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NEPINHWH

Ta Statpodikd amoppippata aviKkouv otnv Katnyopia twv BloamnoBfAntwy, ta
omola amoteAOUV €va ONUAVTLKO TTOCOOTO TWV AOTIKWY OTEPEWV amoBAnTwy (AZA).
AOYyw TNG HEYAANG TIEPLEKTIKOTNTAG TOUG O J(UUWOLUO OAKXOPQ, QTOTEAOUV
KATAGAANAN mpwtn UAn yla mapaywyn PBroatbavoAng, €vog  eVOAAAKTIKOU
QVOVEWOLUOU KAUGLHOU Kivnong. ZKOmog tng mapoloog SUTAWMATIKAG €pyaoiog
ATV N LEAETN TWV MOPAPETPWY TIOU emnpealouv tnv LSPOAucN Kat T JUUWOT) TOUG
npo¢ mapaywyn BroatbavoAng. Ta Siatpodikd amoppippata, Ta omola, peTafy
oMwv, mepleixav kuttapivn (18.30%, w/v), nukuttapivn (7.55%, w/v) kot
vdatodlalutd ocuotatika (31.81%, w/v) xpnoidomowndnkav yiwa t Siefaywyn
MEpapATwyY udpoAuaong kat LU Hwon .

ApxIKQ, e€eTaoTnKe N enibpaaon tou evlupLkoU $opTiou KoL TNG USPOBEPULKNC
Tipokatepyaoiog (amouvoia kal mapouvoia Belkol of£oc) Tou UALKOU oTnV VIUMLKA
LVSpOAUGH TWV SLATPOPLKWY ATIOPPLUUATWY. Asiypota SLaTPOPLKWY ATMOPPLUUATWY
unéotnoav evlUUK UudpOAucn HE XPAON MELYHATOC KUTTOPLVACWY OALKAG
gvepyotntag 5, 10 kat 20 FPU/g &npou uAlkoU. Amodeixbnke oOtL n udpdiuon
€UVOE(TaL amo TNV avénon tou eviUpkoU $opPTioU Kal Oo TNV MPOKATEPYATLA TOU
UALKOU, evw n tpooBnkn apatol of€og odnyel og akoun KaAutepa anoteAéoparta. H
HEYLOTN ouykévipwon YAukolng (41.45 g/L) mpoékude katd tnv udpoluon
TIPOKOATEPYOOUEVWY, TIOpOoUGia 0€€0C, SLATPODIKWVY OMOPPLUUATWY e Xprion 20 FPU
KuTtapvaowv/g Enpol UALKOU, VW N OMOLKOSOUNCN TWV OALKWY TTOAUCOKXOPLTWY
KUUAVONKE 0€ TOCOOTA VW Tou 60% o€ OAeG TIG e€sTa0Oeioeg mepMTWOELC.

ITn OUVEXELX, MEAETAONKE n emMidpacn TNG CUYKEVIPWONG UTIOCTPWHOTOC
(30% ko 50%, w/v) kat Thg Bepuokpaciog pokatepyaoiag (85, 100 kat 120 °C) otnv
evlupkn udpoAuon Twv SLOTPODIKWY ATOPPLUUATWY. H alénon tng CUYKEVIPWONG
TOU UTIOOTPWHOTOC 08nynoe o av&non tng mapayopevng YAUKolng, evw Ta TILO
LKOVOTIOLNTLIKA OmmoTeAEéopATa, KoL yla TG Suo efetooBeloeg OUYKEVTPWOELG,
TPOEKU YAV amo TO TTPOKATEPYACUEVQ, TIOPOUCLA HLKPAG TTooOTNTAG BELkoU 0€€0C
(1g H,S04/100 g Enpou LAKoU), Seiypata otouc 100 °C yio 60 AeTttd.

Mpayuatomotnonkav, akoun, OOKLUEG PBLOMETATPONNC TwWV SLATPODPIKWV
OTMOPPIUUATWY, TIPOKELUEVOU va egupeBolv oL ouvOnkeg (evlupikd doprtio,
OUYKEVIPWON UTIOOTPWUATOC, £(60¢ Slepyaoiog) Mou PEYLOTOTOLOUV TNV TOpaywyn
BoaBavoAng pe edapuoyn tne Slepyaciag Tautdxpovng COKXOPOToinong Kal
{Opwonc (SSF).

JUuudwva pe to amoteAéopata tng Slepyaciag SSF, o Sduthaclacpdg tou
evluptkoU doptiov amd ta 5 ota 10 FPU/g Enpol uAikol Sgv eMNPEACE ONUAVTLIKA
™V mapaywyn atbavoAng, os avtiBeon pe to Suthactacpud tou amnd ta 10 ota 20
FPU/g &€npol UALKOU, TToU TIPOKAAECE aUENON TNC CUYKEVTPWONG TNG TTOPOYOUEVNG
atBavoAng kata 14-16%. H avénon tng CuyKEVTPWONG UTIOOTPWHOTOG 06rynoe o€
avénon TtNC mapayopevng albavoAng, HEWvVovTaG, OMwG, TNV amodoon NG
Siepyaociag. Me tnv mpooBnkn véou UALkoU otnv N&n umapyxouoa KOAALEPYELQ,
auénbnke tOoo n mapayopevn aBavoAn 6co kal n amnodoorn, oAAA KATEOTN
SuokoAotepn n Staxeiplon tou UAKOU, AOyw Tou MoAU peyalou €wdoug tou. To
TMPOPBANUA QUTO QAVTLUETWTIIOTNKE OTO EMOPEVO OTASLO EMITUXWG, ME TIPoUSpOAuan



Tou UALKOU. Ta mocootd €Ml Twv BewpnTikwv anodocswyv, He Bacn Ta pun SoULlKA
oaKkxopo KoL TNV Kuttapivn, kupavenkav oe uPnid enineda (ueyolltepa Tou 60%),
EVW N TIapaywylkotnta tng diepyoaoiag kupavonke amnd 0.32 €wg 1.26 g/(L-h).

Téhog, edappootnke Olepyacia pn LOOBEPUOKPACIAKAG TAUTOXPOVNG
ocakyapornoinong kot {Upwong (NSSF) nuibtaAeinmoviog €pyou oe mpoldpoAupéva
Selypata teAkng ouykévipwone 40% (w/v), xpnotpomowwvtog eviuplkd doptio
OALKWV Kuttaplvaowv 7 FPU/g €npol UALKoU. H HEYLOTN CUYKEVTPWON TIOPAYOUEVNC
atBavoAng aviABe ota 42.66 g/L (10.7 g/100g Enpoul UALKOU) Kal N TOPOYWYLKOTNTA
ota 1.19 g/(L-h).



ABSTRACT

Food waste is a kind of biowaste, that is a significant part of municipal solid
waste (MSW). Due to its high fermentable sugar content, it is considered to be
suitable for bioethanol production, which is an alternative and renewable transport
fuel. The purpose of this thesis was to study the parameters, which affect the food
waste hydrolysis and fermentation for bioethanol production. Food waste,
containing, among others, cellulose (18.30%, w/v), hemicellose (7.55%, w/v) and
water-soluble components (31.81%, w/v), were used in hydrolysis and fermentation
experiments.

At first, we examined the effect of the enzyme loading and the material’s
hydrothermal pretreatment (in the presence or absence of sulfuric acid) in the food
waste enzymatic hydrolysis. Food waste samples were hydrolysed with a cellulase
mixture at an enzyme loading of 5, 10 and 20 FPU/g dry matter. The results indicated
that hydrolysis is favored by the material’s pretreatment as well as the enzyme
loading increase, while addition of sulfuric acid gives even better results. Maximum
glucose concentration (41.45 g/L) was achieved while hydrolyzing pretreated (in the
presence of sulfuric acid) food waste, using cellulase at an enzyme loading of 20
FPU/g dry HFW. The polysaccharides degradation rated above 60% in all cases
examined.

Next, we studied the effect of the substrate concentration (30% and 50%,
w/v) and the pretreatment temperature (85, 100 and 120 °C) in the food waste
enzymatic hydrolysis. Substrate concentration increase resulted in higher glucose
production. Optimal results, for both substrate concentrations tested, were obtained
by the pretreated samples, in the presence of a small amount of sulfuric acid, at
100 °C for 60 minutes.

In addition, food waste bioconversion experiments took place, in order to find
the conditions (enzyme loading, substrate concentration, kind of process) that
maximize the bioethanol production, applying simultaneous saccharification and
fermentation (SSF).

According to the results of the SSF process, doubling the enzyme loading from
5 to 10 FPU/gof dry HFW had no significant effect on ethanol production. In
contrast, increasing the enzyme loading from 10 to 20 FPU/g resulted in an increase
of the concentration of produced ethanol by 14 to 16%. Increasing substrate
concentration resulted in an ethanol increase and a process yield reduction. The
addition of fresh substrate to the existing culture enhanced both ethanol production
and yield. The material’s handling, though, became difficult, due to its high viscosity.
This problem was successfully resolved in the next step by applying prehydrolysis.
The ethanol yield, based on maximum theoretical ethanol production from the
sugars presented in soluble fraction and total conversion of cellulose, ranged at high
levels (higher than 60%), while the productivity of the process ranged from 0.32 to
1.26 g/(L-h).

Finally, a fed-batch nonisothermal simultaneous saccharification and
fermentation (NSSF) process was applied to prehydrolysed samples at a final
substrate concentration of 40% (w/v), using cellulase at an enzyme loading of 7



FPU/g dry HFW. The maximum ethanol concentration obtained was 42.66 g/L (10.7
g/100g dry matter) and the maximum productivity 1.19 g/(L-h).



A. OEQPHTIKO MEPOz






1. Eloaywyn

AOyw NG €€AVIANONG TWV OPUKTWV TIOPpwWV, £xel auénBel maykoopuiwg To
evlladépov ylo eVOANOKTIKEG, HN TIETPEAALOUXEG TNYEC evepyelag. KabBwe to
TIETPEAALO TIAPEXEL TO 97% TNG EVEPYELOC TIOU KATAVOAWVETAL OO T HECQ
uetadopdg, ta teAeutaio 20 xpovia o€ OAOV TOV KOOUO QVOTUOCOVTOL Kol
SlatiBevtal oto eumoplo teEXVOAoyieg yla mopaywyr €VOAAAKTIKWYV KOUGCLUWV
kivnong [1].

To péoa petadopd CUUBAAANOUV GNUOVTIKA OTNV EKTIOUMA OAEPLWV TOU
Bepuoknmiov (Greenhouse Gas, GHG), avtumpoowrnevovtag mepimouv to 20% Twv
TIAYKOO LWV ekTounwyV Stogetdiou tou avBpaka (CO,) [2]. Ol ekmounég Twv agplwv
Tou Beppoknmiou, mou anodidovtat ota EAANVLKA EMLBATIKA auToKivnTa, auénOnkav
Katd 54% to 2010 os oxéon pe to 1990 [3]. O aptBpuol auvtol avéavovtal tayutepa
amod O,TL yLa onolovdnmote AAAo Topéa. QG €k TOUTOU, N MELWON TWV EKTTOUMWYV OO
TOV TOMEQ TWV peTadopwy Ba pnopouoe va cUUPBAAEL ONUAVTLIKA OTNV EMITEVEN TWV
oTOXWV TNC Eupwrnaikng Evwonc yia tTnv KALHatikn oAAayn [2].

JUudwva Pe TNV avaluon Twv otolxeiwv mou uméBaie n EAAada, BAoel tTng
JuopBaong tng KAwpoatikng AMayng, to 80-83% tng katavalwong Bevilivng otnv
EA\aSa amodidetal ota emiPoatikd avtokivnta. H katavaAwon metpelaiou amo
ETLBATIKA AUTOKIVNTA ATOV TPOKTIKA avUTtapKTn HEXPL To 2010, S10TL n kKukAodopia
TIETPEAALOKIVNTWY ETURATIKWY OXNUATWV £ixe amayopeubel otig dUo peyalUTEPEC
TOAELG TNG EAAGSag, tnv ABrva kal tn Oscoalovikn [3].

To Eupwmnaiko upBouAlo tou Maptiou 2007 eMKUPWOE UTIOXPEWTLKO OTOXO
20% WG HEPLSLO TNG EVEPYELAC OO OVAVEWOLUEG TINYEC OTN CUVOALKN KOTAVAAWGCN
evépyelag tng Kowvotntag €éwg to 2020 KAl UTTOXPEWTLKO EAAXLOTO OTOXO, TOV OToio
TIPETEL VA ETULTUXOUV OAa Ta KpAtn HEAN, 10% wg pepidlo Twv Blokauoipwyv otnv
katavalwon Beviivng kal metpelaiov viilel otig petadopéc €wg to 2020, oTOX0C
TIOU TIPETIEL VAL UAOTTOLNOEL KATA OLKOVOULKWG CUdEpPOVTA TPOTO [4].

Mpémnel va toviotel dlaitepa OtL TO PBlovtileA elval To povo Plokalolpo
Kivnong mou  Slavépetal otnv eAAnvikn ayopd. To mpotumo EN15376 yua ta
«Kavaowua kivnong - atBavoAn BloAoyikng mpogleuong (BloatBavoin) wg cuoTtatiko
avapelEng otn Bevlivn - Amattrioelg kat MeBodoloyia eAéyxou» Sev €xel petadepbel
OKOWN oTnV eEAANVLIKA vopoBeaia kat, 10 xpovia HeTA TV UAomoinon tn¢ Eupwnaikng
Obnylag, dev €xouv eykataotabel akoun epyootaocia BloatbavoAng.

H EMnvik Blopnxavia Zaxopng eixe ekdbnlwoel evdladépov yla 1t
HeTaTport SU0 €K TWV UTIOPXOVIWV EpyooTaciwy {axapng o€ HOVASEG TOPAYWYNC
BoatBavoAng, He TAUTOXPOVN TApPAywYr NAEKTPLKNG EVEPYELOG, BepuotnTag Kol
lwotpodwyv uPnAAC Bpemtikic afiag, pe etiola Suvapkdtnta 150.000 m?
BroatBavoAng n kabe pia. EvrouTtolg, o SteBvig Slaywviopog LeTafl TwV EMEVOUTWV
okupwBnke to NoéuPpro tou 2010 [5].

H mpow6bnon tng mapaywyng kot xprnong Plokavoipwv Ba pmopoloe va
oupBaiel otn peiwon ™C €€ApTNONG AMO TIC ELOAYWYEG EVEPYELAC KOl TWV
EKTIOUMWYV TWV aEPLwV Tou Beppoknmiou. EmutAéov, n mpoopelén Twv Blokauoipwyv
HE OPUKTA Kavolpua Boa SleukOAUve TNV evOeXOUEVN HELWON TOU KOOTOUG OTO
cvotnua Stavoung otnv Kowotnta. Blokavowpa oe kabapn popdr | o Uelypa



UITOpOUV VO XPNOLUOTIOLOUVTAL 0T UTIAPXOVTIA HNXOVOKIVNTO OXAMOTO KOl HE To
UTTAPXOVTA CUOTHUOTA SLAVOUNG KAUaipwv. [6].

H atBavoAn mou mpoépxetal amnd (Upwon eival éva eVaANOKTIKO KOUOLUO
Klvnong, To omolo €ival TO MO CNUAVTLKO OVAVEWOLUO KAUGCLUO TTou CUUBAAAEL OTN
Helwon Twv apvNTIKWV TIEPLBAANOVTIKWY EMUTTWOEWV TIOU TIPOKAAOUVTAL Ao TLC
TIETPEAALOVUYXEC TINYEC EVEPYELOC [1].

2. Blokavoiua

Onw¢ avadépbnke mopamavw, n ovaykn XPAonc €VAAAOKTIKWY Kol
OVAVEWOLUWY KOUGLHWY EVAVTL TOU TIETPEAALOU KOl TWV TIPOIOVTWY TOU, EXEL APXLOEL
va mailelt TMOAU ONUOVTIKO POAO OTOV OVEMTUYUEVO KOopo. QG Blokauvoiua
xapaktnpilovral 6Aa Ta OTEPEQA, UYPA KOl aEpla KOUOLUA TIOU TIPOEPXOVTOL Ao T
Bopala. Ta KUPLOTEPA OO AUTA £ival:

e To BiovrileA, mou mopaystal and ta GuTIKA €Aata Kal Ta {wikd Alrn. Amotelel
£€Va APLOTO UTTIOKOTAOTOTO TOU CUMPBATIKOU VTLZEA KoL UTTOPEL va XpnoLUOTIOLE(TaL
OQUTOUOLO N O€ YElyHATA UE OUTO OTOUC NON UTIAPXOVTEC TIETPEAALOKIVNTAPEG.

e H BioatdavoAn, mou MapAyETAL, KUPLWE, OO cakyapoUXo, KUTTapLvouxa Kal
OUAOUXA GUTA KOl UTTOPEL val XpNOLUOTIOLELTOL OE pelypaTta pe tn Bevlivn.

e To Biloagplo, TOU TOPAYETAL OO TO OPYAVIKA OYPOTOBLOUNXAVIKA Kol GAAQ
armoBANTa Kal UTTOAELpOTA, KABWC KOl Ao evepyeLoKA GUTA.

e Ta TEAAETC KOL Ol UTTPLKETTEC, TIOU TIOPAYOVTOL OO UTIOAELUUATA YEWPYLKWY
KOAALEPYELWV KoL ETEEEPYACIAC TWV YEWPYLIKWY TIPOLlOVTIWY (Yewpylkn Blopala),
uTtoAeippata KaAAlEpyelag twv Sacwv Kal enefepyaciag tou EVAou (Saoikn
Bopala) K. a.

e Ta Biokavoiua véoac yeviag (PlovtileN, BroaBavoln, mpacivo vtileAh, agplo
ouvbeong, PBloagplo, PLoldpoyovo, ouvBetika PBlokavolpa K.d.), Tou Ba
mapayovtal omo  anoPAnTn Kot UTOAsLppaTiky  Blopala pe  Alyotepa
nipoPAnuara.

2.1 BroowBavoAn

H BloaBavoAn eivat n atBavodn 1 atBuliky aAkooAn (C,HsOH) mou
TIPOEPYETOL amo Bropala Kal lval To TPWTO VYPO BLOKAUGLUO TIOU XpnoLUomoL)Onke
WC UTIOKATAOTATO TNG Beviivng og oxuata.

JUuudwva pe otolxeia tou 2006, otic HMA to 2005 n mapaywyn BloatBavoAng
elxe avéABel otoug 9.000.000 tovoug kat aufavotav katd 30% kabe xpovo. H
Bpalilia dlatnpoloe MayKoouiwe tv mpwtn Béon otnv mapaywyn BloatBavoAnc.
Itn leppavia kat otnv Ouyyaplo €XOUV KATAOKEUOOTEL HEYAAQ €pyootacia
napaywyng Broatbavoing, Suvapkotntag £wg kot 250.000 tovwy kot 400.000 ToVwv
TO XpOvo avtiotolya. Xtnv lomavia, otnv ItaAia, otnv AuoTtpio Kot oTIC AANEG XWPEC



™¢ Keviplkng Eupwmng mapdyovtol ONUAVIKEG ToooTnTeC BloatbavoAng Kat
BlovtileA. Ot mpwrteg 15 xwpecg o mapaywyn vypns ProatbavoAng kat BlovtileA yia
10 2011 daivovtal oToV EMOUEVO TivaKa:

Nivakag Al. Katataén Twv 15 mpwITwv Xwpwv O€ TTopaywyr LYPWV BLOKAUGLHWY yla
1O €106 2011.

, Yypn BioailBavoAn BlovtileA
A/A  Xwpa
(6ioekatopplpla Aitpa)  (Stoskatoppvplo Aitpa)
1 Hvwpéveg MoAuteieg 54.2 3.2
2 BpalAia 21.0 2.7
3 Feppavia 0.8 3.2
4  Apyevtivi 0.2 2.8
5 FoAALa 1.1 1.6
6 Kiva 2.1 0.2
7 Kavadag 1.8 0.2
8 Ivéovnoia 0.0 1.4
9 lomavia 0.5 0.7
10 Tailavén 0.5 0.6
11  BéAywo 0.4 0.4
12 OMavbia 0.3 0.4
13 ItoAia 0.0 0.6
14  KolopPia 0.3 0.3
15 Avotpia 0.2 0.4
ZuvoAwa otnv EE 4.3 9.2
ZUVOALKA TTOLYKOO WG 86.1 24.1

Mnyn: REN 21, Renewables Global Status Report 2009 Update
Znueiwon: H oelpd katataéng eivat cupu@wvn Ue TN cUVOALKN Tapaywyr) Blokauoiuwyv

H BwoalBavoAn mapdyetol kupiwg amo tn laxapn He tn HEB0SO NG
0AKOOALKN G JUpwaonG. Mmopel, emiong, va ouvteBel BLOUNXAVIKA PECW TNG XNHULKNAC
avtibpaong tou alBuleviou pe atuod. Eival éva axpwpo SLauvyeg uypo, uPnAng
EVEPYELOKNC TIEPLEKTLIKOTNTAC Kol KaBapotepo meptfarovtika amnd tn Bevlivn. Eival
BlroamotkoSopun oL, XapunAng ToflkoOTnTac Kot MPOoKAAEL TTOAU pikpn TepLBaAAOVTLKN
HoAuvon av amoppldpBel oto meptBaliov. Katd tnv TtéAewa Kavon TNG MOPAyETal
So€eiblo tou avBpaka (CO,) kat vepd (H,0). Amotelel éva kavowwo uynAou
oplOpol oktaviwyv Kot pmopei va xpnotpomnolnBel wg mpdobeto yla TNV avénon tou
oaplBpou oktaviwv tng Bevlivng. Me tnv avapelEn ¢ pe ™ Peviivn emtuyyavetal o
EUMAOUTIOMOG TOU KAUGO(HoU o€ 0fuyovo, UE AmMOTEAEOHA pia Lo OAOKANPWUEVN
KaUOn, Apa KoL UELWUEVECG EKTIOUTTEC ETILKIVOUVWVY Kavoagpiwy, OnMwc povoeldiou
Tou avBpaka (CO) k.a..

Kavowua petypata atbavoing pe Beviivn nwAouvtal euputata ot HVWHEVEG
MoAlteiec. To mio ouvnBlopévo pelypa elval autd mou amoteAsital amd 10%



atBavoin kat 90% Bevlivn (E10) [7]. 2tn BpalliAia n BloatBavoAn xpnolpomoLeitot
kaBapr) N avapepelypévn pe Pevlivn oe avaloyieg 24% BloalBavoln kot 76%
Bevlivn [8]. Ta cupBatika oxApota SV AMALTOUV PETATPOTN] Yyl va KlvnBolv pe
E10. Emiong, n xprion tou E10 Sev €xel Kapia emmTwWon otnv €yyunon Tou oxXrHUaToc.
Ta olyxpova oxnuaTa HopolV va KivnBouv Kot JUE KAUOoLHo Helypa 85% atBavoAng
kot 15% Bevlivng (E85) [7].

2.2 MAsovekTApaTa Kot petovektiuata Broatfavoing évavtt tng Bevlivne

H BuaBavodn €xel  peyaAltepo aplBud oktaviwv, euplTepa  oOpla
avapAefipotntag, uPnAdtepeg TAXVUTNTEG KETASOONG TOU LETWTOU TNG GAOYaAS Kal
vPnAotepeg evBaTieg e€atuiong amo tn Bevlivn. OL LBLOTNTEG TNG AUTEC ETILTPEMOUV
vPnAOTEPN avaAoyio CUMIEONG KOl MLKPOTEPO XPOVO Kauong, mou odnyolv o€
KaAutepn Bewpntikn anddoon évavil g Peviivng o évav Kvntrpa E0WTEPLKNG
Kauong.

O aplBuog oktaviwv eival éva PETPO TNG MOLOTNTAG TWV KOUGCLHWY, Kot
Olaitepa tng Pevlivng, yla HUNXOVEG E0WTEPLKAG Kavong Kol UTopel va
xpnotuornotnBet yia tnv mpoAnyn tng mpowpng avadpAeéng, n omola odnyel oe
“xtumApota” TG HNXAVAC. XTIC UNXOAVEC EC0WTEPLKAG KAUONG TPOTLUATOL UEYANOG
oplOpog oktaviwv. Eva ofuyovouxo Kauolpo, onwe n PBloatBavoln, mapéxel Kaln
OVTLKPOTLKA LKavotnta. EmumAéov, AOyw Tou OTL EPLEXEL 0EUYOVO, N KaUaon TG ival
TILO OATIOTEAECHOTLKA KO, OUVETIWG, HMELWVEL TOUG USpoyovavOpaKkeg, To povoeidlo
Tou avBpaka (CO) Kkal TIC EKTTOUMEG cwHaTdlwyv ota kavoagpla [8]. H ocuvelodopa
N¢ oto oxNUatiopo ofeldiwv tou alwtou (NO,) elvat acrhuavtn [14].

To pelovektipata tnG ProatbavoAng mepldapBavouv T XopnAotepn
EVEPYELOKN TUKVOTNTA amod tn Bevlivn (n BloalBavohn mapExeL To 66% TNG EVEPYELAG
Tiou TtapéxeL n Bevilivn), tn duvatotnta SLABpwonc TG, TN XapnAn GwTevoTnTA TNC
dAOyOG TNG, TN XAUNAOTEPN TAOH aTHWVY (KaBlotwvtag, £tol, SUOKOAN TNV EKKivnon
He Puxpo KvntApa), TNV AVOUELELUOTNTA TNE UE TO VEPO KAl TNV TOELKOTNTA TNC yLo
TO olkoouoThpata [8].

2.3 Mpwtec UAeC mapaywync BroatBavoAng

H BoalBavohln mapdyetal ouvnBwg amo TIG YEWPYLKEC TIPWTEC UAEC TOU
TEPLEXOUV oakyxopa. Ol MPWTEG UAEC QUTEG Umopouv va taflvounBouv og mPwTng
YEVLAC (oakyapoUXEC Kal ol LUAOUYXEC) Kot SeUTEPNC YEVLAG (ALYVIVOKUTTOPLVOUXEG).

To gakyopa (m.x. and cakyopokalaua, LEAAoO, oakxapoTteuTAa, Kat ppolta)
umopoUV va UmMooTtoUv ameuBeiag¢ (Ouwon He xpnon JOPNG ywo mapoywyn
alBavoAng. Oa MPETEL VoL ONUELWOEL OTL EAV XPNOLUOTIOLOUVTOL COKXAPOUXEC TIPWTEC
UAEG, OMWC oL YUMol TNG MEAAOCOC KOL TOU COKXOPOKAAauou yia tn {Upworn, Tote
Slepyaoiec omwe n aAeon, n mpokatepyacia, n udpoluon kal n amnotofivwon dev
elval amnapaitnteg. MNa v mapaywyn Twv (UHWOLLWY COKXAPWVY oMo opuAolya
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UALKQ, pmopel va xpnotpomotnBouv Slepyacieg Onwe n AAeon, n uypomoinon Kat n
cakxapomoinon. tnv TEPIMTWON  ALYVIVOKUTTAPLVOUXWV TPWIWV UAWV, Ol
Slepyaoieg auTEG elval amapaltntec.

To Briua mou mponyeital ¢ diepyaociag Upwong, ival n kupla dtadopa
HETAEL TwV Sladlkaolwy mapaywyng atbavoing amno tig Stadopeg mpwTteg UAEC [9].

2.3.1 MNapaywyn BoatdavoAng amo oakyopoUXES MPWTES UAEC

To OOKXOPOKAAQUO, TA OOKXAPOTEUTAO KOl TO YAUKO o©Opyo elval
KOAALEPYELEC TIOU XPNOLUOTIOLOUVTOL WG TPWTIEG UAEC ylo. TNV Tapoywyn
BoatBavoAng. Ta kUpLa TTAEOVEKTAMATA TOUC £ival n uPnAn amddoon cokxApwv
OVA CTPEPHA KOL TO XOUUNAO KOOTOG HETATPOTHG. TO KUPLO LELOVEKTNA TOUG Elval oL
SLaKUpAvVOoELS TNG SLaBeauoOTNTAC Toug AOyw €TOXNG. Emeldn ol iveg twv otedexwv
Kol Twv GUAAWV (Baydoon 1} UTIOAELUUOTO CAKYXAPOKAAOOU) XPNOLLOTIOLOUVTAL YL
™V Toapaywyn otpoU Kol NAEKTPLKACG evépyelag ywa tnv  PBlodwiAlon, To
OOKXOPOKAAQUO EYLVE LD OLKOVOULKA amoSoTikn mnyn Blokauvoipwyv. EmutAéov, to
uypoO amoPfAnto (Bwvacoa) xpnolpomoleital yio Almacpa Kot dpdsuon otig PpUTELEC,
e€aleidovtag, €101, TO KOOTOG TNG EMeEepyaTiag TwWV AUUATWV.

Elval yevika amodektd Ot n aAkooAwkny LUpwon amd coKXOPOUXEG TIPWTEC
UAeg ival pia oAU yvwotr) Kot teAelonownpévn dtadikaoia [9].

R

£-r \{ Sl

Takyapoxalapa Taxkyapoteotia

Ewkova Al. JakyapoUxec MPWTEG UAEG yLa mapaywyn BloatdavoAng.

2.3.2 MNapaywyn BroatdavoAng amno apuuAoUxes TPWTEC UAES

Ta ottnpd (KoAaumoki, oltapt 1 kplBapl) mepléxouv Kupiwg AGpulo (yla
mapadelypa, To KOAQUOKL TeEpLEXeEL 60-70%). To ApuAo mou eival amoBnkeupévo
oTa OlITNPA amoteAeital amo HoKPLEC aAuoideg povadwv yAukolng. Ou aluaoideg
OQUTEC ammoteAoUV TNV ApUAGTN Kal TNV AUAOTINKTLVN, oL omoieg mepLéxouv 1.000 f
Tmeploootepa povopepny kot 1.000-6.000 | meploocotepa  HOVOUEPH YAUKOING
avtiotolxa. MNa tnv mapaywyn atbavoAng amd ApuAo, TPETEL va OTACOUV Ol
oAvoibec autég, wote va mapaindBesl olpdmt yAukolng, To omoio Umopsl va
petatparnel oe atBavoAn pe LUPOUUKNTEG.

AuToU Tou €ibouc oL pwTeg UAEG €lval oL TTAEOV XPNOLUOTIOLOUMEVEC YL TNV
napaywyn BloatBavoAng otn Bopela Apepikr kot otnv Eupwrn. To KAOAQUTOKL KAl TO
olTtapl KaAAlepyouvtal KUplwg HE OKOMO TNV mapaywyn atBavoAng. ITIG TPOTIKEC
XWPEG, AAAa apulolya duTA, OMWE N LaVLIOKA UtopoUV va Xpnotpomnotnfouv yla tov
(810 okomo.

JTo AUUAO, Ta TIOAUMEPN TNG YAUKOING OTAVE OE HOVOUEPN HECW HLOC
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UVOPOAUTIKAG avtibpaong mou KotoAUeTal oamd to €viupo YAuko-apuAdon. To
TIPOKUTITOV OAKXAPO Elval yvwoTo w¢ 5e€tpoln i D-yAukoln mou ival éva LOOUEPES
™C YAUKOING. Xtn ouvéxelo akolouBel n Opwon, n amootaén kot n apudatwon
woTe va mapaindBOei, teAikad, avudpn atBavoAn [9].

X
H:b‘..,..

Kahapmox v Trrapt

Ewkova A2. ALUUAOUXEG TPWTEG UAEC yla mapaywyn) Broardavong.

2.3.3 Mapaywyn BoatdavoAnc amo ALyvIVOKUTTAPLVOUXEC MPWTEC UAEC

H Bwoalbavohn pmopel, akoupn, vo mapaxBel amd AlyvVIVOKUTTOPLVOUXEC
TIPWTEC UAEC Kal lval yvwot w¢ Bloatbavoln SeUtepng YeVIAG. AUTEG OL TIPWTEG
UAeg meplA\apBAvouVv aypoOTIKA UTIOAELHHOTO, XOPTA KOl UTOAElppaTa SO0OLKWV
KOAALEPYELWV Kol EUAOU. EXouv ylvel TEPAOCTIEC EPEUVNTIKEC TIPOOTIAOELEG YOl TNV
OVATITUEN OLKOVOULKA amodoTikwyv SeUTEPNG YEVLAC 1) TIPONYUEVWVY TEXVOAOYLWV yLa
™V mapaywyn atBavoAng w¢ kauoipou otn BipAloypadia. Qotoéco, umapyouv
KQTTOLEC TIPOKANOELG 00OV 0POopPA TIG EPAPLIOYEC TWV TIPONYUEVWY TEXVOAOYLWY OTO
EUMOPLO.

