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Mushroom, a new food item in Bangladesh, has remained largely obscure about its nutritional and medicinal values.
Evaluation of antioxidant and antimicrobial activity of the Pleurotus florida ethanol extract was the purpose of the
present study. Crude P. florida extract was qualitatively screened for the presence of phytochemicals while total
polyphenol content was measured quantitatively. DPPH-free radical scavenging activity, total reducing power and
ability of inhibiting in vitro Fenton’s reagent-induced oxidative stress were used to evaluate the antioxidant
potentials of the P. florida extract. Minimum inhibitory concentration and antibiogram of the P. florida extract was
assessed against six human pathogenic bacteria. Ethanol extract of P. florida possesses appreciable antioxidant
activity, as indicated by the polyphenol contents, DPPH scavenging activity, reducing power and anti-lipid peroxide
effect. The extract exhibited antimicrobial activity against all of the microorganisms tested.
Keyword: Antioxidant activity, Antimicrobial activity, Phytochemicals, Lipid peroxidation.

1. Introduction
The mushroom P. florida is one of three of
Pleurotus species which is recently being
cultivated in Bangladesh. 100 grams fresh P.
florida contains 2.5~2.75 g of proteins, 0.5~0.6
g of lipids, 2.9~3.1 g of fiber and 5.0~5.6 g of
carbohydrate[1]. P. florida provides essential
amino acids, including cystein and methionin,
unsaturated fatty acid (87%), including linoleic
acid, and minerals [2,3]. In addition, P. florida is
more digestible and energetically superior than
P. ostreatus and P. sajor-caj[4]. Extract of P.
florida fruiting bodies showed antitumor,
immunomodulatory,
anti-inflammatory,
antiplatelet-aggregating, hyoplipidemic
and
hepatoprotective activity[5,6].

amino acid residues of proteins, and DNA[7,8,9].
Thus, ROS are involved in oxidative stress that
have been implicated in the pathophysiology of
many clinical conditions and disorders,
including ischemia, myocardial infarction,
neurodegeneration, cancer, atherosclerosis,
hemorrhagic shock and diabetes mellitus. In
most cases, ROS are secondary to the diseases
while in some instances they are causal[10].
Therefore, dietary antioxidant supplementation
is a promising mean to strengthen the
antioxidant defense and repair systems of the
body to reduce such fatal oxidative damage, as
these systems are insufficient to prevent the
damage entirely.

Reactive oxygen species (ROS) that are
generated during the normal course of oxidative
metabolism in the body can attack cellular
components, including polyunsaturated fatty
acid residues of phospholipids, side chains of all

In addition, a spectrum of untreatable bacterial
infections is emerging due to increasing
prevalence of multidrug resistant strains of
bacteria and the recent appearance of antibiotic
resistance strains while orthodox modern
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antibiotics are cost effective and inaccessibility
to especially rural/3rd world country[11]. Another
problem with orthodox modern antibiotics is the
toxicity on the host tissue. Still now about 80%
of the world’s inhabitants relying mainly on
traditional medicines for their primary health
care[12]. Therefore, searching of alternative or
complementary medicine is more rational. In
this investigation, we therefore studied whether
the ethanol extract of the P. florida could act as
a natural antioxidant and antimicrobial agent.

alkaloid, glycoside, terpenoid and
following Rahman et al. (2013)[13].

2. Materials and methods
2.1 Chemicals

2.2.4 DPPH radical scavenging activity

All the chemicals used in this present
experiment were of analytical grade. Among
these absolute ethanol, Sodium dodecylsulfate
(SDS), Hydrogen peroxide, Folin reagent,
Trichloroacetic acid, Potassium ferricyanide,
2,2-diphenyl-1-picrylhydrazyl
(DPPH),
Butylated hydroxytoluene (BHT), Vitamin E
and Tetracycline (as acetate) were products of
Merck (Darmstadt, Germany). Pyridine, nButanol, Thiobarbituric acid (TBA), 1, 1, 3, 3tetraethoxypropane (MDA) were purchased
from Sigma Chemical Co. (St. Louis, USA).
2.2 Mushroom collection and crude extract
preparation
Fruit bodies of P. florida mushrooms were
procured from the National Mushroom
Development and Extension Center, Department
of Agricultural Extension, Ministry of
Agricultural, Government of the people's
Republic of Bangladesh. Freshly harvested
mushrooms were washed with water and cut into
small pieces. P. florida was then dried,
powdered and subjected to exhaustive extraction
with 100% ethanol. The extract was then
filtered, evaporated using oven to a thick residue
at 40°C and stored at 4ºC until use.

steroid

2.2.3 Quantitative estimation of antioxidant
activity
Evaluation of antioxidant activity of P. florida
was conducted by the following assays: i. DPPH
scavenging activity, ii. Total reducing power,
and iii. The ability of inhibiting Fenton’s
reagent-induced in vitro oxidative stress.

