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Laetiporus sulphureus, a wood-decaying mushroom, has been reported to be a good
source of natural bioactive components. Traditionally used in folk medicine, L. sulphureus
has shown its beneficial effects on human health. This study was conducted to evaluate
the antibacterial and antioxidant activities of two strains of Thai L. sulphureus mushrooms
(MFLUCC 12-0546 and MFLUCC 12-0547) using disc diffusion assay and an ABTS
antioxidant assay, respectively. Initially, the mushroom mycelia were prepared and
cultured in potato dextrose broth (PDB) and malt extract broth (MEB) at 30°C for 10
days. The ethyl acetate extracts were prepared using the culture supernatants and used for
both assays. Although the two mushroom strains were very similar in morphology, they

exhibited different antibacterial and antioxidant activities. For antibacterial activity, the
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MEB extracts had a better effect on antibacterial activity than those obtained from the
PDB culture, whereas the PDB extracts showed a better antioxidant activity than those

obtained from the MEB cultivation. The results showed that the L. sulphureus extracts
obtained from its mycelial state possess antibacterial and antioxidant activity. It should
also be noted interestingly that both biological activities tested in the present study are
dependent on the mushroom strains and media used for cultivation.

1. Introduction

Mushrooms have long been valued as foods and
medicines. In particular, several mushrooms have been
traditionally used as medicines including Cordyceps
sinensis, Flammulina velutipes, Ganoderma lucidum,
Lentinus edodes, and Phellinus linteus (Bhambri et al.,
2022). These mushrooms, also known as “medicinal
mushrooms” are of great interest and some are subject to
detailed study in modern medicine (Lindequist et al.,
2014). Mushroom metabolites are diverse and represent
one of the most interesting groups of bioactive
compounds (Goyal et al., 2016; Bhambri et al., 2022).
Their Dbiological activity ranges from antioxidant
(Somanjana et al., 2013), antimicrobial (Alves et al.,
2012), to anticancer properties (Park, 2022). Previous
studies were undertaken to examine in vitro antioxidant
and antimicrobial activities of various mushrooms
including Amanita caesarea, Boletus spp., Lentinula
edodes, Morchella esculenta, Pleurotus ostreatus, and
Polyporus squamosus (Kosanic et al., 2012; Chowdhury
et al., 2015; Dimitrijevic et al., 2015). A few studies also
revealed antibacterial and antioxidant activities of Thai
mushrooms (e.g.,
Macrolepiota rhacodes, and Pleurotus pulmonarius)
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using different solvents (e.g., ethyl acetate and methanol)
for extraction (Chaiharn et al., 2018; Srikram et al.,
2018; Jiamworanunkul and Chomcheon, 2019).
Consequently, mushrooms could be considered as an
untapped resource for the discovery of new active
substances.

Laetiporus sulphureus, a member of the Polypore
mushroom, is edible and has also been used in traditional
medicine (Khatua et al., 2017). L. sulphureus, a wood-
rotting basidiomycete, is widely distributed in Eurasia
and North America. Its morphology is distinct with shelf
-like fruiting bodies of yellow to pale orange colour. This
mushroom is found to be active exhibiting antioxidant
and antimicrobial activity (Adamska, 2023). Several
bioactive compounds are also found in L. sulphureus
including laminaran, tyramine derivatives, latiglucan I,
laetirobin, and laetipolic acid (Duan et al., 2022). In
addition, its volatiles have been determined revealing
possible and potential pharmaceutical products (Rapior
et al., 2000; Petrovic et al., 2013). The application of
these metabolites is also promising especially in the food
industry (Khatua et al., 2017). However, it should be
noted that all of these studies focused on the use of dried
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and fresh fruiting bodies of L. sulphureus. This study
was then undertaken aiming to provide an overview of
the antibacterial and antioxidant properties derived from
the mushroom mycelia extracts of the two Thai L.
sulphureus strains prepared from ethyl acetate.

