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Abstract

Purpose: To determine the radical scavenging, metal chelating, antibacterial and cytotoxic activities of
five edible mushrooms in Malaysia.

Methods: Mushrooms (H. tessulatus, P. eryngii, P. florida, A. polytricha and F. velutipes) were oven-
dried and extracted with 90 % ethanol. Radical scavenging and metal chelating assays were based on
the measurement of 1,1-diphenyl-2-picrylhydrazyl (DPPH) and ferrozine absorbance at 517 and 562
nm, respectively. Mushrooms total phenolic and flavonoid contents were determined by
spectrophotometric methods. Antimicrobial activity was measured using Kirby-Bauer Susceptibility Test.
Cytotoxicity was assessed using brine shrimp toxicity assay.

Results: Total phenolic and flavonoid contents ranged from 0.90 - 6.03 mg GAE per g of dry sample
and 0.17 - 6.95 mg QE per g of dry sample, respectively. A. polytricha demonstrated the strongest
radical scavenging and metal chelating activities. Moderate antimicrobial activity was found for extracts
of both P. florida and A. polytricha. Cytotoxicity LDso ranged from 46.9 - 115.8 ug/ml.

Conclusion: The results suggest that A. polytricha is a suitable candidate for chemoprevention and
would safe for use in large doses.
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INTRODUCTION

Since ancient times, mushrooms have been
consumed by people from all over the world, for
both their nutritional and culinary values. With
their high protein, and, low fat and cholesterol
contents, mushrooms are considered by many to
be an ideal source of nutritional ingredients, rich
in minerals, polysaccharides and polyphenols
[1. Some mushroom-derived polyphenolic
compounds have been found to be powerful
antioxidants , with potent free radical scavenging
and metal-chelating activities [2].

Modern scientific research often provides
consistent support for ethnomedicine. For
instance, a ubiquitin-like protease isolated from
the fruiting bodies of Calvatia caelata, as well as
lectine extracted from edible Agaricus bisporus,
were found to exhibit cytostatic activity against
tumor cells [3]. More concrete evidence have
been provided by clinical trials using extracts of
Grifola frondosa [4], as well as polysaccharides
isolated from Ganoderma Iucidum [5] and
Trametes versicolor [6]. Treatment groups given
extracts from the aforementioned medicinal
mushrooms were found to demonstrate
decreased expression of tumor markers [4],
increased natural killer (NK) cells activities [5]
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and higher survival rate [6], compared to control
groups. Following successful clinical trials,
polysaccharide isolated from T. versicolor had
further been approved in Japan and marketed as
an anti-tumor drug known as Kristin (PSK).

The worldwide emergence of multi-resistant
bacteria strains is driving an urgent need in the
search for novel antibacterial compounds. As a
result of mushrooms’ natural living environment
(life cycles which depend on degrading dead
organic matters) and the need to defend against
pathogenic organisms in their environment, it is
believed that potent antimicrobial compounds
could potentially be extracted from mushrooms
[7]. This prospect is supported by a previously
reported case whereby antimicrobial farnesyl
hydroquinones (Ganomycin A and B) isolated
from Ganoderma pfeifferi was found to inhibit the
growth of methicillin-resistant Staphylococcus
aureus [8].

In this paper, we tested and compared edible
mushrooms in Malaysia for their radical
scavenging, metal chelating and antibacterial
activities. We focused on five mushrooms
species that originated from four families, namely
Hypsizygus  tessulatus,  Pleurotus eryngii,
Pleurotus florida, Auricularia polytricha and
Flammulina velutipes. Their corresponding levels
of total phenolic and total flavonoid were also
quantified and compared. Additionally, we
assessed the mushrooms’ cytotoxic activities in
a brine shrimp assay. The aim was to contribute
to the understanding of the antioxidant, cytotoxic
and antibacterial potentials of different edible
mushrooms, as well as potential application in
chemoprevention.

