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ΗΗ ΦΥΣΗΦΥΣΗ ΤΟΥΤΟΥ ΠΡΟΒΛΗΜΑΤΟΣΠΡΟΒΛΗΜΑΤΟΣ !!

ΣύστασηΣύσταση λιγνινοκυτταρινούχωνλιγνινοκυτταρινούχων υλικώνυλικών



Wood, that is, plant secondary cell wall, is the most widespreadWood, that is, plant secondary cell wall, is the most widespread substrate on the substrate on the 

planet. planet. 

Except for Except for ligninlignin, the bulk of plant cell biomass consists of the polysaccharides, the bulk of plant cell biomass consists of the polysaccharides

cellulosecellulose, , hemicelluloseshemicelluloses, and , and pectinspectins in varying proportions depending on the in varying proportions depending on the 

type of cell and its age.type of cell and its age.

Even though wall components predominate, the cytoplasm of dead cEven though wall components predominate, the cytoplasm of dead cells ells 

contributes contributes lipids, proteins and organic phosphateslipids, proteins and organic phosphates to the remains; however, to the remains; however, 

wood itself is relatively poor in nitrogen and phosphorus.wood itself is relatively poor in nitrogen and phosphorus.

Plant biomass does not consist of neatly isolated packets of polPlant biomass does not consist of neatly isolated packets of polysaccharide, ysaccharide, 

protein and lignin; these three (and other materials) are intimaprotein and lignin; these three (and other materials) are intimately mixed tely mixed 

together, so that it is better to think of the degradation of together, so that it is better to think of the degradation of lignocellulosiclignocellulosic and/or and/or 

lignoproteinlignoprotein complexes.complexes.







CelluloseCellulose isis thethe mostmost abundantabundant organicorganic compoundcompound onon EarthEarth andand accountsaccounts

forfor overover 50% 50% ofof organicorganic carboncarbon; ; aboutabout 10101111 tonstons areare synthesisedsynthesised eacheach yearyear..

ItIt isis anan unbranchedunbranched polymerpolymer ofof glucoseglucose inin whichwhich adjacentadjacent sugarsugar moleculesmolecules

areare joinedjoined byby ββ 11→→4 4 linkageslinkages ((FigFig. 1); . 1); therethere maymay bebe fromfrom a a fewfew hundredhundred toto a a 

fewfew thousandthousand sugarsugar residuesresidues inin thethe polymerpolymer moleculemolecule, , correspondingcorresponding toto

molecularmolecular massesmasses fromfrom aboutabout 50,000 50,000 toto approachingapproaching 1 1 millionmillion..
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HemicelluloseHemicellulose isis a a namename whichwhich coverscovers a a varietyvariety ofof branchedbranched--chainchain polymerspolymers

containingcontaining a a mixturemixture ofof variousvarious hexosehexose andand pentosepentose sugarssugars, , whichwhich mightmight alsoalso bebe

substitutedsubstituted withwith uronicuronic andand aceticacetic acidsacids..

TheThe mainmain hemicelluloseshemicelluloses foundfound inin plantsplants areare xylansxylans (1(1→→44--linkedlinked polymerspolymers ofof thethe

pentosepentose sugarsugar xylosexylose), ), butbut arabansarabans ((polyarabinosepolyarabinose), ), galactansgalactans ((polygalactosepolygalactose), ), 

mannansmannans andand copolymerscopolymers ((e.ge.g. . glucomannansglucomannans andand galactoglucomannansgalactoglucomannans) ) areare alsoalso

encounteredencountered..

TheThe majormajor angiospermangiosperm hemicellulosehemicellulose isis a a xylanxylan withwith upup toto 35% 35% ofof thethe xylosexylose

residuesresidues acetylatedacetylated, , andand itit isis alsoalso substitutedsubstituted withwith 44--OO--methylglucuronicmethylglucuronic acidacid inin

dicotyledonousdicotyledonous plantsplants..



