Asian Journal of Mycology 9(2): 18-27 (2026) ISSN 2651-1339
www.asianjournalofmycology.org
Article
Doi 10.5943/ajom/9/2/3

Aqueous extract and proteolytic hydrolysates from oyster mushroom
(Pleurotus pulmonarius) and its bioactivities

Hein KH', Saharat K", Dedvisitsakul P2, Roytrakul S3, Saichana N2
Chamyuang S'2, Zhao Yan* and Kakumyan P">%*

ISchool of Science, Mae Fah Luang University, Chiang Rai, 57100, Thailand

’Microbial Products and Innovations Research Center, Mae Fah Luang University, Chiang Rai, 57100, Thailand
3National Center for Genetic Engineering and Biotechnology, National Science and Technology Development Agency,
Pathum Thani 12120, Thailand

“Institute of Edible Fungi, Shanghai Academy of Agricultural Sciences, Shanghai 201403, China

SAdvanced Microbial Metabolites and Phytochemical Technology, Mae Fah Luang University, Chiang Rai 57100,
Thailand

Hein KH, Saharat K, Dedvisitsakul P, Roytrakul S, Saichana N, Chamyuang S, Zhao Y,
Kakumyan P. 2026 — Protein hydrolysates from oyster mushroom (Pleurotus pulmonarius) and its
bioactivities. Asian Journal of Mycology 9(2), 18-27, Doi 10.5943/ajom/9/2/3

Abstract

Pleurotus species are edible fungi that are extensively cultivated and consumed worldwide.
Their fruiting bodies contain polysaccharides and proteins. Protein hydrolysates from oyster
mushrooms, Pleurotus pulmonarius, were prepared using Alcalase® in this study. The isolated
protein hydrolysates were filtered to produce fractions of molecular weights of less than 3 kDa and
greater than 3 kDa. Following separation by ultrafiltration spin columns, the two fractions were
utilized to assess antioxidant and anti-a-glucosidase activities, as well as cell viability in a human
colorectal adenocarcinoma cell line (SW480 cells). The effective concentration that scavenged 50%
(ICs0) of 2,2’-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid (ABTS) and 2,2-diphenyl-1-
picrylhydrazl (DPPH) radicals exhibited a distinct pattern between the crude extract and protein
fractions. The protein hydrolysate with a molecular weight exceeding 3 kDa showed the strongest
DPPH radical scavenging activity, whereas the crude extract protein fraction exhibited the highest
ABTS radical scavenging activity. The crude extract protein demonstrated the highest inhibitory
effect on a-glucosidase (62.48 + 1.52%). Additionally, this study assessed cell viabilities in a
human colorectal adenocarcinoma cell line (SW480 cells). The results indicated that the crude
extract protein markedly reduced the viability of the SW480 cell lines, as determined by the MTT
assay. These findings indicate that crude extract and protein hydrolysates derived from the fruiting
bodies of P. pulmonarius have numerous advantageous properties and may serve as a functional
food ingredient.
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Introduction

The fruiting bodies of edible fungi are commonly known as mushrooms (Jiang et al. 2025).
Mushrooms mainly belong to the phylum Basidiomycota. They have been used as dietary sources
of amino acids, proteins, carbohydrates, fats, vitamins, and minerals (Wang et al. 2022, Liufang et
al. 2024, Jiang et al. 2025). Numerous bioactive compounds, including polysaccharides, have been
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extracted from mushrooms and shown a wide range of biological activities, including antibacterial,
antioxidant, and antitumor (Guo et al. 2023). The oyster mushroom, utilized for both food and
medicinal purposes, ranks as the second most traded and third most commercially produced edible
fungi globally. Pleurotus ostreatus (Jacq. ex Fr.) P. Kumm. (1871) is the most extensively
cultivated species of oyster mushroom, followed by P. pulmonarius (Fries) Quélet (Amirullah et al.
2023). Pleurotus pulmonarius is a well-known edible mushroom for its nutritional value and has
been reported for its antioxidant, anti-inflammatory, antimicrobial, enzyme-inhibitory, and
anticancer properties (Ramesh et al. 2010, Xu et al. 2012, Milovanovic et al. 2021, Mokhtar et al.
2025). Polysaccharides and polyphenolic compounds extracted from P. pulmonarius have been
reported for antioxidant activity (Arslan et al. 2023). The antioxidant and anticancer activities of
the peptides derived from P. pulmonarius remain unreported.

