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ABSTRACT
Edible mushrooms are being recognized for theirgalgemical values which enormously contibute to the
different bioactivities. This work highlighted the®ycochemical compositions of the mycelia and fgiti
body of P. cyanescens and its antioxidant propedyinfluenced by culture media and pH levels.
Mycochemical screening revealed that saponins,l@ilts and tannins were detected in both mycelia and
fruiting body while flavonoid was only found presenthe fruiting body. Mycelia had higher amounfs
crude fiber (7.99 +£0.01%), carbohydrates (59.48.81%), moisture (12.40 +0.14%), and crude fa912.
+ 0.06%) while fruiting body had higher amountsash (5.61 +0.01%), crude protein (17.89 £ 0.00%)
and energetic value (321.04 +0.03 kcal). Coconatevmedium at pH 5 significantly recorded the leigth
mycelia weight (5.5 £0.15 g), percentage radiczdwenging activity (14.84 +0.19%) and total phecsl
(25.25 +0.01 mg AAE/g sample). Hence, P. cyanasseamother promising source of nutraceuticals.
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INTRODUCTION
A number of wild mycological genetic resources he Philippines remains to be unharnessed. One of
these diverse groups of mushroom is coprophilog&dmamycetes that commonly found growing on the
dried dung of ruminants in the pasture areas otr@ebuzon. llocanos called these mushroomesa@sy
takki meaning dung mushrooranaeolus cyanescermne of the coprophilous fungi, is characterizgd b
a light brown fruiting body when young, fading tditish gray at maturity and blue or greenish blizéns
appears when any part of the fruiting body is daedaghich indicates the psilocybin conterifhis
mushroom contains psychoactive alkaloids psilo8id&%) and psilocybin (0.11%), as well as serotonin
(0.072%), urea (1.8%), and baeocystin (0.02%silocybin fromP. cyanescen$ias demonstrated
promising therapeutic benefits such as acute ramucin obsessive-compulsive disorder (OCD)
symptomé. In addition, this compound also showed greatrgitkto patients suffering from depression,
anxiety, schizophrenia, and obsessive-compulsiserde.
Mushrooms are abundant sources of a wide rangeambus useful compounds including, alkaloids,
terpenoids, phenols, steroids, and nucleotidesgtwaiie shown to exhibit bioactivities such as diede
hypertension, hypercholesterolemia and even candgrart from these functional activities, the
antioxidant properties of wild mushrooms have disen extensively studied by many researchers. The
most common medicinal mushroom, for instance, ésGanoderma lucidumits antioxidant activity is
primarily due to its terpenoids, phenolic and pabeharide polypeptide contefitashich are reported to
stimulate nitric oxide synthase activation, intkikel2 production, iron chelating and free radical
scavenging propertiés
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In addition, these antioxidants play an importahé tin preventing the oxidative stress which cdmtiés

to cell damage, generating of cancer cell and hreiiraging.

Although previous works on the coprophilous mushrsgarticularlyP. cyanescenwere focused on the

therapeutic effects, information about their antlaxt properties is very minimal. Hence, this prése

study elucidated the mycochemicals of mycelia anifig bodies and evaluated the antioxidant agtivi

of submerged culture &f. cyanescenas affected by the different culture media and @¥tls.

