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The relevance of the lignocellulosic substrate in the cultivation
of mushrooms has lent support to the exploration of several
lignocellulosic agro wastes. This study was, thus, aimed at the
evaluation of durian peel as an alternative substrate for more
sustainable mushroom cultivation and climate change mitiga-
tion. The secondary metabolites and biological activities of both
aqueous and organic mushroom (Pleurotus pulmonarius (Fr.)
Quel.) extract cultured on durian peel and rubberwood sawdust
substrate were compared using GCMS, LCMS as well as various
biological assays (cytotoxicity, antimicrobial and antioxidant
activities). Mushroom extracts from durian peel substrates
possess remarkable biological activities. The results showed
that the aqueous extracts had poor antimicrobial activities. The
organic extracts were more active against cancer cells than the

aqueous extracts, while the aqueous extracts were more potent
as antioxidants than the organic extracts. Overall, the mush-
room extract from the durian substrate was the most effective
except against A549 and SW948, while the aqueous extract
from the durian substrate was the most effective against the
A549 cancer cell lines with 29.53�2.39 % inhibition. On the
other hand, the organic mushroom extract from the sawdust
substrate was the most effective against SW948 with 60.24�
2.45 % inhibition. Further studies, however, are needed to
elucidate the molecular mechanism of action of P. pulmonarius
extracts against cancer cell proliferation and the effect of the
substrates on the nutritional composition, secondary metabo-
lites, and other biological activities of P. pulmonarius extracts.

Introduction

Mushroom is categorized as a low-calorie food containing high
protein, dietary fiber, minerals, vitamins, and low lipids
content.[1–3] Edible mushrooms have become popular nowadays
due to their excellent taste, richness in nutritional content, ease
of purchase, medicinal value, and attraction as functional foods.
The significant importance of mushrooms is attributed to their
medical properties, organoleptic value, and economic
importance.[1,4,5] Scientific research shows that mushroom con-

tains metabolites with several biological activities such as
antidiabetic, antioxidant, antitumor, and anti-inflammatory
effect.[6,7] It is also helpful in preventing hypertension, hyper-
cholesterolemia, and cancer.[8]

Pleurotus pulmonarius is one of the most popular edible
mushrooms heavily grown in Malaysia. It is locally known as
‘cendawan tiram’ and has become one of the commercialized
foods in Malaysia. The genus Pleurotus (Class Basidiomycetes)
belongs to the oyster mushrooms which are widely cultivated
in several countries due to their texture, flavor, and health
benefits. P. pulmonarius, like other mushrooms, obtain their
nutrition by decomposing various agricultural by-products due
to their saprophytic nature.[6,9] Presently, in Malaysia, most
commercial mushroom producers use sawdust from the rubber
tree and rice husk as the substrate to cultivate mushrooms.
However, the relatively high cost, the environmental concern,
and the decline in the availability of sawdust make it crucial to
find other substrate sources for the cultivation of oyster
mushrooms.[10] Moreover, sawdust production in Malaysia is
declining since 1960 because rubber plantation has been
replaced by oil palm plantation.[11] Thus, There is an urgent
need to find another substrate that can grow mushrooms as a
sustainable alternative to the commercialized substrate from
rubber sawdust to internalize environmental and social
costs.[12,13]

In mushroom cultivation, lignocellulosic materials such as
sawdust and rice husk are required as a substrate to grow
mushrooms.[14] The lignocellulosic material mainly contains
cellulose and hemicellulose.[9] The digestion of both compo-
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nents typically produces cellobiose, glucose, xylose, and other
sugars such as arabinose galactose, glucuronic acid, galactur-
onic acid, mannose, and pyranose. Most of these compounds
are secondary products that are essential for the mycelium to
grow. Mycelium, which appeared as a frost-liked thread, is a
fiber of fungi that grows beneath bark and leaves. It then grows
into a dense network for sprouting mushrooms. Sawdust is
often not nutritious enough. Thus, it needs to be enriched with
a nitrogen supplement such as rice husk and coco peat. Mixing
two different substrates enhances mushroom growth, thus,
increasing the production yield of mushrooms compared to
using plain sawdust alone.[10]