OL  ALyVIVOKUTTOPLVOUXEC TIPWTIEG UAEC amoTeAoUvTOL amd  KuTttapivn,
nULKUTTAPivn Kal Awyvivn. H Awyvivn 6pa w¢ ouvOETIKO UALKO TIOU KPATAEL OAQ Ta
aA\a cuotatikd pall kol eivatl umevBuvn yla tn doptkr otaBepdTNTO TNG MPWTNG
UANG. Ta oAKYapO TTOU UTIAPXOUV OTNV KUTTApivn gival kupiwg YAukoln. Qotdoo, n
NULKUTTAPLVN €lval éva pelypa amo SLapopeTkoUg TUTIOUG oakyapwy. Mepléxel TOoo
C6 (yAukoln, pavvoln katl yohaktoln) 6co kat C5 (EuAoln, apaBvoln, kal papvoln)
oakyoapa.

H xnuik ocuvBeon Twv ALYVIVOKUTTAPLVOUXWY UALKWV amoteAel éva Bactko
TLOPAYOVTA TIOU EMNPEALEL TNV ATTOSOTIKOTNTA TNE MAPAYWYNC BLOKAUGLUWY KATA TLG
Slepyaoieg petatpomnnG. H SoULKR Kol XNUIKA cUOTOON TWV ALYVLVOKUTTAPLVOUXWV
UVALKWV elval e€alpetik@ HeTafAntr), AOYyw TWV YEVETIKWV Kal TEPLBOAAOVTIKWY
ETPPOWV Kal TwV dAANAeTSpacewv toug [9].

A #

AYPOTum OMOAEIppatTa Y]‘[;\Elll]lt‘['[ daoIKeV

1( Ep yuhv

Ewkova A3. ALyVIVOKUTTAPLVOUXEC MPWTEC UAEG yia mapaywyn BioatGavoAng.
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2.2.4 BioantoB6Anta (BioAoyika anoB6Anta)

JUpupwva pe tnv 0dnyia 98/2008 tou Eupwmaikol KowvoBouliou kat tnv
Mpaowvn BifAo (3.12.2008 COM-2008 811), ta BroamoPfAnta ) Blodoykd amopAnta
(BA) amoteAouv umtocuUvoAo twv Bloamodounotpwyv anoPAntwy (BAA) kat opilovtat
w¢ 'ta Bioamodounowua anoBAnta kNmwv Kol TOPKwWVY, TA anoBAnta tpo@wv
UOYEIPEIWY, VOLKOKUPLWY, E0TIATOPIWY, HovadwVv €EOTINONG Kol KATAOTNUATWVY
Alavikng nmwAnong kot TAPEUPEPH  anmoBAnta  EyKaTHOTACEWV €emeéepyaoiog
Tpo@iuwv’’ . Mpémnel va onuelwdel OTL otov oplopod Sev mepthapfavovral to SAoLKA
VEWPYIKA KatdAouma, n Kompld, n AUC enefepyaociog Aupdatwv 1 aAAa
Boamodopnaopa amoBAnTa, OnMwg oL PpUOLKEG (VEC, TO XAPTL | TO KATEPYAOUEVO
€UMo. E€alpouvtal, emiong, Ta mapanpoiovia Tou TOUEQ apaywyns TPodipwy mou
O& peTaTpEnmovTal TOTE o€ amopAnTa.

Me Bdon tov mopamavw OpLoMO, Ta BLoamoBAnTa MPOEPXOVTAL OO OLKIEG,
EUMOPLKEG SpaOTNPLOTNTEG KOL UTINPECIEG, KOl EYKATAOTACEL TOPAYWYNG KoL
enegepyaciag Tpodipwy. OL TPeLC Mapamdvw PBaCIKEG KATNYOPLEC TIPOEAELONG TWV
BoamoBARTwV Ywplloviol O AVTIOTOLXEC UTOKATNyopleg, £poOooOvV TPOKUTTEL
SLaKPLTO pelO KAl CNUAVILKA Ttoootnta BloamofARTwy Mou amaltel Eexwplotn
OTOXEUON KOL OVTIHETWIILION KOTA tn ¢aocn oxeSlaocpol Twv TPOYPAUUATWY
Awahoync otnv MNnyn (AcM). H katnyoplomoinon twv BloamoBARTwy Kot Ta StakpLta
pevpata KABe uokatnyopilag Toug anelkovilovtal oTo oxfua mou akoAouBei [40]:

AETIA AMNOBAHTA

!

BIOAMOACMH EINMA (67%)

!

BIOAMOBAHTA OIKIIN BIOAMOBAHTA EMIOPIKN BIOAMOBAHTA
(BE9%) APAFTHPIOTHTON & BIOMIH X AMICMN
FMHPEEMIN (13%) TPOMINMOIN [19)
J
Empe wpry oeng Aoowurg
- — & powsSpucrg (23%6) MNapoywysais
ANOBAHTA y o
I E— TPO®@I l:{lt Muorgoowusotow [936)
(76%) Bubpopes epmopuic -
" EmyELp o [20r5)
T - A MNapoywyurig
Eotimong- Kpéarog (996)
A £ (z626)
—
L
ANOBAHTA KHMON
] & MAPKON (24%) ExmaiSencn (896) ﬂwv::c
T o gnoow
J [Mvoode eibey
Swxrpodric)
(Z9%)
Fpodpeio & vrnpecsisg 7
J
DIKIAKOY
AMOBAHTA —
TPODIMON | e KDT,MS,‘I LI L)

& TPO@ON |

SxnuaAl . Katnyopisg mpogAeuonc kat SLaKPLTA peUUATA TTapaywyr¢ Twy BloamoBAnNTwy.
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To anoBAnta tpodwv Kol TPOPIHWVY TTOU QMOPPLIITOVIAL OO E£0TLOTOPLA,
Hovadeg mapaywyns TPodlHwy Kol OLKIEC amoTeEAOUV £va GNUOVTIKO TTOOOOTO TWV
OOTIKWYV OTEPEWV amoBAATwv. MNa to Adyo auTo, LeyAAn poco)r €XeL oTpadel Tpog
Vv enefepyooia SLATPOPLKWY ATOPPLUUATWY YLOL TNV TTOPAYWYN TTPOIOVIWY, OMWE
TO YOAQKTLKO 0&U, N BloatBavoAn kat to Bloaéplo [56].

3. Awatpodika Artoppluppota

OL MPWTEC UAEC TTOU Xpnotpomolouvtal, ouvnBwg, kootilouv mepimou to 50%
NG TIUAG TNE TopayoeVNG atBavoAng, avaloya Le To (606 TNG XPNOLUOTIOLOUHEVNC
Bopalag. Q¢ ek TOUTOU, TPOKEIMEVOU VA UELWOEL TO KOOTOG TNG, MEAETWVTAL
XOUNAOU KOOTOUC TPWTEG UAEC, OMWC UTOAE(MHATA KOAALEPYELWY, ONUOTIKA Kot
Blopnxavika oteped anoPAnta, Kabwe Kal dtatpodikd amoppippata.

3.1 Awaxeipon SLaTPOoDLKWV OITOPPLUUATWV

Ta meplocotepa UTIOAElppaTa Tpodwv BaBovtal o XwpPoug YYELOVOULKAG
Tadnc Amopplpupdtwy (XYTA) i anotedppwvovtat [10]. Qotooco, n anotédppwan eivat
Samavnpn kat evepyoPopa, kot Sedopévou OTL autd ta anoppippata €xouv uPnAn
TIEPLEKTLIKOTNTA O€ uypaocia, TpEmMel va Koaiyovtal pall pe ala 1o &npd, HeE
amotéAeapa TNV mapaywyn dtofvwv [11].

AMoG tpomoc Slaxeiplong twv SLATPOPIKWY OMOPPLUUATWY €lval n xprnon
Tou¢ W¢ {wotpodn, Kupiwe yla Booeldn. Ta amoppippata pnopouv va Enpavbolv
Kalt va StapopdwBolv oe oBfwAoug mpwv amd v MwAnNcH touc w¢ {wotpodn).
QoTt000, Ta MEPLOCOTEPA SLATPOPLKA AMOPPIUUATA EXOUV XOUNAN TIEPLEKTIKOTNTA OF
npwteiveg. Juvenwg, dev eival wavika yla {wootpodn. H uPnAn mepLEKTIKOTNTA
OPLOUEVWV QTIOPPLUMATWY O€ Alyvivn, yla MapAaSelypa TwV UTTOAELLUATWY TNG EALAC
KOL TOU OaKXOPOKAAQUOU, €miong, meplopilouv tn duvatotnta XpHong Toug wg
{wotpodEc, Kabwe kablotd SuokoAn t xwvePn Toug ano ta {wa. EnutAéov, étav ta
amoppippata &npaivovral mpwv xpnotpomnolnbolv wg lwotpodr), evOEXETOL va
npokLPouv TPOoBEeTEC SATAVEC, OL OMOLEG OTMAVIA AVAKTWVIAL OO TNV TLUR TWV
nwAnoswv [12].

Tov TeAeutaio KalpO XPNOLUOTIOLOUVTAL TILO E€AKUOCTIKEG, OTTO OLKOVORLKNA
armoyn, pEBodolL, OMWC n KOUMooTomoinon KoL n ovaspofla XWVEUon yla tn
Slaxeiplon oplopévwy amopplppdtwy [11]. Me avaegpofia xwveuon SUo pacswv Ta
OMOPPIUHUATA UITOPOUV VO LETOTPETIOUV OE PBLOKAUCLUA, TPWTAPXLKA o udpoyovo
KOL OTn Oouvéxela o pebBavio. QOTOCO, OL OVIOOPPOTILEG OTNV TOPOXN Kol
StaBeopuotnTa TNC MPWTNG UANG Kal to uPnAd KOOTOG KOTOOKEUNG defapevwv
avagpoflag xwveuong, eupmodilouv TNV eupela UloBEtnon Twv &V Adyw
EVAANQKTLKWVY Tipooeyyioewv [13].

Emeldn auta ta anoppippata ival mAovuaola o odkyapa, ou Ba pmopoloav
VOl LETOTPOTOUV OE TILO TIOAUTLUA TIPOLOvTa, UEYAAN TIPOCOXN OTPEDETAL TIPOC TNV
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enefepyacia Toug yla mopaywyrn UVALKwV Blopalag, onmwc To yaAaKTIKO ofu. ATo
QUTA TO OAKYapo Hmopel, emiong, va mapoaxBel atBavoAn. Auth tn oTyun N
atBavoAn mapdyeTal Kuplwg amd KOAAUMOKL otnv AUEPLKN Kal Tnv Kiva kot amo
matata, pull Kol cakyopokAaAlapo otn Bpalidia. Qotdoo, emeldr) To KAAAUTOKL Elval
HLOL CNUAVTLKA Tty Tpodn¢, N XPHon Tou wc mnyn Kavaoipou €xel katakptBel [11].

EmunpoocBétweg, n xprion pnN OVAKUKAWOLUWY QMOPPLUHATWY WG Topou Ba
UmopoUoe va AUCEL TO TPOPBANUA TNG XWPENTIKOTNTOC TWV XWPWV UYELOVOMLKAG
tadng, Kal vo odnynoeL 0 HELWON TWV EKMOUNMWY aepiwv Tou Beppoknmiov amo
TOu¢ Xwpoug Slabeonc¢ tTwv amopplupdatwy, Bonbwvtag, £€toL, va mMAnpouvtal ol
anattnoslg Twv dtadpopwv vopobeowwv, cupnepthapfavopévng tng odnylag-mAaioto
™¢ Eupwmnaikng Evwoncg ya ta anopfAnta [2].

JOpdpwva pe tnv Odnyia 2008/98/EK tou Eupwraikol KowvoBouAiou kat tou
JupBouAiou, yla tnv KaAutepn mpootacia tou MeptBaiiovtog, n enetepyacia Twv
amoBAATWV TPEMEL va Yivetal ocUpdwva PE TNV aKOAouBn Lepdpxnon Pacet
nmpotepaloOTNTOC: TTPOANYN, €Aaxlotomoinon, emovayxpnolpomnoinon, avoakUKAwon,
AGAAN avaktnon (8lwg evepyelakn) kot teAkn) dtabeon (Zynua A2) [41].

IEPAPXHIH EMIAQTON & TH AIAXEIPIZH

Sl TQM ITEPEQM AMOBAHTON

EmAoyn -
Ehayporomoinon
EmovaypnonpoTroinan

fiyorepo

Em@upnm Averirhuon

Emioyn
Avaxtnen Evepyeng

Tehwn AudBean

Sxnua A2 . lepdpxnon emAoywy yLa tn SLaxiplon Twv OTEPEWVY armoBANTwv.

JUVETIWG, N SLaxeiplon Twv SLATpodIKWV ATOPPLUATWY £lval €vol ONUAVILKO
{NTNUO TOOO yLo TNV tpootacia tou TepLBAAAovTog, 600 Kal yla T dLathpnon Twv
TIOPWV. H HETATPOTH TWV UTIOAELUUATWY TwV Tpodwv o€ Bloatbavoln Ba pmopovoe
VO TIPOOGEPEL TIEPALTEPW OLKOVOULKA TAEOVEKTNHATA, AOyw TNG av&nong Tou
KOOTOUG S1aBeong Twv amoppLlppdatwy [10].

3.2 JVotaon SLaTtpoPKWV AITOPPLUUATWY

To amoppippata Twv Tpodwv amoteAolvial Kuplwg amd vdatavOpakika
oAU pEepn (GpUAo, Kuttapivn, nuikutTapivn), Alyvivn, opyovikeg eVWOELS (MpwTEIVEC,
Amtidia, Autapad, K.AT) Kol €va UTTOAELMTOUEVO ULKPOTEPO avopyavo PEpOC (TEdpa)
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[13]. H kuttapivn, n nuikuttapivn Kat n Alyvivn cuykpotouVv T KUTTOPLKA TOLXWHOTO
TWV GUTIKWV LoTWV (Synua A3).

AtopEC KUTTARIVIS

Sxnua A3 . Aour KUTTOPLKOU TOLYWUATOC.

Kuttapivn

H kuTtapivn amoteAel TO ONUOVTLIKOTEPO CUOTATIKO TWV TTOAUCOKXAPLTWY TWV
KUTTOPLKWYV TOLXWHATWY KoL OTTOTEAELTOL OO €VOL YPOUULKO TIOAUUEPEG povadwv D-
vyAukolng, ouvbedepévwy petatl toug pe B-1,4 yAukoltikoUg Seopouc. Adyw Twv
deopwv autwy, o Oloakyapltng keAoPLoln amoteAel tnv emoavalapfavopevn
Soutkn povada tng aluoidag tng kuttapivng (Zxnua ). O Babuog moAupeplopol TG
KuTTtaplvng €xeL €va evpog amo 7.000 €wg 15.000 povadeg yAukolng. To TTOAUMEPH
Kuttapivng mapouotaloviol w¢ Slatetayuéveg Sopéc (Uikpoividia) kat n kupla
Aewtoupyia toug eival va e€aodalioovv TNV akapPiao TOU KUTTAPLKOU TOLXWHOTOC
TWV GUTWV.

OH _oH OH
OH . OH 5 OH 3
How% g ow% - Ow% . OH
d d d
OH OH OH
OH OH 0 OH

keAaPLoln

Sxnua A4. Aoutkn povada kuttapivng. (Evtog twv aykuAwv ameikoviletal n keEAAoBLoln).

H «kuttapivn eivat évag abdldAutog ToAucakyapitng mou oxnuotilet
KPUOTAAALIKEC TEPLOXEC AOYW TOU OXNMOTLOHOU USPOYOVIKWV SECOUWV HETAEY TwV
popilwv yAukolng tng idlag aAvoidag kabBwg kat peTtall popiwv yAukolng mou
avrkouv oe dladopeTikeg ahucidec. OL uSpoyovikol Seopol SteuBeToUV TIG AAUGIdEC
NG KUTtOapivng os mapAdAAnAn emimedn dlataln MPOKOAAWVTAC TAUTOXPOVO Kol TO
OXNUATIOUO USPOYOVIKWY SECUWV HETALY TWV TOPAAANAWY ETUMESWV KUTTAPIVNG
(Zxnua A5). Auto odnyetl otn dnuloupyia cupmaywyv Kot SUCKOAQ AMOLKOSOUNCLUWY
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KPUOTAAAKWY Tteploxwv. Map’ OAa autd, METOED TwV KPUOTAAALKWY TIEPLOXWV
mapeUBANAOVTAL KO KATIOLEC AUOPPEC TIEPLOXEG, OL OTIOLEG £lval TTOAU UYPOOKOTILKEG.

TEAOG, n KuTTOpPivn SLOYKWVETAL QmePLOpLOTA Kal SlaAUetal MARPWG armnod
Belko, USPOXAWPLKO Kal pwaodoplkd ofu [14].

Asopoi vhpoyovou
PETALH popiwy

y UKo Qe g idnag
v o,

- Asopoi vipoyovou
"-.\ peradi popiwy
L yhurolnc

Asopoi vhpoyovou / L S
peragy popiwv o O:g Yo w. ;
yhuxodng ;f i i R G
buapop EM KLV i m ! i

f B i e .(}J e - Q‘: e \

I A e R Sy

A . .
Yy uapopsiikaw
Y smunbowv

Sxnua A5 . Yépoyovikol Seouoi uetaév popiwv yAukolng otnv kutrapivn.

Huuwutrapivn

Yrnapyouv moAAoi Sladopetikol TUTIOL NUIKUTTOPLVWY KOL UTOPOUUE VOl TLC
oplooupe cav To piypo cupmoAupepwv oucwwv. Elval apopdeg, €xouv xaunAo
BaBuo moAupeplopol (150-300), sival €viova UYPOOKOTILKEC Kal TaPoucLalouv
vPnAn XnUKA SpaoTIKOTNTA.

Mo avaAuTikd, n nUIKUTTOPivn €ival éva MAEypa SLaoTAUPWUEVWY GUTIKWV
HN-KUTTOPLVIKWY TTOAUCOKXOPLTWY, Ol Omolol amoteAouvtal ano Mevioleg onwg D-
€uholn, L-apaPwvoln, L-papvoln kat L-doukoln, amo e€olec omweg D-pavvoln, D-
YAukOln, D-yohaktoln kol amd oupovika of€a omwg D-yAukoupoviko o&u, D-4-0O-
HEBUA-YAUKOUPOVIKO 0&U Kal D-yaAaktoupovikod ofu.

H katnyoplomoinon Twv NUIKUTTAPWVWV ouvhbwg yivetat pe Baon To
KUPLOTEPO LIOVOUEPEC OAKXAPO. ETOL, Ol NUIKUTTAPiveG Slakpivovtal o YAUKAVEG,
HOVVAVEG, apafLVAaveS, YOAAKTAVEG Kol EUAAGVEC. 2Tn ¢UON, Ol NULKUTTAPILVEC oTIAvLa
amoteAoUvTal oo €va, POV, TUTIO HovooaKkyapitn. Zuvnbwg éxouv pia MoAUTAOKN
dounn mou mep\apBavel TAVW oo €vav TUTO TOAUCOKXOPLTWV, ONMwE N
vAukoupovofuhavn (EUAGTN Kal oupovikd o&u), n oapaBivoyAukoupovofuldavn
(apaBvoln, €uAoln kat oupovikd ofu), n apoaPlvoyaAaktdvn (ETEPOMOAUUEPEG
apafvolng kat yalaktolng) k.a. [14].
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Ye avtiBeon pe TNV KUTTAPLvn, N NUIKUTTAPLvN €XEL Tuxaia, Apopdn Kat
StakAadiopévn doun, Kot £€ToL USPOAVETAL TILO EUKOAQ TIPOC TA LLOVOEPH CUCTATIKA
™C¢ anod ofca [33].

~00C
H5CO
HO
OH
OH 0
HO 0 d 0 ¢ d Ho 0
OH OH OH
o
OH
HO OH

Sxnua A6 . Mdavn doun EuAavng.

Awyvivn

H Awvivn eival éva and ta omoudaldotepa Kal 1o adpBova cuoTaTIKA TNG
dutikng Bopalag. Eival dpopdpn kat €xet moAU uvPnAo Babud TMOAUUEPLOUOU
(100.000 - 300.000). Mpokeltal yla €vo TTOAUTTAOKO TPLOSLACTATO TIOAUMEPEC ME
Baoiwkn Souky povada 1o dalvulomponavio Kal eival Wlaitepa SUCKoAo va
arnotkodounBel. 2tn Ayvivn umtapyxouv tpia Stapopetika patvulomnponavia (Ixnua ).
Mpémel va onuewwBel otL elval évtova vdpodofn ouacia, adlalutn oto vepo. OL
Sdeopol otn Ayvivn eival alBepikoi kaBwg kat deopol avBpaka — avBpaka. Evwvetal
HE XNUIKOUC Se0pOUC TOOO ME TIC NULKUTTOPIVEC 000 Kal He tnv Kuttapivn. H
S10ykwon tng eivatl xapunAn kat udpoAUetal SUGKOAX KUPLWCE e OAKOALKA SLoAUpata
oe vPnAég Beppokpaoieg (150°C — 180°C). TéAog, n Ayvivn pocdidet upnAn avtoxn
oe kauyn, OAIYN kat kpovuon [14].

TH;OH llcﬂzon CH0H
ﬁH CH CH
CH CH CH
OCHj3 CH30 OCH3
OH OH OH
p-coumaryl alcohol coniferyl alcohol sinapyl alcohol

Sxnua A7 . Ta tpia powvudomponavia tng Ayvivngc.

Amotelel €va amd TA MELOVEKTAMOTO TNG XPHONG ALYVIVOKUTTOPLVOUXWV
TPWTWV VAWV yLa (0pwaon, adol KabLoTtd tn AlyvivokuTtapivn avOeKTIKN oTn XNULKNA
kat BloAoyikn amotkodounon [33].
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3.3 Blopetatpont SLatpopkwv anopplupatwy o BoatBavoin

H kuttapivn elval to KUPLO CUCTATIKO TWV SLATPOPLKWY ATTOPPLUUATWY, TO
ornolo pmopet va udpoAuBel oe povopepn oakyopa. Ta CAKXAPO QUTA UITOPOUV Vol
xpnowuornotnbouv w¢ UMOoTpwHA yla tTn JUUMWTIKA Tapaywyn MHilaG TolkiAlag
TPOLOVTWY, OMWG TO YOAOKTIKO 0ofU Kol n BroatBavoAn. ITo MAPAKATW OXAUC
daivetal n diepyaocia mapaywyns BloatBavoAng amd Statpodikd amoppippata Ue
TEXVOAOYLO TAUTOXPOVNG cakyapomoinong kat JUHwonc:

Tavutoypovn Zakyaponoinon
Atatpodikd Ko ZOpLwon
anoppippota

EvIupukn
@ Lo Anootagn

uSpdluon ,
i . (MeTtatponi Twv KoL
Mpokatepyaoic (Metatponn tng T €
KuTtapivng oe aTpon

odxyapa) BloaBavohn)

BrocuBaviéin

Sxnua A8. Aaypauuo pong Stepyaoiac napaywyng Bioatdavong ano Statpo@ika
anoppiuuata ue teyvoloyia SSF.

4. Npokatepyacia mpwtnc VANC

4.1 Ito)0L

ITOX0G TNC MPOKATEPYAOLAG elval N pelwon Tou Selktn KPUOTAAALKOTNTAG TNG
Kuttapivng, n avénon tou mopwdoug NS MPWTNG UANG, KABWC KAl N AmopAKpuvon
™C Alyvivng Kal TG NUIKUTTOPIivNG, Ol OToleC amoteAoUV Ta PUOLKA EUMOSLA TNG
6pAong TwV KUTTOPLVOOWY, WOTE va BeATiwBOel o pubuog g evlupikng udpoAuong
Kal va au€nBel n ameleuBépwon UHWOLUWY COKXAPWV amd Tnv Kuttopivn i v
nULKUTTAPLVN.

H mpokatepyoaoia mpenel va mAnpol tig akdAouBeg mpoimobéoelg: (1) va
BeATLWVEL TNV TTApaywyn cakxapwv r tn duvatdtnta mapaywyrng toug ue udpoAuan,
(2) va epmodilel tnv amowkodounon n tnv anwAewa tTwv vdatavOpakwv, (3) va
gUmobilel To OXNUATIOUO TAPONPOIOVIWY, TA Omoia OVACTEANOUV TIG HETEMELTA
Slepyaoieg udpoAuong kat LUpwong, (4) va EAaXLOTOMOLEL TNV EVEPYELOKI) ammaitnon,
(5) va pelwvel TO KOOTOC TWV UALKWV TIOU OUTOLTOUVTOL Yld TNV KOTOOKEUN
avtiSpaoctipwy mpokatepyaciag, (6) va mapadaystl Alyotepa UTtoAsippata kot (7) va
KatavaAwvel Alya Kol OLKOVOULKA 1) KaBoAou xnuika [14, 32, 33].

JUYKEKPLUEVQ, LE TNV TIPOKOTEPYAOLO TIPOKAAOUVTAL pWYHEC Kal Bpavon tou
UALKOU. H nuikuttapivn udpoAUetal Kat n Alyvivn UTtOKeLTaL o€ SOULKEC OAAQYEG TTOU
™V anmodeopeUouv amo TNV KuTtapivn (Zxynua A9). Autd €xel W QMOTEAECHA TN
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Helwon TG KPUOTAAAKOTNTAG Kal Tou BaBuol moAupepLlopol TG KuTtapivng Kot
™V avénon tng evepyng emtdpavelag Tou UALKou [35].

Kpuotahhikn  ppopey
miploxi)

mWEpIoYI

= === Mayviv
= ===+ Kutrapivy

_____ =HmkurTapivny

NMPOKATEPTALIA

i e AL
O

N
%;::.‘"/ P ras

l

'sg

Sxnua A9. Ertibpaon mpokatepyaociag otn Alyvivokuttapivn

JAUEPQ, yivovtol TIOANEG TPOOTAOElEC HE OKOMO TNV OVATTUEN VEWV
TEXVOAOYLWV Yla TNV TIEPATEPW MELWON TOU KOOTOUG TIPOKATEPYAOLOG, TNV
mapaywyrn  Alyotepo  TOEKWV — XNHWKWV  ouclwv Kot  uyPnAotepng agiag
TIAPANPOIOVIWY, Kal TNV emiteuén vPnAotepnc anddoong cakyxapwyv. H emthoyn g
pneBodou mpokatepyaciog mou edapudletal, €aptatal and mMoAAoUG TTAPAYOVTEG,
OMwG o tumog tn¢ Blopalag, n afla TwWv MAPATIPOIOVTWY, KAl N TIOAUTIAOKOTNTA TNG
Stadkaoiag. O ouvbuaopoc OSladopetikwy peEBOSwY pmopel va  emidpEpel
neploootepa OeTikd amoteAéopata oto PEAAov. OL péBodol mpokatepyaciog
umopouV va taflvounbolv oe TEGOEPLG KATNYOPLES: TIC PUOLKEC, TG PUCLKOXNMLKEG,
TLG XNHLKEG, TIC BLoAOYIKEG 1N cuvSuaopoUg autwy. [34, 36].

4.2 M£0o8ol mpoKatepyaoioc

4.2.1 Quoikég uédodol mpokarepyaoios

OL duolkéc peEBobdol mpokaTEPYAOLOG UTOPOUV va aufjoouv TNV EVEPYN
eMIPAVELA KOL TOUG TTOPOUC TOU UALKOU, KOL VO LELWOOUV TNV KPUOTAAALKOTNTA KOl
10 BaBuO MOAUpEPLOMOU TNG KuTTapivne. AltadopeTikol TUMoU GUOLKEG Slepyaaieg,
OMwe n dAeon (m.x. ue odpaipa N pe dVo KUALvSpoug) kal n aktvoBoAnaon (m.x. HE
oKtive¢ yappo, pe O€opn nAekTpoviwv N UE UIKPOKUUATO) MMOPOUV  va
SleukoAUvouv tnv evlu pikn udpoAuaon ¢ mpwTn LANG [33].
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MnYaviKoc KAToKEPUATIOUOC

JTOXOG TNC TIPOKOTEPYAOLOG HE HNXOVIKO KOTAKEPUATIONO €lval n
Tpomornoinon TG SoUNG TNE ALYVIVOKUTTOPIVNG KoL N HELWON TNG KPUOTAAALKOTNTAC
™T¢, aufavovtag, £Tol, TNV EMIOEKTIKOTNTA TOU UALKOU OTI( KUTTAPLVAOEC Kol
SleukoAUvovtag TNV amodouUnacr) Tou Kol T UETATPOT Tou o€ albavoAn.

H dAeon tou UALKOU cuvhBwc ponyeitat TG evIUULKAG USPOAUONC 1 AKOUN
Kol aAwv Slepyactlwv pokatepyooiog. Exel, OUwG, HeAETNOEL Kal n epappoyn tTng
TauTOXpova ME TNV eVIUMIKR udpoOAucn. Itnv TeAsutaila oUTA TEpIMTwon ot
UNXOVIKEC eVEPYELEC, N petadopa palag kat n evlUULK uSpoAucn ektelouvtal
Tautoxpova. Avaloya HE TOo €(60¢ Kal Tn Soun Tou €KAOTOTE UALKOU, epapuolovral
Kol StadopeTikeg pEBodol dleonc.

Eva amd ta pPelovekTUata TG HeBOSou eival OTL oL UPNAEG EVEPYELAKEG
QAT OELE TNG KOL N OUVEXNG Avod0G TWV TLHWV EVEPYELAC, KaBLoTouV TN dtadikacia
olkovopLka avédiktn [37]. EmumAéov, ev €xeL TNV LKAVOTNTA VA OTOUAKPUVEL TN
Atyvivn, n omotia epmnodilel Tnv mpocPacn Twv USPOAUTIKWY VIV UWV OTNV KuTTapivn
Kol avaoTéANAEL Tn Spdon toug [33].

AktwoB0Anon

H aktwvoBoOAnon tou UALKOU TU.X. LE QKTIVEC YAUUA, SE0UN NAEKTPOVIWV N
HULKPOKUOTO MMOpPEL va au€noeL TNV amodopnaon tng Kuttapivng mpog YAuUKoln Kat
OUVEMWC va PBeAtlwosl tnv evlupik udpoAuon TG  Awyvivokuttapivng. O
ouvbuaouOG TNG TMpoKatepyaciag pe aktivoBoAnon pe aAleg peBodoug, Omwe n
KaTEPyaola pe o€V UMOpEL va EMITOXUVEL TEPALTEPW TNV EVIUULKH uSpOAUON.

MNapatnpnBnke otL n evlupikn vdpoAucn dinOntikoL xopTLoU, TOo omoio Sev
nepleixe kaBolou Awyvivn e BeAtiwOBnke pe TtV aktvoBoAnon, evw n eVvIUULKNA
vSpoAuan epnuepPldwy, TTOU TMEPLELXOV ULIKPH TTOCOTNTA ALyvivng, mapouciace pKpn
BeAtiwon. Q¢ ek ToUTOU, N emibpacn TNG aktwoPoAiag oto UALKO Ba TpeEmel va
ouoxetiletal pe TV mapoucia Tng Alyvivng, KaBwc emiong Kal Pe otolxeia tTng doung
TOU, OTIWCG N KPUOTAAALKOTNTA KAL N TTUKVOTNTA.

Qotooo, n mpokatepyacia pe aktwvoBoAnon eival damavnpry, CUVETWC
SuokoAa epapuoletal og Blopunyxavikn kAtpaka [33].

4.2.2 Quoikoxnuikég uédodol mpokatepyaoios

OL mpokatepyaoieg mou cuvdualouv TOGO XNULIKEC 000 Kal GUOLKEC
Slepyaoieg avadépovtal we PUOIKOXNULKEC. OL TILO ONUAVTLKEG OO AUTEG £lval oL

egnc:
Exktovwaon atuou (€kpnén atuou) cuvdualousvn us avtolidpoiuaon

Itnv mapouoa Slepyacia To UALKO Bepuaivetal pe atud vPnAng mieong os
Beppokpaoiec 160-250 °C, yia pa Xpovikf mepioSo HepLkwV SeuTeEPOAEMTWY WC Kot
HUEPLKWV AETMTWV. ITN GUVEXELA, TO UALKO udloTatal pia EKTOVWTLKN QMOCUUTIEDN,
TIOU 0€ OuVvOUOOUO HE TNV QUTOUSPOAUGH TIOU TIPOKAAE(TAL ATO TO OXNUATIOMO
SLadopwv opyavikwv 0EEWV amo Ta PolmapyxovTa ofLkd ofEa ToU UALKOU AOYywW TNG
Bepuokpaciag, mpokoAsital pepky  udpoAuon  kat  SlaAutomoinon NG
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NULKUTTAPLvNG, HE Tautoxpovn PeAtiwon Ttou Suvaplkol amolkodopnong Ing
KuTtapivng.

