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ABSTRACT

Mushroom cultivation has got a boost over the past few years due to their nutrition, biological activities
and potential to convert agro-wastes into nutritious food by eco-friendly methods. The present study
was conducted with objectives to evaluate the antioxidant potential through DPPH radical scavenging
activity, reducing power, total phenolic contents (TPC), non-protein thiols (NPTs), superoxide dismutase
activity and ascorbate peroxidase activity of four cultivated mushrooms in India. Among all studied
mushroom species V. volvacea (77.618%+0.378) displayed the highest DPPH radical scavenging activity
in aqueous extract (WE) and C. indica (10.10%=0.378) displayed the lowest in methanol extract (ME).
The maximum reducing activity was shown by Calocybe indica (0.415+0.002) in WE and minimum by
Flammulina velutipes (0.029+0.002) in ME. The highest value of TPC was shown by Volvariella
volvacea (2.045+0.047 ug GAE/mg DW) in WE and the minimum by C. indica (0.673+£0.03 ug GAE/mg
DW) in AE (acetone extract). Non-protein thiols (NPTs) values ranged from 1.061+0.029 to 2.360+0.016
u moles/g DW. These cultivated mushrooms also showed good Superoxide dismutase activity (8.95+0.27-
15.43+0.65 U activity/mg Protein) and Ascorbate peroxidase activity (0.677+0.14-7.07+0.58 p moles/mg
protein min™). All studied mushrooms displayed high antioxidant activities in vitro, hence, recommended
for Indian diets and for further screening for medicinal uses.

Keywords: Antioxidant, mushroom, DPPH, total phenolic contents, superoxide dismutase, ascorbate
peroxidase

Mushrooms have occupied a prominent space in
human food due to their nutrition, taste, aroma and
biological activities. Mushroom cultivation has gained
a boost over the past few years due to their potential
to convert agro-wastes into nutritious food by eco-
friendly methods. The worldwide production of
mushrooms is increased five times in the last 22 years
and reached up to 44 million tonnes in 2023, but in
India, the production is merely 0.24 million tonnes
(FAOSTAT, 2023). Mushrooms contain several
nutritional ingredients such as carbohydrates, proteins,
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minerals, vitamins, dietary fibers and low content of
lipids (Kumar and Sagar, 2023a, b) besides various
alkaloids,
polysaccharides, phenolic compounds, glycoproteins,

bioactive compounds such as
steroids, ascorbic acid, carotenoids, ergothioneine,
glycosides etc. (Kozarski et al., 2015; Kumar, 2015;
Ruthes et al., 2016; Sakamoto et al., 2020; Baosong

et al., 2020; Abdelshatfy et al., 2022).

Human body produces free radicals during normal
metabolic processes but their production exceeds
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during the presence of some external factors like
environmental pollution, smoking, alcohol, unhealthy
diets and unhealthy lifestyle (Pham-Huy et al., 2008).
Increased accumulation of free radicals in the body
causes oxidative stress, which is deleterious and can
damage cells or tissues. Excessive oxidative stress
caused by reactive oxygen species (ROS) results in
multiple disorders i.e., metabolic disease,
cardiovascular problems, cancer, premature aging,
autoimmune disorders and severe neurodegenerative
disorders such as Parkinson’s and Alzheimer’s
(Kozarski et al., 2015). Our body has endogenous and
exogenous types of antioxidant systems. The
endogenous system includes enzymatic antioxidant
(ascorbate peroxidase, catalase, glutathione
peroxidase and superoxide dismutase) and non-
enzymatic antioxidant (albumin, bilirubin,
ceruloplasmin, coenzyme Q10, glutathione (non-protein
thiol), linolenic acid, polyamides, transferrin and uric
acid), while exogenous antioxidants include externally
taken vitamins, minerals, carotenoids, xanthophylls, and
polyphenols (Caverzan et al., 2012; Kozarski et al.,

2015; Kuciel-Lewandowska et al., 2020).