Locally, Durio zibethinus Murr known as durian is an edible
fruit that grows heavily in Malaysia. It is called the king of fruit
due to its size. However, only one-third of the whole durian fruit
is edible while the seeds (20–25 %) including the shells are
mostly thrown away.[15] Due to the heavy consumption of
durian fruits, large amounts of the peels are disposed of,
leading to severe community and environmental problems.
Numerous kinds of research have, thus, been carried out owing
to the environment, to utilize this agricultural waste for possible
conversion into value-added and more useful materials. For
example, durian peel is used in the removal of dye in the textile
industry as a low-cost bio-sorbent.[16] The durian peel has also
been phytochemically investigated for pectin production. Pectin
is found in fruits as fiber and is used to make medicine.[17] The
analysis of the volatile compounds of durian peel using GCMS
has shown that durian peel contains ketones, hydrocarbons,
ester, and acid.[18] Durian peel is also very rich in protein and
mineral elements such as magnesium and iron as well as low-
fat content.[19] Durian peel is an agricultural waste containing
lignin, cellulose, and hemicelluloses as a significant component,
making it a suitable substrate for mushroom cultivation.[20]

Therefore, this research evaluated durian peel as an alternative
substrate for mushroom cultivation to protect the environment
from excess solid waste, thus developing more sustainable
mushroom cultivation and as a climate change mitigation

approach. Mushroom (P. pulmonarius) was cultured in two main
substrates: durian peel and rubberwood sawdust. The extracts
of both mushrooms were subjected to phytochemical analysis
using GCMS and LCMS as well as biological and pharmacolog-
ical assays.

Results

Mushroom extracts’ yield and metabolite profiling

The mushroom samples were extracted accordingly. The
extracts’ yields of mushroom from durian substrate were
6.1870 g and 1.5785 g for aqueous (Daq) and organic (Dorg),
respectively, while the mushroom from sawdust substrate gave
extract yields of 5.5215 g and 0.94857 g for aqueous (Caq) and
organic (Corg), respectively. Figure 1 shows the mushroom from
both substrates.

Both aqueous extracts containing non-volatile compounds
were further screened for their chemical profiling using LCMS.
Meanwhile, the screening for their volatile compounds was
done using GCMS for both organic extracts. Figure 2 and 3
show LCMS and GCMS chromatograms for aqueous and organic
extracts, respectively. Corg and Dorg extracts’ chemical content
was assigned with a compound name, while others were
labeled as ’unknown’ since the SI of these compounds did not
achieve more than 70 % when the mass spectrum was
compared with the NIST library. Both organic extracts consist of
alkanes, alcohol, fatty acid, and other organic compounds. The
profile of Corg with GCMS revealed that there are 32
compounds. Of 32 compounds, 31 were assigned a name, while
one was labeled as unknown. Meanwhile, Dorg contains 35
compounds of which 32 compounds were identified and three
compounds labeled unknown. There are seven different minor
compounds found only in Dorg including 11,14-eicosadienoic
acid, Z,Z-8,10-hexadecadien-1-ol, bis(tridecyl) phthalate, dotria-
contane, 7-hexadecenal, pregnan-20-one, and ergosterol. How-

Figure 1. a) Mushroom harvest from durian substrate b) mushroom harvest from sawdust substrate.
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ever, both extracts contain the same major volatile compounds,
such as 2-pentanone, 4-hydroxy-4-methyl-9,12-octadecadienoic
acid, based on the percentage of peak area. The Metlin
database identified seven compounds from Daq extract, while
nine were successfully recognized from the Caq chromatogram.
Daq extract contains hydroxymethyl phosphonate, betaxolol,
zidovudine, dehydrofalcarinone, 3-methylbutyraldehyde oxime,
10β-epoxynardosinane, and 5-aminopentanoic acid. Meanwhile,
Caq contains compounds such as pinacidil, phloridzin, 14-
methyl-all-trans-retinoic acid, 17-[(3-(1-
pyrrolidinyl)propyl]imino]androst-5-en-3β-ol acetate, oleoyl se-
rotonin, diethylcarbamazine n-oxide, 8,11,14-docosatriynoic
acid, 5-amino pentanoic acid and hydroxymethyl phosphonate.
Both extracts contain two similar compounds, which are 5-
aminopentanoic acid and hydroxymethyl phosphonate.