DPPH-free radical scavenging activity of P.
florida extract was measured by the method of
Braca et al. (2002)[14]. DPPH-free radical
scavenging activity of P. florida was calculated
as % of radical inhibition and expressed as IC50
that is the concentration of P. florida required to
scavenge 50% of DPPH used. Butylated
hydroxytoluene (BHT) was used as positive
control. Percentage (%) of redical inhibition was
calculated from the following equation:
% Radical Inhibition = {(Control OD – Sample
OD) / Control OD)} X 100
Furthermore, to directly visualize the antioxidant
activity of the extract, aliquots of 8 μl (0.4 mM)
DPPH solution were subjected to thin layer
chromatographic (TLC) plate. After air dry, 8 μl
of each extract and BHT was re-subjected to the
DPPH spots. After 30 min of incubation, the
spots were photographed and analyzed by
ImageJ.
2.2.5 Total Reducing Power
The reducing power of the extracts was
estimated following Oyaizu (1986) using
vitamin C as standard[15]. The reducing power of
the extract was calculated as ascorbic acid
equivalents (μg of AE/mg of extract).

2.2.1 Estimation total polyphenols
The total polyphenols of the extracts were
determined following Rahman et al. (2013)
using
pyrogallol
as
standard[12].
The
concentration of total phenol compounds in
extracts was determined as pyrogallol
equivalents (μg of PE/mg of extract).
2.2.2 Qualitative phytochemical screening
Qualitative phytochemical screening was
performed for polyphenols, flavonoid, tannin,
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2.3 Fenton’s reagents-induced
oxidative stress

In

vitro

Three male Wistar adult rats of ~40 weeks age
(255g-275g) were sacrificed. Then blood was
removed rapidly and the brain was perfused with
normal cold saline. The brain was removed from
the body; cerebral cortex was separated and
homogenated into phosphate buffer saline (50
mM; pH 7.2). The homogenate was centrifuged
(800 rpm; 10 min) to remove unruptured tissue.
This tissue homogenate was used in subsequent
experiments. Fenton’s reagent [H 2O2 (45 mM) +
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FeSO4 (2mM)] were used to induce in vitro
oxidative stress in the brain cortical
homogenates without (control) or with (test) P.
florida extract at a final concentration of 1000
μg/ml. Vitamin E (as acetate) was used as
positive control. Malondialdehyde content in the
homogenates was determined by previously
described (Hossain et al, 2012) method, as an
indicator of oxidative stress[16]. Lipid
peroxidation of the brain was calculated as
nmol/mg of protein and total protein in the tissue
homogenate was estimated by the Lowry
method[17].
2.4 Antimicrobial activity
Antimicrobial activity of ethanol extract of P.
florida was studied against six human
pathogenic bacteria, pure culture of whose were
procured from Bangladesh Institute for Research
and Rehabilitation in Diabetes (BIRDEM) and
Metabolic
Disorders,
Shahbag,
Dhaka,
Bangladesh. These bacteria were Escherichia
coli, Staphylococcus aureus, Pseudomonas
aeruginosa, Salmonella typhi, Salmonella
paratyphi-A and Serretia marcescens. Bacterial
strains were cultivated at 37°C and maintained
on nutrient agar slant at 4°C and subcultures in
nutrient Broth at 37°C, prior to each
antimicrobial test.
2.5 Determination of minimum inhibitory
concentration (MIC)

