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Mushrooms are universally valued for their dietary and therapeutic significance. Their importance could
be attributed to numerous nutritive and dietary substances including polysaccharides, terpenoids,
phenolics and other light molecular bioactive compounds. These compounds offer optimal health
benefits and have been identified as a potential source of nutritional and medicinal products against
several debilitating and food-related disorders. Here, we present an updated synopsis of the medicinal
attributes of mushrooms, while also highlighting the technological advancements in their cultivation
that have led to the birth of engineered species with improved traits that could alleviate
malnourishment and contribute towards food security, offer health benefits, and provide efficient ways

of waste management.
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INTRODUCTION

Fungi are achlorophyllous eukaryotic organisms with
peculiar characteristics that distinguish them from organisms
in other kingdoms (Vinceti et al., 2013). One feature that places
fungi in a different kingdom is the composition of their cell
wall. The cell wall is composed of chitin while that of plants
and bacteria is made up of cellulose and peptidoglycan,
respectively (Vinceti et al., 2013). Fungi can be unicellular
(yeasts) or multicellular (moulds and mushrooms). Like
animals, fungi are heterotrophs (chemoorganotrophs) and
derive their carbon from organic sources. Growth is their
means of movement, except for their reproductive units
(spores), which may be dispersed or disseminated by
animate agents, such as insects and animals, or inanimate
agents like air and water (Vinceti et al., 2013).

In an ecological system, fungi are the major scavengers and
decomposers. These characteristics place fungi in a group of
organisms called Eumycota (Eumycetes or true fungi), with
same ancestor (i.e., monophyletic group). This fungal group
is functionally and physically different from the myxomycota
(slime moulds) and oomycetes (water moulds). Genetically,
fungi share common characteristics with animals than
plants. Although, fungi are abundant worldwide, they are
mostly inconspicuous due to their small size. However, they

may be more conspicuous, either as moulds or as mushrooms
during fruiting (Chang, 2006). The fruiting arrangements of a
certain species of mushrooms have psychotropic complexes
and are used recreationally or traditionally in spiritual rites
(Chang, 2006).

Fungi play vital roles in the breakdown of organic matter,
which facilitates nutrient cycling and exchange in the
environment. Generally, their roles in human food supplies
and the overall economies are significant (Chang, 2006). For
instance, fungi serve as leavening agents in dough making,
are useful in the fermentation of alcoholic beverages and
wine and are a source of food in the form of mushrooms
(Bilal et al., 2010). However, some species produce mycotoxins,
such as alkaloids and polyketides, that are poisonous to bio-
logical systems, while others are important pathogens of
animals and humans (Bilal et al., 2010). Many crops are also
lost due to fungal attack, such as rice blast, early and late
blight of potatoes, wilting of tomato, etc. (Chang, 2006).

Although, knowledge on the biodiversity of kingdom Fungi
remains scanty (Chang, 2006), advancements in molecular
genetics have revealed the importance of DNA investigation
to be unified into a catalogue to complement the present his-
torical grouping system based on cytology, morphology, and
biochemical traits (Vinceti et al., 2013). Nevertheless, the
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general classification of fungi is based largely on their spores’
characteristics and spore-bearing structures (Vinceti et al.,
2013).

Among the various groups of fungi, mushrooms are
fleshly with edible fruiting bodies which are sometimes
termed macrofungi (Bi et al., 1993). For macrofungi to be
edible, it must be free from poisonous effects and have
desirable taste and aroma (Bilal et al., 2010). Species of mush-
rooms, such as Macrolepiota, Plerutous, Auricularia, Armillaria,
Pholiota, and Coprinus are predominantly found in native
forests (Fekadu, 2014). Edible fungi nourish the human
body, helps in proper growth and development and are
occasionally consumed for their perceived medicinal pur-
poses (Bilal et al., 2010).

Mushrooms are either harvested wild or cultivated, and
are readily obtainable for use, while the few species difficult
to grow can be engineered. More than 3000 mushrooms are
fit for consumption, but only about 3.3% of total edible
species are cultivated in large quantity and are readily avail-
able for sales (Khatun et al. 2012). Processes, such as fermen-
tation and anti-nutrient factors processing, may render
certain poisonous mushrooms fit for consumption. Identifi-
cation must be carefully done before considering any mush-
room from the wild edible. Careful and accurate
identification of a species is the only safe way to ascertain
edibility, and the only way against possible accidents. As it
happens to consumable items, mushrooms that are suitable
for consumption for some persons can cause adverse reac-
tions to certain individuals (Chang, 2006). Therefore, necess-
ary precautions should be observed before mushrooms are
consumed.

