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ABSTRACT
Epidemics of infection due to drug- resistant and unknown microbial organisms
remains the public health concern, as a consequence, there is a strong need for
alternative antimicrobial substances, effective against resistant pathogenic
microorganisms and of no toxic effect on the human body system. The in vitro
antibacterial activity of extracts from a mushroom(Pleurotus ostreatus) was
assessed against six clinical and typed bacterial isolates: Enterobacteria species,
Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis, Pseudomonas
aerugenosa and Staphylococcus aureus using agar well and disk diffusion methods.
Antioxidant capacity and functional groups of bioactive compounds inherent in
the macrofungus were determined.  Methanol and hot water extracts showed the
highest antibacterial activity of 6 to12 mm zone of inhibition against Gram negative
bacterial isolates and least 6 to 10 mm against S. aureus while Ciprofloxacin
showed highest zone of inhibition of 12 mm to 28mm against the bacterial isolates.
Methanol extract induced a better MIC (12.5 mg/ml–100mg/ml) and MBC
(50mg/ml–100mg/ml) when compared with the hot water extract (MIC 25mg/ml
– 100mg/ml but 100% bacteriostatic).  Bioactive fractions obtained from methanol
extract of P. ostreatus produced antibacterial activity against clinical and typed
isolates of S. aureus, P. aeruginosa and K. pneumoniae at 200µg/ml concentration.
Hot water extract of P.ostreatus had significantly higher amounts of terpenoids,
cardiac glycosides and steroids compared with methanol extracts’ at P<0.05. The
evaluation of the antioxidant properties gave appreciable free radical scavenging
power in vitro, high vitamin C but low in flavonoids. Fourier transform-infrared
spectra revealed the functional groups which could be pointers to the bioactive
compounds present in the mushroom species: the OH group is suggestive of
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phenolic compounds,aryl disulfides is indicative of  aromatic benzene ring from
aromatic amino acids, the cellulose skeletal vibrations and β glycosidic linkage are
characteristics of chitin which posess the ability to stimulate the immune system.
P. ostreatus mushroom species possesses a broad spectrum antibacterial and
antioxidant potentials. Further research on the potency of the bioactive compounds
in vivo and toxicological profile may form the basis for development of new
antimicrobial against pathogenic microorganisms.

Keywords: antibacterial, phytochemicals, antioxidant, Fourier transform-
infrared,Pleurotus ostreatus

few years. For a wide range of human
diseases it is clear that the use and
abused of antibiotics in human medicine
is a major cause of antimicrobial resist-
ance. As a consequence, there is an
increasing need for alternative antimi-
crobial substances, effective against
resistant pathogenic microorganisms;
this would reduce the use of conven-
tional antibiotics. Also, it is important to
fortify and strengthen the immune
system against future health challenges
of outbreak of infectious and life threat-
ening diseases. In the last decade, the
interest for therapeutic potential of
mushrooms has increased rapidly, and
has been suggested that many mush-
rooms are rich in compounds that have
appreciable bioactive properties (Fer-
reira et al., 2010; Patel and Goyal,
2012). A large variety of mushrooms
have been included in folk lore medicine
in different cultures for the maintenance
of health, prevention and treatment of

INTRODUCTION
Antibiotics are substances that inhibit
growth and replication of bacteria or
destroy the bacteria completely. They
can also be referred to as antibacterial
agents and are administered or applied
to stop bacterial infections. Antibiotics,
including those which should be
reserved for second- or third-line treat-
ment of serious infections are on general
use due to drug abuse (under-dose,
overdose and treatment received from
unqualified hands). Production of some
drugs could be illegal or not at full
strength. In developing Countries like
Nigeria, it is usually difficult for the
poor to pay for a complete course for
treatment, so they buy just a few tablets
which are not sufficient to eliminate all
the infectious bacteria, leaving the more
resistant ones to proliferate. The high
level of international travel today is
a contributing factor to  global spread of
new types of antibiotic resistance within
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diseases (Valverde et al., 2015; Barros
et al., 2016).
Health enhancing properties of mush-
rooms have been attributed to the pres-
ence of some bioactive compounds in
mushrooms. Most of these bioactive
compounds derived from mushrooms
function as biological response modifi-
ers (BRM). BRM  are substances that
stimulate the body's response to infec-
tion and disease. The body cannot
produce these substances in appreciable
quantity hence, the need for exogenous
supply.  Biological response modifiers
(BRM) have been shown to enhance
various immune responses; a polysac-
charide from Lentinus edodes is an
immunological strengthener, which can
be used to cure viral hepatitis and
various other diseases that depressed the
immune system (Hearst et al., 2009;
Nisar et al., 2017). Productions of these
biologically active substances are from
the fruiting body and the mycelium of
mushroom (Ferreira et al., 2010). The
fruiting body (cap) of the mushroom is
a source of lignin and phenol degrading
enzymes (Barros et al., 2016). This
study therefore focuses on assessment
of P. ostreatus for its antimicrobial
properties and bioactive substances.
Pleurotus is referred to as ‘oyster mush-
room’ over the world while in China it
is known as Abalone mushroom’ and
‘Dhingri’ in India  Pleurotus species
have been used in Nigeria, China, India,

