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Euxapiortieg

H ekmovnon tng mapovoag S8aktoplkng Slatplpng mpayuatonowbnke oto Epyaotrplo
Xnueiag tou TuRuatog Emotiung Tpodipwy kat Alatpodng tou AvBpwrou, otn 2xoAn Tpodiuwy,
Blotexvoloyiag kat Avamtuéng tou Mewmovikol Mavemotnuiov ABnvwyv. Apxikd, Ba nbela va
eKPpAowW TIC eyKAPSLEC evYApPLOTiEC LoU oTov eTPAEMOVTA TG StatplpBrg, Ou. Kabnyntr Mooxo
MoAuciou, yLo TNV EUMLOTOCUVN TIOU HoU €6€LEE OAQ AUTA TA XPOVLA, E(TE LECW TWV OTIOUSWV ElTE
HEOW TWV EPEUVNTIKWY TIPOYPOUUATWY TIOU pou £€8wae tn duvatdtnTta va CUUUETACXW. Htav
HEYAAN LOU TLUN VO CUVEPYAOTW HE €vay, SIKAiwG, SLOKEKPLUEVO ETILOTHOVA TTAYKOOUIWG, aAAG
KupLlw pe évav AvBpwrto mou £8eL€e meplooeLd KATAVONGON KAl CUUNAPAOTAONKE o€ KABOe peyain
pou SuokoAla mou npoékuPe otn Stadpoun auth.

Odeilw, €melta, va VXOPLOTAOW KAl Vo EKGPACW TNV EVYVWHOOUVN Hou otov Av. Kadnyntn
ABavaolo Kupmapn, o onoiog amotéAece TOV Epy0OTNPLAKO HOU “MaTEépa” amd TOUG TPWTOUG
KLOAOLG LAVEG TWV HETATITUXLAKWYV Lou ortoudwv. H §1aBeor) Tou va pou petadidel amhoxepa Kabe
eldoug yvwon Atav afloonuelwtn Kal cuykvnTikr. Tov euxaplotw, €niong, yla ™ duvatotnta
TIOU MOU XOPLOE VO CUVEPYAOTOUUE OE €PELVNTIKA Tpoypdupata. Oa nBeia va amevbivw
Bepuég euxaplotieg otov Av. KaBnyntn Nétpo TapavtiAn yla Tig mavtote MOAUTIUES CUMBOUAEC
Tou aAAd kal yla tnv kaBodniynon tou, 1blwg oe kplowa onueia tng mopeiag avtng. Euxaplotw
Bepua tnv Kabnyntpla BloAétta Kwvotavtivou-KokoTtou yla tn cupBoAr TnG KoL TNV mapoTpuvor)
g va $BdoeL n datpBn otnv oAokAnpwon tng. Euxaplotw moAv, eniong, tov Em. Kabnyntn
Xprioto Mammd ylo TNV apUOVLK) CUVEPYAOLa KAl TG TIAVIOTE EMOIKOSOUNTLKEG oLUTNTHOELG TIOU
glyape, EMOTNUOVIKOU KOL 1N TIEPLEXOUEVOU.

Euxaplotw Slaitepa tov Kabnynt Avtwvio Kalokalpvo yla TNV TR VO CUMHETEXEL WG
HENoG otnv EmtapeAn Emtponr). H ocuvepyaoia pog, omote §00nkKe n eukalpia, pe To HEAOC TNG
Emtapelolg Emtpomng  Ap. Avtwvio MuxanAdkn, Epsuvnty B’ tou Mmevdakelou
QutomnaboAoylkou IvoTItouTou, ATV APLOTN KOL TOV E€UXOPLOTW YLO AUTO, OMWwE EMiong Tov
EUXAPLOTW Bepud yla tn cuvelodopd TOU KAl TNV TAPAXWPNON TWV ONMOTEAECUATWY ATO TIG

BLodokLuEC Tpovu U oKTOVOU Spaaong.



Oa Atav peyain mapdAewpn va pnv ekppaow TG BepUéG Hou euxaploTieg otov Ap. Roberto
Consonni kat otn Ap. Laura Ruth Cagliani yia tnv apoyn cuvepyaoia pag kat tn {eotr ¢phoevia
Toug oto Ivotitouto MeAétng Makpopopiwv Tou EBvikol Kévtpou Epeuvwy oto Midavo. Toug
guxaplotw wolaitepa ywa T cupPoArn toug otnv kataypadn, epunvela Kal enefepyacia twv
daopatwv NMR. 18laitepeg euxaplotieg ekppalw eniong otov Kab. John Kalivas, yia tn ¢phoevia
OTO TUNUa XnUelag tou Navemniotnpiov tng MoAttelag tou Alvtdaxo, KaBwe amoTEAECE yla EPEVAL
oTaBbuod otov KOoUo TNG Xnuelopetpiag. Ae Ba umopovoa va pnv guxaplotiow tov Kab. K.
lewpylou yla tnv unootnplen Kat to evéladEPov TOU OTO £PYO HOU KoL TOUG TIAVTOTE YOVLLOUG
StaAoyouc. Ta SlaAeippota yla Tolydpo Atav amid n apopun yla Eva evolap£pPoV EMOTNOVIKO
“Taid”.

Euxaplotw Bepua tov Nwpyo Kdéoouda kal tn ZoyxapoUAa @alacoivou yia tn Bonbeld toug
OTOTE XPELAOTNKE EVIOG epyaoctnpiou, kabwg kat ywa T ¢Wia Toug. Ita Xpovia autd N
ouvepyaoia pe mMoAoU¢ avBpwmoug amd To XwPOo TOU Epyactnpiou 0drynoe o LAKPOXPOVEC
dWieg kal odpeldw yla autd va euxaplotnow fexwplotd toug Xtpato Kwuaitn, Xapn Kavakn,
Navtia Aotpakd, Ewprivn Avaoctacdkn, Anuntpa Aadepépa kat MixaAn XpiotodoUAou.
Euxaplotw, emiong, To mMpoowriko mou Bploketal N mépace anod to Epyaotriplo Xnueilog ya to
EUXAPLOTO KALLA KAl TLG TIOAAEG KOAEC OTLYUEG.

Euxaplotw to kKAnpodotnua TplavtaduAAidn yia tnv mapoxn unotpodiag KATd Ta mpwta
XPOVLA TWV UETOMTUXLOKWY Hou omoudwv, kabwg kat tn dpdon COST “Saffronomics” yia
duvatoétnta mapapovng Hou yia BpaxL xpoviko diaotnua oto Epyaotripto NMR oto MiAdvo.

H StatpBn auvth Ba Atav aduvato va ekmovnBel xwpig TNV umooTtPLEN TNG OLKOYEVELAC HOU.
Euxaplotw kaBéva amo ta adépdla Hou EEXwPLOTA YLl TN CUMMaPAcTacn Kot tThv kabe eidoug
ouvdpourn omote Xpeldotnke. Euxaplotw Kal Tov adepdko pou Ppilo ZtéAlo AokofuAdkn yla tnv
kaBoplotiky cupBoAn tou. H ouvtpodog pou Avdpopdxn umnpée, TEAOC, TO OTAPLYUA HOU,
TIPOKELUEVOU va TiepatwBdel n Statpn auth. Ta “suxaplotw” Sev apkouv yLo TNV UTIOUOVH, TNV

ETILUOVA KaL TNV ayarnn tne.

EAsuBépioc A. MNetpakng
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210 mAaiolo tn¢g mapovoag SLatplBng apxikd avantuxbnkav véeg péEBodol yla Tov mMoooTLKO
npoodloplopd emheypévwy deutepoyevwy UetafoAltwy pe Blohoyikd evlladépov, OMwG To
LLOVOTEPTIEVLO TIOUAEYOVI, TIOU QMAVTA KUPLwG 0To abéplo EAato tou putou Mentha pulegium L.
(kowvw¢ pALoKkoUVL), Kal oL 0pyavoBELOUXEG EVWOELG aAALLvn Ko HeBLivn, oL omtoleg amoteAolv Ta
onpavtikotepa couldoteidia tng S-aAk(ev)uho-L-kuateivng mou evtonilovtal otoug BoABoug Tou
¢utou Allium sativum L. (kowvwg okopbo).

Mo avaAutikd, n mouleyovn amoteAel audAeyOUeEVO CUOTATIKO TPOPIHWY, TOTWV Kal
KOAAUVTIKWY, g€attiag tn¢ To€lKOTNTAC TTOU UIMOPEL va TIPOKAAEDEL 0ToV AvOpwro o UPNAEG
OUYKEVTPWOELG. Mo To Adyo auto, n Eupwraikn Emitpomnn €xel KaBoplogl avwToTa EMITPENTA
OpLOl TIEPLEKTIKOTNTAC OE TIOUAEYOVN VYl EMIUEPOUC KATNyOopPleC Tpodiuwv Kal TOTWV.
MPOKELEVOU VA KOTOOTEL EPIKTA N AUECN KOl YPryopn TMOCOTIKOTOINGON TNG TIOUAEYOVNG OTO
duaoLkd Mpoiov mou amoteAel Baocikn TG mNyn, To €Aato and ¢ALoKouvL, avamtuxbnke pia véa
puEBodog e tn xpnon Ing dpacpatookomniog uneplBpou pe petaoxnuatilopd Fourier (FT-IR) oe
ouvbuaoud HE TNV TAAWVOPOUNCN UEPLKWY glaxiotwyv teTpaywvwv (PLS). Ta delypata mou
xpnotornowfnkav yla tnv afloAdynon tng pebddou Arav, Katd Kuplo Aoyo, albépla €Aata mou
napaAndOnkav anod Enpn dpoyn dutikwy detypdtwy dtadopetikwv MAnBuouwy tng EAAGSAC pe
™ H€Bodo tng udpoamndotaéne oe ocuokeun Clevenger. JUpudwva PE TA AMOTEAEOUATA, N
TPOTEWVOEVN HEBOSOC Mou Baciotnke ota pacpatookormika dedopéva tng neploxng 1650-1260
cm!  amnobeixBnke wodUvaun, PACEL TWV OTOTIOTIKWV eANéyxwv F kol t, HE TNV
agploxpwpatoypadiky pEBodo avadopadg (GC-FID) yla eUPOG CUYKEVTPWOEWY TTIOUAEYOVNG OTTO
157 €w¢g 860 mg/mL.

H aAAlivn kat n pebiivn amoteAouv nmpodpopec evwaoelg mAnboug BloSpaoTikwy popiwv tou
okopbou. Na Tov TooOoTIKO TOUG POadLopLopd avarmtuxbnkav, o mpwtn ¢dadon, véeg uEbodol pe
™ XPnon uypng xpwpatoypadiog udpodwv alnAemdpdcswv (HILIC) ouleuypévng pe
avixveuty ouotolxiag dwrtodlédwv (PDA) 1 doaocpatopetpiag¢ poalwv - LOVIOUMOU ME
nAektpoPekaopo (ESI-MS). H peBodoloyla emipavelag anokpiong (RSM), HEow TOU KEVTIPLKOU

ouvBetou oxedlaouol (CCD), xpnowomolidnke yia tn BeAtiotonoinon twv cuvenkwv twv dVo
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HEBOSWY, HE TTAPAYOVTEG TNV T pH Kal tnv avadoyia (%) aketovitpiliou/vepol otnv KNty
¢aon. H avaluon oe OSeiypata okopdou OlapopeTIKAG TPOEAELUONG TIpayOTOTOL)ONKE
XPNoLomoLwvTac Ta avtiotolya pebavoAikad ekxuAiopata ou apaAndOnkav. Me ) xprion g
daopatookomniag FT-IR pe tnv texvikn tng dtaxutng avakhaong (DRIFTS) kat tng moAupeTaBANTAG
avaAuon¢ ¢aopUaTooKOTIKWY SeSOUEVWY avamtuxOnke pla evaAllaktikiy HéEBodog moootikou
TMPOCSLoPLOoU TNG alMAlivng kot TG Heblivng ota pebBavoAikd ekyuliopata amod dslypata
okopbou. lMNa tnv avamtuén TwvV OTOTIOTIKWYV MOVTEAWV TaAwvdpopnong pe tn uébodo PLS,
xpnowlornowtnkav w¢ TWEG avadopdg OL CUYKEVIPWOELS TIOU TPOoodloploTnkav HE uypn
Xpwuotoypadia.

ITn ouVEXeLa TNG SLaTpLBn g mpaypatomollOnke o EAeyX0G AUBEVTIKOTNTAG OTA OTIYLLOTO TOU
KpOkou (Crocus sativus L.), TOu GUVLOTOUV TO QKPLBOTEPO APTUMA OTNV TIAYKOOULO ayopd Kol
ETIOUEVWG £VAV OO TOUC ETILKPATECTEPOUC OTOXOUG yla voBeia. H mpwtn peAétn Baciotnke otn
XNUELOMETPLIK OVAAUCNH TOU QTOTUMIWUOTOC TwV HETAPBOAITWY TIOU KOTAYPAPNKE ME TN
dACUATOOKOTIAL TTUPNVIKOU HOYVNTIKOU ocuvtoviopol Tpwtoviou (*H NMR), pe okomd tnv
aviyveuon voBeiag Tou KPOKOU HE XAPAKTNPLOTIKA GUTLKA UALKA, OTIWE OL OTAOVEG Tou ¢utou C.
sativus, to métala kapBapou (Carthamus tinctorius L.), o koupkoupag (Curcuma longa L.) kat To
ekXUALopO Twv Kaprwv yopdéviag (Gardenia jasminoides Ellis). Na th AMdn twv dpaocpdtwyv *H
NMR xpnowuomolOnkav ekxuAlopata aUBOEVIIKWY Kol VOBEUHEVWY SELYUATWY KPOKOU OEF
SipueBuloooudoteidio (DMSO-ds). Ta povtéda emBAENOUEVNC TAELVOUNONG TTOU avamntuxdnkav
HEow SLaywploTkAG avaAuong pe opBoywvia mpoPoAr oe AavBavouoeg Sopuég (OPLS-DA, O2PLS-
DA) unodelkvUouv OTL umopel va yivel aflomiotn ektipnon t¢ umapéng kat tou eidouc vobeiag
Kat gAdxloto oto eninedo tou 20% (w/w), HEOW TNG KN OTOXEUOMEVNG Slepelivnong Tou
OUVOALKOU QIOTUTIWHATOG HETABOALTWY Ttou TipokUTTTEL pe H NMR. Me tn §eUtepn peAéTn, Omou
xpnotgornotBnkav n Gacuatookortikr) texvikry DRIFTS Kal XNUELOUETPLKEG TEXVLKEG TAELVOUNONG
KOl TTOOOTIKOTIOlNONG, ETTELYXONKE Lol OAOKANPWHEVN aVAAUTLKA TIPOCoEyylon tn¢ voBeiag Tou
KPOKOU HE PUTIKA UALKA. EKTOC Twv mpoavadepBevtwy VAKwY voBeiag eAéyxBnkav, emiong, Ta
nétala kaAévtouAag (Calendula officinalis L.) kat to ekxUAlopa amnd aven tou ¢putol Buddleja
officinalis Maxim. Xto MpwTo oTAdlo avantuxbnke €va povtéAo avixveuong vobBeiag pe ta €€l
ETUMEPOUG DUTIKA UALKA, KAvovtag xprion oAOKAnpou Tou GaCUATOOKOTILKOU QTOTUTIWHOTOC

(4000-600 cm™). lNa to vtePo povtéNo taftvopnong afomnoidnkav ta SeSopéva TN MEPLOXAS
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2000-600 cm™, O6mou evtomiotnkav OL ONUAVTLIKOTEPEC SLadopomooel AOyw TwvV
anoppodNOEWV XOPAKTNPLOTIKWY SEUTEPOYEVWY HETABOAITWY Twv UAKWV. H avayvwplon tou
UALkOU voBeiag ota voBeupéva Selypata uvAomolBnke pe peyaAn evailobnoia, o eAdxLoto
T0000TO 5% (w/w). Kat otig U0 mepUTTWOELG €yve ETUPBAETIOUEVN AVOYVWPLON TIPOTUTIWY LE
Sloxwplotiky availuon péow TaAlvdépounong Hepkwv ehaxiotwyv Tetpaywvwy (PLS-DA). MNa tov
TIOCOTLKO TIPOCSLOPLOUO TWV EMPEPOUC UALKWY ota voBeupéva delypata, Ta BEATIOTA HOVTEAQ
PLS mou mpogkuay, yia eVpog vobeiag 0-20% (w/w), Baciotnkav otnv emiloyr HeETaBANTWY amno
Ta GaopaTIKA SlaoThpata ou epudavicav LEyLotn ouvépyela (siPLS). H ouvoAikn emidoon twv
povtéAwv PLS/siPLS kaBwg katl ta opla avixveuong, ta omoia kupdvOnkav and 1.0 éwg 3.1%
(w/w), avadetkviouv to dlaitepo mpaktiko eviladEpov tng pebodoloyiag yla TNV VTLUETWITILON
TIEPUTTWOEWV VOBELOC pe UAKA GUTIKNG TTPOEAELONG.

ErtumtAéov, peAetrBnke n voBeia ToUu KpOKOU UE TIG CUVOETIKEG XpWOTIKEC Sudan I-1V, oL omoleg
elval alwxpwuaTa QTOYOPEVUEVA OTI( TIEPLOCOTEPEG XWPEG, CUMMEPAAUPAVOUEVNG TNG
Eupwnaikng Evwong, yla xprion o tpodipua Adyw mibavig KapKvoyEveonc. Na To OKomo auto
ebapuOOTNKE pla véa Tipoogyylon MeE T Xpron tg doaopotookomiag H NMR udnAig
SLXWPLOTIKAC  tkavotnTag. Onwe amodeixdnke, Sladopetikd ofuate mpwtoviwv (H)
OPWHATIKWY SaKTUAlwV pmopolv va AndBolv unoyn yla Tov eVIOMIOUO KABegpiog amd Tig
XPWOTLKEG Sudan I-IV og evdexopevn voBeia autol Tou TUTOU OTOV KPOKO, T OToia akoAoUBwg
propolV va Xpnotpomotnfolv yla ToV MOCOTIKO TPOGSLOPLOUO TwV XPWOoTWKWwY pe *H NMR
(QHNMR). AVTUTPOOWTEUTIKO TAPASELYUA QMOTEAECE N Toootikomoinon tou Sudan Il mou
npaypatonolnOnke oe diadopa enineda vobeiag (0.14-7.1 g/kg), e€etdlovrag tn GOOUATIKN
Tawia ou gpdaviletal o XUk petatomnion 8.064 ppm. H unAn ypapulkotnTa, akpipela kat
TaxUTNTA TwV avallocwv £8et€av we n néBodoc pe paocpatookoria *H NMR eivatl tkavr) yia tov
€Aeyxo ¢ voBelag TOU KPOKOU LE XPWOTLKEG OUGCLEG TNG OLKOYEVELaG Sudan.

Amo ta eupnuata tng dtatplpnc npogkuPe, TéEAog, OtL N pacpatookomia FT-IR pmopet va
QIOTEAECEL LA ONAVTLKE, 1N KATAOTPETIKY TEXVLKA yLa Tn Slepelivnon tnG BlodpaotikdtnTag
TEPTIEVOELO WV EVWOEWV O TIPOVUUDEG KOUVOUTILWYV Tou €idou¢ Culex pipiens L. ZUudwva e Ta
daopata FT-IR mou KataypAddnkav, CUYKEKPLUEVEG TALVIEG ATOPPOPNONC XOPOKTNPLOTLKAG
évtaong odeilovtal otnv UTAPEN XOPAKTNPLOTIKWY OUMAdwVY Tou umopouv va kabopilouv tn
SpaotikotnTa popiwv pe avaloyn Sopn. Emerta amd tov €Aeyxo TNG TOEKAG SpdAong
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TeEpmevoeldwyY, poaodloplotnkayv oL TIHEG TwV Bavaoluwy ouykevtpwoewv LCso kat LCo TOU
XpNolomondnkayv yla tTv avamntuén poviéAwv npoPAedng g ev Adyw SpaoTikOTNTAG UE Ta

daopatookorkd dedopéva FT-IR kat tn péBodo PLS.

Emiotnuovika nedia: 4 lewpylkég Emotrueg 1 Quokég Ermotrpeg
4.5 AN\eG MewpykECG EMIOTANEG 1.4 Xnuela

Négerg KAewdid: Apwpatikd kat Qappakeutikd Qutd, Crocus sativus, Allium sativum, Mentha
pulegium, ®uowa Mpoiovta, EAeyxo¢ Mowotntag, AuBevtikdétnta Tpodipwv, NobBela,
Blodpaotikoi Metafoliteg, Mupnvikdg Mayvntikdg Zuvtoviopog, Dacpatookonio Méoou
YniepuBpou, Qacpatopetpia Malwv, Aépla Xpwpatoypadia, Yypr Xpwuatoypadia Yépoplwy
ANnNAedpacewv, XnUELOUETPLA



Abstract

In this thesis, new methods were initially developed for the quantification of selected
biologically active secondary metabolites, such as pulegone, a monoterpene ketone occurring
primarily in the essential oil of the plant Mentha pulegium L. (pennyroyal), as well as the
organosulfur compounds alliin and methiin, which represent the major S-alk(en)yl-L-cysteine
sulfoxides identified in bulbs of Allium sativum L. (garlic).

More specifically, pulegone constitutes a controversial ingredient in foods, beverages, or
cosmetics mainly due to its relevance to human toxicity when present at high concentrations. As
a matter of fact, the European Commission has set maximum permitted levels for pulegone
content in different categories of foods and beverages. The direct and rapid quantification of
pulegone in its key source, pennyroyal essential oil, was achieved by means of Fourier transform
infrared (FT-IR) spectroscopy combined with partial least squares (PLS) regression. The samples
used for evaluating the calibration model developed were mainly essential oils obtained from
different Greek pennyroyal populations by hydrodistillation, using a Clevenger-type apparatus.
The pulegone content ranged from 157 to 860 mg/mL. The proposed method that utilizes
spectroscopic data from the region 1650-1260 cm™ showed equivalent results to those obtained
when using the standard gas chromatographic method (GC-FID), as demonstrated by the
statistical F and t tests.

Alliin and methiin act as precursors for a wide range of bioactive molecules in garlic. For the
determination of these compounds, new methods were developed at first using hydrophilic
interaction liquid chromatography (HILIC) coupled with photodiode array (PDA) or mass
spectrometry - electrospray ionization (ESI-MS) detection. Response surface methodology (RSM),
through central composite design (CCD), was employed to optimize the conditions of both
methods; the factors investigated were the pH value and the proportion (%) of acetonitrile/water
in the mobile phase. The analysis of garlic samples of diverse origin was performed using the
methanolic extracts obtained. Subsequently, a new method was developed using diffuse
reflectance infrared Fourier transform spectroscopy (DRIFTS) and multivariate analysis of

spectroscopic data, which appeared to be an alternative for the quantification of alliin and
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methiin in methanolic garlic extracts. The reference values used to develop PLS calibration models
were determined by using liquid chromatography.

The development of new methods for saffron authentication followed. Saffron, the dried red
stigmas of Crocus sativus L., comprises the most expensive spice in the global market and thereby
is among the major candidates for economically motivated adulteration. The first study was based
on metabolite fingerprinting by *H nuclear magnetic resonance (*H NMR) spectroscopy with a
view to detecting saffron adulteration with characteristic plant-derived materials, including C.
sativus stamens, Carthamus tinctorius L. petals (safflower), Curcuma longa L. powdered rhizomes
(turmeric), and Gardenia jasminoides Ellis fruit extract (gardenia). *H NMR spectra of pure and
adulterated saffron samples were acquired from the corresponding DMSO-ds extracts. The
supervised classification models built by using orthogonal projection to latent structures -
discriminant analysis (OPLS-DA) and its bidirectional modification (O2PLS-DA) indicate that
untargeted *H NMR metabolite fingerprinting and chemometrics enable the reliable detection
and identification of plant-derived adulterants at a minimum level of 20% (w/w). In the next
study, the use of DRIFTS in conjunction with multivariate classification and calibration techniques
resulted in an integrated analytical approach for assessing saffron adulteration with bulking
agents of plant origin. In addition to the aforementioned materials, Calendula officinalis L. petals
(calendula) and Buddleja officinalis Maxim. flower bud extract (buddleja) were also examined.
The first step was to develop a classification model capable of detecting saffron adulteration with
the six plant-derived materials, by making use of mid-infrared fingerprints (4000-600 cm). The
second classification model was developed using spectroscopic data from the region 2000-600
cm™, where most critical variations based on the absorptions of characteristic secondary
metabolites of adulterants occur. This model allowed adulterant identification with high
sensitivity down to levels of 5% (w/w). In both cases, the supervised pattern recognition method
used was partial least squares discriminant analysis (PLS-DA). For the quantification of each plant-
derived adulterant in adulterated samples, PLS models were built in the concentration range 0-
20% (w/w). The calibration models were optimized through variable selection by synergy interval
PLS (siPLS) method. The overall performance of the PLS/siPLS models as well as the detection

limits determined, which ranged from 1.0 to 3.1% (w/w), highlight the practical suitability of the

proposed methodology for tackling fraud issues with adulterants of plant origin.

Vi
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Furthermore, saffron adulteration with Sudan I-IV dyes was investigated. The use of these
synthetic azo-compounds in food production is banned in most countries, including the European
Union, due to their potential carcinogenicity. For this purpose, a new approach using high
resolution *H NMR spectroscopy is introduced. As shown in this study, different signals of
aromatic protons can be considered for the identification of each of the Sudan I-IV dyes in
adulterated saffron, which can then be utilized for quantitative 'H NMR (qHNMR). The
quantification of Sudan Ill, as a representative example of Sudan family, was performed in varying
levels of adulteration (0.14-7.1 g/kg) by taking into account the NMR signal occurring at 8.064
ppm. The high linearity, accuracy and rapidity of analyses indicate the capability of this *H NMR-
based method to assess adulteration of saffron with Sudan dyes.

The findings presented in the final chapter illustrate that FT-IR spectroscopy can be a
valuable, non-destructive technique for investigating the biological activity of various terpenoids
against mosquito larvae of Culex pipiens L. According to the FT-IR spectra recorded, specific
absorption bands of characteristic intensities are attributed to the presence of functional groups
that may determine the bioactivity of molecules with similar structure. After in vitro evaluation
of the toxic action of terpenoids, LCso and LCo values were used as reference in order to develop

PLS models for predicting the larvicidal activity.

“Novel approaches in Phytochemical Analysis: Development of methods for the
quantitative determination, authentication, and bioactivity assessment of secondary

metabolites using modern instrumental techniques and chemometrics”

Scientific fields: 4 Agricultural Sciences 1 Natural Sciences
4.5 Other Agricultural Sciences 1.4 Chemistry

Keywords: Medicinal and Aromatic Plants; Crocus sativus; Allium sativum; Mentha pulegium;
Natural Products; Quality Control; Food Authenticity; Adulteration; Bioactive Metabolites;
Nuclear Magnetic Resonance; Mid-infrared Spectroscopy; Mass Spectrometry; Gas

Chromatography; Hydrophilic Interaction Liquid Chromatography; Chemometrics
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Kepalaio 1

1. Tevikn Ewcaywyn

1.1. Ta apwpatikd Kot GopuaKeUTIKA PUTA WG Itnyr) SEUTEPOYEVWVY HETAPBOALTWV

H xpron Twv OpWHOTIKWYV Kol POPUAKEUTIKWY PUTWV £lval €UPEWC yvwOoTH oo TNV
apxaloTnTa, TG00 yla TG BEPAMEVUTIKEG 000 KOL YLa T OPTUHATLKEG Toug LoLoTNTeG. O Opog
"opwHaTIKA” amodidetal og pUTA e EUXAPLOTN OOUR, N omoio odeIAETAL OTA MTNTIKA CUCTATIKA
TwV aBepilwv eAaiwv KoL oL XpROELG AUTWV CUVEEOVTAL UE TNV TTAPACKEUH OPWHATWY KOl GAAWV
gvoouwV Tpoidvtwy. Eva 18laitepo HopdoAOYLKO YWWPLoOUA TwV ApWUATIKWY GUTWV Elval n
Tiapouoia adevwowV Kal pn TPLXWHATWY € OAd TA UTIEPYELX TN LOTA TOUC, TA OTola EKKpivouv
alBépla EAata. IApepa, n XpHon tTwv albepiwv AWV TWV OPWHATIKWY Kol GAPUAKEUTIKWY
dutwv eival eupéwg dladedopévn. To albBéplo €lato amoteAel éva MOAUTTAOKO HiyHO TTTNTIKWY
OUCLWV TIOU TTIAPAYETOL OO Ta poavadpepBEvTa putd. Kabe alBéplo €Aalo £XEL XAPAKTNPLOTLKN
oopun Kol EeEXWPLOTEC OLOTNTEC TIoU oOdelAovial Ot EMIUEPOUC OUOTATIKA TOU Kal TN
OUYKEVTPWON TouG. O 0pog dappakeuTika amodibetal oe GuTA TOU TOPAYOUV BLOAOYIKWG
OpaOTIKEG EVWOELG HE BepameuTikn Spdaon yla Tov avBpwro.

H xpnodétnta Twv apWHUATIKWY Kol GOPUAKEUTIKWY GUTWV CUVOEETOL E TTOPASOCLOKES
XPNOELG KoL €BVOPapUaKOAOYIKEG avadopEC XIAMASWY ETWV, WG XPWOTIKEC OUCLEC, TIOAUEPN,
€lata, dAapuaKka, MOPAYOVIEG PWHATOC KoL YyeUonG. Ot LBLotnteg Toug anodidovtal oe XNULKEG
oualieg, TIC omoiec mapayouv ta Sla Kat ival eUpEw SLadeSOUEVEG e TOV OPO SEUTEPOYEVEIC

petaPoAitec.

1.1.1. Kpokog, Crocus sativus L. (Iridaceae)

O kpOKog (Crocus sativus L.) KaAALEpyeiTal KAl XpnOLUOTOLELTAL WG KapUKeupa edw Kat 3500
Xpovia, TouAdxlotov, Toco otn Méaon AvatoAn 600 kal otnv Alyurnto. AmoteAel éva amo ta Aéov
onoudaia apWUATIKA Kol GapUAKEUTIKA Putd TG EAANVIKNC xAwpidag. To $utd Tou KpOKOoU
OVNKEL OTNV OLKOYEVELD TwV IpLdwdwv. Npokettal mept mToAueToug oag nou ¢pBavetl ta 10 €wg 25
cm UYog Kal avamtuooetol and toug BoABoug (kopuidia) tou. O BoABoGg, umo-woeldoug

OXNUATOG, Elval UKPOC Kal Xovdpog, eEAadpwc MEMAATUCUEVOC 0T BACN TOU KoL HOLALEL PE TO
1
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BoABS Tou kpeppudLoU. H dopn eival padkn kot KaAUTTeTal and moAAoOUG OUOKEVTPOUC XITWVEG.
AmoteAel UTIOYELO OPYOVO TIOU GUYKEVTPWVEL TLG OIMAPAITNTEG OUGLEG TTOU €lval amapaltnTES yla
Vv avBodopia kat tn PAactnon. Ot moAudplBueg pileg Tou eival AemTEC, AsUKOU XPWHATOG Kall
napouotalouvv Siadopa pnkn (5-10 cm). Ta amofnpapéva KOKKIVA OTlypoTa Tou AavBoug
QImOTEAOUV TO PEPOC TOU PUTOU TOU XPNOLUOMOLETAL W APTUMO. XTNV TAYKOOULA ayopd
avayvwpilovtal he TNV eUnopLkn ovopacia “saffron”, evw aAl\eg ovopaoieg eivat to safran kat n
ladopa.

‘Ooov adopd ota KUPLO CUCTATLKA TWV OTLYLATWY TOU KPOKOU, OL KPOKIVEG, N oadpavain kot
N TUKPOKpOKivn glvat uteUBULVA YLO TO XPWQ, TO APWHA KAl TN YeUon. OL KpOKIVEG, oL YAUKOTITEC
TNC KPOKETIVNG, lval USATOSLAAUTEC KaL N TIEPLEKTIKOTNTA TOUG Kupaivetal petalv 0.5 kat 32.4%
(w/w) [1]. AmoteAoUV TI( ONUAVTIKOTEPEG XPWOTIKEG OUCLEC TWV OTLYUATWY TOUu KPOkou. H
TUKPOKpokKivn, yAukolitng tng ocadpavaing, kupaivetot amd 0.8 £wg 26.6% (w/w) [1]. H
TUKPOKPOKIVN €XEL EVTOTLOTEL HOVO oTo £i60¢ C. sativus, ylo To AOyo autod anoteAel S€iktn Tou gv
AOyw aptupatoc, mpoodidovtag €Tl pLo Lovadikr yeuon mou Sev umopel va punBel amo aAla
aptupata. H cadpavaAn amoteAel To KUPLO TITNTIKO CUCTATLKO Tou albepiou eAaiou Kat lvat pia
povotepreviky aAdelidn, mou mpogpxetal amo TV USPOAUCN TNG TILKPOKPOKIVNG, KATA TN
Swadkaoia Enpavong Twy otypdatwy [1].

Ta otiypoata tou kpokou eival mBavov To APTUHA TIOU EXEL UTTOOTEL TIG TEPLOCOTEPEG VOBELEC
otnv Lotopia, Adyw tng uPnAng tou atlag. To mpoidv Ba mpémel va sival amoAAayUEVO amo
omoladnmnote voBeia, Atol mpooBnkn dutikwv VAWV, eAaiwv 1 peAdoag, mou auvédavouv to Bapog,
N OKOUN XPWOTIKWV Tou BeAtiwvouv tnv oYn tou. H voBeia tou kpOKOU yivetal cuxva e
otlypata i otApoveg anod avon aAAwv ¢dutwv, aAAd KUplwg PE OTAUOVEG TOU 8lou Tou ¢utou
Bappévoug pe ekxUALOPa amod Ta KOKKva otiypata [2]. Qotoco, n vobeia tou Kpokou TauTileTal
XPOVIKA LE TNV TTOpaywyn Kal tn xprion tou, He tov MAilvio tov NpeoPutepo va avadépel KLOAAG
ano tov 1° p.X. awwva oto €pyo tou Naturalis Historia 6tL “timota 8¢ voBeletal T600 660 TO

saffron” [2].
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1.1.2. iIkopdo, Allium sativum L. (Liliaceae)

To okopbo (Allium sativum L.) amoteAel éva amd Ta MPWTO OTNV Lotopia ¢putd mou
Xpnotornotdnkav ektog anod dLatpodko kat pe BepameuTikd okomod, Téoo otnv EAAAdSa 600 Kat
oe AAAeg xwpeC. Epdavilel amodedelypévn dpaon otn PeAtiotonoinon Tou KapSloyyeLaKOU
ouoTNUaTog, 8pdon KAtd TwV AOUWEEWV KOl TOU KOPKIVOU, Kal XPNOLUOTOLE(TOL WG
avTLoEElOWTIKO, avtipAeypuovwdeg, avidlaBntikd kalt oppovopuBulotikd [3,4]. Adyw Ttng
ETMPAAAOUEVNCG KOTAPYNONG EVOG UEYAAOU OpPLOUOU CUVOETIKWY EVTOUOKTOVWV Ta TeAguTOl
Xpovla, £(te yLa AOyou¢ To€lkoTnTaG £ite yla Adyouc avamntuéng avBektikotntag, dtatiBevral oto
EUMOPLO, O XWPEG OTwe N M. Bpetavia kat ot H.M.A., oKEUACUATA TTOU TIEPLEXOUV EKXUALOH AT
1 ouoTaTtikd Tou aBepiou ehaiou Tou okopdou. Ta mpoidvta autd, mMoAAEC dopEG o cuvOUATUO
HE ouoTaTka alBepiwv ehaiwv and ala dputd, mapouctdlouv LoXupr EVTOUOKTOVO Spdaon Kal
oUYXPOVWG elval ¢AkOTEpa TpoG To TEPBAarAov, epdavilovtag xapnAn toflkotnta ota
BnAaotikd katl uPnAn toxvtnta lodtdonaonc.

To oOKOPSO XPNOLUOTOLEITAL EUPEWC OTN HOYELPLKN YLO TO APpWHA KAl T yeUOn Tou
npocbdidel. Emiong, To okopdo kaAAlepyeital yia TI¢ GAPHAKEUTIKEG TOU LOLOTNTEC, Uil XPron N
orola aUEAVETAL PE TO TEPACHA TWV XPOVWV. Q¢ €K TOUTOU, OTO EUMOPLO SLATIBETAL pLa LEYAAN

TIOWKIALQL aTtO cUPTANPWHATA SLATPODNG KoL POPUAKEUTIKA OKEUACHOTO.
OL HopdEC e TIG oToleg KaTtavaAwveTtal A StatiBetal epmopika ival ot €€AG:

o JkeAibeg okopbou

o  Opéoka vdaTKA KAl AAKOOALKA EKXUAlopOTO

o  (DpEoKOG XUMOG

e AAKOOALKA ekyUAlopata okOpdou, Kuplwg HE TNV TeEXVIKA NG Bpadeiag wpipavong
(mepimou 20 pnveg, Kyolic ) Aged garlic)

e Avodllomolnpéveg okoveg (adudatwpévo poiov oe xapunArn Bepuokpacia)

e Amootaypéva élata (okopdélalo)
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1.1.3. ®Awkouvy, Mentha pulegium L. (Lamiaceae)

To dAlokouvt (Mentha pulegium L.) eival ¢putod moAueTég, ou dpBavel og LPog péxpt 20 cm.
O BAaoTog TOU €lval 6pBLO¢ 1) TTAAYLAOTOC, TETPAESPIKOC, Alyo TpLXWTOC 1 oXeSOV Aslog, apkeTd
SLaKAQSLIOUEVOG, TIPACWVWITOG 1 OXETIKA HwPB. Ta GUAAA Tou €lval UKPA, OBAA 1) TIPOMNKN
(eAAeumTika), 6-20 mm o€ punkog Kat 0.5-10 mm og MAATOC, UE UIKPO pioxo. Kat ot 0o emidaveleg
Twv UMV elval gudlakpta xvoudwtég. Ta avOn amavtouv oe MOAUAPLOUEG TaglavOieg,
apxilovtag ano tn LéEon KoL Avw Tou pioxou. Bpiokovtal o paoyaAlaioug ommovoUAoug Kat €xouv
Xpwpa podivo n wdeg. Ooov adopd oTLC LBLOTNTEG Tou, TO GALOKOUVL CUVLOTA GUTO APWUATLKO,
bapUAKEUTIKO Kal peAlccotpodiko [5]. H ovopaocia pulegium avadépetal otnv SLOTNTA TOU
¢duTtou va anwbel toug YPUAAoug mou ota Aatwvika ovopalovtal pulex. To GALOKOUVL UIOpEL va
QMAVIA o€ OAn TN VOTIOSUTIKA Kot KEVIPIK Eupwnn, evw oe adBovia pmopel va eviomiotel
KUplwg og xwpes NG IBNpkAG Xepoovroou kot TG Bopelag Adplkng mou Ppéxovtal amod Tn
Meaoodyelo, omwe n Ahyepia, To Mapoko kat n Tuvnoia. To aBéplo €Aato amd 1o GALoKOUVL
TIAPAYETAL, KATA KUplo Adyo, amd ¢utd autopuwv MANBUCUWV TOU ouyKopilovtal otav
Bpiokovtatl og AP avbnon. OL xwpeg OTIOU MOPAYETAL TO alBEpLo €Aalo ival Kupiwg n lomavia
Kol To MapOKo, OTIoU N ETACLO TTAPAYWYH EKTIHATAL 0TOUG 3 TOVOUC Kal and 7 €wg 16 tovoug,

avtiotola.
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Ztoxot tng AratpBig

To auvénuévo evdladépov yla TNV avamtuén aflOMoTwyY Kal ypryopwv UeBOdwyv, PE TIg
omoleg va pmopouv eVvkoAa va mpoodlopilovtal ol Bloevepyol deutepoyevei petaBoAiteg oTIg
KUPLEG DUTLKEG TNYEG TIPOEAEUONG, AMOTEAEDE TN PBAON yla TOV TPWTO OTOXO TNG MAPOUCAC

SlatpBnc. 2to mAaiolo autd embiwén Arav:

e va avantuxBel pébodog mpooSloplooU TOU OVOTEPTIEVIOU TTOUAEYOVN OTO alBéplo €Aato
dAlokouviol (Mentha pulegium L.) pe xprion tng doopatookomiog umepUBpou ue
petaoxnuatiopd Fourier (FT-IR) oe ocuvduaouo pe tn péEB0do MAAWVSPOUNONG UEPLKWV
elayiotwv teTpaywvwy (PLS)

e va avamtuxboluv péBodol mpoodloplopol Twv opyavoBelolXwWV eVwoewv OAALVN Kal
pediivn oto okopbdo (Allium sativum L.) pe tn xprion vypng xpwuatoypadiag kat FT-IR. Itnv
MPWTN TEPIMTWON EMAEXONKE N TEXVIKA UYPAG Xpwuatoypadiag uvdpodwv
oAnAerubpdocewv (HILIC) pe aviyveut ocuotolyiog ¢wtodlodwv (PDA) kol avixveutn
daopatopetpiag palwv - oviopoL pe nAektpodekaopo (ESI-MS). Na tn Sevtepn nepinmtwon
xpnotwdorotBnke n texvikn dtaxutng avakAaong (DRIFTS) oe ocuvduaouo pe tn péEBodo
naAwvdpounong PLS.

2TN OUVEXELQ, N LEAETN ETUKEVTPWONKE OTOV EAEYXO QUBEVTIKOTNTAC TWV GUCIKWYV TTPOIOVTWY
Kol ouvadwv Tpodipwy, Eva medio ou £xel amokTroet Wlaitepn onuoaoia Ta TeAsutaia xpovia.
MPOKELUEVOU VA YIVETAL EKTLUNON TNG AUBEVTIKOTNTOG TOU TTOAUTLLOU QPTULOTOC TWV OTLYUATWVY
Kpokou (Crocus sativus L.) ue ypriyopeC GACUATOOKOTILKES TEXVLKEG, LKAVEC yla UPNARG anddoong

avaAUOELC, OTOUG 0TOXO0UG TNG StatplPig NTav:

e va avamtuxBouv pEbBodol aviyveuon¢ tng voBeiag pe UAKA GUTIKAG TPOEAEUONG,
XPNOLLOTOLWVTAC TN PACKATOOKOTILO TIUPNVIKOU UAYVNTIKOU GUVTOVIOHOU Tipwtoviou (1H
NMR), tn ¢aopatookomnia FT-IR pe tnv teXvVIKR daxutng avakAaong (DRIFTS), kaBwc kat
XNUELOUETPLKES TEXVLKEG

e va avarntuyBei ueéBodog ektipnong tng vobeiag e TIG cUVOETIKES XpWOTIKEG Sudan I-IV péow

n¢ paopatookorniog *H NMR.