MATERIALS AND METHODS
Preparation of culture inoculant
The P. cyanescensulture was aseptically transferred into sterilizedato dextrose agar (PDA) plates
and incubated at 30°C for 7 days to allow growtlhef mycelia. The mycelial discs were preparedgisin
flame sterile cork borer (10 mm diameter size)ewived culture which were used as inoculant in rigce
and fruiting body production.
Mycelial mat production
The mycelia mat oP. cyanescensias mass produced in a lawn culture using cocasatier from the
newly cracked mature coconutdcos nuciferp as culture medium. A 100 ml of the medium was
dispensed into microwavable plastic container. €heere sterilized using an autoclave at 121°C,€i5 p
for 30 minutes prior to inoculation of the myceldiscs. The set-up was comprised of 50 lawn culture
containers. The inoculated media were incubate80aC to allow mycelial growth. Once completely
colonized, the mycelial mat was harvested andraéddorior to analyses.
Fruiting body production
Rice straw, the substrate used, was soaked in watkrfor 7 days and then washed with running water
hauled out from the tank, piled and covered wiitksdo maintain moisture content. The pile waseadrn
everyday for three consecutive days until mateti@some pliable and dark brown in color. After the
decomposition process, the rice straw was choppedt&-3 inches in size and 7 parts of it was mixed
with 3 parts of sawdust (v/v) with 65% moisture twm. Two hundred grams of formulated substrates
were placed in a glass container. Fifty containeese prepared. The bottles were covered with
polypropylene sheets, secure with rubber band &mdized at 121°C, 15 psi for 45 minutes. The
sterilized substrates were allowed to cool befoegllation of mycelia discs. The inoculated bottlese
incubated at 30°C to allow full ramification of ngl@ on the substrate. Once completely colonizes, t
emergence of fruiting bodies was allowed. Matumedting bodies were harvested and air-dried for 3-4
days for mycochemical analyses.
Mycochemical analyses oP. cyanescens
The chemical screening of the agueous extracteuding body and mycelia were carried out following
the procedures described by Sofowoamd Harborn®. Three replicates were laid out for each test
parameter. Results were compared with distilledewads control and determined based on the
color/intensity of the reactioh
The nutritional compositions of the air-dried fing body and mycelia oP. cyanescensvere also
analyzed. Crude protein, crude fat, crude fibehn, asd moisture content (MC) were analyzed accgrdin
to the guidelines of the Association of Official égtical Chemist. The Soxhlet apparatus was used to
determine the crude fat content, and the furna&@t°C for the ash. The crude protein was detexchin
by Kjeldahl method, using the conversion factox M.38. Total carbohydrate content was calculated as
follows: total carbohydrates = 100 - (protein +¢fib+ fat + ash + MC). Energy value was computed as
follows: energy value (kcal/100 g) =4(g of protein + g of carbohydrates) % 4g of fat).
Influence of nutritional factors
The influence of nutritional factors on the antaedt activity of P. cyanescensvas evaluated using
different broth culture media: coconut water froratome coconutocos nuciferg rice bran D1 (class
A) decoction (50g oPryza sativA. of water), local yellow corn grit decoction (5@d Zea may4. of
water) and potato sucrose broth (250&ofanum tuberosuftin of water+10g of white table sugar).
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Broth media were adjusted to pH 6 and 100 ml ofheaas dispensed into microwavable plastic
container. These were sterilized using an autodéve1C, 15 psi for 30 minutes prior to inoculatiaf

the mycelial discs. Each set-up was comprised wdethreplicates. The inoculated broth media were
incubated at 30°C under alternating light and dankdition to allow mycelial growth. After 10 daybe
mycelial mats were harvested and weighed. The riayaald spent were mixed and subjected to a blender
to homogenize for antioxidant analysis.

Influence of pH level

The most appropriate culture medium with optimunticxidant activity was used to evaluate the
antioxidant activity as affected by pH level. Thesbbroth medium was adjusted to varying pH levels
(6.0-8.0) and 100 ml of each pH was poured intoromviavable plastic container and sterilized using an
autoclave. These were inoculated with mycelial slised incubated at room temperature. The weight of
mycelial mat was determined. The mycelia and spené homogenized for antioxidant analysis.

DPPH radical scavenging activity

Ethyl acetate (10 ml) was added into each cultbreth to extract the antioxidant compounds. Thegleth
acetate soluble portion was concentrated undercegtdpressure and the concentrates were dissolved in
ethanol. The free radical scavenging activity & samples was estimated using the stable 2,2'-djphe
1-1picrylhydrazyl (DPPH) radical following the stiard method of Shimadet al™® with modifications.

A 100 pl of test sample in ethanol was added witl ®PPH solution (5 mg DPPH powder in 2 ml of
ethanol) in 96-well microtitter plates. The mixtuas shaken vigorously and left to stand for 30 min
the dark, and the absorbance was then measurel atrb. The inhibition of DPPH free radicals was
calculated.

Total phenolic content

The total phenolic content was estimated usingnF@lbcalteu method of Slinkard and Singlefonith
modifications. Sample solution (5@l) was mixed 500 ul of 10% Folin-Ciocalteu reagent
(Folin:Methanol, 1:1, v/v). After 2 min, 50l of 7.5% saturated was added and kept in the fiarith
before absorbance was taken at 765 nm. A calilbbratiove was obtained using various concentratiéns o
ascorbic acid. The total phenolic content of the@a was expressed as mg of ascorbic acid equigalen
(AAESs) per gram of sample.

Data were analyzed using Analysis of Variance (AMQ\IN SAS Statistical Program. Means were
compared using Least Significant Difference (LSD)% level of significance.

