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Mushrooms have been valued as high tasty nutritional and nutraceutical foods
throughout the world. At present 270 species of mushrooms are known to have various
nutritional and therapeutic properties. Numerous species of wild mushrooms are
consumed as a delicacy all over the world. Credible evaluation of their nutritional value
has so far been limited due to fragmentary knowledge of their composition and mainly
due to the very limited information on the availability of their constituents. The
biomolecules like polysaccharides, proteins produced by Ganoderma lucidum gain
importance for their antimicrobial and antioxidant properties. Polysaccharides of
mushrooms are used for their pharmacological properties as immunostimulators. The
mushrooms screened in this study are good producers of exopolysaccharides (EPS) and
intracellular polysaccharides (IPS). Ganoderma lucidum was the best producer of
polysaccharide among all the strains. The significance of EPS and IPS was well established
in medicine (1-3). They are well known due to their antidiabetic, antitumor and
hepatoprotective activities, and so are likely to be used in the preparation of novel drugs.
It is suggested that a thorough study on the optimization and characterization of these
biomolecules is essential to exploit this mushroom on an industrial scale.
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Mushroom is a macrofungus with a
distinctive fruiting body which can be hypogeous
or epigeous, large enough to be seen with the
naked eye and to be picked by hand*. Many
bioactive compounds have been found in
mushrooms, some of which inhibit the growth of
cancer cells in-vitro, have antiviral activity in-vitro
or have other health benefits in-vivo. These
substances may be useful as starting materials for
the development of chemotherapeutic agents in
cancer treatment and for other ailments®.
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There are many biologically active
metabolites present in the mycelium of mushrooms
grown in submerged culture®. Researchers
investigating Ganoderma for bioactivity have
found active compounds in the liquid cultivated
mycelium’” and in the culture medium'® ', The
spores have also been found to be a valuable
source of bioactive compounds'? 3.

Ganoderma is a member of the polypores,
a group of fungi characterized by the presence of
pores instead of gills on the lower side of the
fruiting body. Gandoderma lucidum is considered
to be one of the most beautiful shelf fungi. It is
distinguished by its varnished, red surface. It is a
saprophytic fungus that tends to grow more
prolifically in warm climates on decaying hardwood
logs and stumps. Under commercial cultivation
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conditions, Ganoderma lucidum is normally grown
on artificial saw dust or logs.

The major bioactive polysaccharides
isolated from Ganoderma species are glucans,
particularly B-1-3 and B-1-6 D-glucan. The basic
structure is 3-1-3 D-glucopyronan with 1 to 15 units
of B-1-6 monoglucosyl sidechains'*. Other
polysaccharides of Ganoderma lucidum are
heteropolysaccharide glycoprotein
(polysaccharides conjugated to proteins) or a
group of polysaccharides known as ganoderans
A, Band Cb,

Attention has recently been focused on
the development of immunotherapeutic
compounds that can identify and eliminate cancer
cells as foreign matter (non-self), or be able to act
on substances such as immunopotentiators,
immunoinitiators and biological response modifiers
(BRM)".

Garibova et al.,'7 believed that
therapeutic properties of Ganoderma lucidum are
determined by its unique chemical composition. It
contains proteins, lipids, polysaccharides,
phenolic compounds, steroids, terpenoids, and
microelements, including germanium, which
ensures intensive oxygen consumption by cells.
Phenolic compounds have significant biological
and pharmacological properties, and some have
demonstrated remarkable ability to alter sulfate
conjugation. The bioactivity of phenolics may be
related to their ability to chelate metals, inhibit
lipoxygenase, and scavenge free radicals'®.
Ganoderma lucidum has been in many clinical
studies with animals and humans, reporting the
beneficial results. The high-molecular-weight
polysaccharides from the cell walls of G lucidum
are physiologically active. They are used against
various diseases like diabetes, Alzheimer’s disease,
dyspnea, leucopenia and insomnia. They also
show hepatoprotective effect in animal and human
studies. Hence the present study was undertaken
with the objective of screening the potential
mushrooms for useful polysaccharides and
determining the content of biomolecules in
mushrooms.

