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ABSTRACT

Buttonmushroomsareoneof themostcommonlycultivatedmushroomspecies facingdifferent
risks e.g.: viral, bacterial and fungal diseases. One of the most common problems is caused by
Trichodermaaggressivum,or‘greenmould’disease.Thepresenceorabsenceofmushroomdisease-
relatedmouldscansufficientlybedetectedfromtheairbyheadspacesolid-phasemicroextraction
coupledgaschromatography-massspectrometry(HSSPMEGC-MS)via theiremittedmicrobial
volatileorganiccompounds(MVOCs).Inthepresentstudy,HSSPMEGC-MSwasusedtoexplore
thevolatilesecondarymetabolitesreleasedbyT.aggressivumf.europaeumondifferentnutrient-
richand-poormedia.TheMVOCpatternofgreenmouldwasdetermined,thenmedia-dependent
andindependentbiomarkerswerealsoidentifiedduringmetabolomicexperiments.Thepresented
resultsprovidethebasicsofagreenmouldidentificationsystemwhichhelpsproducersreducing
yieldloss,newdirectionsforresearchersinmappingthemetabolomicpathwaysofT.aggressivum
andnewtoolsforpolicymakersinmushroomqualitycontrol.

KEywORDS
Biomarkers, Different Media, Environmental Chemistry, MVOC (Microbial Volatile Organic Compound) Pattern, 
SPME (Solid-Phase Microextraction) Sampling, Trichoderma Aggressivum

LITERATURE REVIEw

Mushroom production showed an increasing tendency in the past few years. Button mushroom
(Agaricus bisporus)givesone-thirdofthetotalamountofmushroomproduction(Chang&Miles,
2004;Largeteau&Savoie,2010).Unfortunately,itisexcessivelysensitivetodifferentdiseases,such
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asviral,fungal(Lecanicillium fungicola–drybubbledisease,Mycogene perniciosa–wetbubble
disease,Trichoderma aggressivum–greenmoulddisease),andbacterialdiseases(Pseudomonas
spp.)(Fletcher,1990).

Trichoderma aggressivum is known as the most harmful mould in mushroom production.
Greenmouldisabletoproliferateonmushroomcompost,whilethemushroommyceliumgrowth
isobstructed,thereforeitcausesretarded,low-qualitymushroomfruitingbodyinsteadofhealthy,
high-qualityproducts(O’Brien,Grogan,&Kavanagh,2014).Moreover,T. aggressivumproduces
extracellularenzymes,toxicsecondarymetabolites,andvolatileorganiccompounds.Asaconsequence,
notonlythequalityandtheamountofyielddecreasesbuttheuseofcropmodelsisalsoobstructed
(Papajorgji,Clark,&Jallas,2009).Greenmoulddiseaseishardtorecognizeintheinitialdaysduring
itslongvegetativegrowthphase,themouldlawniswhite(buttonmushroommyceliumiswhiteas
well);thecolourofmouldchangesonlywhenthegreensporesoccur(after2-4days)(Largeteau&
Savoie,2010).Trichodermaspecieseducedmetabolitecontrolsystem,whichenablesthemtosurvive
extremeenvironmentalconditions, likelowoxygen(Silva,Steindorff,&Monteiro,2014).Green
mouldisalsoknownasthemostaggressivemouldspeciesinmushroomcultivation.Attheinitial
phase,mouldmyceliumgrowssimultaneouslywithmushroommycelium;mouldcanusecompost
substratesascarbonsourceviaextracellularenzymes(Krupke,Castle,&Rinker,2003).Assoonas
Trichodermaproducegreenspores,themushroomgrowthisdecreased,whilethegrowthofgreen
mouldrapidlyincreases.Aftergreenmouldsporulation,thebuttonmushroommyceliumisobstructed
by themould (Górski,Sobieralski,Siwulski,Frąszczak,&Sas-Golak,2014;Mamoun,Lapicco,
Savoie,&Olivier,2000;Mamoun,Savoie,&Olivier,2000;Williams,Clarkson,Mills,&Cooper,
2003).OnemushroomgrowthinhibitorcompoundproducedbyT. aggressivum is3,4-dihydro-8-
hydroxy-3-methylisocoumarin.ThiscompoundhasnotbeennoticedinnotaggressiveTrichoderma
isolates (Krupke et al., 2003). In order to preserve the high quality of mushroom compost, this
harmfulmicroorganismmustbedetectedassoonaspossibleandthequalityofthecompostshould
becontinuouslymonitoredandcontrolled.

