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Abstract

The industrial mushroom diversity in Sri Lanka lies within a narrow range; therefore, it is
necessary to introduce novel mushroom species to the indB&tyotus djamomRumph. ex Fr.
strain PLOXWhite is a white local mushroom in Sri Lanka with a relatively larger pileus than the
commercial strain and is considered a delicacy by locals. In the present study, we domesticated and
optimized the cultivation conditions for this mushroom. This mushroom can be successfully
cultivated in rubber sawdust with 65.5% moisture, 10% rice bran (w/w), 2.5% {a@®) and
0.2% MgSQ (w/w). These mushrooms are nutritionally important, having a crude protein content
of 26.038+0.183% (of dry weight) and 37.5£2.0% crude fibre content (of dry weight). The mineral
content of the mushroom was analysed via Inductively Coupled Plslsrssr Spectrometry.
Potassium (K) is the most abundant macroelement (1893M ig/kg), while Zn is the most
abundant microelement (85.00:85 mg/kg). The heavy metals, As, Pb, and Hg contents were
identified as lower than those recommended by €ddanentarius. Then vitro cytotoxicity of
the boiled mushroom extract (k€ 0.0460 g/mL) determined by thrtemiatoxicity assay was
lower than that of the raw mushroom extract £41C0.0003 g/mL).
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Introduction

In Sri Lanka, there is a large diversity of mushrooms, however only a few are used for
culinary purposes and are rarely used for medicinal purposes. There is a high demand for the few
wild edible species already consumed by locals due to the characteristic taste, texture, and
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fragrance of those mushrooms. Although there is good demand for mushrooms as nonanimal origin
protein sources in Sri Lanka, the market supply of cultivated or-pickled mushrooms is
inadequate to satisfy this demand. Only a few mushroom species, sidivasella volvacea
(Pluteaceap Agaricus bisporugAgaricaceag, Pleurotus ostreatu@Pleurotaceag P. cystidiosus

P. sajorcaju, P. djamor and Calocybe indicgLyophyllaceag are cultivated commercially, novel
species need to introduce into to the market. Therefore, there is substantial potential for the
domestication of wild edible mushrooms in the country and for cultivation under atrtificial
conditions to meet demand.

The United NationDevelopment Programme (UNDP) introduced commercial mushroom
cultivation to Sri Lanka in 1988Rajapakse 2014during which onlyolveriella volvacegstraw
mushroom) was cultivated from paddy straw. The Sri Lanka Export Development Board pioneered
the establishment of facilities for mushroom spawn production in Sri Lé&R&@pakse 2014
Karunarathna et al. 201Aleurotus ostreatus the first introduced mushroom speciBsjapakse
2014) and currentlyP. cystidiosusand P. eoushave become popular among mushroom farmers
(Karunarathna et al. 2017Anhile P. ostreatusemains the leading species. Subsequently several
mushroom species such Rssajorcaju andP. djamorwere introduced to the mushroom industry
in Sri Lanka, and several attempts to introduce novel species have been recorded.

Sri Lanka is a tropical island nation and due to its isolation as an island and its tropical
climate, the biodiversity of the country is remarkable. Along with all other living organisms, fungal
diversity in Sri Lanka is comprehensive, with a prediction of inhabiting more than 25000 species
(Karunarathna et al. 201L7Among those, only about 2000 were taxonomically recorded, while
some have been identified recen(ly et al. 2016).The most popularly consumed wild edible
mushrooms in Sri Lanka ar€ermitomycesspecies which includdermitomyces microcarpus
Termitomyces eurrhizusTermitomyces heimiiTermitomyces cartilaginousind Termitomyces
srilankensis(Pegler& Vanhaecke 1994diriweera et al. 2023However, these mushrooms can
be collected only in the wild, and commercial cultivation is ineffective or unsuccessful due to the
commensalistic relationship between termites and the futBatmad et al. 2014)A few
cultivation trials have been reported with successful reg¢RitailandLeféevre & Bignell 2002
Gongé& Guan 2020Ahmad et al. 2021)in addition, several other wild mushroom species, such as
Auricularia sp., Tremella sp., Pleurotus spp, Volveriella volvacea Schizophyllum commune
Coprinus sp., P. giganteus Macrocybe gigantealLentinus squarrosulysLentinus sajor-caju,
Flammulaster fulvoalbyd.aetiporus sulphureysindPleurotus tubeiregiumare consumed.