Japan and all over the world for their
nutritional value, medicinal properties
and other beneficial effects.
The objective of our study was to assess
the antibacterial properties and the bio-
active compounds inherent in Pleuroteus
ostreatus mushroom species.

MATERIAL AND METHODS
Collection of mushrooms: Fresh fruit-
ing bodies of the Pleurotus ostreatus
were obtained from AgrikkMatas farm
at Aisu Ede, (latitude 07°40 North and
longitude 04° 30 East)in Nigeria from
July to December 2017. It was cultivated
using modern technology under control-
led humidity on rice straw and wood
dust.The sample was labeled and trans-
ported in a cellophane bag to Microbiol-
ogy laboratory in the Department of
Microbiology, Federal University of
Technology, Akure, Nigeria.
Identification of mushrooms: The
mushroom was identified by a Botanist
at Obafemi Awolowo University Ile-Ife,
Nlgeria. It was identified using conven-
tional method as described in standard
manual (Odeyemi and Adeniyi, 2015).
Preparation of extracts: The mush-
rooms were dried at ambient tempera-
ture for 2 weeks, and then ground into
fine powder using clean and dry electric
blender (Marlex Electroline, domestic
electric food mixers, Dabhel Domain).
Mushroom powder was processed using
cold extraction method at ratio 1:10 of
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ground powder to extracting solvent.
Methanol (98%) and hot water (100oC)
extracts were prepared, the mouth of the
beaker was covered with foil paper and
the mixture was allowed to stand at room
temperature (28 to 30 oC) for 48 hrs with
frequent agitation. The supernatant was
filtered using muslin cloth and filtrates
concentrated in vacuo in a rotary evap-
orator (Rotary evaporator, Laborata
4000 efficient, Heidolph WB eco) at 40
oC, then evaporated to dryness in pre-
weighed small vials at 40°C in
the laboratory oven (Lab-Tech). The
extracts were stored in a air thight
container,labeled and stored at 4°C until
use.

Phytochemical analysis of extracts:
Phytochemicals including terpenoids,
cardiac glycosides, phenol, flavonoids
and steroid were evaluated qualitatively
and quantitatively as described by
Sofowora (1993).

Antioxidant property: Antioxidant
power of the extracts were determined
using the method of Ferric reducing
antioxidant property (FRAP) and Diphe-
nyl picryl hydrazyl (DPPH) as described
by Pulido et al. (2000). Vitamin C and
flavonoids concentration of the extracts
were also evaluated using standard tech-
nique (Benderitter et al., 1998).

Test microorganisms:Pure culture of
clinical bacterial isolates used in this
study including Escherichia coli (urine
samples), Staphylococcus aureus (ear
swab, HVS and wound swab samples),
Proteus mirabilis, Enterobacter species,
Pseudomonas aerugenosa ( wound swab
samples) and Klebsiella pneumoniae
(sputum sample) were obtained from the
Federal Medical Centre, Owo, Nigeria
and Aspergillus flavus from Microbiol-
ogy Laboratory, Federal University of
Technology, Akure, Nigeria. Typed bac-
terial cultures of Escherichia coli
(ATCC25922), Staphylococcus aureus
(ATCC25923), Pseudomonas aerugino-
sa (ATCC27853) and Klebsiellapneumo-
niae (ATCC10031) were obtained on
slant from the Federal Institute of Indus-
trial Research, Oshodi (FIIRO), Lagos.
Nigeria.

