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MNpoAoyog

H napoloa SUTAWPATIKA epyacio ekmovOnke ota mMAaiola TNG eKMALSEVUTIKAG Sladikaoiag tng
2xoAR¢ XnuKwv Mnxavikwv tou EBvikou Metodflou MoAutexveiou. H uhomoinaon tng €yve anod
tov NoépBplo tou 2020 £wg kal tov QeBpoudplo tou 2021, otov Topéa (I) Xnuikwv Emotnuwy
NG 2XOANG KAl CUYKEKPLUEVA oTo Epyactriplo Avopyavng kot AvaAuTikng Xnuelag. Q¢ okomo
glxe tnv petatpomnr) plag BOATAUUETPIKNG LEBOSOU TAUTOMOINONG KOL TIOCOTIKOTOLNGNG TNG
voBeiag e€alpeTikd mapBévou ehatdAadou oe mepBaAAovTikd PIALKOTEPN UE XPrON LOVO VEPOU
yla TV mposTolpacio Tou Selypatog mpv TNV BOATAUUETPLKN avaAuon. Me auto Tov Tpomo
gfetaotnke n SuvardotnTta AUTWV TwWV HEBOSWV yla TOCOTIKO umoAoylopd voBeiag oto
ehaodhado evw umoAoyilotnkav Kol Ta  Opla aviyveuong Kol TOCOTLKOTOINONG.
MapdAAnAa, n OUYKEKPLUEVN OSUMAWUATIK €gpyooia onupatodotel tnv OAOKANpwon Twv
TIPOTITUXLOKWY OTMoUdwV Hou. Zuvenwg, Oa nbela va euxoaplotiow BOeppd OAoug ToUug
ovOPWIOUG OV HE UTIOOTNPLEAV OTNV €KTIOVNON QUTAC TNG SUTAWMOTIKAG, 0AAA KOl CUVOALKA
HE TIG OTMOUSEC pou. Apxika, Ba nBela va euvxaplotiow dlaitepa Tov UMEVLBUVO TNG
SUTAWUATIKAG Hou, eMikoupo kaBnyntr tou E.M.MM., kUplo QwTtio ToomeAa yla thv avabeon Tou
B€patog kat Tn duvatdTnTa Mou Pou £6woe va aoXoAnBw pe autod To oAU evbladEpov BEua.
H emtuxng oAokAnpwon autng tng SUTAWUATIKAG gpyaciag dev Ba nrtav duvatn Xxwpig tnv
ouvelodopd KAl OUCLACTIKN uTtooTNPLEn amo tnv Ap. Xnuikd Mnxaviké touv EMM Aaumpivn-
Apetr) Toakavika kaBwg kat tov Ap. Aswvida Mevdplvo yla tv yevikotepn BonbBela kot
YVWOELC TIOU TTOPELXE.

TéNog, €va peydlo suxoplotw odeidw oTNV OLKOYEVELA MOV Kol Toug ¢iAoug pou, evtog Kat

EKTOC 2XOANC YLOL TNV UTIOOTHPLEN TOUC O€ OAQ T XPOVLA TWV TIPOTITUXLAKWY LOU OTIOUSWV.
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NepiAnyn

Katd tnv mopovoa SUMAWUATIKA Epyacia MPoyHATONo|0nKe LEAETN UE OKOTIO TNV UETATPOTH
HLOG BOATAUUETPLKAG LeBOSOU TauTOMOINONG KAl TTOCOTIKOTIOINONG TNG VoBeiag Tou e€atpeTika
napBévou ehatodadou oe pia meptBarlovtikd Pplikdtepn pEBodo, e Xxprion HOvVo vepol yla
NV MPoEToLlacio Tou Selypatog mpv tnv BoAtappetpikr) avaAluon. H voBeia tou mapbévou
ehaldhadou €ywve pe €Alala YapnAotepng molotntag kot afiag, Omwg To nAlEAAlo, TO
mupnvéAalo, To coyLlEAaLo Kal To apafoottéAalo. Mo ToVv OKOMO QUTO €ylve GUAAOYH €VOG
HEYAAoU aplBuou amod ta €Aata mou avadEpOnkav Kal KUKAOGopoUv otnv eAANVIKA ayopa.
Eywve eldkn emefepyacia Twv eAaiwv autwv Pe Kabapod vepO, PE OKOMO TtThv cUAAOyr Tou
EKXUALOMATOC TOUuG. AKOAOUBwWG, €ylve HEAETN NG POATAUUETPLKAG OCUUTEPLPOPAC TwWV
udaTIKWY EKYUALOHATWY O nAekTpOSla  epyaciag vaAwdoug avbpaka, xpuoou Kal
Aeukoypuoou. la TNV Katnyoplomoinon twv eAaiwv, €ywve efaywyn Twv OSedopévwv
(datapoints) TG KUKAKNG PoATaupetpiag Tou KABe OSelypatog, KabBwg KAl TwV
BoAtappoypadpnudatwy, Ta omoia umtoBARBNKOV O XNUELOUETPLIKN avaAuon Ue TN HEBodo NG
avaAuong KUpLwv cuvictwowv (Principal Component Analysis, PCA), tTng SLaKpLTIKAE avAAUGCNC
HeEpKwY eAaxiotwv tetpaywvwy (Partial Least Squares-Discriminat Analysis, PLS-DA) kat tng
availuong tnGg Movtedonoinong Tafwvounong (Class Modeling), pe 1t PonBelwa ToOU
npoypdupato¢ SIMCA (Soft Independent Modeling of Class Analogy). Ztn ouvéxela,
npayuatonoinbnke moootikonoinon tng vobBeiag eCalpetikd TapBEVwY  eAdOAAdWY UE
oTopEAaLA KAl TTUPNVEAALA, LECW KUKALKAG BOATAUUETPLOG e HECO EKXUALONG TO VEPO. MNa Tov
OKOTIO aUTO Xpnotpomoibnkav pelypata sfaipetikd moapbévou ehatdhadou kat Sladpopwv
omop&éAalwyv Kat upnvélalwv. H nelpapatiky Stadikaoia mou akoAouBnOnke sival idla omwg
KOL OTNV TIPONYOUMEVN TEPUMTWON, KUKAWKN) BOATOUUETpiot pE XprAion TPlwv NAEKTPOSIWV
epyaciag, voAwdoug avBpoka, xpuool Kol  Agukoxpuocou. Ta  AapPavopeva
BoAtappoypadnuata enefepydotnkav pe TNV HEBOSO TwWV PEPIKWY EAAXIOTWV TETPAYWVWVY
(Partial Least Squares). H mpotewopevn pEBOSOC TNG KUKALKAC BOATOMPETplOC avaAluong

USATIKWY €KXUALOMATWY Twv ghaiwv gudavilel 6plo aviyveuong (LOD) 2,1% (v/v) kai 6plo



noocotikonoinong (LOQ) 6,3% (v/v), otnv mepimtwon TmOU XPNOLUOTOLE(TOL NAEKTPOSLO
AeukoOxpuoou. ItnV mepinmtwon Xpriong NAEKTPodiou XpuooU, OL AVTIOTOLXEG TIMEG slval 2,2%
(v/v) (LOD) kat 6,7% (v/v) (LOQ). Nopatnpeitat OTL oL TIHEG OTA OPLA OVIXVEUONG Kall
noootikomnoinong ota dUo nAektpodia dev mapouoldlouv LEYAAEC ATOKALOELS. TO NAEKTPOSLO
epyoaoiag to onoilo £€dwaoe kaAutepn dladopomnoinon petafl Twv eAaiwv givatl tou vaAwdoug
avbpaka, KaBwg KOTA TNV XNUELOMETPLK emefepyacio TOCO TOU XpuooU OCO KOl TOU

Aeukoypuoou, dev mapatnpndnke avaioyn dtadopormnoinon.

Négerg- kAewdid: NoBeia ehatodadou, e€alpetika mapbévo/ mapBévo ehaldhado, vepo,
TIUPNVEAQLO, OTIOPEAALA, KUKALKY BOATOUUETPLO, 0VAAUGCTN KUPLWVY CUVIOTWOWVY, LLOVTEAOTIOLNON
KAAong, SlokpLtr) avaAluon MEPLKWV €AAXIOTWV TETPAYWVWY, OVAAUCH HEPLKWV €AaxloTwv

TETPAYWVWV.



Abstract

In this Diploma thesis, an investigation was carried out in order to convert a voltammetric
method for identification and quantification of the extra virgin olive oil adulteration, previously
developed by the laboratory of Inorganic and Analytical Chemistry, into a more environmentally
friendly method, using only water to prepare the sample before the voltammetric analysis.
Adulterated extra virgin olive oil samples were prepared by mixing extra virgin olive oil samples
with certain amounts of oils of lower quality, such as sunflower oil, kernel oil, soybean oil and
corn oil. For this purpose, a large number of commercially available oils were collected from the
Greek market. These oils were specially treated with clean water and their aqueous extract was
collected. Next, the voltammetric behavior of these aqueous extracts was studied on glassy
carbon, gold and platinum working electrodes. For the classification of oils, the data
(datapoints) of the cyclic voltammetry of each sample were extracted and submitted to
chemometric analysis using Principal Component Analysis (PCA), Partial Least Squares-
Discriminant Analysis (PLS-DA) and Class Modeling using Soft Independent Modeling of Class
Analogy (SIMCA). Subsequently, the adulteration of extra virgin olive oils with seed and kernel
oils was quantified by cyclic voltammetry with water extraction. For this purpose, mixtures of
extra virgin olive oil and various seed oils and kernel oils were used. The experimental
procedure followed is the same as in the previous case, cyclic voltammetry was carried out
using three working electrodes, namely glassy carbon, gold and platinum. The obtained
voltammograms were processed by the Partial Least Squares method. The proposed method of
cyclic voltammetry analysis of aqueous extracts of oils shows a detection limit (LOD) of 2.1%
(v/v) and a quantification limit (LOQ) of 6.3% (v/v), in case a platinum electrode is used. In the
case of gold electrode use, the corresponding values are 2.2% (v/v) (LOD) and 6.7% (v/v) (LOQ).
These limits of detection and quantification obtained using the two electrodes are very close.
The working electrode that gave the best differentiation between the oils is the glassy carbon,

as during the chemical treatment of both gold and platinum, no similar differentiation was
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observed.

Keywords: Olive oil adulteration, extra virgin / virgin olive oil, water, kernel oil, seed oils,
circular voltammetry, principal component analysis, class modeling, discrete analysis of some

least squares, analysis of some least squares.
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KedpaAawo 1 «To eAadAado»

1.1 Elcaywyn

Itnv Tmopouca SUTAwWMOTIKA epyoocia  peAetnOnke n  Sladopd otnv  POATOUMETPLKNA
ouuneplpopd Petafl eAatdAadwyv kal Stapopwv MUPNVEALLWY KAl OTIOPEAALWY, LE OKOTIO TNV
avamtuén KataAAnAng avaAutikng pebodou meptPallovtikd o ALK O OXEOn HUE TIG
ouvnBelg uebodoug, n omola mpoopileTal yia TV avixvevuon voBeiag oto eAatdAado. H vobeia
HE TNV omola ooyoAeltal Kuplwg n ouykekpluévn SuTAwpatiky adopd oTnv TMPoodrKn
OTIOPEAQLWY, TIUPNVEAQLWYV I YEVIKOTEPA EAALOAASWVY KATWTEPNG TolotnTtag o mapBéva Katl
efalpetika napBéva eAaodada. H avalutiky pEBodog mou xpnolpomolndnke ATav n KUKALKA
BoAtappetpia, evw ol péBodol dacpatopetpia IR, Raman, NMR kat GAAeG peAetnOnkav
Bewpntikd. Apxikd, Ta BoAtappoypadipota mou PoekuPav amo TNV KUKALKN BoAtaupetpla
eAéyxOnkav petafl Toug yla tuxouoeg Sladopég avaloya pe to (60¢ eAaiou mou avaludtav.
Yotepa, MPOYUATOTIO)ONKE XNUELOUETPLKA EMEEEPYACia , KAL OTN CUVEXELA EYLVE EEQyWYN TWV
Sebopévwy yla ta KUKALKA PBoAtappoypadruota. Katd tn XNUEOMETPIKN enefepyaoia, ta
6ebdopéva mou mpoékuPav unoBAROnkav o avaluon Kuplwv Zuvictwowv (PCA), og avaluon
Class Modeling (Movtehomoinon Taflvopnong) kabwg kol o SLaKPLTK aVAAUCN HEPLKWV
ehaylotwv tetpaywvwv (PLS-DA). Télog, €ylve Slelpuvon MOCOTLKOTOINONG TNG voBelag Tou
ehatdhadou pe dadopa mupnvélala kal omopéAata. H Slelpuvon autrh €ylve PECW TNG

avaAuong HepkwY eAayiotwy TeTpaywvwy (PLS).

1.2 EAatdAado

1.2.1 To 6évtpo EAlag
To eAaodado mapayetal ano to S€vipo TG €A, | aAAlwg S€vtpo olea (0TI MeoOYELOKEG

XWPEG YVWOoTO w¢ olea europa) to omoio avrkel oto yévog oleaceae [1]. To &évipo autd
Bewpeltal xpovikd wg to TaAalotepo [2]. Mpokettal yla €va Sévipo to omoio Kapmodopel
Teplmou otnv nAkia Twv 8 eTwv evw Bewpeital kot Wlaitepa pakpoplo, kabBwe umoloyiletal
OTL umopel va Aol yla mavw amo xiAta xpovia [1]. Emiong mapouaotdlel peydAn avtoxn o€

KALLQTIKEC aAAayEC, o€ Enpaoia, os pun Autacpévo £€86adog Kal eival Lkavo va BAACTHOEL akOuUn
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Kal av €xel MANywOel o onuela Tou KATw amnod to £dadog, 6nwg ot pileg tou [1].

To elalodevipo eudoklpel ot XWPEG TNG Meooyeiou, kaBwg mpokeltal yla SEvipo Tou
TIPOTLUA TLG CUXVEG BPOXOMTWOELG TTOU AapBdavouv xwpa and 1o G¢OVOmMwPo UEXPL TIG TIPWTES
HEPEC TNG AvolEne. To SEVTPO TNG EALAC ATALTEL MOTIOUA, POVO OTLG XPOVLEG LE Enpaoia, ekelvn
Vv neplodo. Emiong eivat 6évtpo mou mapoucialel uPnAr avioxy oTto AAHUPO VEPO Kal
TapoAo mou €xel UPnAEG avtoxeg, amalteital WSiaitepn dppovtida yla va mapoxbel Kapmog

uPnAng mowotntag [1].

1.2.2 Napaywyn EAadAadou
To eAaoAado mapayetal 6w Kal XIALASEC Xpovia otnVv neploxn tTng Meooyeiou, HE ONUOVTLKO

SLoTPodPLKO KABWG KoL 0LKOVOULKO pOAo. MpOKeTaL yLa €va TPoiov Tou xapaktnpilel to cuvolo
Twv Meooyelokwv xwpwv [1]. Maykoopiwg ta eAatodevrpa mou KaAAlepyoUvTal avEpyovTal
Tiepimou ota 750 ekatoppupla Kat to 95% auvtwv Bpiokovtal otnv MeooyELo, 08 XWPECG OTIWG N
lomavia, n Italia kot n EAAada [2]. AUTEG OL TPELG ECOYELAKEG XWPEG £lval oL peyaAUTEpOL
napaywyol ehatdAadou maykoouiwg, akoAouBoupevol amd tnv Tuvnoia, tnv Toupkio Kat
OAAEC. EKTOC amod TG Xwpeg TNG Meooyeiou, GAAEC XWPEG TOU Tapayouv elatodado eivat
Kuplw¢ n Apyevtivr), ot H.M.A. kat to Mefiko. Atilel va onuelwBel Mw¢ KOTA TO XPOVLKO
Stdotnua 1987-1992 n péon etiola mapaywyn elawoAadou avepyotav ota 1700 XALAdEeG
TOVOUG, €K TWV omoilwv n lomavia cuppeteixe oe mooooto 32,6%, n Italia os mooooto 27,6%, n
EA\GSa o€ mooootd 16% kat n Tuvnoia o€ 8,1%. To MTOCOOTO CUMUETOXNG OAWV TwV UTIOAOLTWYV

XWPWV ETL TNC €T oLag mapaywync eAatodadou dev Eemepvoloe To 4% yla TNV Kabe xwpa [1].

1.2.3 KatavaAwon EAaloAadou
H ouvoAikn maykoouo katavalwaon eAatoAadou tnv tetpaetia 1990-1994 rtav Katd PECO Opo

1.829.000 tOVOUG VA £TOC, KATL TIOU amoSelKVUEL TN PeydAn {ntnon tou [1], kabwg mpokeLtal
yla mpoiov mou epdavilel peyaAUTEPN KATAVAAWON OE OXEOn HE TNV Tapaywyr Tou.
BiBAloypadikeg mnyég mapouatalouv evolapEpovTa OToLXELO OXETIKA UE TNV KOTOVAAWGHN TOU
ghaoAadou [1]:

e To 90% tou MapayOUEVOU EAALOAASOU KATAVAAWVETOL ATTO TIC XWPEC TTOU TO TIOPAYOUV,

yeyovog mou amodidetal T000 0 OLKOVOULKA Intripata 600 Kal o Bpata dlatpodng Kot
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napadoong.

e Ol YWPEC OL OTOLEG amoTeEAOUV TOUC KUpLouC mapaywyouc/s€aywyeic epdavilovv pia
OpKeTA oTaBepn Katavalwaon o eAatdoAado .

e Ol XWpPEC OV £XOUV WLKPpN Tapaywyn oAAd Kuplwg elodyouv gAlatolado, eudaviiov
TAOELG alEnong TG Katavalwong Toug (cUUPwva Pe otolxeia TnG Sekaetiog tou 1990).

e Ol Xwpeg oL OmMoleq KAAUTTOUV TI( QAVAYKEG TOUG MOVO HE eloaywyn elatdAadou
napovaoialav MOAU pikp avénon otnv katavalwon (cUpdwva PeE oTolyela TNG deKaETIOC
Tou 1990).

e  HEA\GSa £xeL TN peyaAUTEPN KATA KEPOAN Katavalwaon eAatoAadou.

1.2.4 To EAawdAado otnv EAAnviki Otkovopia
Mo tnv eAANVIKN Kowwvia Kal KOUAToUupa To eAalOAaS0 amoteAel avamoomaoTto otolxelo TG

HECOYELOKNC SLaTpodrg KAl CNUAVTLKO KOUUATL TNG OyPOTIKAG OLKOVOULAC, TOGO TNG EYXWPLOG
000 Kol ot eminedo efaywywv. EKTOC amd mnyn €008AUATOC yla TNV €AANVIKA OLlKovouia,
TIPOKELTAL Ylo TIOALTLOTIKY afla Kol KANPOVOULA alwvwy, n omoia cuvOEETaL YE TNV LoTopla, TO
neptBaiiov kaBwg Kal tnv Torkr otkovopia [3]. To eAatdAado aviiotolxel oto 9% tng aglag
NG OyPOTIKAG Tapaywyng otnv EAAGSa [3]. IApeEpa eKTLUATOL OTL QMO TNV EAQLOKOMIO KOl
VEVIKOTEPQL TNV €VOOXOANon WE TNV mopaywyn tou elatdAadou, €xouv €L006nua Kat
efaptwvtal mepimou 600.000 OLKOYEVELEG, €VW OTNV XWPACG Ha¢ KAAALEpyoUvTal €TNCLWG
nepimou 10 ekatoppvpla otpéppata [3]. Inuepa n mapaywyn elawoAadou otnv EAAGSa
Baoiletal oe MTOAMEG ULKPEG EKUETAAAEVCELG SLAOTIOPTEG O€ OAN TN XWPA. Ol EKTETAUEVECG OKTEG
Twv 15.021 yAp guvoolv TNV KOAALEPYEL TNC EALAC. AOYW TNC LUEAVOUEVNC SNUOTIKOTNTAC TWV
ehaiwv NOMN (MNpootateuopevn Ovopacia MpoéAleuong), umtdpxouv tTwpa 17 TETOLEG TTEPLOXES
otnv EAAada. KaBe éva mapayet eAatdAado pe EExwPLOTA XOPAKTNPLOTIKA [4].

H eAAnviki mapaywyn eAatdAadou unepBaivel toug 300.000 tévoug etnoiwg. H EAAGSa, av kat
OPKETA ULKPN, KOTEXEL TNV 3N O€on peTtafl TwV eTAlpELWV TTapaywyns eAatoladou. To 70% tou
ouvoAou TG mapaywyng eivat Extra VirginOlive Oil. H katd kedaAiv katavaAlwon amnoé tnv aAAn
TMAEUPA €lval emiong n uPnAOTEPN OTOV KOOUO, UTtoAoyiletal ota 16 KIAQ ava €1oG. AKOuQ,
QMOUEVOUV OPKETA yLo va e€axBei mavw amo to 1/3 tng etiolag mapaywyns (135.000 tovol).

Itnv npaypatikotnta, n EAAada sival o peyaAutepog e€aywyéag otov Koopo tou MapBévou
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EAaoAadou [4].

OMAoL 600l acxolouvTtal Pe TNV mopaywyn Kot epmopia eAatddadou yvwpilouv tnv avwTtepn
TOLOTNTA KoL TIG €EQUPETIKEG OPYAVOANTITIKEG LOLOTNTEG TOU €AANVIKOU eAaloladou, To omoio
g€ayetal xUua, yAlotpad nouxa oe PpLaieg kat doxela yla va Swoel olwnnAd TV anapdAAn
yeuon Kol ApwHA Tou oTo eAaldAado Tou cuokeualeTal Kol MWAETAL o€ OAOKANPO TOV KOGO.
Etol, €vag TAKTIKOG KatavoAwtng eAatodadou £xel Sokudosel 1o €ANVIKO eAatoAado
TouAdylotov pia ¢opd. To eAAnVikO glatodado efayetal kupiwg otnv E.E. kal avépyetal oto
90% twv OUVOAKKWV €éaywywv ghatoAadou (80% xUpa cuv 10% eAANVIKO €UTMOPLKO oA
ehaloAado). Ymapyxel Opwg avodog kal o AANeG xwpeg, onwe o Kavadag, n AuotpoAia, n
larwvia kot ot HMA [4].

H mapoucia tou eAAnvikoU epmoplkol ornpatog eAatoAadou otn Stebvr) ayopad ntav edw Kot
TIOAAQ XpOvia eAAXLOTN. Agv ATV €UKOAO ylot TOV HECO KATAVOAWTH VO GTACEL 0TO €AANVIKO
ehatdhado. Ta tedeutaia xpovia wotoco, unnpée pa otabepry aldayrn Kabwg ol eAANVIKEC
e€aywyég €xouv auénBel onuavtika. Auth n avénon os kamolo Babuo avravakAd tnv avodikn
TAON TNG OCUVOALKNG KaTtavAaAwong eAatodadou Adyw tn¢ otpodng Pog TNV LyLEwvh dlatpodn
Kol Tov emakoAouBo moAlamAaclacpd TG pecoyelokng koulivag. Kat kaBwg o 8iebvnig
katavaAlwtng pabaivel va avayvwpilel tv afia tou eAatddadou, Ba yvwpiloel autd mou nén

yVwpilouv oL el8LKoL: TIG AOUYKPLTEC APETEC KAL TIPOCWTILKOTNTA TOU EAANVLKOU gAaitoAadou [4].

1.2.5 To EAawdAado Kat n tpoAnmrikn lotpiki
Amoé tnv apxalotnta to eAatoAado Bewpoutav Kal éva i6o¢ dapudkou, ekTog and tpodLuo

e€alpeTikAg olotnTpag. Exel mapatnpnBetl mwg amod tnv apyaia EAAASa xpnoiuomnolovtay yla
ToV KaBaplopd MANywv, yla tnv avakoudlon Tou TovVou, yla thv Bepameia TPAUUATIOUEVWY
HUWV, Yo HaAdgeLs, eykavpata, mpootacio anod tov NAlo, kabwg kat AAAeg Slddopeg XpnoeLg
[5]. Ztn onueplvn emoyxn UTIAPXEL LoLaitepa PeyaAo eviladpEpPoV Ao EMLOTNUOVIKIC TTAEUPAC YL
TIG EVEPYETIKEC LOLOTNTEC TOU EAALOAASOU KO CUYKEKPLUEVA VLA TO TIOLA OO TOL CUCTATLKA TOU
MPoodEPOUV AUTEC TIC WBLOTNTeG [5]. MOAANEC peAéteg €xouv Oeifel OTL OUOTATIKA TOU
ehatdhadou Omwg to AwvoAeikd ofL (linoleicacid), To oAgikd ofu (oleicacid), n tokodepoAn
(tocopherol), n Bnta kapotivn (beta carotene), k.a., Spwvtac pall evepyomololv TNV AUV TOU

OpPYQVLOMOU, TIPOCTATEVOUV Kol EMLOLOPBWVOUV TOUG ETILYEVETIKOUG UNXAVIOMOUG (epigenetic
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mechanisms), Helwvouv To pioko NG aBnpookAnpwong, Twv KapSLOOyYELOKWY aoBEVELWY
(cardiovascular disease) kat moAAéG AAAeg epeBiloTikéC aoBéveleg (inflammatory diseases) [5].
AOYyWw aUTOU UTIAPXEL QPKETA MEYAAN €PEUVNTIKA SpaoTnpLOTNTA 0TV AVAAUCH TWV

daPUAKEUTIKWY LOLOTATWYV TToU PEPOUV TA CUCTATIKA TOU EAALOAASOU.

1.2.6 Katnyopieg EAatoAadou

210 eAANVIKO €UTOPLO O KATAVOAWTHG MIOpel va ocuvavtroel TOANEG Katnyopieg eAatoAadou
oo SLadopeg eTalpieg ] ouvetalplopous. O KABs mapaywyog av Kal UMOPEL VO OVOULACEL OTIWG
embupel to eAatdAado Tou, €lval UTIOXPEWMEVOC VA CUUMEPNAUPBAVEL OTNV ETIKETA TNG
ouokevaoiog to £i6og Tou gAaldAadou avaloya pe tnv pEBodo mou XpnoLlHomoLlOnKe ylo Thv
napaywyrn tou. To eAatdhado avaloya Ue T LeBoSoug enetepyaaiag mou xpnaolponodnkay
yla TNV apoywyr] tou dtakpivetat ot €€N¢ katnyopleg:

1. NapBévo EAaudAado: Eival to €Aato mou AapBavetal omd tov €AALOKAPTO HOVO LE
UNXOVIKEG MeBOSOUC N aMeg ¢uolkég emefepyaocie¢ pe ouvBnkeg mou &ev TpokaAolLvV
oA\oiwaon tou ehailou, Kal to omnoio dev €xel uTtooTel kapla AAAN emefepyaoia ANV TnG MAUONC,
NG HETAYYLONG, TNG GUYOKEVTPLONG Kal TnG dBnong. E€atlpouvtal ta éAata mou AapfBdvovtal
pue Slalvteg, pe PondBnTkEC UAeC mapaAafng mou €xouv xnuikn n Boxnuikn dpaon, N e
pneBb6doug emavaotepomnoinong A MPOoELENS pe EAata AAANG dpuong [6].