Although many wild edible mushrooms occur in Sri Lanka, only a few have been
domesticated. Domestication of the wild mushroom species in Sri Lanka was initiated several
decades ago bydugama & Wickramaratna (1991 this study, they successfully domesticated
milky mushrooms Calocybe indica and black ear mushroom®uricularia sp.). Pleurotus
giganteusis one of the delicacies of Sri Lankan cuisine and is a comparatively large mushroom
(Karunarathna et al. 2012With these characteristics, this mushroom has a high potential for
domestication, and several studies have been conducted to domesticate this m({iddumama
& Wickramaratna 1995Namalee et al. 2016)Bandaranayake et al. (201Bttempted to
domesticate a medicinal mushrooi®anoderma lucidumfor the first time in Sri Lanka.
Miriyagalla et al. (2022)nvestigated the cultivation potential of three Sri Lankan wild edible
mushroom specieggentinus sajoicaju, Lentinus squarrosulysandP. tuberregium

Although there are more than a thousand species of edible mushrooms worldwide, only
approximately 130 species have been domestic@iédhwthong et al. 2014)Specifically,
saprophytic mushrooms were domesticated, but some symbiotic mycorrhizal mushrooms were also
cultivated semindustrially (Lakhanpal 1995Halling 2006 Morte & Andrino 2014 Reyna&
GarciaBarreda 2014Morte et al. 2021)In addition, there is much evidence for the cultivation of
some parasiti€Liu et al. 2019)xand other obligate symbiotic mushroom spe(i&a 2015 Ahmad
et al. 2021)

Furthermore, mushrooms are an affordable and sustainable source of protein that provides a
strong substitute for animal proteins. In addition to having a high nutrient content, mushrooms are
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produced at a significantly cheaper cost than typical animal products. The introduction and
cultivation of new mushroom species are particularly favourable from an economic perspective.

The P. djamormushroom is a white strain found in Sri Lanka and is considered a culinary
delight. In the present study, we identified the domestication possibility of this mushroom strain
while optimizing laboratory culture, spawn preparation, and cultivation. The nutritional quality and
mineral content of the mushroom were also assessed to validate its nutritional aspects. The
cytotoxicity of the mushroom was also identified to confirm its edibility.

Materials & Methods

Isolation of the pure culture

Pleurotus djamorstrain PLOtWhite was collected from Weddagala, Kalawana, Sri Lanka
(6.475418 °N, 80.415525 °E). Mycelia were isolated on Benaoyiaining Agar (BA) added with
50 pg/mL gentamycin, which was prepared based on the methods describ@dréy & Hull
(1989) and Russell (1956). The surface of the mushroom fruiting body was wiped with 70%
ethanol, and a piece of internal tissue was subsequently inoculated onto the medium and incubated
at 25°C until mycelial growth was observed. The pure cultures of the mushrooms were obtained by
continuous sufzulturing and hyphal tipping, following the method of Brown (1924). The cultures
were deposited at the Department of Botany, University of Sri Jayewardenepura, Nugegoda, Sri
Lanka.

Morphological identification of the mushroom species

Tentative identification of the selected wild mushroom species was performed by analysing
the morphological characteristics using keys describedroya (1986)and Pegler (1986) The
macromorphological characteristics were initially studied and the micromorphological
characteristics of gills, spores and mycelia were observed through the microscopevalbhepf
the spores were calculated using the method describeditgnd (2012).

Molecular identification of the mushroom species

DNA was extracted from fresh mushroom mycelia using the protoc@uuy et al. (2000)
with slight modifications First, approximately 500 milligrams of mushroom mycelia were ground
with approximately 500 pL of 4X cetyltrimethylammonium bromide (CTAB) buffer, and the
resulting extract was incubated at 65°C for approximately one hour with occasional shaking. Then
approximately 500 pyL phenol: chloroform: isoamyl alcohol at 25:24:1 was added to the extract,
which was vigorously shaken for approximately 2 minutes until an emulsion formed, and the upper
agueous layer was obtained after centrifugation at 13,000 rpm for 15 min. Next, a volume of ice
cold iso propyl alcohol equivalent to two third the volume of the extract was added to the same
tube, and the mixture was mixed by inverting a few times and placed in an ice bath for 15 min. The
sample was centrifuged again at 13,000 rpm for 7 min, after which the pellet was obtained. After
that, 200 pL of freshly prepared 70% ethanol was added to the sample, and the tubes were gently
inverted and subjected to centrifugation at 13,000 rpm for 7 min to obtain the pellet.

For DNA barcoding, the universal fungal barcoding region nuclear ribosomal Internal
Transcribed Spacer (ITS) region (nc ITSBSITS2 rDNA sequenceSchoch et al. 201 Badotti
et al. 2017)was amplified using PCR. The protocolManamgoda et al. (2012) was followed for
PCR, with slight modificationsThe nuclear ribosomdll'S region was amplified usingthe PCR
primers ITS1and ITS4 (White et al. 1990).The amplification program included an initial
denaturation step at 95°C for 3 min; 30 cycles of amplification (denaturation at 94°C for 30 s,
primer annealing at 52°C for 30 s, and extension at 72°C for 1 min); and a final extension at 72°C
for 10 min. The resulting PCR product was subsequently sequenced using the Sanger sequencing
method.

