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Abstract

Objectives: The objective of the present study was a comparative evaluation, the effect of
extraction methods and solvents on the mycochemical, proximate composition, Total phenolic
content, Total flavonoids content, Phenotipical characters in lignicolous fungi sporophore of
Ganoderma lucidum and G. applanatum collected from different localities of district Krishna,

Andhra Pradesh, India.

Methods: in the present study, Sporophore extracts of water, Methanol, Ethanol, and
Hydromethanol were prepared using ‘Green extraction’ methods such as Maceration
Maceration water bath, and reflux assisted solvent extraction. The extracts and sporophore of

lignicolous fungi was screened for Phenotypic characters by standard methods of
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identification, Mycochemical test and Proximate evaluation by Indian Pharmacopoeia
Commission, total phenolic content total flavonoid content was estimated by spectroscopic

methods taking Gallic acid, Rutin as standards respectively.

Results: Ganoderma lucidum differs from G. applanatum in phenotypical characters. The
solvent used for extraction and extraction methods played an important role on mycochemical,
Proximate composition, Total phenolics and flavonoids content of G. lucidum and G.
applantum powder extract. This proximate composition work aims at standardization of white
rot fungi sporophore powder of G. lucidum and G. applanatum that will help to identify the
genuine species and check for adulteration of sporophore powder available commercially. The
Maceration water bath assisted extraction method is the best extraction method compared to
maceration and Reflux extraction methods for all parameters studied in this work. The highest
total phenol content was shown 111.18 mg GAE/g in G. lucidum 50% methanol extract
prepared by water bath method. The G. applanatum showed better total flavonoid content
when compared to G. lucidum. The highest total flavonoids content was shown 39.28 mg

rutin/g in G. applanatum 50% methanol extract prepared by water bath method

Conclusion: Present study proves that the effect of extraction method and solvent influencing
the mycochemical composition like total phenol content total flavonoid content in lignicolous
fungi. The proximate composition evaluation is very much useful for standardisation of G.

lucidum and G. applanatum in powder form.

Keywords: Lignicolous fungi, Extraction method, Mycochemicals, Proximate composition,

Ganoderma

Introduction

Ayurvedic treatment is one of the most ancient treatment systems against various diseases in
the Indian subcontinent. The medicine of ayurvedic treatment came from various green plants,
nongreen plant, and their plant parts. Chemical compounds naturally produced or derived
from the nongreen plant-like fungus is mycochemicals. The macrofungi like Mushrooms
produce a variety of secondary metabolites like mycochemicals includes alkaloids, flavonoids,
phenolic compounds, polyketides, terpenes, and steroids. These mycochemical compounds

bear tremendous importance for mankind, displaying a broad range of useful antibacterial,



Anti-cancerous, Anti-inflammatory, antiviral and pharmaceutical activities, at the same time
bear less toxic effects (Asatiani et al., 2010). The Macro fungus Ganoderma (Lingzhi, Reishi
or Mannentake) is used in traditional Chinese herbal medicine, nearly 4,000 years ago
(WachtelGalor et al 2004). It belongs to family Ganodermataceae have 8 genera and around
250 to 400 species. Ganoderma lucidum is one of the fungi from this family that has been
extensively used as various therapeutic agents. It contains approximately 400 different
Mycochemical bioactive compounds showing a number of pharmacological effects. But the
mycochemical compounds of G. lucidium are changed from one habitat to another habitat.
Some important pharmacological properties of Ganoderma are an ability to reduce the risk of
heart disease, cancer, and stimulation of the immune system (Russell and Paterson 2006).
Beneficial properties of the Ganoderma species are because of mycochemical bioactive
components like polysaccharides, triterpenes, sterols, lectins and some protein etc. (Ferreira et
al., 2010). In our country, it is rare to investigate the biological principles of Ganoderma
species. So, it is important to evaluate the mycochemical composition in different extracts, the
effect of extraction method on mycochemicals, proximate compounds of white rot fungi like
Ganoderma species. In the present study two white rot fungi i.e. G. lucidum and G.
applanatum are compared in terms of mycochemical extraction methods, different solvent

extracts, Proximate compounds, total phenolic content, total flavonoid content.

Materials and methods
Collection of fungi

The sporophores of Ganoderma lucidum and G. applanatum were collected from Andhra
Pradesh, India, during the rainy season (July—September) of the years 2014 to 2017. Field
characters like habit, host, name of the locality, and other morphological features were
recorded for sample specimens. Voucher specimens of G. lucidum (ALC 2) and G.
applanatum (ALC 10) have been deposited at the herbarium of the Museum of Botany
Department, Andhra Loyola College (ALC), Vijayawada, Andhra Pradesh, India.