RESULTS AND DISCUSSION
Mycochemical and nutritional contents
The termmycochemical refers to a classification system géafogical chemicals. These mycochemicals
are chemicals that fungi particularly mushroomsdpoe to perform metabolic functions and also to
protect themselves, however, in plants it is caflegtochemicals. The mycochemical composition ef th
mycelia and fruiting body dP. cyanescens presented in Table 1. Out of six mycochemicaistituents
screened, three were found present in mycelia while were detected in the fruiting body. Saponins,
alkaloids and tannins were detected in both sampldte flavonoid was only found present in the
fruiting body. With its important compositions, shbasidiomycete could demonstrates an enormous
potential for different bioactivities. Alkaloids we found to be in appreciable amountincyanescens
The same is true with the study conducted by Adeleayal® that alkaloids are present in the purified
mycelial mat extract dP. pulmonariusOne of the most biological properties of alkalaisishe toxicity
against cells of foreign organisms. This bioacjivias been widely studied for their potential us¢hie
elimination and reduction of human cancer celldihe
Another important mycochemical compositions are ogaps and tannins. Saponins are potent
antioxidants that neutralize free radicals to pnéwtisease and stimulate the production of antémdi
which help in fighting bacterial and fungal infenis”’- Other pharmacologic effects include haemolytic,
anti-inflammatory, antifungal, anti-bacterial, awtial, ichthyotoxic, cytostatic and antieoplastic
activities®.
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Tannins exhibit antioxidant properties relatedheitt scavenging activity which have been used again
heart diseasés The presence of flavonoids was detected withydleow coloration of the ethanolic
extract of fruiting bodies of mushroom sample. Mgmat al.®° reported that flavonoids are present in
moderate concentrations in methanolic, ethanohid, @aqueous extracts, but not present in hexane and
ethyl acetate extracts. It has been found thatoflaids exhibit antioxidant, anti-inflammatory,
antiallergic, antiviral, as well as anticarcinogetactivitie$®. However, cardiac glycosides and
phlobatannins were not detected in both samples.

Table 1. Compositions of mycelia and fruiting bodyof P. cyanescens

Composition Mycelia Fruiting body

Mycochemicals
Flavonoids Absent Present
Phlobatannins Absent Absent
Cardiac glycosides Absent Absent
Tannins Present Present
Saponins Present Present
Alkaloids Present Present

Nutrients (%)

Moisture 12.40+0.1 11.72+0.01
Ash 5.20 £ 0.00 5.61+0.01
Crude protein 12.06 £ 0.0 17.89 £ 0.00
Crude fiber 7.99£0.01 4.54 +0.01
Crude fat 2.91 +£0.06 1.70+0.28
Total carbohydrate 59.45+0.01 58.56 + 0.01
Energy value 312.23 +0.03 321.04 £0.03

Mushrooms are rich in protein, minerals, and vitanand they contain abundant essential aminoZcids
In the present study, the proximate compositioraiofdried mycelia and fruiting body d?leurotus
cyanescensvere analyzed and the amount of crude protein,ecfildr, crude fat and carbohydrates as
well as moisture content, ash content and enerdyevékcal) were determined. The nutritional
composition ofP. cyanescenmycelia and fruiting body is also presented inl&ah It can be seen that
the myceliaP. cyanescensontained higher amount of moisture, crude fibarbohydrates, crude fat than
its corresponding fruiting body. On the other hafrdjting body had higher ash, crude protein, and
energetic value than mycelia.

The crude protein of the fruiting body Bf cyanescend 7.89%) is better than the contentFofostreatus
(14.03%)% and near to the crude protein Bf pulmonariusgrown on the different substratésThis
amount of protein makes this mushroom an ideal todduman nutrition. Protein content of mushrooms
were reported to vary according to genetic striectfrspecies, and physical and chemical differenctes
growing mediurf’. On the other hand?. cyanescensontained 59.45% (in mycelia) and 58.56% (in
fruiting body) of the total carbohydrates. Thislma@rydrate content is higher comparedCtocomatus
ranging from 32% to 39.07%and ten mushroom species ranging from 8.0Msprocerg to 32.50%
(P. ostreatu¥”. The carbohydrate content of mushrooms represkeatbulk of fruiting body accounting
for 50% to 65% on dry weight ba$is Result showed tha®. cyanescenss a very good source of
carbohydrates.