EXPERIMENTAL
Preparation of mushroom extracts

Mushrooms (H. tessulatus, P. eryngii, P. florida,
A. polytricha and F. velutipes) were purchased
from a local food store in Kampar, Malaysia in
November and December of 2011. The
mushroom identities were confirmed
morphologically by referring to literature [9, 10].
The mushrooms were incubated in an oven at 40
°C for 48 h or until constant weight was
observed. Each dried mushroom sample was
then macerated for 24 h in 90 % ethanol (1:10,
w/v) at room temperature. After removing the
ethanol extract, maceration was repeated with
fresh 90 % ethanol. The extracts were combined
and filtered, concentrated and dried under
reduced pressure. The dry extract was stored at
-20 °C until tested.

Determination of 1,1-diphenyl-2-picrylhy-
drazyl (DPPH) radical scavenging activity

DPPH radical scavenging activity was assessed
as described previously with modifications [11].
To 1 ml of DPPH working solution, 50 ul of
extract was added. The mixture was left in the
dark for 30 min before its absorbance
spectrophotmetrically (GENESYS 20 spectro-
photometer, Thermo Scientific) was read at 517
nm. A blank was prepared for each sample in
which the DPPH solution was replaced with
ethanol. DPPH radical scavenging activity was
calculated using Eq 1.

DPPH = {(Ac— As)/AC}100 ................. (1)

where Ac is the absorbance of control reaction
(without mushroom extract), and As is the
absorbance in the presence of mushroom
extract. Trolox was used as reference. Results
are also presented as ECsp values, which
represent concentration of extract required to
scavenge 50 % of DPPH radicals.

Determination of metal chelating activity

Metal chelating activity was assessed as
described previously with modifications [12].
Briefly, a mixture of extract (0.2 ml) and 0.1 mM
FeSO04 (0.2 ml) was mix and incubated for 5 min.
Next, 0.25 mM ferrozine (0.4 ml) was added, and
the mixture incubated at room temperature for 10
min. Absorbance of the mixture was then read at
562 nm. Metal chelating activity (MCA) was
calculated as in Eq 1.

MCA = {(Ac—AS)/ACHO0 .......ocvveven... )

where Ac is the absorbance of control reaction
(without mushroom extract), and As is the
absorbance in the presence of mushroom
extract.

Determination of total phenolic contents

The concentrations of total phenolic in the
extracts were determined using a Folin-Ciocalteu
colorimetric assay, as described previously with
modifications [13,14]. A mixture of extract (0.1
ml) and 10 %v/v Folin-Ciocalteu reagent (0.2 ml)
was first incubated at room temperature for 3
min. Next, 0.8 ml of 700 mM Na,CO; was added
and the mixture was incubated at room
temperature for 2 h. Absorbance of the mixture
was read at 765 nm. A standard curve was
prepared from 0 - 42 mg/L gallic acid. Total
phenolic content was expressed in mg gallic acid
equivalents/g dry matter.
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Determination of total flavonoid contents

The concentrations of total flavonoid in the
extracts were determined as described
previously [14]. Mushroom extract (0.2 ml) was
added to 0.15 ml of NaNO; and the mixture was
incubated at room temperature for 6 min. Next,
0.15 ml of AICI;.6H,O (10% w/v) was added to
the mixture, which was then left at room
temperature for 6 min. Next, 0.8 ml of NaOH
(10% w/v) was added and the absorbance of the
mixture was read at 510 nm after standing at
room temperature for 15 min. For the blank, the
extracts were replaced with water. To correct for
background absorbance, a blank was prepared
for each sample in which the AICI;.6H,O was
replaced with water. A standard curve was
prepared from 0 - 500 ug/ml quercetin dissolved
in 80 % ethanol. Total flavonoid content was
expressed in mg quercetin equivalents/g dry
matter.