Biological activities

Cytotoxic activities

The various mushroom extracts’ anticancer, antimicrobial, and
antioxidant activities are shown in Tables 1, 2, and 3. For the

anticancer studies (Table 1), five cancer cell lines, namely; two
breast cancer cell lines (MCF7 and MDA-MD-231), two colon
cancer cell lines (SW948 and HT29), and a lung cancer cell lines
(A549) were selected being the most common causes of cancer
death in 2020, thus, there is an urgent need to find natural
alternatives to common chemotherapeutic drugs used to
combat these disease.[21] The percentage of inhibition of the
extracts at 100 μg/mL was tested against the five cancer cell
lines. The organic extracts were more potent than the aqueous
extracts from both substrates. The only exceptions were the
lung (A549) and colon (SW948) cancer cell lines for durian
substrate mushroom extracts and breast cancer cell lines (MDA-
MD-231) for the commercial (sawdust) substrate mushroom
extracts. Overall, the mushroom extract from the durian
substrate was the most effective except against A549 and
SW948, while the aqueous extract from the durian substrate
was the most effective against the A549 cancer cell lines with
29.53�2.39 % inhibition. On the other hand, the organic
mushroom extract from the sawdust substrate was the most
effective against SW948 with 60.24�2.45 % inhibition.

Figure 2. LCMS chromatogram for a) Daq and b) Caq.
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Antimicrobial activity

The antimicrobial studies (Table 2) were evaluated against
bacteria and fungi using the well diffusion method. The
mushroom extracts showed poor antimicrobial activities, with
only a few extracts showing poor to moderate activities against
the tested microbes. None of the extracts showed antibacterial

activity against Bacillus subtilis and Staphylococcus epidermidis.
Similarly, none of the extracts was effective against the two
tested fungi strains (Candida albicans and Aspergillus niger
except for the aqueous extract from the durian substrate
mushroom with an inhibition diameter of 11.00�1.00 mm
against A. niger. The aqueous mushroom extracts from both the
durian and sawdust substrates and the organic mushroom

Figure 3. GCMS chromatogram for a) Dorg and b) Corg.
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extract from sawdust substrates, however, demonstrated appre-
ciable antibacterial activities against some of the tested bacteria
strains. In contrast, the organic mushroom extract from durian
substrates showed no antibacterial effects against all the tested
bacteria and fungi strains except against E. coli, with an
inhibition diameter of 10.00�1.00 mm. The standards, strepto-
mycin sulfate and ketoconazole used as positive controls for
the antibacterial assay and the antifungal assay, respectively,

gave remarkable antimicrobial activities, as expected, being
pure compounds.

Antioxidant activities

The antioxidant activities of all the extracts (Table 3) were
evaluated using four different antioxidant assays: total antiox-
idant capacity, ABTS, FRAP, and β-carotene bleaching assays.

Table 1. Cytotoxic effect of extracts and standard compounds against MCF7, MDA-MD-231, SW948, HT29, and A549.

Extracts Percentage of inhibition (%) at 100 μg/mL
MCF7 MDA-MD-231 SW948 HT29 A549

Daq 19.35�0.82A 29.91�1.80B 29.02�1.48A 18.85�2.06A 29.53�2.39B

Dorg 60.24�2.45D 38.98�3.90C 28.75�1.58A 51.68�5.62C 17.83�1.77A

Caq 27.77�2.02B 29.28�2.26B 26.79�2.45A 26.20�1.60B 16.75�1.65A

Corg 36.86�1.83C 13.82�1.89A 41.64�2.05B 48.41�3.64C 25.51�2.03B

Paclitaxel
IC50 (μg/mL)

ND ND 0.26�0.02 0.16�0.01 2.23�0.01

Tamoxifen
IC50 (μg/mL)

2.28�0.10 3.15�0.04 ND ND ND

Daq= aqueous extract of mushroom from durian substrate; Dorg =organic extract of mushroom from durian substrate; Caq= aqueous extract of mushroom
from sawdust substrate; Corg= organic extract of mushroom from sawdust substrate; ND=not determined. Data were analyzed using one-way ANOVA.
Values presented are mean� standard error of triplicate independent analyses. Values within the same column but with different superscripts (A, B, C, & D)
are significantly different (p<0.05) using the Tukey post hoc test.

Table 2. Inhibition diameters of all extracts against bacteria and fungi.