Researchers have investigated and evaluated various bioactivities in natural compounds,
including antibacterial, antioxidant, anti-inflammatory, anti-diabetic, and anticancer properties.
This study focuses on antioxidant. The oxidative degradation of biomolecules, including proteins,
nucleic acids, and lipids, produces free radicals. These molecules have a detrimental impact on
biological organisms. It is imperative to preserve health by achieving a balance between
antioxidants and free radicals (Flieger et al. 2021). Oxidative stress, characterized by an
accumulation of free radicals and reduced antioxidant capacity, can result in accelerated aging and
chronic conditions, such as cardiovascular disorders, diabetes, and cancer (Goswami et al. 2021).
Synthetic phenolic antioxidants, such as butylated hydroxyanisole (BHA), butylated
hydroxytoluene (BHT), tertiary butylhydroquinone (TBHQ), and propyl gallate (PG), are
frequently used in the food industry under stringent regulations (Xu et al. 2021). Consequently,
natural antioxidants obtained from dietary proteins by enzymatic digestion or fermentation have
attracted considerable attention in several research studies. This study additionally examines anti-
diabetic properties. The membrane-bound a-glucosidase is a digestive enzyme implicated in
carbohydrate metabolism. The suppression of a-glucosidase activity has developed an effective
approach for diabetes type I (T2DM) (El-Beshbishy & Bahashwan 2012). Synthesized glucosidase
inhibitors, such as acarbose, are commonly used to treat T2DM, but long-term usage results side
effects. Consequently, numerous studies have investigated natural food-derived a-glucosidase
inhibitors as a supplemental therapy for T2DM to reduce the side effects associated with synthetic
medications (Fang et al. 2017). Zhang et al. (2023) reported that peptides derived from the shiitake
mushroom (Lentinus edodes) decrease a-glucosidase activity. Moreover, substances exhibiting
anticancer activity are being evaluated as potential drugs for cancer treatment. Colorectal cancer is
one of the most common cancers in humans. This study uses a human colorectal adenocarcinoma
cell line (SW480 cells) to assess the inhibition of cell viability. Wu et al. (2011) demonstrated that
the protein extract derived from Calvatia lilacina (Mont. & Berk.), a puffball mushroom, induces
apoptosis in SW480 cells. The anticancer properties of natural substances need further
investigation. This study aims to assess the antioxidant properties, anti-o-glucosidase activity, and
anti-cancer activity of the crude extract and protein hydrolysate fractions obtained using Alcalase®
hydrolysis. The results of this study may suggest potential uses of aqueous extracts and protein
hydrolysates as functional food additives.

Materials & Methods

Materials and reagents

Fresh fruiting bodies of P. pulmonarius were obtained from a local farm in Chiang Rai,
Thailand. Protease Alcalase® 2.4 U g! was obtained from Sigma-Aldrich (St. Louis, MO, USA).
Ultrafiltration membranes with molecular weight cut-off (MWCO) values of 3, 5, 10, and 50 kDa
sizes were purchased from Vivaspin® 20, Cytiva Sweden AB. 2,2-Diphenyl-1-picrylhydrazyl
(DPPH), 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), and 40% acrylamide/bis
were obtained from Sigma-Aldrich (St. Louis, MO, USA), while tricine was sourced from Bio-Rad
Laboratories, Inc., USA. Other reagents used were of analytical grade.
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Protein extraction

The fruiting bodies were washed, sliced, freeze-dried, and stored at -20 °C. Protein from P.
pulmonarius was extracted with ice-cold distilled water (1:2, w/v) using a homogenizer. After
completely mixing the samples on ice with a magnetic stirrer, the supernatant and unwanted
residues were separated via centrifugation at 4,500 rpm for 30 minutes at 4 °C. The supernatant was
lyophilized to provide the mushroom protein powder, which was stored at -20°C. The protein
concentration was determined using Pierce’ BCA Protein Assay Kits, with bovine serum albumin
serving as the standard.

Preparation of protein hydrolysis

The protein hydrolysates were prepared by dissolving the protein powder (1:1, w/v) in a 50
mM citrate phosphate buffer, pH 8, and then subjected to enzymatic hydrolysis using Alcalase®
(modified method from Kimatu et al. 2017). The ratio of protein substrate to enzyme (E/S) was
30:1 (w/w). The enzyme substrate solution was incubated overnight at 37 °C, and then the
enzymatic hydrolysis was stopped by heating the reaction in hot water at 95 °C for 15 min.