Antimicrobial screening:The crude
extracts were prepared at a graded con-
centration (50, 100, 120, 150 170 and
200 mg/ml) for pilot study and the
concentration that produced the best
inhibition was used for the study. Five
microgram (5µg) Ciprofloxacin was the
positive antibacterial control and nega-
tive control was 30% Dimethylsulpoxide
(DMSO).
Antimicrobial susceptibility testing:
The well diffusion method of Mounyr et
al. (2016) was used.  The turbidity of
24h actively growing broth culture was
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adjusted so that the bacterial suspension
was optically comparable with 0.5
McFarland Standard (106 Cfu/ ml).
Twenty millilitres of cooled (40°C)
molten sterile nutrient agar was pour-
plated into thirty microlitre activated
bacteria (1 x 106 Cfu /ml).  It was swirl
to mix, and left on the bench for 1.5h for
the organism to be fully established in
the cooled agar.  A sterile cork-borer of
5.0mm diameter was used to make wells
of equal depth diameter  at equal dis-
tance in each agar plate. The agar plugs
was removed with a flamed and cooled
wire loop.  The wells were aseptically
and appropriately filled with DMSO,
30µl crude extracts and 5µg cipro-
floxacin and . The plates were prepared
in triplicate and incubated at 37°C for
24h.  The clear zone around the well was
taken as the index of the degree of
sensitivity. Antimicrobial activity of P.
ostreatus fractions was also determined,
using agar disk diffusion method in
which 200µg/ml of each fraction was
processed against some bacterial iso-
lates.

Determination of Minimum inhibit-
ory concentration (MIC) and Minim-
um bactericidal concentration (MBC):
MIC and MBC were determined as
described by Mounyr et al., (2016) with
little variation. Serial dilution of the
extract was prepared ranging from 6.25
to 200 mg/ml;positive control tube (CI)

contained bacterial suspension and
standard antibacterial; negative control
tube (CII) contained extract and diluent
only and CIII tube contained bacterial
suspension and diluent only. The
mixture was incubated at 37oC for 24hrs.
The lowest concentration of the extract
that produced no visible bacterial growth
(no turbidity) in comparison with con-
trols was regarded as the MIC.  Positive
tubes were plated on freshly prepared
agar and incubated at 37°C for 24h.  The
concentrations that produced growth
were considered as bacteriostatic while
the ones with no growth were bacteri-
cidal.

Column chromatography of mushro-
om extracts:
Methanol and water extracts of the
mushrooms were processed using thin
layer (TLC) and column chromatogra-
phy techniques. TLC was used to deter-
mine the appropriate solvent that will
dissolve and best separate the com-
pounds present in the extract. Develop-
ment and drying of the thin layer
chromatographic plate were carried out
using the method of Sasidharan et
al.(2010).The extracts were separated
into their individual compounds employ-
ing column chromatography techniques
(Armarego and Chai, 2003). The solvent
that yielded the best separation on the
TLC was used as the mobile phase. The
column packing was done using 60g of
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column chromatographic silica gel (60-
120 mesh) as stationary phase and Petro-
leum Ether-Ethyl acetate (2:1) as mobile
phase. The sample mixture was placed
on the top of the column and absorbed
to the top of the stationary phase. Sub-
sequently, the mobile phase was applied
to the column and used to elute the
mixture through the stationary phase.
Column chromatography exploits a
molecule's polarity to separate the com-
pounds. The difference in polarity leads
to variances in the rate at which the
molecules travel through the column,
which effectively separates the com-
pounds from one another. The mobile
phase was collected in small fractions of
20 mL in small beakers as it elutes off
the column, thus allowing for the isola-
tion and purification of the compounds.
Then, the solvent was removed using a
rotary evaporator to yield the isolated
compounds. Antimicrobial susceptibil-
ity testing of the bioactive fractions was
investigated using disk diffusion method
of Mounyr et al., (2016).

Fourier transform-infrared (FT-IR)
spectroscopy of bioactive fractions
Potassium bromide (KBr) Spectroscopy
grade was grounded into powdery form,
pelletized with hydrolic press and
scanned with the instrument as back-
ground.  Then the sample was mixed
with KBr, pelletized, then inserted into
the instrument and scanned using SHI-

MADZU FTIR 8400S at Transmittance
mode between 400 – 4000 nm wave-
length.  The spectra was interpreted as
described by John (2000).

