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Abstract

Agro-industrial residues such as date kernels and palm leaves were evaluated as alternative
substrates for Pleurotus ostreatus cultivation. Nine formulations were prepared by substituting
wheat straw (WS) with date kernels or palm leaves (25, 50, 75 & 100%) and inoculated at 5%
spawn (w/w). Growth parameters, yield, phytochemical composition, and biological activities

were assessed.

date kernels and palm leave only based substrate reduced spawning time (12 to 17d) and
produced less yield (around 220g) compared to WS in which needed 20,6d to full colonization
to produce 374g as total yield. Total phenolic content reached 24.85 mg GAE/g extract in K25
compared to 13.27 mg GAE/g in P100. Total flavonoid content ranged from 4.12 to 9.46 mg
QE/g . LC-MS analysis identified major phenolic constituents including luteolin, quercetin,
apigenin, and gallic acid derivatives. Antioxidant assays demonstrated pronounced radical
scavenging and metal chelating activities in date kernel-based substrates. DPPH ICso values
ranged from 546.88 to 649.32 + 9.54 pg/mL, ABTS from 152.35 to 190.29 ug/mL, hydroxyl
radical scavenging from 873.71 to 1019.80 pg/mL, and ferrous ion chelating activity (FIC)
from 84.54 t0 93.15 pg/mL. In contrast, palm leaf—based substrates exhibited superior reducing
capacity and copper chelation, with FRAP values ranging from 24.66 to 33.35 pg/mL,
CUPRAC from 98.51 to 182.95 pug/mL, and copper chelating activity (CCA) from 511.88 to
710.18 pg/mL. Enzyme inhibition assays (1 mg/mL) revealed weak inhibitory effects against
a-amylase (6.2-30.01%), acetylcholinesterase (5.35-52.86%), butyrylcholinesterase (15.8—
35.75%), and lipase (2.96-14.21%). However, marked tyrosinase inhibition was observed in
palm-based substrates (ICso: 266.68—575.98 ng/mL), while kernel-based substrates showed
stronger urease inhibition (ICso: 320.77-570.32 pg/mL). First-flush extracts from treatments
with lower wheat straw proportions exhibited notable anti-inflammatory activity (ICso: 126.54
and 149.53 pg/mL for P25 and K25; 155.25 and 245.82 pg/mL for P100 and K100). Moderate

antibacterial activity was recorded against Gram-positive bacteria.

Overall, partial substitution of wheat straw with 25% date kernels supports mycelial
colonization (12 d), early primordia formation (16 d), and the highest total yield (478.07 g),

superior bioactive properties supporting sustainable, value-added cultivation.

Key words: agronomical performance; Agro-waste; biological activities; Date kernels;

Mushroom cultivation; Palm leaves; Pleurotus ostreatus.



Résumé

Les résidus agro-industriels tels que les noyaux de dattes et les feuilles de palmier ont été
évalués comme substrats alternatifs pour la culture de Pleurotus ostreatus. Neuf formulations
ont été préparées en substituant la paille de blé¢ par des noyaux de dattes ou des feuilles de
palmier (25, 50, 75 et 100 %), puis inoculées avec un taux de semence de 5 % (p/p). Les
paramétres de croissance, le rendement, la composition phytochimique et les activités

biologiques ont été évalués.

Les substrats K100 et P100 ont réduit le temps de colonisation (12 a 17 j) mais ont produit un
rendement plus faible (environ 220 g) comparativement a la paille de blé, qui nécessitait 20,6
jours pour une colonisation compléte et a généré un rendement total de 374 g. La teneur totale
en composés phénoliques a atteint 24,85 mg EAG/g d’extrait dans K25 contre 13,27 mg EAG/g
dans P100. La teneur totale en flavonoides variait de 4,12 a 9,46 mg EQ/g. L’analyse LC-MS a
permis d’identifier les principaux constituants phénoliques, notamment la lutéoline, la
quercétine, 1’apigénine et des dérivés de 1’acide gallique. Les tests antioxydants ont mis en
¢vidence une forte activité de piégeage des radicaux libres et de chélation des métaux dans les
substrats a base de noyaux de dattes. Les valeurs d’ICso du DPPH variaient de 546,88 a 649,32
+ 9,54 ng/mkL, celles de ’ABTS de 152,35 4 190,29 pg/mL, le piégeage du radical hydroxyle
de 873,71 2 1019,80 png/mL, et I’activité chélatrice du fer de 84,54 a 93,15 pg/mL. En revanche,
les substrats a base de feuilles de palmier ont montré une capacité réductrice et une chélation
du cuivre supérieures, avec des valeurs FRAP comprises entre 24,66 et 33,35 ng/mL, CUPRAC
entre 98,51 et 182,95 pg/mL, et CCA entre 511,88 et 710,18 pg/mL. Les essais d’inhibition
enzymatique (1 mg/mL) ont révélé une faible inhibition de I’a-amylase (6,2—30,01 %), de
’acétylcholinestérase (5,35-52,86 %), de la butyrylcholinestérase (15,8-35,75 %) et de la
lipase (2,96-14,21 %). Toutefois, une inhibition marquée de la tyrosinase a été observée dans
les substrats a base de feuilles de palmier (ICso : 266,68—575,98 ug/mL), tandis que les substrats
a base de noyaux de dattes ont montré une inhibition plus importante de 1’uréase (ICso : 320,77—
570,32 pg/mL). Les extraits de la premiére volée issus des traitements contenant une faible
proportion de paille de blé ont présenté une activité anti-inflammatoire notable (ICso : 126,54
et 149,53 pg/mL pour P25 et K25 ; 155,25 et 245,82 ug/mL pour P100 et K100). Une activité

antibactérienne modérée a été¢ enregistrée contre les bactéries Gram positives.

La substitution partielle de la paille de blé par 25 % de noyaux de dattes a favorisé une

colonisation mycélienne rapide (12 j), une formation précoce des primordia (16 j) et le

Vi



rendement total le plus élevé (478,07 g), tout en améliorant les propriétés bioactives, soutenant

ainsi une stratégie de valorisation durable a forte valeur ajoutée.

Mots-clés : performance agronomique ; résidus agro-industriels ; activités biologiques ; noyaux

de dattes ; culture de champignons ; feuilles de palmier ; Pleurotus ostreatus.
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1. INTRODUCTION

Edible mushrooms represent a valuable resource with multidimensional importance
spanning nutrition, medicine, and socio-economic development. From a nutritional perspective,
they are rich in high-quality proteins, dietary fibers, vitamins, and essential minerals, while
containing very little fat and calories. This composition makes them an excellent component of
balanced diets and a contributor to health promotion. In addition, mushrooms are a natural
source of bioactive compounds such as polysaccharides, phenolics, and flavonoids, which
exhibit antioxidant, anti-inflammatory, and immunomodulatory properties, thereby supporting
overall well-being and reducing the risk of chronic diseases (Valverde et al., 2015; Assemie &
Abaya, 2022).

Beyond their nutritional role, mushrooms have attracted considerable scientific attention for
their therapeutic potential. Isolated compounds from different species have demonstrated
promising activities against various health conditions, including cancer, diabetes,
neurodegenerative disorders, and microbial infections. Their antioxidant constituents are
particularly effective in mitigating oxidative stress associated with aging and several
pathological processes. Moreover, certain mushroom extracts display enzyme inhibitory
activities that may aid in the management of disorders such as Alzheimer’s disease, obesity,
and metabolic dysfunctions. These health-promoting properties highlight their growing
relevance in the development of nutraceuticals and pharmaceuticals (Venturella et al., 2021;
Ambhore et al., 2024).

Pleurotus ostreatus, commonly known as the oyster mushroom, belongs to the
Basidiomycota phylum and the Pleurotaceae family. Originally native to China, and now
distributed worldwide. It produces clustered fruiting bodies that resemble oyster shells, which
is the origin of its common name. The fruiting bodies have a white, firm flesh of varying
thickness, with white to cream-colored gills that run down an off-center stalk (stipe). The spores
are white to lilac-gray, complementing the mushroom’s distinctive morphology and texture

(Seethapathy et al., 2023; National Center for Biotechnology Information, 2025).

It serves as an excellent model species due to its highly valued both nutritionally and
medicinally, It provides high-quality proteins, dietary fibers, essential amino acids, and a wide
range of vitamins—particularly B-complex vitamins—alongside key minerals such as
potassium, phosphorus, and iron, while maintaining a low content of fat and calories, making

it a beneficial addition to a healthy diet. Its carbohydrate fraction is dominated by
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polysaccharides, especially B-glucans, which not only contribute to dietary fiber but also play
an important role in conferring functional health benefits. The chemical composition of P.
ostreatus is dynamic, varying with substrate composition and fungal metabolism, while the
levels of bioactive compounds such as phenolics and flavonoids fluctuate during the cultivation
cycle, with flavonoids typically peaking in early flushes and phenolics increasing in later ones.
Beyond its nutritional value, the species has been extensively studied for its medicinal potential,
being a rich source of bioactive metabolites including polysaccharides, phenolics, flavonoids,
and terpenoids (Elkanah et al., 2022; Irshad et al., 2023; Effiong et al., 2024a). These
compounds endow the mushroom with strong antioxidant properties, enabling effective
scavenging of free radicals and reduction of oxidative stress, mechanisms that are central to the
prevention of chronic diseases such as cardiovascular disorders, cancer, and neurodegenerative
conditions (Effiong et al., 2024b). In addition, P. ostreatus exhibits notable anti-inflammatory
activity by inhibiting protein denaturation and modulating inflammatory mediators, suggesting
its usefulness in managing arthritis and related disorders (Jayasuriya et al., 2020).
Antimicrobial effects have also been reported, with extracts showing inhibitory action against
a range of bacterial and fungal pathogens (Yakobi et al., 2023). Furthermore, enzyme-
inhibitory activities have been documented, including inhibition of acetylcholinesterase and
butyrylcholinesterase, indicating therapeutic potential for Alzheimer’s disease, as well as a-
amylase and tyrosinase inhibition, relevant in combating infections and skin disorders (Alam
et al., 2010; Talkad et al., 2015; Bello et al., 2017). Moreover, P. ostreatus is highly adaptable
and able to use lignocellulolytical enzymes to decompose materials and use it as nutrients for
their growth, enhancing its potential for sustainable cultivation and bioconversion of organic
residues. This adaptability, combined with its fast growth rate, supports cost-effective
mushroom production and environmental applications such as waste recycling, its cultivation
is often associated with the recycling of vast amounts of agro-industrial waste (Luz et al., 2012;
Ganash et al., 2021).

Agro-industrial wastes such as date kernels and palm leave present significant challenges
in waste management due to their volume, composition, and environmental impact. Date
kernels, a byproduct of date fruit processing, and palm leaves, abundantly generated from palm
cultivation — generating approximately 1 million tons of date seeds and more than 55000 tons
of palm leaves are produced annually, are rich in lignocellulosic materials that are resistant to
rapid decomposition (Hegazy et al., 2015; Bouallegue et al., 2019; Alsulami et al., 2023;
Arab News, 2023). Improper disposal methods, including open burning and landfilling,
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contribute to air pollution through the release of greenhouse gases and particulate matter, as
well as soil and water contamination. Additionally, the accumulation of these agro-wastes can
create breeding grounds for pests and pathogens, posing risks to public health and agricultural
productivity. The inherent resistance of their fibrous and lignified structure complicates
conventional waste management approaches, leading to underutilization and environmental
burdens (Ahmed, 2024; Herzallah et al., 2025; Suliman & Tahir, 2025).

The pressing need to transform these agro-industrial residues into valuable resources stems
from environmental, economic, and sustainability considerations. Valorization involves
converting date kernels and palm leaves into useful products, thereby minimizing waste and
supporting circular economy principles. These residues possess considerable potential as
substrates for mushroom cultivation, bioenergy production, bioactive compound extraction, and
biomaterial development, leveraging their rich carbon and nutrient content (Shokrollahi et al.,
2023; Manai et al., 2024). Utilizing these wastes in biotechnological applications not only
reduces environmental pollution but also generates economic value by producing food, feed,
pharmaceuticals, and industrial enzymes. Moreover, valorization aligns with global efforts to
promote sustainable agriculture and waste reduction, fostering resilience in agro-industrial

systems and contributing to resource efficiency and climate change mitigation.

Using agro-industrial wastes such as date kernels and palm leaves as substrates for
mushroom cultivation promotes environmental sustainability and considered as climate-
friendly practice by reducing agricultural waste accumulation and mitigating associated
pollution. Instead of disposing of these lignocellulosic wastes through burning or landfilling—
which generate greenhouse gases, soil degradation, and water contamination—their reuse
valorizes the biomass, closing nutrient cycles. This recycling approach lowers environmental
footprints, conserves natural resources by decreasing reliance on virgin materials, and
contributes to sustainable waste management practices in agricultural regions (EI-mously,
2023)

In recent years, the valorization of agro-industrial by-products as substrates has gained
significant attention, offering dual benefits of waste management and food production. Many
literature proved that Pleurotus ostreatus can be cultivated on agricultural residues whether it
it generated during the crop harvesting process like: wheat straw, chickpea straw, coffee leaves,
rice straw, banana straw, and palm leaf, (Bonatti et al., 2004; Igbal et al., 2005; Murthy and
Manonmani, 2008; Al-Qarawi et al., 2013; Abdulhadi and Hassan, 2013; Alananbeh et al.,
2014), or on process residues generated during the further processing of the crops like husks,

3
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coffee pulp, coffee husk, coffee parchment, corn cobs, sunflower heads, saw dust, acacia wood,
fig tree, rain tree, Mahogany tree, Eucalyptus tree, banana leaves, cotton waste, cherry husk,
and coconut residue (Igbal et al., 2005; Salmones et al., 2005; Vetayasuporn, 2007; Murthy
and Manonmani, 2008; Bhattacharjya et al., 2015; Hoa et al., 2015; Varghese and
Amritkumar, 2020; Dissasa, 2022), and also on industrial residues produced by the food, fruit
and vegetable processing industries; sugarcane bagasse, (Igbal et al., 2005; Hoa et al., 2015),

palm empty fruit bunch, and palm pressed fibre (Tabi et al., 2008).

Their suitability depends on their lignin content, nutrient composition, and physical
properties affecting aeration and moisture retention. For instance, sugarcane bagasse and
banana leaves have been reported to support mycelial growth and fruiting with varied runtimes
comparable or longer than wheat straw. Maize cobs and cottonseed hulls are also favorable
substrates due to their physical texture and nutrient availability. These agro-wastes may require
supplementation or mixing strategies to optimize yields (Emiru et al., 2016; Dubey et al.,
2019; Desisa et al., 2024). Wheat straw, in particular, supports robust fruiting body
development with good yields. However, its high lignin content can delay colonization and
pinhead appearance, and substrate preparation may require particle size adjustment to optimize
aeration. Supplementation or mixing with nitrogen-rich residues, has been shown to enhance
nutrient balance, accelerate growth phases, and increase biological efficiency (Yang et al.,
2013).

In Pleurotus ostreatus cultivation studies, the growth cycle is a fundamental agronomic
parameter that encompasses several stages from inoculation to the final harvest. Key measured
intervals typically include the spawn run time (mycelial colonization), pinhead formation,
fruiting body maturation, and the timing between successive flushes. Literature commonly
reports spawn run times ranging from 12 to 26 days depending on substrate and species,
with Pleurotus ostreatus showing variability influenced by substrate composition and
environmental conditions. Pinhead or primordia formation usually occurs within 3 to 31 days
following full colonization, with total fruiting body development spanning approximately 33 to
38 days. The interval between flushes often lengthens with each successive harvest, generally
lasting from one to several weeks. These phases combined define the crop cycle duration, which
in commercial cultivation can vary from around 50 to over 96 days, subject to substrate quality,
spawn type, and cultivation management practices (Paudel and Dhakal, 2020; Raman et al.,
2021; Tupa et al., 2022; Ostbring et al., 2023).
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In mushroom cultivation studies, yield is typically expressed as the fresh weight per
cultivation bag and evaluated flush by flush to track productivity throughout the crop cycle.
The first flush usually contributes the highest proportion of total yield, often accounting for 40—
60% of the cumulative production, while subsequent flushes tend to produce progressively
lower outputs. Studies emphasize the importance of substrate nutrient availability, particularly
nitrogen content, on maximizing yields. Supplementation or mixing agricultural residues, such
as wheat straw with nitrogen-rich additions, has been shown to enhance yield performance.
Yield declines in later flushes are generally attributed to nutrient depletion and accumulation of
metabolic inhibitors in the substrate (Zakil et al., 2019; Argaw et al., 2023; Gebru, Belete, &
Faye, 2024).

Biological efficiency, defined as the ratio of fresh mushroom weight harvested to the
dry weight of the substrate expressed as a percentage, is a critical standardized index used to
compare substrate productivity. BE values reported for Pleurotus ostreatus range from 30% to
over 100%, depending on substrate formulation and cultivation conditions. Commercial
substrates such as wheat straw or supplemented agro-residues often yield BE values between
50% and 90%. Studies indicate that substrates with balanced carbon-to-nitrogen ratios and
optimal physical structure support higher BE by facilitating efficient mycelial growth and
nutrient conversion. BE tends to correlate positively with overall yield but can be influenced
by factors such as flush number, substrate particle size, moisture retention, and contamination
levels. (Tekeste et al., 2020; Wiafe-Kwagyan et al., 2022; Gebru, Belete, & Faye, 2024)

The substrate used for cultivating Pleurotus ostreatus not only affects its growth
performance but also significantly influences nutritional quality, impacting protein content,
mineral composition, vitamins, and amino acid profiles. Various lignocellulosic substrates
provide different nutrient availabilities that affect mushroom growth and nutritional yield. For
instance, sugarcane bagasse has been identified as a particularly suitable substrate for producing
mushrooms with enhanced nutritional profiles, including higher protein content and enriched
minerals such as potassium, iron, and magnesium. Additionally, substrates supplemented with
nutrient-rich materials like rice bran and wheat bran further improve the dietary quality by
increasing essential vitamins (C, E, B-complex) and beneficial bioactive compounds.
Mushrooms grown on these substrates demonstrate moderate protein and fiber content
alongside low fat and ash levels, making them a valuable functional food. The amino acid
analysis reveals the presence of essential amino acids such as lysine in high amounts,

contributing to the mushroom's role in combating nutrition-related disorders. The variation in
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moisture content also affects shelf life and metabolic functions, while low sodium content
qualifies P. ostreatus as a suitable food for hypertensive individuals (Hoa et al., 2015; Elkanah
et al., 2022; Effiong et al., 2024a).

Moreover, Different substrates impact the production of phenolic compounds and
bioactive metabolites that exhibit antitumor, antioxidant, antimicrobial, antihypertensive, and
antihyperglycemic activities. Studies show that different lignocellulosic and agricultural
residues, result in variations in total phenolic content and antioxidant capacity of the
mushrooms. For example, P. ostreatus cultivated on alder (Alnus glutinosa) sawdust exhibited
the highest antioxidant activity and phenolic content compared to other substrates, highlighting
the significant impact of substrate type on bioactive compound accumulation (Kihg et al.,
2024). Research on peach palm by-products as substrates revealed enhanced phenolic acid
content, including specific compounds like gallic, vanillic, trans-cinnamic, ferulic, and
coumaric acids, all known for their potent antioxidant properties. These phenolic acids
contribute to scavenging free radicals, reducing oxidative stress, and improving the overall
antioxidant capacity measured by assays such as FRAP and ABTS (Valério et al., 2024).
Additionally, supplementing substrates with components like wheat bran has been shown to
increase levels of bioactive compounds such as vitamin E, phenol, fatty acids, and terpenoids,
which collectively enhance the antioxidant and antimicrobial activities of the mushrooms
(Mkhize et al., 2022). Outside its well-known antioxidant activity, Pleurotus ostreatus exhibits
a range of important medicinal properties influenced by substrate and cultivation conditions. It
demonstrates significant antitumor effects through multiple mechanisms, including the
suppression of cancer cell proliferation, induction of apoptosis, and regulation of cell cycle
arrest. Bioactive compounds such as polysaccharides (notably p-glucans), proteoglycans, and
phenolic molecules enhance the immune system by stimulating natural killer cells and

macrophages, which attack cancerous cells (Effiong et al., 2024a)

Beyond anticancer activity, anti-inflammatory and anti-Alzheimer is also affected,
through multiple mechanisms. For example, extracts from P. ostreatus significantly reduced
inflammation in carrageenan-induced paw edema models, showing comparable efficacy to anti-
inflammatory drugs like indomethacin. The degree of inhibition may also relate to the
substrate's influence on the synthesis of terpenoids, tannins, and polysaccharides, which
contribute to antihistamine activity and membrane stabilization. Furthermore, certain substrates
rich in specific nutrients can boost the mushroom’s ability to downregulate pro-inflammatory

cytokines such as TNF-a and inhibit pathways involving nuclear factor kappa B (NF-«xB), thus
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attenuating inflammatory responses. Studies reveal that mushrooms grown on substrates such
as barley straw and other agricultural wastes exhibit enhanced anti-inflammatory effects
(Rivero-Pérez et al., 2016; Jayasuriya et al., 2020; Bassi et al., 2024). Importantly, such anti-
inflammatory activity may also translate into neuroprotective effects relevant to Alzheimer’s
disease, as inflammation is a key factor in its pathology. Emerging research suggests that regular
consumption of Pleurotus ostreatus can modulate inflammatory pathways and oxidative stress,
thereby potentially reducing neuroinflammation and cognitive decline. This aligns with
findings that Pleurotus extracts inhibit nuclear factor kappa B (NF-xB) activation and pro-
inflammatory cytokine secretion, mechanisms implicated in Alzheimer’s disease progression

(Agunloye et al., 2021; Silva et al., 2023).

Other studies have shown the varying degrees of inhibitory effects on carbohydrate-
hydrolyzing enzymes like a-amylase and a-glucosidase, which are key targets in managing
postprandial blood glucose levels in diabetes. For example, mushrooms cultivated on rice
bran/sawdust substrate showed stronger a-amylase inhibition, while those grown on rice bran
showed better a-glucosidase inhibition (Ekundayo et al., 2017; Chukwurah et al., 2023),
indicating that substrate composition modulates the profile and concentration of bioactive
compounds responsible for these effects. Additionally, supplementation of substrates with
nutrient-rich components like wheat bran can enhance the yield and concentration of bioactive
compounds such as phenolics, terpenoids, and fatty acids, further boosting the antidiabetic
potential (Mkhize et al., 2016). Besides antidiabetic effects, substrate composition also
influences the antityrosinase activity of P. ostreatus, relevant to skin hyperpigmentation
disorders. Antityrosinase activity is linked to compounds like phenolics and flavonoids, whose
levels are affected by substrate type and supplements during cultivation (Alam et al., 2010;
Fakoya et al., 2020).

Date kernel, derived from the fruiting seeds of Phoenix dactylifera L., has been explored
as a lignocellulosic substrate for Pleurotus ostreatus cultivation in recent years. Prior studies
highlight the suitability of date kernel due to its considerable carbon and nitrogen content,
which supports vigorous mycelial colonization and mushroom fruiting (Abdulhadi and
Hassan, 2013; Al-Qarawi et al., 2013). The substrate typically contains around 4% protein
and a high proportion of cellulose, hemicellulose, and lignin, providing both nutrients and
structural components essential for fungal growth (Kocheki 2015; Nabili et al., 2017; Abu-
Thabit et al., 2020).
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Research has demonstrated that date kernel substrates can significantly enhance
colonization speed, reducing spawn run times compared to more fibrous materials like wheat
straw. This fast colonization is attributed to the nutrient richness and availability of phenolic
precursors which stimulate fungal enzyme activity. Several studies corroborate the efficacy of
date kernel in increasing mushroom yield and biological efficiency, often matching or
exceeding yields obtained from conventional substrates such as wheat straw or sawdust
(Alananbeh et al., 2014; Tekeste et al., 2020). Moreover, the partial degradation of date kernel
components by fungal cellulases, hemicellulases, and ligninases releases soluble carbohydrates
and phenolic compounds that the fungus utilizes to synthesize secondary metabolites (He et al.,
2024). These bioactive molecules not only improve mushroom nutritional and medicinal
properties but also enhance extraction yields in post-harvest analysis. However, a high C/N
ratio may influence substrate performance by modulating enzyme production and mycelial
expansion (Mahdi et al., 2015; Nwaokobia et al., 2018).

Palm leaves consist mainly of cellulose, hemicellulose, and lignin, providing a carbon-
rich but nitrogen-deficient composition. Their fibrous and lignified nature makes them
mechanically strong yet biologically resistant to degradation compared with softer agro-
residues, often leading to slower myecelial colonization and growth. Oyster mushroom
cultivation on dried palm leaves has shown reduced colonization rates compared with paddy
straw and related substrates, largely due to their lower nitrogen content and structural rigidity.
Nonetheless, palm leaves can still sustain fungal growth and fruiting, although yields are
generally lower than those obtained with nutrient-rich materials. When incorporated into mixed
substrates, palm residues modify the overall carbon-to-nitrogen (C/N) ratio and nutrient profile,
thereby influencing fungal metabolism and primordia initiation. Similar trends have been
reported with palm press fiber and oil palm fronds, where both chemical composition and
physical properties affected mushroom productivity and growth patterns suggesting that palm
leaves are a useful substrate component, especially when supplemented with additional

nutrients to improve substrate quality (Lopez-Llorcaet al., 1999; David & Mshandete, 2023).

The limited nitrogen content of palm leaves often slows fungal colonization when
compared to alternative substrates such as soybean straw or cottonseed hulls (Du et al., 2019;
Diaz-Ariza et al., 2021). However, supplementation with nitrogen-rich agro-wastes like wheat
bran, rice straw, or sawdust has been shown to improve nutritional balance, accelerate
colonization, and enhance biological efficiency and fruiting body yield. Nutritional evaluations
of P. ostreatus grown on palm-based substrates indicate that the mushrooms retain a favorable
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proximate composition, particularly in terms of carbohydrates, dietary fiber, and essential
minerals, frequently comparable to or even exceeding those cultivated on conventional
substrates. In addition, palm residues influence morphological traits such as cap diameter, stipe
length, and overall biomass, underscoring the role of substrate composition in determining both
yield and marketable quality (Alananbeh et al., 2014; Owaid et al., 2016; Bellettini et al.,
2019). In some investigations, they further highlight the functional potential of mushrooms
cultivated on palm substrates. Extracts derived from these mushrooms consistently display high
levels of phenolics and flavonoids, correlating with strong antioxidant and notable anti-
inflammatory activity (Elkanah et al., 2022; Valério et al., 2024). All this is considered as
evidence of of the usefull of date palm leaves and related and similar by-products as sustainable

lignocellulosic resources for P. ostreatus cultivation.

