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THE ANTIMICROBIAL PROMISE OF CULTIVATED
MUSHROOMS: A REVIEW OF THE LAST DECADE’S
FINDINGS

A literature analysis was conducted on the antimicrobial potential of cultivated
mushroom species. The review focuses on peer-reviewed studies, primarily from
the past decade, that evaluate antimicrobial activity in cultivated edible and
medicinal mushrooms. Analysis shows that species from the genera Pleurotus,
Agaricus, Hericium, Flammulina, and Cordyceps produce metabolites effective
against both Gram-positive and Gram-negative bacteria. Particular attention
is given to metabolites like plectasin and cordycepin, which have demonstrated
activity against Mycobacterium tuberculosis in experimental models. The findings
underscore the promising role of cultivated mushrooms as a source of novel
antimicrobial agents and reveal prospects for their practical use in pharmaceutical
development.

Key words: cultivated mushrooms, antibiotic resistance, antimicrobial activity,
secondary metabolites.

Antimicrobial resistance (AMR) is one of the key public health threats
globally. Numerous reports from international health organizations highlight
that the uncontrolled use of antibiotics accelerates their loss of effectiveness,
complicating the treatment of infections. It threatens the routine management of
infectious diseases, increasing morbidity and mortality. According to the World
Health Organization (WHO), bacteria with AMR caused directly 1.27 million
deaths and contributed to 4.95 million deaths worldwide in 2019 [47].

Hospitalized patients, particularly those with traumatic injuries and prolonged
stays, are at higher risk of colonization and infection by multidrug-resistant
organisms (MDROs) — including methicillin-resistant Staphylococcus aureus,
extended-spectrum [-lactamase producers, carbapenem-resistant Enterobacter
and others. In conflict or mass-casualty situations, this problem is worsened by
factors such as high rates of open wounds, frequent antibiotic exposure, disrupted
infection-control practices, and patient transfers between facilities. Ukraine in
recent years has met with severe pressures on its health system. Several clinical
reports and surveillance activities show a higher prevalence of MDROs among
wounded patients treated in hospitals.
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Another growing concern is tuberculosis (TB). Globally, the World Health
Organization estimates that in 2023, there were about 10.8 million new cases of TB
and 1.25 million deaths. 2 of 5 cases are multidrug-resistant and extensively drug-
resistant forms (MDR/XDR-TB), representing a major public health challenge.
In Ukraine, more than 1300 new TB cases are reported monthly in 2025, with
around 20-30% of these patients diagnosed with drug-resistant forms, contributing
significantly to mortality and treatment complications. A prolonged therapy, the
complexity of multidrug antibiotic regimens, and their considerable toxicity
highlight the urgent need to explore alternative therapeutic agents against this
disease [48, 49].

Antimicrobial activity of fungal metabolites is well-known for many decades
but these studies were mostly focused on micromycetes leaving aside mushrooms
whose complex life cycle can provide a promising field for the research on
metabolites synthesized at different stages of life cycle. Under such conditions,
mushrooms can be considered a poorly studied but promising source of bioactive
secondary metabolites with antimicrobial activity.

Fungi: classification and metabolic features. Mushrooms are classified by
taxonomic characteristics, but for practical purposes, they are often grouped by
criteria related to human use. Four main categories are typically distinguished:

1) Edible mushrooms. These mushrooms have a long history of safe
consumption, and the fruiting bodies have been part of the human diet for centuries
in many cultures. They are considered safe either because they are inherently
free of hazardous metabolites or because any potentially harmful compounds are
effectively neutralized or removed by culinary processing, such as boiling or frying.
Prominent examples are Pleurotus ostreatus (oyster mushroom) and Agaricus
bisporus (button mushroom) [35].

2) Poisonous mushrooms. These species contain toxins that can cause severe
illness or death even in small doses. Classic examples are Amanita phalloides (death
cap) and Galerina marginata (deadly galerina), both of which produce amatoxins
that affect RNA polymerase II, leading to fatal hepatotoxicity [11].

3) Medicinal mushrooms. This group includes species with documented
pharmacological properties, including immunomodulatory and anti-inflammatory
activity. Polypores such as Ganoderma lucidum (Reishi/Lingzhi) are rich in
bioactive B-glucans and triterpenoids, which are used in traditional and modern
medicine [15, 44].

4) Psychoactive mushrooms. These mushrooms contain neuroactive
metabolites that alter perception of reality, cognitive function, and mental activity.
Psilocybe species produce psilocybin, a tryptamine alkaloid that is currently being
investigated in clinical trials for the treatment of psychiatric disorders. In contrast,
Amanita muscaria (red fly agaric) contains isoxazole derivatives (muscimol and
ibotenic acid) that are responsible for its hallucinogenic effects [40, 46].