According to Chang (2006), some species of the Amanita
genus, such as the Amanita phalloides, are deadly toadstools
that are frequently confused with mushrooms that are fit for
consumption and are responsible for many fatal poisonings.
Table 1 presents the features critical for the identification of
common edible fungi.

Although, attempts have been previously made on review-
ing different aspects of edible fungi (Cheung, 2013; Olawale
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and Muhammed, 2013; Singh, 2017; Ganesan and Xu, 2018;
Ukwuru et al., 2018; Jabtoniska-Rys et al., 2019), no compre-
hensive report exists on its pharmacological and biotechno-
logical applications. Hence, the present review appraised
the bioactive metabolites, scope, and significance of mush-
rooms as therapeutic and biotechnological agents to date.
It is envisaged that this paper will provide useful insights
into the significance of mushrooms and could inspire
further studies on the benefits of these achlorophyllous
eukaryotic species.

MATERIAL AND METHODS

Relevant information was gathered online using scientific
literature repertoires, such as PubMed, ScienceDirect,
Scopus, Google Scholar etc. using phrases/and words like
edible fungi, metabolites of edible fungi, structures, uses, toxi-
cological profiles of edible fungi, pharmacological significance
and medicinal uses, limitations of use etc. The data gathered
were used to conceptualise a framework (Figure 1) highlight-
ing both the inclusion and exclusion criteria deem necessary
for the topic under review (Moher et al., 2009).

RESULTS AND DISCUSSION

Mushroom

Mushroom is a macrofungal organism with a characteristic
fruiting body, which can either be above or below the
ground and conspicuous (Chang and Miles, 1982). Mush-
rooms have been widely taken as foods and nutritional sup-
plements (Chamberlain et al., 1998), and very often they are
delicious with beneficial organoleptic properties (Vinceti
et al., 2013).

Mushrooms fit into two classes (basidiomycetes and asco-
mycetes). The basidiomycetes are the club fungi while the
ascomycetes are popularly called sac fungi, and have their
sexual spores situated in the basidium and ascus, respect-
ively (Vinceti et al., 2013). The life cycle of mushrooms
involves anamorphic and teleomorphic stages which are
asexual and sexual reproductive phases, respectively. The

Table 1. Common mushrooms and their characteristics identification features.

Average cap Stem Average stem
Mushroom Habitat Gills Cap color Cap shape size (cm) Stem color shape size (cm)
Chanterelles spp. Soil widely Brown Flat 5 Brown tapering 12
spaced
Flammulina velutipes Dead closely Reddish to Convex 1.5-2 Cream tapering 10
wood spaced brownish
Lentinus Dead Crowded White kidney shape 5-7 White tapering 5
squarrosulus wood
Pleurotus populinus Dead Crowded White flat or kidney 6.5-7 White short 1-1.5
wood shape
Pleurotus Dead widely White Flat 2-2.5 White short 1
pulmonarius wood spaced
Psathyrella delineata Dead closely Reddish to Conical 1 White tapering 4
wood spaced brownish
Termitomyces Soil widely White Flat 1 White tapering 4
microcarpus spaced
Termitomyces Soil Crowded brown Flat 10 Cream tapering 8
robusta
Volvariella volvacea Dead closely grayish brown Conical 3-6 whitish to club 2-5
wood spaced brownish shape
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absence of a photosynthetic feature in mushrooms is respon-
sible for their inability to manufacture food. Thus, they, like
other heterotrophs, depend on autotrophs for food and
absorb nutrients from their substrates. Mushrooms have a
stem-like structure called stipe which keeps the pileus in
an aerial position. Pictorial representations of some edible
and medicinal mushrooms are shown in Figures 2 and 3,
respectively.

Nutritional composition of edible fungi

Although poisonous fungi exist, there are many edible ones,
and of these are those that possess arrays of nutritional com-
pounds, such as sugars, proteins and minerals, lectins, ergota-
mine, proteases etc. (Guillamon et al., 2010; Wani et al., 2010).

Carbohydrate content

The content of carbohydrates in mushrooms accounts for
50-65% of weight while sugars specifically account for 11%.
For instance, Coprinus atramentarius contains 24%

Figure 1.
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carbohydrates. The mushroom sugar (mannitol) which is
dominant, account for almost 80% of the sugars (Florezak
et al., 2004). A study also confirmed that a garden-fresh mush-
room contains about 0.9% mushroom sugar, 0.59% glycogen,
0.28% reducing sugar, and 0.91% hemicellulose (Wannet
et al., 2000).