2. E€suyeviopévo 1 padwvé ehatodado: To e¢euyeviopévo ehatdohado sival to eAatdAado mou
AapBavetal ano pebodoug padvapiopatog oe mapbéva eAatddada, oL onoieg Sev mpokalouv
oAowwoelg otnv apxtkiy Soun Twv yAukeptdiwv. Exel pla eAevBepn ofltnta, n omola
ekdppaletal wg eAaiko ofL kat Sev Eemepvaet ta 0,3 g ota 100 g (0,3% w/w), KaBwg Kot to. AN
XOPOAKTNPLOTIKA TIOU OVTLOTOLXOUV O 0,TL kaBopileTal ywa autiv tnv Katnyopia Kal ota
OUVKEKPLUEVO TipOTUTIAL. AapPavetal ano e€euyeviopo (padvaplopa) mapOevwy eAatoAadwv
HE peyalo BaBuod ofutntag i opyavoANmTIKWY EAATTWUATWY, T Omoia Teplopilovtal UETA TO
padwaplopa [7].

3. Yépoyovwpévo ehatdhado: To udpoyovwpevo ehaldAado eivat glaldAado pe dtopo
udpoyovou Tou MpooTiBeTal otn SO TwV HOVOOKOPESTWY AUMTAPWV 0wy (mou TepLEéxovTal
oto eAaloAado) pe eheyxouevo tpomo. H udpoydbvwon yivetal yla vo TOPEXEL TIEPLOCOTEPN

otaBepotnTa oto eAaloAado. To eAaoAado MPoEpXETal amd TOUC WPLHoUC Kapmoucg tng Olea
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europaea. To eAaldAado Bswpeital Eva LyLEG eEAadpl AASL KAl WG EK TOUTOU XPNOLUOTOLE(TaL

EUPEWC 0€ OAO TOV KOOUO [8].

4. EAaoAado-AnoteAoUpeVO and e§evyeviopéva eAatoAada kat napBéva eAatdAada: EAalo

mou AapBavetal and avapelEn eéeuyeviopévou eAatoAadou Kal mapBévwy eAatdAadwv eKTOG

and to eAAlOAadO AQUMAVIE TOU OMOLOU N TIEPLEKTIKOTNTO Ot €AeVBepa Autapd offa,

ekdppalopevn oe eAaiko ofU Sev umepPaivelto 1 g ava 100 g [6].

1.2.7 18w6tnteg EAatoAadou

KaBe eAatdhado odeilel va TAnpel KATIOLEG GUGLKEG KOl XNULKEG LOLOTNTEC. OL LBLOTNTEC AUTEG,

he Baon tov kavoviopuo tng Eupwmnaikig Evwong [9], mapouaoialovral otov mivoka 1.

NMivakag 1: Quoikeg kaw Xnuikeg 1810tnteg eAatoAadwy

Dgiktng Knpoi Kopeopéva Awadopd K_23 | K_27 | AéAr | OpyavoAnmrtt | OpyavoAnmrtt
Katnyopia unepogetdi | (mg/k | Aumapd oféa ECN42 2 0 a-K KA KA
wv mEq g) otn Béon 2 HPLC kau agloAdynon agloAdynon
02/kg ToU ECN42 Awdpeon ©py | Audpeon tun
TPYAUKePSL | Bswpntikd Tou ToU
ogutnt ou (%) < eAattwpartog | Pppoutwdoug
(%) uno}\.oylcu (md) (Mmf)
og
E€oupetid <20 <250 <15 <0,2 < < < Md =0 Mf>0
NapBévo
EAaoAado
<0,8 2,5 10,22 | 0,01
NapBévo <20 <250 <1,5 <0,2 < < < Md<2,5 Mf >0
EAaoAado
<20 2,6 0,25 | 0,01
Egeuyeviope | <(,3 <5 <350 <1,8 <0,3 - < < -
vo
EAaoAado
1,10 | 0,16
ZjvBeto <1,0 <15 <350 <1,8 <0,3 - < < -
eAaoAado
anoteAoU e
vo ano
e€euyeviopé 0,90 | 0,15
va
eAaoAada
Ko mapBéva
eAaoAada
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1.3 Nupnvéiaio

Q¢ mupnvélalo opiletal to €Aato mou AapBAvetal aAmo TOUG TIUPAVEG TNG €ALAG KOTOTLV
enefepyaociag pe kataAAnAou¢ SLoAUTEC 11 HE UOLKA HEoA 1 €NALO TIOU QVTLOTOLXEL, ME
e€aipeon oplopéva blaltepa XapakInpLoTka, o€ eAatoAado Aaumavie. E€apouvtal ta EAala
mou AapBavovtal pe Slepyacieg emaveotepomnoinong Kol MPOoUELENG Le EAata AAANG duong Kal
Twv omolwv ta aA\a WLlaitepa XOpaAKTNPLOTIKA €ival cUPPwWvVA PE Ta TIPOBAEMOUEVA yLa TNV
katnyopla autr [6]. Katd tnv ekxUALon xpnotpomnotouvtal KatdAAnAol SLOAUTEG Kal PETA amo
v enefepyacia  moOu  akoAouBei, pmopel va  xpnolwuomownBel  wg  TPOdLuo.
lNa to mupnvéAaio oxvouv ol e€n¢ mpoimoBeoelg [9, 10] :
e Koatd tnv 81dBeor Tou oTo gUMOpPLo, SV TIPEMEL va £XEL AVAULXTEL He Kapia Autapn UAn,
duTIKAG N IWIKAG IPOEAEUONG.
e Aev mpémeL va €xeL ofUTNTA peyaAltepn amno 0,5 %.
o Aev mpémel va €xel aplBud Boutupodlablacipétpou peyaAltepo amd 55 otoug 40
BaBuou¢ keAaiou kat OxL peyalutepo ano 3,5% noocooto Knpwdwv UAWV.
To mupnvéhalo umopel va xpnolwpomnolnBel o evkoAa amd omolodnimote AAAo €Aalo yLa TNV
voBeia tou glaldAadou, KaBwC £xeL oUCLAOTIKA Opola oPn pe To eAatoAado. MapdAAnAa,
EMELSN TAPAYETAL ATIO TOV MUPAVA TNG EALAG KOL OE XWPOUG KOVTA OTOUG XWPOUG TapOywyng
TwVv gAaoAadwv unapxel €vtovog o $pOBog TOoOo yla eokeppévn vobBeia (yia tnv avénon twv

kKePOWV) 600 Kal yla akouola voBeia katd tnv petadopd r tnv duAafn tou.

1.4 Inopélaua (Apapoottédato-ZoyiéAato-HALEAawo)
Mpokeltal yla €Aata ta omola €xouv PoEABeL amod kapmoug i onéppata dutwv. H mapaywyn

AaSloU amd TETOLEC TNYEG TPAYUATOMOLETAL Ue UTOBOAN o Tiieon 1 HMe ekYUAwn (ue
KATAAANAoUG SLaAUTEG) Kot €lval KatdAAnAa yla katavalwon adol umootoUV KATAAANAEG
enetepyaoieg [10].

Ta omopélata penel va akoAouBouv Ti¢ mapakdtw npoilnobéoelg [10]:

. H ofUtntd Toug oe eAaikO o€V Sev Tpenel va urtepBaivel To 0,3% kot n vypacia

otoug 105 Babpoug kehoiou Sev mpemel va gival peyaAutepn amnd 0,05%.
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. To Moo0O0TO TOU UTMOAEIUUATOC O TETPEAAIKO alBépa Sev mpemel va umnepPaivel To

0,05% ( oe avubpo omopEAalo).

° H avtibpaon omopéhawwv (Bellier) mpémet va eivat Betikr, pe e€aipeon ToO
apapoottélalo.
° Agv mpénel va €xouv peyaAuTtepo amno 0,05% mooooTO O CATIWVEC.

Jtov mapakatw Tmivaka(2), kabopilovtal opla otoug aplBuoug lwdiou ywa ta Siadopa

omnopélata [10]:

Mivakag 2: Aptduog lwéiou yia diapopa ornopéAaia

Eidog AplOuog IEwdoug

Apapooitédato | 103-130

Joyléhalo 60,8-63,0

HALEAawo 62,1-64,2

1.5 Motonoinon tov EAatdAadou
Ta tedevtaia xpovia €xeL mapatnpnOel apkeTd Evtovn avamtuén tn¢ ayopdg aypodlatpodikwy

TPOIOVTWY, ELSIKOTEPO OUTWV TIOU BEWPOUVTOL EUEPYETIKA YLla TNV UYEld. AUTO €xeL 0dnynoeL
OTNV AVANTUEN CNUATWV TILOTOTOLNONG, UE OKOTIO VA TIPOCTATEVETAL TOOO O TAPAYWYOC OCO
KOL O KATOVAAWTNC amo TG amoppnoslg [2]. MapaAAnAa, mpoiovta ta omoia GpEPOUV TETOLEG
muotonolnoelg eivat duvatov va nwAnBouv oe vPnAdtepn T, kKabwg €tol Staodaliletal n
TIOLOTNTA TOUC KOl EYYUWVTAL VL0 TIG TEXVIKEG TOpAywynG Kal emefepyaoiog toug. Emiong,
Sladopeg peAéteg avikatomntpilouv tnv Wolaitepa avénuévn TAoN TWV KOATOVOAWTWY MTPOG TV
oyopa TETOLWV TIPOIOVTWY. H Tdon autr emnpealetal €vtova omo MapAyovIeG OMwE £ival To
®UAo, N nAlkia, To €l0OdNUA, To enimedo ekmaidevong, n vmapén mMaldlwv OTNV OLKOYEVELA, O
TOTIOG TTAPAYWYNE TOU MPOTIOVTOC, O TPOTOC MAPACKEUNG TOU, TOL CUCTATIKA TOu, n BeTIKA TOoU
enidpacon otnv vysia, o oefacpudg Tou TPOC To MEPBAANOV KOL N TILOTOTIONCN TIOU PEPEL TO
OUYKEKPLUEVO Tpoidv [12]. To eladlado eival to MAEOV XAPOKTNPLOTIKO TPoidv TO omoio

UTTAYETOL OTO GUOTN O TILOTOTIOCEWY TWV aypoSLATPOPLKWV TIPOIOVTWV.
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1.5.1 Npoiovta Ovopaoiag NpoéAeuong — MNpoidvra Mlewypadikng Evéegng —
Opyavikng KaAALEpyeLag

H E.E pe 1o amapaitnto Voulkd mAaiolo, £xeL dnuloupynoel eVvOELEELC avayvwpLoLOTNTAG Yia

OPLOUEVEG KATNYOPLEG MPOIOVTWY €K TWV OTOLWV Kal To eAatdAado. Ol evdeifelg auTég elvat:
e [1.0.N=MNpootateuopevn Ovopacia MNpoélevong
e [1.I.E=Npootateuouevn Mewypadikn Evoelen

e [Ipoidv Bloloyikng Mewpyiag
H avayvwplon MNOM, MFE &ivel tn Suvatotnta adevog OTOUC TaAPAywWYyoUus, LWBIwG Twv
LELOVEKTIKWV KOl OTOUOKPUOUEVWV TIEPLOXWY, VO TIPOWORooUV €UKOAOTEPA TPOIOVTA TIOU
napouctdlouvv eEEISIKEUPEVO XAPOKTNPLOTIKA, BEATIWVOVTOG TO E€L0OSNUA TOUG HE TIG
KOAUTEPEC TLUEG TIOU EMITUXAIVOUV OTNV ayopd Kol OdETEPOU OTOUC KOTOVOAWTEG val
ayopalouv TPOIOVTO TIOLOTIKA, HE EYYUNOELS yla TNV Tapaywyr, emnefepyacio Kal Tt
VEwypadlki Kataywyn touc. Emiong n anaitnon twv katavoAwtwy ¢ E.E. yia ta Blodoyikad
mpoidvTa Kal n ouvexwg auvfavopevn dnuotikotnta TG BLoAoylkAG yewpyiag otnv E.E. €xeL
e€aodaliosl emionUoUC KOVOVEC, TPOTUTIAL TILOTOTIOL|OELG KOl ONHOVON TIPOKELUEVOU v

SlaodaAiost tn yvnolotnta Twv BLoAoyLlkwy TPoiloviwy 0w Kal autnv Tou eAatodadou [6].

e EAawoAado MN.0.N. (Mpootateudpevng Ovopoaoiag Mpoghevuong): Mpoketal yla
E€alpetikd MapBévo EAatdAado, To omoio KATAYETAL amd T CUYKEKPLUEVN TIEPLOXA TO
OUYKEKPLUEVO TOTIO N TN OUYKEKPLUEVN XWPA KOL TO XOPAKTNPLOTIKA Tou odeilovtal
KUPLWG 1 OMOKAELOTIKA OTO Vewypadlkd autd meplfallov. To meplBdrlov auto
TepAaBAVEL TOUG YYEVEIG DUOLKOUG KOl avBpWTTILVOUG TTOPAYOVTEG KAl N Tapaywyn, N
petanoinon Kal n enefepyacio Tou mpoidovtog AapBavouv xwpa otnv oploBetnuévn

VewypadLkn Teploxn. H Tumomnoinon toug yivetal oe aplOunueveg pLaieg [6].

e EAawoAado MN.I.E. (Mpootatsuodpevng Mrewypadikng Evoeléng): Mpokettal yia EEapetika
MapBévo EAaldAado, 1O omoio Katdyetal amd Tn OUYKEKPLUEVN TEPLOXH, TOV

OUYKEKPLUEVO TOTO I TN OUYKEKPLUEVN XWPOA KAl TOU OTMOIlOU L0 OUYKEKPLUEVN
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nolotnTa i dRuUn N Ao XOpaKTNPLOTIKO Umopolv va anodoBoulv otn yewypadiki Tou
npoéAeuon. H mapaywyn 1 Kal n geTanoinon f kat n eneéepyacio mpaypoatonolouvral

otnv oploBetTnuévn yewypadikn neploxn [6].

e EAawoAado Mpoidv Opyavikng KaAAiépyelag: Mpokewtal yia E€alpetika MapBévo n
MNapBévo EAaldAado, To omoio mpoépxeTal and eAALWVEG 0TOUC omoiou¢ edpapudlovrtal

oL KAVOVEG TNG BloAoyikng KaAALEpyeLag [6].

1.5.2 Epmnoplo

OMoL oL mopaywyoil mpoiovtwv MOM eival UTOXPEWUEVOL va TIAPOUV EYKpLon yla Tn
OUVKEKPLUEVN OSpaotnplotnta amd Ttnv olkela AlevBuvon Aypotikn¢ Avamtuéng g
MNeplpepelakng Autodloiknong, n omola eAEyxeL TNV Tpnon twv eldlkwy mpodlaypadwv yla
KAaBe mpoiov. H mapaywyn kat n KukAodopia oto eumoplo npoidvtwy MON kot MNME, xwpic va

UTTIAPXEL N €YKPLON aTtO TNV otkia AleuBuvon Aypotikig Avantuéng, anayopevetal [12].

1.5.3 ‘EAeyyol
JUpPwWva PE TOUC Kavoviopoug the Eupwmaikng Evwong 2081/92 kat 2082/92 mpoPAEmetal

ocvotnua eA€yxou Kal Totonoinong. Etol, ol KatavoAwtég elval olyoupol OTL Ta mpoiovia
TIOPAYOVTAL HE OUYKEKPLUEVEG TipodlaypadEg Kal KukKAodopouv pe evdeifelg mou Sev Toug
TIAPAMAQVOUV €VW OL Tapaywyol va mpooTtatelouv TO TPOIOV TOUG OO OTTOULUNCELS Kol

aBéuito avraywviopo [12].

1.5.4 Oeopko MAaiolo
H mapaywyn kot eumopio eAatddadou amoteAel pia and tig mAEov auvotnpd PuBUL{OUEVEG

SpaotnplotNTeG TNG €AANVIKAG OlKovouiag, Adyw &vog Beopikol mAaloiou mou kaBopilet
aodUKTIKA TIS TtpodlaypadEg, Tnv mapaywyn, T Stakivnon, tTnv anobrkeuon, tnv dStaoddAilon
NG moLOTNTAC, TOV OVTOYWVIOUO, TNV TULOAOYLOKH TIOALTIKN, TIG e€0ywYEC OE TPITEC XWPEG, TIG
ELOAYWYEG QMO OUTEG KOL TIC OUVOAKEC ayopdg yevikotepa. Koaboplotikd poAo otnv
Stapopdwon tou Beopikol TAALGIOU TNG ayopdg eAalOAadou €XOUV OL KAVOVIOHOL KoL oL

amodaoels tng E.E. yia tnv Kowvn Aypotikr) NoActikn (K.A.MM.), TNV mpooTtaoia Twv KATavaAwTwy,
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TNV mpootacia TNG uyeiag tou MANBUoUOU Kal TNV €vioxuon TG OVIAYWVLOTIKOTNTOG TNG
Eupwnaikng yewpytag (n eAAnvikry vopoBeoia evappoviletal oxebov Apeca Ue TG 0dnyieg TG

E.E.) [6].

1.5.5 Mpootacia
OL kaToxwpnHEVEG ovopaaoieg yia ta poiovta MOM kat MNIE mpootatevovtal and onoladAmote

QUEON N EUUECN EUTIOPLKN XPRON Ylo AUTA Ta omoia v mapayovtal cUUPWVA HE TG ELOLKEG
npodlaypadec mou €xel €va TETOLO TPoidv, kKabBwg emion¢ kot amd KkaBe avtutoinon,
amopipnon, vnawiypo, Peudn n anatnAn €véel€n ocov adopd tnv MPoéAeucn, Kataywyn n
dUon tou mMpoldvtog Kal amod KABe AAAN TPOKTLIKA LKAV va TaponmAnpodoprjoeL To KOO
OXETIKA PE TNV MPAYUATIKA KAToywyr Tou poidvtog. Onote, Ta mpoidvta autd Ba MpEmeL va
d€pouv TN OWOTH EMIONUAVON WOTE Vo €lvol €UKOAo avayvwplolpa. AmayopeUetal va
KUKAOGOPOUV OTO €UTOPLO TIPOIOVTIA T ONMOlOl KAVOUV XPrion OVOUOOCLWwV TIPOEAELONG N
vewypadkwv evleifewv Xwplg va ocuvodelovtal amd Tov Xapoktnpwouo MNOM n MrE,
avtiotolywe. H Eupwrnaikn Evwon péow Tou VOULKOU TNn¢ mAaloiou apéxel tn Suvatotnta ot
OMASEG TTOPAYWYWV TIOU KATEXOUV TO Sikalwpa Xpriong Twv MPOCTATEUOUEVWV OVOOCLWY VO
npoodUyouV, UE KABE €VVOUO TPOTO, EVOVTIOV QUTWV TIOU XPNOLUOTIOOUV TIOPAVOUWSG TNV

ovopaoia, mPoKaAwvVTag Toug olkovouLkni BAapn [12].

1.5.6 ®opeig Miotonoinong
Ao 20/3/2012 ywo ™ xwpa pag o Opyaviopog Miotomoinong kat EmiAsPng Mewpylkwy

Mpoilovtwy, mou ¢Epel To OLOKPLTIKO TiTAO EAANVIKOG Tewpylko¢ Opyaviopodg, EAFO
«AHMHTPA», gival apuodlog yla tnv €ykplon twv UToBaAAOpevwy amod TG evOLlabePOUEVES
ETUXELPNOELG ALTNUATWY €vTaénG OTo oUOTNHO €AEYXOU, TNV TPAYHATOMOINON €AEYXWV OfF
ouvepyaoia pe TG AleBuvoelg Aypotikig Avantuéng twv MNepidpepelakwv AUTOSIOKACEWY, TN
SlaodaAion tng THpnong twv mpodlaypadwy, TNV TMLOTOTIONCN TWV €V AOYW MPOTOVIWV Kal TV
mpnon Mntpwou EyKekpLUEVWY ETUXELPNOEWV Kol MnTpwou SkalolXwv XPnong Twv

evéei&ewv NMNOM kot MrE [12].
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1.5.7 NOMN/NrE EAawdAada otnv EAAGSa
JUpdpwva pe tnv EATO «AHMHTPA», otnv EAANVLKN oyopd amavTwvTal LEXPL OrUEPA CUVOALKA

32 MNOMN kat MrE eAatdAada anod ta cuvoAika 113 NOM/ NrE nmpoiovta (78 ovopacieg MOM kat
35 ovopaoieg MrE) mou kukAodopouv otnv eAnvikn ayopd. AMNa MOMN/ MFE mpoidvta
neplhappavouv  emutpamélleg  €Aég(1ll), tupa(23), dpouta/  Aaxavika/  Enpoug
Kaprouc/oompla(36), kpeatika(4), mpoidvta aptomotiag Kot {axapormAactikig(2) kat Sitadopa

aA\a poiovra [13].

1.6 NoOsia EAaioAadou

H voBeia tou €AaloAadou KATATACOETAL OTNV KOTNyopla TNG «ATMATNG OTOV TOMEQ TWV
TPodipwvy». Mevika cvudwva pe To eVPpWNAikO TAnpodopLakd cuveSplo tpodipwy (European
Food Information Council) andtn otov topéa Twv tpodipwv Bewpeital n okomun npowbnon
€VOC TpodiUou oTNV ayopd He MPOBECN TO OLKOVOULIKO KEPSOC UMEOW TNG €€amatnong Twv

KotavoAlwtwy [14].

1.6.1 EAata spmAekopeva otn voBeia tov EAatdAadou
1o gumoplo SlatiBetal €vag peyalog aplOuog Bpwolpwyv elaiwv, KATOWA €K TWV OTOLWV

TIPOEPXOVTAL OO TNV EALA (€KTOC TOU eAatdoAadou) Kot Kamolo AAAQ Ta oTola TIPoEPYovTaL oo
aA\a putd. Ta éAata autd sivat:

e [upnvéAalo

Melypata e€euyeviopévwy ehatdAadwy pe mapBéva ehatdolada.

HALEAaLo

ApaBoottélato

ZoyLéAalo

Ta éAata autd BewpolvTaL KATWTEPNE TTOLOTNTAG CUYKPLTIKA UE TO eAatoAado, mapdyovtal ano
Tio eVKOAa KaAAlepynopua GuTA 1 Ao TAPATPOIOVTA TNC EALAG, OTIWC TO TTUPNVEAALD, KOL WC

€K TOUTOU eival cadwcdOnvotepa. Eniong, oe avtiBeon pe to eAatdAado, Sev mpoTtiwouvTaL yla
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anevBelag katavalwon (m.x. o€ oaAdteg) aAAA XpNOLLOTIOLOUVTAL KUPLWG ylat PayEipepa
yaviopa. Ma ta élawo autd Oev Xpnolgomolouvial Ta ONUATa  ToTomoinong Tou

npoavadEpOnKaAV KAl N TOLOTNTA TOUG APKETEG PoPEC Umopet va eivat apdifoAin [2].

1.6.2 ‘EAeyxog tou EAatdAadou oe AeBveg kat EAAnVIKO Emtinedo
To 1959 otnv nmpwtevouoa tn¢ lomaviag, Madpitn, éywve n dpuon tou Stebvolg ouvedpiou

eAlag (International Olive Council, 10C). To IOC amnotelel amodacloTikd Mapdyovia oTnv

Buwoun kat opBoloyikr) avantuén tng eAalokaAALEPYELAG. Mo CUYKEKPLUEVA:

e EvBappuvel Slebveic ouvepyaaoieg Epeuvag Kal avantuéng evw ekmatdevel kat Sltadidel

VEEC TEXVOAOYLEC.

e EvBappuvel tnv emnéktaon tou SleBvolg eumopiou gAatdAadou Kol BpWOLHWY EALWY,

OVATTUOOOVTAC TO EUTOPLO Kal avaBabuilovtog tnv mooTnTo AUTWV.

® JUUMETEXEL EVEPYA OTNV TPOOTIABELN HEIWONG TWV TEPLBAANOVIIKWY EMUMTWOEWY TOCO

AOYW NG KAAALEPYELOG TNG EALAC, 60O Kal amod tnv Blopnxavia tne.

e [lpowBel TNV mMaykOopLla KATOVOAWGN €AAOAAdOU Kal EMITPATENWY €AWV HECW

KOLVOTOUWV EKOTPATELWV Kol oxedilwv dpaonc.
o [lpoodépel afLOTLOTA OTATLOTLKA YL TNV ayopd ALAC Kal eAatdAadou.

e Juvepyaletal T000 Ue TG Slddopes KUBEPVNOELS OGO Kal e TOV LOLWTLKO TOUEQL.

T€Aog, Ta evepyd pEAN tou IOC amoteAouv eniong HEAN Twv Kopudaiwv SleBvwv mapaywywyv
Kal efaywyewvehaloAadou Kol eMITPAMEWYV €AWV, EVW OVIUTPOOWTIEVOUV TO 98% 1Nng
TIAYKOOULOG Ttapaywyng €AAC, n omola Kuplwe amaptiletal amo TG MECOYELOKEG XWPEC
(EAAGSQ, TaAALa, ITalia, lomavia) [15].

Ztnv EAAGSa 0 apuoddilog opyaviopog eAéyxou Tpodipwy, dpa kat tou eAatdAadou, eivat o EATO
«AHMHTPA» o omolog eival umevBuvog yla Toug eAEyXoUC TIOLOTNTOC TOU, KABWC Kal yLa TLG
ruotonownoelg MOM kat MIE. Mo cuykekpluéva, eKTEAEL EAEYXOUG OTO OE Tpla epyaocthpla
texvoloyiag tpodipwy, otnv Kpntn(Xavia), otnv Nehomovvnoo(KaAapdta) kat otn MuTlAnvn,

TIEPLOXEC UE TNV UEYaAUTEpPN moapaywyn gAatoAdadou otnv EAAGSa. e autd Ta gpyacthpla
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yivovtat  avaoAloslg molotntag, yvnowotntag kot  acdalelag  elawoAadou  [13].