MelovéKtnua autnc tng Olepyaciag amotedel n  amowkodounon Twv
oaKkxapwv Aoyw tng uPnAng Bepuokpaciag Kal Tou PEYAAOU XPOVOU KATEPYOOLOC
[14].

Exktovwaon atuou cuvbualousvn Ue npoodnkn 0étvou KataAutn

H nmpoaoBnkn evog 6€lvou kataAutn otnv nmponyoluevn Slepyacia auéavel tn
Suvatotnta udpoAuonc TnG Kuttapivng. EToL, To UALKO TPV TNV MIPOKATEPYOOLO UE
€KTOVWON oTpoU epmotiletol pe 0.5-6% (w/w) Bsukol o€og (H,S04) 1 Sloeldiou
tou Belou (SO,). Kata tn Swapkela TG mapoxnc atpol, to Slofeidlo tou Beiou
UETATPENETOL 0 Belko ofU, mou amotelel Kot Tov 6flvo kataAutn. H xprion tou
S1o€e1blou Tou Belou MAeoveKTEL 0 CUYKPLON PE QUTHV TOU BELKOU 0E£0G, LLOC KOl
€xeL TN SuvatotnTa va eUmotilel KAAUTEPA KAl YypnyopOTEPO TO UALKO.

Na va anmopUYoOUPE TO  OXNUOTIOMO  TOPEUTOSLOTWY KAl  va
HEYLOTOTIOL)OOUHE TAUTOXPOVO TNV OVAKTNON TWV OOKXAPWYV, UTOPOUUE va
epapudoouvpe Slepyacieg SU0 PNUATWY. ITO MTPWTO OTASLO, KOL OE OXETIKA NTILEC
ouvOrikeg (Beppokpaocia xapnAotepn twv 180 °C), Stalutomnoteital To KAAOUA TNG
nNULKUTTAPivnG. EmakoAouBel éva SeUtepo oTAdLo, OOV O0TO KAAOUA TNG KUTTAPLVNC
eboapudletal ektovwon atpol os vpnhdtepn Beppokpaocia (peyalltepn Twv 210 °C)
[14].

Exktovwon lvac us auuwvia (Ammonia fiber explosion, AFEX)

H ektovwon vag pe appwvia sival pio oAKaAlk) ¢uotkoxnuikn puEBodog
npokatepyooiog Bopalac. H Bopala katepyaletal Pe uypn apuwvia os Ama
Bepuokpaocia (m.x. 90-100 °C) kat og cuvOnkec vPNnANG ieong (mavw amnd 3 MPa) yla
€va XpoVvIKO dLaotnua mepimou 30 min. ITn CUVEXELA, N TILEON UELWVETOL AMOTOUAL.
Mepimou 2 kg appwviag xpnolpomotovuvtal avd kg &npol uUAlkoU. H appwvia
OVOKUKAWVETOL LETA OO TNV TIPOKOTEPYAOLA KO TN HElwon tn¢ Ttieonc, Sedopévou
OTL €lval TOAU TTNTIKNA Otav Bploketal ota enineda atpoodalplkng mieong. Ano tn
Slepyaocia autr, MPOKUNTEL LOVO OTEPEOD TIPOKATEPYAUOUEVO UALKO, 0€ avtiBeon pe
AAAec peBodouc, amod TIC omoileg TPOKUTITEL £vVag TTOATOC TTou SlaxwpilleTal o€ oteped
KOl UYPO KAQOUAL.

H ektovwon (vag pe oOUPWVIO UITOPEL VO LELWOEL ATTOTEAECOTLKA TO KAQO QL
™G Alyvivng oto UALKO, evw T KAGOMATA TNG NULKUTTOPLVNG KAl TNG KUTTAPLVNG
napapévouy oxedov avénada. Itig BEATIOTEG oUVONKEG, N LEBOSOG auTrH Umopel va
BeATLWOEL ONUAVTIKA TNV eVIUULKA uSpOAuan.

INUOVTLKO TIAEOVEKTNUA TNC HeEBOSou €vavtl alwv, amoteAsl n amouoia
OXNUATIOMOU aVAOTAATIKWY ouclwv. H péBodog, OpwG, €lval QMOTEAECUATLKA OE
UALKQ TTOU TTEPLEXOUV HLKPO TTOCOOTO Alyvivng kal 6€ StaAutomolel oxedov kaboAou
NV nuUKUTTapivn. EmutAéoy, N appwvia HETA TO TEAOC TNG KOTEPYOOLOC TIPEMEL Vol
OVaKUKAWOEL yla TN Helwon Tou KOOToug tN¢ Slepyaociag Kal TNV mpootacia Tou
nepBairlovrog [14,33].
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Expnén btoéetdiou tou avipaka (CO,)

H pébodocg autny Baoiletat otn xprion Stofeldiou tou avBpaka (CO,) wg
UTIEPKPLOLUOU peUOTOU. H mpoKatepyaoia 0 UTEPKPLOLUEG OUVONKEC WmOpel va
OQTMOUAKPUVEL ATTOTEAECHATIKA TN Alyvivn, auédvovtag tnv tkavotnta Slacmaocng Tou
UTIoOTPWHATOC. 2€ udatika StaAvpata, To CO, oxnuatilel avBpakiko otu (H,CO3), To
ornoilo euvoel to ot@dlo tng USpOAuoNg, evw n TMpPooBnkn SloAutwy, OMwWE n
atBavoAn, eVVoEel TNV amoALyvivomnoinon Tou UALKoU.

H Stadikaoia yivetal umd ouvOnkeg uPnAng TeoNn KAl LETA TNV EKTOVWTLKNA
amooupnieon tou CO,, mopatnpsitat aAlayry otn doun TNG KUTTAPIvNG KAl TNG
NULKUTTAPLVNG Kal, KOTA OUVEMELR, av&énon TtnNg evepyng emibpAavelag Tou
urootpwpatoc. Ta popta tou CO, £xouv TAPOUOLO HEYEDOG e QUTA TOU VEPOU Kal
¢ Oppwviag, Kal pmopouv va SlelodUoouv pe tov (B0 TPOTIO OTOUC MIKPOUC
TLOPOUG TOU UALKOU.

OL amob00elg TWV AVOKTWHUEVWY COKXApwV PE tn HEBodo tnG €kpnéng CO,
elval ULKpOTEPEC 0 oX€on HE T amodOoell Twv HEBOSwY eKTOVWONG atpol N
oppwviag. Mia ocuykplon, Opwg, HeTafl SdlodpopeTikwy HEBOSWY Mpokatepyaciag
oe dladopa vnootpwpata, €5el€e otL N €kpnén CO, elval OLKOVOULKA TILO amoSoTIkNA
oMo TNV TIPOKATEPYOOIiO UE EKTOVWON OUUWVIOG KoL OXNUOTI{EL AlyOTEPOUG
TIOPEUTTOSLOTEC OE OXECN HUE TNV TPOKATEPYOOLO UE EKTOVWAON OTUOU. MNpoKeLtal yia
pio eAkuotiky evaAlaktikn péEBodo, n omoia BonBasl otn peiwon Tou KOOTOUG,
adou to CO, mapayetal Kotd t UHwaon. AANA TAEOVEKTAHATA ELVAL N KN TOEKOTNTA
ToU, N KN avadAe€LLOTNTA TOU KoL N EUKOAN QVAKTNGH TOU PETA oo ekXUALON.

Map’ OAa autd, n amaitnon tng peBOdou yla uPnAEC TILECEL omOTeAEL
HUELOVEKTNUO Kal £Tol ol Tpoomabelec yia PBeAtiworny tng Sev eyyuvwvrtal tnv
OlKOVOULKNA Blwotpotnta tng [37].

YSpoFepuikn mpokatepyaoia

Mpokettal ya pio pEBodo, n omoia ev amaltel ypriyopn amocuumieon Kot
Xpnon KataAutn n xnUkwy. Katd tnv udpobepLkr mpokatepyacia aokeltal mieon
wote va dtatnpnBel To vepd oe vypn Katdaotaon oe uPnAéc Bepuokpaoieg (160-
240 °C) kou vo petoPAnBel n Sopi TNG Awvivokuttapivng. ETdXoC TNG
TipOKATEPYOOLOG €lval n SlaAutomoinon tTng nuikuttapivng, wote va auvénbel n
mpooBaciuotnta TG KUTTapivng Kat va amodpeuxOel 0 OXNUATIOUOC TTOPEUTTOSLOTWV.

O TOATOG TOU TOPOAQUBAVETOL HETA TNV TIPOKATEPYOOLO MIMOPEL va
d\tpaplotel, wote va AndBolv dUo KAAoHaTO: €va OTEPED, MAOUCLO O KuTTapivn
KOl €va uypO, TAOUCLO Of OAKXOPA TPOEPXOUEVA OO nuikuttapivn. Mo tnv
armoduyr OXNUOTIOHOU TAPEUTOSIOTWY, To pH TPEMeL va Slatnpeitol oe TIUEG
HETAEL 4 kot 7. Exel anodelyBel otL pe tn pEBOSO AUTA ATTOUAKPUVETAL EWC KOL TO
80% TNC nULKUTTAPLVNG KoL evioxUeTal n evlu Lk udpoAucn Tou UALKOU.

levikad, n vdpPoBepuLKN TIpoKaTepyaoia gival pia eAkuoTikn Slepyaaoio Aoyw
TOou YXapnAol TG KOOToUG. Mo ouyKkekpLuéva, Sev amatteital xprion KataAutn Kal
XPNOLUOTIOLE(TAL aVTLOPaOTPaG XaUnAoU KOOTOUC KATAOKEUNG, adol Sev uUTIApXEL
mapa oAU pikpn mibavotnta StaBpwonc tou. Exel, eniong, To HeyAAO TTAEOVEKTN A
OTL Ta SlaAuTomoLNUEVA TTPOTOVTO TNG NULKUTTAPLVNG Kal TG Kuttapivng Bplokovtat
O€ XQUNAN OUYKEVIPpWON. AUTO €XEL WG OUVETELD TN XOUNAN OUYKEVTPWON TWV
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TPoioVTWY amnotkodounong. H udpoBepuikn mpokatepyacia odnyet oe peyoAlTEPN
OVAKTNON TEVTOlWV KAl OXNUOTIOUO ALYOTEPWV TAPEUTOSIOTWY OE OXECN HE TNV
TIPOKATEPYOOLO PE EKTOVWON atpoUl. Map’ OAa autd, analtel peyaAUTEpN MOoOTNTA
VEPOU KOl TEPLOCOTEPN evépyela. o to Adyo autd, n HEBodog authy bev
epapudletal oe Bropnyavikn kAlpaka [37].

[pokatepyaocia IUE ULKPOKUUOTA KO YNULKO aVTLOpOOTHPLO

H mpokatepyaocia pe pkpokupoto meptAapBavel toco Bepulkd 600 Kal pn
Bepuika dpawvopeva. H Blopala sppantiletal os apatd XNUIKA avtidpaotipla Kot
OTN OUVEXELDL OKTLWVOBOAE(TOL ME HLIKPOKUUATA ylo €va XPOVIKO SlAcTnua Tou
KUpalveTal amo 5 €wg 20 Aemrta. Nelpapatikd anodeixOnke OTL KATAAANAQ XNULKA
ovtiSpaotipla  ylwo TpoKatepyaoia peE pIKpokUpata eival ta aAkdAia. Mo
OUYKEKPLUEVA, N HeAETn Oladopetikwyv alkaAiwv katedelle to ubpofeidlo ToUu
vatpiou (NaOH) wg To Lo anoteAeopatiko [37].

4.2.3 Xnuikég uéSodol npokatepyaociog

AAkaAikn npokatepyaoia

H pébodoc auty adopd otn xprnon oAKaALKwY OSLOAUPATWY, OMWC TO
vbpoteidlo tou vatpiou (NaOH), to ubpofeiblo tou aoPeotiouv (Ca(OH),) N n
oppwvia (NH3) ywa tnv amopdkpuvon TG Awyvivng Kal &vog HEPOUC TNG
NULKUTTAPLVNG, ME OKOTMO TNV avénon tng mpoofacipuotntag tou USPOAUTIKOU
evlUpou otnv kuttapivn. H oAKaAlkr Tpokatepyacia pmopel va odnynoel oe
oA amAaclacpd Tng anodoong cakyapomnoinong [33].

[Mpokatepyaoia ue adkaAiko urtepoéeidio touv udpoyodvou (H,0,)

Mpokeltal ylwa Hio TOAU amoteAeopatiky pEBoSo otnv TpoKaTEpyaoia
Bropalag, kata TNV omola n AlyvivokuTtapivn epmoTtileTal o€ VePO, TO OMOLO TEPLEXEL
H,0, oe Bepuokpacia Swuatiou yla oplopévo xpoviko dtaoctnua (6-24 wpeg). To pH
TOU VEPOU E£XEL IPONYOUMPEVWE puBULoTel og T 11-12 xpnotpomnotwvtag NaOH. H
Stadkaoia autr) pmopel va BeAtiwoel TNV evIUULKN USPOAUCT HE ATTOUAKPUVON TNG
Atyvivng [33].

[pokatepyaocia e opyavikoUuc SLHAUTEC

H ouykekplpévn pEB0SOC xpnolpomolel opyavikoUG SLAAUTEC 1 HEelypata
VEPOU HE OpYyaVIKOUC SLAAUTEC yLa va amopakpuvOel 1 va Sltacmaotel To SIKTUO TNG
Alyvivng kot mbavov €va HEPOC TNG NUIKUTTOPIvNG. ETOL, TOPEXEL KATEPYOOUEVN
Kuttapivn, KataAAnAn yia evlupikn vépoAuon [33].

Yypn nipokatepyoocio osidbwonc

H uypn mpokatepyacia ofeidwong meplAapBavel TtV KaATEPyOOolo TNG
Bopalag pe vepd Kal aépa, 1 Kot kabapo ofuyovo, oe BepUoKPOOLEC PLEYAAUTEPEG
anod 120 °C, pepikéc dopéc pe TNV TPooBrkn evdg alkoAikol katoAutn. Mia
ouvnBlopévn ouvbnkn Tmpokatepyaciag uypng ofeibwong meplapBavel TNV
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katepyaoio tThe Blopdloc oe Beppokpaociec ard 170 °C éwg 200 °C kal o€ TULECELG
aro 10 €wg 12 bar ofuyovou yia 10 €wg 15 min. H péBodog autr) appolel o UALKA
HE XOUNAN TIEPLEKTIKOTNTA O Alyvivn, HLOG KOl TO UEYAAUTEPO HEPOC aUTNC (MEXPL
60-70%) oteldbwvetal kal dtahutomoteital [14].

lpokatepyaocia ue oév

H katepyacia pe ofU pmopel va BeATIWOEL AMOTEAECUOTIKA TNV €VIUHLKA
vSpoAuan. ZuvnBwe xpnolpomoleital To Beuko ofu, evw €xouv avadpepOel kot GAAa
o&€a, Onw¢ To USPOXAWPLKO Kal TO VITPLKO. H péBodog autn pmopel va epappootel
glte umo ouvOnkeg vPnAng Bepuokpaociag Kal XOUNANG CUYKEVTPWONG 0EEoG elte
UTtO ocuVONKeS XaUNANRG Bepuokpaciag kat UPNANC CUYKEVTPWONG 0EEDG.

H mpokatepyacia pe mukvo ofl oe xaunAn Oepuokpacio MAEOVEKTEL EvavTl
eKelvng pe apatd ofL. Nap’ OAa autd, Ta MUKva oféa eival dlaitepa SlLaBpwTika Kot
emkivbuva, Kal n xprHon Toug amaltel elOLKEG, Un UETOAALKEG KOTOLOKEUEG, YEYOVOC
mou kaBwota t dadikacia damavnpn.

H katepyaocia pe apatd oV eival n mo ocuxvd xpnolpomoloUpevn peEBodog
HETAEL TwV XNHUWKWV HeEBOdwv mpokatepyaciag. Mmopel va edappootel eite wg
TIPOKATEPYOTLO TNE AlyvivoKuTTAPivNG TTPLV TNV eVIUULKA LEpPOAUON gite w¢ HEB0SOC
vdpoAuong, auty kKad’ sautr), TwWv UHWOLHWY cakxapwv. Me tn péBodo autn, n
nULKutTapivn dtalutomnoleital, avéavovtag, £Tal, TNV EMISEKTIKOTNTA TNC KUTTAPLVNG
otnVv ev{U KN LSpOAuON.

H mpokatepyooia pe apatd of0 upmopel va mpayupatonolnbei os uvPnAn
Beppokpaoia (r.x. 180 °C) yia pkpd Xpovikd didotnua (r.x. 5 min) i og xaunAn
Beppokpaoia (r.x. 120 °C) yLo oxXeTIKA peYGAo xpovikd Sidotnua (.. 30-90 min). To
HEYOAUTEPO TIOOOOTO QVAKINONG NULKUTTAPivNG Kal n ugnAotepn amnoddoon
evlupLKnG USpPOAUONC eMLTUYXAVOVTAL UTIO TIOAU S1adOPETIKEG CUVONKEC.

To KUPLO HELOVEKTNUA OPLOUEVWV PEBOSWV TTpokaTepyaoiag, Iblaitepa autwy
mou bie€ayovtal o YapnAéC TIHEG pH, €lval o oxnuUATOpOg Stadopwv eldwv
0VaOTOAEWY, OTwG KapPBofulika oféa, poupavia Kot GaLvoAKEC EVWOELS. AUTEC oL
XNUWKEG ovuoieg Oev emnpealouv TNV evlUUK ULGPOAucn, oANG ocuvhBwg
ovaocTéANouv TNV HIkpoflakn avamtuén kot {Upwon, yeyovog mou odnyel oe
HLKpOTEPN amodoaon Kat mapaywyrn atbavoAng. Qg ek ToUTou, OL TIPOKATEPYACLEG OE
XOUNAEC TIHEC pH Tpémel va emAéyovtal KOTAAANAQ, €ToL WOTe va anopeUyeTal N
TOUAQXLOTOV VO LELWVETAL O OXNUATIOMOC QUTWV TWV avaoToAwy [33].

lpokatepyaoia e olovoAuaon

MpokeLtal yla Katepyaoia tTng mpwing UANG pe 6lov. H pébodog autr pmopetl
VO QTTOLKOSOUNOEL QMOTEAEGUOTLKA TN ALyVivn Kol €va HEPOC TNG NUIKUTTapivng. Ot
KUPLEC TTOPALETPOL TNG TIPOKATEPYAciag PUe olovoAuon €lval n TEPLEKTIKOTNTA TOU
Selypatog og vypaoia, To péyebog Twv ocwuaTiSiwy Kal N CUYKEVTPpWON Tou 0loVTOoG.
Metafl auTWV TWV TTAPAPETPWY, TO TTOGOOTO TOU VEPOUL otnv Tpododoaia mailetl tov
TILO ONUOVTLKO pOAo otn StaAutomoinon. H BEATLOTN MEPLEKTIKOTNTA VEPOU BpEBnKe
oTL elval mepimou 30%, TOCOOTO TTOU OVTLOTOLXEL OTO ONUELO KOPETHOU TWV LVWV.

YuvnBwg Sie€ayetal o Bepuokpacia Swuatiov Kal ieon 1 atm. H pébBodog
outn elvat oAU eAkuoTiky, Lot ev adrivel 0flva, Baoikd r ToflkA UTOAEippOT
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OTO KOTEPYAOUEVO UALKO Kal Sev obnyel otnv mapaywyr AVOOTOATIKWY EVWOEWV.
Map’ O6Aa oautd, n olovoAuon umopel va eivat Samavnpn &iadikacia, adoul
amnatteital peyain moootnta 6lovrog [33].

4.2.4 BioAoyikég uéSodot npokatepyaocioc

ITIC BLOAOYLKEG TIPOKOTEPYOOLEG XPNOLUOTIOLOUVTAL UKPOOPYAVLOUOL, OTIWCE oL
BaoldLopUKNTEG, OL OToilol pmopouv va armotkodoprioouv T Awyvivn. Ot péBodol
QUTEC Bewpouvtal PLAKEG TIPOC TO TEPLBAAAOV KOl EVEPYELOKA OLKOVOULKEG, KABWC
6ev amautouv uPnAéc BOepupokpooiec Kot xpnon XNUkwv. Opwg, o puBuocg
Katepyooilog Twv BloAoyikwv peBodwv ival moAl xapnAog wote va epappocTolV
oe PBopnxaviki KAlpoKka Kal €va HEPOG TNC TPWTING UANG XAvetal, AOyw TNG
KOTAVAAWGCHG TNG oo TOUC ULKpoopyaviopoug [35].

5. Y6pOAuon

MeTa TNV MpoKatepyacoia, n KUTTOPivn KOl N NULKUTTAPivn €lval £TOLUEG yla
vbpoAuan, dnAadn tn dldomaor Toug Ue TNV POoaBdrKn vepou:

Kuttapivn-E€olavn os €€61Nn: (CeH1005)n + nH,O = n CgH1206

Hutkuttapivn-Nevtolavn os mevtoln: (CsHgO4)n, + NnH,O = nCsHyppOs [14].

OL mapamavw avitdpaoelg KataAuovtal ano apald ofu, Tukvo oty i Eviupa.
H evlupkn udpoAuaon mapouotdlel TOAA TTAEOVEKTH AT, KOOWGS, AOyw TwVv TOAU
ATlWY ouVONKWV, OTIG omoleg mpayuatomnoleital, (pH = 4,8 kol Bepuokpacia 45-
50 °C) &ivel upnAéc amoddoelc. EnutAéov, T0 KOOTOC CUVIAPNONG Elval XaUNAO o€
oXéon ME TNV aAKaAlK Kot tnv 0fvn udpoluon, adol bev avtipetwmilovral
npoPAnuata  SiaBpwong. Y&poAluon UAkoU, To omoio &ev €xel umootel
npokatepyaoia, Sivel, ouvnBwc, amodooelg UIKPOTEPEC amo 20%, evw uSpoAuan
UALKOU, TTIOU £XEL UTTOOTEL TtpoKatepyaaoia, pmopel va Swaoel anodooelg HeyoAUTEPEG
arno 90%.

Me tnv mapodo Twv Xpovwv, €xouv avamtuxBel moAAEc Olepyaoieg
LVSpPOAUCNG TNG KUTTAPIVNG TTPOG OXNUATIONO YAUKOING. H ouvtpurtikn mAsoPndia
OUTWV XpnoLUoTolel €lte KUTTAPLVOAUTIKA €viupa eite Beukod ofL oe SLadopeg
OUYKEVIPWOELC. AvékaBev, Ta €viupa NTAV MAPA TTOAU aKPLBA yla Hia OLKOVOULKA
amodotikn Slepyaoia mapaywyns BroatBavoAng. Opwg, €va TOAU OnUOVTLKO
HELOVEKTNMO TNEG Xprnong Beukol of€og eival Ot ot uPnAEG Bepuokpaacieg mou
amattouvtal yla tnv udpoAucon TnG Kuttapivng, dtaoma eUkoAa Kat Tn YAUKOILN.

H mAovowa og Atyvivokuttapivouya UALKA Blopala pmopetl vo udpoAuBetl pe
™ BonBela aktivwy yappa, S£0UNC NAEKTPOVIWV N LLKPOKUMATWV. MpOKELTAL, OUWC,
yla pia o moAumAokn Stadikaoia, Adyw TNG mapouciag Alyvivng Kol nULKUTTapivng
(8].
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5.1'0&wn vdpdAuon

Epeuveg €xouv beifel otL n O6&vn uSpOAuON, UTO eAeyXOUEVEG OUVONKEG,
mapayel kuplwg &uAoln amo €fulavn, mou eival To PaACIKO TOAUUEPEC TNG
NULKUTTAPLVNG, €VW TA KAQOMOTO TNG KUTTOPIivNG Kal TG Alyvivng Topapévouv
avaloiwta. H Euhavn eival emibektiky otnv udpOAuon HE AL KOTEPyaoia PE OfD,
AOyw NG apopdnc doung tng. Avtibeta, n kuttapivn, AOyw TNG KPUOTAAALKAG TNG
dlong, amoattel €viove¢ ouvbnkeg katepyooiog. Kata tn Stdapkela g 0€vng
vbpoAuang, n EUAATN Slaomatal ypriyopa os poupdoupdAn kat dAAa mapanpoiovra,
Ta omoia avacTEANOUV TN SpACH TWV ULKPOOPYAVLIOUWV.

OL 1o ouxva xpnotpomoloUpevec néBodol udpoAuaong eivat n udpoiuon pe
opaLod ofu kat n udpoAuaon e TUKVO ofD [8].

5.1.1 Y6poAuon ue apaid oéu

Mpokettal yla tnv 1o moAatd pEbodo petatponnc Bopalag os atbavoin. H
HéBodoc mpaypatonoleital oe U0 otadla, KABWC To KAACHA TNG NULKUTTAPIVNG
amornoAupepiletal og xaunAotepn Bepuokpaocia and 1o KAACUA TNG Kuttapivng. To
PwTo oTAdlo yivetal o€ xaunAn Bepuokpaocia, wWote va peylotonolnbel n anodoon
amo TNV nULKuTTapivn, evw to Seltepo ot uYPnAotepn Bepupokpocio, wOTe va
BeAtiotonolnBel n udpdAucn TNG KuTTAPLVNC.

To peyalutepo MAEOVEKTNHA TNG USPOAUONG UE apald oL elval 0 ypryopogs
pUBUOC avTtibpaong, evw TO PEYAAUTEPO UELOVEKTNUA TNG £lval n xapunAn amodoon
oe oakyopa [8].

5.1.2 Y6pOAuon ue nukvo oéu

H ubpoAuaon pe UKVO o0&V TapEXEL OAOKANPWHEVN KL TOXELQ LETATPOTI TNG
KuTtaplvng o YAUKOIN Kal TNG NULKUTTAPivnG og mevtolec. MNa va ivat n dtadikaoio
OLKOVOULKA Blwolun, amapaitntn eivat n BeAtiotonoinon tng avaktnong cakxapwv
KOl N avaktnon tou of£oc yla emavaypnotpomnoinon. Ot xapunAég Bepuokpaoieg Kot
TIEDELG 06nNYOoUV OTNV EAAXLOTOMOLNGCN TNG AMOLKOSOUNONG TWV CAKXAPWV.

To KUpLO TTAEOVEKTNUA TNE USPOAUGNG LE TTUKVO 0&L elval To uPnAo MOCOOTO
OVAKTNONG TPOLOVTOC. OUWG, TO TTUKVO BELKO 1 USPOXAWPLKO 0EL eival SUoKoAa oTn
Xpnon, KabBwg 6An n mMoooTNTA 0EE0G MPEMEL VoL aVaKTNBOEL Kal va cuUMUKVWOEL yla
va elval n Stepyacia otkovopka anodotikn [8].

5.2 Evlupikn udpoAucn

H evlupuikn) udpoAuacn Twv SLATPODIKWY OMOPPLUUATWY £ivat pia TToAU apyn
Stadkaoia ywati n udpohuon NG Kuttopivng moapeunodiletal omd SOUIKEC
TIOPOUETPOUG TOU UTIOCTPWHOTOC, OMWC TO TIEPLEXOMEVO TOU O€E Alyvivn Kal
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NULKUTTAPLVN, N emtdavela emadng Kal N KPUOTAAALKOTNTA TNE KuTtapivng. Elval pia
ehkuotiky Olepyacia, 8ot Sivel KaAUtepeg amodOoel; o oX€on HME TNV
KataAuopevn amd ofU udpoAucon. EmMutAéov, Ol KATAOKEUOOTEG eVIUUWV €XOUV
HELWOEL ONMUOVILKA TO KOOTOG TOUG, XPNOLUOTOWWVTIAC OUyxpoveg HeBOdouc
Blotexvoloyiag.

Kata tnv evlupikny uSpoluon tng kKuttapivng, n kotaAutikn &pdcn tou
HELYHATOG KUTTAPLVOOWV TtepLopiletal amd mMoAAoUG mapdyovieC. Oswpeital OTL oL
Tieploplopol autol adeilovtal o mMApPAYoVTeG, oL omoilol oxetilovtal TO00 HE TO
UTIOOTPW O OCO0 Kal UE Ta EVIUHAL.

O puBpoc g evlupkng udpoAuong NG KUTTAPIVNG UELWVETAL OXETIKA
ypnyopa. Fevikad, n evUULKR armolkodounon tneg Kuttapivng xapaktnpiletal anod pia
Taxeia apyikn ¢paon, n omola akohouBeital and pia Bpadsia dsutepevouoa daon,
mou pmopel va Slapkéoel €wg Otou KotovaAwBel OAo To umooTpwpa. AuTO
odeiletatl ouvnBwe otn ypriyopn udpoAucn tou eUKOAA TTPOCRACLIUOU KAACHOTOC
NG KUTTOpivnG, O0TNV avaoTOAN TOU MPOIOVTOC KOL OTNV Pyl OTTEVEPYOTIOLNGN TWV
Hopilwv tou evlupou Tou anoppodwvtal [8].

O €UPEWG AMOSEKTOC UNXAVIOUOC TNG eVIUHLKAG USPOAUGNG TNG KUTTAPLVNG
TePNAPBAVEL TPELG CUVEPYLOTIKEC EVIUULKEC dpaoelg (Zxynua A10):

e YdpoOhuon eowtepikwv 1,4-B-D-yAukolltTikwy OSe0pwV TwV  aAucidwv
kuttapivng pe " "évdo-1,4-B-D-yAoukavaoeg'’ (EG).

o AneleuBépwon StaAutwv popiwv KeEAAOBLOING amod Ta AKpa TNEG KUTTapivng
ue "€€w-1,4-B-D-yAoukavaoeg ' (CBH).

e AneleuBépwon D-yAukolng amnod tnv keAAoBLoln pe *B-yAukolldaoeg * (BGL)

| O~ @ o

1 B-F'Auko{i1ddon (BGL)
() rhuketn

ESwyAoukavdaon (CBH)
O~ Kemopiotn
l Evdoyloukavdan (EG)

Sxnua A10. Suvepylotikn eVIULLKY 6pACH KUTTOPLVACWV.

Apxik@, n evdoyloukavaon O&pa Tuxaia OTIG AUOPPEC TEPLOXEG TNG
KUTTOPLWVIKNG aAuoidag, Snuoupywvtog véa «eAelBepa akpa», OMOU UMOpPel va
6paocel n e€wyloukavaon, ameleuBepwvovtag popla keAoPlolne. H keAAoBLoln,
TeAK@, udpoAuetal oe yAukoln pe tn dpaocn tng B-yAukoldaong. H dpaon tng B-
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yAukolidaonc sivat oAU onpavtikn, Kabwe n keAAoBLOIN €ival MOAU LOXUPOTEPOC
napepnodlotn¢ ¢ e€wyAoukavaong oamo TNV YAUkoln. H ouocowpeuon TNng
KEAAOBLOING Umopel va eEMNPeACEL ApVNTIKA T CUVOALKN USPOAUTIKA amodoon Tou
OUOTNHOTOC TWV Kuttaplvacwy [8, 14].

MNa tnv amoteAsopatiky oaflomoinon Tou UALKOU, OHWG, amalteltal n
amolkodounon TOoO TNG KUTTapivng 000 KoL TNG nUKuttapivng. H EuAdavn,
vSpoAUEeTal og EUAO-OALlyooaKk)apiteg amo evo-B-1,4-EUNAVACEC KOL OTN CUVEXELX OL
B-Eulolidaoeg uSpoAUoUV Toug EuAo-oAlyooakyapiteg (kuplwg TNV EuloPLoln) os
popta EuAolng (Zxnuoa A11). AN €viupo TIOU GUVELOHEPOUV OTNV amolkodounon
™G NUIKUTTOpivng eival ol a-yAukoupovolldaoeg, ot a-L-apaBivopoupavolldbaceg,
Ol AKETUA-E0TEPAOEC KAL OL E0TEPACEG TOU PePOUALKOU 0f£oc. H amowkoSounon tTwv
yYAuKopavvavwy yivetat anod B-pavvavaoeg kat 8-pavvolldaoeg [35].

ol
N

o-0 pot v o vpo vol 1bae

P-Eudolbary

Sxnua All. Ancsikovion ev{UULKNc ubpoAuonG TN NULKUTTAPIVNG oo Ta Eviuua : ev6o-6-
Eudavaon, a-yAukoupoviddaon, B8-Eudolibaon kat a-apaBivopoupavollbaon.