Mushrooms are the part of the human diet not
only due to their nutrition, taste and aroma but also
for their curative properties (Ma et al., 2018).
Mushrooms are well off in biologically active
compounds, which make them a good antioxidant food
source (Nitha et al., 2010; Kozarski et al., 2015). The
richness in bioactive compounds makes the
mushrooms functional foods or nutraceuticals, which
accounts for many medicinal properties such as
antimicrobial, antiviral, anticancer, antidiabetic,
immune-stimulating, hepatoprotective, hypolipidemic,
neuroprotective, antiatherogenic and hyposensitive
activities (Kozarski et al., 2015; Rai et al., 2021; Rauf
et al., 2023; Gebru et al., 2024). The dietary intake
of mushrooms may contribute to boosting the
antioxidant defense system of our body to regulate
oxidative homeostasis.

Mushroom consumption in India is lower in
comparison to developed countries due to scanty
knowledge of the economic, ecological, nutritional, and
health benefits of mushroom diets. The data regarding
antioxidant properties of cultivated mushrooms in India
is also not enough (Sudha et al., 2008; Jagadish et al.,
2009; Ramkumar et al., 2012; Thillaimaharani et al.,
2013; Kumar and Priyanka, 2022), hence the present
study has been taken up. The present study was
conducted with objectives to compare the DPPH
scavenging activity, reducing power, total phenolic
contents, non-protein thiols, superoxide dismutase
activity and ascorbate peroxidase activity of four
cultivated mushrooms in India and to make people
aware of their health benefits.

MATERIALS AND METHODS

The pure cultures of milky mushroom (Calocybe
indica DMRO-302), winter mushroom (Flammulina
velutipes DMRO-253), oyster mushroom (Pleurotus
florida DMRP-136) and paddy straw mushroom
(Volvariella volvacea DMRO-484) were obtained
from Indian Council of Agricultural Research-
Directorate of Mushroom Research, Solan, Himachal
Pradesh, India in 2020-21. These fruiting bodies were
grown under standard cultivation technologies
developed by ICAR-DMR.

The sporocarps of mushrooms were dried at a
constant temperature of 40-45 °C and powdered in a
mixer grinder. 20g powdered samples were extracted
separately in 200 ml acetone, distilled water and
methanol for seven days. The mushroom extracts
were filtered and dried by evaporating at 45 °C in an
oven. The extracts were designated as AE (acetone
extract), WE (aqueous extract) and ME (methanol
extract). These extracts were stored at a temperature
below 4°C and used for assaying DPPH scavenging
activity and reducing power.
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Scavenging activity of DPPH

DPPH (2, 2-diphenyl-1-picrylhydrazyl) free
radical scavenging activity of different mushroom
extracts was estimated by the method given by
Barros et al. (2008) with few alterations. For
estimation of DPPH free radical scavenging activity,
1 ml of different concentrations of 100, 200, 300, 400
and 500pg/ml of acetone extract (AE), aqueous
extract (WE) and methanol extract (ME) were taken
in separate test tubes. To each test tube 1 ml of
DPPH solution (0.ImM) was added, shaken
vigorously and kept at a temperature of 25 °C in the
dark for 30 minutes. The reduction of the DPPH was
estimated by measuring the bleaching of the purple-
coloured methanol solution of DPPH at 517 nm. The
following formula was used to calculate the radical
scavenging activity as a percentage of DPPH
discolouration:

% radical scavenging
activity

A control — A sample
100

X
A control

Where A control is the absorbance of the DPPH
solution and A sample is the absorbance of the
reaction mixture when an extract of a particular
concentration has been added. IC,, value was
determined from the plotted graph of radical
scavenging activity against the concentration of
extract by the following formula:

50 —Y intercept

50—

IC
Slope

Reducing power

Reducing power evaluation was done by
measuring the ability of mushroom extracts to reduce
ferricyanide to ferrocyanide (Oyaizu, 1986).
Concentrations of 100, 200, 300, 400 and 500 ug/ml
of each extract were made. Each concentration
(0.5ml) was added to 0.5ml of a 0.2M phosphate
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buffer (pH 6.6) and 0.5ml of 1% potassium
ferricyanide [K,Fe (CN)]. The reaction mixture was
kept at a temperature of 50 °C for 20 minutes,
followed by the addition of 0.5ml of 10%
trichloroacetic acid (TCA) and centrifuged for 10
minutes at 3000 rpm. The upper layer of supernatant
(0.5ml) was taken and mixed with 0.5 ml of distilled
water and 0.1ml of 0.1% FeCl,. The reaction mixture
was kept for 10 minutes at room temperature before
the absorbance was measured at 700 nm against a
reagent blank. A higher absorbance indicates a higher
reducing power.

Total Phenolic Contents (TPC)

The total phenolic contents of cultivated
mushrooms were determined by the Folin-Ciocalteu
phenol reagent method (Goldstein and Swain, 2001)
with few alterations. 100 mg of each mushroom’s
powder was homogenized in 2 ml of 0.3N HCI in
acetone, 0.3N HCI in water and 0.3N HCI in
methanol, separately and centrifuged at 6000rpm for
10 minutes. Each supernatant was evaporated and the
residue was dissolved in 2 ml distilled water in the
case of methanol and aqueous extracts and in acetone
in acetone extract. The resulting solution was added
with 0.5ml of Folin and Ciocalteu’s phenol reagent and
shaken vigorously to mix thoroughly. After three
minutes, 1ml of saturated sodium carbonate (35%)
solution was added to the reaction mixture. The
reaction mixture was kept in the dark for 90 minutes
after which the absorbance was read at 725nm against
blank. The TPC was determined through the gallic
acid calibration curve. The TPC was expressed as
ug of gallic acid equivalents (GAEs)/mg of DW of
tissue.

Non-Protein Thiols (NPTSs)

The non-protein thiols (NPTs) of mushroom
samples were evaluated through the method given by
Noctor and Foyer (1998). 100mg of powdered
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mushroom sample was homogenized in 3ml of
extraction buffer (sodium phosphate buffer 0.1M, pH
7.8 and EDTA 1mM). The homogenized mixture was
centrifuged at 10,000 rpm for 10 minutes. The
supernatant was used as an enzyme extract. The
reaction mixture contained 2.5ml buffers (sodium
phosphate buffer 0.1M, pH 7.8 and EDTA), 50ul
Ellman’s reagent (Dithiobisnitrobenzoic acid DNTB)
4mg/ml and 250ul enzyme extract. The absorbance
was observed at 412 nm and NPTs were quantified
from the standard calibration curve of reduced
glutathione (GSH). The NPTs were determined using
the molar extinction coefficient 13600mM'cm™ for
DNTB.

Superoxide dismutase activity (SOD)

The superoxide dismutase activity (SOD) was
quantified by measuring the potential of the mushroom
sample to impede the photochemical reduction of nitro
blue tetrazolium chloride (NBT) (Beauchamp and
Fridovich, 1971). 100 mg of powdered mushroom
tissue was homogenized with extraction buffer (2.8ml
phosphate buffer 50mM, pH 7.8 and 0.2ml EDTA
0.1mM). The homogenized mixture was subjected to
centrifugation at 13,000 rpm for 25 minutes at 4°C.
The supernatant of centrifugation is used as an enzyme
extract. Test tubes were labeled as T, S, C and B
and following reaction mixtures were prepared.

Reaction Ingredients

Test (T) Methionine (1.5ml), Riboflavin (0.3ml), NBT
(0.1ml) and enzyme extract (0.1ml)

Standard (S) methionine (1.5ml), riboflavin (0.3ml), NBT
(0.1ml), and phosphate buffer (0.1ml).

