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ABSTRACT 

Since the advent of modern drug treatments, traditional medicine has greatly receded in 

occidental societies. Moreover, only a limited number of medicinal mushrooms have received 

detailed scientific scrutiny; thereby prompting the World Health Organization to recommend 

that this area be comprehensively investigated. The aim of the study is to assess the 

Antifungal activity of different solvent extracts of Geastrum triplex (fruiting bodies) against 

different fungal strains and to determine the zone of inhibition of extracts on some fungal 

strains. In the present study, the antifungal activity of petroleum ether, chloroform and 

methanol extracts of fruiting bodies of Geasrtum triplex were evaluated for potential 

antifungal activity against medically important fungal strains. The antifungal activity was 

determined in all the extracts using agar well diffusion method. Extracts were effective on 

tested microorganisms. The antifungal activities of solvent extracts (12.5, 25, 50, 100μg/ml) 

of Geastrum triplex were tested against 9 plant pathogenic and 10 human pathogenic fungi 

respectively. The extracts showed broad spectrum of inhibition by showing antifungal effect 

for both plant and human pathogenic fungal strains. Crude extracts of Geastrum triplex 

exhibited moderate to strong activity against most of the fungal tested organisms. The tested 

fungal strains were F. oxysporum, C. dematium C. capsici, C. zonatum, T. kanei, T. equinum 

and M. gypseum. The antifungal potential of the extracts were found to be dose dependent. 

The phytochemical analyses of the mushrooms were carried out. The antifungal activities of 

the Geastrum triplex were due to the presence of various secondary metabolites. Hence these 

mushrooms can be used to discover bioactive natural products that may serve as leads in the 

development of new pharmaceuticals research activities. 

 

KEYWORDS: Antifungal Activity, Geastrum Triplex, Pathogens, Secondary Metabolites 

and Western Ghats. 



JOURNAL OF INTERNATIONAL ACADEMIC RESEARCH FOR MULTIDISCIPLINARY 
Impact Factor 1.393, ISSN: 2320-5083, Volume 1, Issue 11, December 2013 

 

596 
www.jiarm.com 

 INRODUCTION 

 Nature has been a rich source of medicinal properties and then the number of modern 

drugs is isolated from the natural sources. Antibiotics are one of our most important weapons 

in fighting bacterial infections and have greatly benefited the health related quality of human 

life since their introduction. However, over the past few decades these health benefits are 

under threat as many commonly used antibiotics have become less and less effective against 

certain illnesses not only because many of them produce toxic reactions but also due to 

emergence of drug resistant bacteria. It is essential to investigate newer drugs with lesser 

resistance. Systematic studies among various pharmacological compounds have revealed that 

any drug may have the possibility of possessing diverse functions and thus may have useful 

activity in completely different spheres of medicine. Drugs derived from natural sources play 

a significant role in the prevention and treatment of human diseases. In many developing 

countries, traditional medicine is one of the primary health care systems (Fransworth, 1993; 

Houghton, 1995).  About 61% of new drugs developed between 1981 and 2002 were based 

on natural products and they have been very successful especially in the areas of infectious 

disease and cancer (Cragg and Newman, 2005). Recent trends, however, show that the 

discovery rate of active novel chemical entities is declining (Lam, 2007). The harmful 

microorganisms can be controlled with drugs and these results in the emergence of multiple 

drug resistant bacteria and it has created alarming clinical situations in the treatment of 

infections. The pharmacological industries have produced a number of new antibiotics; 

resistance to these drugs by microorganisms has increased. In general, bacteria have the 

genetic ability to transmit and acquire resistance to synthetic drugs which are utilized as 

therapeutic agents (Towers et al., 2001). The scientific community, while searching for new 

therapeutic alternatives, has studied many kinds of mushrooms and has found various 

therapeutic activities such as anticarcinogenic, anti-inflammatory, immuno-suppressor and 

antibiotic, among others. In recent decades, various extracts of mushrooms and plants have 

been of great interest as sources of natural products (Aziz et al., 2007). Some mushrooms 

serve as food because of their nutrient contents while some have been used extensively in 

traditional medicine (Stamets, 2000; Lindequist et al., 2005). The effects of different 

mushroom extracts on pathogens and microorganisms are studied by a very large number of 

researchers in different parts of the world (Jonathan and Fasidi, 2003; Rosa et al., 2003; Uzun 

et al., 2004; Gbolagade and Fasidi, 2005; Gezer et al., 2006; Solak et al., 2006; Turkoglu et 

al., 2006; Barros et al., 2007 and Demirhan et al., 2007). In the continuous search for new 
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antimicrobial structures, mushrooms are of interest to investigators. Sixty antimicrobial 

compounds have been isolated from mushrooms; however, only the compounds from 

microscopic fungi have been present in the market as antibiotics until now (Wang and Ng, 