Kirby-Bauer antimicrobial susceptibility test

The antibacterial activities of the selected
mushrooms were tested using Kirby-Bauer disk
diffusion method, against both Gram-positive
(Staphylococcus aureus and Micrococcus luteus)
and Gram-negative (Escherichia coli and
Pseudomonas aeruginosa) bacterial strains.
Briefly, bacterial culture inoculum was adjusted
to 0.5 McFarland standard and swapped onto
the MHA agar. Sterile forceps were used to
apply filter paper disks containing mushroom
extracts onto the agar surface. Tetracycline
antibiotic disks (Oxoid Ltd.) were used as
positive control. MHA plates were incubated for
18 - 24 h at 37 °C, and diameter of the inhibition
zone was measured (in mm).

Brine shrimp cytotoxicity assay

To assess the toxicity of each extract, brine
shrimp cytotoxicity assays were performed as
previously described with modifications [11,15].
Eggs of brine shrimp (Artemia franciscana)
originated from Great Salt Lake (USA) were
purchased from Sera and mixed with artificial
seawater (prepared by dissolving 38 g sea salt
per liter of water). The eggs were allowed to
hatch at room temperature for 48 to 72 h. Larvae
(nauplii) were attracted to one side of the vessel
with a light source and collected with plastic
pipette. To determine if the mushroom extracts
were cytotoxic, different concentrations of each
extract (4000, 2000, 1000, 500, 200, 100, 50
pg/ml) were tested, in triplicate. Ten brine shrimp
larvae were then added to each vial containing
the aforementioned extracts. After incubating for
24 h at room temperature, the numbers of dead

and surviving brine shrimps were counted. LDsg
(dose required to kill 50% of the brine shrimps)
was determined for each mushroom extract.
Potassium dichromate was used as positive
control.

Statistical analysis

Data were reported as mean + standard error of
mean (n = 3). Statistical analysis was performed
using SAS (version 9.2) and data analyzed using
ANOVA. Differences between means were
determined using Fisher's least significant
difference test at the probability level of 0.05.

RESULTS

DPPH radical scavenging activity and ECs,
values

All the mushroom extracts exhibited DPPH
radical scavenging activities in a concentration-
dependent manner, in the range of 5 to 50 mg/ml
(Figure 1). A. polytricha was found to have the
highest DPPH scavenging activity (79 %),
followed by P. eryngii (52 %) and H. tessulatus
(43 %), while F. velutipes and P. florida
possessed 23 %, compared to a standard
concentration of 50 mg/ml (Figure 1).
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Figure 1: DPPH radical scavenging activities of
mushroom extracts at different concentrations. Data
are reported as mean + SE (n = 3)

The corresponding ECs, values, which represent
the concentration of extracts required to
scavenge 50% of the DPPH radicals, were also
determined. The mushrooms ECs, values (in mg
dry matter per ml) in descending order were A.
polytricha (31.58) > P. eryngii (48.53) > H.
tessulatus (58.53) > F. velutipes (79.04) > P.
florida (109.30). The high antioxidation potentials
of A. polytricha and P. eryngii were reflected by
their low ECso values (<50 mg dry matter/ml),
while F. velutipes and P. florida had ECsy values
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which were 25 and 3.5 folds higher,
respectively, compared to that of A. polytricha.

Metal chelating activity

Chelating activities of the 5 mushroom extracts
were also tested in a metal chelating assay. All
the extracts showed metal chelating activities in
a concentration-dependent manner, in the range
from 5 to 50 mg/ml (Figures 2). At extract
concentration 50 mg/ml, A. polytricha showed
the highest metal activities (100 %), followed by
F. velutipes, H. tessulatus and P. florida (93.3,
90.4 and 89.1%, respectively). The Ilowest
activity was observed with P. eryngii (22.6 %),
which was 4.4 folds lower compared to that of A.
polytricha.
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Figure 2: Metal chelating activities of mushrooms
extracts at different concentrations. Data are reported
as mean + SE (n = 3).