Control (C) Methionine (1.5ml), Riboflavin (0.3ml), phosphate
buffer (0.1ml), and enzyme extract (0.1ml)

Blank (B) Methionine (1.5ml), riboflavin (0.3ml) and

phosphate buffer (0.2ml).

All labeled test tubes containing reaction mixtures
were illuminated for 10 minutes in an illumination

chamber under a 15W fluorescent lamp. Immediately
after illumination, the absorbance of all the reaction
mixtures was measured at 560 nm. The unit activity
of enzyme present in the extract was calculated by
using the following formula and expressed as U/mg
protein.

Decrease in OD= (S-B)-(T-C)

Decrease in OD x 2

S-B

SOD activity =

SOD activity/ ~ SOD activity x Dillution factor

mg of protein Total protein (mg/ul)

Ascorbate peroxidase activity (APX)

The ascorbate peroxidase (APX) activity of
mushroom samples was assayed by following the
method given by Nakano and Asada (1981) with
some modifications. 100 mg of powdered mushroom
tissue was homogenized with 1ml of HEPES-NaOH
buffer (100mM, pH 7.6) and containing SmM
ascorbate. The homogenate was centrifuged at 10,000
rpm for S5minutes at a temperature of 4°C. The
supernatant served as an enzyme extract. The reaction
mixture contained Iml (50mM, pH 7.6) HEPES-
NaOH buffer, 50ul (SmM) ascorbate, 50ul enzyme
extract and 100ul (4mM) H,O,. Following the addition
of substrates, a change in absorbance was recorded
at 290 nm for up to 3minutes. The enzyme activity
was determined using the extinction coefficient
2.8mM'em™! for ascorbate.

(AAbs x total assay volume x

Enzyme e

activity  _ dilution factor)
(Units/ml At x extinction coeeficient x 1 x
enzyme) enzyme sample value

Where: AAbs is the change in absorbance, At is
time in minutes and I is the path length (1 cm).
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Units/ml enzyme

Units/mg solid =
mg solid/ml enzyme

Units/ml enzyme

Units/mg protein =
mg protein/ml enzyme

Every experiment was performed in triplicate and
results were recorded as average values (+ Standard
Error).

RESULTS AND DISCUSSION
Scavenging activity of DPPH

The radical scavenging activity of methanol,
aqueous and acetone extracts of four cultivated
mushrooms was tested against DPPH. The hydrogen
atom or electron donation abilities of the corresponding
extracts were estimated from the bleaching of the
purple-colored methanol solution of DPPH. The
decrease in absorbance was taken as a measure of
the amount of radical scavenging. The results revealed
that there was an increase in radical scavenging
activity with an increasing concentration of extracts.

Table 1 depicts the radical scavenging activity of
extracts of C. indica, F. velutipes P. florida and
V. volvacea. The radical scavenging activity of
extracts increased with the increase in concentration
of extracts and also varied in different mushroom
species. The IC, values of radical scavenging activity
in acetone extract and methanolic extracts were found
to be higher than water extract. The minimum IC,
value was recorded in Volvariella volvacea water
extract and P. florida methonolic extract. The DPPH
radical scavenging activity was found to be solvent
dependent. The lowest DPPH radical scavenging
activity was observed in acetone extracts among the
three extracts. Among all studied mushroom species
V. volvacea displayed the highest DPPH radical
scavenging activity in aqueous extract (WE) and C.
indica displayed the lowest in methanol extract (ME).
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Table 1. DPPH radical scavenging activity of different extracts of test mushroom species at different concentrations

DPPH radical scavenging activity %

Conc. of extract

(pg/ml)

V. volvacea

P. florida

F. velutipes

C. indica

15.31+0.36
24.55+0.26

18.39+0.26
35.09+0.45
50.72+0.34

11.057£0.176  66.56+0.11

19.07£0.44  3.290%*+0.508

15.56+0.00
25.93+0.05

12.905+0.215  36.25+0.47

4.933+0.775

11.07+£0.99

7.03+£0.52  5.65+0.30

13.25+0.23  4.09+0.28

10.38+0.52 23.84+1.15 5.

