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ABSTRACT

The different solvent extracts of Scleroderma bermudense belongs to the family
Sclerodermataceae collected from semi evergreen forest region (13°51'56.30"N, 75°03'12.50"E)
which is located in Haniya, Hosanagar taluk, Shimoga district, Karnataka was subjected to
phytochemical analysis for secondary metabolites and antifungal screening by agar well
diffusion method against plant and human pathogenic fungi viz., A. alternate, A. flavus, A. solani,
A. tomentosa, C. capsici, C. dematium, C. lindemuthianum, F. oxysporum, F. solani, M.
gypseum, T. equinum, T. kanei, C. albicans, C. indicum, C. krusei, C. merdarium, C. zonatum, E.
floccosum and T. rubrum. Extracts were found to contain steroids, saponins, glycosides,
flavonoids and phenols. The extract also showed significant antifungal activity against C.
albicans, C. indicum, C. merdarium, F. oxysporum, C. dematium, T. equinum, A. flavus C.
capsici, F. solani, C. kruesi and C. lindemuthianum, whereas least activity showed against A.
solani, M. gypseum and does not showed inhibition zone against A. alternate, A. tomentosa. T.
kanei, C. zonatum, E. floccosum and T. rubrum. However, the activity was less than the standard
Clotrimazole, Fleuconazole, Mancozeb and Captan. The extract shows increasing inhibitory
activity with increase in concentration (12.5%-100%).While comparing the solvent studied,
petroleum ether and methanol extracts showed highest response in resisting microbial growth
than chloroform.
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INTRODUCTION

Both fruiting body and the mycelium of mushrooms contain compounds with wide ranging
antimicrobial activity. Mushrooms need antibacterial and antifungal compounds to survive in
their natural environment *. Hence, they are rich sources of natural antibiotics, where the cell
wall glucans are well known for their immuno modulatory properties and many of the
externalized secondary metabolites combat bacteria, fungi and viruses?“. Phytopharmaceutical
products have served as a major source of drugs for centuries and today about half of the
pharmaceuticals in use are derived from natural products. The use of phytopharmaceutical
substances, particularly isolated from plants, to control diseases is an old practice that has led to
the discovery of more than half of all modern pharmaceuticals as complimentary or alternative
medicine either to prevent or ameliorate many diseases has been noted in recent years®. World
Health Organization (WHO) has estimated that more than 80% of the world's population relies
on traditional medicine for their primary healthcare needs. Generally, mushrooms are used as
food because of their good taste, appetizing aroma and nutrient contents® ’. Humans and animals
are prone to infection by several microorganisms, especially fungi® °. Besides, mushrooms have
been used as traditional medicine for curing various types of diseases. Mushrooms such as
Agaricus bisporus, Lentinula edodes, Aricularia auricula and Pleurotus sp. have antagonistic
effects against bacteria, fungi and viruses™.

The medicinal use of mushrooms has a very long tradition in the Asia and Africa, whereas their
use in the Western countries has been increasing only moderately in recent decades' ™. In recent
years, a number of pharmacological actions have been intensively investigated, including
cytotoxic/ antitumor, immune suppressive, antipruritic, antierythema, and antifungal, antioxidant
and free radical scavenging activities. Antibiotic resistance of human pathogenic bacteria has
become a major worldwide public health concern ***°; this is why the search for new substances
with antimicrobial activity is a priority *°. Antimicrobial activity has already been documented in
extracts from the mycelium®’ and fruiting bodies™® of different wild species from Basidiomycota.
Extracts of various fungal fruiting bodies such as Pleurotus ostreatus (Jacg.) P. Kumm.™,
Pholiota adiposa (Fr.) P. Kumm. (Strophariaceae)®®, Coprinus digitalis (Batsch) Fr.
(Agaricaceae) **, Podaxis pistillaris (L.) Fr. (Agaricaceae) %, Lycoperdon pusillum Batsch [now
Bovista pusilla (Batsch) Pers.], and Lycoperdon giganteum Batsch [now Calvatia gigantea
(Batsch) Lloyd] (Lycoperdaceae) % have shown activity against a range of different Gram+ve
and Gram-ve bacteria and also fungi. 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
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pathogenic microorganisms. In the present study the crude extract and different solvent soluble

fractions of the whole fruiting body of Scleroderma bermudense were used.