Jtoxot tn¢ AtatptBric

T€AOG, YE yVWHOVA TO ONUAVTIKO POAO TIOU UTTOPEL VO EMUTEAECEL yLAL TNV AVATITUEN VEWV
TPOIOVIWV N TIOOOTIKA) CUCYXETION TNG BloAoylkng 6pdong tTwv SeUTEPOYEVWVY HETABOALTWV

dUTIKAG IPpoEAEUONG UE TN SOUN TOUC, OKOTIOC RTaV:

e va avamtuxBbel péBodog ektipnong tng PLodpacTKOTNTAC TEPTEVOELOWY EVWOEWV OE

npovUudeC KouvouTilwv tou eidoug Culex pipiens L., xpnoluomolwvtag tn ¢aouatooKomia

FT-IR o€ cuvbuaouo pe moAvpetaBAntr Babuovounaon.
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2. Moocotikdg MPoodloplopdg MoVAeyovng oto alféplo €Aato anod GALokoUVL e

xpnon t¢ daopatookorniog FT-IR

2.1. Ewaywyn

To aB€plo €Aato mou eivat eupUTEPA YVWOTO WG "éAato GALOKOUVIOU" GUVLOTA TTNTLKO EAALO
TIou mopaAapBavetal HEow andotaéng He LOPATUOUG 1 HEow udpoamdotaéng Kuplwe amnod tTa
dUMa kal Ta avln twv sdwv Mentha pulegium L. (Eupwnaikd ¢Alokouvl) kal Hedeoma
pulegioides (L.) Pers. (Apepwaviko ¢Alokouvt) [1]. To ¢dAlokoUVL xpnolpomoLeital amo tnv
opXaLOTNTA WG APTUHA KABWG KoL ylo TNV MOPACKEUN aPeEPAUATOC, YVWOTOU OF OAPKETEC
TEPLOXEC TNG lomaviog wg «téx» [2,3]. Ztnv Apxaia EAAGSQ, HAALOTA, NTAV YVWOTO HE TO OVOUd
"BANXwV" Kal amoteAoUoe KUPLO OUOTATIKO Tou "Kukewva', ndumotou Ttwv EAsuciviwv
Muotnpiwv [4]. To aBéplo élato €xel mapadoolakd xpnolhomolnbel wg BepameuTikd yla
Alyyoug 1 w¢ Katampalvtikd Kol avtlomaopwdiko [5], evw clUpdpwva pe tnv mapadooilakn
LaTPLKNA €XEL, EMioNG, xopnynOel yla apuPAWGCELG KOl TTPOKANGN EUpNvVoppolag [2,6]. Map’ 6Aa auta,
SevV UTTAPXOUV HEXPL OHUEPQ EYKEKPLUEVEG DAPUAKEUTLKEG XPNOELG TOU gAaiou pAlokouviol amo
enionuoug dopeig [1]. Npdodateg peAéteg €xouv deitel, petall aAAwv, OTL To alBéplo €Aalo amno
dALoKOUVL TOPOUCLATEL onUAVTLKA avTipkpoBlakn [7-9], avtioeldwtikn [9,10] Kol EVIOUOKTOVO
[11] 6pdon, evw beixvel va epdavilel Spaon Katd tng akeTuAo-xoAlveotepaonc [10].

AOYW TNG EVTOVO OPWHATLIKNAG, SPLUELG LUPWELAG TTOU TTPOCOUOLATEL OTO APWHA TNG LEVTAC,
To alB€plo €Aato pALokouvIoU ATIOTEAEL, OUXVA, CUCTATIKO VL0 OPWHATIKEC UAEC KaBwg emiong
KOL CUOTATIKO AAKOOAOUXWV TTOTWV, {oXapwdwV MAPAoKEVACUATWY Kal KAAAUVTIKWY [1,2]. Onwg
€xel avagepBet [5], n SpuvTnTa TOU aApwpOToC Tou PAlokouvioUu amodidetal, Kupiwg, otnv
napouvocia ¢ (R)-(+)-mouAeydvng. H évwon auty (Ewkéva 2.1) avadépetal mo ouxvd wg
TIOUAEYOVN KOl ATOTEAEL LOVOTEPTIEVLKH KETOVN TIOU PPILOKETAL OTOUG PUTIKOUC LOTOUC QPKETWV
bWV apwpaTIKWY GUTWY, evw ouvhRBwe amoteAel KUPLO cuoTATIKO Tou alBepiou elaiou amo
dAlokouvL [2,12]. Mo cuyKekpLUEva, Ta aBEpLo €EAao amod GALOKOUVL EUPAVIIEL TTEPLEKTIKOTNTA
(%) oe mouAeyovn mou e€aptatal and To XNUELOTUTIO ToU GUTOU Kot Kupaivetal amo ixvn (<0.1%)
€wg Kat 90.7% [2,13]. MNa ta €Aata tou pogpxovial and GALOKOUVL PE XNELOTUTIO TTOUAEYOVNG,

ExeL avadepbel mwg n ouvnONG meplekTikOTNTA Elvat 60-90% [1,2].
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Ewova 2.1. Aopr| tng (R)-(+)-mtouAeyovng.

H mouleyovn, Omwg Kal AN XOPAKTNPLOTIKA HLOVOTEPTIEVLA TOU YEvoug Mentha, oxnuatiletal
amno ta Cs popla didwaodoptkd toomnevievuAilo (IPP) kat Sipwodopiko SipeBuloaruAo (DMAPP)
(Ewova 2.2). Onwg Steukplviletal o oxeTka poodatn £peuva, oL MPOSPOUES AUTEC EVWOELG
BloouvtiBevtal Kuplwg ota MAAOTIS L TWV PUTIKWY KUTTAPWYV OO TO TUPOCTAdUALKO 0V KOl TNV
3-pwodopikr YAukepaAbelidn péow ¢ 060U NS dwodopikng peburoepuBpitoAng (MEP), kat
OXL HEOW TNG 0600 Tou peBalovikol of€og (MVA) mou akoAouBeital oTo KUTTOPOMAQCHA TWV

KuTtapwv [14].

PN

OPP
PP 1 N-"opP o 3 4 5
+ —_— —_— — v — —
)\/\ oH ° ©
N"opp

DMAPP .
S1pWaPopIKS (-)-Aigovévio (-)-trans- (-)-looTmTTEPITEVOVN (+)-cis-l00TTOUAEYOVN

yepavuAio I00TTITTEPITEVOAN
/

(+)-TTouAeyodvn

Ewkova 2.2. Nopela BloolvBeong Tng MouAeyovng oto GALokoUvL Kal oe aAla (6N tou yévoug Mentha,
oUpdwva pe toucg Turner & Croteau [14]. O empépoug evIUHATLKEC avTIOpAoEeLg KaTtaAvovtal amo: (1) tn
ouvBetdon tou Sidpwodopikou yepavuliou (GPPS), (2) tn ouvbBetdon tou (-)-Awwovéviou, (3) tnv
udpofuhdon tou (-)-Alpovéviou (L30H), (4) tnv adubpoyovdcon tng LoomunepltevoAng ((-)-trans-1PD), (5)
NV avaywyaon tng (-)-loomunepttevovng, kat (6) Tnv Loopepaon tng (+)-cis-LoomouAeyovng.
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H mouAeyovn amoteAel veupotoivn oe €viopa, OMwe €XeL amodelXOel amd OXETIKA UEAETN
[15]. 2 moAudpLBueg avadopég €xel umootnpLxBel OTL N MOUAEYOVN TTAPOUGCLATEL NTTOTOTOELK
S6pdon otov avBpwro, pe ta TofikoAoyka dedopéva va oxetilovtal Katd kUpLo Aoyo pe to (R)-
(+)-evavtiopepég tng [16-18]. To (S)-(-)-evavtiopepég amavtd omavia w¢ PuOLKO CUOTATLKO
aBepiwv glaiwv [19]. H nnatotolikr) Spdon tng mouleyovng €xel mapatnpnBel votepa amo
KatavaAwon tou albepiou glaiou GALOKOUVIOU yla TPOKANON EKTpwoNG N yla Bepaneia Twv
KwALKwV o€ atdLa [1]. Onwg €xouv Seil€el OXETIKEG EPEUVEC UE in vitro Kal in vivo melpapata [19-
22], n tofkotnta €yKeltal, Kupiwg, otn dpdon tou KUpLou PeTaPoAlTn TNG TMOUAEyOVNG, TO
pevBodoupavio (Ewkova 2.3), to omoio Sladoxikd Bloevepyomoleital amd ta €viupa Tou
KUTOXpwHOTOC P450 0TO AMAP KAl TTPOKUTITEL L0l SPAOTLKN Y-KETOEVAAN, LKAV VO AVTLOPACEL UE

TIPWTEIVEC KaL TN YAoUTaBELOVN.

(e} OHo 0}
C ) HO 27\
/ P450 - P e
TTOUAEYOVN 9-udpofutrouAeydvn HevBogoupdvio

Ewkova 2.3. Metatpornr] Tng mouAeyovng os pevBodoupavio [20].

Mpoéodata, paiiota, n mMOuAeyovn evtaxbnke amo to Alebvry Opyaviopd Epsuvwyv yla tov
Kapkivo (IARC) otnv katnyopia twv mbavwe Kapkvoyovwy oucLwy yLa tov avBpwro (opdda 2B)
[23]. Na toucg mopamavw AOyoucg €xouv KOOOPLOTEL HEYLOTA ETUTPETTA OPLOL CUYKEVIPWONG
TIOUAEYOVNG O TOLKIAEG KaTtnyopleg mpoldvtwyv. Ta opla autd, cuUdpwva pe tnv Eupwnaikn
Ertitpontr [17], ivat: 20 mg/kg yia tpodpa kat pn aAkooAhovya rtotd, 100 mg/kg yia aAkooAoUya
TIOTA TIOU TEPLEXOUV €ldn pévtag kot 250 mg/kg yia laxopwdn mpoiovta pévtag. MNa tv
TEPIMTWON HKpOoTpolovTwy {axapwdwv dpooepr g avamvorc, OMwCE T.X. LOOWHEVEG TOXAEG, TO
HEYLOTO OpLo gival 350 mg/kg Kol o€ OPLOUEVEG TIEPUTTWOELG Urtopel va dBdoeL ta 2000 mg/kg. H

TIOUAEYOVN, emtiong, 6& Ba mpémel va mpootiBetal avutovuoia o€ tpodua [16,17]. To CUVIOTWUEVO
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OPLO TIEPLEKTIKOTNTAG OE TTOUAEYOVN YLO Ta KAAAUVTIKA OKeLAopata ival <1% [1]. Avadoplkd pe
Ta GAPUOKEUTIKA TIPOlOvVTa GUTLKIG TIPOEAELONG, TO TIPOTELVOUEVO OPLO NUEPHOLAG TIPOCANYNG
TIOUAEyOVNG Tou cuviotatal gival 0.75 mg/kg cwpatikol Bapoug [24]. Afilel va onuelwBel oty
otnv mepimtwon twv HMA, n TOUAeyovn O CUYKATOAEYETAL OTIG EVKEKPLUEVEG Yyl XpPNon
OUVOETIKEC APWUATIKEC OUOLeC amod to 2012 [23].

MéExpL onHEPQ, N TIEPLEKTIKOTNTA aLBepiwv eAaiwv PpALoKkoUVIOU, KABWG EMIONG KoL OXETIKWV
TpoidvVTwyY, o€ TOUAeyovn mpoodlopiletal katd KUplo Adyo pe peBOdoug yxpwpatoypadiog
[12,25,26]. H aépia xpwpatoypadia (GC) éxel kablepwbBel wg n KUpLA TEXVIKA yla TOV
TPOCSLOPLOUO TWV TITNTIKWY EVWOEWYV TIOU CUVLOTOUV Ta alBépla éAata [27], kot dedopévou OTL
uropet va eival xpovoPopa, MOAEG Mpoomabeleg €xouv yivel Mpoodata yla TNV aVAmTUén
EVOANOKTIKWY QVOAUTIKWV EMAOYWVY. 2TO TAQIOLO QUTO, GOOCHOTOOKOTIKEG TEXVIKEG OTWG N
daopatookornia péocou unepuBpou (MIR) N n ¢aocpatookomia eyyug unepuBpou (NIR), oe
ouUVOUOOUO PE TN XPNon KATAAANAWY XNUELOMETPLKWY TEXVIKWY, €xouv Seifel OTL umopolv va
EUPaVI{OUV ONUAVTLKA TTAEOVEKTALLOTA WG TIPOC TNV Taxela afloAdynon Twv alBepiwv eAaiwv Kat
AAwV dUCIKWV TIPOTOVTWY GUTLKAC TpoEAeLoNC [28-34]. ATtO oxeTIKA £peuva GAVNKE OTL Umopet
va YIVEL EAEYXOC OE TTAPAUETPOUC TTOLOTNTOG KoL XNHELOTAELVOUNON €W8WV TOU Yévoug Mentha e
™ Xpnon daocupatookormikwv dedopévwyv NIR Kal XnUELOUETPIKWY pEBOSwvY [32]. Qotdoo, ol
kopudég otnv meploxr) NIR elval cuvABw¢ MAATIEG KoL HLKPNG éviaong, Kabwg amoteAouv
UTIEPTOVEG N TALWVIEG OUVOUAOUOU TWwV XOPOKTNPLOTIKWY opadwv tou OSeiypatog [33]. H
daopatookoria umepUBpou pe petaoxnuoatiopd Fourier (FT-IR), o€ ouvduaouo e
oAU EeTABANT TAglvOpNon, EPAPUOOTNKE EMITUXWG OE TPOOGATN UEAETN Yyl TN YEwypPAdIKN
Slapopormoinon Selypdtwyv amd eAAnVIKO ¢GALoKOUVL, PeE BAcn TO AMOTUNMTWHO TWV KUPLWV
TITNTIKWV CUCTATIKWV [34].

H mapouoa UeAETN elXe WG OTOXO TNV AVATTUEN ULla ARECNG KoL Taxelag peboddou yla tov
TIOOOTIKO TIPOCOLOPLOUO TNG EVWONG TOU €lval ouvnBwG XaPAKTNPLOTIKN yla To alBgplo €Aaio
dAlokouvioy, NG moulAeyovnes. H péBodog autrhy Paciotnke otn xprion tng dacpaTooKoTiag
UTtEPUBpPOU Ue petaoxnuatiopd Fourier (FT-IR) kat tng xnuelopetpiag. Na tnv aflomotia tng
uebodou, ta amoteAféopatra ouykpiOnkav He ekelva Tou mpoékuav amd TN Xpnon

agploxpwpatoypadiag pe avixveutn oviopol ¢Aoyag (GC-FID) wg pebddou avadopdg.
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2.2. TMEPOPATIKO HEPOG

2.2.1. ®Qutiko UAKO Ko mpATtuTeg ouoieg avadopdg

MNa tnv napalafn twv abepiwv eAaiwv xpnolpomondnkav Ta UMEpyELla TUAUATA GUTWV
dAlokouvioL amo €L SladopeTikoUG MAnBuopoUg, mou Bplokovtav og ARpn avBodopia Katd To
XPOVO cUAAOYNG. OLTTEPLOXEC Ao Omou cUAAEXBNKav ta deiypata Atav: (1) Zauog (P1), (2) Apyog
(P2), (3) EUBoLa (P3), (4) ZapoBpadkn (P4), (5) Kahapdata (P5) kal (6) Kprtn (HpakAewo) (P6). H
ouA\oyn OAwv Twv Selypdatwy amod GpALoKoUVL ipayuatonolionke ta €tn 2007-2008, katd tn
SLapKeLa TwV BePLVWV UNVWY, Kal n TipopnBeld Toug €yLVe amo KOTOOTAUATA ALAVIKNC TIWANONG
(r.X. koTooTHUATO UYLEWAG SLaTpodnG Kal KATOOTAUATO UIaxXapLlkwy). Xpnaolonowtnkav ot
NPOTUTIEG ouoieC (R)-(+)-TtouAeydvn, a-mivévio, B-mivévio kat (-)-pvBoAn tng etapeiag Aldrich
(Steinheim, Germany), kaBwg emiong n (+)-uvBovn tng etatpeiag Fluka (Steinheim, Germany). Ot
ouoleg €UKAAUTITOAN KoL ALMOVEVIO ATav TG etalpeiag Sigma (St. Louis, MO, USA), evw n
TPOUNOELA TNG TITEPLTOVNG KAl TNG LOOULVOOVNC €ylve amo Tnv etalpeia Extrasynthese (Genay,
France). O BaBuog kabapotntag OAWV TwV TPOTUTIWVY OUGCLWVY TIOU XPNOLUOTIOLRONKaV ATaV Avw

ToUu 98%.

2.2.2. Anopdvwon twv alBepiwv eAaiwv

Ao tnv Enpn 6poyn kabe mAnbuopou pAlokouviou (P1-P6) AdpOnKe £va avIUTPOCWTTEVUTIKO
belyua, to omoio AsotpfrBnke pe xprion opoyevorointr (blender). Ztn cuvéxela uylotnke
noootnta 200 g Kal TomoBeTHBNKe EVTOC ECUUPLOUEVNC odalplkn GLAAnG 5 L, 0mou akoAouBnoe
TMPooONKN ATIOVIOUEVOU VEPOU TOUAAXLOTOV HEXPL KOAUYEwWC tou Oeilypatog. Metd amo
ETILOTAEVN AVASEUON TOU TIEPLEXOUEVOU, N odatplkn GLAAn petadépdnke o Beppopavdia Kot
npooapuéotnke n Babuovounuévn cuokeun tumou Clevenger [35], otnv onoia Stadoxikd ywve
nmpooapuoyr tou Yuktipa OSutAwv Tolwpatwv Ttumou Davies. H kAaowkn &wadikaoia
vdpoamnootalng (HD) pe xprion tng cuokeunc Clevenger (Ewova 2.4) eixe diapketa 4 wpeg [36]

yla KaBe empépoug delyua.
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Ta aBépla €lata ou mapaAndOnkav amnd ta Gutikd vAtkd P1-P6 ovoudotnkay, avtiotowya,
PO1-PO6. AkolouBnoe &npavon pe avudpo Beukd payvrowo (MgS0a4) kal émetta SnBnon pe
xprnon ¢iAtpou molutetpadBopoatbuleviou (PTFE), mopwdoug 0.45 um kot Stapétpou 25 mm
(Agilent). Ta éAata amoBnkevBnkav otoug -22 °C péxpL va avaAuBoulv, EVTOG AMOOTELPWUEVWV

dLaAbiwy pe mwpa kot KaAuvdn pe pAp apadivng (parafilm).

ABéplo €Aato
arnd pAlokoUVL

)
.

Ewkova 2.4. Yuokeuny tumou Clevenger yiwa tnv mapalaPfn aBepiou elaiou amd ¢AloKoUVL e
vdpoamnootaén (HD).

2.2.3. AvdlAuon twv aBspiwv eAaiwv

OAa ta anopovwpéva atbépila élata pAtokouviol (PO1-PO6) avaAlBnkav xpnoLLOTOLWVTAC
Tov aéplo xpwpatoypado (GC) Hewlett-Packard 5890 Series Il, o omoloc tav epodlacpuévog pe
TpLxoeldn otnAn HP-5ms (unkog: 30 m, eowt. SLApeTpog: 0.25 mm, maxog vuéva: 0.25 um). O
Xpwpatoypadog ntav culeUYUEVOC E TOV EKAEKTIKO avixveutr polwv (MSD) Hewlett-Packard
5972, yla Asltoupyio HE TNV TEXVIKN LOVIOMOU Tpookpoucon nAektpoviwv (ElI) ota 70 eV. Ot
BepUOKPAOIEC TOU OCUOTAUATOC ELOAYWYNG TOu Oelypatog (gyxutr) Kol TOU QVIXVEUTH
puBuiotnkav otoug 220 kat 290 °C, avtiotowa. H Bepuokpacia tng othAng otadlakd avénbnke

ard toug 60 otoug 240 °C pe puBuo 3 °C/min Kol ot cUVEXEL TtapEUELve otaBepr] yia 10 AemTd.
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Qc dpépov agplo xpnotpomno}Bnke to nAto (He), pe pory 1 mL/min. Yotepa amod SidAuon twv
alBepiwv elalwv oe StalBuhaBépa (1/100, v/v), mpaypatonmobnke Xelpokivntn soaywyn
oykou 1.0 pL yia kaBe delypa, xwpic dStapotpacpo (splitless). MNa tov éAeyxo tou cuotripotog GC-
MS kaBw¢ kat yla T culhoyn Kot emefepyacio Twv Se60UEVWY XpNOLUOTIOONKE TO AOYLOULKO
ChemStation (Agilent Technologies, Waldbronn, Germany). H ekatootiaia avaloyia twv
EVWOEWV o€ KABe Selypa umoAoylotnke NAEKTPOVIKA amod to epPadov tng kabe kopudng Tou
XPWHATOYPAPALATOC KAL TNV 0VOYWYH TOU O TTOC0O0TO (%). H Tautomnoinon twv KUPLWV TTTNTIKWVY
oUCLWV TWV aLBEpLwY eAaiwv €yve pe Baon To SEIKTN KATAKPATNONG TOUG Kal Ta paopata palag
TOUG, 0€ OUYKPLON E QLUTA TIOU TTapATNPRONKaV yLa TG TPOTUTIEG OUGLEG TTOU XPNOLomoLnOnKkay.
Ot beikteg katakpatnong (RI) Twv ouowwv umoAoyiotnkav Pe ypappkn apeuBoAn Bacsl Twv
XpOvwv katakpatnong (RT) twv n-aAkaviwv Cs-Cyo, xpnolonolwvtag tTnv e¢lowon twv Van Den
Dool & Kratz [37]. Ta ocuotatikd mou PBpéOnkav O UIKPOTEPA TTOCOOTA TOUTOMOLNOnKav
EVOELKTLKA ETIELTA OO CUYKPLON TWV PaoHATWY Palag Kol TnG oslpdg ékAouong e ta Sedopéva
nou mephappavovral otig NAekTpovikEG BLBAL0ORKeg NIST 98, Wiley 275 kat Adams 2007, kaBwg

Kal cuudwva pe otolxeio amo tn BLBAoypadia [38].

2.2.4. NMpostopacio Twv dSelypdtwy

Mpokelpévou va avamntuxBel n péBodog yia Tov mpoodloplopod Tng MouAsyovng Ue Baon ta
dacpatookorikd dedopéva FT-IR, mpoetolpdotnkav duo Stadopetikd cuvoAa delypdtwy. To
MPWTO OUVOAO adopoUoe To HoviéAo PBabuovounong kat mepllaupave 31 Seiypata e
SLapOPETIKEC CUYKEVTPWOELG TTOUAEYOVNG o EtOH (46.8-889.2 mg/mL), evw 10 Seiypata and
alBépla €lata PpALoKouvioU Xpnolpomolnonkav wg ouvolo eAéyxou (MpoPAedng) ue oKomo tnv
ETUKVUPWON TOU LOVTEAOU. ZXETIKA UE TO SEUTEPO GUVOAO SELYUATWY, OPXLKA Xpnolpomnonkav
Ta amnopovwuéva alBépla €hata dAokouviou PO1-POS5. Itn ouvéxela, ta €Aala autd
gumAouTtiotnkav pe kaBapr mouleyovn 1 pe Tto alBgplo €Aato PO6, £tol wote va enektabel to
€UPOC OUYKEVIPWOEWV TIOUAEYOVNG. Me TOov TpOMO QUTO XPNOLUOTIOWNONKAV TIEVTE OKOWN

Selypata (SPO1-SPO5) yia va aloAoynBel n mpoPAEMTIKY IKAVOTNTA TOU LOVTEAOU.
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2.2.5. Avaluon pe tn péBodo avadopag GC-FID

O nmpoobloplopdg TWV CUYKEVIPWOEWY TIOUAEYOVNG ota atbépla €hata PO1-PO5 kal ta
eumAoutiopéva élata SPO1-SPO5 mpaypatonolBnke pe agpla xpwuatoypadia oe cuvduaouo
HE aVvlXVeuTn oviopou ¢Aoyag (GC-FID), AapPavovtag umoyn to gupadov tng kopudng. To
opyavo Tou xpnotuomnolnke Atav éva GC Hewlett-Packard 5890 series Il pe tpixoeldn otnAn
HP-5ms (unkog: 30 m, ecwt. Stapetpog: 0.25 mm, maxog vpéva: 0.25 um), ouvdedeuévo pe
aVvLXVeUTN LoviopoUu pAoyag (FID). OL Beppokpacieg oTov €yXUTH Kal TOV avixveutn pubuiotnkav
otoucg 220 kot 290 °C, avtiotoxa. To dpépov agplo Atav AAo (He), pue pory 1 mL/min. To
BepuokpacLlako mpoypappa yla kabe cuvolo delypdtwy kabopilotnke wg €ENG:

a) lNa ta mpotuna StaAvpata, anod apykn Bepuokpacia 60 °C dvodo otoug 140 °C pe pubuo

3 °C/min Kkal otn cuvéxela avénon otoug 240 °C pe pubuod 25 °C/min kal moapapovr otnv

TeAkn) Bepuokpacia ya 2 min.

B) Ma ta alBgpla éAata, and apxiky Beppokpacio 60 °C avodo otoug 160 °C pe pubuo 3

°C/min kot 0Tn ouvéxeLla avénon otoug 240 °C pe puBuo 25 °C/min Kol tapapovh otnv TeAKA

Beppokpaoia ya 2 min.

Yotepa amod apaiwon twv dewypdtwv oe EtOH (1/100, v/v), mpaypatonow|dnke Xewpokivntn
geloaywyn oykou 1.0 plL yia kaBe delypa pe tnv texvikn splitless. O éAeyxog Tou cuotrpatog GC-
FID kaBwg kat n ouAloyn Kal emefepyacia Twv deSopévwy Eyvav Pe Xprion Tou AOYLOULKOU
ChemStation. MNa tnv KopmuAn Babuovounong AndOnke umoyn to euPfadov Tng kopudng g
TLOUAEYOVNG amo cUVOALKA 8 mpotuma StaAupata mouAeyovng o€ EtOH. Ol GUYKEVTIPWOELG TWV
Stahupdtwy Kupavonkav amod 55 £¢wg 890 mg/mL. Na k&Be cuykEvipwon TpaypaTonol)onke

avAaAuon €L¢ TPUTAOUV KOl UTTOAOYIOTNKE O HECOG OPOG TWV TPLWV HETPHOEWV.

2.2.6. Qaocparookorikn avaivon pe FT-IR

'OAec ol petpnoelg FT-IR mpaypatomotyonkav pe t xprion evog pacpatopetpou FT-IR Nicolet
6700 (Thermo Scientific, Madison, WI, USA), to omoio ntav €fOMALOUEVO HE QVIXVEUTH
Sdeuteplwpévng Beukng tpyAukivng (DTGS), mnyn Nichrome kat Staxwplot déoung KBr. Ta

daopato KataypadpnKav oTnv EPLOXK) TOU HECOU UTEpUBpou (4000-400 cm™) pe TNV TEXVIKA TNG
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S1EAeuong (transmission), oe eAeyxoueveg ouvOnkeg (25 °C). Kabe Selypa mpog avaiuon
TomoBeTnONKe PETAEL SUO OTPOYYUAWV KPUOTAAALVWY mapaBlpwy ZnSe (25 mm x 2 mm). To
puNKkog tn¢ Sltadpoung Hetaty Twv mapabupwyv kabopiotnke ota 15 pum pe Xprion MEPLUETPLKA
SdaktuAiou amo moAutetpadBopoatburévio (PTFE). Ta mapaBupa tonobetouvtav o€ KAtdAAnAo
anoomnwpevo urnodoxéa (Thermo Scientific), o omolo¢ otn ouvéxela mpooapuoldtav oe €LSIKO
nmAaiolo evtog tou daopatopetpou. MNa t ANYPn kabe ddoupatog mpaypatomnol}dnkav 100
SLASOXIKEC CAPWOELG, HE TN SLOXWPLOTIKA LKAVOTNTA TOU 0pydvou va £XeL kaboplotei ota 4 cm'™?
KOLL TNV TaXUTNTA TOU KWVOUEVOU KATOTTPOU 0To cUMBOASUETpO va givat 0.316 cm s, To pdopa
Twv KaBapwv mapabupwv ZnSe xpnoluonolBnke oe kabe pétpnon wg unopabpo (background).
Ma tn Asttoupyia Tou GacpatopeTpou, Tn cuAoyr Twv dedopévwy Kal T Baotkn enefepyaoia
TOUG Xpnoltomotndnke to Aoylopiké Omnic 7.3 (Thermo Scientific) mou cuvodevel to 6pyavo. H
HETPNON OAwWV Twv delypdatwy pe FT-IR €yve €1 TpuTAoUV Kot EMelta mpoodlopilotnkav oL LéEool
opol twv daopatwv. H efopdiuvon tou onuatog (smoothing) oe 6Aa ta ¢pacpata FT-IR
TIPAYUATOTOLNONKE HE TNV OQUTOHATN A£ltoupyiad TOU AOYLOULKOU, XPNOLUOTIOLWVTAG TOV
aAyoplBuo Savitzky-Golay. AkoAouBnoe n &16pBwon NG BACIKAG YPOUUNAG UE TNV QUTOMOTN

AelToupyia TOU AOYLOLILKOU, N OTtolal YIVETOL TTOAU WVU ULKAL.

2.2.7. NoAuvpetapAntiy avaAuon dedopévwv

MNa tnv avamtuén tou poviédou Pabuovopnong, UE OKOMO TNV TOCOTLKOTONoN TNG
TIOUAEYOVNG amo Ta daocpatookormikd oOebopéva FT-IR twv elalwv amd  ¢Alokouv,
xpnoworotBnke n uEBodog maAwvdpounong peplkwv eAayxiotwv teTpaywvwv (PLS). O
aAyoplBpuog nmou epappootnke meplthapBavetot oto Aoylopikd TQ Analyst 8.0 (Thermo Scientific).
Yotepa ano kevtpornoinon (mean centering) Twv TIHWV Twv PETABANTWY, €ylve afloAdynon Twv
pHovTéAwv PLS Baoel emdeypévwyv GOOPOTIKWY TIEPLOXWY 1 OAOKANPou Tou ¢dacpatog. To
BéAtioTo povtéAo PLS mpogkue pe emiloyn TG GOOUATIKAG TTEPLOXNE amod ta 1650 £wg ta 1260
cml. Enetta and tov €Aeyxo TOU OUVOAOU Selypdtwv Babpovounong ywa Ssiypota mou
amokAivouv (outliers), To povtélo BaBuovounong avamtuxdBnke TEAKA XPNOLUOTIOLWVTOG
bebopéva amo 30 delypata. H akpifetla tou poviéAou Babuovounong meplypadpnke oo TG TIES

TWV OUVTEAECTWV CUOXETLONG Fc KOL Fey, EVW EKTLURONKOV ETIONC OL TIHEC TwV opaApdatwyv RMSEC,
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RMSECV kat RMSEP yia tn BaBuovounon, tn Slaotaupwuévn emKUpwaon Kol Tnv poPAsyn,
avtiotolya. MNa tn Slaotaupwuévn EMIKUPWON TOU HOVTEAOU Babuovounong epapuooTnke n
enavaAnmruiky Swadikaoia pog mapdAewpng (LOO). O BéAtoto¢ aplBuog Aavbavouowv
petaBAntwy (LVs) yla tnv moootikomoinon tng mouAeyovng npoodloplotnke oUWV PE TNV
eA\axLotn T tou RMSECV kal to eAdxioto npoPAenopevo odpaApa umoAoimou Tou abpoiopatog
tetpaywvwy (PRESS). Ot tpég PRESS umodelkvuouv 10 BaBud mMPocapuoynG Tou UOVIEAOU
BaBuovounong ota dedopéva [39]. H péBodog pe FT-IR aflohoynBnke mepaltépw wg mMPOG TV
akpiBela kat TNV emavaAnPLuoTnTA TG PE CUYKPLON TWV TLHLWV TIOU EKTLMNONKAV KOL TWV TLUWV
avadopag ou npoodlopiotnkav pe GC-FID. EmutAéov, e xprion tou Aoylopkol SPSS 14.0 (IBM),
TipayaTonolnOnke Llepapyikn availuon kata cuotadec (HCA) yia tov €leyxo Stadopomoinong
TNG MOUAEYOVNG KOl TWV UTIOAOUMWY CUCTATLKWVY TWV gAaiwy, xpnotpomnolwvtag ta Sedopéva tng

ETUAEYUEVNG GOOUATIKAG TIEPLOXAG.

2.3. AnoteAécparta - Zultnon

2.3.1. Xnukn ouotaon aBepiwv eAaiwv ano deiypatra pAlckouviov

Amo tnv avaluon twv albepiwv gAaiwv pAtokouviol (PO1-PO6) pe aépla xpwpotoypadio
o€ oUleuén pe paopatopetpia palwv (GC-MS), kabopiotnke n oxetkn (%) ovotaon Toug, n
omnota Af$Onke umon mpokelpévou va tpoodloplotolV ta enineda epfoAlocpou yla ta atbépta
€Aata tuTou TouAegyovng. Ztov Mivaka 2.1 mapouoctalovtal avaAUTIKA Ta AmoTEAECHATA TNG
avaiuong twv glaiwv PO1-PO6 pe GC-MS. Oocov adopd ota atbepia élata pe Kwdikoug PO1-
PO5, wg KUPLO cUOTATIKO TOuG BpEBnKe va gival n mouAeyovn (61.3-77.9%). AkohovBnoav o€
TI0O0OTA N LloouvOovn (10.6—-18.5%), n pwvbovn (0.6—8.3%), n munepitevovn (0.3—3.2%) Kal n cis-
toomouAeyovn (0.0-1.7%). Ztnv mepimtwon tou abepiov glaiov pe kKwdkd PO6, to KUpPLO
OUOTOTIKO ATOV N TUnePLtovn (69.3%), akohouBoupevn amd TNV Loopwbovn (24.8%). e

HLKPOTEPQ TTOCOOTA aviXveLONnKav To Alpovevio (1.8%) kot n uvedvn (1.6%).
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Nivakag 2.1. Xnuikn cvotaon (%) Twv abepiwv edaiwv PO1-PO6 mou mapaindOnkav pe udpoamnootaln
amnd ta avtiotoya Seiypata Enpng Spoyng dAlokouviol (Mentha pulegium L.).

ZuoTaTKA RI# Xnuwr cvotaon (%)°
PO1 PO2 PO3 PO4 PO5 PO6

Jauog Apyoc EUBola ZapoBpakn Kohapdata Kpntn
a-Mwévio’ 902 0.4 0.2 0.2 - 0.3 0.2
B-MwévioY 942 0.6 0.2 0.2 - 0.2 0.2
3-OktavoAn® 955 0.2 0.9 0.6 0.3 0.6 0.6
ALloVEVLIOY 993 0.5 0.2 0.2 - 0.4 1.8
EukaAumtoAn (1,8-kivéoAn)Y 995 2.2 0.2 0.3 - - -
MwvBovnY 1141 5.8 8.3 4.0 0.6 2.0 1.6
loopwveovnY 1155 10.6 18.5 16.8 14.9 16.0 24.8
cis-loomouleyovn® 1167 - 1.5 1.7 0.8 0.9 -
MwBoAnY 1171 12.9 - - - - -
Mouleyovn! 1254 62.4 61.3 66.4 77.9 77.3 -
MutepLtovn 1262 - 0.9 0.5 0.8 0.6 69.3
(E)-AvnBoAn? 1292 - - 0.1 - - -
Mutepttevovn® 1361 0.3 1.9 2.3 3.2 1.4 0.4
B-Mnouppmnovévio? 1412 - - - - - 0.2
Feppakpévio D® 1519 0.7 - - - - -
®oupavovn pévrag® 1538 - - 0.5 - - -
ZuvoAwd Tautonodnkav
(%) 96.6 94.1 93.8 98.5 99.7 99.1
Amnodoon os €\awo, % (v/w) 1.9 1.8 2.1 2.2 2.2 2.1

@ RI: Aeiktng katakpatnong (retention index) kaBe empépoug cuoTaTikol we Pog ta N-aAkavia Cs-Cao O€ N TTOALKNA
othAn HP-5ms.

8 Exatootiaio avaloyia kdBe cuotatikol cuudwva pe To Adyo tou eppadol k&Be avtictoyng Kopudng mpPog To
GUVOALKO gUBadov Twv kopudwy oto xpwuatoypadnua (TIC).

¥ Npaypatomnolfnke olykpLlon We To SelkTn KATAKPATNONG KAl TO pAcua Palag TnG mPOTUTNnG ouoiag.

%H tautomnoinon Baciotnke otn olykpLon Tou Seiktn KATAKPATNONC KAt TOU GAOUATOC LATAG TOU GUOTATIKOU LE TaL
avtiotolya SeSopéva mou mephapBavovral otig nAektpovike BLBALoBKeg NIST 98, Wiley 275 kat Adams 07, kaBwg
kat otn BBAloypadia [38].

Eronualvetat Ot Ta amoTteAEéopaTa yLla TN XNUWKN oloTtacnh Twv eAaiwv mou mapaindOnkav ano
TOUG OUYKEKPLUEVOUC TANBUGHOUC PpALokouvioU BpéBnkav va sival o€ cupdwvia Pe AuTd Tou

gxouv avadepBel yla mAnBuopolL¢ mou evronilovrtat otig (Sleg KALHATIKES Lwveg tng EANGdac [13].
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2.3.2. NoocotkOg NPoodLlopLlopog He Tn pEBodo avadopag (GC-FID)

H aéplia xpwpoatoypadia oe ouvbuaopd HE avixveutn loviopol ¢Aoyag (GC-FID)
xpnotwuornownke w¢ pébodog avadopdg Adyw tng evualobnoiag Kot TNG EMAEKTIKOTNTAG TNG,
LLOTNTEG OV TTAPEXOUV ALOTILOTIOL OTOV TPOCSLOPLOUO TITNTLKWY GUOTATIKWY OTIWGE N TIOUAEYOVN
[5, 12]. H koumuAn BaBuovounong Snuoupyndnke pe facn ta mpotuma SLoAUpaTa TOUAEYOVNG
wg ouvaptnon tou eupadoul NG Kopudng TNG MOUAEYOVNG (Anoureyovne = ELBASOV KOPUDNG TNG
TOUAEYOVNG/10°8 ota xpwpoatoypadrpato ard GC-FID) Kot TG MEPLEKTIKOTNTAG OE TTOUAEYOVN

(ZxNpa 2.1).

50 -

40 -

35 A

25 A

ATrouAsvévng

20 -

10 -

O T T T T T T T T T 1
0 100 200 300 400 500 600 700 800 900 1000

ZUYKEVTPWON TTOUAEYOVNG (mg/mL)

IxAua 2.1. KapmoAn BaBuovopunong yla tov mpoadloplopd MouAeyovng ota atbépla édata amnd pALoKOUVL,
OTWC MPOEKUYPE yLa T nEBodo avadopag pe GC-FID.

H eumelpikn e€lowaon tng KapmuAng Babpovopnaong yLa tnv mouAeyovn meplypadnke we ENG:
Arouteyovne = (0.0539 + 0.0004) x (mg MouAeyodvNnGg), EVw 0 CUVTEAECTAG cUOXETLONG NTav r = 0.9998.
MNna ta Sslypata atBepiwv edaiwv ¢Aokouviol PO1-PO5, n TEPLEKTIKOTNTA OE TIOUAEYOVN

Kupavenke amod 482 €wg 728 mg/mL. Me mpooBnkn twv epfoAlacpuévwy Selypatwy atbepiou
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elalov amd PAwokolvt (SPO1-SPO5) 10 avwtato oplo auvénbnke ota 860 mg/mlL, evw TO

KATWTEPO OpLo PeELWONKe ota 157 mg/mL.

2.3.3. Qaoparookornkn avalvon pe FT-IR

To tunko ¢paopa FT-IR tn¢ mouAeyovng (Zxnua 2.2) mepAapBAVEL XOPOAKTNPLOTIKEG KOPUPEC
anoppodnong ota ~2954 cm™ (acvppetpn t@on C—H, —CHs), 2923 cm™ (acVpupetpn tdon —CH—,
OUMMETPLKA Ttdon —CH3 Adyw =C(CHs)2) kot 2872 cm™ (ouppeTpLKr tdon —CHo—, CUMETPLKN Tdon
—CH3 AOoyw >CH-CH3) mou cuvdéovtal pe tnv umapén pebulo- kat pebulevo-opadwyv [40]. H
LOXUPHC €évtaonc kopudr Tou spdaviletal ota ~1682 cm™t anodidstal otn ddvnon tdong Tou
KETOVIKOU kapBovuliou (C=0), evw n mAatid tawvia anoppodnong Le Eviaon Heoaiog Loxuog ota
~1615 cm™ anodibetat otn 6vnon tdong tou Suthov Seopol C=C, o onoiog Bpioketal o culuyia
pe TNV KapBovulikr opada (C=0) [40]. H meploxn «SAKTUAKWY QMOTUTIWUATWY» HeTafy 1500
kat 500 cm? mapéxel olvvBete¢ ald onuavtikéc TAnpodopiec mou oupPdAlouv oto
XOPaKTNPLORO Vo opyavikol popiou [40]. H daopoatikd tawvia ota 1456 cm™ avtutpoowrneVel
™V YoAdwti 66vnon tou —CHy— kKaBw¢ Kal TIg acUUPETPEC SovAOELg tapapopdwong Twv —CO—
CH2— kat —CH3. OL XopaKTNPLOTIKEC Tavieg ota 1373 kat 1286 cm™ amoSiSovtal 0TI CUMUETPLKECS
dovnoelg mapapopdwong tov deocpot C—H twv >CH—CHs kat =C(CH3),, avtiotowa [40]. H tawia
ota 1209 cm™* odeidetat otn §évnon napapdpPwong twv deopwv C—H kat mbavwe otn Sévnon
Kaudng tou C=0 (C-CO—C), evw oL Kopudég aoBevwv evtdoswv otnv meplox 1131-936 cm?
anodidovtal kupiwg otic Sovroelg KAuSwviopou Twv CHs oto poplo tng mouAeyovncg [40,41]. H
tawia ota 876 cm™ umnopei va anodoBsi otn 6évnon osiong tou C-H kat tn S6vnon tou
SdaktuAiou. H 86vnon nopapdpdpwong oto eninmedo ya tnv opada C—CO—-C ocuvdéctal pe Vv
tawia anoppddnong ota 646 cm[28,40]. H paocpatikr tawia mou epdavilel n movAeyodvn ota
535 cm? anobidetal otig enpépouc Sovroelg KAUSWVLOHOU Tou —CHa— Kkat mapapdpdwong tou
C—C=0, kabwg kat otn C=C d6vnon okeletoL [40].

Agbopévng t™NG onuavtikd uPNANG OUYKEVTPpWONG TIOUAEyOvVNG ota albépla €Aala
dAokouviol PO1-PO5, ta avtiotoa pacpata FT-IR twv eAaiwv xapaktnpilovral, kKupiwg, amo

TIC KOpudEG Tou Paocpatog tNG MOUAeyovne (IxAua 2.2). EmutAéov, ta aBépla élala amo

21



Kepalato 2

dAlokouvL mapouctdlouv GAAN pia xopaktnpotiky kopudn ota 1709 cm™? (IxAua 2.2), mou

odeiletal otn 66vnong taong C=0 [40] tn¢ LoouvBovng Kot TnG Kvedvng.
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Ixnua 2.2. Odopata FT-IR TG TMOUAEYOVNG Kol XOPOKTNPLOTIKWY aBepiwv elaiwv amo Selypata
dALoKOUVIOU PE XNUELOTUTIO TTIOUAEYOVNG 0Th daopatiky rteptoxf 3050-500 cm™.

2.3.4. Noootikog npocdlopLlopog pe FT-IR

Ma tnv avamtuén tou povtéhou Babuovounong pe edpappoyn tou aiyopiBuou PLS ota
daopatookorikd dedopéva, AndOnkav umoPn povo dedopéva amnod TG PaACUATIKES TIEPLOXEC LE

Slaitepo evbladépov. Me Tov TPOTIO AUTO EYLVE, TAUTOXPOVA, XPHON ALlYOTEPWY UETABANTWV Kot
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Ta MPOTUTA BaBUOVOUNCONG ATAV TIEPLOCOTEPO AVTUTPOCWTIEUTIKA TWV UTIO LETPNON SElyUATWY
[42]. Ta koAUTeEpa AMOTEAECUOTO OE OXEON ME TNV MPOPAePn Twv SelypATWY TPOEKUY AV
XPNOLLOTIOLWVTAC PAOUATOOKOTILKA SeSopéva amd to Vpog KupatapBuwy 1650-1260 cm™. O
OUVTEAECTNG CUGYXETLONG rc YA TO HOVTEAD Babuovounong napouaoiace, eniong, Tnv uPnAotepn
TR (0.97) pe xpnon twv OeSOUEVWV TNG OUYKEKPLUEVNG TEPLOXNG, EVW TapAAAnAa
elaylotoroiOnkav ta opdApata Babuovounong (RMSEC) kat mpoPAedng (RMSEP),
AapBavovtag tipég 56.8 kat 17.1, avtiotowya (ZxAua 2.3). MNa ™ Staotaupwpévn emKUPWON, oL

TUMEG TWV rev KAt RMSECV ftav 0.96 kat 70.4, avtiotolya (ZxNnua 2.4).

