How to Cite:

Al-Salihi, A. S. R., & Lau, B. F. (2022). Antioxidant activities and chemical composition of
hot water-soluble extracts and fractions of selected Schizophyllum commune Fr.

strains. International Journal of Health Sciences, 6(S8), 3976-3994.
https://doi.org/10.53730/ijhs.vbnS8.13035

Antioxidant activities and chemical
composition of hot water-soluble extracts and
fractions of selected Schizophyllum
commune Fr. Strains

Alyaa Salah Rashid Al-Salihi

Institute of Biological Sciences, Faculty of Science, Universiti Malaya, 50603
Kuala Lumpur, Malaysia

Corresponding author email: alyaa.alsalihi86@gmail.com

Beng Fye Lau
Institute of Biological Sciences, Faculty of Science, Universiti Malaya, 50603
Kuala Lumpur, Malaysia

Abstract---Oxidative stress is a conjoint pathological mechanism that
can be triggered by free radicals leading to cellular senescence or
apoptosis. Antioxidants have the potential to inhibit free radicals’
generation and balance the irregulated oxidative stress to restore
cellular homeostasis. Schizophyllum commune, also known as the
split-gill mushroom, is well-known for its nutritional values and
bioactive compounds. This study aimed to investigate the antioxidant
activity and chemical composition of the hot water extracts of selected
strains of S. commune including natural, gamma-irradiated and
hybrid strains. The fruiting bodies of different strains of S. commune
were subjected to hot water extraction and the extracts were evaluated
by radical scavenging, and reducing capacity assays. Results showed
that, overall, the antioxidant activity of the various strains was
comparable. The natural strain W and the strain obtained when strain
W was subjected to gamma-irradiation at a dose of 4000 Gy (W4000)
consistently exhibited high antioxidant activities in all assays and
they were either comparable or higher than common edible
mushrooms, Pleurotus pulmonarius and Agaricus bisporus. Moreover,
the gamma-irradiated strains R2000 and R4000 exhibited higher
reducing activities (0.40 and 0.41 mmol Fe?*/g extract) than the
parental strain R (0.27 mmol Fe2*/g extract). Furthermore, the hybrid
strains WR and RW showed higher scavenging activities towards 2,2
diphenyl-1-picylhydrazyl radicals (1.40 and 1.45 mmol TE/g extract)
than the parental strain R (1.17 mmol TE/g extracts), but lower than
the parental strain W (1.78 mmol TE/g extract). There is a strong
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correlation between the antioxidant activity of the extracts and the
levels of flavonoid and phenolic compounds (p < 0.01). In order to
determine the nature of antioxidative components in the hot water
extracts of S. commune, the extracts of strains W and W4000, were
fractionated to yield fractions with distinct chemical components.
Results indicated that the phenolics- and flavonoids-rich ethyl acetate
and ethanol fractions exhibited higher scavenging activities towards
DPPH radicals, and ferric reducing activities compared to the fractions
containing mostly water-soluble components. Similar trends were
observed for both W and W4000 strains. Our findings suggest that the
observed antioxidant activities of the hot water extracts of S. commune
is mainly attributed to the water-soluble, low- molecular-weight
compounds rather than the water-soluble components such as
polysaccharides and proteins which make up the bulk of the water
extracts.

Keywords---Schizophyllum commune, hot water extracts,
fractionation, antioxidants.

Introduction

Oxidative stress is a physiological state triggered by an exposure to excessive
levels of free radicals or reactive oxygen species (ROS) such as superoxide anion
(O2¢7), hydrogen peroxide (H.O,) and hydroxyl radical (*OH) (Mittal et al., 2014).
These reactive species are molecules or atoms having one or more unpaired
electron in the external electron shell, capable of stabilizing themselves by
abstracting an electron from a nearby target molecule (Di Meo et al., 2016;
Phaniendra et al., 2015). The normal cell processes such as oxidative
phosphorylation and exposure to toxic environmental contaminants can result in
the formation of elevated concentrations of free radicals which can hamper the
functionalities of important cell biomolecules, mainly proteins, DNA, and lipids.
Rising evidence indicated that the severe impairment caused by the accumulation
of ROS contributes to several chronic disorders (Mittal et al., 2014; Rahal et al.,
2014; Wei et al., 2009). Antioxidants play a significant role in neutralising the
oxidative stress by minimising the levels of free radicals and consequently
enabling the body cell to carry out useful biological functions without excessive
damage. Balance must be reached in the body between free radicals and
antioxidants to avoid the risk of oxidative stress (Al-Joudi, 2013; Halliwell, 2006).

