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Abstract

Keywords

Mushrooms have an excellent nutritional value and are referred to as healthy food. They are a good 

(EPS), having high antioxidant activity. Hence, the present study aims to characterize a mushroom 

-

stage. Rheological analysis suggested it is dilatants in nature. Antioxidant activity measured by ABTS 
-

amined using the MDA-MB-231 cell line and found 63.49% cell inhibition compared to control. Thus, 
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Introduction
Medicinal mushrooms are used for their health-pro-

moting properties and nutritional value and as a possible 
complementary for treating diseases. Many mushrooms are 

-
pan, Korea, and some other South-Eastern countries have 
used it for 3000 years as a medicinal mushroom in a num-

or nutritional properties to mushrooms, are called bioactive 
molecules. Some mushroom metabolites, including polysac-
charides, glycoprotein, and proteoglycans, have the poten-
tial to modulate immune system response and inhibit tumor 

-
betic properties[6].

-
bohydrates secreted by an organism into the surrounding en-
vironment, are composed of sugar residues. The Biochemi-
cal properties of the EPSs depend on the primary structure of 
the EPS. The kind of glycosidic bonds and monomer types 
are important in determining their medicinal properties. 
Many medicinal mushrooms produce exopolysaccharides 

-
ity, superoxide radical scavenging, reducing properties, lipid 
peroxidation inhibition, suppression of proliferation and 

mushrooms like 
 etc., are 

also capable of providing antitumor activity[7]. 

-
-

study aims to characterize EPS for its antioxidant and anti-
tumor activity. 

Materials and Methods

Collection and isolation of mushroom sample:
-

lected from Navsari Agricultural University, Navsari campus 

carried out on potato dextrose agar (PDA) plates. For the 

stored on PDA slant at 4°C until the use.

Identi cation of mushroom
-
-

molecular characterization DNA from mushroom sample 
-

homology and submitted to GenBank.

Extraction of EPS 

prepared from dried samples using a blender for EPS extrac-

-

uanti cation of carbohydrate content  
The carbohydrate of crude sample and extracted EPS 

Characterization of EPS
-
-

TLC, HPLC, NMR and TGA analysis.

-

Thin Layer Chromatography [12] 

-
ca gel 60 (F254 Merck, Germany) using ethyl acetate: acetic 

the development of colored spots. Type of sugar present in 
-

HPLC (High Performance Liquid Chromatography) 

-

2 4 in 
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NMR

TGA analysis

also carried out in the N2 atmosphere at the heating rate of 
-

Rheology
-

301 (Anton Paar) at shear rate from 0.01 s-1 to 196 1000 s-1 
C.  

Antioxidant activity 
-

-

Antitumor Activity

inhibitory activity against the human breast cancer cell lines 
(MDA-MB-231) by MTT assay[16]. For the assay, the cells 

-

-

-
tion and Asample is the absorbance of the of the sample.

Results and Discussion

Collection and isolation of Mushrooms
-

-

Identi cation of mushroom

-

Ganoderma sp. Hence, it is 
named Ganoderma

Extraction of EPS

-

Figure 1. DNA of mushroom (a) phylogenetic tree of 
Ganoderma sp TP (b)
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uanti cation of carbohydrate content  

-

mushroom and EPS samples. 

Characterization of EPS

FTIR analysis

-
-

polysaccharide. The absorption band at 2924 cm-1 suggests 

1150-900 cm-1 is characteristic of carbohydrates and cor-

-

 HPLC analysis

of monomers in the EPS structure. Samples containing ara-

NMR

-
-

structure (Fig 3b). 

TGA analysis

-

-

molecules. Second stage degradation at 300 ºC corresponds 

after the second stage.

Rheology
Shear stress and viscosity of EPS produced by Gano-

-

model”. Hence it can also be used as a thickening agent.

Antioxidant activity

-

inhibition of radical ABTS molecules. The third assay used 

 Antitumor activity

an MTT assay. The assay is based on the cleavage of the tet-
razolium salt MTT in the presence of an electron-coupling 
reagent. To examine antitumor activity, MDA-MB-231 cells 

Figure 2. Ganoderma sp TP

TLC analysis

To identify monomers of the EPS sample, partial puri-
-

standard sugar arabinose, lactose, and ribose.
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-
centrations and incubated for 4 hrs. Formazan produced af-

absorbance directly correlates to the number of viable cells. 
-

-

mazan color production decreased gradually as EPS concen-

-

concentration.
-

tems to neutralize free radicals as free radicals could dam-
age macromolecules, resulting in serious diseases. Many 
researchers have been done exploring potential natural 
antioxidants to reduce oxidative damage. Mushrooms are 
one such source of sustainable bioactive compounds that 
have been consumed for thousands of years. Polysaccha-
rides are important bioactive components produced by 
many mushrooms.