1.6.3 Inpaoia tng duvartotntag aviyvevong voOeiag oto EAatdAado yia tnv
Eupwnaikn Evwon

H avamntuén uebodwv pe okomod tnv aviyveuon vobeiag oto eAatodado anotelel Bépa vPnAng
onuaoiag yla tnv Eupwrnaikn Evwon. To yeyovog autd MPOKUTTEL Ao TNV avaykn diatipnong
™G KAANg dnUNG Tou gAatdAadou, KaBwWE KOl amo TNV avaykn yla avénon tng EUNLOTooUVNG
TWV KATAVAAWTWV. XAPAKTNPLOTIKO TN onpaoiag mou divel n Eupwnaikr Evwon oto B€pa g
ovantuéng tétolwv peBodwy, eival to mpoypaupo Horizon 2020. To mMPOypOUUd QUTO TIOU
anookomel otn SlaopAALon TNG MAYKOOULAE OVTAYWVLOTIKOTNTAC TNG Eupwring. O otoxog sival
va Staodaliotel OtL n Eupwnn mopdyel mpoiovta maykooulag KAaong, €aleipel ta eunodia
oTnNV Kovotopia Kot SLeEUKOAUVEL TO SNUOOCLO KAl TOV LOLWTLKO TOMEN VAL GUVEPYACTOUV YLOL TNV
mapoxn Kawotouiag. Eva Tétolo Tmpoidv mou amaltel StacddaAion TmolotNTOG E€lval TO
ehaodado. Me autd Ttompoypaupa n Euvpwmaikl Evwon Xpnuotodotel €peuveg Kot
ETILOTNHOVIKEG OUASEG e OKOTIO TNV €upeaon TG BEATIOTNG neBOSdou avixveuong vobeiag, £tol
WOTE VO TIAPAYETOL TO TIOLOTIKOTEPO TIPOoioV (eAatdAado) to omoio va dEpeL TV umoypadr TG

Eupwnaikn¢ Evwong [16].
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Kedalaro 2 «Aokipaoiec-TEXVIKECG avixvevong voOeiog
oto EAatdAado»

JUpudwva pe PBPALOypadIKEG TINYEG €XOUV YIVEL OPKETEC TPOOTIABELEG yla TNV avamtuén
pneB6dou avixveuong voBeiag oto eAaOAad0. ITIC CUYKEKPLUEVEG TTPOOTIAOELEG SEV UTIAPXOUV
avayvwplopéves Sladikaoieg olte and tnv Eupwmnaik Evwon, to 10C kat tg H.M.A. [17],
YEYOVOC TIou aiprivel ToANA TteplBwpLa yla €pEuva TOL EMOUEVA XPOVLA. ATtO QUTEC TIG HeBbodoug,
QUTEC TIOU XapaKTnpilovtol wg «EMONUES» 1 QUTEG TIOU €ilval KOWWC amoSeKTEG elval
Sladikaoieg apketa moAudamaveg Kal xpovoBopeg [17]. Etol mpaypatomoleital pla podikn
TPooTABOeLd va evtoxBoUV XNUELOUETPLKEG LEBOSOL O€ TILO ATMAEC TEXVIKEG AVAAUONG LLE OKOTO
NV HElwon TOU QMALTOUPEVOU KOOTOUG TOU £EOTTALOMOU, Gpa KOL TOU AELTOUPYLKOU KOOTOUG,

KaBwg KoL Tou xpovou avaiuvong [17].

2.1 Enmionueg TEXVIKEG avixvevong voBeiag eAatoAadou
211G 25 NoepPpiou 2013, to AleBvég TupPouAlo EAlag (I0C) Béomioe pa odnyla-amodaon, n

omola moapéxel pEBodo yla Tov evromiopd &€vou elaiou ot eAaoAado [18]. H péBodog
XPNOLLOTOLELTAL YLa TNV avixveuon eAaiwv Onwg To coyLlEAaLo, To NALEAALO, TO GOUVTOUKEAALO,
K.a. oto eAatdAado [18]. Ta dpla aviXVEUCLUOTNTOG TTOLKIAOUY avaAoya [E TOV TUTIO Tou eAaiou,
oANG KaTA PECO 0pOo Kupaivovtal amod 5% éwg 15%, evw n péBodocg aduvartel va eviomioel 1o
eldog Ttou €laiou mou €xel mpooteBel [18]. H péBodog xpnowdomolel  Kuplwg
vypoxpwpatoypadia (HPLC) avtiotpdédou Paocewg pe SwabAaoipetpo (refractive index
detector) ywa TOv €viOmMIONO TPLOKUAOYAUKEpOAwWV (triacylglycerol, TAG) kot tnv
aeploxpwuatoypadia (GC) pe avixveutry pAdyag oviocpou (flame ionization detector, FID) yia
Tov Mpocbloplopd peBuAeoTtépwy TwV Autapwyv oféwv (fatty acid methyl esters, FAME) [18].
Mpokettal yia po Stadikaoia dlaitepa mepimAokn kat xpovoBopa AOyw Twv MOAAWV otadiwv
NG, ME OMOTEAECHO VA QTMALTETAL APKETOC XPOVOG KAl EVA OPKETA ONUAVIIKO KOOTOG yla TnV

oAokAnpwon tng.

2.2 ®acpatopetpia IR kat Raman
H unépuBpn meploxn tou paopatog Kupaivetal and tnv opatn meptoxn (0,8 um) péxpt tnv

TLEPLOXN TWV UKPOKUHATWV (1000 um). Xwpiletal oe Tpeic meploxEg, To eyyu¢ IR (near InfRared,
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NIR) (0,8 nm £€w¢ 2,5 um), to kUpLo IR (middle InfRared, MIR) (a6 2,5um €wg 50 um) kat To
anw IR (farIR, F.LR.) (50um €w¢ 1000 pm) [19]. Z0udwva pe v BBAoypadia, n
daopatopeTpia uneplBpou PBaciletal otnv amoppodnon umépubpng akpwvoBoAiag amd ta
HOPLOL HLOG €vwong, Ta omoia mpooAaufavovtag tnv, auéavouv T evOoUOpPLAaKEG SOVAOELC.
Etol,, avaloya He TO TOOn aktwoPoAia amoppodnBnke, upmopolv va TPOKUYPOUV
CUUTEPACHOTO YlO TO €60C Twv poplwv Tou TeplExovtal o€ kabe &eiypa [19]. H
daopatopeTpia Raman MPOKUMTEL Ao TNV MPOOTITWON aktvoBoAiag IR kat okédaon HEPOUG
QUTNG ota popla tou Selypatog mpog avaiuon, KaBwe Kal UETATOMION HUIKPOU HEPOUG TNG
okedalopevng aktvoBoAiag os peyalvtepa pnkn Kupatog [19]. H petatonon avtr Baoiletal
otnV aAANAemiSpacn Twv HoplwV HE TNV akTvoBoAia KaBwg Kot ot SLEYEPON TWV EVEPYELOKWY

toug nediwv [19].

2.3 Qaopatopetpia IR

H unépuBpn daopatopetpia (IR) katatdoostal ot LOPLAKEG HEBOSOUC GACUATOOKOTILAC ULAG
KOl XPNOLUOTIOLE(TAL VLA TOV TIOLOTLKO N TTOCOTIKO TPOCSLOPLoUO Hopiwy. H Baoikr Bewpla tng
glval n Siéyepon Twv poplwv oe uPnAdtepeg otaBueg dS6vnong Kal meplotpodng, OTavV aUTA
arnoppodouv utEpuBpn aktvoBolia [19]. Ztig apxég tng dekaetiag tou 1900 (1903), o W.
Colbentz aoxoAnbnke He TNV MEPOUATIKA HETPNON TwV PacHATWVY amoppodnons Kabapwv
ouolwwv [19]. Etol, and to 1930 n dacpatopetpia IR Bewpeital pla amd TG BACKOTEPES
ueBodoug Tautomoinong opyovikwv 18lwg evwoeswv. MoapdAnAa, n péBodoc auth
Xpnolpomoleital kal oto mepBAAAov TG Blopnxoviag, ELOLKOTEPA CE TEPUTTWOELG OPYOAVLIKNG
TLOOOTIKNAC avaAuonc. Ta popla ta onoia anmoppodouv unépubpn aktivoBolria eival autd mou
neplExouvv opadec CO, HCl kat NO, ot omoieg anotehovvtal and SUo eTepOATOUA KOL Apa OL
TIEPLOTPOPEC TWV ATOUWV TOUG €XOUV piar ouvexouevn SutoAkry pomn [19]. AvtiBeta ta
Slatouka atopa ta omola dev €xouv SutoAkn pomn (omwe H2, Cl2, N2) &ev Sieyeipovtal pe
arnoppodnon aktvoBoliag, ondte dev anmoppodouv unépuBpn aktivoPolia [19]. Emouévwg to
daopa amoppodnong Tou UTtepUBpPOU UMopEL va xpnotpomnotnBet yia tTnv PeA€étn tng doung pia
€vwong, KaBwe amoteAel XOpaKTNELOTIKN WBLotnta kKdbe €vwong kat yU autd 1o Adyo
Xapaktnpiletat Kail WG «SOKTUALKO QIMOTUTIW A ™me Evwong» [19].

H daouatouetpia umeplBpou onuepa amoteAel éva TOAU QMOTEAECUATIKO €pyaAEio yla

28



TIOLOTLKOUG KOl TTOCOTIKOUG TPOOoSLOpLOMOUG OUCLWY. ITN XNUELQ XpNnOLlomoLeital Kupiwg to
umEpuBpo. To gyyug unépuBpo Sev XpnoLUEVEL LSLaLTEPA YLO TNV TOUTOTOLNCN EVWOEWY, TIapd
HOVO YLlO TOV TIOCOTIKO TIPOCSLOPLOUO EVWOEWV TIOU TIEPLEXOUV OUASEG AMOTEAOUUEVES ATO
Seopolg ubpoyodvou [19]. Emiong Ta paopaTOUETPA EYYUC UTLEPUBPOU HoLA{oUV OpYaVOAOYLKA
HE Ta QOUOCUATOUETPO OPATOU-UTIEPLWOOUC KO, WG €K ToUTOU, Umopel va BewpnBel mwg ot
QVaAUOELG TOU €yyUG UTEPUBPOU AMOTEAOUV HLA TIPOEKTAON TNG (OOUATOUETPLOG OpaTOU-

unepLwdouc.

2.4 Qaocpatoperpioa Raman
To ¢paopa Raman avakaAudpOnke anod tov Ivéo puowo C.V. Raman otov onolo ameveundn to

BpaBeio Nobel Quowkng  Tto 1931 vy auth ™V  avakaAuvyn [19].
H ¢paopatopetpio Raman Baoiletal otnv okédaon evog LEPOUC TNG UTIEPUOPNG akTvoBoAlag n
orola TPOOTUTTEL 0€ KAToLa €MIPAVELA KL TAUTOXPOVA OTN UETATOTILON EVOC ULKPOU LEPOUC
™¢ okedalopevng aktivoBoliag os peyaAutepa pnkn kopartog [19]. H daocpatopetpia Raman
ouvbEetal Pe TNV unépuBpn daopatopetpio kKabwg kat ot Suo péBodol Baailovtal oto iblo
€l6o¢ Sovntikwv petafoAwyv, otnv opyavoAoyia kot oTig TANPodOopLeC TTOU TIPOKUTITOUV yLa TV
XNUwn 6oun [19]. Eva blaitepa onUavTiko TTAEOVEKTNUA TTOU €XEL N dacuatopeTpia Raman og
ox€on HUE TNV PoopotoueTpior umepUBpoU elval OtL oTnV Mepintwon Twv dacpdtwyv Raman
elvat duvat n APn toug oe vdatikd StaAvpata [19]. Etol pmopoulv va xpnotpomnolnBouv
yYUuaAwveg kupeAideg f kupeAideg amod xaAalia kot va anogpeuxbolv auTtég mou GTLdXvovTaL Ao
xAwplovxo vatplo [19]. MapdAAnAa n dacpatopetpia Raman €xel Sladebouévn xprion oe€
BloAoylkd cuoTApATA, EVW MUTMOPEL va yivel mapakoAouBnon insitu (emi tomou) petaBolwv
doung oe TMPWTEIVIKA HOpla, VOUKAEKA of€a, memtidia kat Awutibia [19]. Emiong, n
daopotopeTpia Raman xpnotuornoleital yia tTnv Slepelivnon avopyovwy EVWOEWVY, OTIWG Elval
To XNAKA CUMIMAOKQ LETAAAWV KAl LOVIWV 0g udaTika StaAvpata. Auto yivetal kabwg pmopel

VOl XPNOLUOTIOINOEL 08 PAKN KUUOTOC HE TLUA KPOTEPN Twv 500 cm™* [19].

2.4.1 MeAéteg avaAvong EAatdAadou pe paocpatopetpia IR kot Raman
H daopatookomia unteplBpou , TOCO N gyyug 600 Kal N LEcou umeplwdoug edpappoletal oAU

OUXVA oTNV HEAETN Tpodipwy yia BEpata Soung tpodipwy kat eAéyxou motdtntag [17]. AutA n
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HEB0BOG bivel éva apketa mepimAoko dpaocua to onoio Stadpépel Alyo amd 1o eAatddado oe
omopéAata [17, 20]. Adyw oautoU Kabiototol EMITAKTIKA N avaykn Tng XPrnong KAmolag
XNUELOUETPLKAG HEBOSOU. BiBAloypadikd BpeOnKe pLa CUYKPLTIKN UEAETN yla TNV TPOPAeYN
TOU Too0OoToU ooyLEAaoU €xel mpootebel oe efalpetikd mapBévo elaldhado pe xprion
daopatopetpiag NIR, MIR kat Raman [20]. To mAnBog Twv eAaiwv mou xpnolomnolidnkav otnv
€V AOYyW UEAETN TPOEPXOVTAV MO TNV ayopd tn¢ Bpallhiag. Eywe e€aywyn Sedopévwv Twy
AndBévtwv daocpdtwy kol enefepyaoia pe tnv PEBOSO TWV HEPIKWV EAXXIOTWY TETPOYWVWV
(PLS) koL oTtn CUVEXELD TO MOVTEAO TIOU avamTtuxBnke xpnowlomnolnonke yla tTnv mpoPAsedn Tou
nooootol avapelEnc [20]. And ta Staypdppata aAnBwwy THWV/TPoBAETOUEVWY TIHWV (true
values/predicted values) mpoékupav ypappég tdong kat n T R? n onoia Seixvel to moocootod
SlakpavonG TwWV TIHWV amo TNV ypauun taong [20]. BAoEL autwv TwV TIHWV Tipogkuav
uPNAEG TLpEG Tou R? yia Tig peBodoug NIR kat Raman , evw ta anoteAéopata ya to MIR rtav

OUYKPLTIKA XElpOTEpPQ [20].

2.5 DSC (Awadopikni Oepuibopetpia cdpwong)

H Bepuikn BepuldopeTpila cApwong AVAKEL OTLG BEPUILKEG TEXVLKEG Kal KataypadeL Tnv dtadopa
™G pong BepudtnTag petall SUo oucLwv: TNV oucia TPog avaAucon Kat pla oucia avadopdg,
w¢ ouvaptnon tng Bepuokpaciag tou mpog avaluon Seiypatoc. Ot Suo ouaoieg umoBaAlovtal
o€ €eleyxOpeEVO TPOypaupa Bepuokpaciag Kol TPOKUMTEL Sldypappa pong Bepudtntag

OUVAPTHOEL KOL TV U0 OUGCLWV.

2.5.1 MelAéteg Avaluong EAatdAadou pe DSC

H Swadopiky Bepuibopetpia €xel Sokipaotel emiong ylwa Tov avixveuon omMoOpEAQLWV OE
ehatdhada, kKupiwg oe cuvduaouo pe tnv pEBodo PLS. Itn BiBAloypadia Ta amoteAéopata Tou
éxouv mpokUPeL Sivouv cuvteheoti ouoyxétiong R? amd 0,78 €wg 0,98 [17]. Emiong os
ouvbuaopo He TNV avaluon KUpwwv ocuvictTwowv (PrincipalComponent Analysis, PCA) n
Sladopikr Bepuldopetpia pumopel va xpnolomotnbel Kat yla tnv PHEAETN TNG EMIMTWONG TIOU
€XeL n Bepukn Katamovnon ota e€alpeTika mapBeva eAaodada [17]. e npoodatn peAétn [21],

n DSC xpnowomotibnke yla tov evtomopd nAéAawou oe Sddopa OSeiypata e€atpetikd
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napBévou elatodadou. Avaloya He To gAatdAado Kol TNV UETABANTH TOU €TUAEYETAL TIPOG

e€€Taon, TO OPLO AViXVEUONG MOLKIAEL a6 2% €w¢ 10% oe eminmedo gumiotoolvng 95% [21].

2.6 Qaocpatoperpia Yrnepiwdoug-Opatov (UV-Vis)

H daopatopetpia uneptwdouc-opatol avadEépetal oe anoppodroels akTtivoBoAiog o Unkn
KOpotog amd 190-800 nm, oL omoleg odeilovtal o€ NAEKTPOVIOKEG HeTamtwoelg [19]. H
umeplwdng mepLloxn Tou NAEKTpopayvnTikoU ¢pacpatog Slakpivetal oto eyyug umeplwdecg (400-
190 nm) kat oto anw uTeplwdeg (190-100 nm) [19]. ZTIC TEPLOCOTEPEG MEPUTTWOELG UEAETATAL
TO €yyUC UTEPLWOEC, KABWCE 0To Anw UTEPLWSEC amoppodd o aépag (apa amatteital Kevo) Kal

o xaAaliag ano tov onoio amoteAovuvtat ot KUPeAideg kal aAAa e€aptrpata Tou opyavou [19].

2.6.1 Meléteg Avaluong EAaddadou pe Qaocpatopetpia UV-Vis
H ¢aopatopetpia unepiwdoug €xel xpnolpomolnbel wg péBodoc¢ avixveuong vobBelag oto

eAatoAado xapn ota motkida mAeovektnpata tneG. Mpokettal yla pia ypriyopn HEBodo, eUKOAN
otn xpnon Kat pe duvatdtnteg auvtopatomnoinong [17]. Qotoéoo, €xel UIKPR EKAEKTIKOTNTA,
OMOTe €lval avaykaia n mpokatepyooia tou Selyatog Kot N Xprion XNUELOMETPIKWY HeBOSwY
[17]. Ao v BLBAoypadia Bpednke va xpnotuomoleital w¢ péEBodog yia tnv katataén pe Baon
Vv neploxi mpoélevong (classification) lomavikol eAaltdAadou kal o€ CUVOUACUO HE TIG
neBodoug ypapulkng dtakpttig avaluong (Linear discriminant analysis ,LDA) kot SLakpLtig
ovaAuon PeplKwY eAaxiotwy Tetpaywvwy (Partial Least Squares Discriminant Analysis PLS-DA)

edbwoav Babuo npoPAedng 92,5% [17, 22].

2.7 ®acpatoperpia Mupnvikov MayvntikoU Zuvtoviopol (NMR)
Itnv ¢oaopatopetpia Mupnvikol MayvnTikoU UVTOVIOMOU METPATAL N amoppodnon

aktwvoPoAiag otnv meploxn twv padlocuxvotAtwy, dnAadn amod 4 €éwg 900 MHz. Katd tnv
avaiuon pe NMR to Seiypa tomoBeteital og loxupo payvntiko nedio. H ¢paopatopetpia NMR
amoteAel éva MOAU KOAO epyoAeio yla tov MPoodloplopd TG SOUNAG XNUWKWY OUCLWV Kal

Xpnotluomnoleital euputapa otnv Opyavikn Xnueia [23].

2.7.1 Meléteg Avaluong EAaddadou pe Qacpatopetpia NMR
H ouykekpluévn HEB0SOC xpnoLuomoLeital cuxva yLa tnv HeAETn eAatoAadou, av kat Bewpeital
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blaitepa damavnpr), o€ CUVOUOOUO ME XNUELOUETPLKEG HEBOSOUG. MO CUYKEKPLUEVO OTN
BBAloypadia amavratal xprion ¢aocpatopetpia¢ NMR o€ cuvduAOUO HUE TIC XNUELOUETPLKEG
TeXVIKEG PCA kot LDA yla tov evtomopo ¢pouvtoukélalou oe eAaltodado pe 6plo avixveuong
10% kot 5% yia Bopnxavikd glatodado (padvé). e avtiotolxeg Epeuveg Ue tnv xprnon LDA
€xouv umoloylotel opla aviyveuong 10% nAtéAdalou kot coyléAatou oe ehaloAado kat 30%
douvrtoukéAalou oe eAatdAado. H dpacpatopetpia NMR xpnoLlomnoLeital EMUTPooBETWE yLa TNV
Slepelvnon NG vyewypadikng mpoéAeuvong eAatdhadou, TNV Slwadopormoinon ItaAkov
eAatodadou amod eAatodada GAAWV XwpwV, KABwWG Kal LEAETEC YL TNV XPOVLA GUYKOMLONG Tou

[17].

2.8 Xpwpatoypadikég TexVikeG AvaAuong

Ol XpwHOTOYPADIKEG TEXVIKEG OVAAUONG QTOTEAOUV TEXVIKEG SLAXWPLOMOU WE TI( OTOLEG
Slaxwpilovtal ouoieg pHe MAPATIANGCLEG XNHULKEC LOLOTNTEG amod mepimAloka (oUvOeta) pelyparta.
Y& TTOA\EG TIEPUTTWOELG OL OUGCLEG QUTEG SEV UmopoUV va SLaxwpeLoTouV Pe AAAO TPOTMO. Mevikad
o€ OAeC TIG xpwHatoypadieg umapyel pia Kwvntr pacn (aéplo r) uypo), n onoia SLEpxeTal anod
uia, ouvnBwe kaBnAwpévn oe otnAn, otatikn ¢aon [23] | onavidtepa o€ eninedn enupavela
(xpwpatoypadia Aentig otolfadag). H emdoyn twv dvo pdoswv eaptdtal anod 1o €idog Twv
OUOTOTLKWY TWV Omolwv emtbupeital o SlaxwpLopog Kat YeEVIKA UTtApXEL TANBwpa emloywv. Ta
Xpwuatoypadikd cuvotiuata cuvodelovtal Kol amd KATAAANAOUG QVIXVEUTEG, oL oroiol
tomoBetouvtal otnv £€€060 TNC 0TAANG, £TOL WOTE va UTIOAOYIZETOL O XpOVOG EKAOUCNG TOU KABE
OUOTOTLKOU UE TaUTOXpovn SuvatoTnTa Yla TTOCOTLKA N KAl TTOLOTIKA avAaAuon (tautomoinon),
€16IKA OTNV MEPIMTWON TOU WE AVIXVEUTNC ETUAEYETAL N dpaopatopeTpia palwv. H duvatotnta
ETUAOYNG CUOTNUATWY QVIXVEUONG €lval YEVIKA gUpeia yla KABE XpwUaTOYPADLKH TEXVIKN KoL

nepAappavel GACUATOUETPLKEG, NAEKTPOXNULIKES KAl AAAEG TEXVLKEG avaluong [23].

2.8.1 Yypoxpwpatoypadioa-HPLC

H néBodog HPLC o cuvSuAOUO PE TOV KATAAANAO QVLXVEUTH TTAPEXEL ONUOVTIKEC TAnpodopleg
yla TNV XnUIKA oUoToon TwV €A0iwv, WOTOCO ATALTEL KAl auTrh ToV ouvluaoud TNG HE
XNUELOUETPIKEG peBOSOUG. Me uypoxpwpatoypadia mpoodlopilovial Kuplwg Ta TOALKA

OUOTOTIKA Twv €Aailwv Omwg ot  ¢dawvodeg, SlakuloyAukepoAeg (diacylglycerols),
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TpLakuAoyAukepOAeg (triacylglycerols) kat otepoAeg [17]. Q¢ avaAuTiKr) TEXVIK 0 cuvSUAOUO
HE TNV KATAAANAN XNUELOUETPLKA HEBOSO £XEL XpnolpomolnBel, ektO¢ amod tov €Aeyxo vobeiag
Tou glawodadou (Sadopomoinon amd ala €lata), yla TV TAUTOMOLNoN TNG YEWYPAPLKNG
npoéAeuong eAatodadwv Kal tov €Aeyxo Stadopomoinong petal molkiAlwyv eAatoAadou [17].
Itn BBAoypadia amavtdtol UypoxpwHOTOYPAdIK HUEAETN TOU HN  OCATIWVOTIOLNUEVOU
kAaopatog diadopwv glaiwv, n onola o cuvOUAOUO HE XNUELOUETPLKN enefepyacia pe PCA,
Lepapxtkn avaluon opadwv (hi-erarchical cluster analysis, HCA) kot PLS-DA twv AapBoavopevwv
Xpwpoatoypadnuatwv odnynoe oe dladopomnoinon tou ehatdodadou and Siadopa omopeAata

[24].

2.8.2 Agploxpwpatoypadia-GC

H aeploxpwpatoypadia oe avtibBeon pe tnv HPLC xpnoLlomoleital ylo Tov SLaXwpLopo TOU [N
TIOALKOU TUNUOTOG TOU €AXOU KOl XPNOLUOTIOLE(TAL ETIIONG O OUVOUAOUO UE XNUELOUETPLKEG
neBodoug [17]. H aeploxpwuatoypadia €xel ePpapUOOTEL yLO TOV EVIOTOMO TNG MOLKIALAG, TNG
vewypadlkng mpogAevong kot tng voBeiag elatoAadou [17]. Katd Tt peAéteg vobeiag
ehatdhadou pe GC mpoodlopilovtal cuoTaTIKA OMwC oTePOAEC (cholesterol, brassicasterol,
ergosterol, K.a.) kaL Autapd of€a, koL, avaloya LE TNV CUYKEVTPWON auTwy, UTtoAoyiletal to
mMooootd vobeiag oe omopélawa [17, 25]. To Oplo aviyveuong mou avadEPETal oOTNV

BiBAoypadia avepxetal éwg 10% onopeAalwv og eAatodada [25].

2.9 HAektpoavaAuTtikéG TEXVLKEG
H  HAektpoavalutiky Xnueia  mepllapPdavel  TOWKIAOL  TEXVIKWV — avaAuong  Tou

TPAYUATOMOLOUVTOL O €va NAEKTPOXNUIKO otolxelo. To teAeutaio amoteAeital amod ta
NAEKTPOSLA, TO SLAAU A TOU NAEKTPOAUTN TIOU AYEL TO PEVUUA KAl Eva EEWTEPLIKO KUKAWUA TIOU
eruteAel TNV epappoyn NTNV UETPNON TWV NAEKTPLKWY ONUATWY. Ta NAEKTPLKA HeYEON Tou
HETpoUvVTAL TtEPAABAVOUV TO SUVAULKO, TNV €vTaon PEVUATOG, TNV NAEKTPLKA aviiotaon Kal
HEOW OUTWV ETUTEAE(TAL TIOLOTIKN 1 TTOCOTIKA avaAuon [23]. Ot NAEKTPOOVOAUTIKEG TEXVLKEG

YEVLKA ETUTUYXAVOUV XAUNAQ OpLOL OVIXVEUONG KOL TTOPEXOUV ONUOVTIKEG TTANpodopleg OwE N
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oTolXElopETpla pLag avtidpaong, o Babuog mpoopodnaong, n otabepd LOOPPOTILAG ULAG XNILKAG
avtidépaoncg [23].

2.9.1 KukAwn BoAtappetpia

Q¢ BoAtappetpia opiletal pia opdada and NAEKTPOAVAAUTLKEG TEXVIKEG OTLG OTIOLEG LETPATAL TO
NAEKTPLKO pelUA WG ocuvaptnon Tou edpapuolopevou Suvaplkol o ouvORKeC TIOAWONG EVOG
nAektpodiou (tou nAektpodiou epyaociag) [23]. H BoATaUUETPlO XPNOLUOTOLEITAL EUPEWG YL
HEAETEG aVOAUTIKAG XNMUelag, yla HeAETEC ofelboavaywylkwyv Slepyaolwy Kol GpalvouEVwY
npoopodnong [23].

H BoAtappetpia, av katl mpwv tnv dekaetia tou 1950 eixe kuplapxo poAo otov poaodloplopod
LYvooTtolxeiwv og udatikd SLOAUPOTA, AVTIKATAOTAONKE oTaSlaKkAd o TTOAAEG EPOPUOYES TNG
oo POOUATOUETPKEG HEBOOOUG. Ouwg petd tnv Sekaetio tou 1960 au€nbnke n xpron
BOATAUUETPIKWVY TEXVIKWY, AOYW TNE AVATTUENG TwV NAEKTPOOVAAUTIKWY CUCTNUATWY KAl TNG
EUMOPLKAG SLABECIUOTNTAG TOUG O XOUNAOTEPN TLUN O OX€on UE ta pacpatopetpa. Etol
ovavVEWBNKE TO eVOLOPEPOV TWV XNUKWV YLot TN XPAon PBOATAUUETPIKWY TEXVIKWV yla TNV
avixveuon mMANBoUC oUCLWV Kal ELSIKOTEPA YL OUCLEC GAPHUAKEUTIKOU, TTEPLBAAAOVTLKOU Kot
BloAoyikoL evlladépovtog [23].