Anovelapproachtofightagainstinfectionsisvolatileorganiccompound(VOC)examination.
VOCscanbeusedasspecificbiomarkersorecologicalindicatorstodescribeoridentifydifferent
speciesorgroupsoffungi(Mulleretal.,2013).Microbialvolatileorganiccompounds(MVOCs)
are emitted during microorganism’s metabolite pathways. Several microorganisms emit volatile
compoundstoevolveinteractions(Tirranen&Gitelson,2006).In2013,Lemfackandhisco-workers
builtanMVOCdatabase(Lemfack,Nickel,Dunkel,Preissner,&Piechulla,2014),whichcontains
morethan10000speciesandtheirVOCs,anditisonlineavailable.

SeveralpaperdealswithexaminationofTrichodermafungi’svolatilecompounds,however,only
T. atroviride (2-heptanone;1-octen-3-ol;3-octanone;2-pentylfuran3-octanol;6-α-phellandrene;
α-terpinene;β-phellandrene;2-nonanone;phenylethylalcohol;β-farnesene;α-curcumene(Stoppacher,
Kluger,Zeilinger,Krska,&Schuhmacher,2010))andT. harzianum(butyricacid,ethylester;2-methyl
butyricacid,ethylester;phenylethanol;2,6,-dimethyl-2,4,6-octatriene(Fiedler,Schütz,&Geh,2001))
havebeenexaminedinmostofthecases.VolatilemetabolitesofT. aggressivumwereonlyresearched
byKrupkeandhisco-workersin2003(Krupkeetal.,2003).

Trichodermaspeciesemittedmostlydifferentterpenes(Berg,KemamiWangun,Nkengfack,&
Schlegel,2004;Cardozaetal.,2011;Reino,Guerrero,Hernández-Galán,&Collado,2008).The
diversityofTrichoderma speciescanbedemonstratedaccording to itsmetaboliteprofile (Gupta
etal.,2014).Alternativeidentificationofdifferentmouldspeciescanbedoneusingtheiremitted
volatilemetabolitecompounds(Nazninetal.,2014;Zhang,Askim,Zhong,Orlean,&Suslick,2014).

Several fungi species can be distinguished using different coupled analytical techniques.
MVOCs emitted by fungi can be captured, analysed and monitored with headspace solid-phase
microextractioncombinationwithgaschromatography-massspectrometry(HS-SPME-GC-MS)from
theairdirectlyabovethesample(Claeson,Levin,Blomquist,&Sunesson,2002;Dongetal.,2015;
Kluger,Zeilinger,Wiesenberger,Schöfbeck,&Schuhmacher,2013;Matysik,Herbarth,&Mueller,
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2008;Mulleretal.,2013;Polizzietal.,2012;Radványi,Gere,Jókai,&Fodor,2014;VanLanckeret
al.,2008;Wady,Bunte,Pehrson,&Larsson,2003).MouldscanbeseparatedbasedontheirMVOC
compounds,however,theevaluationprocesscouldbedifficultandtime-consuming.Analternative
solutiontoreduceanalysistimeisdetrendedfluctuationanalysis(DFA),whichenablesafastand
reliableseparationofdifferentsamplesbasedsolelyonrawchromatograms(Radványietal.,2016).

Inthepresentstudy,HS-SPME-GC-MSwasusedtoexplorethevolatilesecondarymetabolites
releasedbyTrichoderma aggressivumonfourdifferentmedia.

OBJECTIVES

Themainobjectiveofthepresentedworkistoidentifymedia-independentbiomarkersofTrichoderma 
aggressivumonfourmediaandthreemodifiedmediainordertocreatethebasicsofaprediction
system.Secondaryaimistoidentifythemedia-dependentbiomarkerswhichhelpustounderstand
thechangesofmicrobialvolatileorganiccompound(MVOC)profilesofTrichoderma aggressivum.

MATERIALS AND METHODS

Microorganism
Trichoderma aggressivum f.europaeum (107-108 spores/mL)specieswas inoculatedondifferent
media.ThenumberofsporeswascountedinBurkerchamber.Thefungalstrainwasobtainedfrom
theculturecollectionofSzentIstvánUniversity,DepartmentofVegetableandMushroomGrowing.