6. AAKOOALKA ZUuwon

6. 1 Awepyaciec Napaywyng BroatBavoing

Kata tn Siepyacia mapaywyng atbavoing amod dlatpodlkd amoppippota, n
evlupkn vdpoAuan kal n LWuwon tng YAUKOING pmopel va Ste€axbolv Eexwplotd oe
Sladopetikoug avidpaotrpeg, pe Texvoloyio SHF (Separate Hydrolysis and
Fermentation: O8iakpttp uvdpoAucn kat JUpwon) 1 TAutoxpova otov (6Lo
avtibpaotipa, pe texvoloyieg SSF (Simultaneous Saccharification and Fermentation:
TauTOXpovn oakxopomoinon kat (Upwon) kot CBP (Consolidated Bioprocess:
gvomnolnuévn Blodepyaoia) [14].
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6.1.1 Awakpitn) Y6poAuon ko Zouwon (SHF)

Y10 MPwWTOo 0TAdL0, Ta EVIUpa ameAEUOEPWVOUV LOVOUEPN CAKXOPA KAL, KOTA
™ SLdpKeLa TOU SeUTEPOU OTASIOU, O UIKPOOPYOVIOUOG TIOU XPNOLUOTIOLELTAL YLal TN
{UPWON, UETATPETIEL TAL CAKXAPO UTA OE alBavoAn.

To kUplo mAeovéktnua TN Stepyaciag Stakpltng udpoluong kat {UUwWoNG
elval otL edpappolovral oL AploTeC ocuvbnKeg Kal yla Tig duo Siepyacieg, SnAadn
OUTEC TNC evIULIKNG uSPOAUONG Kat TG {UpwonC. Etol, Ta éviupa sival duvatov va
S6pouv oe vPnAég Bepuokpacieg, auéavovtag TNV KATAAUTIKA TOUC amodoTkoTnTa,
EVW OL HIKkpoopyaviopol JUHwWVouV Ta oakyapa os NriLec Beppokpacieg, avéavovrag
To SuvapLkod xpnotpomnoinong toug [14]. To PelOVEKTNUA TNG lval OTL n dpdon Twv
KUTTOPLVOAUTIKWYV &VIUUWV QVOOTEAAETOL OO To TeAKA Tpoiovra. Etol, otav
cuoowpevovtal n YAUKOIn kat n keAoPLoln, o puBuoc tng udpodAuong otadlakd
HelwveTal [8].

Otav embwwketal kat n aflomoinon twv meviolwy, omotteitol £€vag
EeEXWPLOTOC aVTLOPOOTAPAG YLATL OL HLKpoopyaviopol ou {upwvouv apdAAnAa TG
€€0(eC KL TIG TIEVTOLEC TO KAVOUV HE pUBUOUG TTOAU ULIKPOTEPOUG ATTO EKELVOUC TOUC
HULKPOOPYQVLOUOUG TToU JUHWVOUV QTTOKAELOTIKA Kal povo €0LeC. To pelpa mevtolwv
TIOU TIPoEpxeTal amd otadla enefepyooiog, mou ouvnBwg SlaAutomolouv TNV
NULKUTTAPLVN, CUXVA TIEPLEXOUV KOl TTOAAOUG TTAPEUTOSLOTEG, OL OTOoloL TIPETEL VAl
amopakpuvBOouv [14].

6.1.2 Tautoxpovn Zakyapornoinon kot Zuuwon (SSF)

H Slepyaoia tautoxpovng coakyxapomoinong kot {UPwong MpoyHOTOomnoLE(Tal
o€ €vav avtidpaotipa, umo cuvlnKkeg 660 To SUVATOV APLOTEG TOOO yLa Ta Evivpa
TIOU XPNOLUOmoLlouvToL yla thv USPOAUGH, 000 KAl ylo. TO HLKPOOPYOVLOUO TOoU
xpnotgoroteital yia tn {Upwon. Ta odkyapa mou udpoAvovtal amo ta €vivpa,
HUETATPEMOVTOL QUECH O oBavoAn amd TO MIKPoOopPyavioud tng Uuwong,
SLaTNPWVTOC TN OUYKEVIPWON TWV COKXAPWV OTOV OvVTIOpaoTApa O XAUNAQ
emnineda.

H Siepyaocia autr) £XeL oov QMOTEAECHA TNV TAPAYWYH HEYAAUTEPWY
amodooewv Mopaywyns atbavoAng, evw amaltouvTol KOl HLKPOTEPEC TIOCOTNTEC
evlUpwv. Autd ocupPaivel S1otL n mBavy mapepnmodion amd TNV mopaywyn Tng
yYAukolnc kat tng keAAoBLOING, mou oxnuatilovtal Kotd tn SLapKeLla TNG EVIUULIKNG
vSpoAuaong, avileTwrilovtal amo TNV AUECH KATAVAAWGH TOUC, Katd tn SlapKela
™m¢ Wuwong [14]. AMa mAeovektiuoto TnG  Slepyaciag  TOUTOXPOVNG
cakyoapornoinong kat {Upwong elvat ol pLKpol xpovol Slepyaciag, ol XapunAOTePEC
OMMOLTAOEL Yyl OTelpec ouvOnkeg, Oedopévou OTL N YAUKOLN HETATPEMETAL
kateuBelav oe PBloatBavoln, o UIKPOTEPOC OYKOG avtidpoaotnpa, N Alyotepn
KOTOVAAWGON EVEPYELOG KOL TO XOMNAOTEPO KOOTOG mapaywyng, adol TOCO N
vSpoAuan 6oo Kal n LWpwon yivovtal otnv idla de€apevn [8].

To peyaAUTEPO HELOVEKTNUA TNG Slepyaciag TauTOXpovnNG CaKXopomoinong
Kol JUpwaong eival ol SLaPopPETIKEC ApLOTEG cuVONKEeC (Kuplwg n Beppokpaacia), Tou
amattouvtal yla tTnv udpoAucon TNG Kuttapivng kot yia tTn LWpworn. Ol KUTTApLVAOEC
uSpohUouv og éva dploto pH 4-5 kat og Beppokpacia 40-50 °C, evw n WHWoN TwV
e€olwv mpaypatonoleital nepinouv otou¢ 30 °C kat oe pH emiong 4-5 [14]. Exet
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BpeBel OtL oL PéAtoteg ouvOnkeg upiag OSiepyoaoiag SSF pe xpnon OpNg
Saccharomyces cerevisiae eivat 8eppokpacio 37 °C kot pH 4,5 [8].

Ma TNV OIOTEAECUOTIKA TAUTOXPOVN oakKxapormoinon kot {Upwon TNG
KUTTOPIVNG KOl NULKUTTOPIVNG, TIPEMEL va Xpnoluomolnouv avacuvduaouévol
HULKPOOPYQVLOMOL, oL omoiol prmopouv va UPwaoouv Tn YAUKOLn, tnv EUAGTN Kal TtV
apafvoln [14].

H evlupkn udpoAuon otn Olepyacio TOUTOXpOVNG cakyopomoinong Kot
{Upwong mpaypoTomnoleital oe Bepuokpacia pikpotepn t¢ PBEAtotng. Etol, n
QIOLTOUHEVN TTOOOTNTA TOU VU0V aUEAVETAL, KABWC N EVEPYOTNTA TOU HELWVETOL.
Ma va OVTIHETWILOTEL outd To TMPOPANUa, mpotabnke pia Siepyacio pn
LOOBEPUOKPACLOKNAG TAUTOXPOVNG cakxapomoinong kot {Upwong (Nonisothermal
Simultaneous Saccharification and Fermentation, NSSF). Itn &iepyacia autr, n
cakxapomoinon kot n OUwWon TPOYHOTOMOLOUVTIAL TAUTOXpova, OaAAQ o€
SLapopeTIKOUG aVTIOPAOTAPEG Kal oTn BEATLOTN, yla TNV KAOe pia, Bepuokpaocia.

H Siepyaocio NSSF €xel odnynoel oe pelwon tng CUVOALKAG amaitnong yla
gévlupa kata 30-40% nepimou. Exel mapatnpnOei, akoun, ot n diepyooio NSSF Sivel
vPnAotepeg anodooelg oe alBavoAn Katl xpelaletal AlyOTEPO CUVOALKO XpOVO oXEon
ue tnv SSF [38].

6.1.3 Evortownuévn Biodepyaoia (CBP)

Mwa baviky Brodlepyaocia  mapaywyng aBavoAng eival  autiy TG
evomnolnuévng Sitepyaciag (Consolidated Bioprocess, CBP), mou amoteAeital amnod éva
0TAS10, OTO OMOLo €VOG PULKPOOPYAVIOUOC OE EVaV avTLdpacThpa EXEL TNV LKAVOTNTA
Vo TIAPAYEL TAUTOXPOVA Ta amapaitnta eviupa yla tnv udpoAuacn tng mpwtng UANG,
KaBwg Kal va JUHWVEL OAa Ta Tapayopeva odakyapa (rmevtoleg katl €€0Lec). TETolol
UIKpoopyaviopol elvat o Fusarium oxysporum, o Monilia sp. kat o Neurospora
crassa. AuoTuXwg, Ol HIKpoopyaviouol outol moapdyouv olBavoAn HE OXETIKA
XapunAoUC puBuoucg Kol Of MIKPEC CUYKEVTIPWOELG, WOTE va PNV €lval tkavol va
xpnotgornowtnBouv oe BLOUNXOVIKEC SlepyaoileC. TEXVIKEC METABOAIKNG HNXOVLIKNG
(lOW¢ MMopECOUV va METATPEPOUV TOUC HLKPOOPYOVIOUOUG OTo MEAAOV Ot
KATAAANAOUG BLOKOTOAUTEG HE TA €MBUUNTA XOPAKTNPLOTIKA yla TNV Ttapoywyn
atBavoAnc.

6.2 Mikpoopyaviopoi otnv rapoywyr BroatBavoinc

To otadLo NG BLopeTaTPOomnG mMePAaUBAVEL TN XPHON UIKPOOPYAVIOUWY TIOU
HetaBoAilouv ta mapayopeva amno tnv evIULKR LSPOAUCN (UUWOLUO CAKXoPA YyLa
™V avamntuén toug, mapayovrta¢ atbavoin, CO, kat GA\a mapamnpoiovta. APKETEC
HEAETEC Kal avadopeéC €xouv ONUOCLEUTEL yla TNV Tapaywyn otbavoAng oamo
S1adopouc HIKPOOpPYOVIOHOUG, Omwe PBoaktipla, (UUEG Kol MUKNTEC. O YEVIKEC
OTOLTAOEL €VOC ULKPOOPYavIiopoU vyl xprnon otnv  mapaywyn oalbavoing
nepthappavouv Tig uPnAég amodooelg og atBavoAn, Tnv uPnAn TOPAYWYLKOTNTA Kol
TNV aVOEKTIKOTNTA O HEYAAEC CUYKEVTPWOELG alBavoAnc [35].
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H T0un Saccharomyces cerevisiae petafoAilel Tn yAukoln o alBavoAn, péow
Tou povomnatiol Embden-Meyerhof-Parnas (EMP i yAukoAuon) (Sxnua A12).
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Sxnua A12. MetaBoAiko povonatt Embden-Meyerhof-Parnas (EMP).

Eva dladopetikd povomatt adopoiwong tng yAukolng eivat to Entner-
Doudoroff (ED) (Zxnua A13), mou aflomoleital cuvodeuTiKA pe To EMP amd moAla
Baktrpla, OMWG Tou YEvoucg Zymomonas.
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Sxnua A13. MetaBoAiko povornatt Entner-Doudoroff (ED).
To Paktiplo autd eival oL POVOL HLKPOOPYAVIOHOL Tou petaBoAilouv

avagpofla tn yAukoln péow Ttou ED povomatiol, oe avtiBeon pe to EMP. To
povoratt ED amnodidel pévo 1o piod mooooto ATP ava mol yAukolng os oxéon UeE To
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EMP, pe amotéAeopa ta Paktiplo Zymomonas va TapAayouv AlyOTEPN KUTTOPLKN
Bopala os oxéon He TN {UUN Kal va SLOXETEVOUV UEYAAUTEPO TTOCOOTO TNG TINYNC
avbpaka mpo¢ peTaBoAikd mpoidvta. To Baktriplto Zymomonas mobilis gival évag
HULKPOOPYQVIOHUOG, TIOU XPNOLUOTOLEITOL 0T Blopnxaviky mopaywyn atbavoAng, o
omnoliog, Aoyw mapaywync Alyotepng Blopalag, €xel uPnAotepe anodOOELC aTO TLC
(UG, oA aVOTUCOETOL HE TILO apyo puBuo [35].

Elvat pavepo otL oe pia Siepyaciao mapaywyng atbavoAng eivat emBupunto va
XpnotpomnotnBolv 0Aa Ta oakxapa ou €xouv mapaxOel and tnv mpokatepyacia Kat
™V uSpOAucn ToU UALKOU KOl TIOU Kupilwg amoteAlouvral amnod €£0leg Kol TEVTOLEG
[14].

Ouwg, n Toun S. cerevisiae kal to Paktiplo Z. mobilis 6 SlabBétouv TNV
LKOVOTNTA HETABOALOHOU TwV mevtolwv. 2Tn ¢Uon, oplopéva BakTrpla, LUKNTEG KOl
KAmoleg (UPEC €Xouv TNV LKavotnta va petaBoAilouv mevtoleg, aAAd pe XapnAn
anodoon oe alBavoAn. H xprion oe peyaAn KAipaka {Upwv mou petafoAilouv
Tievtoleg (Pichia stipitis, Pachysolen tannophilus kol Candida shehatae) mapouolalet
npoPAnuata Aoyw tng evaloOnoiog toug o UPNAEG CUYKEVIPWOELG alBavoAng, Tng
anaitnong ylo CUYKEKPLUEVEG ouVONKeC aeplopoy, TNV uPnAn svawcbnoia oe
TIAPEUTOSLOTEC KaL TNV AVIKAVOTNTA Vo {UUWOOUV TLG TTEVTOLeC o xapunAd pH [35].

6.2.1 Saccharomyces cerevisiae

H T0un Saccharomyces cerevisiae (Etkova A4) €xel eSpalwBel otnv mapaywyn
albavoAng, Héow Odlepyaocwwv Upwong oakxapwyv, kabwe esudavilet vPnAég
OMOSO0ELG KOl TIOPAYWYLKOTNTO, AVIOXH Of XAUNAEC TWWEG pH Kal avOekTikotnTa
otnv alBavoln, oe mapamnpoiovta TG {UUWONG Kol O AAANEG TIAPEUTTOSLOTIKEC
EVWOEL( TIOU Elval TOPOUCEC O€ ALyVIVOKUTTOPLVOUXA UALKA. Z€ avaepOPBLeG
ouvOnkeg, petatpenet 1 mol yAukolng o 2 mol atBavoing [14, 35].

Ewkova A4. Zuuouukntag Saccharomyces cerevisiae.

O ULKPOOPYAVIOUOC aUTOG JUMWVEL OAEG TIC £€OTEC TTOU TIPOEPXOVTAL ATIO TNV
npwtn VAN Kal mapadysl atBavoAn pe amodoon MANGiov TG HEYLOTNG BEWpPNTIKNAC
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(0.51 g atBavoAng ava g yAukolng). Map’ OAa autd, n xprion Tou yLo. UTTOOTPWHOTA
mAoUola O€ nUIKUTTOPlvn €lval TeEPLOPLOTIKN, adol, onwcg avadepbnke Kot
mapanavw, 6ev pmopel va UHWOEL TIC TIEVTOLEG, TTOU €lval TO KUPLO CUOTATIKO
OAKXOPO TWV NULKUTTOPLVWV.

Noyw tg éNewpnc otn dpvon €vOC ULKPOOPYAVIOUOU LKOVOU va (UUWVEL
OTMOTEAECLATIKA UTIOOTPWHATA TTAOUCLO OE ALYVLVOKUTTAPLVOUXA UALKA, £xel 600el
dlaitepn €udaon otnv 'Katackeur' €vOC AMOTEAECUATIKOU PBLOKATOAUTN HEOW
TWV TEXVIKWV TNEG HETABOAKAC UNXOVIKAC, SNAAST TEXVIKWV TTOU €XOUV WC OTOXO TN
BeAtiwon tTNC Mapaywyng eVog Poiovtoc f Twv LOLOTATWV EVOG KUTTAPOU HECW TNC
TPOTIOTIOLNONG HLOG CUYKEKPLUEVNG BLOXNMLKAG avTiSpaong 1 TNV elcaywyn VEAG, UE
texvoloyia avacuvbuoopévou DNA. XpnoLUOTOLWVTOG TETOLOU TUTIOU TEXVIKEG,
ETUXELPNONKE N elcaywyn oto Gpuaotko yovidiwpa tou S. cerevisiae Twv yoviSiwv mou
elvat umevBbuva ywa 1O METAPBOALOHO TNC EUAOING QMO EUKAPUWTLKOUG N
TIPOKOPUWTLKOUG ULKPOOPYOVIOHOUG, Ta omola lval tkava vo BlopetatpéPouv thv
€uAoln os alBavoAin [14].

6.2.2 Zymomonas mobilis

O &8eUTEPOG ONUAVTIKOG aLBavoAomapaywyog HLKPOOPYAVIOUOC, £lval To
Baktplo Zymomonas mobilis, o omolog xpnoluomoleitalt otn PBlopnyavia
OLVOTTIVEULOTWEWV KO €XEL TNV LKAVOTNTA va Mpaypatomnolel UPwoeLg oe pH=5 kat
Beppokpaoiec petafld 30 °C kat 40 °C. Metaolilet t yAukoln péow TOU
povoratiol Entner-Doudoroff, to omoio ava 1 mol yAukolng amobidelt 2 mol
nupaoctadulikou, mapayovrac 1 mol ATP. lNa va UnMopEcel va eMPLWOEL HE TOOO
HLKPN €VepYeLOKn amodoaon, 0 UETOPOALOUOC TOU HLKPOOPYAVIOUOU ETITOXUVETAL
Tpopepad. Mo to Adyo auto o Z. mobilis, katéxel vnAotata emnineda evepyotnTag
YAUKOAUTIKWV Kal atBavolomapdywywv evOUwWY, HE OAMOTEAECHUA €EQUPETIKEC
amodooels atbavoAng, mou npooeyyilouv TNV TN TNG Bewpntikng anddoong (0.47 g
atBavoAng ava g YAukolng) kat uPnAr) OyKOUETPLKI TTAPAywWYLKOTNTA.

O ULKPOOPYAVIOHOG auTtog Sev €xel t Suvatdtnta va {UHWVEL TIC TTEVTOLEG.
‘Etol, OMWG Kal yla tov S. cerevisiae, €xouv £POPUOOCTEL OTPATNYIKEC ELOAYWYNG
yovidiwv mou guBuvovtal yia tnv amoteAsopatiki {Upwon tng EuAolng [14].

6.2.3 Escherichia coli

O Escherichia coli €xeL tn GUOIKN KOVOTNTA VO KATOVOAWVEL €va HEYAAO
€UPOC UTIOOTPWHATWY, UETATPEMOVTIAC £EO(EC, TEVTOIEG KAl OUPOVIKA O&Ea OTOV
KEVIPIKO HETAPOALTN, TO TUPOOTADPUALKO. AUTOC O UETAPOAITNG HETATPEMETAL,
okoAoUBwg, og €va pelypa anoteAoUpevo ano oxedov ioa pépn atBavoAng, ofkou,
YOAOKTIKOU Kot poppikoU of€oc. Katda kavova, ol LUpwoelg yivovtal os pH=7 kat
Beppokpaoiec petaft 30 °C kat 35 °C. H mapoucia opyavikwv oféwv, Onwe ivat to
0&LKO KoL TO YOAQKTLKO 0€V, 0TO TEAIKO LUUWTLKO UALKO TAUTOXPOVA UE TNV alBavoAn,
KAVEL TN XpnoLgomoinon tou E. coli pla pn €AKUOTIKA €AOYA yla TNV mapaywyn
atBavoAng. EmutA£ov, ol anodooelg mapaywyng atBavoAng eival xapnAotepeg amo
0.2 g ava g cakxapwv (yYAukolng i EuAolng).

H kOpla otpatnyikn yia tTnv avénon tng mapaywync atbavoAng amo tov E.
coli, pe otoxo va Kotaotel KAat@AAnAog yia Slepyaociec xpnolpomoinong
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ALyVLVOKUTTOPLVOUXWV UALKWV 0V TIPWTEG UAEC yla TNV mapaywyn atbavoAng, ntav
va otpadolV oL poéC avBpaka TPog TNV mapaywyn atbavoAng, oe Bapog ekelvwv
TWV POWV TIoU 08nyoucav TNV TapOywyr TOPATPOIOVIWY, OTWC TO 0ELKO KOl TO
YOAOKTLKO. AUTO ETMITEUXONKE HE TNV Eloaywyn TwV yovidiwv pdc kat adhB amnd tov Z.
Mobilis [14].

6.2.4 Pichia stipitis

To evbladépov yia t LOun Pichia stipitis Eekivnoe AOyw TNG LKOWVOTNTAG TOU
HULKPOOPYQVLOHOU va HeTaBoAilel puoik@, eKTOC amod tn YAUKOLn, Kat tnv EUAOLN. To
HELOVEKTNUO NG Slepyaoiag mapaywyng atBavoAnc amo To UKPOOPYOVIOUO aUTOV
elval ot mapepmnodiletal and tic ovoieg mou oxnuoatilovrol Katd tn SLAPKELA TNG
TIPOKATEPYAOLOG Kal USPOAUONC TWV ALyVLVOKUTTOPLVOUXWV UALKWY, KaBwg Kol To
YEYOVOC OTL yla TO CUMMETOPBOALOUO TNG YAUKOING Kot tn¢ EUAGING amatltouvtal
HULKpoOeEPOPBLeg ouvOnkeg. MNa po Blopnyavikn UUWTIKA Slepyacia mapaywyng
alBavoAng, Omou oL ouvbnKeg €AEyXou TOU aeplOpoU elval SUOKOAeg, eival
emBupuntA n avaepofla mapaywyn atbavoAnc.

H otpatnywkn amou akoAouBnBnke Atav n elcaywyr tou yovidiov URAL amo
tov S. Cerevisiae. Etol, n avacuvduaopévn {UUn Unopeoe va avantuxOel avaspofila
petaBoAilovrag tn yAukoln kat tnv EuAoln [14].

6.3 Napanpoiovra tnc aAKOOoAKN ¢ WpHwong

Ta mapanpoiovta TG aAKooALKAG LUUWoNG elval XNULKEG EVWOELG, OL OTIOLEC
TIPOEPXOVTOL ELTE ATMO TOV MNXOVIOUO TNG €ite amd AANeG TAPAAANAEG  XNMLKEG
OVTIOpAOELG €lTE, TEAOG, KOTA TNV WPLHAvVon Twv Mpoloviwy Upwone. Ta Kuplotepa
napamnpoiovra ivat:

o MedavoAn: Aev TPOEPXETAL ATO TO HUNXAVIOUO TNC OAKOOALKNG {UuwaoNg,
OAAG TtapayeTal and TNV anopeBuAlwon TwV TINKTIVWY TIOU TIEPLEXOVTAL OTO
UTIOOTPW QL.

o  Avwtepec aAkooAec: OL KUPLOTEPEC AVWTEPEC AAKOOAEC £lval oL TTPOTAVOAN-
1, BoutavoAn-1, BoutavoAn-2, 2-peBulonpomnavoin-1, 2-pebulofoutavoln-
1, mevtavoAn-1 kot e€avoAn-1. Mapdyovial KAtd TNV amapivwon twv
eAelBepwv auLVofEwy, aAAd KoL TWV QULWVOEEWY TIOU MPOKUTTOUV amod Tnv
TIPWTEOAUTLKH SLAOTIO0N TWV MPWTEIVWV TN {UKUNG KOL TOU UTIOOTPW LATOC.

e [AukepoAn: Elvat evdLapeco poiov TG aAkooAlknG LUpwong. O oXNUATIOUOC
NG €UVOELTal amo XapnAég Beppokpacies, uPnAn TIEPLEKTIKOTNTO OE TPUYLKO
o€ Kkal anod tnv npocOnkn SO,.

o Axketadbeiibn: Eival evllapeco mpoidov NG aAKOOALKAG {0UwonG Tou
TIPOKUTITEL, amd TNV amnokapBofuliwon Ttou mupootaduAikol offoc. Av
npootebel NaHSO3 kat SO, 0To CakyapoUXo UTIOCTpWHA TPV TN {Upwon n
Kot TNV SLAPKELD TNG, N TapayoOUevn OKETAASelidn oxnuatilel mpoidv
TPOOoBNKNG Kal £T0L SEV AVAYETOL TIEPALTEPW TIPOC aALBavoAn.
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e Fotépec: Inoudaldtepog eival o ofikoc atBuleotépag CH;COOC;Hs, o omoiog
oxnuatiletal ano tnv avtidpaon tou oflkou 0E€0¢ pe TNV atBavoAn.

o Ofa: Kuplotepo eival to oflko oL, To omolo MoPAYETAL WG KOVOVLIKO TPOiov
™G aAKoOALKAG {UpWONG O TOoOTNTEC UIKPOTEPEG amd 300 mg/L. YynAd
enineda oflkol of€ocg, ouvnBwg oxetilovtal pe mapoucsia oto ekKXUALOHQ
Baktnpiwv Tou 0fLkou Kal Tou YaAAKTIKOU 0E€0G.

o Aketaldec: Ixnuatilovtat amo tnv avtidpaocn TG aketaAdelidng pe TNV
atBavoin [41].

6.4 Avaotoleic tng aAKooAkA ¢ TUpwWong

YIApYXouv OpLOUEVOL XNULKOL TIAPAYOVTEC, OL OToioL UImopoUV VOl HELWOOUV
™V anodoon NG aAKooALKNG LUUWOoNC 1} aKOUA KAl Vo TNV avaoTteilouy. Ma to Adyo
oUTO Ba TpEmel va eA€yyovtat. OL Lo ONUAVTLKOL ard TouG avVOoTOAELS lvat:

o AwavoAn: To (6o to mpoidv Spa OOV OVOOTOAEOC OE OUYKEKPLUEVEC
OUYKEVTIPWOELS. AAKOOALkol PaBpol peyaAUtepol Twv 5 avaotéAAouv Tov
TOAAMAQCLAoUO OpLOPEVWY JUPWY, VW Ot Babuouc peyalutepoug Twy 12
TO MEPLOOOTEPA KUTTAPA BovatwvovTal.

o  Qopuadbdeiidbn: H HCHO mou xpnotuomoteitat pe tnv popdn GopuoAng wg
OVTLONTITIKO EVAVTLO 0TA BAKTHAPLO, UTIO OPLOUEVEC CUVONKEG AVAOTEAAEL TNV
oAKOOALKN LU pwaon.

o Ocsiwwbec 0u: To H,SOs3, mou xpnolpomoleital cuvABwe ywa tn Belwon oTLg
owvodefapeveg, MpEMEL va elval eAeUBepoO ApPOEVIKOU, yLOTL O avtiBetn
neplntwon anoteAel avaoctoAéa tn¢ {UUwWaonG.

o Mcétalda: Oplopéva pétarla onwe to Cd, o Cu, o Pb, kot o Hg og 0pLopEVEC
OUYKEVIPWOELC Spouv oav avacToAsig [41].

36



B. MEOOAOI & YAIKA
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1. Opyava

e Quwrtopuetpo (Hitachi UV 2000)

e pH-petpo 537 (WTW, l'epuavia)

e HAektpovikoi {uyol akpilBeiag

e Doupvog uikpokupdtwv (Microwave digestion equipment, speed wave™
MWS-2, Berghof Instruments GmBH, leppavia)

e microplate reader (SpectraMax 250, Molecular Devices)

e guotnua HPLC (Shimadzu LC-20AD), pe otiAn Aminex Aminex HPX-87H (Bio-
Rad, 300 x 7.8 mm, particle size 9 um) kat aviyveutr deiktn dtabAaong
(Shimadzu RID 10A)

e doupvog Enpavong

e avaAuTtikog Luyog pe akpifeta 0.1 mg

e ¢&npavtipag (ue silica gel)

e KAiBavog Tédpag

e ouOKeun Kavong Kat andotaéng Kjeldahl

e ouokeun Soxhlet

e TEPLOTPOPLKOG E€QATLOTHPAC

e Oepuootatoupevog neplotpodkoc avadeutrpac (Zhicheng 211C, Kiva, LAB-
LINE Incubator-Shaker, H.IM.A.)

e Suataén dnOnong umo kevo

2. Npwtn VAN

H enefepyaoia kat n Stabeon tng €npng mpwtng UANG yla TIG OVAYKEG TNG
Melpopatikng Stadikaciag €ywve amo tn Movada MNeptfallovtikng Emotiung Kat
Texvoloyiag tng ZxoAng Xnuikwv Mnyxavikwyv, EMM.

3. Npokatepyaocia tpwtnc VANG

Ma tnv mpokatepyaoia Twv SLatpodlkwy ATOPPLUUATWY XPNOLUomoLROnke
®olpvog Mikpokupdatwy (Microwave digestion equipment, speedwaveTM MWS-2,
Berghof Instruments GmBH, l'eppavia). H cuokeun Atav epodLaocUEVn HE OVLXVEUTN
UTtEPUBPWV yla TNV €€ AMOOTACEWC HETPNON TNG Bepuokpaciag, xwpic emadn Ue TO
Selyua, to omoio Bplokdtav oe €16k dlaiidia, avOektika os vnAn mieon (£ 40
bars) kat Beppokpaocia (< 220 °C). H tox0g tou $poUpvou HIKPOKUUATWY puBpiotnke
ota 700 W.

Mpokatepydotnkav vdpoBepuikad Selypata SLATPOPIKWY  ATOPPLUUATWY
OUYKEVTpwWONC otepewv 20%, 30% kat 50% (w/v) otouc 120 °C yia 15 min. EnutAéov,
Selypata ouykévipwong otepewv 30% kat 50% (w/v) TpoKaTEPyAOTNKAV OE
Beppokpaoiec 85 °C kat 100 °C yia 60 min. H mpwtn VAN, o€ OAEC TLC TAPATTAVW
TIEPUTTWOELC, TIPOKATEPYAOTNKE amoucoia Kol mapouacia of€og (1 g H,S04/100 g
&npou UALkoU).

39



To mpokatepyoopéva Selypata, oOTn OUVEXELD, XpPnOoLHomolnOnkav ot
nelpapata tng evUKnG udpoAuong kat tne Upwong, pe tn Bonbela Twv omolwv
EKTIUAONKE KOL 1N OMOTEAECUOTIKOTNTA Twv HeEBOSwv. OAa Tt TMEelpapota
nipaypatonolénkayv €1 SUTAoUv.

4. Evlupikn udpoAucn uSpoBEPULKA TTPOKATEPYACUEVWV KOL LN
SLatpodLkwv AoPPLUUATWV

H evlupky udpohuon mpaypatomolnBnke o  BepUOOTATOUUEVO
neplotpodikd avadeuthpa (250 rpm) Beppokpaociag 50 °C. Xpnotponotldnke pelypa
EUMOPLKWY OKEUAOHATWY KUTTAPWOAUTIKWYV evilpwv Celluclast® 1.5 L «kat
Novozyme® 188 oe avaloyia 5:1 (v/v), €10l WoTe n TeEAK OALKN EvepyoTnTa
Kuttaplvaowyv va sivat: 5, 10 kat 20 FPU / g Enpol uAwkoU, KaBwc Kot puBpLOTIKO
SlaAuvpa  KItplkwv-pwaodopikwv 50 mM, pH=5.0. EmutAéov, oe kaBe peiypa
npootédnke aliblo tou voatpiou (NaNs3) teAwkng ouykévipwong 0.01% (w/v), pe
OKOTIO TNV QTTOTPOTIH HLKPOBLAKAG LOAUVONC.

Ta mepapata t™ng evlupkng ubpoluong Oetnxbnoav oe Selypata
TIPOKOTEPYOOHEVWY KOL LN SLOTPODIKWV OIMOPPLUUATWY CUYEVTPWONG OTEPEWV 20%,
30% kat 50% (w/v). e TaKTd Xpovikd OSiootipata, AapBdvovtoav Ssiyporta,
TIPOKELUEVOU va TIPOCOLOPLOTOUV OE QUTA Ol OCUYKEVIPWOEL TWV OVAYWYLKWV
cakxapwv (§6) kat tng YAUKOIng (§7). OAeg oL SOKIPEC TpaypaTomolnOnKav €1g
SutAouv.

5. Napaywyn BroatBavoAnc ano dtatpod kA armoppippata

To mpokatepyacpéva (mapoucia Kal amoucia of€og) kal pn Statpodikd
anoppippata uneotnoav UHwaon, HECw SlEpyacilwy TAUTOXPOVNG COKXAPOTOLNoNg
kKot {Upwong SwaAeimovtog €pyou (SSF) Kol pn LOOBEPUOKPACLOKAG TOUTOXPOVNG
ocakyapormnoinong kot Lpwong nuidtaleimovrog €pyou (NSSF).

