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ABSTRACT

In the Philippines, mushrooms are cultivated usitifferent formulated cellulosic substrates and tiguid

cultivation of mycelial biomass as source of nakinaactive compounds is less intensively practidégrein, this
present work demonstrated the optimization of tiquulture conditions for the mycelial biomass praiiten of C.
cinerea intended for the elucidation of active cloaincomponents with important biological activgieThe
maximum yield of mycelial biomass of C. cinerea ats@ined when grown in potato sucrose broth withh5 and
incubated in room temperature (30°C), alternatinght and dark, and agitated at 70 rpm condition. ddya

produced in static condition had higher radical geaging activity (91.43%) than the culture spent.cbntrast,
culture spent had higher total phenolic contentQ21g AAE/g sample) than its mycelia. However, itased liquid

culture, culture spent showed higher radical scajyeg activity (77.14%) and total phenolic conte@8% mg
AAE/g sample) than its corresponding mycelia, whéch strong evident of the oozing of active melitdsfrom

mycelia to the culture spent. Mycochemical analysisaled that mycelial biomasses produced in Istdtic and
agitated condition contained varying amounts ofaaps, flavonoids, cardiac glycosides, alkaloidsl @erpenoids,
which are known for their numerous biological aitidés. Therefore, the established optimum liquittuze of C.

cinerea is useful not only for mycelial biomassduation but most importantly as a natural resouofebioactive
metabolites. Evaluation of other functional bioaities of the liquid culture of C. cinerea using thptimum culture
conditions is currently under investigation.

Keywords: C. cinerealiquid culture, indigenous media, antioxidant, mgigemicals.

INTRODUCTION

Coprinopsis cinereaf Family Psathyrellaceae is a leaf-litter decosipg basidiomycetous fungus that usually
found growing on the pile of decaying rice strawisTmushroom is typically has a stipe length ot@80 mm and
grayish tone pileus which turns to inky cap whertures, indicating autolysis for spore dispersdlis lan edible
species and considered a native mushroom by Fipwhich is collected from the yard and field amdpared as
main ingredient of some native delicacies. Sevarabstigation abouC. cinereahave focused on its used as
representative specimen to illustrate gene sedgoagatcytological, biochemical, and morphologicspects of the
morphogenesis and developmental processes in thebasidiomycetous fungi [1, 2]. In additid®, cinereais also

a model in meiosis study due to its synchronoustiteidlevelopment and prolonged prophase [3].

Optimization of culture condition is an importantasegy to develop a successful production techgwlof the
desired mushrooms. In the Philippines, mushroorasaltured in the different formulated substrateshsas agro-
industrial wastes and other cellulosic residuese Babmerged cultivation of mycelial biomass for dstive
metabolites production in liquid media is less msigely practiced. This cultivation technique isrmadvantageous
because mushroom can produce high biological effy in a short incubation period with less chaoée
contamination, and most importantly, it is usefiudl @asily accessible source of extractable natarapounds with
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various biological activities. In the review contkat by Elisashvili [4], the fruiting bodies, culeumycelium, and
culture broth of mushrooms contain secondary mditakoincluding polysaccharides, proteins andrtheimplexes,
phenolic compounds, polyketides, triterpenoids;ostis, alkaloids, nucleotides, etc., which haverbagsociated to
their cholesterol-lowering, anti-diabetic, anticadd, antitumor, immunomodulating, antimicrobial,daantiviral
properties.

Recently, the liquid culture conditions (cultureothy, pH, temperature and shaking condition) of fBhilippine
wild edible mushrooms namelyGanoderma lucidum, Pleurotus cystidiosugolvariella volvacea and
Schizophyllum commurweere optimized for mycelial biomass production dmohctive lipids elucidation [5]. The
maximum mycelial biomasses &. lucidum P. cystidiosusV. volvaceaandS. commundavourably produced in
Sabouraud dextrose broth at pH 7, 7, 6 and 8, ctisply, when incubated at 28°C and 30°C. Moreovtke,
influence of the different indigenous culture brath the antioxidant and total phenolic contentsLehtinus
tigrinus, Lentinus sajor-cajuS. communeand V. volvaceawas also investigated and it was found out that th
properties of these mushrooms varied when culturdide different indigenous culture broth [6, 7].

To the best of our knowledge, very little has beeitten so far on the optimization of liquid culeuconditions for
mycelial biomass production and there are no cohgnsive data on the antioxidant activity and myeocical
composition of the Philippine local strain of wiel cinerea Herein, we optimized the liquid culture conditsoof
this mushroom as influenced by the different indimes culture broth, pH, temperature, illuminatiand shaking
condition for the production of mycelia biomassasural source of bioactive compounds.