NoteNoteworthy areworthy are thethe threethree phenylpropanoidphenylpropanoid alcoholsalcohols areare usedused inin thethe structurestructure; ; thethe

predominancepredominance ofof etherether linkageslinkages ((--CC--OO--CC--) ) andand carboncarbon--carboncarbon bondingbonding, , andand thethe presencepresence

ofof a a fewfew hydroxylshydroxyls thatthat cancan taketake partpart inin crosscross linkslinks toto otherother polymerspolymers ((polysaccharidespolysaccharides

andand proteinsproteins, , forfor exampleexample).).

But aBut abovebove allall, , it is very essential to note theit is very essential to note the predominancepredominance ofof benzenebenzene ringsrings..

LigninLignin isis a a highlyhighly branchedbranched phenylpropanoidphenylpropanoid polymerpolymer thatthat comprisescomprises aboutabout 2020--25% 25% ofof woodwood



LigninsLignins areare highhigh--molecularmolecular weightweight, , insolubleinsoluble plantplant polymerspolymers, , whichwhich havehave

complexcomplex andand variablevariable structuresstructures..

TheyThey areare composedcomposed essentiallyessentially ofof manymany methoxylatedmethoxylated derivativesderivatives ofof benzenebenzene

((phenylpropanoidphenylpropanoid alcoholsalcohols, , alsoalso calledcalled monolignolsmonolignols), ), especiallyespecially coniferylconiferyl, , 

sinapylsinapyl, , andand coumarylcoumaryl alcoholsalcohols, , thethe proportionsproportions ofof thesethese threethree differdiffer betweenbetween

angiospermsangiosperms andand gymnospermsgymnosperms, , andand betweenbetween differentdifferent plantsplants..



∆ΙΑΧΕΙΡΙΣΗ∆ΙΑΧΕΙΡΙΣΗ ΤΟΥΤΟΥ ΠΡΟΒΛΗΜΑΤΟΣΠΡΟΒΛΗΜΑΤΟΣ ??

ΟιΟι ΜύκητεςΜύκητες

((καικαι τοτο ενζυµατικόενζυµατικό τουςτους ««οπλοστάσιοοπλοστάσιο»…»…))



SaprotrophsSaprotrophs areare thethe decomposersdecomposers, , thethe categorycategory probablyprobably coverscovers thethe majoritymajority ofof fungifungi. . 

BiotrophsBiotrophs areare foundfound onon oror inin livingliving plantsplants andand theythey dodo notnot killkill theirtheir hosthost plantplant rapidlyrapidly. . 

TheyThey maymay havehave veryvery complexcomplex nutrientnutrient requirementsrequirements, , soso theythey eithereither cannotcannot bebe growngrown inin

cultureculture oror growgrow onlyonly toto a a limitedlimited extentextent onon specialisedspecialised mediamedia..

SaprotrophicSaprotrophic fungifungi decomposedecompose manymany thingsthings, , andand becausebecause theythey cancan digestdigest andand extractextract

nutrientsnutrients fromfrom soso manymany ofof thethe materialsmaterials thatthat existexist onon, , withinwithin andand underunder thethe soilsoil, , fungalfungal

myceliamycelia actact asas sinkssinks ofof organicorganic carboncarbon andand nitrogennitrogen inin thethe soilsoil..

InIn manymany ecosystemsecosystems, a , a fairfair proportionproportion ofof thethe carboncarbon fixedfixed byby photosynthesisphotosynthesis endsends upup inin

fungalfungal myceliummycelium becausebecause ofof thethe prevalenceprevalence ofof thethe mycorrhizalmycorrhizal symbioticsymbiotic associationassociation

betweenbetween fungusfungus andand plantplant rootsroots..



DiagrammaticDiagrammatic representationrepresentation ofof fungalfungal actionaction onon organicorganic andand inorganicinorganic substratessubstrates whichwhich maymay bebe naturallynaturally--occurringoccurring andand//oror manman--mademade

((GaddGadd 2004). 2004). 



AboutAbout 70% 70% ofof thethe massmass ofof woodwood isis mademade upup ofof cellulosecellulose, , hemicelluloseshemicelluloses andand pectinspectins, , the the 

rest being ligninrest being lignin..

A A particularlyparticularly importantimportant abilityability ofof fungifungi isis thatthat theythey areare thethe onlyonly organismsorganisms thatthat cancan

digestdigest woodwood; ; thatthat isis, , plantplant secondarysecondary cellcell wallwall, , whichwhich isis thethe mostmost widespreadwidespread

substratesubstrate onon thethe planetplanet, , constitutingconstituting aboutabout 95% 95% ofof thethe terrestrialterrestrial biomassbiomass..