Total phenolic and flavonoid contents

As the antioxidation capacities of extracts were
often linked to their levels of phenolic and
flavonoid contents, we tested these mushroom
extracts for their total phenolic and flavonoid
levels. The highest level of total phenolic was
detected in A. polytricha, followed by the groups
of P. florida, P. eryngii and H. tessulatus which
possessed moderate phenolic levels (3.14-3.72
mg GAE/g dry matter). The lowest level of total
phenolic was detected in F. velutipes (0.90 mg
GAE/g dry matter). Consistently, the highest
level of total flavonoid was detected in A.
polytricha, and low level of total falconoid (<1 mg
GAE/g dry matter) were detected in the other
four mushrooms (Table 1). The lowest levels of
phenolic and flavonoid were consistently
detected in F. velutipes, which were 6.7- and
34.8-fold lower, respectively, when compared to
the levels observed for A. polytricha.

Table 1: Total phenolic and flavonoid contents of five
mushrooms

Total Total

phenolics flavonoids
Mushroom (mg GAE/g (mg QE/g

ry dry

matter)“) matter)(z)
Hypsizygus tessulatus  3.14 £ 0.31°  1.04 £ 0.10°
Pleurotus eryngii 3.57+0.14°  0.48+0.04°
Pleurotus florida 3.72+0.02° 0.17 +0.02°
Auricularia polytricha ~ 6.03+0.43*  6.95+0.14°
Flammulina velutipes ~ 0.90 + 0.10°  0.20 + 0.05°

TGAE, gallic acid equivalents; “QE, quercetin equivalents;
values reported as mean + SE (n = 3) Different super indexes
indicate significant differences within a column, compared by
the Fisher's Least Significant Difference (LSD) test (P <
0.05).

Antibacterial activity

Mushroom extracts were also tested for their
antibacterial activities against both Gram-
positive (S. aureus and M. luteus) and Gram-
negative (E. coli and P. aeruginosa) bacteria
strains, using Kirby-Bauer disk-diffusion method.
H. tessulatus, P. eryngii and F. velutipes
exhibited minimal inhibition (<10 mm) against all
bacterial strains tested (Figure 3). P. florida
exhibited moderate inhibiton (10 - 15 mm)
against both Gram-negative bacteria strains
tested, while A. polytricha exhibited moderate
inhibition against Gram-positive S. aureus and
Gram-negative P. areruginosa.

80~
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Figure 3: Antibacterial activities of mushroom extracts
at different concentrations. Data are reported as mean
+ SE (n =3).

Brine shrimp cytotoxic activity

The mushroom extracts were tested in a brine
shrimp assay to determine their cytotoxic
activities. The results are reported as LCsg
values, the extract concentrations required to Kill
50% of a group of brine shrimps. Among the
mushrooms tested, H. tessulatus was found to
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show the highest cytotoxic activity, with a LCsq of
46.9 pg/ml (Table 2). The cytotoxic activities for
the mushrooms in descending order were H.
tessulatus > P. florida > P. eryngii > F. velutipes
> A. polytricha (Table 2). Both A. polytricha
(LCsp: 115.8 pg/ml) and F. velutipes (LCso: 100.1
pg/ml) had cytotoxic activities which were 6.8-
and 5.8-fold lower, respectively, compared to
potassium dichromate (LCsp: 17.0 pg/ml).