Media
Twonutrient-richmedia(maltextractagar-MEAandpotato-dextroseagar-PDA)andtwonutrient-
decreasedmedia(compostagar-CA)andwateragar-WA)wereusedtoinoculateT. aggressivum.
According tomushroomgrowers,greenmould isable togrowonmushroomcompost, therefore
compostagarwasmadefromdriedandgrindedPhaseIImushroomcompost.Modifiedcompostagars
(withdifferentsugars)werealsousedtogrowT. aggressivum.Table4intheAppendixsummarizes
theingredientsofdifferentmedia.AllingredientsandmushroomcompostwereprovidedbyBiofungi
Ltd.Slantagarwasmadeundersterileboxwith5mLsterilisedmedia,whichwastransferredinto20
mLHSvials.Afteragarsolidification,500µLsporesuspensionwaspipettedtothesurfaceofslant
agarintheHSvial,thenthevialwasclosedimmediately.

Solid-Phase Microextraction Sampling
Extractionofvolatilecompoundsfromheadspacewasperformedusingsolid-phasemicroextraction
(SPME)consistingofafusedsilicafibercoatedwithpolydimethylsiloxane/divinylbenzene(65μm
StableFlexTMPDMS/DVBfiber,Supelco,Bellefonte,PA,USA).Fiberwaschosenbasedonliterature
data(Crespo,Pedrini,Juárez,&DalBello,2008;Malheiro,GuedesdePinho,Soares,CésardaSilva
Ferreira,&Baptista,2013;Sági-Kiss&Fodor,2011;Stoppacheretal.,2010).Themicroorganismwas
keptat24°Candmonitoredfromtheinoculationtotheseventhday.Thefiberwaspassedthroughthe
septumofthevialandexposedtothevolatilesderivedfromT. aggressivum.After15minabsorption,
thefiberwasretractedintotheneedleandremovedfromtheHSvialtoperformGC-MSanalysis.
Allmeasuresweredoneintriplicate.

Gas Chromatography-Mass Spectrometry Analysis
AfterinjectionofSPMEneedleintotheGCinjector,MVOCsweredesorbedfromthefiberat250
°C(4min).AnAgilent6890GasChromatographcoupledwitha5975CMSDMassSpectrometer
wasused toanalyse thevolatiles.Anon-polarHP-5MS((5%-phenyl)-methylpolysiloxane;30m,
0.25mmi.d.,0.25μmfilm,AgilentTechnologies)capillarycolumnwasused,whichisexcellentfor
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volatilecompounds.Thesplitvalvewasclosedduringdesorptionperiodandtheinlettemperature
washeldat250°C.Optimisedcolumnprogramwasused;itbeganat50°Candincreasedto150
°Cat20°C/min,thento170°Cat40°C/min,to190°Cat25°C/min,to280°Cat40°C/min,and
finallyto300°C(2minhold)at50°C/min.Hydrogen6.0wasusedasacarriergaswithaconstant
1.2mL/minflowtoacceleratetheseparationonthecolumn.

ThemassfragmentsweredetectedbyquadrupoleMS,wheretheionsourcetemperaturewasset
at230°Candthequadrupoletemperaturewasheldat150°C.Positiveelectronionization(EI+)was
used,withanelectronenergylevelof70eV.TheMSwastunedusingperfluorotributylamine(PFTB)
beforethemeasurements.AgilentEnhancedMSDChemStationsoftwarehandledtheGCandMS
parametersandAgilentMassHunterQualitativeAnalysisB.06.00softwarewasusedforevaluation
andcomparisonofthechromatograms.ThecollectedspectrawereanalysedusingNISTMassSpectral
SearchProgram(NIST/EPA/NIH/MassLibrary,version2.0,Wiley10thedition).Theanalysiswas
conductedfollowingandearlierworkoftheauthors(Radványi,Gere,Jókai,&Fodor,2014).

RESULTS AND DISCUSSION

Analysis of Green Mould Growth on Different Media
AsporesuspensionofT. aggressivum f.europaeumobtainedfromthesamestrainwasanalysed
duringtheexperiment.Afterinoculationondifferentmedia,MVOCsemittedbygreenmouldwere
monitoredandthemicroorganismgrowth(myceliumgrowth,sporeproduction)werealsoexamined
untilsevendays.Thegreenmouldgrewfasteronnutrient-richmedia(PDAandMEA)at24°C,as
expected.Theappropriatetemperatureandmediacompositionenhancethemouldgrowth(Samuels,
Dodd, Gams, Castlebury, & Petrini, 2002; Sobieralski, Siwulski, & Frużyńska-Jóźwiak, 2009;
Stoppacheretal.,2010);themyceliumgrowthcommencedontheseconddayonnutrient-richmedia.
Afterinitialmyceliumgrowth,greensporesappearedattheedgeofthemyceliumlawnandfinally
thesporessuffusedwiththewhitemyceliumlawn(S1.).