TheThe ligninlignin, , whichwhich isis complexedcomplexed withwith hemicelluloseshemicelluloses andand cellulosecellulose inin woodwood, , isis extremelyextremely

difficultdifficult toto degradedegrade andand hashas evolvedevolved inin partpart toto bebe a a deterrentdeterrent toto microbialmicrobial attackattack onon

longlong--livedlived plantplant partsparts..

LigninLignin digestiondigestion isis restrictedrestricted toto fungifungi, , mostlymostly BasidiomycotaBasidiomycota butbut includingincluding a a fewfew

AscomycotaAscomycota, , whichwhich betweenbetween themthem consumeconsume anan estimatedestimated 44××10101111 metricmetric tonnestonnes ofof

plantplant biomassbiomass eacheach yearyear..



A typical agricultural residue, like cereal straw or sugar cane A typical agricultural residue, like cereal straw or sugar cane bagassebagasse, contains 30, contains 30--40% 40% 

cellulose, 20cellulose, 20--30% 30% hemicellulosehemicellulose and 15and 15--35% lignin.35% lignin.

Organisms that contribute to recycling may differ widely in theiOrganisms that contribute to recycling may differ widely in their ability to degrade r ability to degrade 

components of this mixture.components of this mixture.

On this sort of basis woodOn this sort of basis wood--decay fungi have been separated into whitedecay fungi have been separated into white--rot, brownrot, brown--rot rot 

and softand soft--rot species:rot species:

•• whitewhite--rot fungi rot fungi (about 2 000 species, mostly (about 2 000 species, mostly BasidiomycotaBasidiomycota) can ) can 

metabolise lignin,metabolise lignin,

•• brownbrown--rot fungi rot fungi (about 200 species of (about 200 species of BasidiomycotaBasidiomycota) degrade the cellulose ) degrade the cellulose 

and and hemicellulosehemicellulose components without much effect on the lignin, and components without much effect on the lignin, and 

•• softsoft--rot species rot species (mostly soil(mostly soil--inhabiting inhabiting AscomycotaAscomycota) have rather ) have rather 

intermediate capabilities, being able to degrade cellulose and intermediate capabilities, being able to degrade cellulose and 

hemicellulosehemicellulose rapidly, but lignin only slowly.rapidly, but lignin only slowly.

These differences in behaviour are a reflection of the differentThese differences in behaviour are a reflection of the different enzymes produced by enzymes produced by 

these organisms and serve to emphasise that the organisms must dthese organisms and serve to emphasise that the organisms must digest complexes of igest complexes of 

potential nutrient sources and assemble panels of different enzypotential nutrient sources and assemble panels of different enzymes to do so. mes to do so. 



WHITEWHITE--ROT AND BROWNROT AND BROWN--ROT MUSHROOM FUNGIROT MUSHROOM FUNGI



CELLULOSE BIODEGRADATIONCELLULOSE BIODEGRADATION

BreakdownBreakdown ofof cellulosecellulose isis chemicallychemically straightforwardstraightforward, , butbut isis complicatedcomplicated byby itsits physicalphysical

formform. . MildMild acidacid hydrolysishydrolysis ofof cellulosecellulose releasesreleases solublesoluble sugarssugars, , butbut doesdoes notnot gogo toto

completioncompletion; ; oligomersoligomers ofof 100100--300 300 glucoseglucose residuesresidues remainremain..



TheThe cellulolyticcellulolytic enzymeenzyme ((cellulasecellulase) ) complexcomplex ofof whitewhite--rotrot BasidiomycotaBasidiomycota likelike PhanerochaetePhanerochaete

chrysosporiumchrysosporium andand AscomycotaAscomycota likelike TrichodermaTrichoderma reeseireesei consistsconsists ofof a a numbernumber ofof hydrolytichydrolytic enzymesenzymes::

EEndoglucanasendoglucanase, , exoglucanaseexoglucanase andand cellobiasecellobiase ((whichwhich isis a a ββ--glucosidaseglucosidase) ) whichwhich workwork synergisticallysynergistically andand, , 

inin bothboth bacteriabacteria andand fungifungi, , areare organisedorganised intointo anan extracellularextracellular multienzymemultienzyme complexcomplex calledcalled a a 

cellulosomecellulosome ((BBéégumgum & & LemaireLemaire, 1996)., 1996).