From a cultivation perspective, fungi are divided into those that reliably
form fruiting bodies under artificial conditions (in particular, xylotrophs, such as
Pleurotus, and saprotrophs, such as Agaricus, which dominate global mushroom
production), and those that do not form fruiting bodies under artificial conditions.
Especially numerous are ectomycorrhizal fungi, whose life cycles require host
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plants and complex symbioses. Despite recent advances, the cultivation of the latter
remains a challenge and is only just beginning to develop [16, 28].

Fungal metabolism changes significantly at different stages of the life cycle,
especially during the transition from vegetative mycelium to reproductive structures.
During the mycelial phase, primary metabolic processes, including carbohydrate
metabolism and enzyme production, dominate, which supports rapid biomass
accumulation and substrate colonization. In contrast, fruiting bodies reorient
metabolism towards morphogenesis and accumulation of secondary metabolites.
Comparative studies between mycelial and fruiting body tissues of edible mushrooms
(4. bisporus, P. ostreatus, Lentinula edodes) demonstrate significant variation in
metabolite concentrations, indicating stage-specific biochemical adaptation [5].

The transition to reproductive development is also accompanied by differential
gene expression and metabolite profiles. High-throughput transcriptomic analysis
of Lentinula edodes has shown that thousands of genes are differentially expressed
between the mycelium and mature fruiting body phases, with many transcripts
associated with secondary metabolism and developmental regulation being
upregulated in fruiting bodies [5]. Integrated metabolomic profiling confirms these
shifts, documenting a significant accumulation of bioactive secondary metabolites,
including terpenoids, phenolic compounds, and polysaccharides in fruiting bodies
compared to mycelium, with notable variations even between early and late stages
of development [12].

The metabolic diversity of fungi requires the use of various analytical
approaches to study their secondary metabolites, since extracts obtained at different
stages of development and using different solvents may yield different bioactivity
profiles or none at all.

Existing antibiotics of fungal origin. Secondary metabolites of fungi
demonstrate a variety of biological effects, serving as the basis for the development
of antibiotics, antifungal agents, immunosuppressants, hormones, statins, and
compounds for psychiatry and cosmetology in pharmaceuticals. Antimicrobial
molecules first discovered in fungi have laid the foundation for a number of families
of antibiotics. Despite the difficulties associated with the development of new
antimicrobial agents, mushrooms remain a very promising source of antimicrobial
compounds that deserve further investigation [6].

To date, a fairly wide range of fungal metabolites is known to have found
practical applications. The classical examples are penicillin [10], cephalosporin
[25] and fusidic acid [14] produced by micromycetes of genera Penicillium,
Cephalosporium and Ramularia. Pleuromutilin produced by Pleurotus mutilus is
not used directly but served as a base for obtaining several derivatives such as
valnemulin [45] and tiamulin [36] used in veterinary medicine and retapamulin, a
topical antibiotic for dermatologic application [31].

Antimicrobial activity of metabolites from cultivated mushrooms.
To date, data on the spectrum of metabolites produced by cultivated mushrooms
remain limited, despite considerable research interest over the past decades. This
is largely due to the complexity of their life cycle, the challenges of reproducing
all its stages under laboratory conditions, and the need to study metabolism at
different stages to obtain a comprehensive picture. These factors necessitate the use
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of various methods for extracting biologically active compounds from mushrooms.
The most common approaches include obtaining culture filtrates, aqueous biomass
extracts, or extraction using organic solvents.

A wide range of solvents are used for the extraction of secondary metabolites
from fungi. In many studies, ethyl acetate, ethanol, and methanol are frequently
reported as extraction solvents, while water, acetone or other solvents are used
less often. Numerous investigations have highlighted differences in the biological
activity of extracts, depending on the solvent applied.

Among the most cultivated mushrooms worldwide are Agaricus bisporus
and Pleurotus ostreatus. Their antimicrobial properties have been investigated in a
number of studies. For instance, a study conducted in France reported antimicrobial
activity of ethyl acetate and methanol extracts towards Staphylococcus aureus,
Enterococcus  faecalis, Escherichia coli, Pseudomonas aeruginosa, and
Staphylococcus epidermidis [19]. Ethyl acetate extracts from both mushroom
species demonstrated inhibitory effects against all tested bacteria, while methanol
extracts from P, ostreatus showed no significant activity. Notably, in the same study,
non-cultivated, non-edible mushrooms such as Fomitopsis pinicola, Lactarius
helvus, Clitocybe nebularis, Scleroderma citrinum and Russula lepida demonstrated
stronger antimicrobial activity than cultivated species.