Protein fractionations

With small modifications, a semipermeable membrane was used to separate the protein into
different molecular weights; the specific molecular weight cut-off (MWCO) membranes that had
been selected are 10, 5, and 3 kDa (Vivaspin® 20, Cytiva Sweden AB). Following the collection of
the required molecular weight, the samples underwent freeze-drying to facilitate the examination of
their bioactive characteristics. Sodium dodecyl-sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) was used to determine the molecular weight of proteins.

Tris-tricine gel electrophoresis

The protein from the protein hydrolysate was analyzed using a 5% stacking gel and a 15%
resolving gel made with a 40% acrylamide/bis solution (29:1), based on a method from Laemmli
(1970). The samples were combined with 4 pL of a thick liquid called loading buffer that has SDS,
B-mercaptoethanol, glycerol, and bromophenol blue in it. The mixture was heated in a boiling water
bath for 5 min, vortexed for 30 seconds, and allowed to cool to room temperature. The samples
were loaded onto the gel. A mixture of proteins (2 kDa—250 kDa, Precision Plus Protein’ Dual
Xtra Standards, Bio-Rad Laboratories, USA) was used as a broad-range MW marker.
Electrophoresis was run on a PowerPac' Basic (Bio-Rad, Singapore). The resolved protein bands
were stained using the HIMEDIA silver staining kit (HiMedia Laboratories Pvt. Ltd., India).

Determination of antioxidant Activity

DPPH radical scavenging assay

The antioxidant activity of the protein hydrolysate was tested using the DPPH assay by
making a 100 uM DPPH solution in methanol and preparing the extract in distilled water at a
starting concentration of 10 mg mL!. The extract was then diluted with distilled water in a two-fold
serial dilution to obtain a total of 10 concentrations: 10, 5.0, 2.5, 1.25, 0.63, 0.31, 0.16, 0.08, 0.04,
and 0.02 mg mL™'. Then, 100 uL of sample solution and 100 uL of DPPH solution were mixed in
96-well plates and incubated in the dark for 30 min at room temperature. The absorbance of the
resulting solution was measured at 517 nm using a microplate reader using ascorbic acid as a
standard. Radical scavenging activity was calculated as the following equation (1).

AntiOXidant aCtiVity (%) = [(Acontrol — Asample) / Acontro]] X 100 ............. (1)

where, Asample 1S the absorbance of DPPH or ABTS solution with sample solution
Acontrol 18 the absorbance of DPPH or ABTS solution without sample solution
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ABTS radical scavenging assay

The ABTS radical scavenging activity was determined by the decolorization method. A
combination of 7 mM ABTS and 2.45 mM potassium persulfate was mixed to create the ABTS
radical solution used for testing. The solution was stored in the dark for 18 hours and then diluted
with DI water to ensure the absorbance value was at 0.7 at a wavelength of 734 nm. The sample
solution (100 puL) was added to 100 pL of ABTS working solution in each 96-well plate and
incubated in the dark for 30 min at room temperature. The absorbance was measured at 570 nm
using a spectrophotometer microplate reader using ascorbic acid as a standard. Radical scavenging
activity was calculated as described in the DPPH assay. The concentration of the substance that
inhibits free radicals by 50% (half-maximal inhibitory concentration, ICso) was calculated by
calculating the percentage antioxidant activity (% antioxidant activity) according to the equation for
both DPPH and ABTS assays.

a-Glucosidase inhibitory assay

The a-glucosidase (Sigma-Aldrich) enzyme inhibition assay was performed according to the
method modified from Bhatia et al. (2019). The sample solution, mixed with 20 mM phosphate
buffer at pH 6.9 (50 uL), was combined with 10 uL of a-glucosidase (0.5 U mL™') and 840 uL of
the same buffer, then kept at 37°C for 5 minutes before starting the reaction. The reaction began by
adding 100 pL of 5 mM p-nitrophenyl-a-D-glucopyranoside (pNPG), and the mixture was kept at
37 °C for 60 minutes. The reaction was terminated with the addition of 0.2 M of Na>COs3 solution
(1 mL). The absorbance value of released 4-nitrophenol was measured at 405 nm using a
microplate reader (Molecular Devices). Acarbose was used as a positive control at a concentration
of 1 mg mL"!. The result of the enzyme inhibitory rate was calculated using the following formula

(2):
InhlbltOI'y rate (%) = [(Acontrol - Asamp]e) / Acontro]] X 100 .............. (2)

where, Acontrol 1 the 4-nitrophenol released from enzyme substrate reaction without test sample.
Asample 18 the 4-nitrophenol released from enzyme substrate reaction with test sample.