The lowquality regions of the sequencing result data were trimmed using the
software Unipro UGENE v43.Q0konechnikov et al. 2012)and other necessary adjustments
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were made using Sequence Manipulation Suite versi@t@hard 2000) The contig assembly

of the ITS sequences was performed using the CAP3 Contig Assembly programme
(Huang & Madan 1999) The resulting sequences were subsequently used as queries
for the BLAST tool (Zhang et al. 20Q00Okonechnikov et al. 2012 identify the potential

target species of the mushrooms. Type sequences were selected as the target; if they were
unavailable, highly similar sequences were used as the target (MegaBLAST
[https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_TYPE=BlastS&hfsiK_
LOC=blasthome]). The species of the mushroom was identified based on sequence similarity, as
described byraja et al. (2017)

Phylogenetic placement of the studied mushroom species was performed by phylogenetic
analyses of the generated ITS sequences with selected ITS sequences of several closely related
species from the GenBank databaable 1) (Benson et al. 2012)ased on studies yarbosa
et al. (2018)andRazaq et al. (2016)The necessary adjustments to the obtained sequences were
made using the software Unipro UGENE v43konechnikov et al. 2012gnd the sequences
were aligned using ClustalW v2(Qarkin et al. 2007)Using the software MEGA vl1{Tamura
et al. 2021) maximum likelihood phylogenetic analys{sluelsenbeck& Crandall 1997)was
performed using the bootstrap method test of phylogé&m®ysenstein 198538 nd Ki mur ad s
parameter mod€Kimura 1980)with 1,000 bootstrap replicates.

Table 1 GenBank accessions of the nrITS regions used in the phylogenetic placement of the
Pleurotus djamostrain PLO3White

Species GenBank accession Reference

P. albidus KF280334.1 Menolli et al. (2014)

P. albidus KF280333.1 Menolli et al. (2014)

P. citrinopileatus KX688471.1 Kawai et al. (2008)

P. citrinopileatus MN546044.1 Menolli et al. (2014)

P. cornucopiae DQ342325.1 Hebin et al. (2006)

P. cystidiosus MH862689.1 Vu et al. (2019)

P. cystidiosus NR 103594.1 Schoch et al. (2014)

P. djamor KX061789.1 Li et al. (2020)

P. djamor MN546045.1 Li et al. (2020)

P. djamor KF280326.1 Menolli et al. (2014)

P. djamor KF280324.1 Menolli et al. (2014)

P. djamor KJ754107.1 Otieno et al. (2015)

P. djamor KJ754109.1 Otieno et al. (2015)

P. djamor KX836373.1 Li et al. (2017)

P. djamor KX061789.1 Li et al. (2017)

P. djamor KJ754115.1 Li et al. (2017)

P. eryngii KX836357.1 Li et al. (2020)

P. ferulaginis NR_158885 Zervakis et al. (2014)

P. floridanus KX836149.1 Li et al. (2017)

P. giganteus KY951477.1 Avin et al. (2017)

P. giganteus MH233962.1 Fui et al. (2018)

P. giganteus MH233963.1 Fui et al. (2018)

P. nebrodensis KU612943.1 Zhao et al. (2016)

P. nebrodensis KU612942.1 Li et al. (2020)

P. nebrodensis HM998835.1 Zervakis et al. (2014)

P. ostreatus NR 163515.1 Unpublished type material

P. ostreatus AY450345.1 Petersen & KrisaGreilhuber
(1996)

P. sajorcaju AM110142.1 Smith et al. (2006)
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Table 1 Continued

Species GenBank accession Reference

P. tuberregium AF109978.1 Li et al. (2017)

P. tuoliensis KU612910.1 Zhao et al. (2016)
P. tuoliensis KU612911.1 Zhao et al. (2016)

Identification of the optimum culture conditions

The optimum growth temperature for mushroom mycelia was determined by culturing them
in artificial culture media and mycelial growth was measured by incubating them at different
temperatures ranging from 15°C to 35°C. The growth of the mycelia was then measured in eight
directions from the agar block to the mycelial front at-thay intervals until the mycelia fully
covered the culture plate. The mean mycelial growth rates were calculated, and the significant
differences between the means were identified for selecting the optimum temperature using
Tukeyds pair wi shec testavithpoasvay Analysis pf &/ariance (ANOVA) using
Minitab 17 Statistical Software

Similarly, P. djamorstrain PLO*White mushrooms were inoculated on PDA at various pH
values ranging from 4.0 to 10.0. The growth of the mushrooms was measured, and the mean growth
rates at each pH were compared to identify the optimum pH for growthPTlkgamor strain
PLO1-White mushroom was cultured on various culture metdid®?otato Dextrose Agar (Y2 PDA),
Benomyl containing Agar (BA), Corn Meal Agar (CMA), Malt Extract Agar (MEA), Oat Meal
Agar (OMA), Potato Dextrose Agar (PDA), Peptone Dextrose Yeast extract Agar (PDYA), Potato
Dextrose Sucrose Agar (PDSA) and Sabouraud Dextrose Agar (SDA).

Identification of the optimum conditions for spawn preparation

To determine the optimum moisture content of spawn media for the grovwRh djamor
strain PLO2White mushrooms, they were cultured on grain media with varying moisture contents
based on the dry weight of the grains. The protocol outlinediang & Miles (2004yvas utilized
with some modifications to spawn production.