Mushrooms have gained significant attention for their nutritional value (Rathee et
al., 2012). Mushrooms provide a remarkable group of nutritional substances,
such as vitamins B1, B2, B12, C, D and E (Feeney et al., 2014). Besides, due to
its high protein contents, mushrooms can be used as a substrate to avoid protein
malnutrition (Miles & Chang, 2004). Similarly, their low cholesterol level as well
as carbohydrate contents make it a suitable substitute food for diabetic and
cardiac patients (Lee et al., 2019). In addition to mineral compositions of
mushroom includes K, P, Ca, Mg, Na, Fe and some other trace elements (Wang et
al., 2014).
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Numerous types of mushrooms have been reported to possess antioxidant
properties, which enable them to neutralize free radicals. Mushroom’s antioxidant
components are found in the fruiting bodies, mycelium and culture broth. For
example, Gasecka et al. (2018) have estimated the content of macroelements (Ca,
K, Mg, Na) as well as ascorbic acid and phenolic compounds in several
mushrooms, and correlated the presence of these components to the ability of the
extracts to act as free radical scavengers. Likewise, certain types of medicinal
mushrooms and their extracts are alternative sources of antioxidant components,
and their defense abilities against oxidative effects have been demonstrated by De
Silva et al. (2012). While, Bozdogan et al. (2018) have worked on two edible
mushrooms Lactarius deliciosus and Pleurotus ostreatus and found that the ion
reducing capability of the isolated extracts is correlated to the presence of
phenolic compounds and lycopene content.

Among the species of basidiomycetes with notable medicinal significance is
Schizophyllum commune, a fungus which is typically found on diverse trees and
rotting wood across the world (Chowdhary et al., 2013). It is a non-sporulating,
wood-decaying and endophytic fungus which is also known as split gills due to
the splitting appearance of its underside gills when it is dehydrated (Sim, 2014).
Several researches have showed that various extracts of S. commune exhibited
high scavenging activities toward free radicals and acted as ion reducing agents
(Chandrawanshi et al., 2017; Devi et al., 2014; Emsen et al., 2017; Mirfat et al.,
2010) but in-depth studies into the chemical constituents are lacking. Therefore,
the aim of this research was to compare the antioxidant activities of the hot water
extracts and fractions of the fruiting bodies of selected S. commune strains. As
well as to determine the chemical compositions of the S. commune crude hot
water extracts and fractions of the selected strains, and correlate the antioxidant
activities of S. commune extracts and fractions with their chemical compositions.

Methodology

The mycelium cultures of S. commune were obtained from the Mycology
Laboratory, Institute of Biological Sciences, Faculty of Science, Universiti Malaya.
The strains used in this study have minor differences with respect to the size and
colour of the fruiting bodies. The fruiting bodies of P. pulmonarius (grey oyster
mushroom) and A. bisporus (white button mushroom) were purchased from a
local supermarket in Petaling Jaya, Selangor, Malaysia. The dried mushroom
samples were powdered using a Waring blender. The powdered fruiting bodies
were soaked in 80% (v/v) aqueous ethanol at a ratio of 1:10 (w/v) for two days at
room temperature under shaking condition. The extracts were then filtered and
the residues were air-dried before subjected to hot water extraction at a ratio of
1:20 (w/v) at 121°C for 30 min under high pressure in an autoclave.

Mushroom samples used in this study

Sample Description

Natural strains of Schizophyllum commune

W Natural strain isolated from Malaysia
R Natural strain isolated from Thailand

Gamma-irradiated strains of S. commune
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W2000 Strain W subjected to gamma irradiation at a dose of
2000 Gy

W4000 Strain W subjected to gamma irradiation at a dose of
4000 Gy

R2000 Strain R subjected to gamma irradiation at a dose of
2000 Gy

R4000 Strain R subjected to gamma irradiation at a dose of 4000
Gy

Hybrid strains of S. commune

WR Hybrid of strain W and R with dominant characteristics of
W

RW Hybrid of strain W and R with dominant characteristics of
R

Common edible mushrooms

Pleurotus Obtained from commercial sources

pulmonarius

Agaricus bisporus Obtained from commercial sources

“The fruiting bodies of all S. commune strains were cultivated using sawdust as
the main substrates.

Fractionation

The crude hot water extracts of the S. commune strains W and W4000 were
selected for the study. The powdered fruiting bodies (20 g) of the selected strains
were again subjected to aqueous ethanol and hot water extraction as described
above. The resulting hot water extracts were partitioned with ethyl acetate (1:1,
v/v) to give the ethyl acetate-soluble and water fractions. The ethyl acetate
fractions of strains W and W4000 were termed as W-EA and W4000-EA,
respectively. The water fractions of strains W and W4000 were termed as W-H2O
and W4000-H;0O, respectively. Powdered ammonium sulphate (60.3 g) was
gradually added into the aqueous fraction until 90% (w/v) saturation was
achieved and the mixture was left at 4°C. These fractions were termed as WSI1.
The fractions obtained from strains W and W4000 were termed as W-WS1 and
W4000-WS1, respectively. The samples were kept at -20°C prior to analysis. While
Ethanol was added to the water fractions until the final concentration of ethanol
was 80% (v/v). The mixture was left overnight at 4°C without stirring. Following
that, the mixture was centrifuged at 10,000 xg for 20 min and the pellet was
washed with acetone and ethanol, Theses fractions were termed as WS2. The
fractions obtained from strains W and W4000 were termed as W-WS2 and
W4000-WS2, respectively.