H tWupwon twv deypatwyv Se€nxdn oe Bepupootatovpevo avadeutripa (80
rpm), otoug¢ 30 °C. e OAa ta Seiypata eiyav mpooteBel KatdAANAn moodTnTA
OTOOTELPWUEVOU PUBULOTIKOU SLaAUHOTOC KLTplLKWV-dwodoplkwv 50 mM, pH=5.0,
KATAAANAN moootnta peiypatog kuttapvaowv Celluclast® 1.5L kat Novozyme® 188
og avahoyla oykwv 5:1 (v/v) kat Enpn payid aptorotiag (Yiotis, Athens, Greece).

OAa Ta mEelpapaTa paypatonolnonkav €1 SUTAOUV KOl OE CUYKEKPLUEVEC
XPOVIKEC OTLYMEC AapBavovtav delypata amo TG KaAEpyeleg Kal poadlopilovtav
Ol OUYKEVIPWOELC TNG atBavoAng (§9) kol Twv EVATTOPEIVAVIWV COKXAPWV (§6 Kat
§7). Mpénel va onuelwBel OTL oL XElpLOopol, TOOO KATA TNV TIPOETOLUACiO TWV
Selypatwyv 0600 Kal Katd Tt SswypotoAndia, mpaypatomolnbnkav o OTELPEC
ouVONKeG Kal og OANAPO VNUATIKAC PONG.
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5.1 Awepyaoia tautoxpovne ocokyapomoinon kot {Upwon Saleimovioc £pyou

(batch SSF)

MNpayuatomownbnke, péow Olepyaoiac SSF Sialeimoviog £pyou, {Upwon
TIPOKATEPYOOUEVWY KaL N SELYUATWY CUYKEVTPWONG oTepewv 20% (w/v) He xpnon
HELYHOTOC KUTTAPLVOLOWY OALKAC evepyotntag 5, 10 kat 20 FPU/g €npol otepeoy kat
15 mg &npnc payldg aptomotiag/g apxtkol €npol UAWKOU KaBWC Kat Selypdtwy
OUYKEVTPWONG otepewv 30% (w/v) pe XpAoN MELYMOTOG KUTTAPLVOOWY OALKAG
gvepyotntag 10 FPU/g &€npol otepeol kat 15 mg &npng payldg aptormotiag/g
opxLlkoU €npou UALKOU.

5.2 Alepyaoia pn L.0oOepLOKPAOCLAKAC TAUTOXPOVNC oakyoponoinonc Kat IVUwonc
nudtaAeinovroc £pyou (fed — batch NSSF)

MNna ™ WPWon TwV TMPOKATEPYACHUEVWVY KAl PN SLATPOPLKWY ATOPPLUUATWY,
néow Olepyaoiag NSSF nuidladeimovtog £pyou, xpnolpomolOnkav Seiypata
OPXLKNC OUYKEVTPWONC otepewV 30% (w/v), epBoAlacpéva pe KAtaAAnAn moootnta
EnpNg naylag aptormotiag (15 mg €npng paylag aptomnotiag/g apxikol Enpol UALKOU).
Ta Selypata eixav vnootel mpoidpdAuon yia 6 h, oe Beppokpaocia 50 °C pe xprion
KAtdAANAng nooodtntog peiypatog 5:1 (v/v) Celluclast® 1.5L kat Novozyme® 188, £tot
WOTE N OALKN EVEPYOTNTA KUTTAPLVOOWY va eival 7 FPU/g €npou uAwkou.

12 kot 24 wpeg petad tnv évapén tng dlepyaoiag, mpootéBnkav ot nén
UTTAPXOUOEC KOAALEPYELEC OelypoTO TIPOKOTEPYAOUEVWY Kal Hn  Statpodikwy
OTOPPLUUATWY, OUYKEVIPWONG UTMooTpWUOTO 50% (w/v), Tta omoia sixav
npoUdpoAuBel kat gpBoliactel pe OUN, OMwWC akplPwg MeplypAdETAL TOPATIAVW.
Mg ToV TPOTO AUTOV, EMETEUXON TEAKI) CUYKEVTPpWON urtootpwpatog 40 % (w/v).

6. MPooSLOPLOUOC GUYKEVTPWONC AVAYWYLKWV LSATOVOPAKWV

H upétpnon avoywylkwv UudotavOpaKwv TPAyUATOnolnOnke pe TN
dwtopetpiky HEB0So tou  3,5-8witpoocaAikuAltkol  oféoc  (2-ubpofu-3,5-
SwitpoPeviloikd ofu 11 DNS) [17]. 3to Ataypauuo Bl mapouctdaletol n KapmOAn
oavadopa TWV aVaywYLKWV ooKxApwVv o€ looduvapa YAuKkolnc.

sora ot

mom @ kB W @ & fa
T P M P

CyAUKo'Zr)c (mg/mL) =1.3199- ABS540 nm - 0.0168
(R?=0.997, p<0.0001)

EUNKENT poodT yakadne imasml)

00 02 04 06 0B 10 12 14 16

AToppopnon ora 540 nm

Awaypaupa Bl. KaumoAn avog@opdc avaywylkwyv oakyapwy o€ tooduvaua yAukolng.

41



7. NpocdLoplopoc ocuykEVTPpWonc YAUKOINC

O mpoodloplopdc TNG CUYKEVIPpWONG TNG YAUKOINC €ylve pe tn Ponbela
microplate reader (SpectraMax 250, Molecular Devices) kalL pe xprion €Lditkou
gUmopLkou Slayvwotikol okevaopatog (kit). H ouykekplpévn pébodog Baaoiletal otn
HETATPOT TNC YAUKOING Ot €va Tpolov €puBpol XpwupoTtog, TOo omoio eival
anotéAeopa tn¢ Stadoxikng dpaong Twv evlUpwv ofeldaon Kal UTePofeldAacn tng
yAukolnc.

ApxK@, pe tn dpaon tng ofeldaong tng YAukolng, n YAUKOIN LETATPETETOL OF
YAUKOVIKO 0&U, uE TOUTOXpovn Topaywyn umepoéeldiou Ttou udpoyovou.
AkoloUBwcg, pe tn dpdon tng umepofeldaonc tng YAUKOIng, to umepofeidlo Tou
vbpoyovou, mapoucia apwodalvalovng Kal Kamolou ¢alvoAlkol Tapaywyou,
UETATPEMETOL O €val MPOILOV £pubpol XPWHATOG, TO OMOL0 TMOPOUCLAlEL PEYLOTN
anoppodnon ota 510 nm (Zynua B1).

.. GOD .
IMwkoln — IMkoviko o&v + H,0,

POD

H,0, + Apwoeawvolovn + Gawvolkd maphyoyo —> [poiov

(epvBpOV YpOHOTOC)

Sxnua B1. AAAnAouyia eviuuikwv avtidpdoewv mou o8nyouv otnV TocoTikomoinon tne
yAUuKOIng

Y10 Awaypaupa B2 mapouaotaletal n KapmuAn avadopdg tng YAukolng:

=

10 4 HH
08 4

oz 4 CyAUKo'Zr)c (mg/mL) =0.9096 - ABSs10nm - 0.0317
(R?=0.998, p<0.0001)
04 4

U HEVTROT) wAadns (maiml)

o0

oo 02 0.4 L 1] (1] 1.0

b

Aroppopnon ota 510 nm

Awaypaupa B2. KaumoAn avoagopdc yAukolng.

8. Métpnon oAlkR¢ evepyotntac kuttaplvacwy (Filter paper activity)

H oAkl evepyotnta twv Kuttapwvacwv (Filter Paper Activity-FPA Units)
HETPNONKe cUpdwva pe tn pEBodo kata IUPAC [18].
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Y& SOKLUAOTIKO OWANVaA, TOMoBeTNUEVO HEOA OE TtayoAouTtpo, elonxbnoav 50
mg (Staotaocelg 1 x 6 cm) Filter Paper Whatman Nol (kaBapn kuttapivn) poll pe 1
mL puBulotikol SlaAvpatog Krpltkwv-pwodopikwv 100 mM, pH=5.0 kot 1 mL
eVIUULKOU OKEUAOHATOG KATAAANAQ apalwpévou. MeTd amd tnv Enwacn Tou
TPOKUTTTOVTOC SLoAUpaTOC o€ AouTtpo otabeprc Beppokpaciog (50 °C) yia 30 min
KOlL TNV TTAPAOVH) TOU O€ TTayOAoUTPO yia 15 min, akoAolBnoe n dpuyokEvTpLor Tou.
To umnepkeipevo vypo avaAuBnke pe t pEBoSo DNS yla tov mpoodloplopd Twv
OVaYWYLKWV COKXApWV (§ 6).

INUELWVETAL OTL YL TO HNSEVIOUO TOU PWTOUETPOU XpnaoLuomnolnke deiyua,
oTo omoio avti 1 mL evlupilkol OKEUAOUATOC KATAANAQ apalwpévou Tiepleixe 1 mL
amnevepyonolnpuévou evIUHLKOU oKeudopatoG. H amevepyomoinon tou evIULKOU
OKEVAOUOTOC TPy ATOTOLNONKE Pe Bpaouo autou yla epimou 20 min.

OpPLOUOG OALKNG EVEPYOTNTAG KUTTAPLVAOWV:

1 Unit oAlkr¢ evepyoTNTAC KUTTAPLVOOWVY OPIETAL WC N TTOOOTNTA TOU EVIULIOU TTOU
arouteital yla v napaywyn 1 umol yAukolnc ava min oe pH=5.0 kot Sepuokpaoio
50°C.

9. Métpnon sfwkuttaplkwv petaBoAitwv pe Yypn Xpwuatoypoadia
YynAnc Antodoonc (High-performance liquid chromatography, HPLC)

OL e€wkuttapikol petaBolitec mou mapdyovtal KOtd TN PLOUETATPOTI) TWV
SLaTPOdIKWY ATMOPPLUUATWY o alBavoAn (atBavoAn, yAukepoAn kat oflkd ofy)
npoodlopiotnkav  pe  Yypy Xpwpatoypadia  YPnAng Amoédoong  (HPLC).
XpnotpornowBnke ocvotnua HPLC (Shimadzu LC-20AD), pe othyAn Aminex HPX-87H
(Bio-Rad, 300 x 7.8 mm, particle size 9 um) «kat aviyveut) Seiktn &taBAaong
(Shimadzu RID 10A). Q¢ StaAutng £kAouaong xpnotpomnolnonke dtahvpa H,SO4 5 mM
pe por) 0.6 mL/min kaw n Beppokpacia tng othAng pubuiotnke otoug 50 °C [19].

Ma tov MpooSLoPLOPO TNC CUYKEVIPWONG TwV €EWKUTTAPIKWY HETABOALTWY,
(a) kataokevaoTnkav KapmUAeg avadopdc yla tov Kabe éva amod autoug Katl (B) pe
™ Ponbsa oUTWV TWV KAUTUAWV TPOCoSLOPIOTNKE 1N OUYKEVTPWOI TOUG
(Cmetabolite_npic, Mg/mL). H ouykévtpwon twv petaBolitwyv ota deiypata, Ta onola
mpwv oo tnv avaluon HPLC eixav umootel apaiwon, umoloylotnke HEOW TNG
Eéiowonc 1:

Conetabotite = Crmetatotice_upic X dilution E¢ 1
onov,
Crmetabolite N TEALKA OUYKEVTPWON Tou petaBolitn oe mg/mL
Cretabolite HpLC N OUYKEVTPWON TOU peTafolitn onmwg £xeL umohoylotel oto Brpa (B)
oe mg/mL
dilution 0 OUVTEAEOTIC apaiwong Tou delypatog

To kaBe delypa, O0TO OMOLO EMPOKELTO VA TTPOCSLOPLOTOUV Ol eEWKUTTAPLKOL
uetaBoAiteg, avaAlBnke pe tn pEBodo tou HPLC £1¢ Suthouv kot eAndOn o HEooG
0p0o¢ TwV SU0 PETPHOEWV.
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10. AVAAUGN CUGTOTIKWYV TWV SLATpod LKWV OIoPPLUUATWV

10.1. Npoodiopiopdc vypaoioc (NREL/TP-510-42618)

MNa tov mMpoodloplopd NG uypaociag Twv SLaTpopLlKwV OMOPPLUUATWY,
tonoBetnOnke moootnta delypatog oe Enpd, mpoluylopéva “miatakia” aAou pviou
(aluminum pans) kat kataypddnke to BApog Tou (weightssiyuaroc). TN CUVEXELA, TA
“Tilatakia” pall pe to delypa tomobetBnkav oto dolpvo Enpavong yla 16 wpeg os
Beppokpaocia 106 °C. Metd to mépag Twv 16 wpwv, petadépdnkav o Enpavtipa (Ue
silica gel) yia touldxlotov 30 AemTA TPOKELWWEVOU VO OATOKTOOUV Oepuokpacia
nieplBarlovtog xwpig va emavanpooAdfouv emumAéov vypaocia. TEAOG, Kataypadnke
10 BApog Twv “Tiidtwv” aAoupviov padl pe to Enpd mAéov deiypa (Weightra.cs.)-

Na onuelwBel OTL 0 XEIPLOPOC TWV “TLATWY’ OAOUULVIOU £YLVE UE XPNon
AaBidac kat n dtadikacia tng Enpavong oto poupvo emaveAndpon péxpl otabepou
Bapouc (o 6pog otabepd Bapoc opiletal wg n petaBoAn katda + 0.1 % 0To MOCOOTO
TWV OTEPEWV HETA amo Hio wpa emavatnpavon tou delypatog). EmumAéov, OAeg oL
{uyloelc mpaypatomnoldnkav og avaAuTtiko {uyo pe akpifeta 0.1 mg.

To Moo0ooTd uypaciag, CUVOALKWY OTEPEWV KaBwe Kal To €npod PAapog tou
Selypatog umtoloyiotnkav pe epappoyn Twy Eélowoswy 2, 3 kal 4 avtiotolya:

, Weight, ., -Weight, ,
% Yypaoia =100 - —— — |x 100

weight ., oo E¢ 2
, , | Weight, ., -Weight_,
% ZuvoAikaiteped = = — |x 100
weight,,., o E¢ 3
ODW = Weight s, .ac0c X % ZUVOAIKAZTEPEX
100 E¢. 4
omnov,
Weightracs To BApOC TOU ENPOU «TILATOU» AAOUULVioU ouv To Bapog Tou Enpou
Seiyparog (g)
Weight,,. 10 £NpO BApOC TOU «TLATOU» aAoupviou (g)

weightseiyuaroc  TO BAPOG TOU Selypatog (g)
obw 10 €Npo Bapog tou Seiypatog (g)

10.2 Npocdilopopdc téppacg (ASTM E1755 - 01(2007))

Na tov TpooSloplopd NG TEPPAC TWV SLOTPODIKWY  ATIOPPLUUATWY,
tonoBetnOnkav  0.5-2.0 g O&elypato¢ oe &npa, mpoluylopéva TopoeAaviva
Xwveutipla anotébpwong kat kataypddnke To Bdapog touq (weightseiyuaroc). TN
OUVEXELN, TO TIOPOEAAVIVA XWVEUTHPLO omotédpwong Hall pe TO OSelypa
TonoBetBnKav oe kKAiBavo amotédpwong yia 24 wpeg os Beppokpaocia 575 + 25 °C.

44



MEeTA TNV amMoTEPPWON TO XWVEUTHPLO AmopakpuvOnkav and tov KAiBavo pe xpron
AaBidag kal tomoBetnOnKav oe Enpavtrpa (ue silica gel) yia touAdyiotov 30 Asmra.
Ta Seiypota emavaronoBetiOnkav otov kABavo yia &npavon péxpL otabepou
Bdpoug (Weight,.) (o 6pog otaBepd PBdpog opiletar wg £ 0.3 mg petaBoAri oto
OUVOALKO BApPOG Twv XWVeuTnpiwv HeTA TNV mMapodo piag wpa¢ otov KAiBavo
edpag).

To mocooTo TEdpag Tou delypatog umoloyiotnke amo tnv Eéicwaon 5:

o T Weight, . - Weight 100

eppa = X E¢ 5
oreep oDW ¢
omnovu,

Weight,, 10 €Npo BApog Tou xwveutnpiou (g),

Weight, .. 10 £NpO BApog Tou xwveutnpiou cuv to BApocg TN TEdpag (g)

obw 10 €nNpo Bapog tou Seiypatog (g) (onwc mpoodlopiotnke otnv §10.1,

Eéiowon 4)

10.3. NpocdLopLoUAC TOU OpYyavIKWE deocpeupévou allwtou pe th péBodo Kjeldahl
(AOAC Method, 978.04)

H nuébodocg Bacoiletal otnv Kavon Tou delypatog pe mepioosLa Mukvou Belkov
0&€og, mapouaoia HeTaAAKWV KataAutwv (ofeiblo udpapyupou, oeAnvio, Belko ahag
XoAkoU 1 Slo€eidlo titaviou) kot aAdtwv KoAlou f vatpiou. Amo to 6€wvo Beuko
OHMWVLIO TIou oxnuatiletal, eAeuBepwvetal appwvia, o oAKaALlkO TeplBaAilov, n
omola amootalel kalt Oeopevetal oe Tmepioosla SltaAvpatog Beukol oféoc.
AkoAouBei TITA0SOTNON LE TUTMOMOLNUEVO QAKAALKO SLAAUHA yLOL TOV TTPOCSLOPLOUO
TNG OPYQVLKNG TIEPLEKTIKOTNTAC 0 AlwTo Tou delypartog.

H pébodo¢ Kjeldahl mpaypatomnoleital o tpia otadia: kavon tou delypatog,
anootaln kal Tithodotnon. Ito mpwto otadlo, To Selypa umoBAaAAeTal os Kavon
mapouaia LoyupoU o&€og (Belko 0V). H YeVIKEUEVN IN OTOLXELOUETPLKN aviidpaon
TIou oKoAouBel, meplypadel TWG €vo OPYaAVvIKO UAIKO Tou Tepléxel alwto
UETATPEMETAL O€ LOVTO OPUWVIOU:

(CHNO) + H;S0; ¢> NH, +50; + H,0 + CO;

Metd tnv Kavon akolouBel efoudetépwon tou Ofwvou plypatog pe TpocOdnkn
oAKAAewC (NaOH):
H;S04+2NaOH ¢> 2Na*+ S0,” + 2H,0

To LOVTO OPUWVIOU PETATPEMOVTOL OE OPUWVIA, avTldpwvTag HE TNV MePLOoELA TOU
NaOH:
NH; +OH™ > NH; M+ H;0

H appwvio amootdlel pe udpatpouc Kal Seopeletal o meploosla SLOAUUATOC
Beukou o€€og.
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AvoAUTIKOTEPQ, N elpapatiky Stadikaaoia mou akoAouBbnBnke eival n €nc:
Kavon: Apxikad, otov €181k0 owAnva kavong tng cuokeung Kjeldahl petadépbnkav
Stadoxika 10 g K,S04, 1 g évudpou CuSO4, n Kata@AANAN moocotnta deiypartog ( ~ 1.5-
2.0 g datpodilkwv amopplppdatwy, n {uylon tTou omoiou €ylve pe akpifeta 0.1 mg)
kat 25 mL mukvoU H,SO4 TO omoio mpootébnke teAeutaio, TPOKELWWEVOU va
CUUMOPACUPEL ATTO TA TOLXWHOTO TNG GLAANG ULKPOTIooOTNTEC TOU K5S04, Tou CuSO4
Kat Tou Oelypatoc. Adou avakiviBnke KaAd, wote vo ovapelBouv Ta
avtibpaotipla pe to Seiypa, n dLain tonobetrOnke otn ouokeur kavong Kjeldahl,
OTOU UTTECTN ATILO, OTNV OPXN, KOL EVIOVOTEPN, OTn OUVEXELD, Bépuavon. Otav to
Hlypa KaUonG ameKTnoe €va SLAUYEC, KUOVOTIPAOLVO XpwHa, N BEpuavan Slekomn.
Anootaén: H dLakn kavong pall pe to TEPLEXOUEVO TNG adéBnke va PuxBel oe
Bepuokpaocia meplBarlovtog Kal mpootednkav o autry 75 mL anloviopévou vepou,
LE TPOTIO TIOU VO KATOOTIOEL SUVATH TNV €KMTAUCT TWV ECWTEPLKWY TOLXWHATWY TNG,
Kat 125 mL StaAbpatog Kawatikou vatpiou, 32% (w/w). H dLdAn mpooappootnke
OHEOWC HETA TNV TPocOnkn Tou aAKAAEwWC otn cuokeun anootaéng Kjeldahl, wote
va anodeuxbolv anmwAeleg o appwvia. AkohouBnoe Bépupavon tng PpLaAng Kat
TANPNC amootaén tng appwviac. To andotayua dtapiBactnke og 50 mL StaAUpatog
Beukol o€ocg, 0.5 N kal petad amod tn cuAoyn 200 mL amootdyuatog, n 6€épupavon
Siekomnn kat n LaAn Kjeldahl amopakpuvOnke anod tn cuoKeLN).

TitAodotnon: To umoAewnopevo Beukd ofV TithodotnBnke pe SLAAUUA KOUOTIKOU
vatpiou 0.5 N kat Seiktn epuBpo pebuliou/umAe pebuleviou.

NeukOG mpocdloplopdg: MNa to Asukd mpoodloplopd akolouBnBnke n (dla
Stadikaoia, ypnolpomolwvtag avil tou Selypato¢ SLoTpodIkwy OmoppLUUATWY,
OUTTILOVIOWEVO VEPO.

H meplektikOTNTa TOU Oelypato¢ o  opyovikwe Oeopevpévo  alwto
uTtoAoyilotnke ano tnv Eéicwaon 6:

(V1'V2)XN

% N = 1.4007 x EG.6

omnovu,

VikatV, ol koatavalwBévteg oykol (mL) Tou mpotumou SLOAUHATOG KAUOTIKOU
vaTplou KaTd Tov KUpLwg Kol To ASUKO TPOOSLOPLOUO AVTLOTOIXWG,

N N KAVOVIKOTNTO TOU TIPOTUTIOU SLOAULATOG KAUOTLKOU vatpiou

obw 10 £Npo Bapog tou Seiypatog (g) (onwc mpoodloplotnke otnv
§10.1, Eéiowon 4)

To mMoo00TO Tou alWToU OTIC MEPLOCOTEPES TIPWTEIVEG sival 16% (w/w), €tot
XpPnoLuornoleital cuvBwC 0 CUVTEAEDTNC 6.25 yLa va LETOTPEPEL TNV TTEPLEKTLKOTNTA
Tou alWwTOoU OE MEPLEKTIKOTNTA O€ MPpWTElvn cupdwva Ue TNV Eéicwon 7:

% Protein = 6.25 x% N EE 7
onovu,
% Protein N ekotooTlalia KATA BAPOC MEPLEKTIKOTNTA TOU SElypaTog 08 MPpwTEivn
% N N ekatooTlala KATA BAPOC MEPLEKTIKOTNTA TOU Selypatog o alwto
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10.4. Npoodopoudc Aurapwv (AOAC Method 920.39C)

O MpocSLOPLOUOG TNG TIEPLEKTIKOTNTAG TWV SLATPODLIKWY ATOPPLUUATWY OF
Aumapa €ywve pe tn Bonbela cuokeung Soxhlet, n omola amoteAsital amod (a) tov
umtodoxEa, (B) Tov ekxuAlotrpa Kat (y) To cupmukvwthpa/Ppuktipa (Sxriuc B2).

‘Efpbog vepol - Woktipag

e Wuktrpag

#4——— FEioobog vepol

I

- Bdhaopog skyUAong

~ Kaptoboo

Atpot | Bpayiovac-Zupout = Exyuhiotripag
Swhdn

AohiTng skyvMong

—  Yrnoboys
= Oudhn karaMnAn vy Bpoaoud hisia

Zxnua B2. Juokeun Soxhlet

Aglypa Slatpodlkwy amopplupdtwy tonoBetBnke oe Enpr, mpoluylopévn
ek puoyya (kaptovoa) kot kataypddnke To BAapog tng (Weightecs). Ze Enpo,
nipoluylopévo umodoxéa twv 1000 mL tn¢ ocuokeung Soxhlet swonxBnoav mupnveg
Bpacpou kat 500 mL opyavikol SLoAUTn (n-g€avio) yla Tnv ekxUALoN Twv Autapwv. H
OUOKeUN TEBNKe o€ Asttoupyla Kal PETA TO MEPAG TNG EKXUALONC (n omola Stapkel 6
WPEC Ao TOV MPWTO OLPWVIOUO Tou SLOAUTN) N KopToUoO AMOUAKPUVONKe amod tn
OUOKEUN KOl TO TIEPLEXOUEVO TNC MapeANPOn pe dtnBnon umod Kevo kal xprion Enpwv,
TPOlUYLOUEVWY YUAAWVWYV nOpwv. AkoAouBnoe 61e€odiky €kmAuon Tou OTEPOU
UTTOAE(MPOTOC O0TO YUGAWVO NBpo pe xprion n-e€aviou. O yudAwvo¢ nOUoOC pe to
OTEPEO UTOAelppa  tomoBetnBnkav oe ¢oupvo Enpavong vy 16 wpeg o€
Beppokpaocia 106 °C. Metd to mépac Twv 16 wpwv petadEpdnke oe Enpavtripa yla
TouAdytotov 30 Aemttd katl akoAouBnaoe n kataypadn tou Bapoug tou (Weight, ).

TN OUVEXELD, O OPYOVIKOC OLaAUTNG He Ta eKXUALOBEévta Autapd, Tou
Bplokovtav otov umodoxéa TNG OUOKEUNG, avopeixBnke pe to &tBnua Kat
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oakoAouBnoe e€atuLon Tou otov MePLOTPOodLKO e€atpioTipa. Enetta, o urmoSoxeag e
T0 eAALWSEC UTIOAELUA UTEETTR oAV ERpavaen oto polpvo otoug 106 °C.

AdoU olokAnpwBnke n Stadkaoia tng €npavong, kataypddnke to Bapog
Toug (Weightg,e2.). To Bapog tou deilypatog, oo To onoio EMPOKELTO VO EKXUALOTOUV
Ta Aumapd, umtoAoyiotnke anod tnv Eéicwon 8:

Weight,,,, ... =Weight,, ; -Weight,, EE 8
omnovu,
Weightseiyuaroc  TO BPAPOG TOU SelypaToq IOV EMPOKELTO Val EKXUALOTEL (g)
Weightg.s. TO GUVOALKO Bapog ¢ Enpr¢ Kaptouoag cuv To BAPOC ToU
Seiyparog (g)
Weighty. 0 Bdpog NG Enpr¢ Kaptovoag (g)

H meplektikotnta Tou delyparog o Autapd umoAoyiotnke pe epappoyn tTng
Eéiowonc 9:

(weighty, ., -Weighty, )

% Auapd = 100 E.9
obw
onov,
Weighte, e, TO GUVOALKO Bapog tou Enpol urmodoxéa ouv to BApOoG Tou
ehatwdoug umoAsippatoc (g)
Weighty,, 1o Bapog Tou Enpou unodoxéa (g)
obw 10 £Npo Bapog tou Seiypatoc (g) (onwc mpoodloplotnke otnv

§10.1, Eéiowon 4)

To &npo BApPOG TOU OTEPEOU UTOAEIUUATOC UETA QTTO TNV AMOUAKPUVON TWV
Atmapwv untoAoyiotnke ano tnv Eéicwon 10:

3.Y., =Weight, ,-Weight, A EE. 10
onovu,
2.Y.1 TO OTEPED UNMOAELPUA HLETA TNV EKXUALON TWV AUTapwvV (g)
Weight,.,, 10 £Npo Bapog tou yudAivou nBuov (g)
Weight, ., s. 10 £Npo BApog Tou YyudAlvou nBuoL cuv to BAPOC TOU OTEPEOU

UTtoAe{ppaTog (g)

10.5. Npoaodiopiopdc udatodialutwv cuctotikwv (NREL/TP-510-42619)

Yta udatodLoAUTA cuoTaTIKA TepAapBavovtol avopyava UALKA, pn SopLka
oakyxapa Kot awtouxa UAIKA PETalU GAAwv. H amopdkpuvaor toug amnd to Selypa
elval anmapaitntn mpokelpévou va mpoAndOel ormoladnmote eUMAOKN LE TO EMOUEVA
otadla avaAuong.
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Ye KwVIKA $LaAn tumou Erlenmeyer tomoBetBnke to €AelBepo Aumapwv
OTEPEO UTIOAELUpA (2.Y.) (§10.4) pall pe KatdAAnAn mMOCOTNTA ATLOVIOUEVOU VEPOU,
£€T0L WOTE N TEALKA) CUYKEVTPWON TOU QwPAMATOC va sival 2.5% (w/v). H dLdAn
TIWHOTIOTNKE Kol tormoBetnBnke yia 1 wpa oe BeppooTaATOUPEVO avVASEUTPA OF
Beppokpaocia 50 °C. AkoAouBnoe SLABnon UTO KeVO UE xprion Enpou, TiPoluyLoUEVOU
YUGALVOU NOBHOU Kol €KTTAUCN TOU OTEPEOU UTIOAE(UUOTOC HE QTLOVIOUEVO VeEPO. To
OTEPEOD UTOAELPHA PETOPEPONKE €K VEOU OTn GLAAN tuTou Erlenmeyer pe 200 mL
QTLOVIOPEVOU VEPOU Kol n Stadikaoia emaveAndon.

O yuaAwvog NOBUOC He TO OTEPEO UTIOAELUMO UTIEDTN Enpavon o poupvo Kal
0Tn ouvéxela kataypadnke to Bapog tou (Weight, ). Ta dSinBrApata cuAEXTNKAV
Kol TIPoaSLOPLOTNKE N CUYKEVTPWON TWV UN SOULKWY COKXAPWV OE oUTA, cUpdwva
HE TIC peBOdoug Twv mapaypddwv 6 Kal 7. H mepLlekTKOTNTA TOUu Selypatog o€
VSOTOSLAAUTA CUOTOTLKA UTTOAOYLOTNKE oo tnV Eéiowon 11:

Weight,, s -Weight, )
obw

% YéarobiaAuta = 100 - ( x 100 EE 11

Orov,

Weight,,s.  t0 0UVOALKO §nNpO BAPOG TOU yudALvou nBpoU cuv To BApog Tou
oTePEOU UTIOAEppaTOC (8)

Weight,.,, 10 BApog tou £npol yudAlvou nBUoU (g)

obw 10 €nNpo Bapog tou Seiypatog (g) (onwc mpoodlopiletal otnv
§10.1, Eéiowon 4)

To PBAapog TOU OTEPEOU UTOAEIUHOTOC META TNV  ONMOUAKPUVON TWV
vdatodlaAutwy umtohoyiotnke amnod tnv Eéicwon 12:

.Y, =Weight, ,-Weight, E€ 12

omnou,

2.Y., TO OTEPED UNOAELUUA LETA TNV EKXUALON TwV udaTtoSLaAuTwy (g)

Weight, . 10 €NPO BApog Tou yudAwvou nBUoU (g)

Weight,,s. 10 &npd Bapog Tou yuaAvou nBuoL cuv to BAPOG TOU OTEPEOU
UTtoAE(ppaTog (g)

11. KAaopdtwon SOUIKWV cUoTATIKWY (roAucakyapttwv) tou
Seilypatog

O MpPoodLloplopdc Twv MOAUCOKXAPLTWY (TnKtivn, Kuttapivn, nUIKUTTOPivN
kKot adltalutn oe o0 Alyvivn) mpaypatomoleital os Seiypa amd To omoio €xouv
anopakpuvOel ta udatodlalutd cuotatika (§10.5) kabwg kat ta Autapad (§10.4). H
KAQOUATWON TwWV OGOUIKWV OCUCTATIKWY ToU OelypatoC TpayUatonolnonke pe
epappoyn tne peBodouv AOAC 991.42 ocuudwva pe toug Prosky et al., (1985), Prosky
et al. (1992).
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11.1. ATOMAKPUVON TTPWTEIVIKWY GUGTATIKWV

JTo otadlo autod xpnowdomowBnke n un e€eldikevpévn TPWTEAON armod
Streptomyces griseus Je TNV EUNMOPLK ovopoaoia Pronase®, tng etalpeiag Merck
KGaA, Germany.

To eAelBepo Autapwv Kol USATOSLOAUTWY CUCTATIKWY OTEPEO UTIOAELUMO
(2.V.2) TomoBetnOnKke o KWVIKN GLAAN TUTOU Erlenmeyer kat mpootéBnke KATAAANAN
noodtnta mMpwtedons (2.5 mg Pronase/g &npol &elypotog) kot  pubpLoTikou
StohUpatog pwodopikwv 0.1 M, pH=7.5 (50 mL puBuiotikol StaAbpartoc/g €npol
Selypatog), to omoio mepleixe 0.02% (w/v) alibto tou vatpiou. H ¢LdAn
TonoBeTABNKe o€ BeppooTaATOUEVO avadeuThpa yia 6 WpPeg otouc 40 °C.