In vitro cytotoxicity assay

The cytotoxicity of the aqueous extracts and protein hydrolysates from P. pulmonarius was
investigated in the SW480 (colorectal cancer) cell line. The cells were cultured and maintained in
DMEM media supplemented with 10% heat-inactivated fetal bovine serum (FBS) and 1%
penicillin-streptomycin-amphotericin-B solution (Gibco, USA). In brief, the cells were seeded into
96-well plates (1 x 10* cells/well) and incubated overnight in a CO» incubator. The cells were then
treated with either extracted compounds or cisplatin (MedChemExpress, USA) for 24 h, in which
untreated control cells were exposed to 10% MilliQ water (vehicle control) for the P. pulmonarius
extracts or 0.5% DMSO for cisplatin. Cytotoxicity was determined using the MTT assay. The
culture media was replaced with media containing 0.5 mg mL"! MTT and further incubated for 2 h.
The culture media was replaced by 100 uL of DMSO and cell viability was determined at 570 nm
using a microplate reader. The ICso of the compound and chemotherapy was calculated using a
linear equation.

Statistical analysis

All experiments were performed in triplicate, and the data are presented as mean value +
standard deviations (SD). The significance between mean values was determined using one-way
analysis of variance (ANOVA) using statistical analysis software, version 20. P-value < 0.05 was
considered significant.
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Results

The species of fruiting bodies used in this study were confirmed using DNA sequencing and
BLAST analysis. The result indicated that the fruiting bodies were P. pulmonarius, with 100%
identity to many strains of P. pulmonarius. The protein profiles of the sample were visualized using
SDS-PAGE. The results of the protein hydrolysates illustrated in Fig. 1. The results suggest that the
hydrolysates comprised protein bands with molecular weight less than 3 kDa, while those over 50
kDa represented high molecular weight proteins that were not hydrolyzed efficiently. The result
indicated two major protein ranges; one beyond 3 kDa and the other below 3 kDa.

wa 3 2 3 4 5 6 7 8 9

250
75
50

35

25

15

10

Fig. 1 — SDS-PAGE analysis of protein extract and protein hydrolysates on 15% polyacrylamide
Tris-tricine gel electrophoresis with silver staining. Lane 1 is a protein marker, lane 3 is a protein
hydrolysate molecular weight 3—50 kDa, lane 4 is a protein hydrolysate molecular weight < 3 kDa,
lane 6 is a digested protein, and lane 8 is a crude non-digested protein.

Antioxidant activity

Protein hydrolysates are recognized for their peptides with specific sequences that process
antioxidant properties. The ABTS and DPPH radical scavenging activities of aqueous extract, its
enzymatic hydrolysate, and protein hydrolysate fractions (3—50 kDa and < 3 kDa) were determined.
Ascorbic acid, used as a positive control, exhibited negligible ICso values. Different patterns of
results were observed when assessing the antioxidant properties of the samples by ABTS and
DPPH assays. The ABTS and DPPH radical scavenging rates of the aqueous extract (non-digested
crude protein), protein hydrolysate (non-fraction), and protein hydrolysate fractions at 1.25 mg mL!
varied from 93.51 to 93.81% and from 77.74 to 80.56%, respectively. The ICso and the percentage
of radical scavenging activities for each sample were used to compare their antioxidant properties,
as shown in Fig. 2. A lower ICso value indicates stronger radical scavenging activity. The result
indicated that aqueous extract exhibited higher ABTS radical scavenging activity (95 £+ 1 ug mL™)
compared to Alcalase® digested fraction. The ABTS radical scavenging activity is comparable
between the hydrolysate fractions of MW < 3 kDa and 3—50 kDa; however, the activity was lower
than that of the aqueous extract and non-fractionated hydrolysate. Conversely, the DPPH assay
revealed the opposite trend. The ICso value of unhydrolyzed crude sample was high, indicating
weak DPPH radical scavenging activity compared to the hydrolysate samples, with the exception of
that with the MW <3 kDa. The DPPH radical scavenging activity was maximal in the hydrolysate
fraction with a molecular weight 3—50 kDa in this study. Both aqueous extracts and protein
hydrolysates exhibited lower activity than the standard, ascorbic acid.
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Fig. 2 — The half-maximal inhibitory concentration (ICso) values for ABTS and DPPH radical
scavenging activities. Each bar represents the mean + SD of the individual samples.