Cor. Coeff.: 0.97456 RMSEC: 568

911

& Calibration
oo ~+ Yalidation

MpoBAeTépevn ouykévTipwon TTouAeyovng (mg/mL)

25

25 911
Mpaypatiki cuykévipwaon Touleyovng (mg/mL)

IxAna 2.3. Movtého Babuovopnong e t LEBodo pepikwv ehayiotwy Tetpaywvwy (PLS) yla Tov moootiko
MPOCoOLOPLOUO TIOUAEYOVNG HE XPNoNn Twv dacuoatookomikwyv 6edopévwv FT-IR. Ta Selypata
BaBpovopnong Kal emkUpwaong Tou HovtEAou amelkovidovtol pe to cUPBoAa (0) kat (+), avtiotoya.
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Cor. Coeff.: 096072 RMSECY: 70.4

811

MpoBAeTTOPEVN OUYKEVTPWON TTOUAEYOVNG (mg/mL)

C Calibration

25

25 ' ' ' ' 911

MpaypaTiki ouykEVTpwon TTouAeyévng (mg/mL)

IxAua 2.4. Emiboon tou poviéhou PBabBuovounong katd tn SlaoTOUPWHEVN EMKUPWON HE TNV
enavalnmuikn Stadwkaoia plag napdieupng (LOO).

281

RMSECV

5LVs

/

Factor (LV)

51

IxAua 2.5. Aldypoppa petofoAic Twv Tipwv RMSECV cUpdwva pe tov aplbud twv AavBavouowv
petoBAntwv/mapayoviwy PLS (LVs) otn Stactaupwpévn emkipwaon Kot otn Babpovopnon tou HovtéAou
PLS yia tov mpooSloplopd tng mouAeyovng ota adéplo £lata dpAokouviol. O PEATIoTOC aplBuog
TAPAYOVTWY TIOU cuveTéAecav oTo va ghaylotorotnBei n tipny RMESCV kat akoAoUBwg n tur PRESS Atav
5.
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EmutAéov, o péylotog aplBudg Aavbavouowv petafAntwv (mapayoviwv PLS, LVs) mou
XPNoLomodnkayv yLa tov UoAoylopo ¢ BEAToTNG Tung PRESS ntav 10, evw o BEATLoTOq
aplBuog LVs mou obriynoe otnv gAdxiotn tiur PRESS Atav 5, 6nw¢ daivetat oto Ixnua 2.5. Me
xpnon twv 5 LVs epunveltnke to 99.9% tng Stakvpavong otov mivaka X (pacuatooKorikd
Sebopéva) kat to 95.0% tng dtakupavong otov Tivaka Y (ouykévtpwaon).

H meploxn mou emAéXONKe yla to pHovieNo moootikonoinong (1650-1260 cm™?) Seiyvel va
Slapopormolel TV mouAeyovn amnd to AAAQ TTNTIKA CUOTOTIKA TwV eAaiwv pAlokouviol, Adyw tng

ETEPOYEVELAG TWV aopdTwy FT-IR tou Kataypadnkov 0T avTioTOLXEG TIEPUTTWOELS (ZXAUa 2.6).

1650-1260 cm?
I—%

MivBévn

Mimepitévn

N

-/\\ loopiveovn I
0] A e ——— e

Mmepitevévn

Anoppé6édnon

3000 ) ' 2500 2000 1500 1000

KupartapiBuoi (cm-1)

IxAua 2.6. Odopata FT-IR ¢ mMouAeyovng Kal Twv UTOAOIMWY BOCIKWY TTINTIKWY CUCTATIKWY TOU
alBepiou elaiou and GpAtokoLvL, Grou emonpaivetal n emAeypévn paopatikr meploxr 1650-1260 cm™.

Ta amoteAéopata Tou Tmpoekupav amd TNV LEPAPXLK avAAUON KOTA OUOCTASEG,
edappolovroc tov alyopduo tou Ward, €dsiav nwe otnv pacpatkr neploxj 1650-1260 cm™
yivetal ocadng Stakplon HeTaL TNG MOUAEYOVNG KAl TwV AAAWV BACIKWY CUCTATIKWY TwV EAAiwy.

Onw¢ dpaivetal oto IxAua 2.7, N MOUAEYOVN KAl N TIMEPLTEVOVN AVAKOUV O EEXWPLOTEG OUASEC,
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oe avtiBeon pe TNV mMpwtn opada mou meplAapPavel TIG ouoieg UwvOOvn, mutEPLTOVN Kol

LOOMLVOOVN.
Fescaled Distance Cluster Combine

o = 10 15 20 25
Compound - +———————— +———————— - - +
Menthone _J
Fiperitone 1
izo-Menthone
Fiperitenone 2 [

Fulegone 3

IxAua 2.7. lepapyikn avaluon katd ouotddeg ocUpdwva pe tov aAyoplBuo tou Ward yua ta
doaopatrookorukd Ssdopéva FT-IR tn¢ meploxnic 1650-1260 cm™ mou mpoékuav armd ta KUpLaL cUoTATIKA
Twv aBepiwv edaiwv and dAtokolVL.

Nivakag 2.2. Juykévtpwaon MoUAsyovng (= SD) ota alBépla éhata amod GpAlokolvL, OTwe pocodloplotnke
pe tn péBodo avadopdg GC-FID kot tn véo pébBodo mou PBaciotnke otn dacpatrookomia FT-IR.
MapatiBevtal, emionc, oL THEC TOU TTPOEKUY AV A0 TOUG OTATLOTIKOUC AEYXOUG F Kall t.

Suykévtpwon rouleyovng (mg/mL)

Acgiypa ehaiou GC-FID FT-IR ‘EAeyyxog F* ‘EAeyxog t*
SPO1Y 157 +4 153+ 32 64.0 0.2
SPO2Y 28118 297 £ 16 4.0 13
SPO3Y 379131 381+42 1.8 0.1
PO1° 482 + 33 515+53 2.6 0.7
PO2° 516 + 28 514 £+ 81 8.4 0.0
PO3¢ 621 +18 613+9 4.0 0.6
SPO4Y 686 £ 22 682 £ 25 13 0.2
PO4S 723 £51 708 37 1.9 0.3
PO5° 728 £ 57 729 £ 14 16.6 0.0
SPO5Y 860 £ 24 823 +£22 1.2 1.6

¢ EnineSo epmniotoolvng: 99%.  PO1-PO5: Anopovwuéva alBépla élata amd dAtokolvt. ¥ SPO1-SPO5: Eumhou-
Twopéva élata amd GpALoKoUVL.
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Ta amoteAéopata yio 6Aa Ta aBépla éAalo Tou Xpnolgomolibnkav oto GUVOAO TwV
Sdewypatwv mpoPAedng ocuvoilovtat otov Mivaka 2.2. O OTATIOTIKOG €Aeyxog F Tou
epapudotnke £6¢el€e OTL yla eminedo eumiotoolvng 99% Sev udloTaATAL OTATIOTIKA ONOVTLKA
Sdltadopomnoinon otnv enavoAnPuotnta twv dVo peBOdwv. EmutAéov, amd Ttov €Aeyxo t
urnodelkvuEeTalL N akpifela TnG mpotelvopevng pebodou, pe Sedopévo OtL dev unrpav OTATLOTIKA
ONUOVTIKEG SLoPOopEG HETAEU TWV TIUWV TIOU EKTIUAONKav amd tn pEBOSO KAl TwV TLHWV
avadopdg, yla eninedo gumniotoocuvng 99% (Mivakag 2.2).

To Zxnua 2.8 ameikovilel ypadika tn YPOUULKH CUCXETLON TWV CUYKEVTPWOEWY TTIOUAEYOVNG
ota Seiypota PO1-PO5 kat SPO1-SPO5, onwg npoodlopiotnkav pe tn EBodo avadopdag GC-FID
KoL TNV MPOTELWVOpEVN LEB0SO pe FT-IR kat PLS. H kAion tng euBeiog ntav 0.95, evw 0 OUVTEAEDTNC

ouoxétlong r nrav 0.997.

1000 -
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800 R? = 0.9949 %
700 -
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400 -

300 -

200 -
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100 -
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IxAna 2.8. TUykplon Twv ovadopd (GC-FID) Kot THWV TTOU TIPoEKUYaV LE XPrion Tou HovtéAou PLS,
Baosl Twv daopatookorikwy dedouévwy FT-IR, yla tn cuykévTpwon MouAeyovng ota atbépla Elata and
dAokoLVL.
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2.4. Zuunepacpota - MPOOMTIKES

JUpdwva Pe Ta anmoteAéopata TG LeEAETNG, N dacpatookomia FT-IR Bpgbnke va eivat Eva
TOAUTIMO QaVOAUTIKO €pyaleio yla Tov akplfr] Kol ypriyopo TIOCOTIKO TPOOSLOPLOUO TNG
TIOUAEYOVNG oto alBéplo €Aato amd PAOKOUVL. e OUYKPLON ME TIG KOOLEPWHEVEC
agploxpwpatoypadikéc pebodouc, ol omoieg eival oAU uPnAdTEPOU KOOTOUC Kol XPOVOBOPEG,
n HEBodo¢ mou avamtuxBnke pe tnv texVikn FT-IR o€ cuvluaouo LE TN Xpron XNUELOUETPLAG
davnke mwg elvat umooxouevn. Na tnv epapuoyn Tétolwv peBoOdwv vPnAng amoddoong oe
EPYQOTAPLA TIOLOTIKOU €AEyyou amatteitol eAdxlotn ekmaideuon tou mpoowrikol, adol Ta
daopatookomnikd Sedopéva kataypadovral pe anmAd Tpomo. Emiong, HETA TNV avarmtuén Kot
EMKUPpWON TOUu Hovtédou BabBuovopnong, ol MPoPAEPEL umopolv va Tpaypatonolnfolv
Aueoa.

Ta mAeovektipata tn¢ mapovooag peBOdou Seiyvouv mwg Ba pmopolos va OMOTEAECEL
evOeSeLYUEVN EVAANOKTLKA HEBOSO yLO TOV TTOCOTIKO TTPOCSLOPLOUO TNG TOUAEYOVNG O alBépLa
E\ata and PpAloKoUVL, OMwG avadEPeL Kal OXETIKN povoypadia tou Alebvol¢ Opyaviopou

Epeuvwv yia tov Kapkivo (IARC) [23].
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3. Noocotkog Mpoodloplopdg alAAtivng kot pedLivng oto okOpdo péocw uypng

xpwpatoypadiag kat pacpatookorniag FT-IR

3.1. Ewaywyn

To ok6pbo (Allium sativum L.) anmoteAel apwWUATIKO Kal GOAPUAKEUTIKO PUTO TTOU aVA TOUG
OLWVECG KaAAlepyeital, Kupilwg, yia To BoABoO tou. Oewpeital, emiong, BoABwdeg Aaxaviko, To
OTOLO XPNOLLOTOLEITAL EUPEWG WG TPOPLUO KAl APTUHA, AGYw TNG YEUONC KL TOU OLPWHOTOC TTOU
Npocbidel. OL MOLKIAEG GAPUAKEUTIKEG TOU LOLOTNTEC TO KABLOTOUV, MapAAANAQ, CNUAVTIKA TtNyA
yla éva ouvexwg auvavopevo aplbpd cupmAnpwpdtwv datpodng oe O6Aov tov koopo [1].
JUpdwva pe moAuaplBueg avadopég, To okopdo mapouclalel Eva eupuTAaTo pAacpa BLOAOYIKAG
SpaoTtikotnTag, OMou MePAAUPBAVETOL N OVTIOEELOWTIKN, N AVIIKAPKLVIKY, N avIilbAEyHOVWENG
Kal n avtipikpoBlakn dpaocn, Kabwg Kal n eVEPYETIKN eMibpacn oe KAPSLOAYYELAKEG TTAONOELG
kat oto Stapntn [1,2]. H BloSpaoTtikdtnTa TOU 0KOPSOU CUVEEETAL LE TIG OPYAVOOELOUXEG EVWOELC
TIOU TepLEXeL [1,2].

H Stadopomnoinon tou okopdou amod AAAO APWHOTIKA Kol GOPHOKEUTIKA PUTA EYKELTOL OTO
YEYOVOG OTL TA MINTIKA ouoTaTikd Tou &ev mpolmadapxouv oto PoABo tou, aAAd avilBétwg
oxnuatilovral adol tpokAnBei n 6pdon Tou eviupou aAAuvaon [3,4]. Ta TTINTIKA CUCTATLKA TOU
okopbou oxnuatilovtal katd tnv Komn 1 oUVOAWN tnG okeAldag, €melta amd evIUUATIKN
Sdlaomnoaon mPodpPoUwWY EVWOEWV OTIWGE, KUPlwg, n aAALivn kat n pebuvn (Ewkdéva 3.1), oL onolieg

anoteAouv couAdofeidia tng S-alk(ev)ulo-L-kuoTeivnc.

(0] O
\/\ﬁ OH \ﬁ OH
o) NH, o) NH,
AAAlivn MeBiivn
Youhgogeidio Tng S-aAAulo-L-kuoTeivng YouA@o¢&eidio TNG S-peBulo-L-kuoTeivng

Ewova 3.1. Aopég tng alAtivng kat tng pebivng.
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OL TtPOSPOUEC EVWOELG AUTEG OVIKOUV OTA N TPWTEIVIKA Belouxa apwvotéa tou okopdou, Omou
avtiotolyel to 1-5% tou Enpou Bapoug [5]. H aAAlivn amoteAel Tnv KupLOTEPN POSPOUN Evwon
TWV CUOTATIKWY TOU apwuaTtog Tou okopdou [6] kat n BloouvBeon tn¢ umopel va ouvteAeotel
ETELTA QMO PLO OELPA aVTLOPACEWV £(TE HEOW TNG YAouTaBelovng eite péow tng oepivng [7]. H
pedlivn ouvavtatal oe S1ddopoug eKMPoowrou Twv yevwv Allium kou Brassica [8,9], kat
ELOLKOTEPA YloL TNV TEPIMTWON TOU OKOpSou Exel avadepBel OtL BlroouvtiBetal péow NG
vAoutaBelovng [7]. Onwg €xel avadepbel, ta couldoleibia tng S-alk(ev)uho-L-kuoteivng
QIaVTOUV Katd KUplo Adyo wg (+)-loopepn, kabBwg n ofedbaon tn¢g S-alk(ev)ulo-L-kuoteivng
TIAPOUCLATEL EKAEKTLKOTNTA YLOL TO OXNUOTLOMO TOUG, EVW €MIONG N aAAllvaon avtidpa katd Baon
UeE (+)-loopepn Twv couAdoleldiwy [10].

Me Oebopévo tn oxetikn Bepuiky aotdbela twv couAdofeldiwv NG S-aAk(ev)ulo-L-
kuoteivng [9], n vypn Xxpwpotoypadia amoteAel LEXPL KOL CUEPA TNV KUPLOL TEXVLKNA YLOL TOV
TIOOOTIKO TPOOSLOPLOPO Toug, e¢aodalilovtag Nrieg ouvOnkeg Slaxwplopol. TIC TEAEUTALES
Sekaetieg €xouv avamtuxBbel moAuaplBueg pébodoL pe xprion uvypng xpwuatoypadio vPnAng
anddoong (HPLC) yia tov mpoadloplopd tng aAALivng kat GAAwv couldoelSiwv tng S-aAk(gv)ulo-
L-kuoteivng oto okopdo. Ao TI¢ mpwTteg peBdSoug mou dnuooteuBbnkav Katd ta £€tn 1988-1989
yla TOV TTOOOTIKO Mpoadloplopo TG aAAlivng oto okopdo [11,12], oL omoieg otnpixbnkav otn
xpwpatoypadia HPLC avtiotpodng ddong Kuplwg Enelta and nmoapaywyonoinon tng ouoiag, ot
neploocotepec pEBodol mou €xouv avadepbel otn BiBAoypadia mepthapBavouv To oXNUATIONO
TIapaywywv yla tn BeAtiwon tou xpovou Katakpdtnong f yla va SLeuKOAUVETAL N aviyveuon Ue
UV-Vis 1l pBoplopopetpiko aviyveutn (FLD) [3,8,13-18]. O moooTIKOC MpoadLoplopog TnG aAALivng
Kol TnG LeBLivNg EmeLta amod mapaywyomnoinon €xeL, eniong, emteuxOel e agpla xpwpatoypadia
O£ OUVOUAOUO HE aVLXVEUTH LoviopoU dAoyag (GC-FID) [5,9,18],  He HIKUAALOKA NAEKTPOKLVNTIKN
TPLY0ELdN Xpwuatoypadia [19].

H mapaywyormnoinon, wotdoo, MapouUcLAlel HELOVEKTAMOTO OMWG TO OTL ATAlTEl XpOvo,
avtibpaotipla kat Ba pnmopovoe va odnynoel o€ odpAAPA KATA TNV TTOCOTLKOTONON €AV N
avtibpaon dev €xel oAokAnpwbOei [20]. Ze dUo amo Tig mpwteg peBOSoug mou €xouv avadepbel
Kol a.popoUV TOV MTOCOTLKO TIPOGSLoPLoUO TNEG aAALivng oto okopdo Kol os cuvadn mpolovta
Xwpl¢ mapaywyomnoinon, nepthapBavetal n xprion BloalcONTApwy HE TNV TEXVIKN ELCAYWYNAS
Selypatog og pon (FIA) [21-22], evw yla tov poadloplopd NG aAALivng Kat TG pediivng €xel,
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emniong, avantuxBeil pEBodocg pe tpiyoeldn nAektpododpnon [23]. ZTIC EPEVVNTIKECG EpyACieg OOV
avantuxbnkav uypoXPWHATOYPADLKEG LEBOSOL yLa TOV TTOGOTLKO POCSLOPLOMO TNG aAALivng, TNG
pHeOLVNG koL AAwV opyavoBeloUXwV EVWOEWV Tou oOKOpSdou Ywplc mapaywyomoinon,
XPNOLLOTIOLNONKE OTLG TIEPLOCOTEPEG MEPUTTWOELG OTATIKI PACN UE QpLVO- OMASEG KaL QVIXVEUON
pe UV-Vis [20, 24-26]. 2 mpoodatn LeAETN, emiong, XPNOLHOMOoLROnKe n uypn xpwuatoypadia -
oulevyuévn daopatopetpia palwv (LC-MS/MS) yla Tov moooTiko poadloplopd aAAlivng oto
okopbo [27].

Ma tov MPocSloplopO TOALKWY HOPLWV HE uypn xpwuatoypadia, ta TeAeutaio xpovia
epdaviletal wg evaAlaktiki n xpwpatoypadio udpodplwv aAAnAemdpaocewv (HILIC) [28-31]. Qg
TPOMOC SLaXWPLOUOU cUVOUALEL TIC UYPOXPWHATOYPADIKEG TEXVLKEG KAVOVIKNG KoL avtiotpodng
dAaonG. ITIG MEPLOCOTEPEG TEPUTTWOELG, N KvNTH PAon cuviotatal Kupiwg amd €vav ToALKO
0pyaVLKO SLaAUTn Ttou gival cuvrBwC To AKETOVLTPIALD, evw eTtiong mepLéxetal Ewg 30% vepo [30].
Ot unxaviopot Staxwplopou tng HILIC otnpilovtal otnv mpoopddnon Kal oTnV KATavopr Adyw
Swopoplokwyv  aAAnAemibpacswv  (nAektpootatikic  ¢uong,  Sdeouwv  udpoyovou,
aAANAeTudpaoewv SumoAou-6umodou kat acBevwv udpodoBwv aAAnAendpaccwv) [30]. Avaueoa
otls dnuodléotepeg otAeg mou mpoodépovrtal yia avaluoelg pe HILIC Bplokovtal autég pe
otatikn paon duovtiknc couAdoPetaivng [31] (Ewova 3.2). MpoKeltal yla otatikn ¢paon dIkn
yla udpodec aAANAETIOPACELG TIOU ETUTPEMEL TN ypNyopn KoL ONMOTEAECUATIKA avAaAuon

TIOALKWV OUCLWV XWwPLG va €xeL mponynBel mapaywyomnoinon toug [32].

CH,

|:-E| I eu

CH;-N~CH; CHz CH7SO,
CH,

Ewova 3.2. H opdda tng Suovtikng couldofetaivng otn otatikr ¢pdon tng otiAng ZIC-HILIC.

Katd tnv avamtuén avaAutikwyv peBodwv, oL MELPAPATIKEG TTAPAUETPOL TEXVIKWV OTWE N
uypn xpwpatoypadia eival duvatd va BeAtiotomolnbolv XPNoLUOTIOLWVTOG TIOAUUETOBANTEG

TEXVIKEC TIELPAUATIKOU oxedlaopou [33]. H peBodoloyia emipavelag anokpiong (RSM) ocuviota

35



Kepalato 3

XOPOKTNPLOTLKN TEXVLKI, OTIOU TA TEPAUATIKA dedouéva TPooapUolovTal O€ Lo TIOAUWVU LKA
e€lowon mou mepLypAadeL TN oxéon METALL ULOG EAPTNUEVNG METABANTAG (amOKPLONG) KAl TwV
avefaptntwyv HetofAnTwyv (mapayoviwy), kabwg kot T aAAnAemdpdoelg petall toug. To
HOVTEAO TIOU TIPOKUTITEL EVTOTIIEL TIG ONUAVTIKEG TELPAUATIKEG TIAPOAUETPOUG KOL TAUTOXPOVA
BeAtiotomolel ta emimedd TOUC, TPOKEWMEVOU va emtevxBel n PBéAtiotn amokplon, &vw
TapAANAQ EAQXLOTOTOLEITAL O QVAYKOLOG APLOUOC TIELPOAUATIKWY SOKLUWVY TIou Ba TpEMeL va
ekteEAeoTOUV. Metalld twv To Oebopévwyv PeBOdwWV TEpOUATIKOU OXeSLAOUOU  TOU
epapudlovtal otn BeAtiotomoinon avaAutikwv HeBOSwV PBploKeToL O KEVTPLKOG OUVOETOC
ouvbuaouog (CCD) [33]. Ztnv nepimtwon Tou okopdou, n texvikn RSM £xel edpapuooTel yla Tnv
BeAtiotomoinon tng pebodou mapaAafng tng aAAlivng amo deiypa okdpdou os okovn [34].

Jto mAaiolo avamtuéng ypnyopwv HeEBOSwV ylo TNV eKTUNON TWV TOLOTIKWY
XOPOKTNPLOTIKWY ToUu okOpdou &uvatal, emiong, va Xpnolgomolnbolv TEXVIKEG S0OVNTLKAG
daopatooKkomiaG. XopaKktnpLloTIKO mapadelypa amotelel plo péBodog mou avamtuxbnke pe
xpnon tng daocparookomniag¢ Raman pe petacxnuatiopo Fourier (FT-Raman) yla Tov mMoOooTIKO
TPOCSLOPLOUO TWV AKUKAWY, OKOPESTWYV BeloUXwV CUCTATIKWY 0To atbéplo EAato okopdou [35].
To MTNTIKA CUCTATIKA QUTA £XOUV LSLaiTEPN oNnUacia yla To dpwa Tou okopdou, kabwe Ppednke
otL tepLEXovTal o€ Tooooto 33.3-75.3% tou atbepiou eAaiou. Ze AAAN HEALTN, XpnOLUOTIOONKE
n daouatookomia €yyug UTEPUBPOU Yyl TOV XOPAKTNPLOUO Oelypdtwyv okopdou amo
S10PpOPETIKEG KAANLEPYOUHEVEG TIOWKIALEG, €lte BloAoyikN ¢ eite oupBatikig mapaywyng [36]. H
daopatookoria uneplBpou pe petacxnuUatilopd Fourier pe tnv teXVkn tng eéaocBevnuévng
oAlkn¢ avakAaong (ATR-IR) oe ocuvbuaopo pe tn pEBodo maAvdpounong peplkwy ehayxiotwyv
tetpaywvwy (PLS) xpnowomowibnke mpdéodata ywa TNV €KTiUnon tou OAlkoU ¢aLvoAlkou
TIEPLEXOUEVOU Kal TNE AVTLOEEOWTIKNC SpAong Selypudtwy okopSou amnod TEGOoEPLS TIOALTELEG TWV
HMNA. EmutAéov, n xprion avaluong kuplwv ocuviotwowv (PCA) kot SLoxwploTikAg availuong
odnynoav otnv avamntuén LovieAwv taflvopnong Baoel yewypadiknc npogleuvaong [37]. H texvikn
ATR-IR og cuvbuaouo pe tn puéBodo PLS edapuootnke, eniong, mpdéodata ylo tnv avixveuon
voBeiag Tou okopdou oe popdr okovng pe apuAo kaAapmokiou (corn flour) [38].

TNV napovoa LEAETN O OTOXOC ATAV N avVATITUEN VEWY HEBOSWV yLa Tov amAouoTtepo, 000 TO
Sduvatdv Mo AUECOo KoL ypryopo TOCOTIKO TPoodloplopo TnG aAAlivng kat tng uHebuivng. O
EVWOELC OQUTEC OUVLOTOUV TIC ONUAVILKOTEPEC TIPOSPOUEG EVWOELC yla MARB0C BLodpaoTikwy
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popiwv Tou okOpdou. ITo MPWTOo PEPOC Mapouoialovtal ol pEBodol mou avamtuxbnkav pe Tn
Xpnon vypng xpwpoatoypadiag ubpodwv aAAnAenidpacewv (HILIC) ouleuypévng Le aviXVeUTH
ovotolyiag ¢wtododbwv (PDA) kot aviyveut) daopatouetpiog polwv - LOVIOHOU HE
nAektpoPekaopud (ESI-MS). Ta tn PBeAtiotonoinon Twv XpwHaToypadlkwv ouvOnKwv €yLve
epapuoyn t™ng pebodoloyiag emipavelag amokpong (RSM) péow ToOu KEVTIPLKOU OUVOETOU
oxedlaopou (CCD). AkoAoUBwg, yivetal eplypadr) TG eVOAAAKTLKNG eBOSou mou avamtuxonke
XPNOLUOTIOLWVTAC TN GACUATOOKOTIO UTIEPUOPOU LE LETOOXNUATIONO Fourier Kal CUYKEKPLUEVQL
NV TEXVIKN TG dLdxutng avakAaong (DRIFTS), oe cuvduaouo pe tnv moAupetafAntr avaAuon

TwV PACUATOOKOTUKWY SESOUEVWV.
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3.2. Noootikd¢g MPocdLoplopdg aAALivng ko pediivng oto okopdo péow HILIC-PDA/ESI-MS

3.2.1. NepapaTkO HEPOG

3.2.1.1. QUTIKO UALKO KoL XNHKA avidpaothipla

H mpounBeia Twv detypudtwv okopdou mou xpnotpomnowdnkav (n = 5), ecodeiag 2011 kat
2012, mpaypatonolfnke amod Tomikoug mapoaywyous Twy meploxwv N. Buooag (B. EBpog) kat
XoAkidag (EuBola), kaBwg kat amnod kataotnuata tpodipwy. Ta Selypata, apXLka, TapEUELVAY yLa
XPOVIKO SLACTNUO ETTA NUEPWV OE OUVONKEG eAeyXOUEVNG BepUOKpaciag KAl LypaCiag KAl oTn
ouVEXELa amoBnkeuBnkav og ocuvOnkeg PUENg (-22 °C) péxpt va avaluBouv. OL TPOTUTIEG OUCILEG
L-aAAlivn (ACSO, kaBapotnta =98%) kat L-pebiivn (MCSO, 298%) mpounBeuBnkav amd tnv
etalpeia LKT Laboratories (St. Paul, MN, USA), evw n S-kapPofupebulo-L-kuateivn (CMC) Atav
¢ etawpeiag Sigma (St. Louis, MO, USA). Qg SdtaAuteg xpnotpomnowiBnkav aketovitpidto (ACN)
vPnAng kaBapotntag yia LC-MS kat urmepkaBapd vepod mou mapaArdOnke HECW TNG CUCKEUNG
MilliQ plus (edikr avtiotaon 18.2 MQ cm™), tng etaupeiag Millipore (Saint-Quentin-en-Yvelines,

France).

3.2.1.2. Awdkaoia anopdvwong

Ma TNV eKXUALON TWV N TITNTIKWY CUCTATIKWY ToU okopdou, Kuplwg aAALivn kot pebiivn,
xpnowtorowtBnke n nEBodog mou €xel avadepbel otnv mpoodatn BiBAoypadia [18,25], ue
ULKPEG TPOTIOTIOLNOELG. ApXLKA, OKEALSEG okOpSOoU amod kaBe Selypa amodAolwOnKav MPOCEKTLKA,
akoAouBnoe {Uylon mooodtnTag 10 g MePLoU KoL 0T CUVEXELA TTpayLaToTolOnke eyuBarntion oe
vdatikd StdAuvpa MeOH 90% (v/v) mou mepleixe 10 mM HCl. AkolouOnoes mapapovi Twv
Selypatwy otoug 4 °C kaB’ 6An tn SLapKeLa TNE VUXTOG, TIPOKELMEVOU va Topeunodlotel n Spaon
Tou evlUpou oAAuvaon [9,27,39]. Ie kaBe belypa, €mewta, €ywe mpooOnkn 150 mL tou
SloAbpatog MeOH kot otn ouvéxela to Oelypa TEUOXIOTNKE KOL OLOYEVOTOLONKE HE
opoyevorownth (blender) xelpdc yia 1 Aemto. H ekxUAlon mpaypatonolnonke uno Bpaouo yia 5
Aemtd kal akoAouBnoe d1nOnon pe NnBUO Gooch umod kevo. H dla Stadikacio emavaAndOnke

OUVOALKA 3 ¢dOpEG, xpnolpomolwvtag yla kKabe ekxUAlon 150 mL tou SdtaAvpatog MeOH umod
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Bpaouo. Ta ekyuAiopata mou mpoékuPav yla kabe empépoug delypa cuvevwOBnkav Kal To
OUVOALKO eKXUALOMQ CUMITUKVWONKE PEXPL OYKou 15 mL pe xprion mepLoTpodIKOU GUUIMUKVWTA
otou¢ 40 °C. AkohoUBnaoe amoBrnkeuon Twv EKYUALOUATWY 0Tou -22 °C yla TouAdxLotov 12 wpeg.
2Tn ouvéxela, AfdOnke oykog 100 pL amod to unepkeipevo KABe ekXUALOUATOC KoL avapixbnke pe
400 pL StaAUTn apaiwong aketovitpidto/vepd 75:25 (v/v) (2 mM pupunkikol o€€og, pH 3.5) kat
500 pL tou mpotumou StaAvpatog avadopag (CMC, 1 mg/mL) e xprion vortex ywa 1 Aemto. To
TeEAKO Oelypa yla xpwuoatoypadiky avaiuon mopalndbnke €neta amd dtbnon pe xpron
diktpou mopwdoug 0.20 pm kot Stapétpou 15 mm (Chromafil Xtra PET-20/15).

3.2.1.3. Napaokeun MPOTUNWV SLAAUUATWY

ApxLKd mapaokeudotnkayv Stalvpata mapakatadnkng cuykeEvipwong 5 mg/mL kat 2 mg/mL
yla tnv aAALivn Kal tn puebuivn, avtiotolya, xpnolonolwvtag we StaAutn umepkabapo vepod (pH
3.5). AkoAoUBwG, POETOLUAOTNKE SLAAUMA Epyaoiag e ouyKEVIpwaOn alltivng 2 mg/mL kot
ouyKEVTpwaon HebLivng 0.16 mg/mL, xpnowomolwvtag we SLaAutn apaiwong aketovitpiAlo/vepd
75:25 (v/v) (2 mM puppnkikoU oé€og, pH 3.5). To Stdhupa epyaociag tng S-kapBofuuebuio-L-
kuoteivng (CMC), ouykévipwong 1 mg/mL, MPOETOLUACTNKE UE XPrion umepkabapol vepol (pH
3.5). Z& OAec TIC MepUTTWOELG ANPOnke umoPn o Babuog kabBapdTNTAC TWV OUCLWY, EVW YL
kKaAUtepn StaAutomoinor Toug ota StaAlpata €ywve xprion udatOAoUTPOU UTEPAXWV yLa 1 AETTTO.
Ta StaAvpata mapakatabnkng Kal epyaciog anodnkeudnkav otoug 4 °C.

Ma Tov €AEYX0 YPOAUULKOTNTAC TWV UYpOXpwHAToypadLlkwv HeEBOSwV xpnoluomolnke
OELPA TTPOTUTIWV SLAAUMATWY YLoL EMTA CUYKEVTPWOELG aAALivng (100-200-350-500-650-800-1000
ug/mL) kot pebiivng (8-16-28-40-52-64-80 pg/mL), pe xprion tou CMC w¢ mpotumou avadopag
[4] og ouykévtpwaon 500 pg/mL.

3.2.1.4. Yypoxpwpatoypadikn availuon

Ma tov mpocdloplopd Twv MapaAndOEvTwy pn MTNTIKWY CUCTATIKWY TOU okopdou, aAALivn
Kol peBdLivn, ebapuooTnKe N TEXVIKN TNG LUYPNGS XpwHatoypadilag o cuvduaoUO LE QVIXVEUTNH

ocuotolyiag dwtoblodwv (PDA) 1) oviopol pe nAektpoPekacuo - dacpatopetpiag palwv (ESI-
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MS). Xpnolwuomouibnke 10 6pyavo LC/MS-2010A tng etawpiag Shimadzu, to omoio eival
e€OMALOMEVO e TO olotnua avtAiag dvo kavaAwwv LC-10ADvp, amaepwtrh tumou DGU-14A,
ocvotnua avapng Stalutwv FQV-10ALvp, avtéuato detypoatoAnmen SIL-10ADvp, polpvo otAng
CTO-10Avp, cvotnua eléyxou SCL-10Avp, evw emiong eival £poSLOCUEVO E TOV QVLXVEUTH
ovotolyiag Pwrtodlédwv SPD-M10Avp. H otiAn Tmou XPNOWUOTMOLRONKE Yyl TOUG
xpwpoatoypadikols Staxwplopous Atav n ZIC-HILIC tng etaipeiag Merck-Sequant (Umea3,
Sweden), prikouc 150 mm, £owTtepKAC SLapétpou 4.6 mm, mopwdoug 100A kot peyéBouc
owpatdiwv 3.5 um. H Beppokpacia otov kKAiBavo t¢ othAng ntav otoug 30 °C [20].

Oykog 5 pL amo kabe Seiypa ewonxbnke kol avaAUONKe XPNOLLOTIOWVTAG LOOKPATIKO
TIPOYPOUHO EKAOUCNC OTIC AKOAOUBOEC XpwHOTOYPADIKEG CUVONKEC: aKeTOVITPiALo/veEPO 75:25
(v/v) pe 2 mM pupunkikou o€€og (pH 3.5), o por) 0.5 mL/min. H avixveuon mpayuoatonotnke
o€ pNKog kupatog 210 nm [20,25], evw o xpovog avaluong Atav 30 min. H avaluon pe MS
Tipaypatonol)0nke und cuvlnkeg BeTKoL LOVIOWOU, Ue TNV Tty nAektpoPekaouou og ESIY kat
T Bepuokpacia otoug 250 °C. Q¢ agplo €npavong Kal ekvEPwaoNng xpnolpomolnonke alwrto
vPnAng kaBapdtntag. H pon Tou aepilou ekvépwong ntav 1.5 L/min, evw n mieon kat n por) Tou
agpiov &npavong ntav 0.1 MPa kat 10 L/min, avtiotolya, He tn Oeppokpaocia aspiov Enpavong
otou¢ 300 °C. To Suvaplko otnv meploxn ekvédwoaong ntav 3.5 kV kat n Tdon Tou aviXveuTr NnTav
1.88 kV. H cuAhoyn twv edopévwv €ylve ap)LKA LE TNV TEXVLKA TTANPOUG CAPWONG, EVW YLOL TOV
TIOOOTIKO TPOOSIOPIOUO TNG aAALivnG Kal TnG HedBuUvng emAéxBnke n mapokoAoubnon
eMAeyUéEVWY OVTWY (SIM). H tautomoinon twv umod e&f€taon pn TMINTIKWY OCUOCTATIKWV
TIPAYUATOTOLNONKE HE OUYKPLON TwV XPOVWV OuykpAtnong, twv doaopdatwv UV kol twv
daocpdtwv MAlOG ME OQUTA TWV QVTIOTOYWV TPOTUNMWV OucwWwV. H moootikomoinon
nipaypatornol0nke pe xprion tou CMC (500 pg/mL) wg eowteptkov (ESI-MS) i e€wtepikol (PDA)
npotumnou. To Aoylopikd LCMSsolution 3.4 tng etatpeiag Shimadzu xpnowuomnow)Bnke yla tov

€\EYX0 TOU CUOTNHATOG, TN CUAAOYN Kal TnVv enegepyacia Twv SeSopévwv.

3.2.1.5. BeAtiotonoinon twv pebodwv

H pebobdoloyia emidpavelag amokpiong (RSM) péow tou KevIplkoU oUVOeTOU oxedloopou

(CCD) edapuodotnke pe okomo tn BeAtiotonoinon Twv peBodwv mpoodloplopol TG aAALivng Kat
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pedLivng oto okopdo. Ot petaBAnteg mou AfdOnkav umtodn RTav 1o % Mocootd vepol (X1) Kaln
TN tou pH (x2) otnv Kwntr $Aaon, evw oL amokpioelg ou eAéyxBnkav adopoloav Toug Adyoug
LOVOUEPOUC/SLuepouc, To eUpog kopudwy Kat TN Staxwplotikotnta (resolution, R) tng aAAtivng
Kat tn¢ Mebuvng. KaBe petaPAnty efetaotnke o€ mévie emimeda THWV, TA Omola
kwSLKomoovvTaL WS €€AC: -a, -1, 0, +1, +a, OTou a = 2”4, n = 0 APLBUAC TWV PETAPANTWY, EVW OL
TWMEG -1, +1 kaL O avTLOTOLXOUV OTO KATWTEPO, TO OVWTEPO KAL TO KEVTPLKO ONUEl0 KAOE eMUEPOUC
petaBANTAG. H e€lowon LETAOXNUATIOUOU TWV TIPAYLATIKWY TLLWV (Z) 08 KWwOIKOTIOLNUEVEC TIUEC
neplypadetal we €€ng [33]:

Zl'—Zp

l
AZ; (1)

Kwbwomotnpuévn tpn =

orou 7% N MPAYHOTIKA TN OTO KEVIPLIKO ONpELo Kot Azin Stadopd TG MPAyUATIKWY TLUWY OTO
HEYLOTO 1 TO EAAXLOTO €MUMESO TNG LETAPANTAG KL TO KEVTPLKO ONELO.

O aplOpoC TWV MElpapdtwy oplotnke cUubwva LE TN oxEon I = n? + 2n + ¢, [33], 610UV ¢ €ival
0 0plOuog Twv emavalnPewv (3) oTo KeEVIPIKO onuelo. TUVOAlkA Tpaypatomol)dnkav 11

nepaparta (Mivakag 3.1).

Nivakag 3.1. NePAUATIKOC TIVAKOG YLO TOV KEVTPLKO oUVOeTo oxeblaouo (CCD) Suo petafAntwv.

X1 (% H.0) X2 (T pH)

Mapayovtikog oxeSLAOOG -1 -1
1 -1
-1 1
1 1
Afovikd onpueia -a (-1.41) 0
a (1.41) 0

0 -0 (-1.41)

0 a(1.41)
Kevtpko onueio (n = 3) 0 0
0 0
0 0

H afloAdynon tou povtélou mou TpoekuPe yla KABe amokplon €ywe cUpdbwva HE TO

ouvteheotr poodloplopol (R?), evw k&Be amdkplon Kpibnke onuavtikr pe Bdon tov €Aeyxo F.
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Eniong, onuavtikol BewpriBnkav oL cuvteAeotég pe T p < 0.05. MNa tn BeAtiotonoinon twv
ouvOnkwv Twv dVo PeBOSdWV ypnaotpomnolnBnke To Aoylopiko Design-Expert 7.0 (Stat-Ease Inc.,

Minneapolis, MN, USA).

3.2.2. AnoteAéoparta - Zuintnon

Mo TNV TPOETOACia TWV SEYUATWY OKOPSOU WE OKOTO TNV UYPOXPWHATOYPAdLKN
avaAuon, mpaypatonotnonke ekxuAlon pe 6€wvo Stahupa MeOH mpokelpévou va mapeUodLoTel
n 6pdon tng aAAuvaong, n onoia onwg £xel avadepOel adpavonoleital oe TIHEG pH KATW Ao
3.6. [39]. EmutA£ov, n uPnAn ouykévtpwon MeOH otov ekyUALOTH SLAAUTN MPOCTATEVEL TN OTAAN,
KaBwg pelwveTal N SLaAuToTNTA TWV VSATAVOPAKWY KAl TWV MPWTIEIVWV TIOU TIEPLEXOVTAL OTO
okopdo [25].

JUudwva PE TO TPOKATAPKTIKA TEpApata pavnke OTL n T tou pH otnv Kwvnt ¢don
EMNPEALEL OCNUAVTLIKA TOOO TO XPOVO KATOKPATNGNG 0G0 KAl TNV EUdavion LOVTwv Siuepwy, Bilwg
¢ alAlivng, ota ¢aopata paloc. H ofivion tng Kwvntng ¢aong ouxva evdeikvutal yla
vypoxpwuatoypadlkég avaAloeLs, KaBwe N TPpWIoviwaon Twv oucLwV eTdpd oTNV KATAKPATNONA
Toucg [20]. To % MOCOOTO VEPOU, £MIONC, EMNPEATEL TO XPOVO KOTOKPATNONG KAl TNV gudavion
vtwv Oluepwyv. OL 800 autol mapdyovieg efeTAOTNKOV TAUTOXPOVOL ETOL WOTE Vva
BeAtiotomotnBouv oL GUVONKEG TNC XpwHAToypadIKNC avaAuong Kat va eAaxLlotomolnfouv Tuxov
odalpata otn pEBobdo e ESI-MS. Ztov mivaka 3.2 epdavilovrat ta enimeda twv U0 pHeTafANTWV
mou eAéyxOnkav cludwva Pe ToV KEVTPLKO oUVOeTO oxedlaouo. OL amokpioelg mou AndpOnkav
urodn Atav o Adyog povopepouc/Sipuepouls, To eVPog Kopudng kat n Staxwplotikotnta (R) yla
NV aAALivn kat T peduivn. Na toug mpoodloplopol xpnotonolionke SLAAUUO CUYKEVTPWONG
1 mg/mL aMAuvng, pebiivng kot CMC, to omoio xpnowomnotibnke w¢ mpotumo avodopdc. H
onuavtikotnta (P>0.05) kABe emMUEPOUG OPOU OTLG EELOWOELG TTOU TIEPLYPAdOVTAL OTOV TivaKa

3.3 eAéyxOnke pe avaluon Stacmopag (ANOVA).
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Nivakag 3.2. Melpapatikog Tivakag Keviplkol oUvBetou oxedlaopou (CCD) pe ta emimeda Twv

HETABANTWV KaL TIC AMOKPLOELG TTOU HeEAETAONKAV.

MetafAntég Anokpioelg
s s A0 U MO il M0 o O
(AAALLvN) (MeBuivn)

1 11 20.0 3.5 56.3 3.8 41.7 5.9 2.0
2 2 30.0 3.5 47.9 2.0 37.6 24 1.1
3 4 20.0 6.1 60.3 7.2 40.7 7.4 1.4
4 9 30.0 6.1 23.3 1.9 22.0 2.0 13
5 7 18.0 4.8 62.2 4.5 35.1 7.0 2.4
6 1 32.0 4.8 27.0 1.8 15.5 1.8 1.1
7 5 25.0 3.0 58.4 2.9 37.1 3.5 1.5
8 6 25.0 6.6 234 3.0 15.1 2.8 1.6
9 3 25.0 4.8 294 3.5 20.5 4.4 13
10 10 25.0 4.8 30.5 3.9 21.4 5.3 1.2
11 8 25.0 4.8 29.7 3.6 21.6 4.6 1.2

M/A: Aéyog povopepolc/Sluepoug yia Kabe empépoug avaiutn.

