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Abstract In vitro antioxidant activities, total phenolic, and flavonoid contents of Pleurotus djamor
extracts were analyzed based on radical scavenging activities of methanol and aqueous extracts using
1,1-diphenyl-2-picryl-hydrazyl (DPPH), N,N-dimethyl-p-phenylenediamine (DMPD), total Fe** reducing
power, CUPRAC, phosphomolybdenum, metal chelating activity, and lipid peroxidation inhibition
assays. Both extract types showed efficient radical scavenging activities against DPPH and DMPD
radicals, ferric (Fe**) and cupric (Cu*) ion reducing powers, metal chelating activities, and lipid
peroxidation inhibition. Total phenolic contents of methanol and aqueous extracts were 2.79 and 5.95
mg of GAE/g, respectively. Flavonoid contents of methanol and aqueous extracts were 6.35 and 5.75
mg of CAE/g, respectively. Consumption of the mushroom P. djamor can be beneficial due to
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Introduction

Reactive oxygen species (ROS) are chemically reactive molecules
containing oxygen ions and peroxides (1). ROS including radical
species such as hydroxyl (*OH) and superoxide radical (O,™") along
with non-radical species hydrogen peroxide (H,0,) are generated
during normal cellular metabolism. Increased ROS levels cause
damage to lipids, proteins, and nucleic acids (2,3) leading to
physiological disability that often results in metabolic disorders of
inflammation, aging, cancer, and hypertension (4). Normally, cells are
protected against ROS-mediated damage via actions of superoxide
dismutase (SOD), catalase (CAT), and glutathione peroxidase (GSH-
Px) antioxidant enzymes (5,6). Ascorbic acid (vitamin C) and
tocopherol (vitamin E) are also important cellular antioxidants.
Recently, a great deal of attention has been focused on study of
natural antioxidants.

Mushrooms have been a perennial component of the human diet
since time immemorial. They have been consumed by humans as
part of the normal diet but also as a delicacy because of desirable
taste and aroma. Research activities during the last two decades had
indicated that mushrooms exhibit a number of nutritional, nutraceutical
properties and considered as sources of bioactive metabolites (7-9).
Mushrooms are rich in proteins and provide all essential amino acids,
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and low in carbohydrate, fat, and high in fiber contents. Mushrooms
can be considered as functional foods or nutraceutical products that
contribute to the design of healthy dietary patterns. Mushroom
contain large amounts of vitamins, vitamin precursors, variety of
minerals, trace elements, and specific B-glucans (10). They also
exhibit antioxidant properties which are mainly attributed to phenolic
compounds. In addition to bioactive proteins and polysaccharides,
mushrooms are important sources of natural antioxidants constituting
phenolic compounds, tocopherols, ascorbic acid, and carotenoids.
Phenolic compounds found in mushrooms include benzoic acid,
gallic acid, catechin, tannic acid, caffeic acid, and resveratrol. Various
phenolic compounds have been reported to possess potent antioxidant,
antimutagenic, anticancer, antiatherosclerotic, anti-inflammatory,
antiviral, and antibacterial activities (11). Some common edible
mushrooms that are widely consumed in Asia have been found to
exert antioxidant activities that are correlated with total phenolic
contents (12). Therefore, there is growing interest in natural and
safer antioxidants from natural sources and consumption of
antioxidant diet and natural food supplements as part of healthy
lifestyle are now being recognized to protect health from oxidative
stress.

Edible mushrooms belonging to Genus Pleurotus are most widely
cultivated in different parts India, Europe, and Africa. Pleurotus
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species have been used by human cultures all over the world due to
nutritional values, medicinal properties, and other beneficial effects.
Oyster mushrooms have been used thousands of years as a culinary
and medicinal ingredient. They are high in nutrients and contain
significant levels of minerals and vitamins. Oyster mushrooms
stimulate the immune system, inhibit the proliferation of cancer
cells, lowers systemic inflammation, modulate cholesterol levels,
prevent the buildup of plaque in the arteries that leads to cardio-
vascular diseases, counter the Hepatitis C virus, exert antioxidant,
and antibacterial properties (13).