Mia amod TIg o TEPMAOKEG OAAQ TAUTOXPOVA KAl Hial oo TIG TIO OUXVA TIPOTIUWLEVEG
NAEKTPOOVAAUTIKEC LEBOSOUC amoTeAel n KUKALK BOATaUUETpla, oTNV omola KataypadeTal To
pelpa ou Slappéel To NAekTPoOdio (o€ akivnto SlaAlupa) étav eMPBAAAETAL OE AUTO TPLYWVLKN
Kupatopopdn duvautkov (oxAuo 1) [23, 26]. H KUKALK BOATOUUETPIO TIAPEXEL ONUOVTLKEG
nmAnpodopieg, 6Mwe To Suvapko ofeldwong i avaywyng, o aplOPOg TwV aAVTOAAACCOUEVWV
nAektpoviwy, N KNtk tng Hetadopds ¢optiou, n AVILOTPEMTOTNTA TNG NAEKTPOXNMLKAG
6paong Kat n otaBepdTnTa TWV TPOIOVIWVY TNC, N TOPOUCLA TUXOV EVOLAUECWY TIPOTOVIWV KL O

OUVTEAEOTAG SLAXUONG TWV UTIO HEAETN XNULKWV 8wV [27].
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Sxnua 1:Tplywvikn Kupatopopen Suvautkov

H Swataén kabe BoAtapoypddou amoteAsital amod Tpia NAeKTpoOdia, To NAekTpodlo epyaociog
(working electrode), t0 nAektpodio avadopdg (reference electrode) kat to PBondnTkd
nAektpodLlo (auxiliary electrode), 6Aa ek Twv omoiwv €ival cuvdedeéva O€ TTOTEVOLOOTATN Kal
BuBilovtat oto OSldAupa Tou avaAutn TIOU TEPLEXEL TOV KATAAANAO nAektpoAutn. O
TIOTEVOLOOTATNG ETUTPEMEL TOV €Aeyxo TBavng dtadopds avapeoa oto NAEKTPOSLO0 avadopag
Kall 0To NAeKTPOSLO epyaciag pe pndevikeg mapeUPoAEC. Emiong pe auTo TOV TPOTIO EMITPEMETAL
KAl n €AolOTOmoinon TOU PEVUMATOC TIOU TEPVAEL UECA amo To NAEKTpOSlo avadopdg,
amodevyovtag moAwon (polarization) tou nAektpodiou kat kpatwvtag otabepr tnv dtadopa
aro to nAektpodlo epyaciag [27].

TNV KUKALKR BoAtappetpio wg nAektpodlo epyaciag pumopel va xpnotpomnotnBei to nAektpodio
alwpolUeVNG otayovag udpapylpou, To omolo Opwe Oev mpoTlATAL cuxva e€altiag Tou
HULKPOU Xpnoluou avoSlkol €Upoug tou, aAAA Kol AOYw TG ToflkoTnTaC Tou [27]. Zuxva
XpnolpomnoloUeva NAEKTPOSLa epyaciog amoteAolv ta NAektpodia Asukodxpuoou (mAativag),
XpuoouU kal vaAwdoug avBpaka (glassy carbon) mou eival epmopikd dtabéoua, kabwg Kot to
NAgkTpOdlo mactag ypaditn (carbon paste) mou mapackevaletal EUKOAO €pyaoTtnplokd. Qg
NAekTpOSLa avadopdg xpnotpomnotovvtatl nAektpodia Ag/AgCl kat kalopélava, Ta omola givatl
gumoptkad Slabéopa. EVaANakTIKA Xpnotpomolouvral Kot PeudonAektpodia avadopag Omwe
cupuata apyupou 1 Aeukdxpuoou [27]. Q¢ BonBNTikAd NAekTpASLa XpNOLUOTIOLOUVTAL OYWYLULO
KOL XNULKA UALKQ PE PEYAAn emidAveLd, OTIwG cUpHATO AguKOXpuoou, VoAwWdoug avBpaka n

Trtaviov [27].

2.10 HAektpodia Epyaociag
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Itnv mapoloa OSUMAWMATIKA €pyocia  HE OKOMO TNV  availuon Twv  Selypdtwy,
xpnotgomnowdnkav tpia dtapopetikd nAektpodia epyaciag. Ta mo Siadedopéva nAektpodia
epyooiag eival ta nAektpodia Asukoxpuoou (mAativag), NAekTpodlo xpuooU Kol NAEKTpOSLO
vaAwdou¢ avBpaka kabw¢ eivat eUkoAo va BpeBolv 0TO EUMOPLO, EVW XPNOLUOTIOLOUVTAL KOl

OTLG TIEPLOCOTEPEC EPYAOTNPLAKEG AOKAOELG [28].

2.10.1 HAektpddio YaAwdoug AvBpaka

O vaAwdng avBpakag (GC), mou avadépetal eniong wg VAAWSNG 1 MOAUUEPLIKOG AvBpakag,
elval po katnyopia avBpaka mou XpnoLUOTOLETaL EUPEWS WG UALKO nAektpodiou epyaciag os
NAEKTPOXNULKEG LEAETEC. XpnOLUOTOLE(TAL 08 NAEKTPOAVAAUTIKEG EAETEG Ao T SeKAETIA TOU
1960. Eva nAektpodlo GC amoteleital and davOpakeg TUToU sp2. To nAektpodio GC £xeL pla
Sopn mou oXeTIleTAL OPKETA HE TNV SoUn €VOG ULOAWSOUC UALKOU, LE XOPOKTNPLOTIKO Bpalong
OMWC To YUaAil, aAAa katadEpvel kat Statnpel TOANEG amod TG GUGCLKEG LOLOTNTEC Tou ypaditn.
To Glassy Carbon gival To Lo cuxvA XPNOLLOTIOLOUUEVO NAEKTPOSLO pe BAon Tov avBpaka yla
nAektpoavaiuon. Exet uPnAr HUNXOQVIKN avioxn, LEYAAN avOeKTIKOTNTA OTN XNKLK TPOcBOoAN
Kal elvat e€apetikd adlanépaoto amo agpta Kol uypd. To GC Seixvel avénon tNg NAEKTPLKAG
aywyLluoTnTag LE TNV avénon t¢ Beppokpaciad.

O pubuog ofeidbwong tou GC amd ofuyovo, Sofeidlo tou avBpaka 1 udpatuoug eival
XOUNAOTEPOG Ao OtL yLa omoLodnmote AAAo UALKO pe Baon tov avBpaka. To GC eival mapdpolo
HE TOV TOAUKPUOTAAAKO ypaditn otn ouvBeon, tn ouykOAAnon kot Tnv avtiotaon, aAid
Sladépel MOAU o€ ox€on e To MOPWOEG Tou, TN XAMNAR TUKVOTNTA, TNV UPNAR oKAnpoTNTa,
™V vPnAn avtoxn, TNV KAAR NAEKTPLKA OYWYLLOTNTA KAl TIG MNXOQVIKEG OLoTNTeS. loxupol
o€eldwTIKoL TapAyovTeg 0w ouyovo os auénuévn Bepuokpaata, ) Bepud Triypata, r Lloxyupd
o&€a umopouv va mpooBaiAouv voAwdn avBpaka, aAAd e€akoAouBel va eival mBavwg To To

adpaveg UALIKO pe Baon tov avBpaka [28].

2.10.2 HAektpObL0 AgUKOXPLUOOU

H mAativa eivat éva amd ta To ouxva XPNOLUOTOoLloUEVA UALKA nAektpodiwv guyevwy
HETAMwWY. Ta KUpla TIAEOVEKTAHATA TwWV NAEKTPOSiwv AsukOxpuoou eival o oadng

SLoXWPLOPOC TwV SUVAUIKWY TEPLOXWV Yyl Tipoopodnon udpoyovou kot ofuyovou Kal n
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e€alpetikn avroxn otn Slafpwon oe cuvbuaopo pe VPNAN KATAAUTIKG SpAcn yla HEYAAn
TOWKIALO avTdpAocewv. Ta MPAKTIKA avodika opLa Twv NAekTpodiwv AEUKOXPUCOU UITOPOUV vVa
unepBolV TIC BewpnTIKEG TIMEG AOYW TNG YVWOTAG UTEpevaLoBnoiog evepyomoinong tou
ofuyovou otnv mAativa. Autd Tta miBava opla pmopolv va alldfouv oe SladopeTika
PUOULOTIKA CUOTHUOTO, aKOUN KAl av €Xouv TI¢ (6leg TIEG pH. Auto pmopel va e€nynbel ev
HEPEL amo TNV emidpacn aviovtwv oto unepPoAikd duvapikd. H uméptacn ubpoyovou o€
NAEKTPOSL0 TTAQTIVOG Elval apeANTEQ, TIPAYUO TTOU ATOTEAEL COPBAPO PELOVEKTNUA TNE XPHONG
NAeKTpoSiwv AeUKOXPUOOU O KOBOSIKEG TTEPLOXEG. Mo TIPOKTLKEG EPAPUOYEC, Ta NAEKTPOSLA
mAaTivag xpnolponolouvtol Kuplwg og avodika duvaplka yla mpoodloplopous SUOKOAWY TPog
o&eldwan opyavikwy eL6WV OMWG GAPUAKEUTIKWE SPACTIKWY EVWOEWV.

Eivat duokolo va Statnpnboulv ol emipaveleg Twv NAeKTpodiwv AeukOXpuoou aTTOAANQYLEVEG
anod oXNUOTIOMO oTpwuatog oeldiou. OL pepPpaveg oeldiou pmopouv eniong va aAAOLWCOUV
€vtova TNV KWNTIKA NG aviidpaong nAektpodiwv euyevwv HPETAANWY ot  udaTikoug
UTTOOTNPLKTIKOUG  NAEKTPOAUTEG, KaBlotwvtag OUoKOAn Ttnv emiteuén avamapaywywv
amoteAeopatwy. Emedn avta ta mpoPfAnupata  emidpavelakng otipadac sudavilovral oe
vdatikad pEoa, ol un vdatikol NAEKTPOAUTEG oTPLENG €lval cuxva plo Wbavikn emloyn yla

NAEKTPOSL EVYEVWY HETAA WV [28].

2.10.3 HAektpd6L0 Xpuoou
Onwg o AeUKOXPUOOG £TCL KL O XPUOOG ATOTEAEL £va amod Ta TO CUXVA XPNOLUOTIOLOUEVA

UALKA nAektpodiwv amod guyevr HETaAa. Ta nAektpodla xpuooul eival o adpavr) Kal wg €K
TOUTOU ALYOTEPO ETUPPEMH) OTOV OXNUATIOMO otabspwv G\ ofeldiou 1 emidpavelakng
pHoAuvong. Ebikotepa, ta nAEKTPOSLO XpuooU XPNOLUOTIOLOUVTIAL Yyl TOV TPOoodLopLopd
OPLOUEVWVY LYVOOTOLXELWV KOL TIPOTIMWVTAL oMo Ta NAEKTpOSIa TAQTIVOG Yl HEAETEC
nAektpomapaywyns. Mmopolv va xpnolgomolnBolv yla avoSIKEG UETPNOELG OMWG TA
NAEKTPOSLA TTAATIVAG, £WC TO BewPNTIKO SuVaLKO £€EALENG oEuyovou. QoTOo0, T NAeKTpOSLa
XpuooU O8ev TPETEL val XPNOLUOTIOLOUVTOL aVOSIKA OE UTIOOTNPLKTIKOUC NAEKTPOAUTEG TOU
TepLEXOUV XAwpidlo, Aoyw tng oeidwonc tou petaAlou os ocuvOeta YAwpidia. To BeTIkO eUpoC
TWV HECWV TIOU TIEPLEXOUV LOVTA YAwpPilou Onw¢ To LSpoxAwpLkd o&L eival mepimou +0,6 V. MNa

YEVLKN XPNOLLOTNTA, O XpUOOG ival mBavwe éva KAAUTEPO NAEKTPOSLO oo To AsUKOXPUOO. Ta
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NAEKTPOSIL  XpUOOU  XPNOLUOTIOLOUVTOL  EMIONG  EUPEWC WG  UTIOOTPWHATA  yla
0UTOOUVOPHUOAOYNUEVNLOVOOTIBASa0pYaVOCOUADWHOTOE  KOL Yyl TOV  TIPOCOLOPLOUO
LXVOOTOLXELWV LE TEXVLKEG AmoyUvwong [28].

Tooo ta nAektpodla xpuool 000 Kol MAatTivag udloTavtal oXNUATIONO OTPWHATOG ofeldiou
otnv avodikr katevBuvon. Auto To eidog oupumepLPOPAG UTTOPEL VO TIPOKAAECEL ETILITAOKEG OTNV
edappoyn Kot avamtuén nAeKTpoaVAAUTIKWY TeEXVIKWV. Ou otfadeg ofeldiou pmopoulv va
emPBpaduvouv tnv avtidbpaon petadopd¢ nAektpoviwv 1 va Swoouv i anpoodokntn
avtidpacn pe tov avaAutn. Q¢ MPOAnmTikO UETPO, Sladdopeg Mpoemefepyaoieg Umopouv va
xpnotpomnotnfouv yla Tov KaBaplopd r tnv mPosToldacio TG emtpavelog tou nAektpodiou

TIPOKELEVOU VAl TPOTIOTIOLNBO0UV OL XNULKEG LOLOTNTEG [28].
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Kedalairo 3 «MeAétec Avaluonc EAatdAadou pe
Baon Tic NAEKTPOAVAAUTIKEC TEXVIKEC»

Mia amo TIG KUPLOTEPEG €PAPUOYEG TWV NAEKTPOAVAAUTIKWY TEXVIKWV OTOTEAEL N avaAuon
Tpodipwy, MapoAo Tou n xprHon Toug otov EAeyxo voBeiag eAatdAadou sival meploplopévn [17,
29]. Ta KuplOTEPA TAEOVEKTHUOTA TOUG €ival n gukoAia Xpriong Toug Kol TOo XaUnAd TOug
KOotoG. Xtnv PBiBAloypadia, o nAektpoavalutikdg €Aeyxog vobBeiag Ttou eAatdAadou
ETUTUYXAVETOL UECW €VOG aLoBNTAPA XPNOLUOTIOLWVTOG EKTUTIWHEVA NAEKTPOSLA TIAEYUOTOG
(screenprintedelectrodes) [17] «nAektpovikng yA\wooag» (e-tongue) kabBwg kal nAektpodia
naotag avbpaka (carbonpaste) [29]. Ta anoteAéopaTo TWV PETPHOEWY cUVSUATOVTAL TTAVTA E
XNUELOUETPLKEG TEXVLKEC, OTWG PCA kot PLS-DA [17]. Z€ pia €k Twv TAEOV MPOOHATWY OXETIKWV
NAEKTPOOVAAUTIKWV TEXVIKWYV (2014), diepeuvnBnke n duvatotnta aviyveuong eAatdAadwv pe
NALEAaLo, coylEhalo Kat apafoottédato [29]. Ta amoteAéopata ATAvV evOAPPUVTIKA, KOBwWC

gTTELYXONKAV OpLa avixveuong Letafl 5% kat 10% [29].

3.1 Xnuewopetpia

H avamtuén ocuyyxpovwv Evopyavwv MeBodwv XnuilkAg AvaAluong mapéxel tnv duvatotnta
AvtAnong peyaAou oykou mAnpodoplwy, n mAnpeotepn Kat opBoloyikr aflomoinon Twv omoilwv
TOAEG dopég amattel TNV epapuoyn KATAAANAWY oTATIOTIKWY PEBOSwWVY. OL XNUELOUETPLKES
pnEBodol emiTpemouy TNV KAAUTEPN aflomoinon Twv avaAUTLKWY TEXVLKWY, EAQXLOTOTOLOUV TOV
oplOpo twv delypdtwy mou avaAlovTal KoL PEYLOTOMOLOUV TNV MocoTnTa Twv TTAnpodopLwv
nou e€ayovtal. Ot MAnpodopileg AUTEG UMOpoUV va a.popoUV KPLOoLUEG amodACELS, OMWE TNV
emAoyn tou Kat@AAnAou Bepameutikol oxXAUATOC EVOG acBevoug, TV Blopnxavikrn achaAela
KOL UYLELV} OTOUGC XWPOUC epyaciag, T evwoel mou Ba aflodoynbolv KAWVIKA yla TtV
avamntuén evog véou dapuakou.

O 6pog Xnuelopetpia xpnowwomolidnke ywa mpwin ¢opd to 1971 ywa va mepypael tnv
oUEAVOUEVN XPNON HABNUATIKWY LOVTEAWY KOl OTATIOTIKWY 0PXWV 0TOV KAASO TNV XNUELOG Kot
WOlaitepa otnv  avaAutiky xnueia [30]. OL XNUELOUETPLKEG TEXVIKEC elval ouvRbwg

TIOAUTTOPOUETPIKEG, eTe€epyalovial SnAadn TOAMEC TMAPAUETPOUG yla KABE avilkelpevo
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(6elypa 1 évwon) kat diakpivovtal oe peBodoug tafvounong dedopévwy kot o puebodoug
efaywyng HoOvIéAlou. TNV TPWTIN TEPIMTWOon ovalntouvtal KOVOVEG yla TNV Taflvopnon
Slapopwv SelYUATWY | EVWOEWV OE OUYKEKPLUEVEG opadeg pe Sedopévn ocuumepidpopa. Ot
pnEBodol e€aywyng povtéAou avalntouv Lo TTOCOTLKA OXECHN AVAUESQ OTA XOPOAKTNPLOTLKA HLOG
OELPAG OUYYEVWV SelyHaTtwy (| Hoplwv) KAl MLOG CUYKEKPLUEVNG LOLOTNTAG (T.X. XNMLKA N

BloAoywkn) [30].

3.2 AvaAuon kKUpwwv cuviotwowvV (Principal Component Analysis,
PCA)

H avaAuon PCA meplypadnke yia mpwtn ¢opd to 1901 amo tov Karl Pearson, yla tnv €miAuon
Blopetpikwv mpoBAnuatwy [31]. H péBodog e€elixtnke OPKETA TA EMOUEVA XPOVLA, ELOIKA AT
Vv dekaetia tou 1980 [32] Kal PETA, OMOU TKpAtnoav ol HAektpovikol YoAoyloTEG. Mevika
oTOTEAEL pia amo TG o A£G TMOAUMETAPANTEG peBodoug (multivariate methods) [31] kat
OUYKOTOAEYETAL OTL XNUELOUETPIKEG HeBOSouG. O otoXoC TG HeBodou eival, Aappavoviag p-
HeTaPANTEG kol Pplokoviag ouvbuaopoug outwv, vo Tapayel Oeiktec oL omolot Oev
ocuoxetilovtat petal toud. MNa kaAUTepn katavonon tng uebodou apkel va tnv avaloylotoU e
oav ¢Atpaplopa SeSopévwy.

Mo CUYKEKPLUEVA N OVAAUCH KUPLWV CUVIOTWOWYV KOTOTAOOETAL OTIC HeBodoug Tatlvopnong
Kal epapudletal o €va eviaio mivaka meplypadikwv petafAntwy X (descriptions). O mivakag
OQUTOC QTTOTEAELTAL ATIO OELPEC OL OTOLEC AVIUTPOOWIEVOUV TA QVTIKELUEVA/TTAPATNPAOELG KoL
a6 oTAAEG OL OTIOLEG AVTLITPOCWIEVOUV TIG LETAPBANTEG. EWUETPLKA OL TAPATNPACELG LTTOPOUV
VO QTTELKOVIOTOUV WG OnUela oe éva MOAUSLAOTATO XWwPO, OToV omoio oL HeTaBANTEC
npoodlopilouv toug afoveg. Na onuelwBel OtL emeldn n KAlpoka Twv PeTaBAnTwy ennpedlel To
UNKOC TwV afdvVwy, amalteital Kowwvikonoinon twv petafAntwv (scaling). H péBodog PCA amnod
€va oUvoAo petaBAntwv X e€dyel €éva véo oUVoAo peTaBAnTwy t oL omoileg KaAoUvTal «KUPLEG
CUVLOTWOEGY Kal TIEPLEXOUV TNV TAnpodopia mou Epouv oL apxLlkeG LeTaBAnTEG. EToL pe tnv
nEBodo auth mpooappoletal pia euBeia, eva eninedo f éva unép-eninedo ota dedopéva oe
€va moAudldotato xwpo PeE Afoveg TG HeTaBANTEC. H ypadik auth amelkdvion ovoudletal
SLAypapO TWV CUVTIETAYUEVWY (scores), SLVeL TNV OXETIKN BEON TWV AVTIKELUEVWY OTO XWPO KoL

mapExeL mMAnpodopieg yla tnv petafl Toug oxéon. Me auTto Tov TPOTO SLATILOTWVETAL N UTtapén
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opadwv, Ttacewv, outliers, kKA. [33]. T Vv afloAdoynon TwV QNMOTEAECUATWY

Xpnotpomnotouvtal Kupiwg SU0 OTATIOTIKA PEYEDN:

> 0 OUVOAIKOG OUVTEAEOTAC ouoxetTioswg R?(cum) ,0 omoiog ekdpdlel TO MOCOOTO TWV
0OpOLoUATWY TWV TETPAYWVWY OAWV TWV METABANTWY X TIOU EPUNVEVETAL ATIO OAEG TLG

e€ayBeloec KUpleg ouviotwoec [33].

> 0 SlaoTAUPWHEVOG CUVTEAEDTAG oUuoXeTioewg Q?, 0 omoiog ekdpdlel TO MTOCOOTO TNG

OUVOALKAG SLakupavong twv X ou TpoBAEMETAL Ao TV KUpLa cuvictwoa [33].

3.3 AwakpttA (6takpltiki) avaAuon HepLKwWV TeTpaywvwy (Partial

Least Squares Discriminant Analysis, PLS-DA)
Kata tnv availuon pe tn uéBodo PCA, n omoia avadépOnke MPonyoupEVWG, TIPOKUTITEL [l

TOMOOETNON TWV MOPATNPROEWV OTO XWPO N omola yivetat Katd To BEATIOTO SuvATOV, KATL TTOU
Ouwg Sev eyyuatal Tov BEATIOTO SLAXWPLOUO TWV TTAPATNPOEWY OE OUASEC. M AUTO TO OKOTIO
XpnolUomoleital ektevéotepa n MEBoSOG TNG Slakpltic avaluong eAaxiotwv TETPAYWVWV
(Partial Least Squares Discriminant Analysis, PLS-DA). Itn &wakpiti avaiuon (discriminant
analysis) okomog eival n opadomnoinon Twv eloepXopevwy Sedopévwy €Tol WOTE va Gavel n
oxéon petafy Twv opddwyv. To mMpoPAnua pe autr t HEBodo eival To MOCO KAAA UTOpoUV va
Slaxwplotouv ta debopéva oe dUo 1 meploootepeg opadeg [31]. Emiong emTpEmel TNV
TomoB£Tnon VEWV HETPOEWV o€ Kamola amnod Ti§ én undpyouvoeg opadeg [30]. AutA n uEBodog
eTUTPENEL ota Selypata mpog e€€Taon va PNV ival Kavovikomolnpuéva, kabwg dev emnpedletat
aro tnv taén peyeBoug twv delypatwy, o€ avtiBeon pe tnv pEBodo PCA [31]. MpodkeLTal yla pLa
EMOMTEVOUEVN (supervised) uéBodo, otnv omoia oL opddeg dedopévwy (detypdtwv) ivat Adn
YVWOTEG (MEPAUATIKEG OUASEC) KoL 0 OKOTOC TNG avaluong sivat n emPBeBaiwon (N un) tng
Stadopdg petafl twv opdadwv mou eixav kaboplotel amd TNV apxn Kal n tautonoinon Twv
XOPOAKTNPLOTIKWY EKELVWV TIOU Tteplypadouv KaAutepa TIG Stadopeg petafd toug [31]. MNa v
a€LOAOYNON TWV ATIOTEAECUATWY XPNOLUOTOoLoUVTOL Ta (Bla OTATIOTIKA oTolxela pe tn pEBodo
PCA, 6nAadff o OUVOAKOG OUVTEAEOTAC oOuoXeTioewe R%(cum) koL 0 SLAOTAUPWUEVOC
ouVTEAEOTHG ouoxetioswg Q2. e avtiBeon Ouwe pe tv pebodo PCA umoloyilovtat Svo

ouvteAeotéc R%(cum), o R*X(cum), o omoio¢ ekdpdlel TO MOCOOTO TwV 0OPOLOHATWY TWV
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TETPAYWVWY OAWV Twv HeTABANTWV X TOU epunveleTal amo OAeg TG efaxBeloeg Kupleg
OUVLOTWOEC Kot 0 R%Y(cum), o omnoiog ekdpAalel To MTOGOOTO TWV ABPOLOUATWY TWV TETPAYWVWY
OAwv Twv efoptnuévwy HetaPAntwy Y mou epunvevetal and OAeg TG s€axBeloeg KUpPLEG

OUVLOTWOEG.

3.4 AvaAuon pag kAaong (Class Modelling)

e avtiBeon pe T pueBOSoUC KaATNyoplOTOiNONG/KOTATAENG OL OTOIEG OIOOKOTMOUV OTnV
Katatafn evog SelylaTog O LA CUYKEKPLUEVN opada (UeETafy TouAdxlotov 2 opadwv), ot
HEBodol povtehomoinong pag KAAong €0TLalouV OE Lo CUYKEKPLUEVN ouada mou evladépel
NV UEAETN, OMWG €ival yla mapadelypa Selypata mou TPoEPXOVTAL OO ML CUYKEKPLUEVN
vewypadikn reploxn n yvnola (un voBeupéva) delypata amo pLo CUYKEKPLUEVN KaTnyopla (..
e€alpetika mapBéva ehatdodada, Bupapiolo péAL). MPOKELTAL yia Ulot OUASO XNUELOUETPLKWV
TEXVIKWV TIoU evOladEépel dlaitepa tov KAASO TNG aVAAUTIKAG XNUELOG TTOU aoXOAELTOL PE TNV
oavantuén HovtéAwv yla tnv emiBePfaiwon TG yvnolotntog evog aplBpol Seypdtwv. Evag
ONUAVTIKOG AOYOG Yl Tov omoio oL EBodol pLag KAAoNG TUYXAvouv supeiag epappoyng otnv
emiBeBaiwon yvnolwotntag Oelyddtwyv €lvol Mw¢ autd sival cadws €UKOAOTEpO va
povtelomolnBolv péow MLaG ouoTnuatikng delypatoAnyiag o avtiBeon pe ta voBeupéva
Selypara, ota omoia n voBeia dev eivat kabBoplopévn [34].