Dietary fiber helps in digestion process. Althougsult is lower compared with wild Nigerian
mushrooms namelyp. ostreatus(20.36%),H. erinaceus(16.76%) C. odora(12.72%) L. amethysta
(15.72%)and C. cibarius (13.64%)* the considerable amount of fiber in this studggast thai.
cyanescensan also be a potential source of dietary fibemsMooms are known to be low calorie food
with very little fat and are highly suitable forede persoi$ According to Ulziijargal and Mad® the fat
content of mushrooms ranges from 1.1% to 8.3%rmgeof dry weight. The amount of crude fat content
of P. cyanescensontaind 2.91% in mycelia and 1.70% in fruit whisthigher compared t6. comatus
ranging from 0.53% to 0.55%but significantly less fat when compared to Nigermushrooms studied
by Egwimet al?’ ranged from 1.29%H. erinaceu¥to 14.29% C. odora.
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The energy value of obtained in the mycelia andifig body of P. cyanescenare higher compared to
energy value of. comatug262.92 kcal) ands. lucidum (38.33 kcalf® This result revealed th&t.
cyanescenss a good source of energy. Many factors may lelied in the difference of nutritional
composition of mushrooms cultivated in differenbstiates. Adenipekun and Gbolagddmentioned
that growth yield and quality of mushroom dependdtee status of their nutritional sources suchCaksl
ratio, vitamins, phytohormones, macro and microelais Kala* added that nutritional profiles of
mushrooms are directly affected with their moistuentent depending on their harvesting time,
maturation period and environmental conditions (llilyy temperature, growing period, storage
condition etc.).
Mycelial weight and antioxidant activity of P. cyanescens on the different culture media and pH
levels
The effect of the different broth media on the @xitlant activity ofP. cyanescensas determined in this
present work. Table 2 depicts the mycelial weigle,centage radical scavenging activity, and phenoli
content of theP. cyanescengrown on the different culture media and varyirig lpvels. The highest
mycelial weight was significantly registered in oaat water, which is statistically comparable wiite
bran broth. On the other hand, corn grit broth tiedlowest mycelia weight. This efficient growth on
coconut water medium could be explained by itsitioitis composition that stimulated the growthRof
cyanescenslts unique chemical composition includes sugamino acids, vitamins, minerals and
phytohormone¥. Similar with the growth response, coconut watad lthe highest percentage radical
scavenging activity (14.40 + 0.19%) and total phienocontent (25.19 + 0.07 mg AAE/g sample). In
contrast, corn grit significantly recorded the I@tvpercentage scavenging activity and phenolicerint
These significant findings strongly dictate that #intioxidant properties &. cyanescenare affected by
the culture media, thus, this bioactivity is cudtumedia dependent.
pH greatly affects the enzymatic activity of theshtoom species. Since coconut water showed the most
efficient growth and highest antioxidant activitiljis medium was used in evaluating the optimum pH
level. Coconut water at pH 5 significantly recordld highest mycelia weight (Table 2) which indésat
that pH 5 is the optimum pH for the efficient gromaf P. cyanescensThis observation supports the
findings of Chang and Milésthat basic medium could denature the mycelia audime functionless. In
terms of activity, pH significantly affects the emtidant property. pH 5 registered the highest petage
radical scavenging activity (14.84 + 0.19%) andmutie content (25.25 + 0.01 mg AAE/g sample) which
is statistically comparable to pH 6. On the othandy pH 8 showed the lowest activity. These resflts
the present study indicate thRt cyanescensontain bioactive compounds with antioxidant prtipe
which influenced by the type of media and levelpdf. This findings support pervious works that
mushrooms demonstrated antioxidant activities. Smakshrooms includePleurocybella porrigens,
Volvariella esculenta, Ganoderma lucidum, Pleurotostreatus and Lentinus squarossolts™.
Moreover, the methanolic extracts frdreccinum scabrunshowed the most potent radical scavenging
activity (97.96%) whileBoletus edulis had the highest total phenglexmong the 24 mushroom species
evaluated by Kelest al**.

Table 2. Mycelial growth and antioxidant activity o P. antillarium as affected by different media and pH

levels after 2 weeks of incubation

Treatment Mycelial weight RSA Total phenolics
(9) (%) (mg AAE/g sample)

Culture broth
Coconut water 5.9+1.80 14.40 +0.19 25.19 + 0.07
Potato broth 4.0+0.76 10.74 +0.51 22.71£0.13
Rice bran broth 5.6 + 0.93 13.18 £ 0.19 25.04 + 0.01
Corn grit broth 3.8 +0.50 08.64 +0.33 22.42 +0.04
Cathechin (+) 31.34+1.92
pH level
pH 5.0 5.5+0.15 14.84 +0.19 25.25+0.01
pH 6.0 3.4+0.36 14.06 + 0.5%° 24.92 +0.0¥
pH 7.0 3.5+0.%0 12.85 + 0.5% 24.39 + 0.0%
pH 8.0 2.6 £0.95 11.74 +0.51 23.36+1.75
Cathechin (+) 28.02+1.92

(Treatment means with the same letter of supetsarénot significantly different from each oth&b8&6 level of significance
using LSD. RSA: radical scavenging activity; AABcarbic acid equivalent.)
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CONCLUSION
Altogether,P. cyanescendeing coprophilous and reported to be hallucinggenushroom, provides
important nutrients and healthful benefits. Its ogfemical components which contribute to its
bioactivity are essential to the nutraceutical sidy The free radical scavenging activity and pitien
content of this mushroom, commonly used to estiraatmxidant activity, could bring novel perspeetv
in finding cures for the different types of disemassociated with oxidation. However, better insigind
understanding on the amino acid, fatty acid contjpssiand other bioactivities as well as the apiiit be
cultivated for commercial scale must be carriediotiie future studies.
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