Figure: 1. Habitat of collected mushroom
MATERIALS AND METHODS:

Mushroom:

The Scleroderma bermudense (Figure 1) was collected from semi evergreen forest region
(13°51'56.30"N, 75°03'12.50"E) which is located in Haniya, Hosanagar taluk, Shimoga district,
Karnataka during the month of September and October 2012. The S. bermudense 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

I** and also through the electronic data on identification keys of mushrooms®. The

manua
voucher specimen (KUABARNH-82) was deposited at the herbarium of mycology laboratory,
Department of Applied Botany, Kuvempu University, Jnana Sahyadri, Shimoga district,
Karnataka, India.

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.

Preparation of Mushroom extracts:

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 %.
The extract was filtered with Whatman filter paper no.1 and the filter was concentrated in a
vacuum at 40°C using a rotary evaporator. For the entire analysis, compounds of extract were
dissolved in dimethyl sulfoxide (DMSQO). The yield of extracts obtained from pet ether was (10.6

gm), followed by chloroform (22.9 gm) and methanol (32.4 gm). Each extract was transferred to
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glass vials and kept at 4°C before use.

Preliminary phytochemical screening:

Qualitative phytochemical analysis of S. bermudense extracts (petroleum ether, chloroform and
methanol) were carried out using standard methods?’. The extracts obtained in Soxhlet extractor
were dissolved with their respective solvents.

Fungal strains:

Nineteen different fungal strains were used: Alternaria alternate (MTCC-7202), Aspergillus
flavus (ATCC-9170), Alternaria solani (ATCC-26934), Alternaria tomentosa (ATCC-16404),
Colletotrichum capsici (MTCC-2071), Colletotrichum dematium (ATCC-60192), Colletotrichum
lindemuthianum (ATCC-90028), Fusarium oxysporum (MTCC-2485) and Fusarium solani
(MTCC-2935) plant pathogens. Candida albicans (ATCC-10231), Chrysosporium indicum
(MTCC-4266), Cnadida krusei (ATCC-6258), Chrysosporium merdarium (ATCC-900628),
Chrysosporium  zonatum (ATCC-845981), Epidermophyton floccosum (MTCC-613),
Trichophyton rubrum (MTCC-1538), Microsporum gypseum (MTCC-2157), Trichophyton
equinum (ATCC-6275) and Trichophyton kanei (MTCC-2091) human pathogens. They were
purchased from the Institute of Microbial Technology (IMTECH), Chandigarh, India and
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.

Screening for antifungal activity:

The antifungal activity was tested by agar well diffusion method?®. 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 S. bermudense were loaded to the four
wells by using 100ul 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 AND DISCUSSION:
The vyield of the crude extract obtained in the mushroom samples shows that maximum vyield

(Figure 2).
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49%

M Petroleum ether  m Chloroform

Figure: 2. Total yield of Scleroderma bermudense extracts obtained in different organic
solvents (200 gm in 2000 ml)

Phytochemical investigation:

The qualitative phytochemical screening of Scleroderma bermudense has revealed the presence
of various secondary metabolites of therapeutic importance namely steroids, saponins, phenols,
glycosides, and flavonoids whereas absent of alkaloids, tannins and terpenoids (Table 1). The
result shows that all extracts contain the highest secondary metabolites. Several of these
constituents may possibly be responsible for the mushrooms antimicrobial activity. Flavonoids,
for instance, have been of interest to the scientific community because of recent reports on their
antiviral, antifungal, anti-inflammatory, and cytotoxic®® and have also shown that antibacterial,
anti-HIV property **