Hinton agar plates with the aid of sterile
spreader. The dried crude mushroom extract was
dissolved in sterilized distilled water and
sterilized by filtration through a syringe filter
(0.22μm). In case of disk diffusion method, filter
paper discs (Whitman No. 1) of 6 mm diameter
were loaded with 5.0 mg crude extracts and
place at the center of Muller Hinton agar media.
The plates were incubated for 24 hours at 37°C
in the incubator and zone of inhibition was
measured in mm under the surface of the Petri
dish by using a transparent scale. Tetracycline
(30μgm/disk) for disk diffusion was used as
standard. The result of antimicrobial activity was
expressed in term of the zone of inhibition
around each disc.
2.6.1 Statistical analysis
The results are expressed as mean ± SEM
(Standard error of mean). All parameters for
inter-group differences were analyzed by oneway ANOVA followed by Tukey’s least square
differences test for post hoc comparisons. The
kinetic data were evaluated by nonlinear
regression analysis. The statistical programs
used were StatView® 4.01 (MindVision
Software, Abacus Concepts, Inc., Berkeley, CA,
USA) and GRAPHPAD PRISM® (version 4.00;
GraphPad Software Inc., San Diego, CA, USA).
A level of P < 0.05 was considered statistically
significant.
3. Results

Minimum
inhibitory
concentration
was
determined by previously described broth
dilution method with slight modification[18]. In
brief, to a 2.0 ml of broth culture containing
various concentrations of extract 0.01ml of
inoculums of test bacteria with turbidity of 0.5
McFarland standard was added. Tubes
containing bacterial cultures were then incubated
at 37ºC for 18 hours in the incubator. After
incubation each of the tubes were examined for
microbial growth by observing for turbidity. The
lowest concentration of extract which inhibited
the growth was considered as MIC.

3.1 Qualitative phytochemical screening
Preliminary photochemical analysis of ethanol
extract of P. florida showed the presence of
phenolic compound, flavonoids, terpenoid,
tannin, glycoside, steroid, saponin but not
alkaloid (Table 1).
3.2 Total Polyphenol Content
The amount of the total polyphenol content of P.
florida ethanol extract was 0.404±0.005µg of
GAE/mg of fresh mushroom.

2.6 Antibiogram of P. florida extract
3.3 Total Reducing Power
Antibiogram of ethanol extract of P. florida was
studied against six human pathogenic bacteriaby
disk diffusion methodusing Muller Hinton agar
media[19]. Prior to inoculation, bacterial cultures
were adjusted to 0.5 McFarland turbidity
standard using sterile saline. Then, 100 μml of
inoculums was poured and spread onto Muller
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The reducing power of extracts of P. florida
expressed as µg of ascorbic acid equivalents.
The reducing power of extracts of P. florida was
68.69±1.87µg of ascorbet equivalent/mg of
extract.
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Table 1. Qualitative photochemical analyses of P. florida ethanol extract.
Photochemical identified

Indication

Phenolic compounds
Flavonoids
Terpenoid
Tannin
Glycoside

+
+
+
+
+

Alkaloid
Steroid
Saponin

+
+

‘+’ indicates the presence of phytochemicals while ‘-’ indicates the absence.

3.4 DPPH Radical Scavenging Activity
DPPH scavenging activity of P. florida
extract was two-fold of that of the BHT, as
indicated by IC50 values (Fig 3). The IC50 of

P. florida ethanol extract was 0.066 ±
0.012mM GAE, while it was 0.154 ± 0.064
mM for BHT.

Fig 1: DPPH-scavenging activity of P. florida . (A). The IC50 values of P. florida . Data are the mean ± SEM of
triplicate determinations. IC50 values were calculated by fitting the data to nonlinear regression analysis equitation
[dose-response]. (B). Comperative DPPH- deactivating activity of BHT and P. florida . TLC plate was stained
initially with 8.0 l solution DPPH. After air dry the spots were reloaded with 8 µl volume of butylated hydroxyl
toluene (BHT) and P. florida extract at equimolar concentration. The stable DPPH free radicals were clearly
deactivated by the antioxdants (BHT and extract), as indicated by the gradual lightening of the DPPH’s purple color
of the spots. The scavenging effects were dose dependent. The color of the spots was digitized and calculated by
using NIH ImageJ analyzer (Right panel).