The mushroom P. djamor used as an edible mushroom was
investigated for antioxidant activities, reports of which are unknown.
The aim of this study was evaluation and comparison of the
antioxidant activities of methanol and aqueous extracts of P. djamor
based on scavenging assays in vitro, and also determination of total
phenolic and flavonoid contents. Different antioxidant compounds
may act in vivo through different mechanisms and no single
analytical method can be used for a full evaluation of the total
antioxidant capacity of foods. Hence, several complementary assays
were used in this study. Antioxidant activities were accessed using
different assays that measured free radical scavenging activities,
reducing powers, metal chelating activities, and lipid peroxidation
inhibition for applications in food and pharmaceutical industries.

Materials and Methods

Chemicals and reagents 1,1-Diphenyl-2-picryl-hydrazyl (DPPH), 4
N,N-dimethyl-p-phenylenediamine (DMPD), and 2,4,6-tripyridyl-s-
triazine (TPTZ) were obtained from Sigma-Aldrich (St. Louis, MO,
USA). Ferrozine, gallic acid, catechin, ascorbic acid, and thiobarbituric
acid (TBA) were obtained from Himedia (Mumbai, India). All other

chemicals used were of analytical grade.

Mushrooms The fruiting bodies of Pleurotus djamor (MDU-1) were
collected from VG mushroom farm, Salem, Tamil Nadu in January of
2015. Fruiting bodies were oven dried at 40+2°C for 48 h and milled
into powder through 0.5 mm sieve using a hammer mill (IKAWERKE
MF10; IKA-Works, Staufen im Breisgau, Germany), and stored in air-
tight plastic bags prior to analysis.

Preparation of extracts Ten g of mushroom powder was subjected
to extraction via stirring with 100 mL of methanol or water at 25°C
for 24 h under dark conditions. After centrifugation (ultracentrifuge
R-8C; Remi laboratory instruments, Thane, India) at 5,000xg for 10
min, resulting residues were subjected to re-extraction twice as
described above. Supernatants were pooled and combined extracts
were evaporated under reduced pressure at 45°C using a vacuum
rotary evaporator (Rotavapor R-144; Buchi, Flawil, Switzerland).
Dried extracts thus obtained were re-dissolved in methanol or water
to a concentration of 50 mg/mL and stored at 4°C in a refrigerator
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until further use and subjected to in vitro assays for evaluation of
antioxidant activities. Analyses were carried out in triplicate.

DPPH free radical scavenging activity The scavenging effect of
mushroom extracts against DPPH radicals was determined the
following method of Shimada et al. (14). Different concentrations of
4.0 mL samples of mushroom were mixed with 1.0 mL of a methanol
solution containing DPPH radicals, resulting in a final DPPH
concentration of 0.2 mM. The mixture was shaken vigorously and left
to stand for 30 min, then the absorbance was measured using UV-Vis
spectrophoto-meter 106 (Systronics, Ahmedabad, India) at 517 nm.
Percentage inhibition was calculated as: [(A;—A;)/Ao]x100, where Ay
is the absorbance of a control and A; is the absorbance of a sample.
Ascorbic acid as a natural antioxidant that is frequently used in food
production was included as a positive control.

Hydroxyl radical scavenging assay Hydroxyl radical scavenging
activities of extracts were assayed following the method of Smirnoff
and Cumbes (15). A 3.0 mL reaction mixture contained 1.0 mL of 1.5
mM FeSO,4, 0.7 mL of 6 mM hydrogen peroxide, 0.3 mL of 20 mM
sodium salicylate, and 1.0 mL of different sample concentrations.
After incubation (incubator Model NEC 401; Remi laboratory
instruments) for 1 h at 37°C, the absorbance of the hydroxylated
salicylate complex was measured using UV-Vis spectrophotometer at
562 nm. Scavenging activities against hydroxyl radicals were calculated
as: [1-(A1—A,)/Ao]x100, where A, is the absorbance of a control
lacking the extract, A, is the absorbance in the presence of the
extract, and A, is the absorbance without sodium salicylate. Ascorbic
acid was used as a positive control.

Ferric cyanide (Fe*) reducing antioxidant power assay The
reducing power of mushroom extracts was determined following the
method of Oyaizu (16). Different concentrations of 2.5mL of a
sample, 2.5 mL of a 0.2 M phosphate buffer at pH 6.6, and 2.5 mL of
1% potassium ferricyanide were mixed and incubated at 50°C for 20
min. Then, 2.5 mL of 10% (w/v) trichloroacetic acid was added to the
mixture, followed by centrifugation (ultracentrifuge R-8C; Remi
laboratory instruments) at 3,750xg for 10 min. Then, 2.5 mL of the
supernatant was mixed with 2.5 mL of deionized water and 0.5 mL of
0.1% ferric chloride. After 10 min of incubation, at room temperature
the absorbance was measured using a UV-Vis spectrophotometer at
700 nm against a blank. Ascorbic acid was used as a positive control.