In another study, aqueous, acetone, and ethanol extracts of Agaricus
bisporus and Pleurotus sajor-caju (currently classified as Lentinus sajor-caju)
were evaluated. The antimicrobial activity of these extracts was tested towards
six bacterial species: E. coli, Bacillus subtilis, Bacillus cereus, Proteus vulgaris,
S. aureus, and Micrococcus luteus. In this investigation, all extracts demonstrated
inhibitory effects against all tested bacteria [32].

The genus Pleurotus is widely cultivated across the world, and various
representatives of this genus have been investigated for their antimicrobial activity.

Although Pleurotus djamor (pink oyster) and Pleurotus florida are primarily
cultivated as edible mushrooms, recent studies demonstrate that their fruiting
bodies and mycelial extracts possess measurable antimicrobial activity towards a
range of Gram-positive and Gram-negative pathogens. Methanolic, ethanolic, and
dichloromethane extracts have shown inhibitory effects in vitro against species
such as E. coli, P. aeruginosa, S. aureus and others, with several studies reporting
notable activity of mycelial dichloromethane extracts and methanolic fruiting-
body extracts. These findings are supported by both targeted experimental reports
and broader screenings published in the last decade [20, 21].

The complexity of fungal metabolism is well illustrated by the following
studies: Andrade et al. demonstrated that the culture filtrate, obtained from
submerged cultivation of Pleurotus eryngii, showed no detectable antimicrobial
activity [4]. But another study [43] reported antimicrobial effects of ethanol, ethyl
acetate and acetone extracts, prepared from fruiting bodies.

Polito et al. [33] analyzed ethanol extracts of P. eryngii using advanced
analytical techniques. The secondary metabolites of these mushrooms included
compounds of various classes — peptides, amino acids, carbohydrates, nucleic
acids, organic acids, fatty acids, and flavonoids. The extracts demonstrated
antimicrobial activity towards the majority of the bacterial test-strains used in the
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study: Clavibacter michiganensis, Bacillus megaterium, Pseudomonas viridiflava,
Xanthomonas campestris and E. coli.

The Golden Oyster mushroom (Pleurotus citrinopileatus) is recognized
for its metabolic activity. From this species, glucosylceramide has been isolated
and identified, demonstrating antimicrobial activity towards Escherichia coli
and Staphylococcus aureus, with methanol used as the extraction solvent [27].
Ethyl acetate extracts of P. citrinopileatus have also been investigated, showing
antimicrobial activity against E. coli and S. aureus [7]. In another study, methanolic
extracts of P, citrinopileatus obtained from mushrooms cultivated on plant residues
exhibited activity towards a wide range of microorganisms, including Streptococcus
mutans, Salmonella typhii, Candida tropicalis, Trichophyton spp., B. subtilis,
P. aeruginosa, P. vulgaris, S. aureus, and E. coli [22].

Recent studies have investigated various properties of Pleurotus pulmonaris,
including antimicrobial, anticancer, and antioxidant activities. In these studies, the
mushroom was cultivated on locally available plant residues (Medicago sativa L.,
Prangos pabularia Lindl. and Poplar sawdust), and methanolic extracts were
subsequently prepared from the fruiting bodies to assess different bioactivities.
Overall, the extracts demonstrated activity; however, it was noted that the degree
of activity correlated with the type of substrate on which the fungus was cultivated:
extract of the mushroom grown on Medicago sativa L. was the most active
towards most Gram-positive and Gram-negative bacterial test-strains as well as
dermatophytes [2].

In another investigation, the properties of exopolysaccharides produced
by P. pulmonaris were examined. The fungus was grown using submerged
fermentation in liquid media supplemented with different plant residues (groundnut
shell, coconut husk, pineapple peel) and the type of plant substrate was found to
influence the yield of secondary metabolites. The metabolites obtained in this
manner exhibited antimicrobial properties against a range of bacterial strains
such as Shigella dysenteriae, E. coli, Salmonella typhi, Vibrio cholerae, MRSA,
Bacillus subtilis, Candida albicans, Canida tropicalis with the highest activity after
cultivation on media containing groundnut shell and pineapple peel [30].