Table: 1. Phytochemical analysis of Scleroderma bermudense

SI. No  Secondary Name of the test Petroleum Chlorofor ~ Methano
metabolites ether extract m extract | extract
1 Alkaloids a Mayer’s test - - -
b Wagner’s test - - -
2 Steroids 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.
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Table: 2. Antifungal activities of Scleroderma bermudense extract against plant pathogenic fungi by agar well diffusion method

Sl. | Organisms Diameter of zone of inhibition (in mm)

No Petroleum ether extract Chloroform extract Methanol extract
(Conc.mg/ml) (Conc.mg/ml) (Conc.mg/ml)
100% |50% | 25% | 125% [100% [50% [25% |125% |100% |[50% |25% |125%

1 A. alternate - - - - - - - - - - - -

2 A. flavus 8 7 5.6 3.6 - - - - 7.3 6.3 5 5

3 A. solani 7 5.3 - - - - - - 8 - - -

4 A. tomentosa - - - - - - - - - - - -

5 C. capsici 7 6 4.6 4, 7.3 6 4.3 3.6 - - - -

6 C. dematium 10 8.6 7.6 6.3 7.3 6.3 5.3 4.3 8 7 6 -

7 C. lindemuthianum | - - - - 9 8 6.3 5.3 - - - -

8 F. oxysporum 11 9.3 8 7 - - - - 9 8 6.6 5.6

9 F. solani 6.6 5.6 4.6 3.6 - - - - 7.6 6.3 5 -

Note: ‘—*- No activity.

Table: 3. Antifungal activities of Scleroderma bermudense extract against human pathogenic fungi by agar well diffusion method

Sl. | Organisms Diameter of zone of inhibition (in mm)
No Petroleum ether extract Chloroform extract Methanol extract

(Conc.mg/ml) (Conc.mg/ml) (Conc.mg/ml)

1009% [50% |25% |125% |100% [50% [25% |125% |[100% [50% |25% |12.5%
1 M. gypseum - 7.6 - - - 11 - - - - - -
2 T. equinum 9 8 7 5.6 12 10 8 7.6 11 9 8 6.3
3 T. kanei - - - - - - - - - - - -
4 C. albicans 13 12 11 9 14 12 11 9 10.3 8.6 7 6.3
5 C. indicum 13 12 10 8 12 11 9 7.3 13 12 9 7.6
6 C. krusei - - - - 12 11 9 8 12.3 10 - -
7 C. merdarium 12 11 9 7 14 11 9.6 - - - - -
8 C. zonatum - - - - - - - - - - - -
9 E. floccosum - - - - - - - - - - - -
10 | T. rubrum - - - - - - - - - - - -

Note: ‘—*- No activity.
www.ajptr.com Ey)
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Antifungal activity:

Antifungal screening of different solvent extracts of Scleroderma bermudense by agar well
diffusion method against plant pathogenic fungi viz., A. alternate, A. flavus, A. solani, A.
tomentosa, C. capsici, C. dematium, C. lindemuthianum, F. oxysporum and F. solani (Table 2).
Human pathogenic fungi viz., M. gypseum, T. equinum, T. kanei, C. albicans, C. indicum, C.
krusei, C. merdarium, C. zonatum, E. floccosum and T. rubrum (Table 3).

Among the three solvent tested, petroleum ether extract recorded a significant activity compared
to chloroform and methanol. In petroleum ether extract F. oxysporum (11 mm), C. dematium (10
mm), A. flavus (8 mm), C. capsici (7 mm) and F. solani (6.6 mm) recorded a complete inhibition
and where as in chloroform extract shown significant activity against C. lindemuthianum, C.
dematium and C. capsici, in case of methanol solvent extract, moderate inhibition zone against F.
oxysporum and A. flavus at 12.5-100% concentration, also least record shown against A. solani at
50-100% concentration, but there is no activity against A. alternate in all the solvent extract at
12.5, 25, 50 and 100% concentration (Table 2).