AkolouBnoe 81nOnon umo kevo pe xpnon Enpou mMpoluyloHEVOU YUAALVOU
NOUOU Kal EKMAUGH TOU OTEPEOU UTTOAsippatog Stadoyika pe (i) amioviopévo vepo (2
x 20 mL vepol/g apxwkol Enpol Seiypartoc), (ii) aBavoln (95%) (15 mL abavoing/g
apxkol €&npou Selypatog) kot (iii) aBépa (15 mL abBépa/g apxikol €&npou
Selyparog).

O yudAwvog nBuog pe to eAelBepo MpwTteivwv UAKO UTEOTN £npavaon, HETA
amnod tnv omnola kataypadnke to Bdapog tou (Weight,,s). To Bdpog tou otepeol
UTTOAEUUOTOC UETA TNV ATMOUAKPUVON TWV TIPWTEIVIKWY CUCTOTLKWY UTIOAOYLOTNKE
ano v Eéicwon 13:

3.Y.; =Weight, ,-Weight, E¢ 13

y.n.6

omnou,

2.Y.3 TO OTEPED UTOAELUUA LETA TNV ATIOUAKPUVOH TWV TIPWTEIVIKWV
ouaoTaTIKWV (g)

Weight, . 10 €NPO BApog Tou yudAvou nBUoU (g)

Weight,.,s. 10 &npd Bapog Tou yudAvou nBuoL cuv To BAPOG TOU OTEPEOU
UTtoOAEppaToC (g)

H meplekTikOTNTA TOU SEIYUATOG O TTPWTEIVIKA CUCTATIKA UTIOAOYLOTNKE aTto
v Eélowon 14

R CAZEP AN
% Mpwrteivika =———=2x100 E¢ 14
obw

onovu,

2.Y., TO OTEPED UNMOAELPUA HLETA TNV AMOUAKPUVON TwV USatodlalutwy
ouaoTaTIKWV (g)

2.Y.3 TO OTEPED UTOAELUUA LETA TNV ATTOUAKPUVON TWV TMPWTEIVIKWV
ouaoTaTIKWV (g)

obw 10 €nNpo Bapog tou Seiypatog (g) (onwc mpoodlopiotnke otnv §10.1,
Eéiowon 4)
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11.2. AMOMAKPUVON TTNKTLVNC

e KwVIKA ¢LaAn tomou Erlenmeyer tomoBetnBnke 1o &Npd UALKO TOU
TIPOEKUYPE HETA TNV QMOUAKPUVON TWV TPWTEIVIKWY ouotatikwy (2.Y.3) kot
nPooTEDNKe KATAANAN moootnta StaAlpatog ofalikol appwviov 0.25% w/v (50
mL StaAUpatog ofalikol appwviov/g Enpou dsiypatog). H dLdAn tomobetnOnke ot
Beppootatolpevo avadeuthipa yia 4 wpeg otou 85 °C.

AkolouBnoe 6wBnon umd kevo Tou Oelypato¢ HeE  xpnon €&npou,
TPolUYLOHEVOU YUAALVOU NBHOU Kal EKITAUGCH TOU OTEPEOU UTTOAEippOTOC SladoyLka
pe (i) amoviopevo vepo (20 mL vepou/g apxikol &€npou Seiypatoc), (i) atbavoln
(95%) (2 x 20 mL aBavoAng/g apxtkou &npou Seiypartog) kau (iii) aBfpa (20 mL
alBépa/g apxLkou Enpol delypatog).

ITn OUVEXELD, O YUAALVOG NBUOC He TO UAKO UTtEotn €npavon kat J0ylon Pe
avaAuTikd uyd ya tnv kataypadr tou Bapoug tou (Weight,,s). To Bapog tou
OTEPEOU UTIOAELUUOTOC HUETA TNV AMOUAKPUVON TNG TINKTLVNG UTTOAOYLOTNKE amod TV
Eéiowon 15:

3.Y., =Weight, , -Weight, E¢ 15

omnou,

2.Y.4 TO OTEPED UNMOAELYUA LETA TNV ATTOUAKPUVON TNE INKTivng (g)

Weight,,  t0 §npo BAapog tou yudAwvou nBuou (g)

Weight,.ns. 10 §npo BApog tou yudAvou nBuou cuv to BApog Tou otePeOU
UTtoAe{ppaTog (g)

AkoAoUBwWC, UTIOAOYLOTNKE N TIEPLEKTIKOTNTA TOU SElYHATOC OE TINKTLv oo
v Eélowon 16:

%HnKtivnzwxloo E¢ 16
onov,
2.Y.3 TO OTEPED UTOAELUUA LETA TNV AMOUAKPUVOT TWV TIPWTEIVIKWV
ouaoTaTIKWV (g)
2.Y.4 TO OTEPED UTTOAELUUA LETA TNV AMOUAKPUVON TNE INKTivNg (g)
obw 10 €nNpo Bapog tou Seiypatog (g) (onwc mpoodlopiotnke otnv §10.1,

Eéiowon 4) (g)

11.3. AmMOMAKPUVON NULKUTTOPIVNG

To &npo UALKO Tou TtpoéKuPe oo TNV Katepyaoia pe to StaAupa ofaAikou
oppwViou (2.Y.4) yla TV anopdkpuveon Tng mnktivng (§11.2) elonxdn og dpLain tumou
Erlenmeyer pall pe katdAAnAn moootnta uSATIKOU SLAAUUOTOC KOUOTIKOU VaTpiou
10% (w/v) (20 mL StaAbpatog Kauvotikol vatpiou/g €npol Seiypartog) kot
TomoBeTBNKe o€ Beppootatovpevo avadsutripa yia 4 wpec otouc 30 °C.
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TN OUVEXELD, TO Helypa uméotn O6nbnon umod kevo pe xpnon &npou
TPOolUYLOUEVOU YUAALVOU NOpOoUL Kal To oTePed UTIOAELUHO EKTTAUCKH UE VEPO £WC
OTOU QMOUAKPUVOEL OAN N MOCOTNTA TOU KAWWOTLKOU VATPLOU OO TO OTEPEO Kal N
TR tou pH yivel ton pe 7.0. AkoholBnoe Enpavon, TUylwon kot kataypadr Tou
Bdpoug Tou yudAwvou nBuoU pe to otePed UTOAEpa (Weight, . 5). To Bapog Tou
OTEPEOU UTIOAE(MUOTOC HETA TNV OMOUAKPUVON TNG NULKUTTApPivNG UTtoAoylotnke
ano v Eéicwon 17:

3.Y., =Weight, , -Weight, E¢ 17

omnou,

2.Y.s TO OTEPED UNMOAELUUA LETA TNV AMOUAKPUVON TNG NUIKUTTOPivNG (8)

Weight,,  t0 §npo BAapog tou yudAwvou nBuou (g)

Weight,.ns. 10 §npo Bapog tou yudAwvou nBuou cuv to BApog Tou otepeoy
UTtoOAEppaTog (g)

AKOAOUBwWC UTTOAOYIOTNKE N TEPLEKTIKOTNTA TOU SElyUOTOC OE NUIKUTTOPIVN
ano v Eéicwon 18:

N CA AP A
% Hutkuttapivn = ~—— >~ x 100 E¢ 18
onov,
2.Y.4 TO OTEPED UNMOAELYUA LETA TNV ATTOUAKPUVON TNE INKTivng (g)
2.Y.s TO OTEPED UNMOAELUUA LETA TNV ATTOUAKPUVON TG NULKUTTAPivng (8)
obw 10 €nNpo Bapog tou Seiypatog (g) (onwc mpoodlopiotnke otnv §10.1,

Eéiowon 4) (g)

11.4. Antopdkpuvon Kuttapivne

To oteped umoAelppa mou mpogkuPe amod tnv §11.3 uméotn amopdkpuvon
NG KuTTapivng. 1o yuaAivo nBUo, o omolog mepLeixe to Enpd oTePED MOV MPOEKUE
HETA TNV QMOUAKPUVON TNG NUKUTTapivng (2.Y.s), mpootébnke tdéon moootnta
TIukvoU Beukol of€og oon amattovoe n Sladilkacia, €tol wote to Selypa va
TMapopeivel o emadn He autd yla 4 wpeg oe Bepuokpacia meptBallovroc.
AkoloUBnoe S1nOnon umo Kevo Kol €KMTAUCKH TOU OTEPEOU UTOAELMUATOC LE VEPO,
HEXPL VO amopakpuVvOel 6An n moodtnTa Belkol of£oc Kal To pH va AmoKTOEL TN
ton pe 7.0.

Emetta, o yuaAwvog nOuoc pall pe to UALKO TomoBetOnke oto ¢oupvo yla
Enpavon, fuyiotnke kat kataypddnke to Bapog tou (Weight,.ns). TENOG, 0TO OTEPED
UTIOAELYO TTpayoToToLtBnke poadloplopndc tne tédpag. To BAPOC Tou OTEPEOU
UTTOAE(MUUOTOC HMETA TNV QMOUAKPUVON TNG Kuttapivng umoAoyiotnke omo tnv
Eéiowon 19:

5.Y., =Weight, , - Weight, E¢ 19

omnou,

2.6 TO OTEPED UNMOAELPUA HLETA TNV AMOUAKPUVON TNG KuTTapivng (g)

Weight,,  t0 §npo BAapog tou yudAwvou nBpou (g)

Weight,.ns. 10 §npo BApog tou yudAwvou nBuou cuv to BApog Tou otePeOU
UTtoAe{ppaTog (g)
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AkoAoUBwWC UTTOAOYIOTNKE N TIEPLEKTIKOTNTA TOU SElYHATOG O KUTTOPIvn amo
v Eéiowon 20:

I CAZEP AN
% Kuttapivn =————2x 100 E€ 20
omnovu,
2.Y.s TO OTEPED UNMOAELUUA LETA TNV AMOUAKPUVON TNG NUIKUTTOPivNG (8)
2.6 TO OTEPED UNMOAELPUA LETA TNV AMOUAKPUVON TNG KuTtapivng (g)
obw 10 &npo Bapog tou deiypatog (g) (onwe mpoodlopiotnke otnv §10.1,

Eéiowon 4) (g)

Ma tnv eUpecn NG MEPLEKTIKOTNTOC o€ adlalutn oe ofu Awyvivn (Atyvivn
Klason) oxvetL:

2. Y‘6 = VVTE'(ppac + Wa.o./\. r’] 2. Y‘6 - VVTE'(ppac = Wa.o./\. Ef 21
onov,
2.6 TO OTEPEO UNMOAELPUA LETA TNV AMOUAKPUVON TNG KuTtapivng (g)
Weeppac 0 BApog tne tedpag (g)
Waon 1o Bapog ¢ adlaAutng og ofL Alyvivng (g)

YMOAOYLOTNKE N TEPLEKTIKOTNTA TOU Selypatog o adlaAutn o ofU Alyvivn
(Awyvivn Klason) ano tnv Eéiocwon 22:

0, / 7 — Wa.o./\.
% Ab.060 Atyvivn —ODW x100 E¢ 22
onovu,
Waon To Bapog TN¢ adtaAutng og ofL Alyvivng (g) omwg npoadlopilotnke amnod
v e€lowon 21
obw 10 €nNpo Bapog tou Seiypatog (g) (onwc mpoodlopiotnke otnv §10.1,
Eéiowon 4)

12. AvaAuon otepeol unoAseippatoc — MEBodoc NREL

H avaAuon tou otepeol UTIOAEIUUOTOC TNG MpoKATEPYAaiag, TG udpoAuang
Kall TG AAKOOALKAG LUUWONC WE TTPOG KUTTAPIVN KAl NUIKUTTOPivN €ylve cUpdpwva PE
10 TPWTOKOAAO tou NREL (NREL/TP-510-42618). Juvomtikd, rmepteAdppave tnv 6€Lvn
vSpoAuacn 300 mg Enpoul oTEPEOU UTTOAEIUATOC.

AUTO €ywve pe tnv tpooBnkn 3 mL StaAlvpartog Oswkol o€éog 72% (w/w) oto
Seiypa kot tnv napapovr tou otoug 30 °C yia 60 min. AkohouBnoe pooBrikn 84 mL
QTLOVIOMEVOU VEPOU Kal emwoaon o€ KABavo amooteipwong otoug 121 °C yua 60
min. 2tn ouvéxela, to dtahvpa e€oudetepwOnke pe CaCOs kat puyokevtpnOnke (10
min, 10000 rpm). To umepkeipevo mou mapeAndOn PeTd tn GUYOKEVTPNGON, UEDTN
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dnbnon. Télog, TOo dNONUa avaAlBnke WG TPOG TNV TEPLEKTIKOTNTA TOU OfF
KUTTOplvn KOl NUIKUTTOPLvn.

M TNV TOCOTLKOTIONON TwV TIOAUCOKXOPLTWY akoAouBnbnkav ta €€Ag
BrApata: (o) kKataokeuaoTnKav KAUMUAEG avadopdg yla KaBe povooakyopitn kat (B)
UE Tn BonBela TwV CUYKEKPLUEVWY KAUTTUAWY Ttpocdloplotnke n cuykevtpwon (Chpie,
mg/ml) Ttou kABe povooakxapitn. H OUYKEVIPWON TWV HOVOOAKXOPLTWVY OT
Selypata, ta omoia mpwv amd tnv avaluon HPLC eixav umootel apaiwon,
uTtoAoyloTtnke péow tn¢ Eélowaonc 23:

C, =C,pc ¥ dilution E€. 23
onov,
Cx N TEALK) CUYKEVTPWON TOU povooakyapitn oe mg/mL
Cupic N CUYKEVTPWOT TOU LOVOOOKXAPLTN OTWC €XEL UTIOAOYLOTEL OTO
Brua (B) oe mg/mL
dilution 0 OUVTEAEOTIC apaiwong tou delypatog

ITn OUVEXELQ, UTTOAOYLOTNKE N CUYKEVTPWON TWV TIOAUCAKXOPLTWY KUTTapivn
KaL nUIkuttapivn pe epappoyn twv Eélowoswv 24 kal 25 avtiotoa:

C = (C, gucose ) X 090 E€. 24

anhydo_cellulose

+C )x0.88 EE. 25

Canhydo_xylan = (Cx_xylose x_arabinose
onov,

Canhydro_cellulose | GUYKEVTPWON TNG KuTtapivng oe mg/mL
Canhydro_xylan N OUYKEVTPWON TNG NULKUTTAPivNG o€ mg/mL

0.88 0 OUVTEAEOTNC LETATPOTNC TwV mevtolwyv (EVAOTN, apaBLvoln) oe
NULKUTTAPLVN
0.90 0 OUVTEAEQDTIC LETATPOTNC TNC YAUKOING O€ KuTtapivn

T€Aog, UTOAOYLOTNKE N MOCOTNTA KUTTOPIVNG Kal nukuttapivng ava 100 g
oTEPEOU UTIOAELppOTOC HE edappoyn TwV Eélowoswy 26 kal 27 avtiotolya:

1g
Canhydro cellulose x Vfiltrate x
% Ce”u,osesolidresidue = 1000mg x 100 Ef 26
OD VVsample
1g
Canhydro xylan x Vfiltrate x
% Xylansolidresidue = ODW 1000mg x 100 Ef 27

sample
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onov,

% Cellulosesojigresidue
% Xylansoiiresidue
Canhydro_cellulose
Canhydro_xylan

Vfiltrate
oD Wsample

Ta g Kuttapivng ava 100 g otepeol UTTOAELUMOTOC

TO g NUIKUTTaPivnG ava 100 g otepeol UTTOAELUUATOG

N ouykEVTpwaon og mg/ml tng KuTtapivng

n ouykévipwaon oe mg/ml tng nUIKUTTOPLVNG

0 Oyko¢ tou Sinbnpatocg toog pe 86.73 mL

N MOoOTNTA O€ g TOU £NpoU OTEPEOU UTIOAEIUOTOC TTOU
xpnotuornotnke otnv 6€vn udpoAuan (0.3 g)
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1. ZVotacn SLaTPOoPLKWV AOPPLUUATWV

Me edappoyn Twv peBodwv avaluong mou meplypadovtal oto B’ Mépog,
TloooTIKomoLOnkav ta PaclKA CUCTOTIKA TwWV SLOTPOPLKWY ATOPPLUMATWY. Ta
anoteAéopata napouvotalovral otov Mivaka 1.

Mivakag 1. Suotaon S1aTPOPIKWVY AMOPPLUUATWY

S UOTOTLKS NeplekTikOTNTA
(%, w/w, §npn Béon)
YéatodiaAuta 31.81+0.42
Autapad 11.91+0.68
MNpwteivn 10.51+0.37
Mnktivn 3.92+0.33
Kuttapivn 18.30+0.19
Hutkuttapivn 7.55+0.39
Tédppa 11.03+0.42
Awyvivn Klason (adtaAutn og o€ Ayvivn) 2.16 £0.25

* Yypaoia 1.03 + 0.20 % (w/w)

H avaAuon pe vypn xpwpotoypadia vPnAng amodoong (HPLC) (§9) tou
Selypato¢ twv ULSOTOSIOAUTWY OuCTATIKWY O08AYNOE OTNV TAUTOMOoLnon Kot
TIOOOTIKOTOINON TWV KATWOL HOVOOOKXAPLTWY Kal OSloaKyapltwy: YAUKOIn o€
nieplektikotnTa 4.39 + 0.20 % (w/w, €npn Baon), ppouktoln o meplekTkoTNTA 3.47
+0.12 % (w/w, &npn Baon) kot cakxapoln oe meplektikotnta 4.38 + 0.10 % (w/w,
&npn Baon). EmumAéov, To OUYKEKPLUEVO Selypa TiEpPLELXE TIPWTEIVN O€ TTEPLEKTIKOTNTA
0.54 + 0.01 (w/w, &npn Baon).

2. Evlupikn udpoAucn Twv StatpodLkwv armoppLUUATWV: ERLOPACH TNC
MPOKATEPYACLAC KO TOU EVIUULKOU dopTiou

Ta mepdpata tng evIUUKAG USPOAUGCNG, UE OKOTO TN MEAETN TNG emibpaong
NG Mpokatepyaciag kot tou eviuuikol doptiou og autny, dte€nxbnoav os delypata
SLOTPOPKWV ATIOPPLUUATWY CUYKEVTPWONG otepewv 20% (w/v). H mpwtn UAn
TPOKATEPYAOTNKE LSPOBEPUIKA otoug 120 °C yia 15 min. 3tn OUVEXELWDR, Ta
TIPOKATEPYOOPEVA (amouaia Kal mapoucia of€og) kat pn Selypata uméotnoav
evlupkn udpoAuacn e XpProN TOU UELYHATOC EUMOPLIKWVY okevoopdatwy Celluclast®
1.5 L kot Novozyme® 188 oe avahoyia 5:1 (v/v), €tol WOTeE n TEAKA EvepyoTnTA
OALKAG KuTTtapLvaong va eivat: 5, 10 kat 20 FPU/g €npou uAikol. Ta amoteAéopata
napouatalovral ota Ataypauuate [1-3.
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Awaypapuua 1. Xpovikn LETaBOAN CUYKEVTPWONG aVAYWYIKWY OUASWV Kot YAUKOLNG KaTd TNV USPOAUGCH SLATPOQIKWY QITOPPLULATWV.

Ev{uuiké qoprtio: 5 FPU/g énpou uAwkou
Suykévtpwon urtootpwuarog: 20% (w/v)
Mpokatepyacia: 120 °C ytor 15 min

(o) akatepyaota
(8) mpokartepyaouéva
(v) mpokatepyacouéva napouvaoio H,SO,

O avaywyIKEC OUASEC

® yAukoln

7O
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Awaypapuua 2. Xpovikn LeTaBoAN CUYKEVTPWONG aVAYWYIKWY OUASWV Kot YAUKOLNG KaTd TNV USPOAUGCH SLATPOQIKWY QITOPPLULATWV.
Ev{uuiké goprtio: 10 FPU/g énpou uAikod.

Suykévtpwon urtootpwuarog: 20% (w/v)

Mpokatepyacia: 120 °C ytor 15 min

(o) akatépyaota O avaywyIKEC OUASEC

(8) mpokartepyaouéva ® yAukoln
(v) mpokatepyacuéva napovaia H,SO,
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Awaypapuua 3. Xpovikn LETaBOAN CUYKEVTPWONG aVAYWYIKWY OUASwWV Kot YAUKOLNG KaTd TNV USPOAUGCH SLATPOQIKWY QITOPPLULATWV.

Ev{uuiké gpoprtio: 20 FPU/g énpou uAikoU
Suykévtpwon urtootpwuarog: 20% (w/v)
Mpokatepyacia: 120 °C ytor 15 min

(at) akatépyaota
(8) mpokartepyaouéva
(v) mpokatepyacouéva napouvaoio H,SO,

O avaywyIKEC OUASEC
® yAukoln
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Ano ta Alaypauuoate [1-F3 mapotnpeitol OTL To HEYOAUTEPO TIOOOOTO TOOO TWV
OUVOALKWV OVAYWYLKWV OHAdwv 0600 Kal TnG YAUKOING ameAeuBepwveTaLl KATA TLG
npwteg 12-24 wpeg g udpoAuong. AkolouBwg, o pubuog tng udpoAuong
HELWVETOAL, YEYOVOG TIOU OdelA£TAL OTNV AVACTOAN TNG dpdong Twv eviluwv, Aoyw
™G aUENONG TNG CUYKEVTPWONG TWV TIAPAYOUEVWY OOKXAPWV. Ta KUTTOPLVOAUTLKA
gvlupo  elval  Yapaktnplotikd mapadelypa eviUpwyv, Twv omolwv n dpdaon
ovaoTEANETAL OO TA TEALKA TtpoidvTa TG udpoAuaonc (mapeunddion amo to mpoiov).
H péylotn Tiun ouykévipwong tTng YAUKOING o€ OAa Ta Stoypappoto AapBAveTol oTLg
72 wpec. Map’ 6Aa autd, n eviupikn udpoAucn TwV SLOTPODIKWY OTMOPPLUHUATWY
OAOKANPWVETOL TIPAKTLKA OTLC TIPWTEG 24 WPEC.

Ytov mivaka ou akoAouBel mapouolalovtal oL PEYLOTEG CUYKEVIPWOELG TWV
OUVOALKWYV aVaYyWYLIKWV opdadwyv Kat TG YAUKOING Katd tnv evIUK udpoAuan Twv
LN TIPOKOTEPYUOUEVWY KOl TWV TIPOKATEPYAOUEVWY, ATOUCLO KoLl Ttapouaia of€oc
SLaTPODIKWV ATIOPPLUUATWV.

Mivakag 2. MEyiotec TIUEG CUVOALKWV avVaywyIKWV ouadwV Kot yYAUKolnG Kata tnv
UbpOAUTN TWV SLATPOPIKWVY ATTOPPLUUATWV.

EiSog EvIupKo ¢Opt’i0 Euvo)\th”q AUKOZN
poKatepyaoiog (FPU/g £r]pou av?tvwvtl(sq (g/L)
UAkoU) opadeg (g/L)

Kappia 5 59.59 + 4.16 29.89 +£1.28
Y&poBepuikn 5 63.56 + 1.57 35.67+1.51
Y&poBepuikn+o&u 5 70.85 + 0.47 34,19+ 1.48
Kappia 10 64.13 £ 0.88 32.33+0.71
Y&poBepuikn 10 67.42 +2.81 38.58 + 2.05
Y&poBepuikn+o&u 10 69.93 + 1.02 40.47 £ 0.52
Kappia 20 67.82 £ 0.66 36.49 + 2.60
Y&poBepuikn 20 70.48 + 0.69 40.33+0.43
Y&poBepuikn+o&u 20 72.34+1.97 41.45+1.19

Ano TIC TWEC Tou [fMivaka 2 eival ¢avepd OTL n TMpoKATEpyaoia TwvV
SLATPODIKWY  ATIOPPLUMATWY €UVOEL TNV UdpOAuCHn, evw n TPOoOAKN MKPNG
noootntag of€og Sivel akopa KaAUTepa amoteAéopata. H mpokatepyacia auavel
TN CUYKEVTPWON TNE TTAPAYOUEVNG YAUKOING Katd 11-19% €vavtl TOU aKATEPYOOTOU
UALKOU, €VW TO QVTIOTOLXO TIOOOOTO YLO TA TIPOKOTEPYAOUEVA Slatpodikad
anoppippata moapoucia of€og sivat 14-25 %.

H avénon tou evlupikol doptiou obnyel oe av&non Twv MAPAYOUEVWY
oakxapwv. ITg OlepyaoieC PLOUETATPOMNAC ALYVIVOKUTTAPLWVOUXWY UALKWV OF
atBavoAn, OUWC, ONUAVTLKA CUVELOPOPA OTO CUVOALKO KOOTOG TOPAYyWYNC EXEL KO
TO XpnoLpomotnBév evlu ko doptio. Q¢ ek ToUTOU, £lval EMIBUUNTEG OL XAUNAOTEPEC
SUVATEG TIPEC eVIUULKN G EVEPYOTNTAG.

To TEWPAUATIKA amoTeEAEopATa amd TtV USpOAucn Twv Slatpodikwy
OMOPPLUHUATWY TTPOCOPUOCTNKAV OTO TAPAKATW HoONnUatikd povtého [31]:
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OLpooappoyég mapouatalovtol oto Ataypoupuato [4-I6 Kot oL TULEG Xmax KOL
t1/2 otoug Mivakeg 3-r5:

EI;

00
(o) (B}

n

&
A

II\:_IFI
1

&
A

%)

20 4

MNooooto ubpokuonc kKuTTapivng (%)
&
MooooTd ubpOALTHC CALKWY
oAU TN OpLTWY (%)
;]

/] 2::' 4 '5::." 80 /] 2::' 40 '5::' B0
¥povog ubpoluoncg (h) ¥povog ubpohuoncg (h)

Awaypauua r4. Mpoocapuoyn eéicwong Holtzapple yia tnv udpdAuon tne kUTTAPIVNG KOl TWV
OALKWY MOAUCQKXPLTWY TWV SLATPOPLKWY QTTOPPLUUATWY.
Eviupiko goptio: 5 FPU/g énpou uAwkou.

@ akaTEpyaota (a) kutTapivn

O npokatepyaougva (8) oAikol moAvoakyapiteg
A npokatepyaouéva napouvaoio H,S0,
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Awaypauua 5. Mpooapuoyn eéiowong Holtzapple yia tnv udpdAuon tne kKUTTAPIVNG KoL TWV
OALKWY MOAUCQKXPLTWY TWV SLATPOPLKWY QTTOPPLUUATWY.

Evqupuko goptio: 10 FPU/g énpoU vAwkou.
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A npokatepyaougva napouvaoio H,S0,

-
(=]

{a}

EI;
1

n
(=]
1

&
1

&

[}
(=]

MNoooord ubpokuanc KUTTopivng (%)

0 2:31 4:5 E\-I:l
¥povor ubpakuanc (h)

Awaypauua ré. Mpooapuoyn eéiowong Holtzapple yia tnv ubpoAuon tne kuTTAPIVNG KoL TWV

Nogoatd ubpoiuanc ohkuwv
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OALKWY MOAUCQKXPLTWY TWV SLATPOPLKWY QITOPPLUUATWY.

Eviupuko goptio: 20 FPU/g énpoU vAwkoU.

@ akaTEpyaota
O npokatepyacueva
A npokatepyaouéva napouvoio H,S0,
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Mivakag 3. TUES Xmax KAL t1/2 yLa TNV USPOAUTN TWV TOAUCAKAPLTWV TWV
Slatpo@ikwy amoppiuudatwy. Eviuuiko goptio: 5 FPU/g énpou uAikou

Axatépyacto Y6poeepuu<cf Y5p098p|.l’lKa ’
TIPOKATEPYOLOLEVO TUPOKOTEPYOLOHEVO + OEV
Kuttapivn
Xmax (%) 47.8351 49.0972 42.2227
ti2 (h) 5.3894 5.8351 3.3053
(R°=0.97, P<0.0001) (R°=0.99, P<0.0001) (R*=0.99, P<0.0001)
OAwkoi moAuoakyopiteg
Xmax (%) 64.5265 68.4273 77.4418
ti2 (h) 4.1636 2.6298 3.5719
(R°=0.98, P<0.0001) (R°=0.97, P<0.0001) (R*=0.99, P<0.0001)

Mivakag 4. Tipeg Xmax Kot ti, ylta v uvbpoAuon Ttwv MOAUCOKAPITWY TWV
SLatpo@ikwyv anoppiuudatwy. Eviupiko goptio: 10 FPU/g énpou uAikou

AKaTEpyoLoTO Y&poOeppLka Y&poOeppIka
TIPOKOTEPYOLOHEVO TIPOKOTEPYOLOHEVO + 0§V
Kuttapivn

Xmax (%) 47.8182 49.1894 50.0478
ti (h) 9.1820 8.5898 9.3646

(R°=0.99, P<0.0001) (R°=0.98, P<0.0001) (R*=0.99, P<0.0001)

OAwkol moAucakyopiteg

Xmax (%) 77.9602 64.4690 62.8326
ti2 (h) 3.3853 3.5036 3.3160

(R°=0.97, P<0.0001) (R°=0.99, P<0.0001) (R*=0.98, P<0.0001)

Mivakag 5. TipeG Xmax KoL ti, yta v vdpoAuon Twv MOAUCOKAPITWY TWV
Slatpo@ikwyv amoppiuudtwy. Eviupiko goprtio: 20 FPU/g énpou uAikou

AKaTEpyooTo Y&poOeppLka Y&p0oOepuIka
TIPOKOTEPYOLOHEVO TIPOKOTEPYOLOHEVO + OEU
Kuttapivn

Xmax (%) 53.8940 52.9767 60.4910
tis (h) 5.1512 11.1613 24.5097

(R*=0.91, P<0.0001) (R°=0.96, P<0.0001) (R*=0.98, P<0.0001)

OAwkol moAucakyopiteg

Xmax (%) 78.7692 70.3111 60.4824
ti (h) 3.0347 1.9007 1.3549

(R°=0.98, P<0.0001) (R°=0.97, P<0.0001) (R°=0.86, P=0.0020)

Ita Awaypauuata 7-M9 esudaviletal n olykplon Twv TMPoBAemOpevwy, amd To
uTtepPoALKO povTéEAO Tou Holtzapple, TILWV HEYLOTNG HETATPOMAG KUTTAPILVNG Kall
OALKWYV TTIOAUCOKXAPLTWY HE TLG AVTLOTOLXEG TIELPOATIKEC TLUEG:
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Awaypauua 7. S0ykpion mpoBAeMOUeVWY TIUWYV UEYLOTNC UOPOAUGCNC KUTTAPIVNC KoL
OALKWV TTOAUCOKXOPLTWV LIE TIC AVTIOTOLYEC TTELPAUATIKES TIUEC.
Ev{uuiko qoptio: 5 FPU/g énpou uAwkod.

(a)ubpoAvon kuttapivng WrtpoBAemOUEVEC TILEC
(6)ubpoAuan oAikwv moAuoakyapLtwyv ErelpoUaTIKEG TIUEC
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Awaypauua 8. SUykpion mpoBAEMOUEVWY TIUWV UEYLOTNC UOPOAUGCNC KUTTAPIVNG KoL
OALKWV TTOAUCOKXOPLTWV LIE TIC AVTIOTOLYEC TTELPUUNTIKES TIUEC.

Ev{uuiko qoptio: 10 FPU/g énpou uAwkou.

(a)ubpoAvon kuttapivng WrtpoBAemOUEVEC TILEC
(6)ubpoAuan oAikwv moAuoakyapLtwyv ErelpoUaTIKEG TIUEG
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Awaypauua 9. Suykpion mpoBAeMOUEVWY TIUWYV UEYLOTNC UOPOAUGCNC KUTTAPIVNG Kot

OALKWV TTOAUCOKXOPLTWV LIE TIC AVTIOTOLYEC TTELPUUNTIKES TIUEC.

Ev{uuiko qoptio: 20 FPU/g énpou uAwkou.

(a)ubpoAvon kuttapivng WrtpoBAemOUEVEC TILEC

(6)ubpoAuan oAikwv moAuoakyopLtwv ErelpoUaTIKEG TIUEG
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Ano ta Awaypauuata 7-N9 mopatnpeitat otL to poviéAo tou Holtzapple
TIPOBAETEL KAVOTIOINTIKA TG TLUEG MEYLOTNG USPOAUONG KUTTAPIVNG KOL OALKWV
TLOAUCOKYOLPLTWV.

H amowkodounon tTwv OALKWV TTOAUCGAKXOPLTWY KUUAVONKE O TTOCOOTA AVW
TOoU 60% 0c OAEC TIG £€eTAOOEIOEC TIEPUTTWOELS. JUUMEPACUATIKA, TA AMOTEAECHUATA
™M¢ udpoAuonc Twv SLATPODIKWY ATIOPPLUUATWY KpIvovTol LKAVOTOLNTIKA. Oa
TPETEL, OUWG, VO ONUELWOEL OTL N amoTteAeopATIKOTNTA TNG EVIUULKAG udpOAuonG Ba
afloloynBel kat oto endpevo otadlo, mou sival n mapaywyn Bloatbavoing.