2004). Mushroom is a macro fungus with a distinctive fruiting body that is large enough to be 

seen by the naked eyes. It includes both edible and non edible species. Some mushrooms 

serve as food because of their nutrient contents while some have been used extensively in 

traditional medicine (Stamets, 2000; Lindequist et al., 2005). Medicinal values associated 

with mushrooms have been reported. Mushrooms species have been shown to possess 

antagonistic effects against bacteria, fungi, viruses and cancer (Jonathan and Fasidi, 2003; 

Tochikura et al., 1998). From these reports it is focused that mushrooms are a vital sources of 

medicinal compounds that may be use to cure different disorders and prevent pathogenic 

microorganisms. Therefore, actions must be taken to reduce this problem, such as to 

minimize the use of antibiotics, develop research of resistance, among microorganism and to 

continue studies to develop new drugs, either synthetic or natural to control pathogenic 

microorganism. In an effort to expand the spectrum of antibacterial agents from natural 

resources, Geastrum triplex belonging to Geastraceae family has been selected. We carried 

out a screening of petroleum ether, chloroform and methanol extracts of Geastrum triplex 

against pathogenic fungi in order to detect new sources of antifungal agents. In this paper, we 

report the results of the phytochemical and antifungal activity of different solvent extracts of 

Geastrum triplex. 

 

MATERIALS AND METHODS 

Mushroom: 

The Geastrum triplex was collected from Kuvempu University campus, Shankaraghatta, 

Shimoga district, Karnataka during the month of September and October 2012. The G. triplex 

of mushroom was picked from the litter and decaying soil surface, with help of forceps and 

then they were cleaned and kept for shade drying. The shade dried mushroom materials were 

powdered mechanically for further use. Identification was done by comparing their 

morphological, anatomical and physiological characteristics and monographs with 

descriptions given in the manual (Purkyastha and Aindrila, 1978; Kuo, 2004) and also 

through the electronic data on identification keys of mushrooms. The specimen was deposited 

at the herbarium of mycology laboratory, Department of Applied Botany, Kuvempu 

University, Jnana Sahyadri, Shimoga district, Karnataka, India. 
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Extraction: 

The dried and powdered by grinder (Bajaj Electrical Limited-Twister Mixer) mushroom 

material (200 g) was extracted successively with 2000 ml pet ether following chloroform and 

methanol with a Soxhlet extractor for 48 h at temperature not exceeding the boiling point of 

the solvent (Lin et al., 1995). The extract was filtered with Whatman’s filter paper no.1 and 

the filter was concentrated in a vacuum at 40˚C using a rotary evaporator. The yield of 

extracts obtained from pet ether was 2.16 gm, followed by chloroform 2.68 gm and methanol 

3.18 gm (Table 1). Each extract was transferred to glass vials and kept at 4˚C before use. The 

extracts were cooled and filtered. The concentrated extracts were further subjected for its 

antifungal studies. The residence was dissolved with dimethyl sulfoxide (DMSO) with 

different concentrations and checked it for antifungal activity. 

Chemicals and reagents: 

All chemicals and reagents used in the present study were purchased from reliable firms like 

HiMedia Laboratories Pvt. Ltd and were of analytical grade. 

Preliminary Phytochemical Screening: 

The extracts were subjected to preliminary phytochemical testing to detect for the presence of 

different chemical groups of compounds. Air-dried and powdered mushroom materials were 

screened for the presence of saponins, tannins, alkaloids, flavonoids, triterpenoids, steroids, 

glycosides and saponins as described in literatures (Khandelwal, 2009; Kokate, 2000 and 

Kumar et al.,  2009 ). 