MATERIALSAND METHODS

Source of Mushroom

Pure culture ofC. cinereawas obtained from the culture collection of CerffiterTropical Mushroom Research and
Development (CTMRD), Department of Biological Saies, College of Arts and Sciences, Central Luza@ieSt
University, Science City of Munoz, Nueva Ecija.

Preparation of Culture Inoculant

An agar block from the pure cultu@ cinereawas aseptically inoculated into a prepared potatoose agar (PSG)
plates. Culture plates were incubated at room teatpes to allow mycelia growth. After 7 days of ulation,
mycelial discs were prepared using a flame stéfilenm-diameter cork borer. Mycelial discs were edras culture
inoculant in the evaluation of the optimum liquigditare conditions.

Evaluation of the Optimum Liquid Culture Conditions

The effect of different broth culture media namealgronut water from mature cocon@acos nuciferg rice bran
D1 (class A) broth (50g dDryza sativd. of water), local yellow corn grit broth (50g @ea mayA. of water) and
potato sucrose broth (250g $blanumtuberosuni. of water + 10g of white table sugar) on mycajrawth of the
C. cinereain liquid culture condition was evaluated. Brotredia (100 ml) were dispensed into autoclavable
conteiner, sterilized in an autoclave at 121°C,p$bfor 30 min, aseptically inoculated with mycetisscs, and
incubated at 30°C to allow fungal growth. After d8ys of incubation, the mycelia were harvestedda#d, and
weighed to determine the most favourable broth omador efficient mycelial biomass production©f cinerea
The best medium from the preceding media evaluatias adjusted to varying pH levels (5.0 - 8.0) with
intervals using 0.1 M NaOH and HCI. One hundredofmthe each pH broth was dispensed in a flaskiligtst,
inoculated and incubated for 10 days. Mycelial kasses were air-dried. Mycelial discs were asepicabculated
into flask containing 100 ml of the best mediumogatimum pH level and incubated at different tempea
conditions (9, 23, and 30°C) to determine the optimmtemperature requirement of the mushroom. Cukitiréne
optimum medium, pH, and temperature was evaluatedifferent illumination conditions (dark, lighteénd
alternate-12 hrs dark and 12 hrs light) to deteentire optimum illumination requirement 6f cinereaFinally, the
optimum medium, pH, temperature, and illuminatisavously determined were employed in optimizinglshg
conditions (static and agitated at 70 rpm). Experita were carried out in triplicate. The weighttloé air-dried
mycelial biomass was determined and data were miexb@s the mean of three replicates.

Mass Production of Mycelial Biomass

Mass production of mushrooms mycelia was carried byuinoculating mycelia discs in autoclavable eomér
containing 100 ml of the best medium at optimumaptdl incubated in the required temperature, illutidma and
both static and shaking conditions for 10 days. iryeelial biomasses were harvested and the cutjpeat were
collected and subjected for antioxidant and mycabahecontent analyses.
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DPPH Radical Scavenging Activity

Ethyl acetate (10 ml) was added into each samplayafelia and spent to extract the antioxidant caimplg. The
ethyl acetate soluble portion was concentrated une@uced pressure and the concentrates were \disglsah
ethanol. The free radical scavenging activity oé ttamples was estimated using the stable 2,2'-diphe
1picrylhydrazyl (DPPH) radical following the stamdanethod of Shimadet al. [8] ( with modifications. A 100 pl
of test sample in ethanol was added with 5 pl DRBHtion (5 mg DPPH powder in 2 ml of ethanol) #B+®ell
microtitter plates. The mixture was shaken vigolpasd left to stand for 30 min in the dark, and #tbsorbance
was then measured at 517 nm. The inhibition of DR radicals was calculated. Triplicate test ware per
sample.

Estimation of Total Phenolic

The total phenolic content was estimated using nFGibocalteu method of Slinkard and Singleton [9]thwi
modifications. Sample solution (50 pl) was mixe® %0 of 10% Folin-Ciocalteu reagent (Folin:Methariall, v/v).

After 2 min, 50 pl of 7.5% saturated was added lkeqt in the dark for 1h before absorbance was takéit5 nm.
A calibration curve was obtained using various emti@ations of ascorbic acid. The total phenolictenhof the

sample was expressed as mg of ascorbic acid eqotgéalAAES) per gram of sample. Triplicate test wWase per
sample.

