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ABSTRACT

Objective: Fungi are heterotrophs and are involved in decomposition, nutrient cycling and nutrient transport, and are indispensable for achieving
sustainable development. Mushrooms are the fungi with a distinctive fruiting body. Mushrooms are produced all over the world. In India, Punjab is
the leading mushroom growing state. Mushrooms are rich sources of proteins, vitamins and minerals. Different types of immunoceuticals like
lentinan, schizophyllan, active hexose correlated compound (AHCC) etc. have also been prepared from various mushrooms. The present review
work highlights important observations in the area of mushroom.

Methods: This review also shows that how several factors affect the fruiting body formation of mushrooms, which includes physiological
(composition of culture media) and environmental factors (light, temperature, salinity, etc.). There are different factors like light, temperature etc.
which affects the fruiting body development.

Results: It has been found that, light has positive effects on hyphal aggregation and fruiting body maturation. It has been found that in oyster
mushroom, light is essential for both normal expansion of pileus and in spore formation. It has been found that length of Stipe and the diameter of
cap decreases with an increase in the concentration of CO2. Also, there is a range of temperature within which sporophore development occurs. The
composition of media affects the growth of mushrooms too. It’s important to maintain a balance between carbon and nitrogen sources for induction
of the fruiting body.

Conclusion: There are different environmental factors affecting the fruiting body development of mushrooms. Hence, by adjusting various factors
like temperature, light, media composition production of mushrooms can be increased.
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INTRODUCTION

The fungus is the second most diverse of all groups and has been
considered as a prime member of the other mega-diverse groups
comprising of insects, bacteria, arachnids and nematodes [1]. The
kingdom fungi include yeasts, molds, smuts, and mushrooms. The
size ranges from a single-celled organism such as yeast to the largest
known living organism on earth — a 3.5-mile-wide mushroom. The
spores are produced on the gills on the underside of the cap, and a
stipe carries the fruit body above the ground to promote spore
distribution by air currents. Spores develop on specialized cells, i.e.
basidia in the Basidiomycetes or in a sac-like structure called ascus
in Ascomycetes [2].

Mushroom is a macrofungus with a distinguishing fruiting body. It
can be both epigenous and hypogenous and are easily visible with
the naked eye and can be picked up by hand [3]. Mushrooms are the
richest source of proteins, vitamins and minerals and are low in fat
content (2-8%) and their unique chemical constitution makes them
low-calorie food and choice diet for those suffering from
hypertension, atherosclerosis, diabetes, obesity, etc. Mushrooms
usually contain 19-35% protein. A protein present in mushroom
contains all the necessary amino acids and are particularly high in
lysine and leucine content, which are usually absent in many cereal
foods. Because of the less amount of total fat and a large amount of
polyunsaturated fatty acids (72-85%) compared with total fatty
acids, a mushroom is found to be a healthy diet. The digestibility of
mushroom protein ranges between 71-90%. Presence of tryptophan
and lysine in mushroom protein make it a better substitute for
animal protein. In some edible mushrooms, the percentage of
protein quality varies [4]. Mushrooms are an excellent source of
riboflavin and nicotinic acid. They also contain niacin and are a good
source of pantothenic acid. An appreciable amount of thiamin, folic
acid, and ascorbic acid is also present [5]. In Lentinula edodes
(Shiitake mushroom) concentration of thiamine, riboflavin and

niacin are 7.8, 4.9 and 54.9(mg/100 gm) [6]. In Volvariella volvacea
concentration of thiamine, riboflavin and niacin are 0.35, 2.97 and
64.88(mg/100 gm) [6]. Also, the wild mushroom especially Lentinus
fusipes and Lentinus tuberigium were found to be rich in the amount
of iron and calcium, along with having useful phytochemicals such as
phenolics, ascorbic acid, carotenoids [7]. These values are on the
basis of the dry weight of mushrooms.