Taxonomic studies

Macroscopic features like abhymenial, hymenial surfaces, context, and pore tubes of both
species were examined. Microscopic features like hyphae, basidiospores, and pilear crust
were observed by preparing crush mounts and free-hand sections in water, 5% KOH solution,

and staining was done with cotton blue (1%, in lactophenol), and Melzer’s reagent for



identification of specimen (Nagadesi et al., 2016). Basidiospore measurements like mean
length, mean width, size range, and spore index were determined for 10 basidiospores

(Parmasto et al., 1987).
Preparation of Extraction

The fruiting body of G. lucidium G. applanatum was cut into fine pieces, powdered by using
mixer grinder and sieved by using sieve number 100 having 0.15mm diameter. For preparing

the extracts water, methanol, and ethanol was used as solvents.
Maceration

Exactly 5 grams of sporophore powder is soaked in 100 ml of solvents comprises of water,
methanol, ethanol, and hydro-methanol (50:50) separately. All the samples are left at room
temperature for 24 hr in dark. Then the samples are filtered by using Whatman filter paper
No.1 and the filtrates stored at 4°C for further use to perform mycochemical qualitative and

quantitative tests.
Maceration Water Bath

Exactly 5 grams of Ganoderma species powder is soaked in 100 ml of solvents like water,
methanol, ethanol, and hydro-methanol (50:50) separately. All the samples extract are
prepared by heating in Maceration Water Bath at 80°C for 1 hour. Then the extracts are
filtered through Whatman filter paper No.l1 and the filtrates stored at 4°C for further use to

perform mycochemical qualitative and quantitative tests.
Reflux apparatus

For every 5 gram of Ganoderma powder, 100 ml of solvent is used and it is subjected to
extraction by using a reflux apparatus. After the completion of extraction, it is centrifuged and
the supernatant was filtered through Whatman No. 1 filter paper and the filtrates stored at 4°C

for further use to perform various assays for determination of bioactivity mycochemicals.
Mycochemical tests

The screening of bioactive mycochemicals in fresh sporophores of G. lucidum and G.
applanautm is tested by using standard methods of Indian Pharmacopoeia followed by Evans
and Trease 1989, Gokhale 1993, Trease, and Evans 1996, Harborne 1973 and Shanmugam
and Kumar, 2010.

Proximate evaluation



The pulverized sporophore of G. lucidum and G. applanatum was used for the standardization
of mycochemical parameters in triplicate. Foreign matter, moisture content, extractive values,
ash values (Gaithersburg 2000, Indian Pharmacopoeia Commission (2007).) dry matter
(Kornerup and Waanscher 1978), absorption properties, foaming properties (Aremu et al.,
2007), emulsion values (Yatsumatsu et al.,1972), dispersibility (Kulkarni 1991), flow

characteristics, swelling index (Terangpi 2013) were determined.

Quantification of mycochemicals

Total phenolic content (TPC)

TPC in all extracts was determined by the Folin- Ciocalteu calorimeter method based on the
procedure of Singleton and Rossi (1965). The extract (50mg) was mixed with folin-Ciocalteu
reagent (0.5ml) and deionized water (7.5ml). The mixture was kept at room temperature for 5
minutes and then 10ml of 7% sodium carbonate was added to the mixture and then incubated
for 90 minutes at room temperature. After incubation, the absorbance against the reagent
blank was determined at 760nm. Total phenolics content was calculated from calibration
curve equation of gallic acid (y = 1.511x - 0.283, R? = 0.996) and expressed as mg of gallic
acid (GAE) equivalents per gram of sporophore powder (Yogita et al 2013). All samples were

analyzed in triplicates for each method and solvent.
Total flavonoid content (TFC)

The TFC was measured following a spectrophotometer method (Dewanto et al., 2002). 1ml
(100ug/ml) of the extract was diluted with water (4ml) in a 10ml volumetric flask. Initially,
5% NaNO; solution (0.3ml) was added to each volumetric flask. After 5 minutes, 10% AICl3
(0.3ml) was added and 2.4ml water was then 3 added to the reaction flask and mixed well.
The absorbance of the reaction mixture was read at 510nm/425nm for Rutin. Total flavonoid
content was calculated from calibration curve equation of rutin (y = 2.342x - 0.07, R?> = 0.997).
The total flavonoids content of the extracts was expressed as mg rutin equivalents per gram of
sporophore powder (Abdurrahman et al., 2013). Three readings were taken for each sample

and the method

Results

Taxonomic studies



A survey was conducted during 2014-2016 for the collection of wood decay fungi from living
trees in Krishna district, Andhra Pradesh, India. The two species of Ganoderma was identified
as Ganoderma lucidum (Curtis) P. Karsten, Ganoderma applanatum (Per.) Pat. and their
macroscopic and microscopic characters are described in Table 1, 2. When you compare both
species, G. lucidum have annual habit whereas G. applanatum has a perennial habit. G.
lucidum have stalk whereas G. applanatum not having the stalk. The context was brown in
lucidum whereas light brown in applanatum. The pores per mm were 5-6 in lucidum whereas
4-5 in applanatum. The hyphal system was trimitic in case of both Ganoderma species.
Basidiospores were brown, ovoid, 9.33 — 14.25 x 5 - 7.25 um in size in lucidum whereas
brown, ellipsoidal 5.25- 8.33 X 4.1 — 6.8 um in size in applanatum. The spore index was 1.45

in lucidum whereas 1.25 in case of applanatum.

Table 1. Comparison of taxonomic features of G. lucidum and G. applanatum.