Although agro-industrial residues such as date kernels and palm leaves are abundantly
available in many regions, their potential as substrates for Pleurotus ostreatus cultivation
remains comparatively underexplored relative to conventional materials like wheat straw. Most
existing research has concentrated on traditional lignocellulosic substrates, leaving limited
experimental evidence regarding the suitability of date kernels and date palm leaves in terms
of growth performance, yield, and mushroom quality. This lack of data constrains
understanding of how their distinctive chemical compositions—characterized by specific
carbon-to-nitrogen ratios and polyphenolic contents—affect mycelial colonization, fruiting
dynamics, and the biosynthesis of secondary metabolites. Moreover, optimal substrate
proportions, pretreatment methods, and supplementation strategies for maximizing both
agronomic performance and bioactive compound production remain insufficiently studied,
hindering their broader adoption and valorization within sustainable mushroom production

systems.

Current investigations often address either agronomic performance parameters (e.g.,
spawn running time, biological efficiency, and yield) or the biological activities of mushroom
extracts in isolation. Few studies, however, integrate these aspects to examine how substrate
composition and cultivation conditions simultaneously influence productivity and the
functional properties of harvested mushrooms. This compartmentalized approach limits
insights into potential correlations between cultivation variables and the accumulation of
health-promoting compounds. In particular, the temporal dynamics of bioactive metabolite
production across successive flushes remain largely unexplored, despite their importance for
optimizing both yield and nutraceutical potential. Comprehensive and integrative studies are
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therefore essential for designing cultivation strategies that enhance both mushroom productivity
and functional value, enabling more targeted production of mushrooms for functional food and

therapeutic applications.

Additional research gaps include the scarcity of comparative analyses conducted under
different geographic and climatic conditions, which strongly influence substrate chemistry and
fungal metabolism. Mechanistic studies are also limited, particularly those investigating how
specific nutrients, structural polysaccharides, or phenolic precursors in substrates such as date
kernels and palm leaves modulate enzymatic activity and the biosynthetic pathways of
secondary metabolites. Furthermore, the absence of standardized methodologies for evaluating
bioactive properties and linking them directly to cultivation strategies complicates inter-study
comparisons and restricts the scalability of findings to industrial applications. Addressing these
gaps through multidisciplinary research approaches would significantly advance the sustainable
valorization of palm-based residues, supporting both efficient mushroom cultivation and the
development of high-value functional foods or therapeutic products.

Addressing the research gap surrounding unconventional substrates such as date kernels
and palm leaves requires systematic investigations into their performance both individually and
in mixtures, their impact on mushroom growth physiology, and the interactions between
substrate constituents and fungal metabolism.

While agronomic performance and yield remain fundamental for evaluating substrate
suitability, the growing demand for functional foods and nutraceuticals has shifted the focus
toward comprehensive profiling of bioactive compounds and associated health benefits.
Pleurotus ostreatus is increasingly valued not only for its nutritional content but also for its
repertoire  of bioactive metabolites—phenolics, flavonoids, polysaccharides, and
antioxidants—with demonstrated anti-inflammatory, antimicrobial, and enzyme-inhibitory
properties. This dual importance highlights the need to assess both productivity and
biofunctional attributes when exploring alternative substrates. Despite this, the majority of
existing studies emphasize yield optimization, with relatively little attention given to the
functional properties of mushrooms cultivated on novel agro-wastes. Data remain sparse
regarding how substrate composition, mushroom developmental stage, and post-harvest
processing influence the variability of bioactive compounds, particularly when using residues
like date kernels and palm leaves. Moreover, many investigations rely on single antioxidant
assays or narrowly focused bioactivity evaluations, limiting holistic insights into the broader

functional potential of mushrooms.
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To bridge these gaps, the present study makes a unique contribution to the intersection
of agro-waste valorization, mushroom agronomy, and bioactive property assessment by
rigorously evaluating the use of date kernels and palm leaves—alone and in blends with wheat
straw—as substrates for Pleurotus ostreatus cultivation. Through standardized cultivation
protocols adapted to local conditions, it comprehensively monitors critical agronomic
parameters such as mycelium colonization duration, primordia emergence, flush number and
spacing, total cropping cycle, yield, and biological efficiency. This enables a robust comparison
of substrate performance, highlighting the potential advantages and limitations of these non-

conventional agro-wastes.

In parallel, the study applies advanced chemical and biochemical analyses including
80% methanolic extraction, total phenolic and flavonoid quantification, Fourier-transform
infrared spectroscopy (FTIR), and liquid chromatography—mass spectrometry (LC-MS/MS) for
detailed metabolite profiling of mushroom fruiting bodies harvested from different substrates
and flushes, with multifaceted bioactivity assessments including antioxidant activity through
scavenging assays (DPPH, ABTS, hydroxyl radicals), reducing power (FRAP, CUPRAC,
TAC), metal chelating evaluation, along with enzyme inhibition analyses (tyrosinase, urease,
a-amylase, acetyl/butyrylcholinesterase, lipase), anti-inflammatory and anti-bacterial tests,
provide a functional bioactivity database, linking chemical composition to biological potential.

The primary objective of this study is to valorize local agro-industrial residues, specifically date
kernels and palm leaves and evaluate the potential of their use as alternative substrates for the
cultivation of Pleurotus ostreatus. This includes assessing their effectiveness in supporting
mushroom growth, yield, and productivity, while simultaneously investigating the impact of
these substrates on the chemical composition and bioactive properties of the resulting
mushroom fruiting bodies which break the main aim into smaller, actionable steps leading into

the following secondary objectives:

1. To formulate and standardize substrate mixtures incorporating date kernels and palm
leaves with wheat straw in various proportions for Pleurotus ostreatus cultivation.
This objective addresses the knowledge gap regarding the suitability and optimization
of these underutilized agro-wastes as substrates. Formulating mixtures will help identify
optimal combinations that balance nutrient availability and physical characteristics

conducive to fungal growth.

11
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2. To characterize the chemical properties of the formulated substrates, including total
carbon, nitrogen content, and C/N ratios, and to study their influence on mycelial
colonization, pinhead formation, and total cropping cycle. This knowledge will inform

substrate management strategies to optimize productivity.

3. To evaluate the agronomic performance of Pleurotus ostreatus cultivated on the
different substrate mixtures by measuring spawn run duration, time for first pinning
appearance, number of flushes, flush intervals, yield per flush, and biological efficiency.
By assessing these parameters, the study fills gaps identified in substrate efficacy for
mushroom farming, providing comparative data against established substrates and
contributing to the optimization of sustainable production systems.

4. To perform detailed chemical characterization of mushroom fruiting bodies grown on
these substrates, focusing on extraction yield, total phenolic content (TPC), total
flavonoid content (TFC), and profiling of bioactive compounds using FTIR and LC-
MS/MS techniques. Identifying phenolics, flavonoids, and other bioactive substances
through advanced spectroscopic (FTIR) and chromatographic (LC-MS/MS) analyses

substantiate the quality and health-promoting aspects of the mushrooms produced.

5. To assess the antioxidant, anti-browning, and other medicinal activities of Pleurotus
ostreatus extracts from different flushes and substrate formulations, to provide a
complete understanding of the biofunctional properties, addressing an important

research gap in linking substrate type to bioactivity potential

6. To analyze the relationship between substrate composition, mushroom developmental
stage (flush number), and the accumulation of bioactive compounds and biological
activities. This targets elucidation of dynamic metabolite profiles and functional
bioactivities across sequential flushes, which can inform harvesting strategies to

maximize the nutraceutical value of cultivated Pleurotus ostreatus.

7. To evaluate the antibacterial efficacy of mushroom extracts against selected Gram-
positive and Gram-negative bacteria.which will fill the gap of the lack of comparative
studies concerning antimicrobial properties of pleurotus ostreatus mushroom cultivated

on diverse agro-waste substrates

These objectives give rise to research questions focused on how palm residues influence
mushroom growth parameters, metabolite accumulation, and functional properties,

specifically:
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Can date kernels and palm leaves, individually or combined with wheat straw, support
effective mycelial growth, primordia formation, and fruiting of Pleurotus ostreatus

compared to traditional substrates?

How do the carbon, nitrogen content, and C/N ratio of these substrates influence
mycelial colonization rates, flush numbers, and yield outcomes in Pleurotus ostreatus

cultivation?

What are the variations in total phenolic and flavonoid contents in mushrooms grown

on these substrates, and how do these levels change across successive flushes?

How do antioxidant activities measured by multiple assays correlate with substrate

composition and flush number in Pleurotus ostreatus extracts?

What medicinal properties, through enzyme inhibition (tyrosinase, urease, a-amylase,
lipase, acetyl- and butyrylcholinesterase inhibition) and anti-inflammatory potential,
can be exhibited by mushroom extracts from different substrates, and how does their

potency vary temporally across flush development?

What is the antibacterial efficacy spectrum of Pleurotus ostreatus extracts grown on
date kernel and palm leaf substrates against selected Gram-positive and Gram-negative

bacteria?

In turn, these questions inform the development of the hypotheses, which propose the expected

relationships between the utilization of palm residues and enhancements in both cultivation

outcomes and the mushrooms’ bioactive potential, specifically:

1.

Date kernels and palm leaves, alone or in combination with wheat straw, can serve as

efficient and sustainable substrates for the cultivation of Pleurotus ostreatus.

Mushrooms cultivated on date kernel and palm leaf-based substrates will contain rich
profiles of bioactive compounds, including phenolics and flavonoids, which will vary

across substrate composition and flush number.

Extracts from Pleurotus ostreatus grown on these substrates will exhibit strong
antioxidant activities measured by diverse assays (DPPH, ABTS, FRAP, TAC,
CUPRAQC), influenced by substrate type and developmental stage of the mushroom.

Mushroom extracts will demonstrate significant enzyme inhibition activities, including

anti-inflammatory (protein denaturation inhibition), anti-tyrosinase, anti-urease, and
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other clinically relevant enzyme inhibition, with activity levels modulated by substrate

composition and flush stage.

5. The antibacterial activity of Pleurotus ostreatus extracts will primarily affect Gram-
positive bacteria more than Gram-negative species, with efficacy influenced by

substrate treatment and mushroom maturity.

By formulating these hypotheses, this study aims to advance scientific understanding and
practical applications of agro-waste valorization in Pleurotus ostreatus cultivation. By
exploring underutilized residues such as date kernels and palm leaves as substrates, the research
is expected to generate valuable insights into how substrate composition may influence
mushroom growth, metabolite production, and functional bioactivities. These unconventional
substrates have the potential to yield mushrooms with promising antioxidant, phenolic, enzyme
inhibitory, and anti-inflammatory properties, thereby highlighting their relevance for functional

foods, nutraceuticals, and natural therapeutics.

Testing these predictions is anticipated to address existing research gaps while contributing
to agricultural waste management, cost-effective mushroom production, and local resource
utilization. The study also seeks to support circular economy principles by transforming agro-
industrial residues into valuable biomass, reducing environmental pollution, and enhancing

food security through the production of nutritious, health-promoting mushrooms.

Beyond scientific contributions, the findings are expected to carry broader socio-economic
implications: improving rural livelihoods, fostering sustainable agribusiness, and supporting
public health through natural bioactive compounds. Overall, this research is positioned to
integrate environmental sustainability, economic development, and human well-being, offering

a model for innovative, eco-friendly, and socially impactful mushroom cultivation practices.

In line with its significance for sustainable agro-waste valorization, enhanced mushroom
productivity, and the development of functional foods with potential health benefits, this study
is scoped to investigate the use of underutilized residues—specifically date kernels and palm
leaves—as alternative substrates for Pleurotus ostreatus cultivation. The research focuses on
evaluating key agronomic parameters, including spawn run duration, pinhead formation,
fruiting body development, yield, and flush productivity, alongside assessments of chemical
composition and the accumulation of bioactive metabolites such as phenolics, flavonoids, and
antioxidants. Furthermore, functional properties, including antioxidant capacity and enzyme

inhibitory activities, are examined to provide an integrated understanding of the nutritional and
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therapeutic potential of mushrooms cultivated on these substrates. By defining these
boundaries, the study maintains a targeted investigation that emphasizes its environmental,
economic, and health-related relevance, while offering practical insights for low-cost and
sustainable mushroom cultivation. This focused scope also aims to generate data that may
inform substrate optimization, waste management strategies, and the design of functional foods
and nutraceuticals, thereby contributing to the broader objectives of circular economy, food

security, and human well-being.

And while the scope of this study is carefully defined to evaluate the effects of date kernels,
palm leaves, and wheat straw on Pleurotus ostreatus growth, bioactive compound
accumulation, and functional activities, several inherent limitations naturally arise from these
boundaries. The research was conducted under controlled laboratory conditions, ensuring
reproducibility but not fully replicating the environmental variability of commercial or field
cultivation, which may influence mushroom development and metabolite synthesis.
Furthermore, the focus on specific substrates sourced from defined locations and prepared in
particular ways limits the generalizability of the findings to other lignocellulosic materials or
substrates with different composition, origin, or particle size. Methodological choices,
including the use of 80% methanol for extraction and a selected panel of bioactivity assays, also
constrain the chemical profile and functional properties captured in this study. Finally, the
assessment was limited to sequential flushes without exploring long-term cultivation, substrate
reusability beyond three flushes, large-scale feasibility, or economic implications. These
limitations delineate the study’s scope while highlighting areas for future research to expand
applicability to commercial production and broader functional applications.

Considering the defined scope and inherent limitations, the thesis is organized into IMRAD
(Introduction, Materials and Methods, Results, and Discussion) structure, providing a
systematic and coherent presentation of the study conducted on Pleurotus ostreatus cultivation

and bioactivity assessment.

The Introduction chapter establishes the research background by identifying gaps and
outlining the objectives, research questions and hypotheses. It discusses the significance of the
study, along with its scope and limitations. The chapter sets the context by emphasizing the
importance of mushroom cultivation, particularly the use of agro-waste as substrates. It further
addresses the investigation of the biochemical and biological properties of Pleurotus ostreatus,

highlighting its potential applications in food and medicine.
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The Materials and Methods chapter details the experimental procedures employed throughout
the research. It comprehensively describes the preparation and formulation of substrates derived
from date kernels, palm leaves, and wheat straw; the inoculation and cultivation protocols under
controlled environmental conditions; and the harvesting techniques. It further explains the
methodologies used for post-harvest processing, extract preparation, and the variety of
analytical techniques implemented to evaluate phenolic and flavonoid contents, chemical
profiling via FTIR and LC-MS, and the extensive suite of biological activity assays including

antioxidant, anti-inflammatory, enzyme inhibition and antibacterial tests.

The Results and Discussion chapter presents and interprets the findings from the
cultivation performance parameters, yield data, chemical characterization, and biological
activity assessments. This integrative section compares the effects of different substrate
treatments and flushes on mushroom growth, biochemical profiles, and bioactivities, relating
results to existing literature and discussing the implications and potential applications of the
findings. It explores correlations, substrate influences, and metabolic insights that support

conclusions drawn from the data.

The final chapter, Conclusion and Recommendations, synthesizes the key outcomes of
the study, emphasizing major contributions to mushroom cultivation knowledge and bioactive
compound research. It highlights the practical implications for sustainable substrate use and
biomedical potential of Pleurotus ostreatus. This chapter also provides recommendations for
future research directions, including scaling, additional bioactivity explorations, and
methodological enhancements to expand understanding and applications. Following the main
chapters, the thesis includes a References section, listing all cited sources, and Appendices,
which provide supplementary materials such as raw data, extended tables, and methodological
details. Together, this structure provides a clear, logical progression from research context
through experimental execution to data interpretation and conclusion, guiding the reader

effectively through the comprehensive study.
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2. MATERIAL AND METHODS

The present study was conducted through two complementary components. The
first consisted of an agronomical investigation focusing on the cultivation of Pleurotus
ostreatus using different substrate formulations and growth conditions. The second
involved laboratory-based analyses aimed at characterizing the biochemical properties
and evaluating the bioactivities of the mushroom extracts. The methods were conducted

following established scientific protocols.
2.1.Mushroom Cultivation

The cultivation of Pleurotus ostreatus was conducted in accordance with
protocols described in the literature, with minor adjustments made to adapt the process
to local conditions (Oei & Nieuwenhuijzen, 2005; Kadhila-Muandingi et al., 2008;
Biswas et al., 2011). The procedure resumed in Figure 1, comprised substrate
preparation, inoculation with fungal spawn, and the maintenance of controlled
environmental parameters, including temperature, humidity, and light, to support
mycelial colonization and fruiting. The growth process was regularly monitored, and
conditions were adjusted when necessary to ensure optimal development of the

mushroom in line with established cultivation practices.

500g 5008 500¢ 500g 500g 500g
500 g 500 g 500 g

‘ Humidification ‘

2% of CaC'O3
‘ Sterilisation (121°C/20min) ‘

‘ Inoculation (10%) ‘

Incubation

Figure 1: Substrate Preparation and Cultivation Process of Pleurotus ostreatus
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2.1.1. Substrate Preparation

A total of nine substrate formulations were evaluated for Pleurotus ostreatus
cultivation, prepared from three agro-industrial residues: date kernels (K), palm leaves
(P), and wheat straw (WS). Date kernels were obtained from local processors of date
flour specifically derived from the cultivar Phoenix dactylifera L. (Mech Degla) in the
Biskra region. Palm leaves were collected from the Technical Institute for the
Development of Saharan Agronomy (ITDAS, Biskra, Algeria), while wheat straw was

sourced from an agricultural farm in the Batna region.

Prior to substrate formulation, the agro-residues were processed as follows: date kernels
were ground to particles of 0.2-0.5 cm using a stainless-steel grinder, whereas palm
leaves and wheat straw were cut into fragments of 2—4 cm (Figure 2). The nine substrate
mixtures were prepared according to the proportions presented in Table 1. For each
treatment, five replicate bags containing 500 g of substrate were prepared. Substrates
were hydrated by overnight soaking in water, followed by drainage to remove excess
moisture. The substrates were then transferred into polypropylene bags, supplemented
with 2% CaCOs, sealed, and sterilized in an autoclave at 121 °C for 20 min. After

sterilization, the bags were cooled under aseptic conditions prior to inoculation.

Figure 2: Processed Agricultural Residues Used as Substrates

(a: ground date kernel; b: chopped wheat straw; c: cut palm leaves)
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Table 1: Proportional Composition of Waste Materials in Substrate Formulations

Agro-waste proportion (%)

Substrate Wheat Date Palm
straw kernel leaves
WS 100 0 0
K25 75 25 0
K50 50 50 0
K75 25 75 0
K100 0 100 0
P25 75 0 25
P50 50 0 50
P75 25 0 75
P100 0 0 100

2.1.2. Substrate Analysis

Each formulated substrate used for mushroom cultivation was ground into
powder, weighed, and analyzed with a CHN-628 elemental analyzer (LECO
Corporation, Michigan, USA) to determine total carbon and nitrogen contents. The
measurements were carried out at the National Institute of Horticultural and Herbal

Science, Eumseong, South Korea.
2.1.3. Inoculation and Cultivation Conditions

Following sterilization and cooling, the substrates were aseptically inoculated
with 10% (w/w) spawn, placed centrally within each bag, and subsequently resealed.
The inoculated bags were incubated in a dark environment at a controlled temperature
of 23-27 °C until complete mycelial colonization was achieved. Upon full colonization,
the bags were transferred to a fruiting chamber, where openings in the form of an “X”
were cut into the polypropylene surface to facilitate primordia emergence. Fruiting
conditions were maintained at 15-17 °C with a relative humidity of 85-95%, regulated

using automated sensor-based systems (Figure 3).
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Figure 3: mushroom cultivation process

(a: substrate bags; b: inoculation; c: incubation for spawning; d: mycelium full

colonization; e: incubation for fructification; f: primordia appearance)

2.1.4. Fruiting Bodies Harvesting

The harvesting of Pleurotus ostreatus fruiting bodies was conducted with
particular care to preserve product quality and to sustain subsequent flushes. Fruiting
bodies were collected at the commercial maturity stage, defined by caps that remained
slightly in-rolled at the margins and prior to the onset of upward curling. Overmature
specimens, characterized by flattened or upturned caps and visible spore release, were
excluded due to their rapid post-harvest deterioration and negative impact on
subsequent yields. Harvesting was performed manually by gently twisting or pulling
entire clusters at the stipe base to ensure complete detachment, while minimizing
substrate disturbance. This practice was applied to prevent residual stipe tissue and
substrate damage, which could otherwise facilitate contamination and compromise

future flush production.

2.1.5. Agronomic Performance Parameters

Agronomic performance of Pleurotus ostreatus was evaluated based on a set of
standardized cultivation parameters. The spawning run time was recorded as the
number of days required for complete mycelial colonization of the substrate. Pinhead

formation was noted as the interval (days) from inoculation to the visible emergence of
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primordia on the substrate surface. The number of flushes produced per cultivation bag
was counted, and the time separating successive flushes was measured to assess the
temporal distribution of yields. The total crop cycle duration was defined as the period
from inoculation until the completion of the final harvest. Yield was quantified for each
flush and expressed both as fresh weight per bag and as cumulative yield across the
entire crop cycle. Biological efficiency (BE) was calculated as the ratio of fresh
mushroom weight obtained to the dry weight of the substrate, expressed as a percentage,
thereby providing a standardized measure of productivity across treatments.

2.1.6. Post-Harvest Handling

After harvesting, the fruiting bodies were weighed, cut into small pieces, and
air-dried at room temperature until a constant weight was achieved (Figure 4). The dried
material was then ground into a fine powder and stored in sealed bags under refrigerated

conditions for subsequent analyses.

Figure 4: drying technique of harvested mushroom

2.2.Biological Activities

The biological activities of the mushroom extracts were evaluated using a
comprehensive set of in vitro assays in order to characterize their bioactive compounds,
antioxidant and anti-inflammatory, enzymes inhibition and antibacterial potential,
following previously described standard procedures with minor modifications. All
determinations were conducted in different laboratories under controlled experimental

conditions and according to established methodological guidelines.
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2.2.1. Extracts Preparation

The mushroom extract was prepared using maceration, a simple and gentle
technique that preserves thermolabile bioactive compounds, including phenolics,
flavonoids, and polysaccharides (Osorio-Tobén, 2020). 80% methanol
(methanol:water, 80:20 v/v) was employed as the extraction solvent for 5 g of powdered
mushroom, as this mixture provides an optimal polarity to solubilize both moderately
and highly polar compounds, yielding higher amounts of phenolics and flavonoids
compared to pure methanol (Gonfa et al., 2020). To enhance extraction efficiency, two
successive extractions were carried out—first for 48 hours with 200 mL of solvent,
followed by a second extraction for 24 hours with 100 mL—ensuring that both readily
soluble and residual compounds embedded in the solid matrix were recovered (Figure
5). The prolonged contact between solvent and mushroom powder allows maximal
diffusion of bioactive molecules (Purovi¢ et al., 2022). Both extractions filtrates were
combined, and the solvent was removed using a rotary evaporator to obtain the dry
extract. The extraction yield was determined by weighing the flask empty and after
solvent removal. The samples were labeled based on the substrate formulation and the

flush number, as shown in Table 2.

Table 2: Sample Labeling According to Substrate Formulation and Flush Number

Codes
Substrate
18t flush 2" flush 34 flush
WS WS1 WS2 WS3
K25 K25/1 K25/2 K25/3
K50 K50/1 K50/2 K50/3
K75 K75/1 K75/2 K75/3
K100 K100/1 K100/2 K100/3
P25 P25/1 P25/2 P25/3
P50 P50/1 P50/2 P50/3
P75 P75/1 P75/2 P75/3
P100 P100/1 P100/2 P100/3
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Figure 5: Extraction Procedure for Pleurotus ostreatus Bioactive Compounds.

2.2.2. Biochemical and Mycochemical Characterization
2.2.2.1. Total Phenolic Content (TPC) Determination

The TPC assay is based on the ability of phenolic compounds in a sample to
reduce the Folin—Ciocalteu reagent, a mixture of phosphomolybdate and
phosphotungstate, under alkaline conditions. Initially, the Folin—Ciocalteu reagent is
light yellow. Upon reaction with phenolic hydroxyl groups, the reagent is reduced,
producing a blue-colored complex whose intensity is proportional to the total phenolic
content. The absorbance of this blue complex is measured spectrophotometrically,
typically at 760—765 nm, and the results are expressed relative to a standard, such as
gallic acid (Pérez et al., 2023)

The technique used for TPC determination was developed from the protocol of
VI (1999) to 96-well microplate use (Figure 6). 100 pL of Folin—Ciocalteu reagent
(diluted 10-fold with distilled water; 1 mL Folin—Ciocalteu and 9 mL distilled water)
was added to 20 pL of mushroom extract (1 mg dissolved in 1 mL distilled water),
followed by 75 pL of 7.5% sodium carbonate solution (7.5 g Na.COs dissolved in 100
mL distilled water). The mixture was kept in the dark for 2 hours, after which the

absorbance was measured at 765 nm. A blank was prepared under the same conditions
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by replacing the extract with distilled water. The standard curve was established using
gallic acid, prepared by serial dilution (14-fold) of a 1 mg/mL stock solution in

methanol and the results are expressed in mg GAE/g extract or mg GAE/g DM.

100p!
20pl Folin-Ciocalteu Reagent
' 75ul
W .\ e 7,5% Na:CO»
Extract
(1mg/ml) SRR N W
Incubation
(2h/darkness)
Reading (765 nm)

Figure 6: Experimental Protocol for the Quantification of Total phenolic Content
(TPC)

2.2.2.2. Total Flavonoid Content (TFC) Determination

The TFC assay is based on the ability of flavonoid compounds in a sample to
form complexes with aluminum chloride (AICls) under alkaline conditions. In this
assay, the sample extract is first mixed with sodium nitrite (NaNO:), followed by AlCls,
allowing flavonoids to form flavonoid-aluminum complexes. Subsequent addition of
sodium hydroxide (NaOH) develops a pink-colored complex, the intensity of which is
proportional to the flavonoid content. The absorbance of this pink coloration is
measured spectrophotometrically at 510 nm, and the total flavonoid content is
quantified using a quercetin standard curve, expressed as mg quercetin equivalents

(QE) per gram of extract or dry matter (Cong-Hau et al., 2021).