3.5 Effect on In vitro Oxidative Stress
In vitro anti-oxidative activity of P. florida
ethanol extract was evaluated by monitoring
its ability to withstand the Fenton’s reagents
induced in vitro oxidative stress in the rat
brain cortical tissue homogenates. As
Vol. 1 Issue. 3 2013

expected, the Fenton’s reagents significantly
increased the oxidative stress, as compared
to those of the control samples. The results
are consistent with the increased levels of
lipid peroxide (LPO) in the Fenton’s
www.plantsjournal.com
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reagents-induced brain samples (Fig. 2). As
expected, vitamin E, which was used as
positive control, significantly reduced the
levels of LPO. Co-treatment of P. florida
extract with Fenton’s reagent also
significantly reduced the levels of LPO.
Ethnol extract of P. florida alone also
significantly decreased the levels of LPO in

the absence of oxidative stress (data not
shown). The effect was again about 50% of
that of the vitamin E (data not shown).
These results thus indicate that P. florida
ethanol extract is able to withstand the
Fenton’s reagents induced production of free
radicals in the biological samples.

Fig 2: The effect of P. florida on in vitro oxidative stress in the brain tissues. The bars represent the mean ± SEM
(n=3). Con = Control; Os = Fenton’s reagent-induced oxidative stress; Os + V-E = Vitamin E plus Fenton’s reagentinduced oxidative stress; Os+ P.f.= P. florida extract plus Fenton’s reagent-induced oxidative stress. Data were
analyzed by One-way ANOVA followed by Tukey’s least square differences test for post hoc comparisons. Bars
with
different
alphabets
are
significantly
different
at
P<0.05
level.

3.7 Minimum Inhibitory Concentration
Extract concentrations ranging from 400 to
1400 µgm/ml were used in the
determination of minimum inhibitory
concentration (Table 2). Salmonella

paratyphi-A had the highest (1300 µgm/ml)
MIC while, Serretia marcescens and
Staphylococcus aureus had the lowest MIC
(1000
µgm/ml).

Table 2: Minimum inhibitory concentration (MIC) of P. florida ethanol extract.
Extract(mg/ml)

Bacteria
E. coli

Ps. aerugnosa

S. typhi

S. marcescens

S. aureas

S. paratyphi-A

400

+

+

+

+

+

+

600

+

+

+

+

+

+

800

+

+

+

+

+

+

1000

+

+

+

-

-

+

1200

-

+

+

-

-

+

1300

-

-

-

-

-

+

1400

-

-

-

-

-

-

‘+’ indicates the growth of bacteria, while ‘-’ indicates no-growth.
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3.8 Antibiogram of P. florida extract
The results of antimicrobial activity of P.
florida ethanol extract is shown in Table 3.
The order of bacteria according to increased
degree of susceptibility to ethanol extract of

P. florida was following: S. aureas> S.
marcescens> S. typhi> E. coli> S.
paratyphi-A> Ps. aerugnosa.

Table 3: Antibiogram of P. florida ethanolic extract against tetracycline.
Tetracycline disk (30µg)

P. florida disk (5mg)

E. coli

21.0 ± 1.0

14.0 ± 0.5

Ps. aerugnosa

14.0 ± 0.5

9.20 ± 1.0

S. typhi

21.2 ±1.30

15.0 ± 1.5

S. marcescens

19.0 ± 0.3

17.0 ± 0.5

S. aureas
S. paratyphi A

21.0 ±1.20

17.0 ± 0.5

20.5 ± 0.76

12.6 ± 0.2

Bacteria

Values are mean inhibition zone (mm) ± SEM of three replicates.

4. Discussion
Data on the phytochemical analysis of P.
florida fruit body is lacking in Bangladesh,
hence the present study is the first to
describe its phytochemical analysis which
revealed the presence of phenolic
compound, saponin, terpenoid, tannin,
glycoside, steroid, flavonoids but not
alkaloid and glycoside (Table 1). Recently,
much attention has been paid to natural
antioxidants as most commonly used
synthetic
antioxidants
(butylatedhydoxyanisole, butylatedhydoxytoluene, propylgallat and butylatedhydroquinone) have side effects such as
liver damage and carcinogenesis[20]. The P.
florida extract had a substantial amount of
total polyphenol, as measured by the gallic
acid standard. The results are consistent with
the fact that it significantly scavenged the
free radicals of DPPH (Fig. 1). DPPH is a
nitrogen-centered free radical, the color of
which changes from violate-purple to yellow
upon reduction by the process of
hydrogenation. A substance which is able
Vol. 1 Issue. 3 2013