Character G. lucidum G. applanatum

Habit Annual Perennial

o ) sessile, applanate, single, corky soon
Stipitate, corky becoming woody later, . . »
Basidiocarp becoming hard and woody in dry condition,

12-15x 8-12 x 1-3 cm.
10-16 X8-10X2-4cm

Pilear crust Hymenioderm Hymenioderm

context light brown, interspersed with white
Context layer brown, 2-8 mm thick, lint, material, fibrous, with silky shine, 2-3.5

cm thick 2 mm broad

Tube layer Up to 6-7 mm long, unstratified Up to 5 - 8 mm long, stratified

4-5 per mm, pore surface white when fresh

Pores 5-6 per mm, small, brown, 90-250 p turning light brown

diameter,
on drying, pores round,

Hyphal system Trimitic Trimitic

5.25-8.33 (10) X 4.1 — 6.8 ( 8) um. brown,

9.33-14.25x 5 - 7.25 pm. brown, broadly ellipsoid, thick-walled with outer

Basidiospores | ovoid, thick-walled, minutely verrucose, .
wall smooth, inner

truncate at base,
wall echinulate, truncate




Table 2. Basidiospore biometrics of G. lucidum and G. applanatum

G. lucidum G. applanatum
No. Basidiospore character
m=10) n=10)
1. Mean length 11.50 10.0
2. Mean width 7.90 8.0
3. Spore index (SI)* 1.45 1.25

Spore index (SI)* = spore length / spore width.

Preparation of Extraction

Three extraction methods were employed in order to obtain the biologically active myco-
chemical components in water, methanol, ethanol and 50% hydro-methanol as the solvent.
The results are summarized in Table 3, 4, 5. The best extraction method was Maceration
Water bath assisted extraction of bioactive mycochemicals when compared to maceration and

reflux apparatus extraction method.
Effects of extraction method on Mycochemical composition in G. lucidum

Mycochemical compounds screening of water, methanol, ethanol and 50% Hydro-methanol
extracts of G. lucidum, G. applanatum is prepared by using Maceration, Maceration Water
bath, Reflux apparatus methods and the results of the effect of extraction methods on myco
chemical compounds are presented in Tables 3, 4, 5, respectively. Screening of different
solvent extracts of G. lucidum indicating the presence of alkaloids, carbohydrates, proteins,
phenolic compounds, flavonoids, tannins, terpenoids, diterpenoids, and Anthocyanin. The
methanol extract prepared by maceration method showed an excellent concentration of
Tannins and Flavonoids whereas Ethanol extract showed an excellent concentration of
Tannins, Flavonoids, Terpenoids, and DiTerpenoids. The methanol extract prepared by
Maceration water bath method showed an excellent concentration of Alkaloid, Tannins,
Flavonoids, and Phenols, Ethanol extract showed an excellent concentration of Tannins,
Flavonoids, Terpenoids, and DiTerpenoids, and 50% methanol showed an excellent
concentration of phenols. The Ethanol extract prepared by Reflux apparatus showed an
excellent concentration of Terpenoids, and DiTerpenoids, whereas 50% methanol showed an

excellent concentration of Tannins, Flavonoids, Phenols, and Terpenoids.




Table 3: Mycochemicals screening of different extracts of G. lucidum

Di | Ant
. Carbo . . Ter
Extraction by . . Amino | Tanni | Flavo | Phe Ter | hoc
. Alkaloid | hydrat | Proteins . . pen .
maceration Acids ns noids | nols | pen | yani
es oids
oids | ns
Water + ++ + - ++ + ++ + + +
Methanol +++ ++ + - 4+ | | | | |
-+ |
Ethanol ++ ++ - - 4+ | A | ++
+ +
50%
+++ + + - +++ o I I o e B e I
methanol
Di | Ant
. Carbo . . Ter
Extraction by . . Amino | Tanni | Flavo | Phe Ter | hoc
Alkaloid | hydrat | Proteins . . pen .
Water Bath Acids ns noids | nols | pen | yani
es oids
oids | ns
Water ++ +++ ++ - +++ ++ e e B S B
+++
Methanol ++++ ++ + - +H++ | 4+ | |
+
-+ |
Ethanol +++ +++ - - 4 | A | +++
+ ++
50% +++
+++ ++ ++ - +++ +++ +HH+ | |
methanol +
. Di | Ant
Extraction by Carbo . . Ter
Amino | Tanni | Flavo | Phe Ter | hoc
reflux Alkaloid | hydrat | Proteins pen
Acids ns noids | nols . pen | yani
apparatus es oids |
oids | ns
Water + + + + ++ + ++ + ++ | ++
Methanol ++ ++ + - +++ +++ ++ | | +
++ |
Ethanol + ++ - - +++ +++ |+t ++
+ +
50% +++ |
++ + + - | +H |
methanol + +