Protein content

Dry matter of mushrooms contains protein, and its concen-
tration is dependent on the size of pileus, composition of sub-
strates, time of gathering and type of species (Bilal et al., 2010).
The protein content of the mushrooms varies from flush to
flush. It ranged from 32 to 42% in A. bisporus mycelium on
the dry weight basis. Generally, mushrooms are more protei-
nous than vegetables and wild plants. In fact, it has been pre-
viously reported that mushrooms have all the essential amino
acids necessary for human growth and development (Anon,
2007).
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Termitomyces robusta
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Lentinus squarrosulus
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Volvariella volvacea

V)

Cantherellus spp. (CS)
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Termitomyces
microcarpus (TM)

(FV)

1 .
Plewrotus pulmonarius

(Pp)

Russula vesca (RV)

Psathvrella delineata

(PD)

Figure 2. Pictorial representation of some edible mushrooms. TR, TL and TM are mushrooms in the genus Termitomyces. Although, they are
considered one of the best edible mushrooms in the world, attempts at cultivation by humans have been abortive to date and are only cultivated
by termites. They are mostly grown and collected by humans in the wild (Stamets, 2000; Boa, 2004). FV is a well-known mushroom in East Asia
and can be easily cultivated using spawn, it is a popular ingredient for Asian cuisine. The wild forms differ in colour and texture (Bao et al., 2009).
LS has potential to be used as food, functional food and nutraceuticals and is easily cultivated all over the world (Mhd Omar et al., 2015). PP, PO
and Pp are gilled mushroom are a group of most cultivated edible mushrooms in the world and they have also been used in mycoremediation of
pollutants (Cohen et al., 2002). VV is mushroom fit for consumption and cultivated throughout East and Southwest Asia and used widely in Asian
cuisines (Chang and Miles, 1982). CS are among the most popular wild edible mushrooms in the world. They grow in clusters in forests and are
difficult to cultivate through mycelium due to their symbiotic relationship with the root of higher plants, mycorrhizal (Arora and Dunham, 2008). PD
grows saprophytically on dead wood (Frank et al., 2010), RV usually grows in the wild (Phillips et al., 2006).

Amino acids composition

The 20 common amino acids that makeup proteins vary in
amount and are quantitatively different. There are nine essen-
tial amino acids (lysine, methionine, tryptophan, threonine,
valine, leucine, isoleucine, histidine, and phenylalanine) that
are not synthesised de novo within the body. Generally, mush-
rooms have the whole nine essential amino acids that are
important to human health (Oyetayo et al., 2007). Lysine is
the most abundant essential amino acid in mushrooms
while tryptophan and methionine seem to have the least
occurrence (Chan, 1981).

Fat content

The fat constituent in mushrooms is not as high as those
found in other classes of food. Unsaturated fatty acids are
mostly present in the fruiting bodies of mushroom (Yilmaz
et al., 2006; Sinanoglou et al., 2014; Sande et al., 2019) and
species-dependent. For instance, the fat content of Suillus
granulatus, S. luteus, and A. campestris is 2.04%, 3.66% and
2.32%, respectively (Yilmaz et al., 2006). Generally, mushrooms
contain linolenic acid which is a good source of fats (Yilmaz
et al., 2006).

Vitamins and minerals

Mushrooms are rich in vitamins especially vitamin D2 (Taofiq
et al., 2017). Wild mushrooms are richer in vitamin D2 than
Agaricus bisporus (Urbain et al., 2016). Mushrooms have vita-
mins B-complex and C in little quantities, but not rich in vita-
mins A, D, and E (Heleno et al., 2010). They contain a high-
level of mineral element including the major (Cu, Zn, Fe, Mo,
Cd) and minor minerals (Ca, K, B Na, Mg) that are vital for
human growth and development. Importantly, their mineral
composition is dependent on several factors, such as the kind
of species, stage of development, the length of the fruiting
body, and the nature of the substrates for cultivation. An
edible wild mushroom contains more mineral content than
the cultivated ones (Rudawska and Leski, 2005). Table 2
reveals the mineral and vitamin C contents of some commonly
consumed mushrooms, while the comprehensive proximate
analysis of selected mushrooms is presented in Table 3.