Microorganisms: 

All experimental fungi were obtained from the Microbial Type Culture Collection and Gene 

Bank (MTCC), Institute of Microbial Technology (IMTECH), Chandigarh. American Type 

Culture Collection (ATCC). The viability of the organisms was maintained by regular 

transfer into freshly prepared on potato dextrose agar (PDA) at 28˚C and stored at 4˚C until 

used. For the present study pure fungal cultures were taken (Table 2). 

Antifungal activity: 

The antifungal activity by agar-well diffusion technique (Akpata and Akinrinmisi, 1977) with 

a little modification. The fungal spore suspension was prepared by the addition of a loopful of 

fungal spores in a 5 ml of sterile distilled water and 1 ml Tween 20. Then fungal spore 

suspension was spread evenly on the petriplate containing 20 ml of solidified potato dextrose 

agar. Four wells were punched at the corner by using sterile cork borer of 6 mm diameter. 

The different solvent extracts of G. triplex were loaded to the four wells by using 100μl 
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micropipette in 4 different concentrations i.e., 100 mg/ml, 50 mg/ml, 25 mg/ml, 12.5 mg/ml 

respectively. Clotrimazole, Fleuconazole, Mancozeb and Captan are used as a positive 

control and DMSO is used as a negative control. All the plates were incubated at 23±2˚C 

fungal growth was determined by measuring the diameter of zone of inhibition after 5 days of 

incubation. The test was done in triplicates to arrive concordant result. 

RESULTS 

Preliminary phytochemical screening: 

The petroleum ether extracts of Geastrum triplex contained tannins, glycosides and phenols 

and methanol extracts contained steroids, saponnins, glycosides, flavonoids and phenolic 

compounds and glycosides type compounds in higher amount in all the solvent. Whereas 

completely absence of alkaloids and triterpenoids (Table 3). 

Antifungal test: 

The antifungal activity of different solvent extracts (viz., Petroleum ether, Chloroform and 

Methanol) from Geastrum triplex were evaluated against plant pathogens viz., A. alternate, 

A. flavus, A. solani, A. tomentosa, C. capsici, C. dematium, C. lindemuthianum, F. 

oxysporum and F. solani (Table 4) and human pathogens viz., M. gypseum, T. equinum, T. 

kanei, C. albicans, C. indicum, C. krusei, C. merdarium, C. zonatum, E. floccosum and T. 

rubrum (Table 5). The antifungal activity was determined using the agar well-diffusion 

method. The antifungal activity of all the solvent extracts were calculated by measuring 

inhibition zone formed around the well in millimeter (mm). 

Antifungal activity of G. triplex extract showed maximum activity against F. oxysporum (8 

mm to 15 mm) in petroleum and chloroform extracts of different concentration (12.5 % to 

100 %) except 25 and 50 % of methanol extract. The moderate activity shows against C. 

dematium (3 mm to 9 mm) when compared to A. flavus, C. capsici and F.  solani. The fungi 

like A. tomentosa were resistant to the extracts but C. lindemuthianum is sensitive to all 

concentrations of only methanol extracts we used (Table 4). In case of human pathogenic 

fungi, methanol extract it shows the greater zone of inhibition against T. rubrum (13.66 mm) 

followed by T.  kanei (13 mm), C. zonatum (12 mm), E. floccosum (12 mm), M. gypseum 

(11 mm), C. merdarium (11 mm) and T. equinum (10 mm) except C.  albicans and C. 

indicum at 100 % concentration. The petroleum ether extract shows highest zone of inhibition 

against C. zonatum and T.  kanei (13 mm) at 100 % concentration. C. merdarium is sensitive 

only at 50 % and 100 % concentration, whereas C. krusei does not show any activity in all 

three different solvents extracts of G. triplex (Table 5). The antifungal activity of different 
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solvent extracts of mushroom is changeable and has a lower antifungal activity as to 

comparison of antibiotics viz., Clotrimazole, Fleuconazole, Mancozeb and Captan (Table 6). 

The evidence shows that the antibacterial response is does dependent i.e., as the concentration 

increases the inhibition zone also increases. These findings are in line with those of already 

established (Doss et al., 2009; Pawar et al., 2005) and results of present investigation clearly 

indicate that the antimicrobial activity vary with the different extracts of the mushroom 

material used. The results support the use of this in folklore medicine for treatment of 

infectious diseases. However, further studies of other phytoactive compound will possibly 

lead to exploration of new method for therapeutic and industrial application. 
 