Statistical analysis: The results of three
replicates were pooled and expressed as
Mean ± Standard error of mean.  Data
obtained were subjected to two-way
analysis of variance and treatment
means were compared using Turkey’s
Multiple Comparison test with the aid
of Graph Pad Prism 5 at P ≤ 0.05 level
of significance.

RESULTS
Table 1.1 showed Oyster mushroom
with its under-cap spore bearing Gills
directly attached and run down the stem
(stipes) as seen in plate 1. The mush-
room species has molecular identity of
97% genetic comparison with Pleurotus
ostreatus isolate DMRP-20 and was
deposited in the Gene bank with Acces-
sion number MG819739.1.
Table 1.2 demonstrated higher concen-
tration of cardiac glycosides, steroid and
terpenoids in hot water extract P < 0.05
ascompared with methanol extract.
There was no significant difference in
the total phenol present in the two
extracts (13.62 ± 1.00 a mg/g; 12.57 ±
0.54 a mg/g)  Terpenoids, steroid and
cardiac glycosides were significantly
better favored with water extraction in
vitro at P<0.05
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Methanol extract of P. ostreatus was
higher in vitamin C (121.36 ±1.24 b

mg/g) but lower in flavonoid (2.31 ±
0.07 b mg/g) (Table 1.3).  The Free
radical scavenging activity in diphenyl
picryl hydrazyl (DPPH) and ferric
reducing antioxidant power (FRAP) was
statistically of the same strength P < 0.05
in hot water and methanol extracted
mushroom species (Table 1.3).
In table 1.1 P. ostreatus extract showed
some antimicrobial activity with inhibi-
tory zone ranging from 5 mm (50
mg/ml) to 9 mm (170 mg/ml to 200
mg/ml) while ciprofloxacin demon-
strated better inhibition (14 to
16 mm).
The highest antibacterial activity was
demonstrated by ciprofloxacin (14-23
mm), followed by P. ostreatus methanol
extract (6-10 mm) and lastly by P.
ostreatus water extract (8-9 mm) against
S. aureus in descending order (Table 1.4)
P. ostreatus demonstrated anti-bacterial
activity against gram negative pathogens
with inhibitory zone ranging from 7 mm
-11 mm and 6 mm to12 mm against
clinical and typed isolates respectively
while ciprofloxacin showed highest
inhibitory zone ranging from 12 to 28
mm.  P. ostreatus has some antibacterial
potential against E. coli, K. pneumoniae,
P. mirabilis and Enterobacter species at
ZI ≥10 mm (Figure 1.2)
Table 1.5 showed P. ostreatus extracts
with the best MIC against S. aureus

(12.5mg/ml;), followed by Enterobacte-
ria species (25mg/ml), then E. coli, P.
aerugenosa, K pneumoniae and P. mira-
bilis (50mg/ml) in decreasing order of
their potency.   MBC of 50mg/ml against
S. aureus and 100mg/ml against E. coli
and P. aerugenosa were demonstrated
by methanol extract only (Table 1.5).
Two (fractions a and b) of the 60 frac-
tions obtained from the extractsshowed
some antimicrobial activity with fraction
b demonstrating broad spectrum inhibi-
tion ranging from 6 mm – 8 mm against
clinical and typed isolates of S. aureus,
P aerugenosa and K. pneumoniae as
compared with fraction a that inhibited
S. aureus isolate only.