Potential immunoceuticals have been produced from more than 50
mushroom species that show anticancer activity in vitro and in
animal models. Among all these polysaccharides, six have been
found in human cancers, including lentinan, schizophyllan, active
hexose correlated compound (AHCC), maitake D-fraction,
polysaccharide-K and polysaccharide-P [8]. Immunoceuticals
isolated from more than 30 mushroom species have shown
anticancer properties in animals, but only a few have been involved
in human cancer research [9]. Combination of naturally occurring
purified carbohydrates from P. florida and most common drug used
in glioblastoma treatment named temozolomide (TMZ) increases the
efficacy of the drug by enhancing its anti-cancer properties, such as
cellular cytotoxicity, cell cycle arrest and higher expression of p53
significantly in Glioblastoma cell lines. As both mannitol and glucose
have excellent cell permeability properties, improving the access
and half-life of TMZ would promote a greater accumulation of TMZ
within cells. Such permeation could increase drug uptake ability of
cells, which finally shows increased therapeutic impact. Therefore,
the drug would be more effective and lower doses could be used in
current therapeutic management strategies. This would lead to the
treatment of glioblastomas more effective and less expensive, with
reduced side effects, hence improving prognosis [10].

The demand for mushroom has been on the rise because of
increased detection of mushroom medicinal and nutritional values,
together with the recognition of the income generating the fungi
potential through trade. The edibility of mushrooms depends upon
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the absence of toxin content and its desirable taste and aroma.
Mushrooms are getting popular among health-conscious consumers
because it is very rich in nutrients and also there is no fat,
cholesterol, and gluten and a very less amount of sodium. In 2013,
mushrooms global market was estimated at $29,427.92 million. This
mushroom market is predicted to grow at a CAGR of 9.5% from
2014 to achieve $50,034.12 million by 2019. In 2013, the market
was dominated by the Europe and is expected to be the greatest-
developing market for mushrooms during the year 2014 and 2019,
followed by the Asia-Pacific region [11].

There are a total 2,300 species of edible and medicinal fungi.
Cultivated mushrooms are now famous in the world with more than
200 genera of useful macrofungi. Agaricus bisporus (button
mushrooms), Lentinula edodes (shiitake mushrooms) and Pleurotus
spp. (oyster mushrooms) are most commonly produced and
consumed. In 2013 this accounted for approximately 76% of the
mushroom market size globally [10]. In 2013, the contribution of the
button mushrooms segment was nearly 36.1% of the entire
mushroom market. A major role in mushroom production is found in
white button mushroom in the U. S. and Europe [11].

Common problems associated with fruiting body formation in India
and third world mushroom industries are inadequate scientific and
technical knowledge regarding mushroom cultivation, lack of
trained personnel, mushroom cultivation in the unorganized sector,
wastage of produced mushrooms, loss of resources and lack of
knowledge regarding the physiology of fruiting body formation.

The present paper aims for compiling and reviewing the information
available in the area of physiology of fruiting body formation in
mushrooms.

MATERIALS AND METHODS
Search strategy for the present studies

Several research papers, review papers, articles and proceedings on
mushrooms were searched till May 2017. Searches were restricted
to the English language only and were limited by the period up to
June 2016.

RESULTS AND DISCUSSION

Physio-chemical factors affecting fruiting body formation of the
mushroom

Environmental effect on fruiting body development

In making a decision regarding the fruiting body formation,
environmental factors play a vital role. The ideal environmental
condition for the growth of mycelia and later on fruiting is normally
different. Development of fruiting body commonly happens after
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severely changing the environmental circumstances [12]. Vegetative
mycelium is generally produced over a broad range of temperatures.
Similarly, the formation of knots in hyphae and the stages in the
formation of primordia might not be restricted to a particular
temperature, even though these types of developments are normally
preferred at definite temperatures [12-15]. For ectomycorrhizal
fungi under artificial conditions, it'’s not surprising that the
occurrence of a symbiotic plant may permit the successful formation
of the fruiting body [16-17].