Inhibition zone (mm)

Bacteria strains tested Fungi strains tested

Extract S.A K.P E.C P.A S.E B.S A. N C.A
Daq 11.70�1.50A 12.60�0.80B 11.00�1.00A N.A N.A N.A 11.00�1.00A N.A
Dorg N.A N.A 10.00�1.00A N.A N.A N.A N.A N.A
Caq 11.00�1.00A 7.30�0.80A 8.00�1.00A 10.70�0.50A N.A N.A N.A N.A
Corg N.A 14.00�1.00B 11.00�1.00A 10.70�0.50A N.A N.A N.A N.A
Streptomycin sulfate salt 24.33�0.58B 29.00�1.00C 28.67�0.57B 26.00�1.73B 30.67�0.58 29.67�0.58 N.D N.D
Ketoconazole N.D N.D N.D N.D N.D N.D 25.00�1.00B 26.33�1.53
DMSO N.A N.A N.A N.A N.A N.A N.A N.A

Daq= aqueous extract of mushroom from durian substrate; Dorg =organic extract of mushroom from durian substrate; Caq= aqueous extract of mushroom
from sawdust substrate and organic; Corg=organic extract of mushroom from sawdust substrate; NA= not active; ND=not determined, SA=Staphylococcus
aureus (ATCC 25923); BS=Bacillus subtilis (B145); SE=Staphylococcus epidermidis, PA=Pseudomonas aeruginosa (ATCC27853); EC=Escherichia coli; KP=Klebsiella
pneumoniae (ATCC 2513); CA=Candida albicans (C2213) and AN=Aspergillus niger. Data were analyzed using one-way ANOVA. Values presented are mean�
standard deviation of triplicate independent analyses. Values within the same column but with different superscripts (A, B, C, & D) are significantly different
(p<0.05) using the Tukey post hoc test.

Table 3. Antioxidant activities of extracts, and standard compounds.

Sample Total antioxidant
capacity
(μg ascorbic acid/mg extract)

ABTS
% of scavenging of
extract at 10 mg/mL

FRAP
(μM ferrous
sulfate/mg dry extract)

β-Carotene bleaching
(% of β-carotene bleaching
of extract at 10 mg/mL)

Daq 10.69�0.10B 37.74�4.75B 1.18�0.01A 15.16�7.69A

Dorg 8.09�0.14AB 6.10�0.62A 0.56�0.04A 86.36�5.20C

Caq 7.93�0.04AB 6.51�1.38A 0.82�0.15A 76.68�5.79 C
Corg 5.64�0.06A 46.71�5.66C 0.57�0.07A 34.34�3.24B
Standard
Compound

ND Gallic acid (100 μg/mL)
94.05�0.25

ND Gallic acid (100 μg/mL)
88.58�1.42

Daq= aqueous extract of mushroom from durian substrate; Dorg =organic extract of mushroom from durian substrate; Caq= aqueous extract of mushroom
from sawdust substrate and organic; Corg=organic extract of mushroom from sawdust substrate; ND=not determined. Data were analyzed using one-way
ANOVA. Values presented are mean� standard error of triplicate independent analyses. Values within the same column but with different superscripts (A, B,
C, & D) are significantly different (p<0.05) using the Tukey post hoc test.
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The aqueous mushroom extracts from the durian and commer-
cial (sawdust) substrates were more effective in their antiox-
idant activities than their corresponding organic extracts except
for the β-carotene bleaching assay and ABTS for the durian and
sawdust substrates, respectively. Overall, the aqueous mush-
room extract from the durian substrate has the highest total
antioxidant capacity and FRAP with 10.69�0.10 μg ascorbic
acid/mg extract and 1.18�0.01 μM ferrous sulfate/mg dry
extract, respectively. The organic mushroom extracts from
durian substrate, however, have the highest total β-carotene
bleaching activity of 86.36�5.20 % of β-carotene bleaching at
10 mg/mL, while the aqueous mushroom extract from sawdust
substrate has the highest ABTS scavenging activity 46.71�
5.66 % at 10 mg/mL.