Nivakag 3.3. EELlowoelg mMaAlvEpoOUNoNG KoL OTATIOTIKEG TIOPAETPOL TWV ATIOKPIOEWVY TIOU eEETACTNKAV

HECW TOU KeVTPLKoU ouvBeTou oxedlaopou (CCD).

R2

Anokplo E§lowon naAwvépounc R? ,  Mototnta

pon § n popnong npocapioylic n
Movouepeg/Siuepec 29.89 - 11.89x; - 8.79%>- 7.16x1x2 +

, . . 11.
(ANALLVN) 8.42x:% + 6.54x,2 0.95 0.89 8
EUpog kopudnc (ANALvn)  3.45 - 1.36x1 + 0.44x; - 0.88x1X> 0.83 0.76 10.2
MovopepEg/Siuepec 21.15 - 6.32%1- 5.95x; - 3.67x1x2 +
(MeBtivn) 4.54x,° + 4.91x,° 0.79 0-59 >0
EUpog kopudng 4.74 - 2.03x;,+ 0.041x; - 0.48x1% -
(MeBtivn) 0.015x,%- 0.64x,? 0.94 0.88 120
Alaywplotikotnta R 1.11-0.37x:- 0.049%: + 0-23xxz + 0.89 0.78 7.8

0.27x:2+ 0.16x,2
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Ta anoteAéopata €8eL€av OTL N T Tou pH Kal to % mooooto vepou otnV Kwvntr ¢paon eixav
onNUavTIKA eNibpaon o OAeG TG amokpioelg Tou peAetnOnkav. Ta Ixnuata 3.1(a)-(g) deixvouv
TIWG eEMNPeAleTal N KAOE amokpLon oo Tn LETABOAN TWV TIHWV Twv dU0 petaBAntwv. H cuvoAkn
npotipnon (desirability), onwg nmpoékude amod 1o BEATIOTO CUVOUOOUO TWV TIPOTLUNCEWV TWV
QVTLOTOLYWV QTMOKPLOEWV (HEYLOTOTIOLNON TOU AOYOU LOVOUEPOUCS/SLuePOUG, EAAXLOTOMOLNON TOU
gvpoug kopudng kat R > 1.5) BpéOnke ton pe 0.85 yia 25% H,0 kat pH 3.0 otnv kwntr ¢don.
NAOyw, OuwC, Twv mpodlaypadwv tng otiANg (pH 3-8) emiAéxbnke n tun pH 3.5.
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AlaxwpioTik6TnTa R

AAAiivng - MeBiivng

357200

A: H,0 (%)

IxAna 3.1. Ataypappota emidpAVELOS AOKPLONG TTOU ATELKOVI{ouv TO AOyo HoVOUEPOUC/Siuepouc (Baost
eupadol kopudnc) Kal To VPO KOPUPNAG WG CUVAPTNON TNG TG Tou pH Kal Tou % TocooToU VEPOU
otV KNt daon yia tnv aritivn (a, B) kot tn pebiivn (y, 6), avtiotolya. Xto Staypappa (g) amnelkoviletal
N SLoXwpPLoTIKOTNTA yla TIC KopudEG alhuivng kat peblivng oe cuvaptnon tng TN tou pH kot tou %

TIOOOOTOU VEPOU OTNV KLvNTN daon.

Ta ¢aocpata UV tng aAAtivng, tng pebiivng kat tng S-kapPBofupebulo-L-kuoteivng (CMC), n

omola xpnollomnondnke wg Mpotunn oucia avadopdg, anewkovilovral oto xAua 3.2. Ma tnv

avaAuon e HILIC-PDA n avixveuon mpayuatonoltionke og pkog KUpatog 210 nm. Xto Ixiua 3.3

QMELKOVIZETAL EVa TUTIKO XpwHatoypadnua deiypatog oképdou pe otiAn ZIC-HILIC.
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Ixnua 3.2. Qdaoparta UV (a) tng adAtivng, (B) Tng mpotumng ouaoiag avadopdg (CMC) kat (y) Tng pueblivng.

45



Kepalato 3

mAU(x100)
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IxAna 3.3. Tumiko xpwpatoypadnua deiypatog okopdou oe cvotnpa LC pe otiAn ZIC-HILIC kat avixveutn

ouotolxiag pwtododwv (PDA) og purikog kOpatog 210 nm. H aAALivn (ACSO), n mpotunn ouacia avadopdg

(CMC) kat n pebiivn (MCSO) napouoialouv xpovoug katakpatnong 8.93, 11.59 kat 14.20 min, avtiotolya.

Onw¢ ¢aivetal oto IxAua 3.4, to OV dyuepous ¢ aAAlivng spdavilel kopudr otov ib6lo

XPOVO KATAKPATNONG LE LOV pHovopepoUt. H kUpLa kopudr mou epdaviletal oto pacpa palog
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TANPOUG 0APWONG o€ BETIKO LOVIOUO avTloTtolXel oto Lov (m/z 178 [alAtivn + H]Y), evw emiong

endaviZovtal ta ovta npoobnkng (m/z 216 [aAAtivn + K]*) kat (m/z 355 [2(aAALivn) + H]Y).

0.0 25 50 7.5 100 125 15.0 175 200 225 250 275 300

Inten. (x100,000)
0

] 178
2.0+ i + i +
] [aANiivn+H] [cxy\uvn +K] [2(aANivn) + H]*
1 83
10- 216
) 102 470
oot 2z % | P ‘158.“1??‘ i BT o7e?® a9 a% W5 apam |

50 100 150 200 250 300 350 400 450 m/z

IxAua 3.4. (o) Xpwpatoypadnua LC-MS omou epdavilovral ot KopudEG TwV eMIAEYUEVWY LOVTWV (SIM)
™G oAALVNG [aAALivn + H]* kat Tou Sipepou tng [2(aAAtivn) + H]*. (B) Odopa palag mAnpoucg ocdpwong o
BeTIkd LOVIOUO, OTtou amelkovileTal To OV TG aAALivng pall pe aAAa LOvTa TpocBnKnG.

2to IxAua 3.5 daivetal n kopudr TOU LOVTOG POVOUEPOUS TNG HeBLivng, evw yla tov (blo
XPOVO KOTOKPATNONG, N Kopudn Tou emAeypévou LOVToC Tou Sipuepouc &g Slakpivetal. H kUpla

kopudn mou epdaviletal oto pacpa Palag mANPoUG oApwong o€ BETIKO LOVIOUO, AVILOTOLXEL OTO
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OV (m/z 152 [uebiivn + H]*). Ta wdvta mpoaBnkng mou Stakpivovtal oto paopa palog mARPous
odpwong tou Zxnuatog 3.5 avtiotolouv ota (m/z 175 [pebiivn + Nal*), (m/z 189 [uebiivn + K]*)
kat (m/z 302 [2(aAALivn) + H]*).

{10,000)
" 152.00 (1.00)
225 503,00 1,00}

2.00+

1.75-
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125

1.00-|
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s il e oot Al Az, A e Mo g Pt o
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T B B B A T B e S T A S B e e e S L L e S B e S T L O B e S e e A
0.0 25 50 75 10.0 125 150 175 200 25 250 275 300

Irr(l)en_(x10,000) . 152

] [ueBiivn+ H] . .

5_(E 42 115 \ [HEGIIVF] + Na] [2(u£6|ivr]) + H]+
. [ueBiivn + K]*

382
251 ‘ 175 J 231 / ‘
b 1
008 | ‘ 104 \.‘ — | ﬁ ‘ 242 2712 32 391 401 417 L 784.71485
200

[+

50 100 150 250 300 350 400 450 miz
IxAua 3.5. (o) Xpwpatoypadnua LC-MS omou epdavilovral ol KopudEG TwV MAEYUEVWY LOVTWV (SIM)

™G pebiivng [pebiivn + H]* kal tou Siuepouc tng [2(pnebiivn) + HI*. (B) ®daoua palog mAnpous ocdpwaong o
BeTIKO LOVIOUO, OTIOU amelkoViZeTal To LOV TG Heblivng pall pe aAla wovta npoobnkng.
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Amo6 1o Ixnua 3.6 daivetat otL n S-kapPotupuebulo-L-kuoteivn (CMC) dev mapouolalel LoV
Suepou¢. 2to daoua palog mAnpoug capwaong dlakpivetal to v [CMC + H]Y, kabBwg kat To LoV

npoodnknc (m/z 221 [CMC + ACN + HJ*).

(x100,000
180.00 (1.00)
3-0‘F:359_oo (1.00)

275
250
2257
200°

175

150

125+

1.00-
075
050

025

0.00-
0.0 25 50 75 10.0 125 15.0 175 200 25 250 275 300

Inten. (x100,000)
757

] 180
. [CMC+ H]* [CMC + ACN + H]*

25 221/
260 297 308342 371 398 425 475491

| 83 ‘
oot % T 1024 s || 200 200 ‘
50 100 150 200 250 300 350 400 450 miz

IxAua 3.6. (a) Xpwpatoypadnua LC-MS omou €xouv erhexBel ta Lovta tng S-kapPofupebulo-L-kuoteivng
[CMC + H]* ko Tou Sipepoug g [2(CMC) + H]. (B) ddopa palag mAnpous odpwong o€ BETIKO LOVIOUO,
Omou armnelkoviletal To v Tou CMC pall pe GAAa LOVTO TPooBNKNG.

1o IXNua 3.7 mopouclaletal €va XapPOKTNPLOTIKO Xpwuatoypddnua LC-MS Seiypatog
okopdou, omou €xouv emhexBel Ta wWOvta TG aAALvng [aAALivn + HIY, tng S-kapBoupebulo-L-

kuoteivng [CMC + H]* kat tng pebiivng [uebuivn + H]*.
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Ixnua 3.7. Xpwpatoypadnua LC-MS onou gpdavilovral ol KopUPEG TwV ETUAEYUEVWY LOVTWV (SIM) Tng
oAALivng [aAALivn + H]*, tou CMC [CMC + H]* kot Tng puebuivng [uebiivn + H]*.

MNa tnv emkopwon Twv UeBOdwv eAéyxBnkav n edKOTNTA, N YPOUULIKOTNTA, TO OPLO
QVIiXVEUONG Kal TTOCOTLKOTIONONG vyl KaBévav amd tou¢ SUo avaAUteg, n opBotnta Kal n
rmuototnta. H edkétnta twv d0o pebBodbwv emPefaiwdnke amd tnv avaiuon 5 delypdtwv
okopbou dladopetiknc mpoélevonc. Onwe daivetal kal ota xpwpatoypadnuata (Ixnuata 3.3
kat 3.7), oL kopudEg TG aAAlivng Kal tg pedivng Staxwpilovtal and T kopudég aAAwv
OUOCTOTLKWV TOU oOKOpdou. H tautomoinon mpoypatonolw}Onke CuyKpivoviag Toug XpOvoug
Katakpdatnong kot ta ¢pacpata UV kat MS twv Selypdtwy pe Toug XpOvoug Kol Ta ¢Aaouata,
avtiotol o, TwV TPOTUTIWV OUGCLWV.

H ypapukotnta twv peBodwv efetaotnke xpnowuomowwvrag mpotuna StaAvpoto 7
S10.pOPETIKWV CUYKEVTIPWOEWV aAALivng kat puebiivng (Mapdptnua l). O Mivakag 3.4 cuvoyilel Ta
otolxeia mou mpogkuPav amod tnv KoUmUAn Babuovounong yla kabe peBodo. O ouvteAEoTNC
ocuoxétong (r) ywa tnv aAAlivn kat tn pedlvn Atav oe kabe mepimtwon > 0.998. Ta opla

avixvevuong (LOD) kat moootikomoinong (LOQ) mpoodlopiotnkav ocUUPwva HE TO AOyo
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onpatog/66pupo (S/N). MNa tov umoAoylopd tou LOD xpnowomnotidnke n oxéon S/N = 3, evw yla
10 LOQ n oxéon S/N = 10 (Nivakag 3.4).

Nivakag 3.4. ZTolxela ypAUULKOTNTAG, OpLa aviXVEUONG KAl OPLA TTOCOTLKOTIOINGNG yLa TNV oAALLVN KalL Tn
pedtivn pe tig uo pebodouc.

o E€iowan Eupog LOD LoQ
uotatikd MéeBobog \ OUYKEVIPWOEWV
naAwvdpopnong (ng/mL) (ng/mL)
(ng/mL)

ANivR  HILIC-PDA ’7’;4226;"697"' 0.999 100-1000 0.82 2.73
HILIC-ESI- = 0.9486591x + 0.998 100-1000 2.73 9.10

MS 0.0351650
MeBivn  HILIC-PDA 251165539%246’(' 0.999 8-80 2.33 7.80
HILICESI-y = 0.5440764x - 0.998 8-80 2.29 7.63

MS 0.0012135

Ma tnv eKTipnon tng opBotntag mpaypatomolnonke €Aeyxog oavaktnong (n = 6) ue
eUBOAlacUO  evog  Selypatog okopdou, xpnolpomowwvtag Svo  Sladopetikd  emineda

OUYKEVTPWOEWV aAALivnG Kat pedlivng. Ta amoteAéopata napouvotalovral otov Mivaka 3.5.

Nivakag 3.5. AnoteAéopata eAéyxou avaktnong tng aAAtivng kal tng pebiivne yia to Svo emineda
eUPoAlacpol o Selypa okdpdou (n = 6).

Suctatikd  MEBodoC ApxwKn cuykévipwon MNpootéBnkav BpéOnkav Avaktnon RSD

(mg/g) (mg/g) (mg/g) (%) (%)

AMLivn HILIC-ESI-MS 9.0 4.5 13.8 1022 3.0
9.0 17.8 99.0 15

HILIC-PDA 9.1 4.5 13.7 100.2 1.1

9.0 17.8 980 0.9

MeBivn  HILIC-ESI-MS 0.94 0.50 1.47 1019 1.8
1.00 1.93 995 23

HILIC-PDA 0.98 0.50 1.49 1004 3.1

1.00 1.97 993 14
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JUudwva LE TA ATOTEAECUATA TIPOKUTITEL OTL OL LETEG OVAKTNOELG OTO XapNAOTEPO eMinmedo
KupavOnkav petafy kat 100.2 kot 102.2%, evw oL TWEG OXETIKNAG TUTILKAG ATOKALONG ATV
ULKpOTEPEC amo 3.1%. MNa to uPnAdtepo eninedo oL avaktoels PpéBnkav va eival anod 98 £wg
99.5%, LLE TLG TLLEG OXETIKAG TUTILKNAG OIMOKALONG va €lval kpotepeg amo 2.3% (Mivakag 3.5).

Jtov Mivaka 3.6 moapouctalovtal Ol OXETIKEG TUTILKEC aTOKAloElG avadoplkd HE TV
enavaAnPuotnTa, tnv €VvOLAUESN TILOTOTNTA KAl TNV QVOITAPAYWYLULOTNTA tng €yxuong. H
enavaAnPLuoTnTa KoL n evOLApeon TLOTOTNTA EEETACTNKAV LE 6 SLOPOPETIKA Selypata evidg TG
NUEPAC Kal o€ TPELG SLABOXIKEC NUEPEC, avTioTolya. Ol TIUEC OXETIKAG TUTILKAG AIMOKALONG ATAV
XOUNAGTEPEG amo 7.4 kal 7.8%, avtiotolya. H avamapaywylpotnta tng €yxuong eAéyxOnke pe €L
SL0d0oxIKEC eyXUOELC eVOC SelypaTog. Ot TIHEC OXETIKAG ATTOKALONG yLa TNV aAALivn KoL Tn pebiivn

Atav xapnAotepeg and 1.9 kat 1.4%, avtiotolya.

Nivakag 3.6. EmavoAnPLuotnta, eVOLAPESH TILOTOTNTA KOL OVATIAPAYWYLHOTNTA TG £yXUong yia Tig Suo
pnebodoug.

RSD (%)
T VA — Ev6Lo'Lusor] Avana;l)avatuomta
muototnTa gyxuong

Juotatikd MéEBobdog (n=6) (n=13) (n=6)
AM\Livn HILIC-ESI-MS 1.1-5.1 3.3-7.8 1.9

HILIC-PDA 0.5-2.5 2.4-7.2 1.5
MeBtivn HILIC-ESI-MS 0.3-74 0.9-6.2 1.4

HILIC-PDA 0.5-3.9 1.6-3.8 1.1

Ta amoteAécpata yla Tt CUYKEVTpwon (mg/g) Twv delypdtwv okdpdou o€ alAtivn Kot
pebiivn ouvoyiovrtat otov Mivaka 3.7. Tig uPNAOTEPEG CUYKEVTPWOELG O aAALivn tapouatalouv
ta delypata pe mpoéAeuon amd tn N. Buooa kat tn XaAkida, evw n pebivn Ppiloketal oe

vPnAotepa enineda ota deiypata N. Buooag, XaAkidag kot ApyEVTLVAC.
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Nivakag 3.7. Zuykévtpwon aAALivng Kot pebiivng ota Selypota okopdou mou eEeTAoTNKAV.

Suykévtpwon®(mg/g)
Asiypa HILIC-PDA HILIC-ESI-MS HILIC-PDA HILIC-ESI-MS
N. Buooag 13.41+£0.05 13.61+£0.22 2.27 £0.06 2.34+£0.03
XaAkidag 11.53+0.02 11.51+0.17 1.72 £ 0.09 1.78 £ 0.02
onpag 10.25 +£0.02 10.00+0.12 0.44 +£0.02 0.41+0.03
ApPYEVTLVNC 10.69 £ 0.05 10.09 £ 0.04 1.84 £ 0.02 1.72+£0.01
Kivag 9.12+0.04 9.04 +0.01 0.98 +£0.01 0.95+0.02

Méaool 6poL = SD (n = 3).
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3.2.3. Zupnepacpata - MPOOMTIKEG

TN MeAETN auth avamtuxdnkav VEEG uypoxpwHatoypadlkéc HEBodoL yla TOV TTOCOTIKO
npoodloplopd NG aMAuvng kat ¢ HeBlUvng oto okopdo, oL omoie¢ Paciotnkav otn
xpwpoatoypadia vdpodAwv arlnAenidpdoewyv (HILIC) pe avixveutn cuotolxiag pwtodlodwv
(PDA) kot avixveuty ¢oaopatopeTpia¢ palwv - viopol pe nAektpopekaoud (ESI-MS). H
OUYKEVTPWON TwV SU0 KUPLWV QUTWV KN TIPWTEIVIKWY BEL0VXWV AULVOEEWV ATIOTEAEL GNUAVTIKA
TIAPALETPO YLa TNV TOLOTNTA Tou okopdou. H BeAtiotomnoinon Twv pebodwv mpaypatonolidnke
LE OKOTO TNV €UPECN TWV PBEATIOTWV THMWV YlLO T TIOPAUETPOUC TNG KWNTAG daong. Xta
TIAEOVEKTALATA TWV HEBOSWV AUTWV CUUTMEPNAUBAVETAL O ULKPOG XPOVOG avaAuaong (20 Asmtd),
evw eniong &g xpelaletal va mponynBel mapaywyomoinon Twv oucLwV TIPLV Ao TNV OVAAUGT TOU
Selypatog. OLvéeg uEBodol umopouv va edpaprootolVv otn Blopnxavio tpodiptwy Kat Gpapuakwy,
omou yivetal afloAoynon tng mMPpwtng UANG amo tnv omoia TPOoKUTITouv cuvadn TpodLua,
ouumAnpwpata Slatpodng f okevaopata. Me enéktaon t¢ pebodoloyiag eivat duvatd va
npokUPeL pEBOSOC MOV Vo XPNOLUOTIOLELTAL YEVIKOTEPA VLA TOV TTOOOTIKO TIPOOSLOPLOUO TWV
ooUAdoEeLSiwv TG S-aAk(ev)ulo-L-kuoTeivng oto okOpdo Kal o cuvadn mpolovia, Kabwg
eMiong KaL oe GAAa urtooTtpwpata. TEAOG, 0 EAeyxXoC Kal AAAwV oTaTikwv pacewv HILIC pmopetl

va oUPBAAEL otV Mepaltépw PBeAtiotonoinon tng uebodou.
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3.3. Moootkog NPoodLopLlopdg aAALivng kot pediivng oto okopdo péow paopatookoniog

FT-IR

3.3.1. NePANATIKO HEPOC

3.3.1.1. DUTKO UALKO Kall XNHLKA avTidpacthpLa

Ma v moapovoa LEAETN Xpnolpomnolidnkav cuvolikd 45 deiypoata okdpdou, ecodeiag 2011
kat 2012. H mpounBela twv SEYUATWY TPAYUOTOMOLONKE amd TOMIKOUG Tapaywyous Twv
nieploxwv N. Buooog (B. EBpog) (n = 12), XaAkidac (EuBota) (n = 6) kat Teyéag (Apkadia) (n = 3),
KaBw¢ kot and kataothpata tpodipwy (n = 24). Ta Seiypata, apxLlKA, TTIOPEUELVAV YLOL XPOVIKO
Sl1aoTNUa EMTA NUEPWV O CUVONKEC EAeyXOUEVNG BEpUOKPATIAC KOl UYPACLaG KAl 0T CUVEXELA
anoBnkevBnkav og cuvOnkes PuEng (-22 °C) puéxpt va avaluBouv. OL TpOTUTEG OUTieg L-aAALivn
(ACSO, kaBapotnta 298%) kat L-pebiivn (MCSO, 298%) npounBeubnkav amnd tnv stapeio LKT
Laboratories (St. Paul, MN, USA), evw n S-kapBofupebulo-L-kuoteivn (CMC) ntav tng etatpeiag
Sigma (St. Louis, MO, USA). Ot 8LtaAUTeG TOU XPNOLUOTOLRONKaV yla TNV UypoxpwHatoypadikn
avaiuon avadopdg ntav aketovitpidto (ACN) vPnAng kabapotntag yia LC-MS kat urtepkabapo
vepo Tou mapaldBnke péow tng ouokeung MilliQ plus (el8wkr avtiotaon 18.2 MQ cm™), tng
etalpeiag Millipore (Saint-Quentin-en-Yvelines, France). TéAog, ywa tn Xpwpatoypadia
tovtoavtoAAayng xpnowwomolibnke n katoavtaAAaktiky pntivn Dowex 50WX4-100 tng
etalpeiag Sigma-Aldrich (St. Louis, MO, USA).

3.3.1.2. Awadikaoia anopovwong

H mapaAafr) Tou KAAGHOTOC TWV N TITNTLKWY CUCTOTIKWY TOU 0KOpSou, KUpLwg aAALivn Kot
peBLivn, mpaypatomolidnke pe tn LEBodo mou meplypadnke mapanavw (mapaypadog 3.2.1.2)
eAadpwg Tpomonolnpeévn, Bacetl oxeTkwyv avadopwy [9,18]. Mo avaAutikad, okeAideg okopdou
amno kaBe Selypa anopAlolwbdnkav mPooeKTkA, akoAouBnaoe {Uylon mooodtntag 10 g mepimou Kat
akohoUBnoe spparntion os StdAvpa udatiko StaAupa MeOH 90% (v/v) rtou mepieixe 10 mM HCI.
Adou ta delypata mapépevav otoug 4 °C kab’ 6An tn SLApKELA TNG VUXTOG, OTN CUVEXELA EYLVE

npooBnkn 150 mL tou StaAvpoato¢ MeOH oe kaBe Selypa kal akoAouONoE TEUAXLOUOG Kall
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opoyevoroinon pe opoyevonolnth (blender) xelpog yia 1 Aemto. H ekyUALon mpaypatono)onke
UTO Bpacuod yla 5 Aemta kat akoAouBnoe dtnbnon pe nBUd Gooch umod kevo. H idla dtadikaoia
enavaAndOnke ocuvolikd 3 ¢opEg, xpnolpomolwvtag yia kabe ekxVAlon 150 mL tou dtaAvpatog
MeOH umo Bpaopo. Ta ekyuAiopata mou mpogkuav ylo KaBe empuépoug delypa ouvevwbnkav
KOl TO TEAIKO €KXUALOPO OUMTMUKVWONKe péXpL Oykou 15 mL pe xpron meplotpodikol
OUMTUKVWTN otoug 40 °C.

ITn OUVEXELD TpayuatonoliOnke 8uOnon tou ekxUAlOHATOC amd TMTUXWTIO nOUo Kot
akoAouBnoe ofivion tou dinBrpatog pe mpoodnkn 10 mL vdatikou StaAvpatog 3% HCI. Ano to
OUVOALKO OyKo (25 mL) AndpBnkav 6 mL, Ta omoia akoAoUBwg SNABav and othAn (1x10 cm)
TIANPWUEVN HE KOTLoOVTAAAQKTIKA pntivih Dowex 50WX4-100, n omoia €ixe MPONYOUUEVWG
evepyomnotnOei pe 20 mL 3% HCI. Zto uAkd MANRpwong €ylve dtadoxikd ekmAuon pe 20 mL 3% HCI
kot 40 mL amoviopévou VEPOU TIPOKELEVOU VA OITOUAKPUVOOUV OL N KATLOVTIKEC OUGLEC TTOU
uTNPXAV OTO PMEBAVOALKO eKYUALOUA 0KOpSOU. Ta CUyKeKPLUEVA KAAopata anoppidOnkav, evw
OTN OUVEXELO TO N TMINTIKA cuotatikd mapoAnddnkav amod tn othAn pe 120 mL vdatikou
StaAvpatog 1M NH4OH. Me xprion meplotpodikol cupmukvwtr (45-50 °C) €ywve cupmukvwon
Ewg Enpol Kal TO QTIOUOVWHEVO KAAOUO OULWVOEEWV TOTOBETNONKE €vtog Enpavtrpa Kevou
umepavw mevtoleldiov tou pwododpou yia 24 h. Adpol npoacdlopiotnke To BAPOC TOU OTEPEOU

eKYUAlopatog, akoAouBbnoe anoBrikeuon otoug -22 °C péxpL TNV avaAuon Tou.

3.3.1.3. Xpwpuatoypadikn avaiuvon pe HILIC-ESI-MS

Ma Tov MPoodLoplopd TwV TIHWV avadopag yLa tn cuykEVTpwWon aAAlvng kal pebiivng ota
Selypata okdpdou, xpnolpomolndnke n TEXVIKA TG UyPNG XpwHatoypadiag oe cuvbuaoud Ue
QVLXVEUTN LOVIOROU PE nAektpoPekaopuo - dacpatopetpiag palwv (ESI-MS). H pébodog mou
epapudoTnNKe MepLlypAdETOL AVOAUTIKA TTapamavw (rapaypadog 3.2.1.4). MNa tnv npostolpacia
TwV Selypdtwy ylo xpwpatoypadlky availucon xpnolgornowdnke moootnta 2.0 mg otepeoy
eKYUAlopatog yla kaBe O&elypa, 1o omoio SwaAvBnke oe 500 plL SwoAltn apaiwong
aKeTovLTpiAlo/vepo 75:25 (v/v) (2 mM pupunkikol o€€og, pH 3.5), evw akoAouBnoe mpoacBrkn
oykou 500 pL tou mpotumou &taAvpatoc avadopdg (CMC, 1 mg/mL). T kaAlutepn

SloAutonoinon tou Seiypatog €ywve xprion udatdoAoutpou UTEpAXwWV yla 1 Aemto. To TEAKO
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Selypa yia xpwpatoypadiky avaluon noapaindOnke eneita anod dibnon pe xprion ¢iAtpou
nopwdoug 0.20 um kat Stapétpou 15 mm (Chromafil Xtra PET-20/15).

3.3.1.4. ®aoparookomnikn avaivon pe FT-IR

H kataypadr dacpdatwy pe tv teXVIKn dlaxutng avakAaong (DRIFTS) mpayuatonodnke
oe daopatopetpo FT-IR Nicolet 6700 (Thermo Scientific, Madison, WI, USA), to omoio ntav
e€OMALOMEVO He avixveutn Seuteplwpévng Beukng tpyAukivng (DTGS), mnyn Nichrome kot
Staxwplotny 6éoung KBr. H BéAtiotn anddoon tou cuotipatog dtaopaAiotnke akoAouBwvtog
ouvnBelg Sladikaoieg mpwv amd kabe moptida HETPrOEwv, OMWE n €uBUYPAUULON TOU
daopatopeTpou koL n pubuwon tou efaptiuatog SewypatoAnpiag DRIFTS. Adyw 1Nng
UYPOOKOTILKOTNTAC TWV SELYUATWVY araltionke n avaplen toug pe Enpo KBr. MNa va ektiunBel n
enibpaon tng avaloyiag Seiypatog/KBr otnv mowotnta twv pacudtwv eAéyxdBnkav ol €€AG
TIEPLEKTIKOTNTEC: 1%, 2%, 5%, 10%, 25% kat 50% (w/w). And ta ddopata mou Kataypddnkav
bavnke OtTL pe meplektikotnta Selypoatog 10% (w/w) oe KBr géaodadiletal kaln moidtnta
daopartog (LeyadUtepn évtaon Kot xapnAotepa enineda Bopuou), dmwe eniong urtodelkvuEeTaL
o€ OXETKN mpoodatn peAétn [40]. Ta opoyevomolnuéva Selypata oe okovn (mepimouv 6 mg)
UETPAONKAV TOUAAXLOTOV ELC TPUTAOUV O £npn, eAeyXOUevVn atpuoodalpa otoug 25 °C, He xpron
Tou dpaopatog anod Enpo KBr wg umoBabpo (background). Na tnv kataypadn twv dacudtwy
xpnotuornow0nke évag pikpoimodoxéag deiypatog Spectra-Tech (Thermo Scientific), Stapétpou
3 mm kat UPoug 2 mm, o omoiog tomoBetoutav oto efdptnua DRIFTS (Spectra-Tech) yia
avaAuon. MNa kaBe paoua npaypatonotiBnkav 100 SLadoxLKEG CAPWOELS O OAO TO EUPOC TOU
péoou umepLBpou (4000 £wg 400 cml), pe TN SLAXWPLOTIKA WKAVOTNTA TOU 0PYAvou Vo €XEL
kaBoplotel ota 4 cm™ Kot TV ToXUTNTO TOU KIVOULEVOU KOTOTITPOU 0TO CUMBOAOUETPO va eival
0.316 cm s, Twa tn Asttoupyia Tou pacuatdpeTpou, T cuAoyA Twv Sedopévwy Kat Tt Baotkn
enefepyacia toug xpnotluomol)Bnke to Aoylopikd tou daopatopetpou Omnic 7.3 (Thermo
Scientific). ApoU mpocSlopiotnkav oL HECOL OpoL TwV paoUATwWY, akoAouBnoe n e€opdluvon
Savitzky-Golay (SG), pe to puéyebog mapabupou va opiletal and 15 onueia, evw n dtopOwaon tng

BaOIKAC YPOAUUNG TIPOYLOTOTIOW|ONKE XPNOLLOTIOLWVTAC TNV EVOWMATWHEVN A€LToupyila Tou
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Omnic yla v autopatn S6pbwon (uUe mMoAvwvupLKA Tpocapuoyn 6e0TepNG TAENG LECW HLAG

Sdadikaoiag 20 emavalnPewv).

3.3.1.5. NoAupetapfAnti avaluon Sedopévwv

Mo TNV avantuén Twv LoviEAwv BaBuovounong Ue oKomo TNV MOoOTLKOTIoinon TNG aAALVNG
Kal tnGg Mebuvng amo ta ¢aocpatookorikd Sedopéva FT-IR Twv eKXUALOMATWY okopdou,
xpnowwomowndnke n HEBOSOC TOAWVSPOUNONG HEPKWY gAayxiotwv Ttetpaywvwv (PLS). O
aAyoplBuog nmou epappootnke mepthapBavetat oto Aoylopikd TQ Analyst 8.0 (Thermo Scientific).
‘Yotepa ano kevipomnoinon (mean centering) Twv TIHWV TwV HETABANTWY, £Yve afloAdynon Twv
HoVvTéEAwV PLS Baoel emAeyuévwv GOOUATIKWY TIEPLOXWVY 1] OAOKANPoU Tou dAacpatog. Emelta
amno €Aeyxo Tou ouvolou delypdtwy Babuovounong yia delypata nou anokAivouv (outliers), to
pHovtéAo Babuovounong avamtuxdnke teAlkd xpnotpomnowwvrag dedopéva amo 30 Seiypata,
AapBavovtag umodn TG TIHEC avadopdg Tou Tpoékudav amod TNV UYpOXpwHATOypadLKA
avaAuon. H akpiBeta tou povtédou Babpovounong neplypadnke amnod Tig TLHES TWV CUVIEAECTWVY
OUGCYETLONG rc KOL Fey, EVW EKTLUNONKAV €MioNg oL TIUEG TwV opaApdtwv RMSEC, RMSECV kat
RMSEP yia t BaBuovounon, tn dtaotaupwiuévn emkUpwaon Kat tTnv poPAedn, aviiotowa. MNa
™ SlACTAUPWHEVN EMKUPWON TOU HOVTIEAOU Babuovounonc epopuoOoTNKE N EMAVOANTITIKN
Stadkaoia plag mapdAewpng (LOO). O BEAtiotog aplBuog AavBavouowy petafAntwy (LVs) yua
TNV MOoOoTIKOToLNoN TG aAALivNG Kol TNG LeBLivng mpoodlopiotnke og KABe mepinmtwon cUpPwWva

UE TNV €AdyLotn T tou RMSECV.

3.3.2. AnoteAéoparta - Zulftnon

Ta ¢aopata FT-IR tng aAAlivng kat t™¢ peduvng mapouctdlouv HeyaAo oplOuo
XOPAKTNPLOTIKWY armoppodioewy, onwe paivetal oto Ixriua 3.8, mou Sladopomnolovv TiG oUuscieg
Kol propouv va AndBolv unmoyn yla TNV OCOTLKOTIOINGoN Toug. Ol ONUAVTIKOTEPEC SLaPOopPEC

evtonilovtat otnv meptoxry 1700-500 cm™? Mo ouykekplpéva, n allivn sudavitet Svo
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XOPAKTNPLOTIKEC aroppodrioslc ota 1612 kat 920 cm™, ot onoieg amodibovtal ot SovroeLg
Tadong tou SumAou Seopol C=C kat ogiong Aoyw =CH,, avtiotowa [41,42]. Aladopomoleital,
enionc, BaosL Twv kopudwv ota 1352 kat 1025 cm™. Ooov adopd oto pdopa FT-IR tng pebiivng,
eudaviletal kopudn oxupr¢ évtaong ota 1487 cm™ rou odeiletal otn cUPUETPK §dvnon
napopopdwons *NHs. AUO akOun XOPOKTNPELOTIKEG amoppodnoelg yia tn Ueduivn
nopouotdlovtol ota 1234 kat 1064 cm™, adevog Aoyw tg évnong otpéBAwong CHa kat
adpeTépou AOYW TNG CUPUETPLKAG Tadong S=0 kat tng taong C-N [41]. EmutAéov, n Kopudn ota
1009 cm?, n onoia anobidstatl otic Sovroetg tdong C—C kat C—-N [41], Seixvel peTaTOTUOUEVN OF

oUYKpPLON WE TNV avTiotolyn kopudr oto ¢pacua tng aAALivng.

71 MeBuivn

1644
1se1 87 1305

2989
2934

Arnoppédnon

15431413
3 Sl 1367
1314 1064
545
1165 g3 841
0] 1234% M3 047 |

4000 3600 3600 3400 3200 3000 2600 2600 2400 2200 2000 1800 1600 400 1200 1000 800 600

KupartapiBpoi (cm?)

Ixnpa 3.8. ®aoparta FT-IR tng aAAlivng katl tng pebiivng oe OAn TNV GOCUATIKA TIEEPLOXN TOU MECOU
urtepUBpou (4000-400 cmL).

Ytov mivaka mou akoAouBel (Mivakag 3.8) meptAapuBAavovtal CUYKEVIPWTLKA OL KUPLOTEPEC

anoppodioeLg yLa TIG SU0 EVWOELG.
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Nivakag 3.8. A0SO0ELC TWV KUPLOTEPWY Kopudwv amoppodnong yla tTnv oAALivn Kot tn peduvn otn
dOOUATIKA TIEPLOYT TOU pEoou uTtepUBpou (4000-400 cm?) [41,42].

KupatoptBuoi (cm?) Andéoon
AAALivn Me0Liivn
3080 Taon C-H
3009 ZUMMETPLKN TAon *NH;
2981 2989 AcUppetpn taon CH,
2910 2934 JupuEeTpKA Tdon CH,
1637 1644 Aol taon COO;, acUu. 66vnon mapapdpdwong *NHs;
1612 Tdon C=C
1587 1581 AcUp. 86vnon nmopopdpdwong *NH;
1487 Jup. 66vnon napapopdwong *NH;
1426 1417 Jul. taon COO
1395 1395 JU. Tdon COO
1367 Jup. 86vnon napapopdwong C-H
1352 Abvnon osiong CHy, 66vnon kKAudwviocuou C-H
1322 1314 Abvnon osiong CHy, Advnon kAudwviopol C-H
1230 1234 Aovnon otpgBAwong CH,
1169 Advnon kAudwviopou *NHs
1135 1133 Advnon kKAuSwviopou *NHs
1048 1064 JUp. Tdon S=0, taon C-N
1025 1009 Taon C-C, taon C-N
947 Taon C-C
920 Yeion =CH,
893 Abdvnon kKAudwviopou CH,
706 705 Taon C-S

MNa tnv avamtuén pebddou moootikomoinong NG aAAlivng kat pebivng ota Selypata
okOpbou He xprnon twv dacpatookorikwy dedopévwy FT-IR, mpaypatonoltnOnke €Aeyxog He
epapuoyry tou aAyopiBuou PLS (PLS2). Ta mpoKaTapKkTkd HoviéAa Babuovounong mou
ovantuxbnkav yla TNV €KTIUNCN TWV CUYKEVIPWOEWV TwV SU0 CUCTATIKWY OTa HeBAVOALKA
ekYUAlopata okopdou, mpogkupav eéetalovtog oAOKANPN TNV TEPLOXH TOU paopatoc. MeTa tnv
amoudkpuvon delypdtwy mou amokAivouv (outliers, n = 3), éywve Slaxwplopodg Twv deyudtwy o€
ouvoha BaBuovounong (n = 34) kat gAéyxou (n = 8). Xpnowwomowibnkav 10 AavBdavouoeg
METAPBANTEG yla TNV MEpIMTWON TG aAALivng Kat 8 yia tn MeBLivn.
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Ol OUVTEAECTEG OCUOYETLONG rc Yo TA HoVTEAQ BaBpovounong tng aAAlivng kat tng pnedlivng
urnoloyiotnkav (oot pe 0.91 kot 0.89, avtictoa. Ta oddApata Babuovounong (RMSEC)
napouvciacav tig TIHéEC 0.94 kat 0.15, evw wg mpog TNV MPOPAETITIKNA LKAVOTNTA TWV POVTEAWY, Ta
odaApata mpoPAsePnc (RMSEP) Atav 2.49 kat 0.24 yia tnv aAAlivn kot tn pebdlivn, avtiotoya. MNa

Ta opaipata Staotaupwuevng emtkupwong (RMSECV), oL avtiotowxeg TLHEG NTav 2.09 kat 0.27.
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3.3.3. Zupnepaocpata - MPOOMTIKEG

Me tn xprion tn¢ pacpatookorniag FT-IR péow tng Texvikng dtaxutng avakAaong (DRIFTS) oe
ouvbuaouo pe TNV TIOAUUETOPANTH avaAluon GACUATOOKOTIKWY SeS0UEVwY avamtuxbnke pia
eVOANOKTLKI) HEB0SOG TOGOTIKOU TIPOCSLOPLoMOU TNG aAALivng Kal TnG Heblivng ota pebavoAika
ekYUAlopata amo OSelypata okopbou. M TNV OvATTUEN TWV  OTATIOTIKWY HOVTEAWV
TaALVEpOUNGoNG Ue Tn LEB0SO PLS, xpnouomotBnkav wg TUES avadopa OL GUYKEVIPWOELG TTOU
npoodloplotnkav He vypoxpwuatoypadik) avaluon. Amd Ta amoTeAéopoTo TNG MEAETNG
TIPOKUTITEL OTL HEOW TNG TIPOTELWVOUEVNG HeBoboloyiag kabiotatal Sduvatr n ypryopn ektipnon
NG OUYKEVTPWONG OAALVNG Kal peBlivng oto okdpdo, xwpl¢ va kataotpédetal Tto Selyua.
Enopévwg, n uEBodog evdeikvutal yla Tov EAEYXO0 TIOLOTIKWYV XOPAKTNPLOTIKWY TOU OKOPSOoU Omw¢
N CUYKEVTIPWON TwV 8V0 KUPLWV aUTWV coUAPOELELSiwV TNG S-aAk(ev)ulo-L-kuoTeivng. MNa tnv
avantuén pebodwv mou amattouv Alyotepn Katepyaoia tou Selyparog eival duvato va
alohoynBouv Kat AAAEG TEXVLKEG Kataypadng paopdatwy FT-IR, Omwg n texvikn e€acBevnuévng

oAWK G avakAaong (ATR-IR).
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4. 'EAeyxog voOeiog TwV OTLYHATWV KPOKOU HE UALKA PUTIKAG TPOoEAEUONG HECW

G ACHATOOKOTILKWV TEXVLIKWV

4.1. Ewaywyn

H auBevtikotnta TwV GUTIKWV TPOIOVTWY Kal Tpodiuwy amoteAel oAoéva KAL TILO ONUOVTLKO
{ATNUA Yl TOUCG KOTOVOAWTEG, TOUG pUBULOTIKOUG dopeic kal tn Blopnxovia tpodipwyv Kot
dapuakwv. Ito MAaiolo Twv eAEyXwv auBevtikotntag mepAapBAavetal n avixveuon t¢ vobeiag
o€ TpolovTa SLaTpodrg Tou EXEL KATA BACN OLKOVOULKA KivnTpa. H OlKOVOULK amdtn ouvhBwg
ouvteleital pe mpoodnkn $ONVOTEPWV KoL TILO EUKOAX SLABECLUWY UTTOKOTAOTATWY, TA omola
SUoKoAa UmopoUV va PoadLlopLoToUV He cuvhBEeLg avaluTikég peBodoloyieg [1,2].

Onwg avadépbnke mpododata, OVAUESH OTOUC TMAEOV ONUOVTIKOUC OTOXOUC yla VoBeia
Bpiokovtal Ta amognpapéva KOKKLVOL oTlypata amo ta avon tou KaAAlepyoUevou Gputou KpOKoG
(Crocus sativus L.) [3]. Ta otiypata tou Kpokou, ta omoia PpEPOuV TNV €UTIOPLKN ovopacia
“saffron”, cuviotouv éva mMoAUTIHO GUGCLKO TIPOTOV TIOU Eival EUPEWG YVWOTO WG APTUHA, AOYyw
TN XPWOTLKAC SUVAUNG KaL TOU EEXWPLOTOU OpWHATOG TOUC. EKTOG amd tn Xprion Toug os tpodLua
Kol polovta KooUETOAOylaG, Ta TEAEUTAlA XpoOvLa Ttapatnpeitatl cuvexwg avéavopevn taon va
Xpnotormnolouvtal o€ Botavika tpoiovia Kot cuvadr oKEVAoHATO AOYw EVOG EUPEDOG GACUATOG
EUEPYETIKWV LOLOTNTWV yLa TV avBpwrtvn vyeia [4-6]. AcSOUEVNC TNC TIEPLOPLOUEVNC TIAPAYWYAG
Kol TNG XElpWvakTIKAG Sladlkaclag mou amatteital, Ta OTiypoato KPOKOU OmoTeEAOUV TO
OKPLBOTEPO APTULO OTNV TTAYKOOLLO ayopd KAl W¢ EK TOUTOU €X0OUV UTIOOTEL S1ddpopoug TUTIOUG
voBelag pe TNV mapodo Twv atwvwy.

