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Graphical abstract Abstract

Pleurotus mushrooms (Pleurotus spp.) are edible fungi known for their rich
bioactive compounds and their ability to grow on various lignocellulosic substrates
including agriculture byproducts. The unique attributes of Pleurotus spp. have
gained popularity, thereby increasing the cultivation of Pleurotus mushroom
among farmers. In this study, Pleurotus pulmonarius was cultivated using two
different substrates sawdust substrate ((SS) and pineapple-waste substrate (PS))
and separated info caps, stems and stem waste after harvest. The mushrooms
parts were extracted using 80% ethanol prior to analysis of the bioactivities and
specific phenolic acids. Anti-aging activities of P. pulmonarius samples were
et S e evaluated using enzyme inhibition reactions against tyrosinase, elastase and
collagenase. Quantification of phenolic acids was carried out using high-
performance liquid chromatography coupled with a diode-array detector (HPLC-
DAD). PS-cap samples demonstrated the highest potency against tyrosinase (ICso:
21.22 = 0.20 mg/mL) and collagenase (ICso: 26.12 = 1.17 mg/mL), while SS-cap
exhibited the highest elastase inhibition atIC50: 36.39 + 1.93 mg/mL. Additionally,
p-coumaric acid was higher in the stem waste parts with 7.37 £ 0.88 mg/g in SS-
stem waste and 5.99 + 0.78 mg/g in PS-stem waste. This study presents the first
report on the anti-elastase and anti-collagenase activities of Pleurotus mushroom
extract and the potential bioactivities and phenolics in the stem waste extracts. In
conclusion, this study highlights the bioactivities and phenolic acid compounds of
Pleurotus mushroom extracts cultivated on different substrates, indicating their
promising applications in various industries.
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Abstrak

Cendawan Pleurotus (Pleurotus spp.) ialah kulat boleh dimakan yang ferkenal,
kaya dengan sebatian bioaktif dan keupayaannya untuk fumbuh pada pelbagai
substrat lignoselulosa termasuk hasil sampingan pertanian. Ciri-ciri unik Pleurotus
spp. telah mendapat populariti, sekali gus meningkatkan penanaman cendawan
Pleurotus di kalangan petani. Dalam kajian ini, Pleurotus pulmonarius ditanam
menggunakan dua substrat berbeza (substrat habuk kayu (SS) dan substrat sisa
nanas (PS)) dan diasingkan kepada penutup, batang dan sisa batang selepas
dituai. Bahagian cendawan diekstrak menggunakan 80% etanol sebelum andalisis
bioaktiviti dan asid fenolik fertentu. Akfiviti anti-penuaan sampel P. pulmonarius
dinilai menggunakan findak balas perencatan enzim terhadap tyrosinase,
elastase dan kolagenase. Pengukuran asid fenolik telah dijalankan menggunakan
kromatografi cecair berprestasi tinggi ditambah dengan pengesan tatasusunan
diod (HPLC-DAD). Sampel PS-cap menunjukkan potensi tertinggi terhadap
tyrosinase (ICso: 21.22 £ 0.20 mg/mL) dan kolagenase (ICso: 26.12 + 1.17 mg/mlL),
manakala SS-cap mempamerkan perencatan elastase tertinggi pada ICse: 36.39
+ 1.93 mg/mL. Selain itu, asid p-coumaric adalah lebih finggi dalam bahagian sisa
batang dengan 7.37 + 0.88 mg/g dalam sisa batang-SS dan 5.99 + 0.78 mg/g
dalam sisa batang-PS. Kajian ini membentangkan laporan pertama mengenai
aktiviti anti-elastase dan anti-kolagenase ekstrak cendawan Pleurotus dan potensi
bioaktiviti dan fenolik dalam ekstrak sisa batang. Kesimpulannya, kajian ini
menekankan bioaktiviti dan sebatian asid fenolik ekstrak cendawan Pleurotus
yang ditanam pada substrat yang berbeza, menunjukkan keterjaminan
aplikasinya dalam pelbagai industri.

