulation of several innovative 

cosmetic products (Wu et al., 2016; Badalyan & Zambonelli, 2019; Badalyan et al., 2022). 

Mushroom-derived nutricosmetics (creams, lotions, and ointments applied topically) and 

nutracosmetics (administered per os) are currently in high demand due to minimal safety 

regulation compared to traditional cosmetic products. Many companies, such as La Roche 

(Basel, Switzerland), Nu-Derm and SensiClear (USA) used mushrooms as natural ingredients 

to develop organic cosmetic products (Wu et al., 2016; Badalyan et al., 2022).  

 

Edible and medicinal mushrooms, as an organic food supplement, are used in animal 

alimentation to prevent cancer and support immunity (Chuang et al., 2020; Badalyan & 

Zambonelli, 2023). Ganoderma spp. and Pleurotus spp. may successfully be used in poultry 

diets for improving the performance of broilers. These products possess immunomodulatory, 

antibacterial, antiviral and anti-parasitic activities and are suggested as an alternative to 

antibiotics. Edible mushroom-derived dietary supplements have improved the poultry meat 

quality, as well (Vargas-Sánchez et al., 2018).  

 

Table 1. Bioactive compounds with medicinal and cosmetic values isolated from several edible 

and medicinal mushrooms. 
 

Species Bioactive compound 
Medicinal and 

cosmetic values 
References 

Agaricus bisporus 

 

Alkaloids, 

polysaccharides, 

tannins, polyphenols, 

proteins, caffeic, 

Antimicrobial, anti-

inflammatory, 

antioxidant, 

Badalyan & Rapior 

(2021), Badalyan and 

Zambonelli (2023), 
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cinnamic, ferulic, 

gallic,  

p-hydroxybenzoic,   

 p-coumaric and 

protocatechuic acids 

anticancer, 

neuroprotective 

Badalyan et al. (2022), 

Wu et al. (2016) 

 

 

Amanita muscaria Muscimol, β-D-

glucan, FMG 

Neuroprotective Badalyan & Rapior 

(2021), Badalyan et al. 
(2022) 

Antrodia cinnamomea Polysaccharides, 

terpenoids, benzenoid 

aromatic compound 

coenzyme Q10 

Anti-inflammatory, 

antibacterial, 

antioxidant, 

neuroprotective 

Badalyan & Rapior 

(2021), Badalyan et al. 

(2022, 2023), Kües & 

Badalyan (2017) 

Auricularia auricula-

judae 

Polysaccharides, 

proteins 

Antitumor, anti-

coagulant, antiviral, 

hypoglycemic,  

hypolipidemic, anti-

inflammatory, 

cardioprotective 

Badalyan (2012), 

Badalyan & Rapior 

(2021), Badalyan et al. 

(2021, 2022), 

Dissanayake et al. (2018) 

Boletus badius Polysaccharides, 

polyphenolics, 

N-ethyl-g-glutamine 

Antimitotic, 

antitumor, 

immunomodulatory, 

antioxidant, 

neurotrophic 

Badalyan (2012), 

Badalyan & Rapior 

(2021) 

Boletus edulis Lectin, 

polysaccharides, 

polyphenols, 

ergothioneine, 

glutathione 

Antitumor, 

immunomodulatory, 

antimicrobial, 

antiviral, anti-

inflammatory, 

antioxidant, 

mitogenic, 

neurotrophic, 

cardioprotective 

Badalyan (2012), 

Badalyan & Rapior 

(2021), Badalyan et al. 
(2021, 2022) 

Cantharellus cibarius Polysaccharides, 

cibaric acid, phenolic 

compounds 

Antioxidant, 

antimicrobial, 

antifungal, 

insecticidal, 

nematicidal, 

neuroprotective, 

cardioprotective 

Badalyan (2012), 

Badalyan & Zambonelli 

(2023), Badalyan & 

Rapior (2021), Badalyan 

et al. (2021) 

Coprinus comatus 

 

Polysaccharides, 

alkaloids, phenolics, 

proteins, unsaturated 

fatty acids, coprinol, 

comatin, tocopherols 

(vitamin E) 

Antitumor, 

antimicrobial, anti-

inflammatory, anti-

obesity, antioxidant, 

hypoglycemic, 

neuroprotective, 

hypocholesterolemic, 

cardioprotective, anti- 

UV  

Badalyan & Rapior 

(2021), Badalyan et al. 
(2021, 2022), Badalyan 

& Zambonelli (2023) 

