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ABSTRACT

Exploration of coprophilous mushrooms as a source of biologically active compounds is gaining importance in recent years. The present study was
designed to determine the mycochemicals present in the methanolic extracts of fruit bodies and mycelia of coprophilous fungus Coprinopsis cinerea
(KX468975) by qualitative methods and evaluation of their volatile components by gas chromatography coupled with mass spectroscopy. The
qualitative mycochemical analyses of fruit bodies and mycelia have shown the presence of important chemical constituents such asalkaloids,
terpenoids, flavonoids, cardioglycosides, quinones, phenols and tannins. Further, GC-MS analysis of methanolic extracts of fruit bodies and mycelia
have led to the identification of 16 types of organic compounds belonging to n-alkanes, 1-alkenes, 1-alkanols, free fatty acids, alkyl esters, saturated
and unsaturated fatty acids, sterols, triterpenes, mono and sesquiterpenes, 1-amines, aldehydes and amide groups. This provides baseline information
about the bioactive constituents of Coprinopsis cinerea in providing valuable compounds of with significant medicinal values
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INTRODUCTION

Mushrooms are widely used as food not only for its delicacy
but for its nutritional and medicinal values. They are low in
calories, sodium, fat and cholesterol, while rich in protein,
carbohydrate, fibre, vitamins and minerals (Chen and Ho,
1986; Lindequist et al., 2005; Barros et al., 2007).

Bioactive molecules produced by mushrooms are mainly
belonging to polysaccharides; glucans, terpenoids, phenolic
compounds, lectins, statins, etc. having immune-modulating,
antioxidant, genoprotective, antitumor, hypocholesterinemic,
antidiabetic, hepatoprotective and other medicinal effects
(Tiwari et al., 2011; Alves et al., 2012; Badalyan, 2014).
Many pharmaceutical substances with potent and unique
health enhancing properties have been isolated from
mushrooms either from the mycelia or fruit bodies and are
consumed in the form of capsules, tablets or extracts.
Metabolite information on coprohilous mushrooms is
essential to understand their pharmaceutical and nutraceutical
importance.

In the last few years, gas-chromatography coupled mass-
spectrometry (GC-MS) has become firmly established as a
key technological platform for secondary metabolite
profiling in living organisms (Petrova et al., 2007). And also
many reports are available till date on the identification of
volatile constituents of wild and cultivated mushroom
extracts using GC-MS (Cho et al., 2008).

Coprinopsis cinerea, a coprophilous basidiomycete also
called as inky cap mushroom belonging to the family
Psathyrellaceae, is used as a model organism to study fruit
body development in mushrooms (Kiies and Liu, 2000).
According to several reports, C. cinerea is extensively used in
the production of pharmaceutically important antimicrobial
peptides (Essig et al., 2004), insecticidal peptides, cellulases,
industrially important xylanases (Kaur et al., 2011) and
laccases (Wang et al., 2014). The primordium of C. cinerea is
chiefly used as a culinary food in Srilanka, Malaysia and

Thailand countries. Although, several reports are available on
the application of Coprinopsis cinerea on various fields, its
chemical constituents and metabolite profile is not much
reported. Hence, the present work was carried out to elucidate
the mycochemical and volatile constituents of the methanolic
extracts of Coprinopsis cinerea (KX468975) mycelia and
fruit bodies using qualitative methods and GC-MS.

MATERIALSAND METHODS

Chemicals and reagents : All the chemicals and reagents
used in the present study were of AR grade and HPLC grade
purchased from Hi-Media and Sisco research laboratories
(SRL), Mumbai, India.

Fungal culture : The pure culture of C. cinerea (KX468975)
isolated from horse dung was used for the present study and it
was maintained in 2% wheat flour agar (WFA) medium at 4°C
until use (Mohankumar and Savitha, 2017).

Submerged fermentation : Submerged fermentation was
carried out to cultivate C. cinerea (KX468975) in 2% wheat
flour broth (WFB) medium incubated for 7 days at 30°C, pH 6
under dark. After the fermentation the mycelia was separated
from culture filtrate and used for the extraction of metabolites
(Mohankumar and Savitha, 2017).

Extraction of metabolites

The fresh fruit bodies and mycelia of C. cinerea (KX468975)
were dried in an oven at 50°C until constant weight was
obtained. Ten grams of dried material was extracted with 100
ml of analytical methanol (Himedia, India) for 72 hrs, the
process was continued three times. The combined extracts
were filtered through Whatman filter paper no. 1 and
concentrated to dryness using rotary vacuum evaporator. The
concentrated extract was dissolved in methanol (10mg/ml)
and used for qualitative myco-chemicals and GC-MS
analysis (Roy and Krishnappa, 2018).