Kata kunci: Pleurotus pulmonarius, bioaktiviti, fenolik, kelestarian pertanian, sisa
nenas

© 2025 Penerbit UTM Press. All rights reserved

1.0 INTRODUCTION

propertfies, including anfioxidant, anti-aging,
antimutagenic, anfi-inflammatory, and antibacterial

Mushrooms can be classified into four main groups;
edible, therapeutic, toxic mushrooms, and a diverse
category of unclassified mushrooms [1]. Pleurotus
mushrooms (Pleurotus spp.) or known as oyster
mushroom has been widely cultivated all around the
world due to their edibility and safe to consume as
well as their ability fo grow naturally on different
substrates including woody materials, primarily due o
their ligninolytic properties [2]. Since 1997, there has
been a significant increase in the cultivation and
consumption of Pleurotus mushrooms, with per capita
consumption rising from 1.0 to 4.7 kg in 2013
worldwide [2, 3]. The increasing culfivation of
mushrooms particularly in Malaysia has generated a
significant amount of stem waste, which is the
leftover material from the mushroom body and is
typically discarded before selling to retailers. Previous
studies have reported that the quantity of residual
parts, including stem waste, can range from 5 to 20%
of the production capacity of a mushroom farm [4].
Additionally, commercial oyster mushroom farms
have been observed to generate approximately 50
g of stem waste from a harvest of 300 g [5].

Pleurotus spp. exhibits notable bioactivity due to
their rich content of bioactive compounds, including
polysaccharides, peptides, proteins, terpenes, fatty
acids, and polyphenols [6]. The bioactive
compounds found in Pleurotus spp. have been
shown to possess various health-promoting

activities [7]. Several factors has been reported able
to influence the presence of bioactive compounds in
mushrooms including different mushroom species,
genetic variation within species, growth conditions
(such as substrate type, temperature, humidity, and
light exposure), maturity stage, post-harvest handling,
and processing fechniques [8]. Additionally,
environmental factors, including geographical
location and climate, can also impact the
composition  and concentration of bioactive
compounds in mushrooms [?]. Despite the substantial
research conducted on Pleurofus spp., there is
limited evidence available regarding their anti-aging
properties [10].

Substrate that are used to provide a nourishing
environment for the growth and development of
Pleurotus spp. include agricultural waste materials
such as sawdust, straw, corn cobs, cottonseed hulls,
and composted mixtures [11]. Wood-based
substrates, such as sawdust and wood chips, are
commonly used as these substrates offer a rich
source of nufrients and mimic the natural
environment where these mushrooms thrive [12].
Additionally, it is readily available and relatively
cheap. However, different substrates can significantly
impact the bioactivity and nutrient content of
mushroom exiracts [13, 14, 15].

Sawdust is the byproducts of wood processing
and timber industry and commonly used material in
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various industries including agriculture, construction
and furniture industry. It is known as one of the main
substrates for the cultivation of mushroom due to its
rich in cellulose and hemicellulose content as well as
it provides good moisture retenfion to support
mushroom growth. In Malaysia, the plantation of
pineapple has increase yearly. This has resulted in
accumulation of agriculture waste from pineapple
that holds potential to further utilized as it is rich in
nufrients, including carbohydrates, proteins, and
minerals able to support the growth and
development of mushrooms [16]. Parts of pineapple
waste including peels, crown, and leaves has been
explored as a potential substrate for mushroom
cultivation [17, 16]. The utilization of pineapple waste
as an alternative to sawdust substrate may have
impacts on the bioactive compounds present in
mushrooms (Pleurotus spp.) and their corresponding
biological activities. Therefore, this study was
conducted as a comparison study to identify the
potential anti-aging properties and phenolic profiles
of P. pulmonarius parts that were cultivated using
pineapple waste and sawdust substrates.

2.0 METHODOLOGY
Sample Preparation

P. pulmonarius blocks from pineapple waste (PS) and
sawdust substrates (SS) were obtained from Saifulam
Agro Farm, Pontian, Johor (1.682659° N, 103.208170°
E). Approximately 500 g of subsfrate medium was
filled into each block. The SS block contained 90%
sawdust and a 10% mixture of rice bran powder and
agricultural ime. In contrast, the PS block consisted of
90% pineapple residue (leaves and stems) and
sawdust in a é:4 ratio (pineapple waste to sawdust),
along with a 10% mixture of rice bran powder and
agricultural lime. After 50-60 days of fermentation,
the mushrooms were harvested, cleaned, divided
into cap, stem, and stem waste parts, and dried at 40
°C for 48 hours. The dried samples were ground and
stored in airfight containers until further use.