+= present, ++ (or) +++= moderately present, ++++ (or) +++++= Excellent




Effects of extraction method on the Mycochemical compound in G. applanatum

Mycochemical analysis of sporophore extract of G. applanatum proves the presence of
alkaloids, carbohydrates, proteins, amino acids, phenolic compounds, flavonoids, tannins,
terpenoids, diterpenoids, and Anthocyanin (Table 4, 5). The methanol extract prepared by
maceration method showed an excellent concentration of Tannins and Flavonoids whereas
ethanol extract showed an excellent concentration of Tannins Flavonoids Terpenoids and
DiTerpenoids. The methanol extraction prepared by water bath assisted method showed an
excellent concentration of Alkaloid, Tannins, and Flavonoids, the ethanol extraction showed
an excellent concentration of Tannins, Flavonoids, Terpenoids, Phenols, and DiTerpenoids.
The methanol extract prepared by Reflux apparatus showed an excellent concentration of
Flavonoids whereas 50% methanol extract showed an excellent concentration of flavonoids

and phenols

Table 4: Mycochemicals screening of different extracts of G. aplanatum

Di | Ant
) Carbo Ter
Extraction by Alkaloi . Amino | Tanni | Flavo | Phe Ter | hoc
) hydrat | Proteins . . pen
maceration d Acids ns noids | nols pen | yan
es oids
oids | ins
Water + ++ + + + + ++ | ++ | ++ +
+++
Methanol +++ + + - | | | |
+
++ |
Ethanol ++ - + - 4+ | | +++
++ | ++
50% methanol ++ + ++ - +++ +++ | |
Di | Ant
Carbo Ter
Extraction by | Alkaloi . Amino | Tanni | Flavo | Phe Ter | hoc
hydrat | Proteins . . pen
Water Bath d Acids ns noids | nols pen | yan
es oids
oids | ins
Water ++ ++ + + ++ ++ -+ | | |
Methanol ++++ + + - -+ | | | | |
| | |
Ethanol +++ + + - 4 |
+ ++ | ++ +
50% methanol +++ + -+ - ++ +++ | | | |




) Di | Ant
Extraction by Carbo Ter
Alkaloi Amino | Tanni | Flavo | Phe Ter | hoc
Reflux hydrat | Proteins pen
d Acids ns noids | nols pen | yan
apparatus es oids
oids | ins
Water ++ ++ + + + + ++ + ++ +
Methanol ++ + + - 4+ | | | | |
Ethanol ++ + + - +++ +H+ | | | |
+++
50% methanol +++ + ++ + A+ | At ++ | ++ | ++
+

+= present, ++ (or) +++= moderately present, ++++ (or) +++++= Excellent

Table 5. Comparison of different mycochemicals in Ganoderma lucidum and G. applanatum.

Extraction
Solvent G. lucidum. G. applanatum
method
Alkaloid Carbohydrates Proteins Alkaloid Carbohydrates Proteins
Tannins Flavonoids Phenols Amino Acids Tannins Flavonoids
Water Terpenoids Di Terpenoids Phenols Terpenoids Di Terpenoids
Anthocyanins Anthocyanins
Alkaloid Carbohydrates Proteins Alkaloid Carbohydrates Proteins
Tannins Flavonoids Phenols Tannins Flavonoids Phenols
Methanol
Terpenoids Di Terpenoids Terpenoids Di Terpenoids
Maceratio Anthocyanins Anthocyanins
' Alkaloid Carbohydrates Tannins Alkaloid Proteins Tannins Flavonoids
Ethanol Flavonoids Phenols Terpenoids Di Phenols Terpenoids Di Terpenoids
Terpenoids Anthocyanins Anthocyanins
Alkaloid Carbohydrates Proteins Alkaloid Carbohydrates Proteins
50% Tannins Flavonoids Phenols Tannins Flavonoids Phenols
methanol Terpenoids Di Terpenoids Terpenoids Di Terpenoids
Anthocyanins Anthocyanins
Alkaloid Carbohydrates Proteins Alkaloid Carbohydrates Proteins
Water Tannins Flavonoids Phenols Amino Acids Tannins Flavonoids
Water bath Terpenoids Di Terpenoids Phenols Terpenoids Di Terpenoids
Anthocyanins Anthocyanins
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Alkaloid Carbohydrates Proteins

Tannins Flavonoids Phenols

Alkaloid Carbohydrates Proteins

Tannins Flavonoids Phenols

Methanol . ) . . . .
Terpenoids Di Terpenoids Terpenoids Di Terpenoids
Anthocyanins Anthocyanins
) ) Alkaloid Carbohydrates Proteins
Alkaloid Carbohydrates Tannins
. . _ Tannins Flavonoids Phenols
Ethanol Flavonoids Phenols Terpenoids Di ' ' '
) ) Terpenoids Di Terpenoids
Terpenoids Anthocyanins .
Anthocyanins
Alkaloid Carbohydrates Proteins Alkaloid Carbohydrates Proteins
50% Tannins Flavonoids Phenols Tannins Flavonoids Phenols
methanol Terpenoids Di Terpenoids Terpenoids Di Terpenoids
Anthocyanins Anthocyanins
Alkaloid Carbohydrates Proteins Alkaloid Carbohydrates Proteins
W Amino Acids Tannins Flavonoids Amino Acids Tannins Flavonoids
ater
Phenols Terpenoids Di Terpenoids Phenols Terpenoids Di Terpenoids
Anthocyanins Anthocyanins
Alkaloid Carbohydrates Proteins Alkaloid Carbohydrates Proteins
Tannins Flavonoids Phenols Tannins Flavonoids Phenols
Methanol ) ) ) ) ) )
Terpenoids Di Terpenoids Terpenoids Di Terpenoids
Reflux Anthocyanins Anthocyanins
apparatus . . Alkaloid Carbohydrates Proteins
Alkaloid Carbohydrates Tannins
. . _ Tannins Flavonoids Phenols
Ethanol Flavonoids Phenols Terpenoids Di ' ' '
) ) Terpenoids Di Terpenoids
Terpenoids Anthocyanins _
Anthocyanins
Alkaloid Carbohydrates Proteins Alkaloid Carbohydrates Proteins
50% Tannins Flavonoids Phenols Amino Acids Tannins Flavonoids
methanol Terpenoids Di Terpenoids Phenols Terpenoids Di Terpenoids
Anthocyanins Anthocyanins

Proximate evaluation

The proximate composition of both G. lucidum and G. applanatum was recorded in Table 6.