Paddy seed9Qryza sativa were washed to remove any dust, debris, and floating seeds and
were subsequently swdried for two days. The dried seeds were then @reed at 105°C for 6
hours. Different masses of dry seeds were mixed with varying amounts of tap water to obtain
moisture contents of 30%, 40%, 50%, 60%, and 70%, and left to soak overnight. The next day, the
seeds were boiled in a closed container using a water bath until the seeds were split and cooked.
Next, the seeds were mixed with CaSfdd CaCQ@in proportions of 2% and 0.5%, respectively,
of the initial dry weight of the seed&upta& Sharma 1994)The bottles were filled with grains up
to the neck, and the mouths were covered with cotton plugs and aluminium foil and sterilized by
autoclaving. Next, each bottle was inoculated under aseptic conditions with & piema of
mycelial advancing margin from tHe. djamorstrain PLOXWhite culture. The bottles were then
incubated at 25°C.

The mycelial growth ofP. djamorstrain PLOXWhite was measured in grain media with
different moisture contents, from the point of inoculation to the mycelial front on four sides of the
bottle, at threelay intervals. Growth rates were calculated, and the means of the growth rates were
compared wusing Tukeyds-wapyaANOVAiwgheMintab dip Statisticglo n o
Software to determine the moisture content leadirtgedastest mycelial growth rate.

Similarly, spawn media were prepared using different types of grains to determine the most
suitable grain type for mycelial growth. Thmeushroomwas inoculated in triplicate on spawn
bottles prepared as previously described; the moisture content was 30%. Sofgmgmurh
bicolor), Finger millet Eleusine coracana Cowpea Yigna unguiculaty Chickpea Cicer
arietinunm), Paddy QOryza sativy, Maize Zea mays Wheat Triticumsp.) and Mung bean¥igna
radiata) were used. The growth rates of mycelia on grain media were calculated, and the means
were compared usingapdstoc t est , Tukeyo6s pway ANOVA weiththe mp ar
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aid of Minitab 17 Statistical Software to identify the most suitable grain type that led to the highest
mycelial growth rate

To determine the optimum CaG@nd CaS®@contents for the maximum growth rate of the
mushroom spawn production, the grain spawns were supplemented with varying amounts of these
compounds and the same procedure was followed as above.

Determination of the shelf life of spawns

The shelf life of the spawn produced using the optimized media was determined by
evaluating the initiation and growth rate of the mushroom mycelia. The spawns were stored at two
temperatures, 25°C and 4°C, and a small amount of spawn seeds were cultured in the selected
optimum laboratory culture media at em®nth intervals until the viability of the spawn was lost,
which was indicated by the lack of growth of the mycelia in culture media. The growth
characteristics and rate of thea@tured mushroom on laboratory culture media were determined
in triplicate.

Identification of optimum cultivation conditions

To determine their cultivability, the mushrooms were initially cultivated on Rubtevea
brasiliensig substrate media with 60% moisture, which was prepared according to the composition
shown inTable2.

Table 2 The ratio of components used to prepare the sawdust based substrate medium

Component Amount mixed
Saw dust (dry) 100 kg

Rice bran 10 kg

CaCQ 2.5kg

CaSQ 1 kg

MgSQy 200 g

The ingredients were mixed well and then filled into polypropylene bags with a thickness of
230 pum and dimensions of 35 x 18 cm. A neck ring was then fixed to the mouth of the bag, and a
filter cap with an aktransferable sponge filter was applied. The bag was sterilized by steaming at
100°C in a 200 L steel drum for approximately 8Tlonomura 1978Nguyen 2004Kortei et al.

2018) The substrate bags were then inoculated wittD5y of grain spawn inoculum under aseptic
conditions, covered with a filter cap, and incubated in an incubation chamber at 25+2°C until the
mycelia fully colonized the substrate medium. Sufficient ventilation was provided to maintain a
constant atmospheric G@oncentratior(Stamets 20009f 410 460 ppm and daytime illuminance

was maintained atiQ0 Ix inside the incubation chamber to suppress fruiting initiation during
incubation(EgerHummel 1980)

After fully colonizing the bags with mycelia, they were transferred to the fruiting chamber.
The bags were arranged according to a randomized block d@agilye 2008) The relative
humidity inside the fruiting chamber was maintained at9986 by using an ultrasonic mist and a
water spraying system through a pressure pump. TheQ@entration inside the fruiting chamber
was maintained at approximately 4@g0 ppm by providing sufficient ventilation, and the daytime
illuminance was maintained atisIDO Ix.

The mushrooms were monitored from the initiation of primordia to the degradation, to
determine the optimum harvesting stage. The stage that exhibited the maximum growth and
sporulation initiation was identified as the optimum stage for harvesting.

The mushrooms were harvested, and their weight was recorded for each bag. Harvesting
continued for B85 months, and the mean yields were compared for significant differences using
Tukeyods pair wi s ewayANDYAa with s gignificantce lavel ef 0.05, utilizing
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Minitab 17 Statistical Software. When the ANOVA conditions were not satisfiedpa@metric
pairwise comparisons were conducted using SPSS Statistics software version 21.0
The biological efficiency of the mushrooms was calculated usiqgtionl (Chang, 1993).