Themyceliumgrowthonnutrient-decreasedmedia(CA,WA)wasnegligible,onlywhitespots
appeared(S1.),however;productionofgreensporeswasfasterwithinthismyceliumspots.Green
mouldgrewbetteronMEAandPDAmedia,thereforeitemittedmorevolatilemetabolitesonthese
media.Themainmouldspecificvolatiles,terpenes(Cardozaetal.,2011;Hermosa,Cardoza,Rubio,
Gutiérrez,&Monte,2014;Reinoetal.,2008),appearedaroundthesixthminuteonthetotalion
chromatogram(TIC)(Figure1).

Identification of Volatile Metabolites
TheintensityofMVOC’sisusuallymuchlowerthanthecompound’sintensityofordinarySPME
measures,wherethecompoundshaveapproximately107-108intensityvalues.Owingtotheselow-
intensityvalues,automaticevaluationsoftware–suchasMassHunterUnknownAnalysis–cannot
beusedproperlyforcompounddeconvolution,identificationorintegration(datanotshown).Inorder
togetreliableresults,peakintensitieswerecategorisedaccordingtotheabundancevalues(Figure2).

Compoundshaving4.0*105intensityvalueswereclassifiedintothefirstgroup(HighIntensity
Compounds,HIC).Themassspectraofcompoundshavinghighintensityvalueshavealowbackground
interference;thereforebackgroundcorrection(backgroundsubtraction)wasnotneeded.Highintensity
compoundscanbeeasilyidentifiedusingmassspectrumlibraries(e.g.:NISTlibrary).

Most of the compounds had 1.2-3.0*105 intensity values (Medium Intensity Compounds,
MIC) while compounds having lower intensity values were passed into the third group (Low
IntensityCompounds,LIC)(Figure2).Mediumintensitycompounds(MIC)couldhavebackground
interference,thereforebackgroundcorrectionisneededinthesecases.Theexaminedcompoundmass
spectrumcanbedisturbedwithother(notrelevant)compoundsfragment(background).
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Afterbackgroundcorrection,theexaminedcompoundmassspectrumisnotdisturbedbyany
othercompounds’fragments,thereforeacleancompoundmassspectrumisavailable.Theobtained
background-freemassspectrumwasproperlyidentifiedusingNISTmassspectrumlibrary.Compounds
identityvaluehavingatleast60%(ID%≥60%)wasacceptedonlywhentheywerepresentinall
threeparallelmeasures.

Inmostofthecases,lowintensitycompounds(LIC),mainlythosecompoundswhichhadnearly
aslowintensityvaluesasthelimitofdetection(LOD),causedproblems.DuringLICcompounds’peak

Figure 1. MVOC pattern of T. aggressivum on different media. The ellipse indicates the main mould specific volatiles (terpenes).

Figure 2. High (≥ 4.0*105), Medium (1.2-3.0*105) and Low (≤ 105) Intensity compounds. HIG: High Intensity Compounds, MIG: 
Medium Intensity Compounds, LIG: Low Intensity Compounds
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areadetermination,automaticintegrationalgorithmintegratedmorepeaksintoonecompoundorcould
notfindsomecompounds;hencemanualdeconvolutionwasused.Massspectrumofcompoundswas
correctedwiththebackground.However,itcouldbeaproblemthatthefragmentionsoftheexamined
compoundsdonothavemuchhigherintensityvaluesthantheinterferingbackgroundfragmentions.
Thus,theexaminedcompoundfragmentionscouldbelostfromthemassspectraduringbackground
subtraction.Inthesecases,incorrectidentificationcouldbeachieved.Thepresenceofmolecularion
(M˙+),anditsaccuratem/zvaluecouldmeanastablepointduringunknownscreeningandunknown
compoundidentification.Besidesthemolecularion,retentionindex(RI)couldservesomeadditional
informationabouttheunknowncompounds.NISTlibraryalsocontainsdatafromretentionparameters,
suchasdifferentcompound-related,column-andtemperatureprogram-dependentretentionindices.
Retentionindexfromthelibrarywascomparedtothemeasuredandidentifiedcompoundstoachieve
properandreliableidentification.

