Edible and medicinal mushrooms as functional food- Insights into the nutritional composition, bioactive peptides and pharmacological properties of mushrooms

Abstract
In present days the functional foods are experiencing significant popularity globally as they are not only rich in basic nutrition but also show several health benefits. Naturally producing functional foods holds a very high demand among people and among these foods, the benefits of mushroom based functional products are really appreciating. Edible and medicinal mushrooms provide a combination of nutrient density, diverse bioactive compounds, and promising peptides. Till now approximately 14,000 to 22,000 species are formally recognized as mushroom among which 2000 species are edible and 650 species are medicinal. Mushrooms are high in protein content, various volatile and non-volatile metabolites and essential vitamins but low in calorie content, lipid levels, and cholesterol level, that’s why they are recognized as the new superfood for the future. Along with these nutritional compositions, mushrooms possess several pharmacological properties including antioxidant, antimicrobial, anticancer, antidiabetic, anti-inflammatory, antiviral, anti-hypertensive activities. There are some bioactive peptides which are identified, purified and synthesized from mushroom extract, that shows several therapeutic applications. Not all mushrooms are edible there are some mushroom which contains toxins and becomes harmful for our health. That’s why the use of mushroom species as functional food needs clinical validation. The purpose of this review is to provide a clear insight on nutritional composition, pharmaceutical properties and bioactive peptides of edible and medicinal mushroom as functional food. This study consider the evidences from both in vitro and in in vivo clinical trials.
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Introduction
The biodiversity of Earth represents the vast and complex variety of all living organisms, embracing the genetic differences within species, the diversity of species themselves, and the dynamic ecosystems they inhabit. Among other living forms Mushrooms are one of the most diverse biotic components in terms of colour, size and shape. A mushroom is the fleshy, spore-bearing fruiting body of a macro fungus, typically produced above ground on soil or other substratum like wood. They are biologically distinct from plants and animals, belonging to their own kingdom, Fungi (Feeney et al., 2014). There are approximately 14,000 to 22,000 described species of mushrooms globally (Hawksworth, 2001). Among the known mushroom species, around 2,000 are considered edible and about 650 of these possess medicinal properties (Hrudayanath & Sameer, 2014). Mushroom has a long history of using as a functional food. In ancient Roman, Greek, Chinese, Mexican and Egyptian civilizations; society recognized mushroom not merely as food ingredient but as a bioactive agent capable of enhancing human health. This concept is now validated by modern research on nutraceutical and functional food (Smith et al., 2000). Romans considered mushroom as “food of the gods”, Chinese as “food of life”, and Mexicans used mushroom as “gift of love” in religious ceremonies (Miles and Chang, 2004, Gupta et al., 2018). 
The popularity of use of natural resources as functional food increasing day by day. Hence the extensive research on these natural resources is very important in order to scientifically validate its use. According to Hasler (1998), “Functional foods are the foods that provide health benefit beyond basic nutrition. Food choices can control our health, knowing that some food can provide specific health benefits.” (Gupta et al., 2018). Natural resources are rich in bioactive compounds that offer specific, scientifically proven health benefits beyond basic nutrition and the use of these natural resources is often preferred over synthetic ingredients due to the preference of consumers and perceived safety (Essa et al., 2023). Among these natural resource, mushroom based products play an important role in mankind. Mushroom possess a very high range of nutritive value including macronutrients, micronutrients and beneficial bioactive compounds that offer several health benefits like boosting immunity, preventing chronic disease, improving gut health, reducing inflammation etc. (Gupta et al., 2018). Beyond nutritional value, the bioactive compounds found in mushroom are responsible for its Pharmacological properties such as antioxidant, antimicrobial, anticancer, antidiabetic, anti-inflammatory, antiviral, anti-hypertensive activities (Gupta et al., 2018). These Pharmacological properties of mushroom have been experimentally tested to clinically validate its therapeutic applications along with functional food product. 
Due to several health benefits and nutritional values, the cultivation of mushroom becomes an emerging choice for the farmers. There are about 35 edible mushroom species are commercially cultivated globally (Prasad et al., 2015). The mushroom farming is not only responsible for the economic growth but also fulfil the nutritional demand in a sustainable manner. Mushroom cultivation also empowers Self-Help Groups (SHGs) by providing a low-cost, space-efficient, and profitable microenterprise, especially for women and rural populations, fostering economic independence, skill development and improved social status (Jayaraman et al., 2024). 