Determination of chemical compositions of the crude hot water extracts and
fractions
Total sugar content

Total sugar content of the extracts was assayed by the phenol-sulphuric acid
method (Masuko et al., 2005). A 50 pl of sample was added in a well followed by
150 ul of concentrated sulphuric acid and 30 pl of 5% (w/v) phenol in water.
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Total protein content

Total protein content of the extracts was estimated using the Micro BCA™ Protein
Assay Kit (Thermo Scientific, Rockford, IL, USA). A 200 ul of the working reagent,
prepared by mixing 50 part of reagent A and 1 part of reagent B, was added to 25
ul of sample. The mixture was incubated at 37°C for 30 min.

Total phenolic content

Total phenolic content of the extracts was measured using the Folin-Ciocalteu
method by Singleton and Rossi (1965) with modifications. A 25 ul of 1 N Folin-
Ciocalteu reagent was added into S0 ul of sample and the mixture was incubated
for 5 min. Then, 100 pl of sodium carbonate solution (0.57 M) and 75 ul of milliQ
water were added respectively. The final volume was 250 pl.

Total flavonoid content

Total flavonoid content (TFC) of the extracts was determined using the aluminium
chloride colorimetric method by Liu et al. (2008) with slight modifications. A 100
ul of extracts was mixed with 10 pl of 5% (w/v) sodium nitrite. After incubation for
S min, 10 pl of 10% (w/v) aluminium chloride was added. Following 6 min
incubation, 100 ul of 1 M sodium hydroxide and 30 ul of milliQ water were added
respectively. The final volume was 250 ul. The absorbance was read at 510 nm. A
calibration curve of rutin (0-0.1 mg/ml) was prepared and results were expressed
as mg rutin equivalents (RE)/g extract.

Assessment of antioxidant activity of crude hot water extracts and fractions

The Diphenyl-2-pricryl-hydrazyl (DPPH) free radical scavenging activity of the
extracts was measured according to the method of Brand-Williams et al. (1995).
The 3-ethylbenzothiazoline-6-sulphonic acid (ABTS) is a stable radical cation used
to measure the trolox equivalent antioxidant capacity. The assay was done
according to Re et al. (1999). Ferric reducing antioxidant power (FRAP) assay was
performed according to the method of Benzie and Strain (1996). The FRAP reagent
was prepared by adding 300 mM acetate buffer, 10 mM of TPTZ in 40 mM HCI
and 20 mM of ferric chloride solution at a ratio of 10:1:1 (v/v/v). The Cupric ion-
reducing antioxidant capacity (CUPRAC) assay was done according to Apak et al.
(2005) with slight modifications. The CUPRAC test solution was prepared by
adding 50 pl of copper(Il) chloride (10 mM), neocuproine (7.5 mM) and acetate
buffer (1000 mM, pH 7).

Statistical analysis

All analyses were performed in triplicates. Results were expressed as mean #*
standard deviation (n=3). All data were statistically analyzed using Statistical
Package for the Social Sciences software, version 25.0 (SPSS Inc., Chicago,
Mlinois, USA). One-way ANOVA was used to compare means among the groups.
Pearson’s correlation was used to analyse the relationship between chemical
components and antioxidant activities of the extracts. A p value < 0.05 will be
regarded as significant.
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Results and Discussion

Table 1: The yields of crude hot water extracts of selected mushroom samples

Samples Yield (%, w/w)
Schizophyllum commune strains

W 9.02
W2000 13.07
W4000 12.76
R 9.32
R2000 11.88
R4000 13.38
WR 10.92
RW 12.76
Common edible mushrooms

P. pulmonarius 11.24
A. bisporus 8.57

“W; natural strain from Malaysia; W2000 and W4000, two gamma-irradiated
strains; WR and RW, two hybrid strains; R, natural strain isolated from Thailand,;
R2000 and R4000, two gamma-irradiated strains.

Table 2: The yields of fractions of S. commune strains W and W4000

Yield (%, w/w)

Fraction S. commune strain S. commune strain
W W4000

Ethyl acetate (EA) 0.07 0.05

Water (H2O) 9.41 6.01

Water-soluble component (WS1) 18 22.71

Water-soluble component (WS2) 53.36 71.28

Ethanol (EtOH) 3.0 2.3

*The fractions were derived from the crude hot water extracts of S. commune
strains W and W4000.