Metabolites and pharmacological significance of
mushrooms

Mushrooms play important roles in human health and have
been nutritionally, medicinally and therapeutically valued
(Chang and Miles, 2004). Their fruiting bodies and
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Amanita caesarea (AC)

Ganoderma lucidium (GL)
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Trichaptum bioforme (TB)

Trametes versicolor (TV)

Figure 3. Pictorial representation of some medicinal mushrooms. GA grows as a mycelium on the wood of living and dead trees, and widely
distributed. It is common at the base of hardwood while GL is effectively cultivated on hardwood or sawdust, the wild form is extremely rare and
edible (Smith et al., 2000). AC is highly medicinal and edible, though can easily be confused with poisonous mushroom. It grows in the wild (Smith
et al., 2000). TB is grown on dead hardwood stumps and logs and it is not edible. TV is normally used in traditional medicine to boost immune

system, it grows in the wild and it is edible (Jakovlev, 2011).

Table 2. Minerals and vitamin C composition of some selected edible
mushrooms.

Ca Na K Mg
(mg/ (mg/ (mg/ (mg/ Vitamin C
Mushroom 100g) 100g) 100g) 100 g) (unit)
Pleurotus 87.50 6.52 2.68 51.27 10.16
ostreatus
Termitomyces 54.10 3.92 4.56 32.42 10.25
robusta
Volvariella 37.15 1.58 2.62 25.22 6.57
volvacea
Termitomyces 38.45 2.67 4.34 40.75 12.15
microcarpus
Pleurotus 40.25 3.59 7.25 20.75 14.10
pulmonarius

Adapted from Rudawska and Leski (2005).

Table 3. Proximate composition of selected mushrooms.

membranes are usually rich in phenolics and proteoglycans
(Guillamén et al., 2010; Wani et al., 2010). Diverse groups of
metabolites including peptides, polyketides, alkaloids, terpe-
noids, flavonoids, carotenoids, etc. have also been found in
mushrooms (Khatun et al., 2012; Xu and Beelman, 2015).
These compounds have been reported as pharmacological
agents against several life-threatening diseases, such as
cancer, viral infections, inflammation, diabetes, cardiac
failure, neurodegenerative disorders, etc. (Chen et al., 2006,
Ajith and Janardhanan, 2007; Rathee et al., 2012; Zambonelli,
2012), their amount and effectiveness vary across species,
and normally dependent on stage of development, substrate,
fruiting environments, storage settings and preparation tech-
niques (Guillamén et al., 2010; Wani et al., 2010).

Antitumor activity

As cancer remains one of the leading causes of mortality
worldwide, the need for alternative or complementary antitu-
mor agents to replace or complement non-target specific and

Mushroom Moisture (%) Ash (%) Crude protein (%) Crude fibre (%) Crude Fat (%) Carbohydrate (%)
Pleurotus ostreatus 712 5.65 32.31 5.97 15.38 33.57
P. pulmonarius 10.99 7.95 23.63 8.16 11.63 37.64
Termitomyces microcarpus 9.69 2419 38.14 5.92 13.81 8.27
T. robusta 11.40 13.71 41.19 5.27 9.07 19.36
Volvariella volvacea 12.36 16.10 42.63 5.14 10.60 13.17

Adapted from Adejumo et al. (2015).



6 Transactions of the Royal Society of South Africa

host-toxic conventional remedies are important (Lavi et al.,
2009; Lin et al., 2010; Patel and Goyal, 2012). Mushrooms are
a good antitumor candidate due to their plethora anticancer
bioactive constituents, such as calcaelin, krestin, lectin, lenti-
nan, polysaccharides, hispolon and psilocybin (Singh et al.,
2010; Patel and Goyal, 2012). While the polysaccharide-
Krestin (PSK) from Coriolus versicolour has been approved as
adjuvant for gastric cancer therapy (Tsukagoshi, 1984), lenti-
nan from Lentinus edodes is an established anticancer
therapy in several countries including Japan (Ina et al,
2013). Also, marmorin, a ribosome-inactivating protein (RIP),
was isolated from Hypsizygus marmoreus and showed antitu-
mor activity (Wang and Ng, 2005; Wong et al., 2008). Xylose-
specific lectin from the fresh fruiting bodies of Xylaria hypoxy-
lon has also been shown to possess significant antimitogenic
and antitumor activities (Liu et al., 2006). According to
Zhang et al. (2009), lectins (lectin- 32 kDa) from Pholiota
adiposa, Hericium erinaceum, and Russula lepida have potentials
as antitumor agents. Similarly, calvacin, a moderately heat-
stable, non-diffusible basic mucoprotein from Calvatia gigantea
was isolated and demonstrated as an effective antitumor
agent (Chatterjee et al., 2011). Generally, the anticancer bio-
active components of edible mushrooms have been demon-
strated via the stimulation of apoptosis enhancement, host
defense system, and cytotoxic effects against endothelial
cells as well as inhibition of topoisomerase, mitotic kinase,
cysteine protease, and angiogenesis (Chen et al.,, 1993; Ng,
1998; Brzin et al., 2000).