Coprinopsis  cinerea Lagopodin, 

coprinastatins, 

coprinol, copsin, 
polysaccharides, 

lectins, galectins, 

Antimicrobial, 

antitumor, antioxidant, 

fibrinolytic 

Kües & Badalyan (2017), 

Badalyan & Zambonelli 

(2023) 
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sesquiterpenes, peptid 

fungalysins, fatty 

acids, volatiles 

Cordyceps  militaris Cordycepin Antitumor, anti-

inflammatory, 

hypolipidemic, 

immunomodulatory, 

anti-pigmentation, 

anti-collagenase, 

anti-tyrosinase, anti-

elastase 

Raethong et al. (2020), 

Badalyan et al. (2022, 

2023) 

Fomes  fomentarius Exopolysaccharides, 

triterpenoids, 

phenolics, flavonoids, 

ketones, proteases 

Antitumor, 

antimicrobial, 

antioxidant, anti-

parasitic, antiviral, 

hepatoprotective, 

hypoglycemic, 

hypocholesterolemic, 

cardioprotective 

Badalyan & Gharibyan 

(2016), Badalyan et al. 

(2021, 2022, 2023), Wu 

et al. (2016) 

Fomes  inzengae Fatty acids, 

polysaccharides, 

Antifungal, 

antibacterial 

Gharibyan et al. (2024, 

2025) 

Fomitopsis officinalis Polysaccharides, 

lanostane 

triterpenoids, 

officimalonic and 

eburicoic acids, 

flavonoids, coumarins, 

phenolics 

Antioxidant, anti-

inflammatory, 

neuroprotective, anti-

epileptic, 

neuroregenerative, 

antidepressant 

Badalyan & Rapior 

(2021), Badalyan et al. 

(2023) 

Fomitopsis  pinicola Protoilludene, 

barbatenes, cadinenes, 

copaenes, sterols, 

polysaccharides, 

triterpenoids, 

flavonoids, proteases 

Antimicrobial, 

cytotoxic, 

antitumor, anti-

inflammatory, 

cardioprotective 

Badalyan & Rapior 

(2021), Badalyan et al. 

(2021, 2023) 

 

Ganoderma lucidum Polysaccharides, 

triterpenes, aromatic 

meroterpenoids, 

proteins, peptides, 

sterols 

Antioxidant, 

antitumor, analgesic, 

sedative, 

neuroprotective, 

antidepressant, 

antiepileptic,anti-

tyrosinase, 

cardioprotective 

Badalyan (2012), 

Badalyan & Zambonelli 

(2023), Saltarelli et al. 

(2015), Badalyan & 

Rapior (2021), Badalyan 

et al. (2021, 2022, 2023), 

Wu et al. (2016) 

Ganoderma 

resinaceum 

Mannogalactan  and 

highly branched β-D-

glucans 

Antitumor, 

immunomodulatory 

Saltarelli et al. (2015), 

Badalyan & Gharibyan 

(2016), Badalyan & 

Rapior (2021), Badalyan 

et al. (2023) 

Grifola frondosa Grifolan, lectin, 

protein-bound 

polysaccharide 

(PGM), extracellulare 
polysaccharides, β-

glucan, gallic 

Antitumor, 

antioxidant, anti-

depressant, 

neuroprotective, 
enhance microglial 

amyloid-β clearance, 

Badalyan & Zambonelli 

(2023), Badalyan & 

Rapior (2021), Badalyan 

et al. (2022, 2023), 
Dissanayake et al. 

(2018), Wu et al. (2016) 



Mycological Spectrum (e-ISSN:3107-6203)      

https://mycologicalspectrum.org/  

Published by Association of Fungal Biologists, India  

__________________________________________________________________________________ 

 10 Mycological Spectrum, Volume 2, Issue 1, 2026, Page No.  

and tannic acids, 

ergothioneine 

stimulation of collagen 

biosynthesis, anti-

melanogenesis 

Hericium  erinaceus Polysaccharides, 

cyathane diterpenoids, 

meroterpenoids, 

hericenones, herinase, 

erinacines, erinacerins, 

erinaceolactones, 

hericenones 

Antioxidant, memory- 

enhancing, 

neuroprotective, 

neurotrophic, 

cardioprotective 

Badalyan & Zambonelli 

(2023), Badalyan & 

Rapior (2021), Badalyan 

et al. (2021, 2023) 