Examination of Trichoderma Aggressivum’s Biomarkers
Determinationofmarkercompounds.Inthefirststep,MVOCpatternofTrichoderma aggressivum
wasdefinedonalldifferentmedia,where150compoundswerefound.Thereafter,falsepositivehits
wereexcluded,and56compoundswerepickedupwhichmayrefertomouldpresence.Moreover,12
compoundswereeliminatedwhichcouldn’tbelinkeddirectlytothepresenceofT. aggressivum.As
aresult,44compoundswerechosenasbiomarkersofT. aggressivumincaseoffourdifferentmedia
(MEA,PDA,CA,WA).These44biomarkersweregroupedregardingdifferentmedia(Table1).

3compounds(1,2-dimethylbenzene;3-octanone;2-pinen-4-ol)werefoundfromthechosen
44biomarkers,whichappearedinalldifferentmedia.Morecommonbiomarkers(18compounds)
were found on nutrient-rich media (PDA, MEA); which is shown by the “MEA-PDA markers”
columnofTable1.Insummary,21(18+3)compoundsweredeterminedascommonbiomarkersof
T. aggressivum.Moreover,10markercompoundswerefoundduringT. aggressivumgrowthonlyon
PDAmediaand13markercompoundsonlyonMEAmedia(Table1.“Media-dependentmarkers”).
Furthermore, 12 “hypothetical” marker compounds (ethylbenzene; 2-nitroterephthalamide; ethyl
(1-adamantylamino)carbothioylcarbamate; benzenesulfonamide, N-(bicyclo[2.2.1]hept-5-en-2-
ylmethyl)-4-(5-oxo-3-pyrrolidinyl)-; 3-formyl-N-methyl-9-[phenylethynyl]dibenzo[2,3-a: 5,6-a’]
(1,4)-thiazine;2-nonynoicacid;beta-resorcyclicacid;unknown(tR=2.93,3.60,4.88,6.01and7.40
min))werefoundwhichmayalso indicate thepresenceofgreenmould,butmoreexperiment is
neededtoverifythisresult.

Table 1. Differentiation of biomarkers according to media (MEA-malt extract agar, PDA-potato-dextrose agar, CA-dried compost 
agar, WA-water agar)

Media-Dependent Markers (10+13) MEA-PDA Markers (18)
Media-

Independent 
Markers (3)

PDA
2-propanone;isobutylchloride;1-propanol,2-methyl;
longifolene;unknowns(tR=5.38,5.48,5.58,5.76,5.81
and5.84min)

octane;adamantan-2-ol,4-bromo-,
cis;alpha-humulene;cedr-8-ene;
beta-cubebene;beta-copaene;
beta-ylange;patchoulane;(5Z)-
5-pentadecen-7-yne;ledane;
gamma-elemene;(2Z,6E)-farnesol;
unidentifiedC15H26derivatives
(tR=6.30and6.33min);unknown
(tR=3.10,3.36,6.26and7.67min)

1,2-dimethyl
benzene;
3-octanone;
2-pinen-4-olMEA

benzeneethanamine;tyrene;
tetracyclo[5.3.1.1(2,6).0(4,9)]dodecane;beta-
caryophyllen;8,11-octadecadiynoicacid,methyl
ester;4-(2,2-dimethyl-6-methylenecyclohexyl)butanal;
unidentified2H-pyranderivatives(tR=4.68min);
unknowns(tR=4.33,4.61,5.15,6.16,6.48,7.32min)

CA -

WA -
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Theidentifiedmarkercompoundswerecomparedtoliteraturedata;thosecompoundsweremostly
searchedwhichindicatethepresenceofTrichodermaspp.Sevencompoundswerefound(2-methyl-1-
propanol;octane;ethylbenzene;1,2-diethyl-benzene;3-octanone;beta-elemene;beta-caryophyllene)
whichobviouslyrefertothepresenceofTrichodermaspp.MoreTrichodermaspp.-relatedcompounds
(479specificcompounds)canbefoundintheliterature(Siddiquee,2014).

Monitoring of Biomarkers
Aftersuccessfulidentification,compoundintensitychangesweretrackedduringtheexaminedperiod.
AnexampleofintensitychangesisshowninFigure3.

