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Abstract- The aqueous extracts of three edible mushroom
species viz. Agaricus bisporus, Calocybe indica and Pleurotus
ostreatus were analyzed for antioxidant activity using /i vitro
biochemical assays. In this study, the effect of widely used
three cooking conditions, boiling, steaming and microwaving
on the antioxidant content of the mushroom species were
explored by comparatively analyzing the raw and cooked
mushrooms. Cooking the food affects the total antioxidant
content due to release of antioxidant, destruction or creation of
redox-active metabolites. The radical scavenging ability and
reducing power were observed to increase in cooked
mushrooms while the ion chelating ability decreased than the
fresh one. The DPPH radical scavenging ability for fresh
P.ostreatus, Abisporus and C.indica were 44.7, 42.7 and
40.3% respectively at the highest concentration. The
scavenging ability for steam cooked P.ostreatus, Abisporus
and C.indica were 94.4, 91.8 and 89.3% respectively. The
overall results suggest that the total antioxidant activity of the
mushroom species were in the order of Postreatus>
Abisporus > C.indica. Among the cooking methods adopted
in this study, the antioxidant content was highest in steam
cooked mushrooms followed by boiled and microwaved.
Thus, steaming is considered as the best cooking method of
choice in order to release/ conserve antioxidants in
mushrooms.
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L. [NTRODUCTION

xidation is the key factor for the living organisms
in the production of energy for biological

processes. Although oxidation is necessary,
excess formation of oxygen - derived free radicals
initiates many disorders such as tumor development,
autoimmune diseases and also in degenerative
processes associated with ageing [1]. These highly
reactive oxygen derived free radicals which are capable
of oxidizing biomolecules leading to cell death and
tissue damage are produced by chemical and
metabolic processes of the human body [2]. Almost all
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organisms are well protected against free radicals
induced damage by oxidative enzymes such as super
oxide dismutase (SOD), catalase (CAT), antioxidants
such as a- tocopherol, ascorbic acid, carotenoids,
polyphenol compounds and glutathione [3].The
antioxidants present in the plant foods serves as a
protection by scavenging free radicals. In addition to
naturally occurring antioxidants the most commonly
used synthetic antioxidants are butylated hydroxy
anisole (BHA), butylated hydroxytoluene (BHT), and tert-
butylated hydroxyquione (TBHQ). [4]. Some synthetic
antioxidants have been reported to be carcinogenic,
hence research on the potential applications of natural
antioxidants, have received much attention [5-8].

Mushrooms are readily available source for
water soluble vitamins. Edible mushrooms in cooked or
other processed forms are rich in nutrients and
antioxidants [9] and are suitable for diabetic and heart
patients. Some recently isolated and identified
compounds in mushrooms show significant medical
properties, such as immuno-modulatory, cardiovascular,
liver protective, anti-inflammatory and anti-diabetic [10-
13].

Many plant products are studied for antioxidant
property, but, till date, the effects of cooking and
comparison of cooking methods on antioxidant capacity
of foods have not been well studied. [14].Though there
are studies on antioxidant activity of mushrooms, only
little information is available about the effect of cooking
on antioxidant activity of the mushrooms. In this study,
we explored the effects of three cooking methods
(boiling, steaming and microwaving) on antioxidant
capacity of edible mushroom species Agaricus bisporus,
Calocybe indica and Pleurotus ostreatus .

[I.  MATERIALS AND METHODS

a) Chemicals

All chemicals used were of analytical grade;
1,1- Diphenyl — 2 — picryl -hydrazil (DPPH), ferrous
chloride, 3- (2-pyridyl ) -5,6-bis (4- phenyl — sulfonic
acid- 1,2,4-triazine) (Ferrozine), trichloroacetic acid
(TCA), potassium ferric cyanide, ferric chloride, cerium
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sulphate and ethanol were obtained from Sigma
chemicals, USA and Himedia chemicals, Mumbai, India.

b) Standards

The three standards used in this study are
reported to remove the oxygen free radicals and acts as
antioxidants. The standards were obtained from Sigma
chemicals, USA.

a. Quercetin — Flavonoid — C;5H,,0;

b. Rutin - glycoside between the quercetin and the
disaccharide rutinose - C,;H3,046

c. Ascorbic acid - Form of Vitamin C - CgHgOq

c) Plant Material and Extraction

Three mushroom species A. bisporus, C. indica
and P. ostreatus were commercial samples. Fresh
mushrooms from each species were divided into small
pieces; 20g was weighed and grounded by using
homogenizer, then mixed with aqueous solvent, water in
room temperature at 150rpm for overnight. The extract
was filtered over Whatman No.1 filter paper and the
filtrate was collected, solvent was removed by
evaporating at 50°C to obtain the dry extract. The
extracts were placed in a plastic bottle and then stored
at 4°C to prevent oxidative damage until analysis of the
extracts.