Sample Exiraction

The grounded mushroom samples (cap, stem and
stem waste) were extracted using 80% ethanol at a
ratio of 1:10 (sample to solvent) by stiring at room
temperature with a magnetic stirrer. After 24 hours,
the extract was filtered, partially evaporated at 70 °C
using a rotary evaporator, and further dried using a
freeze-drier. The dried extract was then stored at -80
°C for subsequent analysis.

Anti-tyrosinase Activity
The tyrosinase activity was measured using a

modified method as described by Zakaria et al.,
(2019) [18], where 100 uL of the sample af

concentrations ranging from 5 to 40 mg/mL were
pre-incubated with 100 ulL of tyrosinase (300 units/mL)
for 15 minutes at 25 °C. Subsequently, 800 uL of L-
tyrosine (2 mM) was added to the test tubes, and the
tubes were further incubated for 60 minutes. The
absorbance of the reaction mixture was measured at
450 nm wusing a spectrophotometer (UV-1900
Shimadzu). The experiment was conducted in
friplicates, and kojic acid at concentrations of 100-
500 pg/mL was used as a positive confrol.
Percentage inhibition against the tyrosinase was
calculated using Equation 1.

Enzyme inhibition (%) = (Ao- A1)/A0 %100 (1)

Where Ao was the absorbance of the control and
Al was the absorbance of the mushroom extracts.
The potency of the extract to inhibit the enzyme was
expressed as the ICso value (mg/mL).

Anti-elastase Activity

The elastase activity was determined using a
modified method outlined by [18]. In a 96-well
microtiter plate, 20 uL of samples at concentrations
ranging from 0.5 to 25 mg/mL were mixed with 20 pL
of elastase enzyme (0.34 unit/mL) and incubated at
25 °C for 15 minutes. Following this, 240 uL of Tris-HCI
buffer (100 mM) and 20 pL of SucAla3-pNA (SANA)
substrate (4 mM) were added to the mixture. The
plate was then incubated for 60 minutes. The
absorbance of the reaction mixture was measured at
410 nm using a microplate reader (iMark). The
experiment was conducted in friplicates, and
Epigallocatechin gallate (EGCG) at concentrations
of 100-500 pg/mL was employed as the positive
control.  Percentage inhibition  against  the
collagenase was calculated using Equation 1.

Anti-collagenase Activity

The anti-collagenase activity was assessed using a
modified version of the method described by Shirzad
et al. (2018) [19] and Azwanida et al. (2020) [20]. In a
96-well microtiter plate, 20 ul of Tricine buffer (50 mM)
and Calcium Chloride (10 mM) were combined. To
this mixture, 20 ul of samples at concentrations
ranging from 0.5 to 25 mg/mL and 20 pl of
collagenase enzyme (0.8 unit/mL) were added. The
plate was then incubated for 20 minutes at 37 °C
under dark conditions. After the initial incubation, 40
dl of N-[3-(2-Furyl) acryloyl]-Leu-Gly-Pro-Ala (FALGPA)
substrate (2 mM) was added to each well. The plate
was further incubated for 30 minutes at 37 °C in the
absence of light. Following the incubation period, the
absorbance of the reaction mixture was measured at
410 nm using a microplate reader (iMark). The
experiment was conducted in friplicates, and
Epigallocatechin gallate (EGCG) was utilized as the
positive control. Percentage inhibition against the
collagenase was calculated using Equation 1. The
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potency of the extract to inhibit the enzyme was
expressed as the ICsp value (mg/mlL).