�� EndoglucanaseEndoglucanase attacksattacks cellulosecellulose atat randomrandom, , producingproducing glucoseglucose, , cellobiosecellobiose (a (a disaccharidedisaccharide

mademade upup ofof twotwo glucoseglucose moleculesmolecules) ) andand somesome cellotriosecellotriose (a (a trisaccharidetrisaccharide).).

�� ExoglucanaseExoglucanase attacksattacks fromfrom thethe nonnon--reducingreducing endend ofof thethe cellulosecellulose moleculemolecule, , removingremoving

glucoseglucose unitsunits; ; itit maymay alsoalso includeinclude a a cellobiohydrolasecellobiohydrolase activityactivity whichwhich producesproduces cellobiosecellobiose byby attackingattacking

thethe nonnon--reducingreducing endend ofof thethe polymerpolymer..

�� CellobiaseCellobiase isis responsibleresponsible forfor hydrolysinghydrolysing cellobiosecellobiose toto glucoseglucose. . GlucoseGlucose isis, , thereforetherefore, , thethe

readilyreadily--metabolisedmetabolised endend--productproduct ofof cellulosecellulose breakdownbreakdown byby enzymaticenzymatic hydrolysishydrolysis. . 



HEMICELLULOSE BIODEGRADATIONHEMICELLULOSE BIODEGRADATION

EnzymesEnzymes responsibleresponsible forfor hemicellulosehemicellulose degradationdegradation areare namednamed accordingaccording toto theirtheir

substratesubstrate specificityspecificity; ; forfor exampleexample, , mannanasesmannanases degradedegrade mannansmannans, , xylanasesxylanases degradedegrade

xylansxylans, , etcetc. . AsAs xylansxylans predominatepredominate inin plantplant wallswalls, , moremore isis knownknown aboutabout xylanasesxylanases..

XylanasesXylanases cancan bebe inducedinduced byby theirtheir substratesubstrate, , thethe responseresponse beingbeing forfor thethe fungusfungus toto

produceproduce a a complexcomplex ofof enzymesenzymes ratherrather thanthan a a singlesingle oneone..

TheThe complexcomplex consistsconsists ofof atat leastleast twotwo endoxylanasesendoxylanases andand a a ββ--xylosidasexylosidase. . 

TheThe endoxylanasesendoxylanases degradedegrade xylanxylan toto xylobiosexylobiose andand otherother oligosaccharidesoligosaccharides whilewhile thethe

xylosidasexylosidase degradesdegrades thesethese smallersmaller sugarssugars toto xylosexylose. . SomeSome arabinosearabinose isis alsoalso formedformed, , 

showingshowing thatthat thethe xylanasexylanase complexcomplex isis ableable toto hydrolysehydrolyse thethe branchbranch pointspoints inin xylanxylan..



LIGNIN BIODEGRADATIONLIGNIN BIODEGRADATION

ThisThis extremeextreme resistanceresistance toto microbialmicrobial degradationdegradation isis partpart ofof thethe principalprincipal functionfunction ofof

ligninlignin asas itit cancan protectprotect otherother polymerspolymers fromfrom attackattack..

WeWe areare usedused toto hydrolaseshydrolases cleavingcleaving polymerspolymers ((polysaccharidespolysaccharides, , proteinsproteins, , lipidslipids), ), butbut thethe

carboncarbon--carboncarbon andand etherether bondsbonds thatthat joinjoin subunitssubunits togethertogether inin ligninlignin mustmust bebe cleavedcleaved byby

anan oxidativeoxidative processprocess andand a a rangerange ofof enzymesenzymes areare neededneeded forfor ligninlignin toto bebe degradeddegraded..