CUPRAC cupric ion (Cu®) reducing power assay The cupric ion
(Cu?) reducing power was determined following the method of Apak
et al. (17) with minor modification of a method reported by Balaydin
et al. (18). Briefly, 0.25 mL of a 0.01 M copper (Il) chloride solution,
0.25 mL of a 7.5 mM ethanol neocuproine solution, and 0.25 mL of a
1 M ammonium acetate buffer solution were added to a test tube,
containing different concentration of the sample. Then the total
volume was adjusted with distilled water to 2.0 mL and mixed



vigorously. The absorbance against a reagent blank was measured at
450 nm after 30 min using UV-Vis spectrophotometer. Increased
absorbance of the reaction mixture indicated an increased reduction
capability. Ascorbic acid was used as a positive control.

Metal chelating activity against ferrous ions (Fe?*) The ability of
mushroom extracts to chelate ferrous ions was estimated following
the method of Dinis et al. (19). Briefly, 2.0 mL of different sample
concentrations in methanol were added to 0.05 mL of a solution of
2 mM FeCl,. The reaction was initiated using addition of 0.2 mL of
5 mM ferrozine. The mixture was then shaken vigorously and left at
room temperature for 10 min. The absorbance of the solution was
measured spectrophotometrically using UV-Vis spectrophotometer
at 562 nm. Percentage inhibition of ferrozine-Fe?* complex formation
was calculated as: [(Ay—A1)/Ag]x100, where A, is the absorbance of a
control, and A; is the absorbance of a mixture containing the extract.
EDTA was used as a positive control.

Lipid peroxidation inhibition assays in egg homogenates A
modified thiobarbituric acid reactive species (TBARS) assay reported
by Ohkawa et al. (20) was used for measurement of the amount of
lipid peroxide formed using an egg yolk homogenate as a lipid rich
medium, as described by Ruberto et al. (21). Malondialdehyde
(MDA), a secondary end product of polyunsaturated fatty acid
oxidation, reacts with 2 molecules of thiobarbituric acid (TBA)
yielding a pinkish red chromogen with an absorbance maximum at
532 nm. One-half mL of a 10% (v/v) egg homogenate and 0.1 mL of
extract were added to a test tube and made up to 1.0 mL using
distilled water. Then, 0.05 mL of 0.07 M FeSO, was added to induce
lipid peroxidation, followed by incubation for 30 min. Then, 1.5 mL of
20% acetic acid (pH adjusted to 3.5 using NaOH), 1.5 mL of 0.8%
(w/v) TBA in 1.1% sodium dodecyl sulfate, and 0.05 mL of 20% TCA
were added and the resulting mixture was vortexed in a vortex mixer
(CM 101 Plus; Remi laboratory instruments), then heated at 95°Cin a
water bath for 60 min. After cooling to room temperature, 5.0 mL of
n-butanol was added to each tube, followed by centrifugation at
3,000xg for 10 min. The absorbance of the organic upper layer was
measured at 532 nm using UV-Vis spectrophotometer. Inhibition of
lipid peroxidation (%) was calculated as: [(A;—A;)/A]x100, where Ay
is the absorbance of a control and A; is the absorbance of a sample.
Ascorbic acid was used as a positive control.

Phosphomolybdenum assay The antioxidant activity of a sample
was evaluated using the phosphomolybdenum method following the
procedure of Prieto et al. (22). An aliquot of 0.1 mL of a sample
solution was mixed with 1.0 mL of the reagent solution (0.6 M
sulfuric acid, 28 mM sodium phosphate and 4 MM ammonium
molybdate). Tubes were capped with silver foil and incubated at 95°C
for 90 min. Tubes were then cooled to room temperature and the
absorbance of the aqueous solution was measured using UV-Vis
spectrophotometer against a blank at 695 nm. Ascorbic acid was
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used as a standard and total antioxidant activity was expressed as
ascorbic acid equivalents (AAE) per g of extract.