Qualiatative mycochemical analysis of methanolic
extracts of C. cinerea (KX468975) : The methanolic extract
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of C. cinerea (KX468975) fruit bodies and myceliaprepared
in the previous step was analysed for the presence of
mycochemicals including carbohydrates, cardioglycosides,
terpenoids, tannins, phenolic compounds, proteins and
quinones according to the methods described by Gull ef al.,
(2013).

Test for carbohydrates : One ml of each extract was taken in
test tubes separately and treated with 5 ml of Fehling's
solution (Solution A: 34.6 g of copper (II) sulfate
pentahydrate dissolved in 500 ml distilled water, Solution B:
125 g of potassium hydroxide and 173 g of potassium sodium
tartrate tetrahydrate dissolved in 500 ml of distilled water,
combine solution A and solution B (1:1) just before use). The
test tubes were placed in boiling water bath for 5 minutes and
observed for the appearance of yellow or red colour
precipitate, which indicates the presence of reducing sugars.

Test for cardioglycosides : Five ml of each extracts was
taken in test tubes separately and treated with 2 ml of glacial
acetic acid having a drop of ferric chloride solution. One ml of
the concentrated sulphuric acid was added to each test tube.
The tubes were observed for the appearance of brown colored
ring at the interface indicating the presence of cardio-
glycosides.

Test for terpenoids : Five ml of each extract was taken in test
tubes separately and mixed with 2 ml of chloroform. Further,
concentrated sulphuric acid was added along the tubes to form
a layer and observed for the appearance of reddish brown
colour at the interface.

Test for tannins : Two ml of each extract was mixed with few
drops of 0.1% ferric chloride solution in test tubes and
observed for the appearance of brownish green colour.

Test for phenolic compounds : One ml of each extract was
mixed with 4 drops of ethanol and 3 drops of 0.1% ferric
chloride solution in test tubes separately and observed for the
appearance of red colour.

Test for proteins : One ml of each extract was taken in test
tubes separately and two drops of freshly prepared 0.2%
ninhydrin reagent (2.5 g of ninhydrin dissolved in 50 ml n-
butyl alcohol on mild heating and stirring and diluted 500 ml
with n-butyl alcohol) was added. Then the test tubes were
heated for few minutes and were observed for the appearance
ofblue colour.

Test for quinones : Few drops of IN sodium hydroxide
solution were mixed with 1 ml of each extract in test tubes
separately. Test tubes were observed for the appearance of red
colour indicating the presence of quinones.

GC-MS analysis : GC-MS analysis of volatile constituents
of C. cinerea (KX468975) fruit bodies and mycelia was
carried out on gas chromatograph (Hewlett Packard 5890)
linked to a mass spectrometer (Hewlett Packard 5972) with a
capillary column SPB-50 (30 m % 0.32 mm, 0.25 pm film
thickness). A helium carrier gas was used with a temperature
programme set at 270°C - 290°C at a rate of 4°C min" with a
20 min hold. The ion source was set at 250°C with the

ionization voltage at 70 eV3. The MS transfer line was
maintained at a temperature of 250°C and TSQ 8000 Triple
Quadrupole MS detector was used for the analysis. The
obtained MS data was evaluated for identification and
quantification of compounds by total ion count (TIC) (Roy
and Krishnappa, 2018).

Identification of compounds : Identification of compounds
was carried out by searching mass spectra of the components
with the data available in National Institute of Standards and
Technology (NIST) library.

RESULTS

Mycochemical constituents of methanolic extracts of C.
cinerea (KX468975) fruit bodies and mycelia : The results
of qualitative mycochemical screening of methanolic extract
of C. cinerea (KX468975) fruit bodies and mycelia revealed
the presence of carbohydrates, proteins, cardioglycosides,
terpenes, quinones, tannins, alkaloids, flavonoids and
phenolics in varying proportions (Table 1). Tannins were
absent in all the extracts.