Table 2: Brine shrimp cytotoxicity of the mushrooms

LCso
Mushroom (ug/ml)
Hypsizygus tessulatus 46.9+18.3
Pleurotus eryngii 78.2+28.7
Pleurotus florida 68.61+23.9
Auricularia polytricha 115.8+16.1
Flammulina velutipes 100.1+£9.8
Potassium dichromate 17.0£2.9

Note: LCsy, concentration required to kill 50 % of a group of
shrimps; values reported as mean + SE (n = 3)

DISCUSSION

In this paper, a total of five edible mushrooms
commonly used in Malaysia were selected for
study. The five samples represent members of
four mushroom families, namely Lyophyllaceae
(H. tessulatus), Pleurotaceae (P. eryngii, P.

florida), Auriculariaceae (A. polytricha) and
Physalacriaceae (F. velutipes). These five
mushrooms are frequently used and

incorporated in local diets in a variety of forms.
The fruiting bodies of the mushrooms were used
in this study to reflect their actual usage by the
local people. Additionally, a previous report has
indicated that more than 80 % of all mushrooms
bioactive metabolites were extracted from the
fruiting bodies, while only about 15 % of all
identified compounds were extracted from the
mycelia [7].

As radical scavenging activity is frequently linked
to chemoprevention potential [16], we first tested
these selected mushrooms for their scavenging
activities. Similar positive correlation between
mushroom  phenolic contents and their
corresponding  antioxidation properties had
previously been reported in other mushrooms
species [17].

Additionally, we also tested the five mushroom
species for their metal chelating activities, as the
antioxidant properties of phenolic compounds
may also be mediated by their ability to chelate
trace metals involved in free radical formation.
With the exception of P. eryngii, high metal
chelating activities (> 90 %) were observed with
all mushroom extracts, tested at a concentration
of 50 mg/ml. However, no strong correlation was

observed between metal chelating activities and
total phenolic (R* = 0.16, p < 0.05) or flavonoid
content (R2 = 0.13, p < 0.05). For instance,
lowest levels of phenolic and flavonoid were
detected in F. velutipes, yet this mushroom
species exhibited the second highest metal
chelating activities, among the five mushroom
species tested. In contrast, despite the moderate
total phenolic and flavonoid contents detected in
P. eryngii, it demonstrated the lowest metal
chelating activity.

Previously, studies conducted using medicinal
herbs and mushrooms indicated very poor or no
positive correlation between metal chelating
activities and total phenolic or flavonoid content
[18]. It was reported that phenolics’ metal
chelating power is determined by their chemical
structures and the availability of properly
oriented functional groups, with six-membered
ring complexes exhibited stronger chelating
potential than five-membered ring structures
[19]. Additionally, the study showed the
significant contribution from catechol moiety
toward metal-chelating activity [20]. Proteins and
polysaccharides had also been implicated in
metal-chelating activities [18]. These
aforementioned studies may help to explain why
high metal-chelating activity was found for F.
velutipes, despite its low phenolic and flavonoid
contents.

The mushroom extracts were also tested for their
antibacterial activities against four bacteria
strains. In order to reflect their true potential as
functional food, water was chosen as the
extraction solvent. In the disk-diffusion test, we
found that P. florida selectively exhibited
moderate inhibition activities against both Gram-
negative bacterial strains tested. Future work
with other Gram-negative bacterial strains may
help to determine whether P. florida exerts its
inhibition activity in a Gram-specific manner.
Lastly, brine shrimp cytotoxic assay indicated
that the five selected mushroom extracts had
lower cytotoxicity than the potassium dichromate
control. Among the mushrooms tested, A.
polytricha exhibited the lowest cytotoxicity, about
7-fold lower than control. Low cytotoxicity
suggests that these mushrooms species can be
safely consumed in large quantities.

CONCLUSION

We reported here the radical scavenging
activities of five edible mushrooms used by the
local population in Malaysia. Among the
mushrooms tested, A. polytricha demonstrated
the strongest radical scavenging and metal
chelating activities, as well as the highest
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polyphenolic and flavonoid contents.
Additionally, A. polytricha exhibited the lowest
cytotoxicity. These findings suggest that A.
polytricha is a suitable candidate for use in
chemoprevention and is safe for consumption in
large quantities. Further work could potentially
lead to the isolation of powerful antioxidants with
low cytotoxicity and high safe profiles.
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