Total phenolic content The total phenolic contents of mushroom
extracts were measured following the method of Singleton and Rossi
(23) with modification. One mL of a sample was mixed with 1.0 mL of
Folin-Ciocalteu’s phenol reagent. After 3 min, 1.0 mL of 35% saturated
sodium carbonate was added and the mixture was made up to 10 mL
using addition of deionized water. The mixture was kept for 90 min at
room temperature in the dark. The absorbance was measured using
UV-Vis spectrophotometer at 725 nm against a blank. Gallic acid was
used as a reference standard. The total phenolic content was
expressed as mg of gallic acid equivalents (GAE) per g of extract.

Total flavonoid content The total flavonoid content was determined
as described by Jia et al. (24). An amount of 0.25 mL of mushroom
extract was diluted using 1.25 mL of distilled water. Then, 75 pL of
5% sodium nitrite was added and, after 6 min, 150 uL of 10%
aluminium chloride was added, followed by mixing. After 5 min,
0.5 mL of 1 M sodium hydroxide was added. The absorbance was
measured using UV-Vis spectrophotometer immediately against a
prepared blank at 510 nm. Catechin was used as a reference
standard. The total flavonoid content was expressed as mg of
catechin equivalents (CAE) per g of extract.

Statistical analysis All assays were carried out in triplicate and
results were expressed as meantstandard deviation (SD). Data were
analyzed using SPSS software. An analysis of variance (ANOVA) and
Duncan’s multiple range test (DMRT) were used for analysis of
differences among scavenging activities and ECs, values of extracts
for different antioxidant assays with a least significance difference
(LSD) of p<0.05 as the level of significance. ECso value (mg extract/mL)
is the effective concentration at which radicals were scavenged by
50% or at which the absorbance is 0.5 and was obtained by
interpolation from linear regression analysis.

Results and Discussion

DPPH radical scavenging activity The stable DPPH radical model is
a widely used method for the evaluation of free radical scavenging
activity of natural compounds and the absorption maximum of DPPH
radical in methanol is 517 nm (25,26). When antioxidants reacts with
DPPH free radicals, either an electron or a hydrogen atom is
transferred to DPPH which is reduced to DPPH-H thus neutralizing
the free radical character (27). The scavenging effects of methanol
and aqueous extracts against the DPPH radical were measured and
the results are shown in Fig. 1A.

DPPH scavenging activities of methanol and aqueous extracts of
P. djamor increased with an increase in concentration, resulting in
inhibition percentages of 4.13-86.12 and 4.99-66.41% at 1 to 5 mg/
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Fig. 1. (A) DPPH radical scavenging activities of methanol and aqueous
extracts of P. djamor. (B) Hydroxy radical scavenging activities of
methanol and aqueous extracts of P. djamor. Results are expressed as
meanSD (n=3). Different letters (x-y) indicate a significant difference
at p<0.05 between 2 different extracts of the same concentration.
Different letters (a-e) indicate a significant difference at p<0.05
between concentrations of the same extract (ANOVA, DMRT).

mL, respectively. These values were lower than the vitamin C (Vc)
value of 94.77% at 0.1 mg/mL. There was a significant (p<0.05)
difference between inhibition percentages for concentrations tested
for the same methanol and aqueous extracts. The lowest ECs value
that corresponded to the highest scavenging activity of ECs=2.75
mg/mL against DPPH radicals was obtained using a methanol extract.
The aqueous extract ECsp value was 3.90 mg/mL. A significant
(p<0.05) difference was found between ECs, values of methanol and
aqueous extracts. The scavenging ability of mushroom extracts might
have been due to more hydrogen donating components extracted
from mushrooms. Mushroom extracts contained active substances,
including phenolic compounds, with a high potential for hydrogen
donation for scavenging of DPPH radicals. Agaricus bisporus, A.
arvensis, A. romagnesii, A. sivaticus, and A. silvicola methanol extracts
exhibited DPPH ECs, values of 9.61, 15.85, 6.22, 5.37, and 6.39 mg/
mL respectively (28). The DPPH free radical scavenging activities of P.
djamor extracts in this study were superior to the activities of P. eous
extracts with ECs, values of 4.2 mg/mL for methanol and 7.0 mg/mL
for aqueous extracts (29).