Onthefirstday,cedr-8-eneappearedontheTICchromatogram,thentheintensityisincreased
asthemouldgrewonthemedia.Afteranintensitymaximum,decreasedtendencywasobservedand
finallyitwasnotdetectableontheseventhday.Markercompoundsweregroupedaccordingtotheir
intensitychangetendencies(monotoneincreasing,showingintensitymaximum,monotonedecreasing
orhavingfluctuatingintensitychangetendency).

Figure 3. Intensity changes of cedr-8-ene according to the examined days on MEA media
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Intensity Changes of Common and Media-Dependent Compounds
Trichoderma aggressivum inoculated on PDA emitted 10 specific biomarkers (Table 2a), which
occurredonlyonthismedia.Fouroutoftencompoundswereidentifiedsuccessfully:2-propanone;
isobutylchloride;1-propanol,2-methylandlongifolene.T. aggressivuminoculatedonMEAemitted
13specificbiomarkers(Table2b)duringtheexaminedperiod.Verylowintensityvalues(<105)
wereregisteredinthecaseofthesemarkercompounds,therefore,theidentificationwasnottotally
complete;onlysixcompoundswereidentifiedsuccsessfully.

Table 2. Volatile biomarkers emitted by T. aggressivum: (a) On PDA media; (b) On MEA media. ID%: identity value during 
identification, RI: retention index

(a) Biomarkers on PDA

tR (min) Compound Name Chemical 
Formula

RI 
Database

RI 
Counted

CAS 
Number

Molecular 
Weight ID%

1.01 2-propanone C3H6O n.a. - 67-64-1 58.0 67.38

1.19 isobutylchloride C4H9Cl n.a. - 513-36-0 92.0 79.16

1.22 1-propanol,2-methyl C4H10O n.a. - 78-83-1 74.1 71.25

5.38 unknown - - 1276 - - -

5.48 unknown - - 1289 - - -

5.58 unknown - - 1303 - - -

5.70 longifolene C15H24 n.a. 1324 475-20-7 204.2 82.15

5.76 unknown - - 1335 - - -

5.81 unknown - - 1344 - - -

5.84 unknown- - - 1349 - - -

(b) Biomarkers on MEA

tR (min) Compound Name Chemical 
Formula

RI 
Database

RI 
Counted

CAS 
Number

Molecular 
Weight ID%

2.90 benzeneethanamine C9H13N n.a. 950 60-15-1 135.1 64.62

4.33 unknown - - 1133 - - -

4.61 unknown - - 1168 - - -

4.68 unidentified2H-pyran
derivatives - - 1176 - - -

5.15 unknown - - 1241 - - -

5.56 tyrene C7H5Cl3O 1468 1300 87-40-1 194.2 62.47

5.98 tetracyclo[5.3.1.1(2,6).0(4,9)]
dodecane C12H17D n.a. 1374 2000099-

51-5 163.1 68.27

6.16 unknown - - 1407 - - -

6.23 beta-caryophyllen C15H24 n.a. 1422 87-44-5 204.2 72.71

6.48 unknown - - 1474 - - -

7.00 8,11-octadecadiynoicacid,
methylester C19H30O2 2112 1599 18202-

23-8 290.2 69.61

7.25 4-(2,2-dimethyl-6-
methylenecyclohexyl)butanal C15H26O 1468 1662 95452-

13-4 194.2 66.62

7.32 unknown - - 1680 - - -
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Common compounds and their parameters were collected into S 6. Average value of
compound peak area of the parallel measures was used to analyse intensity changes and to
visualisetheresults.Table3showsthedifferentgroupsaccordingtointensitychange;media-
independentmarkersarehighlighted.

Themicroorganism’sgrowthwasalsoexaminedduringthemonitoringexperiments(Figure4).
Theresultsfrommicroorganismgrowthandmonitoringexperimentswerecompared.According

to our results, marker compounds appeared at different growing phases of the microorganism.
Biomarkersemittedatthefirstfewdaysarelinkedtothemyceliumgrowthphasebecauseactivewhite
myceliumgrowthwasexperiencedatthesedays(Figure4).Compoundshavingintensitymaximum
onthesecondorthirddayshoweddifferentintensitymaximumsondifferentmedia(MEAorPDA).
IfanexaminedcompoundappearsearlieronMEAmediaitcouldmeanthatthemicroorganismcould
havefastermetabolismonMEA,thanPDA.Itmeans,thatthemicroorganismisabletoutilizeand
consumethenutrientsfromMEAmoreeasily,thustheaccretion,thecolonydevelopmentwasalso
fasteronthismedia.