AlthoughAlthough abilityability toto digestdigest simplesimple syntheticsynthetic ligninslignins hashas beenbeen reportedreported forfor a a fewfew bacteriabacteria, , 

abilityability toto degradedegrade naturalnatural ligninslignins isis generallygenerally consideredconsidered toto bebe limitedlimited toto a a veryvery fewfew

fungifungi. . TheThe listlist includesincludes a a rangerange ofof BasidiomycotaBasidiomycota andand AscomycotaAscomycota, , andand thethe fungifungi involvedinvolved

areare generallygenerally knownknown asas ‘‘whitewhite--rotsrots’’ becausebecause thethe ligninlignin theythey digestdigest awayaway providesprovides thethe

mainmain pigmentationpigmentation ofof woodwood..



OxidativeOxidative ligninlignin breakdownbreakdown dependsdepends onon a a panelpanel ofof enzymesenzymes includingincluding::

�� ligninlignin peroxidaseperoxidase, (a , (a haemhaem [[FeFe]]--containingcontaining proteinprotein) ) thatthat catalysescatalyses HH22OO22--

dependentdependent oxidationoxidation ofof ligninlignin. . 

�� manganesemanganese peroxidaseperoxidase, , whichwhich alsoalso catalysescatalyses HH22OO22--dependentdependent oxidationoxidation ofof ligninlignin. . 

�� laccaselaccase (a (a coppercopper--containingcontaining proteinprotein) ) thatthat catalysescatalyses demethylationdemethylation ofof ligninlignin

componentscomponents. . 

TheseThese areare thethe keykey enzymesenzymes, , andand areare describeddescribed inin a a littlelittle moremore detaildetail belowbelow. . InIn

additionaddition,,

�� glyoxalglyoxal oxidaseoxidase, , anan extracellularextracellular peroxideperoxide--generatinggenerating enzymeenzyme, , andand

�� veratrylveratryl alcoholalcohol, , whichwhich isis a a degradationdegradation productproduct ofof ligninlignin, , alsoalso havehave importantimportant

functionsfunctions inin ligninlignin breakbreak downdown..

TheThe processprocess ofof cataboliccatabolic ligninlignin degradationdegradation involvesinvolves::

•• cleavagecleavage ofof etherether bondsbonds betweenbetween monomersmonomers; ; 

•• oxidativeoxidative cleavagecleavage ofof thethe propanepropane sideside chainchain; ; 

•• demethylationdemethylation; ; 

•• benzenebenzene ringring cleavagecleavage toto ketoadipicketoadipic acidacid whichwhich isis fedfed intointo thethe tricarboxylictricarboxylic

acidacid cyclecycle asas a a fattyfatty acidacid. . 



ΤΟΤΟ ΠΡΟΒΛΗΜΑΠΡΟΒΛΗΜΑ ΒΡΙΣΚΕΙΒΡΙΣΚΕΙ ΛΥΣΕΙΣΛΥΣΕΙΣ (!)(!)

καικαι οιοι λύσειςλύσεις αξιοποιούνταιαξιοποιούνται ……



BIOTECHNOLOGICAL IMPLICATIONS AND APPLICATIONS

Lignin-degrading enzymes have considerable promise in several areas of biotechnology. 

BiopulpingBiopulping has already been mentioned as an industry where ligninolytic enzymes can

improve the quality of pulp by releasing and purifying the cellulose (Breen & Singleton, 

1999).

Laccases have potential, too, for:

� pulp bleaching, 

� detoxification (particularly of pulp mill effluents), 

� removal of phenolics from wines, 

� chemical transformation of pharmaceuticals. 

Further, many pesticidal treatments depend on benzene rings for their effectiveness; 

chemicals like pentachlorophenol (PCP) and polychlorinated biphenyls (PCBs). These

persist in the environment because there are so few organisms able to catabolise them. 

But organisms that can catabolise lignin have all the tools necessary to destroy persistent

pesticides as well (Reddy, 1995).



BioconversionBioconversion ofof lignocelluloselignocellulose into useful, higher value, products normally requires

multi-step processes, the steps including:

• collection and mechanical, chemical or biological pretreatment; 

• hydrolysis of polymers to produce readily metabolised (usually sugar) 

molecules; 

• fermentation of the sugars to produce a microbial or chemical end-product; 

• separation,

• purification,

• packaging and marketing. 

Note that Table 14 shows official estimates of the annual production of these

agricultural wastes.