Mua uéBodog povtelomoinong pLlag kKAaong eivat n Ama aveédptntn povieAomnoinon avaloyiag
kAaoswv (Soft Independent Modelling by Class Analogy, SIMCA) ival pa pn mTpoTumonoLnTLki
HEBodog anotunwong pe Baon tnv anootacn mou eloryaye o SvanteWold (1977). Ta povtéAa
SIMCA Baoilovtal oTig KateuBUVoEeL TNG UEYLOTNG SlakUpavong (KoL CUVETWG TNG HEYLOTNG
nmAnpodopiac) oe Evav xwpo MoAAamAwy dedopévwy. MNa to okomod auto, ta dedopéva apyLlka
HeTaoxnuatifovtal pe Baon tnv taflvounon tng otNANG i UE TN HéEon TN TNG 0THANG, N Mia
oo TIG Omoleg petatomilel TV mMPoéAevon Twv afovwy avadopdc WOTE VA CUUTIITTEL HE TNV
KEVTPOELSN TAEN. TN OUVEXELA, EKTEAELTOL OVAAUON KUPLWV cuvioTwowv (PCA), pe meplotpodn
yUpw amd TO KEVIPO TNG KATNYOPLOG, Kol O aplOUOC TWV ONUOVIIKWY KOTEUBUVOEWV TNG
puéylotng  StakVvpavong  aflodoyeital, ouvABwg péow  pag  SutAng  Swadikaoiog
SlaotaupoUpevVNC emkUpwonG. Ot KATeuBUVOELS AUTEG OPL{OUV TOV AEYOLEVO ECWTEPLKO XWPO

e SIMCA [34].
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‘Eva. TETOLO MOVTEAO €XeL OXAMA €VOG TUNUATOC (HLOVOSLAOTATOC EC0WTEPLKOG XWPOG), €VOG
opBoywviou (6181aotarog EOWTEPLKOC Xwpog), EVOC napaAAnAeninedou N
unepnopaAAnAemnédou (Tplwv r MoAudlacTatwy eowteplkwy. Ol umoAoylopol (dnAadn ot
QmooTACEL HETOEL KABe Selypatog KAl TOU HOVTIEAOU O XWPOC Tou opilovtal amo TG pn
OUMOVTIKEG KATEUBUVOELG, IOV ovopaletal e€wWTePLKOC XwWPoG SIMCA) unoloyilovtal TOTE Kal
XPNOLLOTIOOUVTOL Yyl TOV KoBoplopd oG amootaong amd to Hoviédo kAaong (OD), oe
ouvbuaouO UE TNV OMOOTACH OTO E0WTEPLKO Stdotnua Babuoloyiag (ID), yla va opiocoupe tTnv
amokaAoUpevn avénuévn anodotacn SIMCA amno ta delypata s otnv kAaon C (ds, C).

H kplown T autng t¢ andotaong, mou kabopilel tnv amodoxn/amoppupn €vog véou
Selypartog and 1o poviélo, kabopiletal and TV KPLOWN TN TwV oTatloTtikwy Fisher og éva
npokaBoplopévo eminedo epmiotoouvng, OSebopévou OTL TA umoOAouma umotiBetal otl

0KOAOUBOUV pLa TIOAUPETABANTA KavoVIKN Katavoun [34].

3.5 AvaAuon maAwvdpopunong LEPLKWVY EACXIOTWV TETPAYWVWV

(Partial Least Squares)
H avdAuon moAwvépounong peplkwy elaxiotwy tetpaywvwy (Partial Least Squares, PLS) eivat

emiong pa pEBodog mou amookomel otnv  cuoyetion petafl dvo petafAntwv X kat Y. H
oavaAluon PLS €xel tnv KavOTNTa vo QVIXVEUEL €val KATAANAO HOVTEAO YPOUULKNAG
maAwvdpopnong To onoio mpoBAAeL TIG HeTAPANTEG O€ €va Kawvoupylo Staotnua [35].

H néBobdoc PLS mpoPalet Tig petaBAnteg X, Y otov (810 UMoXWwpPo , £TOL WOTE VA UTIAPXEL KaAR
oxéon ¢ BEong VoG AVTIKELLEVOU Ttapatenong X Kot tng avtiotowxng B€ong tou oto emninedo
Y. H PLS avdAuon xpnolUomoLeital yia va BpeL Tn oUoXETLoN HeTafy Twv Suo petaBAntwy X Kat
Y, dnAadn pla AavBavouoa petaBAnt mMPooEyylon ylo T HovteAomoinon twv petaBAntwy
ouvLlaKUPOVOoNG 08 aUToUGg Toug SUo umoxwpouc. Eva povtédo PLS Ba mpoonmaBnostl va Bpet
Vv noAudldotatn katevBuvon otov xwpo X mou e€nyel T Péylotn katevBuvon moAudldotatng
StakVpavong otov xwpo Y. H maAwdpopnon PLS eival blaitepa KataAAnAn otav ot mpoBAEYELC
€XOUV TIEPLOCOTEPEC UETAPANTEG MO TIG MOPATNPAOELG KAl OTOV UTIAPXEL TTIOAUYPAUULKOTNTA
HETAEL TwV TIHWV X. AvtiBeta, n Tumiki TaAlvdpounon Ba amoTUXEL O AUTEG TLG TIEPUTTWOELG,

EKTOC €AV €XEL Yivel kavovikomoinon [35]. I8waitepn onuacia otnv avaluon PLS éxouv ta
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OTATIOTIKA oTolKEla Ttou xapaktnpilouv to povtélo, R? kat Q2. O ouvteAeoTrC cUoXeTioewg Q2
amoteAel Baokd otatloTikO otolxeio kabwg kabopilel oe peydAo mMOCOOTO TNV PBEATIOTN
rtoAumAokdtnTa tou povtélou. AvtiBeta pe tov ouvteheot Q?, 0 oupPATIKOG cuvteAEoTH G R?
Ba avavetal mavra pe v avénon twv Slactdoewv (CUVICTWOWV) Tou Hovtédou. H twun Ba
telvel va mAnowalet to 1 (6nAadn, 100%) koBwg oL TEPLOOOTEPEC OUVIOTWOEG PLS
EVOWMATWVOVTAL OTO HOVTEAO [36].

Me tnv avamtuén €vOG HOVTIEAOU HEPWKWV eAaxlotwv TeTpaywvwy, elvat duvatdg o
UTTOAOYLOMOG HeyeBwY, OMwG To OpLo aviyveuong KalL To Oplo Toootikomoinong. To 6plo
avixveuong pLag pebodou eival n eAAxXLOTN CUYKEVIPWON ULOC OUCLOG TTOU UIopEel va LeTpnBetl
HE tnv UEBoSO auth. MNa tov mpoodloplopd tou opiou avixveuong (LOD) amatteital o
UTTOAOYLOMOG TNG TUTIKAG amokAlong SD tng pebodou oe pndevikn ouykévtpwon. Autog o
UTTOAOYLOMOG TNG TUTILKNG amOKALONG yivetal pe SUo SladopeTikolg TPOMOUG avaloya UE TN
Hopdn tTNG KAUmuAng avadopdc. To 0plo moootikomnoinong (LOQ) r Asttoupylkn evalcOnoia
elval n eAAXLOTN OUYKEVIPWON TNG UETPOUUEVNG TIOPAMETPOU TIOU UTOPEL va MPoodloploTel
TOOOTIKA Pe amodektr akpifelia kat emavoAniuotnta. To o6plo moootikomoinong (LOQ)

Silvetal amnd tov tumo: LOQ = 10 * SD [37].
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Kedalaio 4 «MNepapatiky Aradikaocion»

4.1 IKomog

IKOTIOC TOU TELPAMOTOC ATAV N avamtuén véag kal GAkng mpog to meptBaAlov pebodou, n
omola Paociletal otnv KUKALKA PBOATOUMETPiA yla TNV aviyveuon Kal TOOOTIKOTOINON TNG
voBeiag e€atpetikd mapBevou ehatdAadou pe mupnvéAaLa Kal ommopélata. MNa tnv eVpeon VéEag
avaAuTiknG peBOdou, wote va yivel n aviyveuon auth, xpnowiomowdnke €vag olaitepa
pHeyalog aplBuog efalpetika mapBévwv kal mapBévwyv elatddadwv, amAwv elatdAadwy,
nupnvélalwyv Kot Sladopwv omopéAailwy Omwe apafoottélata, coyléAala Kal nALEAala. Itn
ouvExela Ba umdpEel HEAETN OAWV TwV eAaiwv e TN HEBOSO TNG KUKALKAG BOATAUUETPLAG, HE
xpnon Ttpwv Sladopetikwv nAektpodiwv epyaciag. Katd tnv mepapatikn Sadikaoia
Xpnollomolouvtal tpla Sladopetikd NAeKTpOSla gpyaciaG WOTE va UTIAPXEL HUEYAAUTEPN
okpiBela amotedeopdtwyv. AkoAoUBwg, Ta Pdaopata Kot BoAtappoypadriuoto  Tou
AapBavovtal Ba emefepyacBoUv e XNUELOUETPIKEG TEXVLKEG, OMWG N KN EMOMTEVOUEVN
HEBodog TNG avaAluong Kuplwwv ouvioTwowv (PCA) KoL OL EMOMTEUOUEVEG TEXVIKEG TNG
povtelonoinong tafwvounong (Class Modeling) kat n emontevopevn pEBodog tng SlakpLtng
ovAAUONG HEPKWV gAaxiotwv tetpaywvwyv (PLS-DA). Ou péBodotl mou Ba esudavicouv Tig
oNUAvVTIKOTEPEG Sladopeg peTall elalodadwv SladopeTikig moldTnTag Kol omopéAaiwyv Ba
e€etacBouv WG TPog TNV duvatdTNTA TOUG va EMLTUXOUV TOCOTIKA afloAdoynon tng vobeiag
HEOW avaAuong Selypudatwy eAaltoAadou Tou €XeL VOBEUTEL e YWWOTEC TTOCOTNTEG TTUPNVEAALWY

KOlL OTIOPEAQLWV.

4.2 Avudpaotipia, YALKA mou Xxpnotponoin@nkav

4.2.1 'EAawa Tou Xpnotponoténkov
Kata tnv Slekmepailwon tng mapovuoag SUTAWHATIKAG £pyaciag cUANEXONKe €vag peyalog

oplOPOC¢ TuTtoMoLNUEVWY gAaiwv amd tnv EAANVIKA ayopd. ITo TElpapa autd €ywve xpron
ehalwv vedtepng mapaywyng (2019-2020), al\a kat €Aala MaAALOTEPNG mapaywyns (2016-
2019) pe amnwtepo okomod tnv avixveuon Oiadopwv otn vobBeia, avaloya pe TN Xpovid

TIAPOYWYNG TOUGC. ZUVOAKA €ylve ouMloyry 66 ehaiwv. H mpoélevon twv eAaiwv Tou
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xpnottornotndnkav eivat 100% EAANVIKA, kaBwg OAa Ta EAaLa TPOEPXOVTAL Ao TNV EAANVLKNA
emapyxia Kot KAAUTTOuV yewypadikd oxedov TO CUVOAO TwV EAALOTIAPAYWYLKWY TIEPLOXWV
(Xavia Kpntng, KoAaudta, Apkadia, ZakuvBo, Aeukada). Mo CUYKEKPLUEVA, OTO TEPOG TWV
TEEPAUATWY Xpnotponoidnkav cuvoAlka 35 efatpetikd mapbéva glatdhada (20 maAid/15
Kawoupyla) kot 5 pelypatacladhadwv pe efeuyeviopéva  ehatdhada. MapdalinAa,
xpnowtornowBnkav 10 mupnvélaila (5 maAla/5 kawoupyla), 7 coyléhata (5 maAid/2 véa), 8
NALEAala (6 maAld/2 véa) kabwg kat 4 apaBoottédata. Metd tnv cuAloyn toug, ta €lala
anodnkevtnkav oe Puyeio (4°C) tou Epyaotnpiouv. Autd €yve kabwg BiBAloypadikd Bpédnke
nwg n dVAagn tou ehadhadou oe Beppokpaocio 4°C eival anoteheopatikdtepn doov adopd
otn Satpnon Twv GavoAKWY CUOTATIKWY Tou o€ oxéon Ue tn UAaén os Bepuokpaoia 25 °C.
Mapakatw &ilvovtal oL MiVaKeG OTOuC Omoiloug moapouclalovtal avrtiotoa Ta E0LPETIKA
napBéva  ehaldohada, Ta peiypata e€euyeviopévwy  eAatdhadwy, T TUPNVEAALD, TA
opafBoottéAala, Ta coylEAala Kol Ta nALEAQLA TTOU XPNOLUOTOLROnKav, n XPOovid Tapoywyng
TOUG OFE OUYKEKPLUEVEG TEPUTTWOEL €Aaiwv KaBwG KAl 0 TOMOG TMPOEAEUONG TOUG OTWG
ovaypAadETOL OTNV ETIKETA. INUELWVETOL TIWCE N CUOKELOOLO OpLOPEVWY eAaiwv dev avadépel

TOTIO TTPOEAEUONG.

Mivakag 3: Eéaupetika Mapdéa EAatoAada mov cuAAéxdnkav kat xpnotgomnotydnkav otnv nelpopatikn diadikacio

o/a Ovouaoia Xpovid Mapaywyng Frewypadikn
NpoéAeuon
1 Zevia (OAvumio- XENIA A.B.A.E.) 2017 HAela
2 Terra Creta (M.0.MN. KoAupPapt Xaviwv) 2017 KoAupBadpt Xaviwv,
Kpritn
3 EAAIQN ZKOYPTH (BloAoyiko) 2017 X\lopoddL Kopvbiag
4 N.0.MN. Inteia AaoBiou (A.B.) 2017 Intela AaoBiou, KpAtn
5 Bopelog Muhomdtapoc (Aatlipag A.E.), 2017 P£€Bupvo, KpAtn
M.0.MN. PeBupvou
6 M.0.M. KoAvpBapt Xaviwv (Mapadta) 2017 KoAupBapt Xaviwv
7 AiBog 2017 AoKkwvia
8 AoT{ag 2017 Mavoppo, P€Bupuvo,
Kpritn
9 Aadopulog (. Anpélng) 2017 P&&o¢
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10 GAEA Bloloyiko 2017 EAANvikNG NpoéAeuonc*
11 E€apetikad NapBEévo EAadAado Euyeveg 2017 Kpavidt ApyoAidag
n.o.n.

12 Epung (Kopwvelkn motkihiar) 2017 Epuiovn ApyoAidag

13 Equilibrato olio vergine 2017 ZikeAia Notia ltaAia

14 Awpko (E.A.Z. Aakwviag) 2017 AoKwvia

15 AoAlavitiko- BloAoyiko 2017 AoAlava Apkadiag

16 Movn Xpuoomnnyng BloAoytko 2017 Xavia, Kpntn

17 XwpLo opelveg eploxec (MvépBa) 2017 EAANvikNG NpoéAguonc*

18 Avaviog 2017 EAANVIKAG NpoéAevonc*

19 O-liveAmphoreus 2017 EAANvikNG NpoéAeuonc*

20 Ayoupélato «AAtie» (EAaic) 2017 EAANVIkAG NpoéAevonc*

21 Terra Creta (M.0.MN. KoAupBapt Xaviwv) 2019 KoAuppapt Xaviwy,
Kpritn

22 EAAIQN ZKOYPTH (BloAoyiko) 2019 X\lopoéL KopuvBiag

23 M.0.MN. Inteia AaoiBiou (A.B.) 2019 Intela AaoBiou, KpAtn

24 EAatohado MwvépBa 2019 Kalapdta, Meoonvia

25 AoT{ag 2019 Mavoppo, P€Bupvo,
Kpritn

26 GAEA Bloloyikd 2019 EAANvikng NpoéAguonc*

27 XwpLo opelveg eploxec (MvépBa) 2019 EAANvikng NpoéAguonc*

28 Ayoupélato «AAtLe» (EAaic) 2019 EAANviknG NpoéAevonc*

29 E€atpetikd NopBEvo EAadAado ACAIA 2019 MuTiAfvn

30 Zevia (OAvumio- XENIA A.B.A.E.) 2019 HAela

31 E€apetikd NapBEévo EAatdAado Euyeveg 2019 KpavidL ApyoAidag

Nn.o.mn.
32 Awpko (E.A.Z. Aakwviag) 2019 AoKwvia

*Aev avaypa@etal n yewypapikn tpoéAsuon tou Seiyuatog

Mivakag 4:E§suyeviouéva EAatodada nov ouAAéxdnkav kat xpnowuonotydnkayv otnv nelpauatiky Siadikaocio

o/a Ovopoaoia Xpovia Mapaywyng rewypadkn
MNpoéAeuon
1 AATIc KAaoowko (EAaic) 2019 Ayvwotng Npogheuong*
2 AB, Baol\OTIOUAOG 2019 Ayvwotng Npogieuong*
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3 XpuoeAild 2019 Ayvwotng MpoéAeuonc*
4 Economy E€suyeviouévo EAatoAado 2019 Ayvwotng MpoéAeuonc*
5 MuwépBa EAatdAado KAaooikd 2019 Ayvwotng Mpoéhevonc*
Mivakag 5:Mupnvédaia mou cuAAéxdnkav kat xpnotuonotidnKav otnv nelpauatikn Siadikaocio
o/a Ovopaocia Xpovid MNapaywyng Frewypadikn
MNpoéAeuon
1 Mupnvéhalo OK, anytime markets 2017 Ayvwotng MpoéAeuonc*
2 Mupnvéhato Képn (KOPE) 2017 Ayvwotng Mpoéleuoncg*
3 Mupnvéhato Mahagiag 2017 E.E.
4 Mupnvéhato Farmer 2017 E.E.
5 Mupnvéhalo AB, BaolAdmouAog 2017 Ayvwotng Mpoéhevonc*
6 MupnvéAato «Nikn» (MwépBa) 2019 Ayvwotng Npoghevonc*
7 Mupnvéhato Mikpéc DappUeg 2019 EAANvikNG NpoéAguonc*
8 Mupnvéhato Economy 2019 Ayvwotng MpoéAevonc*
9 MupnvéAatlo AB, BaolAdmouAog 2019 Ayvwotng MpoéAleuonc*
10 Mupnvéhato 365 2019 E.E.
Mivakag 6:ApaBoottéAaia mou cUAAEYINKAV Kal xpHoLUonotdnKav otnv Nelpauatikn Stadikaocia
o/a Ovopaocia Xpovid MNapaywyng Frewypadikn
MNpoéAeuon
1 ApaBoottéhalo MwvépBa 2019 Ayvwotng MpoéAeuvonc*
2 ApaBoottéhato COROAA (KOPE) 2019 Ayvwotng MpoéAevonc*
3 ApaBoottélalo AB, BaciAGmoulog 2019 Ayvwotng MpoéAevonc*
4 Apapooitéhato TAAAZIAZ 2019 Ayvwotng MpoéAeuonc*
Nivakag 7:HAtéAata tov cuAAéxdnkav kot xpnolponowjdnkayv otnv nepauatiky Stadikacio
o/a Ovopaocia Xpovid Mapaywyng Frewypadikn
MNpoéAeuon
1 HALEAawo Altakouzina, Metro A.E.B.E. 2017 Ayvwotng MpoéAevonc*
2 HALEAawo First Class (F.C.), MaooUtng A.E. 2017 Ayvwotng MpoéAevonc*
3 HALEAawo OK, anytimemarkets 2017 E.E.
4 HALEA o Propn 2017 Ayvwotng MpoéAeuonc*
5 HALEAao SANOAA (KOPE) 2017 Ayvwotng MpoéAeuonc*
6 HALEAalo SOL (EAaic) 2017 Ayvwotng MpoéAeuonc*
7 HALEAaLo 365 2019 E.E.
8 HALEAawo Opoomovdia 2019 Ayvwotng MpoéAevonc*
Nivakag 8: SoyiéAaia ov cUAAEYINKav Kat xpnowuonotidnkav otnv neipauatiky dtadikaoia
o/a Ovopoaoia Xpovia Mapaywyng rewypadkn
NpoéAeuon
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1 Joyléhato SOTIOAA, KOPE 2017 Ayvwotng MpoéAeuonc*
2 JoylEhaloMapadra, khapevitng 2017 Ayvwotng MpoéAeuonc*
3 Zoyléhalo EAOMAZ 2017 Ayvwotng Mpoéleuonc*
4 JoyléAalo AB, Baot\omouAog 2017 E.E.
5 JoyLéAato 365 2017 E.E.
6 Zoyléhato TO AAMMEPO 2019 Ayvwotng Mpoéleuonc*
7 JoyléAalo AB, Baot\omouAog 2019 E.E.

4.2.2 10otnpa BoAtapetpitkwv AVaAUcGeEwV
To oUVOAO TwV NAEKTPOAVOAUTIKWY QVOAUCEWV TNG Topouoas OSUTAWHATIKAG Epyaciog

TIPAYUATOTIOLNONKE PE XPON CUOTAUATOC BOATOUUETPIKWY avaAuoswv 797 Computrace tou
oikou Metrohm tng EABetiag, To omolo ntav cuvdedepévo pe H/Y péow Bupag USB. To ev Adyw

oUOTNUA BOATAUUETPIKWY OVAAUCEWVY OTEIKOVIIETAL OTO oAU 2.

Sxripa 2: To ovotnua BoAtaustpikiv avaAvoewv 797 VA Computance
To ev AOyw Opyavo €XEL EVOWUATWHEVO €vav TIOTEVOLOOTATN VEAG TexvoAoyiag pall e
yaABavootatn, mou eMITUYXAVEL TIOAU KaAn aflomiotia pe pelwpévo BopuBo petpioswv. Q¢
NAEKTPOSLO €pyaciag Umopouv va xpnotpomnonBouv 1o nAektpodlo udpapyupou TOAAAMAWY
xpnoswv (multimode electrode), oteped nAektpodia (vaAwdoug davOpaka, AgukOXpuooOU,
XpuooUl, apyupou) 1 ekTumwpéva nAektpodia mAéyuatog (screen printed electrodes). To
NAEKTPOSLI0 USpOPYUPOU TOANATAWV XPNOEWV UMOPEL va AELTOUPYAOEL PE €TAOYR TNG
KATAAANANG UTTOSOXAG TTIOU CNUELWVETAL, ETE WG OTAYOVIKO NAEKTPOSLO USpapyUpou (dropping

mercury electrode, DME), eite nAektpodlo awwpoUpevnc otayovag udpapylpou (hanging
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mercury drop electrode, HMDE), eite w¢ nAektpodlo oTaTiknG otayovag udpapyuvpou (static
mercury drop electrode SMDE). e kdBe mepimtwon, n Aeswtoupyia toUu nAekTpodiou
uSpapyUPoU TMOANATAWY XPAOEWV ETTUYXAVETAL UE TNV Tieon ¢LaANg alwtou Pe TNV omolia
oUVOEETAL TO cUOTNUA BOATAUUETPIKWY AVOAUCGEWV YLO TNV OMOEPLWON TWV SLOAUHATWY TPV
Vv avaluon. Me tov TPOMO aUTO TMOPEXETOL OToV avaAuth n duvatotnta va eKTeAEOEL
S1apopeG POATAUUETPLKEG TEXVIKES, OMWG MoAapoypadia, Avodikn kat Kabodikr AvadlaAuTikn
BoAtappetpia, KukAlkrp BoAtappetpia, XpovoapumepoueTpia Kal XpOVOTOTEVOLOUETPia. 2Ta
mAaiola TG mopouoag SUTAWHATIKAG €pyaciag xpnowdomolnkav nAektpodlo vaAwdoug
avBpaka, NnAektpodlo xpuooU Kol nAekTpodlo Aeukoxpuoou. Q¢ nAektpodlo avadopdg,
xpnotpomoteitat nAektpodio Ag/AgCl mAnpwpévo pe Stdduvpa 3 M KCl kat wg BonBntiko
NAEKTPOSLO cUpUa AsukOxpuoou Pt. Tautoxpova €xel Tnv duvatdtnto cUVEECNC LE QUTOUATO
oUMAEKTN Selypdtwy (m.y. 863 Compact Autosampler) mou SiatiBetat anoé tov oiko Metrohm
yla TNV QUTOUOTOTNOLNCN TwV MPOoSLopLoPWY. Ta TEXVIKA XOPOAKTNPLOTIKA TOU CUOTALOTOC

BoAtappeTpikwy avaluoswyv 797 VA Computrace amneikovilovtal otov mivaka 9.

Mivakag 9: Texvika XapaKtnpLOTIKA Tou Suothuato¢ BoAtauustpikwv AvaAvoewv 797 VA Computrace

Zuotnua Avadeuong A6 200 €wg 3000 otpodég/min (o avadeutnpag eivat
KOTooKEVAOUEVOC amod PET)
Oykog KueAidag 10-17 mL ko 50-150mL (duvatotnta Beppootatnong)
MeTpoUpEVN EVTOON PEVUOTOC 7 tagelg peyebouc (oo 10 nA €wg 10 mA)
PuBuog Zapwong <1 mV/s £éwg 3V/s (Slaxwplototnta 1mV)
<1 mV/s éwg 35 V/s (Staxwplototnta 10mV)
Oepuokpaocia Asttoupyiag Opyavou 0-45 °C (20-80% oxeTIKN vypooia)

To olotnuo BOATOUUETPIKWY AVOAUCEWV CUVOEETAL PE NAEKTPOVIKO UTIOAOYLOTH HECW TOU
AOYLOULIKOU TIOU TO GUVOSEUEL yLa TOV TIPOYPAUHUATIOUO TWV AELTOUPYLWY TOU CUCTAHATOC (TT.X.
XPOVOG amaeplwonc, pubuoc capwong tou SuvapLkou, TaxuTnTa avadeuong mepLoTpePOUEVOU
nAektpobiou), Vv kataypadrn kat tnv ofloAdynon Twv NAEKTPOXNUKWY SeSOUEVWV.
MapdAAnAa, to mpoypappa Stabgtel kot 181k «oeAiba» eAéyxou KaAng Asttoupyiog Baotkwy
TUNUATWY Tou ToAapoypadou, Onws Twv nAektpodiwv, tou avadesutipa (stirrer) kal Tou

cuoTtnuatog anaepiwong (purging).

51




4.3 Avalvon shaiwv pe KUKALKA BoAtapeTpia
MNa v avaluon twv glaiwv pe KUKALKG BoAtapetpia, xpnowuomolovvtat 50 mL tou kdBe

Selypartog ta onola avapelyvoovtal pe 15 mL vepou péoa oe €va motnpl (Ecews. Méoa oto
notnpl (Eoewg tomoBeteital €vag L6IKOG PayvnTNG avASEUONC. TN CUVEXELD, TO ETEPOYEVEC
HeElyua Tou OnuloupynBnke tomoBeteital mAavw o€ pia €8k OgppavTikg TAGKA Ko
OVOUELYVUETAL.