Ou Ballesteros et al. (2010) unméBalav o USpPOAUCNH TIPOKATEPYACUEVA
(165 °C, 30 min) Seiypata opyavikol KAAOUATOC QOTIKWV OTEPEWV OOBAATWY
(AZA), ocuykévtpwaong urtootpwpatog 10% kat 20% (w/v), XPNOLUOTIOLWVTAG EVIUULKA
¢doptia 20-60 FPU/g «kuttapivng. H amodoon tng udpdluong, upe Pdaon tnv
TLEPLEXOUEVN OTNV PWTN UAN YAUKOLN, Kupavonke amnod 37 % €wg 44 % [50].

Ou Li et al. (2012) peAétnoav tn Suvatotnta mapaywyns (UUWOLUWV
COKXOpWV yla Tapaywyn albavoAng omo  ALYVIVOKUTTAPLVOUXO OCUMITUKVWOL
O0OTIKWV OTepewv amoPAntwy, To omoio €AndOn peta amod pio Stadikacia
Slaxwplopou pe auTtokAeloto. EmetelxOn anodoon vbpoAuaong nepimou ion pe 35 g
OUVOALKWYV avaywyLlKwV oakxapwv avd 100 g AZA (n omoia avtiotowyei os 21 g/L) pe
XpPron umootpwpatog 6% (w/v) kat evlupiko ¢optio apketd uPnAOTEPO amd AUTO
TIou xpnolpomowBnke otnv Tmapovca epyocia (90 Units kuttapvdong/g
unootpwuatoc) [57].

Anodoon mepimou 90% emetsUxbn amd toug Li et al. (2007), ouL omoiot
xpnowuornoinoav emleypéva  Bloamodounolpa  anopAnta  (xopta, ednuepideg,
dAoUSEC KapoTwV Kat matatac). H mpwtn UAN uneBANOn, apxtkd, o 6&vn udpoAuaon
HE apatd ofL kal akoAoUBw¢ oe Katepyaoia pe atuo, pe xprion uPnAol eviupikou
doptiou (60 FPU/g uMOOTPWHATOC) KAl XOUNAWV CUYKEVIPWOEWV UTIOOTPWHATOG
[58]. Napopola amoteAéopata enetevxBnoav and touc Nguyen et al. (1999), ol
orolol xpnotpornoinoav Bropala emAeyUEVN £TOL, WOTE VO £lval TIAPATTANCLA PE TA
AlyvivokuttaplvoUxo ouotatikd Twv AZA (éAato, dxupo oitou Kkat amoBAnta
Xaptiov). H mpwtn UAN apxikd €eUmoOTioTnKe HE 0L, OTN OUVEXELA UTECTN
Katepyooila pe otpd Kol TtéEAog evluuikny udpoAuon pe uPnAo evluulkod ¢opTtio
(66 FPU/g kuttapivncg) [59].

JUuudwva pe toug Zheng et al. (2007) XoUNAEG CUYKEVTPWOELG UTIOOTPWOTOC
(loodUvapeg pe 2% kuttapivng) kot evUUIKO ¢optio ¢ tafswe twv 15 FPU/g
Kuttaplvng Kkatd Ttn Oldpkela uSpOAUONC Tou opyavikoU KAAopOTog AZA,
TIPOKATEPYOLOHEVOU HE apald Beukd o0 otouc 165 °C, éxouv w¢ amotéAeopa uPnAn
anodoon yAukolncg (mepimou 60 % tn¢ Bswpntiknc) [60].
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3. Evlupkn) u8poAucn Twv SLatpodLlKWV AmopPLUUATWY: ENLdpacn TNC
GUYKEVTPWONC UTTOCTPWLLATOC KOL TNC OEPUOKPACLOC TIPOKOTEPYACLOC

MeAetOnke n enidpaon g Oepuokpaciag oto otadlo TNG MPoKATEPYATiag
KOl N CUYKEVTPWON TOU UTIOOTPWHATOG 0TNV VUMLKY UOPOAUON TwV SLatpodLlkwy
QTOPPLUUATWV.

Itoxo¢ Atav n mopaywyn atbavolng os mooootod peyoAltepo anod 4% (w/v),
OUYKEVIPWON amapaitntn, WoTe va HEWBOOUV Ol EVEPYELOKEC OMALTAOEL TOU
otadlou ™NGg amootafng kot va emiteuxbel olkovoulkotepn OSiepyacia. Mo va
emutevxBel o otdxoc autdg, Ba mpEmel va xpnoilpomolnBel umoéotpwpa UPNANg
OUYKEVTPWONG KOTA TN BLOUETATPOTTH TWV SLOTPOPLKWY AMOPPLUUATWY O atBavoln
[50]. E€eTdOTNKAV, CUVETWG, CUYKEVTPWOELG UTtooTPWHATOC 30% Kot 50% (w/v).

ErumA€ov, e OKOTIO TNV MPOCTOCLA TWV TEPLEXOUEVWV CAKXAPWY 0TO SLAAUTO
KAQOUO TwV SLATPOPLKWY AMOPPLUUATWY, amd mibav amolkodounon Toug Kal T
HElWON TWV EVEPYELAKWY ATIALTHOEWY OTO OTASLO TNE MpoKaTeEpyaociag, e€sTaotnkayv
XapnAotepeg Oepupokpooie¢. H mpwtn UAN TpoKatepydotnke udpoOepulkd o€
Beppokpaoiec 85 °C, 100 °C kat 120 °C anovoia kat tapouvoia oféoc (1 g H,S0,4 / 100
g Enpou otepeol). H mpokatepyacia otoug 85 °C kat otoug 100 °C Stipkeoe 60 min,
EVW N mpokatepyocio otoug 120 °C Sipkeoe 15 min.

TN OUVEXELWD, Ta TIPOKATEPYOAOUEVO Kal pn  OSelypata Sotpodikwv
QIMOPPLUHATWY uTEotnoav evlUpk udpoAuon. EmiAéxBnke evluplkd ¢optio NG
Taéng Twv 7 FPU/g €npou otepeol, e OKOTIO TN UELWGCT TOU KOOTOUG TWV EVIUUWV.

To amoteAéopata Twv TMEWPAUATWY TNG eVIVUIKAG UdpoAuong Twv
TIPOKATEPYOOUEVWY KAl HN  SLOTPOdIKWY QMOPPLUUATWY Ttapouctdlovial ota
Awaypauuata F10-F15 kol ol PEYLOTEG €MITEUXOEIOEC OUYKEVIPWOEL; GUVOALKWV
oVayWYWKWV opadwv Kat yAukolng ava ouvinkn udpoAluong otov [llivako [6.
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Awaypapua I'10: Xpovikn UETBOAN CUYKEVTPWONG QVAYWYIKWY OUASWV Kal YAUKOING KaTd TNV uSpOAUCH SLATPOPIKWY ATTOPPLUUATWVY.
Ev{uuiké qpoprtio: 7 FPU/g énpou uAwkou

Suykévtpwon urtootpwuarog: 30 % (w/v)

Mpokatepyacia: 85 °C yia 60 min

(o) akatépyaota O avaywyikéc ouadeg
(8) mpokatepyacuéva ® yAukdln
(v) mpokatepyaouéva napouvaoio H,SO,
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'f:l ZTZI
¥povor ubpakuanc (h)

Awaypapua I'1: Xpovikn UETBOAN CUYKEVTPWONG QVAYWYIKWY OUASWV Kol YAUKOING KaTd TNV UOPOAUGCH SLATPOPIKWY ATTOPPLUUATWVY.

Ev{uuiké qpoprtio: 7 FPU/g énpou uAwkou
Suykévtpwon urtootpwuarog: 30 % (w/v)

Mpokatepyacia: 100 °C yto 60 min

(at) akatepyaota

(8) mpokatepyaouéva
(v) mpokatepyacouéva napouvaoio H,SO,
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Awaypapua I'12: Xpovikn UETBOAN CUYKEVTPWONG QVAYWYIKWY OUASWV Kol YAUKOING KaTd TNV UOPOAUGCH SLATPOPIKWY ATTOPPLUUATWVY.

Ev{uuiké qpoprtio: 7 FPU/g énpou uAwkou
Suykévtpwon urtootpwuarog: 30 % (w/v)
Mpokatepyacia: 120 °C yto 15 min

(o) akatepyaota
(8) mpokatepyaouéva
(v) mpokatepyacouéva napouvaoio H,SO,

O avaywyikéc ouadeg

® yAukoln

0
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Awaypapua I'13: Xpovikn UETBOAN CUYKEVTPWONG QVAYWYIKWY OUASWVY Kol YAUKOTNG KaTd TNV UOPOAUGCH SLATPOPIKWY QTTOPPLUUATWVY.
Ev{uuiké qpoprtio: 7 FPU/g énpou uAwkou

SUYKEVTpwOon Urtootpwuatos: 50 % (w/v)

Mpokatepyacia: 85 °C yia 60 min

(o) akatépyaota O avaywyikéc ouadeg

(8) mpokatepyaouéva ® yAukoln
(v) mpokatepyaouéva napouvaoio H,SO,
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Awaypapua '14: Xpovikn UETHBOAN CUYKEVTPWONG QVAYWYIKWY OUASWV Kol YAUKOING KaTd TNV UOPOAUGCH SLATPOPIKWY ATTOPPLUUATWVY.

Ev{uuiké qpoprtio: 7 FPU/g énpou uAwkou
SUYKEVTPpWONn UrtooTpwuatos: 50 % (w/v)
Mpokatepyacia: 100 °C yto 60 min

(o) akatepyaota
(8) mpokartepyaouéva
(v) mpokatepyacouéva napouvaoio H,S0,

O avaywyikéc ouadeg
® yAukoln

0
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Awaypapua I'15: Xpovikn UETBOAN CUYKEVTPWONG QVAYWYIKWY OUASWV Kol YAUKOING KaTd TNV UOPOAUGCH SLATPOPLKWY ATTOPPLUUATWVY.
Ev{uuiké qpoprtio: 7 FPU/g énpou uAwkou

SUYKEVTPpWONn UrtooTpwuatos: 50 % (w/v)

Mpokatepyacia: 120 °C yto 15 min

(o) akatépyaota O avaywyikéc ouadeg

(8) mpokartepyaouéva ® yAukoln
(v) mpokatepyacouéva napouvaoio H,S0,
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Mivakag 6. MEyLoTec TIUEG CUVOAIKWY QVaywYLKWV OUadwV kot YAUKolnG kata TNV uSpoAuch Twv SLATPOPIKWY QITOPPLUUATWYV

, E ) i 2 E X , ,
Eisoc v{upLkO doptio UYKEVTPWON GUVOALKWV SUYKEVTPWoN YAUKSTNG

curtocrrpd)patoq

, T (°C)/t (min)? b (FPU/g &npov OVOYWYLKWV OPAdwv

TIPOKATEPYOLOLOLG (%, w/v) UAKOD) (g/L) (g/L)
Kappuia - 30 7 92.37+3.91 42.96 + 2.06
Y8p0BepKN 85/ 60 30 7 90.84 + 0.10 46.55 + 1.48
Y&poBepuikn+ogu 85/ 60 30 7 90.84 + 4.02 48.33+ 1.67
Kappuia - 30 7 92.37+3.91 42.96 + 2.06
Y8p0BepKN 100 / 60 30 7 100.68 + 9.07 52.92 +1.99
Y8p0BePUKA+OEY 100/ 60 30 7 110.00 + 3.71 57.20 + 2.38
Kappuia - 30 7 92.37+3.91 42.96 + 2.06
Y8p0oBeppikh 120/ 15 30 7 128.87 +9.74 65.75 + 9.58
Y&poBepuikn+ogu 120/ 15 30 7 103.21+1.55 52.19 £+ 0.58
Kappuia - 50 7 91.86+1.41 52.92 £ 0.45
Y8p0oBeppikn 85/ 60 50 7 113.57 + 7.73 66.66 + 0.45
Y8p0BePUKA+OEY 85/ 60 50 7 117.94 +2.78 66.29 + 1.74
Kappuia - 50 7 91.86+1.41 52.92 £ 0.45
Y8p0oBeppikn 100/ 60 50 7 118.60 + 7.21 66.70 £ 4.50
Y8p0BeP UK +OEY 100/ 60 50 7 123.62 + 4.64 67.79 £ 0.64
Kappuia - 50 7 91.86+1.41 52.92 £ 0.45
Y&poBepuikn 120/ 15 50 7 162.89 + 3.09 59.06 + 4.93
Y8p0BePUKA+OEY 120/ 15 50 7 155.09 + 6.77 60.38 + 0.19

9 Oepuokpaoio/ypovoc MPOKATEPYATIAC
b suykévtpwon umootpwuaToc Katd v uspoAuon



Ano ta Ataypouuate F10-M15 napatnpeltal OTL KATd TG 12 MPWTEC WPES TNG
vbpoAuaong, n mapaywyn TG YAUKOING aUEAVETAL OMOTOUA, EVW, OTN CUVEXELQ, N
OUYKEVIPWON TNG €lte mopapével otabepn eite aufAvetol PE OPKETA TILO apyo
puBUO. AuTO onpaivel otL otnv MAsloPndia Twv MepUTTWOEWVY, N evlUULKH udpOAUGCNH
TOU UALKOU TIPOIKTIKA OTALUATAEL LETA TIG 12 WPEG.

Anod ta amoteAéopata tou [livaka 6, eival ¢avepd OTL 0 OAeC TIC
e€eTa00El0EC MEPUTTWOELS N TIPOKOTEPYOOLO TwV SLATPOPLKWY ATOPPLUUATWY
€UVOEL TNV ameAeuBEpwaon TOCO TWV CUVOALKWY OVAYWYLKWYV OPAdwV 000 Kol TNG
vyAukolnc. H avénon &g tng Bepuokpocioc oto otadlo NG MPOKATEPYASLAG TOU
UALKOU au&Aavel TEPALTEPW TN CUYKEVTPWOT TOUC. Mo ouyekpluéva, n av&non tng
Beppokpaoiac npokatepyaciag, mapouasio Kat arovoia of€og, anod toug 85 °C oToug
100 °C, yia ta Ssiypota ouykévipwong otepewv 30% (w/v), 08fynoe os avénon tng
napayopevng yAukolng kata nepimou 18%.

Jtnv miswoPndia Twv mepMTWoswv, PalveTal OTL n TPOCOHNKN HLKPNC
noootntag Beukol offog BeAtiwvel tn Sladikacia tng udpoiuonc. H mapouoia,
OUwC, Tou Beukol of€o¢ oe ouvdbuoopo He tnv apketa uPnAn Bepuokpacia
nipokatepyooiog twv 120 °C odnyei og xapunAotepn mapoywy OAKWY OVOYWYLKWV
opadwv kot YAukolnc. Auto miBavwe odelletal o HEPLKA OMOLKOSOUNCN TWV
COKXAPWV.

H av&non tng oUYKEVIPWONG TOU UTIOOTPWHUATOG, OMWE NTAV QVAUEVOUEVO,
odnynoe og avénon tng mapayopevng yYAukolnc.

Juvoilovtag, TO TILO LKOVOTIOLNTIKA OTOTEAECUOTO ONMO TIC TOPATIAVW
SOKIPEC eAnNdOnoav KATA TNV TPOKATEPYASiA TwV SLOTPODPIKWY OMOPPLUUATWY
otou¢ 100 °C, mapoucia 1g Betkol 0€£0¢/100 g Enpol UAKOU.

4. NMapaywyn BroooBavoAnc om0 TPOKOTEPYAOUEVA KOl UN
Swatpodika aroppippato

H Blopetatpon twv SLATPOPLKWY QTMOPPLUUATWY TIPOCEYYLoTNKE He SUO
TEXVOAOYLEC, €KElVN TNG KAOOLKAG TAUTOXPOVNG oakyapormoinong kot {Upwong
(Simultaneous Saccharification and Fermentation, SSF) kalL ekeivn NG N
LOODEPUOKPACLOKNAG TAUTOXPOVNG CaKkxapormoinong kat {Upwong (Non Isothermal
Simultaneous Saccharification and Fermentation, NSSF).

MNa kabe plo amod tg Suo texvoloyieg HeAeTHONKAV KPLOLWEC TTOPAPETPOL
BlLOUETOTPOMNAG, OMWG N OUYKEVIPWON TOU UALKOU, TO e€VIUULKO ¢opTio Tou
xpnotuornownke yla tnv udpoAuon Twv SLatpodLKWV ATIOPPLUUATWY Kal To £(60¢
™¢ Slepyaoiag.

Me Bdon tn ovotacn Tou UALKOU Omw¢ autr mapouotaletal otov MMivaka 1,
urntohoyiotnke n Bswpntikn amddoon albavoAng pe Baon ta apeca Slabfolpa
oakxopo w¢ €€NG:
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Anodoon alBavoAng

ZUOTOTKO (g/100 g Enpou LALkOU)
Mukoln 2.24
Opouktoln 1.77
Yakxopoln 2.24
Kuttapivn 10.39

O OUVTEAEOTIG UETATPOMIG KUTTAPIVNG 0 YAUKOZn ivon 1.111
O OUVTEAEOTIC UETATPOTC CaKYApoU o€ audavoAn eivar 0.511 [42].

H Bewpntikn amodoon pe Baon ta pun Sopkd oakyapa povo (YAukoln, ppouktoln,
ocokyapoln) eivat 6.25 g/100 g Enpou UALKOU, evw e Baon Ta pn SOpKA odakxapa
KalL TNV Kuttapivn eivat 16.64 g/100 g Enpol otepeoy.

4.1. Tautoxpovn cakyaponoinon kat Wuwon (SSF)

To mAeovéktnua TG Siepyaociag SSF, onwg €xet nén avadepbel, sival n
ouvexng udpoAucn Tou UALKOU KOl N TOUTOXPOVN QTMOUAKPUVON TWV TPOLOVIWY
V6poAuonG amd TO HLKPOOPYAVIOUO Tou eruteAel ™ Opwon. AUTO €XEL WG
OMOTEAECUA TNV APON TNEG MAPEUTIOSIONG TWV KUTTAPLVOAUTIKWY eVIUUWV OO Ta
npoiovta udpoAuaong.

MpaypatomnoliOnkav SoKIUEG BLOUETATPOTING TWV TIPOKATEPYOUTHUEVWV KAL [N
SLoTpodKWV  AMOPPLUUATWY, TIPOKELUEVOU va gupebolv oL ouvbnkeg Tou
HEyLOTOTOOUV TNV Tapaywyn PBloatBavoAng, pe edappoyr tng texvoloyiag SSF.
E¢etdotnke n enidpaon tou eviupikol ¢opTiou, TNG APXLKNG CUYKEVTPWONG UALKOU
Kal tou €idoug tnG Olepyaciag (Staleimovrog kat nuiSlaAeimovtog €pyou) otn
{UPWaoN TOoU UALKOU.

XpnotwornowtBnkav Seiypota SLATPOPIKWY QTOPPLUUATWY CUYKEVTPWONG
otepewv 20% kat 30% (w/v). H evlupukn udpodiuon éylve pe tn Bondsia peiypartog
eunmoplkwv okevaopdatwv Celluclast® 1.5 L kat Novozyme® 188 oe avaloyia 5:1
(v/v), étoL wote n teAkn evepydtnTa OAKAC KuTTApLlvaong va sivat 5, 10 kot 20
FPU/g &€npol uAkoU. H uSpoBepuikn mpokatepyaoia OAWV Twv SELYUATWY, amoucia
Kal mapoucio oféog (1 g H,SO, /100 g €npou UAKoU), mpaypatonolbnke ot
Beppokpaoia 120 °C yia 15 min.

Ma ™ peA€Tn tng enidpaong tou eiboug Slepyaoiag otn BLOYETATPOTH TWV
SLOTPOP LKWV ATMOPPLUUATWY, OTO SELYUOTA CUYKEVTPWONC oTePewV 20 % (w/v), mou
niepleiyav éviupa evepyotntag 10 FPU / g Enpoul uAikoU, petd amod 24 wpeg LOuwongc,
TPOOTEONKE eMUMAEOV MOoOTNTA UALKOU. Mol aUTH TN OELpA MELPAPATWY, N Slepyaocia
SSF BewpnBnke Slaleimovrog £pyou HEXPL TIG 24 wpeg LUHwWOoNC Kol NUSLaAeimovTog
OUVOALKAL.

Ta amoteAéopata tng Slepyaciag SSF Sialeimovrtog kat nuudlaAeinmovrog
é€pyou mapouoialovtal ota Ataypdupata 16-M19 kal ol PEYLOTEG emiteuxBeioeg
TLUEG, YLOL OAEC TLC OUVONKEC oV e€eTdoTnKay, otov [ivako 7.
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TUVOALKLV OVoy Wy LKWV oaryapuwy (g/L)
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Awaypapuua 16. Xpovikn UetaBoAn atSavoAng, yAukolng Ko CUVOAIKWY aVaywyIKWY COKXAPWY KATA TNV TAUTOYPovn cakyapormoinon kot {Uuwaon (SSF)
SLATPOPIKWY ATTOPPLULUATWV.

Ev{uuiké qoprtio: 5 FPU/g énpou uAwkou

Suykévtpwon vAwkou: 20 % (w/v)

Mpokatepyacia: 120 °C yto 15 min

Eibog diepyaoiag: StaAsinovrog Epyou

(o) akatepyaota @ aiGavoin
(8) npokatepyaousvo O yAukoln
(v) mpokatepyacouéva napouvaoio H,SO, A ouvVoAika avaywyLkd oakyopo
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Awaypapuua 17. Xpovikn UetaBoAn atSavoAng, yAukolng Ko CUVOAIKWY aVaywyIKWY COKXAPWY KATA TNV TAUTOYPovn cakyapormoinon kat {Uuwaon (SSF)
SLOTPOPIKWY QATTOPPLUUATWV.

Ev{uuiké goprtio: 10 FPU/g énpou uAikoU

Suykévtpwon vAwkou: 20 % (w/v)

Mpokatepyacia: 120 °C yto 15 min

Eibo¢ diepyaoiag: SlaAsinmovrog Epyou UEXPL TNV MPOOoINKN VEOU UALKOU (24 wpeg) kot nuLSLaAginovtog Epyou oUVOAIKA

(o) akatepyaota @ aiGavoAn
(8) npokatepyaocusvo O yAukoln
(v) mpokatepyacouéva napouvaoio H,SO, A ouvVoAika avaywyLkd oakyapo
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Kpovor kehhgpyerag (h) Xpovog kahhgpyeLae (h) Xpovog kahhgpyeLae (h)

Awaypapuua 8. Xpovikn uetaBoAn atGavoAng, yAukolng Ko CUVOAIKWY aVaywyIKWY COKXAPWY KATA TNV TAUTOYPovn cakyapormoinon kat {Uuwaon (SSF)
SLOTPOPIKWY ATTOPPLUUATWV.

Ev{uuiké gpoprtio: 20 FPU/g énpou uAikoU

Suykévtpwon vAikou: 20 % (w/v)

Mpokatepyacia: 120 °C ytor 15 min

Eibo¢ diepyaoiag: SlaAsinovrog Epyou

(o) akatépyaota @ aiGavoin
(8) npokatepyaousvo, O yAukoln
(v) mpokatepyaouéva napouvaoio H,SO, A ouVoAika avaywyLkd oakyapo
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¥povor kokhgpyeLoe (h) ¥povor kehhigpyeLae (h) ¥povor kehdhgpyeLoe (h)

Awaypapuua 19. Xpovikn UetaBoAn atSavoAng, yAukolng Ko CUVOAIKWY aVaywyIKWY COKXAPWY KATA TNV TAUTOYPovn cakyapormoinon kat {Uuwaon (SSF)
SLOTPOPIKWY QATTOPPLUUATWV.

Ev{uuiké qoprtio: 10 FPU/g énpou uAikoU

Suykévtpwon vAkou: 30 % (w/v)

Mpokatepyacia: 120 °C ytor 15 min

Eibog diepyaoiag: StaAsinovrog Epyou

(o) akatepyaota @ aiGavoin
(8) npokatepyaousvo O yAukoln
(v) mpokatepyaouéva napouvaoio H,SO, A ouvVoAika avaywyLkd oakyopo
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Nivakag 7. AroteAéouarta mapaywyrc BloatdavoAng amod SLatpo@Lka amoppilUUATa UE TRUTOXPOVN oakxapomnoinon kat {Uuwon (SSF).

Eidog

' . . Eviupwé Siepyasioc/ I'Iapav’wvr] I'Iapavwvsxétnta % NG pe’vto'tnc % NG pe’vto'tnc

Npokatepyaoia T(°C) / t (min) b , aBavoAng aBavoAng OewpNTIKAG OewpNTIKAG

doptio ZuyKEVTpWON , d , e

i (g/L) (g/L-h) andédoong anddoong
UALKOU

AkaTtépyaoto - 5 A.E.f/ 20% 16.19 £ 0.38 0.67 £0.02 48.62 +1.13 129.38 £3.01
Y&poBepuikn 120/ 15 5 AE./20% 21.36 £ 0.30 0.89+0.01 64.16 £ 0.90 170.75+£2.41
Y&poBepuikn+o&u 120/ 15 5 AE./20% 21.98 £ 0.08 0.92+£0.00 66.01 £0.23 175.67 £ 0.60
AkaTtépyaoto - 10 AE./20% 16.74 £ 0.12 0.70+£0.01 50.29 £ 0.36 133.82 £ 0.96
Y&poBepuikn 120/ 15 10 AE./20% 21.56 £ 0.56 0.90+£0.02 64.75+ 1.67 172.31 £4.45
Y&poBepuikn+o&u 120/ 15 10 AE./20% 23.12+1.70 0.96 £ 0.07 69.44 £5.11 184.78 £ 3.59
AkaTtépyaoto - 20 A.E./20% 19.26 £ 0.12 0.40+0.00 57.86 + 0.36 153.97 £ 0.96
Y&poBepuikn 120/ 15 20 AE./20% 25.11 £ 0.00 0.51+£0.02 75.43 £ 0.00 200.73 £ 0.00
Y8poBep Kk +0oEy 120/ 15 20 A.E. / 20% 26.27 + 0.08 1.09 + 0.00 78.90  0.23 209.96 + 0.60
AkaTtépyaoto - 10 HW.A.E.2/24% 23.10£0.09 0.32+£0.00 57.83+0.23 153.89 + 0.60
Y8poBeppikA 120/ 15 10 HWA.E./24%  26.09 % 0.53 0.54 + 0.01 65.30 + 1.32 173.77 +3.51
Y8poBep Kk +0oEy 120/ 15 10 HWA.E./24%  28.32+1.50 0.87 +0.25 70.89 + 3.77 188.66 + 1.02
AkaTtépyaoto - 10 AE./30% 22.73+£0.35 0.95+0.01 45.51 + 0.69 121.11+1.84
Y&poBepuikn 120/ 15 10 AE./30% 29.75+0.20 1.24 +0.01 59.57 £ 0.39 158.52 +1.04
Y&poBepuikn+o&u 120/ 15 10 AE./30% 30.32+£0.89 1.26 £ 0.04 60.71+£1.78 161.56 £4.73

9 Oepuokpaoio/xpovoc MPOKATEPYATIAC

b 5e FPU/g &npou uAikou
“ %, (w/v)

I Me Bdon t péyiotn Sewpntikn anddoon ardavéAnc and tn BLOUETATPOT TwV 1N SOUKWY CAKXAPWY KA TNE KUTTAPIVAC
¢ Me Bdon tn uéyrotn napayoéusvn awrdavodn ard ta un Soutkd oakyapo

! A.E.: Aadeinovroc épyou

9Hu.A.E.: HuibiaAsimovroc épyou
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And ta mapamavw Siaypappata daivetal otl oe OAeg TG e€etaobeioeg
TIEPUIITWOELG, EKTOG TNG Slepyaoiag nuidlaAeimovtog €pyou, n mapaywyn atBavoAng
oAokAnpwvetat os dtaotnua 24 wpwv. H yAukoln adopolwveTal ToxUTATA OO TN
0N kot e€avrAeital eviog 8-12 wpwv KOAALEPYELAG. Oa TIPETEL VAL ONUELWOEL OTL Tal
OVaYWYLKA GAKXOPA, T OToL0 TTOPAUEVOUV OTNV KOAALEPYELQ, ELVOL KUPLWCE TIEVTOLEC
TIPOEPXOUEVEG IO TNV USPOAUGCN TOU KAAOHATOC TNG NUIKUTTOPIVAG TOu UALKOU, oL
ornole¢ 6ev pumopouv va (wuwbouv amod to (upopuknta Saccharomyces cerevisiae. H
av€non TNG CUYKEVTPWONG QUTWV HE TO XpOvo odelletal otn cuveyr udpoAuacn Tou
UALKOU arto To xpnotpornotn0gv evlu ko cUoTNUA.

Ano tov Mivaka 7 aivetal otL o SUTAACLOCUOC Tou eviuuikol doptiou amo
ta 5 ota 10 FPU/g Enpoul uAikol Sev emnpedlel ONUOVTKA TNV mapaywyn atBoavoing
(abé€non 1-5%). O Sduthaolaopog tou evlupikou doptiouv and ta 10 ota 20 FPU/g
&npoU UALKOU TpokoAel al&non TG CUYKEVTPWONG TNG TAPAYOUEVNC alBavoAng
Katd 14-16%. Emeldn, Opwe, omwe €xeL ndn avadepOel, onuavtikr) cuvelopopad oto
OUVOALKO KOOTOC Topaywyns PBroaBavoAng €xel kKal TO KOOTOG TwV
xpnotpornotnBévtwy evlUUwWV, 0TN CUVEXELA TWV TIELPAUATWY pag Ba xpnotpomnotnBet
evIUULKO dopTio petall 5 kat 10 FPU / g €npol uALkou.

H mpokatepyaocia Tou UALKOU guVoEel TNV mapaywyn atbavoing, kabwg emniong
KaL tnv mapaywylkotnta tng Siepyoaociag. H ubdpobepuikny mpokatepyocio o€
Beppokpaocia 120 °C yia 15 min aUEAVEL TN CUYKEVTPWON TNG TAPAYOUEVNC
atBavoAng katd 29-32% katd Tic Siepyaociec SlaAeimovrog €pyou Evavtl TOU
OKOTEPYOOTOU UALKOU €VW TO &V AOYyW TIOOOOTO QVEPXETAL OTO 36-38% otnv
TEPLTWON TPOOOBNKNG HLKPNAC TooOTNTAG Bellkol 0EE0G KATA TNV LUSPOBEPULKN
Tipokatepyaoia otig mpoavadepBeioeg cuvOnkes. H mapaywylkotnta tng Slepyaaciog
auvfavetal katd 28-33% OtOov XPNOLUOTOLOUVTAL TIPOKATEPOOMEVA Slatpodikd
omoppippata, evw Otav TpootiBetal oe autd Belkd ofU, To TOCOOTO Aauénong
yivetal 33-37%.

Avodoplkd HE TN OUYKEVIPWON TOU UTMOOTpwHOToC otn dlepyaoia,
napatnpeitat otL n avénorn tg and 20% os 30% (w/v) au€dvel TNV MOPAYOUEVN
alBavoin pelwvovtag, Opwe, TNV amodoon ava g Enpou UALKoU. Me tnv tpooBdrkn
VEOU UALKOU otnv nNén umapyxouoa KaAALEpYeLd auEAVETAL TOOO N TOPAYOUEVN
atBavoAn o6co kal n amodoon NG OSlepyaciag. JUVEMWE, MHE edappoyn TNG
Slepyaoiag nuidlaleimovtog £€pyou pmopel va aflomolnBel amoTeAeoUATIKOTEPA TO
UALKO.

H mapaywylkotnto tng Siepyaciag kupailvetatr amd 0.32-1.26 g/(L-h) pe
€€ApTNON OO TNV MPOKATEPYATLA, TN CUYKEVTPWAON TOU UTIOCTPWHOTOC KL To (606
™¢ Slepyaoiag. Itnv Tautdxpovn cokyxapomoinon kat {UHwaon n MopaywyLlkotnTa
efaptatal Katd KUplo AOyw amo tn Slabeolpotnta Twv Apeca HeTABOAICIUWY
COKXAPWV KoL KOT' €MEKTAON OO To puBUd uSpOAUCNG Tou UALKOU, O OTtolog sivalt
aueoca ouvdebepévog e TN Beppokpacia, otnv omola paypatonoleital n {Uuwon
(30 °C). AUt ammoTeAEL KoL TO BOGLKO HELOVEKTNUA TNG TAUTOXPOVNG OAKXOPOTOINONG
kat {Vpwong, n dadopd, SnAadn, otig BEAToteg ocuvbnkeg (Bepuokpacia kat pH)
8paong twv eviUUWV KOL TWV HUIKPOOPYAVIOUWY, TIOU XPNOLUomoLlouvTal yla TV
LVSPOAUGH TWV TTOAUCOKXAPLTWY KOL TV Ttapaywyr Tng atbavoAng avtiotolya.