The percentage of foreign matter, dry matter, water-soluble extractives, total ash, water

soluble ash, oil absorption capacity, emulsifying capacity, foaming capacity, foaming stability,

swelling index was high in G. lucidum compared to G. applanatum. The moisture content,
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ethanol soluble extractives, acid soluble ash, water absorption capacity, emulsion stability,

dispersibility, bulk density was high in G. applanatum compared to G. lucidum.

Table 6. Physicochemical evaluation sporophores of G.lucidum G. aplanatum

Parameters G. lucidum G. aplanatum
Foreign matter (%) 0.06 0.04
Moisture content (%) 2.48 3.54
Dry matter (%) 98 89
Extractive values (%) Ethanol soluble extractives 4.65 5.23
Water soluble extractives 5.86 2.43
Ash content (%) Total ash 7.78 5.54
Acid insoluble ash 2.66 3.5
Water soluble ash 5.5 2.5
Absorption properties (ml/g) Qil absorption capacity 10.45 8.78
Water absorption capacity 62.58 74.46
Emulsion properties (%) Emulsifying capacity 35.65 21.34
Emulsion stability 11.35 18.62
Dispersability (%) 30 35
Flow properties Bulk density (g/ml) 1.3 1.5
Tapped density (g/ml) 1.8 1.8
Foaming properties (%) Foaming capacity 48.80 40.30
Foaming stability 37.63 35.54
Swelling Index (%) 75 50

Quantification of mycochemicals

Effects of extraction method on total phenolics content

In case of G. lucidum and G. applanatum, total phenolic contents of water, methanol, ethanol
and 50% methanol extracts prepared from Maceration, Water bath assisted and Reflux
apparatus methods are shown in Table 7. The water bath extraction method was the best

method of quantification for total phenols in both G. lucidum and G. applanatum when
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compared to maceration, reflux apparatus. The highest total phenol content was shown 111.18
mg GAE/g in G. lucidum 50% methanol extract prepared by water bath method whereas
lowest total phenol content was observed 37.06 mg GAE/g in case of G. lucidum water
extract prepared by Reflux apparatus. For G. lucidum the water extract prepared by using
Water bath assisted method showed the higher phenolic content of 60.88 mg GAE/g
sporophore powder as compared to Maceration (45.00 mg GAE/g) and Reflux apparatus
(37.06 mg GAE/g) methods. The methanol extract prepared by using Water bath assisted
method showed the higher phenolic content of 84.71 mg GAE/g sporophore powder as
compared to Reflux apparatus (71.47 mg GAE/g) and Maceration (66.18 mg GAE/g) methods.
The Ethanol extract prepared by using Water bath assisted method showed the higher
phenolic content of 100.59 mg GAE/g sporophore powder as compared to Reflux apparatus
(84.71 mg GAE/g) and Maceration (79.41 mg GAE/g) methods. The 50% methanol extract
prepared by using Water bath assisted method showed the higher phenolic content of 111.18
mg GAE/g sporophore powder as compared to Reflux apparatus (97.94 mg GAE/g) and
Maceration (92.65 mg GAE/g) methods. In case of G. applanatum the water, methanol,
ethanol, 50% methanol extract prepared by Water bath method show highest total phenolic
content like 52.94 mg GAE/g, 79.41 mg GAE/g, 92.65 mg GAE/g, 105.89 mg GAE/g

sporophore powder respectively when compared to remaining method of extraction.

Table 7. Total phenolic compounds in different solvents

G. lucidum G. apllanatum
Solvent
(0))) Total Phenols (0))) Total Phenols
Maceration
water 0.17 45.00 0.15 39.70
Methanol 0.25 66.18 0.22 58.23
Ethanol 0.30 79.41 0.32 84.71
50% methanol 0.35 92.65 0.30 79.41
Solvent
Maceration water (0))) Total Phenols (0))) Total Phenols
bath
water 0.23 60.88 0.20 52.94
Methanol 0.32 84.71 0.30 79.41
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Ethanol 0.38 100.59 0.35 92.65
50% methanol 0.42 111.18 0.40 105.89
Solvent Reflux oD Total Phenols oD Total Phenols