From human pathogenic fungi the highest antifungal activity was shown against C. albicans (14
mm) followed by C. merdarium (14 mm), C. indicum (13 mm), at 100 % concentration in all the
three solvents and the weakest activity against T. equinum (9 mm) at 100 % and M. gypseum (7.6
mm) at 50 % concentration in petroleum ether extract. Whereas no activity was observed in all
the three solvent extracts at 12.5, 25, 50, and 100 % concentration tested against four fungi T.
kanei, C. zonatum, E. floccosum and T. rubrum (Table 3). The antifungal activity of different
solvent extracts of mushroom is changeable and has a lower antifungal activity as to comparison
of antibiotics viz., Clotrimazole, Fleuconazole, Mancozeb and Captan (Table 4).
Phytoconstituents such as alkaloid, sesquiterpine, phenolic compounds and glycosides have been
reported to inhibit bacterial growth and to be protective to plants against bacterial and fungal
infections®" *2. So, the antifungal activity showed by petroleum ether, chloroform and methanol
extracts of Scleroderma bermudense may be due to presence of alkaloids, saponin, phenolic
compounds and flavonoids.

This study indicated that there are differences in the antimicrobial effects of mushroom groups,
due to phytochemical differences among species. They claimed that the sensitivity of
microorganism to chemotherapeutic compounds change even against different strains. The
results revealed that antifungal and phytochemical constituents of petroleum ether, chloroform
and methanol extracts varied in usefulness which may be attributed, the author also notable the

antibacterial activity®>. This difference in response of mushroom extracts to test organisms might
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be due to a number of factors, as studies suggest that the antimicrobial activities of all mushroom
extracts are changeable®, depending upon the nature of environment and media in which it was
grown. It also depends upon the genetic structure of mushroom species, physical and
biochemical constituents, extraction solvents and test organisms. The sensitivity pattern of
microorganisms also changes to chemotherapeutic agents depending on their strains, and
susceptibility or resistance to antibiotic*.

The extracts of various mushrooms inhibited the growth of some microorganisms at different
ratios. Different mushroom species posses different constituents and in different concentration,
which account for the differential antimicrobial effect, as suggested. The broad spectrum of
antimicrobial activity may be attributed to the presence of bioactive metabolites of various

chemical types in mushrooms compounds™.
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Figure: 3. Graphical representation of antifungal activity of Scleroderma bermudense
against plant pathogenic fungi
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Figure: 4. Graphical representation of antifungal activity of Scleroderma bermudense
against human pathogenic fungi
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C. merdarium, C. zonatum, E. floccosum, T. rubrum
Table: 4. Antifungal activity of standard drug and control against plant and human
pathogenic fungi

SI. 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 -

Note: ‘x’-Not applicable, ‘- No activity.
CONCLUSION:

The present study of antifungal activity of the mushroom extract of the Scleroderma bermudense
against plant and human pathogenic fungi are confirmation that the extracts are potential source
of antibiotics with a wide spectrum of properties. In general, reference wells are more active than
different solvent extracts of mushrooms but microorganisms get resistant to the antibiotics after
sometime. Therefore, extracts of mushroom may be used as source of antimicrobial agents for
safe and lacking side effects. Bioactive substances from this mushroom can therefore be
employed in the formulation of antimicrobial agents for the treatment of various bacterial and
fungal infections including gonorrhea, pneumonia, eye infections and mycotic infections.
Isolation, identification and purification of these phytoconstituents and determination of their
respective antimicrobial potencies and toxicological evaluation with the view to formulating

novel chemotherapeutic agents should be the future direction for investigation.
ACKNOWLEDGEMENTS:

435 WWW.ajptr.com



http://www.ajptr.com/

Chittaragi et. al., Am. J. PharmTech Res. 2013; 3(6) ISSN: 2249-3387

The Authors are thankful to The Chairman, Department of Applied Botany, Jnana Sahyadri,
Kuvempu University, Shankaraghatta, Shimoga (D), Karnataka, India, for providing laboratory
facilities and the University Grant Commission (UGC), Government of India, for giving a
research grant to carry out this study. We also grateful to the Institute of Microbial Technology
(IMTECH), Chandigarh, India and American Type Culture Collection (ATCC) for supplying the
microbial cultures.