High-performance Liquid Chromatography (HPLC)
Analysis of Phenolic Compounds

The quantification of phenolic compounds was
performed using a modified HPLC method by [21] on
a Shimadzu UFLC system equipped with an LC-20AT
gradient pump, SPD-M20A PDA diode array detector,
and Spinchrom LC Solution software. A Phenomenex
Luna C18 column (4.6 x 150mm, 5um particle size)
served as stationary phase. The mobile phase
consisted of low-pressure gradient of solvents;
methanol: 0.1% phosphoric acid in water with the
ratio of 70:30 (cinnamic acid and caffeic acid), 20:80
(gallic acid) and 30:70 (p-coumaric acid). Detection
was conducted at 272 nm with an injection volume
of 20 pL and a flow rate of 1.0 mL/min. The total run
time for the analysis was 10 minutes. Sample
extraction was diluted to 1 mg/mL, while standard
(cinnamic acid, caffeic acid, gallic acid and p-
coumaric acid) stock solutions that ranged from 1 to
300 pg/mL, prepared using HPLC-grade methanol.
The peaks of different samples and their retention
times were compared with those of the standard.

Statistical Analysis

The data obtained in the study was analyzed using
GraphPad Prism v.7 software. Analysis of variance
(ANOVA) was employed for comparison with p < 0.05
considered as significant.

3.0 RESULTS AND DISCUSSION
Anti-tyrosinase Activity

Skin pigmentation, primarily regulated by the enzyme
tyrosinase, plays a crucial role in determining an
individual’s skin color and protection against harmful
UV radiation [22]. Mushroom extracts have emerged
as promising candidates for anti-pigmentation
agents due to their bioactive components and
potential to modulate tyrosinase activity [23],
including P. pulmonarius [24]. This current study
evaluates the inhibitory of the mushroom exiracts
cultivated with PS and SS blocks against tyrosinase
enzyme. The highest tyrosinase inhibition was
observed in PS-cap (77.01 £ 1.20 %), followed by SS-
cap (68.5 + 1.27), PS-stem waste (67.3 = 1.42 %), PS-
stem (65.4 £ 2.30 %), SS-stem (64.2 £ 1.27 %) and SS-
stem waste (60.6 £ 1.74 %), as shown in Figure 1. PS-
cap (2122 £ 0.20 mg/mL) also had the highest
potency of anti-tyrosinase activity of all the samples
(Table 1).

Previous studies have reported the anti-tyrosinase
activity of mushroom exfract, showing inhibition
percentages ranging from 6.90 to 49.6% (hot water
exfraction) at concentrations of 0.125 fo 1.0 mg/mL
[24]. In comparison, our ICso values were higher than

those reported by [25], who found ICso values
ranging from 1.125 to 2.350 mg/mL for anti-tyrosinase
activity in their study. The disparity in our results
compared to the previous study could be aftributed
to variations in growing conditions, substrates utilized,
solvent selection, and extraction techniques [26].
Additionally, it is worth noting that the previous study
examined the entire mushroom, whereas our study
focused on a specific part of the mushroom. The anti-
tyrosinase activity observed in the exiracts is likely
due to the presence of phenolic compounds [27].
Phenolics, such as hydroxamic can bind to the active
site of the enzyme, causing structural changes and
reducing its enzymatic activity [28]. P-coumaric acid,
a secondary metabolite found in mushrooms, has
been found to exhibit stronger inhibition of melanin
production in murine melanoma cells compared to
similar compounds [29].
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Figure 1 Tyrosinase inhibition at 40 mg/mL of different
mushroom extract. Different superscript letters indicate a
stafistical  difference ot p < 0.05 using ANOVA.
(PS=Pineapple waste substrate and SS=Sawdust substrate)

Anti-elastase Activity

Elastase is a proteinase that plays a significant role in
the breakdown of elastin, a key protein involves in
maintaining the flexibility of the skin. Elastin, in
conjunction with other protein constituents, forms an
integral part of connective fissue. However, excessive
activity of elastase can lead to the degradation of
elastin, which in turn can confribute to degenerative
diseases and accelerate skin aging. SS-cap extract
showed the highest elastase inhibition (34.47 + 1.14
%), followed by PS-cap (31.52 + 0.62 %), PS-stem
waste (28.25 +0.08 %), SS-stem waste (28.43 £ 0.30 %),
SS-stem (25.34 £ 1.85 %) and PS-stem (24.81 £ 0.74 %),
as shown in Figure 2. It can be observed that the
caps in both substrates (SS-cap and PS-cap) have
significantly higher anti-elastase potency than other
part with ICso values 36.39 and 39.77 mg/mL (Table 1).