scavenge DPPH is considered as an
antioxidant and radical scavenger[21]. Due to
redox properties phenolic compounds are
considered as the principal antioxidants
present in natural products. Phenolic
compounds are composed of phenolic acids
and flavonoids those are potent radical
terminators. Thus they donate hydrogen to
radicals and neutralize them[22]. The results
of the present investigation indicate that P.
florida could act as an antioxidant like BHT.
More importantly, P. florida extract is a
better antioxidant than BHT, as suggested
by the lower IC50 value of the extract than
that of the BHT. The results are further
authenticated by the reducing power of P.
florida. The reducing power of the P. florida
extract was 68.69±1.87µg of ascorbet
equivalent/mg of extract. After these
biochemical evidence at hand, we directly
visualized the free radical scavenging
activity of P. florida by loading the extract
on the spots of the DPPH in thin layer
chromatographic plates. The violate-purple
www.plantsjournal.com
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color of the DPPH-spots disappeared
gradually thus providing a direct evidence of
its free radical scavenging potential.
During Fenton’s reagents-induced brain
lipid peroxidation, iron salts are thought to
react with H2O2 called the Fenton's reaction,
to make hydroxyl radicals (•OH), which
bringabout peroxide reaction of lipids and
lead to the formation of malonaldehyde
(MDA)[23]. The •OH radical is the most
potent lone pair reactive oxygen species that
brings about a severe detrimental change in
membrane structure leading to an increased
permeability of membrane and damage to
biological
component
molecules[24].
Therefore, we induced the production of
hydroxyl (•OH) radicals by incubating the
brain tissues with Fenton’s H2O2+Fe2SO4
reagents and examined whether the
oxidative stress (of •OH) is reduced in the
presence of P. florida extract (Fig 2). The
levels of lipid peroxide were used as an
indicator of oxidative stress. The levels of
LPO were increased by ~75%, as compared
to those of the controls. This suggests that
we were able to generate free radicals
including •OH radicals in the biological
tissues. The presence of vitamin E (atocopherol), a well known antioxidant,
significantly inhibited the production of free
radicals. The P. florida extract also inhibited
(p<0.05) the oxidative potentials in the in
vitro oxidatively-stressed brain samples,
though the inhibition was weaker than that
conferred by the vitamin E. Our results are
thus consistent with the fact that P. florida
extract might act as a good antioxidant
whose efficacy is between the BHT and
vitamin E. However the mechanism(s) of
actions remains to be resolved. Localization
of flavonoids within the artificial and
biological membranes and interactions of
flavonoids at the surface of bilayers through
hydrogen bonding has been already
documented that can act to reduce the access
Vol. 1 Issue. 3 2013

of deleterious molecules (i.e. oxidants) by
altering cell membrane structures. Thus,
flavonoids protect the structure and function
of membranes[25,26]. Therefore, flavonoids, a
class of phenolic compounds present in P.
florida ethanol extract, might contribute to
the antioxidant potential of the extract. In
addition to flavonoids, antioxidant activity
of terpenoid and several types of glycoside
has also been documented. The presence of
terpenoid and glycoside may also be a
candidate to the antioxidant activity of the
extract.
Antimicrobial activity of ethanol extract of
P. florida was studied against six human
pathogenic bacteria including Escherichia
coli, Staphylococcus aureus, Pseudomonas
aeruginosa, Salmonella typhi, Salmonella
paratyphi-A and Serretia marcescen. The
highest antibiogram was recorded in both S.
marcescens and S. aureas measured 17 mm
while the lowest antibiogram was recorded
in Ps. aerugnosa measured 9 mm. Crude
extract could be considered as potential
useful therapeutics if they have MIC value <
8mg/ml[27] and any chemicals that have
antimicrobial activity with a zone of
inhibition of 7 mm and above can be
considered
as
potentially
usefull
therapeutics[28]. Therefore, P. florida ethanol
extract can be considered as potential
antimicrobial therapeutics.
5. Conclusion
Mushroom as a food item is new in
Bangladesh. Mass population has remained
largely obscure about its nutritional as well
as medicinal values. Recently, mushroom of
about 20 species are being cultivated and P.
florida is popular one. The results of the
present investigation clearly demonstrate
that P.florida fruit body could be used as a
good food supplements that would support
for
both
natural
antioxidant
and
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antimicrobial actions. Such researches will
certainly contribute to the attention of the
cultivator, consumers and above all
mitigation of nutritional demand in an
alternative mean.
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