REFERENCES:

1. Lindequist U, Niedermeyer THJ, Julich W-D. The pharmacological potential of
mushrooms-Review. Evid Based Complement Alternat Med, 2005; 2(3): 285-99.

2. Benedict RG & Brady LR. Antimicrobial activity of mushroom metabolites. Journal of
Pharmaceutical Sciences, 1972; 64: 1820-1822.

3. Toda et al. Structural characterization of immunoactive and antiviral water solubilized
lignin in an extract of the culture medium of Lentinus edodes mycelia (LEM).
Agricultural and Biological Chemistry, 1990; 54: 479-487.

4. Collins RA, Ng TB. Polysaccharopeptide from Coriolus versicolor has potential for use
against Human immunodeficiency virus type | infection. Life Sciences, 1997; 60: 383-
387.

5. Mohan et al. A review of medicinal plants of the genus Cordia: their chemistry and
pharmacological uses. Journal of Natural Products, 2008; 8(1): 1-10.

6. Jonathan SG, Fasidi 10. Effect of carbon, nitrogen and mineral sources of growth of
Psathyrella atroumbonatal (Pegler), a Nigerian edible mushroom. Food Chem, 2001; 72:
479-483.

7. Gbolagade JS, Fasidi 10. Antimicrobial activities of some selected Nigerian mushrooms.
Afr. J. Biomed. Res, 2005; 8: 83-87.

8. Amer S, Aly MM, Sabbagh S. Biocontrol of dermatophytes using some plant extracts and
actinomycetes filtrates. Egyptian Journal of Biotechnology, 2006; 330-315.

9. Filipello Marchisio V, Preve L, Tullio V. Fungi responsible for skin mycoses in Turin
(Italy).Mycoses, 2006; 3(9): 141-150.

10. Tochikura TS, Nakashima H, Ohashi Y, Yamamoto N. Inhibition (in vitro) of replication
and of the cytopathic effect of human immunodeficiency virus by an extract of the culture
medium of Lentinus edodes mycedlia. Med. Microbiol. Imm, 1988; 177: 235-244.

WWW.ajptr.com 436



http://www.ajptr.com/

Chittaragi et. al., Am. J. PharmTech Res. 2013; 3(6) ISSN: 2249-3387

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24,

25.

437

Ding G, Liu S, Guo L, Zhou Y, Che Y. Antifungal Metabolites from the Plant
Endophytic Fungus Pestalotiopsis foedan. J Nat Prod, 2008; 71: 615-618.

Kirk PM, Cannon PE, Minter DW, Stalpers JA. Dictionary of fungi, 10" edition, CABI
Europe — UK. 2008.

Kohama et al. S-15183a and b, new sphingosine kinase inhibitors, produced by a fungus.
J Antibiot, 2001; 54: 415-420.

Finch R. Bacterial resistance- the clinical challenge. Clin. Microbiol. Infect, 2002; 8(3):
21-32.

Harbarth S, Samore MH. Antimicrobial resistance determinants and future control.
Emerg. Infect. Dis, 2005; 11(6): 794-801.

Livermore D. Minimizing antibiotic resistance. Lancet Infect. Dis, 2005; 5(7): 450-459.
Vicente et al. Screening of basidiomycetes for antimicrobial activities. Antonie Van
Leeuwenhoek, 2000; 78(2): 129-1309.

Zjawiony KJ. Biologically active compounds from Aphyllophorales (Polypore) Fungi. J.
Nat. Prod, 2004; 67(2): 300-310.