apparatus
water 0.14 37.06 0.17 45.00
Methanol 0.27 71.47 0.25 66.18

Ethanol 0.32 84.71 0.34 90.00

50% methanol 0.37 97.94 0.36 95.30

Effects of extraction method on total flavonoids content

In case of G. lucidum and G. applanatum, total flavonoids contents of water, methanol,
ethanol and 50% methanol extracts prepared by Maceration, Water bath apparatus and Reflux
apparatus methods are shown in Table 8. The G. applanatum showed better total flavonoid
content when compared to G. lucidum. The water bath method was the best method of
quantification for total flavonoids in G. applanatum whereas reflux apparatus was the best
method of quantification of flavonoids in G. lucidum when compared to maceration, reflux
apparatus. The highest total flavonoids content was shown 39.28 mg rutin/g in G. applanatum
50% methanol extract prepared by water bath method whereas lowest total flavonoids content
was observed 10.24 mg rutin/g in case of G. lucidum water extract prepared by Maceration
method. In case of maceration method the water extract of applanatum shown 16.22 mg
rutin/g flavonoids compared to lucidum, methanol extract of applanatum shown 23.05 mg
rutin/g flavonoids compared to lucidum, ethanol extract of applanatum shown 29.88 mg
rutin/g flavonoids compared to lucidum and 50% methanol extract of applanatum shown
35.86 mg rutin/g flavonoids compared to lucidum In case of water bath method, water extract
of applanatum shown 17.93 mg rutin/g flavonoids compared to lucidum, methanol extract of
applantum shown 25.61 mg rutin/g flavonoids compared to lucidum, ethanol extract of
applantum shown 32.45 mg rutin/g flavonoids compared to lucidum, and 50% methanol
extract of applantum shown 39.28 mg rutin/g flavonoids compared to lucidum In case of
reflux method water extract of applanatum shown 17.07 mg rutin/g flavonoids compared to
lucidum, methanol extract of lucidum shown 25.61 mg rutin/g flavonoids compared to
applanatum, ethanol extract of applantum shown 31.59 mg rutin/g flavonoids compared to
lucidum, and 50% methanol extract of applantum shown 37.57 mg rutin/g flavonoids

compared to lucidum.
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Table 8. Total flavonoid compounds in different solvents

G. lucidum G. apllanatum
Solvent Total
oD oD Total flavonoids
Maceration flavonoids
water 0.12 10.24 0.19 16.22
Methanol 0.20 17.07 0.27 23.05
Ethanol 0.33 28,18 0.35 29.88
50% methanol 0.25 21.34 0.42 35.86
Solvent
Total
Maceration Water oD oD Total flavonoids
flavonoids
bath
water 0.13 11.10 0.21 17.93
Methanol 0.23 19.64 0.30 25.61
Ethanol 0.30 25.61 0.38 32.45
50% methanol 0.23 19.64 0.46 39.28
Solvent Total
(0))] . oD Total flavonoids
Reflux Apparatus flavonoids
water 0.15 12.80 0.20 17.07
Methanol 0.30 25.61 0.28 2391
Ethanol 0.22 18.78 0.37 31.59
50% methanol 0.28 2391 0.44 37.57
Discussion

Effects of extraction method on Mycochemical composition in G. lucidum

Qualitative chemical screening of various extracts revealed the presence of carbohydrates,
proteins, amino acids, lipids, steroids, terpenoids, glycosides, phenolic compounds, alkaloids,
and saponins, while tannins and mucilage were not detected in G. lucidum (Singh et al., 2014).
In the present paper, tannins were observed in all extracts of G. lucidum prepared by different
extraction methods. Preliminary phytochemical screening of G.lucidum unprocessed powder

ethanol extract prepared by maceration, reveals the presence of alkaloids, cardiac glycosides,
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tannins, terpenoids shows positive results and saponin shows negative results (Nithya et al.,
2014). In the present paper, extracts prepared by maceration showed excellent mycochemicals
in G. lucidum. Preliminary phytochemical analysis of the extract prepared by using a Soxhlet
apparatus showed that the methanol extracts of G. lucidum contained Polyphenols, flavonoids,
and terpenes (Sheena et al., 2003). In the present study, the methanol extract of G, lucidum
prepared by reflux apparatus contained alkaloids, carbohydrates, proteins, phenolic
compounds, flavonoids, tannins, terpenoids, diterpenoids, and Anthocyanin. Phytochemical
analysis of aqueous extract of G. lucidium prepared by Sonication shows the carbohydrates,
saponins, glycosides were present at high level, proteins, tannins, terpenoids, phlobatannins,
phenolic compounds were present at moderate level and fats, alkaloids were present at a low
level but phytosterol and flavonoids were not detected (Islam et al., 2018). In the present
paper, the extracts prepared by maceration water bath showed the highest content of
flavonoids. They have not investigated the efficient method for extraction of mycochemicals
from G. lucidum (Sheena et al., 2003). In the present study, the mycochemical composition of
Maceration, Maceration water bath, Reflux apparatus extracts of G. lucidum were compared
and the results were given in Table 3. Higher levels of alkaloids, carbohydrates, proteins,
phenolic compounds, flavonoids, tannins, terpenoids, diterpenoids, and Anthocyanin were
obtained in Maceration Water bath extracts (Table 3). The present study results clearly
showed that water bath assisted extraction was an efficient method than maceration method

for extraction of mycochemicals from G. lucidum.
Effects of extraction method on the Mycochemical compound in G. applanatum