Equation 1

Fresh weight of mushroom

e a,
Dry weight of the substrate 100%

Biological efficiency =

To identify the optimum biological efficiency, substrate media bags with different moisture
contents of 50%, 56.5%, 61.5%, 65.5%, and 69.7% were prepared, and they were 900 g, 1,000 g,
1,100 g, 1,200 g, and 2,300 g, respectively. In all the samples, the amount of water was varied
while keeping the amount of sawdust constant. Five replicates were prepared for each moisture
content.

Substrate media bags with different amounts of rice bran were prepared to identify the
optimum rice bran content for cultivation. Five replicates of substrate bags were prepared for each
rice bran, with amounts ranging from 5 to 25 kg per 100 kg of drydemsivand one set was
prepared without adding rice bran.

Substrate media bags were prepared with varying amounts of :CaC@etermine the
optimum content for cultivating. djamor The tested ratios were 0.0 kg, 1.5 kg, 2.5 kg, 3.5 kg, 4.5
kg and 5.5 kg of CaCsper 100 kg of dry saw dust, with five replicates eautiditionally, one set
was prepared without addilgaCQ.

Different opening techniques were tested to determine the most effective bag opening method
for maximizing mushroom yield$leurotus djamorstrain PLOtWhite bags were opened in the
fructification chamber using three different methoEg(1). The first method involved removing
only the filter cap while leaving the plastic neck ring intact. The second method involved cutting
the polypropylene bag around the base of the plastic neck ring, and the third method involved
removing the entire circular face of the substrate bag.

neck ring

a b C
Fig. 1 1 Different bag opening methods for fructification of tReeurotus djamorstrain PLO1
White. a Obtaining mushrooms through the plastic neck ring after removing the filter cap

b Removing the polypropylene bag at the neck of the substratec ldgmoving the whole top
circular face of the substrate polypropylene.bag
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Substrate media bags of different sizes were prepared described previolialyiarB, to
determine the optimum size for cultivatiRg djamorstrain PLOtWhite.

Table 3 Different substrate bag sizes tested to identify the optimum size for the cultivation of
Pleurotus djamostrain PLO1White.

Code Bag weight (g) Bag height (cm) Bag diameter (cm)
BS/A 1300 20.0 10.0

BS/B 3250 22.0 20.0

BS/C 650 10.0 10.0

BS/D 500 14.0 8.0

BS/E 150 9.5 6.0

Different light intensities were applied to the mushroom bags during fruitification to
determine the optimum illuminance for mushroom yield and quality. The light sources were
adjusted to illuminances of 0+0.1 Ix, 100+0.1 Ix, 500£0.1 Ix, 1,000£1.0 Ix, 5,000£1.0 Ix, and
10,000£1.0 Ix. Mushroom yields were measured, ana@dk®urs of the mushrooms under different
illuminance levels were recorded according to the colour guidésrokerup & Wanscher (1978)

Determination of the proximate composition

The moisture content was determined based on the AOAC 925.40 methNdeksed (2017)
with minor modificationsFirst, the weight of a prdried porcelain crucible with a lid (W was
measured, followed adding approximately 15.00 g of fresh mushrooms, after which the crucible
was reweighed (). The crucible was then covered with aluminium foil and heated in a forced
draft oven at 100°C until a constant weight was reached. After cooling in a desiccator, the crucible
and dried mushroom sample were reweighed) (Whe percentage moisture of the mushrooms was
calculated usingquation2.

Equation 2

W,-W,

W,-W,

W - weight of the crucible and the fresh mushroom sample
W- - weight of the crucible and dry mushroom sample

Wo - weight of the crucible with lid

Percentage moisture = %100%

The ash content was determined based on the methods of AOAC 923.03 and 967.04 and
Harris & Marshall (2017)with slight modifications The porcelain crucibles were dried in a
laboratory oven at 105°C for 24 h and then transferred to a desiccator. After cooling to about 60°C,
the weight of the crucible was measured)Viollowed by the addition of approximately 0.5 g of
dried mushroom sample, and the weight of the crucible with the sample was measyrethéV
crucibles were then heated in a muffle furnace at 550°C for six hours with the lids open and were
subsequently cooled in a desiccator with the lids closed. The weight of the crucibles withkash (W
was measured immediately after removal from the desiccator, and the ash content was calculated
usingEquation3. The samples were tested in triplicate for each mushroom.

Equation 3 -
Weight ofash (g
Percentage ash = Weight of dry mushroom (g)s< 100%
W,-W,
Percentage ash 2“-’1—\’\-’,}
W1 - weight of the crucible and the dry mushroom sample (g)
W: - weight of the crucible and ash (g)

Wo - weight of the crucible (g)

x100%
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The fat contents of the mushroom samples were determined based on AOAC 963.15 and
Carpenter (2010) with slig modifications.Pleurotus djamorstrain PLOtWhite mushrooms were
dried at 70°C for two days in a vacuum oven and ground into powder with a laboratory grinder.
The weight of a Soxhlet extraction thimble was first measured @id then reveighed after
adding approximately 3.5 g of mushroom powdepr)WA round bottom flask was then weighed
(Wo). Next, approximately 200 mL of petroleum ether with a boiling point of 30°C to 60°C was
added to the thimble, and the flask was heated using a heating mantle and refluxed at a
condensation rate ofi 6 drops per second for 16 hours. The solvent remaining in the extractor and
flask was then evaporated at 100°C for approximately 2 hours until the weight of the flask became
constant. The flask was then cooled in a desiccator and weighgd TWs procedure was
performed in triplicate for each mushroom species. The mushroom fat content was calculated using
Equation4.