Hypoglycemic activity

The low-fat content, high dietary fibre, and protein content
of edible mushrooms make them appropriate nutrient for
the prevention and treatment of hyperglycemia (Alarcon-
Aguilara et al., 1998). In an early work by Ahmad et al.
(1984), lectin components of Agaricus campestris and
A. bisporus were found to improve insulin level of experimen-
tal rats. Lavi et al. (2011) reported that ganoderan A and B
glucans of Ganoderma lucidum fruiting bodies showed signifi-
cant hypoglycemic effects. Other bioactive compounds such
as ganoderan, coriolan, dehydrotrametenolic acid, and y-ami-
nobutyric acid (GABA) found in Ganoderma lucidum, Trametes
versicolour, Laricifomes officinalis, and Boletus edulis were also
reported to possess hypoglycemic properties (Gao et al.
2002; Rathee et al. 2012).

Antioxidant activity

The mycelium and fruiting bodies of various edible mush-
rooms contain antioxidant molecules, such as phenolic com-
pounds, tocopherols, carotenoids, and flavonoids (Bai et al.,
2013). These compounds counteract and prevent oxidative
insults caused by free radicals, such as superoxide anion,
hydroxyl radical, and hydrogen peroxide (Coté et al., 2010;
Sanchez, 2017). For instance, phenolic analogues isolated
from Hericium erinaceus (Mizuno, 1999) as well as catechin
and other flavonoids from Lentinus  squarrosulus,
L. polychrous, and L. edodes, P. ostreatus, Hypsizygus tessellatus
exhibited significant antioxidant activity (Attarat and
Phermthai, 2015; Chowdhury ef al., 2015). Similarly, Dai et al.
(2010) reported a positive correlation between the phenolic
content (hispidin) from Phellinus spp. and its antioxidant
property, which is an indication that mushroom is a natural
antioxidant. Generally, the fruiting bodies of many edible
mushrooms such as Agaricus arvensis, A. bisporus,
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A. silvaticus, A. silvaticus, A. romagnesii (Barros et al., 2007,
2008), Boletus badius, B. edulis, Cantharellus cibarius and
C. cornucopioides (Palacios et al., 2011), Clitocybe alexandri (Vaz
et al., 2010), Ganoderma lucidum, Lactarius piperatus, Lactarius
deliciosus and Lentinula edodes (Yang et al., 2002; Cheung and
Cheung, 2005; Kim et al., 2008) amongst others contain antiox-
idant molecules. Furthermore, although the mushroom’s
fruiting body appears to be the component that contains the
highest amounts of antioxidants, antioxidant compounds
have also been found in the mycelium component of some
edible macrofungi, such as Ganoderma tsugae (Iseng et al.,
2008), Pleurotus albidus (Gambato et al., 2016), Coprinus
comatus (Vamanu, 2013) and Agaricus blazei (Carvajal et al.,
2012).

Hypocholesterolemic activity

Cholesterol is vital for various body metabolisms, such as
hormones and vitamins synthesis; however, excess lipopro-
tein cholesterol predisposes the body to various diseases,
such as cardiovascular diseases, obesity, and diabetes (Staple-
ton et al., 2010). Conventional anti-hypercholesterolemia
drugs used for the prevention and treatment of hypercholes-
terolemia, such as fibrates, niacin and simvastatin are usually
associated with severe side effects such as hepatic impair-
ment, cirrhosis, diarrhea, and peptic ulcer (Ko et al., 2004;
Keong et al., 2015). These accompanied host toxicities of con-
ventional anti-hypercholesterolemia agents have left
researchers to exploit natural organic sources, such as macro-
fungi, for hypocholesterolemic agents. An early study by
Kaneda and Tokuda (1966) reported the cholesterol-lowering
activity of Auricularia polytricha, Agaricus bisporus and Lentinus
edodes. In addition, the in vitro and in vivo anti-hypercholester-
olemic properties of members of genus Pleurotus, such as
Pleurotus ostreatus and P. ferulae, have been investigated
(Berger et al., 2004). More recently, Fombang et al. (2016) inves-
tigated the cholesterol-lowering activity of aqueous extract of
P. florida. Their findings demonstrated that extract reduced the
total glycerides and cholesterol in rats fed with high choles-
terol diets.