The sensing of environmental conditions has been used to
regulate fruiting body formation in Agaricus bisporus where a
change of vegetative phase to initiation of the fruiting body was
noticed. A model has been proposed in which three different
environmental factors control various stages of the reproductive
developmental process. Early differentiation of the vegetative
hyphae to multicellular knots is regulated by the eight carbon
volatile compound 1-octen-3-ol. For the later differentiation of
primordia, temperature reduction is essential. Also, carbon
dioxide level quantitatively controls the number of fruiting bodies
developed [18].

Factors regulating fruiting body development

1. Light: Intensity, duration, and wavelength of light are vital
components of any treatment. Normally, light positively affects both
aggregation of hyphae and maturation of the fruiting body, but, on
the contrary, the formation of the hyphal knot can be suppressed by
the light. When lighting is too strong or too long, stages in the
development of fruiting body are hampered too. A small light pulse
of low energy is sufficient to initiate aggregation in hyphae [19]. The
positioning of the stipe and pileus of oyster mushroom has been
shown to be controlled by the phototropic responses. Not only light
is required for the normal expansion of the pileus but also
phototropism plays a prominent role in spore formation [20]. The
light requirements are different for various stages of growth.
Mycelium growth doesn’t need light. The formation of primordia
requires light of 200lux intensity for about 12 h a day. The growth of
the fruiting body requires light of 50-500lux intensity [20].

2. CO2 concentration: The CO: content of the atmosphere may have
an intense impact on sporophore development. Higher CO:
concentrations may activate growth of mycelia and prevent fruiting
completely. Fruiting bodies might get deformed at lower CO:
concentrations, with lengthened stipes and reduced pilei [12, 13, 21,
22]. In Agaricus bisporus the concentration of CO: in the substratum
of commercial compost beds, rarely falls below 0.3%, about ten
times the normal atmospheric concentrations, and may rise to 20%
or higher during the growth of the mycelium. Concentrations above
1-5% activate stipe elongation but prevented cap expansion. Normal
sporophore development occurs at about 0.2% COz [23].

Table 1: Fruiting body shape at different COz concentration [23]

CO2 concentration (%) Diameter of cap(mm) Length of stipe(mm)
0.03 6.5 4.6
0.1 3.4 6.8
0.3 2.4 6.7
0.5 0.6 25

3. Humidity and evaporation: For pinning and fruiting, high
humidity (90-95%) is advantageous, but the substrate moisture
content might be even more critical [13, 15, 21].

4. Temperature: There is usually a range of temperature within which
sporophore development occurs. The increase of temperature within the
lower part of this range hinders development. By decreasing the
temperature by at least 5°C, after vegetative growth fruiting is generally
induced, for example, in A. bisporus to 16-18°C, in C. cinereus to 25-28'C
and in, F. velutipes to 18'C [12,13,15]. For C. cinereus the optimum
temperature for mycelial growth is about 37°C but fruit bodies are not
formed above 30°C. At each temperature tested, the growth of the
mycelium of mushroom Pleurotus ostreatus was notably faster than
mushroom Pleurotus cystidiosus. Pleurotus cystidiosus didn't grow

beyond 8 d of inoculation maintained at 36°C. In Pleurotus cystidiosus the
density of mycelium was very thin at 16°C and 36°C. This ideal
temperature effect showed that the two species of oyster mushroom
Pleurotus ostreatus and Pleurotus cystidiosus were capable to grow better
in summer and autumn season in subtropical and tropical regions. In
deprived and rising countries in Asia to enhance the production of oyster
mushroom, it provides a potential opportunity [24].

5. Salinity and pH: For growth, basidiomycetes tolerate a
comparatively large amount of salts, yet the development of fruiting
body could be more susceptible. Similarly, development of mycelia is
moderately affected by pH, but the development of a fruiting body of
various species is found to be best at neutral or somewhat acidic pH
values nearly 6-7 [13,21]or in L. edodes at a pH of 4.0 [25].
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6. Microorganisms: Presence of some organisms also affect fruiting
of some saprophytic species. There are many Agaricus strains
fruiting only when they are coupled with microorganisms like
Pseudomonas. Experiments conducted with charcoal suggest that
microorganisms influence fruiting process by removing inhibitory
compounds rather than by producing induction substances [26].
Hyphal growth gets stimulated by some bacterial metabolites too.
Like Streptomyces sp. AcH505, when associated with Amanita
muscaria, shows an increased production of auxofuran, a secondary
metabolite. This auxofuran promotes the expansion of the mycelium
of the fungus [27]. In many bacterial-fungal interactions, diffusible
molecules carries out an important role. Also, in the formation of
bacterial-fungal interactions, processes like migration and physical
contact are significant. Bacteria shows chemotaxis towards fungi
and molecules derived from fungi. It has been proved in several
instances that both detrimental and beneficial Pseudomonas sp.
exhibit taxis towards fungal mycelial exudates [28-29].