H mpooBnkn piag motkiAlog UAKWVY GUTLKAG MPOEAEUONG KATWTEPNC MOLOTNTAC Kol oadws
ULKPOTEPNG EUMOPLKAG alag, aAAd pe mapopola epdavion, TEPAAMBAVETAL OTIC TILO KOLVEG
TIPAKTIKEC OLKOVOLKAG QMATNG UE OKOTIO TNV auénon tou BAPOC TwV OTLYHATWY KPOKoU. AuTo
oupPaivel WOlaltepa oOtav Ta oTiypoto KPpOKOU amavtouv o€ popdry okovng n otav
XPNOLUOTIOLOUVTAL WG CUCTATIKO O KApUKEUPOTA Kal dAAa mpoiovta dtatpodn [7,8]. MoAAEG
TiNYEC avadEpouv OTL oL KOPHEVOL /Kat Bappévol oThpoveg Tou Kpokou (C. sativus), Ta TETaA
¢ kKaAévtouAag (Calendula officinalis L.), ta métala tou kapBapou (Carthamus tinctorius L.), kal

0 KOUPKOUMAC (Curcuma longa L.) armoteAoUV XapaKTNPLOTIKA UALKA TTOU GUVOVTWVTAL CUXVA OTN
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voBeia Twv oTlypdTtwy Kpokou [7-12]. Ta cuykeKpLUéva TEGoepa GUTIKA UALKA, PAALloTa, sival
TOavo va SlakLvouvTal EUMOPLKA e ovopaoieg mou meplhapfavouv t AéEn “saffron” kal tnv
UTOTIBEEVN Ywpa Tpoélevong (m.x. Turkish saffron, American saffron), amookonwvtag otnv
TIAPATIAGVN GO TOU KOTAVAAWTIKOU Kowvou [7,10]. To ekxUAlopa Twv Kaprwv yapdéviag (Gardenia
jasminoides Ellis), kaBwg kat to ekxUAopa amno ta aven BoudAéwag (Buddleja officinalis Maxim)
aroteAouv SUo AAAa vedTepa UALKA TIou €xouv avadepBel yla tn vobeia Twv OTIYHATWY KPOKOU
[10,12]. Ta U0 autd ekyUALOUOTA TIEPLEXOUV XPWOTLKEG OUCLEC e Soun TOpOUOLa EKELVNG TWV
EO0TEPWV TNG KPOKETIVNCG (KpOKiveg) ou Bpiokovtal ota otiypota tou kpokou [10,13,14], kat yia

To AOYO aUTO Ba pmopoloayv eVEEXOUEVWE VA EVOWHATWOO0UV o€ peyaAutepo Babuod (Ewova 4.1).

(B)

(€)

Ewkova 4.1. XapOKTNPLOTIKA UALKA PUTLKAC TIPOEAEUONG IOV avadEPovTal CUXVA O€ TIEPUTTWOELG VOBEelag
TWV OTWYMATWV KpOkou. (a) ZtApoveg kpokou, (B) kaAévioula, (y) kapBapog, (8) koupkouuds, (g)
ekyUALopa BouSAELag kat (oT) kaprol yapdéviag amnod Omou MapaAapBAVETAL TO AVTIOTOLXO EKXUALCLAL.

Avefaptnta amo t SOAL MPAKTLKY TTou akoAouBEelTal, N avixveuon tnG EUNMOPLKAG OIATNG
ota otiypata kpokou amotelel diaitepn mpokAnon debdopévou OTL ol aAAaYEG OTIGC GUOLKEG,
XNHULKEG 1 opyaVvOANTTIKEG LOLOTNTEG eV UmopouV va avixveuBolv eUkoAa. Q¢ anotéAeoua, Ta
npoiovta VP NANC MTOLOTNTAG ATIAVTOUV CUVAOWG OTO EUMOPLO PE TN popdn oTlypdtwy [4], omou
n €€wyevng A n €€vn VAN pmopoUv va eival o eUKOAQ OVAYVWPLOLUES. Mol TOUG OKOTIOUG TNG

EUMOPLOG TWV OTWYHATWY KPOKOU, Ol TIPAKTIKEC OLKOVOULKAG amatng Mmopolv va
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OVTIUETWIILOTOUV PE TNV afloAdynon tng Kabapotntag Kol TNE UBEVTIKOTNTAC TOU EKACTOTE
TPOIOVTOG 1 ME TNV TAEWVOUNON TOU WG TPOG TO TIOLOTIKA TOU XAPAKTNPLOTIKA. ZUUPWVaA UE TO
TEXVIKO Tpotumo ISO 3632 [15,16], To UEYLOTO TTOCOOTO £EvNG UANG TIOU ETUTPEMETAL OE TPLTNG
Katnyoplag mpotovta ivat 1% (w/w). Ma tnv idla katnyopla, To HEYLOTO ETUTPEMOEVO TOCOOTO
e€wyevoug UANG, SnAadn umoAelpupdtwy amnod to (510 To GUTO OMWG TT.X. OL OTAOVEG KL TOL TETAAQ
TOU KpOKou, elvat 5% (w/w). Map’ 6Aa autd, n oxetikn LEB0SOG o meplypadeTal 0To MPATUTIO
ISO 3632-2 [15] umopel va kataotel e€alpetikd xpovoBopa yia tn Staloyr peydlou aplBuou
Sdewypatwy, kabwg Poaoiletal otn HIKpookorikr e&€taon. EmutAéov, n kaBlepwpévn
daopatopwrtopetpiky HéEBodog pe UV-Vis tou ISO 3632-2 mou XpnoLUOTOLELTOL Yl TNV
Katnyoplomoinon tou saffron, onwc¢ katadeixbnke npoodata [17], kpivetal LAAAOV akat@AANAN
yla Tnv aviyxveuon voBeiag pe moootnteg €wg 20% (w/w) kaAévtoudag, KApBapou i KOUPKOUUAL.
E€ayetal, €10, TO cupMEpaopa OTL €va TPoiov uPNAOTEPNG TOLOTNTAC UIMOPEL OKOTLUA VO
avauLyBel pe umokataotata GUTIKNAG TPOEAEUONG TIPOKELUEVOU Va AmoKpUDTEL N amatn.

H mAsloPnodia twv peBodwv mou €xouv avamtuxBel yla tn Stepevivnon ¢ vobeuong twv
OTLYHATWY KPOKOU HE UALKA GUTIKNG ipogéAeuang Baaoilovtal o LopLaKEG TEXVIKEG [8,12,18-23].
H xpnon twv deiktwv DNA €xel srutpedel tnv aviyvevon pKpwv mooothtwy (0.5-1% w/w)
OPKETWV PUTIKWV VAIKWV voBeiag, ouumeplapBavopuévou Tou KApOBapoU, TOU KOUPKOUUA Kal
NG KaAévtouAag [12,18,19]. Av kat oL péBodol auTég eival oAU evaioBnteg, cuvBwg amattouv
EKTETAUEVN TIPOETOLUAOLO TWV SELYUATWV Kot S€v Urmopolv va avixveloouv eUKoAa tn voBeia pe
duTka ekyUAlopata (m.x. ekxOAlopa BoudAElag i yapdeviag), mBavwe Adyw tng amouaciag DNA
Tou pmopet va avaktnBel [12]. MNa tnv avixveuon GpuTikwv VALKWV voBeiag ota oTiypata KpOKou
g€xouv, emiong, avadepBel otn PPAloypadia apkeTEC xpwpatoypadlke HEBodOL e
evBappuvtika amoteAéopata [17,24-27]. H uypn xpwuatoypadia oe cuvOUOOUO PE OVLXVEUTH
ocuotolyiag dwtoblédwv (PDA) ) daopatopetpiag palwv - Loviopov pe nAektpopekaouod (ESI-
MS) davnke OTL Umopel va aviyveloeL TNV UTtapén GuUTIKWV poopifewv os enineda 2-5% (w/w)
[17]. Mwa &AAN mpoodatn HeAETN EGELEE TNV LKAVOTNTA EVOC CUCTAUATOC NAEKTPOVIKNG LUTNG (e-
nose) o€ ouvduaouO HE TNV avaluon KUplwv cuvictwowv (PCA) KoL TEXVNTWY VEUPWVIKWV
Siktuwv va Stadopomolovv voBeupéva Kal pn voBeupéva Selypata oTlyAaTwy Kpokou [28]. 2Tig
MEPEG MOG, TAVTWG, e€akOAOUBEL va uTtdpxeL auénuévo evoladEpov yla TNV avantuén mo aniwv

Kol eDPWOoTWV HEBOSWV LPNANRG amdSoaong, oL OTIOLEG VAl ETITPEMOUV Th ypryopn dtahoyn xweig
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va kataotpédouv to delyua, evronilovrag tn vobeia ota otiypata Kpokou Kuplwg os emineda
TIPOKTLKN G OLKOVOLLKN G onpaoiag.

210 MAQLOLO AUTO, N GOCHATOOKOTILOL TTUPNVLKOU UayvnTkoUu cuvtoviopol (NMR) amoteAel
HLO QVOAUTIKN TeEXVIKN Tou edapuoletal o peydAo Babuo yia tnv taxltnta KAl tnv
QVaTTAPOYWYLLOTNTA TNG, EVW TPpoodEpel T duvatotnta ya vPnAng anddoon avaAUoeLg Ue
e\aylotn mpoetowdacia tou delypatog [29,30]. Me to HeTABOALIKO AMOTUNMWMA TTOU AapBavetat
pHEow NG daopatookoria¢ NMR pmopouUv va eVIOTLoTOUV oL ULKPEG S1adopOomMOLNOELG TTOU CUXVA
UTTAPXOUV PETAEL TWV AUBEVTIKWY KaL TwV VOBEUUEVWV TIPOTOVTWV. H peTtafoAopLK TIpOoEyyLon
e NMR mpwrtoviou (*H NMR) npdodata SiepsuvhBnKe ylo T0 SLaxwpLopo tou auBeviikol
pavikoL saffron amnd epmopikd Seiypata. Ta anoteAéopata €6elav OTL N TIKPOKPOKIVN Kal oL
YAUKOLUALWUEVOL E€0TEPEC TNG KPOKETIVNG QMOTEAOUV XOPOKTNPLOTIKOUG MUETOPBOALTEG yla Ta
auBevTika otiypota kpokou [31]. H moAumAokoTnTa TwV GaopatooKomikwy dedopévwv NMR otig
HETABOAOUIKEG LEAETEG TPOPLUWY Elval cadws 0 KUPLOG AGYOC yla TNV €OpUOYN OTATIOTIKWY
pneB6dwv moAvpetafAnTiC avaluong mou Pmopouv va Staxwpioouv Selypata pe mopopola
Xopaktnplotika [32,33]. Metatl autwyv umtdapxouv emPAenopeveg LEBOSOL, OTWE N SLOXWPLOTIKN
avaAuon pe opBoywvia poPoAr o AavBavouaoeg Sopég (OPLS-DA) kat n apdidpopn ekdoxn tng
(O2PLS-DA) [34], mou pmopouv o€ TOANEG TIEPUTTWOELG VO BEATIWOOUV TNV TAELVOUNON WG TTPOG
NV Tuotonoinon tng aubevtikotntag Stadopwv Tpodipwv cludwva pe tn yewypadikn n
Botavikn Toug mpoélevon [35-40].

H daopatookomia unepuBpou (IR) mapéxel AAAN pia xapnAdtepou KOOTOUG €TAOYN TIOU
urnopet va epappootei yia tnv uPnAng anodoong avaAuon moAudplOuwyv Tpodipwy Kat fotavwv
[41-45]. H xpnowotntd ¢ avayvwpiletol 0Ao Kol MEPLOCOTEPO UE TNV avamtuén dopntwv
ouokevwv IR, yeyovog mou kaBlotd tnv TEXVIKA outh éva MOAUTIHO gpyaleio yia T Angn
QMOTUNWHATWY, €LTE yla Epyaotnplakn €ite yla €mi tomou avaluon ota moAumAoka Siktua
edpodloopou [46]. Avapeoa OTLC TEXVIKEG TTOU XPNOLLOTIOLOUVTAL YLt LETPAOELG OTNV TIEPLOXH TOU
pHEoou umépuBpou, omou udiotavtal Soukég MAnpodopieg mou oxetilovral pe TG BepeAlwdeLg
Sdovnoelg Twv popiwv [44], n texvikn Suaxutng avakAaong (DRIFTS) €xel amodewyBel otL ival
dlaitepa AMOTEAECUOTLKN YL TOV TIPOCSLOPLOUO TIOPAUETPWY TIOLOTNTOG KOl OLUBEVTIKOTNTOG
TwVv tpodipwyv Kkat Botavwv [47,48]. Me to ouvbuacud ¢ Ppaocpatookomiag uneplBpou Ue
petaoxnuatiopd Fourier (FT-IR) kot pe@6dwv moAuvpetapAntig avaluong Sedopévwy eivat
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ePIKTOG 0 €AeyX0G AUBEVTIKOTNTAG TWV OTLYUATWY KPOKOU amod tnv amoyn tng yewypadkng
npoéhevong [49]. Emiong, n ¢dacpatookomia FT-IR €xel xpnowdomolnBel ya tnv avixveuon
unofaduiong tou mpoiovto¢ Aoyw moAaiwong [50,51] kabBwg kat yia tov €Aeyxo voBelag pe
Sdladopeg XpwoTkEG ouaoieg. H tedeutaia edapuoyrn MAPoUoLACTNKE TOAU mpoodata [52],
gmonpaivovtag tnv kavotnta tng dacpatookoniag FT-IR oe ocuvbuaopd pe KATAAANAEG
XNUELOMETPLKEG HEBOSOUG yLa TNV QVIXVEUGN KAL TOV TTOCOTIKO TIPOCSLOPLOO €EL SLaPOPETIKWV
TEXVNTWV XPWOTIKWV o€ Selypata Ipavikou saffron. H duvatotnta edappoyng tng umépubpng
daopatookormiag yla Tov €Aeyxo voBeiag Twv OTLYUATWY KPOKOU UE UTLKEG TIPOOUIEELG EXEL,
emniong, StepeuvnOel o pia GAAN mpoodatn epyacia [53], kdvovtag xprion TG GOaCUATOOKOTIKIG
QmELKOVIONG UTIEPUBOpPOU Kal TNG dpaopatookormiag umepuBpou cuoxEtiong SUo SlaoTAoewy o€
ouvbuaouo pe PCA. Qotdoo, anattidnkav mAnpodopieg T0co amo tv eyyug unepuBpou (NIR)
ULKPOPAOUATOOKOTILKY) OMELKOVION 000 Kot amo to FT-IR, evw afloloynBnke €va povo UALKO
voBeiag (kapBapog).

210 mopov kepaAalo mapouaotalovtatl Vo peAéteg dlepeuvnong T vobeiag ota otiypota
KPOKOU HE UAKA PUTIKAG ipoéAeuaong, e€etalovtag enimeda voBeiag e MPakTiko eviladEpov.
TNV Mpwtn UEAETN TteplypadeTal pLa petafolopikn mpocgyylon dUo otadiwv yla TV aviyveuon
KOl TAUTOTIONON TwV PUTIKWV UALKWV voBeiag, omou yivetat Stadoxika edpappoyn Twv pebddwv
rioAupetaBANTAC Tafvopnong OPLS-DA kat O2PLS-DA ota dpaopatookorikd Ssdopéva *H NMR.
H 8eUtepn PEAETN, OTN CUVEXELD, ELCAYEL KAL TNV TTOOOTLKOTOLNGN TNG voBeiag, Emelta amnod tnv
avixveuon kal tautomoinon Twv GUTIKWY UALKwY. MNa TOo OKOTO QUTO avamtuxbnke pla véa
pueBodoloyia xpnolpomolwvtag tnv texVikr DRIFTS og cuvbuaopd pe pebodoucg moAupetaBAnTig
Taélvounong, moAupetaBAntn¢ Babuovopnong kat Aoy g LETaBANTWY Katd tn fabuovounon.
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4.2. Avixveuon kot tautonoinon ¢putikwv UALKWV voBeiag ota otiypata KpOKou e Xpon thg

daocparookoniag 'H NMR

4.2.1. NEWPANOTIKO MEPOC

4.2.1.1. NpounOela VALKWV

Ta eAAnvika delypata (n = 10) amoénpapévwy oTLYHATWY KPOKOU TIOU Xpnaotuornotionkay,
€006¢elaG 2012, mapaxwpndnkav amno Tov AVayKaoTIKO ZUVETALPLOUO Kpokomapaywywv Kolavng.
OAa ta Sslypata avikav otnv UmMopLkl katnyopia |, cUudwva pe tig mpodlaypadéc Tou
npotumou ISO 3632 [16], evw mpokelévou va auénBel n HeTaBANTOTNTA QAVAUECA TOUG
ouykataAéxtnkav npoiovta BloAoyikng KaAALEpyeLag (n = 6) kal cupPatika (n = 4). H mpounBela
TWV SEYUATWY ATO OTHOVEG KPOKOU (EUTOPLKAG ovopaciag “Safran”), Koupkoupad (EUTTOPLKAG
ovouaoiag “Like safran”) kot kapBapou (gpmnopikng ovopaciog “Turkish saffron”) éywve and tnv
gyxwpla ayopd kobwg Kal anmd oyopeC Tou e¢WTEPLKOU. To €KYUALOMA OO TOUG KOPTIOUG
vapdéviag (single herb extract, Zhi Zi) Atav tng etatpeiag Plum Flower Brand (Anguo, China). lNa
v mapalafr] Twv ekyUALORATWY Kot tn AQPn twv daocpdtwv H NMR xpnowpomnotfnke

SipueBulooourdoteidlo (DMSO-ds, 99.96% D) tng etawpeiag Euriso-Top (Saclay, France).

4.2.1.2. MNpostolpaocia dstypatwv

Ta Selypoata oTlypdtwy KpOokou Kot Ta GUTIKA UALKA voBeiag AstotplBAOnkav emipueAws oe
youdl amod axdatn. ITtn CUVEXELA TIAPACKEUAOTNKAV TEXVNTA HUIYMOTO OTLYUATWV KPOKOU TIOU
nepleiyav 20% (w/w) dutikoU UALKOU €vog TuTou. Mo KABe UAKO voBeiag mpoeTolpudoTnKoy
OUVOALKA 10 piypata kal £ToL oploTnKav MEVTE KATNYOPLEG SEYUATWY, CUUMEPIAOUBAVOUEVWV
TWV auBevtikwy Selypatwy amnod otiypata kpokou. Ta evivta avtd deiypata (10 mg), pall pe ta
kaBapd ¢utikd UALKA voBeiag mou xpnowornowidnkav yia tn ARYn doaopdtwv H NMR
avadopdg, ekxuAiotnkav pe 600 uL DMSO-ds uTtd évtovn avadsuon e xprion vortex yla 3 Aemtd,
oe Beppokpacia Swuatiov. Meta anod 10 Aemttd, puyokevtprnOnkav ota 12,100 g yia Stapketa 10
AEMTWV Kal oTn cuvéxela oykog 500 uL tou unepkeipevou petadpépOnke o cwAnva NMR twv 5

mm yLa avaAuon. Qg StaAlTng xpnoomnotifnke to DMSO Adyw TNG LKAVOTNTAG Tou Vo SLaAUEL
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elte UPODeC elte UOPODOPEC evwaelg, evw emiong ta daopata NMR mou kataypdadovtol oTnv
MEPIMTWON TWV OTLYUATWY KPOKOU TEPNAUBAVOUY TEPLOCOTEPO 0EElEC PACUATIKEG YPAUUES OE

ouyKplon pe aAAoug SLaAuteg ou eAéyxOnkav (r.x. CDsOD).

4.2.1.3. ®aopatookoniki avéAvon pe 'H NMR

H kataypadh twv paopdtwyv *H NMR Ste€rx0n o daopatdépetpo Avance 600 MHz (14.09T)
NG etaupiag Bruker (Bruker BioSpin GmbH, Rheinstetten, Karlsruhe, Germany), xpnolLOmoLwvTog
awodntipa avtiotpodng aviyveuong Stapétpou 5 mm, pe Babuldwto nedio otov afova z (z-
gradient). OAa ta povodidotata pacpata Andonkav otoug 300 K, pe daopatiko mAatog 10,000
Hz ka1 32 K (32,768) onueio 6e5opévwy. H KATAOTOAN TOU Gr)LATOG TOU VEPOU TIPOYHOTOTIOWONnKE
edpapudlovrag akohlouBio mpokopeopol (presaturation) pe aktwvoPoAio padlocuyvotHTwv
XOUNANG wxvog ywa 1.2 s. N t AQPn kat tn Pacikn enefepyacia twv dacpdtwv
xpnotuorno)Bnke to Aoylopikd TOPSPIN 3.0 (Bruker BioSpin). H enefepyaoia mepleAdpBave tnv
edbappoyn evog ekBetikol ouvteheotny otabulong pe Stevpuvon ypoauung 0.5 Hz oto onua
eAelBepnG emaywylkng anooBeong (FID), mpv amnod to petaoxnuatiopd Fourier, evw akoAouBnoe
n &pbwon ¢dong kat PBackAC ypappnc Xewpokivnta. Ola ta ¢dopata *H NMR
guBbuypappiotnkav cbudwva Pe TNV UTOAEOMEVN Kopudr tou StaAutn ota 2.50 ppm. Itn
ouvExela, pe tn Ponbela tou Aoylopikou ACD/NMR 11.0 (ACD Labs, Toronto, Canada) ta
daopata ywpiotnkav oe plo oslpd meploxwv (buckets), pe mAatog 0.04 ppm n kdBe uia,
xpnotgornowwvtag tn ¢acpatikr neptoxn 0.40 - 10.50 ppm. Ot teploxég 2.47-2.52 ppm kat 3.31-
3.34 ppm TIOU AVTLOTOLXOUV OTLG KOPUPEC TOU SLOAAUTN KAl TOU VEPOU, avtiotolxa, adatpédnkav.
Mo To cUVOAO TWV TIEPLOXWV EYLVE KALLAKWON oUWV PE TN CUVOALKNA €vtacnh Tou GpAoHaTog,

€1oL wote va AndOel umoyn n StadopeTiki cUOTACN TWV SELYUATWV.

4.2.1.4. NoAvpetaBAnti avaluon dsdopévwv

Ma tn XNUEOUETPLKA avaAuon TwV GACUATOOKOTIKWY SeS0UEVWV XpNoLUoTolOnke n
avaAuon Kupwwv cuviotwowv (PCA), n Slaxwplotikn avaluon pe opBoywvia mpoBoAn oe
AavBavouoeg dopég (OPLS-DA) kat n audidpoun OPLS-DA (O2PLS-DA). & OAEG TLG TTEPUTTWOELG
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npaypatonolionke kKAludkwon twv dedopévwy kata Pareto. H péBodocg PCA epoapuooTnke yla
VOl QVATIOPLOTAVEL TNV KATAVOUN TWV SEYUATWY 0TOV TOAUMETABANTO Xwpo. Ol eTUPAETIOUEVEG
puEBodot tafvounong OPLS-DA kat O2PLS-DA xpnolgomolibnkov MPoKeEVOU Vo HELWBOEL n
TIOAUTIAOKOTNTO TOU HOVTEAOU HE adaipeon TNG CUCTNUATIKAG TAPOAAAAKTIKOTNTAG OTOV TVAKA
X tou 6€ cUCXETLIOTAV YPAUULKA LE TNV arokplon Y (Sounuévog 86puPog), LEYLOTOTOLWVTOG £TOL
TO SLOXWPLOUO HETAEL TwV delypdatwy. Otav n S1aoTacn Tou Kowvou cUCXETI{OUEVOU XWPOU Eival
pla, pmopet va xpnowuomolnBel 1o Saypappa olypoeldous popdng (S-plot) mou amotelel
XPN OO EPYOAELO OTITLKOTIONONG TWV LETABANTWY KAl EPUNVELOG TOU EKACTOTE HoVTEAOU [54]. H
HN TUXOOTNTA OAWV TWV HOVTEAWV Taglvopnong eAéyxOnke ekTeAwvtag €Aeyxo HETABECEWV
(permutation test), katd Tov omoio umoAoyiotnkav cuvoAlkd 200 povtéAa e Tuxalomoinon otn
OElPA TNG METAPANTAG aAmOKplong Y OTO avtioTowo MOVTEADO SLaXwpPLoTIKAG avaAuong e
naAlvdpounon Heplkwv elayxiotwv tetpaywvwv (PLS-DA). H moAupetafAnti avdiluon twv
Sedopévwy €yve pe to Aoylopikd SIMCA 13 (Umetrics, Umea, Sweden). Ot éAeyxol Hotelling’s T2
KOl IOoTAONG Ao TO HoVTEAD Baoel umoloinwyv (DModX) edpapudotnkav yia va e€akplBwOel n
napoucia Selyudtwy mou amokAivouv kot va aflodoynBel €dv katd mocov ta Selypata
gpmintouv oto nedio epappoyng ToU LOVIEAOU.

H &lepevvnon tng MPOPAEMTIKAG LKAVOTNTAC TWV HOVIEAWV £ylve HE BAon ta ocUvoAa
Selypatwy ekmaidevong kat eAéyxou mou e€nxbnoav anod ta 50 deiypata. Kat ota 0o cuvola
nepAndOnkav Selypata amo g 4 Katnyopieg voBeupévwy SELYUATWY HE GUTLIKA UALKA KoL TV
Katnyopia Twv auBevtikwy delypudtwy anod otiypata Kpokou. Ao kabe katnyopia emAéxOnkav
Tuxaia emtd amno ta déka Selypata yla To cUVoAo ekmaibeuong, evw ta umtoAouna Tpia delypata
xpnotornownkav yla to cUvolo eAéyyou. Zuvolilovtag, Ta ouvola ekmaidsuong Kal EAEyXou

anoteAouvtayv amno 35 kat 15 dsiypata, avtiotola.

4.2.2. AnoteAéopata - ZuiAtnon

H umapén vobeiag ota otiypata kpokou Ba pmopouoce va aflohoynBel eukoAa yla KABe
duTIkd UAIKO Tou eAéyxBnke, ouykpivovtag ta ddopata *H NMR twv auBevtikwv Kot Twv
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voBeupévwy Selypdtwy. H mapouoia TUTIKWY onUAtwy yla kaBéva and ta StadopeTikd UALKA
duTkng mpoéleuong emiBefalwdnke KATd UAKOG OAOKANPNG TtTNG GACUATIKNAG TIEPLOXNG. ITO
IxAua 4.1 ouykpivovtol ot meploxég twv daocudtwyv H NMR mou mepl\apfdvouv orfpota
TMPWTOVIWY APWHATIKWY SOKTUAIWY KOl QVWUEPLKWY TPWTOVIWY COKXApwV ylo Ta kabapd
dUTIKA UAKA voBeiag kat Ta avtiotolya voBeupéva Selypata oTlydTwy KPOKOU. 2To MAdioo A
(katw (xvog), paivetal To pAcuA TOU EKXUALOMOTOG KOUPKOUA o€ DMSO-ds. Tal TUTILKA oot
YLl TO XQPOKTNPLOTLKO TUNUA TwV KOUPKOUHLWVoELWdwV Ba umopouoav va evtoniotolv ota 7.541,
6.751 ppmyla ta H1,7 kat H2,6, avtiotolya, ota 6.059 ppm yla to H4, kal ta oipota 7.318, 7.147,
Kall 6.819 ppm yLa Ta APWHUATIKA TTPWTOVLA. OL armoS00EeLg aUTEG 0 GUVEUAOUO HE Ta aviiotolya
ofjpata yw to ddocpa 3C NMR (140.26, 120.75, 100.55, 110.93, 122.86 kat 115.42 ppm)
odnynoav oe mAnpn cupdwvia pe ta dedopéva mou €xouv nén avadepBbel [55]. Ta onupata
KOUpKOUULVOELWSWV Ba pmopoloav €UKOAQ Vo OVAYVWPELOTOUV OTO €KXUALOUA OO VOBeUUEvVa
oTlypaTa KpOKOU PE KOUPKOUHA (Avw Lxvog, mAaicto A) amo tn cUyKpLon LE To pACHUA OTLYUATWV
KpOKoUu. AvaAOywc, To TAaiolo B amodelkvuel tnv avénon tng SutAétag ota 5.181 ppm, n omnoia
rTubavotata aviloTolel O TMEePLOXN) TwWV COKYXAPWV Tou epdaviletal oe peyalo Pabuod oto
EKYUALOMQ Ao OTHUOVEG KpOKou. To Aaioto I delyvel pla avénon ota ofpota ou evtomnilovral
ota 5.205, 5.138 kal 5.066 ppm kal TEAOG, TO MAALCLO0 A UTIOSELKVUEL TNV AUENon TwV SUTAETWV
ota 7.569 kat 7.466 ppm, evw eudavidovral pia mAatid kopudr ota 5.679 ppm Kal ot SUTAETEG
ota 5.121 ppm, mou niBavotata anodiSetal g MEPLOXI) TWV CAKXAPWV.

MNna tnv moAvpetafAnt) avaiuon twv dacpatookorikwv dedopévwv ARdBnke umown
oAOKANpn n meploxn Twv doopdtwv H NMR. Apxikd Tpaypatornol)nke avdAuon KUpLwv
ocuviotwowv (PCA) og 6Aa ta delypata, mpokelpévou va eAeyxBet n mbavn dtadopomnoinor toug
pe Baon tnv kabapotnta f to eldoug Pputikol UALKOU Ttou XpnoLpomnolnOnke yia tn vobeuon. Ot
U0 mpwteg KUpleg ouviotwoeg (PCs) epunvevoav 1o 63.7% tng ouvoAlkng Stakvpavong. To
avtiotolo dlaypappa (Ixnua 4.2) £€deite évav avemapkn Staxwplopo ya tnv mAstoPndia twv
Sdelypdtwy. Movo ta Selypota oTypdtwy Kpokou mou voBelBnkav pe 20% (w/w) ekxUALopQ
vapdéviag Stadopomow)Bnkav emapkwg, evw okoAouBnoav ta voBsupéva Selypata mou

TIEPLELYOV KOUPKOU Q.
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Itiypata Kpokou
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IxAua 4.1. Emheypévec reploxég twv dooudtwyv H NMR rou AidBnkav amnéd ta ekyuAiopata oe DMSO-
de. To paopo otnv Kopudn TOU OYNUATOG, EVIOC YKPL TAOLGIOU, Elval XapaKTNPLOTIKO TWV AUOEVTIKWY
OTLYHATWVY KpOKou. Ta paopata Tou kKabapwv GUTIKWY UALKWV (KOUPKOU UAG, OTALOVEG KpOKOU, KApBa oG
Kol ekYUALOUO aTtd TOUG KOPTTOUC yapdEviag) amelkovilovtal oto KATW HEPOG TWV TUNUATWV A, B, T kal A,
ovtioTtolya, evw oTo avw péEpog epdavilovral ta dpaopata ano ta voBeupéva Selypata oTlyLATWY KPOKOU

oe emninedo 20% (w/w) Ue Ta eMUEPOUC GUTIKA UALKA.
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IxAna 4.2, Aldypappa arnoteAeopdtwy (score plot) PCA (PC1 évavtl PC2) amo tnv e€€taon 10 auBevtikwy
Selypdtwy amo otiypoata Kpokou (MwP KUKAOL) Kol Twv (SLwv Selypdtwy VOBEUEVWY OE CUYKEVTPWON
20% (w/w) pe ekxUAlopa yapdéviag (yahallol kUkAol), kapBapo (Lavpol KUKAOL), OTAUOVEG KpOKoU (pol
KUKAOL) KoL KOUPKOUUA (mpdotvol KukAol), Stapopdwvovtag éva cUvolo 40 voBeupévwy detypatwy. PC1
=36.8%, PC2 = 26.9%, R?X = 99.5% kot Q? = 96.2%.

JTn OUVEXELQ, Yo va BeATIwOEL 0 SLaXWPLOUOC TWV SELYUATWY OTLC EMUEPOUC KATNYOPLEC,
avarntuxdnkav povtéAa emBAeMOUEVNG TAflvOUNONG UE ULla Ttpooéyylon SUo Bnudtwy. ApxLka,
eAEyxOnke n Sldkplon LeETAEL aUBEVTIKWY Kol VOBEU LEVWV SELYUATWY aTtO OTLYHOTO KPOKOU, EVW
akoAouBnos afloAdynon twv voBeupEvwy SELlyPATWY W¢ TPoG To GUTIKO UAKO voBeiag mou
TepLelyav.

To npwto povtélo Baoiotnke otn pEBodo SlaxwploTikng avaluong pe opboywvia tpoPoAn
oe AavBadavouoeg Souég (OPLS-DA), e€etalovtag Suo katnyopieg detypdtwy, SnAadn ta auvBevtika
Selypata oTlypdtwv Kpokou Kol Tt voBeupévo OSelypata. lNa to poviéAo OPLS-DA
xpnotornowBnkav pia mapdAAnAn cuvictwoa POBAedng Kal TPEL; 0PBOYWVIEC CUVIOTWOEG
(R*X = 82.4%, R?Y = 94.5% kaL Q= 92.3%). Ito IxAua 4.3 katadelkvUeTal pa oadnc Stakplon
HETAEL Twv VO Katnyoplwv Selypdtwy. To aviiotolyo dtaypappa oypoeldolg popdng (S-plot)
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umtoSelkvUeL UPNAOTEPN TIEPLEKTIKOTNTA O€ TIIKPpOKpoKivn (buckets 1.12, 1.16, 2.08, 4.28 ko 10.04
ppm) kot kpokiveg (buckets 1.96, 4.16, 5.40, 6.52, 6.64, 6.84 kal 7.32 ppm) yla Ta auBevTKA
EMNANVLIKA SelypoTo OTIYUATWY KPOKOU O OXEON E Ta voBeupéva Selypata pPe pUTIKA UALKA, Ta
omola yevika mapouctalouv uPnAotepa enineda Autapwyv ofEwv (buckets 1.20 kat 1.24 ppm),
EVW ETONC oupmepAaBAvVOoVTaL XAPOKTNPLOTIKA onfuata yla kKaBs uALko voBeiag (Zxnua 4.4).
Ta QmOTEAECUATO CUUTMTOUV HE TponyoUpeva Snpooleupéva  otolxela [31], omou n
TUKPOKPOKIVN Kal ol YAUKOTUAECTEPEC TNG KPOKETIVNG avadEPovTal we OL TILO ONUAVTIKOL SelKTEC
yla t Sldkplon tou auBevtikou pavikoU saffron amd Aouta eumnopikd deiypata saffron mou
npopnBOelBnKav and AAeC XWPEG. Oa MPEMEL VA ONUELWOEL OTL TA AMOTUNMWHATA UETABOALTWV
nmou katoaypadnkav péow tng dpaocpatookomniac *H NMR Sev €8sl€av onUOVTIKEG SLadopEC
HETAEU TWV PBLOAOYIKWY Kol CUMUPBATIKWY SEYUATWY Ao OTlyHato KPOKOU, UTIOSNAWVOVTAG

duvntikn opolopopdia ota eAAnvika deiypara.

°
®
B e
=2 .o “
3 S o
i X
@
‘0 %
® ®

0 1
1,00051 * t[1]

@® MNoBeupéva deiypara © AuBevnikd deiypara

IxAna 4.3. Aldypappa anoteAecpdtwy (score plot) OPLS-DA petaft mopdAAnAng Kot KUplag opBoywviag
OoUVLOTWOOG, OMWE TPOoEkUPEe amd TNV €€€Tacn OAWV Twv Selypdtwv mou avaAlubnkav, ta omola
xwpillovtat oe 6U0 katnyopieg: auBeviikad (LwP KUKAoL) kal voBeupéva (pavpol KUkAol) delypota
OTLYHATWY KpOKOU. R2X = 82.4%, R?Y = 94.5% kat Q* = 92.3%.
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IxAua 4.4. (a) Awdypappa olypoeldols popdng (S-plot) ocbudwva pe to poviédo OPLS-DA mou
avartuxBnKe yLa Thv TaEWVOUNOoN TwV OUBEVTIKWVY Kol VOBEUPEVWY SElYUdTwY oo oTiypata Kpokou (R2X
= 82.4%, R’Y = 94.5% kat Q* = 92.3%). (B) MeyéBuvon tng meploxic mou mepNApUBAVEL TIC TILO
XOPAKTNPLOTIKEG PeTaBAnTEC (buckets) yla ta auBevtikd deiypota oTLyUATWY KPOKOU.
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Altadoyikd avantuxOnke éva LOVTEAO Le TN HEB0SO SLaxwploTikAG avaluong e apdidpopun
opBoywvia npofoArn oe AavBavouoeg Souég (O2PLS-DA), e€etalovtag OAa ta TexvNTA piypata
OTLYHATWY KPOKOU TtoU TtepLeixav GuTIka UALKA voBeiag o emimedo 20% (w/w). To povtéo auto
otnpixdnke og TPELg MAPAMNAEG CUVIOTWOEC TIPOPRAEP NG KaL TPELC 0pBOYWVLEG OUVIOTWOEG (R%X
=95.2%, R*Y = 97.6% kot Q% = 96%). 10 SLdypappa anoteAeopdtwy (score plot) yla Thv mpwtn
Kal TNV Tpitn mapAdAAnAn cuvictwoa (Ixnua 4.5), daivetal ot pnopel va emitevyBel pia cadng
Slakplon Twv voBsupévwyv Selypdtwyv oUpdwva HE TO PUTIKO UAIKO voBeilag Tmou

Xpnotuomno0nkKe.

0.5
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1,00011 * t[1]

© 20% Eky. Mopdéviag @ 20% KdpBapog @ 20% Zrdpoveg kpdkou @ 20% Koupkoupdg

IxAua 4.5. Aldypoppa anotedeopdtwy (score plot) O2PLS-DA peTalV mpwing Kal Tpitng mapdAAnAng
ouvioTwoag Onwg mpogkuPe amod tnv e€€taon voBesupévwy SelYUATWY, XWPLOUEVWY Ot 4 KoTnyopieg
avaloya pe To €(60¢ Tou PpuTikoU UALKOU voBeiag. Ta Selypata oTlyUdTtwy KpOKoU Ttou voBelBnkav oe
ouykévtpwon 20% (w/w) pe ekxUAlopo yapdéviag, KApOapo, OTAUOVEG KPOKOU Kol KOUPKOUUA
napouvotdlovtat pe yahdioug, pavpouc, pol, Kol PAclvoug KUKAouG, avtiotola. R2X = 95.2%, R*Y =
97.6% kat Q* = 96%.

H aflomotia otnv taflvopnon ayvwotwy SEYUATWY OO OTIYHOTO KPOKOU WG TMPOC TV
auBevtikoTnTd Toug Baciletal otn otabBepoTnTa Kol A§LOTILOTIO TOU LOVTEAOU TIOU TIPOEKUYE aTtd
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v eruPAenopevn péBodo OPLS-DA. Ma to Adyo auto emhéxOnkav Seiypata aubeviikwy Kat
VOOEUPEVWV OTLYUATWY KPOKOU yla Ta oUVOAQ EKTIALOEUCNG KOl EAEYXOU, XPNOLLOTIOLWVTOG
avtiotorya 35 kat 15 Seiypata. To véo povtéAo OPLS-DA yua taglvounon oe dU0 katnyopleg
otnpixBnke oto olvolo eknaibeuong kat 08rynoe oe pia mapaAAnAn cuvictwoa poPAsdng Kat
600 opBoywvleC CUVIOTWOEC. H OUVOALKN TTPOCAPUOYH TOU HOVIEAOU EPUNVEVUONKE AT TLC TLUEG
TWV MAPAUETPpWY R2X kot RZY (R2X = 72.5%, R?Y = 93.8%), eV n T Ylo TO OUVTEAEOTH

Slaotavpwpévng emkupwonc nTav Q* = 88.2%.

Nivakag 4.1. Aiota tafvopnong ya ta 15 Seiypota tou cuvolou gléyxou (3 auvBevtika Seiypata kot 12
voBeupéva pe Ta 4 SladopeTikd GUTIKA UALKA voBeiag) mou mpoPAnBnkav oto poviédo OPLS-DA &uo
KATNYopLWV, OTWE avamtuxBnke pe 35 deiypata (7 avBeviika kat 28 voBeupéva deiypota). Ta delypota
TOU oUVOAOU gA€yyxou Ttatlvounonkav oUWV LE TO KPLTNPLO TNG EKTILWHEVNG TIUNAG anokplong Y, To
omoio umodelkvUEL 0€ TL BaBUO elval AVILTPOCWITEUTIKO KABe Selypa yla Thv EKAOTOTE Kotnyopia. Qg
KOTWTEPN OpLaKI) TLUN yla KABe katnyopia BewprBnke to 0.6.

Tonog deiyparog® EKTIHWHEVN TR anokplong Y
NoBeupévo Seiypa AuBevTiko Selypa

NoBeupévo deiypa - Sf 1.04 -0.04
NoBeupévo deiypa- Sf 0.98 0.02
NoBeupévo deiypa - Sf 1.07 -0.07
NoBeupévo delypoa - G 0.91 0.09
NoBeupévo delypoa - G 1.02 -0.02
NoBeupévo delypoa - G 0.99 0.01
NoBeupévo delypa - St 1.01 -0.01
NoBeupévo deiypa - St 1.16 -0.16
NoBeupévo delypa - St 0.88 0.12
NoBevpévo deilypo - T 0.82 0.18
NoBeuvpévo deilypo - T 1 0
NoBevpévo deilypo - T 0.82 0.18
AuBevtikd Selypa -0.06 1.06
AuBevTiko Selypa -0.04 1.04
AuBevtiko Selypa 0.15 0.85

% Ta ypappata Sf, G, St kot T cupBoAilouv T Xprion Tou KAPBAUOU, TOU EKXUAOHOTOC YopSEVLAG, TWV OTNUOVWY

KPOKOU KOl TOU KOUPKOUA, avtiotolya, w¢ UALKO voBeiag ota oTiypata KpOKou.
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Antd toug eAéyxouc Hotelling’s T? kat DModX yia entinedo gpriotoolvng 95%, anodsixdnke n
KATAAANAOTNTA TOU TIPOTELVOEVOU LOVTEAOU yLa TNV MPOPAEPN TwWV aUBeVTIKWY 1 VOBEUUEVWY
SelyHATWV TOU avKav OTOo OUVOAO e€A€yxou. Me Ta amoteAéopota Taflvopnong Tou
napouotalovtal otov Mivaka 4.1 ermonuaivetal n emidoon TOU HOVIEAOU OTNV LKOVOTNTA
npoPAePnc. Kavéva voBeupévo delypa amod Ti¢ téooeplg Katnyopieg dev taflvounbnke wg
auBevtiko. EmutAéov, OAa ta delypata taflvounbnkav cwotd Bewpwviag W KOTWTIEPO OPLO
0pBn¢ tafvounong tnv tun 0.6.

la TG EKTLUAOELC TTOU TIPAYLATOTIOONKaV UE To VEO povtéAo O2PLS-DA xpnouomnol)énkav
povo ta 12 voBeupéva Selypato Tou CUVOAOU €AEyXOU, EVWw OTO OUVOAO eKkmaibeuong
ouunepAndOnkav 28 voBeupéva delypa oTlypudtwy Kpokou. To povtého O2PLS-DA Baciotnke oe
TpELG MapAANAeG ouviotwoeg MPOPAedng kat SVo opBoywvieg cuviotwoe (R2X = 93%, R?Y =
96.7% kaL Q%> = 93.4%). TVudwva pe toug eléyxouc Hotelling’s T2 kot DModX yua emtinedo
EUTLOTOOUVNG 95%, amodelkvUETAL OTL TO LOVIEAO TIOU avartuxOnke lval KATAAANAo yla tnv
EKTIUNON Tou TUTMOU vobBeiag ota Oeiypoata TOU OUVOAOU eAéyxou. 2tov [Mivaka 4.2
napouotalovial avaAUTIKA Ta amoteAéopata Taglvounong yla to povtéAo O2PLS-DA. Onwg
daivetal, O6Aa ta voBeupéva Selypota OTYUATWY KPOKOU KOTNYOPLOTOLOUVTOL OWOTA HE
KOTWTEPO Oplo 0pBn¢ tafvounonc tnv tun 0.6.