Compound and composition of Edible and Medicinal mushroom
Edible mushrooms are considered as valuable food sources for their nutritional and medicinal properties (Kumar et al., 2021). They are composed of 90% water and 10% dry matter along with physicochemical composition (Kumar et al., 2021). To identify the bioactive compounds in mushroom, metabolite profiling is done by using different advance techniques such as Gas chromatography-mass spectroscopy (GC-MS), liquid chromatography-mass spectroscopy (LC-MS and LC-MS/MS), Nuclear Magnetic Resonance (NMR) etc.  These techniques can be commonly employed for both targeted and non-targeted analysis. Major classes of bioactive compounds include polysaccharides, proteins, peptides, lectins, phenolic compounds, flavonoids, terpenoids, sterols and alkaloids (Kumar et al., 2021). The presence of these bioactive compounds in edible and medicinal mushrooms is responsible for its different pharmacological properties including antioxidant, antimicrobial, anticancer, antidiabetic, anti-inflammatory, antiviral, anti-hypertensive activities (Gupta et al., 2018).  Table 1 describes the biomedical relevance along with chemical structure of important bioactive compounds found in Mushroom.
Table 1: Important Bioactive compounds in mushroom with Biomedical relevance
	[bookmark: _Hlk218717343]Compound class
	Compound name
	Chemical structure
	Biomedical relevance
	Reference

	Polysaccharide
	β-glucan
	
	Antioxidant, immunomodulation
	(Zhou et al., 2024)

	Alkaloid
	Corydaline
	
	Anti-tachyarrhythmia
	(Zheng et al., 2022)

	
	Palmatine
	
	Anti-microbial, anti-depressant, boost immunity, antioxidant
	(Zheng et al., 2022)

	Terpenes
	Astragaloside
	
	antioxidant, antitumor, anti-inﬂammatory, neuroprotective,
Anti-diabetic
	(Kafle et al., 2020)

	
	Soyasaponin
	
	Anticancer, anti-inflammatory
	(Zheng et al., 2022)

	
	Plumericin
	
	antiparasitic antimycobacterial
	(Sharma et al., 2011)

	
	Confertifolin
	
	Mosquitocide
	(Zheng et al., 2022)

	Tocopherol
	
	
	Hypolipidemic, antihypertensive, neuroprotective
	(Zhou et al., 2024)

	Flavanoids
	Quercetin
	
	Antioxidant, anti-inflammatory
	(Zhou et al., 2024)

	
	Catechin
	
	Antioxidant
	(Zhou et al., 2024)

	
	Formononetin
	
	Antiangiogenic
	(Zheng et al., 2022)

	
	Kaempferol
	
	Anticancer
	(Zheng et al., 2022)

	
	Calycosin
	
	Anticancer, antiallergic, Neuroprotective
	(Zheng et al., 2022)

	Phenolic acid
	Gallic acid, Vanillic acid, Ellagic acid, Caffeic acid, cinnamic acid, Chlorogenic acid, p-hydroxibenzoic acid, p-coumaric acid
	
	antioxidant, antimicrobial, antiviral, Antidiabetic, anticancer, neuroprotective
	(Zhou et al., 2024; Yu et al., 2025)



1. Nutritional composition: The macronutrient and micronutrient profiling of edible mushroom species shows that mushrooms are rich in Carbohydrate, protein, dietary fibre, essential minerals like iron, phosphorus and can provide all nine essential amino acids. Mushrooms are easily digestible and this property makes them a potential alternative protein source (Ambhore et al., 2024). On the other hand, the fat content and calorie content in edible mushroom is very low along with absence of cholesterol. Mushroom is one of the few foods that contain vitamin D along with other vitamins such as thiamine, riboflavin, niacin, vitamin C, vitamin E, vitamin B12 and ergosterol (Kalaras et al., 2012; Cheung et al., 2003). Among all the edible and medicinal mushroom species, there are nine mushroom species have been identified as notable species for their tremendous health benefits. These are Lentinula edodes, Ganoderma lucidum, Pleurotus ostreatus, Grifola frondosa, Hericium erinaceus, Agaricus bisporus, Trametes versicolor, Cordyceps sinensis, and Termitomycetes sp. (Lysakowska et al., 2023; Fitsum et al., 2025; Dimopoulou et al., 2022; Wickramasinghe et al., 2023) 

Table 2: Nutritional composition of Mushroom
	Mushroom species
	Protein %
	Fat %
	Ash %
	Carbohydrates %
	Energy Kcal/100g
	References


	Lentinula edodes
	20.46
	6.34
	5.27
	67.93
	242.14
	(Irshad et al., 2023; Ulziijargal et al., 2011)