7. Media components: Polymeric alkyl pyridinium salts are water
soluble, surfactant-like compounds. They get purified in sufficient
quantity from the marine sponge Reniera sarai. Poly-APS exhibits a
wide range of biological activities, possibly due to their detergent-
like properties like cytotoxic [30], hemolytic [31], anti-
cholinesterase [32], antimicrobial [33], but, they are ineffective
against fungal cells. The rate of mycelia growth of Pleurotus
ostreatus mushroom in the growth medium does not get affected by
adding poly-APS. However; it increased the primordial formation,
which appeared 10 d earlier than in control experiments. All
concentrations of poly-APS when tested raised the production of
fruiting bodies, getting a peak at 1 mg/ml. Instead, no primordia
appeared on plates treated with either the fatty acids or the
lysophospholipids. An inhibitory effect that is of concentration-
dependent nature was exerted on the growth of mycelia of P.
ostreatus by all fatty acids or the lysophospholipids at
concentrations higher than 0.01%. Thus, it can be concluded that
poly-APS increases the process of fruiting and production of oyster
mushrooms. As it has previously been reported for a few compounds
containing nitrogen like amino acids, poly-APS also stimulates the
fruiting by serving as a nutrient supplement because of the presence
of large amounts of nitrogen [34]. Inoculation of Pleurotus ostreatus
strain Plo5 mycelium on nutrient plates containing osrteolysin
inhibits the growth of mycelia in a concentration-dependent way.
After seven days of inoculation, the growth of mycelia was
prevented by nearly 13, 60, and 85% on plates containing 10, 100,
and 250 ng/mm? of ostreolysin, respectively. It was shown that
primordial formation in control plates inoculated with Pleurotus
ostreatus (strain Plo5) got initiated at the 24t day after the
treatment with different concentrations of BSA or only with Tris-
HCI buffer. In this case, only one primordium (on a control plate
containing 250 ng/mm? of BSA) got developed into a fruiting body.
On plates treated with ostreolysin, aggregation of hyphae and
primordial formation occurred on 14 d after induction in contrast to
the control. And, in these plates, young fruiting bodies were formed
on the 22nd day [35].

Physiological effect on fruiting body development

Formation of the fruiting body is affected by the physiological and
myecelial nutritional condition [13, 36]. Compost made from straw,
chicken or horse manure, calcium, sulfate (gypsum), water and few
other nutritional supplements is a low-cost cultural substrate for
Agaricus bisporus and few other saprophytic basidiomycetes. Straw
present in compost acts as a carbon source and manure acts as a
nitrogen source. For the growth of Pleurotus, Volvariella and
Flammulina, non-composted, chopped and water-soaked straw is
used. Production of the fruiting body of Agaricus is increased by 25-
50% when supplemented with compost containing protein-rich
minerals like soybean meal [26]. Artificial media containing glucose
and malt extract are adequate for the fruiting of C. cinereus and S.
commune [37]. It is essential to maintain stability between carbon
and nitrogen sources for fruiting body induction [36]. When the
carbon, nitrogen ratio gets very high, then knots in hyphae in C
cinereus develop simply into sclerotia, a multicellular structure [38].
For the fruiting of A. bisporus the favorable C/N ratio in compost lies
between 80:1 and 10:1 [12]. Basidiomycetes usually use
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lignocellulosic substrate as a carbon source. In order to degrade the
lignocellulosic substrate, i.e. peroxidase and laccases for the
breakdown of lignin degradation and several types of glucanases,
cellulases and xylanases for the breakdown of cellulose and
hemicellulose, the fungi during their vegetative growth produces a
broad range of enzymes [26,39]. During fruiting, a connection is
indicated between change in enzyme activities and regulation of
development of the fruiting body. Like in case of A. bisporus and L.
edodes, just before fruiting body initiation, laccase activity is
maximum, but it rapidly decreases with aggregate formation. During
fruiting body development, cellulase activity is higher [25, 26, 40].