Mpokeluévou va aflodoynBel n pn TuxaLOTNTA KAl N TUXOV UTIEPTIPOCAPOYH TWV LOVTEAWV
taflvounong, Ste€nxbn o EAeyxog peTaBEoewV oTa AVTIOTOLXO LOVTEAQ SLAXWPLOTLKAG OAVAAUONC
pe TaAlvdpopnon pepkwy ehaxiotwv tetpaywvwy (PLS-DA) yia kabe éva amod ta povtéla OPLS-
DA kot O2PLS-DA. Ot xapunA£g TIHég kat twv dvo mapapétpwy R? kat Q2 - ta R? kat Q2 sixav tuég

KOVTA 0To UN&EV 1) apvNTLKEG, avTtioTolya - emiBefaiwaoav TNV EYKUPOTNTA TWV LOVIEAWV.
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Nivakag 4.2. Alota taflvopnong ywa ta 12 deiypata tou cuvolou ehéyyou (3 voBeupéva Seiypata

OTLYMATWY KPOKOU yla KABe ¢utikd UAIKO voBelag) mou mpoPAndnkav oto poviédo O2PLS-DA 4

KOTNYOopLWVY, OTwG avantuxdnke e 28 voBeupéva delypata (7 voBeupéva Seiypata yia Kabe UAko). Ta

Selypata tou ouvohou ehéyxou taflvoundnkav cUUdwWVA HE TO KPLTAPLO TNG EKTILWHEVNG TLUAC

anokplong Y, to onoio umodelkvUEeL og TL BaBUO €lval AVILTPOCWTTEVTIKO KABOE Selypa ylol TV EKAOTOTE

Katnyopla. H katwtepn oplakr T mou AfdOnke umoyn yia tnv opBotnta tng Tavounong ftav to 0.6.

Tumnog voOeiag EKTIMLWUEVN TLUA anokplong Y
KapBauog (Sf)  Eky. yapdéviag (G) ZTAUOVEG KpOKou (St) Koupkoupag (T)

Sf 1.05 -0.04 -0.13 0.12
Sf 0.94 0.02 -0.08 0.12
Sf 0.95 -0.04 0.07 0.02
G 0.01 1.04 0.02 -0.06
G 0.03 1.07 0.05 -0.15
G 0.02 0.95 0.13 -0.1
St 0 -0.02 0.99 0.03
St 0.01 0 1.03 -0.04
St 0.02 0.13 0.73 0.12
T 0.03 -0.04 0 1.01
T -0.01 -0.02 -0.15 1.18
T 0.01 -0.03 0.13 0.89
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4.2.3. Iuunepacpora - MPoOOMTIKEG

Itnv mapovoa HeAETN aflodoynBnke yla mpwtn ¢opd n kavotnta va Staxwpilovtal ta
auBevtik@ kot ta voBeupéva Selypata OTYHATWY KPOKOU WUE BAon ta OMOTUTIWHATA
UETABOALTWY TIOU TIPOKUTITOUV aTtd TN N oTOXEUMEVN avdAuon pe *H NMR Kal XNUELOUETPLKEG
pnebodouc. H mpooéyylon Vo otadiwv Tou MAPoucLAcTNKE odAyNOE OTNV QviXveuon Kot
Tavtonoinon NG voBelag eAANVIKWV SelypATwY amd  otlypata KPOKou HE TEOOEpA
XOPOKTNPLOTLKA UALKA PUTIKNG TIPOEAELONC.

To mpwTo HovtéAo ou avamntuxOnke pe tn puéBodo OPLS-DA Siadopormoinoe e emituyia Ta
auBevtikad anod ta vobBeupéva Seiypota, AOyw CUYKEKPLUEVWY SEUTEPOYEVWV UETABOALTWY TTOU
armoteAoUV SEIKTEC TOLOTNTAG KAl AUBEVTIKOTNTAC Lo TO OTiypata Kpokou. lNa ta delypata mou
Bp€bnkav “Betikd” wg Mpog TNV nmapoucia vobeiag xpnoponotiBnke to poviéAo O2PLS-DA, ue
TO OMoio MPOodLoPloTNKE 0 TUTIOC TOU GUTIKOU UALKOU Ttou XpnoLpomnolnnke yia tn vobeuon. H
KA TPOPAEMTIKA KAVOTNTA Kal Twv SU0 MOVIEAWY, OnwG emBeBalwbnke amo tn xpron tou
OUVOAOU SelypaTwV EAEYXOU, UTIOOTNPLEE TNV EYKUPOTNTA TOU TIPWTOKOAAOU TtOU TipoTeivetal. H
TIPOTEWVOUEVN MEeTAPBOAOULK Tipooeyylon Oev Kplvetal amattnTky amd tnv amodn tNng
TIPOETOLHAOLOC TOU SELYHATOC KAl TNG AMALTOULEVNG TTOCOTNTAG OTLYUATWVY Kpokou (10 mg ava
Selypa), evw xopaktnpiletal and tnv uPnAn avamapoywyLluotnTa Kol Tn yprnyopn €KTtéAeon.
Enopévwg, Ba umopovoe va xpnowomolnBel yla tn dtadoyn pHeEYGAWV gUMOplKwY Taptidwy
eMNVIKOU TIPOIOVTOG, Kal emumpooBeta Ba pmopoloe va €ivol TPOoApUOCLUn Ot £AEyXO
auBevtikotntag delypdtwy dtadopetikwy Katnyoplwv Katd I1SO 1 StadopeTikAg yewypadLkig
npogAeuong, adou BEPRata mponynOel mepattépw PeAETN.

H AQn Tou amoTuNWUOTOC LETOBOALTWY UE TN Xprion Th¢ daopatookomiag *H NMR unAAg
SLOXWPLOTIKAG LKAVOTNTAG amoSeIKVUETOL LOLAITEPO OTMOTEAEGHATLKI YLOL TOV TIPOCSLOPLOUO Kal
NV tautonoinon Stadedouévwy mapayoviwv avénong tou BAPOUC TWV OTLYUATWY KPOKOU,
AapBavovtag paAiota umtoPn tic SUCKOALEG OTNV OVIXVEUOHN TNG OLKOVOULKAG amatng cUpdwva
LE TLC OXETIKEC LeBGSouG Tou mpotumou ISO 3632. O SuokoAieg autég emtteivovtal Wlaitepa
otav eunmAékovtal GUTIKA VALKA voBeiag kot n epmopia tou mpoidvtog yivetal oe popdr okovng.

Ta anoteAéopata erpeBaiwoav th cuvduacopévn xprion *H NMR kat toAu petaBANThig avaluong
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w¢ €va €yKupo Kol Loxupo epyaleio yia tn Slepelivnon tng moldTNTAC KAl TNG yvnolotNTag TwV

TPOdlUwv.
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4.3. Avi)veuon, ToUTOMoOiNoN KOl TTOOOTLKOG TPOCGSLOPLOUNAG PUTIKWY UALKwVY voBeiag ota

otiypata Kpokou pe xpron tng pacpatockomniag FT-IR

4.3.1. MNEPAPATIKO HEPOG

4.3.1.1. NpounBela VALKWV

‘Eva oUvoAo 50 eAANVIKWV SELlyUATWY AmoénpapéVwy OTLYLATWY Kpokou, ecodeiag 2012 kat
2013, mapayxwpnbnkav and tov AvaykaoTiko Juvetalplopd Kpokomapaywywv Kolavng. OAa ta
Selypata avikav otnv eUmopLkn katnyopia |, cupdwva pe tig mpodlaypadEg Tou mpotumou ISO
3632 [16], kat aroteAouvtav anod BloAoyikn g mapaywyns (n = 28) kat cuppatika (n = 22) delypata
yla avénon tng MeTaPAnTOTNTAC QVAPECA TOUC. Epmopikad Selypoto omd OTAUOVEG KPOKOU
(eumopikn ovopaoia: “Safran”), kapBauo (eunopikn ovopacia “Turkish saffron”) kat koupkoupd
(epmopikn ovopaocia “Like safran”) mpounBeUuBOnkav amod TOTKES YyOPES EVTOG Kal EKTOC EAAGdac.
To Selypa amofnpapévwyv TeTaAwv KaAévtoulag, n Sltahoyr Twv omolwv €ylve amd avon
eoodeilag 2014, mapaocx£Onke anod évav Tomko mapaywyo ota Bayla Bowwtiag. To ekxUAlopa anod
Toug KapmoU¢ yapdéviag (single herb extract, Zhi Zi) Atav tng etaipeiag Plum Flower Brand
(Anguo, China), evw 1o ekxUAlopa armo ta avln BoubAélag mpounBelBnke amd Tnv etapeia
Phytoextractum (Portland, OR, USA). Ta ¢uTikd UALKA Kot ekxuAiopata Statnprndnkav anouoia
dwTtog otoug 4° C péxpL va xpnotpomnotnfouv. To Bpwutovxo kaAwo (KBr) yla dacupatookoria IR
(>99%) kaL TO Tmevtoeiblo ToUu Pwoddpou (98%) ntav NG etaipeiag Fisher Scientific

(Leicestershire, UK).

4.3.1.2. MNpoctopacia Selypdtwv

Ta Selypata oTlypdtwy Kpokou pall pe ta ¢utikd UAKA voBeiag (mepimou 1 g) apyikd
AeloTpIBrBnKav AETTTOHEPWG HEXPL VA YIVOUV AeTT 0KOVN, XpnoLllomowwvtag youdi anod axatn,
€T0L WOTE va ehaylotonolnBet n enidpacn tou peyéBoug Twv cwuatdiwv otnv moldTnTa TWV
daopatwy [24]. Itn cuvEXELa, LKPH TtocoTtnTa (repimou 0.05 g) kaBe delypatog umtofAnROnke os
&npavon umo nrieg ouvOnkeg (25 °C) yia Stapkela 12 h, pe t xprion €vog yudAvou Enpavtrpa

KEVOU TIOU TIEPLELXE WG ENPAVTIKO HEOO TeVTOEEiSLo Tou dwodopou. Auto to otadlo ERpavong

87



Kepalato 4

Tipaypatonolionke yio kabe maptida Selypdtwy mpv ano tnv avaiuon pe DRIFTS, mpokelpévou
val LelwBoUV TuxOV mapepmodioslg Adyw tnG uypaciog twv Selypdtwy Katl va AndBouv pacuata
KOANG TtolotnTog (HeyaAutepn évtaon Kal xapunAotepa enineda BopuBou), mapakAUITOVTaC £T0L
TNV avAyKn yLo avapgn twv Setypdtwy pe KBr. NMpokatapkTikeg Sokuég €6et€av OTL amattouvtal
TOUAAXLOTOV 12 h TIPOKELUEVOU N TTEPLEKTLKOTNTA OE UYPACLA TWV OTLYUATWV KPOKOU OE OKOVN Vol
HeELwOel amo 10 max oto 5% (w/w) nepinou, onwg npocdlopiotnke pe tnv npdtunn péBodo I1SO
3632-2 [15]. Ta texvntd voBeupéva delypata moapaockevaotnkav (0,05 g) pe avapelen kat
opoyevoroinon oe youdt ywa 3 Aemrtd, Xpnolpomolwvtag 10 avImpoowmeuTka OSslypata
OTLYHATWY KPOKOU Kal KaBéva amod ta €L UALKA voBeiag os emimeda voBeiag 5, 10 kat 20% (w/w).
AUTO TO UTOOUVOAO TwV OELYMATWV Amd OTIYHOTO KPOKOU ETUAEXONKE pe edappoyry Tou
aAyopiBuou Kennard-Stone [56,57] yia opoldpopdn  SewypatoAnia  ota  apxLka
daoparookorikd dedopéva. Tuvolika, 30 piypoata xpnolponoldnkav yia kaBe vAlko vobeiag,
opilovtag £toL kKABe pia amo TG €L aVTIOTOLKEG KATNYOPLEG TEXVNTA VOBEUUEVOU TIPOIOVTOG.
Mpokelpévou TOo oUVOAO SeSOpEVWV va ElVOL TILO LOOPPOTNHUEVO WC TIPOE TNV Taglvounon,
ouumepAndONnKav OAa Ta aUBEeVTIKA EAANVIKA SElyOTA OTIYUATWY KPOKOU TIou NTav Sltabéoipa

Kol £ToL xpnolpomnotnonkav ouvoAikd 230 Seiypata.

4.3.1.3. dacparookonikn availvon pe FT-IR

OL petpnoelg pe TNV teEXVIKA Slaxutng avakAoong (DRIFTS) mpayupatomownbnkoav o€
daopatdpetpo FT-IR Nicolet 6700 (Thermo Scientific, Madison, WI, USA), to omoio ntav
e€omAlopévo He avixveutr deuteplwpévng Beukng tplyAukivng (DTGS), mnyn Nichrome kat
Slaxwplotn 8€éoung KBr. Ta koviomotnpéva delypata (rmepimou 4 mg) petprBnkav touAdyxlotov
€LG TPUTAOUV o€ &npn, eAeyxopevn atpoodatpa otoug 25 °C, pe xprion tou ddaopatog anod Enpo
KBr wg umoPabpo (background). Na tnv kataypadn tTwv Gacpatwy Xpnolpomnondnke évag
UikpoUmodoxéag Seilypatog Spectra-Tech (Thermo Scientific), Stapétpou 3 mm kot Uoug 2 mm,
o omoiog tonoBetoutav oto e€aptnua DRIFTS (Spectra-Tech) yia avaAuon. MNa kabe dpaocua
npayuatonotifnkav 100 StadoxIkéC capwaoEeL 0To eUPOG KupataplOpwy amnod 4000 éwg 600 cm’
1, pE TN SLaXwpPLOTLKA LKAVOTNTO TOU 0pydvou va €xet kaBoplotel ota 4 cm™? kat tnv tovTnTa TOU
KWVOUHEVOU KaTOMTpou oTo oupBolduetpo va eivat 0.316 cm st Ma t Asttoupyia tou
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daopatépeTpou, TN cuAoyn Twv dedopévwy Kal Tn Baolkn enefepyaacia Toug xpnoLuomno)nke
TO AOYLOWULKO Tou paopatopetpou Omnic 7.3 (Thermo Scientific). Mpokeluévou va Staodaliotel
n BéAtiotn amodoon tou cuotApaTog akoAouBnbnkav cuvnBelg dadikacieg mpv and kAbe
TAPTIO O LETPNCEWY, OTIWGE N EVBUYPALULON TOU GOCUATOUETPOU KoL N pUBULON TOU EEQPTNLATOC
SdeypatoAnyiag DRIFTS. H emavaAnypdtnta (intraday repeatability) kat n avanapaywylpétnta
N evdldueon mototnta (intermediate precision) afloloynBnkav oOnwg mneplypddetal ot
T(PONYOUUEVN OXETIKN UEAETN [58]. MNa tov mpoadloplopo ¢ emavalnPuotntag kataypadpnkayv
ELC TPUTAOUV PACHOTO EVOC OPLOPEVOU SELYUATOG OTLYUATWY KPOKOU OVA XPOVIKA Staotripata 3
wpwWV, yla ouvoAlkn Tepiodo 12 wpwv, VW N €VOLAUECN TILOTOTNTA MPOOSLOPIOTNKE UE ELG
TPUTAOUV PETPNOELG ToU (Blou Selypatog yla MEVTE CUVEXOUEVEG NUEPEC. H amoTipnon €ylve
oLUPWVA UE TIG LECEG OXETLKEG TUTILKEG ammokAioelg (RSD) petal Twv paopdtwy. OL TLUEG yLa TNV
enavaAnyPLuoTnTa Kal TNV eVvOLAPESH TILOTOTNTA TTou Tipoadlopiotnkay Atav 2.1 + 1.2% kat 3.9 +

0.8%, avtictolya.

4.3.1.4. NoAvpetapAnti avalvon dedopévwv

(i)  Mn emBAenouevn avayvwplon mPoTUnwy

H avdAuon kUpwv cuviotwowv (PCA) xpnolpomolnBnke wg TPOKATAPKTIKY OvVAAUGCNH
Slepelivnong TNG KATAVOUNG TwV SELYUATWY, E OKOTIO TNV OVAYVWPLON EVOEXOUEVWVY TIPOTUTIWV
mou Ttnyadouv amod tnv KabapdtnTa TwV OTYUATWY i Tov TUTo VoBEeiag mou XpnoLuomoliOnke.
AUTO emtuyyavetat mpofaidovtag ta Gacpatookorikd dedopéva otov MOAUPETABANTO XwpPOo
Tou opiletal amod opBoywvieg KUPLEG cuvioTwoes. Me tnv avaiuon PCA a&loAoynbnke, emutAéoy,
n mapouvoia mBavwyv Selypdtwy Tou amokAivouv pe Baon T twwég Hotelling’s T2 kat twv
uroAoinwv Q. Ta pacpatookorikad dedopéva mou xpnotponolidnkav adopolcav oAOKAnpn TNV
neploxn tou daocpato¢ (1764 petaPfAntég), evw yla ta povréda PCA aflohoynBnkav Tpelg
Slapopetikol mivakeg dedopévwy (230 x 1764), xpnolponowwvtag (a) aveneéepyaota dedopéva
n 6edopéva mou €ywe eneepyaoia pe (B) e€opdAuvon Savitzky-Golay (SG), pe to péyebog
napaBbupou va opiletal and 15 onueia, akoAouBolpevn amod ) S16pbwaon BACKNC YPAUUAG
XPNOLLOTIOLWVTAC TNV EVOWUATWUEVN Agttoupyia Tou Omnic ylwa tnv avtopatn dopbwon (ue

TIOAUWVU LKA Ttpocappoyr) 8gUtepnc taénc péow pog Stadikaoiog 20 emavaAnPewyv) kat pe (y)
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KaVoVvLKoTtolnon tng amoppodnong LETA tnv Tpokatepyaaoia (B). Z& OAEG TIC MEPUTTWOELG EYLVE

Kevipomoinon Twv edopévwy mpLv amnd tnv avaiucon PCA.

(ii) MoAuvuetaBAntn taivounon

MNa tnv aviyveuon tng voBelag KaL TNV TAUTOomoinon Ttou ¢uTikou UAKOU voBeiag
Xpnolomno0nke n SLaxwpLoTK avAAUCn UE TMAALVOPOUNCN HEPLKWY EAOXIOTWY TETPAYWVWV
(PLS-DA), n omola sival pia emiBAenopevn néBodog yla ypaputkn tafvopnon. Me tn uébodo PLS-
DA umoAoyiletal éva povtéAo moaAwvdpounong PLS mou cuoyetilel Ti¢ avefdptnteg HeTOPANTEC
(mivakag X Twv TiHwyv Twv PetofAnTwy) pe éva povodlaotarto mivaka katnyoplwv (class vector),
0 OToloC UETOTPEMETAL O €vav ELKOVIKO Tiivaka Y pe duadilkd cvotnua. Ta Seiypata otn
OUVEXELO avTioTolyilovtal og Katnyopieg oUPdWVA UE TIG EKTIUNOELG TOU HOVTEAOU PLS, e TIUEG
TIoU Kupaivovtal amnod 0 €wg 1, Kal TIG OpLaKES TIUEG yia KaBe katnyopia va kabopilovtal Baoel
Tou Bewpnpatoc Tou Bayes [59]. H Siakplon oe SLapopeTIKEC KATNYOPLEC Umopel va emiteuyBetl
Aappavovtag untoyn évav KatdAAnAo aplBuo amno Aavedavouoeg PeTaBAnTEG (LVs), 0w aAAlwg
KaAoUvtal oL ypapulkol cuvduvoaopol twv apxikwv petapAntwyv. O apBudc twv LVs mou
emAéyovtal Oswpeital BEAtoto¢ yla €va poviédo taflvounong otav to odAApa tng
SL00TAUPWUEVNC EMKUPWONG EAAXLOTOTIOLETAL.

H afloAoynon tn¢ mPoBAEMTIKAG LKAVOTNTAC TwV HOVTEAWV PLS-DA £ylve pe SlaoTtaupwiévn
emkpwon, epapuodlovrag t dtadikacia venetian blinds pe 5 opddeg eAéyxou [59]. Ta povtéAa
ETUKUPWONKAV TEPALTEPW XPNOLUOTIOLWVTAC €V EEWTEPLKO 0UVOAO eAEy)ou. N TO OKOTO QUTO,
kaBe oUvolo Sedopévwy xwplotnke oe cuvola Babuovounong (ekmaideuong) kat eEAéyxou, ta
omnola mepleAappavav mepimouv 10 70% kot 30% TOU CUVOAOU TWV SElYHATWY, avtiotowa. H
Slaipeon twv Sedopévwy emitevxbnke pe tn Xprion tou alyopibuou Duplex [60], o omoiog
TIAPEXEL OVTIUTPOOWTIEUTIKN €MAOyr) UToouvOoAwv, &latnpwvtag mapdAAnAa tnv  dla
nowklopopodia ota cuvola Babuovounong kal eAéyxou [61]. Asiypata pe onpavikd unAEg
TIHEC pOoxAevonc (leverage) kaBwc kat pe TipéG Hotelling’s T2 kot urtoAoinwv Q oAl mdvw amd
Ta opla, yla enimedo eumiotoolvng 95%, tautomoliOnkav wg deiypata mou amokAivouv. Ot
TEXVIKEG TpOKOTEPYAOiOG Twv daopatookomikwyv Sedopévwy mou aflodoyndnkav ywo v
avaAuon pe PLS-DA sival autég mou avadEépOnkav mapamavw ya tTnv avaiuvon pe PCA. Oha ta

HMOVTEAQ KOTAOKEUAOTNKAV HETA MmO Kevipomoinon twv ¢acpatookomikwy dedopévwy. OL
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TIAPAUETPOL TIOU Xpnoluomowinkav yla tTnv afloAdynon Twv HOVIEAwV Taglvopnong Ntav to
TOC00TO 0PAAUATOC, TO TOCOOTO UN-0PAAUATOC, N akpifela kat/n n mototnTa, KABWS Miong n
eldIkOTNTA (MOC0OTO AANBWE aPVNTIKWYV) Kal N evalcdnaoia (mooootd aAnbwg BeTikwv) yla KABe

katnyopta [59].

(iii) MoAvuetaBAntn BaGuovounon

O MOOOTLKOC MPOCSLOPLOUOC TWV PUTIKWV UAKWYV voBeiag ota voBeupéva Selypata Ste€nxon
xpnowuorowwvtag tn HEBodo moAwSpounong peplkwv elaxiotwv TeTpaywvwyv (PLS). EEL
Slapopetikol mivakeg OSebopévwv (40 x 1764) ARdpOnkav umoyn, pe N Xpnon 10
QVTUTPOCOWIEVUTIKWY SELYMATWY amo otiypata kpokou (tudpAa Seiypata) kot 30 voBeupévwy
SelypATWV pe KAOE eMIPEPOUC UALKO O€ eTtinmeda oUYKeVTPpWOEWV 5, 10 kat 20% (w/w). OL TEXVIKEG
TipoKatepyaoiag twv ¢aopatookomikwyv Sedopévwy mou aflodoynbnkav nrav: (1) kapia
nepaltépw emnefepyooia  (avenmetépyaota Sedopéva), (2) kevipomoinon (MC), (3)
noAamnAactaotikn §1opbwon okédaaong (MSC), (4) MSC kat Stadoxika MC, (5) TUTIKR KOVOVLKN
tuxaia petapfAnti (SNV), (6) SNV kat Stadoxika MC, (7) mpwtn mopdywyog Kal Stadoxika
e€opaAuvon SG kat MC, (8) deutepn mapdywyog kot dtadoxikd eéopdAuvon SG kat MC, (9)
e€opaAuvon SG kat Stadoxika S1opbwon tng Baowkng ypapuung (BC) kat MC, (10) e€opdluvon SG
kat Stadoxika BC kat kavovikomoinon tng anoppodnonc, kat (11) e€opdAuvon SG kat Stadoxika
BC, kavovikomoinon tng anoppoddnong kat MC.

MNa t O&laoTAUPWHEVN EMIKUPWON TWV HOVTEAWV Pabpovounong epoppOoTNKE N
enavaAnmrtiky Stadikaoia plag mapaAewpng (LOO), mpokeluévou va ekTnOel n mpoPAEMTIKA
TOUG LKOVOTNTA KAl va eKTUNBel o BEATIoTOG aplBuog Twy LVs yla kabe povtélo pe Baon tnv
eA\dxLotn T tou odpdApatog RMSECV. H emidoon twv poviéAwv afloAoyrnbnke mepaltépw HECW
TIAPOUETPWY OMWC To opaipa Babuovounong (RMSEC) kat to opaApa npoPAsPng (RMSEP) kata
TNV ektipnon evog e€wteplkol cuvolou Selypdtwy eAéyxou. Me xprion tou aAyoplBuou Duplex
Xwplotnke kaBe ovvolo dedopévwv oe cuvola Babuovounong (mepimouv 70%) kol eAéyxou
(meplmou 30%). H aviyveuon twv Selypdtwv mou amokAivouv TpaypatomoliOnke e tnv
afloAoynon twv Tpwv poxAevong (leverage) kat tou Staypdupatog katavourg Hotelling’s T2

€VOovTL Twv uttohoinwv Q.
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MeTad tnv emAoyn TNG TEXVLKNCG TIPOKATEPYOOLOC TIOU Tapouciace KoAUTepn emidoon,
aglohoynBnkav SladopeTika VPN KUPATAPLOUWY yla TN BEATIOTONOLNON TWV HoVTEAwV. Emtiong,
edpapudotnkav ot pEBodot emidoyng petaBAntwy Baocet Staotnuatwy (iPLS), kabBwg kat cupudwva
HE ouvbuaopoUg Staotnuatwy mou eudavilouv cuvépyela (siPLS) [62]. O otoxog kat Twv duo
pneBodwv eival va BpeBel Eva | LepLkA dtaoTrpata (8Lou PKOUG TTOU TIEPLEXOUV TLG TIEPLOCOTEPO
OXETIKEG MANPOdOPLEC TTPOKELEVOU VA YIVOUV KAAUTEPEG EKTIUNOELS OE OUYKPLON E OAOKANPN
NV neploxn tou ¢acpartoc. Me xprion tou iPLS, ta ¢aocpatookomnikda dedopéva dlatpouvtal o
évav KaBoplopévo aplBpod dtaotnudtwy Kot umoloyiletal éva Tomko povtélo PLS yiwa kabe
dlaotnua, evw n uéBodog siPLS Sivel tn Suvatdtnta avamntuéng povtéAwv PLS pe Bdaon 6Aoug
Toug mBavouc cuvbuacpoug 2, 3, 1 4 Staoctnuatwy [63]. H oUyKpLoN TwV LOVTEAWV W TTPOG TV
enidoon toug Baciotnke, Kuplwg, oTig TIHEG RMSECV Kal tov avtiotolyo aplBuod LVs. Qotooco, yla

NV emAoyn Twv HovtéAwv AndOnkav umoyn Kat oL TiHéEG RMSEP.

(iv) Aoyioutko

H enefepyacia twv ¢paocpdtwy FT-IR uAdomolOnke pe tn xprion tTwv Aoylopikwv OMNIC 7.3
kat TQ Analyst 8.0 (Thermo Scientific), evw n ektéAeon twv aAyopiBuwv kat n moAupetafAntn
ovAaAuon Twv ¢GooUATOOKOTIKWY OeSopévwy mpaypatonow}Onkav oto MATLAB 8.1 (The
MathWorks, Natick, MA, USA). Ot epyaAeloBRKeC OV XpnoLUomoLOnkav Katd MePIMTWon o€
nieptBailov MATLAB Atav: (a) Classification toolbox [59], (B) iToolbox [62] kat (y) PCA toolbox
[64].

4.3.2. AnoteAéopata - ZuiAtnon

4.3.2.1. ®acparookornikr availvon pe FT-IR

H dacpatookoria FT-IR mapéxel moAUTIUEG MAnpodopieg mou oxetilovrtal e TOUG KUPLOUG
Sdeutepoyevel¢ METAPBOAITEC TWV OTIYHATWV TOU KPOKou, OnAadn TIC KPOKIveEG KoL TNV
TIKPOKPOK{VN, TTOU UIMOopoUV va aVIUTPOoWIEVOUV £€wG Kol To 50% (w/w) Twv amognpauévwv

otypdtwy [6]. Onwe ¢aivetal ota Zxnuata 4.6 kat 4.7, anod 1a ¢acpata FT-IR pmopouv va
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e€axBouv onuavtikég mAnpodopieg yia tn Stadopomnoinon HeTafl TwWV OTLYUATWY KPOKOU KL TWV
OAMwV VAWV PUTIKAG TIPOEAEUONG, TAPA TA KOWA XAPAKINPLOTIKA TOU UIOPoUV va

napatnpnbouv.
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Ixnua 4.6. Oaocpata FT-IR mou AfdOnkav pe tnv texvikn DRIFTS (a) amd otriuoveg Kpokou (Kitplvn
vpapun), koAévtouda (yoAalla Slakekoppévn ypappn), kapbopo (kad€ ypoappn), koupkoupd (ykpt
SLOKEKOUMEVN Ypauun), Katl (B) amod ekxuliopata PoudAélag (Ykpl ypapun) kat yapdéviag (yalalia
Slakekoppévn ypoppn). Kat ota Vo mhaiolo cupmepAopBAveTal £vo QVTUTPOCWIEUTIKO ddopa amo
otiypata kpokou (KOKKLVN ypappn), evw oto mAaiolo (B) emtonuaivovtal ol XapaKTnPLOTIKEG SOVICELS
TAOoNG (V) TwV KPoKVWV.
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IxAua 4.7. Oaopata FT-IR mou AfnédOnkav pe tnv texvik DRIFTS amo delypa oTyHATWY KPOKOU (KOKKLVN
YPOUUN) Kat To (810 delypa énetta and vobeuon pe kaBéva amd Ta puTika UALKA ota entineda 5% (kade
ypauun), 10% (kitpwvn ypauun) kat 20% (yaAddia ypauun), otn daouatiky neploxry 2000-600 cm™. Ta
daopata Twv Kabapwv GUTIKWV UAKWY (OTHUOVEG KPOKOU, KAAEVIOUAQ, KAPOAUOC, KOUPKOUMAG Kol
ekyUANiopata BoubAflag kat yapdéviag) mapoatiBevtal ota avtiotoya mAaiolo (o) €wg (oT) pe ykpL
SLOKEKOUPEVN YPAUUN.

H mAatid towia anoppoédnong wxupng évtaong ota ~3350 cm™? amodidstat otn §dvnon
Taong Twv opddwv udpofuliouv (—OH). H meproxr) 3000-2830 cm™ rtapouotdlel SO0 AANEC KOLVEC
KopudEg, Tou odeilovtal oTNV ACUUUETPN KOL TN CUMUETPLKA Sovnon tdong tou Seopol C—H.
ITNV TIEPLOX TWV XAPOAKTNPLOTIKWY opddwv (1800-1500 cm?), ol kopudEC TTou TapatnpouvVTaL
oxetilovtal Katd KUplo Aoyo pe TNV KapPBovulikn opada (C=0) kat toug deopoug C=C. Mo

avaAUTIKG, N Kopudr] yUpw ota 1738 cm™ pnopei va anodoBsi otn §6vnon tdong tou C=0 oToug
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oAeldpaTikoug e0TEPEG [53] ou TePLEXOUV TO UALKA PUTIKNC TIPOEAEUONG, EKTOC OO TO EKYUALOUA
BoudAélag. ISlaitepa yla ta delypata amd KAAEVIOUAQ, KAPOORO Kal OTAUOVEG KPOKOU, N
OUYKEKPLUEVN Kopudn €lval Loxupng évtaong, umtodelkviovtag mbavwg UPNAEC CUYKEVTPWOELG
OAELDATIKWV ECTEPWV.

H tawia anoppodnong ota 1706 cm™ odeiletal kupiwe otn §6vnon taong tou C=0 Adyw
Twv opadwv —COOR oTtig kKpokiveg [49,65] mou Bpiokovtal Kupiwg ota otiypata Kpokou. Auth n
XOPOAKTNPLOTIKA Kopudn mapatnpeital, eniong, ota pacpata FT-IR Twv ekyUALOUATWY Yapdéviag
Kot BoubAélag (Zxnua 4.6.8). Onwg ¢aivetal, To ouluylako CUCTNUO TWV KPOKLVWY UETATOTIEL
Vv anoppodnon tou eotepltkol C=0 o0& UIKPOTEPOUG KUMOTAPLOUOUC O GUYKPLON HE TOUG
oAelpaTIKOUC €0TEPEG [65]. TN daoUATIKN Talvia autr Unopel, emiong, va cupPalel n dévnon
taong C=0 otnv opada —COOH twv apwvoééwv [50]. H kopudn mou epdaviletal yUpw ota 1664
cm ! avtiotoel otig Sovroelg tdong tng opddag C=C kat tou C=0 mou Bpioketal oe culuyia (.X.
aAbeldIKO KapBovUALo TNG TIKPOKPOKivng), KaBwg Kat tou C=0 otoug MemTdikoug Se0p0UG
(apidlo 1) [50,66]. EldikoTepa yia ta pacpoata FT-IR Tng KaAévtouAag Kal Tou kKapBapou, n Ttawvia
mou oxetiletal pe T 6ovnon taong tou C=C kai/p tou C=0 oe ouluyia eudaviletal
petatomniopévn Kovtd ota 1631 cmt (ZxAua 4.6.a), ubavotota MELSH To UAKA aUTd TtepLEXOLY,
avtiotol o, KOPOTEVOELSN 1) KOKKLVEG KOlL KITPLVEG XPWOTLKEG (T.X. C-yAUKOIITEG TNG KLVOXAAKOVNG)
pe ouluylakd ovothpoto peyaAltepng €ktaong [17,66]. Metatomion tng kopudng mou
avtiotolxel otn 66vnon taong C=C mapatnpeital, akoun, Kot yLo to ekxUAiopata yapSéviag Kat
BoubAélag. H kopudr epdaviletarl otnv neptoxr 1620-1610 cm?, mBavotata Adoyw ouluyiag C=C
LE QPWHATIKO SAKTUALO. TNV TIEPLMTTWON TOU KOUPKOUUA, oL Sovhoelg taong tou C=0 os culuyia
(m.x. ketovikd C=0 1NG KOUPKOUMIVNG Kal GAAwV KoupKoupwvoewbwv) kat tou C=C
QVTUTPOOWTEVOVTOL Ao TIE KOpUdEC yUpw ota 1635 cm™ kat 1605 cm™, avtiotowa [67]. H tawia
anoppodnong ota 1515 cm™? eivol XapaKTtnpPLoTIKA yla Tov KApOapo, TOV KOUPKOUMA, Th
yapdévia kat tn BoudAéla (ZxNnua 4.6), kot anodidetal otn S6vnon OKEAETOU TWV OPWHATIKWY
SakTtuAlwy, evw evbexopévwe mephapfavetat kat n taon C=C evtdg tou daktuAiou [53,66].

H meplox) “SakTUAKWVY QMOTUNWHATWY”, ard ta 1500 éw¢ ta 600 cm?, mepapBdvet
dbAoCUATIKEC Talvie¢ Tou ouvdéovtal, KUplwg, HE TG OOVAOEL OKEAETOU TWV EMIUEPOUC
cuoTatikwy Kal arnodidovrtal otig opadeg —CH,—, —CHs, —OH, C-C, C—0 ko C—0-C [49]. H 86vnon
taong C-0 otig soteplkeg opadeg (C(=0)-0) twv KpokWwwv eival umtevBuvn yla TNV Kopudr ota
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1228 cm, n omoia amoteAel AN pLa xapaktnpLotikr kopudr yla to dpaopa FT-IR twv oTypdtwy
KpOKou [65]. H meploxr) 1200-700 cm* ouoyetiletal, kupiwg, pe TNV apouaia oakxdpwv [49]. Ot
Tawvieg mou epdavidovral yupw ota 1160 kat 1105 cm™ propolv va arnodoBolv otig SovroeLg
TAoNG Twv opadwv C-0 ota odkyapa (1.X. Aoyw C—0—C otoug SaKTUALOUG TwV 0aKXAPWVY KOLTOUG
vAukolltikoug Seopoug) [49,50,65], evw ol dovroelg oKeAETOU TwV YAUKOUTIKWY OSeCUWV
propoUv va mapatnpnBolv otnv meploxn) 950-700 cm™ [47]. Ot tawvieg amoppddnong mou
eudavitovral otic eploxég 970-920, 890-810 kat 780-700 cm™ propouyv, eniong, va odpeilovrat
oTLG Sovnoelg Kapyng ektog emunédou twv C—H (trans-), Twv apwpatikwv C—H kat twv C—H (cis-),

avtiotolya [50,66,67].

4.3.2.2. Avixveuon Ko tautomnoinon voBsiag

H avaluon kupiwv cuviotwowv (PCA) mpayuatonolnOnke yla mpokatapkTiky Slepevvnon
™¢ mBavr¢ dtadopormoinong Twv SElyUATWY WG TTPOG TNV KaBapoTNTa KOt TOV TUTIO TOU UALKOU
voBeilag mou xpnowomolibnke, KaBwg Kal yla TNV aviyveuon O€YHATWY TIOU QATOKALVOUV
(outliers). H xpron tg €fopdAuvong (SG) kat n &opbwon NG BACIKAG YPAUUNG ylot TV
enefepyaocia Twv paopdtwy GAVNKE va TTAPEXEL CUYKPLTIKA KAAUTEPA amoTeAEopaTa, UE TIG U0
TIPWTEC KUpPLeG ouviotwoeg (PC1 kat PC2) va epunvelouv CUVOALKA TO 92.5% TOou QpXLKAG
Slakbpavong. Qotoco, OMwE MPOEKUPE Ao TO AVILoTOO SLAYpOpUa AMOTEAECUATWY (ZXNUa
4.8), n dwadopormnoinon Twv MEPLOCOTEPWVY Selypdtwy dev Atav ePIKT TAPA HOVO ylo Ta
Selypata mou ntav voBeupéva pe kalévtouAa, ta omola £6et€av va Slaxwpillovtal oe oxeon Ue
Ta untoAouna Selypata.

MNa va BeAtiwbel n dadopormoinon twv SEYUATWY, AVATUXONKE UL OTPOTNYLKH TIOU
neptAappavel dvo otadla, epapuolovrag emiPAenopevn taflvopnon pe tn péEBodo PLS-DA. Ito
TPWTO oTAdL0 eAEyXONKe 0 SLaxwWPLOUOC KaBapwV Kal VOBEUUEVWY SELYUATWY, EVW OTN CUVEXELA
€€ETAOTNKE N avayvwplon Tou GUTIKOU UALKOU voBeiag mou xpnoluonolndnke ota voBsupéva

Selyparta.
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Ixnua 4.8. Alaypappo anoteAecudtwy (score plot) amod tnv avaiuon kUpLwvV cuvictTwowv (PCA) yia ta
Selyparto otiypdtwy Kpokou (kAdon 1) kat ta voBeupéva Selyporta oe eninedo 5, 10 kat 20% (w/w) pe
OTAMOVEG KpOKoU (kAdon 2), kaAévtouAa (kAaon 3), kapBapo (kAdon 4), koupkoupd (kKAaon 5), ekyuAlopa
BoudAélag (kAdon 6) kat ekxUAlopa yapseviag (kAdon 7). OLdUo mpwteg kKUpLeg ouvioTwoeg (PC1 kat PC2),
onou ylvetat n pofoln twv Sedopévwy, epunvetouy To 92.5% NG apyLkng SLaky Lavong.

Ma tnv avixveuon twv voBsupévwy detypatwyv afloloyndnkav, apxtka, tpia Stadopetikd
povtéda PLS-DA mou mpoékupav Pdoel OSladopeTkwY TEXVIKWY TpoKATEPyAsiag Twv
GACUATOOKOTIKWY OeS0UEVWY. € OAEG TIC TEPUTTWOELS Xpnoldomowdnkav Sedopéva amo
oAOKANpN TNV paocpatikr nieptoxr (4000-600 cmt). MeTd TNV AMOPAKPUVON TwV SELYUATWY TTOU
amékAvay, Onw¢ mnpoodlopiotnkav pe T Xpnon PCA, ta poviéda avamtuxdnkav
xpnotornowwvtag 158 deiypata yia tn fabuovounon twy dUo mpwtwv kat 157 delypata yla to
povtédo Tmou Paociletal o  Kavovikomownuéva Sebopéva, evw Oe  KABe TEpUTTWON
xpnotwdorow)Bnkav 70 Seiypata wg e€wteplkd oUvolo Selypdtwv eAéyxou. O Mivakag 4.3
UTtOSEIKVUEL OTL Ta KaAUTtepa amoteAéopata npoékuav (xapunAotepa odAApaTa KAl OXETIKA
XOUNAOG aplOuog LVs) otav xpnotporowdnkav n e€opdAuvon SG kat n 80pBwon Bactkng

YPOAUUAG yla TNV emetepyacio Twv GacUATwy.
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Nivakag 4.3. AnoteAéopata enidoong Twv povtéAwv PLS-DA SU0 KatnyopLwv, Ta onola avantuxbnkav pe
Xpnon SLadopeTIKWY TEXVIKWVY £netepyacia Twv GAoUATOOKOTIKWY Sedopévwy amd oAOKANnpn tn
doaopatikn teploxr (4000-600 cm™?).

Enefepyacia® LV ﬂc?oocté I"Iooooté AkpiBela
un-opaAparog (%) odaipatog (%) (%)
i) 6 BaBuovounon 97 3 97
Alootoupwpévn EMIKUPWON 96 4 96
MpoBAedn 96 4 96
ii) 5 BoaBuovounon 99 1 98
AlaCTAUPWHEVN EMIKUPWON 98 2 97
MpoPAedn 99 1 99
iii) 5 BaBuovounon 98 2 97
Alootoupwpévn EMIKUPWON 98 2 97
MpopAedn 95 5 96

@j): kevtpomoinon twv apxikwv dgdopévwv (MC), ii): MC petd and e€opdluvon Savitzky-Golay (SG) kat S16pBwaon

™G BaotknG ypappng (BC); iii): MC petd amno eopdAuvon SG, BC kat kavovikomoinon tng anoppodnaong. Ztov nivaka
emonuaivetal n emefepyacia mou rAEXONKE.

LV: AavOdavouoec petaBAnTec.

To emAeypévo HoviéAo otn ouvéxela PeAtiotomol)Bnke pe tv adaipeon Vo akoun
SEYUATWYV IOV améKALVAY, OTIWG OLUTA TIPOadLoPLoTNKAV 0TO cUVOAO Selypdatwy Babpovounonc.
AkoloUBnoe ek véou Babuovounon pe 156 delypata, evw 70 Seiypoata xpnolponondnkav wg
oUVOAO gAéyxou yila tnv poPAen (Mivakag 4.4).

Ta onuavtikotepa amoteAéopata yla To PBeAtiotonolnpévo povtéAo ocuvolilovtal otov
Mivaka 4.5. To povieho PLS-DA 600 KkatnyopLwv epUAVEVCE T0 97% TNG CUVOALKAG Slakupavong
(X), pe g dvo mpwteg Ao TIg MEvte AavOavouaoeg petapAnteg (LVs) mou xpnowuomnowénkav va
QVTLTPOOWTEVOUV TO 83% TnNG oUVOALKAG StakUpavong. AiZel va onpewwBel otL Ta Moocootd
gvaloBnolag kat swdikotnTag nTav waitepa vPpnAa (Mivakag 4.5), evw povo dvo voBeupéva
detlypata pe 5% (w/w) ekxUAopa BoudAélag tafvounbnkav eodpalpéva katd tn Babuovounon
KoL TN SLOOTAUPWHEVN ETIKUPWON W KABapo poiov (Ixnua 4.9). I apudOTEPEC TIC TTEPUTTWOELC
T0 T0000TO Twv 0pBwg tafvopnueévwyv Selypdtwv Atav 99%. Otav to povtédo PLS-DA
ETUKUPWONKE e To oUVOAo delypdatwy eAéyxou, OAa ta Selypata tagvoundnkav cwota (Mivakog

4.5), onwc ¢aivetal kot oto Ixnua 4.9.
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Nivakag 4.4. KatdAoyog delypatwy nou enidéxBnkayv, o udwva e Tov alyoplBuo Duplex, yia ta cUvoia
BaBpovopunonc kal eAéyxou Tou povtéAou PLS-DA 800 KatnyopLwv.