The wild macrofungi G.applanatum is a rich source of phytoconstituents containing phenols,
terpenoids, flavonoids, saponins, steroids, alkaloids and glycosides (Nagaraj et al 2013). In
the present paper, The different solvent extracts prepared by all three methods shown rich
contents of mycochemicals. Phytochemical screening of G. applanatum showed that aqueous
extracts of the mushroom prepared by decoction contain saponins, flavonoids, cardiac
glycosides and steroids but did not contain detectable levels of alkaloids, tannins, and
anthraquinone (Manasseh et al 2012). In the present paper also the extracts prepared by
maceration water bath showed an excellent concentration of Alkaloid, Tannins, and
Flavonoids in methanol whereas the ethanol extract showed an excellent concentration of
Tannins, Flavonoids, Terpenoids, Phenols, and DiTerpenoids. Chemical screening of various
prepared extracts revealed the presence of carbohydrates, proteins, amino acids, lipids,

steroids, terpenoids, glycosides, phenolic compounds, alkaloids, and saponins, while tannins
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and mucilages were not detected in either of the species studied (Singh et al 2014b). In the
present study, the four extracts of G. applanatum contain all tested mycochemicals except
amino acids Chemical analysis of different extracts revealed some differences in the
constituents of the G. applanatum studied. Petroleum ether extract of both the species showed
the presence of lipids, steroids, and terpenoids. Chemical examination of the chloroform
extract of G. applanatum revealed the presence of lipids and steroids Carbohydrates, proteins,
amino acids, alkaloids, phenolic compounds, flavonoids, and glycosides were detected in
methanolic extract of both the species. Aqueous extract of G. applanatum showed the
presence of carbohydrates, reducing sugars, phenolic compounds, flavonoids, saponins and
glycosides (Singh et al 2014b). In the present studies based on the solvent used for extraction
contains various mycochemicals except for proteins and amino acids. The presence of these
primary and secondary metabolites attributes to the high nutritional and medicinal values of G.
applanatum (Singh et al 2014b). In the present studies the white rot fungi G. applanatum is

able to produce mycochemicals in all solvents.
Proximate evaluation

Standardization of natural products is essential to ensure their identity, quality, and purity.
Macroscopic and microscopic are the simplest methods to establish the correct identity of
source materials (Jafari et al., 2013 Singh et al., 2014). In the present study, also different
macroscopic and microscopic characters were used to identify the sporophore powder.
Proximate parameters like foreign matter, moisture content, ash content, and extractive values
are used to determine quality and purity (WHO, 1998). A drug containing appreciable
quantities of foreign matter may produce a critical impact on health. Therefore, the parameter
must not be neglected. The permissible limits for foreign matter as per standards should not
be more than 2% (Soni et al., 2011 Singh et al., 2014a). In the present study, both G. lucidum
and G. applanatum showed 0.1% foreign matter. High moisture content may lead to the
activation of enzymes and promotes susceptibility to microbial growth, which accelerates
spoilage (Usman et al., 2012). The percentage moisture content for G. lucidum was 10.54%,
w/w (Singh et al., 2014a). In the present study, the moisture content for G. lucidum was

2.48% for G. lucidum and 3.54% for G. applanatum respectively

High ash content of a drug gives an idea about the earthy matter or inorganic composition and
other impurities present along with the drug. The results of the present studies show that the
ash content values are comparatively higher than those reported for G. lucidum (5.93%, w/w)

previously (Usman et al., 2012 Singh et al., 2014a). In the present paper, the ash content
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values are 7.78% w/w for G. lucidum and 5.54% w/w for G. applanatum, Extractive values
give an indication about the nature of the chemical constituents present in the drug. Water
soluble extractives were higher as compared to alcohol soluble extractives, which showed that
G. lucidum and G. applanatum had more water-soluble polar constituents (Singh et al., 2014a,
b). In the present study, the water-soluble extractives were higher compared to ethanol
extractives in G. lucidum whereas in G. applanatum it was reverse. The absorption properties,
emulsion properties, and foaming properties were also favorable, for making Ganoderma
powder available to use in many drug formulations where foaming, emulsification,
reconstitutability, and retention of flavor are required (Singh et al., 2014a). In the present
study also for making Ganoderma powder to used in many drug formulations the
physicochemical characters like absorption properties, emulsion properties, and foaming
properties were studied. Absorption properties describe the ability of association of powder
and water or oil, which is a useful indication of whether powder or isolates can be
incorporated into aqueous or oily food and drug formulations (Udensi and Okoronkwo, 2006
Singh et al., 2014a). In the present study, the oil absorption capacity was high for lucidum

whereas water absorption capacity was high for applantum.