DISCUSSION 

 Antimicrobial properties of medicinal mushrooms are being increasingly reported 

from different parts of the world. The world health organization estimates that mushroom 

extract or their active constituents are used as folk medicine in traditional therapies of 80% of 

the world’s population. In the present work, all the extracts obtained from G. triplex shows 

strong activity against most of the tested fungal strains. The results were compared with 

standard antibiotic drugs. In this screening work, finally the extracts of G. triplex were found 

to be inactive against A. tomentosa plant pathogenic and C. krusei human pathogenic fungal 

strains were resistant to all the extracts of G. triplex. 

From the above results the activities of different solvent extracts of Geastrum triplex shows 

significant antifungal activity. So we got good results in zone of inhibition. This study also 

shows the presence of different phytochemicals with biological activity that can be of 

valuable therapeutic index. The result of phytochemicals in the present investigation showed 

that the mushrooms contain more or less same components like saponin, triterpenoids, 

steriods, glycosides, flavonoids and phenols. Results shows, mushrooms are rich in 

glycosides and phenolic compounds have been shown to possess antimicrobial activities 

against a number of microorganisms. The present study justifies the claimed uses of 

mushrooms in the traditional system of medicine to treat various infectious disease caused by 

the microbes. Therefore, it may be concluded from the above results, that the crude extracts 

obtained from the mushrooms of Geastrum triplex may be used enough as drug to treat 

disease caused by those bacteria, which are sensitive to the above mentioned samples. But 

before use in human being isolation of pure compound, toxicological study, and clinical trial 

in animal model should be carried out thereafter. However, further studies are needed to 

better evaluate the potential effectiveness of the crude extracts as the pharmacological agents. 
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CONCLUSION 

 Petroleum ether extract was found to be effective against tested plant pathogenic fungi 

compared to chloroform and petroleum ether, whereas, chloroform and methanol extract, was 

found to be effective against tested human pathogenic fungi compared to petroleum ether 

extract of Geastrum triplex. Mushrooms need antimicrobial and antifungal compounds to 

survive in their natural environment. Therefore, antimicrobial compounds can be isolated 

from many mushroom species and can be benefit for humans. Whole world is frantically in 

search of new antibiotics because of an alarmingly increase in bacterial resistance to existing 

antibiotics due to their inappropriate and indiscriminate use. Further studies on isolation and 

characterization of the active compounds from basidiomycetes may provide a better source 

for developing new therapeutic and pharmacological agents. 
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Table: 1. Total yield of the fruiting body of mushrooms extracts obtained in different organic 
solvents (200 gm in 2000 ml) 
Mushroom species Organic solvents Yield of extract in gms % of yield 
Geastrum triplex Petroleum ether 2.16 1.08 

Chloroform 2.68 1.34 
Methanol 3.18 1.59 

Table: 2. Fungal cultures 
Sl. No Name of the Fungal Numbers 

MTCC ATCC 
Plant pathogens 
1 Alternaria alternate 7202  
2 Aspergillus flavus  9170 
3 Alternaria solani  26934 
4 Alternaria tomentosa  16404 
5 Colletotrichum capsici 2071  
6 Colletotrichum dematium  60192 
7 Colletotrichum lindemuthianum  90028 
8 Fusarium oxysporum 2485  
9 Fusarium solani 2935  
Human pathogens 
10 Candida albicans  10231 
11 Chrysosporium indicum 4266  
12 Candida krusei  6258 
13 Chrysosporium merdarium  900628 
14 Chrysosporium zonatum  845981 
15 Epidermophyton floccosum 613  
16 Trichophyton rubrum 1538  
17 Microsporum gypseum 2157  
18 Trichophyton equinum  6275 
19 Trichophyton kanei 2091  
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Table: 3. Preliminary phytochemical screening of Geastrum triplex 
Sl. No Secondary 

metabolites 
Name of the test Petroleum ether 

extract 
Chloroform 
extract 

Methano
l extract 

1 Alkaloids a Mayer’s test - - - 
b Wagner’s test - - - 

2 Steroids / 
Sterols 

a Salkowaski’ s test - - + 

3 Saponins a Foam test - - + 
4 Tannins a Ferric chloride test + - - 

b Gelatin test - - - 

5 Glycosides a Keller-Killiani’s test + + + 
b Legal’s test + + + 

6 Triterpenoides a Salkowaski’s test - - - 
7 Flavonoides a Ferric chloride test - - + 

b Shinoda test - - + 
c Alkaline reagent test - - - 
d Lead acetate solution test - - - 