MpotoU &eKvAOEL N avASEUON TOU HELYMOTOG, N OgpavTikr) TAGKO amattel KAmoleg pubuioeLG.
Ol puBuioelg autég adopolv tnv Bepuokpaocia pe tnv onoia Ba SouAevel n MAGKA WOTE va
Bepuaivetal To pelypa, Tov aplBpod twv otpodwv pe TIg onoleg Ba avadevetal To vePO LE TO
€\alo kabwg emiong kal Tov xpovo avadeuong-Bépuavong. H Bepuokpacio tg mMAAKAG
kaBopiotnke otoug 100 °OC kat n mMAdka puBpiotnke va Asttoupyei ot 850 rpm (otpodéc ava
Aento). Npwtou &ekvnoel n dtadikaoia tng avadeuong, n MAAKA AMOLTEL pLa poBépuavaon
woTe To pelypa va avadsvetat €€ apxic otoug 100 °C. H cuvohikf avadsuon Tou pelypatog

amnattel xpovo 10 min, evw n mpoBépuavaon yivetal yia 3 min.

sxnua 3: Ospuavtikny MAaka Avadevong

Metd to mépag Twv 10 min omou teAewwvel n avddeuon, To Uelypa €xeL opoyevomolnBel. To
pelypa auto Ba tomoBetnBel o 6K SLAXWPLOTIK XWAVN, WOTE Vo SLOXWPLOTEL Kal va
AndBel 1o ekyUALopa. Mpotol OUWG TO Helypa €l0EABeL oTnV SLAXWPLOTIK XWAvn Kal
Slaxwplotel, To mothpL (Ecew adrVETAL VA NPEUNCEL E OKOTIO va LeLwBeL n Bepuokpacia Tou

Kall va SLaxwpLloTtouV PEPLKWG TO €AOLO HE TO VEPO.
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AdoU Aoutdv To pelypa TomoBetnBel otnVv SLOXWPLOTIKA XWAvn, YIVETOL 0 SLaXWPLOUOG Tou
vepoU amo to €Aato. To KATW PEPOC TOU SLaXWPLOUEVOU UEIYUOTOC AMOTEAEL TO VEPO TO OTolo
€XeL 6e0UEVOEL TIOAKA CUOTATIKA TOU €Aaiou. AUTO TO HEPOG TOU HElYUATOC CUANEYETOL OE UL
HLKPN) OYKOUETPLKA dLAAN. Yotepa, TO uypd auto TomoBeteital otnv KUY eASa TOU CUCTAUATOG
BoAtapetpikwyv avaAloswv 797 VA Computance kat avaAvetal. Yroloyiletal otL to uypo mou
AapBavetal and v SlaxwpeLoTiky xwavn eivat mepinov ota 15 mL, 6co dnAadn o 6yog Tou
veEPOU TIOU XPNOLUOTIOLONKE OTO aPXLKO HELYHA KOl TIAVTIA OTA EMITPEMTA OPLA TOU OYKOU TNG

kupeAidag (10-17 mL).

Sxnua 4: Meiyua HAtéAaiou-NepoU otnv Alaywplotikn Xwavn

4.4 Napoaokev Mewypatwv EAaiwv
MNa tnv avalvon twv elaiwv pe tnv péBodo ehaylotwv TeTpaywvwyv, mopdaxdnkav Suo

pelypata elaiwv. To mpwto pelypa Bewpeito avILMTPOOWNEUTIKO Twv eAaldAadwv Tou
pueAetnOnkav, kabwg amoteAsitol povo amo mapbéva shatdhada kol mapaxdnke amd tnv
avapelEn (owv oOykwv amd 20 sAawodada (BAéme mivaka 10). To 6eltepo Bewpeito
OVTUTPOOWTEUTIKO TWV OTMOopPEAALWY, OmoTeEAOUMEVO amd 8 nAléAata, 6 nAEAala Kot 6
niupnvéAata (BAEme mivaka 11) kat mapaxbnke and avapen lowv oykwv. To KABe peiypa twv
ehalwv (e€alpetika mapbéva-omopélata) sival oykou 1L, kabwg xpnotpomnondnke (0o¢ Oykog

oo kabe €Aato (50 mL).
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Nivakag 10: E§aipetika Mapdéva EAatodada mov avauixdnkav yia tnv nuiovpyia avtirpoowItEUTIKOU UEIYUATOG

EAatoAadou
ao/a Ovopacia
1 Zevia (OAupmtia- XENIA A.B.A.E.)
2 Terra Creta (M.0.MN. KoAuppapt Xaviwv)
3 EAAIQN ZKOYPTH (BloAoyiko)
4 N.0.MN. Inteia AaoiBiou (A.B.)
5 Bopelog Mulomnétapog (Aatliuag A.E.),
M.0.M. PeBUuvou
6 M.0.M. KoAuvpBapl Xaviwv (Mapata)
7 AiBog
8 Not{LUag
9 Aadopulog (M. Anuéing)
10 GAEA Bloloywko
11 E€alpetikd MapBévo EAaldoAado Euyeveg
n.o.n.
12 Epung (Kopwveéikn motkidia)
13 Equilibrato olio vergine
14 Awplko (E.A.Z. Aakwviag)
15 AoAlavitiko- BloAoyiko
16 Movr Xpucornnync Blohoyko
17 XwpLo opelveg meploxeg (MwvépBa)
18 Avaviag
19 O-liveAmphoreus
20 Ayoupélato «AATIG» (EAaic)
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Mivakag 11: HAtéAata, Soytédaia kat MupnvéAaia mou avauixdnkayv yia tnv Snuitoupyia avimpoowneUTIKOU UEIYUATOS

Znopédaiov
HALEAaua ZoyLéAawa NMupnvélaia
o/a | Ovopaocia o/a Ovopaocia o/a | Ovopacia
1 HALéAalo Altakouzina, 1 JoyLéAaio SOTIOAA, 1 Mupnvéiaio OK,
Metro A.E.B.E. KOPE anytime markets
2 HALéAauo First Class (F.C.), 2 JoyLéAalo Mapara, 2 Mupnvéhalo Kopn
Maooutng A.E. ZkAhaBevitng (KOPE)
3 HALEAawo OK, anytimemarkets 3 Zoyléhalo EAOMAZ 3 Mupnvéhalo
FroaAagiag
4 HALéAalo Propun 4 JoyLélato AB, 4 Mupnvéhalo
Baow\émouAog Farmer
5 HALEAao SANOAA (KOPE) 5 JoyLélawo 365 5 Mupnvéhaio AB,
BaoAomouAog
6 HAtEAao SOL (EAaic) 6 JoyLélatlo 6 Mupnvélaio
TO AAMIEPO «Nikn» (MwépBa)
7 HALEA o 365
8 HALéAalo Opoomovdia

ITn OUVEXELD aKoAoUBNoE n avAapEn aQUTWV TWV HEYHATwY o€ mocootd 0 (kaBapd peiypa

efalpetika mapBevwy ehaodadwy), 2, 3, 4, 6, 8, 10, 11, 13, 15, 17, 20, 23, 25, 27, 30, 33, 35, 40,

45, 50, 60, 70, 80 kat 100% (katd 6yko) tou E€vou glaiou (omopélalou) oe eAatdAado yla to

SldAvpa kat ywa ta Tpla nAektpodia: vaAwdoug dvOpaka, xpuool Kal AgukOXpuoou.
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Keddaloo 5 «AmoteAéopatar

5.1 MpokatapKtika MNepapota

Mpotou amodaoiotel n teAkn melpapotiky Stadikacioa kabwg kat n péBodog mou Ba
edappootel, EAafav xwpa KATOLA TIPOKATOPKTLKA TELPAMATA. M0 CUYKEKPLUEVA TIPLV
amodaclotel n Xpnon TNG OUYKEKPLUEVNC peBOSou, dnAadn pebodou mepiBarlovtikda
®WKNAG PE Xpon KOVO VEPOU yLO TNV TIPOETOLUACIO TOU Selypatog mpLv TNV BOATOUETPLKNA
avaAuon, eixav SoklpuaoTel melpapata pPe Tnv xprion Lebavoing wg StaAutn avti Tou vepou.
To TPOKATAPKTIKA QUTA TIELPAMOTO ETKEVIpWONKav oto eAatdAado Kabwg amoteAel 1o
€\alo Tou evlladépovtog tnNe mapoloag SUTAWUATIKAG epyaciag. H KUKALKY BoAtappeTpia
oautn mpaypatonolnke og nAektpodia vaAwdoug avBpaka, AEUKOXPUCOU Kal XPuoou,
onw¢ &nAadn Kot oL KUKAKEG BOATOUMETPLEG IOV MpayUATOMOONKAV KoL 0TV UTIOAOLTN
TElpOaTIK Sladlkacia, TPOKEIMEVOU va €EAYEL TO «NAEKTPOXNHLKO QMOTUTIWHA» KABE
elalov, oe oxéon He tnv ofeldwon Kal TNV avaywyn mou udilotavtol oL EVWOEL TIOU
TIEPLEXOVTOL OTO €AOLA QUTA, KOOWG Kal TNV QVTIOTPEMTOTNTA TWV NAEKTPOXNHULKWV
Slepyacwwy. Me debopévo mwe ta €Aata Kot dlaitepa To eAALOAASO TEPLEXOUV ONUOVTLKN
TIOOOTNTA OVTIOEEIOWTIKWY T OTOla UTTOPOUV VA UTIOOTOUV NAEKTPOXNULKN ofeibwon,
ETUAEXONKE UL apxkn capwon amnd -1,3 V éwgta 1,3 V.

Eva 6e0TEPO TPOKATOPKTIKO TELPOO TTOU SOKIUAOTNKE ATAV N OVAUELN TOU €Aaiou pe
atBavoAn kat SiyAwpopeBavio. Ito Pelypa auTO EMpene emiong va MPOCEYYLOTEL Kal N
BéAtion ouykévtpwon tou LiClO4 mou Ba xpnolponoloutayv. Bp£bnke mwg n BOATAUUETPLKA
avaluon PBeAtiotomnoleital o oxéon PE TO AauPavopevo onupa xwpig mapdAAnAa va
katafuBiletal {{nua otav mpaypotonoleital o€ Helypa pe ion avaloyia oykwv (1:1:1)
ghaiou, dSuyAwpopeBaviou kat Stalvpatocg 0,1 M LiClIO4 oe amoAutn atBavoAn. H avamtuén
TOU TOPATAVW UELYUATOC Elval ONUAVTIKY LE SE60UEVO TTWG €XOUV ATTOTUXEL OTO TAPEABOV
TIPONYOUUEVEC TIPOOTIAOELEG EPELVNTWYV VA SLAKAUCOUV aKOUA Kol PLKPEG Ttoootnteg LiClO4
o€ €\ala, Xwpig duoka ™mv mpoodnkn ToU CH2CI2 [38].
Kat ot U0 autég pEBodol £xouv xpnotpomnolnBel oe aAAeg epyaciec oto mapeABov. IKOMOG
™G mapoloag SUTAWUATIKAG Epyaciag eival n xprion pog peBodou n onoia va sivat ki

TPOG To TEePLBAANOV KOl va XPNOLUOTOLEL ouOoieg Kol péoa to omolo 6ev pmopouv va
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BAdayouv tnVv otkoAoyia. MNa auto tov Adyo anoppidpOnkav oL emAOYEG TOGO TNG HeBAVOANG
000 Kal TNG atbavoAng yla SLaAUTn Kal oplotikomolnOnke n emthoyn pag 'mpaotvng' Avong,

OMwWC €lval To vepod w¢ SLaAuTNnG.

5.2 MeAE€tn eAalOAadwV Kot CTIOPEAALWV E KUKALKA
BoAtappetpia o nAektpddio epyaciog YalAwdoug AvOpaka

Itnv apxn KaBe HeAETNG OAwV TwV €AlOAASWV KAl TwV OMOPEAQLWY, N KUKALKN
BoAtappetpia mpayuotomoloUTav e nAekTpodlo eypaciag vaAwdoug avBpaka. Omwg
avadEpOnNKe Kal TPONYOUUEVWC, €MELSN Ta €Aala TEPLEXOUV Hia LOLAITEPO CNUAVTLKA
TOoOTNPA AVTLOEELOWTIKWY T Omoila €lval LKAvA va UTIOOOUV NAEKTPOXNULKN ofeibwan,
ETUAEYETAL KAl OE QUTO TO TMElpapa Ko apxLlk capwaon, UE EVPOG Taong amo -1,3 V éw¢g Ta
1,3V . Eva xapaKtnplotiko KUKALKO BoATappoypdadnua mou Kataypddnke ylo To EQPETIKA

napBévo ehatoAado mapouaotdletol oTto oxnua 5.

E€apetikad NapOevo EAatoAado

20.0u

10.0u

I (A)

-10.0u

-20.0u |

T T T T T T T T T T T T T T T T T T T T T T
-1.00 -0.50 0 0.50 1.00

U W)

Sxnua 5: BoAtauuoypapnua E§aipetika Map9évou EAaidAadou pue nAektpodio vaAwdous dvipaka

Onwg daivetal anod to dtaypappa, He e€aipeon TG KOPUDEG OTNV apXn Kol oTo TEAOG Tou
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Slaypappatog, epdaviletal aAAn pia kopudn oto evpog duvapwkoL 0,4-0,5 V. H akplBng
Béon g kABs kopudng elval paAlov apdlopfntiolun, yeyovog To Omoilo owg va
UTIOSNAWVEL ETKAAUTITOMEVA O0TASLA OEeldwoNnG. ZTIC TIEPUTTWOEL QUTEC Ba NTav To
60KIHO va oploTel pwa meplox €Upoug Suvaplkwv tNg Kopudng.  Elval yvwoti n
TIEPLEKTIKOTNTA TOU €AQLOAQASOU Of QVTIOEELOWTIKEG EVWOELS, OMWG TOAUPALVOAEG,
KAPOTEVOELON Kol TOKOPEPOAEC, oL omoleg¢ pmopolV va ofeldbwbolUv o nAektpodLo
vaAwdoucg avBpaka [29].

Ektog amo 1o e€atpetika napbévo eAatdAado, Eylve LEAETN Kot TOU amAou gAatdAadou. Itny
OUVKEKPLUEVN Ttepimtwon 6ev mopatnpndnke kamowa kopudn [ eUpPog SuVAULKOU, OTWC
dalvetal kal oto oxnua 6.

Ano tnv AaAAn TAEUpA, OTO TIUPNVEAALO, TOU OTMOLOU €VOl QAVIUTPOOWTIEUTIKO KUKALKO
BoAtappoypadnua mapouclaletal oto oxnua 7, evronilovral ava tpia gvpn Suvaplkwy
ota omola uTAapXouv oL KopudEC. Mo ouykekpluéva, amd to Staypoppa Stakpivovtol Ta
gupn -1,3 €w¢g-1,2V, -0,4 €wg-0,5V kat1,2-1,3 V.

Ooov adopd ta omopéhala, oto oxAua 8, oxnua 9 kat oxiuoa 10 mapouocialovral ta
XOPOAKTNPLOTIKA BoAtoppoypadiUoTo TOU OCOYLEAOLOU, TOU apaPOCLTEAOLOU KAl TOU
nALEAalou avtiotowya. Mapatnpeital mwg oL poveg kopudég mou eudavilovtal sivat ota

Suvapika -1,3 V kat 1,3 V.

AmntA6 EAaoAado

2.00u

1.00u

IA) 0

-1.00u

-2.00u

A T T R I T T A T A I Y Y Y S T YA YA Y AN N

T T T T T T T T T T T

‘ —
-1.00 -0.50 0 0.50 1.00
u(v)

Zxnua 6: BoAtauuoypapnua ArtAoU EAaioAabou ue nAektpodio vaAwboug avipaka
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10.0u

5.00u

1 (A)

-5.00u

-10.0u

7.50u

5.00u

2.50u

1(A)

-2.50u

-5.00u

-7.50u

NupnvéAato

T T T T T T T
-1.00 -0.50 0.50 1.00

0
U (V)

Zxnua 7: BoAtauuoypdapnua MupnvéAaiou ue nAektpodio vaAwdoug avipaka

ZoyLéAauo

T T Y S Y A Y N T Y Y O A I

-1.00 -0.50 0 0.50 1.00
u ()

xnua 8: BoAtauuoypapnua SoytéAatov ue NAektpodilo vaAwdous avipaka
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Apapoottélato

4.00u |

2.00u |

JORNS
2.00u |
-4.00u |
-1.00 050 0 " 050 " 100
U (v)
Zxnua 9: BoAtauuoypapnua ApaBoottédatou ue nAektpodio vaAwdoug avdpaka
HAwEA oo
3.00u
2.00u
1.00u
IA) o

-1.00u

-2.00u

-3.00u

T T T Y T T T A Y Y N A

T T T T T T T
-1.00 -0.50 0 0.50 1.00
u(v)

xnua 10: BoAtauuoypapnua HAtéEAatou ue nAektpddio vaAwdous avipaka

Ta onueia TwV KUKALKWVY BOATAUUOYPOPNUATWY OO TIC TTAPOTIAVW AVOAUCELG TWV Aaiwy
umtoBAnBnkav oe moAupetafAnT avaAuon, £T0L WOTE va yiveL n Katdtagn toug avaioya He
™V GUTIKA Toug pogAeuon. O mivakag twv dedopévwy (data matrix) amoteAoutav ano 66
YPauuES (Selypata mpog e€€taon) kat 877 otAAeg (LETpnon PEVUATOG OTNV EKACTOTE TLUN

Taong).
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5.2.1 AvaAuon PCA

ITn CUVEXEL TipaypatomnolBnke avaAuon PCA, n omola 06rynoe o poviélo pe 10 KUPLEG
OUVIOTWOEG, ME OUVOMKO OUVTEAEOTH ouoxetiosw¢ R?(cum)=0,997 Kot SlaoTAUPWUEVO
ouvteleotr] ouoxétione Q%(cum)=0,992. To Sidypappa cuvistaypévwy (score splot) mou
TIPOKUTITEL Ttapouctaletal oto oxnua 11. Mapatnpeitat OtTL UMAPXEL HLaG oadng
Sladpopormnoinon Twv eAatdAadwv amod ta untdAouta EAata Opwc, Ba NTav MPOTIUOTEPO Kal
TIOAU KaAUTEPO ta tapBéva eAatdodada va gival mo kovia Petagl toug. Eniong daivetal ot
bev Slaywpilovtal Ta omopEAala amo Ta MUPNVEAALD, OTO HEYOAUTEPO TTOGOOTO TOUC EVW
TOUTOXPOVA UTIAPXEL UEPLKOG SLOXWPLOUOC TWV HELYUATWVEAALOAOSWY pe e€guyeVIOUEVA

ehaolada amno ta napbeva/s€atpetikd mapOeva eAatdhada.

NapBéva EAadAada sropélata kat Mupnvélata

t[1]

Ellipse: Hotelling T2 (0.95)

Zxnua 11: Ataypoppua cuvtetayuévwy tne pedodou PCA yia tnv avaAuon tTwv SELYUATWYV KAl TOV SLaYwPLOUO TOUG

5.2.2 Class Modeling (MovteAonoinon Ta§tvopunong)
Metd tnv avaiuon PCA, 61e€nxOn n avaiuon Class Modeling. Ztnv mepintwon autig g

avaiuong ta deiypata tagvopouvtal avaloya Ue TNV GUTIKN touc poéleuon. H pébodog
okoAoUBel pla ouykekplpévn Aoyikr). H Movtehomoinon Talvopnong xapaktnpiletal ano
Suo mapayovtec. ApxLKka Toootikad, dnAadn amo tnv evalodnaoia Tou PovtéAou Tou €ival o
oplOPOg Twv yvnowwv (mapBévwy) eAaloAddwv mou TaflvopoUvTal KATW oo TNV KOKKLVN

ypauun. ‘Yotepa, amd tnv e8KOTNTA Tou amoteAel tov aplBud twv ehaiwv XopnAng
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mowotNTag N Twv voBeupévwy ehatoddadwy. Ta €Alala autd umepBaivouv TNV KOKKLVN
YPOUUN, OTOTE amnoppintovtat and 1o poviélo. MNa tnv tafvopnon Aoutodv, emhéyovtal OAa
Ta Selypata twv e€alpetikd moapbeévwy eAatdAadwyv. H avaluon obryynoe o€ Loviélo pe 7
KUPLEG OUVIOTWOEC, WME OUVOMKO OUVTEAEOTH OuoxeTioew¢ R%*(cum)=0,993 Kat
Slaotavpwpévo cuvteleotr) cuoxetiong Q%(cum)=0,98. To Sidypappa tafvopnong mou
TIPOKUTITEL UOTEPQ ATIO TNV avaAuong mapouotlaletal oto oxnua 12. Onwg ¢aivetal ano to
Staypappa kaBe kabetn otnAn mapdAAnAa otov afova Y ocuBoAilel kabe delypa glaiovu.
TNV TPOKELWEVN Tepimtwon ¢aivetal mwg and ta 32 oUVOAKA efalpeTikd mapBéva
ehatdhada, povo ta 4 umepPaivouv TNV KOKKLVN YPOUUA. AUTO onuaivel mwe n evalodnaoia
(aAnBwg Betika delypata) tng pebddou eival 28/32, dnhadn 87,5%. Ocov adopd ta €rala
XOUNANG mowotntog (omopélata), 5 amd ta ocuvoAikd 29 Sev umepfaivouv TNV KOKKLVN
ypopuun. To yeyovog autod beixvel mwg n elSKOTNTA TNG pEBOSoU (aAnBwg apvnTika
Selypata) eival 24/29 dsiypota shaiwv, SnAadn 82,8%. TENOC, 0TNV MEPUTTWON TWV AMAWV
eAaoAadwv (ehatddada xapunAdtepng molotntag) daivetal mweg Kot Ta 5 taflvopolvial wg
e€alpetika moapOeva ehatdolada.

‘EAata xapnAnig

notétntaq dGC.M2 (PCA-X), Untitled, PSdGC
A DModXPS[Comp. 7]

E€aipetikd NapBéva
EAaoAada

A EAatdAado xapnAdtepng

"LIRIRL T Hﬂﬂﬂﬂmﬂﬂ HHHHHHHHHHHHQ il

10 20 30 40 50

DM odXPS[7)(Narm)

M2-D-Crit[7] = 1.268 SIMCAP 10.5 - 123/2020 1:3953AM

Sxnua 12: Awaypauua taévoung ue tnv uédodo Class Modeling yia tnv avadvon twv detyudrwv

5.2.3 AvdAuon PLS-DA

ITn ouvéxela akoAouBbnoe avaluon péow tng puebodou PLS-DA omou apxlkd oplotnkav 3

opadec (3 samplegroups). Mo CUYKEKPLUEVA, TO MOVTIEAO QUTO TPOEKUYE HE 2 KUPLEG
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ouVIOTWOEG Kat R?X(cum)=0,844, R2Y(cum)=0,396 kat Q*(cum)=0,359. Onw¢ daivetatl Kot
oo 1o SLAypappo CUVIETAYUEVWY oto oxnua 13, éxel oplotel wg Class 1 to cUvoAo Twv
e€alpetika mapBevwy ehatodadwy, Class 2 anotelel OAa ta Selypata Twv MUPNVEAQLWY EVW
Class 3 eival ta coyléAata, nAtéAala kot apaBoottéAalo mou xpnolgonolnénkayv. e auth
NV MeplmTtwon avaluong mapatnpeital apketd KoAn Siadopomoinon twv ePeTIKA

napbévwyv  eAaldhadwv amd ta  unmdhouta  €Aawa (omopéAaia,  TupnvéAaALa).

. Class|1
° Class|2
¢ Class|3
-7 N R
ESoupetiké MNapBéva
f EAatoAada \
1
1
1]
2] o
-10]
-]

\ t[1] -7
“\Ellipse: Hotelling T2 (0.95) _.-
£ -

~ -

Zxnua 13: Aiaypopua ouvtetayuévwy tne pedodou PLS-DA (3 opuadwv) yia tnv avdAvon vdatikwv eKYUALGUATWY UE
nAektpodio vadwdboug avipaka

EKTOC auTAG TNG avaAuong Kol Twv SelypdTwy, EYWVE UL avAAuon TAAL He 3 ouddeg, Omou
O£ QUTH TNV NepimTwon xpnotuomnowtnkav dyvwota Selypata e OKOTO TNV aViXVeUon TwV
XOPOAKTNPLOTIKWY KAl TwV oTolXelwv Toug. OnMwg otnv mponyoupevn avaAucon, £ToL KOl OE
aut xpnowomotovuvtal ta dla Classes ehaiwv. Zto oxnua 14 daivetal to Sldypappa
OUVTETOYHEVWY OTIOU UE TO YKPL XpWHA eival ta dyvwota Selypata. To HOVIEAO TOU
TIPOKUTITEL €XEL 2 KUPLEG OUVIOTWOEC Kat R?X(cum)=0,846, R?Y(cum)=0,387 kat Q*(cum)=
0,348. Onwc daivetal amd TNV £lKOVA, UTAPYXOUV 3 Ayvwota Oeilypota ta ormola
mapouoldlouv TAPOUOLEG LOLOTNTEC KOl XAPOKTNPLOTIKA HE TO €€alpeTkA TapBéva

gehatohada, Evw UTIAPXOUV KoL 5 Selypata PE XAPAKTNPLOTIKA OTIOPEAQLWY | TTUPNVEAALWV.
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No Class

. Class 1
¢ Class 2
4 Class 3

E§atpetika NapBéva

ZropéAaia

-

- Agiypara pe XOpaKTNPLOTIKA

Lo e - Egauperuch NapBéva '
/ - EAoudAada

Nupnvédawa | &

Agiyparo pHe XOPaKTNPILOTIKA
NupnvéAatwy i Enopéhawwy

Ellipse: Hotelling T2PS (0.95)

Ixnua 14: Aiaypauua ouvtstayuévwy tne pedodou PLS-DA (3 opuadwv) yia tnv avaAuon uSatikwv ekKYUALOUATWY
ayvwotwy LSLotNTwv Ue NAEKTPOSLo vaAwbdoug avipaka

Meta tnv avaAuon PLS-DA pe 3 opddeg ehaiwv, Ste€nxbn avaluon pe 2 opdadeg. NMpokUmTeL

HOVTENO UE 4 KUPLEG CUVIOTWOEG KOl TLC TIHES R?X(cum)=0,949, R?Y(cum)=0,79 kat Q%(cum)=

0,757, THEC TOAU KOAUTEPEC MO TIC AVILOTOLXEG OTNV avaluon He 3 opddeg ehaiwv. OL

TIUEG QUTEG OelxvoUV OTL UTTAPXEL LEYOAUTEPN aKPIBELO OTNV CUYKEKPLUEVN avAAUoT, KaBwG

Vo Sladopetika £i6n ehaiwv €xouv katatayel o 1 kowo Class. Mo CUYKEKPLUEVO KAl OF

outh TNV avaluon mapapévouv oto Class 1 povo ta e€alpetika mapbeva eAatodada evw oto

Class 2 mAedv cuvumdpyouv 6Aa ta omopéAata (NALEAala, coyléAala, apafoottéAata) He Ta

nupnvélata. Onwc ¢aivetal and 1o oxnua 15, umdpyxel ekaBapn dadopormnoinon twv

efalpetikwyv mapBévwy ehatdAadwy amod ta umolouta EAata.
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___________________ Class 1

Pid E§aupetikad NapBéva -~ .