Table 3: The chemical compositions of crude hot water extracts of selected
mushroom samples

Chemical Composition

Mushrooms Total sugars Total Total Total
(mg proteins phenolic flavonoid
carbohydrate/g (mg content content
extract) protein/g (mg GAE/g (mgRE/g
extract) extract) extract)
S. commune
w . 539.69 + 25.78 + 13.45 +
327.99 £ 4.36 6.05¢ 0.57a 0.31b
W2000 4 442.42 + 20.14 + 7.78 £
400.73 £ 1.55 12.20¢ 0.79bc 0.95¢e
W4000 430.60 + 22.07 £ 7.01 £

414.85% 17.11¢ 39.31d 0.87b 0.73¢de
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R 22095+ 1611 o000 %
R2000 596.22 + 1.72s e
R4000 395.14 £ 13.27¢ 1018 %
WR 449.65 £ 9,070 *A000%
RW | 468.97 +12.61° S0 0%
P. pr,'tlmonanus 919.06 + 14.98% 6?26:2301
A bisporus 204.85 + 8.25¢ o8k ot

15.95
0.89def
19.21 £
0.22¢
18.27
0.49¢de
18.59 *
0.364
15.63
0.21¢f
13.87 %
1.95f
29.39 £
0.162

4.04 £ 0.62f

8.76 £
0.93cde
9.51 %
0.46bcd
9.92 +
0.65b¢
6.41
0.37¢f
1.40 £ 0.64¢

24.18 =
0.892

a,b,c... means with different superscripts on the same column differ significant (p

<0.05).

“Data are expressed as mean * standard deviation (n = 3).
*GAE, gallic acid equivalent; RE, rutin equivalent.
*W; natural strain from Malaysia; W2000 and W4000, two gamma-irradiated

strains; WR and RW, two hybrid strains; R, natural strain isolated from Thailand;
R2000 and R4000, two gamma-irradiated strain

Table 4: The chemical compositions of the fractions derived from the selected

strains of S. commune

Fractions Chemical composition
Total sugars Total Total Total flavonoid
(mg proteins phenolic (mgRE/g
carbohydrate/g (mg (mg GAE/g extract)
extract) protein/g extract)
extract)
S. commune strain W
W crude 224.16 £ 11.06¢  457.87 £ 5.01b 22.28 + 8.69 = 0.42d
0.28p
W-EA ND ND 34.59 + 84.55 + 4.09=
2.46a
W-H,0 400.53 £ 6.81" 458.18 £ 7.10v 19.45 * 12.52 £ 1.18¢
0.24d
W-WS1 549.46 £ 12.65= 729.39 + 29.89 + 42.69 + 1.74b
25.262 1.22a
W-WS2 597.30 £ 10.302  267.87 + 7.35¢ 12.11 12.60 = 0.66¢
1.444
W-EtOH 16.81 £ 0.45d 133.93 6.43 = 0.26¢ 12.25 £ 0.87¢
4.67
S. commune strain W4000
W4000 263.57 £ 13.34c  395.45 + 8.08b 18.46 * 8.77 £ 0.80d
crude 0.62b
W4000-EA ND ND 37.87 71.44 £ 2.94a
9.70a
W4000-H,0 273.57 £ 24.92¢ 41545 % 17.80 5.77 £ 0.40¢
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13.392 0.09¢bc

W4000-WS1 409.38 £ 6.97b 490.30 £ 19.94 £ 18.21 £ 2.68bc
9.642b 1.14b

W4000-WS2  628.38 + 38.932 296.06 11.70 £ 12.70 £ 0.61¢
10.45¢ 0.444

W4000- 51.12 £ 2.504 312.12 ¢ 18.17 £ 29.81 +2.38b

EtOH 8.15bc 1.75be

a, b, c... means with different superscripts on the same column differ significantly (p
<0.05).

*EA, ethyl acetate; H,O, water-soluble fraction; WS1, water-soluble protein; WS2,
water-soluble polysaccharides; EtOH, ethanol fractions.