7.53+0.52

100

4.369+0.305
7.228+0.447

27.74+0.12

8.670+0.462

10.29+0.46 11.79£0.24 17.42+0.82
16.52+0.53 15.25+0.37 19.49+0.66

21.30+£0.54 19.95+0.11 23.91+0.34

+0.23

200
300
400

500

IC

37.67+0.35

38.98+0.36
52.63+0.09
62.42+0.68

11.94+045 31.24+0.18 5.63+0.38

15.16:0.69 38.08+0.82 8.

48.31+0.32
61.20+0.64

410.99

45.36+0.08
18.585+0.285 53.97+0.43

14.798+0.141

+0.28

77.62+0.38

13.970+0.308

28.48+0.80 26.03+0.19 26.64+0.75

17.55+0.57 46.25+0.35 10.10+0.38

933.02 101956 1124.11 1456.12 452.66 390.14 1770.32 304.03
pg/ml

3197.68

1872.21 544.29

pg/ml

50

pg/ml

pg/ml

pg/ml pg/ml pg/ml pg/ml pg/ml

pg/ml

pg/ml

pg/ml

value
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The DPPH radical scavenging activity of
mushroom extract may be the result of neutralization
of free radicals (DPPH) either by transfer of an
electron or by hydrogen atom (Naik et al., 2003).
Alam et al. (2019) recorded DPPH radical
scavenging activity of C. indica 33.71, 31.75 and
25.41% in acetone, methanol and hot water extracts,
respectively at 125 ig/ml concentrations. Nguyen et
al. (2022) reported radical scavenging activity of
72.36% (500 pg/ml) and IC, =240.11(ug/ml) in C.
indica which was much higher than the present study.
Yeh et al. (2014) reported 99.7 + 3.62% DPPH
scavenging activity in Flammullina velutipes while
Ryu et al. (2018) reported 12.45 mg/ml IC, value of
aqueous extract, which was considerably below than
present results. Shah et al. (2018) reported higher
DPPH scavenging activity (67.37%) in water extract
of F. velutipes. Banerjee et al. (2020) detected
84.2% DPPH scavenging activity of F. velutipes in
methanolic extract at 1mg/ml concentration.
Krsmanovia et al. (2023) reported DPPH scavenging
1.17 £ 0.181% pg/ml in ethanol extract in F. velutipes.

Menaga et al. (2013) reported the DPPH radical
scavenging activity of P. florida in the methanolic
extract was 78% at the concentration of 100 pg/ml.
Prabhu and Kumuthakalavalli (2016) reported the IC, |
values of P. florida and C. indica were 413.28 +
5.87 ig/ml and 588.40 + 11.85 ig/ml, respectively. Maji
et al. (2018) recorded radical scavenging activity of
aqueous extract at 200 ig/ml of C. indica (30%) and
P. florida (42.5%), which was confirmed in the
present study. The radical scavenging activity of the
P. ostreatus grown on different sub-strates ranged
from 44.24 to 75.68% and IC, values varied from
0.46-13.17 mg/ml for all samples tested (Gebru et al.,
2024).

Mishra et al. (2014) reported radical scavenging
activity of 33.5% in methanol extract and 14.7 in
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aqueous extracts at 0.5mg/ml concentration in
Volvariella volvacea while IC_ values for ethanol
and methanol extracts were reported to be 2.03 mg/
ml and 2.05 mg/ml, respectively by Ali et al. (2017).
Punitha and Rajasekaran (2014) reported IC_ values
of 110.40 and 142.45 mg/ml for methanol and aqueous
extracts of V. volvacea. Masitah et al. (2023)
reported 32.95 + 0.97% DPPH radical scavenging
activity at 20 mg/ ml in ME of mature fruiting bodies
of V. volvaceae.