Immunomodaulatory activity

Medicinal mushrooms are used as immunomodulatory
medications particularly in Asian countries. The B-D-glucans
are important component of several basidiomycetes and asco-
mycetes cell wall and can help the human immune system to
fight against diseases (Reshetnikov and Tan, 2001; Batbayar
et al., 2012, Mizuno and Nishitani, 2013). Specifically, the
immunomodulators such as (1—-3)-p-D-glucan with (1—6)-B-
D side chain, (1-3)-p-D-glucan, and polysaccharide-protein
complex have been reported in Lentinula edodes, Ganoderma
lucidum, and Grifola frondosa (Chihara et al., 1969; Nanba
et al., 1987; Lee et al., 2003; Firenzuoli ef al., 2008).

Antimicrobial activity

Due to the inevitable competition for space and nutrients in
the environment with other organisms, mushrooms possess
plethora antimicrobial arsenal, such as applanoxidic acids,
oxalic acids, and epicorazins, to ensure their proliferation
and survival in their natural habitat (Rathee et al., 2012).
They have abundant deposits of natural antibiotics, antifun-
gal, and antiparasitic agents. Several extracts obtained from
mushrooms’ mycelia have been recognised to possess remark-
able antibacterial and antifungal properties (Eo et al., 1999).
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For instance, the total extract of Ganoderma pfeifferi has been
reported to impede the growth of microorganisms associated
with skin diseases (Mothana et al., 2000). Bender et al. (2003)
also reported the antibacterial activity of oxalic acid syn-
thesised from Lentinula edodes (Berk.). Furthermore, mycelial
extracts of L. edodes showed significant antiparasitic activity
against Paramecium caudatum (Badalyan, 2004). Similarly,
while Chu et al. (2005) extracted a peptide (pleurostrin) from
P. ostreatus and demonstrated its antifungal activity, agrocybin
(peptide) isolated from fresh fruiting bodies of Agrocybe cylin-
dracea elicited showed antifungal activity against Mycosphaer-
ella arachidicola, with an ICsy value of 125 pM at different
temperatures up to 80°C (Zhang et al., 2003; Ngai et al., 2005).

Antiviral activity

Viral diseases are quite difficult to treat since they cannot be
treated by common drugs (antibiotics) used to treat bacterial
infections. Bioactive molecules, such as ganoderic acid B, luci-
dadiol, ganoderiol E applanoxidic acids and ganodermadiol,
found in mushrooms display enormous antiviral activities.
The antiviral mechanisms of these components include, but
not limited to, inhibition of viral enzymes and nucleic acids,
and enhancement of host immunity to better combats viral
infections (Brandt and Piraino, 2000). Bracket mushroom,
Ganoderma lucidum have been used to manage patients with
HIV type 1 (HIV-1) (El-Mekkawy et al., 1998). Wang et al.
(2007) also isolated and elucidated the antiviral efficacy of a
peptide (SU2) from Russula paludosa.

Anti-allergic activity

Many macrofungi are immune boosters, while others
contain molecules for immune response alleviation. This
immune response alleviation property can be of great impor-
tance for the management of ever-increasing allergic ailments.
Sano et al. (2002) reported that various edible basidiomycetes,
such as Pleurotus eryngii, Pholiota nameko, Hypsizigus marmor-
eus, and Flammulina velutipes, have anti-allergic properties.
In addition, the consumption of Tricholoma populinum reverted
serious allergic symptoms in a recurring progressive inflam-
matory and thrombotic patient. From previous studies, hispo-
lon and hispidin, obtained from Inonotus hispidus, were used
to prevent the chemiluminescence reaction of human mono-
nuclear blood cells (Ali et al., 1996).

Anti-inflammatory activity

The existence of aromatic hydroxylated compounds in
edible mushrooms has been identified as one of the agents
responsible for their anti-inflammatory properties (Coté
et al., 2010; Han et al., 2013; Elsayed et al., 2014). Other bio-
active molecules, such as proteoglycan, ganoderic acids A, B,
G and H, with anti-inflammatory effects have been isolated
from edible fungi (Rathee et al., 2012). The phenolic molecule,
pyrogallol, was extracted from Agaricus bisporus, C. cibarius,
and Lactarius deliciosus (Witkowska et al., 2011), and was
reported to show anti-inflammatory activity. Grifolin and its
derivatives are farnesyl phenolic compounds with good
anti-inflammatory properties and have been obtained from
the edible mushroom Albatrellus ovinus (Nukata et al., 2002).
Furthermore, the aqueous, ethanolic and methanolic extracts
of various edible mushroom (Pleurotus pulmonarius, Ganoderma
lucidum and G. frondosa) parts have demonstrated significant
anti-inflammatory properties (Zhang et al., 2002). While Kim
et al. (2003) have elucidated the ethanolic extract and a
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purified proteoglycan from Phellinus linteus as remarkable
anti-inflammatory agents, the polysaccharide constituents of
Termitomyces albuminosus, Lentinus polychrous, Phellinus linteus
and Flammulina velutipes have also been reported as potent
anti-inflammatory compounds (Wu et al.,, 2010; Badalyan,
2014).