MATERIALS AND METHODS

Isolation and maintenance of macrofungi
The fruiting bodies of basidiomycetous
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fungi were collected in rainy season from the
surroundings of Warangal district, Andhra Pradesh
from decaying wood, living trees, soil and decaying
leaf litter. A total of 10 fungal species were isolated,
which were mostly belonging to Polyporales,
Aphyllophorales or Agaricales. The characteristics
of'the fruit bodies were corticoid, effused, stereoid,
effuoro reflexed, coralloid, dimidiate, cyphelloid,
polyporoid, agaricoid or boletoid. The fruit bodies
were photographed before collection for
identification and then were preserved by sealing
in polythene bags. A small piece of fruiting body
was dipped in 0.01% mercuric chloride to remove
the surface contamination and washed several
times with distilled water to remove the traces of
mercuric chloride and transferred aseptically on
3% malt agar slants. Slants were incubated for 5 to
7 days and were observed. The mycelium collected
from the growing edge was transferred into fresh
malt agar slant and incubated further for 5 to 7
days. This was repeated 2 to 3 times to get pure
isolates and was stored at 4°C. Approximately 2
mm? of mycelial mat was removed from slants and
was allowed to grow on malt agar slants for 7 days
and was used for further studies.
Screening for exopolysaccharide and
endopolysaccharide
Exopolysaccharide

A liquid culture medium (g/L) with
peptone 1.0; yeast extract 2.0; K.HPO, 1.0;
MgSO0,.7H,0 0.2; (NH,),SO, 5.0; glucose 20.0 (pH
6.0) was selected in preliminary studies as it was
ideal for exopolysaccharide production by
basidiomycetes (19). Erlenmeyer flasks containing
100ml of sterilized culture media were inoculated
with the suspension of fungal mycelium grown on
malt extract agar slants and were incubated at 27°C
for both still and shake flask cultures. Shake flask
cultures were kept on rotary shaker at 150g for 14
days.
Endopolysaccharide

The mushrooms were grown in liquid
culture media for 7 and 14 days and the lower part
of mycelial mat was separated from the media.
Mycelial mat was washed with distilled water,
lyophilized and weighed for their dry weight. The
dried mycelium was washed with 80% ethanol,
submerged in distilled water, autoclaved at 120°C
(1.5 atm) for 1 hour and centrifuged. The filtrate
was mixed with equal volume of isopropanol,
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stirred vigorously and then left overnight at 4°C
for precipitation. The precipitated intracellular
polysaccharide was centrifuged at 3,000 g for 20
min, redissolved with distilled water and
centrifuged again. The IPS was weighed after
lyophilization of the supernatant.
Screening for polysaccharide

7 and 14 days culture was filtered to
separate fungal biomass which was washed twice
with distilled water and quantified as dry weight
(105°C to constant weight). [sopropanol was added
to the culture filtrate (1:1 v/v) and after 24hrs at
4°C, the precipitated biopolymer was separated by
centrifugation (4,000 g for 15 min) and also
quantified as dry weight.
Preparation of sample

1 gm of dry mat was macerated in 10 ml of
Tris-Hcl (pH 6.6) and centrifuged at 300 g for 15
min. 5 ml of TCA was added to the supernatant.
The precipitate formed was used for protein
estimation and the supernatant was taken to
quantify carbohydrate. 10 ml of 80% ethanol was
added to 1 gm of dry mat, macerated and then
centrifuged at 300 g for 30 min and the supernatant
was taken to quantify amino acids.
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Quantification of biomolecules of Ganoderma
lucidum

The polysaccharides in the mat of the
Ganoderma Ilucidum were analyzed by anthrone
method*. The proteins in the mat of the
Ganoderma lucidum were analyzed according to
Lowry et al.,*'. Amino acid content was quantified
by ninhydrin method®. Total phenolic constituent
was determined by employing the methods given
in the literature? involving Folin—Ciocalteu reagent
and gallic acid as standard.

RESULTS AND DISCUSSION

Based on the fruit body characters, the
fungi were identified by Friesian classification
system proposed by Swedish Mycologist Elias
Fries®. All the species produced white coloured
myceliun and grow by spreading over the medium
two days after incubation. The collected fungal
strains were screened for the production of EPS.
All the strains produced exopolysaccharide in
different quantities in still culture (Table 1). The
best yield was shown by Ganoderma lucidum
which produced a biomass of 6.8 g.dr.wt/l after

Table 1. Screening of polysaccharides from Basidiomycetes Species

Basidiomycetes Species Incubation Biomass IPS EPS
Period in days g.dr.wt/l (mg/g) @)

Ganoderma lucidum 7 6.8 551.70 6.8
14 6.2 482.70 6.2

Schizophyllum commune 7 1.2 325.00 5.2
14 3.0 309.52 5.8

Daedoleopsis confragosa 7 4.2 500.00 5.0
14 44 200.00 3.6

Pleurotus ostreatus 7 4.6 450.00 5.8
14 5.0 277.00 3.4

Abortiporus biennis 7 3.2 318.00 5.8
14 3.6 311.00 5.4

Trichaptum biforme 7 1.6 352.94 5.2
14 5.0 300.00 3.4

Tephrocybe ambusta 7 1.8 470.00 5.0
14 1.8 333.00 4.8

Pycnoporus coccineus 7 4.0 142.00 4.6
14 4.8 360.00 4.6

Calvatia sculpta 7 3.2 181.18 4.6
14 3.6 142.85 4.0

Antrodiella semisupiforme 7 1.0 500.00 6.6
14 1.8 200.00 4.6
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Table 2. Biomolecules of Ganoderma lucidum
10 and 20 days after incubation