Hydroxyl radical scavenging activities The hydroxyl radical is the
most harmful free radical among ROS for induction of severe damage
to carbohydrate, protein, lipid, and DNA biomolecules (30). Thus,
removal of hydroxyl radicals is important for antioxidant defense in
cells and food systems. The ¢OH scavenging activity of mushroom
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extracts was assessed based on an ability to compete with salicylic
acid for eOH radicals in an *OH generation/detection system.
Scavenging abilities of methanol and aqueous extracts of P. djamor
showed concentration dependent increases from 41.62 to 89.09%,
and from 43.81 to 80.09%, respectively, at 1 to 5 mg/mL (Fig. 1B),
However, values were lower than the value for Vc of 96.01% at 0.5
mg/mL. A significant (p<0.05) difference in hydroxyl radical scavenging
activities was observed between the same concentrations for
methanol and aqueous extracts. The scavenging activity against
hydroxyl for the aqueous extract of 1.47 mg/mL was better than the
value for the methanol extract of 1.83 mg/mL, based on ECs, values.
A significant (p<0.05) difference was observed in ECs; values against
hydroxyl between methanol and aqueous extracts. Thus, mushroom
extracts can be considered as good scavengers of hydroxyl radicals.
Hydroxyl radicals can abstract hydrogen atoms from membranes
and cause lipid peroxidation reactions (31). Thus, the mushroom
extracts showed antioxidant effects against lipid peroxidation on
biomembranes and scavenge hydroxyl radicals and superoxide
anions at the initiation and termination stages of peroxy radicals.
Sudha et al. (29) reported ECs, values of 3.1 and 2.6 mg/mL for
hydroxyl scavenging activities of methanol and aqueous extracts
from P. eous, which were lower than values reported for P. djamor in
this study. Hot-water extracts of Agrocybe cylindracea were effective
scavengers of hydroxyl free radicals with an ECs; value of 25.37 mg/
mL (32).
Reducing power assay In the reducing power assay, antioxidants
convert ferric (Fe**) to ferrous (Fe?*) ions via donation of an electron
and the resulting ferrous ion (Fe*) formation can be measured
spectrophotometrically at 700 nm. This donation of electrons to
reactive free radical species, promotes termination of free radical
chain reactions. The presence of reducers (i.e. antioxidant) reduce
Fe* to the more active Fe?* form might also be indicative of an ability
to act as pro-oxidant. Methanol and aqueous extracts of P. djamor
exhibited a dose-dependent reducing power at 1-5 mg/mL (Fig. 2A).
The reducing power values of methanol and aqueous extracts were
0.218 and 0.312 at 1 mg/mL,and 0.911 and 1.142 at 5 mg/mL, both
lower than the value for Vc of 1.213 at 1.0 mg/mL. There was a
significant (p<0.05) difference in reducing power values between
concentrations tested for the same methanol and aqueous extracts.
Aqueous extracts exhibited the highest reducing power of EC5=1.57
mg/mL. The methanol extract value was ECs;=2.81 mg/mL. A significant
(p<0.05) difference was observed in ECs, values between methanol
and aqueous extracts. The reducing property of an extract generally
depends on the presence of reductones, which exhibits antioxidant
action by breaking the free radical chain via hydrogen ion donation
and the reductones are believed to react with certain precursors of
peroxide, thus preventing formation of peroxides (14). The reducing
power of mushroom extracts might be due to hydrogen-donating
abilities. ECso values obtained from reducing power assays using
methanol extracts of Agaricus bisporus, A. arvensis, A. romagnesii, A.
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Fig. 2. (A) Reducing power assay results of methanol and aqueous
extracts of P. djamor. (B) CUPRAC assay results of methanol and
aqueous extracts of P. diamor. Results are expressed as meantSD (n=3).
Different letters (x-y) indicate a significant difference (p<0.05) between
2 different extracts of the same concentration. Different letters (a-e)
indicate a significant difference (p<0.05) between concentrations of
the same extract (ANOVA, DMRT).

sivaticus, and A. silvicola were of 4.49, 2.72, 6.18, 2.08, and 3.24 mg/
mL respectively (28). Hot water extracts of mature and immature
Ling chih mushrooms exhibited reducing power of 1.08 and 1.04 at 5
mg/mL, respectively (33). The reducing power of hot water extracts
of A. cylindracea was 0.87 at 5 mg/mL (32).