Equation 4

ercontace ol £ Weight of extracted fat (g) L00%
_ %
ercentage to Weight of dry mushroom sample (g) ’

Wi Wo
*
W,-W, ’

W11 weight of the extraction thimble (g)

W- 1 weight of the extraction thimble + mushroom sample (g)
W31 weight of the flask + fat extract (g)

Wy 1 weight of the flask (g)

Percentage total fat =

To determine the fatty acid profile, the mushroom fats wexgacted into ether and
converted into Fatty Acid Methyl Esters (FAME) following the protocol @stermann et al.
(2014),using BR in methanol.The FAME composition was analysed using gas chromatography
mass spectrometry (GCMS) according to the protocol by Raman et al. (2020).

The total protein content was determined by quantifying the total nitrogen content based on
the AOAC 955.04 method andielsen (2017b)Approximately 1 g of praried mushroom powder
was placed in a Kjeldahl digestion tube and digested using 25 mL of concents&@dl dthd
Kjeldahl tablets as catalysts for 2 hours in a DK 6/4fp Scientific® digestion unit until the
mushroom sample was fully solubilized. After cooling to room temperature, approximately 200 mL
of distilled water was added to the flask, and the solution was neutralized by adding approximately
37 g of NaOH. The flask was then connected to a condenser and heated until ammonia was
completely released, after which the released ammonia was trapped in 25.04#Lbofic acid
solution. The resulting dihydrogen borate anions were titrated with 0.1 M HCI in a mixture of
methylene blue rad methylene red indicator using a UDK 126lp Scientific® Kjeldahl
distillation unit.

The total dietary fibre content was determined using the AOAC 985.29 method with slight
modi fications. Approximately 1.00 g of t-he mu
amylase (150 U) in a phosphate buffer solution (50 mL, pH 610135 C) to hydrolyse starch.
Protease (35 U) was then added to the sample to hydrolyse the proteins at pH 7.5 and 60°C for 30
min. Next, amyloglucosidase (40 U) was used to ramstarch by incubating the sample at pH
4.0 4.6 for 30 min at 60°C. The soluble dietary fibre was precipitated by adding four volumes of
95% ethanol and then filtering through a -preighed dry crucible. The precipitates were
sequentially washed with three 20 mL portions of 78% ethanol, two 10 mL portions of 95%
ethanol, and two 10 mL portions of acetone. The crucibles were then dried at 105°C overnight in a
hot air oven, cooled in a desiccator, and weighed to determine the weight of the crucibles with
dietary fibre. The total dietary fibre content was calculated usgquation5. The insoluble dietary
fibre content was determined by continuing the same experimental procedure but removing the
soluble dietary fibres by filtering after amyloglucosidase digestion and omitting the precipitation of
soluble dietary fibre using 95% ethanol. Each mushroom sample was analysed in triplicate.
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Equation 5
(Wp - Wp - Wy) - (Wgp-Wgp- W)

Wy

x 100%

Dietary fibre percentage=

WR - residual weight (mg)

Wp - protein weight of the sample (mg)
Wa - ash weight of the sample (mQ)
Wk - residual weight of the blank (mg)
Wgp - protein weight of the blank (mg)
Wga - ash weight of the blank (mg)

Ws - sample weight (mg)

The carbohydrateontent of theP. djamorstrain PLOtWhite mushroom was determined
using the methods described ®gnmee (2003) arfsrikram & Supapvanich (2016)he sum of the
percentage values of ash, crude protein, fat and total fibre was subtracted from 100 to obtain the
carbohydrate content.

Determination of the mineral content

The protocol byYin et al. (2012)and Tinkov et al. (2020)was followed with slight
modifications to determine the amount of minerals presenP.irdjamor strain PLO1White
mushrooms by Inductively Coupled Plasmislass Spectrometry (IGMS). Approximately 1.000
g of dried mushroom powder was added to a 50 mL microwave digestion vessel and a mixture of 5
mL of 67% HNQ and 1 mL of 35% HCI was added. The mixture was allowed to stand in a fume
hood for about 30 min. Then the vessels were placed in a microwave digestion system and
subjected to a temperature of 1780°C for one hour. After cooling, the solution was added to a
50 mL volumetric flask and topped with deionized distilled water. The major and trace elements
Ca, Cu, Fe, Mg, Mn, K, Na and Zn were determined with heavy metals As, Cd, Pb, and Hg using
Agilent® 7900 ICRMS analyser.