Compounds having a monotone increasing tendency may refer to green spore production,
especiallythosewhoseintensityvaluejumpedafterthethirdday.

Examination of Marker Compounds on Modified Compost Agar
Accordingtotheresults,T. aggressivumgrewfasteronnutrient-richmedia(MEAandPDA),as
expected.Thegreenmouldwasnotabletogrowonwateragar,onlyscatteredgreensporeproduction
wasobserved.Moreover,T. aggressivumwasnotabletogrowondriedcompostagarhowever,it
occursmainlyonmushroomcompostcausinggreenmould-disease.Remarkablegreenmouldgrowth
wasexpectedinthecaseofcompostagar.SomebiomarkersofgreenmouldinoculatedonMEA

Table 3. Intensity changes of common and media-dependent compounds

(a) Common Compounds

Monotone Increasing Intensity Maximum on the 
Second Day

Intensity Maximum on the 
Second or Third Day Fluctuating

octane,3-octanone

adamantan-2-ol,4-bromo-,cis;
2-pinen-4-ol;twounknown
compounds(tR=3.36,6.26
min);alpha-humulene;cedr-8-
ene;beta-cubebene,patchulene,
ledane

1,2-dimethyl-benzene;
beta-copaene;beta-ylangene;
unidentifiedC15H26derivatives
(tR=6.30min);(5Z)-5-
pentadecen-7-yne;(2Z,6E)-
farnesol,gamma-elemene

unknowncompounds(tR=3.10,
7.67min),unidentifiedC15H26
derivative(tR=6.33min)

(b) PDA Media-Dependent Biomarkers

Monotone Increasing Intensity Maximum on the 
Second Day

Intensity Maximum on the 
Second or Third Day Fluctuating

2-propanone;unknown
(tR=5.48min);longifolene

isobutylchlorideand
1-porpanol,2-methyl - unknowncompounds(tR=5.38;

5.58;5.76;5.81,5.84min)

(c) MEA Media-Dependent Biomarkers

Monotone Decreasing Intensity Maximum on the 
Second Day

Intensity Maximum on the 
Second or Third Day Fluctuating

unknowncompound(tR=4.61
min)

benzeneethanamine;unknown
compounds(tR=4.33;5.15,6.16
min);unidentified2H-pyran
derivatives(tR=4.68min)
tyrene and beta-caryophyllen *
Tetracyclo[5.3.1.1(2,6).0(4,9)]
dodecane **

unknowncompounds(tR=6.48,
7.32min),4-(2,2-dimethyl-6-
methylenecyclohexyl)butanal

8,11-octadecadiynoicacid,
methylester
tyrene and beta-caryophyllen*

* Tyrene and beta-caryophyllene had also intensity maximum at the second day, but later their intensity fluctuated, too. ** Tetracyclo[5.3.1.1(2,6).0(4,9)]
dodecane had intensity maximum on the first day.
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andPDAmediashowedtimeshiftintheiroccurrence.Differencesincarbohydrateresourcescould
causethistimeshift.

Takingintoconsiderationpreviousconclusions,differentsugars(mannitol,maltose,anddextrose)
wereaddedtothedriedmushroomcompostagar.Thesesugartypeswerechosenaccordingtothe
literature (Komon-Zelazowska et al., 2007; Kubicek, Bissett, Druzhinina, Kullnig-Gradinger, &
Szakacs,2003).Dextrose(PDA-likeagar)andmaltose(MEA-likeagar)addedtoCAwaschosen
tocomparetheresultsandmannitolwasalsoaddedtoCAtoanalysesugaralcoholbesidemono-
anddisaccharides.T. aggressivumwasinoculatedonthesemodifiedcompostagarsandtheemitted
MVOCswereanalysed.

Greenmouldgrowthwasmonitoredforsevendaysinthisexperiment,too.Insteadoffastgrowing
oncarbohydrate-richmedia,greensporeproductionwasalsonoticeableontheedgeofthesemedia.
Morecompoundsweredetectedinthispartoftheexperimentcomparedtotheoriginalmeasures.
3-octanone, 3-octanol, and tyrene appearedon all threemodifiedmediamoreover, 1,2-dimethyl
benzeneand2-pinen-4-olwerealsoobservedinthecaseofmediaaddedextramaltose.Anunknown
compoundhaving3.10minuteretentiontimecouldnotbeidentifiedintheoriginalmeasureshowever,
onmodifiedmedia,itwasidentifiedas3-octanol.Accordingtotheresults,twoadditionalemitted
compounds(tyreneand3-octanol)actasTrichoderma aggressivummarkercompound.

