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Abstract

Ganoderma lucidum provides multiple benefits to human in terms of nutrient and medicine. Antibacterial potentials of this
medicinal mushroom were assessed by making use of well diffusion and drug dilution methods on MDR bacterial isolates. Results
revealed that all five extracts produced effective zone of inhibition with best by methanol extract against Escherichia coli and
Pseudomonas aeruginosa (19.3+0.4mm respectively) and also with 266+23.6 MBC. Ganoderma lucidum extracts could be

considered as an effective antibacterial agent.
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Introduction

Mushroom fungi are known for its natural bioactive
compounds (Ho et al., 2007) ', Antimicrobial drugs have
long been used for prophylactic and therapeutic purposes.
Unfortunately, the recent increase in the occurrences of drug-
resistant bacterial strains is creating serious treatment
problems. The antimicrobial activity —of  various
polysaccharides from medicinal mushrooms is being re-
evaluated in terms of their clinical efficacy. Such compounds
would be expected to function by mobilising the body‘s
humoral immunity to ward off viral, bacterial, fungal and
protozoal infections resistant to current antibiotics. They
succeeded in the isolation and identification of Pleuromutilin
(Kavanagh et al., 1950) B, a diterpene that is especially useful
for the treatment of Mycoplasma infections in animals
(Brizuela et al., 1998) ! and served for the development of the
first commercial antibiotic of basidiomycete origin. With the
development of new fermentation and purification
technologies, basidiomycetes are again receiving attention as
potential sources of new classes of antibiotics (Maziero et al.,
1999, Suay et al., 2000) 1> 281 In fact, several compounds that
inhibit the growth of a large spectrum of saprophytic and
phytopathogenic fungi were isolated from basidiomycetes
(Anke, 1997). Despite their potential and enormous diversity
in tropical ecosystems (Hawksworth, 1991) ¥ few studies
aiming at the discovery of bioactive compounds from
basidiomycetes are directed to edible mushrooms (Ishikawa et
al., 2001, Paccola et al., 2001, Oliveira et al., 2002) [7-20- 18] or
common, easily recognized species (Sméania et al., 1999). This
work was carried out to evaluate the antibacterial activity of
aqueous, hexane, chloroform, methanol and ethanol extract of
fruit bodies from Ganoderma lucidum on selected Multidrug
resistant five bacterial Species.

Materials and methods
Collection of Ganoderma lucidum
Ganoderma lucidum was collected as wild from the paddy

fields of Thiruvarur (Dt), Tamil Nadu and identified and
authenticated in the Department of Plant Pathology, Tamil
Nadu Agricultural University, Coimbatore. The selected
strains were multiplied on potato dextrose agar (PDA)
petriplates and slant culture was also maintained for further
analysis.

Processing and Extraction
Ganoderma lucidum is dried completely, powdered using
mechanical grinder and extracted using water and ethanol.

Assessment of Antibacterial activity

Test Organisms

Escherichia coli, Salmonella typhimurium, Pseudomonas
aeruginosa, Staphylococcus aureus and Streptococcus
pyogenes were isolated from clinical cases and identified by
making use of microscopic methods, cultivation of selective
cum differential agar and biochemical tests.

Antibiotic sensitivity assay

All isolates were subjected into antibiotic sensitivity test
according to Bauer et al., (1966). The susceptibility of isolates
were examined by a disc diffusion assay. Antibiotics like
Gentamycin (Gen) - 30pg/disc, Ciprofloxacin (CF) - 30
pg/disc, Ampicillin (A) -10 pg/disc, Erythromycin (E) - 15
pg/disc, Co-trimoxazole (Co) - 30 pg/disc, Cephalosporins
(CE) - 10 pg/disc, Novobiocin (NV) - 05 pg/disc,
Cefpodoxime (CPD) - 30 ng/disc, Tetracycline (T) - 30
pg/disc, Ceftrioxone (CEF) - 30 pg/disc.