Figure 3. 1H NMR (a) and 13C NMR (b) spectrum of EPS produced by Ganoderma sp. TP

Figure 4.
of EPS after 24-hour incubation (c)
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18S rDNA as Ganoderma sp. TP and submitted to Genbank. 

-

published data [17, 18, 19]. EPS extracted using ethanol ex-
traction method from Ganoderma -

of carbohydrates extracted from Ganoderma lucidum
Gan-

oderma sp. TP compared to  (241.8 
-

carbohydrate in EPS extracted from 
is higher than EPS from Ganoderma sp.

Polysaccharides are made up of monomeric sugar linked 

or heteropolymer, either linear or containing branched side 

the versatile nature of EPS, it carries much biological infor-
mation and helps identify structural diversity. These diverse 
structures provide regulatory mechanisms for cell-cell inter-

-

-

TLC and HPLC analysis of the exopolysaccharide ex-
tracted from Ganoderma -
binose, lactose, and ribose monomers. The polysaccharides 
isolated from Ganoderma constitute glucose, mannose, ga-

-

be bound to protein or peptide residues [2, 26, 27, 28, 29, 

of glucose, galactose, and mannose in the ratio of 69–93%, 
4–19%, 2–8%, and 1–5%, respectively, in the EPS extracted 
from Ganoderma lucidum [32]. EPS extracted from Gano-
derma lucidum contained glucose, galactose, mannose, ara-
binose, and rhamnose in a ratio of 332:55:32:13:3, respec-

EPS.
EPS structure from Ganoderma sinense -

ized by NMR spectroscopy and revealed that it contained 
mannose, glucosamine, glucuronic acid, N-acetyl- ß-D-glu-
cosamine, glucose, and galactose as EPS monomers [25]. 

-
ed previously by several researchers using various methods. 
Methods such as 2,2-diphenyl-1-picrylhydrazyl (DPPH) 

6-sulfonic acid) (ABTS) radical scavenging, ferric reducing 
-

determine the antioxidant activities of polysaccharides from 
various kinds of samples [34, 35, 36, 37(pp. 119 –132)]. 
The result of antioxidant activity by EPS suggests that it has 
almost similar activity by ABTS and DPPH assay. Mahen-

-
Gano-

derma lucidum, DPPH radical scavenging ability of crude 
EPS of G. lucidum
scavenging activity of Ganoderma sp. TP (84.58%) [38]. G. 
lucidum -

reported here [39].
Here, EPS extracted from Ganoderma -

ated on the MDA-MB-231 breast cancer cell line by MTT 

from G. lucidum -
-

cites carcinoma cells [40]. Polysaccharides PG-1 and PG-2 
from G. lucidum have immunomodulatory properties and 

cancer cell line MDA-MB-23141. Their results are in accor-

Ganoderma sinense produces a polysaccharide 

small-cell lung cancer (NSCLC) [41]. Thus, polysaccharide 

cell lung cancer. A similar study also revealed that EPS ex-
tracted from Ganoderma sp. had been reported for its anti-

-

cellulose-containing triterpenes from Ganoderma lucidum; 
the second layer of polyvinyl alcohol have polysaccharide 
from G. lucidum [43]. Carcinoma cells, such as SGC-7901, 

only antitumor but exopolysaccharide from Ganoderma sp. 
has also been reported for their antioxidant, antiviral, anti-
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Conclusion
Ganoderma sp TP (Accession No. MF614913) contains 

-
charide molecules. Chemical characterization of EPS by 
various analyses revealed that Ganoderma sp TP contain-
ing novel monomer arabinose, lactose, and ribose monomer 

antioxidant activity measured by ABTS and DPPH suggests 
-

press tumor cell lines, as evidenced by 63.49 % cell inhibi-
tion of the MDA-MB-231 cell line. Hence, EPS produced 
by Ganoderma
from Ganoderma sp., can be used as a potential immuno-

in insight mechanism as an antitumor agent. Thus, EPS ex-
tracted from Ganoderma sp TP can be used as a food supple-
ment to boost immunity.
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