Artemia salinatoxicity assay to determine the acute toxicity of the mushroom extract

Approximately 0.5 g oArtemia salinacysts were soaked in 1 L of tap water in a 2 L flask for
approximately 1 hour. Nex@pproximately 37.0 g of artificial sea salt was added to the flask,
mixed thoroughly, and aerated for 4§Banti & Hadjikakou 2021)Artemia salinatoxicity assay
was conducted based on the protocoAshtari et al. (2012), Wong et al. (2014), Adebdyyo
et al. (2019) and Banti & Hadjikakou (2021)

Approximately 2.0 g ofP. djamor strain PLO¥White and a commercial strain of
P. floridanuswere ground separately using a mogad pestle, adding 20.0 mL of distilled water.

The resulting extract was filtered throutihatmar’s No. 1 filter paper, using suction filtration,

after which the extract was filtered through cellulose syringe filters with a pore size of 0.22 um.
Several dilutions of the mushroom extracts from the above species were prepared: 10X, 100X,
1,000X and 10,000X. For each dilution, 1.0 mL of crude mushroom extract and 0.5 mL eof filter
sterilized 2X artificial seawater were added to a well of av2l plate, and two other wells were

filled with the same composition to replicate the experiment. NexRAArtemia salinanauplii

were added to each well. Three wells were filled with 1.0 mL of distilled water and 0.5 mL of
filter-sterilized 2X artificial seawater to serve as the negative control. The number of nauplii added
to each well was recorded, and after 24 hours, the numbers of dead and live nauplii were counted.
The half maximal inhibitory concentration @6 was obtained by probit analysis using the online
tool Quest Graph ICso Calculator (Available alttps://aatbio.com/tools/ic5€alculator)

Two grams of each of the mushrooms mentioned above were boiled in 10 mL of distilled
water for approximately 20 minutes to prepare the mushroom extracts following the same protocol.
Toxicity assays were performed for different dilutions (10X, 100X, 1,000X and 10,000X) of the
extracts as described previously, and thg V@lues were calculated.
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Statistical analyses

The means were compared for significant di
oneway ANOVA, with a significance level of 0.05, utilizing Minitab 17 Statistical Software.
When the ANOVA conditions were not satisfied, fmarametric pairwise comparisons were
conducted using SPSS Statistics software version 21.0

Results

Morphological and molecular identification of the mushrooms

The P. djamor strain PLO1White is characterized by its distinct morphological features
(Fig. 2. The cap of this mushroom typically measures betwé&éd 8m in diameter, exhibiting a
fan-shaped or falsbell shape that tapers toward its point of attachment. The colouration of the cap
ranges from bright white to a creamy yellowish hue, sometimes displaying wdméighones. Fine
hairs are present toward the base of the cap, which is finely striated and features an incised margin.
The texture of the cap is soft and fleshy. The gillsPofljamor strain PLOWhite are deeply
decurrent lamellae that appear white to yellowish white and are approximademr in width.

The stipe of this mushroom cde either absent or significantly reduced. When present, it is
cylindrical and may have fine hairs. TRedjamorstrain PLOWhite produces a white spore print,
and its spores are cylindrical and hyaline,
with a lengthto-width ratio (Q value) of approximately 2.2. The mushroom emits a mild acidic
smell, adding to its distinctive characteristics.

In BLAST searching for the ITS region of tRe djamorstrain PLO*White as the mushroom
guery, many targesequences were identified with 100% query coverage and 100% identity
belonging to thd>. djamorspecies. However, a few targets were observed to have the same query
coverage and identity but belonging to different species of the dgdausotus Fig. 3displays the
phylogram generated for the strain PE@White, with the highest log likelihood1886.39), which
demonstrating that the strain was grouped Witldjamor and confirms the species of the strain. In
the respective analysis, 42 sequences with 357 positions were used.

Optimum culturing and cultivation conditions

Among the tested temperatures, the growth rate of Rheljamor strain PLO1White
mushroom was maximum at 25°C, and the minimum growth rate was observed atig543 (

The growth rate of thB. djamormushroom was tested at pH values ranging #cdto 10.0.

The results showed that mycelial growth was fastest at pH valuesi®@®&.0The slowest growth
was observed at pH 4(Big. 4b.

The growth rate of thP. djamorstrain PLO*White in different culture media was observed.

The results showed that the growth rate of Fhadjamor strain PLOXWhite was significantly
highest when it was cultured on CMA and OMA(. 49. The growth rate of the mycelia on SDA
was also comparatively higher but lower than that on CMA. It did not significantly differ from
OMA. The growth rate of the mycelia &. djamor strain PLOXWhite on the other tested media
was much lower. The growth d&?. djamor strain PLOXWhite mushroom mycelia in different
culture media after seven days of inoculation is showigns.

The growth rates oP. djamor strain PLOXWhite mushroom in grain spawn media with
different moisture contents were measured. The results revealed that the mycelial growth rate was
highest at 60% moisture of dry substrate weidfid).(4d. A trend was observed to increase the
growth rate from 30% moisture spawn bottles to 60% moisture and then decrease. In the present
study, the growth rate d?. djamorwas measured in grain spawns prepargdgudifferent grain
types such as chickpea, cowpea, finger millet, maize, mung bean, paddy sorghum, and wheat.
Among these, the paddy seeds were identified as the substrate with the highest mycelial growth rate
of P. djamorstrain PLOIWhite (Fig. 49. CaCQ was added to the grain spawn media, and the
effect of the amount of CaG@dded to the grain spawn media on the growth rate. @jamor
strain PLO1White was testedl'he growth rate of the mushroom mycelia did not significantly differ
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among the different substrate Cagxontents, but the growth rate in spawns prepared without the
addition of CaC®@was much lowerKig. 4f).