While the evidence for Pleurofus mushrooms as
elastase inhibitors is limited, a study investigating
Tricholoma matsutake mycelium demonstrated
notable elastase inhibition atf a dosage of 100
pg/mL,, with inhibition rate of 81.4 + 3.92 % [30]. The
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observed lower inhibitory activities in our study
compared to previous studies could potentially be
attributed to factors such as the type of sample,
species used, and the employed exiraction
technique. In this study, the detected elastase
activity might be linked to the presence of
polyphenolic compounds, specifically ellagic acid
and tannic acid. These compounds have been
previously demonstrated to degrade the proteolytic
activity of dermal elastic fibers and enhance skin
elasticity [31].
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Figure 2 Elastase inhibition of different mushroom parts at 25
mg/mL. Different superscript letters indicate a statistical
difference at p < 0.05 using ANOVA. (PS=Pineapple waste
substrate and SS=Sawdust substrate)

Anti-collagenase Activity

Collagenase is an enzyme with the ability to degrade
native collagen under specific conditions [32, 33].
Collagen plays a critical role in skin cell regeneration
and conftributes to the structural integrity, strength,
and elasticity of the skin. It forms fibrous structures in
different areas of the human body, particularly in the
skin, joints, and bones [34]. Type | collagen is a
prominent structural protein, while major fibrillar
collagens, including Types |, Il, and lll, contribute to
the formation of the structural framework essential for
tissue organization and functionality [35]. Studies
have demonstrated that mushroom extracts possess
collagenase inhibitory properties, which  may
contribute to preserving the integrity and stability of
collagen in various tissues [10].

Figure 3 shows that PS-cap had the highest
collagenase inhibition (48.02 £ 1.08 %), followed by
SS-cap (45.07 £ 1.01 %), SS-stem waste (37.22 + 1.70
%), PS-stem waste (35.95 £ 0.10 %), PS-stem (28.36 +
0.78 %), and SS-stem (27.79 * 0.48 %). The assay
showed that the caps from both substrates (PS and
SS) showed higher potency with ICso values of 26.12 +
1.17 and 29.13 £ 0.97 mg/mL respectively. Both stem
wastes samples (PS and SS) showed higher potency
than the stems (PS and SS).

Studies investigating the potential of Pleurotus
mushrooms as collagenase inhibitors are currently

limited. Kim et al., (2007) [36] reported that the use of
isolated extracellular polysaccharides (EPS) and
mycelium exfract from Grifola mushroom as a
collagenase inhibitor resulted in 20% and 40%
inhibition at a minimum concentration of 100 ug/mL.
Laccaridiones A and B, which were isolated from
Laccaria amethystina, demonstrated significant
collagenase inhibitory activity with ICso values of 7.2
and 5.7 uyg/mlL, respectively [37]. The variation in
outcomes as compared to ours could be attributed
to the distinct mushroom species used, as well as the
specific type of extracts employed.
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Figure 3 Collagenase inhibition of different mushroom parts
at 25 mg/mL. Different superscript lefters indicate a
stafistical  difference ot p < 0.05 wusing ANOVA.
(PS=Pineapple waste substrate and SS=Sawdust substrate)

Table 1 The ICs value of anti-tyrosinase, anti-elastase and
anfi-collagenase activities

Sample
ICs0 value (mg/ml)
Anti- Anti- Anti-
tyrosinase elastase collagenase
cap 21.22+£0.200  39.77+£1.95¢  26.12%1.17¢
PS stem 27.88+0.53>  58.28 +3.69c  45.53 £0.90¢
stem 25.92+0.279b  46.82+3.80> 36.88+0.21°
waste
cap 25.93 £0.660b  36.39 £1.932 29.13+0.97¢
ss stem 29.34+0.10°  54.42+3.70c  48.64 +1.34¢
stem 26.71 £0.8500  47.58 £2.77°  34.69 + 2.43°
waste
Standard ICso value (ug/mL)
Kojic acid 279.51+0.12 - -
EGCG - 9.03+0.27 5.51+0.14