Using the technique developed by Chang et al (2002) The protocol was adapted
to a microplate microplate use (Figure 7), 50 pL of mushroom extract (1 mg dissolved

in 1 mL distilled water) was mixed in each well with 20 pL of distilled water and 15 pL
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of 5% NaNO: solution (5 g NaNO: dissolved in distilled water up to 100 mL). The
mixture was incubated in the dark at room temperature for 6 minutes, followed by the
addition of 15 pL of 10% AICl;s solution (10 g AICIs dissolved in distilled water up to
100 mL) and a second incubation under the same conditions for 6 minutes.
Subsequently, 100 pL of 4% NaOH solution (4 g NaOH dissolved in distilled water up
to 100 mL) was added, and the plate was incubated for 30 minutes in the dark.
Absorbance was then measured at 510 nm. A blank was prepared under identical
conditions by replacing the extract with distilled water. The standard curve was
prepared using quercetin, obtained by serial 14-fold dilution of a 1 mg/mL stock
solution in methanol. Results were expressed as mg QE/g extract or mg QE/g dry matter
(DM).

& 20pl
50pul ; Distilled water ‘
£ 15p! —
W = | s%NaNO: |
Extract
(1mg/ml) 'V

‘ Incubation (6min /darkness) ‘

r- L5yl 10% AICL

‘ Incubation (émin /darkness) ‘

r- Loopl 4% NaOH

‘ Incubation (30min /darkness) ‘

‘ Reading (510 nm) ‘

Figure 7: Experimental Protocol for the Quantification
of Total Flavonoid Content (TFC)
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2.2.2.3. Fourier Transform Infrared (FTIR) Analysis

Fourier Transform Infrared (FTIR) spectroscopy was employed to characterize
the functional groups present in the mushroom extracts. The technique is based on the
principle that molecules absorb infrared radiation at specific frequencies corresponding
to the vibrational transitions of chemical bonds. When the sample is irradiated with a
broad spectrum of IR light, certain wavelengths are absorbed depending on the
functional groups present, generating a unique absorption pattern known as a molecular
fingerprint. The instrument uses a Michelson interferometer to collect an interferogram,
which is then converted into a spectrum by Fourier transformation (Smith, 2011). The
resulting FTIR spectrum, typically expressed as absorbance versus wavenumber (cm™),
was used to identify characteristic peaks associated with major bioactive compounds in
the extracts.

In this study, spectral acquisition was carried out on an Agilent FTIR
spectrometer equipped with an Attenuated Total Reflectance (ATR) accessory in Igdir
university -Turkey-. Prior to analysis, the ATR crystal was cleaned with ethanol and
dried. A small quantity of the dried mushroom powder or extract was directly placed

on the ATR crystal surface, ensuring uniform contact.

Spectra were recorded in the range of 4000—650 cm™ with a resolution of 8
cm!, using triangular apodization. Each spectrum was obtained by averaging 32 scans
for the sample and 32 scans for the background. The instrument status was verified to
be in good condition before analysis. The acquired spectra were processed using the
instrument software and compared with reference spectral libraries (Agilent ATR and
Pharma_D databases) to identify characteristic absorption bands and possible

functional groups.

2.2.2.4. Liquid Chromatography—Mass Spectrometry (LC-MS) Analysis

Liquid Chromatography—Mass Spectrometry (LC-MS) was conducted in
research institute of terrestrial ecosystem (IRET-CNR) in Naples -Italy-, and applied to
characterize the bioactive compounds present in mushroom extracts. This technique
integrates the separation efficiency of liquid chromatography with the high sensitivity
and structural identification capacity of mass spectrometry. During the LC step,
compounds were resolved according to their polarity and interactions with both the
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stationary and mobile phases. The separated analytes were subsequently introduced into
the mass spectrometer via an electrospray ionization (ESI) source, which produces
molecular ions under soft ionization conditions, thereby reducing fragmentation. These
ions were then analyzed according to their mass-to-charge ratio (m/z) in the mass
analyzer (Allwood & Goodacre, 2010). The generated spectra provided
complementary qualitative data (retention times, m/z values, and fragmentation
patterns) and quantitative data (ion intensities), allowing accurate identification and
profiling of phenolics, flavonoids, and other metabolites in the extracts.

Extract solutions at a concentration of 0.1 mg/mL were prepared by dissolving
1 g of dried mushroom extract in 10 mL of DMSO. The mixture was vortexed and
subsequently sonicated for 60 minutes at 45 °C to ensure complete homogenization.
The prepared samples were analyzed using an Ultra-High-Performance Liquid
Chromatography system (UHPLC Nexera XR LC-40, Shimadzu, Kyoto, Japan)
coupled with a triple quadrupole mass spectrometer (LCMS-8060, Shimadzu Italy,
Milan, Italy). Data acquisition and instrument control were managed through
LabSolutions software (version 5.6, Shimadzu). Electrospray ionization (ESI) was
carried out in both positive and negative ionization modes, with fast polarity switching
within a single run, alternating between low-energy full scans (4 V) and high-energy
ramp scans (10-60 V). The main operating conditions were as follows: nebulizing gas
flow, 2.9 L/min; heating gas flow, 10 L/min; desolvation line (DL) temperature, 250
°C; interface temperature, 300 °C; heat block temperature, 400 °C; and drying gas flow,
10 L/min. Chromatographic separation was achieved on a Kinetex Polar C18 column
(2.6 pm, Phenomenex Inc., USA) using a mobile phase of water and acetonitrile (95:5,
v/v), both supplemented with 0.01% formic acid. Analysis was conducted mainly in
negative ion mode using selected ion monitoring (SIM), except for syringic acid, which
was detected under positive ionization conditions (Appendix A). Compounds were
identified by comparing their molecular weight, retention time, and fragmentation
patterns with an in-house spectral database. A compound was considered confirmed
when its chromatographic peak area exceeded that of the blank. To discriminate
between isobaric compounds, Time-Of-Flight (TOF) detection was employed in the

third quadrupole, providing high-resolution mass accuracy.
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2.2.3. Biological Activities Evaluation
2.2.3.1. Extract Dilutions Preparation

10 mg of mushroom extract were dissolved in 1 mL of distilled water, and a
series of successive 1:2 dilutions was performed to obtain the following concentrations:
10, 5, 2.5, 1.25, 0.625, 0.3125, and 0.15625 mg/ml. These dilutions were used for

subsequent biological activity assays (Figure 8).

Sample
0,5 ml
dilution
0.5ml
dilution
0.5 ml
’w dilution
e 0.5 ml
dilution
Sample H,0 1 P
10mg/mi Wi ditutio
[ - J— —~"
Dilution DIl H0 =1
sme/ml ilution 5 Hy0
g 2. 5mg/ml _ . 0 @ Hyo
Dilution Dilution | | ]%p
1.25mg/ml 7 g5 Dilution
625 Ti155 Dilution
mg/ml giml 019625
£ mg/ml

Figure 8: Dilutions preparation of Pleurotus ostreatus mushroom extract.
2.2.3.2. Antioxidant Activity

Antioxidant activity refers to the ability of a compound, extract, or natural
product to prevent or delay oxidative damage caused by reactive oxygen and nitrogen
species (ROS/RNS). Antioxidants achieve this by neutralizing free radicals, donating
electrons or hydrogen atoms, or chelating metal ions that catalyze radical formation.
Evaluating antioxidant activity is essential for understanding the potential health
benefits of natural products and their protective effects against oxidative stress (Flora
2009; Lopez-Alarcon & Denicola, 2013; Pisoschi & Pop, 2015).

Antioxidant activity in this study were performed in Research Center in
Biotechnology (CRBT, Constantine, Algeria) in laboratory of biochemistry adjusting
all assays to 96 well plate use. The arrangement of the assays in the microplate was

carried out according to the scheme presented in Figure 9.
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Figure 9: antioxidant assays arrangement in 96 well microplate

2.2.3.2.1. Scavenging Assays

Scavenging activity reflects the ability of a sample to neutralize free radicals or
reactive oxygen/nitrogen species (ROS/RNS). It is based on the capacity of antioxidants
to donate electrons or hydrogen atoms, stabilizing unstable radicals and preventing
oxidative chain reactions. When exposed to a radical (e.g., DPPH, ABTS, hydroxyl,
superoxide, or nitric oxide), the antioxidants reduce or quench it, leading to a
measurable decrease in absorbance or fluorescence (Sanchez-Moreno, 2002). The
scavenging activity is typically expressed either in pg/ml as the I1Cso, representing the
concentration of sample required to neutralize 50% of the radicals, or as a percentage
of radical inhibition relative to a control, calculated using the equation (1); and in UM
TE/g DW as an antioxidant capacity representing how many moles of Troloxgive the
same antioxidant activity as 1gram of dried mushroom sample calculated using

equation (2).

Scavenging activity (%) = [1 ]1X 100 oo (1)

_ (As—Asb)
Anc
As: absorbance of samples (extract or standard)

Asb: absorbance of samples blank (reaction with methanol replace color changing reagent)
Anc: absorbance of negative control (reaction with methanol replacing sample)

ICc50T
IC50S

1000

)X 1000] X EY % (3500) oo )

MwT

TEAC = [(

TEAC: Trolox equivalent antioxidant capacity

ICsoT: inhibition concentration of Trolox at 50% rate (mg/ml)
ICs0S: inhibition concentration of sample at 50% rate (mg/ml)
EY: extraction yield (9/g)

MwT: molecular weight of Trolox (250,29 g/mol)
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a. DPPH Radical Scavenging Assay

The DPPH (2,2-diphenyl-1-picrylhydrazyl) assay is based on the ability of
antioxidants to donate hydrogen atoms or electrons to neutralize the DPPH radical.
DPPH is a stable free radical that has a deep purple color and shows a strong absorbance
at 517 nm. When an antioxidant is present, it reduces the DPPH radical to its non-
radical form, causing a color change from purple to yellow. The decrease in absorbance
is directly proportional to the scavenging activity of the tested sample, which can be
quantified as a percentage of radical inhibition relative to a control (Kedare & Singh,
2011).

The assay was adapted from the method of Blois (1958) for microplate use
(Figure 10). In each well, 160 pL of DPPH solution (6 mg DPPH dissolved in 100 mL
methanol) was mixed with 40 pL of extract dilution or standard (Gallic acid, Ascorbic
acid, BHA, BHT, Quercetin and Trolox). The mixture was incubated in the dark for 30

minutes, and absorbance was then measured at 517 nm.

. 40 pl 160 pl

l | K l L DPPH solution
Sample
dilution

Incubation
(30min/darkness)

Reading (517 nm)

Figure 10: Protocol for Antioxidant Activity determination

Using DPPH Radical Scavenging Assay
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b. ABTS Radical Scavenging Assay

The ABTS (2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)) assay is
based on the ability of antioxidants to quench the ABTS radical cation (ABTS"*) by
donating electrons or hydrogen atoms. ABTS"» is a blue-green colored radical that
absorbs strongly at 734 nm. When an antioxidant is added, it reduces ABTS"s to its
colorless or less colored form, leading to a decrease in absorbance. The extent of this
decrease is proportional to the antioxidant (scavenging) activity of the sample and can
be expressed as a percentage inhibition relative to a control (Ilyasov et al., 2020).

The ABTS radical scavenging assay was performed following the method of Re
et al. (1999), with modifications adapted for microplate use (Figure 11). A phosphate-
buffered saline (PBS, pH 7.4) solution was prepared by dissolving 8 g NaCl (137 mM),
1.44 g NazHPO4 (10 mM), and 0.24 g NaH2PO4 (1.8 mM) in distilled water, and
adjusting the final volume to 1 L. The ABTS radical cation (ABTS**) was generated by
mixing equal volumes of 7 mM ABTS solution (36.02 mg ABTS dissolved in 10 mL
PBS) and 2.45 mM potassium persulfate solution (6.62 mg K2S20gin 10 mL PBS). The
mixture was incubated in the dark for 16 h at room temperature to allow complete
radical formation. For the assay, 160 uL of the ABTS** solution was mixed with 40 pL
of the sample extract in each well, followed by incubation in darkness for 10 min. The
decrease in absorbance was measured at 734 nm using a microplate reader. The standard
used as positive control in this assay are: gallic acid, ascorbic acid, BHA, BHT,

catechin, quecetin, and Trolox.

Sample
dilution

40 ul 160 pl
= 1 L ABTS™

Incubation
(10 min/darkness)

Reading (734 nm)

Figure 11: Protocol for Antioxidant Activity
Determination Using ABTS Radical Cation Assay
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c. Hydroxyl Radical Scavenging assay

The hydroxyl radical scavenging assay measures a sample’s capacity to
neutralize highly reactive hydroxyl radicals (*OH), which can cause damage to
biomolecules such as DNA, proteins, and lipids. These radicals are commonly
generated in situ through reactions like the Fenton reaction (Fe?* + H.O> — Fe** + «OH
+ OH"). Antioxidants in the sample interact with the hydroxyl radicals, preventing them
from reacting with a detector molecule (e.g., deoxyribose or salicylic acid). The extent
of protection is determined spectrophotometrically, and the scavenging activity is
expressed as the percentage of inhibition compared to a control (Sanna & Fadda,
2022).

Hydroxyl radical scavenging activity was determined following a modified
protocol of Smirnoff and Cumbes (1989). Briefly, 40 uL of sample was mixed with
24 uL of 8 mM ferrous sulfate solution (prepared by dissolving 22.24 mg FeSO4-7H20
in 10 mL distilled water), 20 uL of 20 mM hydrogen peroxide solution (prepared by
diluting 30 uL H20> to 20 mL with distilled water), and 80 pL of 3 mM salicylic acid
solution (prepared by dissolving 4 mg salicylic acid in 10 mL distilled water). The
reaction mixture was incubated at 37 °C for 30 min, after which 36 pL of distilled water
was added. Absorbance was then measured at 510 nm (Figure 12). Ascorbic acid, BHA

and Trolox were used as standard.

| 40ul
¥ ]‘ 24pl
—‘ 4mM ferrous sulfate solution ‘
Sample

20ul
dilution "

20mM H;0, |

) 8oul
3mM salicylic acid

= ¢

Incubation (37°C/30min) ‘

A

Figure 12: Protocol for Antioxidant Activity

Determination Using Hydroxyl Radical Scavenging Assay

32



---------------------------------------------------- Material and Methods

2.2.3.2.2. Reducing Power

Reducing power reflects the ability of a sample to donate electrons to reduce
oxidized intermediates, which is an important mechanism of antioxidant activity. In this
assay, antioxidants in the sample transfer electrons to an oxidized species (X™"), leading
to its conversion into a more stable, reduced form (X*™Y). The reduction process is
accompanied by a measurable change in color or absorbance, which is proportional to
the electron-donating capacity of the sample. A higher absorbance corresponds to
greater reducing (antioxidant) activity, reflecting the sample’s overall potential to
terminate free radical chain reactions (Munteanu & Apetrei, 2021). The activity is
often quantified as ECso, which represents the concentration of the sample required to
achieve 50% reduction, and the percentage of reducing power is calculated using the

following formula:

(As—Asb)
Anc

Reducing power (%) = [ — 1] XA00 (1)

As: absorbance of samples (extract or standard)
Asb: absorbance of samples blank (reaction with methanol replace color changing reagent)
Anc: absorbance of negative control (reaction with methanol replacing sample)

IC50T
IC50S

1000

)X 1000] X EY % (3500) oo )

TEAC = |(

TEAC: Trolox equivalent antioxidant capacity

ICsoT: inhibition concentration of Trolox at 50% rate (mg/ml)
ICs0S: inhibition concentration of sample at 50% rate (mg/ml)
EY: extraction yield (9/g)

MwT: molecular weight of Trolox (250,29 g/mol)

a. Ferric Reducing Antioxidant Power (FRAP) Assay

FRAP (ferric reducing antioxidant power) assay using the potassium
ferricyanide method measures the reducing (electron-donating) ability of a sample.
Initially, the reaction mixture is light yellow due to ferric ions (Fe*"). Antioxidants in
the sample reduce Fe** in potassium ferricyanide to ferrous ions (Fe®"), which then react
with ferric chloride to form a blue-colored Prussian blue complex (Munteanu &
Apetrei 2021). The change in color intensity, measured spectrophotometrically, is

directly proportional to the sample’s reducing power and overall antioxidant capacity.

A modified protocol of Oyaizu (1986) was used to determine ferric reducing
antioxidant power for samples. As indicated in Figure 13, sample extracts (10 uL) were
mixed in a well plate with 40 uL of 0.2 M phosphate buffer (pH 6.6), prepared by
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dissolving 22.1 g NaH2PO4-H20 and 5.7 g NaoHPO4-2H,0 in 800 mL distilled water
and adjusting the pH to 6.6 with HCI, then bringing the final volume to 1 L with distilled
water. To this mixture, 50 pL of 1% (w/v) potassium ferricyanide (100ml mixture of 1g
[K3Fe(CN)e] and distilled water) was added, followed by incubation at 50°C for 20 min.
After incubation, 50 uL of 10% trichloroacetic acid (1g TCA in 10 ml distilled water)
was added, along with 40 pL of distilled water and 10 pL of 0.1% ferric chloride (0.1 ¢
FeCls dissolved in distilled water up to 100 ml). The resulting solution’s absorbance
was measured at 700 nm to evaluate the sample’s reducing capacity. The positive
control replaced the sample with standards dilution of Gallic and Ascorbic acid, BHA,
BHT, Catechin, Quercetin and Trolox.

K
1opl
40pl
v \_‘ 0,2M phosphate buffer pH 6,6 ‘
Sample x L‘ 1% potassium ferricyanide |
dilution

= 4
o

’ Incubation (50°C/20min) |

[ho 2t
10 pl
< F{ 0,1% ferric chloride

4

ey
7

Reading (700 nm)

Figure 13: Protocol for Antioxidant Activity Determination

Using Ferric Reducing Antioxidant Power (FRAP) Assay

b. Cupric lon Reducing Antioxidant Capacity (CUPRAC) Assay

CUPRAC (cupric reducing antioxidant capacity) assay measures the reducing
ability of a sample through its electron-donating potential. Initially, the reaction mixture
is colorless, containing cupric ions (Cu**) complexed with neocuproine. Antioxidants
in the sample reduce Cu?* to cuprous ions (Cu*), forming a yellow-orange colored Cu'—
neocuproine complex (Apak et al., 2008). The intensity of this color change, measured
spectrophotometrically, is directly proportional to the sample’s reducing power and

overall antioxidant capacity.

34



---------------------------------------------------- Material and Methods

The Cupric reducing antioxidant capacity assay was modified from Apak et al.
(2004) to microplate use. Three solutions were prepared: Solution S1 was obtained by
dissolving 1.927g ammonium acetate (ACNH.) in 25 mL distilled water to yield a
transparent solution at pH 7.0. Solution S2 was prepared by dissolving 0.039 g
neocuproine in 25 mL methanol. Solution S3, a blue solution, was prepared by
dissolving 0.042625 g CuClz-2H20 in 25 mL distilled water (source of Cu? ions). The
assay was performed by mixing 40 pL of the sample with 60 pL of S1, 50 pL of S2,
and 50 pL of S3. The mixture was incubated at room temperature for 1 hour, and
absorbance was measured at 450 nm (Figure 14). The standards used for this assay are
dilutions of BHA, BHT, Catechin, and Trolox.

R
40pl
|
v 60 pl

Sample 50 ul
dilution

ammonium acetate solution l

|
l
|
|

neocuproine solution ‘

50 ul
\ B l Copper chloride solution l

Incubation (60 min/room T°)

‘ Reading (450 nm) ‘

Figure 14: Protocol for Antioxidant Activity Determination Using
Cupric lon Reducing Antioxidant Capacity (CUPRAC) Assay

c. Total Antioxidant Capacity (TAC) Assay

The total antioxidant capacity (TAC) of the extracts was assessed using the
phosphomolybdate method, which relies on the reduction of molybdenum (VI)
[Mo(VI)] to molybdenum (V) [Mo(V)] by antioxidants under strongly acidic
conditions. In this assay, ammonium molybdate serves as the source of Mo(V1), which
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is reduced by the antioxidants present in the sample. The reduced Mo(V) subsequently
forms a stable green phosphate-Mo(V) complex in the presence of sodium phosphate,
which supplies the phosphate ions necessary for complex formation. The reaction takes
place in an acidic medium maintained by sulfuric acid, which ensures proper reduction
and stabilization of the chromogenic complex. The resulting green coloration, measured
spectrophotometrically at 695 nm, is directly proportional to the electron-donating
capacity of the antioxidants, reflecting the overall antioxidant potential of the sample
(Prieto et al., 1999).

Prieto et al. (1999) modified assay of total antioxidant capacity using
phosphomolydate was conducted as indicated in Figure 15, by mixing in Eppendorf
tube, 0.1 ml of sample with 1ml of an equal-volume reagent solution composed of 28
mM sodium phosphate (prepared by dissolving 0.7949 g Na;HPO4 or 0.67188 g
NaH2PO4 in 200 mL distilled water), 4 mM ammonium molybdate (0.9311 g in 200 mL
distilled water), and 0.6 M sulfuric acid (6.7 mL concentrated H.SO4 diluted to 200 mL
with distilled water). The reaction mixtures were incubated at 95 °C in a water bath for
90 min. After incubation, 200 uL of each mixture was transferred to a 96-well
microplate, and absorbance was measured at 695 nm. several standards used as positive
control in this study (Gallic and Ascorbic acids, BHA, BHT, Catechin, Quercetin and

Trolox).

l51 J l s2 J lss | S1: 28 mM Sodium Phosphate

$2: 4 mM Ammonium Molybdate
! 1/ 0,1 ml $3:0.6 M sulfurique Acid
< 1ml

L= ‘: '___nk

v b X
| Incubation (95°C/90min) |

Figure 15: Protocol for Antioxidant Activity Determination Using Total Antioxidant
Capacity (TAC) Assay
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2.2.3.2.3. Chelating Ability

Metal chelating ability represents the potential of a sample to bind transition
metal ions, thereby inhibiting their participation in redox reactions that generate
reactive oxygen species. In the assays, metal ions in the reaction medium can form
colored complexes with a chromogenic indicator. The presence of chelating compounds
in the sample competes with the indicator for the metal ions, leading to a reduction in
the intensity of the colored complex (Gulcin & Alwasel, 2022). The extent of this
decrease, measured spectrophotometrically, provides a quantitative estimate of the
sample’s metal-chelating capacity and is typically expressed as a percentage of

inhibition relative to a control using the following equation:

Chelating ability(%) = [1 - %] X 100 i cs e v v v eeeeeee e eennnn(1)

As: absorbance of samples (extract or standard)
Asb: absorbance of samples blank (reaction with methanol replace color changing reagent)
Anc: absorbance of negative control (reaction with methanol replacing sample)

)X 1000] X EY x (32200) L, )

IC50EDTA
IC50S

EDTAEAC = [(

TEAC: Trolox equivalent antioxidant capacity

ICsoEDTA: inhibition concentration of Trolox at 50% rate (mg/ml)
ICs0S: inhibition concentration of sample at 50% rate (mg/ml)

EY: extraction yield (g/g)

MwEDTA: molecular weight of Trolox (372,24 g/mol)

EDTA-Na; standard is used as positive control for chelating assay.

a. Ferrous lon Chelating (FIC) Assay

Ferrous ion chelating (FIC) assay evaluates the ability of a sample to bind
ferrous ions (Fe*') and prevent their interaction with a chromogenic reagent. In this
method, ferrous ions initially form a purple/red-colored complex with ferrozine. When
chelating agents are present in the sample, they compete with ferrozine for binding to
Fe?*, reducing the formation of the colored complex. The resulting decrease in color
intensity, measured spectrophotometrically, is proportional to the sample’s metal-
chelating capacity and is typically expressed as a percentage inhibition relative to a
control (Butt et al., 2014).

The assay was performed following the method of Decker & Welch (1990),
modified for 96-well microplate use (Figure 16). In each well, 40 puL of methanol was

mixed with 40 pL of the sample, followed by 40 uL of 0.2 mM Fe** solution (prepared
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by dissolving 4 mg FeCls-2H>0 in 100 mL distilled water) and 80 pL of 0.5 mM
ferrozine solution (2.5 mg ferrozine dissolved in 10 mL distilled water). The mixture

was incubated at room temperature for 10 min, and absorbance was measured at 562nm.

Q& 40l
Methanol
40ul
|

40ul I
V | 0,2mM ferrous solution ‘
80ul
Sample \ = I 0.5 mM ferrozine solution ‘
dilution

Incubation (10min/room T°)

4

4

| Reading (562 nm) I

Figure 16: Protocol for Antioxidant Activity Determination Using Ferrous lon
Chelating (FIC) Assay

b. Copper Chelating Activity (CCA) Assay

The copper chelating activity (CCA) assay evaluates the ability of a sample to
bind cupric ions (Cu?"), thereby preventing their participation in redox reactions that
generate reactive oxygen species. In this assay, Cu?" ions initially form a blue-colored
complex with the chromogenic indicator pyrocatechol violet (PV). When chelating
compounds are present in the sample, they compete with PV for Cu** binding, reducing
the formation of the PV—Cu?*" complex. (Yadav & Zelder, 2021). The resulting
decrease in absorbance, measured spectrophotometrically, is proportional to the
sample’s copper-chelating capacity and is expressed as a percentage of inhibition

relative to a control.

The CCA assay was performed following a modified protocol based on
Sanchez-Vioque et al. (2013). In each well, 40 pL of the sample was mixed with 140
ML of 50 mM sodium acetate buffer (pH 6.0) and 10 puL of 5 mM [CuSO4-5H20]
solution (12.5 mg dissolved in 10 mL buffer). The mixture was incubated for 30 min at
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room temperature, followed by the addition of 10 puL of 4 mM pyrocatechol violet (PV)
solution (15.4 mg dissolved in 10 mL buffer). After a further 30 min incubation, the
absorbance was measured at 632 nm (Figure 17).

The sodium acetate buffer was prepared by mixing 5.22 mL of a solution containing
1.148 mL of acetic acid complete with distilled water to 200 mL with 94.78 mL of a

solution prepared by dissolving 1.64 g of sodium acetate in 200 mL of distilled water.