	Ganoderma lucidum
	7.92
	5.13
	1.77
	85.18
	138.33 
	(Friedman et al., 2016; Ulziijargal et al., 2011)

	Pleurotus ostreatus
	23.85
	2.16
	7.99
	66.40
	193.44
	(Irshad et al., 2023; Ulziijargal et al., 2011)

	Grifola frondosa
	21.08
	3.10
	6.99
	68.83
	155.06
	(Li et al., 2021; Ulziijargal et al., 2011)

	Hericium erinaceus
	22.30
	3.52
	9.35
	64.83
	190.44
	(Li et al., 2021; Ulziijargal et al., 2011)

	Agaricus bisporus
	26.49
	2.53
	8.78
	62.20
	184.37
	(Miles and Chang et al., 2004; Ulziijargal et al., 2011)

	Trametes versicolor
	4.20
	1.10
	6.37
	88.33
	139.78 
	(Friedman et al., 2016; Ulziijargal et al., 2011)

	Cordyceps sinensis
	36.36
	10.09
	5.94
	47.61
	292.37
	(Cheung et al., 2003; Ulziijargal et al., 2011)

	Termitomycetes sp
	24.20
	15
	6.77
	54.03
	283.04 
	(Zheng et al., 2022; Ulziijargal et al., 2011)



 

2. Bioactive peptides in Mushroom
The bioactive peptides are the short protein fragments with health promoting benefits (Li et al., 2023). These peptides are widely used to produce natural product based functional food (Yimam et al., 2024). Bioactive peptides derived from edible and medicinal mushrooms are responsible for its pharmacological properties (Pintado et al., 2022). The biochemical pathways through which the bioactive peptides work involves MAPK, TNF, modulation of macrophages and other immune cells (Drzewiecka et al., 2024). 
Table 3: Bioactive peptides derived from mushrooms and their amino acid sequence with their bioactivity
	[bookmark: _Hlk218717478]Bioactivity
	Mushroom species
	Amino acid sequence of bioactive peptide
	Reference

	Antioxidant and antiaging
	Ganoderma lucidum

Tricholoma mastsutak

Cordyceps sinersis
	DRVSIYGWG, ALLSISSF


WALKGYK, WFNNAGP, EHEEHEEHEEPEDDPNSSEESYW

AMAPPYGYRTPDAAQ

	(Aursuwanna et al., 2022)

(Li et al., 2023)

(Zhou et al., 2020)

	Anti-inflammatory
	Schizophyllum commune


Pleurotus eryngii

Tricholoma mastsutak
	DNIQGITKPAIR (DR2), SDNAFGGR (SR8), ASDPSGF (AF7)


PEP (Pleurotus eryngii Peptide)


WFNNAGP
	(Ji et al., 2024)


(Yuan et al., 2017)

(Li et al., 2023)

	Anti-hypertensive
	Grifola frondosa

Agaricus bisporus

Tricholoma matsutake

Ganoderma Lucidum
	VIQKYP


AHEPVK, RIGLF, PSSNK


WALKGYK, LLVTLKK, IISKI, ILSKLK, LIDKVVK

QLVP, QLDL, QDVL
	(Zhou et al., 2020; Li et al., 2023; Landi et al 2022)

	Antimicrobial
	Pleurotus ostreatus

Agrocybe cylindracea

Cordyceps militaris
	VRPYLVAF


ANDPQCLYGNVAAKF


AMAPPYGYRTPDAAQ
	(Zhou et al., 2020; Li et al., 2023)

	Antitumor
	Pleurotus eryngii

Morchella spp.
	PEP


SLSLSLSVAR
	(Li et al., 2023)



Pharmacological properties and therapeutic application of mushrooms along with their mechanism of action
Natural bioactive compounds derived from natural sources such as plants, microbes, and marine organisms have played an important role in developing therapeutic agents, functional food and other industrial products from ancient time (Ali et al., 2025). Plants produce bioactive compounds as secondary metabolite for survival and defence. By exploring these properties, the ancient healers used the plant derived bioactive compounds in traditional medicine systems such as Ayurveda in India and traditional Chinese medicine (Ali et al., 2025; Ambhore et al., 2024; Katoch et al., 2023). Bioactive peptides interact with biochemical pathways and exert impact on our metabolic processes; this concept is now validated by modern research on nutraceutical and functional food (Smith et al., 2000). Among the natural sources, mushrooms contain a wide variety of bioactive compounds which are responsible for its pharmacological properties and these properties make mushrooms a popular functional product (Gupta et al., 2018). Table 4 summarizes the pharmacological properties, therapeutic application with mechanism of action of different bioactive compounds found in mushrooms.
Picture showing pharmacological properties
Table 4: pharmacological properties of mushroom with their therapeutic application and mechanism of action
	Pharmacological properties
	Therapeutic use
	Mechanism of activity
	Bioactive compound & peptide
	Reference