Table 4.5: Antioxidant activities/capacities of crude hot water extracts of selected
mushroom samples

Antioxidant Activities

Mushrooms DPPH ABTS FRAP CUPRAC
(mmol TE/g (mmol TE/g  (mmol Fe2*/g (mmol TE/g
extract) extract) extract) extract)
S. commune
W 1.788 * 0.158 £ 0.012> 0.505 +0.012 0.147 +
0.04a 0.02a
W2000 1.392 + 0.126 + 0.01bc 0.391 0.122
0.02 0.08pbc 0.00be
W4000 1.682 + 0.141 £0.01> 0.419 £0.07° 0.125 +
0.022b 0.08p
R 1.177 = 0.119 £0.09¢  0.274+ 0.01¢ 0.083 +
0.074 0.03¢cd
R2000 1.646 * 0.131 + 0.404 + 0.02° 0.111 +
0.064p 0.03be 0.08be
R4000 1.543 0.126 £ 0.09bc  0.415 £ 0.02> 0.107 £ 0.06¢
0.08¢
WR 1.454 + 0.142 £0.02> 0.410 £0.01P 0.111 +
0.06¢ 0.00P
RW 1.392 + 0.117 £ 0.02¢ 0.351 # 0.107 + 0.00¢
0.03cd 0.03be
P. pulmonarius 1.353 + 0.081 +0.014 0.278 £0.01d 0.064 *
0.08¢cd 0.004
A. bisporus 2.013 % 0.198 £0.012 0.721 £ 0.072 0.168 *
0.01a 0.01a

a, b, c... means with different superscripts on the same column differ significant (p
<0.05).
“‘Data are expressed as mean * standard deviation (n = 3).
*TE, Trolox equivalent.
* W; natural strain from Malaysia; W2000 and W4000, two gamma-irradiated
strains; WR and RW, two hybrid strains; R, natural strain isolated from Thailand,;
R2000 and R4000, two gamma-irradiated strains.
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Table 4.5: Antioxidant activities/capacities of the fractions derived from the
selected strains of S. commune

Fractions Antioxidant Activities
DPPH ABTS* FRAP CUPRAC
(mmol TE/g (mmol TE/g  (mmol Fe2*/g (mmol TE/g
extract) extract) extract) extract)

S. commune strain W

W crude 0.123 +£+0.00>  0.229 +£+0.012  0.201 £0.01¢c 0.125 + 0.002

W-EA 0.477 £0.022  0.159 £0.00> 1.177 +£0.082 ND

W-H20 0.094 +0.00¢  0.189 £0.06a2 0.227 £0.01¢  0.121 + 0.002b

W-WS1 0.032 +£0.014  0.080 %+ 0.03¢ 0.186 + 0.126 + 0.00=
0.01

W-WS2 0.043 £ 0.03¢4  0.073 £0.00%4 0.126 * 0.00d 0.096 + 0.01¢

W-EtOH 0.423 £ 0.012  0.042 = 0.02d 0.389 + 0.041 + 0.044
0.05¢be

S. commune strain W4000

W4000 crude 0.099 + 0.00kc  0.202 + 0.002 0.140 + 0.103 = 0.002>
0.00d

W4000-EA 0.473 +£0.012  0.165+0.02> 1.093 + 0.092 ND

W4000-H,0 0.080 +£0.01¢  0.188 +0.08= 0.156 + 0.108 = 0.002b
0.03¢cd

W4000-WS1 0.039 £+ 0.00¢  0.057 £0.01«d  0.105+0.00¢ 0.112 *+ 0.03be

W4000-WS2 0.025 £ 0.00¢  0.064 £ 0.00«¢ 0.080 £ 0.00¢ 0.079 + 0.00¢

W4000-EtOH 0.457 £ 0.12 0.037 £ 0.00¢  0.251 £ 0.00F 0.122 £0.012

a, b, c... means with different superscripts on the same column differ significant (p

<0.05).

“Data are expressed as mean * standard deviation (n = 3).
*TE, Trolox equivalent. *ND = not determined
*CUPRAC-reducing capacity of ethyl acetate fractions were not determined due to
the low yield of the fractions.
*EA, ethyl acetate; H,O, water-soluble fraction; WS1, water-soluble protein; WS2,
water-soluble polysaccharides; EtOH, ethanol fractions.

Table 5: Pearson’s correlation coefficients between various chemical compositions
parameters and antioxidant activities of the crude hot water extracts

Parameters DPPH ABTS FRAP CUPRAC
(mmol TE/g (mmol TE/g (mmol (mmol TE/g
extract) extract) Fe2t/g extract)
extract)
Total sugar content 0.374 -0.130 0.233 0.139
Total protein content 0.285 0.518™ 0.305 0.333
Total phenolic 0.782™ 0.796™ 0.827* 0.826™
content
Total flavonoid 0.723™ 0.672* 0.894* 0.728

content
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** Correlation is significant at the 0.01 level (2-tailed)

Table 6: Pearson’s correlation coefficients between various chemical compositions
parameters and antioxidant activities of the fractions

Parameters DPPH ABTS FRAP CUPRAC

(mmol (mmol TE/g (mmol (mmol TE/g

TE/g extract) Fe2t/g extract)

extract) extract)