, ~ Class 2
’ FAai6AaSa S~ o

20
10
12
AN

Nupnvéhauwa

10 Ko ) N
Inopélata

20

11

Ellipse: Hotelling T2 (0.95)

Sxnua 15: Awicypauua ouvtetayuévwy tng uedodou PLS-DA (2 ouadwv) yia tnv avaAvon vdatikwv eKYUALOUATWY UE
nAektpodio vadwdoug avipaka

Onwg otnv mponyoU eV avAAuon, £TOL KOl OE QUTH €YLVE aViXVeEUOn SELYUATWY OyVWOTWV
XOPAKTNPLOTIKWY KOl WOLoTATwY. 2to oxnua 16 daivetal 1o SLAYPAUUA CUVIETAYUEVWV
OTIOU HE TO YKPL XpWHA lval Ta ayvwota delypata. To LOVTEAO TTOU TIPOKUTITEL €XEL 4 KUPLEG
OUVIOTWOEG Kat R?X(cum)=0,954, R2Y(cum)=0,786 katQ?(cum)= 0,75. Onwg daivetat anod tnv
€lKOVQ, UTtapyxouv 4 ayvwota Selyparta ta omola mapouctdlouv TAPOUOLEG LOLOTNTEC Kol
XOPOAKTNPLOTIKA HE Ta e€alpeTKA TapOeva eAatdAada, evw umdpyxouv kat 5 Seiypata mou

Sev yivetal EekaBapn n mMpogAgUOn TOUC Kal OL LBLOTNTEG TOUG.

No Class
. . L}
E§atpetika NapBéva : g:ass ;
. ass
EAaodada
0
20
e
10 Agiyparo pe XOpOKTNPLOTIKA ’p —
Nupnvéhaiwy f Imopéhatwy |
1
tPS[2] L.,
0 v o N
v e 0. S

Nupnvélaia \\ ) N
-10 Ko \ ° \ T Agiypora pe . ' \

InopéAata \\ o Y S~ . _ XOPOKTNPLOTIKG \
20 “E€aigeTikd Map@va )

S~ - 4
Sea -
N T T 1 ] | ] | Tt
304+ AN .
60 50 40 30 20 0~-7 0 10 20 0 4 50 60 70

tPS[1]
Ellipse: Hotelling T2PS (0.95)

Zxnua 16: Aiaypauua ocuvtstayuEvwy the uedodou PLS-DA (2 oudbwv) yia tnv avaAuon vbatikwv eKYUALOUATWY
ayvwotwv L8LoTHTwV Ue NAEKTPOSL0 vaAwbdous avipaka
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5.3 MeA£€tn eAadAadwv Kat oTtopEAQLWVY LE KUKALKA

BoAtappetpia og nAekTpOSL0 epyaciog AEUKOXPUGOU
Me dedopévo mwe n évtaon Kal n B€on twv kopudwv efaptwvtal and tnv ¢uon Tou

nAektpobiou epyaciag, n KUKALKA BOATAUUETPpLO TWV UTIO HEAETN EAQLWV TpAyLOTOTIOLRONKE
emniong og nAektpodilo epyaciag mAativag. Onwg KoL 0To MPONYoUUEVO Elpapa, eMeldn ota
€\ala UTIAPXEL ULa LOLOUTEPA ONUAVTIKI) TIOoOTNTA QAVTIOEELOWTIKWY Ta omoila ocuvnBwg
UMOPOUV VA UTIOOTOUV NAEKTPOXNULKNOEEISWON, £TOL KoL TWPO ETAEYETAL HLa OPXLKA
odpwon, HE e€lpo¢ taong amd -1,3 V éw¢ ta 1,3 V. AVIUIIPOOWIEUTIKA KUKALKA
BoAtappoypadiuota yio ta efalpetika moapBéva elaldhada, Ta omopéAala Kol T

TupnVvEAaLa opouoLalovtal OTLC ELKOVEC 17 €wg 22.

Eaupetikd NapOévo EAaoAado

2.00u

1(A)

-2.00u

-4.00u

T T T A I T A N IS T N A Y Y S B Y N N N

-6.00u

-1.00 -0.50 0 0.50 1.00
)

Zxnua 17: BoAtauuoypdapnua E§aipetika mapdévou EAatodadou ue nAektpodio mAartivag

Onwcg daivetal anod to mapandavw Staypappa (oxnua 17), otnv LeAETN Tou eAatdAadou Ue
NAEKTPOSLI0 AgukOXpuoou, Tmapouclalovtal OUVOAIKA TEéooepa  SlodopeTikd €lpn
SuvaptkoU. Mo ouykekplpéva, paivovral ta evpn duvautkou -0,8 éwg -0,7 V, -0,7 £¢wc -0,6
V, -0,1 éwg 0,1 V kaBwg kat to 0,8-1,0 V. ItnV MPOKeLUEVN epimTtwon, eudavilovtal téoa
gupn SuvaplkoU, Aapa Kal KOpUdpEC, AOYW TWV OPKETWV ETKAAUTTOHEVWY oTadiwv
o&eldbwonc.

Itnv avtiotolyn mepimtwon PeEAETNG Tou amAol shatdhadou, dpaivetal otnv oxnua 18 mwg
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eudaviovral duo gVpn SuvauLkou. ZUYKeKPLUEVA T Suo gVpn elval to -0,9 €wg -0,7 V Kkal
10-0,6 €wg-0,4 V.

Avtiotolya amoteAéopata ¢pavnkav Kol otnv HEAETN Twv TUpnvEAQLwV. € QUTA TNV
nepimtwon epdaviotnkav duo Eekabapa eupn duvauikou, -0,9 €wg -0,7 V kat -0,6 €wg -0,5
V, evw undpxouv kat aAa duo, OxL Kat toco EekabBapa eupn. Mpokettal yia ta 0 — 0,2 V kal
0,4 — 0,5 V. Ta ouykekplpéva Leguyn Sev elval Eekabapa kabwg oL emkaAU el 6oov adopd
TO TUPNVEAALO E€lvol €VTOVOTEPEG, OTAV TIPOKELTOL Yyl OeTIKEC TIMEG Suvapilkol. To
BoAtappoypadnua tou mupnvéAatou ¢aivetal otnv oxnua 19.

Ooov adopd TNV Mepimtwon Twv OMopEAALWY, TTAPATNPELTAL OTL TO ooylEAalo epdavilet
OPKETA avaloya amoteAéopata pe To nAtéAalo kot To apafoottélato. Mapatnpoviag ta
oxnuata 20, 21 kat 22, ota BoAtappoypadniuoto ¢oaivetal Mwe Kal To TPlo €Aota
eudavilouv kopudn avapeoa oto evpog duvautkou -0,8 €wg -0,7 V. NapaAAnAa, afilel va
avadepbel mwc To NALéAato kat To apaBoottélalo iowg va eudavilouv Kopudn avaueoa

ota Suvaptka -0,5 €wg -0,4 V, av kal dev eival EekaBapo AOyw Twv ETUKAAUPEWV.

AntA6 EAaoAado

2.00u

1.00u

I (A).00u

-2.00u

-3.00u

-4.00u

I T S T A A Y Y Y Y T I

T T T T T T T T T T T T T T T

-1.00 -0.50 0 0.50 1.00
U (V)

Sxnua 18: BoAtauuoypdpnua AtAoU EAaidAadou ue nAektpodio nAativag
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2.00u

I(A)

-2.00u

-4.00u

-6.00u

1.00u

-1.00u

I(A)

-2.00u

-3.00u

-4.00u

NupnvéAato

T T T T T T T T T T T T T T T T

-1.00 -0.50 0 0.50 1.00
U V)

Zxnua 19: BoAtauuoypapnuallupnvédaiou ue nAektpodio nAativag

HAwEAaLo

T T T T T T T T T T T T T T

-1.00 -0.50 0 0.50 1.00
u(v)

Sxnua 20: BoAtauuoypdapnuaHAiéAatov ue nAektpodio nAartivag
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Apapoottélato

1.00u

500n

e e e v b b b e b b1 |

| (A)-500n
-1.00u
-1.50u
-2.00u
-1A0)0 -OAS‘O O‘ 0.56 ‘ 1A0)0
u(v)
Zxnua 21: BoAtauuoypapnuaApaBoottéAatov ue nAektpddio nAartivag
ZoyLéAalo
2.50u |
0]
| (AR-50u :
5000 |
-7.50u :
-10.0u :
" 100 " 050 \ 0 " 050 " 100
U (V)

Ixnua 22: BoAtauuoypdpnuaZoyiéAaiou ue nAektpodio miartivag

Ta onueia Twv KUKAKKWY PBOATappoypadpnUATwy amod TG Tapanmdavw ovoAUOELG
umoBAnBnkav oe moAupetafAnti avAaAucn, €TolL WOTE va yivel katdtaén twv elaiwv
avaloya pe tnv ¢utiki Toug mMpoéAeuon. O mivakag twv debopévwv (data matrix)
amoteAoutayv amnod 66 ypappeg (e€stalopeva élaia) kot 877 otnAeg (LETpNoN PEVHATOG OTNV
EKAOTOTE TLUN TAONG).

70



5.3.1 AvaAuon PCA

3TN ouvéxela mpaypatonoldnke avaluon PCA, n onola odnynoe o€ HOVTEAO HE 9 KUPLEG
OUVIOTWOEG, HUE OUVOAKO OUVTEAEOTH OUOXETIOEWG R?(cum)=0,99 kat SlaoTtaupwpévo
ouvteleotr] ouoxétiong Q%(cum)=0,977. To Sldypoppa ouvtetayuévwy (scoresplot) mou
TIPOKUTITEL  Tapoucolaletal oto oxnua 23. TMopatnpeitat OTL UTAPXEL OPLOMEVN
Sladpopormnoinon Twv eAatdAadwv amod ta untdAowna EAata Opwc, Ba NTav MPOoTIUOTEPO Kal
TOAU KaAUTepPO Ta mapBéva eAatdoAada va elval O CUMMNKVWHEVAUETAED Toug. Dalvetal
nwg tpla deiypata €edelyouv amd ta umdlowuna Seiypoata, delypa tou oOtL dev eival
gekabapn n dutikn toug mpogleuon. Eniong dpaivetal otL dev Stayxwpilovtal ta omopélata
amo ta mupnvélala, Kabwe mapouotalovtol CUUMTLYUEVA OTO PEYAAUTEPO TIOCOOTO TOUG
OTO TETOPTO TETOPTNHUOPLO TOU OLOYPAMUATOC, €VW TAUTOXPOVO UTIAPXEL MEPLKOG
SloXWPLOPOC TwV  HEWyHATwY eAaoAadwv pe  e€euyeviopéva  elaodada amd  Ta

napBéva/e€apetikd mapbéva ehatodada.

MopBéva

/\Amc’)?\aéa

t[2] A,

T
'
A T4 h
i e
PO I
! by
i

é\ata kat Mupnvélala

Ellipse: Hotelling T2 (0.95)

Zxnua 23: Aiaypopupua cUVTETayUEVWY tnE pedodou PCA yia TNV avaAucn Twv SELyUATwWV KAl TOV SLaYWPLOUO TOUG

5.3.2 Class Modeling (MovteAlonoinon Ta§wvounong)
Metd tnv avaluon PCA, 8e€nxbn n avaiuon ClassModeling. Ztnv mepimtwon authg TG

avaiuong ta deiypata taglvopouvtal avaloyo HE TNV GUTIKN Toug mpoéAevon. H pébodog

aKoAOUBEl pla ouykekplpévn Aoyikr). H Movtelomoinon Taflvounong xapaktnpiletal ano
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Suo mapAyovteg. ApXLKA TTOCOTIKA, SnAadr amod TV evalcdnola Tou HOVTEAOU TIOU Elval O
aplOpOCg Twv yvnowwv (mapbévwy) eAatoAadwv mou taflvopouvTal KATw amd TtV KOKKLVN
ypouun. ‘Yotepa, amd tnv €81KOTNTO TOU amnoTeAel Tov aplBpd Twv eAaiwv YopNnAng
noldtnNTag N twv voBeupévwy ehatodddwy. Ta €Aata autd umepBaivouv TNV KOKKLVN
YPOUUN, OTOTE amopplntovtal and To Hovtélo. MNa tnv taflvounon Aowmoy, enmhéyovtal OAa
Ta Selypata twv e€alpetikd mapbevwy ehatodadwy. H avaAuon obriynoe oe povtélo pe 10
KUPLEG OUVIOTWOEC, HE OUVOMKO OUVTEAEOTH OuOoXeTioew¢ R%*(cum)=0,996 Kat
Slaotavpwpévo ouvieleoth cuoxétiong Q%(cum)=0,982. To Sidypappa Taflvopnong mou
TIPOKUTITEL UOoTEPA Ao TNV avaluong mapouctaletal otnv oxnua 24. Onwc ¢aivetal amno to
Slaypappa kabe kabetn otnAn mapdAAnia otov afova Y cuPoAilel kabe Selypa ehaiov.
TNV TPOKELUEVN Tepimtwon daivetal mwg amd ta 32 CUVOALKA €eCALPETIKA TapBEva
ehaodada, povo ta 4 unepPaivouv TNV KOKKLVN YPAUUNA, £€0TW KOL OPLOKA. AUTO onuaivel
nwc n svawodnoia (aAnbwe Betika Seiypata) tng pebodou eival 28/32, dnhadn 87.5%.
Ocov adopda ta €lata xapnAng moiwotntag (omopéAata), 2 amd Ta ouvoAlka 29 bev
unepPaivouv TNV KOKKLVN Ypappn. To yeyovog autd Seixvel mwg n eldikotnta tng pebodou
(aAnBw¢ apvntika Seiyparta) sivat 27/29 Seiypata elaiwv, dnhadn 93.1%. Télog, otnv
neptmtwon twv 5 amAwv eAatoAddwv (eAatdodada xapnAotepng moldtntag), ta 4 and avta
taflvopolvtal we e€apetikd mapBéva eAatodada, evw 1 and autd taglvopsitol pali pe ta

TIupnNVEAQLA KaL Ta OTIOPEAQLAL.

‘EAata xapnAng
nowotntac

A

dPEM2 (PCAX), Untitled, PS-dPt
DModXPS [Comp. 10]

on

E§aipetikd NapBéva
EAaoAada EActoAad ol

XapnAdtepng
/\ noiotntag

TiRAE TR | LT

10 20 30 40 50 60

.

o

DM odXPS[10](Norm)

o

M2-D-Crit[10] = 1.251 SIMCA-P 10.5- 12/2/2020 2:16:25 AM

Zxnua 24: Awaypauua taévoune ue tnv uédodo Class Modeling yia tnv avaAvon twv etyudrwv
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5.3.3 AvaAuon PLS-DA

ITn ouVEXELX akoAouBnoe avaAuon péow tng peBodou PLS-DA omou apxikd opiotnkav 3
opadecg (3 samplegroups). Mo CUYKEKPLUEVA, TO MOVTEAO QUTO TPOEKUYPE PE 2 KUPLEG
ouVIOTWOEG Kat R?X(cum)=0,762, R?Y(cum)=0,277 kat Q*(cum)= 0,249. Onw¢ ¢aivetatl kot
oo To SLAYPOUUN CUVIETAYUEVWY OTNV oXNua 25, €xel oplotel wg Class 1 to ouvolo Twv
e€alpetika mapBevwy ehatodadwy, Class 2 anotelel OAa ta Selypata Twv MUPNVEAQLWY EVW
Class 3 eival ta coyléAata, nAtéAala kat apaBoottélala mou xpnolgonolénkayv. e auth
Vv Tepintwon avaluong &ev  umdpxel KoAn  Sladopomoinon Twv  EEQUPETIKWV
napBévwelaoAadwyv and ta umolouta €Aata (omopéAata, TupnvéAala) KabBwg TOAAA

Selypoata e€atpetika moapOevwy eAatdoAadwv Bplokovtal oTnv EPLOXT TWV CTIOPEAOLWV.

. Class|1
¢ Class|2
4 Class|3
0 ]
0
Dt Mupnvélaia
L. L~
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0 PFoeg ===
L e e P
-107 Joyiéhaia .t ; LI T ~
] 1 ~
L]
01 "o, (1 S R
- E€aupetiké NapBéva®,
S~o EAawéAada )
o ‘ Tl ‘ et
50 0 0 20 10 0 10 T te--- P ----- o 0

Ellipse: Hotelling T2 (0.95)

Zxnua 25: Aiaypauua cuvtstayuEvwy the uedodou PLS-DA (3 ouddwv) yia tnv avaAuon vdatikwv eKXUALOUATWY UE
nAektpobio Aeukdypuoou

EKTOC aUTAG TNG avaAuong Kol TwV SElYHATWY, EYLVE (O avaAuon TAAL He 3 opadeg, OMou
O€ aUTH TNV NepimTwon xpnotpomnottnkav dyvwota Selypota pe OKOTo TNV avixveuon Twv
XOPOAKTNPLOTIKWY KAl TwV OTolXelwv Toug. Omwc otnv mponyoUUEVn avaAuaor, £ToL Kal O€
autn xpnowdomolovvtal ta dta Classes elaiwv. Ztnv oxnua 26 daivetal to daypappa
OUVTETOYHEVWY OTIOU UE TO YKPL XpWwWHa eival ta dyvwota Selypata. To HOVIEAO TOU
TIPOKUTITEL €XEL 9 KUPLEG OUVIOTWOEC Kat R?X(cum)=0,981, R?Y(cum)=0,726 kat Q*(cum)=
0,485. Onw¢g ¢alvetal amd TNV €Kova,Ta ayvwota delypata dev eival Eekabapo moleg

16otnTeC epdavilouv WOTE va T XOPAKTNPLOOUUE WE MPOC To £(60¢ TOUC. AUTO TOU UTopEt
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lowg va StakplBel amod to diaypappa eivat ot otnv mAsloPndia toug epdavilouvv otolxeia

OTIOPEAQULWV-TIUPNVEAALWV.

dPt.M4 (PLS-DA), Untitled, PS-dPt No Class
tPS[Comp. 1]PS[Comp. 2] L] Class 1
Colored according to classes in M4 o Class 2
¢ Class3
100
80
0 Mupnvélaia
_ PR - 4 E§aupetikd MNapBéva
% m .- -~ . —oi EAcwdAada
& S v

20

-20

t t t t X OPOKTHPLOTIKGOEDY i ; t t t t t t t t t t
-50 -40 -0 EAouwl -10 0 10 20 30 40 50 60
MuonvéAaiwv PS[1

Ellipse: Hotelling T2PS (0.95) SIMCA-P 10.5 - 12/8/2020 2:09:58 AM

Zxnua 26: Aidypauua cuvtetayuEvwy tne uedodou PLS-DA (3 oudadwv) yia tnv avadvon vdatikwv eKYUALOUATWY
ayvwotwv t8LotNTwv Ue NAEKTPOSL0 AsuKOXpUOOU

Meta tnv avaAuon PLS-DA pe 3 opddeg ehaiwv, Ste€nxOn avaiuon pe 2 opadeg. MNpokumtel
HOVTEAO HE 4 KUPLEC OUVIOTWOEG KAl TIC TWéEG R2ZX(cum)=0,869, RZY(cum)=0,675 kat
Q%(cum)= 0,569, TIHEC TIOAU KOAUTEPEC amtd TIC AVTIOTOWKEC otnv avdAuon ME 3 opddeg
ehalwv. OL TIHEG auTEG delxvouv OTL UTIAPXEL UEYQAUTEPN OKPIBELO OTNV CUYKEKPLUEVN
avaiuon, kabwg dvo Sladopetika £idn elaiwv €xouv katatayei oe 1 kowo Class. Mo
OUYKEKPLUEVOL KOl O€ autr tnv avaAuon mopapévouv oto Class 1 poévo ta efalpetika
napBéva ehatdAada evw oto Class 2 mAedv cuvumdpyouv OAa ta omopgAata (nAtéAata,
ocoyléAata, apafoottédata) pe ta mupnvélata. Onwe dailvetal amd 1o oxnua 27, dev
umapxel &ekaBapn OSladoponoinon twv efapetikwy  TapBEvwy eAaldAadwyv amod Ta

uTtoAouta EAata.
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Ellipse: Hotelling T2 (0.95)
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30 40 50

SIMCA-P 10.5 - 12/8/2020 2:22:18 AM

Zxnua 27: Alaypoupa cUVTETaYUEVWY NG Uedobou PLS-DA (2 ouddwv) yia tnv avaAuon vdatikwv eKXUALGUATWY UE

nAektpoéio Asukdypuoou

Onwg Kal oTIC TPONYOUMEVEG OVAOAUCOELG, €TOL KAl OE QUTH €ylve avixveuon OSelypdtwy

OYVWOTWV XOPAKTNPLOTIKWY Kal SLoTATWV.

Jto oxnua 28 daivetal to Slaypapua

OUVTETOYHEVWY OTIOU LE TO YKPL XpwHa €ival ta dyvwota delypata. To HOVIEAO TOU

TIPOKUTITEL €XEL 6 KUPLEG OUVIOTWOECG Kat R?X(cum)=0,934, R?Y(cum)=0,855 kat Q*(cum)=

0,77. Onwc daivetal and tnv €Kova, umapyxouv 4 ayvwota Selypata ywo ta onoia dev

UITopOoUV va avayvwpLloToUV oL LBLOTNTES TouG Kal o€ Tolo (6o eAaiwv katatdooovTal.

No Class
. Class 1
° Class 2
Agiypota ayvwotwy
XopaKTNPLOTIKWV
30 Kat I§otnTwv E§aupetikd MapBéva
---------------------- EAadAada
207
107
tPS[20)
-107
-201
o~ IriopéAaia Kot
Mupnvélaia
-40 T T T T T T T T T T T T T T T T T
-4 -30 20 10 0 10 2 D 40 50 60 0
tPS[1]
Ellipse: Hotelling T2PS (0.95)

Zxnua 28: Alaypaupa CUVTETaYUEVWY TG Uedodou PLS-DA (2 ouddwv) yia tnv avaAuon vdatikwv eKxUALGUATWVA
aAyVwoTwV LLOTHTWV UE NAEKTPOSLO AEUKOXPUGOU
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5.3.4 PLS

JTn  OUVEXElD TpaypatomolBnke avaluon  eAaxioTwv  TETPAYWVWV  WOTE  va
noootikomnolnBet n vobeia Tou eAatdAadou, and onopéAalo r mupnvélato. Na tnv avaiuon
outy €éywve mapookeunn 11 voBeupévwv PEYHATWY. To pelypa Twv  gAatdoAadwv
arnotehovtav amd 20 emheyuéva efalpeTikd TapBéva eAaloAada evw EKEVO Twv
OTOPEAQULWV-TIUPNVEAQLWY TIEPLEixE 7 ooyléAata, 7 nAtéAala kol 6 mupnvélawa. Ta dvo
pelypata avapeixBnkav kat ta 11 voBeupéva mou mpoékuPav iyav moocootd vobeiag ta
ormoia kupaivovtav amo 0-100% (v/v). Ta onuela oamd ta BoAtappoypadnuata mou
HeAeTnONnkav eival ano -1,3 €wg +1,3 V, yla avodikn kot kaBodikry cdpwaon. To HovtéAo Tou
NpoékuPe eival Suo ouUVIOTWOEWY, ME Twéc R? = 0,998 kat Q2 = 0,986. Méow Ttou
uTtoAoylopoU Tou RSD to omoio PBpébnke otL 33%, umoloyiotnke n T tou LOD (d6plo
aviyveuowotntag): 2,1%. To LOQ (6plo mocotikomnoinong) Ppednke va €xet Tun 6,3%. Na
TOUC UTIOAOYLOMOUC Xpnotlpomolfnke to Aoylopko tou Microsoft Excel. 2to oxnua 29
napoucialetal to povtélo mou avadEpOnke. Itov nivaka 12 napouoialovral ta Sedopéva

TOU LOVTEAOU KOl OL TLHEC TTOU TIpoEKUav.

1.2

1

0.8
Predicted (v/v,
omnopeAaiou-

nBpnvelaiouv oe 0.6

eAaLoAado)
04
0.2
0 T T T T T 1
0 0.2 0.4 0.6 0.8 1 1.2
Observed (v/v, ontopelaiov-ntupnvelaiouv os ehatdAasdo)

xnipa 29: Aiaypauua Predicted/Observed
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NMivakag 12: Aedouéva tng uedodouv

Asiypa % YnoAoylopévn NoBeia
KaBapo efalpetika mapBevo ehatdhado 0+0,1%
3% voBeia ehaiou og e€alpeTika apBEvo 1,6 +0,2%
elatdrado
4% voBeia ehaiou ot efalpetikd mapBEvo 5,7+0,6%
elalohado
13% voBeia eAaiou ot e€alpeTikd mapBEvo 12,6 +1,1%
elalohado
17% voBeia eAaiou o e€alpeTikd mapOEvo 18,4 +1,6%
elalohado
25% voBela ehaiou o efalpeTikd mapOevo 24+1,7%
elalohado
33% voBela ehaiou og efalpeTikd mapOevo 31,7+2,3%
elalohado
40% voBela ehalou oe efalpeTikd mapOevo 42,2+ 3,4%
elaloAado
45% voBela ehalou oe efalpeTikd mapOevo 43,7 +3,9%
glaworado
80% voBeia ehalou oe e€alpeTikd mapOevo 78,3+7,2%
elalorado
100% voBeia ehalou oe efalpeTika mapOivo 100,0 £ 6,3%
glaworado

5.4 MeA£tn eAaOAadwv Kat otopEAQLWY HE KUKALKA
BoAtappetpia oenAektpodlo epyaciog Xpuoou

‘Exovtag wg dedouévo mwg n €vtaon Kot n B€on twv kopudwv e€aptwvtal amnod tnv puon Tou
nAektpodiou epyaciag, n KUKAKG POATaupeTpia yia to £Aala Tou HeAeTHOnkav
npayuatonolionke eniong oe nAektpodlo epyaciag xpuooul. MNa tou idloug Adyoug Omwg
KOlL OTOL TTPONYOUEVA TIELPAUATA ETUAEYETAL OAPWON UE EVPOC TAoNC amo -1,3 V éwg ta 1,3
V Mapokdtw mapouctalovtol aVvIUTPOOWITEUTIKA KUKALKA PBoAtappoypoadrnuata ywo ta
efalpetika mapBéva  eAatdhada, TA omopéAala Kol T TwupnvéAata.  Ta

XOPaKTNPLTKABOATApOYpadpata ¢paivovtal ota oxipa 30 £éwg 35.
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E€apetika NapOévo EAatoAado

5.00u

1(A)

-5.00u -

N
Sxnua 30: BoAtauuoypapnua Eéaipetika napdsvou EAatoAadou ue nAektpodio xpuoou

'Onwg ¢aivetal anod 1o nmoapanavw BoAtappoypddnua (oxnua 30), amd Tn CUYKEKPLUEVN
HeAETN eudaviotnkav dVo Sladopetikd glpn Suvaplkol. Me efaipeon TIC KOPUDEG OTIC
taoel -1,3 V kat 1,3 V, daivetal otL ota eupn duvauwou -0,4 éwg -0,2 V kar 0,4 — 0,6 V
gudavilovrol XapaKTNPLOTIKEG KOPUDEG.

AvtioTolya amoteAéopATO O OXEON HE TA €Upn SUVOULKWY KAl TIG KOPUDEG E6WOE KalL N
HEAETN TOUu  amAou  eAaldAadou, Onw¢  daivetat  kaL  oto  oxfua  31.
Kata tnv peAétn tou mupnvéAalou avixveuBbnkav duo glpn Suvapikou. MNMpoKeLTaL yla thv
A -1,2 éwg -1,1 V kabwg kat tnv 0,5 — 0,6 V. Ztnv mepimtwon tou upnvéAatou (oxnua
32) ¢alvetal MWC UTIAPYXOUV QAKOUO TEPLOCOTEPEG KOPUPEC, OUwG Ta elpn dev eival
EekaBapa Aoyw Twv enkaAumtwpevVwy otadiwv ofeidbwonc.