	Anti-inflammatory
	Anti-inflammatory agent; wound healing; tissue repair
	Inhibition of pro inflammatory factors like TNF-α, IL-6; by modulating the signalling pathways like JAK-STAT1 and p38 MAPK pathway through phosphorylation of STAT1 and inhibition of p38 phosphorylation respectively.
	LEPS1 (proteoglycan) from Lentinula edodes (Shiitake)
	(Zhang et al., 2023)

	anti-hypertensive
	Cure Cardiovascular disease, Blood pressure regulation; acute hypertension treatment
	Inhibits ACE (Angiotensin-converting enzyme) to retain the formation of Angiotensin II for vasodilation; Maintain blood circulation and preserve homeostasis of salt concentration of blood.
	Oligopeptides (specifically ESPERPFL and KSWDDFFTR) from Stropharia rugosoannulata 
	(Li et al., 2024)

	Antioxidant and anti-aging 
	Protects eye vision; maintains health of kidney, skin, liver
	Protect mitochondrial components by removing oxidative stress cause by release of electrons by ETC; scavenges the free radicals produce.
	Ergothionine (amino acid) and Glutathione (tripeptide- cysteine, glycine and glutamic acid) primarily from Flammulina velutipes and Agaricus bisporus
	(Teja et al., 2023)

	Neuroprotective properties
	Treatment of neurodegenerative disease such as Parkinson’s and Alzheimer’s; reverse learning and memory deficits
	Increases NGF (Nerve growth factors) in hippocampus and promotes neural development.
	Secondary metabolites (polyphenols, terpenes, alkaloids); Erinacines from Hericium erinaceus (Lion’s Mane)
	(Rai et al., 2021)

	Anti-microbial activity
	Treatment of bacterial infections; combating drug resistant strains; antifungal and antiviral applications; biofilm inhibition
	Inhibition of cell wall synthesis; disruption of membrane permeability; inducing oxidative stress; inhibiting synthesis of biomolecules like nucleic acids
	Lentinan and schizophyllan are polysaccharides respectively from Lentinula edodes and Schizophyllum commune; phenolic compounds like caffeic and gallic acids.
	(Al Qutaibi & Kagne, 2024)


	Antiproliferative
	Cure tumour; cancer specially breast cancer, cervical cancer, gastric cancer; 
	Down regulate Bcl-2/Bax, facilitate the movement of cytochrome C from mitochondria to cytoplasm, promote expression of Caspase 9 and 3 lead to the suppression of tumourigenesis
	PEP,
SLSLSLSVAR,
Kaempferol, Calycosin
	(Li et al., 2023; Xiong et al., 2021; Zheng et al., 2022)



The future for Mushroom
The increasing conscious about health among people has launched a global market for functional foods (Siro et al. 2008; Gupta et al., 2018). Natural products occupy a large range in market as a functional food as they are rich in bioactive compounds and shows promising health benefits including the ability of preventing cancer, cardiovascular disease, boosting immunity, reducing weight etc. (Gupta et al., 2018). In recent years, interest in mushrooms has grown considerably, due to their appealing flavour and significant nutritional and medicinal value (Mishra and Shankar, 2025). Along with the health promoting bioactive compounds the nature products contain some allergic components too. Edible and medicinal species can bioaccumulate heavy metals which yield non-carcinogenic risk, especially for children (Dowlati et al., 2021). The IgE-binding and In silico studies identify multiple allergens including porin, Hsp70, mannitol (Singh et al 2024). Due to the presence of these compounds in edible mushroom, it’s very important to test allergenicity and perform well designed in vitro and in vivo clinical trials before producing functional food from mushroom (Gupta et al., 2018). 
Conclusion
Edible and medicinal mushrooms are promising example of functional foods with well proven biological activities at nutritional and pharmacological levels. Mushrooms are rich in protein, fibre and other health beneficiary micronutrients that make edible and medicinal mushrooms functional foods. Besides nutritional composition the mushrooms contains a diverse array of bioactive compounds which are responsible for its pharmaceutical properties. Despite extensive research and evidences accumulated at in vitro and in vivo levels for its biomedical applications, there are very less clinical evidences regarding optimal dosage and long-term safe usage. Overall, the current research supports the idea of using edible and medicinal mushrooms as functional food and medicine as they are the natural treasury of nutrients and active peptides.
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