Biomolecules Quantity of Biomolecules in mg/g
Duration of Incubation
10" Day 20" Day
Carbohydrates 300 160
Proteins 260 180
Amino Acids 520 310
Phenols 22 35

7 days of incubation and 6.2 g.dr.wt/l after 14 days
of incubation. The least biomass was produced by
Antrodiella semisupiforme after 7 and 14 days of
incubation i.e., 1.0 g.dr.wt/l and 1.8 g.dr.wt/l
respectively. There is no relation between biomass
and EPS production and in some cases a
considerable decrease of biopolymer was observed
after 14 days of incubation. Rosana et al.,*
reported the screening of basidiomycetes for the
production of EPS and biomass in submerged
culture. According to them, different strains of
Schizophyllum commune, Pycnoporus sanguinvus
and Trametes villosa showed different biomass
and polymer production. In this study, Ganoderma
lucidum was found to be the best producer of IPS
with a yield of 551 and 482 mg/g after 7 and 14
days of incubation respectively. Also, Ganoderma
lucidum produced the highest content of EPS
when compared to other strains with a yield of 6.8
g/l and 6.2 g/1 after 7 and 14 days of incubation.

Biomolecules like Proteins,
Carbohydrates, Amino Acids, and Phenols were
estimated in Ganoderma on10" day and 20" day
of incubation (Table 2). Among the different
biomolecules looked for, amino acids were found
to be maximum, which ranged between 310 — 520
mg/g. Kim et al.,” studied the amino acid
components of Ganoderma lucidum and a mixture
of glutamine and glutamic acid, indicated glx, was
the greatest component at 1.01 mg g/1. The presence
of appreciable amount of amino acids in
Ganoderma sp. makes it a potential valuable
product for future research in the food industry
and medical drugs development.

The content of carbohydrates was 300
mg/g after 10 days of incubation and reduced after
20 days of incubation (160 mg/g). The reduction
was around half with increase in number of days
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of incubation time. As the main carbon and energy
source for most fungi, carbohydrate may play an
important role in cell growth and polysaccharide
production. Total content of soluble sugars or
polyols were determined in other species of
mushrooms like, Agaricus blazei and Boletus
edulis to be 150-225 mg/g*. They noticed an
amount of 6.96-20.8 mg/g in soluble sugars in the
P. eryngi contributed a sweet taste. The antitumor
polysaccharide differs greatly in their sugar
composition and consequently in chemical
structure but one common feature is their relatively
high molecular weight®. It has been reported that
polyglucans with a higher molecular weight (10*¢
daltons) tend to have greater water solubility and
therefore, have more effective antitumor activity®.
Water insoluble polysaccharides in Ganoderma
species known as diet fibres have displayed
antitumor activity. Antitumor activity in-vitro has
also been linked to the frequency of
polysaccharide branching, which changes with
each stage of mycelial growth?".

Ten days culture of Ganoderma lucidum
showed more protein content (260 mg/g) than 20"
day (180 mg/g). Vetter and Rimoczi*® reported the
highest crude protein content together with the
highest digestibility of 92% in cultivated Pleurotus
ostreatus at a cap diameter of 5-8 cm. The
composition of the mushroom proteins seems to
be of a higher nutritional value than that of most
plant proteins®.

The total phenolic content of G lucidum
was estimated by the Folin cioclteau method as
35.0 mg GAE/gm of dry extract. The total phenolic
content per 1 g of dry extract was higher than that
reported for garlic extract (0.98 mg GAE per gram
of extract)*, but much lower than reported for
content of total phenols per gram of asparagus
extract (46.95 mg GAE/g extract) *'. The phenolic
content of mushrooms could make a significant
contribution to the antioxidant properties. Human
diet containing medicinal mushrooms possessing
antioxidative properties would be potentially useful
to help human body to reduce oxidative damage
Medicinal mushrooms, including Ganoderma
lucidum containing phenolic compounds have
shown limitless potential in functional foods and
medicinal industries*>. The broad-spectrum
medicinal property of G lucidum might be due its
significant antioxidative activity. Earlier reports
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also confirm this conclusion®.

Rich flora of Ganoderma is available in
South India, therefore, exploitation of the
polysaccharides of this mushroom would be highly
beneficial for healthcare. Overall, our report from
the present analysis should be ground data for
undertaking further study, and the information will
be useful for investigating new mushroom materials
for food additives and human health.
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