Data are the mean £ SD of triplicates. Different superscript letters
indicate a stafistical mean difference at p < 0.05 using ANOVA within
the same column. (PS=Pineapple waste substrate and SS=Sawdust
substrate)
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Table 1 shows the comparison of the ICs values for the
samples and the standards in anti-tyrosinase, anfi-
elastase and anfi-collagenase assays. PS-cap
displayed the lowest ICso value against tyrosinase
enzyme, suggesting higher potency compared to
other samples. However, the result was not as potent
as kojic acid standard, a well-known inhibitor of
tyrosinase [38]. The inhibition of tyrosinase causes
reduction in melanin production and preventing
hyperpigmentation, thus confributes fo its skin-
lightening properties [39]. Some anti-tyrosinase
inhibitors also could acts as a UV protector and
exhibits antfioxidant properties, enhancing its role in
skincare [40]. Meanwhile, EGCG standard, a catechin
usually found in green tea are known as potent
elastase and collagenase inhibitors. The mechanisms
of actions of EGCG as anti-elastase and anti-
collagenase have been associated with its antioxidant
and metal chelating properties, ability to
downregulate matrix metalloproteinases  (MMPs)
expression and interfering with signaling pathways of
elastase and collagenase activation [41, 42]. The
mushroom extracts show lower potency compared to
EGCG, but SS-cap and PS-cap have promising
acftivities  against  elastase and  collagenase.
Purification and isolation of compounds from the
extract could further enhance the activities [43].

Phenolic Acids Content

Phenolic acids consist of a phenolic ring and a
carboxyl functional group. They are categorized info
two groups: hydroxy derivatives of benzoic acid (p-
hydroxybenzoic, protocatechuic, gallic, gentfisic,
vanilic, and syringic acids) and the trans-cinnamic
acid group (p-coumaric, caffeic, and ferulic acids)
[44]. Hydroxybenzoic acid derivatives are typically
conjugated and found in complex structures like lignin
and hydrolyzable fannins. Meanwhile,
hydroxycinnamic acid derivatives are primarily present
in conjugated form, bound to cell wall components
such as cellulose, lignin, proteins, and organic acids
like tartaric or quinic acid through ester linkage [45].
Table 2 shows the LOD and LOQ values for the
standards, indicating the method's sensitivity.
Meanwhile, the regression equations show strong
correlations  (R?=0.99) between concenfration and
retention time, suggesting the reliability of the HPLC
method. The retention times (rt) for the standards;
gallic acid (5.692), caffeic acid (2.160), cinnamic acid
(3.218) and p-coumaric acid (1.923) were compared
with  those of samples for idenfification and
quantification. Table 3 shows the retention fimes of all
samples, while Figure 4, 5 and 6 represent
chromatograms for gallic, caffeic, cinnamic and p-
coumaric acids identification in the samples. p-
coumaric acid was found in the highest amount with
7.37 £ 0.88 mg/g in SS-stem waste and lowest found in
SS-cap (3.30 £ 0.34 mg/g). as shown in Table 4.
However, it was absent in the stem samples of both PS
and SS substrates. While, cinnamic acid was found in
the range of 0.99-1.46 mg/g. Additionally, gallic acid

was detected in all samples (PS and SS) within the
range of 2.55 £ 0.05 fo 3.16 + 0.12 mg/g. Caffeic acid
content was found to be highest in SS-cap (2.84 £ 0.18
mg/g) and SS-stem (2.71 + 0.28 mg/g) samples. It was
also present in PS-cap (1.99 £ 0.20 mg/g) and PS-stem
(1.84 £ 0.12 mg/g) samples. However, no detectable
levels of caffeic acid were observed in both stem
waste samples (PS and SS).

Table 2 Limit of Detection (LOD) and Limit of Quantification
(LOQ) of the HPLC method

Figure 4 Representative chromatograms for gallic acid
identification in sample (SS-stem waste) with peak observed
at retention time 5.622