a-Glucosidase inhibitory assay

The samples were evaluated for their a-glucosidase inhibitory activity. The crude extract
exhibited the high inhibition rate of a-glucosidase activity, but enzymatic hydrolysis revealed a
decreasing inhibitory activity. The predicted a-glucosidase inhibitory rate of crude extract at the
concentration of 10 mg mL"' under the tested condition was 62.48%, higher than that of the
hydrolysate samples, as illustrated in Fig. 3. Two fractions were obtained from the fractionation of
protein hydrolysates based on molecular weight cutoff. The comparison of the two fractions
indicated that the low molecular weight fraction (< 3 kDa) exhibited slightly higher a-glucosidase
inhibitory activity compared to the large molecular weight fraction (3—50 kDa). Notably, both
fractions exhibited lower efficacy than the non-fractionated crude hydrolysate. The activity shown
by the positive control (acarbose) was 55.31% at the concentration of 1 mg mL™.
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Fig. 3 — Inhibitory effect of the crude extract and protein hydrolysates against a-glucosidase. Each
bar represents the mean + SD of the individual samples.

Cytotoxicity of extracts isolated from P. pulmonarius

This study investigated the bioactivities of aqueous extract and protein hydrolysate fractions
and evaluate their effect on cancer cell viability. The cytotoxicity of the aqueous extracts and
hydrolysate fractions from P. pulmonarius was shown in Table 1. The crude extract (CE),
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Alcalase® digestion (AD), 3—50 kDa fraction (F1), and <3 kDa fraction (F2) significantly decreased
the viability of SW480 cells as concentration dependence (Fig. 4).

Table 1 Cytotoxicity of aqueous extract and hydrolysate fraction isolated from P. pulmonarius
against SW480 cell line.

ICso (mg mL™)

Fraction CE AD Fl F2 Cisplatin
P. pulmonarius 0.151 2.675 2.641 2.483 0.047
125
+-Crude
100
Digested
3-50 kDa
z <3kDa
) S, . ————
25
0 i = . —
0 1 2 3 4 5

Concentration (mg/ml)

Fig. 4 — Cell viability of SW480 after treatment with aqueous extract and hydrolysate fraction.
Each bar represents the mean + SD of the individual samples.

Discussion

The result of Alcalase® hydrolysis in this study showed that the enzyme hydrolysis yielded no
visible bands on the gel for the area below 3 kDa, showing that the proteins were completely
degraded into smaller peptides. The Alcalase®-treated hydrolysates revealed reduction of band
intensity in both the major protein band and the lower weight smear bands, suggesting the potential
use of Alcalase® to produce protein hydrolysate containing bioactive peptides. Hou et al. (2025)
found that Alcalase® exhibited the greatest hydrolysis efficiency on P. eryngii and P. ostreatus.

The antioxidant properties of the crude protein, its enzymatic hydrolysates, and protein
hydrolysate fractions (3—50 kDa and < 3 kDa) were assessed using ABTS and DPPH radical
scavenging assays (Fig. 2). Ascorbic acid was used as a positive control to validate the testing
conditions. The protein samples exhibited varying scavenging patterns based on the assay,
suggesting different underlying neutralizing mechanisms. In the ABTS radical scavenging assay,
the crude protein extract exhibited the lowest ICso value, indicating greater scavenging activity in
comparison with the protein hydrolysates. The ABTS radical cation has remarkable solubility in
water-based conditions, making this assay highly effective in detecting hydrophilic antioxidants
(Prior et al. 2005). The ABTS scavenging activity of the crude extract may be affected by
hydrophilic molecule complexes such as naturally occurring phenolic acids present in the sample.
The result of this study is consistent with the previous report. Goswami et al. (2021) reported that
ICso values of unhydrolyzed mushroom extract derived from P. ostreatus exhibited significantly
higher DPPH and ABTS radical scavenging compared to the protein hydrolysate (Goswami et al.
2021). The elevated scavenging activity may be attributed to the presence of phenolic compounds
contaminated in the samples. The presence of various phenolic and flavonoid compounds makes it
an exceptional source of secondary metabolites and natural antioxidants that protect against cellular
damage, including membrane disintegration caused by free radicals (Goswami et al. 2021).
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Hydrolysis and fractionation likely dissociated, diluted, or removed the hydrophilic constituents,
resulting in the observed reduction in ABTS scavenging ability (Sarmadi & Ismail 2010). The
DPPH assay operates in organic solvents and exhibits an affinity for lipophilic systems (Liang &
Kitts 2014). Enzymatic hydrolysis revealed hydrophobic domains and enhanced this activity. The
finding from this study showed that the 3—50 kDa hydrolysate fraction exhibited better DPPH
scavenging activity compared to the lower molecular weight fraction (< 3 kDa), which exhibited a
reduction in activity. This indicates that enzymatic hydrolysis removed synergistic interactions. In
contrast, de Carvalho Cavenaghi et al. (2025) reported that the protein hydrolysates derived from
Pleurotus spp. with the lowest molecular weights (< 3 kDa) had the highest ABTS and DPPH
activity. Hou et al. (2025) found that Alcalase®-hydrolyzed P. ostreatus hydrolysate showed higher
scavenging activity against DPPH and hydroxy radicals compared to trypsin-derived protein
hydrolysates. Numerous studies have documented the antioxidant properties of enzymatic
hydrolysates obtained from various mushroom proteins. The antioxidant properties of these
hydrolysates are reported to depend on enzyme specificity, molecular weight, degree of hydrolysis,
and amino acid composition (Alashi et al. 2014).