The most widely cultivated species of the Pleurotus genus is Pleurotus
ostreatus. In most studies, ethyl acetate, ethanol, and methanol extracts have
demonstrated antimicrobial activity; however, investigations that specifically
identify the active compounds remain rare. It is known that the observed
antimicrobial effects are associated with phenolic and polysaccharide compounds
present in the fruiting bodies [17, 42].

Hericium erinaceus, also known as Lion’s mane, has gained popularity
relatively recently. Beyond its nutritional value, this mushroom possesses a
range of medicinal properties. It produces compounds with neuroprotective and
neuroregenerative effects, which are attributed to hericenones and erinacines — two
groups of secondary metabolites isolated from H. erinaceus [9].

With regard to antimicrobial activity, it has been reported that its bioactive
compounds can inhibit the growth of Gram-positive bacteria by disrupting bacterial
membranes, preventing biofilm formation, and inhibiting bacterial enzymes. In
contrast, its activity against Gram-negative bacteria is considerably lower [9]. Some
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studies further suggest that secondary metabolites of this species may enhance
the efficacy of existing antibiotics, reversing antibiotic susceptibility of resistant
bacterial strains.

Close relatives of H. erinaceus — Hericium coralloides and Hericium
cirrhatum, have also been studied. In one experiment examining the antimicrobial
activity of culture filtrates and mycelia, all three species demonstrated inhibitory
effects against B. subtilis, E. coli, M. luteus, and P. aeruginosa, while the activity
against S. aureus was detected only for H. coralloides [26]. The study [29] that
assessed ethyl acetate extracts of culture filtrates alongside ethanol mycelial extracts
reported that antimicrobial activity varied depending on both the cultivation time of
the fungus and the extraction method employed with the highest inhibitory effect
on the culture of S. aureus after 14 days of mycelium cultivation.

Mushrooms of the genus Flammulina are among the most popular fungi in
Asian countries. They have been cultivated for a long time and have become not only
an integral part of traditional cuisine but also of traditional medicine. Flammulina
velutipes, also known as Enoki, possesses a broad spectrum of bioactive compounds.
Among these are the enokipodins — low-molecular-weight sesquiterpenes with
demonstrated antimicrobial activity [23]. In addition, extracts of this mushroom have
been reported to exhibit in vitro anticancer, immunomodulatory, neuroprotective,
and hepatoprotective activities [38]. A close relative, Flammulina filiformis
(golden enoki), shares similar characteristics. Extracts of this species have also
been reported to display antimicrobial activity as well as potential neuroprotective
properties [41].

A review article [3] summarizing earlier studies on the antimicrobial activity
of various basidiomycetes highlights a wide range of fungi with demonstrated
bioactivity. Among them are shiitake (Lentinus edodes), the common button
mushroom (Agaricus bisporus), along with its close relatives (Agaricus bitorquis,
Agaricus essettei), and the honey mushroom (Armillaria mellea), among many
others. A broad spectrum of extraction solvents was employed in these studies,
including acetone, chloroform, ethanol, ethyl acetate, methanol, dichloromethane,
ether, xylene, and water.

It is also worth noting the peptide antibiotic plectasin, isolated from the fungus
Pseudoplectania nigrella, which has demonstrated activity against bacterial strains
resistant to conventional antibiotics [3]. A study investigating the antitubercular
properties of plectasin and related peptides, in comparison with established
antibiotics used in tuberculosis therapy, reported both significant activity and
strong therapeutic potential [39]. Researchers have expressed particular optimism
regarding this peptide antibiotic. In 2024, a study further elucidated the mechanism
of action of plectasin [24]. Belonging to the class of defensins, plectasin targets the
bacterial cell-wall precursor lipid II.

Mushrooms of the genus Cordyceps deserve special mention. This fungus
is cultivated not so much as a food source, but rather as a functional food, for its
bioactive compounds. Traditional medicine attributes various medicinal properties
to mushrooms of this genus, and modern culture has added to the mushroom’s
popularity and made it one of the most expensive mushrooms. C. militaris is a
cultivated species of Cordyceps. Its metabolites have been studied and have
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been shown to have antiviral, antitumor, immunomodulatory, and antimicrobial
properties [34]. In particular, cordycepin (3'-deoxyadenosine) inhibits the growth
of Mycobacterium tuberculosis bacteria [18]. Another study examined extracts
of C. militaris and demonstrated antimicrobial activity against Gram-positive
and Gram-negative bacteria, as well as antitumor activity [1]. C. militaris is also
capable of producing statins (e.g., lovastatin), neurotransmitters (e.g., GABA), non-
proteinogenic metabolically active amino acids (e.g., ergothioneine), cordycepic
acid (D-mannitol), and other active compounds [8]. Further study of the metabolites
of this mushroom may improve our capabilities in regenerative medicine and
improve quality of life.