Mycochemical Analyses

The chemical screening of the aqueous extractsystlia were carried out following the proceduresalied by
Sofowora [10] and Harborne [11]. Three replicatesemaid out for each test parameter. Results wenepared
with distilled water as control and determined lolase the color/intensity of the reaction [12].

Statistical Analysis
The data on the optimization study were analyzedgu®ne Way Analyses of Variance (ANOVA). Signifita
difference of means were analyzed using Tukey’sdstin Significant Differences Test at 5% level mfrsficance
in SPSS Version 17. 00.

RESULTSAND DISCUSSION

Influence of Liquid Culture Media

Mushroom fruiting body cultivation is a long-termopess. Therefore, cultivation of mycelial biomassa liquid

culture media is being introduced because of tlwtshincubation period having biomass yield int jiesv days.
However, the chemical and physical factors (inalgdnutritive media, pH level, temperature, illuntioa, and

agitation) for growth of mycelia in liquid culturaust take into consideration. In this study, theetial biomass of
C. cinereain different indigenous broth media was evalugfeable 1). Potato sucrose broth significantly praetl
the highest biomass yield of 203.70 mg, followedrimg bran broth with 143.23 mg. However, corn @ribth

produced the lowest biomass yield of 40.93 mg. &hesults indicate that potato sucrose broth fatla@rsuxuriant
growth of mycelial biomass df. cinerea This conforms with optimum broth medium for theaelial biomass
production ofCalocybe indiceandPanaeolus antillariunf13, 14]. Moreover, the maximum biomass productién
Pleorotus florida P. sajor-cajy P. citrinopileatus P. ostreatusandP. opuntiaewas attained in potato broth [15].

The pH of the media has a remarkable influence hen morphology and growth of mushroom mycelia. The
influence of varying pH levels of potato sucrosetbron the mycelial biomass Gf cinereawas determined and the
results are presented in Table 1. It can be sexpth 7.5 produced the highest biomass yield of ¥ ¥hg, thus, it

is the optimum pH for the efficient mycelial biorsggroduction ofC. cinerea However, no mycelial growth was
noted in the media at pH 5, pH 5.5, and pH 6, wisiaggest that acidic medium has inhibitory effec€i cinerea
mycelial growth.
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Table 1. Influence of nutritional and physical factorson the mycelial biomass production of C. cinereain liquid culture

Nutritional / Physical Factors

Yield of Mycelial Biomass (mg)

Broth Media

Coconut water 42.93+29.73
Rice bran broth 143.23+36.79
Corn grit broth 40.93+22.37
Potato sucrose broth 203.70+83.16
pH

5.0 0.00+0.00
55 0.00+0.00
6.0 0.00+0.00
6.5 237.43+28.86
7.0 184.36+08.21
7.5 337.56+49.75
8.0 316.56+37.91
Temperature

Refrigerated (9°C) 0.00+0.00
Air-conditioned (23°C) 153.33+129.2

Room temperature (30°C)

400.16+1%.15

Illumination

Dark 225.53+21.4%6

Lighted 206.33+78.20

Alternate 432.43+23.33
Shaking Condition

Static 335.56+08.15
Agitated (70 rpm) 351.93+34.95

Values are expressed as Mean +SD of triplicategdch factor, values with the same letter sup@sare not significantly different at £ 0.05
using Tukey’s HSD.

Effect of Physical Factors

The effect of the three important physical factgesnperature, illumination and shaking conditioimsphe mycelial
biomass production ofc. cinereawas also evaluated in this study. Three differtarhperature conditions
(refrigerated 9°C, air-conditioned 23°C and roormperature 30°C) were evaluated and the resultsab®@
presented in Table 1. Apparently, the highest yiefdmycelial biomass was significantly recorded ttmse
incubated at room temperature with 400.16 mg, Yadld by air-conditioned having 153.33 mg. This siign
suggests that. cinereais a tropical species of mushroom. In contrastmmyeelial growth was observed to those
incubated in refrigerated condition. This resultess with the study of Garraway and Evans [16] vdported that
metabolic activities of fungi are always reduce@xtemely low temperature. The reduction of theafigl growth
at very low temperature may be due to the reducimabolic activities of the mushroom which allowe th
absorption of essential nutrients needed for ibsvij.