a-Glucosidase is a key carbohydrate-hydrolyzing enzyme linked to hyperglycemia. The
ability of crude extract (unhydrolyzed crude protein) and protein hydrolysates to inhibit a-
glucosidase was determined in vitro using a standard method. The comparison of protein
hydrolysate fractions revealed that the low molecular weight fraction (< 3 kDa) exhibited inhibitory
activity that was higher than that of the high molecular weight fraction (3—50 kDa). Zhang et al.
(2023) reported the a-glucosidase inhibitory effects of peptides from Lentinus edodes. The
inhibition rate of <1 kDa fraction was 65.0+3.1%, which was higher than that of the other three
fractions, 1-3 kDa, 3—5 kDa, and >5 kDa, respectively. The results indicate that the glucosidase
inhibitory activity increased with the decrease in molecular weight, which is consistent with the
results of previous reports (Liu et al. 2021, Abbasi et al. 2022, Wang et al. 2022). Interestingly, the
crude protein extract exhibited higher inhibitory activity than the hydrolysis fraction. This effect
may be influenced by the impurities in the crude extracts, which may contain other compounds.
The phenolic compounds are well documented as potent inhibitors of a-amylase and a-glucosidase
activity (Aleixandre et al. 2022). Molecular docking showed that phenolic compounds had affinity
with the active site of a-glucosidase (Zhang et al. 2024). The general decline in the inhibitory effect
of hydrolysate indicates that the more synergistical mechanism may affect the inhibition of a-
glucosidase. The inhibitory effect of P. pulmonarius extracts indicates its potential as a candidate
for food and nutraceutical applications, as the unhydrolyzed crude extract could serve as low-cost,
effective natural compounds.

There are four primary options for treating human cancer: radiation therapy, general
chemotherapy, surgical resection, and gene therapy. Hospitals frequently administer these
remedies, which are exceedingly expensive. It is imperative to create novel therapeutic approaches,
including integrative and complementary medicine, for the treatment of cancer (Wu et al. 2011).
According to the results, crude extract revealed the highest cytotoxicity against human colorectal
adenocarcinoma cells SW480 cells that consistent with the protein extracts from C. lilacina, P.
ostreatus, and Volvariella volvacea (Wu et al. 2011). However, the crude extract showed the
highest anticancer activity when compared to other fractions. Pleurotus pulmonarius has been
reported to contain anti-cancer metabolites such as propylene glycol monooleate and methylpent-4-
enylamine that potentially contribute to cytotoxicity against SW480 cells (Singh et al. 2018, Ram
Kumar et al. 2020). Since the boiling point of methylpent-4-enylamine is 52.9 °C, the methylpent-
4-enylamine may evaporate during the Alcalase® digestion. The anti-cancer properties observed in
this study may be affected by the treatment used in the present study.

Conclusions

The protein hydrolysates were produced in the present study using a commercially available
protease, Alcalase®, to hydrolyse protein. The enzymatic process was efficient for the hydrolysis,
as indicated by the protein profile from SDS-PAGE. The protein hydrolysates exhibited in vitro
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antioxidant, a-glucosidase inhibition, and anti-colon cancer effects. The protein extract of P.
pulmonarius may serve as a potential source of bioactive compounds that provide alternative
natural options for anti-aging, anti-diabetic, and anti-colon cancer applications. The additional
applications of P. pulmonarius protein for in vivo research should be considered.
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