Total sugar content -0.778" -0.005 -0.532" -0.128

Total protein content -0.549™ 0.176 -0.361 0.753™

Total phenolic content 0.332 0.012 0.686™ 0.823™

Total flavonoid 0.626™ -0.181 0.900™ 0.479"

content

** Correlation is significant at the 0.01 level (2-tailed)
*Correlation is significant at the 0.05 level (2-tailed)

The yields of S. commune hot water extracts and their selected fractions

The yields (w/w) of crude hot water extracts of S. commune ranged between 9.02
and 13.38%, Furthermore, the yields of S. commune crude extracts were slightly
higher than that of Agaricus bisporus (8.57%) but comparable to the yield of
Pleurotus pulmonarius (11.24%). It is noticeable that S. commune strains
subjected to gamma irradiation showed higher yield than the natural or hybrid
strains. Similarly, Rashid et al. (2015) have found that the yields of Pleurotus
sgjor-caju irradiated mycelium increased gradually as the dose of y-irradiation
increased from 23.10% to 39.82%. Likewise, the extraction yields of Antrodia
camphorate mycelia increased with higher doses of gamma irradiation up to 15
kGy from 47.6% to 53.1% (Huang & Mau, 2007).

The extraction yields of the fractions derived from crude hot water extracts of S.
commune strains W and W4000 varied from one strain to another. The highest
yields were obtained from the water-soluble fractions W-WS2 (53.36%) and
W4000-WS2 (71.28%). The yields from semi-polar solvents such as ethyl acetate
were found at very low levels that ranged between 0.05 to 0.07% compared to
polar solvents (ethanol and water). This suggests that the crude extracts consist
of mainly water-soluble components with a small proportion of secondary
metabolites that are likely to be retained in the ethyl acetate fractions. The
findings here are comparable to a previous study conducted by Kim (2012) who
reported that the yield of the ethyl acetate fraction was (1.05%) which was lower
than the yield of water-soluble fraction (35.68%).
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Chemical compositions and antioxidant activities of crude hot water
extracts of S. commune

The chemical composition of mushroom species may be affected by several
variables such as genetic structure, strains, maturation stage, environmental
conditions as well as irradiation and hybridisation (Appels et al., 2018; Bellettini
et al., 2019; Cardoso et al., 2019; Mleczek et al., 2020; Oropeza-Guerrero et al.,
2018; Sakamoto, 2018;). The results obtained in the current work have shown
that crude hot water extracts of different strains contain carbohydrates, protein,
phenolic and flavonoid compounds. However, the total content of these
components varied from one strain to another.

Different doses of gamma irradiation have influenced the total sugar contents of
S. commune strains W and R. The total sugar content increased with increased
doses of gamma irradiation up to 2 and 4 kGy. Gamma irradiation might cause
genetic mutation leading to an overexpression of certain genes encoding
polysaccharides synthesis (Mahmood et al., 2019). Similarly, the carbohydrate
content of Pleurotus osteratus ethanol extracts increased gradually as the dose of
gamma irradiation increased (San et al., 2019). The two hybrid strains with
different dominant characteristics (WR and RW) also yielded higher sugar content
than the two natural strains of S. commune (W and R). These results are
consistent with those of other studies and suggest that the increase of total sugar
contents of the hybrid strains is most likely related to the changes in the genetic
structure leading to an overexpression of genes encoding information of
polysaccharides synthesis (Liu et al., 2017; Raman et al., 2021).

Generally, gamma irradiation either decreased or increased the total phenolic
content. For the natural strain W, different doses of gamma irradiation have
slightly decreased the total phenolic content. Surprisingly, for the natural strain
R, gamma irradiation doses 2 and 4 kGy significantly influenced the phenolic
content in comparison with non-irradiated strain. The reason for such changes is
still unclear but based on previous studies, the effect of gamma irradiation on the
chemical compositions of mushroom may be influenced by factors such as genetic
mutation that may cause certain changes in the synthesis of bioactive
components, species type, geographical and environmental conditions, and dose
of gamma irradiation (Tsai et al., 2014).

Furthermore, the total flavonoid contents of the S. commune crude hot water
extracts were lower than their total phenolic contents. The findings of the current
study are consistent with those of Emsen et al. (2017) who reported that the
amount of total flavonoid content of S. commune water extract was significantly
lower than total phenols. Another important finding was that gamma irradiated
strains (R2000 and R4000) have higher flavonoid contents than the parental
strain (R). Both hybridised strains (WR and RW) have higher flavonoid contents in
comparison to the natural strain R. Our results are in agreement with a previous
study conducted by Oropeza-Guerrero et al. (2018) who reported that the hybrid
strains of Pleurotus djamor exhibited higher flavonoid content (6.89 mg QE/100 g
extract) than that of the parental strains (2.22 mg QE/100 g extract).