DISCUSSION
Pleurotus ostreatus mushroom species
is the third largest macro fungus culti-
vated for food and industrial purposes
worldwide. Mushrooms are of great
biodiversity and could be classified most
appropriately by making use of their
DNA sequence data. The mushroom
species used in this study is of accession
number MG819739.1 and 97% genomic
comparisons with Pleurotus ostreatus
isolate DMRP-20.  Debnath et al. (2017)
carried out similar study on 10 species
of Pleurotus. Broders et al. (2015) also
identified 22 species of fungal isolates
cultured from diseased pine needle and
fruiting body.
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The amount of phytochemicals obtained
from an extract depends on their solubil-
ity in the extracting solvent, temperature
and period of extraction (Mohd et al.,
2012).In the present study the phyto-
chemicals including terpenoids, cardiac
glycosides and steroids were better
favored with water extraction in vitro.P.
ostreatus extract contains hydroxyl and
carboxylic acids which are more soluble
in polar solvents including water. This
work agrees with the study of Mohd et
al. (2012) who reported highest yield of
phytochemicals in water extract of
Orthosiphon stamineus leaves. However
methanol extracted P. ostreatus was of
better potency in antibacterial activity.
The lower potency of the water extract
could be partly due to the high tempera-
ture (100°C) at which it was processed
because heat could denature, destroy or
prevent activation of some enzymatic
reaction.Also, bioactive compounds that
are heat labile would disappear when
subjected to high temperatures.The
higher potency of the methanol extract
of P. ostreatus is similar to the study of
Truong et al. (2019) who reported that
methanolic extract of S. buxifolia is of
highest potency in antioxidant and in
vitro anti-inflammatory activity and
Dhawan and Gupta (2017)who reported
methanol as the best extracting solvent
of the bioactive compounds inherent in
Datura plant leaves.

The present study showed that the mush-
room species has some antibacterial and
antioxidant potentials which could be
attributed to the bioactive compounds
embeded in them. The phenolic constit-
uents and scavenging capacity that was
in appreciable amount could be a con-
tributing factor to the broad spectrum
antimicrobial activity demonstrated
against S. aureus, E. coli, P. aeruginosa
and K. pneumoniae. The phenolic com-
pounds are secondary metabolites and
possess a wide range of therapeutic uses
such as antioxidant, antimutagenic, anti-
carcinogenic and scanvengers of perox-
idase (Pushpalatha et al., 2011). The
mechanisms of Phenolics toxicity
against microorganisms include enzyme
inhibition by the oxidized compounds
or through interaction with the proteins
(Cowan, 1999). Terpenoidsthat was
present in large amount has varied ther-
aputic properties and flavonoids though
present in a small concentration, have
the ability to confer antimicrobial resist-
ance against wide range of micro organi-
sims; they complex with extracellular
and soluble proteins including bacterial
cell wall.The broad spectrum activity is
similar to the study of Akyuz et al.
(2010) who reported antimicrobial activ-
ity of P. ostreatus against some drug
resistant S. aureus and E. coli.
The fractions obtained from the extracts
showedsome antimicrobial potential
against clinical and typed cultures of S.
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aureus, P.  aeruginosa and K. pneumo-
niae bacterial isolates which was in
aggrement with the broad spectrum
antibacterial activity demonstrated by
the crude extracts.
Fourier transform-infrared spectra
revealed the functional groups which
could be pointers to the bioactive com-
pounds present in the mushroom
species.The OH groupis suggestive of
phenolic compounds,aryl disulfides is
indicative of  aromatic benzene ring
from aromatic amino acids, and the β
glycosidic linkage are characteristics

ofchitin which posesses the ability to
stimulate the immune system (Stier et
al., 2014).

CONCLUSION
This study has revealed the broad spec-
trum antimicrobial and antioxidant
potentials of Pleurotes ostreatus isolate
DMRP-20 and quality yield of the bio-
active components could be obtained
with methanol extraction. This may
form the basis for the development of a
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A B

Plate 1.1: Close view (A) of young Pleurotus ostreatus growing out from
the substrate bag and the  under cap surface spore bearing Gill (B).  X 0.5
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th- methanol extract; hw- hot water extract; CI = 5µg ciprofloxacin; CII = 30% dimethyl
sulphoxide; E/S = ear swab; W/S = wound swab; n = 3, different superscripts along the same
vertical axis indicates significant difference at P< 0.05
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Table 1.5: Minimum inhibitory concentration (MIC) and Minimum bactericidal
concentration (MBC) of Pleurotus ostreatusextract on test organisms

th = methanol extract; hw = hot water extract; Conc = Concentration; P.o = Pleurotus ostreatus;
Pa- P. aerugenosa; Kp= K. Pneumoniael; Pm= P. mirabilis; Ent. Sp= Enterobacter species; 00 =
No activity at the concentration  (bacteriostatic)
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Figure 1.3: Fourier transform-infrared spectra of P. ostreatus bioactive
fraction- a (methanol extracted)

Figure 1.4: Fourier transform-infrared spectra of P. ostreatus bioactive
fraction - b (methanol extracted)
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novel antimicrobial of commercial
value. However more studies should be
carried out on the toxicological profile
of P. Ostreatus.
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