Reducing power

The reducing activity was estimated through the
reduction of Fe**/Ferricyanide complex to ferrous
(Fe?*). The colour of the reaction mixture changes to
various shades of green and blue. A higher
absorbance of the sample indicates a higher reducing
power. The reducing power of all mushroom extracts
increased with an increase in concentration. The
reducing power assay showed the maximum activity
in Calocybe indica followed by Volvariella
volvacea in water extract followed by methanolic
extract (Table 2). The maximum reducing activity was
in Calocybe indica (0.415 = 0.002) and minimum by
Flammulina velutipes (0.029 + 0.002).

The reducing ability of a substance may be
employed as a notable indicator of its antioxidant
potential (Meir ef al., 1995). Mushrooms may have a
reducing ability due to their hydrogen donating ability
which reduces Fe** to Fe?* (Shimada et al., 1992).
In the present study, the reducing power of
mushrooms differed with the kind of extract solvent
and increased with an increase in concentration.
Mishra et al. (2014) reported 0.41 + 0.02, reducing
powers of ME and WE of C. indica caps,
respectively at the 2.0 mg/ml concentration. Govindan
et al. (2016) evaluated in vitro and in vivo, the
reducing of polysaccharides extracted from C.
indica.



Table 2. Reducing power of different extracts of test mushroom species at different concentrations

DPPH radical scavenging activity %

Conc. of extract

(ng/ml)

V. volvacea

P. florida

F. velutipes

C. indica

ME

WE

ME

WE

ME

WE

0.023 +0.000 0.026+0.003 0.003£0.000 0.019 +0.005 0.032+0.003 0.043+0.003 0.042 £0.004 0.036+0.002 0.061+0.001

0.023 +0.005 0.087+0.001 0.007+0.002

100
200
300
400

500

0.051 £0.002 0.052+0.001 0.010£0.002 0.038 +0.008 0.065+0.004 0.090+0.002 0.063 +£0.006 0.068+0.001 0.120+0.005

0.049 +0.006  0.193+0.002 0.015+0.002

SANJEEV KUMAR AND ANAND SAGAR

0.070 £0.009 0.073+0.002 0.016£0.003  0.071 £0.003 0.099+0.007 0.147+0.004 0.067 £0.006 0.103£0.002 0.192+0.005
0.086 £0.010 0.097+0.006 0.023+0.001

0.060 £0.000 0.248+0.001 0.030+0.003

0.093 £0.009 0.123+0.002 0.222+0.005 0.077 £0.006 0.147+0.003 0.259+0.004

0.083 +0.004 0.343+0.002 0.044+0.003

0.109 £0.014 0.131+0.000 0.029+0.002 0.116 +0.010 0.157+0.004 0.283+0.005 0.096 £0.004 0.197+0.006 0.335+0.010

0.103 £0.007 0.415+0.002 0.062+0.004
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The four varieties of F. velutipes was recorded
a reducing activity of 0.42-0.82 at the concentration
of 1.2 mg /ml in methanol extraction (Zhang et al.,
2013) which was very high than the current study
while Yeh et al., (2014) recorded a reducing power
68.1 £ 1.07% in water extract. Ramkumar et al.
(2012) reported similar results in methanol extract of
V. volvacea. Menaga et al. (2013) found very high
reducing activity (0.911 at 100 ig/ml concentration) in
methanol extract for P. florida. Maji et al. (2018)
reported 1.4 at 300 ig/ml iron reducing power of
aqueous extract of P. florida and 1.1 at 300 ig/ml in
C. indica was much higher than the current study.

Total Phenolic Contents (TPC)

Phenols are the major naturally occurring
antioxidant components found in mushroom extracts.
Cultivated mushrooms under evaluation have a good
amount of TPC in their extracts. Table 3 present the
TPC of acetone, aqueous and methanol extracts of
mushrooms. TPC of mushroom samples were
calculated from the standard curve drawn with the
help of Gallic acid. The results were expressed in ug
GAE/mg dry weight (DW) of mushroom tissue.
Results revealed that P. florida had the highest total
phenol contents in all extracts followed by C. indica
and F. velutipes except acetone extract in which C.
indica had the lowest phenol content.