Tonog dsiypatog ZUvoAo Badpovopnong ZUvoAo gAéyxou
NoBeupéva deiypata 121 55

Eninedo vodsiac 5% 10% 20% 5% 10% 20%
ApLlOuOG Selypdtwy 45 39 37 15 20 20
YAiko vodeiag

ZTAMOVEG KPOKOU 7 6 8 3 4 2
KaAévtouAa 8 6 8 2 4 2
KapBapog 7 8 8 3 2 2
Koupkoupag 8 6 3 2 3 6
Eky. BouSAéLog 8 6 6 2 4 3
Exy. yapdéviag 7 7 4 3 3 5
AuBsgvTika Seiypata 35 15

JUVOALKOG apLBUOG 156 70

Nivakag 4.5. Mapdpetpol Taflvopnong mou npocodlopiotnkav ormd to poviéAo PLS-DA 800 katnyopLwy yla
™ Sladopomnoinon Twv Kabapwy Kot Twv VOBeU LEVWV SELYUATWV.

KaBapd otiypata Kpokou NoBsupéva otiypota KpoKkou
EvailoBbnoia
Ipaipa (%) Eldwotnta (%) (%) Ewdwotnta(%) EvaiwoBbnoia(%)
BaOuovounon 1 98 100 100 98
Aaotaupwhévn 1 98 100 100 98
gMKUpWON
NpoBAePn 0 100 100 100 100

Ot ouvteAeotég maAvdpopnong kabwg kal ta doptia (loadings) €6elav OtL oL peTafANTEC
TIou cUMPBAAAOUV TteEpLOGOTEPO OTNV avénon tng anokpong (Y) ywa tnv katnyopia tou kabapwv
SEYUATWVY CUVOEOVTOL UE TLG TUTILKEG TALVIEG armoppodnong Twv Kpokvwy ota 1706 kat 1228 cm”
1, evw) akoAouBolV oL wpomAdTeg ota Tepimou 1774 kat 970 cm™ 1, kaBwg kat n towio ota 906
cm-t. Artd tnv GAAN TAEUPQ, oL HeTaBANTEC IOV cuvSEovTal e TIC Tawvieg ota 3350, 2928, 2856,
1631, 1515 kat 675 cm?, pali pe tnv wpomAdtn mou sudaviletal yupw ota 1060 cm™? Atav
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UTELBUVEG yla TNV av€non TNG amoKPLoNG TIOU CXETLIETAL UE TNV KATnyopla Twv voBsuuévwy
Selypatwv.

H mpoPAenTIK KAVOTNTA TOU HOVTEAOU afloAoyrnBOnke MEPATEPW XPNOLUOTIOLWVTAG £va
QKON ouvolo delypdtwv eAéyyou, ue delypata saffron avagpopdg mou mapaxwpndnkav HEow
¢ Spaong COST FA1101 (Saffron-OMICS, www.saffronomics.org), mepthapBavovtag delypata
amnd tnv EAAada (n = 3), tnv lonavia (n = 5) kat tnv Itaiia (n = 1). OAa ta dsiypata avadopdg
XapaKTnplotnKav owotd wg Kabapod mpoiov (Zxnua 4.10), yeyovog mou onpatodotel tnv mbavn
Suvatotnta edappoyng tou HoviéAou ot Seiypoata SladopeTikng TmpoéAeuong, Ta omoia

evbExetal va €xouv mapaxBOel pe dtadopoug tpomoug Enpavong.
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0.4 — @ —

P i s B

04 e

YTtoAoyiopévn atmokpion Y Kartnyopiag 1

08| | | | | —
0 50 100 150 200

Agiyuarta

® Aubevtikd deiypata @  NoBeupéva deiypata

IxAua 4.9. Alaypoppa tagwvopnong PLS-DA (a) yia ta kaBapd Seiypata oTypdtwy Kpokou (KOKKLVOL
KUKAoL) Kat (B) yla ta voBeupéva delypata ou mpogkuav e Xpron Twv 6 EMUEPOUC PUTLKWY UALKWY
ota enineda cuykevtpwoewv 5, 10 kat 20% (w/w). Ta Seiypata Tou cuvolou eAEyXOU TTIOU QVAKOUV OTLG
S6Uo Kkatnyopieg amelkovilovtal Pe AOTEPIOKO TOU QVTIOTOLXOU XPWHATOC. H KOKKLVN SLAKEKOUUEVN
YPOLUN UTTOSEKVUEL TNV OpLaKH TN yla TV Katnyopia 1 (auBevtika Seiypata).
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IxAna 4.10. Awdypappa taftvounong PLS-DA (a) yia to kaBapd Selypota oTyHATWY KPOKoU (KOKKLVOL
KUKAoL) kal (B) yta ta voBeupéva delypata mou mpogkupav Pe xprion Twv 6 eMILEPOUE GUTIKWY UALKWV
ota enineda ouykevipwoewv 5, 10 kot 20% (w/w). Ta Ssiypata otypdtwy KpOKou Tou repthapBdavovto
oto oUVoAo eléyxou avodopdg oamewkovilovtol Pe yKpL Tplywva. H KOKKLVN SLAKEKOUUEVN VPO
UTIOSELKVUEL TNV OpLaKI TLUA yla Thv Katnyopia 1 (avBevtika delypota).

To emopevo Brpa ntav va xpnotpomnotnBei n pEBodog PLS-DA yla tnv avayvwplon Tou UALKoU
voBelog ota vobBevpéva Selypata. Ito mAaiolo autd, xpnolwpomnolOnkav ta dsdopéva mou
npogkuPav amo tnv emnefepyacia twv pacpdtwv (e€opdAuvon SG kat S6pBwon PBactkig
YPAUUAG) Twv voBeupévwy Setypdtwy. H e€aipeon tng neploxric 4000-2000 cm™ odrjynoe otnv
avamntuén povtéAou pe kaAutepn emnidoon, mBavwg AOYyw TOU yeyovoTtog OTL N MePLOX QUTA
TEPAAUBAVEL KUPLWE KOLVA XAPOKTNPLOTLIKA Yla OAa Ta hACUATA TwV VOBEUPEVWY SELYUATWY, T
orola onwg Nén avadépObnke cuvéBaAav otnv avénon NG aAmoKpLoNg yLo TNV Katnyopila Twv
voBeupévwy Setypdtwy. Avtlotpodw, n daopatiky meploxr and to 2000 éwg ta 600 cm™?
TIAPOUGCLALEL ONUAVTIKEC UETABOAEG pe BACN TIC XOPAKTNPLOTIKEG TALVIEG amoppodnonG OAwV
oxebov Twv UALKWVY voBeiag rou e€etdotnkay (Zxrua 4.7). Autn n meploxn €xeL emiong amodeiyOel
OTLTIEPLEXEL EMOPKELC DaoUATIKEC TANPOdOpPLEG yia T SLAaKpLon SEYUATWV oo oTiypata KpOKou

o€ €\eyxo auBevtikdTNTAC, OMWE YLa TOV TPOCOLOPLOUO TNG YewypadLKAg mpoéAeuaong [49]. Ta
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Selypata mou xpnolomolibnkay, UETA Ao TOV EVIOMIOUO KAl TNV ONMOUAKPUVON TwV TPLWV
Sdelypatwy mou amékAvay, tav 123 yia to cuvoAo Babuovounaong kot 54 yia to cUvoAo eAéyxou.
Nemtopepei¢ mMAnpodopie¢ OXeTIKA He T oUVOAa Selypdtwv Pabuovopnong Kal eA€éyxou

napéxovtat otov Mivaka 4.6.

Nivakag 4.6. KatdAoyog detypdatwy nou enidéxbnkayv, cuudwva e Tov aiyoplBuo Duplex, yia ta cUvoia
BaBpovopunong kal eAéyxou Tou poviélou PLS-DA ££€L katnyopLwv.

Katnyopia dsiypatog Z0volo BaBuovounong Z0volo gAéyxou
Ertinebo voveiacg 5% 10% 20% 5% 10% 20%
K1 5 7 8 4 3 2

K2 8 6 7 2 4 3

K3 7 7 6 3 2 4
K4 5 9 7 5 1 3

K5 7 8 6 3 2 4
K6 6 9 5 4 1 4

K1-6: O £€L kaTnyopleg TOU avTloTOLXOUV Ot Selylata OTIYUATWY KPpOKOU VOBEUEVA e OTHROVEG Kpokou (K1),
kKaAévtoula (K2), kapBapo (K3), koupkoupd (K4), exxOAlopa BoudAELag (K5) kat ekxUAlopa yapdéviag (K6).

e outO to poviélo PLS-DA 6 katnyoplwv, ol dUo mpwteg AavOdvouoe¢ HeTaBAnTEC
eppnvevocav 1o 89.1% tng Slakvpavong, €vw OCUVOALKA xpnolporowdnkav 9 LVs mou
avtupoowrnevoay 1o 99% tng Stakupavong. O ivakag ocuyxuong (Mivakog 4.7) CUYKEVIPWVEL TA
QTOTEAECHATA TOU HOVTEAOU ylo Ta Selypata mou avAkouv oe KaBe katnyopia. Ta kupla
anoteAéopata mov eAndpOnoav katd tn Babuovounon, tn SLOCTAUPWUEVN ETUKUPWON, KOL TV
ETUKUPWON TOU HOVTEAOU UECW TOU OUVOAOU eAéyxou mapouoialovtal otov Mivaka 4.8. Onwg
daivetal, 1o 99, 98, kat 98% twv Selypdtwv toflvounbnkav cwotd oe kABe avtiotolyn
nepimtwon. Q¢ “anpocdioplota” opilovral adevog ta Ssiypota mou v avayvwpilotnkav wg
HEAN omolacOnmote Katnyopiog Kal adetépou Tta Oelypata mou avrtiotolnbnkav o€
TIEPLOCOTEPEC MO Mo kKatnyopieg [59]. Ta delypata auvta dev eAndOnoav umoyn yla tov

UTTOAOYLOMO TWV MOPAUETPWV TaElvOUNoNnG mou napouctalovtal otov MNivaka 4.8.
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Nivakag 4.7. MNivakag oUyxuong Le Ta amoTEAECUATA TAELVOUNONG OTIWG TtpoEKu P av ard To povtélo PLS-

DA ££€L kaTnyopLwv.
Katnyopia EKTLLWHEVN KaThyopia
K1 K2 K3 K4 K5 K6 Anpoodloplota”
BaOpovounon K1 17 0 0 1 0 O0 2
K2 0 19 0 0 0 0 2
K3 0 0 15 0 0 0 5
K4 0 0 0 19 0 0 2
K5 0 0 0 0 21 0 0
K6 0 0 0 0 0 20 0
AlaoTtaupwHEVN K1 15 0 0 1 0 0 4
€TUKUPWON K2 0 18 O 0 0 0 3
K3 0 0 15 0 0 0 5
K4 0 0 1 17 0 0 3
K5 0 0 0 0 21 0 0
K6 0 0 0 0 0 20 0
NpoBAedn K1 6 0 0 0 0 1 2
K2 0 8 0 0 0 0 1
K3 0 0 9 0 0 0 0
K4 0 0 0 8 0 0 1
K5 0 0 0 0 9 0 0
K6 0 0 0 0 0 9 0

7Q¢ anpoodloplota Bewpouvtal Ta deiypata mou §gv avayvwploTnkayv OTL AVKOUV G€ KATIOLA Ao TLG KATNYopLleg
ta deilypata mov tafvoundnkav o mavw and pia katnyopia [59]. K1-6: OL £€L KATNYOPLEG TTOU AVTLOTOLXOUV OE
Selypata otlypatwy Kpokou voBeupéva Pe oTioveG kpokou (K1), kaAévtouAa (K2), kapBapo (K3), koupkoupud (K4),
ekxUALopa BoubAélag (K5) kat ekxuAlopa yapdeviag (K6).

Otav cuunepAndOnkav kat ta anpoodloplota Selypata, To TOCOOTA CWOTAG TAELVOUNCNG
yla T Babuovounon, tTn SL0oTAUPWUEVN EMKUPWAON Kol TNV POBAedn Tou TPOKUTITOUV Eival
90, 86 katL 91%, avtiotolya. 2to ZxNua 4.11 aneikovifovtal Ta Staypappata Taflvounong yLo Tig
6 EMIUEPOUC KATNYOPLEC VOBEUUEVWVY SELYUATWV.

Amo6 TOoUC OUVTEAEOTECG MAALVOPOUNONG PAVNKE OTL N AmoOKpLon TG Katnyoplag delypdtwy
TIou NAtav voBeupéva UE OTAUOVEG KPOKoU auénbnke, kupiwg, Adyw Twv PeTafANnTWVY TOU
oxetilovtal K TG WHOMAGTEG Tou spdavidovtat yupw ota 1774 kat 1572 cm™?, v onNUOVTIKEG

METABANTEG yLa TNV Katnyopio Twv voBeupEVWY SELYUATWY UE KAAEVTOUAQ NTAV EKELVEG TIOU
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QVTLOTOLXOUV OTLC Tavieg amoppodnonc ota 1738 kat 1664 cm™. Ocov adopd otnv Katnyopia
TwV SELYUATWY TIOU TIEPLEXOUV KAPOAUO WG UALKO voBEeiag, oL LETABANTEG TTOU CUVOEOVTAL PE TLG
Kopudég ota 1615, 1446, 1250 kat 1105 cm™, padi pe Ti¢ HeETOBANTEC TWV TIEPLOXWY YUPW OTA
1495 kot 964 cm™ pdvnkav va eivat UTEELOUVEG yLa TO SLaXWPLOUO artd T AAAEG Kartnyopieg. Ot
tawieg ota 1635, 1515, 1163, 934 kat 861 cm™ oxetiotnkav pe ONUAVTIKEC LETABANTEG yLa TNV

TAUTOMOLNGCN TWV VOBEUUEVWY SELYUATWY PE KOUPKOUUA. ETiong, o SLaxwplopog HeTall tng

Nivakag 4.8. Noapapetpot tafvounong mou mpoodlopiotnkav cludwva pe To POVTEAO PLS-DA €€L
KOTNYOPLWV yla TNV TOUTOTIONoN TwV GUTIKWV UAIKWV voBeiag ota voBeupéva delypara.

Ibaipa EldikotnTal EvawoOnoia Mwtotnta  Anpoodioplota®
(%) (%) (%) (%) (%)
BaOupovounon 1 9
JTUOVEG
KPOKOU 100 94 100
KaAévtouAa 100 100 100
KapBapog 100 100 100
Koupkoupag 99 100 95
Exx. BoudAgLag 100 100 100
Exx. yapdeviag 100 100 100
Ataoraupwusvn ) 12
erukUupwon
JTALOVEG
KPOKOU 100 94 100
KaAévtouha 100 100 100
KapBapog 99 100 94
Koupkoupadg 99 94 94
Exky. BoubA£Lag 100 100 100
Exx. yapbeviag 100 100 100
NpoBAePn 2 7
ZTHOVEG
KPOKOU 100 86 100
KaAévtouAa 100 100 100
KapBapog 100 100 100
Koupkoupag 100 100 100
Exy. BoubAéLag 100 100 100
Exy. yap&éviag 98 100 90

9Q¢ anpoodloplota Bewpouvtal Ta Ssiypota mou v avayvwplotnkayv OTL AVAKOUV O€ KATTOLA Ao TLG Katnyopleg
ta Seiyparta mou taflvoundnkav os mavw amo pia katnyopia [59]. Ta dsiypata avtd g AndOnkav undoyn otov
UTIOAOYLOWO TOU TO000TOU 0PAALATOC, TNG ELBIKOTNTAG, TNS EVOLOONOLAC KAl TNG MLOTOTNTOC.
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IxAua 4.11. Ataypdppata tafvopnong PLS-DA yia Tig €€L katnyopieg voBeuuévwy SelydTtwy avaloya pe
To UALKO voBeiag: (o) otipoveg kpokou (katnyopia 1, umAe kUkAoL), (B) kaAévtoula (Katnyopla 2, KOKKLVOL
KUKAoL), (y) kapBapocg (katnyopia 3, yaAaliol kUkAot), (8) koupkouudcg (katnyopia 4, Kitplvol KUKAOL), (g)
ekyUALopa BoubAélag (katnyopla 5, ykpL KUKAOL) kal (oT) ekxUALopa yapdeviag (katnyopla 6, pol KUKAOL).
Ta Selypota Tou cuVOAOU EAEYXOU TIOU AVIKOUV OTLG ETILUEPOUC KATNYOPLEC amelKovi{ovtal PUe aoTEPiOKO
TOU OVTLOTOLYOU XPWHATOC. H oplakn Tun yla kGO katnyopia emionpailvetal Le KOKKLVN SLOKEKOUUEVN

YPOUUA.

KAQoNG twv Selypdtwyv mou voBevbnkav pe ekyUALOHA BOUSAELOG Kol OAWV TwV UTIOAOLTTWY
KOTNYopLwv evioxUONKe KUPLw¢ AOyw Twv UETABANTWYV TOU QVTLOTOLXOUV OTNnV Kopudr ota 1706
cm™ kat tnv neploxny ota epinov 1654 cm. Téog, yia tnv andkpLon Twv SEYUATWY TTou ATtav

voBevpéva pe ekxUALopa yopdéviag cuvéBaAav KaBopLOTIKA Ol LETABANTEC TWV MEPLOXWYV OTOL
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1745 kot 1628 cm™, kaBw¢ KaL ot LETAPBANTES TTOU AVTLOTOLXOUV OTLC OOUOTIKEC Tavieg ota 1160

kot 767 cmL.

4.3.2.3. NMoooTKOG MPOcSLOPLONACG GUTIKWV UALKWYV voBeiag

Mo TNV moootikomnoinon kabe dutikol UALKOU voBelag Eexwplotd, avamtuxdnkav LoviEAa
pe N pEBodo maAvdpounong Hepkwy eAaxiotwy tetpaywvwy (PLS), Ta omola mpoékuav peta
NV adaipeon Twv SELYUATWY TOU ATOKALVOUV. ITIG TEPUTTWOELG TWV OTNUOVWY KPOKOU KL TOU
kKapBapou adalpédnkav Eva kat dVo deiyparta, avriotolya, evw dev evtonmiotnkayv Selypota mou
QOKALVOUV yla Ta TEooEpa UTIOAOUTA UALKA. Mo TNV eMKUpwon KABe poviéAou PLS, emAéxBnkav
amo tov aAyoplBuo Duplex 12 amo ta 40 Seiypota cuvoAka (39 yla Toug oTAHOVEG KpOkou, 38
yla tov KapBapo) wg ouvolo eAéyxou. Ta umdlowuna OSeiypota kabe cuvolou Sedopévwv
Xxpnottomnodnkav yia tn Babuovounon kat tn SLAoTAUPWHEVN EMKUPWGN TOU avA TEPLTTWON
povtélou. EmutAéov, aflohoynBnkav  SladOPETIKEG TEXVIKEG  TIPOKATEPYAOLOG  TwV
daopatookomnikwv Sedopévwy, AapBavovtag umodn oAokAnpn TNV MEPLOXN TwWV POOUATWY
(4000-600 cm™1).

AT6 TO GUVOAO TWV AMOTEAECUATWY TIOU Tipogku P av yla ta povtéAa PLS, anodeixBnke otLn
KaAUtepn emiboon oe OAeC OXeOOV TIG TEPUTTWOELS, €LOKA yla TO oUvoAo Babuovounongc,
BpéBnke pe xprion Tou cuvduacuou PWTNG Tapaywyou, e€opudAuvong SG Kal Kevtpomoinong
TWV TIHWV TwV petaBAntwy (Mivakag 4.9). Etol, emAEXONKE wG N MAEOV KATAAANAN TEXVIKI yLO
Vv enefepyacio Twv pacpdatwy. Mapd To Yeyovog OTL O OPLOPEVEG TIEPLUTTWOELG N XPrion GAAwv
TEXVIKWV 06ynoe o€ HovtEAa pe eAadpwC XaUNAOTEPEC TLMEG RMSEP, o aptBuog twv LVs Atav
peyaAltepoc N n enidoon KotA TN SL0C0TAUPWUEVN EMIKUPpWON 8V ATAV TO (610 LKAVOTIOLNTLKA,

Qo MAEUPAG TWV TLLWV TOU CUVTEAECTH CUOXETLONG (rev) Ko Tou oddApatog (RMSECV).
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Nivakag 4.9. AnoteAéopata enidoong tTwv HovtéAwv PLS mou avamtixdnkav yla Tnv OCOoTIKomoinon

KABe ¢uTikoU UALKOU voBeiag ota avtiotolya voBeupéva Selypata, XpnoLLOTOLWVTOS SLUPOPETLKES

TEXVIKEG TpoKATEPYOTLaC TwV SeSopévwv ard oAOKANpn T pacpatikd reploxr (4000-600 cm™).

YAwO voBeiag  Mpokatepyacia LV r. RMSEC (%) RMSEP (%) ro,  RMSECV (%)
STAMOVEG KpOkou  Avemeéépyaota dedopéva 7 0.98 1.29 2.70 0.53 6.27
(n=39) MC 9 099 0.81 2.67 0.63 5.82
MSC 6 0.98 1.43 2.80 0.65 5.85
MSC + MC 5 0.98 1.43 2.81 0.65 5.86
SNV 6 0.98 1.43 2.81 0.65 5.86
SNV + MC 5 0.98 1.43 2.81 0.64 5.91
1n napdywyoc+SG+MC 4  0.99 1.07 2.38 0.83 4.43
2n napdywyoc +SG+MC 5 0.99 0.95 2.20 0.66 5.45
SG+BC+MC 7 099 0.83 1.51 0.74 5.15
SG + BC + Kavovikoroinon 5 0.96 1.96 2.20 0.21 7.35
SG + BC+ Kav/moinon+MC 5  0.97 1.65 1.95 0.22 7.32
KaAévtoula Aveneéépyaota Sedopéva 9 0.99 0.58 1.72 0.89 3.35
(n=40) MC 4 097 1.55 2.42 0.47 6.18
MSC 9 099 0.49 1.80 0.93 2.87
MSC + MC 8 099 0.49 1.78 0.93 2.84
SNV 9 099 0.49 1.79 0.93 2.86
SNV + MC 7 099 0.61 1.69 0.94 2.94
1n napdywyoc+SG+MC 4  0.99 0.88 1.53 0.93 3.05
2n mapaywyog + SG + MC 10 0.99 0.23 1.72 0.94 2.77
SG+BC+MC 8 099 0.79 0.74 0.73 6.03
SG + BC + Kavovikomoinon 4 098 1.47 1.58 0.73 5.27
SG + BC+ Kav/moinon+MC 6  0.99 0.99 1.28 0.83 4.57
KapBapog Avenegépyaota 6ebopéva 10  0.99 0.71 2.04 0.64 6.21
(n=38) MC 6 099 1.16 1.91 0.23 7.60
MSC 9 099 0.61 1.91 0.75 5.70
MSC + MC 8 099 0.61 1.98 0.73 5.82
SNV 9 099 0.61 1.90 0.75 5.69
SNV + MC 8 099 0.61 1.90 0.73 5.81
1n mapdywyoc+SG+MC 4 0.99 1.11 1.69 0.80 5.16
2n mapaywyog + SG + MC 7 0.99 0.46 1.55 0.83 5.28
SG+BC+ MC 9 099 0.57 1.70 0.80 5.24
SG + BC + Kavovikortoinon 10  0.99 0.40 1.51 0.69 5.84
SG + BC+ Kav/moinon + MC 10 0.99 0.37 1.52 0.71 5.80
Koupkoupdg Avenetépyaota Sedopéva 8 0.99 0.90 1.50 0.93 3.00
(n=40) MC 4 097 1.76 2.05 0.87 3.83
MSC 7 099 0.94 1.27 0.94 3.03
MSC + MC 4 099 1.20 1.43 0.95 2.92
SNV 7 099 0.93 1.26 0.94 3.03
SNV + MC 6 099 0.93 1.27 0.94 3.06
1n napdywyoc+SG+MC 4 0.99 0.72 1.39 0.98 2.11
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YAwkO voOeiag  Mpokatepyacia LV r. RMSEC (%) RMSEP (%) ro RMSECV (%)
2n mopaywyog + SG + MC 5 0.99 0.60 0.98 0.97 1.92
SG+BC+MC 5 0.99 1.14 1.65 0.95 2.99
SG + BC + Kavovikortoinon 8  0.99 0.70 1.51 0.97 1.84
SG + BC+ Kav/moinon +MC 5  0.99 1.04 1.39 0.97 1.86
Exx. BoudAéLag Avenegépyaota Sedopéva 7 0.99 0.60 0.87 0.96 2.67
(n = 40) MC 5 0.99 1.13 1.15 0.96 2.57
MSC 5 0.99 0.80 0.73 0.97 2.44
MSC + MC 4 0.99 0.79 0.72 0.97 2.49
SNV 5 0.99 0.80 0.73 0.97 2.44
SNV + MC 4 099 0.80 0.73 0.97 2.44
1n napaywyog + SG + MC 6 0.99 0.38 1.29 0.99 1.84
2n nmapaywyog + SG + MC 8 0.99 0.19 1.00 0.98 2.08
SG+BC+ MC 4 099 1.06 1.51 0.95 2.55
SG + BC + Kavovikontoinon 10  0.99 0.22 0.83 0.99 1.21
SG + BC+ Kav/moinon+MC 3 0.99 1.12 1.73 0.94 2.52
Exx. yapdéviag Avenegépyaota Sedopéva 9 0.99 0.48 1.01 0.97 1.71
(n=40) MC 4 099 1.13 1.28 0.98 1.95
MSC 4 098 1.30 1.38 0.96 1.96
MSC + MC 3 0.98 1.31 1.38 0.96 2.00
SNV 4 0.98 1.30 1.38 0.96 1.95
SNV + MC 3 0.98 1.30 1.38 0.96 1.95
1n napaywyog + SG + MC 3 0.9 0.57 0.97 0.99 1.19
2n mapaywyog + SG + MC 3 099 0.65 0.74 0.98 1.75
SG+BC+ MC 5 099 0.71 1.21 0.98 1.48
SG + BC + Kavovikomoinon 5 099 0.91 0.60 0.98 1.66
SG + BC+ Kav/moinon+ MC 4 0.99 1.08 0.69 0.98 1.74

LV: AavBavouoeg LETABANTEG, rc: CUVTEAECTIG CUOXETLONG yLa TN BaBpovounaon, rev: CUVTEAESTHG CUCXETLONG YL TN
Slaotaupwpévn emkUpwon. RMSEC, RMSEP, RMSECV: tetpaywvik pila Tou HECOU TETPAYWVIKOU OPAAUOTOC
BaBuovounong, mpoPAedng Kal SLAcTOUPpWHEVNG ETILKUPWONG, avtioTtoLya.

MC: kevtpomoinon, MSC: moAamAaclaotikr) 81opbwon okédaong, SNV: TUTKA Kavovikr tuxaia petapAnth, SG:
efoudAuvon Savitzky-Golay, BC: 610pOwon Baoikrg ypapung.

Ta povtéla mou emtthéxOnkav (1n mapdywyog + e€opdAuvon SG + kevtpornoinon) urodelkviovtal Le évtovn ypadn.

H enidoon twv emheypévwyv poviéAwv PLS aflohoynBnke mepaltépw HE TN XPHON
SL0popeTIKWYV ACUATIKWY TIEPLOXWV KABWC €miong KaL Ye TNV €mAoyn UETOPANTWVY UE TIG
pneBo6doug iPLS kat siPLS. MNa tic peBodoug iPLS kat siPLS, atloAoynOnkav dtadopetikol aplBuotl
Staotnuatwy (dnAadn 10, 15, 20, 30 kat 40), evw €LOLIKA yLa TV MPocEyyLon Ue siPLS e€etdotnkav

oMot ol Bavol cuvduvaopol 2, 3 i 4 Staotnuatwyv. O Mivakag 4.10 mapouolalel TG MIOBAVEG
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ETUAOYEG HOVTEAWV yla KABe PUTIKO UALKO, OMwe mpogkuav He TNV epoppoyn Twv HeBOSwv

Nivakag 4.10. AnoteAéopata emidoong twv HOvieEAwv PLS mou Baociotnkav ot SlopopeTikad lpn
KupotaplBuwyv (Slactiuata PetafAntwy), OMwg autd erAéxOnkav pe TiI¢ peBOSoug emhoyng
petaBAntwv iPLS kat siPLS.

YAwo , Eupo RMSEC RMSECV RMSEP
voBEiag MeBoboc () LV re/re %) (%) (%)
STAMOVEG iPLS-20 dwaoT. 941-771 6 0.98/0.95 1.31 2.63 2.81
KpOKou SiPLS-15/3 Staot.  1963-1510 & 1053-827 3 0.98/0.92 1.37 3.26 2.15
siPLS-20/2 Staot.  1794-1626 & 941-771 4 0.99/0.94 1.10 2.94 1.87
siPLS-20/3 iaot. 1963-1626 & 941-771 4 0.99/0.94 1.09 2.94 1.75
KaAévtouAa iPLS-15 &iaot. 1281-1055 5 0.99/0.94 0.92 2.51 1.39
siPLS-10/2 Stoot.  1622-941 6 0.99/0.96 0.63 2.92 1.15
siPLS-30/2 iaot. 1508-1396 & 1167-1055 4  0.99/0.97 0.69 3.00 0.94
siPLS-40/2 Siaot.  1878-1795 & 858-773 5 0.99/0.97 0.66 1.87 2.06
KapBapog iPLS-20 Slaot. 1624-1456 8 0.99/0.94 0.79 2.77 1.29
iPLS-40 dwaoT. 1539-1456 5 0.99/0.96 0.90 2.18 2.08
siPLS-10/2 Staot.  3321-2983 & 939-600 4 0.99/0.91 1.00 3.88 2.11
siPLS-40/2 Siaot.  1539-1456 & 858-773 5 0.99/0.96 0.70 2.22 1.11
Koupkoupag iPLS-10 diaot. 1622-1283 6 0.99/0.98 0.34 1.62 1.40
iPLS-20 dwaot. 1624-1456 3 0.99/0.96 1.16 2.51 1.57
siPLS-20/2 Slaot.  1624-1286 6 0.99/0.98 0.34 1.62 1.41
siPLS-20/3 Stoot.  1624-1286 & 941-771 4 0.99/0.99 0.57 1.44 1.26
ExxUALopQ iPLS-20 dwaot. 1794-1626 4 0.99/0.97 1.02 2.20 1.31
BoubA£Lag siPLS-10/2 Staot.  1963-1283 8 0.99/0.99 0.44 1.26 1.46
siPLS-20/2 Sioot.  1624-1456 & 941-771 3 0.99/0.99 0.69 1.45 1.23
siPLS-20/3 Staot.  1794-1456 & 941-771 7 0.99/0.99 0.45 1.19 1.38
ExkyUAlopa iPLS-10 dwaot. 1963-1624 4 0.99/0.99 0.69 1.15 1.28
yapbéviag iPLS-20 dwaot. 1113-943 4  0.99/0.99 0.71 1.05 1.03
iPLS-20 dwaoT. 1794-1626 4 0.99/0.99 0.70 1.05 1.34
siPLS-20/2 Stoot.  1794-1626 & 1113-943 3 0.99/0.99 0.62 1.12 1.01

LV: AavBdvouoeg LETAPBANTEG, rc: GUVTEAEDTNG CUOXETLONG YLa TN BABUOVOUNGN, rev: CUVTEAEDTIG CUOXETLONG YLOL TN
Slaotaupwpévn emkUpwon. RMSEC, RMSEP, RMSECV: tetpaywvik pila Tou HECOU TETPAYWVIKOU OPAAUOTOC
BaBuovounong, mpoBAsding Kol SLacTaUpWHEVNG EMILKUPWONG, avtiotolya. MNa kabe povtélo siPLS mapatibetal o
0plBuoG Twy Slactnuatwy dedopévwy Kabwe Kal o aplBuog twv cuvbuaouévwy Slactnudtwy. Ta HoVTEAA Tou
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eTUAEXONKavV e BAon TNV emloyr Tou BEATIOTOU UTTOCUVOAOU UETABANTWY, OMWG Mpogkue e tn HEOoSO siPLS,
umodeikviovtal pe évtovn ypaodn.

ETUAOYNG HETAPANTWY. € OAEG TIC TEPUTTWOELG, TA MOVTEAQ TIOU Ttapoucsiacav TNV KaAUTEPN
enidoon t000 Katd tn Babpovounon 600 Kal Katd Tnv enkupwon Baciotnkav otn uéBodo siPLS.

Jtov Mivaka 4.11 mapatiBevtol OUYKEVIPWTIKA TA OMOTEAECOUOTO QMO TN XPHOoN
Sltadopetikwv GACUATIKWY TIEEPLOXWY, KOBWCG KAl autd mou mpoékuav amd ta KaAUTEpa
umooUVoAa peTaBANTwyY Tou Ttpoteivovtal yiao KaBe UALIKO voBeiag cupdwva pe tn pEbodo siPLS

(ZxNua 4.12).

Nivakag 4.11. AnoteAéoparta enidoong Twv HovtéAwv PLS mou avamtuxBnkav ylo TNV mocoTikomoinon
KaBe ¢utikol UAkoU voBeiag ota voBeupéva Seiypata, xpnoldormolwviag Sladopetikd elpn

KULOTapLOUWY.

YAwkd voBeiag  EUpog (cm™?) LV r RI\(I:Z)E ¢ RI\(I:Z)E P rev RN(I;E)CV

STAUOVEG

KPOKOU 4000-600 4 0.99 1.07 2.38 0.83 4.43
3200-2700 & 2000-600 4 0.99 1.10 2.31 0.83 4.20
2000-600 3 0.99 1.29 2.16 0.89 3.77
1963-1626 & 941-771 4 0.99 1.09 1.75 0.94 2.94

KaAévtoula 4000-600 4 0.99 0.88 1.53 0.93 3.05
3200-2700 & 2000-600 7 0.99 0.49 1.58 0.93 3.01
2000-600 3 0.99 1.05 1.52 0.90 3.31
1508-1396 & 1167-
1055 4 0.99 0.69 0.94 0.97 3.00

KdpBapog 4000-600 4 0.99 1.11 1.69 0.80 5.16
3200-2700 & 2000-600 4 0.99 1.12 1.28 0.86 4.19
2000-600 5 0.99 0.88 1.34 0.90 3.51
1539-1456 & 858-773 5 0.99 0.70 1.11 0.96 2.22

Koupkoupdg 4000-600 4 0.99 0.72 1.39 0.98 2.11
3200-2700 & 2000-600 3 0.99 0.79 1.47 0.98 1.68
2000-600 3 0.99 0.82 1.53 0.98 1.64
1624-1286 & 941-771 4 0.99 0.57 1.26 0.99 1.44

Eky. BoubAéLag 4000-600 6 0.99 0.38 1.29 0.99 1.84
3200-2700 & 2000-600 6 0.99 0.41 1.21 0.99 1.80
2000-600 6 0.99 0.43 1.20 0.99 1.86
1624-1456 & 941-771 3 0.99 0.69 1.23 0.99 1.45

Ekx. yapdéviag 4000-600 3 0.99 0.57 0.97 0.99 1.19
3200-2700 & 2000-600 3 0.99 0.63 1.05 0.99 1.19
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2000-600 3 0.99 0.62 1.01 0.99 1.13
1794-1626 & 1113-943 3 0.9 0.62 1.01 0.99 1.12

LV: AavOdvouoeg HeTaBANTEG, rc: CUVTEAECTNG CUCXETLONG YLa T Babpovounaon, ro: GUVIEAEOTHG CUCXETLONG YL TN
Slootaupwpévn emikUpwon. RMSEC, RMSEP, RMSECV: tetpaywvikn pila Tou HECOU TETPAYWVIKOU OPAALATOG
BaBuovounong, mpoBAePNG KoL SLACTAUPWUEVNG ETUKUPWONG, avtioTolya. Ta povtéAa ou emAéxBnkav pe Baon tnv
emhoyn tou BEATiotou umoouvolou petaBAntwy, onwe mpoékuPe pe t pHéBodo siPLS, umodeilkviovtal Pe £viovn
ypodn.
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IxAua 4.12. Juvduaopol Staotnuatwy ¢oocpatookorikwyv dedopévwy DRIFTS mou emiAéxBnkav pe th
LEB0SO siPLS kal e€aodahioav tn BEATiotn emidoon ota povtéla PLS ylo tnv mocotikomoinon (a) twv
otnuovwy Kpokou, (B) tne kadévtoulag, (v) Tou kdpBapou, (8) Tou Koupkouud, (g) tou ekyuAiopatog
BoubAéloc kal (oT) Tou ekyuAiopartog yapdéviag ota avtiotolya voOsupéva Selypota oTlyUATWY KpOKOU.
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Y€ YEVIKEC YPOUMEC, T LOVTEAQ SiPLS/PLS epdavicav BEATIWUEVN TIPOBAETTITIKN LKAVOTNTA O
oxéon ME T MOVTIEAQ TOU avamtuxdnkav xpnowgomowwviag SeSopéva amd SLoapOpPETIKEG
daopaTIKEG TTEPLOXEC. EMiong, o ouvteAeoTn G cuaXETIONG yia TtV MPOoBAedn (rv) Bp€Bnke va eival
0.98 yLa TO LOVTEAO TTOCGOTIKOTOLNGNG TWV OTNHOVWYVY KPOkou Kat 0.99 yla ta HovtéAa OAwV TwV
AWV UTIKWV VAIKWV. Mapd to yeyovog OTL, yla TV MePLMTwon Tou ekXUALopaTog yapdéviag,
To povtélo PLS mou PBaciotnke oe oAOKANpn tnv GACUOTIKN TEPLOXN TOPEiXE ocuyKplowa
anoteAéopata e To HovtENo siPLS/PLS. To teAeutaio, OUwC, GALVETAL VO TIEPLEXEL TLC TILO OXETIKEG
nmAnpodopieg, BonbBwvtag 1oL 0Tn GACUATOOKOTILKN EPUNVELQL.

Ta 6pla avixvevong (LOD) urmoAoyiotnkav pEe TN Xprion EVOG VEOU EKTLUNTH, CUMPBATOU LE TOV
urohoylopd katda IUPAC, mou utoBetel ™ popdn €vog daotrnpatog avixveuong [68]. Ot
KOTWTEPEG KOL OVWTEPEG TIMEG Tou OSlactipatog LOD ywa kdBe UAKO voBeuong, OnMwg
EKTLUNONKOV Ao ta avtiotolyo povtéAa siPLS/PLS, mapatiBevtal otov MNivaka 4.12. EmumAgoy,
€YLVE 0 UTIOAOYLOWOG TNG AVOAUTLKAG evaloBnaiag (p) yia kabBéva anod ta emheyuéva povtéla. To
avtiotpodo tou y (yl) mapéxel pia extipnon tng eAdxotng Stadopds oTn CUYKEVTPWON TOU
uropel va Stakpivel kaBe povtélo siPLS/PLS, Aappavovtag umoyn tov tuxaio Bopufo tou
0pPYyAvoU WG TN HovN mnyn odaApatog [69]. Ot TIHEG Tou umoAoylotnkav Kupaivovtal amo 0.2

£w¢ 0.6% (w/w), onwg dpaivetal otov MNivoka 4.12.

Nivakag 4.12. TUykplon Twv oplwv avixveuong Kal Twv TILWV avaAuTikng evalabnaoiag mou npoékuPayv
yla kaBe UAKO voBeiag péow siPLS/PLS, o eUpog cuykevtpwoewv 0-20% (w/w).

YAw6 voBeiag / LOD [min-max] (%) v (1/%) y(%)
JTAUOVEG KPOKOU 27 2.2-31 1.8 0.5
KaAévtouAa 28 1.9-2.6 1.9 0.5
KapBapog 26 2.1-2.8 1.8 0.6
Koupkoupag 28 1.0-1.6 4.0 0.2
Exy. BoubAéLag 28 1.1-1.6 3.7 0.3
Exx. yapdeviag 28 1.1-15 4.2 0.2

I: aplBuoc detypdtwy Baduovounong, LOD: dplo avixveuong mou UmoAoyiotnke Onwce neplypadetal otnv avadpopd
[68], y: avaAuTik svaloBnoia kal y: avtiotpodo tou .
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Zuykpivovtag Tig TLuéG LOD mou mpoodlopiotnkay amo ta avtiotowa povtéAa siPLS/PLS yua
NV KaAéviouAa (1.9-2.6% w/w), tov kapBapo (2.1-2.8% w/w) kaL tov koupkoupd (1.0-1.6% w/w)
UE eKelveg mou €xouv avadepBel oe mponyolLuevn peAétn [17] xpnowomnowvtag HPLC pe
aviyveutn cuotolxiag ¢wtodlodwy ) ESI/MS, oL omoieg Atav 5% (w/w) yla tv kaAévtouAa 1 Tov
KAapBapo Kot 2% (W/w) yLa Tov KOUPKOU LA, CUUTIEPALVETOL OTL N TAPOUCA TIPOCEYYLON UITOpPEL va
eTUTPEPEL TNV aviyveuon GUTIKWV UALKWVY voBelag oe ouykpiloda ] akoun xaunAotepa enineda.
Emonuaivetal, emopévwg, n Oetikl ocupBoAn TNG TPOKATEPYOOIOC TWV (POOUATOCKOTILKWY
S6ebopévwy Kal TNG emAoyng HeTaBAntwv otnv evalobnoia kat T ouvoAikr PBeAtiwon Twv

HoVTEAWV PLS.

113



Kepalato 4

4.3.3. Zuunepacpora - MPoOOMTIKEG

To ohoéva au€avouevo evoLaPEPOV TWV TTAPAYWYWY, TWV EUMOPWY KOL TWV KOTAVOUAWTWY
yla TNV auBevtikotnta MOAUTIUWY TPOIOVTWY, OMWE €lvol T OTlyHaTa TOU KpOKou, kablotd
ETUTAKTLKI TNV OVAYKN VLo OVAAUTIKEG LEBOSOUC UPNANG ATOS00NG TTOU EMLTPETIOUV LE TIPAKTIKO
TPOTO TOV AECO EAey)0 TBavwV voBeloewv. MOALG avixveUeTal n voBeia kal mpoodlopiletal To
UALKO voBeiag, amnatteital emiong ocadng ektipnon tou enunédou vobeiag.

Erudiwén tng mapovoag HeAETNG ATOV va avartuXBel pia armAr Ko EVEALKTN TIPOCEyyLon yla
TNV OVIXVEUON, TNV TAUTOMOINON KOL TOV TTOOOTIKO TIPOCSLOPLOUO EEL XOPAKTNPLOTIKWY UALKWV
TIOU €VOEXETAL VA XPNOLLOTIOLOUVTOL VLA TN VOBELON TWV OTLYUATWY KPOKOU. o To OKOTO aUTO
xpnoworowtiBnke n texviky DRIFTS, n omola elval pun KATAOTPEMTIKN yla To Selypa, evw
amalteital €AAXLOTn TPOETOLlHAcia Kol Toootnta delypatog (mepimou 4 mg). Me ta
daopatookoriikd Sedopéva mou TapaAndOnkav €ywve n avamtuén YPOUUIKWY HOVTEAWV
TIOAUPETABANTAG Talvounong Kat Babupovounong, ta onoia BeATiotonolndnkayv Pe TEXVLKEG yLa
TNV TpoKATEPyOoia Twv Sebopévwy, To Slaxwplopd Selypdtwv oe cuvoAla PBabuovounong
(ekmaideuong) kat gAéyxou, kabBwg kal ywa TNV emloyn HeTaAntwv. Ta PBeAtiotonolnpéva
povtéAa siPLS/PLS ylat Tov MOCOTIKO TPOCSLOPLOUO TwV PUTIKWV UALKWY voBeiog mapouciaoav
OUYKpLOWO 1 aKOUN XOUNAOTEPQO OpLA AVIXVEUONC OE OXEON UE OUTA TTOU €XouVv avadepbel yla
vypoxpwuatoypadlkég pebodouc.