d) Cooking Methods

The antioxidant activity of cooked mushrooms is
analyzed by adapting three common cooking methods
viz., microwaving, steaming and boiling.The mushrooms
were washed under running tap water and remaining
water is blotted before weighing.

i. Microwaving
Mushrooms of 50g and 200ml of distilled water
were added to a glass beaker and micro waved for 5
minutes. The mushrooms were then cooled for few
minutes to room temperature and homogenized then
the extract was prepared as stated above.
ii. Steaming
50g of mushroom was placed over 95°C water
in a closed water bath for 5 minutes, after which the
mushrooms were removed, cooled and processed as
above.
ii. Boiling
200ml of boiled distilled water were added to a
50g portion of mushroom and placed in water
maintained at 95°C for 5 minutes. After cooking the
mushrooms were cooled, homogenized and extracted
as above.

e) Determination of total Antioxidant Activity

The total antioxidant activities of the extracts
were determined by the cerium (IV) sulphate method
[15]. Cerium (IV) sulphate solution of 2mM concentration
was added to extracts and standards of varying
concentrations (100-1000ug/ml). Each concentration is
done in ftriplicates. The solution is mixed well and
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incubated for 30minutes at room temperature.
Absorbance of each solution was measured at 320nm
using UV/ VIS spectrophotometer (Beckman DU-530).

) Determination of Reducing Power

The reducing power of the aqueous extracts
was determined by ferricyanide method [16]. Varying
concentrations of standards and aqueous extracts (100-
1000ug/ml) were mixed with phosphate buffer (0.2M, pH
6.6) and 1% potassium ferricyanide. The reaction was
incubated at 50°C for 20 minutes and rapidly cooled
followed by addition of 10% trichloroaceticacid. The
contents are centrifuged at 1000g for 10 minutes. The
supernatant obtained was mixed with 0.1% ferric
chloride and allowed to stand for 10 minutes at room
temperature. The absorbance was measured at 700nm
using UV/ VIS spectrophotometer (Beckman DU-530).

g) DPPH radical scavenging assay

The free radical scavenging ability of the
extracts was determined by using DPPH* [17]. DPPH,
(1, 1-Diphenyl-2-picryl-hydrazil) radical solution of 1mM
was added to varying concentration (100-1000ug/ml) of
test solution and standards. The reaction mixture was
mixed and incubated at room temperature for 30
minutes. The absorbance was recorded at 517 nm using
UV/ VIS spectrophotometer (Beckman DU-530). DPPH™*
scavenging activity was determined as:

DPPH* scavenging activity (%) = [1-(test
sample absorbance/ blank sample absorbance] x 100.

h)  Ferrous ion Chelating Ability

The ferrous ion chelating ability [18] was used
to determine the metal chelation ability of the mushroom
extract. The varying concentrations (100 — 1000ug/ml) of
extracts and standards were mixed with 2mM FeCl, and
5mM ferrozine solutions. The reaction was incubated for
10 minutes at room temperature. The absorbance at
562nm of the resulting solutions was measured and
recorded using UV/ VIS spectrophotometer (Beckman
DU-530). The ion chelating ability is calculated by using
the formulae:

Ferrous ion chelating ability (%) = [1-(test
sample absorbance/ blank sample absorbance] x 100

i) Statistical Analysis

The experimental data were evaluated and
graphs were plotted by using Microsoft Excel. The
statistical analysis such as one way ANOVA was
performed using Graphpad prism 5.0 software

[11. RESULTS AND DISCUSSION

a) Determination of Cerium (IV) sulphate antioxidant
capacity

The Cerium (IV) sulphate assay was based on

the oxidation of antioxidant by Ce (IV) ions. The

absorbance indicates the concentration of unreacted Ce

(IV) ions. The antioxidant capacity of samples increases



with increasing concentration and this was observed
from the decrease in absorbance.