The antioxidant property of plant materials has a
relation with their phenol contents (Velioglu et al.,
1998). Mishra et al. (2014) and Prabhu and
Kumuthakalavalli (2014) reported higher TPC in
different mushroom what we got in the present study.
Patil et al. (2024) reported 4.86 mg GAE/g Phenolic
content in C. indica which is also higher than the
present study. Slawinska et al. (2013) and
Krsmanovie et al. (2023) also reported higher TPC
in F. velutipes. Sun et al. (2023) reported
18.96 +£ 0.12 mg GAE/g in methanol extract F.
velutipes.
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Fig. 2. Reducing powers of the different extracts of four cultivated mushroom species at different concentrations

Table 3. Total Phenol Content (TPC) of four cultivated mushroom species in different solvents.

Total phenol content Solvent C. indica F. velutipes P. florida V.volvacea
(ug GAE/mg DW)
Acetone 0.673+0.03 1.180+0.03 1.187+0.03 1.612+0.04
Aqueous 1.873+0.037 0.778+0.015 2.010+0.049 2.045+0.047
Methanol 1.714+0.03 1.078+0.04 1.850+0.03 1.928+0.03

Thillaimaharani et al. (2013) reported 4.17 mg
GAE/g while Prabhu and Kumuthakalavalli (2014)
reported 38.06 = 10.09 mg GAE/g TPC in ME of P.
florida. Krishna et al. (2023) reported 84.10 £ 0.17
mg GAE/g in AE and 91.29 + 0.46 mg GAE/g in ME
of P. florida.

Punitha and Rajasekaran (2014) reported 53.13
mg GAE/g of ME and 36.67 mg GAE/g of WE in V.
volvacea. Cheung, et al. (2003) reported the TPC to
be 15mg GAE/g DW in ME and 1.315mg GAE/g DW
in WE. Chanate ef al. (2024) reported 6.78 to 33.27
mg GAE/g TPC in WE of V. volvacea. Masitah et
al. (2023) reported phenols 2.15 + 0.02 mg GAE/g
DW in ME of mature fruiting bodies of V. volvaceae.
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Non-Protein Thiols (NPTs)

The NPTs were quantified by calibrating them
with a reduced glutathione (GSH) standard curve.
Results were presented in u moles/g DW of
mushroom tissues. The present study showed the
highest amount of NPTs in V. volvacea (2.360 +
0.016 p moles/g DW) followed by P. florida (1.733
+ 0.067 u moles/g DW), F. velutipes (1.220 = 0.045
pu moles/g DW) and C. indica (1.061 = 0.029 pu moles/
g DW). (Table 4).

Living organisms have glutathione as a major, non-
protein thiol that plays a key role in endogenous
antioxidant defense mechanisms and it maintains the
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Table 4. Non-protein thiol content, Super oxide dismutase and Ascorbate peroxidase activity of four cultivated mushrooms

C. indica F. velutipes P. florida V. volvacea
Non-protein thiol contents (i moles/g DW) 1.061+0.029 1.220+0.045 1.733+0.067 2.360+0.016
Superoxide dismutase (SOD) (U activity /mg Protein) 10.81+0.60 15.43+0.65 15.04+0.25 8.95+0.27
Ascorbate peroxidase activity (4 moles/mg protein min™) 7.07+£0.58 0.677+0.14 1.23+0.3 2.11+0.11