40pl

2 140pl |

y | 50 mM sodium acetate buffer (pH 6.0) ‘
Sample \ 104 l 5mM Copper sulfate solution ‘
dilution

‘ Incubation (30min/room T°)

10l -
sl | 4 mM pyrocatechol violet

‘ Incubation (30min/room T°)

3

‘ Reading (632 nm) ‘

Figure 17: Protocol for Antioxidant Activity Determination Using the Copper
Chelating Activity (CCA) Assay

2.2.3.3. Anti-Inflammatory Activity

Inflammation is a physiological response to injury, infection, or chemical
stimuli, but chronic or excessive inflammation can lead to various diseases, including
arthritis, cardiovascular disorders, and neurodegenerative conditions. Evaluating the
anti-inflammatory potential of natural products or synthetic compounds is important for
identifying agents that can modulate inflammatory responses, inhibit protein
denaturation, and prevent tissue damage, thereby contributing to therapeutic
development (Gaikwad et al., 2025).
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The BSA (bovine serum albumin) assay is based on the ability of a sample to inhibit
heat-induced protein denaturation, a process that mimics inflammatory protein damage.
Under stress (e.g., elevated temperature), BSA denatures, leading to structural changes
that increase turbidity or alter absorbance. When a sample with anti-inflammatory
properties is added, it stabilizes the protein structure and prevents denaturation,
resulting in a measurable reduction in turbidity or absorbance (Dragan et al., 2016).
The percentage inhibition of protein denaturation reflects the sample’s anti-

inflammatory activity and is calculated relative to a control.

The assay was carried out according to Kandikattu et al. (2013) with some
modifications to adapt it for microplate use. Each well was filled with 100 pL of sample
and 0.6% BSA prepared in Tris-HCI buffer (0.6072 g Tris dissolved in 100 mL of water,
adjusted to pH 6.6 with HCI). The plate was incubated at 37 °C for 15 min and then
placed in a 72 °C water bath for 5 min. After cooling, absorbance was measured at 660

nm using a microplate reader (Figure 18).

K

| 1 100 pl 100l |

] 1 | 0.6% BSA

Sample
dilution

‘ Incubation (72°C /5 min)

| Reading (660 nm) ‘

Figure 18: Protocol for Anti-Inflammatory Activity Determination Using the Protein

Denaturation Inhibition Assay
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The distribution of the assay in the microplate, was as the same as antoxidant
activity in Figure 9, the sample blank consisted of 0.1 mL sample mixed with 0.1 mL
Tris-HCI (replacing the BSA solution). The negative control consisted of 0.1 mL BSA
solution mixed with 0.1 mL distilled water, ensuring complete BSA denaturation in the
absence of inhibitors. Diclofenac was used as the standard, prepared in 24 successive
two-fold (1:2) dilutions starting from 25 mg/ml. The inhibition of protein denaturation,
reflecting anti-inflammatory potential, was calculated as follows:

B (As — Asb)

E inhibiti o) = 1
nzyme inhibition (%) = [ Anc

1% 100

As = Absorbance of the reaction with enzyme + test sample
Asb = Absorbance of the sample blank (corrects for color/turbidity of extract).
Anc = Absorbance of the negative control (represents 100% enzyme activity).

2.2.3.4. Enzyme Inhibition Activity

The enzyme inhibition activity assays, as the antioxidant activity
determinations, were carried out in the Laboratory of Biochemistry at the Research
Center in Biotechnology (CRBT), Constantine, Algeria.

2.2.3.4.1. Tyrosinase Inhibition Assay

Tyrosinase is a key enzyme in the biosynthesis of melanin, catalyzing the
oxidation of tyrosine to DOPA and subsequently to dopaquinone. Overactivity of
tyrosinase can lead to hyperpigmentation disorders, age spots, and uneven skin tone,
while excessive melanin formation is associated with certain dermatological conditions.
Evaluating tyrosinase inhibitory activity of natural or synthetic compounds is therefore
important for identifying potential skin-whitening, depigmenting, or anti-
hyperpigmentation agents in cosmetic and pharmaceutical applications (Pillaiyar et al.,
2017).

The tyrosinase inhibition assay evaluates the ability of a sample to inhibit the
enzymatic oxidation of L-tyrosine (or L-DOPA) by tyrosinase. Initially, the reaction
mixture is colorless or pale yellow. In the absence of inhibitors, tyrosinase catalyzes the
conversion of L-tyrosine to DOPA and subsequently to dopaquinone, which
polymerizes to form a dark-colored product. When an inhibitor is present, the formation
of this colored product is reduced, resulting in less intense color development. The
degree of tyrosinase inhibition is quantified by measuring the change in absorbance
relative to a control. (Chang, 2009; He et al., 2022)
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Tyrosinase was extracted from fresh fruiting bodies of Agaricus bisporus as
mentioned in Zaidi et al. (2014) mith modification (Figure 19). Briefly, 100 g of
chilled, sliced mushrooms were homogenized in 120 mL of ice-cold phosphate-
buffered saline (PBS, pH 7.0) using a pre-cooled blender for 30 seconds. The
homogenate was stirred on ice for 30 minutes to facilitate enzyme release, followed by
filtration through double-layered cheesecloth. The filtrate was centrifuged at 18 000 x
g for 30 min at 4 °C, and the resulting supernatant was collected as the crude tyrosinase
extract. This preparation was immediately used for enzymatic assays.
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| Tyrosinase extraction
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L gy
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(18,000 x g /30 min/4 °C) (Tyrosinase enzyme)
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Stirring (30min)

Figure 19: Protocol of tyrosinase enzyme extraction from

Agaricus bisporus mushroom

Mesuring the enzyme inhibition was practiced according to a modified protocol
of Deveci et al. (2018), 150 pL of PBS (pH 6.8), 10 uL of the sample (or Kojic acid for
positive control), and 20 pL of tyrosinase enzyme solution were added to each well of
a microplate. The mixture was incubated at 37 °C for 10 min, followed by the addition
of 20 pL of 5 mM L-DOPA. After a second incubation at 37 °C for 10 min, absorbance
was measured at 475 nm using a microplate reader (Figure 20). The standard used fir

this assay was kojic acid. The percentage of enzyme inhibition was determined using

(As—Asb)

the following equation:  tyrosinase inhibition (%) = [1 — 1% 100

A= Absorbance of the reaction with enzyme + test sample
Asb = Absorbance of the sample blank (corrects for color/turbidity of extract).
Anc = Absorbance of the negative control (represents 100% enzyme activity).
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Figure 20: Protocol for anti-pigmentation activity Using Tyrosinase Inhibition Assay

2.2.3.4.2. Urease Inhibition Assay

Urease is an enzyme that catalyzes the hydrolysis of urea into ammonia and
carbon dioxide. Overactivity of urease is associated with several medical and
agricultural problems, including peptic ulcers, urinary tract infections, and soil nitrogen
loss. Evaluating urease inhibitory activity of compounds is important for identifying
potential therapeutic agents to control urease-related infections and disorders, as well
as for developing strategies to reduce nitrogen loss in agriculture (Kissel et al., 1988;
Follmer, 2010).

This assay assesses the capacity of a sample to inhibit the urease-catalyzed
hydrolysis of urea. The reaction mixture, initially pale yellow due to the presence of
urea, phenol, and alkaline reagents, undergoes a color change in the absence of
inhibitors. Urease activity generates ammonia, which reacts with the phenol and
alkaline reagents, including sodium nitroprusside, producing a blue indophenol
complex. Samples with urease inhibitory properties reduce ammonia formation,
thereby limiting the development of the blue color. The intensity of the blue coloration,
measured spectrophotometrically, correlates with enzyme activity, and the percentage

inhibition is calculated relative to a control (Mahernia et al., 2015).
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Urease inhibitory activity was assessed following the method of Weatherburn

(1967), with modifications for microplate application as in Figure 21. In each well, 10

ML of test sample ( or Thiourea as positive control) was combined with 25 pL of urease

solution (1 mg/mL in buffer, pH 7) and 50 pL of urea substrate (0.2553 g urea dissolved

in 25 mL buffer, pH 8.2). Subsequently, 45 uL of phenol reagent [2 g phenol in 25 mL
distilled water mixed with 25 mg sodium nitroprusside (Naz[Fe(CN)sNQO]-2H20) in 25
mL distilled water] and 70 pL of alkaline reagent (0.7125 g NaOH in 25 mL distilled
water mixed with 1.175 mL NaOCI in 25 mL distilled water) were added. The reaction

mixtures were incubated at 30 °C for 50 min, after which the absorbance was recorded

at 630 nm using a microplate reader. The inhibtion equation is as following:

(As — Asb)

inhibiti 00 = [1 —
Urease inhibition (%) = [ Anc

1% 100

As = Absorbance of the reaction with enzyme + test sample

Asb = Absorbance of the sample blank (corrects for color/turbidity of extract).
Anc = Absorbance of the negative control (represents 100% enzyme activity).
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Figure 21: Protocol for anti-ulcer Activity Determination Using Urease Inhibition

Assay
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2.2.3.4.3. a.amylase Inhibition Assay

a-Amylase is a key digestive enzyme that hydrolyzes starch into maltose and
glucose. Overactivity of a-amylase can lead to rapid postprandial increases in blood
glucose, contributing to hyperglycemia and type 2 diabetes (Souza, 2010). Evaluating
the a-amylase inhibitory potential of natural or synthetic compounds is therefore
important for identifying agents that can help manage blood glucose levels and control

diabetes.

the reaction mixture containing starch and IKI solution exhibits an orange color,
reflecting the formation of a preliminary starch-iodine complex under the assay
conditions. In the absence of inhibitors, a-amylase hydrolyzes starch into smaller
sugars, which disrupt the complex and lead to a paler color. When a sample contains an
a-amylase inhibitor, starch degradation is reduced, and the starch-iodine complex is
preserved, resulting in a brown color (Rendleman Jr, 2003). The intensity of this
brown coloration, measured spectrophotometrically, is proportional to the degree of

enzyme inhibition, and the percentage inhibition is calculated relative to a control

The a-amylase inhibition assay was performed in a microplate format based on
the procedure described by Zinjarde et al. (2011) which was loaded as Figure 22, with
appropriate modifications as follows: In each well, 25 uL of the sample was mixed with
50 pL of a-amylase solution (1 U). The mixture was incubated at 37 °C for 10 min,
followed by the addition of 50 pL of 0.1% starch solution and a further incubation at
37 °C for 10 min. The reaction was then terminated by adding 25 pL of 1 M HCI, after
which 100 pL of IKI solution (5 mM KI and 5 mM 12) was added. The plate was
incubated briefly, and absorbance was measured at 630 nm using a microplate reader
(Figure 23). Inhibition (%) was determined according to the following equation:

(As — Asb)

Enzyme inhibition (%) = [1 — m

1% 100

Ac=Absorbance of substrate control correspanding to maximum color intensity of the starch [no enzyme
and substrate]

Ac=Absorbance of enzyme control correspanding to 0% inhibition and 100% enzyme activity [no
inhibitos]

As=Absorbance of sample

Agp=Absorbance sample blank
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2.2.3.4.4. Acetyl/Butyrylcholinesterase Inhibition Assay

Acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) are enzymes
that hydrolyze the neurotransmitters acetylcholine and butyrylcholine, respectively.
Overactivity of these enzymes can reduce neurotransmitter levels, contributing to
cognitive decline and neurodegenerative disorders such as Alzheimer’s disease.
Evaluating the inhibitory potential of natural or synthetic compounds against AChE and
BChE is therefore important for identifying potential therapeutic agents that can
improve cholinergic signaling and cognitive function (Greig et al., 2005; Caeiro et al.,
2021).

These assays are based on the ability of a sample to inhibit enzyme-catalyzed
hydrolysis of acetylthiocholine or butyrylthiocholine. Initially, the reaction mixture
containing the enzyme, substrate, and chromogenic reagent (such as DTNB, Ellman’s
reagent) is colorless or pale yellow. In the absence of inhibitors, the enzymes hydrolyze
the substrate to release thiocholine, which reacts with DTNB to produce a yellow-
colored 5-thio-2-nitrobenzoate anion. When an inhibitor is present, substrate hydrolysis
is reduced, diminishing the formation of the yellow color (Kostelnik & Pohanka,
2018). The intensity of the yellow coloration, measured spectrophotometrically, is
proportional to enzyme activity, and the degree of inhibition is calculated relative to a

control.

The inhibitory activities of acetylcholinesterase and butyrylcholinesterase were
determined using the method of Ellman et al. (1961) with mesurement of microplate
well volume (Figure 24). A reaction mixture containing 150 puL of 100 mM sodium
phosphate buffer (pH 8.0), 10 uL of the sample, and 20 pL of enzyme solution [AChE
(5.32 x 1072 U) or BChE (6.85 x 10 U)] was incubated at 25 °C for 15 minutes.
Subsequently, 10 uL of 0.5 mM DTNB (prepared by dissolving 16 mg DTNB and 7.5
mg NaHCO3z in 8 mL phosphate buffer, pH 8) and either 10 pL of 0.71 mM
acetylthiocholine iodide (16 mg ACI in 8 mL phosphate buffer, pH 8) for AChE, or 10
pL of 0.2 mM butyrylthiocholine chloride (4 mg BCI in 8 mL phosphate buffer, pH 8)
for BChE, were added to each reaction well. The mixture was then incubated at room
temperature for 15 minutes, and the absorbance was measured at 412 nm. The activity

is measured as the following equation:
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inhibition (%) = [1 —

As = Absorbance of the reaction with enzyme + test sample

Asv = Absorbance of the sample blank (corrects for color/turbidity of extract).

Anc = Absorbance of the negative control (represents 100% enzyme activity).

The phosphate buffer pH 8.0 is prepared by mixing 5.3ml of NaH2PO4 (1.56 g of
[NaH2PO4, 2H20] in 100 ml of H20) and 94.5ml of Na2HPO4 (8.890 g of[Na:HPOa,
2H>0] in 500 ml of H20).
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/
0.2 mM butyrylthiocholine chloride

A 4

I Incubation (25°C/15min) ‘

SR—

g

Reading (412 nm)

Figure 24: Protocol for anti- Anti-Alzheimer Activity Determination Using

acetylcholinesterase and butyrylcholinesterase Inhibition Assay

2.2.3.4.5. Pancreatic Lipase Inhibition Assay

Lipases are enzymes that catalyze the hydrolysis of dietary triglycerides into
glycerol and free fatty acids, facilitating fat absorption in the digestive system.
Overactivity of pancreatic lipase can contribute to excessive fat digestion and
absorption, which is associated with obesity and related metabolic disorders (Singh,
2022). Evaluating the lipase inhibitory potential of natural or synthetic compounds is
therefore important for identifying agents that may help control obesity, manage lipid
metabolism, and support weight management therapies.
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The assay is based on the reaction of lipase with p-nitrophenyl palmitate (p-
NPP) in buffer, which is initially colorless. In the absence of inhibitors, lipase
hydrolyzes p-NPP to release p-nitrophenol, producing a yellow color. In the presence
of a lipase inhibitor, hydrolysis is reduced, resulting in a less intense yellow coloration
(Syedd-Ledn et al., 2020).

lipase inhibitory activity was determined using p-nitrophenyl palmitate as
substrate, following a spectrophotometric method of Souza et al (2011) with
modifications (Figure 25). 50 pL of sample extract was mixed with 100 pL of
pancreatic lipase solution (1 mg/mL in 50 mM Tris—HCI buffer, pH 8.0) and pre-
incubated at 37 °C for 20 min. The reaction was initiated by adding 50 pL of p-NPP
solution (prepared by dissolving 3.8 mg p-NPP in 2 mL DMSOQO), and the mixture was
further incubated at 37 °C for 2 h. The release of p-nitrophenol was measured at 405
nm using a microplate reader. Tris—HCI buffer was prepared by dissolving 1.21 g Tris
in 200 mL distilled water and adjusting the pH to 8.0 with HCI. Appropriate blanks and
controls were included to correct for background absorbance of enzyme, substrate and

extracts. The inhibition rate is measured using the following equation:

Lipase inhibition (%) = [1 — (As—Asb)

1% 100
As = Absorbance of the reaction with enzyme + test sample

Asb = Absorbance of the sample blank (corrects for color/turbidity of extract).
Anc = Absorbance of the negative control (represents 100% enzyme activity).

N

100 pl
‘ o l b pancreatic lipase
Sample
dilution

| Incubation(37°C/20min) ‘
50 pl
p-NPP solution

| Incubation (37°C/2h) |

3

)

Reading (405 nm)

Figure 25: Protocol for anti- obesity Activity Determination

Using Lipase Inhibition Assay

49



---------------------------------------------------- Material and Methods

2.2.3.5. Antibacterial Activity

The antibacterial activity of the extracts was evaluated in the Pharmaceutical
Sciences Research Center (C.R.S.P. Constatine, Algeria) and in Pasteur Institute
(Algiers, Algeria) to determine their ability to inhibit the growth of Gram-positive and
Gram-negative bacteria. Standardized methods resumed in Figure 26, were applied to
assess the effectiveness of the samples against reference strains, providing reliable data

on their potential antimicrobial properties.

/ : > » @n/ .—>

revivification Incubation transferring colonies Incubation
(GN) (37°c/18-24h) into MHB tubes (37°C/18-24 h)

Sample
(50mg/ml)

JED « -@-@&@ \

Mesure Incubation Placing disks inoculation turbidity
inhibition zone (37°c/18-24 h) Adding samples with bacterial 0.5 McFarland

Figure 26: protocol for anti- bacterial Activity Determination Using disk diffusion

Assay

2.2.3.5.1. Bacterial Strains

The antibacterial activity of the extracts was assessed against a selection of
Gram-positive and Gram-negative bacteria. Gram-positive strains included
Staphylococcus aureus (ATCC 25923), Bacillus subtilis (ATCC 6633), Bacillus cereus
(ATCC 11778), and Enterococcus faecalis (ATCC 29212), while Gram-negative strains
comprised Escherichia coli (ATCC 25922), Klebsiella pneumoniae (ATCC 700603),
Pseudomonas aeruginosa (ATCC 27853), and Salmonella spp. All reference strains

were obtained from ATCC and were used to standardize the antibacterial assays.
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2.2.3.5.2. Samples Preparation

The test extracts were prepared at a concentration of 50 mg/mL in dimethyl
sulfoxide (DMSO). To ensure complete dissolution and improve homogenization, the
mixtures were subjected to an ultrasonic bath until a uniform solution was obtained.
The prepared extracts were freshly used for the antibacterial assays to maintain stability

and activity.

2.2.3.5.3. Bacteria Revival

The procedures for bacterial growth and maintenance were performed according
to standard guidelines (American Type Culture Collection [ATCC], n.d.).
Revivification of refrigerated bacterial cultures was performed by aseptically
transferring a small portion of the culture using a sterile inoculating loop into fresh
nutrient agar plates. The inoculated media were incubated under the species-specific
optimal growth conditions (at 37°C for 18-24h), and cultures were monitored for colony
formation. To enhance revival, media were pre-warmed when necessary, and all

procedures were carried out under strict aseptic conditions to prevent contamination.

2.2.3.5.4. Inoculum Preparation

A bacterial suspension was prepared from a fresh, actively growing culture (18—
24 h old) by transferring several well-isolated colonies from agar plates into 5 mL of
sterile Mueller-Hinton broth (MHB) in a sterile test tube. The cells were thoroughly
mixed to obtain a homogeneous suspension, using a vortex when necessary to disperse
clumps. The suspension was then incubated at 37°C for 18-24 h, and its turbidity was
adjusted to match the 0.5 McFarland standard (Figure 27), corresponding to
approximately 1 x 108 CFU/mL (Balouiri et al., 2016). The resulting suspension was
used immediately for subsequent assays to ensure viability.

Figure 27: measuring turbidity of inoculum using McFarland Densitometer
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2.2.3.5.5. Disk Diffusion Assay Procedure

The antibacterial activity of the extracts was evaluated using the disk diffusion
method (Hudzicki, 2009). Sterile 6 mm paper disks were impregnated with 10 pL of
each extract and placed onto the surface of Mueller-Hinton agar plates previously
inoculated with the test bacterial strains. Amoxicillin and ampicillin were used as
standard reference antibiotics, while disks with solvent alone served as negative
controls. The plates were incubated at 37°C for 18-24 hours, after which the zones of
inhibition around the disks were measured in millimeters to assess the antibacterial
activity of the extracts. All procedures were performed under aseptic conditions to

prevent contamination.

2.3.Statistical Analysis

Statistical analyses were performed to evaluate differences in cultivation
performance, productivity, and bioactive properties among treatments. For cultivation
performance and productivity, data were obtained from nine treatments with five
replications each. For biochemical assays, including TFC, TPC, antioxidant activities,
anti-inflammatory activity, and enzyme inhibition activities, a total of 27 samples were
analyzed (corresponding to the three flushes of mushrooms obtained from each of the
nine substrate formulations), with three replications per sample. Since the data did not
meet the assumptions of normality and homogeneity of variance, non-parametric tests
were applied. The Kruskal-Wallis test was used to detect overall differences among
groups, followed by Dunn’s post hoc test for pairwise comparisons, as it is specifically
designed for non-parametric multiple group comparisons and accounts for rank-based
differences more reliably than multiple Mann—-Whitney tests. To control for false
discovery rate across the large number of pairwise comparisons, p-values were adjusted
using the Benjamini—Hochberg correction, which provides a balanced approach by
maintaining statistical power while minimizing the likelihood of false positives
compared with more conservative corrections such as Bonferroni (McDonald, 2014).
Statistical significance was considered at p < 0.05. IBM SPSS Statistics (IBM
Corporation, version 27, Armonk, NY, USA) was used for calculating means and
standard errors, Microsoft Excel (Microsoft Corporation, Excel 2016, Redmond, WA,
USA) was employed to calculate activities using the respective equations and to
generate graphs, and R software (RStudio, version 2025.05.1+513) was used for non-

parametric testing and multiple comparison corrections.
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3. RESULTS AND DISCUSSION

3.1.Agronomic Performance
3.1.1. Carbon and Nitrogen Content

The analysis of carbon and nitrogen levels in tested substrates (Table 3) revealed that
date kernels contained relatively higher concentrations of both carbon and nitrogen, registering
values of 44.53+0.05% and 0.54+0.01% respectively in K100. In contrast, palm-based
substrates exhibited lower content, with 39.19+0.74% carbon and 0.28+0.06% nitrogen in
P100. A gradual increase in carbon and nitrogen was observed with greater incorporation of
date kernels and a corresponding reduction of palm material. However, the carbon-to-nitrogen
(C/N) ratio followed an opposite pattern: it declined with the rising proportion of date kernels
and increased with more palm material, ranging from 81.87+2.02 in K100 to 164.63+4.84 in
P75.

Table 3: Carbon and Nitrogen content of different substrates

SUBSTRAT Carbon content (%) Nitrogen content (%) C/N
WS 42,4240 + 0,0764b< 0,4241 + 0,0194¢2bc 100,4461 + 4,6175%¢
K25 43,7230 + 0,13672° 0,4609 + 0,01522bc 95,0610 + 2,863230¢
K50 43,7750 £ 0,02973¢ 0,4753 +0,0148% 92,2868 + 3,0256"
K75 44,0493 + 0,0438% 0,5236 + 0,00912 84,1763 + 1,4022°
K100 44,5290 * 0,05052 0,5445 +0,01312 81,8743 £ 2,0222°
P25 42,5967 + 0,057730¢d 0,4052 + 0,00682 105,1775 + 1,78033¢
P50 41,5143 +0,1194% 0,3313 +0,0135" 125,6717 + 4,6113%
P75 40,6910 + 0,0428 0,2474 +0,0069¢ 164,7269 + 4,83542
P100 39,1853 + 0,7381¢ 0,2756 + 0,0578%° 156,5239 + 35,5358

The numbers in the table representing the means + standard error, same letters over the same raw indicates
groups with no significant difference (P < 0.05)

The concentrations of total carbon, total nitrogen, and the C/N ratio within a substrate
are essential for successful mushroom cultivation, since they directly affect both mycelial
colonization and the subsequent development of fruiting bodies (Nieuwenhuijzen & Oei,
2005; Figueird & Graciolli, 2011).

Substrates derived from date kernels, the carbon content identified in the present study
was consistent with values reported by Hoa et al. (2015). Nevertheless, the nitrogen percentage

was significantly lower, which resulted in a comparatively elevated C/N ratio. These findings
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are in harmony with the conclusions of Atila and Cetin (2024) and Costa et al. (2023). The
fluctuations in nitrogen and carbon observed can be explained by the chemical constitution of
date kernels, which are known to contain around 4% protein and more than 20% cellulose,
hemicellulose, and lignin (Kocheki, 2015; Nabili et al., 2017; Abu-Thabit et al., 2020).

For palm-based substrates, the proportions of carbon and nitrogen were similar to those
reported by Burezq and Davidson (2023). Palm leaves consist predominantly of
lignocellulosic compounds—chiefly cellulose, hemicellulose, and lignin—that are abundant in
carbon. The high carbon percentage highlights the structural importance of these materials,
which form the cell walls of the leaves and provide rigidity and durability. This characteristic
is typical of most agricultural residues and woody plant-based raw materials (Al-Awa et al.,
2023; Dhahi et al., 2024). Nitrogen levels in palm leaves, on the other hand, are relatively low
because such tissues possess fewer proteins and nitrogen-rich molecules compared with fresh,
green, non-lignified tissues. Most nitrogen in palm foliage is bound in proteins and molecules
associated with photosynthesis and metabolic activity; however, as leaves age and undergo

lignification, their nitrogen proportion diminishes (Trabzuni et al., 2014).
3.1.2. Spawn Running Time

The colonization times across different treatments are summarized in Table 4. Substrate
K100 demonstrated the fastest colonization, taking only 12 days, followed by P100 with 17
days, both of which were quicker than wheat straw (WS), which required 20.6 days. Substrates
prepared from mixtures generally took slightly longer to reach full colonization, although these
differences were not statistically significant compared with WS. Specifically, K25, P25, and
K50 showed colonization times of 22.8; 22.6 and 22.2 days, respectively. Similarly, K75, P50,
and P75 exhibited colonization periods of 19.8; 19.2 and 19.4 days, which did not differ

significantly from each other or from WS.