The amounts are staggering; the total of the entries shown in Table 14 is 1.2 billion

metric tons, and does not include municipal solid wastes like waste paper or garden

refuse collected for recycling.

Several uses have been suggested for bioprocessed lignocellulosic wastes, for example:

use as raw material for the production of ethanol, in the hope that an alternative fuel

manufactured using biological methods will have environmental benefits. 





ΑΠΟΤΟΞΙΚΟΠΟΙΗΣΗΑΠΟΤΟΞΙΚΟΠΟΙΗΣΗ ΚΑΙΚΑΙ ΑΞΙΟΠΟΙΗΣΗΑΞΙΟΠΟΙΗΣΗ

ΑΠΟΒΛΗΤΩΝΑΠΟΒΛΗΤΩΝ

ΜΕΣΩΜΕΣΩ ΕΠΙΛΕΓΜΕΝΩΝΕΠΙΛΕΓΜΕΝΩΝ ΒΙΟΜΕΤΑΤΡΟΠΩΝΒΙΟΜΕΤΑΤΡΟΠΩΝ

ΚΑΙΚΑΙ ΧΡΗΣΗΧΡΗΣΗ ΜΥΚΗΤΩΝΜΥΚΗΤΩΝ



ΚυριότερεςΚυριότερες εφαρµογέςεφαρµογές προστιθέµενηςπροστιθέµενης αξίαςαξίας πουπου σχετίζονταισχετίζονται µεµε τηντην

εκµετάλλευσηεκµετάλλευση τωντων µακροµυκήτωνµακροµυκήτων::

� Καλλιέργεια εδώδιµων µανιταριών

� Παραγωγή ενώσεων µε φαρµακευτικές ιδιότητες

� Γονιµότητα και βελτίωση δοµής εδαφών

� Εξυγίανση εδαφών

� Ανάπτυξη φυτών

� Επισχετικότητα κατά των εδαφογενών ασθενειών φυτών

� Παραγωγή ζωοτροφών

� Αποδόµηση ξενοβιοτικών ενώσεων

� Προσρόφηση-εξουδετέρωση τοξικών ενώσεων

� Αποχρωµατισµός οργανικών ρυπαντών

�Μετατροπή-αξιοποίηση αποβλήτων από γεωργικές, δασικές και

αγροβιοµηχανικές δραστηριότητες



ΠΑΡΑ∆ΕΙΓΜΑΠΑΡΑ∆ΕΙΓΜΑ 11. . ΑΠΟ∆ΟΜΗΣΗΑΠΟ∆ΟΜΗΣΗ ∆ΥΣΤΡΟΠΩΝ∆ΥΣΤΡΟΠΩΝ ((““RECALCITRANTRECALCITRANT””) ) ΡΥΠΑΝΤΩΝΡΥΠΑΝΤΩΝ

ΕπώασηΕπώαση γιαγια διάστηµαδιάστηµα λίγωνλίγων εβδοµάδωνεβδοµάδων τουτου εξαντληµένουεξαντληµένου υποστρώµατοςυποστρώµατος απόαπό τηντην

καλλιέργειακαλλιέργεια τουτου εδώδιµουεδώδιµου µανιταριούµανιταριού PleurotusPleurotus ostreatusostreatus παρουσίαπαρουσία

πενταχλωροφαινόληςπενταχλωροφαινόλης οδηγείοδηγεί στηνστην αποδόµησηαποδόµηση τουτου ρυπαντήρυπαντή µέσωµέσω µιαςµιας

καταβολικήςκαταβολικής διαδικασίαςδιαδικασίας κατάκατά τηντην οποίαοποία αποµακρύνονταιαποµακρύνονται τατα χλωριωµέναχλωριωµένα τµήµατατµήµατα

γιαγια νανα ακολουθήσειακολουθήσει διάσπασηδιάσπαση τουτου δακτυλίουδακτυλίου τουτου βενζενίουβενζενίου (Chiu et al. 1998).(Chiu et al. 1998).



