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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.
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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,



 

 

13 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage: www.igi-

global.com/article/detection-and-identification-of-microbial-

volatile-organic-compounds-of-the-green-mold-

disease/249689

Related Content

Prediction of Hot Topics of Agricultural Public Opinion Based on Attention

Mechanism LSTM Model
Lifang Fuand Feifei Zhao (2021). International Journal of Agricultural and

Environmental Information Systems (pp. 1-16).

www.irma-international.org/article/prediction-of-hot-topics-of-agricultural-public-opinion-based-

on-attention-mechanism-lstm-model/289429

Advances in Extraction of Signal From Ground Motion Time Histories Using

Time-Frequency Analysis
Vaneeta Deviand M. L. Sharma (2019). Recent Challenges and Advances in

Geotechnical Earthquake Engineering (pp. 1-30).

www.irma-international.org/chapter/advances-in-extraction-of-signal-from-ground-motion-time-

histories-using-time-frequency-analysis/210233

Experiment to Test RTK GPS with Satellite “Internet to Tractor” for Precision

Agriculture
Stacey D. Lyle (2013). International Journal of Agricultural and Environmental

Information Systems (pp. 1-13).

www.irma-international.org/article/experiment-test-rtk-gps-satellite/78154

Genetic Algorithm Approach to a Multiobjective Land Allocation Model: A

Case Study
Gopi Annepu, K. Venkata Subbaiahand N. R. Kandukuri (2012). International Journal

of Agricultural and Environmental Information Systems (pp. 86-99).

www.irma-international.org/article/genetic-algorithm-approach-multiobjective-land/68011

Monitoring Biodiversity Using Remote Sensing and Field Surveys
C. A. Mücher (2011). Land Use, Climate Change and Biodiversity Modeling:

Perspectives and Applications  (pp. 78-102).

www.irma-international.org/chapter/monitoring-biodiversity-using-remote-sensing/53747

http://www.igi-global.com/article/detection-and-identification-of-microbial-volatile-organic-compounds-of-the-green-mold-disease/249689
http://www.igi-global.com/article/detection-and-identification-of-microbial-volatile-organic-compounds-of-the-green-mold-disease/249689
http://www.igi-global.com/article/detection-and-identification-of-microbial-volatile-organic-compounds-of-the-green-mold-disease/249689
http://www.igi-global.com/article/detection-and-identification-of-microbial-volatile-organic-compounds-of-the-green-mold-disease/249689
http://www.irma-international.org/article/prediction-of-hot-topics-of-agricultural-public-opinion-based-on-attention-mechanism-lstm-model/289429
http://www.irma-international.org/article/prediction-of-hot-topics-of-agricultural-public-opinion-based-on-attention-mechanism-lstm-model/289429
http://www.irma-international.org/chapter/advances-in-extraction-of-signal-from-ground-motion-time-histories-using-time-frequency-analysis/210233
http://www.irma-international.org/chapter/advances-in-extraction-of-signal-from-ground-motion-time-histories-using-time-frequency-analysis/210233
http://www.irma-international.org/article/experiment-test-rtk-gps-satellite/78154
http://www.irma-international.org/article/genetic-algorithm-approach-multiobjective-land/68011
http://www.irma-international.org/chapter/monitoring-biodiversity-using-remote-sensing/53747