3987

The ABTS* and DPPH assays were utilized to measure the radical scavenging
activities of crude hot water extracts of selected mushrooms. Our results showed
that the natural strain W possessed the highest phenolic and flavonoid contents
among the different S. commune strains and showed higher scavenging activities
than P. pulmonarius water extract. Comparable results were reported by a study
conducted on five different mushrooms including S. commune reported that hot
water extracts of S. commune exhibited higher DPPH radical scavenging activity
than P. pulmonarius extracts (Tepsongkroh et al., 2019). It has been reported that
the ICso of S. commune crude hot water extract (19.36 ug/ul) was higher than the
methanol (24.82 ug/ul) and ethanol (18.56 ug/ul) extracts (Chandrawanshi et al.,
2017). Furthermore, several studies showed that crude hot water extracts of S.
commune had the ability to scavenge DPPH radicals (Emsen et al., 2017; Kumar
et al., 2018). Nonetheless, the ABTS* scavenging activities of S. commune crude
hot water extracts were lower than that of Tepsongkroh et al. (2019). This result
may be explained by the fact that bioactive compounds of the water extracts may
act differently towards different free radicals. Also, these assays use different
chromogenic redox reagents with different standard potentials (Apak et al., 2007).
Our data showed that gamma irradiated strains R2000 and R4000 exhibited
better scavenging activity and reducing power in all assays than the natural
strain R. Similarly, San et al. (2019) found that the antioxidant activity of
Pleurotus osteratus extract increased with higher doses of gamma irradiation. The
observed increase in the antioxidant activities of the extracts could be attributed
to genetic mutation because gamma rays are high-energy electromagnetic waves
that have the ability to penetrate cell walls of mushroom’s mycelia causing a
breakdown in DNA structure and changing the purine and pyrimidine bases
(Wang et al., 2007; Zhao et al., 2015). Thus, gamma irradiation may induce
mutations in terms of chromosome number, morphological structure, and growth
behavior (Mohajer et al., 2014). According to Djajanegara (2008), mutation might
cause changes in the gene expression encoding biosynthetic enzymes resulting in
an increase in the production and accumulation of bioactive components with
antioxidative activity. Moreover, Jyothi and Thara (2021) reported the DNA
variation of the mutants from single base pair change to repeated sequences. The
polymorphism analysis using random amplified polymorphic DNA (RAPD)
markers revealed that P. djamor, P. florida and P. ostreatus had 16.7%, 25% and
22% polymorphism with their respective improved strains.

Hybridisation is a method used to exchange the genetic information between two
compatible nuclei and generate a recombinant genome with a probable expression
for a desirable trait (Kaur et a., 2008). Furthermore, the exchange of genes
between two nuclei during hybridisation may produce hybrids with diverse
genetic materials and this may also result in differential expression of genes
between the hybrid strains compared to the parental strains. According to Raman
et al. (2021), the genetic profile of ten hybrids was detected using inter-simple
sequence repeats (ISSR) and RAPD markers, the results depicted those hybrids
contain polymorphic bands indicating the rearrangement and deletion in genetic
structure. Moreover, Liu et al. (2017) reported that certain hybrids have higher
concentrations of polysaccharides and triterpenes than that of parental strains.
Similarly, in the current study, higher antioxidant activity of the hybrid strains
(WR and RW) than the natural strain R may be due to the differences in the
chemical composition between the strains.
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Based on the results of the correlation analysis in Table 5, it is pertinent to
suggest that total phenolic contents and total flavonoid contents present in the S.
commune crude hot water extracts were the main contributors to the observed
antioxidant effect. This is in agreement with previous reports by Cheung et al.
(2003) and Shah et al. (2018). Both reported that the water extracts showed a
significant correlation between the scavenging activity and the total phenolic and
flavonoid contents.

Chemical compositions and antioxidant activities of the fractions derived
from the crude hot water extracts of S. commune strains W and W4000

Overall, according to the results obtained, the water-soluble fractions of S.
commune are mainly enriched with carbohydrates and proteins. The WS2 of the
gamma irradiated strain W4000 have higher total sugar content compared to the
WS2 of the natural strain W. It is encouraging to compare this result with those of
Wang et al. (2005) who reported that gamma-irradiated strains have higher
polysaccharides than non-irradiated strain. These findings further support the
idea that mutagenesis such as gamma rays might cause changes in the genetic
structure, hence increases the synthesis of bioactive compounds. Moreover, the
water-soluble protein fraction of S. commune strain W possesses the highest
phenolic and flavonoid contents among all water-soluble fractions. Similarly, the
total phenolic contents of the water-soluble protein fractions obtained from P.
pulmonarius was higher than the total phenolic contents of water-soluble
polysaccharides and the crude extracts (Abidin et al., 2016).