1PIA Ml 1

Retention Conc. Regression
Standard time (rt) (ug/ml) LOD LoQ eq. R2
Gallic y=191919x-
acid 5.692 20-100 0.098 0.298 878099 0.993
Caffeic y=48104
acid 2.160 50-250 0.033 0.102 w+174692 0.992
Cinnami y=166997x
¢ acid 3.218 10-50 0.070 0.213 +43782 0.996
p- _
coumari 1.923 20-100 0.104 0.317 y=58239 0.992
. x+16665
c acid
Table 3 Retention times (rt) of Pleurotus mushroom extracts
for identification of gallic, caffeic cinnamic and p-coumaric
acids
Compounds Pineapple waste subsirate Sawdust substrate (SS)
(PS)
Cap Stem Stem Cap Stem Stem
waste waste
Gallic acid 5.688 5.503 5.622 5.683 5.546 5.705
Caffeic acid 2.184 2.188 ND 2.182 2.180 ND
C'Z”Cﬁ’é“'c 3248 3183 3208  3.126 3.189 3.188
p-coumarc 963 ND 1954 1960 ND  1.958
acid
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Figure 5 Representative chromatograms for p-coumaric
acid identification in sample (SS-stem waste) with peak
observed at retention fime 1.958
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Figure é Representative chromatograms for caffeic and
cinnamic acids identification in sample (SS-cap) with peak
observed at retention times 2.182 and 3.126 respectively

Table 4 Phenolic acid profiles in different parts of Pleurotus
spp extracts

Phenolics Pineapple waste substrate (PS) Sawdust substrate (SS)
(mg/g) Cap Stem Stem Cap Stem Stem
waste waste
Gallic 3.16% 279 % 292+ 276+ 2.55+ 271+
acid 0.12¢ 0.06¢ 0.18¢ 0.262 0.05¢ 0.26¢

Caffeic 1.99 1.84 % 284+ 271 %

acid 0.200 o122 NP 0ige 0280 ND
Cinnamic 1.0+ 0.99 115+ 1.46 = 1.25+ 112+
acid 0.33¢ 0.294 0.13¢ 0.02¢ 0.272 0.07¢
p-coumaric 3.82+ ND 5.99 3.30 ND 7.37
acid 0.46¢ 0.78° 0.34¢ 0.88¢

Data are the mean % SD of triplicates. Different superscript letters
indicate a statistical mean difference at p < 0.05 using ANOVA for
each of the compounds.

Phenolic acids, including gallic, caffeic, cinnamic
and p-coumarics, have been shown to plays a
significant role in contributing to the bioactivity and
potential health benefits of P. ostreatus, such as
antioxidant, anti-inflammatory, and anfimicrobial
activities [46]. Our findings demonstrate higher level
of p-coumaric compared to a study conducted by
Dundar et al., (2015) [47], where they were unable to
detect any in their Pleurotus mushroom. Additionally,
Palacios et al., (2011) [48] reported the presence of
11.15 ug/g of p-coumaric acid and 290.34 ug/g of
gallic acid in their Pleurotus mushroom, while caffeic

acid could not be detected. Since p-coumaric and
gallic acids are the highest in SS-and PS-stem waste,
they could play a role in the observed activities by
neutralizing harmful free radicals, protecting against
oxidative stress, modifying the bacterial membrane,
as well as inhibiting enzymes activities. However, it is
also possible that these compounds exert the
activities synergistically as the interaction of phenolic
compounds can lead to increase effectiveness [49].
Phenolic extracts from some mushroom species, like
Brasiliensis, Ganoderma lucidum, Boletus edulis and
Marasmius  oreades, have shown significant
enhancement for both antioxidant and antibacterial
activities, indicating a synergistic effect [50, 51, 52].

4.0 CONCLUSION

In conclusion, this study highlights the effect of PS
substrates in modulating the bioactivities of the
Pleurotus mushroom extract, depending on the parts
of mushrooms. For example, the PS-cap showed the
highest inhibitory activity against tyrosinase, elastase
and collagenase, and to our knowledge this is the
first study reported on the anti-elastase and anti-
collagenase of Pleurotus mushroom  extract.
Furthermore, the stem waste exiracts obtained from
both substrates, PS and SS, show promising potential
as a valuable source of bioactive compounds and
phenolic acids, with particularly high levels of p-
coumaric acid observed. The presence of p-
coumaric, gallic, caffeic, and cinnamic acids may
contribute to the antimicrobial and antiaging
activities exhibited by the Pleurofus mushroom
samples. Future investigations should explore the
impact of varied solvents and extraction methods o
optimize the observed bioactivities. Furthermore, it is
recommended to assess additional bioactivity
parameters using isolated compounds to enhance
our understanding and uncover novel applications.
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