Preparation for Mushroom Extract

Ten grams mushroom powder was mixed with 50 ml of water,
hexane, chloroform, methanol and ethanol separately in a
beaker and it was placed on a shaker for 24 hrs. The aqueous
solutions were filtered through Whatman (No.1) filter paper
and then it was placed on the rotary evaporator vacuum, for 15
minutes at 37°C. Then the residue was dissolved with 10 ml of
dimethyl sulfoxide and stored at 40°C for further analysis.
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Antibacterial activity-Well diffusion method

A 24 hr culture of bacteria (Bacillus subtilis, Escherichia coli,
Klebsiella pneumoniae and Pseudomonas aeruginosa) was
prepared prior to the methods of Well diffusion assay. It was
inoculated in sterile Brain Heart Infusion broth with the
turbidity 1.5%10% CFU/mL. A volume of the inoculum was
swabbed on Mueller- Hinton agar plate using a sterile cotton
swab within 15 minutes after standardization. The well was
prepared in the medium using sterile Smm cork borer. The
prepared extracts were loaded in different concentration of
50ul in each well separately. Later the plates were incubated
at 37°C for 24 hours. After 16-24 hours, the zone of inhibition
was measured in mm. 30 pg Tetracycline was used as the
positive control while 1ml DMSO were used as negative
controls (Balouiri et al., 2015).
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Antibacterial activity of various solvent extracts of
Ganoderma lucidum were done with well diffusion method
against MDR strains of five different bacterial isolates.
Antibiotic susceptibility patterns of the test isolates were
assessed against standard antimicrobials before performing
antibacterial activity of the mushroom extracts. It was
determined that all the isolates were completely resistant to
Gentamycin (GEN), Ampicillin (A), Cephalosporin (cef) and
Novobiocin (NV); all were susceptible to Ciprofloxacin (CF),
Cefpodoxime (CPD) and Ceftrioxone (Table 1) and hence
were multidrug resistant strains (MDR).Tetracycline
susceptibility was noted only with E. coli, and Salmonella
only, which could cause gastrointestinal infections. Similarly,
tetracycline only inhibited Escherichia coli and Salmonella
typhimurium. As multidrug resistance was confirmed with all
the test isolates, the clinical significance of the five test

Results pathogens was very obvious.
Table 1: Antibiotic resistance pattern of the test isolates
R . . Clinical isolates
S. No Antibiotics and its concentration Escherichia coli|Salmonella sp.,| Pseudomonas| Staphylococcus aureus | Streptococcus pyogenes
1 Gentamycin R R R R R
2 Ciprofloxacin S S S S S
3 Ampicillin R R R R R
4 Erythromycin S S S S S
5 Co-trimoxazole S R S R R
6 Cephalosporin R R R R R
7 Novobiocin R R R R R
8 Cefpodoxime S S S S S
9 Tetracycline S S R R R
10 Ceftrioxone S S S S S

The maximum antibacterial activity of G.lucidum was noted
with Methanolic extract with highest zone of inhibition
against Pseudomonas aeruginosa (19.5+2.6mm) followed by
Escherichia coli  (19.320.4), Salmonella  typhimurium
(17.6£1.2),  Streptococcus  pyogenes (16.8£0.9) and
Streptococcus pyogenes (16.4£1.3) (Table 2). Ethanol extract
also produced good antibacterial activity against all the test
organisms which was varied from 14.7 to 18.3mm zone of
inhibition. Lowest zone of inhibition was produced by
chloroform extract against Pseudomonas aeruginosa
(09.8+£2.7mm)

The MBC values of the different extracts against the tested
bacteria are represented in terms of microgram per ml
concentration (Table 3). Escherichia coli was effectively
killed by methanol extract at 266+23.5mg/ml concentration. It
was followed by Salmonella typhimurium (266£62.3) mg/ml
concentrations. Highest concentration of extracts required to
kill bacteria were 733+62.3mg/ml against Escherichia coli.
This study also indicated almost all the extracts inhibited the
growth of all tested bacteria. The extracts of Ganoderma
lucidum could be considered as a bactericidal agent.

Table 2: Antibacterial nature of Ganoderma lucidum extracts on different bacterial isolates