A comprehensive list of selected mushrooms of therapeutic
significance, the implicated meabolites and their structure is
presented in Table 4.

Mushroom and mushroom biotechnology

Mushrooms have been put into good biotechnological use
in significant areas of science, such as bioremediation, fortifi-
cation of foods, enzyme technology, nutraceuticals and phar-
maceuticals etc.

Production technology

The consumption of mushroom by man is probably as old as
human existence. Due to its pleasant flavour and taste, human
populations have attempted to domesticate mushroom in
latter stage. The earliest cultivated edible fungus was a
species of Auricularia which was cultivated about 1000 years
ago in China. The next species to be cultivated was Lentinus
edodes (Chang, 2006), and this occurred several years ago
(Chang and Miles, 1982). Agaricus bisporus, which is leader in
the global mushroom industry today in terms of its pro-
duction, was first cultivated in France in 1650 (Dwyer, 2010).
Since then, several other mushrooms have been domesti-
cated. Mushrooms are cultivated on lignocellulosic substrates.
Some of the mushrooms can be cultivated in composted (fer-
mented and partially degraded) substrates primarily cereal
straws and other supplements, especially the button mush-
room (Agaricus spp.). Use of composted substrate is mainly
aimed at facilitating mycelium development and elimination
of microorganisms. However, mushrooms such as Pleurotus,
Lentinus, Flammulina, Auricularia, Pholiota, Tremella, Calocybe,
Ganoderma, Coprinus etc. can be grown on fresh, lignocellulosic
substrates (Yadav, 2004). With technological advancement,
new vista in mushroom science has been achieved for the con-
servation of germplasm, high yielding species with yield stab-
ility, longer shelf life and remarkable biological activity (with
desirable traits such as quality nutrients, good taste and pala
aroma etc). The application of molecular biology techniques
to the genetic improvement programmes has introduced
innovative DNA-based markers and provides much needed
advancements in genetics and breeding of cultivated mush-
room to have genetically improved strains and hybrids
(Yadav, 2004).

Enzyme production

Scientists have great interest in the enzymes obtained from
mushrooms because of their ability to degrade cellulosic
materials. In a study to detect the protein in L. tuber-regium,
varied important enzymes were identified and these
enzymes have found practical application in paper industry
and also to treat and enhance digestibility in animals
(Chang, 1999; Shashirekha et al., 2005, Manjunathan and
Kaviyarasan, 2010). Also, certain bioactive proteins in mush-
rooms, such as ribosome-inactivating proteins (RIPs), fungal
immunomodulatory proteins (FIPs), and laccases, have been
reported to elicit enzymatic activities (Wang and Ng, 2005;
Wong et al., 2008).
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Protoplast technologies

The usefulness of the protoplast technology in several areas
of mushroom biology has been well established. The major
area of interest has focused on its application as a tool for
genetic manipulation. Protoplast technology is a non-conven-
tional method of genetic manipulation and plays important
role in cultivation and nurturing of mushrooms. Gene transfer
using protoplast has been technologically advanced to
prevent hindrance of orthodox breeding systems on the
genes. The development of a gene transfer system in edible
fungi has been deemed useful in genetic recombination and
strain improvement (Yoo and Cha, 1993). In the Basidiomy-
cetes, the most exciting aspect of this endeavour concerns
the generation of novel interspecies hybrids. It is important
to note that strain improvement by protoplast fusion has
been performed in closely related species. Successful recombi-
nation between distantly related species provides the oppor-
tunity for a broadening of the gene pool. The uptake of
isolated cell organelles by protoplasts may allow the exploita-
tion of the protoplast fusion technique on a more refined
level. DNA- mediated transformation related to gene vectors
has enhanced knowledge of molecular biology of higher
fungi. Development of this method also opens many possibi-
lities for the commercial production of medically important
substances found in mushrooms (Yoo and Cha, 1993). Proto-
plast technology provides a highly feasible technique for
interspecific and intergeneric hybridisation among the econ-
omically important mushrooms. Hybridisation using proto-
plast fusion is mostly used for breeding between
intraspecific incompatible basidiomycetes species, develop-
ment of multifunction such as the formation of physiologi-
cally active substances, aromatic and growth acceleration of
mycorrhizal mushrooms and genetic analysis (Ogawa, 1993).