Another physical factor which is vital for the myie¢ growth is illumination condition. Alternatintight and dark
condition produced the highest biomass yield of.438g, indicating the optimum illumination conditidor the
mycelial growth ofC. cinerea Light is needed to synchronize development withim day/night rhythm. If kept in
the dark condition, they transform into sclerotia $urvival under adverse environmental conditiéiben light is
provided, primary hyphal knots convert into the eotompact secondary hyphal knots in which tissue
differentiation occurs. This may be also in relatigith mycelial growth since mushroom fruiting boaws derived
from mycelia [17].

Finally, the influence of static and agitated cdiodi (70 rpm) was also evaluated. It can be notitted agitated
condition favoured the highest yield of 351.93 mpese results suggest that agitated conditiongsimed for the
mycelial growth ofC. cinerea However, the optimum rpm of agitation should take consideration in the future
study. In the study conducted by Upadhyay and d¢frigg18], the maximum mycelial biomass was observeter
shaking condition in case &fleurotus citrinopileusP. florida, andP. sapiduswhile P. sajor-cajy C. comatus, K.
mutabilis, L. edodeand T. rutilansproduced the maximum biomasss under static comdiffoirthermore, it was
also reported that there is an increase in yielchpdelium ofG. lucidumwhen the shaking frequency was from 50
rpm to 100 rpm, which implies a better oxygen tfan@ broth medium which is needed for the groatimycelia
[19].

Radical Scavenging Activity

Antioxidants are substances that neutralize frelica#s or their actions [20]. Every cell has adequarotective
mechanisms against any harmful effects of freecedsli antioxidants are buffering systems in evesly [21].
Moreover, antioxidants reduce the effect of cane@ad cardiovascular diseases [22], neurodegenerdiseases
[23], diabetes [24] and many more diseases. Theakhdcavenging activity of the mycelial biomasgl alture
spent ofC. cinereain static and agitated liquid culture conditionsswstudied (Table 2). Mycelia from static
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condition registered higher radical scavengingvagt{91. 43%) than the mycelia from agitated caiodi (61.90%).
These results are in accordance with the studywziad by Arora and Chandra [25], wherein stati¢ucel of two
isolates ofAspergillusspp gave better radical scavenging activity when caegbao shake flask culture. However,
in terms of their culture spent, agitated conditiead higher scavenging activity (77.14%) compacedhbse in
static condition (73.33%). This clearly indicatée toozing of the bioactive metabolites from the etigcto their
culture spent. Agitation breaks the mycelial cellead diffuses the active metabolites to theitard spent.

The radical scavenging activity of the mushroom c@&ge is attributed to the presence of the different
mycochemicals, specifically the phenolic compousdsh as alkaloids, flavonoids, and glycosides P&, 28].
Aside from this work, other previous studies hausoareported the radical scavenging activity of esal
mushrooms. Some of these inclu@anoderma lucidum, Grifola umbellata, Coriolus veoor, Tricholoma
lobayense, Volvariella volvacea, Tremella fucifaileurotus florida andPanaeolus antillariunjl4, 29, 30].

Table 2. Radical scavenging activity and total phenolics of mycelia and culture spent of C. cinereain static and agitated liquid culture

Total Phenolic Content

Condition Sample  Radical Scavenging Activity (%) (mg AAE/g sample)

Static Mycelia 91.43 156.00
Spent 73.33 210.00
. Mycelia 61.90 78.00
Agitated g0t 77.14 235.00
Control Cathechin 98.10 -

Total Phenolic Content

Phenolics are considered antioxidants becauseedf dbility to chelate metals, inhibit lipoxygenamed scavenge
free radicals [31]. The total phenolic contentltd samples was determined spectrophotometricaihyg tke Folin-
Ciocalteu method. The results of total phenolicalygsis of mycelial biomass and culture spent preduin static
and agitated liquid culture conditions are alsospnted in Table 2. Interestingly, culture spentagitated liquid
culture contained the highest phenolics (235 mg Ap&ample) while its mycelia had the lowest phenobntent
(78 mg AAE/g sample), among the samples analyzedh® other hand, the mycelia produced in statitumi had
156 mg AAE/g sample, which is lower when comparedts culture spent with 210 mg AAE/g sample. These
results also dictate that agitation would allow ti#usion of bioactive metabolites to the cultggent. The total
phenolic contents of. cinereaobtained in the present study are far higher coethbto Coprinus comatu$l7.82
mg AAE/g sample)Pleurotus cystidiosu€3.41 mg AAE/g sample), ardanaeolus antillariun(25.11 mg AAE/g
sample) [14, 32]. Thus, phenolic content of mushre@ary depending on the species and strains.