Discussions

The wide use of mushrooms as a source of food, medicine,
functional purposes, and the flavoring of food has been known
since ancient times.[6,22] Mushroom contains various potent
bioactive-nutritional compounds and provides an adequate
balanced diet for human nutrition. The mushroom benefit has
led to a tremendous increase in the global cultivation,
production, and application of mushrooms.[21,24] In the literature,
some studies have focused on using alternative substrates for
mushroom cultivation.[14,25] Mushroom cultivation remains an
excellent bioconversion approach to turning lignocellulosic
wastes into value-added protein-rich food thereby reducing
waste accumulation and environmental pollution.[26]

On the other hand, Durian peel is an agricultural waste that
is rich in lignin, cellulose, and hemicelluloses and contains high
protein, low fat, and rich mineral element contents, among
others.[19,20] The environment generally influences the metabo-
lites of the various matrices. Thus, the application of metabolite
profiling in the comprehensive analysis of biological matrices
for potential biomarker identification is becoming more popular
in recent times.[27] Therefore, in this study, we evaluated the use
of durian peel as an alternative substrate for mushroom
cultivation. P. pulmonarius mushroom was cultured in two
different substrates (durian peel and rubberwood sawdust).

The mushrooms from both substrates were subjected to
phytochemical analysis using GCMS and LCMS. The biological
activities of both samples were also evaluated. The focus of the
present studies is on the effect of the substrates on the
secondary metabolites and biological functions of P. pulmonar-
ius mushrooms. Devi and Krishnakumari[28] have previously
reported a quantitative estimation of primary and secondary
metabolites of P. pulmonarius hot aqueous extract. Other
studies have focused on the effect of extraction techniques on
the biological activity of mushroom extracts.[3,29–31] According to
the literature, mushrooms and other fungal species are rich in
potent antioxidants such as glutathione and ergothioneine with
inhibitive potency against premature mortality. Furthermore,
the mycelia of mushrooms are also excellent sources of
naturally occurring antibiotics and other secondary metabolites
with antibacterial and antiviral properties.[1]

The biological activity of some of the bioactive compounds
such as 2-pentanone, and &4-hydroxy-4-methyl?& have been
well reported in the literature.[32,33] The results of the anticancer
studies are also in agreement with the cytotoxicity properties of
four wild edible mushrooms; Coprinus comatus (O.F. Mull.) Pers.
(Agaricaceae), Lentinus tigrinus (Bull.) Fr. (Polyporaceae), Rhizo-
pogon luteolus Fr. and Nordholm (Rhizopogonaceae), Tricholo-
ma fracticum (Britzelm.) Kreisel (Tricholomataceae) on hepato-
cellular carcinoma (HepG2) cells.[34]

The weak antibacterial activity of the mushroom extracts in
the current study, however, contradicts the potent antibacterial
property of mushrooms in the literature.[34–36] The discrepancies
could be attributed to the extraction technique which inadver-
tently affects both the components and their antimicrobial
activities.[3,37] For instance, the hexane and acetone extracts of
some edible mushrooms demonstrated strong antibacterial
activity while the chloroform extract showed remarkable 2,2-
diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity.[34]

Nevertheless, the results demonstrate the potential uses of
durian peel as an alternative sustainable substrate for mush-
room cultivation due to its high content of protein, mineral
elements, lignin, cellulose, and hemicelluloses.[19] The low
activity of P. pulmonarius extracts obtained in this study may be
due to the decrease in the polysaccharides concentration,
which, in turn, may be a result of the internal β-glucanase
activity. At the same time, the presence of fatty acids, proteins,
phenolic compounds, steroids, and terpenoids may be respon-
sible for the high antiproliferative and antioxidant activities of
the various mushroom extracts.[31,38–47] The higher antioxidant
activities of the aqueous extracts also suggest the existence of
remarkable polar and active constituents in the mushroom
extracts as established by the LC/MS data and in agreement
with the literature.[29,30] Admittedly, the nutritional composition
of the various mushrooms and their secondary metabolites
were not evaluated in the present study.