S. No Test Organism Extract and zone of inhibition in mm
Water Hexane Chloroform Ethanol Methanol
01 Escherichia coli 13.8+2.0 13.0+3.2 12.7£2.3 17.6£3.5 19.3+0.4
02 Salmonella typhimurium 16.8+0.9 13.3+1.6 14.3£1.7 18.3+2.6 17.6+£1.2
03 Pseudomonas aeruginosa 11.940.7 14.6+0.7 09.8+2.7 15.2+1.8 19.3+0.4
04 Staphypcoccus aureus 18.6+1.6 14.841.0 11.6+1.3 17.2+0.6 16.4+1.3
05 Streptococcus pyogenes 16.7+1.5 10.7+2.6 14.74£3.2 14.7£1.5 16.8+£0.9
06 Negative Control Nil Nil Nil Nil Nil
Table 3: Minimum Bactericidal of Ganoderma lucidum extracts on different bacterial isolates
. MBC mg/ml
§.No Test Organism Water Hexane Chloroform Ethanol Methanol
01 Escherichia coli 350+40.8 7334+62.3 600+40.8 416247.1 266+23.5
02 Salmonella typhimurium 433423.5 7334+84.9 6334+23.5 466+62.3 266+62.3
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03 Pseudomonas aeruginosa 400440.8 650+40.8 566+23.5 483+62.3 383+124.7

04 Staphypcoccus aureus 433+47.1 666+23.5 583+62.3 583+62.3 383+154.5

05 Streptococcus pyogenes 616+23.5 600+40.8 533+62.3 666+23.5 366+62.3
Discussions (291 This study also confirms antibacterial efficiency of

Fungi, with an estimated 1.5 million species (Hawksworth,
2001) Bl, are the source of approximately one quarter of
known natural bioactive compounds (Ho et al., 2007) 6l
Antimicrobial drugs have long been used for prophylactic and
therapeutic purposes. Unfortunately the recent increase in the
occurrences of drug-resistant bacterial strains is creating
serious treatment problems. Consequently, the antimicrobial
activity of various anti-tumour polysaccharides from
medicinal mushrooms is being re-evaluated in terms of their
clinical efficacy. Such compounds would be expected to
function by mobilising the body‘s humoral immunity to ward
off viral, bacterial, fungal and protozoal infections resistant to
current antibiotics. Polysaccharide Krestin has been shown to
induce potent antimicrobial activity against Escherichia coli,
Listeria monocytogenes and Candida (Sakagami et al., 1991)
(241 Brizuela et al., (1998) ! succeeded in the isolation and
identification of Pleuromutilin, a diterpene that is especially
useful for the treatment of mycoplasma infections in animals
and served for the development of the first commercial
antibiotic of basidiomycete origin. Moreover, interest in the
metabolites produced by basidiomycetes declined as
streptomycetes were considered to be a more prolific and
easier to manipulate source of antibiotics (Anke, 1989) (1.
However, over 6000 metabolites were already identified from
these imperfect fungi, making it more and more difficult to
isolate novel bioactive metabolites from them. With the
development of new fermentation and purification
technologies, basidiomycetes are again receiving attention as
potential sources of new classes of antibiotics (Anke, 1989,
Maziero et al., 1999, Suay et al., 2000) [ 15281 In fact, several
compounds that inhibit the growth of a large spectrum of
saprophytic and phytopathogenic fungi were isolated from
basidiomycetes. Furthermore, these organisms are able to
inhibit the development of bacteria, actinomycetes and other
fungi from their microhabitat, indicating that the antimicrobial
substances produced by them have important ecological
implications (Sidorova and Velikanov, 2000) 2. Despite their
potential and enormous diversity in tropical ecosystems
(Hawksworth, 1991) ¥, few studies aiming at the discovery of
bioactive compounds from basidiomycetes are directed to
edible mushrooms (Ishikawa et al., 2001, Paccola et al., 2001,
Oliveira et al., 2002) - 20 181 or common, easily recognized
species (Smania et al., 1999). The antimicrobial activity of
aqueous, methanol, hexane, and ethyl acetate extracts from
edible wild and cultivated mushrooms against nine food borne
pathogenic bacterial strains was screened with a disk diffusion
assay. Methanol, ethyl acetate, and aqueous extracts
accounted for 92.8% of the positive assays, whereas the
hexane extracts accounted for only 7.2%. Gram-positive
bacteria were more sensitive than gram-negative bacteria to
fungal extracts, and C. perfringens was the most sensitive
microorganism. Aqueous extracts from Clitocybe geotropa
and Lentinula edodes had the highest antimicrobial activity
against all the bacterial strains tested (Venturini et al., 2008)

Ganoderma lucidum extracts on MDR isolates. This study also
incurred insights from the reports of Lakshmi Priya and
Srinivasan, (2013) '"; Kumiko et al., (2015) "9; Mustafa et
al., (2017) and Gebreselema et al., (2019). They also stated
antimicrobial potentials of mushroom fungi against different
microbial species.
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