Overall, the colonization times reported in this study were shorter than those
documented by Mkhize et al. (2016), who worked with maize stalks enriched with maize flour
and wheat bran, and also shorter than results obtained using substrates such as sugarcane
bagasse or banana leaves (Selvaananthi & Alphonse, 2022). For substrates like K25, P25, and
K50, colonization times were comparable to values obtained with paddy straw (Selvaananthi
& Alphonse, 2022) and with the observations of Atila and Cetin (2024), who reported about
20 days for full colonization on substrates such as poplar sawdust, lavender straw, and lavender

flower waste.
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The colonization speed on K100 was similar to that observed on substrates including
corn straw (with or without sugarcane bagasse), waste paper, cardboard from industry, maize
cobs, and cottonseed hulls. By contrast, colonization on P100 closely resembled results
obtained with substrates such as plantain midrib (either alone or in combination with corn straw
and sugarcane bagasse) and rice straw (Afify et al., 2012; Emiru et al., 2016; lwuagwu et al.,
2020; Subedi et al., 2023).

Mycelial growth and colonization form the first stage of mushroom cultivation, laying
the groundwork for basidiocarp production. Extended spawn run periods on lignocellulosic
substrates are usually linked to the slower pace of fungal hyphae on such substrates, which
depends on extracellular enzymes for degradation (Mandeel et al., 2005). Samuel and Eugene
(2012) stressed the importance of nitrogen in stimulating mycelial development, noting that
nitrogen scarcity hinders growth, whereas moderate nitrogen levels activate ligninolytic
enzymes. Conversely, when nitrogen surpasses 1.5%, enzyme synthesis is repressed (Hoa &
Wang, 2015; Neelam et al., 2011). This mechanism may clarify the growth patterns on palm-

based substrates.

Carbon serves as both a key source of energy and a structural building block of mycelial cells
(Walker & White, 2017). Because date kernels contain relatively greater amounts of both
carbon and nitrogen than wheat straw (WS), they seem to foster more rapid colonization,
producing quicker spawn runs when used in higher proportions. Moreover, Stamets (2000)
indicated that prolonged colonization phases can also stem from compact substrates with fine

particle sizes, as these restrict aeration and impede hyphal expansion.

3.1.3. Pinhead Formation

Once bags were completely colonized with mycelium, they were transferred into
another room to monitor subsequent growth stages, beginning with the time required for the
first pinhead appearance. Substrates P75 and P100 exhibited the longest intervals, requiring
16.8 and 17 days respectively for the emergence of initial primordia, followed by WS at 15.8
days. In contrast, K75 displayed a shorter period of 9 days, followed by K50 and K100 with 11
and 11.4 days, respectively. The remaining treatments—Kz25, P25, and P50—showed no

significant differences across the groups (Table 4).
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When combining both spawn run and pinhead emergence, the shortest total durations
were noted for K100 (23.4 days) and K75 (28.8 days), whereas the longest were observed on
WS, P25, and P75 (36.4, 36.6, and 36.4 days, respectively).

The recorded interval of 9 to 17 days between full colonization and pinhead formation
is in line with findings from previous studies (Girmay et al., 2016; Tupa et al., 2020; Otieno
et al., 2022). Substrates richer in lignin and cellulose usually delay primordia initiation, while
those containing more readily digestible nutrients and less lignin accelerate the process (Oei,
2003; Al-Jbouri et al., 2025). Nitrogen also plays a central role as it stimulates pinhead
formation (Tupa et al., 2022). Furthermore, it has been observed that longer spawn runs may
shorten the time interval to pinhead initiation (Dissasa, 2022).

3.1.4. Flushes and Total Crop Duration

After fruiting bodies matured, the clusters were harvested in flushes (Figure 28). Results
in Table 4 indicated that the time required to harvest subsequent flushes increased
progressively. The first harvest, occurring after primordia development, took between 6.4 and
9.4 days across all treatments, with no significant variations. Similarly, no significant

differences were observed in the timing of the second flush.

Figure 28: clusters from different substrate formulas
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In contrast, significant variation was seen in the third flush. The shortest harvest times
were found in K50, K75, K100, and P75 (24.2, 25.4, 23.2, and 22.4 days respectively), while
P75 also recorded the longest at 67.4 days. Regarding the complete crop cycle, K100 displayed
the shortest overall duration, producing three flushes within 71 days. P75 followed, requiring
125.2 days from inoculation to finish 4.2 flushes, and 89.6 days to achieve its third flush. By
comparison, K25 demonstrated the longest cropping period, yielding 5.6 flushes over 223 days,
with 110 days to the third flush. K50 produced the greatest number of flushes (6.2), although
this did not significantly differ from K25 or K75, which required 98.4 and 83.2 days to reach
approximately 5.8 and 3 flushes, respectively. Palm-containing substrates yielded between 3.4
and 4.4 flushes, with no notable differences among them.

In the literature, the time required for full fruiting body formation typically ranges
between 22 and 35 days (Emiru et al., 2016), although extended durations up to 56 days have
been recorded (Afify et al., 2012; Atila & Cetin, 2024). Since primordia maturation showed
no significant differences across treatments, the primary variations must be attributed to the
spawning phase, where delays in colonization and primordia initiation extended the harvesting
period (Hoa et al., 2015).

The intervals between flushes—particularly the first three—were shorter than those
reported by Paudel and Dhakal (2020), who noted gaps of 5-6 weeks between the first and
second flush and 7-10 weeks between the second and third. This discrepancy is most likely
associated with the progressive depletion of carbon and nitrogen reserves in the substrate, which

slows primordia development in later flushes (Naraian et al., 2008).

A reduced production cycle represents an important criterion for substrate selection. The
total cropping time in this study, extending from inoculation to the last flush, contrasts with the
69-96 days reported by Paudel and Dhakal (2020) for only three flushes. Nonetheless, the
results here agree with Khanna and Garcha (1982), who suggested that mushroom harvesting

may last up to 104 days.

The quantity and length of flushes are largely determined by nutrient reserves within the
substrate. As nutrients become exhausted, both the number of flushes and total yields decrease.
Substrates with higher or better-balanced nutrient availability tend to sustain more flushes,
whereas those high in lignin and cellulose or generally poor in nutrients support fewer flushes
because of slower degradation and limited nutrient supply for fruiting (Sonnenberg, 2022).

Accordingly, the differences observed across treatments in this study can be explained by
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variation in spawn run length, primordia initiation, fruiting maturation, flush intervals, and the

total number of flushes achieved.

3.1.5. Yield and Biological Efficiency

Following the harvesting and weighing of each flush separately, it was evident that the
first flush produced the highest yield, after which output gradually declined across subsequent
flushes. A substantial portion of total production was concentrated within the first three flushes.
The maximum first flush yield was observed in K25 (211.6 g), while the lowest were in K100
(93 g) and P100 (98.6 g). The other treatments yielded between 126 and 167 g, without

significant differences (Table 5).

K100 yielded only three flushes in total, with an overall yield of 220.2 g per bag (44.04%
BE)—a value nearly equivalent to the first flush alone of K25 (211.6 g)—and comparable to
P100, which produced 218.69 g across 3.8 flushes and 199.4 g within the first three flushes
(43.7% and 39.9% BE, respectively).

When the first three flushes were compared across all treatments, the greatest combined
yield was obtained from K25 (478.07 g), corresponding to a biological efficiency (BE) of
95.6%, a value not statistically different from K50 (86.3% BE) or K75 (83% BE) (Figure 29,
Table 5).

100 . - )
M Biological Efficiency of three first

90 flushes
80 B Total Biological Efficiency
8
]

z
8

-
38
3
g

0

S K25 K50 K75 K100 P25 P50 P75 P100
SUBSTRATE

Figure 29: Mean BE of three first flushes and total BE of Pleurotus ostreatus mushroom

cultivated on different substrate mixture
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Yield represents a decisive parameter in selecting a substrate. The progressive
decline in yield across flushes, as noted in this experiment, aligns with previous reports
(Hoa et al., 2015; Dedousi et al., 2023). Such distribution is a common pattern in
Pleurotus spp. (Rizki & Tamai, 2011; Koutrotsios et al., 2018; Melanouri et al.,
2022). The major explanation for yield reduction in later flushes is the depletion of
readily available nutrients within the substrate, which provide both energy and building
blocks for fruiting. The initial flush usually utilizes the most accessible nutrient
fraction, while subsequent flushes depend on harder-to-access reserves, causing a
decline in productivity. Additionally, the build-up of metabolic byproducts and
inhibitory substances may further suppress fungal growth and reduce yields in later
flushes (Naim et al., 2020).

When considering solely the first flush, the yield obtained with K25 was on par
with the findings of Subedi et al. (2023) using mixtures of rice straw and water
hyacinth, and it even exceeded the yields recorded by Bhatti et al. (2007) for wheat
straw substrates. Remarkably, the maximum cumulative yield achieved with K25 in
this research corresponded to the minimum vyield reported by Subedi et al. (2023),
whereas even the lowest yield registered for K100 was higher than most of the values
documented by Emiru et al. (2016).

When assessing all flushes collectively, the combination of date kernel and wheat
straw produced yields and biological efficiencies comparable to those observed by
Sales-Campos et al. (2011) in coconut-sawdust mixtures. However, the yield of K75
was notably greater than that of K25. A separate investigation involving date kernel
(Abdulhadi & Hassan, 2013) also reported a biological efficiency for K100 that aligns
with the present findings. These patterns most likely reflect the nutritional shortcomings
of lignocellulosic materials, which characteristically contain little protein and therefore
are less favorable for mushroom growth (Obodai et al., 2002). Supplementation with
nitrogen-rich substrates has been shown to enhance both yield and product quality in
Pleurotus species (Mabhari et al., 2020). Nevertheless, date palm leaves are marked by
a high carbon-to-nitrogen ratio because of their low nitrogen content, which slows down
mycelial colonization, postpones the development of pinheads and fruiting bodies, and

in the end reduces yield and biological efficiency (Ali et al., 2018).

61



--------------------------------------------------- Results and Discussion

3.2.Biochemical and Mycochemical Characterization
3.2.1. Extraction Yield

Extraction yield varied substantially according to the substrate employed
(Figure 30 and appendix B). Palm-based treatments yielded the highest outputs
(combining four treatments across three flushes) when compared with date kernel
treatments, and among them, P100 displayed the greatest yield. The highest yield
recorded in the study was in the second flush of P100 (39.12%), followed by P25 (38%),
K25 (37.56%), and the third flush of WS (40.32%), the latter being the sole treatment
that showed an increase in extraction yield as harvesting progressed. K75 and K100
demonstrated nearly identical yields across treatments and flushes, similar also to P75,
ranging between 27.68% and 32.80%. K50 exhibited the lowest yield among all
treatments, with almost no flush-to-flush variation, ranging from 22.32% to 34.84%;
specifically, the second flush of P50 (23.6%) and the third flush of P25 (24.04%)
represented the lowest values.

The maximum yield reported here matches the findings of Irshad et al. (2023)
using water extraction. Conversely, the lowest yield is consistent with the observations
of Gasecka et al. (2016) when employing the same extraction solvent (80% methanol
in water), though it was still higher than the results documented by and Oyetayo
(2011).

M 1st flush  ®2nd flush 3rd flush

45

3

40
35
2
2
1
1

0

WS k25 K50 P50 P7

K75 K100 P25 5 P100

extraction yield (%)
(6, o w o (6] o

sample

Figure 30: Extraction yield from three first flushes of Pleurotus ostreatus mushrooms

grown on different substrate formulas.
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3.2.2. Total Phenolic and Flavonoid Content (TPC, TFC)

TPC and TFC were measured in both mg per g of extract (Figure 31 and 32) and
mg per g of dry mushroom (Figure 33 and 34), allowing assessment of extract
concentration as well as the nutritional composition of the mushroom biomass and all
data are available in Appendix C with the significant difference in Table Cland the
standard curves in Figure C1 and C2. The two parameters were differently influenced

by the type of substrate, the proportion of combinations, and the flush sequence.

Flush order had a marked impact: TFC was typically maximized in the first
flushes; TPC peaked in the second flushes, while the third flushes generally showed
decreased levels of bioactive compounds despite occasionally maintaining high yields.
Expressed per g of dry mushroom, the highest TPC was observed in the third flush of
date kernel treatments and the first flush of palm-based treatments, whereas TFC was

greatest in the first flush across most of the substrates.

The relationship between extraction yield and phenolic/flavonoid content
revealed a negative correlation for both TPC and TFC when expressed per g of extract
(-0.26 and —0.46, respectively), indicating that higher extraction yield tended to
correspond to slightly lower phenolic and flavonoid concentrations in the extract.
However, positive correlations (+0.23 for TPC and +0.20 for TFC) were noted when
expressed per g of dry mushroom, suggesting that higher extraction yields resulted in
greater total phenolic and flavonoid content per mushroom unit (Figure 35).

0.20 TPC
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E 0.14 3rd flush
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WS K25 K50 K75 K100 P25 P50 P75 P100
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Figure 31: total phenolic content (TPC) of Pleurotus ostreatus mushroom extract (mg
GAE/q)
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Figure 32: total flavonoids content (TFC) of Pleurotus ostreatus mushroom extract
(mg QE/g)

TPC

0.05

M 1st flush

0.05 m 2nd flush

“ ‘l m 3rd flush ‘
50 P75

K100 P25 P P100
Sample

0.04

0.0
0.0
0.0
0.00
WS K25 K50 K75

Figure 33: total phenolic content (TPC) of Pleurotus ostreatus mushroom
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Figure 34: total flavonoids content (TFC) of Pleurotus ostreatus
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Results and Discussion

TPC per dry mushroom (mg GAE/g DW)
N w w e A
w (=] wv o w

g
o

=
9]

TPC: per extract vs per dry mushroom

1.8 %

x
Xy
X
x
w
o
Iy
o

w

B
I
=

Extraction yield (%)

(1)

N
=
[N}
x

w
s

=

o

N
@

e

=]

[N
[=]
TFC per dry mushroom (mg QE/g DW)

x
N
B

o

k=2l

T

x

X X

X

x
<
IS

T

x

6

TFC: per extract vs per dry mushroom

8 10 12 14 16 18 2 3 7 5
TPC per extract (mg GAE/g extract) TFC per extract (mg QE/g extract)

6

L) w W w w w £
@ o L) = (=1 [e] o
Extraction yield (%)

N
(=}

N
£

The highest extraction yields—such as the first flush of P100 (40.32%) and

Figure 35: correlation between TPC, TFC and extraction yield

P75 (39.12%), and the second and third flushes of K100 (37.56% and 38%,
respectively)—recorded TPC values of 10.229 mg GAE/g extract and 8.86 mg GAE/g

extract, respectively. On the other hand, the lowest yields observed in the third flush

of WS, K25, and P25 (23.98%, 22.32%, and 24.04%, respectively), as well as the
second flush of P50 (24.84%) and the first flush of P25 (23.6%), displayed TPC
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values ranging between 7.949 and 16.804 mg GAE/g extract and TFC values between
2.115 and 6.397 mg QE/g extract.

Outliers such as P75/1 (high yield but low TPC) and P25/2 (low yield but very
high TPC) confirmed that extraction yield and phenolic/flavonoid concentrations are
not directly proportional, underscoring a trade-off between extract quantity and

bioactive richness.

When expressed per g of dry mushroom (DM), these patterns persisted but with
some differences. Palm-based substrates still led in phenolic abundance, though the
advantage was less pronounced since high-yield treatments also delivered more total
bioactive compounds per mushroom despite their extracts being more diluted. P25/1
(3.462 GAE/g DM) and P25/2 (1.774 GAE/g DM) remained among the top TPC values
per DM, but high-yield treatments such as K100/3 (4.725 GAE/g DM) and K50/2
(4.124 GAE/g DM) also displayed competitive TPC due to their greater extractable
mass. For TFC, wheat straw showed relatively stable values across flushes, while
kernel-based substrates demonstrated a sharper decline in later flushes.
Samples with both reasonable yields and high concentrations—such as P25/1 (23.6%
yield; 16.804 mg GAE/g and 6.397 mg QE/g per extract)—or with high yield but
moderate concentrations like K50/2 (34.08% yield; 11.726 mg GAE/g and 2.57 mg
QE/g per extract)—proved capable of maximizing total phenolic and flavonoid
recovery per unit mushroom (3.462 mg GAE/g and 1.043 mg QE/g for P25/1; 4.124
mg GAE/g and 1.428 mg QE/g for K50/2).

Gasecka et al. (2016) found that P. ostreatus cultivated on wheat straw
supplemented with Se and Zn achieved TPC values of 13.38 mg GAE/g extract and
TFC values of 2.72 mg QE/g extract, lower than the maximum values reported in the
present study. However, these remain below several studies of wild mushrooms or
cultivation on coconut (Fakoya et al., 2020; Mihai et al., 2022) and above cultivation
with oil palm supplemented with rice bran, gypsum, and lime in tea or espresso waste
(Sulistiany et al., 2016; Yilmaz et al., 2017).

The TFC values reported here (mostly between 0.4 and 1.8 mg QE/g DW) align
with prior studies on Pleurotus species that recorded TFC between 0.5 and 2.0 mg QE/g
DW, depending on extraction technique and substrate (Gasecka et al., 2016; Pandey

et al., 2023). The higher values for palm-based substrates support earlier findings that
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substrates rich in polyphenolic precursors enhance biosynthesis of antioxidant
compounds (Mkhize et al., 2022; Gebru, Faye, & Belete, 2024).

Several other studies reported extremely low flavonoid levels in Pleurotus
extracts—down to about 0.12-0.15 mg QE/g DW or even less when cultivated on oil
palm residues supplemented with rice bran, gypsum, and lime, or on tea and espresso
waste (Sulistiany et al., 2016; Yilmaz et al., 2017). These findings confirm that
flavonoid content can fall below the lowest TFC recorded in the present study (0.4 mg
QE/g DW).

Extraction vyield differences can be influenced by substrate richness in
secondary metabolites such as phenols, alkaloids, polysaccharides, and amino acid
derivatives (Rahimah et al., 2019; Effiong et al., 2024). When the solvent is suitable,
a metabolite-rich substrate gives higher yields, whereas nutrient-poor substrates yield
less (Bellettini et al., 2019; Elkhateeb et al., 2020). Rich polyphenolic or lignin
substrates may stimulate enzyme and metabolite production, while poor substrates
reduce biosynthesis, leading to less extractable matter (Wu et al., 2023). Wheat straw’s
heavily lignified and fibrous structure limits solvent penetration, allowing only small
amounts of polar compounds soluble in methanol, resulting in lower yields (Zhang et
al., 2022; Geremew et al., 2023). Palm-based samples, by contrast, contain more
accessible fibers and less lignified tissue, which improve extraction yields and increase
TPC and TFC (Koba & Ishizaki, 1990; Tahri et al., 2016).

The relatively high extraction yields obtained from Pleurotus ostreatus grown
on date kernel substrates can be attributed to the abundance of polyphenolic precursors
in date kernels (Habib et al., 2014), which are partly degraded by fungal enzymes such
as cellulases, hemicellulases, and ligninases. This releases soluble carbohydrates,
proteins, and small phenolic molecules that the fungus can assimilate and convert into
secondary metabolites, which accumulate in the fruiting bodies (Luz et al., 2012; L.i et
al., 2022), thereby increasing extractable mass. The low phenolic content in high-yield
extracts may result from a dilution effect, where extract mass is dominated by non-
phenolic solubles (polysaccharides, proteins, organic acids). Although nutrient-rich
substrates and fungal metabolism enhance overall solubility, they do not necessarily
stimulate phenolic biosynthesis, producing high vyields but lower phenolic

concentrations per g extract (Torres-Martinez et al., 2023; Pari et al., 2025).
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Similarly, dense, highly lignified structures restrict phenolic release, again producing

higher yields but weaker phenolic/flavonoid concentrations (Siddique et al., 2021).

The high TFC levels observed in first flushes can be explained by the initial
abundance of precursors and metabolic energy in the fresh substrate, along with the

fungus’s tendency to synthesize flavonoids during early fruiting stages for protection

(Elkanah et al., 2022).

By the second flush, nutrient scarcity and stress alter metabolic priorities toward
other phenolic compounds such as phenolic acids and tannins, explaining the peak in
TPC at this stage (Cardoso et al., 2021; Sonnenberg et al., 2022). By the third flush,
substrate exhaustion, declining enzymatic activity, and increased physiological stress

reduce secondary metabolite production (Chang & Miles, 1997; Vieira Janior, 2025).

Negative correlations observed for per-extract values confirm that high-yield
extracts tend to be diluted with sugars, proteins, and other non-phenolic compounds
(Effiong et al., 2024b). Yet, the slightly positive correlations expressed per g DM show
that larger yields still increase the total mass of phenolics and flavonoids recovered per
mushroom (Barros et al., 2008). For TPC, the weak positive correlation between
extraction yield and DM values indicates that even diluted extracts can support higher
phenolic recovery if yields are sufficiently large, especially when moderate-to-high
yields are paired with moderate phenolic concentrations. In contrast, TFC displayed a
stronger negative correlation (—0.46) with per-extract values, meaning increases in yield
contribute less effectively to higher total flavonoid recovery per mushroom.
Consequently, achieving high TFC per DM depends more on maintaining strong
flavonoid concentration in the extract, whereas high TPC per DM can result from
balancing yield with concentration.

3.2.3. Infrared Spectroscopic Profile of the Samples (FTIR)

The FTIR spectra of nearly all extracts and powdered preparations of Pleurotus
ostreatus across the different flushes revealed the same collection of defining functional
groups, reflecting a conserved chemical fingerprint among flushes, with the variations

being mostly quantitative rather than qualitative.

According to Lin-Vien et al. (1991), a broad and intense absorption region
between 3200-3400 cm ™! corresponds to hydrogen-bonded O—H groups, whereas bands
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between 2940-2850 cm™ originate from C—H stretching. Amide absorptions appear
near 1650 cm™ and around 1540 cm™, while the strong signals spanning 1150-1020
cm™! are attributed to C—O—C or C-O stretching. The region between 14651370 cm™!
represents CH>/CHs bending, and a distinct band at 900—-870 cm™ is also detected. The
significant absorbance peaks and their corresponding assignments are summarized in
Table 6.

Table 6: Peak assignments of Pleurotus ostreatus samples

Wavenumber (cm™) Assignment
3400-3200 (broad) O—H stretch (= N—H stretch)
29402850 C—H stretch (-CH2/~CH;)
~1700-1650 C=0 stretch (amide I / conjugated carbonyls)
~1550-1530 Amide Il (N-H bend + C—N stretch)
1465-1450 CH2/CHj3 bending (scissoring)
1420-1370 O-H bend / CHs symmetric bend
1260-1200 C-O stretch / C—N stretch
1150-1020 (strong) C-O-C and C-O stretch (glycosidic)
~1075-1030 C-O stretch (secondary alcohols)
900-870 -anomeric C—H deformation / ring modes
850-700 Out-of-plane C—H bends (aromatic) & skeletal modes

In powdered samples prepared with wheat straw, the second flush was the most
dominant (Figure 36), a trend also observed in the extracts (Figure 37). Conversely, in
powdered samples derived from date kernel substrates, the first flush prevailed over the
other flushes, with substantial overlap in the K100 treatment, suggesting that the
extracts contained equivalent functional groups in comparable ratios (Figure 38). Palm-
based substrates showed overlap at P75, whereas in P25 and P50 the third flush was
more dominant in the O—H bending region, and the same was observed for P100 (Figure
39). Extract samples, however, generally showed predominance of the second flush,
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except in K100 where it exhibited the lowest bond intensity (Figure 40). Palm-based
extracts mostly overlapped, apart from P25, where the third flush presented a minor
O-H peak (Figure 41).

1st flush
2nd flush
3rd flush

ws

3000 2000 1000
Wavenumbers

Figure 36: FTIR of WS treatment (powder)
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Wavenumbers

Figure 37: FTIR of WS treatment (extract)
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Comparisons between powdered samples and hydro-methanolic extracts
revealed clear differences: the extracts displayed larger peaks in most bond regions. In
date kernel substrates, the first flush yielded the highest compound content in powdered
form (Appedix D, Figure D1), while in extracts, palm-based samples showed larger
O-H bending peaks, with the exception of the 100% treatments (P100 and K100). In
Appendix D, Figure D2 demonstrated considerable overlap among equivalent mixtures
of substrates for both extract and powdered preparations. The third flush displayed
overlapping peaks in date kernel and palm substrates with higher intensity than wheat
straw in powdered samples, but the opposite was true in extracts (Appendix D, Figure
D3). Figure D4 and D5 in Appendix D, compared the four substrate mixtures across the
three flushes for both powdered and extract forms. Powdered samples overlapped
within the C=0 region, with slightly higher intensities at 3400-3200 cm™ in mixed
treatments, whereas extracts showed wheat straw dominance in the 1550-1700 cm™

region.

According to Movasaghi et al. (2008), the 3200-3400 cm™ envelope
corresponds to O—H stretching from polysaccharides, overlapped by N-H stretches
from proteins. The 29402850 cm ™ bands represent aliphatic C—H stretches.
Protein signatures appear as amide I near 1650 cm™ and amide II around 1540 cm™.
The fingerprint absorptions between ~1150 and 1020 cm™ are linked to glycosidic
bonds, consistent with B-glucan-rich polysaccharides such as pleuran (Deng et al.,
2025). Additional bending from CH>/CHz groups between 1465-1370 cm™ and a 900
870 cm™ B-anomeric vibration confirm a carbohydrate backbone with B-linkages
(Bikmurzin et al., 2022).

Intensity comparisons revealed minor flush-to-flush variation, mostly within the
O-H/amide envelopes and polysaccharide regions, reflecting differences in protein and
glucan concentrations rather than the appearance of new functional groups. Overall, the
spectra confirmed the consistent presence of polysaccharides (especially B-glucans),
peptides/proteins and phenolic/carboxyl groups, with flush-related variation linked to
concentration shifts. Bekiaris et al. (2020) observed that P. ostreatus cultivated on
olive mill waste and olive leaves displayed more intense absorptions in amide I (~1650
cm™), amide Il (~1525 cm™), and polysaccharide (~1020 cm™) bands, indicative of
greater protein and glucan levels. These findings align with the current study and with

earlier literature (Baeva et al., 2019);
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3.2.4. LC-MS Analysis of Bioactive Compounds

Semi-quantitative LC-MS profiling revealed a variety of phenolic and flavonoid
bioactive compounds, with marked differences in concentration across the tested
extracts. Table 7 lists the concentrations of selected metabolites (ug/g extract) detected
in the extracts. The substrate yielding the highest level of bioactive compounds was
K75 with 6014.29 ug/g, followed by K25 with 5471.25 pg/g. The lowest concentrations
were observed in P75 and P100, which contained 4722.11 pg/g.