Conclusions

The present studies have provided experimental evidence that
durian peels, in great abundance in Malaysia, are a suitable and
sustainable substrate for mushroom cultivation. Overall, the
mushroom grown on durian peel substrate gave higher extract
yields and was generally a more effective anticancer agent than
the commercial substrate. The higher antioxidant activities of
aqueous extracts compared to organic extracts of P. pulmonar-
ius also demonstrate the need to avoid using organic solvents.
The limitations of the study include the use of only one organic
solvent, and the lack of funds to study the molecular
mechanism of action of P. pulmonarius extracts against the
cancer cell lines and the effect of the substrates on the
nutritional composition, secondary metabolites, and other bio-
logical activities of P. pulmonarius extracts. Besides that, it is
important to quantify the major chemical constituents respon-
sible for the biological activities of the mushroom extracts. It is
important also in herbal standardization to ensure biochemical
consistency and to optimize the safety and efficacy of herbal
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products. Therefore, further studies are needed to elucidate the
molecular mechanism and mode of action of P. pulmonarius
extracts against cancer cell proliferation and to explore further
the effect of the substrates on the nutritional composition,
secondary metabolites, and other biological activities of P.
pulmonarius extracts.

Materials and Methods

Chemical

The analytical or chromatographic grade solvent and acids such
as Acetonitrile (75–05-8), Dimethyl sulfoxide (67-68-5), chloro-
form (67-66-3) and formic acid (64-18-6) were purchased from
Merk (Darmstadt, Germany). Meanwhile, standard compounds
and chemicals such as streptomycin sulfate (3810-74-0),
ketoconazole (65277-42-1), gallic acid (149-91-7), ascorbic acid
(50-81-7), Tamoxifen (10540-29-1), paclitaxel (33069-62-4), MTT
(23305-68-2) and butylated hydroxytoluene (128-37-0) were
purchased from Thermo Scientific Chemicals.

Mushroom culturing

Pleurotus pulmonarius spawn was purchased from Nas Agro
Farm, Sepang, Selangor. The study was carried out in the
chemistry research laboratory of CENAR, University Malaya. The
mushroom was cultured inside six baglogs for each type of
sample. Fume cardboard was used as a custom-made growth
room. The temperature was controlled to 28 °C and above.

Substrate preparation and spawn inoculation

Substrate mixture; durian peels were obtained from the local
durian seller (Durian SS2) in Petaling Jaya. Durian peels were
dried until a constant weight was obtained and then grounded
into 0.5 to 1.5 cm length pellets. The primary substrate was
supplemented with 9 % cocopeat and 0.9% calcium carbonate.
The water content of the final mixture was adjusted to about
65–75 %. The lignocellulosic substrate formula was then filled
into 10 × 23 cm polyethylene plastic (PP) bags. The baglogs
weighing approximately 0.8 kg each were sterilized in an
autoclave at 121 °C for 1 h. The substrate-filled baglogs were
cooled to room temperature for one whole day and then
inoculated with the 15 g spawn per bag. The inoculation of the
spawn was carried out in a sterile condition. The area was
swabbed with alcohol and made free of dirt and dust. The
mouth of the spawn was opened, and the mycelium was mixed
thoroughly. Fifteen grams of the spawn was inoculated in each
baglog. The mouth of each baglog was then covered with
cotton and let to ferment for 60 days. The same procedure was
carried out for the rubberwood sawdust substrate baglogs.

Incubation and harvest

Under dark conditions, the inoculated substrates were kept in
the fume cardboard at 28 °C and 60 ~ 70 % relative humidity.
The surface substrates were entirely covered with mycelium,
then the substrates were maintained at 28–35 °C. The inocu-
lated substrates were kept at a relative humidity of about 90%
or above. After 60 days following the appearance of the white
mycelium around the surface of the baglogs, the cotton was
opened. The mature mushroom was harvested 3–4 days later.
The harvesting period was calculated from the inoculation of
strains to the time of tube maturity in the piles. The average
weight and height of each mushroom harvested from each
baglog were measured and recorded.

Sample collection and extraction

The mushroom samples were inoculated, consisting of six
baglogs of durian substrate and six baglogs of sawdust
substrate. The extraction was adapted from Park et al.[48] with
slide modification. After 60 days, fresh mushrooms were
harvested and dried in the oven at 60 °C until constant weight.
Then, both samples were ground into powder form using
mortar and pestle and directly placed in centrifuge tubes. Ten
grams of the ground sample were transferred to a 50 mL
centrifuge tube and extracted with 10 mL millipore water
(aqueous extract) and 10 mL chloroform (organic extract). The
samples were vortexed for 2–3 min. Then, the samples were
sonicated at 25 °C for 30 min. Samples were filtered and were
wholly dried using miVac Quattro Concentrator to remove
water or chloroform to obtain a dry extract. All the dried
extracts were tested for their biological activities.