This study confirms that ethyl acetate fractions W-EA and W4000-EA contain the
highest phenolic content among all fractions. The findings of the current study
are consistent with those of Rajput et al. (2020) who worked on different fractions
derived from Ophiocordyceps sinensis water extracts, and found that the ethyl
acetate fractions have higher content of phenolic compounds than that of the
crude extracts. Furthermore, the ethyl acetate fractions showed the highest level
of flavonoid contents among all water-soluble fractions and crude extracts.

Based on the current results, the ethyl acetate fractions exhibited strong
scavenging activities towards free radicals amongst water-soluble fractions and
crude extracts, similar to the obtained findings by Kim (2011). In addition, the
total reduction activities served as a significant indicator of the potential
antioxidant activity. The ethyl acetate fractions showed the highest reducing
activities amongst all tested fractions. Similar observations on the potency of the
ethyl acetate fractions, representing the compounds with intermediate polarity,
have been reported earlier by several researchers (Mishra et al., 2018; Rajput et
al., 2020).

The fact that ethyl acetate fractions derived from hot water extracts exhibited the
highest contents of organic compounds and antioxidant activities, is related to
several hypotheses. For instance, Jeong et al. (2004) suggested that soluble
polyphenols can be liberated by heat treatment. Moreover, Liu et al. (2014)
reported that during hot water extraction, the viscosity and surface tension of
water decrease, while diffusivity and solubility of the polyphenols increase.
According to Minatel et al. (2017), polyphenols can be found either combined with
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mono- and polysaccharides in the cell wall or linked to one or more phenolic
group. Thus, thermal processing method may liberate polyphenols compounds
from insoluble portion of mushroom, that increases the accumulation of
bioaccessible antioxidant compounds (Choi et al., 2006). These bioactive
compounds are highly soluble in semi-polar solvents such as ethyl acetate.
Therefore, ethyl acetate fractions displayed the highest antioxidant activities in
DPPH and FRAP assays among water-soluble fractions and the crude extracts. To
identify the exact type of compounds, further work is required which involve
complete purification of the components and further analysis using
chromatographic and spectroscopic techniques.

In general, according to our results, the functional groups of organic compounds
from the analysed water extracts of S. commune are mainly phenolic compounds.
Therefore, organic fractions were more active as antioxidants than water-soluble
fractions and the crude extracts. In accordance with the present results,
Tepsongkroh et al. (2019) and Choi et al. (2006) both suggested that hot water
extraction might cause disruption of the cell walls resulting in easier release of
bound polyphenolic compounds which, in turn, increases the antioxidant
activities of the extracts. Data were published indicating that the presence of
phenolic compounds in the water extracts/fractions was highly involved in the
antioxidant activities of the extracts (Cheung et al., 2003; Ramirez-Anguiano et
al., 2007). These results are supported by Pearson’s correlation analysis as shown
in Table 6, where the total phenolic and flavonoid contents of the fractions
showed significant correlations with their ion reducing activities/capacities. The
presence of low molecular weight compounds, possibly phenolic compounds, in
the fractions/crude extracts are the main contributors to the antioxidant activity
of S. commune crude hot water extracts.

Conclusion

In the present study, the antioxidant activities of the various strains of S.
commune were investigated and compared with two commonly eaten mushrooms,
P. pulmonarius and A. bisporus. Chemical composition of the extracts and
fractions of selected strains were determined and correlated to their radical
scavenging and reducing capacities. Our results indicated that, in general, the
antioxidant activities of the crude hot water extracts of S. commune strains were
higher than those of P. pulmonarius. The crude hot water extracts of S. commune
strains W and the gamma-irradiated strain W4000 displayed the highest
antioxidant activities. Further fractionation of strains W and W4000 yielded
several water-soluble and organic fractions. It was observed that the organic
fractions, in particular the ethyl acetate fractions exhibited the highest
scavenging activities towards DPPH radicals and ion reducing activities in FRAP
assay among all tested fractions. Correlation analysis showed that phenolic and
flavonoid compounds present in both crude hot water extracts and their fractions
are the main contributors to the antioxidant activities of the extracts and
fractions of S. commune strains, suggesting that these low-molecular-weight
compounds played a bigger role in the overall antioxidant activities of the hot
water extracts of S. commune.
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There are several recommendations for further study. First of all, strains
improvement in this study via irradiation and hybridisation needs to be further
investigated. An increase in the antioxidant activities of certain gamma-irradiated
strains was observed in this study. Thus, further research regarding the effect of
gamma-irradiation on the levels of bioactive components in mushrooms would be
worthwhile. Also, identification and characterization of the polar low-molecular
weight compounds would help us to understand better the antioxidant activities
of the hot water extracts of S. commune.
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