2. Materials and methods
2.1 Mushroom sample

Two strains of L. sulphureus were collected in
Chiang Rai, Thailand, and deposited as voucher

specimens no. MFLUCC 12-0546 and MFLUCC 12-
0547 at Mae Fah Luang University (Figure 1). The
mushroom mycelia were prepared from the internal
tissue of the mushroom fruit body and cultured on potato
dextrose agar.

-

Figure 1. Fruiting body morphology of L. sulphureus strains
MFLUCC 12-0546 (left) and MFLUCC 12-0547 (right).

2.2 Preparation of extraction

The mushroom extracts were prepared from the
mycelial state. Initially, the mushroom mycelia were
cultured on potato dextrose agar, and incubated at 30°C
for 10 days. Ten agar plugs of the mushroom mycelia
were then transferred into 250 mL of potato dextrose
broth (PDB) and malt extract broth (MEB), and
incubated with shaking (150 rpm) at 30°C for 14 days.
To obtain the extracts, the mycelia were harvested using
filter paper (Whatman No. 1). The culture was collected
and mixed with 1X volume of ethyl acetate. The
extraction was performed two times. The extracts
obtained were concentrated by air-drying (~2 mL). All
the extracts were stored at -20°C until use.

2.3 Antibacterial activity assay

The crude extracts were tested for antibacterial
activity using a paper disc diffusion technique (Kirby et
al., 1957). The Dbacterial species used were
Staphylococcus aureus TISTR1466, Escherichia coli
TISTR780, Micrococcus Iuteus TISTR884, Bacillus
subtilis TISTROO08, aeruginosa
TISTR781, and  Salmonella  enterica  serovar
Typhimurium TISTR292. For an assay, the testing
bacteria (~10° CFU/mL) were transferred to the nutrient
agar plates by swabbing. After that, 100 pL of each
crude extract was transferred onto a sterile paper disc,
and the paper disc was air-dried for 20 mins before
placing on the testing plates. The inhibitory activity was

Pseudomonas
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then determined based on the appearance of the clear
zones surrounding the disc papers. The diameter (mm) of
the clear zones was recorded.

2.4 Antioxidant activity assay

This assay was performed using an antioxidant assay
kit (Sigma, USA). Based on the manufacturer’s
instructions, the ABTS radical cation (ABTSe+) was
generated by a reaction between the ABTS and ferryl
myoglobin radical. Then, 10 pL of the sample at various
concentrations (0.1, 0.13, 0.2, 0.4, and 1%) were mixed
with 150 pL of ABTSe+ solution. The reaction was
allowed to proceed at room temperature for 5 mins. The
100 pL of the stop solution (Catalog Number S3446)
was then added and the absorbance was measured at 405
nm. The control and antioxidant standard used were the
extraction solvent (ethyl acetate) and trolox (0.015—0.42
mM) instead of the samples. The assay was performed in
triplicate. The scavenging activity of the ABTS free
radical was calculated using the following equation: %
Inhibition (% 1) = (1 — A/Ap)*100; where A and A, are
the absorbance at 405nm of the sample and the control,
respectively. The antioxidant activity of the extracts was
then expressed as the inhibitory concentration (ICs,). The
efficiency concentration (ECsp) and anti-radical power
(ARP) were also calculated as described by Prakash et
al. (2007).

2.5 Statistical analysis

The data of the experiment were analyzed by using
statistical analysis with triplicates. The values were
compared to obtain mean separation using Tukey’s test
(p=0.05) followed by post-hoc tests. The results were
expressed in one-way ANOVA analysis by using the
SPSS program.

3. Results and discussion

Two mushroom samples were previously collected
and morphologically identified as L. sulphureus
(Luangharn et al., 2014). The fruiting bodies of the two
mushroom strains (MFLUCC 12-0546 and MFLUCC 12
-0547) are similar showing vibrant yellow-orange colour,
and are bracket clusters, a thick-soft surface when
freshly and chalky character when dry (Figure 1).