Chemical profiling of mushroom extract

The chemical profile of each extract was determined based on
spectroscopic analysis using LC/MS and GC/MS to determine
non-volatile and volatile metabolites, respectively. The chloro-
form extract was analyzed with GC/MS to determine volatile
metabolites, while LC/MS was used to determine the non-
volatile metabolites in the aqueous extract.

Gas chromatography-mass spectrometry (GC/MS)

The GC/MS analysis was carried out using RTX-5MS fused silica
capillary column (30m × 0.25 mm i.d.; 0.25 μm film thickness).
The carrier gas used was helium. The machine was run at a
constant pressure of 100.0 kPa. The injection was done at
300 °C using splitless mode. The oven temperature was ramped
from 40 to 160 °C (5 min hold) at 4 °C/min and 160–280 °C
(15 min hold) at 5 °C/min. The temperature of the GC/MS
interface was 280 °C. The analytical scanning was carried out
using MS mode from 45–500 atomic mass units (AMU). The
temperature of the ion source was 280 °C. Peaks’ identification

Chem. Biodiversity 2023, e202300111 (7 of 10) © 2023 Wiley-VHCA AG, Zurich, Switzerland

doi.org/10.1002/cbdv.202300111 Research Article



was conducted with the National Institute of Standards and
Technology (NIST08 and 08s). Each sample was run for an
approximate total run time of about 74 min.

Liquid chromatography-mass spectrometry (LC/MS)

The extracts were analyzed using an Agilent QTOF-LCMS. The
extracts were subjected to C-18 reversed-phase (RP) chromato-
graphic separation (150 mm × 4.6 mm i.d, 3.0 μm particle size).
Acidified water and acetonitrile, containing 0.1 % (v/) of formic
acid, were used as eluent A and eluent B, respectively. The
following gradient profile was employed: 0–18 min, 100–50 % B;
18–20 min, 50–5 % B; and 20–30 min; 5–100 B. The solvent flow
rate was 0.8 mL/min. Samples (10 μL) were injected into a C18
reversed-phase column (150 mm × 4.6 mm i.d, 3.0 μm particle
size). Mass spectrometric detection was performed with a
quadrupole-TOF-MS operated in the positive mode. Informa-
tion-dependent acquisition using a TOF-MS survey scan of 100–
1100 Da (100 ms) and up to 10 dependent TOF MS scans of
100–1100 Da (100 MS) using Collision Energy (CE) of 45 V with
Collision Energy Spread (CES) of �30 V. The identification of the
peaks was conducted using Metlin database and ChemSpider.

Cytotoxic activities

MTT assays were used for the cytotoxic analysis as described in
the literature.[49, 50] The extracts were tested against five cancer
cells; two colon cancer cell lines (SW948 and HT29); two breast
cancer cell lines (MCF7 and MDA-MD-231); and a lung cancer
cell lines (A549). All the cancer cells were purchased from the
ATCC (American Type Culture Collection, USA). Briefly, all the
cultured cells were allowed to grow to the log phase in
RPMI160 medium and 5 % fetal bovine serum. Then, they were
seeded in a 96-well plate at specific cell concentrations. The
concentrations were 1 × 105 and 2 × 105 cells for SW948 and
MCF7 cells, respectively, in 100 μL aliquots of the medium. The
plates were incubated for 72 h at 37 °C in a 5 % CO2 humidified
incubator. After 72 h, 20 μL of MTT solution (5 mg/mL) was
added to each well. Then, the plate was further incubated for
another 3 h. The absorbance of each well was determined at
550 nm using a microplate reader. Eighty percent of the media
from each well was discarded, followed by the addition of the
same amount of DMSO into each well to dissolve the purple
formazan crystal. The extract cytotoxicity was expressed in the
percentage of cell inhibition at 100 ug/mL following the
formula below. The standard drugs were, however, expressed in
IC50 value. Tamoxifen was used as a standard compound for
breast cancer cell lines, while paclitaxel was used for other
cancer cell lines.