Emulsion properties determine the ability of the powder to emulsify the oil. Emulsions play
an important role in pharmaceutical preparations such as cosmetics, pastes, or cod liver oil.
Emulsions have also been used for treating skin diseases and lacerations and for drug delivery,
etc. (Khan et al., 2011 Singh et al., 2014a). In the present study the emulsifying capacity was
high for G. lucidum compared to G. applanatum, so lucidum was useful in the preparation of
emulsions for treating various skin diseases. Foaming properties determine the ability of a
powder to form a foam. The foaming ability is related to the amount of solubilized protein
(Odoemelam, 2005). Saponins are also involved in the process of foam formation. Foaming
properties are important in the preparation of shampoos, liquid detergents, kinds of toothpaste,
and beverages (Chen et al., 2010 Singh et al., 2014a). In the present study, both Ganoderma
species show foaming capacity so they were used in the preparation of beverages, kinds of
toothpaste. Bulk density is a measure of the heaviness of a powder sample, which determines
the relative volume of the packaging material required. The dispersibility of powder in water
indicates its reconstitutability (Kulkarni et al., 1991 Singh et al., 2014a). In the present study
the bulk density was high for applanatum so it is used in packaging materials. The presence of
these primary and secondary metabolites points to the high nutritional and medicinal values of

G. lucidum and G. philippii (Singh et al., 2014a). In the present study also shown different
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concentrations of primary and secondary metabolites in both G. lucidum and G. applanatum.
Hence, we conclude that the present study provides useful standards that will help to identify
the genuine species and check for adulteration of intact fruit bodies and powder available
commercially. The preliminary chemical tests are helpful in finding the chemical constituents

that may have medicinal properties and can be utilized for the treatment of various diseases.
Effects of extraction method on total phenolics content

Phenolic compounds were found to be a major class of phytochemicals, which are responsible
for inhibiting the oxidative damage caused by free radicals generated inside our body
(Ferguson 2001). In the present study also both white rot fungi have an excellent
concentration of phenols. The total phenolic content in methanolic extracts of Ganoderma
lucidum clearly exhibits that it can be considered as a better source of polyphenols (kumara et
al. 2016). In the present paper the white rot fungi G. lucidum is able to produce secondary
metabolites like phenols and polyphenols. Heleno et al. (2012) report a value of 47 mg GAE/g
for the hydroalcoholic extract of G. lucidum and Cilerdzic et al. (2014) report values from
33.42 to 52.15 mg GAE/g of G. lucidum ethanolic extracts. In the present paper, the ethanolic
extract prepared by maceration water bath have 100.59 mg GAE/g of sporophore powder.
70% ethanol was used as the extraction solvent and an 18% yield of extracted material was
obtained from G. lucidum fungus. Further, hydro-ethanolic extract of G. lucidum (HEGL)
prepared by accelerated solvent Extraction method was found to be rich in total phenolics
contents (Rathor et al., 2014). In the present paper also total phenolic content in the extract of
G. lucidum prepared by maceration water bath showed high concentration. Ethanol extract of
G. lucidum prepared by stirred apparatus using a rotary shaker shows the TPC were ranged
from 8.6 = 1.0 (E4) to 13.9 + 0.3 (E6) g/100 g gallic acid equivalents (GAE) (Veljovic et al.,
2017) in the present paper the highest concentration of phenolic compounds is observed in
50% hydroethanolic extract. TPC of hot water extracts of G. lucidum and G. appalantum was
found to be 3.3 and 4.7 g/100 g, respectively (Kozarski et al. 2012). In the present paper water
extracts prepared by all three methods showed high total phenolic content. The quantitative
determination of phytochemicals of methanol extract of G.applanatum prepared by soxhlet
apparatus shows that good amount of phenols and flavonoids followed by steroids and tannins
and a very low amount of alkaloids and saponins (Nagaraj et al 2014). In the present study,
both white rot fungi showed a good amount of total phenolic content in all four extracts
prepared by maceration water bath. The obtained results showed that the extraction procedure

had a significant effect on the TPC, wherein the highest concentration of phenolic compounds
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was achieved in extracts produced from ground mushroom with the extraction time of 24 h
(Veljovic et al 2017). In the present study also the method of extraction and solvent used for
extraction showed the effect on the yield of total phenolic content from white rot fungi G.

lucidum and G. applanatum.
Effects of extraction method on total flavonoids content

Flavonoids are also very important dietary biochemical agents, which are very effective for
the cardiovascular system and work as cardioprotective agents (Barros et al., 2007). The total
flavonoid contents in methanolic extracts of G. lucidum prepared by stirring were found to be
1.253 mg catechin/ g extract (kumara et al. 2016). In the present study the total flavonoid
content of white rot fungi G. lucidum and G. applanatum showed 39.28 mg of rutin/ g of
fungal powder of applanatum and for lucidum is 25.61 mg of rutin/g hydro-ethanolic extract
of G. lucidum (HEGL) prepared by accelerated solvent Extraction method was found to be
rich in total flavonoid contents (Rathor et al., 2014). In the present study also the G. lucidum

showed high total flavonoid content in all extracts. So the extraction method showing effect.

Conclusions

The present results revealed that the choices of solvent employed for extraction and extraction
methods play an important role in the mycochemical composition of Ganoderma lucidum G.
applantum powder extract. Total phenolics and flavonoids content of Ganoderma lucidum and
G. applantum powder extract are varying with the extraction method. Maceration water bath
method has produced higher phenolics in both Ganoderma lucidum and G. applantum extracts
compared to maceration and reflux method, and for water bath method was shown the high
amount of flavonoids in G. applanatum and for G. lucidum reflux method was better
compared to maceration. The results showed that the water bath assisted extraction method is
a preferred extraction method compared to maceration and Reflux extraction methods. The
morphological or phenotypical identification of lignicolous fungi was important to prepare

different formulations for treating certain Skin diseases.
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