Inonotus obliquus Polysaccharides, 

trametenolic acids, 

phenolics, melanin, 

xylogalactoglucan, 

terpenoids, lanostan-

type triperpenoids, 

inotodiol, sterins, 

styrylpyrones, 

steroids, flavonoids, 

agaricine A 

Antitumor, anti-

proliferative, 

antioxidant, anti-

inflammatory, 

cytotoxic, 

immunomodulatory, 

dermatoprotective, 

wound-healing, 

cardioprotective 

Badalyan & Gharibyan 

(2020), Badalyan & 

Rapior (2021), Badalyan 

et al. (2023) 

Lactarius  deliciosus Sesquiterpenoids, 

lectin, phenolics 

Antibacterial, 

antifungal, cytotoxic, 

anti-inflammatory, 

insecticidal, 

nematocidal, 

antioxidant 

Badalyan (2012), 

Badalyan & Zambonelli 

(2023), Wang et al. 

(2021) 

Lactarius necator Alkaloids necatorin 

andnecotoron 

Antibacterial, 

antifungal 

Badalyan (2012),    

Wang et al. (2021) 

Laetiporus sulphureus Lectin, exo- and 

endopolysaccharides, 

latiglucans, volatile 

compounds, fatty 

acids, sterols, 

eburicoic and 

laetiporic acids, 

phenolics 

Antitumor, antifungal, 

antioxidant, 

hypoglycemic, 

immunomodulatory, 

haemolytic, 

antimicrobial 

Badalyan & Gharibyan 

(2016), Sułkowska-Ziaja 

et al. (2018), Sevindik 

(2021) 

Lentinus edodes L-ergothioneine, 

flavonoids, glycosides, 

phenolics, proteins, 

tannins, ergosterol, β-

glucanlentinan, 

eritadenine, phenolics, 

tocopherols 

Antioxidant, anti-

inflammatory, 

antidepressant, 

neuroprotective, 

antitumor, 

immunomodulatory, 

antimicrobial, 

moisturizing, 

anti-aging, anti-

tyrosinase 

Badalyan (2012), 

Badalyan & Zambonelli 

(2023), Badalyan & 

Rapior (2021), Badalyan 

et al. (2022, 2023), 

Barua et al. (2024), Wu 

et al. (2016) 

 

Lignosus rhinocerotis Glucans, proteins, 

proteases, phenolics 

Anti-inflammatory, 

antioxidant, 

neuroprotective, 

neuroregenerative 

Badalyan & Rapior 

(2021) 

 

Lyophyllum  decastes (1-3)- and (1-6)-beta-
D-glucans, phenolics 

Antitumor, 
antibacterial, 

antioxidant 

Badalyan (2012) 
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hypocholesterolemic, 

hypoglycemic, 

hypotensive, anti-

inflammatory, 

immunomodulatory 

Morchella  esculenta Galactomannan (a-D-

glucan) 

Immunomodulatory, 

antimicrobial 

Badalyan (2012) 

Ophiocordyceps 

sinensis 

 

Cordymin, 

cordycepin, adenosine, 

β-(1-3)-D-glucan, 

ergosterol 

Hypoglycemic, 

antitumor, anti-

inflammatory, 

antioxidant, 

antimicrobial 

Badalyan et al. (2023) 

 

Pleurotus  ostreatus Polysaccharides, 

lovastatin, alkaloids, 

polysaccharides, 

phenolics, saponins, 

gallic and 

protocatechuic acids, 

formononetin, 

fatty acids, steroids, 

tocopherols, vitamins 

Antioxidant, 

antimicrobial, anti-

inflammatory, 

immunomodulatory, 

hypocholesterolemic, 

hypoglycemic, 

hypotensive, anti-

pigmentation, 

cardioprotective 

Brezáni et al. (2019), 

Badalyan & Zambonelli 

(2019), Jayasuriya et al. 

(2015), Badalyan et al. 

(2021, 2022), Finimundy 

et al. (2018), Wu et al. 