Recent advances in exploring antimicrobial potential of cultivated fungi are
summarized in table 1.

Presented data demonstrate that in most cases identification of chemical nature
of active compounds was not carried out. Nevertheless, the observed inhibitory
effect on a broad spectrum of pathogens indicates the relevance of further research.
The activity of extracts might be mediated by a cocktail of biologically active
compounds which opens broad perspectives for drug development. Moreover, it is
not always possible to reproduce all stages of the fungal life cycle under laboratory
cultivation conditions, which currently limits the ability to study the full spectrum
of biologically active fungal metabolites.

Mushrooms are characterized by a rich diversity of bioactive metabolites, but
as a group of organisms they remain poorly studied. Only a small fraction of fungal
species can be cultivated under laboratory, domestic, or industrial conditions, and
even fewer are capable of reliably producing fruiting bodies. Studies indicate that
the production of secondary metabolites can vary substantially across different
developmental stages of the fungus. In terms of antimicrobial activity, young
fruiting bodies are of particular interest, as fungi tend to accumulate antimicrobial
compounds in these structures as a means of defense.

Research demonstrates that the outcomes of antimicrobial assays are highly
dependent on multiple parameters, including the choice of solvent (e.g., ethyl
acetate, ethanol, or methanol), the cultivation method (e.g., submerged culture,
Petri plate culture, or agricultural residues), and the developmental stage of the
fungus (e.g., primary mycelium, liquid-culture mycelium, or fruiting body). Only
a limited number of studies have advanced beyond demonstrating antimicrobial
activity in vitro to the comprehensive characterization of fungal metabolites.

Limited studies on the antimicrobial properties of fungi are aimed at
identifying compounds active against pathogens of high social significance.
Nevertheless, two metabolites — plectasin and cordycepin — have demonstrated
activity against Mycobacterium tuberculosis.

Another critical issue is the lack of standardized research methodologies. In
most publications, extraction methods are described briefly, often omitting essential
details. It is well known that many metabolites are heat-sensitive, which can
affect the composition of the extracted compounds. Moreover, active substances
are frequently present in low concentrations, requiring substantial amounts of
fungal biomass and solvent volumes, as well as subsequent concentration steps to
achieve sufficient yield. In many cases, failure to account for these factors leads to
inconsistent and contradictory results.
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An additional aspect that remains insufficiently addressed is the activity of
fungal extracts towards antibiotic-resistant bacterial strains. Hospitals represent
a primary reservoir for multidrug-resistant pathogens, and the inclusion of such
strains in antimicrobial screening could yield valuable insights and identify
promising directions for further drug development.

Despite the encouraging discoveries reported thus far, fungi and their
secondary metabolites still require more systematic and in-depth investigation.
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AHTUMIKPOBHUI MOTEHIIAJ KYJILTUBOBAHUX
I'PUBIB: OIS JOCIUKEHB OCTAHHBOT'O
JNECSATUAIITTSA

Pesrome

30iticneno awnaniz nimepamypu w000 aHMUMIKPOOHO20 NOMEHYIANy U8 K)ilb-
mugosanux epudis. Q210 30cepeddiceHull HA pPeyeH308aHUX HAYKOGUX NYOi-
Kayisix, nepeajdicHo 3a OCMAHHE O0eCMUIImmsl, sKi OYIHIOIMb AHMUMIKDOOHY
aKmueHicmb ICMiGHUX [ IIKAPCbKUX KYTbMUBOSAHUX 2pudie. Anauniz noxkasye, wo
euou 3 pooie Pleurotus, Agaricus, Hericium, Flammulina ma Cordyceps npodyky-
1omv mMemabonimu, eexmueni K w000 epAMNOUMUEHUX, MAK | 2PAMHE2Amus-
Hux oaxmepiu. Ocobnueoi ysazu 3aciy208y0ms NAeKmayun i KOpouyeniu, sSKi npo-
oemoncmpyeanu akmusHicmo wodo Mycobacterium tuberculosis 6 excnepumen-
maneHux mooensx. Ompumani pesyibmamu niOKpecioiomy nepcnekmusHy poib
KVIbIMUBOBAHUX 2pubis AK 0dicepena HO8UX AHMUMIKPOOHUX a2enmis.

Kniouosi crnoea: xynemugoeani cpudu, aHmumikpoOHa pe3ucmeHmHicmo, am-
MUMIKPOOHA AKMUBHICMb, 6MOPUHHI Memaborimu.
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