The antibacterial effect of ethyl acetate extracts of
two Thai L. sulphureus isolates was then screened
against six bacterial pathogens. As summarized in Table
1 and shown in Figure 2, the ethyl acetate extracts of L.
sulphureus were able to inhibit all the testing bacteria. Its
inhibitory activity however seemed to be varied
depending on 1) the isolate, ii) media (culture
conditions), and iii) the type of testing bacteria. The
extracts of the isolate MFLUCC 12-0546 had a stronger
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Table 1. Diameter of inhibition zone (mm) as antimicrobial activity of L. sulphureus in different culture medium against six

pathogenic bacteria.

Bacteria PDB_546 PDB_547 MEB_546 MEB_547
Staphylococcus aureus 18.10+0.06* 11.40+0.07°H 20.50+0.06** 9.90+0.04%
Escherichia coli 13.40+0.14°PFF 11.20£0.09°¢H 20.40+0.22°°4 12.10+0.06°H
Micrococcus luteus 13.20+0.07"FF 13.20+0.05°FF 19.90+0.10°*8 14.30+0.05°F
Bacillus subtilis 11.80+0.08°"CH 11.70+0.02°F6H 18.40+0.03°5¢ 12.90+0.02°FF¢
Pseudomonas aeruginosa 11.50+0.04°CH! 11.00£0.06"™"! 12.80+0.05° 13.40+0.05°PEF
Salmonella enterica serovar Typhimurium  11.80+0.05%¢" 7.400.03 9.90+£0.279F¢  12.80+0.07°FFCH

Values are presented as mean+SD (n = 5). Values with different uppercase superscripts within the same column are statistically
significantly different (p<0.05) while values with different lowercase superscripts within the same row are statistically
significantly different (p<0.05) in the type of the extracts. PDB 546 and PDB_547 mean the extracts of L. sulphureus strain
MFLUCC 12-0546 cultured in PDB; MEB 546 and MEB_ 547 mean the extracts of L. sulphureus strain MFLUCC 12-0547

cultured in MEB.

Figure 2. Inhibition zone of the ethyl acetate extracts of the
Thai L. sulphureus strain MFLUCC12-0546 cultured in malt
extract broth (MEB). The clear zones were observed when
tested against S. aureus (a), E. coli (b), M. luteus (c), B.
subtilis (d), S. enterica ser. yphimurium (e), and P. aeruginosa
(f). Scale bar = 10 mm.

inhibitory activity than those of the isolate MFLUCC 12-
0547. For the culture condition, the extracts obtained
from culturing in MEB seemed to have a better effect on
antibacterial activity than those obtained from the PDB
culture. The data obtained are consistent with those
published earlier describing the antimicrobial activity of
the L. sulphureus mushroom. For example, Petrovic et
al. (2013) reported that the methanol, acetone, and
dichloromethane extracts of L. sulphureus showed better
antibacterial than antifungal activity. It has also been
reported that the ethanolic extracts of L. sulphureus
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strongly inhibited the growth of the Gram-positive
bacteria (Turkoglu et al., 2007). In contrast, the aqueous
extracts of L. sulphureus showed strong antifungal
activity against Aspergillus and Penicillium species
(Siljegovic et al., 2011).

The ethyl acetate extracts of two Thai L. sulphureus
isolates were also subjected to screening for their
potential antioxidant activity using the ABTS assay Kkit.
Inhibition of the generation of the ABTS + free radical
was a basis for studying the radical scavenging effects of
the L. sulphureus extracts. If these mushroom extracts
possess antioxidant activity by donating protons to these
radicals, the absorbance at 405 nm decreases. Trolox was
used as a positive control in this study. As presented in
Figure 3, all four L. sulphureus extracts were dose-
dependent. Based on the data shown in Figure 3, the
values of ICsy (half maximal inhibitory concentration),
ECs (efficiency concentration), and ARP (anti-radical
power) were calculated and listed in Table 2. Similarly,
the antioxidant activity of the L. sulphureus extracts
varied depending on the mushroom strain and media
used for cultivation. Our results showed that the extracts
of the isolate MFLUCC 12-0546 displayed a stronger
antioxidant activity than those of the isolate MFLUCC
12-0547. Besides, the extracts of L. sulphureus obtained
from the PDB cultivation had a better antioxidant
activity than those obtained from the MEB cultivation.