CUPRAC assay The cupric ion reducing antioxidant power assay is
based on the reduction of Cu (ll) to Cu (I) by antioxidants in the
presence of neocuprine and a rise in the absorbance indicates higher
cupric ion reducing power (34,35). The Cu?* reducing activity of P
djamor extracts was concentration-dependent (Fig. 2B). At 1 to 5
mg/mL, the cupric ion (Cu®*) reducing abilities of methanol and
aqueous extracts of P. djamor were between 0.820-1.329 and 0.796-
1.420, respectively, both lower than the Vc value of 1.632 at 0.2 mg/
mL. No significant (p<0.05) difference was observed in Cu* reducing
abilities between concentrations tested for methanol and aqueous
extracts in this study. The ECs, values of aqueous (0.60 mg/mL) and
methanol (0.61 mg/mL) extracts were similar. The CUPRAC chromogenic
redox reaction is carried out at pH (7.0), close to the physiological pH
and the method is proved to be efficient for glutathione and thiol-
type antioxidants for which ferric reducing antioxidant power (FRAP)
method is nonresponsive (36). Noorlidah et al. (37) reported that
CUPRAC values of hot water extracts of Pleurotus species at 1 mg/mL
ranged between 0.390-0.530, which were lower than values for
methanol and aqueous extracts of P. djamor reported in this study.
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Fig. 3. Chelating ability of methanol and aqueous extracts of P. djamor.
Results are expressed as meantSD (n=3). Different letters (x-y) indicate
a significant difference (p<0.05) between 2 different extracts of the
same concentration. Different letters (a-e) indicate a significant
difference (p<0.05) between concentrations of the same extract
(ANOVA, DMRT).

Ferrous ion chelating ability Chelation of metal ions is often
associated with redox active metal catalysis, which prevents generation
of ROS (38). In this assay, chelating agents disrupt the ferrozine-Fe?*
complex, thus decreasing the red color intensity. Measurement of
the rate of color reduction at 550 nm, therefore, allows estimation of
the chelation activity. A lower absorbance value indicates a higher
chelation ability. The chelating activity of methanol and aqueous
extracts of P. djamor against ferrous ions was concentration-
dependent and there was a significant (p<0.05) difference between
values for the concentrations tested for the same methanol and
aqueous extracts (Fig. 3). Methanol and aqueous extracts chelated
ferrous ions to a different extent over a concentration range of 1to 5
mg/mL with inhibition percentages of 2.16-75.92 and 46.75-94.52%,
respectively, both lower than the value for EDTA of 86.82% at 0.05
mg/mL. Aqueous extracts showed excellent chelating abilities against
ferrous ions with an ECsy value=1.45 mg/mL, compared with a
methanol extract value of EC5,=2.55 mg/mL. These difference were
significantly (p<0.05) different. EDTA showed a high chelating ability
of 86.82% at 0.05 mg/mL. The metal chelating activity is important
as the concentration of a catalyzing transition metal is reduced in
lipid peroxidation (39).

Mushroom extracts exerted antioxidant activities due to chelation
of Fe** ions to keep the ion in an oxidized form, which can prevent
production of free radicals and, thus, oxidative damage. The
chelating ability of methanol extracts of mature Agaricus brasiliensis
at 10 mg/mL was 62% with an ECs, value of 5.00 mg/mL (40). Mau et
al. (41) reported that methanol extracts of Ganoderma lucidum, G.
tsugae, and Coriolus versicolor chelated 55.50, 44.80, and 15.20% of
ferrous ions, respectively, at 2.4 mg/mL. The chelating ability of hot
water extracts of Agrocybe cylindracea exhibited an ECs, value of >20
mg/mL (32). Antioxidant activities of Pleurotus eous extracts resulted
in ECsq values for chelation of methanol and aqueous extracts of 5.6
and 7.8 mg/mL, respectively (29), in agreement with results reported
herein.
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Fig. 4. Lipid peroxidation inhibition of methanol and aqueous extracts
of P. djamor. Results are expressed as meantSD (n=3). Different letters
(x-y) indicate a significant difference (p<0.05) between 2 different
extracts of the same concentration. Different letters (a-e) indicate a
significant difference (p<0.05) between concentrations of the same
extract (ANOVA, DMRT).