Table 1: Mycochemical constituents of methanolic extracts
of C. cinerea (KX468975) fruitbodies and mycelia

Mycochemical Methanolic extract
constituents Fruit bodies Mycelia
Carbohydrates + +
Terpenoids - +
Cardioglycosides + +
Proteins + +
Phenols + +
Quinones + +
Tannins - -
Alkaloids

Flavonoids + +

('+' Indicates present, '-'Indicates absent)

GC-MS analysis : In this study, the GC-MS analysis of
methanolic extracts of C. cinerea (KX468975) fruit bodies
and mycelialed to the identification of 16 volatiles in varying
proportions (Fig. 1 & 2). All the 16 mycochemicals with their
retention time, molecular formula, molecular weight and
concentration (peak area %) are presented in the table 2 & 3.
The mass spectrometer analyzes the nature and structure of
the compounds eluted at different times. The most prevailing
compounds were p-anisaldehyde (13.96%), hexadecanoic
acid (4.55%), stearolic acid (34.52%), cis-vaccenic acid
(14.12%) and resorcinol pentadecyl (16.63%) in the metha-
nolic extract of C. cinerea (KX468975) fruit bodies (Table 2)
and succinic acid dimethyl ester (33.67%), palmitic acid
methyl ester (11.80), 9,12-octadecadienoic acid methyl ester
(14.40%) and methyl lignocerate (8.62%) in the methanolic
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extract of C. cinerea (KX468975) mycelia (Table 3).
DISCUSSION

The exploration for novel drugs from coprophilous fungi had
advanced from past one decade due to the exclusive diversity
of bioactive compounds reported (Bills et al, 2013). Gas
chromatography coupled with mass spectroscopy (GC-MC)
is proved to be suitable for the interpretation of the volatile
constituents of the mushrooms (Zhang et al., 2008; Cho et al.,
2008). Extraction is the main step for the recovery and
isolation of bioactive mycochemicals from mushrooms,
before component analysis (Karimi and Jaafar, 2010).

GC-MS chromatogram of methanolic extract of C. cinerea

(KX468975) biodiesel (Pratas, 2011). Octadeca-
dienoic acid (Z, Z) detected in the fruit
bodies extract have the property of anti-

inflammatory, hypo-cholesterolemic and antiarthritic
activities (Gomathi ef al., 2015). Stearolic acid is a major
components present in the methanolic extract of fruit bodies
and mycelia of C. cinerea has the property of DNA binding
and antifungal activities against Candida and Trichophyton
spp. (Lietal., 2008). Further, study is aimed at establishing its
pharmaceutical and nutraceutical importance.

CONCLUSION
In recent years, consumption of synthetic drugs has resulted

in some side effects and has posed severe health risks. Thus,
mushroom based compounds are preferred over the synthetic
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Table2: Listofvolatile constituents identified in methanolic extract of C. cinerea (KX468975) fruit bodies by GC-MS

Compound Name Molecular Molecular  Retention time Peak
formula weight JEHCS)
Toluene C7Hs 92 3.12 1.47
p —Anisaldehyde CsHsO2 136 11.17 13.96
Hexadecanoic acid Ci12H3202 256 23.31 4.55
Stearolic acid Ci1sH3202 280 26.57 34.52
cis—Vaccenic acid CisH3402 282 26.65 14.12
9,12—Octadecadienoic C21H3504 354 35.52 1.66

acid (Z,72)—,2,3—
dihydroxypropyl ester
Resorcinol, pentadecyl C21H3602 320 35.84 16.63

B — sitosterol C29H500 414 38.82 13.05

Table3: Listofvolatile constituents identified in methanolic extract of C. cinerea (KX468975) myceliaby GC-MS.

Compound Name Molecular Molecular Retention time Peak
o
formula weight area (%o)
2,3—Butanediol CsH1002 90 3.59 8.44
Succinic acid, dimethyl CeH1004 146 7.44 33.67
ester
Palmitic acid, methyl ester  C17H340: 270 22.67 11.80
Hexadecanoic acid Ci6H3202 256 23.30 6.01
9,12-Octadecadienoic acid, C;9H3403 294 25.89 14.40
methyl ester
Stearolic acid CisH3202 280 26.52 13.60
Behenic acid, methyl ester ~ C23Hu602 354 33.16 3.42

Methyl lignocerate C25Hs5002 382 36.12 8.62
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one which causes minimal side effects. The volatiles
represent a new frontier in bioprospecting, and study of these
compounds promises the discovery of new products for
human exploitation and will provide basis for future research
work. In the present study, 7 mycochemicals and 16 bioactive
constituents have been identified from methanolic extracts of
fruit bodies and mycelia of C. cinerea (KX468975) by
qualitative and GC-MS analysis. As far as we know, this work
is the first approach to report the volatile constituents of C.
cinerea (KX468975) by using GC-MS. The presence of these
medically important mycocompounds justifies the nutritional
and medicinal values of C. cinerea and can be exploited
commercially. Further, studies on isolation and identification
of bioactive compounds have to be performed to determine
the bioactivity of each compound.
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