CONCLUSION

According to the literature, bisporic button mushroom is one of the most commonly cultivated
mushroomspeciesallover theworld.Oneof themostcommonfungalproblems inmushoroom
productioniscausedTrichoderma aggressivum,calledgreenmoulddisease.Presenceofgreenmould
canbedeterminedbyHeadspace-solid-phasemicroextraction-gaschromatography-massspectrometry
(HS-SPME-GC-MS).

Figure 4. Green mould growth on MEA substrata. This figure shows the mycelium growth phase at the second day and the 
green spore production phase from the fourth day. The seventh day shows the final state of the microorganism (picture 
taken by the author DR).
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Themicrobialvolatileorganiccompound(MVOC)patternofgreenmould(T. aggressivum f. 
europaeum)wasdeterminedondifferentmedia.AfterMVOCdetermination,thebiomarkerswere
alsoidentified.Differentevaluationprocesseswereestablished,sincethesebiomarkercompounds
hadhighlydifferent intensityvalues,whichrequires intensity-dependentevaluationprocesses, in
ordertogetproperresults.

Media-independent (3markers), andmedia-dependent (10markers onPDA,13markers on
MEA) biomarkers were determined from the selected markers, moreover from the nutrient-rich
mediaderivedmarkercompounds(18markers)werealsodetermined.Aftersuccessfulidentification
andclassificationofbiomarkers,thechangesintheirintensityvalueswereexamined.Furthermore,
the changes of marker compounds were linked to the inoculated microorganisms’ growth phase
(myceliumgrowthorgreensporeproductionphase)onfourdifferentmedia.Twelvehypothetical
markercompoundswerealsofoundinadditiontothedefinedandidentifiedbiomarkers,whichmay
indicatethepresenceofmouldinsomecases.

SomebiomarkersofgreenmouldinoculatedonMEAandPDAmediashowedtimeshiftintheir
occurrence,whichcouldcausebythedifferencesincarbohydrateresources.Takingintoconsideration
previousconclusions,differentsugars (mannitol,maltose,anddextrose)wereadded to thedried
mushroomcompostagar.Accordingtoresults,twomoreemittedcompoundsactasTrichoderma 
aggressivum marker compound. These marker compounds can later be used in quality control
systemswhichareabletoidentifythepresenceofgreenmoulddiseaseinanearlyphase,therefore
theproducerswillhavemoretimetopreventyieldloss.

Asaresult,HS-SPME-GC-MScoupledanalyticaltechniquewassuitabletodetectthepresenceof
greenmoulddisease.TheTrichodermaMVOCpatternondifferentmediawassuccessfullydetermined.
Usingthismethod,fastmoulddiseasedetectioncouldbeachievedinthefieldofmushroomproduction.
Afurtherstepforresearcherswouldbetodevelopsmaller,cheaperandlow-energycostdeviceswhich
areabletoidentifythepresenceoftheselectedbiomarkers.Itisalsoimportanttomentionthatthe
stabilityoftheidentifiedbiomarkersshouldalsobecheckedonothermedia.

Theabovedisplayedsamplingandevaluationprocessesmaybeabletodetectdifferentindoor
mouldsbyremotesensing(Yatsenko,Cifarelli,Boyko,&Pardalos,2009).Theindoormouldscausing
so-calledsickbuildingsyndrome(SBS)couldalsobeexamined.Furthermore,themethodcanalso
beextendedfromfoodanalysistoenvironmentalmonitoring;thus,severalharmfuldiseasescould
bepreventedsuchasasthma,allergicreactionsorheadaches.
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Table 4. List of ingredients for 1000 mL media

Media Ingredients Bacteriological 
Agar [g] Sugar [g]

Peptone 
Water 
[mL]

MEA maltextractagar 15gmaltextract 16 - 1000

PDA potatodextroseagar 39gpotatodextroseagar - - 1000

WA wateragar - 16 - 1000

CA mushroomcompostagar 10gdriedmushroomcompost 16 - 1000

Modified Media

CAD compostagarwithextradextrose 10gdriedmushroomcompost 16 2.0gdextrose 1000

CAMa compostagarwithextramaltose 10gdriedmushroomcompost 16 2.0gmaltose 1000

CAMt compostagarwithextra
mannitol 10gdriedmushroomcompost 16 2.0gmannitol 1000