Among individual compounds, luteolin was the most abundant, followed by
quercetin and apigenin. Luteolin reached its highest levels in K25 (second flush) and
WS (first flush), and its lowest levels in K75 (second flush) and P50 (third flush).
Notably, luteolin was absent in P75/1 (first flush). Quercetin was maximally recorded
in P25 (third flush) and minimally in P75 (first flush) and P100 (third flush). Apigenin
showed the lowest levels in P75 (first flush), followed by WS (third flush), K25 (third
flush), K50 (second flush), and K75 (second flush), while its highest accumulation
occurred in K100 (third flush). Quercetin-3-O-glucuronic acid was also identified at
low concentrations, with greater amounts in K substrates—particularly K75 (third
flush)—and minimal levels in palm-based treatments, where K75 lacked detection in
the first flush. Other detected metabolites, present in amounts below 10 pg/g, included
arbutin, caffeic acid, sinapic acid, procyanidin, rutin, and naringin, though several were
absent in specific flushes. Compounds such as hesperetin and rosmarinic acid were only
present as traces (<1 pg/g), suggesting their role as minor constituents. Out of the 46
compounds screened, 18 were identified in measurable concentrations in Table 7, while
28 were absent altogether, including syringic acid; gallic acid; p coumarci acid;
oleochantal; hydroxytyrosol; trans ferulic acid; oleuropein; trimethoxyflavone;
Amentoflavone; quercetin-3-O-glucoside; Kaempferol-3-O-glucose; Isorhamnetin- 3-
O Rutinoside;  Kaempferol-3-O-glucuronic  acid;  Kaempferol-3-O-pentose;
Kaempferol-3-O-hexose deohyhexose; Vanillic acid; p-hydroxybenzoic\salicilic acid;
Ferulic acid, Trans-cinnamic acid; cathechin\epicathechin;
allocathechin\epigallocathechin gallate; gallocathechin\epigallocathechin; cathechin

gallate; Myricetin; Tyrosol; Protocathecoic acid; Gentisic acid; Kaempeferol.

Sample P75/1 behaved anomalously, showing markedly different metabolite

levels compared with P75/2 and P75/3, possibly due to errors in preparation or analysis.
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--------------------------------------------------- Results and Discussion

Interestingly, the presence of quercetin in this study contrasts with most prior
reports, since LC-MS and HPLC analyses typically detect only trace or negligible
amounts of quercetin in P. ostreatus (Bhekti et al., 2023). Nevertheless, luteolin was
consistently abundant (Abou Raya et al., 2014), as was apigenin (Elhusseiny et al.,
2021). Both are widely recognized for antioxidant, anti-inflammatory, and anticancer
properties (Justynska et al., 2025). Luteolin acts as a free radical scavenger and lipid
peroxidation inhibitor, whereas quercetin regulates signaling pathways and mitigates
oxidative stress (Kumar & Pandey, 2013; Boots et al., 2008). The high levels of
luteolin and quercetin observed here underscore the potential of these extracts as

sources of nutraceutical or pharmaceutical agents.

Secondary metabolites like arbutin, rosmarinic acid, and ursolic acid, although
detected at low levels, are also linked to antimicrobial and anti-inflammatory activity
(Lee & Kim, 2012; Noor et al., 2022; Liu et al., 2024). Even the modest presence of
rosmarinic and syringic acids, it could enhance the extracts antioxidant effectiveness

through synergistic effects (Skroza et al., 2022).

The absence of certain metabolites, such as gentisic acid, likely reflects limited
biosynthesis in P. ostreatus or instability during processing. Compared with other
reports, the non-detection of tyrosol, protocathechuic acid, kaempferol derivatives,
oleuropein, oleocanthal, hydroxytyrosol, lycopene, delphinidin derivatives, and diverse
flavonoid glycosides is consistent with the metabolic profile of this mushroom.
Literature indicates that P. ostreatus metabolomes are dominated by amino acids,
dipeptides, and simple phenolic acids, while more complex flavonoids and olive-
associated metabolites are rare or absent (Selvamani et al., 2018; Pellegrino et al.,
2022; Valerio et al., 2024). Compounds like cinnamic, ferulic, p-coumaric, gallic, and
vanillic acids are more typical but vary depending on growth medium and extraction
protocols. Pigments like lycopene and anthocyanins such as delphinidin are rarely

observed in fungi, explaining their absence.

Mycochemical and antioxidant analyses consistently confirm that P. ostreatus
extracts contain quantifiable phenolic and flavonoid contents, which contribute to their
antioxidant potential. Detected flavonoids tend to be structurally simple, and
kaempferol derivatives are either absent or only present in minimal amounts. Substrate
composition exerts a major influence on amino acid and dipeptide profiles, with less

impact on complex flavonoids or phenolic glycosides (Fakoya et al., 2020; Pellegrino
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et al., 2022; Pukalski & Latowski, 2022; Effiong et al., 2024b). Thus, the non-
detection of these compounds in the current study agrees with established literature,
reinforcing the view that the metabolome of P. ostreatus is species-specific, method-
dependent, and primarily composed of peptides and simple phenolics rather than

complex flavonoids or olive-derived compounds.

3.3.Biological Activities

3.3.1. Antioxidant Activity

all antioxidant activities of tested samples were measured the amount needed to
Achiving 50% of the activity, it is determined and expressed by the amount of
mushroom extract (mg) required per mL of reaction medium, in parallel, the results
were converted into uM Trolox equivalents (TE) and expressed relative to mushroom
dry weight (UM TE/g DW) expressing the antioxidant capacity of the samples, the full
dataset With Significant difference, is available in Appendix E, F and G.

All extract samples reported lower activity compared to standards used
(Appendix H) with dominance in reducing, chelating and scavenging antioxidant
activities respectively; extracts of second flush consistently displayed the highest
antioxidant activity in most assays, suggesting that the fungus synthesizes larger
amounts of low-molecular-weight antioxidants during this stage. Nevertheless, in
specific tests such as CCA, and hydroxyl radical scavenging, the first flush
outperformed the others for some samples. Substrates based on wheat straw generally
gave the greatest total antioxidant capacity (TAC) and ABTS activity across flushes.
By contrast, date kernel extracts exhibited stronger radical scavenging activity, whereas
palm-based substrates mushroom extracts demonstrated superior reducing potential.
Regarding metal chelation, mushrooms cultivated on date kernel substrates bound iron
more efficiently, while palm-based substrates favored copper chelation. The same

pattern was detected in measuring the antioxidant activity in dry mushroom weight.
3.3.1.1. Scavenging Activity

For DPPH activity, differences between flushes within the same substrate were
minimal, except for P25 where the second and third flushes diverged significantly
(Appendix E, Table E1). Figure 42 showed that strongest DPPH activity in mushroom
extracts was found in the third flush of P25 (502.93 pg/ml), followed by the second and
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third flushes of WS (537.54 pg/ml and 529.85 pg/ml, respectively) and the second flush
of K100 (546.88 ug/ml) with no significant difference. The weakest activity was
observed in P75/1 (962.02 pug/ml), followed by P25/2, P50/2, and P75/2 (936.46 pg/mi,
916.92 pg/ml, and 926.01 pg/ml, respectively). For measuring the activity in a g of
powdered mushroom, where the highest activity registered was in second flush of
mushroom cultivated on date based substrate specially for K100 (10,89 uM TE/g DW)
with no significant difference with 3" flush of P25, 2" and 3' flush of WS and the
lowest at 4,13 uM TE/g DW was with 3" flush of K25, the samples showed lower
capacity in second flush of mushroom harvested from kernel based substrate while for

palm based substrate was in 1%t and 2" flush (Figure 43 and Appendix E in Table E2).
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Figure 42: 1Cs values (ug/mL) of DPPH scavenging antioxidant activity of

P.ostreatus extracts from three first flushes cultivated on different substrate formulas.
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Figure 43: DPPH scavenging antioxidant capacity (UM TE/g DW) of P.ostreatus
extracts from three first flushes cultivated on different substrate formulas.

80



--------------------------------------------------- Results and Discussion

For ABTS activity (Appendix E, Table E1), the maximum scavenging of
extracts was recorded in P25/1 (122.39 pg/ml), WS/1 (142.75 pg/ml), K75/1 (152.35
pg/ml), and K75/2 (153.04 pg/ml). Palm-based substrates produced the lowest ABTS
activity, ranging from 186.42 pg/ml to 1157.65 pg/ml (Figure 44). But when expressed
in g of dry weight (Appendix E in Table E2), P75/1 and P100/1 showed higher activity
(0,272 uM TE/g DW and 0,137 uM TE/g DW respectively) compare to WS (ranging
from 0,945 to 1,263 pM TE/g DW) and K samples which registered lower activity
(Figure 45).

ABTS (pg/ml)
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1200
1000 H 1st flush
800 B 2nd flush
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WS K25 K50 K75 K100 P25 P50 P75 P100
samples

Figure 44: 1Cso values (ug/mL) of ABTS scavenging antioxidant activity of

P.ostreatus extracts from three first flushes cultivated on different substrate formulas.
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Figure 45: ABTS scavenging antioxidant capacity (uM TE/g DW) of P.ostreatus
extracts from three first flushes cultivated on different substrate formulas.
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Hydroxyl radical scavenging assays showed in Figure 46 and Appendix E in
Table E1 that extracts of mushroom harvested from palm-based treatments typically
gave the weakest results (1159.08-2198.84 pg/ml), except for P50/2 which, along with
K100/2 (868.38 pg/ml and 837.71 pg/ml, respectively), displayed the strongest activity
however, as for their activity in g of dried mushroom weight, 1% and 2" flush of P50
and P100 registered high activity (ranging from 50,50 uM TE/g DW to 65,18 uM TE/g
DW while 2" and 3" flush of P25 and P100 have lower activity (ranging from 21,57
MM TE/g DW to 32,74 uM TE/g DW) as shown in Figure 47 and Appendix E in Table
E2, however, samples harvested from date kernel based substrate registered the highest
activity in first flush with an IC50 ranging from 915,54 ug/ml to 1041,89 pg/ml and
antioxidant capacity from 64,22 uM TE/g DW to 66,21 uM TE/g DW while the highest
with a value 88,49 uM TE/g DW noted in 2" flush of K100 (IC50 = 873,71 pg/ml).

hydroxyl radical (pg/ml)

4000
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WS K25 K50 K75 K100 P25 P50 P75 P100
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Figure 46: 1Cso values (nug/mL) of Hydroxyl Radical scavenging antioxidant activity of

P.ostreatus extracts from three first flushes cultivated on different substrate formulas.
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Figure 47: hydroxyl radical scavenging antioxidant capacity (UM TE/g DW) of

P.ostreatus extracts from three first flushes cultivated on different substrate formulas.

Gebru, Faye, & Belete (2024) reported DPPH scavenging ICso values of 0.46
mg/mL for Pleurotus ostreatus grown on field pea substrate, and as high as 13.17
mg/mL when cultivated on other agro-wastes. These results align with the present study,
where ICso values ranged from 0.502 to 0.936 mg/mL, indicating exceptionally strong
antioxidant activity compared to findings from other studies and mushroom species
(Arbaayah & Umi Kalsom, 2013; Woldegiorgis et al., 2014; Leong et al., 2021). The
high activity observed may be due to the solvent used, as 80% methanol generally

produces more potent extracts than ethanol or hot water (Tsai et al., 2009).

ABTS radical scavenging capacity of P. ostreatus varies considerably depending
on the extraction method and solvent. While some studies reported weak activity I1Cso
> 500 pg/mL (Guzman et al., 2016; Fomekong et al., 2024), the values obtained here
are comparatively higher, suggesting lower antioxidant activity. On the other hand,
crude extracts have demonstrated very strong activity, with 1Csg as low as 11.22 + 1.81
pg/mL (Elhusseiny et al., 2021). Ethanolic extracts (EE96) generally exhibit moderate
activity around 108.07 pg/mL (Rahimah et al., 2019), while ethyl acetate fractions

incorporated in cream formulations reached values near 84.61 pg/mL.

Hydroxyl radical scavenging activity has also been documented for P. ostreatus.

Jayakumar et al. (2009) reported an 1Cso of 8 mg/mL for ethanolic extracts, while
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other mushrooms such as Agaricus bisporus and methanolic extracts of black, snow,
and silver ear mushrooms exhibited ICso values above 5 mg/mL (Mau et al., 2001; Liu
et al., 2013). Pleurotus flabellatus (pink oyster) showed a much higher ICso of 56.62
mg/mL (Liu et al., 2013). These comparisons reinforce the effectiveness of P. ostreatus
as a hydroxyl radical scavenger, with activity potentially enhanced when cultivated on

date palm residues.

Antioxidant activity is strongly linked to phenolic compounds, particularly
quercetin, one of the most effective flavonoids in both DPPH and ABTS assays due to
its hydroxyl groups and conjugated double bonds (Dolatabadi et al., 2013). In this
study, kernel-based substrates yielded higher quercetin levels than palm-based ones,
which likely explains the stronger activity in date kernel samples. However,
hydromethanolic extraction also recovers non-phenolic antioxidants such as
polysaccharides and amino acids (Chirinang & Intarapichet, 2009; Hasan &
Abdulhadi, 2023; Effiong et al., 2024a), further contributing to scavenging effects.

3.3.1.2. Reducing Power

The data in reducing power (Appendix F, Table F1) showed that in the FRAP
assay, the highest activity of extracts was observed in the third flush of K50 (12.43
pg/mL), followed by the second flush of WS (20.50 pg/mL). The lowest values
occurred in K25/1, K75/2, and K100/2 (75.51-78.08 pg/mL). Palm-based substrates
generally showed higher FRAP activity, while date kernel substrates gave weaker
results, with activity decreasing as kernel proportion increased (Figure 48). Meanwhile
measuring the activity in dried mushroom showed almost the same trend when kernel
based substrate demonstrate higher activity in 3 flush with highest value in K50
(134,39 uM TE/g DW) and lowest activity in 2" flush (from 21,72 uM TE/g DW to
28,25 uM TE/g DW) except for K25 registering the lowest activity in 3™ flush with a
value of 15,75 uM TE/g DW (Figure 49 and Appendix F, Table F2). As for mushroom
of palm based substrate a moderated activity is noted in 1%t and 2" flush and low in 3'
flush.
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Figure 48: ECso values (ug/mL) of FRAP reducing antioxidant activity of P.ostreatus
extracts from three first flushes cultivated on different substrate formulas.
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Figure 49: FRAP (UM TE/g DW) reducing antioxidant capacity of P.ostreatus
extracts from three first flushes cultivated on different substrate formulas.

For CUPRAC, K100 in the second and third flushes and P25/2 exhibited the
strongest activity (98.51-115.99 pg/mL). P25/1 (130.55 pg/mL) and P50/3 (131.37
pg/mL) also performed well, whereas wheat straw samples displayed weak activity
(388.15-482.28 pg/mL). Increasing palm substrate proportions reduced CUPRAC
activity, with P25 and K100 emerging as the most effective combinations (Figure 50
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and Appendix F, Table F1). When expressed in uM TE/g DW (Figure 51 and Appendix
F, Table F2), the same trend observed with very low activity in wheat straw based
substrate (40,02 39 uM TE/g DW to 48,74 39 uM TE/g DW) and remarkable capacity
in K100 (from 153,55 uM TE/g DW to 245,00 uM TE/g DW).
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Figure 50: ECsg values (ug/mL) of CUPRAC antioxidant activity of P.ostreatus

extracts from three first flushes cultivated on different substrate formulas

CUPRAC-TE (uM TE/g DW)

300 B 1st flush  ®2nd flush  ® 3rd flush
250
oy
& 200
o
©
[S)
€ 150
©
ke
=<
.© 100
-
c
m©
K25 K50 K75

w K100 P25 P50 P75 P100

Sample

Figure 51: CUPRAC (UM TE/g DW) reducing antioxidant capacity of P.ostreatus
extracts from three first flushes cultivated on different substrate formulas
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Figure 52 and 53 (Appendix F, Table F1 and F2) showed also the same pattern
in total antioxidant capacity. For mushroom extracts, wheat straw-based samples
consistently demonstrated high TAC activity across flushes (76.38-96.60 pg/mL and
63,77-74,25 uM TE/g DW), with strong values recorded in K50/2 (88.85 pg/mL and
91,27 uM TE/g DW), K75/2 (98.33 pg/mL and 72,61 uM TE/g DW), P50/2 (94.40
pg/mL and 62,06 UM TE/g DW), and P25/1 (80.66 pg/mL and 68,97 uM TE/g DW).
In contrast, 3" samples of palm based substrate showed the lowest activity (145,16-
225,51 pg/ml and 29,61-49,18 uM TE/g DW) with 1% flush of kernel based substrate
(139,18-188,54ug/ml and 37,63-52,80 uM TE/g DW).

TAC (ug/ml)
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Figure 52: ECso values (ug/mL) of TAC antioxidant activity of P.ostreatus extracts
from three first flushes cultivated on different substrate formulas
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Figure 53: TAC (UM TE/g DW) reducing antioxidant capacity of P.ostreatus extracts
from three first flushes cultivated on different substrate formulas
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The FRAP assay of hydromethanolic extracts yielded ECso values of 12-78
pa/mL, reflecting strong electron-donating ability. These are far lower than previously
reported—for example, 3.31 mg/mL for methanolic extracts (Reis et al., 2012) and
3.85-7.7 mg/mL for lyophilized mycelium extracts (Vamanu, 2012). Such differences
likely stem from variations in phenolic structure and composition, as well as synergistic
or antagonistic interactions among antioxidant constituents (Munteanu & Apetrei,
2021; Bolling et al., 2012).

In CUPRAC assays, methanolic extracts of P. ostreatus were reported to have
ECso values of 433.3 pg/mL, much weaker than ethyl acetate extracts (102.3 pg/mL)
or hexane extracts (236.4 pug/mL) (Tel et al., 2015). The present study supports these
findings: wheat straw-grown mushrooms showed low activity (388.01-482.28 ug/mL),
while kernel- and palm-based substrates yielded stronger activity (98.51-115.99
png/mL), comparable to ethyl acetate extracts. However, they remained less potent than
certain medicinal mushrooms such as Ganoderma lucidum (Tel et al., 2015; Duru et
al., 2019). Enhanced CUPRAC activity in palm- and kernel-supplemented substrates is
likely linked to their higher phenolic and lipid content, which contribute antioxidant
precursors (Atila, 2019; Mrabet et al., 2022; Niloy et al., 2025).

TAC assay results in this study were similar to those of Launaea procumbens
chloroform extracts (78.3 pg/mL), though weaker than its methanolic extracts (64.27
pg/mL) (Khan et al., 2012). Still, they were stronger than values reported for herbs like
Ziziphora taurica 1840 pg/mL; (Tomczyk et al., 2019), highlighting the relatively high

antioxidant activity of the tested samples.

3.3.1.3. Chelating Ability

In chelating ability (Appendix G in Table G1), Date kernel substrates showed
stronger ferric ion-chelating ability (Figure 54 and 55), particularly in the second flush
(82.67-87.20 pg/mL and 306,31-428,78 uM EDTAE/g DW), while palm-based
substrates exhibited weaker ferric chelation but stronger copper chelation, especially
P50 ranging from 511.88 to 658.49 pg/mL (139,39-201,37 uM EDTAE/g DW); in
contrast of K100 showing the lowest copper chelation with a value of 1921-3013
pg/mL and 35,35-70,21 uM EDTAE/g DW across flushes (Figure 56 and 57, Appendix
G, Table G2).
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Figure 54: 1Cso values (ug/mL) of FIC antioxidant activity of P.ostreatus extracts

from three first flushes cultivated on different substrate formulas
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Figure 55: ICsg values (UM EDTAE/g DW) of FIC antioxidant activity of P.ostreatus

extracts from three first flushes cultivated on different substrate formulas
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Figure 56: 1Cso values (ug/mL) of CCA antioxidant activity of P.ostreatus extracts
from three first flushes cultivated on different substrate formulas
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Figure 57: 1Cso values (uM EDTAE/g DW) of CCA antioxidant activity of
P.ostreatus extracts from three first flushes cultivated on different substrate formulas
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These results align with Muruke (2014), who reported effective Fe?* chelation
at 90-200 pg/mL. However, most literature indicates weaker activity, with 1Cso > 1
mg/mL in Pleurotus species (Huang et al., 2000; Jayakumar et al., 2009; Bamigboye
et al., 2021). For copper chelation, the observed range (500-3000 pg/mL) is consistent
with prior studies, though data on P. ostreatus remain limited. Some plant extracts, like
black peppercorn and clove, and polysaccharides from Lentinula edodes, show much

stronger activity (Morales et al., 2020; May et al., 2023).

The stronger ferrous chelation in kernel-grown mushrooms and copper
chelation in palm-grown ones likely reflect substrate’s differences in phenolic and
peptide metabolites. Kernel substrates, rich in polyphenols and organic acids, favor Fe*?
binding, while palm substrates promote nitrogen- and sulfur-containing ligands with
stronger Cu*2 affinity (Moran et al., 1997; Mohamed et al., 2014; Lakey-Beitia et al.,
2021; Suleiman et al., 2021).

Antioxidant activity varied across flushes, largely depending on nutrient
availability in substrates. The first flush generally yielded higher metabolite
concentrations, while later flushes sometimes produced higher activity due to adaptive
metabolic responses to nutrient depletion. Substrate composition and mineral content
strongly influenced these patterns, explaining why certain flushes (e.g., second or third)
sometimes displayed higher antioxidant capacity (Hoa et al., 2015; Jin et al., 2018;
Gebru, Faye, & Belete, 2024).

3.3.2. Anti-inflammatory Activity

In order to complement the evaluation of the bioactive properties of the extracts,
their anti-inflammatory potential was assessed. This analysis highlights the capacity of
the samples to influence inflammatory mechanisms, which are closely linked to the
prevention and management of several chronic diseases. From results in Appendix I,
the first flush was the most effective in reducing inflammation-related enzyme activity.
Wheat straw (WS) was the most potent substrate across all flushes, with ICso values
between 106.73 and 124.61 pg/ml. Similarly, the first flush of P25 and P50 substrates
yielded ICsp values of 126.54 and 132.9 pg/ml, respectively. In contrast, diminished
activity was recorded in the third flush for P25, P75, and P100, where ICso values
reached 263.27, 368.24, and 269.82 pg/ml (Figure 58).
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Figure 58: 1Cso values (ug/mL) of anti-inflammatory activity of P.ostreatus extracts

from three successive flushes cultivated on different substrate formulas.

Protein denaturation, which renders proteins biologically inactive, is associated
with several inflammatory diseases, including rheumatoid arthritis, diabetes, and
cancer. Thus, compounds that prevent denaturation can potentially mitigate these
disorders (Dutta 2013). Prior research has demonstrated that bioactive substances such
as pleuran—p-glucan polysaccharide derived from oyster mushrooms—possess strong
anti-inflammatory properties (Das & Chatterjee, 1995; Nosalova et al., 2001).
However, the concentration of pleuran depends on the cultivation substrate (Bekiaris
et al., 2020), which may explain the variations observed among the mushroom samples
studied here. Comparative data indicate that Pleurotus florida reached an ICso 0f 233.91
+ 9.69 pg/ml, whereas Flammulina velutipes exhibited much weaker activity at 625
pg/ml (Jantrapanukorn et al., 2018; Prabu & Kumuthakalavalli, 2014). Even some
microfungi, like Aspergillus quadrilineatus, showed 51% protein denaturation
inhibition when tested with 1 mg of methanolic mycelial extract (Skanda &
Vijayakumar, 2021). These comparisons confirm that certain Pleurotus ostreatus

samples in this work rank among the strongest anti-inflammatory agents yet reported.
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3.3.3. Anti-melanogenic activity

ICso values for tyrosinase inhibition (Appendix J, Table J1) ranged widely, from
266.68 pg/ml in P100/2 to 1143.73 pg/ml in P25/3, while the weakest inhibition was
observed in P50/1 (1143.69 pg/ml). Across all flushes, the 100% palm substrate
displayed the strongest inhibitory effect, whereas the 50% palm-wheat straw mixture

was the least effective (Figure 59).
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Figure 59: 1Cso values (ug/mL) of anti-tyrosinese activity of P. ostreatus extracts

from three successive flushes cultivated on different substrate formulas.

The inhibitory action is often attributed to phenolic hydroxyl groups in
mushroom extracts, which interact with the enzyme’s active site through hydrogen
bonding, reducing activity. In some cases, these compounds induce steric hindrance or
conformational modifications in tyrosinase (Baek et al., 2008; Kim et al., 2008). For
instance, Alam et al. (2010) reported that more than 0.5 mg/mL of P. ostreatus
methanolic extract was required to achieve 50% inhibition, while another study
indicated 0.86 mg/mL. In contrast, Agaricus bisporus was more potent, with an ICso of
0.16 mg/mL (Taofiq et al., 2016). The present study produced results consistent with
this literature, with the lowest 1Cso values of P. ostreatus approaching those of A.
bisporus. Nevertheless, even at their weakest, the tested samples still inhibited
tyrosinase more strongly than mushrooms such as Lactarius deliciosus, Cantharellus

cibarius, and Lactarius pyrogalus (Col Ayvaz et al., 2019).
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3.3.4. Anti-ulcer activity

Date kernel substrates produced stronger urease inhibition, particularly in the
first flushes of K75 (380.02 pg/ml) and K100 (320.77 pg/ml). Palm substrates, by
comparison, were weaker, with the poorest results in the third flush of P75 (1416.10
pg/ml) and P100 (1313.46 pg/ml) (Figure 60 and Appendix J, Table J2).

Inhibiting urease is clinically important since excessive urease activity is implicated
in gastric disorders, including cancer. Prior to this study, no reports existed on P.
ostreatus urease inhibition. Other mushrooms have been tested: Lactarius deliciosus
(ICs0 = 0.37 mg/mL), Cantharellus cibarius (0.42 mg/mL), and Lactarius pyrogalus
(50% inhibition at comparable concentrations) (Col Ayvaz et al., 2019). The
inhibitory values reported here for P. ostreatus fall within or even surpass these
ranges and were also stronger than bee-derived products such as honey, bee bread,
and propolis (Kolayh et al., 2017; Gercek et al., 2024).
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Figure 60: 1Cso values (ug/mL) of urease inhibition activity of P.ostreatus extracts

from three successive flushes cultivated on different substrate formulas.
3.3.5. Anti-diabetic activity

Overall, a-amylase inhibition was weak (Appendix J, Table J3). Date kernel—
based extracts showed slightly better effects than palm substrates. The highest
inhibition was observed in the first flush of K100, where 1 mg of extract achieved
30.02% inhibition, while the lowest was in the third flush of the same substrate (6.20%).