Βασικά χαρακτηριστικά των υγρών αποβλήτων ελαιουργείων (ΥΑΕ)

Παραγωγή ιδιαίτερα µεγάλων ποσοτήτων (περί τα 10 εκ. κ.µ. ετησίως στις
χώρες της Μεσογείου) µέσα σε περιορισµένο χρονικά διάστηµα (3-4 µήνες)

Σκούρο καφέ – µαύρο χρώµα

Εκποµπή δυσάρεστων οσµών

Υψηλή περιεκτικότητα σε οργανικό φορτίο (BOD5: 35-110 g/L, COD: 60-120 g/l)

Όξινο pH : 3 - 5.5

Υψηλή περιεκτικότητα σε πολυφαινολικές ενώσεις (έως 80g/L)

και σε αιωρούµενα στερεά (ολικά στερεά έως 20g/L)



ΠΑΡΑ∆ΕΙΓΜΑΠΑΡΑ∆ΕΙΓΜΑ 2. 2. ΑποδόµησηΑποδόµηση –– αποτοξικοποίησηαποτοξικοποίηση ρυπαντώνρυπαντών ((ΥΑΕΥΑΕ) ) µεµε χρήσηχρήση µακροµυκήτωνµακροµυκήτων

(Antoniou et al. 2003, (Antoniou et al. 2003, BaldrianBaldrian et al. 2005, et al. 2005, ΖερβάκηςΖερβάκης καικαι συνεργάτεςσυνεργάτες, , αδηµοσίευτααδηµοσίευτα))

ΜάρτυραςΜάρτυραςΜύκηταςΜύκητας
ΜάρτυραςΜάρτυρας



ΛειτουργίαΛειτουργία αντιδραστήρααντιδραστήρα µεµε ανακυκλοφορίαανακυκλοφορία,,

τύπουτύπου διαβρεχόµενηςδιαβρεχόµενης κλίνηςκλίνης ((ΛυµπεράτοςΛυµπεράτος καικαι συνεργάτεςσυνεργάτες))

Αεραντλία

Αποστειρωµένο

φίλτρο

∆οχείο

συλλογής

Είσοδος

αερισµού

U

V

Τεµαχίδιο

πυροσυσσωµατωµένου

γυαλιού

Ακινητοποιηµένος µύκητας

στο πυροσυσσωµατωµένο

γυαλί



ΑναερόβιοςΑναερόβιος αντιδραστήραςαντιδραστήρας ((ΛυµπεράτοςΛυµπεράτος καικαι συνεργάτεςσυνεργάτες))

βιοαέριο

τροφοδοσία

CSTR - ενεργός όγκος: 3L, θερµοκρασία: 35 C

απορροή

ΗΗ επεξεργασίαεπεξεργασία τωντων ΥΑΕΥΑΕ µεµε τητη χρήσηχρήση µυκήτωνµυκήτων λευκήςλευκής σήψηςσήψης έχειέχει εφαρµοστείεφαρµοστεί µεµε ιδιαίτεραιδιαίτερα

ικανοποιητικάικανοποιητικά αποτελέσµατααποτελέσµατα καικαι µπορείµπορεί νανα αποτελέσειαποτελέσει µέθοδοµέθοδο προεπεξεργασίαςπροεπεξεργασίας τουτου

αποβλήτουαποβλήτου γιαγια τητη µετέπειταµετέπειτα αναερόβιααναερόβια χώνευσήχώνευσή τουτου µεµε στόχοστόχο τηντην παραγωγήπαραγωγή βιοαερίουβιοαερίου



ΠΑΡΑ∆ΕΙΓΜΑΠΑΡΑ∆ΕΙΓΜΑ 3. 3. ΑποδόµησηΑποδόµηση –– αποτοξικοποίησηαποτοξικοποίηση ρυπαντώνρυπαντών ((ΑΕΕΑΕΕ) ) µεµε χρήσηχρήση µακροµυκήτωνµακροµυκήτων

((AggelisAggelis et al. 2002)et al. 2002)



Treatment of olive mill wastes
(OMWW and two-phase sludge by-
product) by Pleurotus spp. and 

Agrocybe cylindracea

(Zervakis 2005, Ζερβάκης, 

αδηµοσίευτα στοιχεία)

ΠΑΡΑ∆ΕΙΓΜΑ 4. Παραγωγή εδώδιµης βιοµάζας από απόβλητα ελαιουργείων