8 Phenols a Test solution + 0.5 ml 
of ferric chloride 
solution 

+ + + 

b Test solution + few 
drops of 5% glacial 
acetic acid & 5% 
sodium nitrate 

- - + 

Note: ‘+’ is Present, ‘-‘is Absent.  
Table: 4. Antifungal activities of Geastrum triplex extract against plant pathogenic fungi by agar well 
diffusion method 

Organisms 

Diameter of zone of inhibition (in mm) 
Petroleum ether extract 

(Conc.mg/ml) 
Chloroform extract 

(Conc.mg/ml) 
Methanol extract 

(Conc.mg/ml) 

100 % 50 % 25 % 12.5 % 100 
% 50 % 25 % 12.5 

% 100 % 50 % 25 % 12.5 % 

A.  alternate - - - - 8 5 - - - - - - 
A. flavus 8 6.33 5 3.66 - - - - 6 5 4 2.66 
A. solani 6 4 - - - - - - 7 - - - 

A. tomentosa - - - - - - - - - - - - 
C. capsici 7 6 4.33 3.66 6 4.66 3.66 2.66 - - - - 

C. dematium 9 7 6 4 6 5 4 3 8 7 6 - 
C.lindemuthia

num - - - - 10 9 6 4 - - - - 

F. oxysporum 15 12 10 9 14 13 12 11 12.33 - - 8 
F.  solani 6 5 4 2.66 - - - - 6.33 5 3.66 - 

Note: ‘–‘- No activity. 

 

 

 

 

 



JOURNAL OF INTERNATIONAL ACADEMIC RESEARCH FOR MULTIDISCIPLINARY 
Impact Factor 1.393, ISSN: 2320-5083, Volume 1, Issue 11, December 2013 

 

604 
www.jiarm.com 

Table: 5. Antifungal activities of Geastrum triplex extract against human pathogenic fungi by agar well 
diffusion method 

Organisms Diameter of zone of inhibition (in mm) 

Petroleum ether extract 

(Conc.mg/ml) 

Chloroform extract 

(Conc.mg/ml) 

Methanol extract 

(Conc.mg/ml) 
100 % 50 % 25 % 12.5 % 100 % 50 % 25 % 12.5 % 100 % 50 % 25 % 12.5 % 

M. gypseum - - - - 11 10 8 6 12 10 8 5 

T. equinum 11 9 8 6 10 9 6 4 - - - - 

T.  kanei 13 11 - - 13 11 8 6 11 10 8 6 

C.  albicans - - - - - - - - 12 10 9 7 

C. indicum 10 9 8 6 - - - - 11 10 - - 

C. krusei - - - - - - - - - - - - 

C.merdarium 12 10 - - 11 9 - - 12 8 - - 

C. zonatum 13 12 10 8 12 11 9 7 13 12 9 7 

E.floccosum - - - - 12 11 9 8 12 10 - - 

T. rubrum - - - - 13.66 12 10 - - - - - 

Note: ‘–‘- No activity. 
Table: 6. Antifungal activity of standard drug and control against plant and human pathogenic fungi 

Sl. 
No Test organism Standard Control 

Clotrimazole Fleuconazole Mancozeb Captan DMSO 
Plant pathogenic fungi 

1 A. alternate x x 25 20 - 
2 A. flavus x x 23 25 - 
3 A. solani x x 25.3 26 - 
4 A. tomentosa x x 25 22 - 
5 C. capsici x x 30 28 - 
6 C. dematium x x 28 27 - 
7 C. lindemuthianum x x 30 29 - 
8 F. oxysporum x x 23 21 - 
9 F. solani x x 25 21 - 

Human pathogenic fungi 
1 M. gypseum 32 30 x x - 
2 T. equinum 30 31 x x - 
3 T. kanei 32 34 x x - 
4 C. albicans 28 32 x x - 
5 C. indicum 24 28 x x - 
6 C. krusei 27 26 x x - 
7 C. merdarium 26 30 x x - 
8 C. zonatum 24 20 x x - 
9 E. floccosum 21.3 24 x x - 

10 T. rubrum 21.6 23.3 x x - 

 