Lignocellulose biodegradation with mushroom

The most recycled biological compounds available in the
planet are the lignocelluloses which comprises cellulose,
hemicellulose and lignin. These lignocelluloses are produced
through photosynthesis and allied biological processes
(Singh and Gautam, 2004). Significant development in
science and technology has led to a quantum jump in the agri-
cultural commodities production. This in turn has further
accelerated the lignocellulosic biomass accumulation. Major
parts of these are burnt giving rise to complex hazards includ-
ing oxygen deficient environment, respiratory diseases and
poor vision. Biodegradation of different varieties of lignocel-
lulosic waste through mushroom cultivation is important as
it results in the formation of simpler eco-friendly compounds
and protein-rich food of therapeutic importance (Singh, 2000).
For instance, the basidiomycete and ascomycete mushrooms
degrade and grow on lignocellulosic substrates using laccases
(Wang and Ng, 2005; Wong et al., 2008). The degradation pro-
vides them with useful nutrients necessary for their growth.

Bioremediation

Bioremediation is the process of using microorganisms to
decrease or eradicate threats in the environment, these
threats or dangers are normally the buildup of deadly chemi-
cals and other dangerous material wastes. It can also be the
use of organic procedures to treat pollutants. Most investi-
gations in bioremediation have been on bacteria, but lately,
bioremediation using fungi (myco-remediation) is becoming
interesting and calling for the attention of researchers and
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ecologists around the globe. Pleurotus spp. are commonly
used because they have the useful enzymatic scheme which
reduces contaminants successfully and proficiently. Phanero-
chaete, Trametes, Bjerandera and Pleurotus have been noticed
to have the ability to degrade pollutants. While they do not
use lignin as energy source, they employ carbon or cellu-
lose-containing sunbtances as their energy source (Singh
et al., 2008). Thus, corncobs, straw, sawdust can be used to
grow and improve the ability of these fungi to degrade pollu-
tants at the polluted sites. The major technique used by these
fungi is the ability to produce enzymes that can degrade
lignin. These enzymes that can degrade lignin are known as
extracellular lignin modifying enzymes (LMEs) and they are
not specific to a particular substrate which enables them to
be able to degrade several toxic, harmful contaminants
which have similar structure with lignin. Myco-remediation
involves the use of mushrooms to turn these pollutants into
non-toxic harmless substances. Mushrooms have been
shown to accumulate radionuclide metals and even rare
earth elements. They are also potentially useful in detecting
the presence of deleterious compounds (Kala¢, 2001).

CONCLUSION AND PERSPECTIVES

Mushrooms can make significant influence on the incomes
of indigenous residents through food provision. Their cultiva-
tion signifies a valued low-scale enterprise opportunity, and
this has been well advocated by FAO as one of the ways to
enhance food security in developing nations (Marshall and
Nair, 2009). Besides this benefit, mushroom cultivation is
mainly dependent on recycling of agricultural wastes which
are abundantly available globally. For instance, the global
areas with rice~wheat cropping system currently faced with
the challenge of mounting crop residues could harness the
residues for utilisation in mushroom production in a
manner that could ensure effective management of these
agrowastes. Efforts could also be intensified to exploit the
commercial utilisation of mushroom substrate left after culti-
vation for preparation of organic manure, vermicompost, bri-
quettes, etc. that could be additional source of income and
contribute towards improved economy. Mushrooms are func-
tional foods and are a source of biologically valuable com-
pounds that offer great therapeutic potential for the
prevention and management of several diseases. While the
potential therapeutic importance of mushrooms is enormous,
the detailed mechanisms involved in eliciting most of these
pharmacological activities remain elusive and require evi-
dence-based insights. Hence, studies and clinical trials need
to be carried out with a view to lend scientific credence to
their attributes in offering health benefits, taking advantage
of their bioactive compounds. While technological advance-
ment has led to the birth of engineered mushrooms (such as
Lentinula edodes, Coprinus cinereus, Flammulina velutipes etc.)
with inherent attributes that alleviate food-related challenges
(e.g., malnourishment), offer health benefits, and provide effi-
cient ways of managing energy supply, it is still evident that
mushroom cultivation holds promising grounds for today’s
pharmaceutical industry owing to the plethora of useful
pharmacological compounds. Their applications in tackling
malnutrition and as a vital tool for repair, renewal and reme-
diation of the exploited ecosystem is an illustration of a low
cost, feasible and versatile technology to achieve the universal
rising quest for good food and eco-friendly environment.
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