To mooooTtad emni Twv BewpnTIKWV anodocswy, pPe Baon ta pun SOULKA oAaKyapol
KOl TNV Kuttapivn, kupavOnkoav oe uvyPnAa emnimeda (otnv mAsloPnoia Twv

83



TIEPUTTWOEWY OE TIOOOOTA HeyaAUtepa tou 60%) pe €€dptnon kupiwg amd tn
OUYKEVTPWON TOU UALKOU KOlL TNV TIpoKATEPYAaia.

4.2 Mn w0o00spHOKPOGCLOKY) TOUTOXpOvVn ocakyopormoinon Kot  {Upwon
nudLaAeinovroc £pyou Sratpodpkwv aroppupdtwyv (NSSF)

H udpoAuan UALKOU apXLKC CUYKEVTPWONG HeyaAutepng amo 10-20% (w/v)
TtapoUoLAleL TEXVIKEC SUOKOALEG, LOLaitepa OTAV TPAYUATOTOLELTOL OE EPYAOTTNPLOKN
KAlpaka. H apytkn TLpn tou €wdoucg Tou UALKOU o€ TETOLAC KALLOKOC CUYKEVTPWOELG
glvatl moAU vPnAn, Kablotwvtag TNV AVAUELER TOU Kal CUVETWG TN petadopd palog
Kol Beppotntag SUKOAN. AUTO odnyel oe PEYAAN KATAVAAWGCN LOXUOC yla TN
Asttoupyia Twv Poavtibpaotipwyv [44]. e TUAOTIKEC MHOVAOEC TOPAYWYNC,
OUYKEVTPWON UALKOU 15-20% (w/v) ouxvad avodEpetal wg n  HEYLOTN TN
OUYKEVTPpWONG Ttou propet va Staxelplotel [43]. Kata tn StdpKkela TnG apxikng ¢aong
™ udpPOALONG, TO UALKO PEUCTOTOLELTAL KOL TO LEWOEG LELWVETAL CNUAVTLKA [43, 44].
H Sitepyacia nuidladeimovrog €pyou otnv udpoAuacn 1 TNV TeXVoAoyia TaUTOXpOvVNG
cakyopornoinong Kat UUwWaonG Tou UALKOU, TIPOCBETOVTOG VEO UALKO OTav TO LEWOEC
TOU £xel PewwBel, epapuoletal pe okomod TNV avénon tnNg TEALKNG CUYKEVIPWONG
uTooTpwuatog [45].

Noyw twv SladopeTikwv BEATIOTWY TIHWVY Beppokpaciog udpoAuong Kal
{Upwong Tou UALKOU, TO Omolo OmOoTeEAEl KAl TO KUPLOTEPO MELOVEKTNUA TNG
Slepyaociag tautoxpovng ocakyopomoinong kat {Upwong (SSF), amattouvtatl
HEYOAUTEPEC TTOOOTNTEC VIV OU. To peyaAUuTtepo eVvIUULIKO dpoptio emnpedlel BeTika
TN PBLOUETATPOT TOU UTOCTPWHOTOC, OAAA QUEAVEL ONUAVTIKA TO KOOTOC TNG
Siepyaociag [46]. Ma TNV avtlpetwrnion tou poPAnpatog avtol, ot Wu kot Lee [47]
npotevav pia Stepyacia pn L0oBEpUOKPOCLOKNE TAUTOXPOVNG AKX pOomoinong Kat
{Upwong (NSSF). 2tnv mapouoa PEAETN EPAPUOCTNKE L0 TPOTIOTOLNUEVN LoPdN TNG
Siepyaoiag nuiStaleimovtog €pyou NSSF, mapopola pe €Kelvn mou avadpEpouv ol
Varga et al. [48].

Me otoxo tnv avénon 1ING Tapayopevng alBavoAng (ouykévipwon
peyoAutepn amd 4%, w/v) kot Aappdvovtag umoPlv Ta omoteAéopata Twv
VUKWV USPOAUCEWG KABWCE KOl TA AMOTEAECUATA TWV TELPAUATWY BOUETATPOTTNG
WV Statpodikwy QTTOPPLUUATWY TIou nmapoucotalovtal  TOPATIAVW,
TPAyLATOMOoLOnKaV TELPAUATIOHOL UTIO ouVONKeC NULSLAAELTTOVTOC £pyOU.

H apxikr ouykeévtpwaon tou VALkoU rtav 30% (w/v). Ta mpoKatepyaopéva Kat
un Selypata mpoldpoAlBnkav yla 6 wpec oe Bepuokpacio 50 °C pe xprion
pelypotog twv  Celluclast® 1.5 L kat Novozyme® 188 eviupikol doptiou 7 FPU/g
&npou UAIKOU, woTe, AOyw PEUCTOMOLNGCNG TOU UALKOU, VO QTTOKTOOUV KOAUTEPEC
ouvOnkeg avapelEng. Meta tnv mapodo twv 6 wpwv To MPOUSOAUUEVO OTEPED
euBoAlaotnke pe tnv Loun Saccharomyces cerevisiae yla TV €vapén tTnG aAKOOALKNC
WOpwong, n omnola mpaypotonotifnke oe Beppokpacia 30 °C. AkohouBnoav SVo
LOOTIOOEC TIPOOoBNKeC MPOUSPOAUMEVOU UALKOU, CUYKEVTPWONG OTEPEWV 50% (w/V),
12 kot 24 wpeg petd Vv Evapén tng aAKooALkn ¢ LUUwaonG. H TEALK CUYKEVTPWON TOU
UTIOOTPWHATOC UETA TIC tpooBnkeg Atav 40% (w/v). H udpoBepuikn mpokatepyacia
Twv Selypdtwy €yve mopouoia kot arnouaoia oo (1 g H,S04/g Enpol uAkol) ot
Beppokpaocia 100 °C ya 60 min.
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Toa oamoteAéopoata NG Olepyaciag  NSSF
napouatalovral oto Awaypaupa 20 kol otov lMivako 8.

NULSLaAElmovTog

£pyou
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Awaypapua 20. Xpovikny upetaBoAn audavoAng, yAukolng Kol OCUVOAIKWY OVAYWYIKWY OCOKXXPWVY KATA TN [N LOOJYEPLOKPAOCLOKI TOUTOXPOVN
oakyapornoinon kot {uuwaon (NSSF) S1atpo@ikwv amoppLupidTwy.

Ev{uuiké qoprtio: 7 FPU/g énpou uAwkou

TeAwkn ouykévtpwon vAwkou: 40 % (w/v)

Mpokatepyacia: 100 °C yto 60 min

Eibo¢ diepyaoiag: nuibialeinovrog Epyou

@ aiGavoin
O yAukoln
A ouvoAika avaywyLkd oakyopa

(at) akatépyaota
(8) mpokartepyaouéva
(v) mpokatepyaouéva napouvaoio H,SO,
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Mivakag 8. AnoteAéouarta mapaywync BloatdavoAng amod SLatpo@LKa amoppiUUaTa LUE Un LO0OTEPLOKPATLAKN THUTOXPOVI OOKXXPOTTOiNaN

kot {upwaon (NSSF) nuibtaAeimovrog Epyou.

Eidog Napaywyn Mapaywylkotnta %t €ylot %T €ylot
] . . EvIUpIKG Siepyaoiac/ P V’ yn pay V’ n 0 TNG pey 'l'lC o TNG Hey 'l'lC

Npokatepyaoia T(°C)/t (min) " b , aBavoAng aBavoAng OewpNTIKAG OewpNTIKAG
boprio ZUYKEVTpWON (g/L) (g/L-h) anodoonc® andédoonc®

UAwoU*
Akatépyaoto - 7 HW.A.E.8/40% 31.17+0.17 0.87%0.00 46.82+0.25 124.59+0.68
Y8p0BepKN 100/60 7 Hw.A.E./40% 36.88+0.00 1.02+0.00 55.39+0.00 147.41+0.00
Y8poBep Kk +0oEy 100/60 7 Hu.A.E./40% 42.66+0.38 1.19+0.01 64.07+0.57 170.51+1.53

9 Oepuokpaoio/ypovoc TPOKATEPYAOTIAC
b 5e FPU/g &npou uAikou
“%,(w/v)

I Me Bdon t péyiotn Sewpntikn anddoon ardavéAnc and tn BLOUETATPOT TwV 1N SOUKWY CAKYAPWY KAL TNE KUTTAPIVAG
¢ Me Bdon tn uéyrotn napayousvn ardavodn ard ta un Soutkd oakyapo

9Hu.A.E.: HuibiaAeinovroc épyou
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Oa mpenel va onuewwbel otL n Siepyacia nuidlaleimovtog €pyou (TeALKN
OUYKEVTPWON UALKOU 40%, w/v) Eemépace to Oplo tou 4% (w/v) otnv mapayopsvn
atBavoAn, HE KOVOTOLNTIKY aflomoinon Tou TOAUCOKXAPLTIKOU KAQAOUQATOG TOU
UALKOU, Omw¢ patvetal amod tnv avtiotolyn Bewpntikn andédoaon.

H opxtknp ouykévipwon ¢ YAUKOING katd tn JUUWOoN OoKOTEPYOOTWV
Slotpodkwv amoppLlppatwy ival 24.37 g/L, evw otnv mepintwon tou udpoBepuLkd
TIPOKATEPYOOMEVOU UALKOU, Ttapouadia 1} amouaia o€og, avixveuBbnke mepimou 37%
TMEPLOOOTEPN YAUKOLN. 2e OAec T efetaoBelosc meputtwoel, n  yAUKOIn
KatavaAwOnke PEoa OTIC 6 TPWTEG WPEC TNG UUWONG, EVW 6 WPEC UETA TNV TTPWTN
PooOnKkn vEou UALKOU, N cuykEVTpWOoN TG avéndnke ehadpwg (mepimou 4 g/L) kat
mpwv amo tn Seutepn mpooBnkn oxedov undeviotnke. Mapopoiwg, avénon tng
YAUKOINC mopatnpnOnke koL 6 WPEG PETA amd tn SeUTEPN MPOOONRKN UALKOU, EVW
HEXPL TO TEAOG TNG Slepyaociag (36 h) eixe katavalwBel oAOkANpN n moooTNTA TNG.

H OUYKEVTPWON TWV OALKWV OVAYWYLKWY COKXAPWY UELWONKE Mepimou Katd
70% ot 12 mpwTeC WPEG TNG LUUWONG KoL TapEUELVE oXeSOV oTabepn UE ULIKPEG
SLOKUMAVOELG META TG SU0 TPocOrKeg VEOU UALKOU HEXPL TO TEAOC TNG Slepyaoiag.
To evamopeivavta OALKA oVOYWYLKA oaKxapa gival TeVIOleG, Ol OMOLEC TIPOEPXOVTALL
OO TOV OUITOTIOAUMEPLOUO TOU GPAYUATOC TNG NULKUTTAPIVNG TwV SLatpodlkwv
OTOPPLUUATWV.

H mopaywyn atBavoAng amd ta okatépyaota Slatpodlkd amoppippata
¢dptaoe ta 31.17 g/L petd amd 36 wpeg aAKOOAKAC {UMWONG, TTOCOOOTO TOU
ovtloTtolxel oto 46.82 % tnNg HEYLOTNG BewpnTIKNG TUAG anddoong, He Baon Ta pn
Soulkad oakyapa Kal tnv Kuttopivn. Otav otn Siepyacia xpnolpomotndnkav
TIPOKATEPYOOUEVA SLATPODIKA amoppipypata, n mapaywyn atBavolng avénbnke
Katd 18.3% oe oX£0n HUE TO AKATEPYAOTO UALKO, dtdavovtag ta 36.88 g/L (55.39% tng
HEYLOTNC BewpnTKAC TIUNAG anddoaong). NpooBnkn pkpng moootntag Beltkol o&€og
(1 g H,S04/100 g €npol UALKOU) 0TO OTASLO TNC TIPOKATEPYACIAC TwV SLatpodLlKwy
OTMOPPLUUATWY, 08YNOE OE TEPALTEPW AUENON TOOO TNC Tapaywyns atbavoAng, n
ornola £édptaoe ta 42.66 g/L (64.07% tnG LEYLOTNG BEWPNTIKAG TIUAG armddoong) 6co
Kal tTng mapaywykotntag (1.19 g/(L-h)), n omoia auvéndnke katd 29% oc oxeon He
TNV aVTLoTOoLXN TN TOU OKATEPYOOTOU UALKOU.
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YMMNEPAZMATA

IKOTIOG TNG MaPoU OO SUTAWUATLIKAG EPYACLOC NTAV N MEAETN TWV CUVONKWV
LvSpoOAuong Katl WHWoNG SLOTPOPIKWY ATIOPPLUUATWY TIPOG Ttapaywyn atbavoAng.
E¢etdotnkav Stadopetikég Bepuokpacieg oto otadlo TNG MpoKatepyaoiag, Kabwg
Kol SLapopeTIKEG EVIUULKEG EVEPYOTNTEG KL CUYKEVTPWOELG UTTOOTPWHATOG KOTA TNV
vSpoOAuon kat LUUWGN Tou UALKOU.

JUudwva Pe T amoteAéopata, N udpoAuaon kat n Wuwaon Twv SlatpodLlkwv
QIMOPPLUHUATWY €UVOOUVTOL OTaV auTtd udiotavtal udpoBepuikn Mpokatepyaacia
otou¢ 100 °C ywa 60 min. To PBéAtoto evlupikd ¢opTio Twv KUTTAPLVOOWY,
Aappavovtog um’ oYV TOOO TOUG OLKOVOWLKOUG TIOPAYOVIEGC OCO KOl TN
OUYKEVTPWON TNG Ttapayopevng atbavoing, sival tg taéng twv 7 FPU/g &npou
UALKOU. T€AOG, N HeyaAUTEPN CUYKEVTPWON UTOOTpwHATOC 0diynoe o uPnAdotepn
napaywyn atBavoAng, alda kot o SuokoAotepn Slaxeiplon tou UALKOU, AOyw
peyaAou L€wdoug. To mpoBAnua auTo, OMwG amodeixbnke, UMOPEL VA AVTLUETWTTILOTEL
urtoBalAovtag To UALKO o€ tpoldpoAuaon.

H evlupukn udpohuon twv Slatpodplkwyv amoOpPPLUUATWY, CUYKEVTIPWONG
unootpwpatog 20% (w/v), €6woe kavomownTikad, o€ oxéon He tn¢ SlebBvolg
BBAoypadiag, amoteAéopatra (moocootd USPOAUONC KUTTAPIVNG KoL  OALKWV
TIOAUGQKXOPLTWV HEYaAUTEPO amo 40% kal 60% avtiotolxa) yio OAa ta e€eTaoBEvTa
evlupika poprtia (5-20 FPU/g Enpou otepeov).

Juudwva pe toucg Ballesteros et al. (2010), n amoédoon tng LSPOAUONC
TIPOKOTEPYOOUEVWY SELYUATWY OPYOAVIKOU KAAGHOTOC QOTIKWVY OTEPEWV ATIOPRANTWY
(AZA) cuykévtpwong urootpwpatog 10% kat 20% (w/v) kupavOnke and 37% £wg
44% pe xpnon evlupkol doptiouv 20-60 FPU/g kuttapivng, mooootod, To omnoio eivatl
OUYKPLOLHO HE TO TOo0O0TO USPOAUGNG TNG KUTTAPLvNG TNG mapovoag LeAETng [50].

Ou Li et al. (2012) avédepav mapaywyn 21 g/L CUVOAMKWV QVOYWYLKWY
COKXOPWV OO  ALYVLVOKUTTAPLVOUXO  OUUMUKVWHO  AZA  OUYKEVTPWONG
umooTpwWHatog 6% (w/v). Mpémel va onuewwBel OtL n &v AOyw OUYKEVIPpWON
enetelXOn pe xprion evluplkol ¢optiou apketd uPNAOTEPOU OO QUTO TNG
napovoag HeAETNC (90 Units kuttaplvaong/g umooTpwUaTog).

Me edapuoyn Tng Slepyaociag tautdxpovng cakyxapormoinong kat {Vpwong
(SSF) diahetmovrog £pyou, mopeAndOn atbavoAn cuykévtpwong 30.32 g/L. EmutAéoy,
Ta anoteAéopata €6elfav OTL n mMpooBnkn véou UALKOU otnv nén umapyxouoo
KOAALEPYELD QUEAVEL TOOO TNV TapPAyOpevVn alBavoln 6co kol tnv amodoon tng
Slepyaoiag. Tuvenwg, ue edpappoyn tng dtepyaciag nUISLaAeLtovtog €pyou, TO UAKO
uropel va aflomolnBel amoteAeopatikotepa. MPOKELUEVOU VO EEMEPAOTEL TO OPLO
ou 4% (w/v) otnv mapoayopevn oalbavoln, HeAetiOnke n  Siepyoocia  un
LOOBEPUOKPACLIAKAG  TOUTOXPOVNG  ocaKyapomoinong kot  {Upwong  (NSSF)
nuISlaAeimovtog  €pyou.  Xpnolpomolndnke  umootpwpa  UPNAAG  TEAIKNC
ouykevtpwong (40%, w/v) kat apdaxdnkav 42.66 g/L alb®avoAng (64% tng LEYLOTNG
Bewpntikng amodoong).

To amoteAéopaTa TNG LEAETNC ELVAL LKOVOTIOLNTLKA CUYKPLVOUEVA ULE QUTA TNG
61ebvolc  BipAoypadiag. T tn Plopetatponry SlATpoPLlkwWV  ATMOPPLUUATWY
SlapopeTikng mpogAeuong o atbavoin, Exouv epapuootel Stadopeg dlepyaoieg, e
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KupLotepeg Tt OSlakpty ubpoluon kat {Upwon (SHF) kat tnv Ttoutoxpovn
cakyapormnoinon kat {0pwaon (SSF).

Onw¢ ¢aivetal mopakatw, Statpodikd amoppippata xapnAotepng, o oxéon
HE TNG Tmoapovoag epyaciag, OuykEVipwong umootpwpato¢ (10-15%, w/v)
VSPOAUONKAY, UE HELYHATO EUMOPIKWVY EVIUULKWY OKEUAOUATWY (YAUKOQUUAGOH, a-
OHUAGON, KuTtaplvaon, mpwtedon, carbohydrase kat B-yAukolibdon) kal otn
OUVEXELQ UTtEaTnoav {UPWOoN TIPo¢ Ttapaywyr atbavoAng amo SladopeTikd oTeAEXN
Tou Saccharomyces Cerevisiae, péow Stepyaciag SHF.

Juudwva pe toug Man et al. (2010), Tang et al. (2008) kat Cekmecelioglu kat
Uncu (2013) n mapaywyn atBavolne édtaoe ta 24.17 g/L, 29.9 g/L kat 23.3 g/L
OVTLOTOLXO, CUYKEVTPWOELG XAUNAOTEPEG Ao AUTEG TNE mapovoog epyaciag [29, 11,
56]. e mapopola amoteAéopata KatéAnfav kat ot Moon et al. (2009), ol omoiot
pevotonoinoav  Siatpodpikda amoppippata  pe  xprnon carbohydrases  kat
opuAoyAukollbaowv kot mapiyayoav atbavoln ouykévipwong 29.1 g/L [28]. Ou
Walker et al. (2012) xpnowuomoincav Olatpodika amoppippata, UVPnAng
TIEPLEKTLIKOTNTAC O QUUAO (KOAQUTOKL, TATATEC Kol (upoplka). Nop’ oAa autq,
riapryayayv oAU xapnAng cuykévipwong atbavoin (8 g/L) [55].

OL Kim et al. (2011), epapudlovrag Siepyacia SHF Sialeimovrog €pyou o€
Swatpodika amoppippata, apryoyav 0.43 g atBavoAng/g cuvollkwy otepswy. H
avtiotolyn amodoon yia Siepyacio cuvexol¢ €pyou Atav 0.3 g abavoing/g
OUVOALKWYV OTEPEWV KAl N Tapaywykotnta tng Siepyaociog édptaoce ta 1.18 g/(L-h),
TLUA CUYKPLOLN KE QUTHV TNG Mapoloag HeAETNG [1].

OL Kim et al. (2008), edpappoocav Siepyacia SHF og Statpodika anoppippata,
Ta omolat apxkd avopeixbnkoav pe vepd oe avohoyio 1:1 (v/v) kot uméotnoav
unxaviky Bpavon. AkohoUBwg, apawwbnkav ek véou pe vepo (1:1, v/v) kat
VSPOAUONKAV HE XPON EUTTOPLIKOU OKELAOUATOC apuloyAukollbaong (n Siapkela
™¢ udpoAuong ntav 4 h). EAndOn n uypn ¢don, otnv omoia Bplokoviav ta
OVaYWYLKA 0AKXaPO KOl XPNoLUoTolnOnkKe yia tTnv mapaywyn atbavoAng pe tn L0un
Sacchromyces cerevisiae KA4. H mapaywyn atBavoAng avilOe oe 57.5 g/L amod
120.1 g/L ouvoAlKd avoywylKa odkxapa, Ta omoia mpoékuav amod tnv udpodiuon
[27].

YPnAotepn napaywyr atBoavoing (81.50 g/L) emetelxOn amnd toug Yan et al.
(2011), ot omoiot, xpnowponowwvrag eAsUBepa kKUTTAPA LU UNG, UTEEBOAAV o€ {UpWON,
Héow Slepyacoiag SHF Slaleimovrog €pyou, To MPoidv TG udpoAuong Slatpodlkwv
OTTOPPLUUATWY, TO OTOLO TIEPLEIXE AVOYWYLIKA OAKXQPQ OE CUYKEVTpWOon 163.22 g/L
[52]. Z0pdwva pe toug Yan et al. (2010) kat Yan et al. (2012) kUttapa L0UNG
OKLVNTOTOLNMEVA O€ TINKTA QAYLWVIKOU OOBECTIOU 1 TPOTIOMOLNHUEVO KOTOAVL
kaAapmokiot (modified corn stalk) mapriyayov at®avoln cuykévipwong 87.91 g/L
kKat 89.28 g/L avrtiotoxa, amd £va OCUMMUKVWHEVO USpOAupa SlatpodLlkwy
amoppLUpATwy (rtepimou 200 g/L avaywylkd odkyxopa) [53, 54].

Aepyaoiec SSF, tooo SiaAeimoviog 600 Kal nuSLaAsimovtog £pyou, €xouv
epoppootel amo moAAoUC EPEUVNTEG.

JUuudwva pe toug Lissens et al. (2004), tautdxpovn ocakxapomoinon Kot
{UUWON TIPOKATEPYACUEVWYV HE LypN ofeldwaon opyavikwv AZA UTTAOUTIOUEVWV HE
axupo oitou (8% &npou otepeou) pe tn Bonbela tou Jupopvknta Sacchromyces
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cerevisiae anMéSwOe CUYKEVIPWOELG alBavoAng mou kupavOnkav arnd 16.5 £€wg 22 g/L
yta evlupka dpoptia amno 5 €wg 25 FPU / g Enpol otepeov avtiotoya [51].

Ot Ballesteros et al. (2010), edappocav diepyaocia SSF nudlaAeinovrog Epyou
of TPWTN UAN ouyévipwong umootpwpatog 25% (w/w). Xpnolpomolwvtag To
opyovikO KAdopa Twv AJA, TO omoio &lxe TMponyouuéVwG UTOOTEL Beppikni
katepyaoio otoug 160 °C yia 30 min, mapélaBav atBavoln cuykévipwonc 30 g/L
(60% tng BewpnTikng amodoonc) [50].

Ou Wang et al. (2008) edpdapuocav Siepyacia SSF o€ olKlaka amoppippata
(kitchen waste), Twv omoilwv n apXLKr TEPLEKTIKOTNTA OE OALKA CAKXAPO ATAV
62.68% (w/w). T 1tV Uudpolucn TG mpwing UANG Xpnoluomoinoav
apuloyAukolibaon oAkng evepyotntag 120 Units/g kot pe tn Bonbela tou
{upopuknta Sacchromyces cerevisiae, mapriyayav at®avoAn cuykévtpwong 33.05
g/L. H amdboon tng Olepyaciag édtace ta 0.23 g aBavoAng/g oOlKLaKwv
QMOPPLUHATWY (77% tng BewpnTikng) [30].

Juudwva pe Ttoug Hong «kat Yoon (2011), vumoAsippata TPOdWV
HeETATpAmnkav o€ oBavodn, péow Oiepyaciag SSF, pe xpron pelypatog
opuAoyAukollddong, a-apuAdonG Kal mpwtedong (oAlkng evepyotntag 1.2 AGU/g
&npou UALKoU) yla tnv evlupik udpoAuon tou UAWKOU kal {0unG Sacchromyces
cerevisiae ylwo. tn Plopetatponr tou. TeAkd, pe Vv mpooOnkn alwtou, eAndOn
atbavoAn ouykévtpwong 36 g/L amd umoAsippata Tpodwv CUYKEVIPWONG
unootpwpatog 10% (w/v). H avtiotolxn twun yla mapaywyn otbavolng amouoia
alwtou Atav 25 g/L [10].

OL Koike et al. (2009) avédpepav CUYKEVIPpWAON KoL OOS00N TOPAYOUEVNG
atBavoAng 44 g/L kat 81.3% avtiotolya anod anoppippata KUALKEIwY, epapuodloviag
emavaAappavopevn (5 dpopég) diepyaoia SSF Staleimovtog €pyou, Ue AMOUAKPUVON,
kaBe ¢dopd, Tou 80% TOU TMOATOTMOLNUEVOU UALKOU, Tou eixe umootel {Uuwon. H
napaywyLkotnta tng diepyaciag édpraoes ta 17.7 g/(L-h) [49].

Ot Kim et al. (2011), edappolovrag Siepyacia SSF Sialeinmovtog €pyou o€
Slatpodika amoppippata, mapnyayav 0.31 g atBavoAng/g cuvollkwv otepewv. H
avtiotolyn amodoon yla Slepyacia ocuvexolg €pyou ntav 0.2 g atBavolng/g
OUVOALKWYV OTEPEWV KaL N mapaywyLkotnta tng diepyaociag édptaoce ta 0.8 g/(L-h) [1].

H BiBAtoypadia, yia Stepyaaoieg SSF Sltatpodilkwy amoppludtwy SLadpopeTIkng
TIPOEAEUONC, aVADEPEL TAPAYWYLKOTNTEG, OL omoleg kKupaivovtal and 0.09 £wg 0.8
g/(L-h) [1, 10, 30, 50, 51], evw edpappolovtag Siepyaoieg Stahetmovrog €pyou SHF, ot
TIAPAYWYLKOTNTEC KupavOnkav amo 0.49 wg 1.94 g/(L-h) [1, 28, 29, 52, 54, 56].
YPnAég TipEG mapaywytkotntag (24-49.88 g/(L-h)) onuewdnkav katd tn Wpwon
UVOPOAUUATWY SLaTPOPLKWY ATIOPLUUATWY amd eAsUBepa 1 AKLVNTOTOLNUEVA
kUTtapa {UpNG os dlepyaoieg ouvexoug £pyou [11, 53, 54].

To amnoteAéopata TNG mopoucac SUTAWUATIKAG gpyaoiag, Kabwe Kol Tng
61ebvolc BiBAloypadiag umtodelkviouv OTL Ta SLatpodLkd AMOPPLUHATA ATtOTEAOUV
KATAAANAN mpwtn VAN yla tnv mopaywyn Broatbavoing, kabwg mepléxouv peyala
Moo00oTd {UHWOLHWY cokxdpwv. H Stadopetiky Slaxeiplon toug amd tov Kabe
epeuvntn odeiletal otn SladopeTIK CUCTACH TOUC, OVAAOYQ LE TNV ETTOXN KAL TNV
TIEPLOX TIPOEAEUONG TOUG. AKOUN, N HUNn LOOBEPUOKPOCLOKY TAUTOXpPOVN
ocakxapomoinon kot T0pwon (NSSF) nuidladelmovtog €pyou eival pia mOAAQ
UTtooXOMEVN Slepyaaia yia TNV mapaywyrn VPNAwWV CUYKEVIPWOEWV alBavoAng.
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Onwg mpoavadepOnke n ouvotoon TwV SLOTPODIKWY  ATTOPPLUUATWY
TIOWKIAAEL. AUTO onpaivel OTL ouxva £XOUV HEYAAN TEPLEKTIKOTNTA OE AUUAO, TO
omolo amoteAel éva KATt@AANAo UTOOTpwHA yla Topaywyn BroatBavoAng. MNa to
AOyo auTo, mpoteivetal va PeAETNO0UV PHEANOVTLKA SLEpYaoie BLOUETATPOMAG TOUG
o€ alBavoAn pe xpron apUACAUTIKWY VIV UWV.

MapatiBeTal OUYKPLTIKOC TIVOKOC TWV QMOTEAECUATWV TNG TOPOUCOC
epyaoiog pe ta anoteAéoparta tng dteBvoug BLBAloypadiag:
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SUYKPLTIKOG TTIVOKOC TWV QITOTEAECUATWVY THE MAPOoUCaC UEAETNG UE TA amoteAéouata tn¢ Siedvouc BiBAloypapiag.

ZUYKEVTpWON

Eidog diepyaoiag /

Zuykévipwon atBavoAng

Mopaywyt-

X J Y&pG n o . A )
deariEsn UTTOCTPW LALTOG B MuwKpPOOpPYaVLOHOG (Anadoon) KOTNTA EEbope
25 % (w/w) HudlaAeimovrog Ballesteros
L a (Bepuka Kuttapwvaon £pyou SSF / 30g/L
. , , 0.42 g/(L-h tal.
Opyaviko khdoka AZA TIPOKATEPYAOUEVO OTOUG (20 FPU/g kuttapivng) Saccharomyces (12 g/100 g otepeov) g/(Lh) (‘;Oio)
160 °C yta 30 min) cerevisiae
, . ApuloyAukolidadon, 368/L(36 g/lO(? g oTepeoy) 0.75 g/,(L-h) Hong and
YroAsippata tpodwv o , . SSF / Saccharomyces (mapouacia N,) (mapouacia N,)
(food residues) 10% wh) ?105”:237” 000 Ohod) cerevisige 25 g/L (25 g/100 g otepeot) | 0.52 g/(Lh) (\2(8‘;2)
) gsnp (amouoia N,) (amouoia N,)
AwaAeimovtocg épyou .
4 1 -
Aatpodikd o Carbohydrase SHF ko SSF/ (43 8/100 g otepeod) Kim et al.
, 55.5 % (w/w) \ . Kol -
anoppiupoto (1.6 FBG/g &npou otepeoy) Saccharomyces (31 g/100 g otEpEQD) (2011)
cerevisiae g g P
Juveyoucg épyou .
1 1.1 L-h .
Aatpodikd o Carbohydrase SHF kot SSF / (30 8/100 g otepeod) 8g/(Lh) Kim et al.
, 55.5 % (w/w) \ \ Kol Kol
anoppiupoto (1.6 FBG/g &npou otepeoy) Saccharomyces (20 g/100 g oTEPEQD) 0.8 g/(L-h) (2011)
cerevisiae )
Opyaviko kKAaopa AZA 10 % (w/v) Kuttapivaon kat B-yAukoltdaon SSF/
EUTTAOUTLOMEVO ° , (5—25 FPU/g &npou otepeov) 16.5-22g/L 0.09-0.11 Lissens et al.
. ) (mpokatepyacpéva pe N Saccharomyces B \ h
ME dxupo oitou vypi ofelswon) (Mpol6pdAuon pe cerevisiae (16.5-22 g/100 g otepeov) g/(L-h) (2010)
(8% tou &npou otepeol) YP 5 FPU/g &npou otepeoy)
ApuAoyAukollbaon , ,
, , . Awaleinovtog £pyou /
2A 29.1g/L M l.
Alatpf)d)ma 66.67 % (w/w) (2 AGU/g Enpo otepeot) Saccharomyces 9.1¢/ \ 1.94 g/(L-h) coneta
anoppiupoto kot Carbohydrase cerevisioe (23 g/100 g otepeoy) (2009)
(20 FBGU/g &npou otepeou)
40 % (w/v) Kuttapivaon HudaAeinovtog
Awatpodika (ubpoBepUIKA (7 FPU / g Enpol otepeov) £€pyou SSF / 42.66 g/L 1.19g /(L-h) Napovoa
anoppippora TIPOKOTEPYOLOUEVA OTOUG (NpoiidpoAuon pe Saccharomyces (10.7 g/100 g otepeov) 8 gpyoaoia
100 °C ytot 60 min) 7 FPU/g &€npol otepeov) cerevisiae
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