Lipid peroxidation inhibition assays in egg homogenates Poly-
unsaturated fatty acids (PUFAs) of cell membranes reacts with ROS
and induce lipid peroxidation which leads to changes in the
permeability and fluidity of the lipid bilayer that alters cellular
integrity. It is therefore important to measure lipid peroxidation
inhibition as an indicator of potent antioxidant properties. Inhibition
of lipid peroxidation was assessed based on the amount of MDA
produced. Homogenate phospholipids extracted from egg yolk
undergo rapid nonenzymatic peroxidation in the presence of ferrous
sulphate. Production of MDA was prevented by methanol and
aqueous extracts in a concentration-dependent manner (Fig. 4) and
there was a significant (p<0.05) difference between concentrations
tested for the same methanol and aqueous extracts. LPO inhibition
sharply increased from 4.37 to 65.11% and from 2.80 to 60.32%
when the concentration increased from 0.5 to 2.5mg/mL for
methanol and aqueous extracts, respectively, both lower than the Vc
value of 68.21% at 0.1 mg/mL. Based on ECs, values, lipid peroxide
inhibition followed the order of methanol (2.05 mg/mL)>aqueous
(2.12 mg/mL) extracts. At a concentration of 10 mg/mL, an ethanol
extract of P. ostreatus provided 56.20% inhibition of LPO activity with
an ECsvalue of 8 mg/mL (9). The ability of methanol and hot water
extracts of P. eous to inhibit liver lipid peroxidation resulted in ECsq
values of 0.48 and 0.58 mg/mlL, respectively (29).

Total antioxidant activity based on phosphomolybdenum assays
The total antioxidant capacity was measured by phosphomolydenum
method which is based on the reduction of Mo (VI) to Mo (V) by the
mushroom extract and subsequent formation of green phosphate-
Mo (V) complex at acidic pH with maximum absorption at 695 nm.
The total antioxidant activity was found to be in the order of aqueous
(501.90 mg AAE/g)>methanol (424.35 mg AAE/g) extracts (Fig. 5).
Total antioxidant activities of methanol and hot water extracts of
Peous were 5.84 and 1.98 mg of GAE/g of extract, respectively (29).

Total phenolic and total flavonoid contents Determinations of
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Total antioxidant activity (mg AAE/g)

Methanol Aqueous

Fig. 5. Total antioxidant activities of methanol and aqueous extracts of
P. djamor. Results are expressed as meantSD (n=3). Different letters (x-
y) indicate a significant difference (p<0.05) between 2 different extracts
(ANOVA, DMRT).
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Fig. 6. Total phenolic and flavonoid contents of methanol and aqueous
extracts of P. djamor. Results are expressed as meanSD (n=3). Different
letters (x-y) indicate a significant difference (p<0.05) between 2
different extracts (ANOVA, DMRT).

phenolic and flavonoid contents are important because antioxidant
activities of plant extracts are commonly attributed to the presence
of these compounds, particularly flavonoids. These bioactive compounds
act as reducing agents, free radical scavengers, metal chelators, and
deactivators of singlet oxygen, and/or display simultaneously more
than one of these functions (42). Antioxidant properties also
interfere with oxidative reactions of chain propagation (43). Total
phenolic and total flavonoid contents of methanol and aqueous
extracts of P. djamor are shown in Fig. 6. The order of the phenolic
contents in extracts was aqueous (5.93 mg of GAE/g>methanol (2.79
mg of GAE/g), and the order of flavonoids was methanol (6.35 mg of
CAE/g)>aqueous (5.75 mg of CAE/g). A significant (p<0.05) difference
in phenolic and no significant (p>0.05) difference in flavonoid contents
was observed between extracts. The phenolic and flavonoid contents
of methanol extracts of Agaricus sp. ranged from 2.23 to 8.95 mg of
GAE/g, and from 1.65 to 3.88 mg of CAE/g, respectively (28). Amounts
of phenolics in methanol and water extracts of L. edodes and V.
volvacea were 4.79 and 15.0 mg of GAE/g, and 1.33 and 1.34 mg of
GAE/g, respectively (11).

Antioxidant activities of both methanol and aqueous extracts of P.
djamor were concentration-dependent and exhibited moderate to
high antioxidant activities in this study. Based on ECs, values,
methanol extracts of P. djamor exhibited excellent DPPH radical



scavenging activities and lipid peroxidation inhibition, perhaps

attributable to a high total flavonoid content. An excellent hydroxyl

radical scavenging activity, ferric ion reducing power, cupric ion

reducing power, ferrous ion chelation, and total antioxidant activity

exhibited by aqueous extracts of P. diamor may be attributed to a

high phenolic content. P. djamor is a promising mushroom for large

scale industrial cultivation with an excellent antioxidant potential. In

addition, P. djamor can be used as an easily accessible source of

natural antioxidants, and possibly as a food supplement. However,

further studies for isolation and identification of bioactive constituents

are needed.
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