Fig. 2 7 Morphological characteristics &fleurotus djamoistrain PLO3White. a Ventral view of
the pilei b Dorsal view of the mushroom pilec,d Basidia e Cheilocystidia f Illustration of
basidia g lllustration of cheilocystidiah lllustration of basidiosporesScale barsa,b =5 cm,
cg= 10h=5nm
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9 KJ754107.1 Pleurotus djamor
35| 'KJ754109.1 Pleurotus djamor
29 -KJ754115.1 Pleurotus djamor
KX836373.1 Pleurotus djamor
j KX836373.1 Pleurotus djamor
. KF280326.1 Pleurotus djamor
-KF280324.1 Pleurotus djamor
0Q457603.1Pleurotus djamorStrain PL01-White
100l[KX061789.1 Pleurotus djamor
KX061789.1 Pleurotus djamor
— MN546045.1 Pleurotus djamor
MHB862689.1 Pleurotus cystidiosus var. formosensis
- 1 ‘

4

(98]

& %INR 103594.1 Pleurotus cystidiosus var. formosensis

~AM110142.1 Pleurotus sajor-caju

92{NR 163515.1 Pleurotus ostreatus
100| | 'KX836149.1 Pleurotus floridanus
jKF280334.1 Pleurotus albidus

KF280333.1 Pleurotus albidus
2 AF345658.1 Pleurotus albidus
i KU612910.1 Pleurotus tuoliensis
. 1 KU612911.1 Pleurotus tuoliensis
21 KX836357.1 Pleurotus eryngii
H-NR 158885.1 Pleurotus ferulaginis
58 KU612942.1 Pleurotus nebrodensis
YLKU612943.1 Pleurotus nebrodensis
89 MN546044.1 Pleurotus citrinopileatus
100| 'KX688471.1 Pleurotus citrinopileatus

DQ342325.1 Pleurotus cornucopiae

62 KY951477.1 Pleurotus giganteus
100 tMH233962.1 Pleurotus giganteus
PIMH233963.1 Pleurotus giganteus

AF109978.1 Pleurotus tuberregium
NR 164586.1 Coprinus trigonosporus

0.050

Fig. 3 i Phylogram obtained for th&leurotus djamorstrain PLOiWhite from maximum
likelihood analysis based on Internal Transcribedcsp (ITS) sequences using MEGA v11. The
tree is rooted witlCoprinus trigonosporuslhe species in the present study is in bold
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Fig. 4 1 The variation of growth rate d?leurotus djamorstrain PLO1White mycelia at different
conditions a Temperature. IpH valuesc Culture mediaThevariation of the mycelial growth rate
of P. djamorstrain PLOWhite mushroom in spawns of differecdnditions d Moisture e Grain
types.f CaCQ percentages.

Pleurotus djamor strain PLO*White mushroom fructification occurred without requiring
special conditions. Primordial initiation occurred afté&7 2days of introduction to the fruiting
chamber. Temperature reduction was not required for fruiting induction, and exposure of the
substrate to the outer environment was also observed to be nonessential. However, when the
substrate bags are exposed and the temperature is reduced, primordia appear, covering the expose
area and leading to increased yields. Spraying water af@utifBes a day is required for the
optimum growth of this mushroom. These mushrooms take approximately 66 hours from primordia
initiation for maximum development, and harvesting can be done within a time period 4 55
hours from primordia initiation. Before this time interval, mushrooms are not fully developed, and
harvesting is economically disadvantageous. Harvesting after this time period was also
unsuccessful; hence, the mushrooms started degrading, losing their white colour and characteristic
smell.Fig. 6shows the growth stages®fdjamorstrain PLO2White mushroom.
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Fig. 51 Growth of Pleurotus djamorstrain PLOXWhite mushroom mycelia in different culture
media after seven days of inoculatiom Potato Dextrose Sucrose Agar (PDSA)Peptone
Dextrose Yeast Extract Agar (PDYA) Benomyl containing Agar (BAJ %2 Potato Dextrose Agar
(*2 PDA) e Malt Extract Agar (MEA)f Corn Meal Agar (CMA) g Sabouraud Dextrose Agar
(SDA). h Potato Dextrose Agar (PDA)Oat Meal Agar (OMA)

The mushroom vyield did not depend on the substrate moisture content in the tested range
(Fig. 79. However, the harvesting can be performed for a longer period of time at higher moisture
content such as 65.5% and 67.7%. Moreover, the requirement for moistening the substrate bags
during fructification is lower when the substrate moisture content is high. Therefore, 65.5%
substrate moisture was selected to prepare substrate meiaj@mor strain PLOWhite.
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