The total antioxidant activity of P.ostreatus was
found to be higher than A.bisporus and C.indica. The
antioxidant activity of cooked mushrooms was observed
to be higher than the raw ones [Figure 1a-e]. Among the
cooking processes performed the antioxidant activity is
higher in the steam cooked mushrooms. The antioxidant
activity of all three steam cooked mushrooms were
plotted separately for detailed explanation. These
differences were statistically significant at 5% level
(P<0.05) using one way ANOVA.

b) Determination of Reducing Power

The reducing capacity of a compound may
serve as a significant indicator of its potential antioxidant
activity [19]. Fe*" - Fe*' transformation was investigated
in the presence of sample for the measurements of the
reductive ability. In this method, the antioxidants
reduced the oxidant probe Fe** to Fe?*. This ion then
conjugated with the ferricyanide ion to form a Prussian
blue coloured product, which was
spectrophotometrically measured at 700nm. An
increase in the absorbance was due to an increase in
the extract concentration, which indicates a significant
reducing power [Figure 2a-e]. The reducing power of
the fresh mushrooms were in the order of P.ostreatus>
A.bisporus >C.indica. The reducing power of the
cooked ones was higher than the raw mushrooms. The
reducing power was also higher in the steam cooked
mushrooms than the other ones which are shown in
Figure 2. These differences were statistically significant
at 5% level (P<0.05) in one way ANOVA.

c) DPPH Radical Scavenging Assay

The DPPH reacts with methanol or absolute
ethanol to give a purple colour DPPH radical (DPPH™).
The presence of antioxidants in the sample will
scavenge the formed DPPH radical and there by a
decreasing the formed colour. Scavenging effects of
extracts from mushroom species on DPPH radicals
increased with increasing concentrations. [20, 21]

The DPPH radical scavenging ability for fresh
P.ostreatus, A.bisporus and C.indica were 44.7, 42.7 and
40.3% respectively at the concentration of 1000ug/ml.
The scavenging ability for steam cooked P.ostreatus,
A.bisporus and C.indica were 94.4, 91.8 and 89.3%
respectively. The free radical scavenging ability for
methanolic extracts of A.bisporus and P.ostreatus were
reported to be 77.5 and 81.3% at the concentration of
180 ug/ml [1]. The scavenging ability was found to be
lower for aqueous extract than methanol extract yet
methanol was not preferred in this study because of its
toxic nature. The radical scavenging ability for three
mushrooms under varying cooking conditions along
with fresh ones and standards were depicted in [Figure
3a-e].

The one way ANOVA analysis shows that fresh
and cooked mushrooms were found to be significantly
different.

d) Ferrous ion chelating ability

In this assay the mushroom extracts and
standard antioxidant compounds interfered with the
formation of ferrous and ferrozine complex, suggesting
that they have chelating activity and capture ferrous ion
before ferrozine. Measurement of colour reduction
therefore allows estimation of the chelating activity of the
coexisting chelator.

Ferrous ion chelating ability for P.ostreatus,
A.bisporus and C.indica were 93.0, 91.3 and 89.6%
respectively at the concentration of 1000ug/ml. The
metal chelating ability for steam P.ostreatus, A.bisporus
and C.indica were 91.3, 89.8 and 87.2% respectively.
The metal chelating ability for methanol extracts of
A.bisporus and P.ostreatus were 58.5 and 62.5% at the
concentration of 100ug/ml [1].

These differences were statistically measured at
5% level (P<0.05) using one way ANOVA. The
difference is not statistically significant. This shows that
ion chelating ability though reduced to certain extent in
cooked mushrooms than the raw ones it is not
significant reduction. The ferrous ion chelating ability for
fresh mushrooms along with the cooked ones were
shown in [Figure 4a-e].

IV. CONCLUSIONS

Based on the results of this study, it is clearly
indicated that the aqueous extracts of fresh and cooked
mushroom species A.bisporus, C.indica and P.ostreatus
has significant antioxidant activity against various
antioxidant systems in vitro. The chelating ability of
P.ostreatus was found to be similar to the potent
antioxidant standards, rutin, quercetin and vitamin C.
The results presented here clearly demonstrate that
process of cooking can make the antioxidant capacity of
cooked food quite different from that of uncooked ones.
This is most probably caused by a variety of effects,
including destruction, release and transformation of
food components. In this study, steaming was shown to be
best method to retain and/or enhance the antioxidant
capacity, followed by boiling and then by microwaving.
To conclude, steaming is the preferred method to
enhance the potential to obtain antioxidants from
mushrooms. Hence these mushroom species can be
used as an easily accessible source of natural
antioxidants in fresh and cooked forms and also as a
possible food supplement or in pharmaceutical industry.
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Standard graph for ion chelating ability.

b : Chelating ability of P.ostreatus in cooking conditions.
¢ : Chelating ability of A.bisporus in cooking conditions.
d : Chelating ability of C.indica in cooking conditions.

e : Chelating ability of steam cooked mushrooms.
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