Palm treatments were particularly weak, even in their best flush (Figure 61).
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Existing literature often reports P. ostreatus methanolic extracts as potent a-
amylase inhibitors, with less than 0.5 mg/mL sufficient to inhibit 50% of the enzyme
and 1 mg/mL reaching over 90% inhibition (Deveci et al., 2021; Krishna et al., 2023).
In contrast, the present study required more than 1 mg/mL to achieve 50% inhibition,
diverging from the majority of published results. However, this aligns with Su et al.
(2013), who found ICsp values of 2-6 mg/mL in other mushroom species. Likewise,

Shamtsyan & Pogaé¢nik (2020) reported <20% inhibition at 1 mg/mL hydro-alcoholic
extract.
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Figure 61: a-Amylase inhibition values (%) of 1mg/ml of P.ostreatus extracts from

three successive flushes cultivated on different substrate formulas.

3.3.6. Anti-Alzheimer Activity

The highest acetylcholinesterase (AChE) inhibition occurred in palm-based
samples from the third flush, with P100 showing 52.86% and P25 showing 44.82%.
The lowest effect was observed in K25/3, with only 5.35%. Wheat straw extracts

consistently displayed low and decreasing activity across flushes (Figure 62 and
Appendix J, Table J3).
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Figure 62: acetylcholine -esterase inhibition values (%) of 1mg/ml of P.ostreatus

extracts from three successive flushes cultivated on different substrate formulas.

Butyrylcholinesterase (BChE) inhibition was stronger in date kernel substrates,
especially in the second flush. Wheat straw showed the highest BChE inhibition in the
first flush (35.75%), followed closely by K75/1 (35.10%). The weakest activity was
found in the third flushes of K75 (15.80%) and K100 (16.17%). Palm substrates ranged
from 18.69% in P75/2 to 34.30% in P100/3 (Figure 63).
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Figure 63: butyrylcholine -esterase inhibition values (%) of 1mg/ml of P.ostreatus
extracts from three successive flushes cultivated on different substrate formulas.
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These findings are comparable to CilerdZi¢ et al. (2019), who found that 1 mg
of hydroethanolic P. ostreatus extract inhibited 37-42% of AChE. Chamutpong et al.
(2019) also observed that 1.75-5.91 mg/mL extract was required to inhibit 50% of
AChE. For BChE, however, the current study reported lower activity than Dundar et
al. (2019), where 200 pg/mL methanolic extract inhibited 48.21%. Despite relatively
low results, P. ostreatus still outperforms P. florida in Alzheimer’s prevention
(Randhawa & Shri, 2018).

3.3.7. Anti-obesity Activity

From data of Appendix J, Table J3, lipase inhibition was minimal, with 1 mg of
extract suppressing only 2.97-14.21% of enzyme activity. Wheat straw showed the
strongest effect, peaking at 14.21% in the second flush. K25 and K50 second flushes
followed with 12.92% and 11.91%, respectively. The lowest inhibition was P25/3
(2.96%), closely followed by K75/3 (3.99%) (Figure 64).

lipase inhibition
16
M 1st flush  m2nd flush 3rd flush

WS K25 K50 K75 P50 P75

K100 P25

sample

14

12

1

o

1mg inhibition (%)
N ~ [e)] (o]

o

P100

Figure 64: lipase inhibition values (%) of 1mg/ml of P.ostreatus extracts from three

successive flushes cultivated on different substrate formulas.

Even at their best, these values were much weaker than those reported for A.
bisporus and P. eryngii, which inhibited 32.2% and 20.8% of lipase using only 0.1 mg
of extract (Mizutani et al., 2010; Kim et al., 2023). The poor activity may result from

the scarcity or absence of strong lipase inhibitors such as myricetin and fatty acids
(Bustos et al., 2020; Effiong et al., 2024a).
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3.3.8. Anti-bacterial Activity

Antibacterial effects were tested by measuring inhibition zones (including the 6
mm disc) against Gram-positive strains (Staphylococcus aureus, Bacillus cereus,
Bacillus subtilis, Enterococcus faecalis) and Gram-negative strains (Salmonella,
Pseudomonas aeruginosa, Escherichia coli, Klebsiella pneumoniae). Activity varied
across substrates and strains. For E. coli, inhibition zones were minimal, ranging from
6.00 mm (no effect) to 6.75 mm (K50/1) (Figure 65). S. aureus was more sensitive,
with zones up to 14.67 mm (K75/2) and 12.90 mm (WS/2) (Figure 66). K. pneumoniae
showed little to no susceptibility, mostly at 6.00 mm (Figure 67). B. cereus inhibition
ranged from 6.20 mm (K100/2) to 9.03 mm (WS/1) (Figure 68), while B. subtilis ranged
between 6.23 mm (P25/2) and 8.86 mm (K25/2) (Figure 69). No inhibition was detected
for P. aeruginosa, E. faecalis, or Salmonella ssp (Figure 70, 71, 72)).

Controls confirmed much stronger effects: ampicillin produced zones between 6.28 and
41.99 mm (highest against S. aureus), while amoxicillin ranged from 8.69 to 49.86 mm
across multiple strains. However, for B.cereus and B.subtilis some samples extract

showed better activity than ampicillin.

Overall, the mushroom extracts displayed weak-to-moderate antibacterial
activity, more effective against Gram-positive species than Gram-negative. This agrees
with earlier findings, where Pleurotus extracts preferentially inhibited Gram-positive
bacteria (Gashaw et al., 2020). Previous studies typically reported zones between 10—
20 mm for Gram-positive strains, with much weaker activity against Gram-negative
ones. Compared to ampicillin and amoxicillin, which produced up to 42 mm and 50
mm zones, respectively, P. ostreatus extracts were clearly less potent (Sutthisa &
Anujakkawan, 2023).

The variability among samples is likely due to differences in bioactive
metabolite content (polysaccharides, phenolics, flavonoids), which depend on
substrate, environmental conditions, strain genetics, and fruiting stage (Ahmed et al.,
2022; Hasan & Abdulhadi, 2023). Maturity of fruiting bodies affects metabolite
levels, altering antibacterial potency (Fakoya et al., 2020; Polito et al., 2024).
Additionally, post-harvest processing and storage conditions (temperature, humidity,
light, and air exposure) can degrade bioactive compounds, further influencing activity
(Ahmed et al., 2022).
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Figure 65: inhibition zone (mm) of three first flushes of P.ostreatus mushroom
Extracts cultivated of different substrate formulas against Escherichia coli.
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Figure 66: inhibition zone (mm) of three first flushes of P.ostreatus mushroom

Extracts cultivated of different substrate formulas against Staphylococcus aureus.
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Figure 67: inhibition zone (mm) of three first flushes of P.ostreatus mushroom

Extracts cultivated of different substrate formulas against Klebsiella pneumoniae.
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Figure 68: inhibition zone (mm) of three first flushes of P.ostreatus mushroom
Extracts cultivated of different substrate formulas against Bacillus cereus.
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Figure 69: inhibition zone (mm) of three first flushes of P.ostreatus mushroom
Extracts cultivated of different substrate formulas against Bacillus subtilis.
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Figure 71: inhibition zone of three first flushes of P.ostreatus mushroom Extracts

cultivated of different substrate formulas against E. feacalis,

Salmonella ssp

P25 P.50 P75 P10
o ol &l
k K25 K50 15t flush
| & @ '

ﬂst flush

g @ b 3 d flush
d flush

D v { =)
d flush | 1d flush

Figure 72: inhibition zone of three first flushes of P.ostreatus mushroom Extracts

cultivated of different substrate formulas against Selmonella ssp.
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----------------------------------------------- Conclusion and Perspectives

4. CONCLUSION AND PERSPECTIVES

This study demonstrated that the cultivation of Pleurotus ostreatus on alternative agro-

waste substrates such as date kernels, palm leaves, and wheat straw is not only feasible but also

highly valuable in terms of yield, biochemical composition, and functional bioactivities. Across

successive flushes, variations were observed in productivity and metabolite accumulation,

highlighting the influence of substrate type and cultivation stage on mushroom quality and

functionality.

Date kernel-based substrates promoted faster mycelial colonization and earlier fruiting
initiation due to their higher carbon and nitrogen content, resulting in shorter crop
cycles. Conversely, palm leaf substrates, characterized by higher lignin content and a
higher C/N ratio, slowed colonization and pinhead formation, leading to delayed fruiting

and reduced overall yields.

Yield and biological efficiency were highest in substrates combining date kernels with
wheat straw, notably K25, which showed superior cumulative yield and biological
efficiency compared to pure substrates. The progressive depletion of nutrients across
successive flushes caused a typical decline in yield, with the majority of productivity

concentrated in first and second flush.

Chemical analyses revealed higher extraction yields in palm-based substrates, yet these
were often accompanied by lower total phenolic and flavonoid concentrations per gram
of extract due to dilution effects. Date kernel-based mushrooms exhibited higher
concentrations of key bioactive flavonoids such as luteolin and quercetin, which
strongly correlated with antioxidant activities like DPPH and ABTS radical scavenging.
FTIR spectra confirmed the presence of polysaccharides (notably p-glucans), proteins,

and phenolics across all flushes, supporting the bioactive potential of the extracts.

Antioxidant activity assays highlighted the second flush generally as richest in low-
molecular-weight antioxidants, while first flushes excelled in specific scavenging and
metal chelating activities. Date kernel substrates favored iron chelation, whereas palm
substrates enhanced copper chelation, reflecting substrate-driven differences in

metabolite profiles.
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e For anti-inflammatory effects, wheat straw and date kernel substrates, either alone or
combined, are recommended. However, using the first flush of lower-percentage palm-

based substrates is also advisable.

o Enzyme inhibition assays indicated strong urease, and tyrosinase inhibitory effects. For
anti-melanogenic (anti-browning) purpose use palm-rich substrates (especially P100
and P25 in some flushes) is recommended with 2nd flush strong for some palm mixes.
For anti-ulcer (anti-urease infections) first flush of date-kernel-enriched substrates
(K75, K100).

e In contrast, a-amylase, anti-Alzheimer (acetyl- and butyryl cholinesterase), inhibitions
were weaker. Targeting anti-diabetic activity (a-Amylase inhibition) or slow
carbohydrate breakdown, recommend first flush of higher palm-based substrate. For
anti-Alzheimer / neuroprotective recommend late flushes (2" and 3") of kernel mixed

substrates and second flush of date palm-based substrate (P100)

e samples showed very low anti-obesity activity translated from almost no inhibition

pancreatic lipase enzymes and therefore very low reducing of fat absorption

e Antibacterial activity was moderate and predominantly effective against Gram-positive
bacteria like Staphylococcus aureus, with minimal effects against Gram-negative
species. This spectrum aligns with known selective antimicrobial activities of Pleurotus

ostreatus extracts.

Importantly, the results provided strong support for the hypotheses formulated in the
introduction. The expectation that agro-waste composition would influence mushroom
productivity, metabolite accumulation, and bioactivities was confirmed. Likewise, the temporal
variation across flushes validated the hypothesis that developmental stage modulates both
biochemical content and biological potential. The study also underscores that substrate
selection governs not only agronomic parameters but also the bioactive compound profile and
functional properties of Pleurotus ostreatus. Combining agro-industrial residues with
complementary nutrient profiles, such as date kernels and palm leaves, optimizes yield and
nutraceutical potential. These bioactive extracts hold promise for applications in functional
foods, natural antioxidants, anti-inflammatory enzyme inhibitors, and selective antimicrobials,

though their potency is generally lower than conventional pharmaceuticals.
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Overall, this study advances understanding of how cultivar substrate impacts Pleurotus
ostreatus performance and bioactivity, facilitating tailored cultivation strategies for enhanced

production of health-promoting mushroom compounds.

Future studies should investigate the effect of date kernel particle size on substrate
performance, with particular attention to overcoming issues of compactness and nutrient
availability. Moreover, optimizing mixtures of date kernels and palm leaves in different
proportions may provide suitable substrates that enhance both biological efficiency and the

accumulation of bioactive compounds across successive flushes.

Advanced metabolomic and proteomic profiling of fruiting bodies harvested at different
developmental stages would deepen understanding of biochemical dynamics during mushroom
maturation. This knowledge could inform harvest timing strategies to optimize bioactive

compound yield and functional properties.

The antioxidant, anti-inflammatory, enzyme inhibitory (anti-tyrosinaseand anti-urease),
and antibacterial activities exhibited by the extracts suggest promising applications in
functional food, pharmaceutical, and cosmeceutical sectors. However, the relatively modest
antibacterial efficacy against Gram-negative pathogens underscores the necessity of further
bioprospecting and purification efforts to isolate more potent antimicrobial agents from

mushroom-derived compounds.

Since enzyme inhibition results can vary, it is important to use the same extraction methods and
test bioactivities on different mushroom strains and growing conditions. This will make the

results more reliable and help in creating safe, certified nutraceutical products.

Finally, integrating Pleurotus ostreatus cultivation with circular bioeconomy models in
arid and semi-arid regions—Ileveraging abundant date palm residues—could significantly
enhance regional agriculture sustainability, generate alternative income sources, and contribute
to food security. Multidisciplinary approaches combining agronomy, biochemistry, and process
engineering will be crucial to fully realize the commercial and health benefits of mushroom

cultivation on agro-industrial residues.
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APPENDIX

Appendix A: Liquid Chromatography—Mass Spectrometry

Table Al

Appendices

Characteristic ionization (m/z) values of identified polyphenolic compounds by LC-MS/MS

POLYPHENOL m/z POLYPHENOL m/z
Isorhamnetin- 3-O Rutinoside 623,1 oleochantal SIM 303,2
Quercetin-3-0.hexose deoxyhexose 609,1 Hesperetin 301,3
Kaempferol-3-O-glucose 609,1 quercetin sim 301
Rutin 609 cathechin\epicathechin 289
Kaempferol-3-O-hexose deohyhexose 593,1 Kaempeferol 285
Narigin 579 Luteoilin 284,9
Procianidin 577 Arbutin 271,2
oleuropein SIM 539 Apigenin 269
Amentoflavone 537,1 Sinapic acid 223
guercetin-3-0- glucuronic acid 477 syringic acid SIM 198,9
guercetin-3-0-glucoside 463,1 syringic acid 197
Kaempferol-3-O-glucuronic acid 461,1 trans ferulic acid SIM 193
gallocathechin\epigallocathechin gallate 457 Ferulic acid 193
ursolic acid 455 Caffeic acid 179
luteoilin 7-O-glucoside 447,1 gallic acid SIM 168,9
Isorhamnetin-7-O- Pentose 447,1 Vanillic acid 167
cathechin gallate 441 p coumarci acid SIM 162,9
Kaempferol-3-O-pentose 417,1 Tyrosol 153,4
Rosmarinic acid 359 hydroxytyrosol SIM 153,05
Chlorogenic acid 353 Protocathecoic acid 153
Myricetin 317 Gentisic acid 153
Trimethoxyflavone 312 Trans-cinnamic acid 147
gallocathechin\epigallocathechin 305 p-hydroxybenzoic\salicilicacid 137
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Table B1

Pleurotus ostreatus mushroom extraction yield with 80% methanol maceration

Appendix B: extraction yield

Extraction yield

Sample (%)
15t flush 2" flush 3" flush

WS 26,12 25,65 23,98
K25 31,76 27,68 22,32
K50 32,76 34,08 30,28
K75 29,44 30,28 32,4
K100 30,04 37,56 38
P25 23,6 26,48 24,04
P50 28,92 24,84 30,28
P75 39,12 29,8 29,76
P100 40,32 29,64 32,12

Appendices
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Appendix C: total phenolic and flavonoids content

Table C1

Appendices

Pleurotus ostreatus mushroom total phenolic (mg GAE) and flavonoids (mg QE) content
per g of extract and g of Dry Mushroom

TPC TFC
SAMPLE mg GAE/g extract mg GAE/g DM mg QE/g extract mg QE/g DM
W1 9,252 + 0,556"%f 2 416 + 0,145%% 4,634 + 0,116 1,210 + 0,0302bcde
K25/1 8,73+ 0,113%0 2628 + 0,207¢%f 2,673 + 0,0662%f" 1,825 + 0,029
K50/1 9,252 + 0,065%%fs 3 405 + 0,128cdel 2,73 +0,00920cdfah 1 035 + 0,02020cdefe
K75/1 8,926 0,7040%f0 3,966 + 0,081 6,199 + 0,099 1,510 + 0,037%
K100/1  11,335+0,427%cdef0 3 071 + 0,1802cdef 3,446 + 0,066 1,092 + 0,01920cde
P25/1 16,804 £ 0,345 3,462 +0,086%°% 6,397 +0,156a 1,043 + 0,03120cdefo
P50/1 10,619 + 0,6212cdefs 3 572 + (0,243¢cde 3,776 +0,066%4 0,645 + 0,011°fN
P75/1 8,86+ 0,456%1 2 035 + 0,146cdefe 2 447 + 0,133%%f" 0,806 + 0,027 cdefohi
P100/1 10,229 + 0,8%cdefs 2 546 + (0,139% 3,541 + 0,028%% 1,043 + 0,01620cdfo
W2 11,726 £ 0,734%% 2 776 + 0,036 5624 +0,111® 0,850 % 0,021 20cdefehi
K25/2 11,074 +£0,4072%" 3 466 + 0,178%cde 2 739 + 0,009aPdefah 0,957 + 0,05220cdefgh
K50/2 11,726 £ 0,734 4124 + 0,323 2,57 +0,0411%fh 1 428 + 0,011
K75/2 12,051 + 0,704 3,007 + 0,1882df 2,032 + 0,019¢f" 1,442 +0,0292b
K100/2 10,814 +0,846% 3,065 + 0,113%cdkfs 1929 +0,059%" 0,758 + 0,003¢efoni
P25/2 17,845 + 0,396° 1,774 £ 0,140° 3,616 +0,111% 0,603 + 0,0209"
P50/2 15,046 + 1,4373°¢ 1,638 + 0,156¢ 4,201 + 0,125%¢ 0,424 + 0,014
P75/2 11,986 +0,816%¢ 2,976 + 0,238%cdfa 2,164 + 0,038 0,597 + 0,0119"
P100/2 9,903 + 0,491%cdefs 4 109 + 0,346%> 2,721 + 0,091%cdfeh (554 + 0,013"
W3 10,619 £0,579%cdfs 3 031 + 0,0212cdefs 4,351 + 0,066 0,894 + 0,00320cdefoni
K25/3 7,949 * 0,628¢" 3,996 + 0,250%c 2,702 + 0,09%cdefeh (876 + 0,01420cdefohi
K50/3 5,41 +0,5179 3,649 + 0,213zbcd 1,401 +0,047" 0,615 + 0,006"
K75/3 9,186 0,7331%f0 4,062 + 0,318%¢ 1,844 +0,033¢% 0,724 + 0,022¢fni
K100/3 10,814 +0,912%cdefs 4 725 + 0,105 1,457 +£0,034" 0,958 + 0,0292bcdefan
P25/3 9,447 +0,396"%fs 2 271 +0,095¢0 2,155 + 0,043%f" 0,518 + 0,010"
P50/3 9,382 +0,68%%f 2 841 + 0,206f 2 475 + 0,148bccfah (0,750 + 0,045foN
P75/3 6,7124 + 0,792 1,998 +0,236% 2,551 + 0,212bcdefah () 759 + 0,063¢defah
P100/3 8,73+0,851% 2804 + 0,273befs 3,333 +0,093%f 1 071 + 0,030%0ccef

Values with different superscript letters differ significantly (Kruskal-Wallis + Dunn’s test, Benjamini—
Hochberg correction, p < 0.05). Letters follow activity ranking, with “a” indicating the highest activity
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Figure C1

Gallic acid standard calibration curve for total phenolic content (TPC) determination

Gallic Acid
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Figure C2

Quercetin standard calibration curve for total flavonoid content (TFC) determination
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Figure D4
FTIR of powdered samples

Wavenumbers Wavenumbers
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Figure D5

FTIR of extract samples
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Table E1

Appendix E: Scavenging Antioxidant Activity

Appendices

Table: ICso Values (ug/ml) of DPPH, ABTS, and Hydroxyl Radical scavenging assays of

three flushes Pleurotus ostreatus extracts cultivated in different substrate formulas

Sample 1Cso (g/ml)
Substrate Flush DPPH ABTS HR
15t 604,23 + 5,71%¢ 142,75 + 1,39% 1105,33+ 16,223
WS 2nd 537,54+ 8,72% 195,20+ 8,82abcde 1240,12+ 4,26cdefy
3rd 529,85+ 20,77% 172,36+ 3,132 1186,96+ 10,9920cdef
15t 716,45+ 12,43%cdet 249 18+ 8, 9gabedef 1019,80+ 38,472¢
K25 2nd 767,22+ 10,04b¢% 214,00+ 3,523 1568,59+ 6,879
3rd 855,80+ 10,56 260,02+ 4,873bcdef 2232,22+ 32,79%1
15t 713,03+ 19,23%cdef 231 03+ 0,2230cdef 1041,89+ 14,673
K50 2nd 628,51+ 15,943bcd 189,56+ 5,0630cde 1178,72+ 8,95bcdef
3rd 836,80+ 20,01¢¢f 279,72+ 4,76 coef 1626,55z+ 36,420¢defy
15t 657,12+ 5,623bcdef 152,354+ 4,028b¢ 915,54+ 22,60%
K75 2nd 649,32+ 9,543bcde 153,04+ 2,66%° 3610,37+ 73,77 20cdef
3rd 793,74+ 2,29bcdef 430,32+ 11,53f 2071,07+ 33,4Qbcdefg
15t 709,86+ 4,592bcdef 221,47+ 1,962bcdef 1585,884+ 9,1130cdefg
K100 2nd 546,88+ 9,14% 190,29+ 1,89zabcde 873,71+ 19,622
3rd 559,72+ 4,23d® 234,69+ 1,64bcd® 3336,30+ 44,45
1t 786,39+ 5, 7(abcdef 122,39+ 5,64a 1197,46+39,8320cdefy
P25 2nd 936,46+ 26,73° 237,14+3,50%cf 1924, 03+ 28,163°cdef
3rd 502,93+ 11,01° 210,62+ 0,592bcdef 2283,91+ 90,557
15t 915,38+ 20,84%f 227,59+ 2, 562bcdef 1159,08+ 20,53%cde
P50 2nd 916,92+ 10,25%f 186,42+ 3,983bcde 868,38+ 9,922
3rd 658,73+16,2520cdef 331,82+ 0,68° 1587,29+ 84,0520cdefg
15t 962,02+ 9,63 442,15+ 0,65f 1234,24+ 2,7330cdefy
P75 2nd 926,01+ 15,23¢f 301,62+ 4,75%f 1214,49+ 24,0620cdefg
3rd 782,16+ 11,76%0cdef 367,15+ 10,35°"  1876,68+ 123,73%cdefy
15t 752,47+ 13,228cdet 264 14+ 7 470cdef 2071,35+ 98,40¢defg
P100 2nd 779,25+ 6,482bcdef 1157,65+ 23,31f 2198,84+ 58,980%f
3rd 690,36+ 15,65%cdf 333,13+ 13,29¢ 2018,71+ 37,99Pcdefg

Values with different superscript letters differ significantly (Kruskal-Wallis + Dunn’s test, Benjamini—
Hochberg correction, p < 0.05). Letters follow activity ranking, with “a” indicating the highest activity
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Table E2

Table: Antioxidant Capacities (UM TE/g DW) determined by DPPH, ABTS, and Hydroxyl

Radical scavenging assays in three flushes of Pleurotus Ostreatus grown on various
substrate formulations

Sample TEAC (UM TE/g DW)
Substrate Flushes DPPH ABTS HR
1 6,85 + 0,06 abcdefgh 25,10 + 0,24 abc 48,62 + 0,72 abedef
w 2nd 7,57 + 0,12 ¢ 18,10 + 0,86 2bcdefgh 42,53 + 0,15 abcdefy
3rd 7,19 + 0,28 abede 19,10 + 0,34 abcdef 41,55 + 0,38 abedefgh
1 7,03+ 0,12 dcdefg 17 53 + (0,61 abedefgh 64,22 + 2,34 abc
K25 2nd 5,72 + 0,08 cdefgh 17,75 + 0,30 @bedefgh 36,29 + 0,16 cdefoh
3rd 4,13+0,05" 11,78 + 0,22 efon 20,57 + 0,31 9"
K50 1% 7,29 + 0,20 @ 19,45 + 0,02 2bcde 64,69 + 0,90 °
2nd 8,60 + 0,22 @ 24,70 + 0,68 ¢ 59,46 + 0,46 abcd
3rd 5,74 + 0,14 cdefoh 14,86 + 0,25 cdefan 38,32 + 0,86 bedefoh
1 7,10 + 0,06 abedef 26,54 + 0,68 @® 66,21 + 1,61 %
K75 2nd 7,39 + 0,11 2bed 27,16 + 0,48 17,26 £0,35 "
3rd 6,47 + 0,02 bedefgh 10,34 + 0,27 9 32,19 + 0,53 defoh
1 6,71 + 0,04abcdefgh 18,61 + 0,16 2bcdefy 38,96 + 0,22 abedefgh
K100 2nd 10,89 + 0,18 2 27,08+ 0,26 ¢ 88,49+ 1,96 ¢
3rd 10,76 + 0,08 @ 22,21 + 0,16 2bcd 23,43 + 0,31 fon
1 4,76 + 0,03 foh 26,56 + 1,22 % 40,62 + 1,39 abedefgh
P25 2nd 4,49 + 0,12 fon 15,32 + 0,22 cdefah 28,31 + 0,41 ©fon
3rd 7,568 + 0,17 ac 15,66 + 0,04 bedefgh 21,72 + 0,88 9"
1 5,01 + 0,12 efoh 17,44 + 0,19 abedefgh 51,34 + 0,93 abede
P50 2nd 4,29 + 0,05 9 18,29 + 0,39 abedefgh 58,84 + 0,67 abcd
3rd 7,29 + (0,18 abede 12,52 + 0,03 defah 39,44 + 2,02 abedefgh
1 6,45 + 0,06 bedefoh 12,14 + 0,02 efon 65,18 + 0,14 abc
P75 2nd 5,10 + 0,08 defon 13,56 + 0,21 defoh 50,50 + 1,00 abede
3rd 6,03 + 0,09 cdefh 11,14 + 0,31 fon 32,91 + 2,29 defgh
1 8,50 + 0,15 & 20,97 + 0,59 2bcd 40,22 + 1,99 abedefgh
P100 2nd 6,03 + 0,05 cdefoh 3,561+0,07" 27,76 + 0,75 ©fon
3rd 7,3 8+ 0,16 abcd 13,27 + 0,53 defgh 32,74 + 0,62 defon