For cultivation of mushroom substrate used normally contain
organic nitrogen source, but low free ammonium, as the excess of it
can hinder the fruiting of the organisms. It has been shown that for
amino acids and NH4* in A. bisporus, various high-affinity transport
systems are present. It was found that when A. bisporus, C. cinereus
and V. volvacea (paddy straw mushroom) are grown on protein as a
carbon source, excess nitrogen produced from the breakdown of
protein is discharged as ammonium ion into the medium [26, 38].

There is an increased production of the fruiting body of the
mushroom, Pleurotus ostreatus, when it is cultivated in the solid
state on media containing sugarcane bagasse-wheat bran (5:1) with
veratryl alcohol. It is clear from the result that a new physiological
function is shown by veratryl alcohol in stimulation of fruiting body
development. During the stage of mycelial growth, laccase
production is also activated by veratryl alcohol. There are evidences
for the involvement of laccase in the physiological development of
the fruiting body [41].

It has been found that in C. cinereus due to the enhanced adenylate
cyclase activity cAMP levels rises with the light-induced initial
formation. Also, the fruiting response is associated with the
increased cAMP-protein kinase activity. There is a decrease in cAMP
level again with the proceeding development of primordia. For
cAMP production, protein activity is regulated at the post-
translational level as it has been shown by the transcript study of the
gene cac i.e. cloned adenylate cyclase [15, 38].

It has been found in the mycelium that relocation of nutrients occurs
to hold one specific or a few selected primordia. It has been
observed in C. cinereus, that there is a breakdown of storage
polysaccharides (glycogen) in the substrate mycelium during the
transition from vegetative growth to fruiting body development.
Instead, in the young primordium glycogen gets collected first in the
base of the stem, from where it subsequently disappears and during
further development gets translocated to the tissues of the gills. In
karyogamy, a gathering of glycogen in the tissues of the gills is
maximum in the early phases of fruiting body maturation but
accumulates get vanished in the developed fruiting bodies. Transfer
of glycogen is escorted by the increased activities of glycogen
synthase and glycogen phosphorylase. Undoubtedly, metabolic
energy is provided by it for mushroom development. The metabolic
energy is predicted to be 25] per fruiting body [38].

CONCLUSION

There are different environmental factors affecting the fruiting body
development of mushrooms. The positioning of stipe and pileus of
oyster mushroom is controlled by the phototropic responses. Also, CO2
concentration has an intense impact on sporophore development. In,
A. bisporus, the concentration of CO: above 1-5% activate stipe
elongation but prevents cap expansion. Temperature affects
sporophore development too. In C. cinereus, the optimum temperature
for mycelia growth is about 37°C. It has been found that in subtropical
and tropical regions two species of oyster mushroom, P. ostreatus and
P. cystidiosus grows comparatively better in summer and autumn
season. Microorganisms like Pseudomonas influences fruiting in many
Agaricus strains. Inoculation of mycelium of P. ostreatus in the growth
medium containing poly-APS the formation of primordia increased. It
has been found that for induction of fruiting body, it is essential to
maintain stability between carbon and nitrogen sources. It has also
been found that there is an increase in the production of the fruiting
body of the fungus when P. ostreatus are grown in solid state in media
containing sugarcane bagasse wheat bran (5:1) with veratryl alcohol.
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It has been shown in C. cinereus that a higher activity of cAMP-protein
kinase is associated with the fruiting response. Also, there is a
breakdown of storage polysaccharide (glycogen) in the substrate
mycelium during the transition from vegetative growth to fruiting
body development in C. cinereus.
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