(2016) 

Phellinus 

(=Tropicoporus) 

linteus 

Phenolic acids, 

polysaccharides, 

hispidin, phelligridin, 

davallialactone, 

hypholomine B, 

interfungin A, 

inoscavin A, inotodiol 

Antitumor, antiviral, 

immunosuppressive, 

immunomodulatory, 

anti-inflammatory, 

antibacterial, 

antioxidant, anti-

dementia, 

anti-mutagenic, 

cytotoxic, 

hepatoprotective, anti-

diabetes, anti-diarrhea 

Badalyan & Gharibyan 

(2020), Badalyan & 

Rapior (2021), Badalyan 

et al. (2023) 

 

Piptoporus betulinus Piptolinic acid A Cytotoxic Badalyan et al. (2023) 

 

Russula  delica Lectin Anti-proliferative, 

antiviral 

Badalyan (2012), 

Badalyan & Zambonelli 

(2019) 

Schizophyllum 

commune 

Phenolics, glucans, 

polysaccharide, 

schizophyllan, 

terpenoids 

Antitumor, 

immunomodulatory, 

antioxidant 

Kumar et al. (2022) 

 

Suillus  granulatus Tetraprenylphenols Antitumor, antioxidant Badalyan (2012) 

Suillus  luteus Phenolics, 

polysaccharides 

Antifungal, 

antioxidant, 

immunomodulatory 

Badalyan (2012) 

Trametes versicolor Polysaccharides, 

krestin, proteins 

SIRT1, musarin, 

phenolic acids 

Antioxidant, anti-

dementia, anti-

inflammatory, 

antitumor, antiviral, 

antifungal, anti-

proliferative, 

cytotoxic, 

antibacterial, 

Badalyan & Zambonelli 

(2019), Badalyan & 

Gharibyan (2016), 

Badalyan & Rapior 

(2021), Badalyan et al. 

(2021, 2022, 2023), Wu 

et al. (2016) 
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antioxidant, 

cardioprotective, 

hypocholesterolemic, 

hypoglycemic, 

hepatoprotective, anti-

tyrosinase, anti-

hyaluronidase 

Tremella fuciformis Fatty acids, proteins, 

polysaccharides, 

enzymes, phenolics, 

flavonoids, mannose, 

uronic acid 

Antioxidant, anti-

aging, dermato-

protective,  

neuroprotective, 

neurotrophic 

Badalyan (2012), 

Badalyan & Zambonelli 

(2023), Badalyan & 

Rapior (2021), Badalyan 

et al. (2022), Wu et al. 
(2016), González et al. 

(2020) 

Tricholoma matsutake a-D-glucan Immunomodulatory Badalyan (2012) 

Tuber aestivum Phenolics, flavonoids, 

ergosteryl ester, 

polysaccharides, 

volatile compounds 

Antioxidant, 

antimicrobial, wound-

healing 

Badalyan (2012), 

Badalyan & Zambonelli 

(2019, 2023), Lee et al. 

(2020), Badalyan et al. 
(2022) 

Tuber borchii Lectins cyanovirin-N 

(CVN) and TBF-1, 

polysaccharides, 

volatiles 

Antiviral, anti-

inflammatory, wound-

healing 

Badalyan (2012), 

Badalyan & Zambonelli 

(2019, 2023), Lee et al. 

(2020), Badalyan et al. 
(2022) 

Tuber indicum Phenolics, flavonoids, 

ergosterol, volatiles 

polysaccharides 

Antioxidant, anti-

inflammatory, 

antimicrobial, wound-

healing 

Badalyan (2012), 

Badalyan & Zambonelli 

(2019, 2023), Lee et al. 

(2020), Badalyan et al. 
(2022) 

Tuber melanosporum Phenolics, ergosterol, 

volatiles 

Antioxidant, 

antimicrobial,  

neurotropic, 

regenerative 

Badalyan (2012), 

Badalyan & Zambonelli 

(2019, 2023), Lee et al. 

(2020), Badalyan et al. 
(2022) 

 

3. Conclusion 
 

Edible and medicinal mushrooms belonging to classes Agaricomycetes (Basidiomycota) and 

Pezizomycetes (Ascomycota) are a source of multifunctional bioactive compounds with broad 

spectrum of nutritional, pharmacological and cosmetic values which may be used to develop 

innovative MDBP (pharmaceuticals, nutriceuticals, nutraceuticals and cosmeceuticals). Recent 

progress in fungal biology and biotechnology, myco-pharmacology, genomics, proteomics and 

metabolomics, as well as mushroom cultivation technologies are directed to further use of 

genetic resources of edible and medicinal mushrooms. The development of mushroom growing 

industry will have a significant impact on agriculture and environment promoting economic 

growth of the society and improving human welfare.  

 

Advances in fungal genomics, metabolomics, and proteomics will contribute to the application 

of mushrooms in nanobiotechnology and nanomedicine. Further myco-pharmacological 

studies and clinical trials will expand our knowledge for sustainable manufacturing of high-

quality standardized MDBP for human and animal use.  
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