Values with different superscript letters differ significantly (Kruskal-Wallis + Dunn’s test, Benjamini—
Hochberg correction, p < 0.05). Letters follow activity ranking, with “a” indicating the highest activity

142



Table F1

Appendix F: Reducing Antioxidant Activity

Table: ICso values (ug/ml) of FRAP, CUPRAC, and TAC assays of three flushes of
Pleurotus ostreatus extracts cultivated in different substrate formulas

sample Aso (ug/ml)
Substrate Flush FRAP CUPRAC TAC
1t 43,07+ 1,23%cdef 482,28+ 18,21°¢ 96,60+ 0,93%
WS 2nd 20,50+ 0,94% 388,15+ 8,79% 85,91+ 3,162
3rd 33,42+ 4,443bcdef 393,99+ 2,72¢% 76,38+ 3,022
1t 27,37+ 2,083bcde 225,71+ 13,032bcde 154,73+ 4,682bcde
K25 2nd 27,00+ 0,943bcce 221,92+ 1,143bcce 145,49+ 1,323bcde
3rd 75,51+ 0,08 229,78+ 2,643 137,89+ 2,143bcde
1t 55,32+ 2,073bcce 203,63+ 0,6730cce 146,964+ 7,573bcde
K50 2nd 64,79+ 3,9200f 263,62+ 9,79bcce 88,85+ 6,23%
3rd 12,43+ 1,672 377,58+ 6,91 145,68+ 0,693bcde
1t 29,72+ 0,628bcdef 205,56+ 5,172 139,18+ 13,0720cde
K75 2nd 74,27+ 0,78 223,23+ 9,783bcde 98,33+ 1,17%®
3rd 37,84+ 0,63%0cdef 282,74+ 2,020 127,784+ 2,34¢abcde
1t 46,74+ 1,86%000ef 144,57+ 5,43abcde 188,54+ 5,520
K100 2nd 78,08+ 2,68 115,99+ 3,142 115,63+ 2,07 2bcde
3rd 26,81+ 1,4520de 114,29+ 1,092 167,36+ 5,030
18t 25,69+ 1,15%¢d 130,55+ 3,08% 80,66+ 0,60°
P25 2nd 29,06+ 0,61 2bcdef 98,51+ 0,84 99,25+ 1,36%¢
3rd 33,35+ 2,360 139,57+ 6,13%° 191,53+ 4,08¢¢
1t 53,31+ 2,96%0cdef 230,54+ 5, 75300 105,49+ 1,9032bcd
P50 2nd 26,17+ 2,793bcce 259,76+ 0,530 94,40+ 1,43%®
3rd 60,73+ 2,930 131,37+ 2,11% 145,164+ 1,783bcce
1t 59,15+ 3,260 391,40+ 6,23% 152,44+ 15,993bcde
P75 2 28,47+ 0,70%cd 182,952 4,74b¢ 128,04 1,44°%bcde
3rd 69,76+ 0,75 213,44+ 10,512 225,51+ 4,64°
1t 24,66+ 1,99%° 221,60+ 1,230 167,04+ 3,570
P100 2" 43,68 2,962 217,362 3,622 171,21+ 8,71bce
3 70,74+ 10,72% 228,731 4,812 197,28+ 4,61%

Values with different superscript letters differ significantly (Kruskal-Wallis + Dunn’s test, Benjamini—
Hochberg correction, p < 0.05). Letters follow activity ranking, with “a” indicating the highest activity
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Table F2

Appendices

Table: Antioxidant Capacities (UM TE/g DW) determined by FRAP, CUPRAC, and TAC

assays in three flushes of Pleurotus Ostreatus grown on various substrate formulations

Sample TEAC (UM TE/g DW)
Substrte  Flush FRAP CUPRAC TAC
1% 32,36 + 0,95 cdefanilk 40,02 £ 1,49 9 63,77 + 0,61 abede
WS 2n 66,93 + 3,00 bcd 48,74 +1,13 9 70,59 + 2,67 e
3 39,82 + 6,07 abedefghijk 44,85+ 0,319 74,25 + 2,84 ¢
1t 62,54 + 4,73 abed 104,41 + 6,35 abcdefs 48 47 + 1 48 defohi
K25 2n 54,74 + 1,97 abedef 91,90 + 0,47 bedefy 44,85 + 0,40 efoni
3 15,75+ 0,01 71,59 + 0,83 ©fo 38,17 + 0,60 fon
1 31,63 + 1,19 defhik 11852 + (0,39 abedef 52 80 + 2 60 bedefohi
K50 2n 28,25 + 1,78 efohiik 95,50 + 3,47 bedefy 91,27 + 6,182
3 134,39 + 16,07 2 59,13+ 1,10 fo 48,99 + 0,24 cdefohi
1 52,79 + 1,13 ecdefy 105 65 + 2 69 abedefy 50, 70 + 4,42 bedefghi
K75 2n 21,72 +0,23 100,32 + 4,33 acdefy 72 61 + (0,86 2bed
3 45,61 + 0,77 abedefghii 84,45 + 0,60 U 59,82 + 1,11 abcdefgh
1 34,32 + 1,32 bedefghijk 153,55 + 6,00 ¢ 37,63 + 1,13 o
K100 2n 25,69 + 0,86 ik 238,92 + 6,56 2 76,62 +1,35%®
3 75,99 + 4,24 abe 245,00 + 2,34 2 53,62 + 1,58 abedefghi
1 49,11 + 2,17 abedefghi 133,36 + 3,13 @ 68,97 + 0,50 bcd
P25 2n 48,57 + 1,01 abedefghii 198,04 + 1,68 @ 62,90 + 0,85 abedef
3 38,83 + 2,87 abedefohilk 197 40 + 5 1 abede 29,61 +0,63'
1= 29,08 + 1,71 efohilk 92,53 + 2,36 cdefu 64,68 + 1,17 ebcde
P50 2nd 51,72 + 5,44 abedefgh 70,46 + 0,15 ©fo 62,06 + 0,94 2bedefg
3 26,70 + 1,26 fohik 169,88 + 2,78 @ 49,18 + 0,67 cdefohi
1= 35,47 + 2,08 ebedefohik 73 68 + 1 16 defu 61,99 + 7,15 abedefy
P75 2nd 55,84 + 1,40 2bede 120,16 + 3,07 acdef 54 88 + 0,671 abcdefohi
3 22,73 + 0,25 ik 103,25 + 5,07 s 3113+ 0,64 N
1= 88,23 +7,26%® 134,07 £ 0,73 @0 56,95 =+ 1,23 abcdefghi
P100 2nd 36,46 + 2,40 abedefohik 100 54 + 1 66 2bedefs 47 03 + 2,10 efohi
3 25,20 + 3,35 ohik 103,56 + 2,17 abcdefs 38 42 + (0,89 fon

Values with different superscript letters differ significantly (Kruskal-Wallis + Dunn’s test, Benjamini—
Hochberg correction, p < 0.05). Letters follow activity ranking, with “a” indicating the highest activity
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Table G1

Appendix G: Chelating Antioxidant Activity

Appendices

Table: Aso Values (ug/ml) of FIC and CCA assays of three flushes of Pleurotus ostreatus

extracts cultivated in different substrate formulas

Sample Aso (ug/ml)
Substrate Flush FIC CCA
1t 150,25 + 2,9620cdef 413,89+ 8,842
WS 2nd 236,97+ 35,28¢0¢f 715,25+ 8,01300d€
3rd 210,13+ 5,280cdef 823,49+ 18,772bcdef
1t 352,65+ 16,44f 1095,70+ 48,70°f
K25 2nd 87,20+ 0,24 1163,32+ 89,271 3bcdef
3rd 132,52+ 0,24%0cdf 1994 744+ 111,77300def
1st 93,15+ 1,56%¢ 1027,79+ 29,243bcdef
K50 2nd 86,77+ 1,482 2133,30+ 90,06
3rd 217,99+ 11,11°%F 106757+ 147,0530cdef
1t 209,46+ 1,550 1783,56+ 22,73¢df
K75 2nd 82,67+ 4,822 1740,18+ 68,96°%f
3rd 194 554+ 1, 023bcdef 1851,72+ 58,85%f
15t 122,29+ 6,5120cdef 3013,65+ 86,17
K100 2nd 84,54+ 0,562 2135,75+ 108,02
3rd 198,744+ 2,27 3bcdef 1921,07+ 66,14°f
18t 99,30+ 7,75%¢ 609,48+ 5,06
P25 2nd 155,194+ 1 532bcdef 618,71+ 85,952
3rd 187,09+ 3,13%cdl  1069,77+ 102,27 20cdef
15t 111,79+ 1,123bcde 511,88+ 28,78
P50 2nd 172,06+ 2,662c0f 631,87+ 17,08d%
3rd 171,07+ 2,223bcdef 658,49+ 46,78
1t 95,80+ 7,000 710,18+ 18,802bcde
P75 2" 106,36+ 5,342 835,04+ 46,1820cdef
3rd 305,21+ 5,74° 935,67+ 56,0500
1t 155,13 +1,69%cd’ 112052+ 67,643cef
P100 2nd 299,17 + 7,299%f 1385,28+ 93,320cdef
3rd 253,64 + 3,43%f 1073,48+ 106,2630cdef

Values with different superscript letters differ significantly (Kruskal-Wallis + Dunn’s test, Benjamini—
Hochberg correction, p < 0.05). Letters follow activity ranking, with “a” indicating the highest activity
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Table G2

Appendices

Table: Antioxidant Capacities (UM EDTAE/g DW) determined by FIC, and CCA, assays in

three flushes of Pleurotus Ostreatus grown on various substrate formulations

Sample TEAC (uM EDTAE/g DW)
Substrate  Flush FIC CCA
1 134,15 + 23,44 abede 332,62+7,222
w1 2n 76,13 % 11,68 bedefu 188,90 # 2,12 abedef
3 87,79 + 2,18 abedefy 153,51 + 3,56 2bcdefo
1= 39,63+1,91°9 153,21 + 6,53 abedefy
K25/1 2n 182,98 + 0,50 2 126,74 + 9,39 bedefo
3 149,40 + 0,28 @ 59,30 + 3,37 ¢
1 144,89 + 2,36 ¢ 168,11 + 4,69 abcdefy
K50/1 2n 149,50 # 2,56 ¢ 84,42+ 3451
3 67,27 + 3,32 defo 155,12 + 21,11 abcdefy
1 71,64 + 0,53 bedefy 86,95+ 1,09 fo
K75/1 2n 177,65 +9,78 91,92 +3,69
3 70,10 + 0,36 %f 92,32 42,841
1 120,91 + 6,171 @bedef 52,58 +1,52 9
K100/1 2n 139,11 + 0,93 2bed 93,06 + 4,511
3 58,52 + 0,64 19 104,41 + 3,65 ©fo
1= 191,05 + 16,12 @ 203,94 + 1,77 abede
P25/1 2n 107,53 + 1,06 abcdefy 235,72 + 37,36 @bede
3 98,29 + 1,68 abedefy 120,34 + 10,50 cdefo
1 136,68 + 1,39 abede 299,48 + 17,65 %
P50/1 2nd 103,42 + 1,61 2bcdefy 207,31 + 5,50 abcde
3 85,34 + 1,13 bedefy 244,68 + 17,89 2bcd
1 119,15 + 8,63 abcdef 290,48 + 7,89 ¢
P75/1 2nd 140,14 + 7,42 #cd 189,09 + 10,59 abcdef
3 48,67 +0,93 0 168,63 + 9,56 abcdefy
1 70,67 + 0,76 cdefu 190,92 + 11,87 abedef
P100/1 2nd 49,88 +1,19 113,68 + 7,52 %fg
3 54,25 + 0,74 1 160,63 + 15,60 2bedefa

Values with different superscript letters differ significantly (Kruskal-Wallis + Dunn’s test, Benjamini—
Hochberg correction, p < 0.05). Letters follow activity ranking, with “a” indicating the highest activity
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Appendix H: Antioxidant activity of standards

Table H1

(50°0 > d) 10112 prepuess F suedw oy} Junuasaidar a[qe) oy ur sIqUNU AY |,

- LSTFOLIET  LIOF¥6°SE viad
LTFLYIS  SLOTFSSS  €6°TF8HIT - - ¥0°0 FLET €0°0 FOV'E €1°0 FL6E X0[01],
- 60°0 FE6°T - - - 10°0 F0S°0 #0°0 FTE0 10°0 FSI°T undIINY
- €00 FLET  SHTFILOI - - €0°0 F€6°0 20°0 T86°0 - uryadge)
- LL'OFIS9  ¥SOFLY'S - - 90°0 F65°0 #0°0 Fr0°T 0L‘0 FST'SY LHY
[9°8€ FLO'TI9  $I0FHOT  SY'TFLY'S - - T0°0 FES0 20°0 FHLT 1€0 FTL'S VHA
TLOFIOLL  $0°0 F6S‘t - 881 FS0°8ST - LO0 FOLL LO0 F6I'Y 80°0 F00't V/31q1008Y
- 70°0 FHET - 68°0 F60°€L - Y10 F16°0 #0°0 F9€°0 200 FIT'T V/ouIED
4H OVL oviadnd V2D o) K| dviad S1Lav Hddd
plepuels
(Tw/371) 0$DI1

Table: ICso Values (ug/ml) of different antioxidant assays for different standards
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Appendix I: Anti-inflammatory activity

Table 11

1Cso values (ug/mlL) of anti-inflammatory activity of Pleurotus ostreatus extracts from

three successive flushes cultivated on different substrate formulas

Anti-inflammatory

Sample 1Cso (ug/ml)
1st flush 2" flush 3rd flush
WS 124,61 +7,35%® 109,83 + 0,092 106,73 £ 1,992
K25 149,53 + 2,962d 226,03 + 2,415 200,83 + 5,2720cde
K50 148,82 + 1,973cd 211,36 + 1,52%¢de 195 90 + 1,97abcde
K75 145,69 + 0,213k 160,07 + 3,45%cd 194,79 + 1,7g2bcde
K100 245,82 + 10,03¢de 229,07 + 4,594 204,88 + 9,14abcde
P25 126,54 + 6,54% 177,62 + 4,713k 263,27 + 7,46%
P50 132,9 +2,91® 150,19 + 0,773¢d 230,98 + 4,94bcde
P75 208,97 + 14,48%¢ 224,45 + 1,445 368,24 +9,33°
P100 155,25 + 5,0920cde 261,43 +7,51% 269,82 + 9,81%
Diclofenac 25,09 + 0,47

Values with different superscript letters differ significantly (Kruskal-Wallis + Dunn’s test, Benjamini—
Hochberg correction, p < 0.05). Letters follow activity ranking, with “a” indicating the highest activity

Appendices
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Table J1

Appendix J: Enzyme Inhibition Activity

Appendices

1Cso values (ug/mlL) of Tyrosinase inhibition activity of Pleurotus ostreatus extracts from

three successive flushes cultivated on different substrate formulas.

ICso Tyrosinase inhibition (ug/ml)

Sample
1st flush 2" flush 3rd flush
WS 664,80 + 2,6230¢df 740,19 + 26,4600 804,24 + 14,34
K25 627,39 + 3,70%0cdel 723 22 + 26,0420cdef G52 32 + 9, 25abcdef
K50 768,54 + 37,88¢def 544,59 + 17,74%cde  §76,12 + 13,152bcdef
K75 744,44 + 7 0230cdef 775,16 + 8,49¢def 509,37 + 9,213cd
K100 638,81 + 11,928bcdef 758 24 + 11,48%°f 509,16 + 10,86ccef
P25 575,98 + 8,123bcde 325,18 + 7,64% 1420,73 + 55,95f
P50 827,31 + 5,39¢f 551,50 + 16,10%cde 1143,69 + 27,26
P75 895,77 + 82,32¢ 797,86 + 18,30%f 491,69 * 26,55%°¢
P100 616,33 + 8,670cdef 266,68 + 6,332 508,47 + 15,5920
Kojic acid 3,82+0,57

Values with different superscript letters differ significantly (Kruskal-Wallis + Dunn’s test, Benjamini—
Hochberg correction, p < 0.05). Letters follow activity ranking, with “a” indicating the highest activity
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------------------------------------------------------------------------- Appendices

Table J2

1Cso values (ug/mL) of Tyrosinase inhibition activity of Pleurotus ostreatus extracts from

three successive flushes cultivated on different substrate formulas.

ICsoUrease inhibition (ug/ml)

Sample
1st flush 2" flush 3rd flush
WS 871,11 + 10,25¢%f 485,20 + 22,65%°¢ 662,22 + 10,423bcdefy
K25 519,05 + 1,782 555,06 + 12,0520cde 821,60 + 12,89Pcdefy
K50 489,14 + 18,26%°¢ 570,32 + 7,04a0cdef 625,82 + 4,5620cdefy
K75 380,02 + 16,39% 513,23 + 15,023 825,13 + 26,67°cdef
K100 320,77 £ 8,772 495,77 + 1,092 643,52 + 8,00%cdefy
P25 751,31 + 15,292bcdefg 725,12 + 9,572bcdefg 576,28 + 11,223bcdefy
P50 738,0 + 11,228bcdefg 686,48 + 13,9230cdefy 1113,17 + 41,32¢f
P75 825,71 + 6,600cdefy 860,78 + 9,75¢def 1416,10 £ 55,269
P100 952,92 + 5,78¢%f9 1081,64 + 17,71°f 1313,46 + 31,01
Thiourea 9,743 £ 0,002

Values with different superscript letters differ significantly (Kruskal-Wallis + Dunn’s test, Benjamini—
Hochberg correction, p < 0.05). Letters follow activity ranking, with “a” indicating the highest activity
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Table J3

Appendices

enzyme inhibition values (%) (a-amylase, AChE, BChE and lipase) of 1mg/ml of

P.ostreatus extracts of three successive flushes cultivated on different substrate formulas.

Inhibition (%) of 1 pg/ml

Sample
a-amylase AChE BChE Lipase
WS1 24,729 + 0,314 29,726 + 0,50820cdefghii 35,750 + 0,433¢ 6,860 + 0,006°cdefan
K25/1 20,302 + 0,575¢defoh 42,915 + 0,586 24,960 + 0,4192bcdefy 4,951 + 0,079%¢
K50/1 18,793 + 0,27 23bcdefgh 14,404 + 0,177f20cd 20,456 + 0,552% 4,423 + 0,259
K75/1 17,582 + 0,1293ccefoh 24 259 + 0,38330cdefghii 35,101 + 0,545 9,986 + 0,559¢°defan
K100/1 30,015 + 0,685" 36,822 + 0,337 22,156 +0,173%cd 9 169 + 0,09830cdefo
P25/1 15,696 + 0,2883bcdef 44,817 + 0,509"i 31,043 + 0,627%f 9,704 + 0,134¢defgh
P50/1 14,325 + 0,27Q0%fon 30,705 * 0,506Pccefonii 25 476 + 0,99482bcdefy 11,269 + 0,5107"
P75/1 13,168 +£0,181%® 13,566 + 0,78130< 30,811 + 1,092¢%f 7,040 + 0,18930cdefg
P100/1 10,613 + 0,233 27,274 + 0,947%0cdkefohii 21 714 + 0,657« 9,201 + 0,332bcdefgh
WS2 18,029 + 0,2732cdefon 15 996 + (,2273bcdef 20,802 + 0,245%¢ 14,210 + 0,089"
K25/2 21,495 + 0,208°f9" 32,966 + 0,919¢defohi 20,536 + 0,341 12,916 +0,1219"
K50/2 15,717 + 1,83630ccef 34,755 + 0,367 4efohi 27,396 + 0,809P°cdefy 11,914 + 0,3569"
K75/2 20,886 + 0,504¢°f" 35,325 + 0,298¢fni 31,332 +0,253¢f¢ 7,887 + 0,165%cdefon
K100/2 17,062 + 0,467%0¢%fs 20,870 + 0,1752°cdefon 30,873 + 0,858%f 5,509 + 0,0772bcde
P25/2 21,922 + 0,207 23,647 + 0,263%cdefohii - 26 257 + 0,40430cdefy 5,047 + 0,1372bcde
P50/2 20,538 + 0,236%%€fh 20,841 + 0,6333ccfoni 30,551 + 0,439°%f 13,429 + 0,258"
P75/2 20,705 + 0,290¢%fdn 14,140 + 0,7742 18,692 + 0,647 10,849 + 0,071°f"
P100/2 17,659 + 0,567 2bcdefgn 11,880 + 0,419M 24,299 + 0,540%cf 8 909 + 0,0923bcdefgn
WS3 11,435 + 0,236® 7,606 = 0,557% 24,295 + 0,877%cdef 9,727 + 0,227¢%fdh
K25/3 14,148 + 0,212f® 5,354 + 0,5652 31,319 + 1,163¢%f9 6,229 + 0,08330cdef
K50/3 27,111 + 0,462" 13,887 + 0,926« 22,397 + 1,093%cde 5,781 + 0,28230cdef
K75/3 19,471 +0,0790°%fen 17 758 + 0,27Q2bcdefy 15,798 + 0,2742 3,984 + 0,054
K100/3 6,201 + 0,1572 33,298 + 0,297¢defohi 16,165 + 0,640° 5,013 + 0,173
P25/3 19,205 + 0,2660¢defon 46,004 + 0,768 25,710 + 0,23432bcdefy 2,957 £ 0,119°
P50/3 16,618 + 0,3393bcdef 44,716 + 1,522 25,402 + 0,371%0cdefg 10,824 + 0,427
P75/3 17,597 + 0,2078bcdefon 33 512 + 1,289%fni 25 397 + 0,36730cdef 6,145 * 0,2560cdef
P100/3 16,713 + 0,0623bcdef 52,860 + 0,970/ 34,304 + 0,623 7,831 + 0,2703%cdefgn

Values with different superscript letters differ significantly (Kruskal-Wallis + Dunn’s test, Benjamini—
Hochberg correction, p < 0.05). Letters follow activity ranking, with “a” indicating the highest activity
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Table K1

Appendix K: Enzyme Inhibition Activity

Appendices

inhibition zone (mm) including disk diameter (6mm) of three first flushes of Pleurotus

ostreatus mushroom Extracts cultivated of different substrate formulas against different

bacetria gram-positive and gram-negative

Gram-positive

Gram-negative

® = 3 = 2 w P 2
@ = T = 2 3 =
a < &

W1 6,29 +0,29 | 6,50 £0,15 6 6 8,43+0,90 | 9,03+£0,10 7,37 £0,22 6
K25/1 6,46 £ 0,02 | 6,29 £ 0,06 6 6 8,46 £0,40 | 8,93+0,02 7,59 £0,29 6
K50/1 6,75+0,39 | 6,25%0,22 6 6 8,11 + 0,03 6,43 +0,12 7,06 £ 0,07 6
K75/1 6 6 6 6 7,16 £0,33 7,73 £0,50 7,13+0,47 6
K100/1 6,57 £0,00 | 6,39 0,00 6 6 7,12 +0,38 6,62 £ 0,12 6,56 £ 0,28 6
P25/1 6,25 £ 0,25 6 6 6 6,48 £ 0,13 7,56 + 0,26 6 6
P50/1 6 6 6 6 7,89 £ 0,36 6,82 £ 0,18 6,65 + 0,18 6
P75/1 6 6,37 £ 0,00 6 6 8,21+0,11 6 6,82 + 0,24 6
P100/1 6,69 £ 0,03 6 6 6 8,04+0,40 | 6,84£0,04 6,59 + 0,00 6

W2 6 6 6 6 7,82 £0,15 7,00+0,16 | 12,90 +0,09 6
K25/2 6 6,32+ 0,12 6 6 8,86 + 0,20 7,18 + 0,00 6,58 £ 0,17 6
K50/2 6,23 £0,23 6 6 6 6,93+0,30 | 7,64£0,26 6,36 + 0,08 6
K75/2 6 6 6 6 7,34 +0,34 8,42+0,30 | 14,67 +0,19 6
K100/2 6,70+0,70 | 6,39 +0,12 6 6 7,62 +0,37 6,20 = 0,02 6,54 £ 0,04 6
P25/2 6,51+0,08 | 6,25+0,01 6 6 6,23 £ 0,09 6,31 + 0,06 6,63 + 0,29 6
P50/2 6 6 6 6 7,67 0,15 8,20 £ 0,33 8,07 £ 0,68 6
P75/2 6,60 + 0,33 6 6 6 8,05 +0,28 6,95+ 0,35 6,63 = 0,09 6
P100/2 6,59 £ 0,15 6 6 6 7,00 £0,13 7,43 £0,02 6,81 + 0,06 6

W3 6,63 + 0,00 6 6 6 7,82 0,21 8,74 £ 0,14 7,39 £ 0,00 6
K25/3 6,62 + 0,32 6 6 6 8,62 + 0,20 6,70 £ 0,02 6,88 £ 0,04 6
K50/3 6 6 6 6 7,21+0,41 7,53+0,43 7,13+0,11 6
K75/3 6,84 £ 0,22 6 6 6 7,21 + 0,65 6 6,55 + 0,16 6
K100/3 6,18 £ 0,18 6 6 6 7,30 £0,03 6,64 + 0,27 6,49 + 0,19 6
P25/3 6,19 + 0,19 6 6 6 6,60 + 0,10 7,72 £ 0,46 6,83 +0,21 6
P50/3 6 6 6 6 6,89 + 0,31 6 6,38 £ 0,14 6
P75/3 6 6 6 6 6 6,45 + 0,07 6,12 £ 0,12 6
P100/3 6,43 + 0,16 6 6 6 6 6,90 £ 0,35 6,47 £ 0,09 6

AMPiciline | 20,83 +0,00 6 6 / 6,28 £ 0,00 6 41,99 +0,91 /
AMoxiciline | 28,48 +£1,04 | 23,39 +0,55 | 8,69+0,26 | 30,27 £0,17 | 14,52+0,31 | 11,09+0,16 | 49,86 + 3,49 6
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