normal structure and metabolism of cells, probably
through its antioxidant and detoxification activities
(Gueeri, 1995). The reduced glutathione GSH/ oxidized
glutathione GSSG ratio inside the cell is a noteworthy
indicator of oxidative stress of an organism (Hwang
et al., 1992). Kalaras et al. (2017) studied thirteen
mushroom species in USA and found that the
glutathione level ranged from 0.35 p moles/g DW to
7.84 u moles/g DW, which agreed with the present
results. Selvi et al. (2007) reported GSH as 0.156 +
0.025 n moles/g (fresh samples) in C. indica and
0.176 = 0.025 n moles/g (fresh samples) in P. florida.
Sudha et al. (2008) evaluated total glutathione (125.70
- 395.25 ig /g DW) in V. volvacea raised on
substrates added with different organic and inorganic
supplements. Datta et al. (2019) reported 15.50+2.05
uM GSH in C. indica grown on paddy straw
Substrate.

Superoxide dismutase (SOD) activity

SODs are the class of enzymes that catalyze the
conversion of superoxide anions into H,0, and O,
(Zelko et al., 2002) The results of present study
(Table 4) showed that the superoxide dismutase
activity was highest in F. velutipes (15.43 = 0.65 U/
mg protein) followed by P. florida (15.04 = 0.25 U/
mg protein). In similar studies, Turfan er al. (2020)
measured the SOD activity of 15 wild and cultivated
mushrooms species from Turkey and found the SOD
activity in the range of 19.12 +0.06 - 58.23+0.12 U /
mg protein. Cheng et al. (2012) reported the
Superoxide dismutase activity of seventeen edible
mushroom from China and found that A. bisporus,
V. volvacea, P. ostreatus had high and F velutipes
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had low SOD activity. Dama et al. (2010) found that
the SOD activity increases during low temperature
storage. Ramkumar et al. (2012) reported a very high
SOD activity of V. volvacea (23.92+0.07-29.21+0.04
U/mg protein) than the present study. Khatun et al.
(2015) reported 347.5 + 0.06 units g DW Superoxide
dismutase (SOD) activity in P. florida. Kaushal et
al. (2018) reported 22.12 - 26.70 U/mg activity with
400ul crude enzyme extract of P. florida. Datta et
al. (2019) reported 21.58 +2.21 U/mg protein activity
of SOD in C. indica grown on paddy straw Substrate.
Mao et al. (2024) observed 0.-0.97 U/g FW SOD
activity in Volvariella volvacea.

Ascorbate peroxidase (APX) activity

The APX is a member of the group of haeme-
containing peroxidases that are found in higher plants,
green and red algae and in members of Protista. In
the present study the APX activity was measured the
highest in C. indica followed by V. volvacea, P.
florida and F. velutipes (Table 4). Ascorbate
peroxidase is a key antioxidant enzyme in plants that
removes excessive H,O, in the Ascorbic acid-
glutathione (AsA—GSH) pathway in plant cells under
normal and stress conditions (Wang et al., 2012).
Turfan et al. (2020) measured the APX activity of
15 wild and cultivated mushroom species from Turkey
and found the APX activity in the range of 0.201 -
2.118 U mg™"! protein min’', which was in agreement
with the present study. Sahu et al. (2018) recorded
APX activity in White Button Mushroom (10.07 =
2.17 (m mol min' g ' FW) and Oyster mushroom
(9.09 £ 2.11 (m mol min! g "' FW). Sagar and Thakur
(2018) reported ascorbate peroxidase activity of
Lactarius deliciosus (4.64 pmoles/mg protein min™")
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Fig. 3. TPC content, NPTs, SOD and APX activity of four cultivated mushrooms

and L. salmonicolor (0.76 pmoles/mg protein min-1)
from Indian Himalayas. Datta et al. (2019) reported
3.56 £ 0.60 U/mg protein activity of Ascorbate oxidase
in C. indica grown on paddy straw Substrate.

The present study revealed that the four cultivated
mushrooms of India have high antioxidant activities
in vitro and might be helpful to safeguard our body
against oxidative stress and degenerative diseases.
Further this study can be extended on the lines of
isolation and purification of biomolecules present in
these four mushrooms which can be employed as a
medicine in the welfare of mankind.
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