Percentage of cell inhibition ¼ ½ðA - BÞ=A� � 100% (1)

where A represents the average absorbance of the cell without
treatment and B represents the average absorbance of the cell
with treatment

Antimicrobial activities

Bacterial and fungal stock cultures were preserved on Muller
Hinton agar and potato dextrose agar, respectively, and kept at
4 °C. The antimicrobial activities were studied against six
bacteria comprising three Gram-negative strains [Escherichia coli
(a clinical isolate), Pseudomonas aeruginosa (ATCC27853),
Klebsiella pneumoniae (ATCC 2513)] and three Gram-positive
strains [Bacillus subtilis (B145), Staphylococcus aureus (ATCC
25923), Staphylococcus epidermidis (a clinical isolate)]. The two
fungal strains involved in this study, however, were Aspergillus
niger (A121) and Candida albicans (C2213). All the bacteria
strains were obtained from ATCC and Microbiology Laboratory,
Medical Faculty, University Putra Malaysia, and all fungi strains
were obtained from the Institute for Medical Research (IMR),
Kuala Lumpur. The well-diffusion method was used for anti-
bacterial and antifungal studies, according to Zamakshshari
et al..[51] Each extract was screened at 10 mg/mL. Both activities
were evaluated by measuring the inhibition zone diameter after
incubating the plates at 37 °C for 24 h for antibacterial and
25 °C for 48 h for antifungal studies. Streptomycin sulfate
(100 μg/mL) and ketoconazole were used as positive controls
for the antibacterial assay and the antifungal assay. Dimethyl
sulfoxide (DMSO) was used as a negative control.

Antioxidant activities

All the plant extracts were also screened for their antioxidant
activities using four antioxidant assays namely; ferric reducing
power (FRAP), β-carotene bleaching (BCB), total antioxidant
capacity (TAOC), and ABTS 2,2’-azinobis(3-ethylbenzothiazoline-
6-sulphonic acid). The reducing power of the extracts and gallic
acid was determined according to Zamakshshari et al..[52] A
standard curve of gallic acid was constructed, and a standard
equation was determined to find the reducing power for the
extracts. The reducing power results were expressed relative to
gallic acid equivalent (GAE, μg of gallic acid/mg of extract).
Each extract was screened at 10 mg/mL. Similarly, the β-
carotene bleaching assay was conducted according to the
protocol in the literature.[53] Butylated hydroxytoluene (BHT)
was used as a standard in this experiment. The absorbance was
measured at 470 nm at 0 h and 2 h. The extract (10 mg/mL) and
standard (100 μg/mL) were compared. TAOC assay is a non-
enzymatic assay and was carried out according to a modified
protocol.[54] All the extracts were screened at a 10 mg/mL
concentration and analyzed at 695 nm. The total antioxidant
activity was expressed as the equivalence of ascorbic acid. The
free radical scavenging assay was performed using the ABTS
method described in the literature[55] with slight modification.
Briefly, 10 μL of the sample at 10 mg/mL concentration (diluted
in DMSO) or DMSO as a blank was added to the 96-well
microplate, followed by 300 μL of ABTS · + solution. The plate
was kept for 10 min at 30 °C. The absorbance was recorded at
743 nm. The ABTS was decolorized due to the scavenging
activity of the antioxidant.
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Statistical analysis

The results obtained from the mushroom cultivation, chemical
profiling of mushroom extract, and the antioxidant and
antimicrobial assays were represented as the mean� standard
deviation of triplicate independent analyses. Meanwhile, the
results obtained from the cytotoxic assays were represented as
the mean� standard error of three independent experiments.
The IC50 values for the standards (Tamoxifen and paclitaxel)
were calculated with Probit Regression Analysis and associated
95 % confidence limits. Data were analyzed using one-way
ANOVA by Tukey post hoc test using the Statistical Package for
Social Sciences (SPSS®, version 21.0, IBM Corporation, Armonk,
NY, USA) to determine the significant differences among
samples. The significance level was set at p<0.05.

Statement of novelty

The novelty of this work lies in the evaluation of durian peel as
an alternative substrate for mushroom cultivation to protect the
environment from excess solid waste, thus, developing more
sustainable mushroom cultivation as a climate change mitiga-
tion approach. The environmental concern, the decline in the
availability, and the relatively high cost of the commercialized
mushroom substrate, which is sawdust, due to declining
production and a reduction of rubber plantations have been
the impetus of this research. The comparison between the
extracts of the two cultured mushrooms was evaluated through
the analysis of their biological activities and phytochemical
properties.
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