Oocov adopd TNV TMEPIMTWON TWV ONMO PEAAWV TIAPOTNPOUME Tw¢ Tta duo
BoAtappoypadnuata, TOCO TOU OCoylEAaloU 0600 Kol Tou nAléAalou, mapouactdlouv
TIAPOUOLEC KOPUDEG Kol oXedOV Kowva eUpn Suvaplkwy. Mo cuykpLUEva, dailveTol Twg Kot
ota Sduo PBoAtappoypadripata uTapxel to gVpo¢ Suvaukou 0,4 — 0,5 V. Ocov adopa
gexwplotd to nALEAaLo, umtdpyxouv to €Upn duvapikou -0,2 éwg 0 V kat -1,25 €wg -1,05 V.
MNapdAAnAa , otnv mepintwon tou coyléAalou epdavilovtol éva evpn duvapLkou Tou Sev

UTTAPXEL OTNV avtiotolyn HEAETN yla To nAtéAawo. Mpokettal yla to gvpog -0,5 éwg -0,3 V.
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Mpooeyyilovtag ta apapoottéAata daivetal mMwe UTAPXOUV CUVOALKA Suo gUpn Suvaplkou
Ta omoia oplaka tautilovtal. Ta eUpn Suvapkou mou avadépOnkav eivat ta 0,25-0,4 Vkat

0,35-0,55V.

AmntA6 EAaoAado

4.00u _|

2.00u _|

1(A)

-2.00u |

-4.00u _|

T T T T T T T T T T
-1.00 -0.50 0 0.50 1.00

Uy
Sxnua 31: BoAtauuoypapnua AntAoU EAatoAadou ue nAektpodio xpuoou
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6.00u

4.00u

2.00u

I(A)

-2.00u

-4.00u

4.00u

2.00u

I (A)

-2.00u

-4.00u

-6.00u

NupnvéAato

T T T T T T
-1.00 -0.50 0 0.50

T I T T T T T Y YT S BB

Sxnua 33: BoAtauuoypapnua HAtéEAatou ue nAektpddio xpuoou

u (V)
Zxnua 32: BoAtauuoypdapnua Mupnvédaiou ue nAektpodio xpuoou
HAwéA oo
".100 050 "0 " 050 " 100
U (V)
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ZoyLéAalo

2.00u

1.00u

1(A)

-1.00u -~

-2.00u

0 050 1.00
U (V)

Zxnua 34: BoAtauuoypapnua SoytéAaiov ue nAektpodio xpuoou

Apapoottélato

4.00u _|

2.00u |

I (A) q

-2.00u |

-4.00u

T T T T T T T T T T T T T
-1.00 -0.50 0 0.50 1.00

U W)

Zxnua 35: BoAtauuoypdapnua ApaBoottédaiou ue NAekTpobdLo xpuoou

Ta onueia Twv KUKAKKWY PBOATappoypadpnUATwy amod TG Tapandavw ovoAUCELG

umoBAnBnkav oe moAupetafAnTy avaluon, €T0L WOTE va Yivel katdtaén twv elaiwv
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avaloya pe TNV Utk TOuG TMpPoéAeuon. O mivakag twv Oedopévwv (data matrix)
amoteAoutayv amnod 66 ypapupeg (s€etalopeva élaia) kot 877 otnAeg (LETpNon PEVUATOG OTNV

EKAOTOTE TLUI TAONG).

5.4.1 AvalAuon PCA
ITn ouvéxela mpaypatonoltionke avaluon PCA, n omola 06iynoe og HOVTEAO HE 12 KUPLEC

OUVIOTWOEG, ME OUVOMKO OUVTEAEOTH ouoxetiosw¢ R?(cum)=0,993 kot SlaoTaUpWUEVO
ouvteleotr] ouoxétiong Q%(cum)=0,978. To Sidypoappa cuvtetaypévwy (scoresplot) mou
TIPOKUTITEL Tapouctaletal oto oxnua 36. Mapatnpeital OTL UMAPXEL OPKETA HEYAAN
Slaomopd HETAEL TWV AWV, EVW OTNV TTEPLITTWON Tou daivetal otL ta éAata eival 'kovta'
HETAEL TOUG, OtnVv Teploxn ekeivn molkidel n ¢utikn mpoéleuon tou kABe eAaiou.
AvapdiBoAa Ba ntav no emBupunto kat oAl KaAUTeEPO Ta tapBéva eAatoAdada va ival o
CUMMNKVWHUEVAUETAEY TOuG. MapAdAAnAa, oTo apLoTEPO UEPOC Tou Sldypappatog daivetal
nwe tpla Selypata edevyouv amod ta unoAouta. To afloonueiwto elval mwg ta Selypa
outa anoteAolv e€alpeTika mapBéva ehatdhada, veotepng mapaywync. Emiong daivetal ott
Sev Slayxwpilovtal ta omopéAlata amo Ta nupnvelala, Kabwg mapouotdlovial CUUMTLYUEVA
OTO LEYAAUTEPO TOCOOTO TOUC oOto Oefl pEPOC TOU SlaypAppOToS, evw SUOTUXWG
OEVUTIAPYEL LEPLKOC SLAXWPLOUOC TWV HELYUATWY EAaLlOAadwy pe eEeuyeviopéva eAatoAada

arno ta napBéva/sfalpetikd mapbéva eAatolada.

1]

Ellipse: Hotelling T2 (0.95)
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ON N NON N

E€atpetikd NapBéva EAaoAada
Apafoottéhaia

HAtE oL

E€euyeviopéva EAatoAada
Joylédaua

Mupnvélaia

Zxnua 36: ALAYPOUULO CUVTETAYHEVWY TG HEBOS0oU PCA yLa TV avAAuoh TwWV SELYUATWY KaL TOV SLaxwpLopo Toug

5.4.2 Class Modeling (MovteAonoinon Ta§tvopunong)
Meta tnv avaluon PCA, 8e€nxdn n availuon ClassModeling. Itnv mepimtwon autng TG

avaluong ta delypata taflvopouvtal avaloya pe TNV GpuTiki toug pogheuon. H péBodog
okoAoUBel pa ouykekplpévn Aoyikr). H Movtelonoinon Taflvopnong xapaktnpiletal ano
Suo mapayovtec. ApxLka Toootikd, dnAadn amod tnv evalodnaoia Tou PovtéAou Tou €ival o
aplOuog Twv yvnowwy (moapBbévwy) eAatoAddwv mou taflvopouvTal KATW amo TNV KOKKLVN
ypauun. ‘Yotepa, amd tnv e8kOTNTA Tou omoteAsl tov aplBpd twv eAaiwv XoUNnAng
nowotnNTag N twv voBeupévwy ehatodddwy. Ta €Aala autd umepBaivouv TNV KOKKLVN
VPO, OTOTE amnoppintovtat and 1o poviélo. MNa tnv Taflvopnon Aoutov, emthéyovtal OAa
ta Selypata twv e€alpetikd mapBevwy eAatdAadwyv. H avaAluon obriynoe og povtého pe 11
KUPLEG OUVIOTWOEC, WME OUVOMKO ouvieAeoTi ouoxetioew¢ R%*(cum)=0,996 Kat
Slaotavpwpévo ouvieeoth cuoxétiong Q%(cum)=0,981. To Stdypoppo Taflvopnong mou
TIPOKUTITEL UoTEPA Ao TNV avaluong mapouctaletal otnv oxnua 37. Onwc ¢aivetal amno to
Staypappa kaBe kabetn otnAn mapdaAlAnAa otov afova Y ocuBoAilel kabe delypa elaiou.
TNV TIPOKELUEVN Tepimtwon daivetal mwg amd ta 32 CUVOALKA €e€alpeTikd TapBéva
gehatohada, povo ta 2 unepPaivouv TNV KOKKLVN YPOUUN, £0TW KoL OpLaKA. AUTO onuaivel
nw¢ n evawobnoia (aAnbwg Betikd delypata) tng pedodou eivar 30/32, dnAadn 93,8%.
Oocov adopa ta Ao xapnAng mowotntag (omopéAata), 4 amd to OUVOALKA 29 &egv
umepfaivouv TNV KOKKVN Ypapun. To yeyovog autd Seixvel mwg n eldikétnTa tng pebodou
(aAnBw¢ apvntika Seiypata) sival 25/29 Seiypata elaiwv, dnhadn 86,2%. TElog, otnv
neplmtwon twv 5 amlwv eAatoAadwv (eAatddada xaunAotepng nmoldotntag), ta 1 and avtd
tafvopeital wg efatpetika napbBevo eAatodado, evw 4 and avta tafvopouvral pall pe ta

TlUpNVEAQLA KOl Ta oTIOpEAQLAL.
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EAata xapnAng

4 A

nowdtntag dAu.M2 (PCA=X), Urtitled, PS-dAu
A DModkPS[Comp. 11]
20 I/ N \I :
1 1
18 : : \
N 1 |
16 : : '
£ ul! . ! E EActoAada
2 L0 : E€aupetika NapBéva XAUnASTEPNG
= 1 I . ) P i
£ o i i :E)\ato)\aéa nowotnrag
z g | . A
. :
1 1
1 1
1 1
1 1
I 1

ﬂ I T PRIl 8L [  EA C AFPT TeT Pl

10 20 30 40 50 60

D-Crit(0.05)

M2-D-Crit[11] = 1.298 SIMCA-P 10 5- 12/3/2020 2 26:48 AM

Sxnua 37: Awaypauua taévouns ue tnv uédoéo Class Modeling yia tnv avdaAuvon twv Ssiyudrwv

5.4.3 AvalAuon PLS-DA
ITn ouvéxela akoAoubnoe avaAluon péow tng ueBodou PLS-DA omou apxlkd oplotnkav 3

opadeg (3 samplegroups). Mo CUYKEKPLUEVA, TO HOVIEAO QUTO TPOEKUYPE HE 5 KUPLEC
OUVIOTWOEG Kot R2X(cum)=0,886, R?Y(cum)=0,531 kat Q*(cum)= 0,364. Onw¢ daivetatl kot
oo 1o SLAypappa CUVTETAYUEVWY oto oxfpa 38, €xel oplotel wg Class 1 to cUvoAo Twv
e€alpetika mapBévwy ehatdAadwy, Class 2 anotelel OAa ta Selypata Twv MUPNVEAOLWY EVW
Class 3 elval ta coytédata, nAlEAata kol apaBoottélala mou xpnolgonoltibnkav. Oute o€
out TNV mepimtwon availuong &ev umapxel kaAn Siadopomoinon Twv EEAPETIKWV
napBévwelaloAadwy amd ta umnolowna €Aata (omopéAaia, mupnvélala) kabwg ToAAQ

Selypata tou Class 1 Bplokovtal otnv MEPLOXN TWV OTIOPEAALWV.
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Class|1
Class|2
¢ Class|3

Mupnvélaia

1]
Ellipse: Hotelling T2 (0.95)

Sxnua 38: Aiaypauua ouvtstaypuévwy te pedodou PLS-DA (3 ouabwv) yia tnv avdAuon vSatikwv eKYUALOUATWY UE
nAektpdébio xpuoou

EKTOG auTng TNG avaluong Kal Twv SEYUATWY, EYLVE pLa avaAuon TAAL e 3 opddeg, Omou
O€ QUTN TNV EPIMTWON XpNnoLdomnotndnkav dyvwota Selypata pPe oKomo TNV avixveuon Twv
XOPOAKTNPLOTIKWY KAl TwV OTolXelwv Toug. OnMwc otnv mponyoUUEVn avaAuon, €ToL Kal o€
auti xpnowomotlovuvtal ta idla Classes ehaiwv. Zto oxnua 39 daivetal to Sdypappa
OUVTETAYHEVWY OTIOU UE TO YKPL XpWHA €ival ta dyvwota delypata. To HOVIEAO TOU
TIPOKUTITEL €XEL 2 KUPLEC OLVIOTWOEC Kot RZX(cum)=0,64, R?Y(cum)=0,397 kat Q%(cum)=
0,341. Onwg ¢aivetal amd TNV €kova,Ta ayvwota deiypata dev eival EekaBapo Tmoleg

18otNTEC edavilouv WOTE va T XAPAKTNPLOOUHE WG Tpog To £160¢ TouG.
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MNupnvélaia

K4
.4
10
-10
-2
E€apetikd NapBéva
) XapOoKTNPLOTIKWY EActoAada
Ko 18lotATwv
A

Zxnua 39: Awcypauua cuvtetayuevwy tne uedodou PLS-DA (3 oudadwv) yia tnv avalvon vdatikwv eKYUALOUATWYV
ayvwotwy t8LotNTwv UE NAEKTPOSLo Xpuoou

Metd tnv avaiuon PLS-DA pe 3 opdadeg ehaiwy, dte€nxObn avaluon pe 2 opadeq. MpokKUTTeL
HOVTEAO HE 3 KUPLEC OUVIOTWOEG Kol TIC TéG R2ZX(cum)=0,649, RZY(cum)=0,677 kat
Q%(cum)= 0,516. 3 auth TNV niepimtwon Vo SladopeTikd £idn ehaiwv £xouv Katataysi o
1 kowo Class. Mo CUYKEKPLUEVA KAL OE AUTH TNV avaAuon mapoapévouv oto Class 1 pévo ta
efalpetikd mapbéva eAatodada evw oto Class 2 mMAeOV cuvuTidpxouv OAa Ta oTopEAata
(nALéAata, coylédata, apafoaottédata) pe ta upnvélala. Onwg ¢aivetal and to oxnua 40,
bev undpyel ekdBapn Sladopomoinon Twv e€alpetikwyv moapbévwy ehatdAadwy amod ta

uTtoAouta EAata.
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Class|1
Class|2

E§aipeTika NapBéva
EAatdAada

kY
2
101
t[2]
-107
-2
Iriopélaia Ko
-] Mupnvélaia o
50 -4 0 20

Ellipse:

1[1]

(0.95)

Zxnua 40: Aicypaupua cuVteTayuEVwy tng uedodou PLS-DA (2 oudadwv) yra tnv avaAvon vdatikwv eKXUALOUATWVY UE

nA&ektpobio xpuoou

Onwg €ylwve KOl OTIG TPONYOUUEVEG OVAAUOELG, £TOL KOL OE QUTH Tpaypotonol)onke

avixveuon SElYHATWY ayVWOoTWVY XOPAKTNPLOTIKWY Kol WblotAtwy. Ito oxnua 41 dpaivetal to

SLAYyPAUUO CUVIETAYUEVWYV OTIOU LLE TO YKPL XpWHA givatl Ta dyvwota delypata. To povtéAo

TIOU TIPOKUTITEL €XeL 3 KUPLEG OUVIOTWOEC Kat R*X(cum)=0,6954, R2?Y(cum)=0,731 ko

Q%(cum)= 0,599. Onw¢ ¢aivetal and TV £Kova, udpxouv 5 dyvwota Ssiypota yo ta

omola 8gv HmopoUlV va avayvwPLOTOUV oL LELOTNTEC TOUC KOl O€ TIOLO €160¢ eAaiwVv avrikouv.
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dAu.MS5 (PLS-DA), Untitled, PS-dAu No Class

tPS[Comp. 1]/tPS[Comp. 2] 1 Class 1
Colored according to classes in M5 0 Class 2
E€apetikd NapBéva
D EAaoAada
' %
I/ . \\ \\_._ :l |’.l
1 WA N -
tPS] ! NP
1 0 L) M 1 e T
k! o fo -
/ L__-
10 * ¢ » v/ i '
_ ,A’s/ivuura uvvd)ctu)'v
D) XopoKTNPLOTIKWV :
ZropéAaia Kot 18otiTwv 1
Mupnvélaia N
A /
f t f f f t —" f t f f f
D -0 D D -10 0 10 4] D 0 D
tPS[1]
Ellipse: Hotelling T2PS (0.95) SIMCA-P 10.5 - 12/8/2020 2:52:42 AM

Zxnua 41: Aicypaupua cuvtetayuevwy tne uedodou PLS-DA (2 oudadwv) yia tnv avalvon vdatikwv eKYUALOUATWYV
ayvwotwy t8LotNTwv UE NAEKTPOSL0 XpUuoou

5.4.4 PLS

JTn OUVEXElM Tpaypotomow)Bnke avaluon eAaxiotwv TETPpAyWVWYV  WOTE  va
noootikomolnBei n vobeia tou eAatdAadou, and onopélato f mupnvéAato. MNa tnv avaAuon
outy €ywe mapookeunn 11 voBsupévwv pelypaTwy. To pelypa Twv  gAatoAadwv
armotedovutav amd 20 emleyuéva ealpetikd mopbéva ehaldhada evw EKElvo TWV
OoTopEAQLWV-TIUPNVEAQLWY TIEPLEixE 7 coyléAata, 7 nAtéAala kal 6 mupnvélata. Ta dvo
pelypata avapeixbnkav kat ta 11 voBeupéva mou npoékuav eiyov moooota vobeiag ta
omola kupaivovtav amo 0-100% (v/v). Ta onuela amd ta BoAtappoypadriuato mou
pueAetnOnkav eivat anod -1,3 éwg +1,3 V, yia avodikn kot kaBodikr) cdpwon. To HoviéAo TTou
npogkue elval SuoouvioTwoswv, Me TWWéG R? = 0,989 kat Q% = 0,919. Méow Tou
umoAoylopoU tou RSD to omoio Bp£Onke otL 12,9%, umoAoylotnke n Tt tou LOD (6plo
QVvIXVeUOLLOTNTAG): 2,2%. To LOQ (0plo mocotikomoinong) Bpednke va €xeL Tun 6,7%. MNa
TOUC UTIOAOYLOMOUG xpnoLuomolBnke to Aoylopikd tou MicrosoftExcel. Yto oxnua 42
napouoialetal To povtélo mou avadépbnke. Itov mivaka 13 mapouoialovtal ta dedopéva

TOU LOVTEAOU KOl OL TLHEG TTOU TIpoEKU P av.
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Predicted (v/v,
omnopelaiou-
nOpnvelaiov ot
ehadAado)

1.2
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.

-~

0.2

0.4 0.6

0.8 1

Observed (v/v, ontopeAaiov-rtupnvelaiov os eAatdAado)

1.2

Sxripo 42: Awdypopua Predicted/Observed

Mivakag 13: Asbouéva tn¢ uedodou yia mooootd vodeiag oe efalpetika napd<vo eAaitoAado

Asiypa % YnoAoylopévn NoBeia
4% voBsia 6,2 +0,5%
8% voBsia 9,1+0,9%

17% voBsia 15,6 £1,4%
20% voBsia 19,1 +1,7%
23% voBsia 20+1,9%

27% voBsia 23+2,4%

40% vobBeia 36,9+3,1%
45% voBeia 44,5 + 3,8%
50% voBeia 48,7 +4,2%
80% voBeia 84,4 +7,9%
100% voOBsia 99,3+8,7%
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Kedalaio 6 «Zuykpion KukAltkA¢ BoAtappetpiag pe
UTtAPXOVOoEG HEBOSoUC

TG BBAloypadikéG mNyEC Sev avadEpovtal EKTEVWG EPEUVEC OL OTIOLEG XPNOLUOTIOLOUV
NAEKTPOOVOAUTIKEC HEBOSOUG yla TNV PeAETn voBeiag oto elatdlado. Apxikd, BpéBnke
€peuva otnv ormola avantuoostal PEBoSog mou aviyvevel Tn voBeia tou gAalhdadou amod
Sladopa omopélala, OmMwg nALEAalo, apafoottéAalo Kol ooylEAalo. H OUyKeEKPLUEVN
HEBOBOG €xel Oplo TtoooTIKoMolong xaunAotepo tou 10% kal 0plo aviyveuong 2%, evw To
€UpoG Kupaivetal oto ddotnua 2-25% [27]. M @AAn BBAloypadikn mnyn avadEpel
€peuva n omola avémtuée pEBOSO yla avixveuon tng voBeiag tou elaltdAadou amo
douvrtoukéhato (hazelnutoil) pe xprion dacpatopetpiac NMR. H ouykekplpuévn pEBodog
umoAoyilel LOQ pikpotepo amd 10%, pall pe ta moootikd oddApoata [15]. TéAog pe
edappoyn tng pnebodou Sadopikng Bepuidouetpiog capwong (DSC), €ywve PeAETN NG
voBeiag tou gAatoAadou pe nALEAALO OTNV Omola TPOKUTTEL OpLo avixveuong 2-10% [20].
Me Baon tig peAéteg mou mpoavadépbnkayv, n Gk pog To TepBaArlov péBodog mou
avantuxbnke otnv mapovoa AutAwpatiky Epyacia eudavilel apketd Oetikd otolyeia.
Mpokettal yia pEBodo mou aoyoAeital pe tnv vobeia Tou efalpetikd napBevou eAatoAadou
OO HLol LEYAAN TTOWKIALOL OTtOpEAQLWY KAl TTUPNVEAQLWY, VW TtapAaAAnAa Sev xpnoLomoLel
opyavikoug SlaAuteg kat Slatnpel Eva «mpdoivo» Kot GALKO Tipodil pog to mepBaiiov.
Ita Alyotepo Betikd, Oa ATav MOAU OnNUAVTIKO va €lXe UIKPOTEPA OPLOL OVIXVEUONG KoL

TIOoOTIKOTOlNONG OMW¢ oL poavadepOeioeg péBobdol.
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Tuunepaopata

H néBodog TG KUKALKAG BOATOpUETplag €6wae PeYAAN TOWKIALG OMOTEAECUATWY. ApXLKA,
avaAvovtag ta SaAvpata glaiwv pe SLAAUTN TO VEPO XPNOLUOTOLWVTOG NAEKTPOSLO
epyaoiag vaAwdoug avBpaka, mposkuPav PIKPES SLadpopEG oTta KUKALKA BoAtaypadriuata
TOOO METAEU Twv eAalOAadwv Kol omopeéAailwy, 000 Kal PETAEL Twv eAaldAadwv HE Ta
nupnvéAlata. Katd tnv XnUELOUETPLKN avaAuaorn, ultapxel cadng Stadopomnoinon Hetall Twv
ehaldAadwy Kal Twv umolowmwyv elaiwv (omopéAata kot mupnvéAala) HEow TN pebodou
PCA. Me tnv puéBodo Class Modeling daivetal mwg To HeyaAUTEPO TOCOOTO TWV SELYUATWY
(28/32-87,5%) Obwadoponoovvtal Kal mapouclalouv otolxeia efalpetikd mapBEvou
ehaodadou. H avdaluon PLS-DA €dwoe ekaBapn Sladopomoinon Hetafl e€alpeTikd
napBévwy eAatdAadwy Kol TwV UTTOAOUMWV eAaiwv, T000 HE avaAluon duo opddwv 600 Kol
HE avAAuon TPLWV ouadwv.

H (6la péBodog pe xpnon  nAektpodiou  epyaciag  Aeukoxpuoou  €8woe
BoAtappoypadrnuata, ota onoia ¢paivetat Stadopd Twv eAAOAAdWV TOCO UE TA OTIOPEAALA
000 KoL Je Tta mupnvélata. Katd tnv XNUELOUETPLKN EMeEepyaoia, TIPOEKUYE LKOVOTIOLNTLKNA
Sladpopormnoinon twv eAatdAadwv anod ta urmtoAouta €Aata LOvo Katd tnv avaiuon PCA. Me
Vv PLS-DA &ev mpoékue koA OSlwadopomoinon Hetafld twv eAaiwv, evw HECW TNG
nebodoug Class Modeling untapxet Eava peyain diadopomoinon tTwv e€aPeTIKA MapBEVwyY
eAaohadwv (28/32-87,5%). Me xprion tng TEXVLKNG MEPIKWV EAAXIOTWV TETpayWVWV (PLS)
€yve avantuén LOVTEAOU yLa TOV TTOCOTIKO Tpoadloplopd vobeiag eAatdAadou amod pelypa
omopéAaou  Kal Twpnvélalwou. Baoel autol TmpogékuPe Oplo  aviyveuong oOpLo
aviyveuvowotntag 2,1% (v/v) kat 6plo moootikonoinong 6,3% (v/v).

T€Aog, mpayuatomolndnke n dta pEBodog pe xprion nAektpodiou epyaciag xpuool mou
€dwoe BoAtappoypadnuata, ota omoia Sev mapatnpeital peydin dadopd peTAlL TwWV
ghatohadwyv pe ta umolouna €Aata (omopéAata kot mupnvélata). Katd tnv XnNUELOUETPIKN
enefepyaoia, Sev mpokumntel kamola Stadopomnoinon os Kapia anod tig pebddoug avaluong
HeTalL Twv ehaiwv, pe e€aipeon tnv néBodo Class Modeling 6mou €ava umdpxel PLeyaAn
Sladopornoinon twv elatoAddwv (30/32-93,75%). ITn CUVEXELD, HECW TNG TEXVIKNG TWV
HEPKWY elaxlotwv Ttetpaywvwv (PLS) avamtuxBnke HOVIEAO ylO TOV TIOOOTIKO
Mpoodloplopd pelypatog omopélalou kol TupnvéAalou oe glatddado. Amd auth TN

Sladikaoio mpogkuPe Oplo aviyveuouotntag 2,2% (v/v) kat 6plo moootikonoinong 6,7%
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(v/v).
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MNpotdaoslg

Ao tnv mopovoa SUTAWUATIKA €pyacio UmopoUv va TPOKUPOUV OPKETEC TIPOOTITIKEG
BeAtiwong kot avamtuéng veotepwv PBOATAUUETPLKWY TEXVIKWVY Yyla TNV OVIXVEUON Kal
nmoootikonoinong tng voBelag oto ehatddado. MNa tnv PBeAtiwon ™G PBOATAUUETPLKAG
ovAAuong Twv eAaiwv, UMopel va ylvel Xprion LOVTIKWVY Uypwv Ta omoia audvouv tnv
QYWYLHOTNTA TwV eAaiwv, avti ywa to kabBapo vepd mou xpnolgomoleital wg SlaAlTng.
B£Bawa, Ta LOVTIKA LYPA ATIOTEAOUV KOL QUTA XNUIKA, WOoTOCOo Xopaktnpilovial wg cadwg
nieplBaroviikd ¢GAKOTEpA O OX€on HeE GAAeC peBOdoug mou avadépovial otnv
BBAloypadia (m.x. ekxuAioelg pe ofiko albBuleotépa). Mo GAAn BeAtiwon mou Ba
UIopoUoE va Yivel elval n Xpron eKTUMWHUEVWY NAeKTpoSiwv TAEypatog (screen printed
electrodes), pwog kat dev Ba umnpxe n mbavotnta SdPfpwong TNG emMKAAUYNG TwV
NAEKTPOSIWV auTwv amd tov udatTiko SLHAUTN. Ta eKTUTIWHEVA NAEKTPOSLO TIAEYLOTOC
ocuvdualovtal e popntolC MOTEVOLOOTATEG/YOABAVOCTATEG TTOU AELTOUPYOUV HE UMATAPLEG
kKol ouvdéovtal pe $opnTtoUC NAEKTPOVIKOUG UTIOAOYLOTEC. Me autd Ttov Ttpomo, Ba
UIOPOoUOE va YIVEL AVATITUEN KLVNTWV aVOAUTIKWY SLaTAEewV yla TV Sle€aywyn emtomwy
avaAUoswv oe ouvOnkeg mediou (field analysis), oe xwpoucg mapaywyng Kat dlakivnong

gAaLloAadou.
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