Iwalokun BA, Usen UA, Otunba AA, Olukoya DK. Comparative phytochemical
evaluation, antimicrobial and antioxidant properties of Pleurotus ostreatus. Afr J Biotech,
2007; 6: 1732-1739.

Dulger B. Antimicrobial activity of the macrofungus Pholiota adiposa. Fitoterapia, 2004;
75: 395-397.

Efremenkova OV, Ershova EY, Tolstych IV, Zenkova VA, Dudnik YV. Antimicrobial
activity of medicinal mushrooms from the genus Coprinus (Fr.) S. F. Gray
(Agaricomycetedeae). Int J Med Mush, 2003; 5: 37-41.

Al-Fatimi MA, Julich WD, Jansen R, Lindequist U. Bioactive components of the
traditionally used mushroom Podaxis pistillaris. Evid Based Complement Alternat Med,
2006; 3: 87-92.

Jonathan SG, Fasidi 10. Antimicrobial activities of two Nigerian edible macrofungi
Lycoperdon pusilum (Bat. Ex) and Lycoperdon giganteum (Pers.). Afr J Biomed Res,
2003; 6: 85-90.

Purkyastha RP, Aindrila C. Manual of Indian Edible Mushrooms. New Delhi: Today's
and Tomorrow's Printers and Publication, 1978; 346.

Kuo M. Contributors Retrieved from the MushroomExpert.Com. Available from:

http://www.mushroomexpert.com/contributors. 2004.

WWW.ajptr.com



http://www.ajptr.com/
http://www.mushroomexpert.com/contributors

Chittaragi et. al., Am. J. PharmTech Res. 2013; 3(6) ISSN: 2249-3387

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Lin J, Opak W, Geheeb-Keller M. Preliminary screening of some traditional Zulu
medicinal plants for anti-inflammatory and antimicrobial activities. Journal of
Ethnopharmacology, 1995; 68: 267-274.

Prashant Tiwari, Bimlesh Kumar, Mandeep Kaur, Gurpreet Kaur, Harleen Kaur.
Phytochemical Screening and Extraction: A Review. Internationale Pharmaceutica
Sciencia. 2011; 1(1): 98-106.

Das K, Tiwari RKS, Srivastava DK. Techniques for evaluation of medicinal plant
products as antimicrobial agent. Current methods and future trends. J. of Medicinal Plants
Research, 2010; 4(2): 104-111.

Aguinaldo A, Espeso El, Guevara BQ, Nonato MG. A Guidebook of Plant Screening:
Phytochemical and Biological, Revised Edn, (Manila, UST Publishing House), 2004;
156: 121-125.

Evans WC, Trease GE, Evans D. Trease & Evans Pharmacognosy, 15" edn, (New York:
Elsevier Health Sciences), 2002; 224.

Mather SB, Gonzalel L. Identification of terpenoids from leaves of Piptocarpha peritora
and their biological activities. Journal of Natural Products, 1982; 45: 495-496.

Okwute SK. Plant derived pesticidal and antimicrobial agents for use in agriculture. A
review of phytochemical and biological studies on some Nigerian plants, Journal of
Agricultural Science and Technology, 1992; 2: 62-70.

Divya N, Mythili S, Sathiavelu A. Phytochemical analysis and in vitro antimicrobial
activity of Andrographis paniculata (Acanthaceae). Journal of Pharmacy Research, 2011;
4(7): 2140-2142.

Zhou et al. Antibacterial activity of medicinal mushroom Ganoderma. Food Rev Int,
2005; 21: 211-229.

Mehmet A, Sevda K, Antimicrobial activity of Pleurotus eryngii var. ferulae grown on

various agro-wastes, Eur Asia J Bio Sci, 2009; 3: 58-63.

/ AJPTR is

e Peer-reviewed
e bimonthly
e Rapid publication
Submit your manuscript at: editor@ajptr.com

\

WWW.ajptr.com



http://www.ajptr.com/
mailto:editor@ajptr.com