100

% Inhibition

0 Concentrations (%)
o 0.2 0.4 0.6 0.8 1 1.2

Figure 3. Effect of different concentrations of the extracts of
Thai L. sulphureus extracts in the ABTS assay. Various
concentrations of PDB 546 (m), PDB 547 (o), MEB 546
(A), MEB 547 (A), and Trolox (0).
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Table 2. Antioxidant activity of L. sulphureus extracts in
terms of ICsy, ECsy, and ARP inhibitory concentrations (%).

Extracts 1Csg ECs ARP
PDB_546 0.125+0.02 2.315+0.07 43.20+0.08
PDB_547 0.135+0.03 2.500+0.05 40.00+0.07
MEB_546 0.150+0.05 2.778+0.06 33.33+0.03
MEB_547 0.170+0.06 3.148+0.02 29.41+0.05

Trolox 0.082+0.01 1.519+0.03 65.85+0.06

ICso: Half inhibitory concentration, ECsy: half efficiency
concentration calculated by ICsy/concentration of ABTS (%),
ARP: anti-radical power calculated by 100/ECs,. PDB_546
and PDB 547 mean the extracts of L. sulphureus strain
MFLUCC 12-0546 cultured in PDB; MEB 546 and
MEB_547 mean the extracts of L. sulphureus strain MFLUCC
12-0547 cultured in MEB.

Interestingly, it should be noted that all of the
previous studies focused on the use of dried and fresh
fruiting bodies of the mushroom. In the present study,
the extracts were prepared from the mushroom mycelia
(not the fruiting body) using ethyl acetate as a solvent.
For antibacterial activity, our data showed that the
mushroom mycelia extracts could inhibit both Gram-
positive and Gram-negative testing bacteria. These
extracts also exhibited antioxidant activity when
evaluated by the ABTS assay. Laetiporus sulphureus is
widely known as a good source of antimicrobial and
antioxidant compounds (Khatua et al., 2017). Recently,
Sinanoglou et al. (2015) indicated that lipid fractions
containing high unsaturated degree fatty acids may
contribute to antibacterial and antifungal properties. To
date, there are only a few reports describing antioxidant
activity of the L. sulphureus extracts. It has been
suggested that the presence of phenolic compounds in L.
sulphureus contributes to this antioxidant activity
(Turkoglu et al., 2007; Olennikov ef al., 2011).

Besides, the present study has shown that the
antibacterial and antioxidant properties of the mushroom
mycelia extracts can be obtained when using different
liquid culture media. This is because the cultural media
used can be an important factor in promoting the
synthesis of the active metabolites exhibiting
antibacterial and antioxidant activity. The data presented
here are consistent with many previous studies. For
example, the use of the glucose peptone yeast medium
could promote the antioxidant and antimicrobial
potentials of mycelial extracts of Hohenbuehelia
myxotricha (Krupodorova et al., 2022). Different
nitrogen sources also played a key role in the production
of phenolic compounds, antimicrobial and antioxidant
properties of the two edible mushrooms, namely
Pleurotus ostreatus and Coprinus comatus (Vamanu,
2013).
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4. Conclusion

Laetiporus sulphureus has been regarded as an
edible mushroom. Apart from its nutritional value, many
studies including the present study suggest an alternative
role as a medicinal mushroom. According to the results
of this present study, it is clearly indicated that the ethyl
acetate extracts of Thai L. sulphureus mushrooms exhibit
antibacterial and antioxidant activity in vitro. These
biological activities appear to depend on the mushroom
strains and culture conditions used for preparing the
extracts.  Furthermore, the active compound(s)
contributing to the antibacterial and antioxidant of the
mushroom should be elucidated and developed for health
benefits properties.
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