Mycochemical Screening of C. cinerea

Mycochemicals are compounds present in fungi whack responsible in different metabolic functionheT
mycochemicals including tannins, saponins, flavdapterpenoids, cardiac glycosides, and alkalordsgnt in the
mycelial biomass o€. cinereawere screened in the present study. The mycodatmdmpositions of extracts of
the air-dried mycelial biomass €. cinereain static and agitated liquid culture are showrTable 3. Out of six
mycochemical screened, five mycochemicals namalpposins, flavonoids, terpenoids, cardiac glycosidexl
alkaloids were found present in the mycelia produceboth static and agitated conditions. Howetamnins were
not detected in both samples. Saponins and caglimosides of mycelia in static condition were déte in
appreciable amounts but present in trace amourgifated condition. Flavonoids, on the other havete detected
in appreciable amount in agitated produced-mycelid found in trace amount in static produced-myceli
Terpenoids were present in appreciable amounténntlicelia of both conditions. These results strpnigtlicate
that the amount of mycochemical compositions of eligcof C. cinereamay vary depending on the physical
conditions of the liquid culture.

Table 3. Mycochemical compositions of mycelial biomass of C. cinerea in static and agitated liquid culture

Mycelial Biomass of C. cinerea

Mycochemicals

Static Agitated
Tannins 0 0
Saponins ++ +
Flavonoids + ++
Terpenoids ++ ++
Cardiac glycosides + +
Alkaloids ++ +

In column, (+) present in trace amounts, (++) pras& appreciable amount, (0) absent

Mycochemicals are active compounds responsible aaynbiological activities and pharmacological pnties.
Saponins are potent antioxidants that neutraliee fiadicals to prevent disease and stimulate tbduption of
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antibodies, which help in fighting bacterial andhdal infections [33]. Other pharmacologic effecfssaponins
include haemolytic, anti-inflammatory, antifungahti-bacterial, anti-viral, ichthyotoxic, cytos@nd antieoplastic
activities [34]. Flavonoids are considered as ratsources of phenolic antioxidants [35]. Somedtwids have
been reported to possess a variety of biologic#iviies, including antiallergic, anti-inflammatgryantiviral,
antiproliferative, and anticarcinogenic activiti&6]. Moreover, since flavonoids are good sourceatioxidants,
they can help in prevention of human diseases asctancer and cardiovascular diseases, and sohaquptal
disorders of gastric and duodenal ulcers, allergiascular fragility, and viral and bacterial infeas [37].

Terpenes, on the other hand, are reported to hawigae antioxidant activity in their interactioritivfree radicals
[38]. In some studies, some terpenoids suppressedrowth of diverse tumor cell lines via initiatiof apoptosis
[39]. Carotenoid terpenes protect against utepnastate, breast, colorectal and lung cancers. Tayalso protect
against risk of digestive tract cancer [40]. Soeménoids exhibit anti-inflammatory), anti-neopiasanti-pyretic
and immune-modulating activity [41]. In the reviemade by Prassas and Diamandis [42], cardiac glgesdiave
been a cornerstone of the treatment of heart diseasd are potential anticarcinogens. Cardiac gigles are also
used to treat cystic fibrosis [43], and consideasdthe most potent neuroprotective for ischaenrizkst [44].
However, alkaloids have been known for their thetdje capabilities including anticancer, antiasthraad
antimalaria [45]. Some alkaloids have analgesithgperglycemic and antibacterial properties [4B, 43].

In conclusion, potato sucrose broth with pH 7.5ubted in room temperature (30°C), alternatingtleyid dark,
and agitated at 70 rpm were the optimum liquid weltconditions for the mycelial biomass productanC.
cinerea.ln static condition, mycelia had higher radical\araging activity while its culture spent had highetal
phenolic content than its corresponding myceliacdntrast, the maximum radical scavenging actiwityl total
phenolic content was significantly recorded in thdture spent of agitated liquid culture, indicgtithe oozing the
active metabolites from the mycelia to the cultspent due to agitation. In terms of mycochemicedesaing, both
mycelial biomasses produced in static and agitatedlition contained varying amounts of saponirsydhoids,
cardiac glycosides, alkaloids and terpenoids. Thegmrtant results strongly indicate the great ptiét of C.
cinereain nutraceutical and pharmacological purposes. &dauation of other functional bioactivities ogthquid
culture ofC. cinereausing the established optimum culture conditiensurrently under investigation.
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