H pebodoAoyia mou avamtuxOnke, péow pag Stadikaoiog tplwv Bnudtwy, emiBefalwvel tnv
TPAKTIKN KAataAAnASGTNTa TNG TEXVLKAG DRIFTS 0g cuvluaouod e XNUELOUETPLKA avAAUoN WG L
TPAcLvn, eVOAANAKTIKN) AUon Ttou Ba pmopoloe va €xeL LOLALTEPN ATIXNON OO OLKOVOULKH amoyn
yla tnv taxeia afloAdynon tng voBeiag Twv oTLYUATWY TOU KPOKOU UE UALKA GUTLKAG TtpoéAeuong.
Me tnv mapouoa mpocgyyLon Ba pumopolos va paypatonolnBet n Stadoyn LEYAAWY EUTIOPLKWV
naptidwv eAAnVIKoU TPoidVToC, VW HE MEPALTEPW MEAETN Ba pmopouoe va emiPeBawbel n
XPNon TG ywa tov €Aeyxo auBeviikotntag Selyldtwy amo oTiypata Kpokou OladopeTIKwY

katnyoplwv Katd ISO 1} StapopeTikig yewypadLkng TpogAeuong.
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5. EAeyxo¢ voOeiag Twv OTIYUATWV KPOKOU WHE XPWOTIKEG Sudan péow

dacparookoniag 'H NMR

5.1. Ewaywyn

OLXpWOTIKEG ouoieg Sudan amoteAouV pLa okoyEVELa AUTOPIAWY CUVOETIKWY alwXPWHATWY
HE gupela Blopnyavikn Xpron yLa To XPWUATIOHO TIPOoloVIwY OMwE UGACUOTA, TTAACTIKA, Knpot
Kol yuoAlotika. O AleBvnc Opyaviopog Epeuvwyv yla tov Kapkivo €xeL xapaktnploel T epuBpEg
XPWOTIKEG Sudan I-IV w¢ Kapklvoyoveg ouaieg tng Opadag 3 [1], evw €xel emiong davel mwg o
HETAPBOALOUOG TOUG OTOV AvOpwWTo 06NYEL OTO CXNUATIOUO KAPKLVOYOVWY OPWHATIKWY AULVWY,
WG anotéAeopa tng dpaong Baktnelwv TNG evieplkng xAwpldag f Twv avidpdoewv ofeidwaong
TIOU KaTaAUouV ta £€v{Ua TOU KuToxpwpatog P450 oto fmap [2]. H xprion Twv XpWOTLKWY QUTWV
ota Tpodlua Sev elval EYKEKPLUEVN OTIG TIEPLOCOTEPEG XWPECG, CUMTEPAAUPBAVOUEVNG TNG
Eupwnaikng Evwong [3]. Qotdoo, and tnv mpwtn ekTevr) avadopd yLo TNV mopousiol XpwoTIKWY
Sudan oe TtolAl kal mpoidvta ToiAl mou €ywve to 2003, £€xouv akoAouBrioel TOAUAPLOUEG
KOLVOTIOLNOELG 0TO cUOTNHA £yKalpng posldomnoinong tng EE yia ta tpodua kat T {wotpodEég
(RASFF) [4]. Me Baon tig avadopég amoSelKVUETAL AKON KAl ONUEPA N TTOPAVOUN TtIapousia TwV
XPWOTLKWV OUTWV OUCLWV CE MLt OElpd TPodipwy, OMoU CUUTEPIAAUBAVETAL TO APTUMA TWV
OTLYMATWV KpoKou (saffron).

Ta amo&npapéva KOKKLVa oTiypata Tou dutol kpokog (Crocus sativus L.) umtokelvtal edw Kal
alwveg oe dladopoucg tUToUG voBeiag kal cuveyilouv va mapapévouv Baokog umordlog
0TOX0G, AOYW TNG UYNANG EUTIOPLKAC TOUG aglag Kal TwV MEPLOPLOUWY TIou udioTavtal ya TV
napaywyn toug [5,6]. Evag amd toug ouvnB£0TEPOUG TPOTIOUG TTIOU CUVTEAEITOL N OLKOVOWULKN
QAT Yyl T oTlypata KPOKOU €ival n mpooBnkn cUVBETIKWY XPWOTIKWVY ouclwy. Na to Adyo
OUTO, O TIOLOTIKOG £AEYXOC TWV OTWYHATWY KPOKOU TePAaUPBAVEL TNV OVIXVEUON KOl TOV
TPOOSLOPLOUO XPWOTIKWYV TIOU €lval UTMOTITEG WG Bava UAWKA voBeiag. Kamoleg and autég Ba
propouoayv, mapdAAnAa, va anoteAécouv ameln yla tnv acdhAAela eVvOG EUEPYETLKOU yLa TNV
avBpwrivn vyeia mpoidvtog [7]. Katd yeviko Kavova ol TEXVNTEC XPWOTLKEG OUGCLEC TIPETEL va
anouolalouv amnod ta otiypata kpokou, cupdwva Ue Tig podlaypadeg Tou mpotumou I1SO 3632
[8,9]. Qotooo, ol xpwpatoypadikeg pEbodot (m.x. TLC, HPLC) mou mepiypadovtal [8] adopouv
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TOV £AEYXO HOVO TEXVNTWV LSATOSLOAUTWY OELVWV XPWOTIKWV Kot dev e€etalovtat AoSIaAUTEG
EVWOELG, OTIWG OL OIAYOPEUUEVES XPWOTLKEG Sudan -1V, mou evdéxetal va xpnaotponolnbouv yla

N BeAtiwon tng epdaviong UTORABULOUEVWY 1 KATWTEPNG TTOLOTNTAG TIPOTOVIWV.

(1.
“\\@ L
N
Sudan | Sudan Il

1-paivulalw-2-vapodAn 1-[4-(paivuhalw)paivulalw]-2-vapdoAn
N N N
O \ O \ Vi
N N N
OH OH
Sudan I Sudan IV
1-[(2,4-01peBulopaivulo)adw]-2-vapOoAn 1-[[2-peBuro-4-[(2-peBuropaivulo Jalw]palvuho]alw]-2-vapBdAn

Ewkova 5.1. Aopég Twv XpwoTikwy Sudan I-1V.

H voBela Twv OTYHATWY KPOKOU HE OUVOETIKEG XPWOTIKEC OUCIEG €XEL ATTOTEAECEL TO
OVTIKELLEVO €PEUVOCG OE OXETIKA TIEPLOPLOPEVO aplOUd peletwy, ol omoieg Sivouv blaitepn
Eudoaon og LOATOSLAAUTEC XPWOTIKEC OTIWG N EpuBpoaivn, To puBpo TNG KOXEVIANG A (movow 4R)
Kat n taptpalivn [10-14]. H povn pébBodog mou eixe avadepBel péxpt mMPOTIVOG yla Tov
NPoodLoPLOUO TWV XPpWOTLKWY Sudan ota otiypata kpokou Baciletat otn HEBodo ekyUALONG 0TO
onueio ekvédwong Kot t xprion vypnc xpwpatoypadioc/dacpatopetpioc palwv (LC/MS) [15],

EVW MOALG mpoodata avamtuxdnke pla véa péBodog pe ekxUALon dlaomopdg oteped dpaong
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UTIOOTPWLATOG Kal SLad0oXLIKA UYpoxXpwHATOYPAPLK) AVAAUCH LE AVLXVEUTH UTIEPLWOOUG-0paTOU
(HPLC/UV-Vis) [16].

Ta televutaia xpovia cuvexilel va mopatnpeital plo otabepr) TAoN wWE POG TG EPEVVEG TIOU
Sle€ayovtal yla TNV aviyveuon kat Tov mpoodloplopd Twv XpwoTkwv Sudan, kuplwg og TolAy,
KApu Kal cuvadn poidvta tpodipwyv (ZxAua 5.1). H mieloPndia twv avalutikwyv pebodwv mou
€xouv avamntuxBei Baoilovtal otnv vypn xpwuatoypadia oce cuvbuaouod pe avixveuty UV-Vis,
ouotolyiag pwtodlodwv (PDA) n MS (Zxnua 5.2) [17,18]. Mapd t peydAn gvalwcOnoia Kal Ta
XapunAd opla avixveuvong, ol pEBodol autég eival ouviBwg xpovoBopeg kal mpoUmoBEtouy
QTTALLTN TLKI) TIPOKATEPYACLO TOU Selypatog. MPoKeLUEVOU Vo EEMEPACTOUV TETOLA LELOVEKTAHATA,
Ba pmopovoav va epapUOOTOUV POCLOTOCKOTILKEG TEXVIKEC TTOU TTAPEXOUV TaXUTNTA, aflomioTia

Kal EUKOALQ oTn xprion.

N N w
o ol o
1 1 |

Anpooigioeig
H
(6}

10 -

5 .

0 =" T T T T T T T T T T T
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

‘Etog

IxAua 5.1. AplBUOC SNUOCLEVUEVWY EPEUVNTIKWY EPYOCLWV AVA €TOC YLO. TOV TIPOCSLOPLORS TwV
XPWOTIKwY Sudan og TpodLua. To cUVoAo Twy dnpooteloewy yla Thv epiodo 2003-2015 Eemepva Tig 215.
(Mnyéc: Baoelg 6eSopévwy Scopus kat PubMed)
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Yypn
Xpwpatoypadia,
48%

NOLTLEG TEXVLKEG,
39%

NMR, 1%

DOCHUATOCKOTILKEG TEXVIKEG

IxAKa 5.2. ANUOGCLEVUEVEC EPEUVNTLKEG EPYACIEG YLO TOV TIPOGSLOPLOUO TWV XPWOTIKWYV Sudan o€ tpodLua
pe xpnon dtadopwv avaAuTikwy TeXVIKwY. To gUvoAo Twv dnuocteloswy yla tnv nepiodo 2003-2015
Eemepva tig 215. (Mny£c: Baoeig Sedopévwv Scopus kat PubMed)

APKETEC MPOOPATEC PEAETEG €XOUV aVASEIEEL TNV AMOTEAECUOTIKOTNTA GACUATOOKOTIKWV
TEXVIKWV, OTIWG N PACUATOOKOTIEG LECOU UTIEPUBPOU UE PeTaoXNUaTIonO Fourier (FT-IR) [19,20],
gyyU¢ umtepLBpov [21], Raman [22] kat UV-Vis [23], yla TNV EKTIHNON TOPAPETPWYV TTOLOTNTAC KOl
QUBEVTIKOTNTAC TWV OTLYUATWV Kpokou. H dacpatookomnio UV-Vis amoteAel Baoiky avaAuTikn
TEXVLKH YLOL TOV TIOLOTIKO EAEYXO TOU POTIOVTOG KAl OTIWE GAVNKE, UE BACH ATMOTEAECUATA EPEUVOG
[24], umopel va xpnolpomolnBel yla v aviyveuon XpwOoTIKWV oucwwv Sudan ota otiypata
KpOKou. QoTO00, N evalcOnoia ou MapPEXEL Elval OXETIKA XaUNAR, KaBwg n avixvelolun voBeia
elva 5 g/kg yra ta Sudan | ka1 ko 2 g/kg yo ta Sudan 11 kot IV, avtiotola. Mua GAAn pdodatn
HEAETN €6¢€L€e Mw¢ voBeupéva Selypata OTLYUATWY KPOKOU e EAAXLOTN TIEPLEKTIKOTNTA O€ Sudan
Il 5 g/kg pmopoulv, péow tNC dacpatookomiag FT-IR KAl XNUEOUETPIKWY TEXVIKWY, va
SlapopormoinBouv amnd ta avbevtikda deiypoata A and dslypata mov mePLEXOUV AAAEC XPWOTIKEC

ouaoleg oe avtiotolyo eninedo vobeiag [25].
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Ooov adopad otn PpacpaTooKoTa TTUPNVIKOU UayvNTIKOU cuvtoviopoU (NMR), ol mpwTeg
eDAPUOYEC ElYAV ATIWTEPO OKOTO TNV anocadrvion tng SOUNG AMOUOVWHEVWY SEUTEPOYEVWV
HETAPBOAITWY QMO €KXUALOMATO OTLYMATWV KPOKou [26-31]. Ektote, apKeTEC UETOPBOAOULKEC
npooeyyioelg pue xprnon NMR é€xouv avadepBei [32-37], avadeikvuovtag tn omoudaldtnta tng
TEXVLKNG YlO TOV €AeyX0 TOLOTNTAG KAl OUOEVTIKOTNTAG TWV OTLYUATWY KpOKou. EmutAéov,
npdodata anodeixbnke n xpnowdtnta tng pacpatookorniog *H NMR uPnAAg SLoxwpLoTIKAG
LKKOVOTNTOG O OUVOUOOUO HE HEBOSouG TMoAupeTaBAntTi¢ Taflvopnong yla TNV ovixveuon
voBelag pe T xpwotikég Sudan I-IV o Siddopa kapukevpata, cupneplAapBavouévou Tou
KOUPKOUUQ, TOU KAPU Kal TnG mamnpikag [38,39].

H daopatookonia NMR mpwtoviou (*H NMR), teheutaia, €xel mpooeAkUoel Slaitepo
ETULOTNMOVIKO eVOLADEPOV WG EVA ATIOTEAECUATIKO €PYOAELO TTOOOTIKAG avaAuong [40-42]. H
npoodatn avantuén paopatopetpwv NMR pe payvnteg unAou nediou, kaBwg kat ot e€eAifelg
oTNV Kpuoyevikr texvohoyia (m.x. CryoProbes) €xouv emitp€Pel ToV MOCOTIKO TPoadloplopd
TIOAUAPLOUWY EVWOEWV O€ XOUNAEG CUYKEVTPWOELG, Le UPNAN akpifela kat riototnta [40-42].
KaBwg to oAokAnpwpa evog onpatog NMR gival euBEwg avaloyo Tou aplBpol Twy avtioTolywy
TPWTOVIWV, N TTOCOTIKOTOLNGN TOU UTIO £€£TO0N Hoplou pmopel va mpaypotonolnBei eUkoAa pe
TN XpHon pLag ouoiog avadopac Kot otrn CUVEXELD UTtoAoyi{ovTag To AOYO TwV OAOKANPWHUATWV.
H un avaykalotnta yla anmopovwon Kol KaBoplopd Tou €KkA0TOTE popilou kol n duvatotnta
TIOOOTIKOTIO(NONG XPNOLUOTOLWVTAG HOVO €va KOAQ SlaXwpLoUévo oo amoteAolv Baotkd
TAEOVEKTHUATO TOU TIOCOTIKOU Tpoodloplopol pe *H NMR (qHNMR). Mg Bdon ta £w¢ twpa
BBAloypadika dedopéva, n duvatotnta tou gHNMR yla Tov MpocdLloploPO TWV XPWOTIKWV
Sudan o€ kapukevpata kot AAAa tpodLua dev €xel dtepeuvnBel.

H peAétn auth elxe wg 0TOXO TNV VATTTUEN LA ATTANG, YPNYopPNnE Kat aglomiotng uebodou ya
TNV avixveuon Kal Tov mpoodloplopd Twv XpwoTtikwy Sudan I-IV ota otlypata KpOKou e T Xxprion
doaopatookorniac *H NMR uPnAig SLaxwploTikAg LKavotnTac. STo MAaiolo autd ponynonke n
nAfpn¢ avtlotoixon twv H kat 3C ota pdopata NMR twv xpwotikwv Sudan I-IV, n onoia
ETUTEVXONKE PE eKTETAPEVN Xprion opomupnvikwy (COSY, TOCSY) kat eteponupnvikwyv (HSQC,
HMBC, HSQC-TOCSY) nelpapatwv NMR &Uo Slaotdoswv. Mo TOV TOCOTIKO TPOCSLOPLOUO
ENEYXONKE, WG OVIUTPOOWTEUTIKO Toapddelypa, n xpwotiky Sudan Il [2]. AkoAouBnoe n

edpappoyn tng pebodoroyiag gHNMR yla tnv moootikonoinon tou Sudan Il og voBeupéva
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Selypata otypdtwv Kpokou, Aaupdavovtag umoyn emineda voBeia¢ mou pmopouv va
ETNPEACOUV OUCLOOTLKA TNV OTTLKN €lKOVA TOU TPOIOVTOC, Xwplg va amatteital moAUTAOKN

npoeTolacia Twv Selypdtwy.

5.2. Nepapatiko pépog

5.2.1. MpounBeLa VAIKWYV Kol XNHLKWV aviidpaoctnpiwy

Eva auBevtikd eMnvikd Oelypa otlypdtwv kpokou (ecodeiag 2012) TG €UMOPLKAG
katnyopiag |, cupdwva pe tig mpodlaypadeg tou npotumou ISO 3632 [9], mapaxwpnBnkKe amno to
Juvetalplopd Kpokomapaywywv Kolavng. H mpounBela tng mpotunng ouocioag Sudan |
(kaBapdtnta = 95%) npaypoatonow)Bnke and tnv etatpeia Sigma-Aldrich (St. Louis, MO, USA),
EVW OL XpwOTIKEG Sudan 11 (90%) kat Sudan IV (= 80%) mpounBeVBnkav amo tnv etatpeia Aldrich
(Steinheim, Germany). H mpounBela tng xpwotikng Sudan Il (kaBapdtnta avaAutikol poTtumou
>96%, BaoeL avaluong pe HPLC) €ywve amo tnv etatpeia Fluka (Steinheim, Germany). Q¢ dtaAutng
xpnowomnowBnke deuteplwpévo xAwpodopuo (99.96 atom % D) tng etaipeiog Euriso-Top

(Saclay, France).

5.2.2. Napaokeun MPOTUNWV SLAAUNATWY

MNa tnv mapaokeun SlaAlpatog napakatadnkng eywve akplBrg {uylon noocotntag 4.0 mg tou
nipotumou Sudan Il kat akoAouBnoe StdAuon oe 1 mL CDCls. To StdAupa noapakatadnkng, adou
odpayiotnke pe nwpa kot AU tapadivng (parafilm), amoBnkevtnke otoug 4 °C amouvoia pwTtoc.
JTn OUVEXELD TPOETOLUAOTNKE SlaAupa epyaciag ouykévtpwong 0.36 mg/mL pe ARYPn Kat

apaiwon Tupatog tou StaAvpatog napakatabrikng oe CDCls.
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5.2.3. Mpoctopacia Selypatwyv

H mpoetolpacia Twv eUPOAlACUEVWY OSELYUATWY EyVE UE TPOOONKN Tou SlaAlupatog
epyaocioag tou Sudan Il oto em\eypévo Oeiypo OTWYHATWY KPOKOU, TPWTO Ot emimeda
neplektikotntag 1.4, 3.6 kat 7.1 g/kg [38,39] kat émetta otig ouykevipwoelg 0.14, 0.36 kat 0.71
g/kg. Ta tpla teleutaia emimedo voBeiag xpnolpomow}Bnkav TPOKEIHEVOU va eAeyxBel n
gvalodnoia tng pebodou moootikonoinong pe *H NMR. Ola ta enineda vobeioag Bpiokovral
EVTOC TOU €UPOUC CUYKEVTPWOEWV YLO T VOBEUUEVA APTUPATA, OTWCE EMIONHUOLVETAL OO TNV
ASTA [44]. Ta tn ANPn Twv daopdatwv NMR, Luylotnke pe akpifela moootnta 10 mg oTyHATWY
KpoOkou, KaBapwv xpwotikwv Sudan I-IV kat guPoAlacpévwy detypdatwv pe Sudan 1, evw
akoAouBnoe mpoaobrkn oykou 600 pL CDCLs og kABe delypa KoL 0Tn oUVEXELA EvTovn avadeuon
HE xpnon vortex ywa 3 Aemtd, oe Bepuokpaocia Swuatiov. Meta and 10 Aemtd, ta Seiypoata
duyokevtpnOnkav ota 12,100 g yia Stapketa 10 AemTwy Kol oTn CUVEXELX Oykog 500 pL amod to
unepkeipevo petadépbnke o cwAriva NMR twv 5 mm. H avaAuon pe NMR akoAoUBnoes apéowg

HETA TNV TPOETOLOOLA TwV SElYHATWY, £T0L WOTE va anodeuxbel mBavr e€atuion tou SLaAUTH.

5.2.4. Qaoparookornikn avaivon pe NMR

OAa ta nepapata NMR Sie€nxbnoav oe dpaopatopetpo Avance 600 MHz (14.09 T) tng
etalpeiag Bruker (Bruker BioSpin GmbH, Rheinstetten, Karlsruhe, Germany), pe xprion awodntripa
avtiotpodng avixvevuong Stapétpou 5 mm, Babubwtd nedio otov afova z (z-gradient) kal o€

Bepuokpacia 300 K.

5.2.4.1. Nocotikd¢ tpoodloplopog pe *H NMR (qHNMR)

Ta ¢ddopata *H NMR kataypddnkav pe Kprtiplo tn AAYPn TOCOTIKWVY OTTOTEAECUATWY,
XPNOLUOTIOLWVTAC Hia oelpd TaApwy 90° kat cuAAéyovtag 32 K (32,768) onueia Sedopévwy Ue
128 capwoelg ava paocpa, evw n kabBuotépnon enavadopdg (relaxation delay) ntav 40 s. H
TIoooTIKOMOolNoN TG XpWoTkA S Sudan Il ota ekyuAiopata Twv voBeupévwy detypdtwy o CDCls,
Ba umopoucoe va TpayudatomolnBsl UE Ml TPOCEyylon  TOoOTIKomoinong  Baoel

YPOUHOMOPLOKOTNTOG KAT Oyko (Molarity). MNa To 0Komo aUTO, XPNOLUOTIOLELTAL POt KOUTIUAN
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BaBpovounong pe éva SLAAU LA YVWOT G CUYKEVTPWONG KATIOLAG aTto TIG XPWOTIKEG Sudan, pe Tnv
kataypadr Tou dacuatog UTO TIg iSleg ouvBNKeG ou XpnoLomnolOnkay yia OAa ta voBeupéva
Selypata oTlypdtwy KpOKou. ITnv mapouoa spyacia auto emtelxdnke e xprion tou Sudan Il
EmutAéov, n umoAewmopevn kopudrn mpwrtoviou tou SlaAltn Adyw tou CHClz (0.04%) ota
voBeupéva Selypata oTyHATWY KPOKOU XPNOLUOTIOWONKE WG ECWTEPLKO onjua avadopdag, Kal n
nepLeKTIKOTNTA o€ Sudan Il (kaBapotnta > 96%) UTTOAOYLOTNKE XPNOLUOTIOLWVTAC TNV TTAPAKATW

eflowon [42]:

/ N M P
Wgy, = Isu  Nstd . Msi _ Pstd

xW. (1)
td
Ista Nsii Mstg Psyyy s

omou ta /, N, M, P kat W cupBoAilouv TNV T Tou 0AOKANpWHATOG KOpudNnG, Tov aplOpod Twy
TPWTOVIiWV TMou cUUBAAAOUV OTO Cripa TTPOC OAOKANPWaN, TO HOPLAKO Bapog, Tnv kabapodtnta
kot to Bdapog tou Sudan Il (S/) kaL Tou TpotUTOU avadopAg TTOU XpnoLpomolndnke (std),
avtiotolya. O UTIOAOYLOMOG TNG MEPLEKTIKOTNTAC (g/kg) Twv voBeupévwy detypdtwy oe Sudan 1l

€YLVE LE XpHON TNC Mopakatw e€lowongc:

W, x 1000

Mepiektikotnta (g/kg) = W,
ELYUATOG

(2)

o0mov Wieiyuaroc €lval To Bapog Tou voBeupévou deilypatog otypdtwy kpokou (0.010 g).

5.2.4.2. ®aocpatookonia 3C NMR

Ta ¢ddopoata 3C NMR twv xpwotikwv Sudan I-IV AdBnkav pe 1024 coapwoselg kat 64 K
(65,536) onueia. To paopatiko Adtog ntav 34,000 Hz kot To mMAATog moApoU 11 ps (maApog 90°),

EVW Xpnowuomowidnke n akoAoubia maApwv yla amoculeuén avtiotpodng ecodou (inverse-
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gated decoupling) mou mepapPavetal otn BLBALONRKN tnNg Bruker, wote va amodeuvxbel T

ETEPOTUPNVIKO Ppatvopevo Overhauser Aoyw TnG anoouleuéng MPWTOVIiwV.

5.2.4.3. ®aocpatrookonio NMR d0o dractdoswv

Ma tnv avtotoixtlon twv onudtwv *H kat 3C ot xpwotikég Sudan I-IV ARdOnkav
Siodlaotata opomupnvika Kot eteporupnvikd ¢dacpata NMR cuoxétiong (DQF-COSY, TOCSY,
HSQC, HMBC kat HSQC-TOCSY). Ta ¢aoparta, yevikd, kataypddnkav oe paopatikd mAdatog 11
kat 231 ppm, pe ocuAhoyn 2048 kot 256 onpeiwv SeSopévwy yla TO TTPWTOVLO Kal Tov avOpaka,
avtiotolya. To kKAeidwpa Tou omwv yla ta pacpata TOCSY opiotnke ota 80 ms, pe Tnv otabepd

ETEPOTIUPNVIKNG oLTeuénc ota 145 Hz.

5.2.4.4. Enefepyaoia twv pacpatookonikwv dedopévwv NMR

MNa tnv enefepyaocia twv paocpdtwv NMR edapuooTnke, apxlKa, €KOETIKOC OUVIEAEOTNAG
otaBuonc pe Stevpuvon ypapung 0.3 (*H) kot 1.2 Hz (*3C), npokewévou va BeAtiwOei o Adyog
ofjpatog npog B0puBo (SNR). Itn cuvéxela npaypoatornodnke zero-filling ota 32 K (*H) kaw 64 K
(13C), mpwv ard to petaoxnuatiopnod Fourier. AkohouBnoe n 510pBwaon ddong Kot BAGIKAC YPAUUAG
TIOU €KTEAEOTNKE XElpokivnTa. Ma ta ddaopata H kat 3C xpnowonotidnke wg ofpa avadopdg
TO UTIOAEUTOUEVO onpa Tou SLoAUTh ota 7.260 ppm Kkal 77.16 ppm, avtiotolxa. H enefepyaoia
OAwv Twv daocpatookoTikwy debopévwy vAomolBnke pe xprion tou Aoywouikol TOPSPIN 3.0

(Bruker BioSpin).
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5.3. AnoteAéoparta - Zuintnon

Ta ¢daopata *H NMR twv xpwotikwyv Sudan I-IV og CDCls £€6st€av otL n mAstoPndia twv
ONUATWYV EVTOTIIETAL OTNV TIEPLOXN TWV APWHUATIKWY TIpWToViwy, UE Hovn e€aipeon tTa onpata
Twv HeBulopadwy yia ta Sudan Il kat IV, ta onola epdavilovral otnv MepLoxr TwV AAELGATIKWY
npwtoviwyv. MNapd To yeyovog OTL N MEPLOXA TWV APWHATIKWY TipwToviwy meplhapBavel mAndog
ONUATWY, aVAAOYO TNG TIOAUTIAOKOTNTOG TWV EMIUEPOUG Hoplwyv, KATESTN duvatr n TARPENG
OVTLOTO(XlON TWV CUVTOVIOMWV TOCO yla Ta TPWTOVIA 000 Kal ylo Ta dtoua davOpoka. Ta
amoteA£éopata yla KABe pio anod tig xpwoTtikeg Sudan I-1V mapouoidlovtal otov Mivaka 5.1. MNa
TO OKOTO QUTO XpNnoLUomoldnkay, €miong, T OUOTIUPNVLKA KAl ETEPOTIUPNVIKA ddaopata NMR
SU0 Slaotaoswy, Ta omola ANdOnkav yia OAeg TG XpwoTikég Sudan og CDCls. H cuvduaopévn
XPNon Twv pacuatwy mou kataypadnkav amno ta avriotowa newpapata HSQC, HMBC kat HSQC-
TOCSY &leukoAuve TNV arnocadnvion tng BEong Twv mMpwTtoviwy, olaitepa o€ MEPUTTWOELG OTIOU
nopatnpAdnkav erKaAOPELS TwV onpdtwy ota paopata *H NMR (ZxAuato N1-M4, Napdptnua
[1). OAa Ta APWUATIKA TIPWTOVLA TWV XPpWOoTLKWwY Sudan I-IV cuvtovilovtal otn $paopatiky mepLloxn
petall 6.750 kat 8.650 ppm. Onwcg Ssiyvel to IxAuna 5.3, to pdopa *H NMR twv oTypdtwy
KpOKou &ev eudavilel KATOLO CNUOVTLIKO OO OTN CUYKEKPLUEVN TIEPLOXH, ETIOMEVWC EKEL Ba
uropouoe va Sie€ayxOel o EAeyxog voBelag Ue APWHATIKEG EVWOELG OTIWCE OL XPWOTIKEC Sudan.

ErumAéov, n peAétn €6elée OtL KABe pia amd Tg xpwotikég Sudan |-V eival duvatdv va
TautomnolnBel Eexwplotd ota voBeupéva Selypata. Xto IxAua 5.3 emonuaivovtal GUYKEKPLUEVOL
CUVTOVLOUOL TPWTOVIWV yLa TNV TAUTOTOLNGCN KoL TTOCOTLKOTIOLNON KABE piag amd TG XpWOTLKEG.
Ma to Sudan | eMAEXONKe TO orUA TOU MPWTOVIOU Tou PBpiloketal otn B£on 3 Tou popiou Kat
TIAPOUGCLATEL XNIULKN LETATOTILION oTa 6.870 ppm. ZNUELWVETAL OTL TO GO TIOU Ttapatnpeital yla
Ta otiypata kKpokou otnv iSla eploxt tou ddopatoc H NMR, 6nwg paivetal oe peyéBuvon oto
IxAua 5.3, anodidetal oe onua BopuPou. Ooov adopd oto Sudan I, Eexwpilel To orRua tou
npwtoviou 8 ota 8.618 ppm, evw yla To Sudan Il emAéxBnke n SuTAn kopudr ota 8.064 ppm, n
orola avtiotolxel ota mpwtovia 2’ kat 6’ mou aAnAemkaAUTITOVTAL. 2TNV TIEPUMTTWON Tou Sudan

IV Ba urmopouloe va xpnotuomnolnBei n dutAni kopudn Tou mpwtoviou 6’ ota 8.181 ppm.
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Nivakog 5.1. Xnpikég petatonioelg twv tH kat BC twv cuvBeTkwv xpwoTtikwv Sudan I-1IV og StoAdtn CDCls.

Atopo Sudan| Sudan Il Sudan lll Sudan IV
'Hppm BCppm 'Hppm 3Cppm 'Hppm BCppm 'Hppm ¥Cppm

1 - 130.22 - 130.57 - 131.14 - 131.66
2 - 171.99 - 170.57 - 175.66 - 176.47
3 6.870 124.95 6.925 124.64 6.818 125.73 6.810 125.90
4 7.713 140.20 7.724 139.41 7.719 141.61 7.690 141.62
5 7.598 128.76 7.619 128.69 7.583 129.01 7.554 129.36
6 7.393 125.86 7.391 125.55 7.421 126.58 7.401 126.57
7 7.552 129.00 7.557 128.81 7.549 129.41 7.561 128.97
8 8.564 121.87 8.618 121.72 8.547 122.22 8.537 122.12
9 - 133.75 - 133.72 - 133.61 - 133.56
10 - 128.21 - 128.09 - 128.45 - 128.32
1’ - 144.94 - 141.19 - 151.02 - 143.72
2 7.738 118.74 - 137.97 8.064 124.80 - 150.92
3’ 7.481 129.73 7.098 131.91 7.828 118.52 7.825 125.71
4 7.304 127.57 - 129.74 - 146.00 - 128.38
5’ 7.481 129.73 7.159 128.27 7.828 118.52 7.930 122.98
6’ 7.738 118.74 7.966 116.00 8.064 124.80 8.181 116.13
1" - - - - - 152.95 - 138.34
2" - - - - 7.945 123.06 - 151.00
3" - - - - 7.538 129.29 7.648 115.53
4" - - - - 7.486 131.20 7.275 126.52
5" - - - - 7.538 129.29 7.362 131.02
6" - - - - 7.945 123.06 7.349 131.42
Me' - - 2.377 21.34 - - 2.602 17.71
Me" - - 2.527 17.71 - - 2.747 17.76

Sudan Il Sudan IV
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IxAua 5.3. Meploxn Twv apwUATIKWY TpwToviwy ota ddcpata *H NMR (600 MHz, CDCls) Twv XpwoTIKwy
Sudan I-IV kot Twv oTypdtwy Kpokou. Ta emAeyUéva GALOTA YlO TNV TAUTOMOLNON TWV EMUEPOUG
XPWOTIKWV Sudan ota voBesupévo Selypota OTWYUATWY KPOKOU emionuaivovtal pe mAaiclo Ttou
QVTLOTOLYOU XPWHATOC.

Ma tnv moootikonoinon pe tn pebodoloyia gHNMR ARdOnkav untodn oL BacIKEC ATALTHOELG
w¢ mpoc Vv dladikaocia kataypadng kat enefepyaciog Twv paocudtwy [42]. To onUAVTIKOTEPO
kpLtiplo, nAadn n mapouacia VoG UN-EMLIKAAUTITOEVOU OHOTOC TOU Hoplou TTou TPOKELTAL VA
noootikomnolnOel péow oAokAnpwong [45], kKaAUPONKe yla TOUAAXLOTOV €va OHLa OTO AVTIOTOLYO
ddopa *H NMR kdBe xpwoTtikA¢ Sudan, urtodetkviovtac uPnAn 8IKOTNTA KAl EKAEKTIKOTNTA.

Ma tov €AEYX0 YPOAUMLKOTNTAG TNG KEBOSOU ToooTikomoinong Twv XPWoTikwy Sudan ota
voBevupéva otlypata kpokou, xpnaotpornotfnke to Sudan Il wg avTUTPOOWEUTIKO MOPASELY QL.
Mo avaAUTIKA, N Tapoucia TNG XPWOTIKAG EAEyXONKe yla eVpog voBeiag amnd 0.14 éwc 7.1 g/kg,
e€etalovrag SLoAU AT TTOU TIEPLELXAV TO SEIYUO OTLYUATWY KPOKOU EUBOALOCUEVO LE TO SLAAU A
epyaoiag tou Sudan Ill og €€ enineda: 0.14, 0.36, 0.71, 1.4, 3.6 kot 7.1 g/kg (ZxAua 5.4). H
noootikomoinon tou Sudan Il 81e€nxBn pe Baon tn SumAR kopudry ota 8.064 ppm TmoU
avtutpoowrnevel Vo Sdipawvuralw- mpwtovia [46], os Boelg 2’ kaL 6.

H oAOKANpwGON TOU GUYKEKPLUEVOU CHOTOC TIPAyUATOTOoLOnKe yla OAa Ta epfoAlacpéva
Selypata otypdtwy Kpokou pe Sudan lll, xpnowuomnolwvtag wg avadopd To UTIOAELTTOUEVO CHa
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ToU SLaAUTN. ZTo ZxNua 5.5a amelkoviletal n KaumuAn Babuovounong mou mpogkue amo tn
OUCXETION TWV TIHWV OAOKANPWONG ME TI QVTIOTOLXEG OUYKEVIPWOELS TNG XPWOTIKAG. O
ouvteAeoTHC Ttpooabloplopol R? Atav 0.999, sruBeBatwvovtag £tol Thv uPnAr aflomiotia Kot
YPOUULKOTNTA TWV UETPAOEWV. OL TILEG OAOKANPWONG XPNOLUOTIOLBNKAV OTN CUVEXELD YLOL TOV
UTTIOAOYLOMO TNG TEPLEKTIKOTNTAG Tou Sudan Il oe oxéon pe 1o onua avadopdg, SnAadn to
uTtoAeLmopevo onpa tou Stadutn CDCls mou avtiotowel oto CHClz (0.04%), edapudloviag Tig
e€lowoelg (1) kat (2) ou avadépdnkav. O ouvteAeoThC Poodloplopol R? umohoyioTtnke, OMwe

daivetal kat oto IxAua 5.5B, ioog pe 0.999.

U

L
—

2 L
5 M
B A DV AA AN W«w—»
a .-/"\.,-M_.L.W‘
e e A, A

2TiyaTa KPOKOU N - A, A A
] T T T ] T T T [ T T ] T T T [ T T T ] T T T [ T
8.4 8.2 8.0 7.8 7.6 [ppm]

IXAMa 5.4. Etleypévn eploxf TWV opWUATIKWY pwToviwv ota dpdopata *H NMR rou AjdBnkav amnd
Ta ekyUAlopota os CDCl; Tou SeilylaTog OTIYUATWY KPOKOU, TOU EUPBOALACUEVOU SElyPATOG E XPWOTLKNA
Sudan Il otig ouykevtpwoelg (a) 0.14 g/kg, (B) 0.36 g/kg, (v) 0.71 g/kg, (6) 1.4 g/kg, () 3.6 g/kg kot (oT) 7.1
g/kg, koL tou kaBapol Sudan Il (amd kdtw mMPOg Ta MAvw). To ofua mou XpnoluomodnKe ya tTnv
noootikomnoinon tou Sudan Il epdavietol oe xnuikn petatodnon 8.064 ppm (2', 6' H) kat emonuaivetot
LE KOKKLVO TTAaiolo.
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IXANA 5.5. TPOLLLLKT) CUOXETLON TNC MPAYUATLKAC TtepLekTikoTnToC (g/kg) Twv epPOoAlacHEVWY SElYHATWY
amnd otiypata kpokou og Sudan Il kat (a) Twv TILWY OAOKANPWLATOC TOU CAUATOC O€ XNULKA LETATOTLON
8.064 ppm, (B) tng mepiektikotntag (g/kg) mou umoAoyiotnke ylo tn Xpwotikn AauBdvovtag unoyn to
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uTtoAemépevo onpa tou CHCl; ota 7.260 ppm. Ta enineda voBeiag mou eAéyxBnkav Atav amno 0.14 £wg
7.1 g/kg.

EvaAAaktikd, n moootikomoinon tou Sudan Il Ba pmopouce va emuteuxBel pe tn Xpron
SloAUpartog ouciag avadopds yVwoTHG CUYKEVTPWONG WG eEWTEPLKO TIPOTUTIO. 2TNV MEPIMTWON
auTr €€ETAOTNKE €val MPOTUTIO SLAAUMA TNG XPwOoTKAG Sudan Il (Babuog kabapdtntag 90%),
ETUAEYOVTOG YLaL TNV TIOCOTLKOTONGN BACEL YPAUUOUOPLAKOTNTAG TO AMTOUOVWUEVO A TNG
XPWOTIKAG ota 8.618 ppm. H &utAn autn kopudn avtiotolxel oto vadBolo- mpwtdvio mou
evrtoniletal otn B€on 8 Tou popiou. Ta amoteAéopata Tou TPoEKUP AV yLa EUPOC
neplektikotnTag anod 0.14 £wg 7.1 g/kg mapouciacav uPnAn ypopupkotnta, onwg paivetal anod
TNV KOUTUAN BaBuovépnong oto IxfAua 5.6. H tiur tou cuvteleotr mpoodloplopol R Bpédnke
ion e 0.998.

Kat otig &vo Swadikaoieg, n moootikomoinon tou Sudan Il ota otiypoto kpokou
Tpaylatonolnonke afloAoywvtag £vav ONMOMOVWHEVO OCUVTOVIOHO TNG TEPLOXNG TWwV
OPWHUATIKWY TIPWTOVIWY, O OMOLOG €lval XOPAKTNPLOTIKOG Yla TN CUYKEKPLUEVN XPWOTIKN. O
TLOOOTIKOG TIPOOSLOPLOUOG TWV UTIOAOIMWY XPWOoTIKwV Sudan kabiotatal eplktog akoAoubwvtag
Vv 6l pebobdoloyia, kabBwg €UkoAa umopolV va tautomolnbolv ota OTiypata KPOKOU
TIAPOKOAOUBOWVTAC CUYKEKPLUEVO ATTOUOVWUEVA OHUATA TIPWTOVIWY, OTMWG SLOTMIOTWVETAL OO
To ZYAMa 5.3. Ze KABe mepinmtwon Ba mpémnel va AndOBel umodn o avtiotolyog aplBUog mpwtoviwy,
oUUPwWvVA PE TNV TARPN QVILOTOLXLON TWV GUVTOVIOMWV TIou Tpaypatomolndnke. Atilel va
ONUEWWBEL OTL N Xprion evOg opyavikoU SLaAUTN Omw¢ To YAwPodOpHLO ATTOTPETIEL TNV QVIXVEUON
ETUKOAUTITOUEVWY ONUATWY OO TO CUOTATIKA TWV OTWYHATWY KPOKOU Tou meplAapfBavouv
OPWHATLKOUG SOKTUALOUC.

H mpotewvopevn peBodoloyia mapoucldlel OpLOUEVO TIAEOVEKTAUATA OE OUYKPLON HE
npooeyyioelg cuvtnéng dedopévwy (data fusion) mou £xouv avadepbel o mponyoupevn epyaacia
[39], omou amatteitar mepaltépw eneepyacia kol  TMOAUUETOPANT  avaluon Twv

daopatookorikwy dedopévwy. Itnv nmapovoa mpooéyylon pe qHNMR apkel éva ¢daopa tou
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IXAMO 5.6. TPOLLLLLKT) CUCXETLON TNC MPAYUATLKAC TtepLeKTKOTNTOC (g/kg) Twv epBOAlaCHEVWY SELYHATWY
amnd otlypota kpokou oe Sudan Ill kat tng meplektikotnTag (g/kg) mou untoAoyilotnke yLo tn Xpwaotikn Sudan
Il ue xprion tou Sudan Il w¢ e€wtepikol mpdtumou. Ta enineda vobelog mou ehéyxOnkav nrav and 0.14
£wg 7.1 g/ke.

Selypatog mou mepléxel Tov avaAultn, To omoio AapBavetal pe uPnAnR avamopaywyLoTnTa Kol
VPOAUUKOTATA oo tnv anon tng anokplong. Me tov TpOmo auto yivetal epiktr n amneuBeiag
EKTLUNON TNG MEPLEKTIKOTNTAG, XWPLg va amatteital éva cUVOAO AVTUTPOCWIEUTIKWY SELYUATWV
TIOU €lval amapaitnTo yla MepATépw TOAUUETABANTH otatiotiki avaAluon. EmutAgoy, n xpnon
Twv petpnocwv H NMR uvPnAic svawoBnoiag snétpede tnv aviyveuvon tou Sudan Il ota
otiypata kpokou og xaunAotepn meptektikotnta  (0.14 g/kg) OuYKpLTIKA pE  AAAEG
OACUATOOKOTIKEG TEXVIKEG, OMwC N daopatookomia UV-Vis, 6mou 1o KOTWTEPO Eeminedo
aviyveuong tng xpwotikng Arav 2 g/kg [24]. Emopévwe, n mapovoa ueEBodog Ba pmopolos va
AELTOUPYNOEL CUUMANPWHOTIKA N KoL WG EVOAAOKTLKH OTLG UYpOXpwHATOYpadLKEC peBOSouC TTou

€xouv avadepbei [15,16].
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TENOG, O TOOOTIKOG TPOOSLOPLOUOG TwV XpwoTikwv Sudan |-V Ba pmopoloe va
npaypatonolnBel AapBavovtag unoyn eite éva eowteplkd (CHCl3) eite éva efwteplkd onua
avadopdg, mpoepxOuevo miBavotata amo €va TMPOTUNO SLAAUMA OTOLACOATIOTE XPWOTLKAG
Sudan. H aueon xprion tou SLKAUTN WG ouoia avadopdg ylo TIOCOTIKOMOLNGN UTEPEXEL TNG
TIPOETOLUAOLOG EVOC TTPOTUTIOU SLOAUUATOG XPWOTLKNG, KABWC O TIELPAUATIKOG XPOVOG LELWVETAL
KL TO00 0 SLaAUTNG 600 Kal 0 avaAlTng (xpwoTikr Sudan) umoBaAAovtal oTLG (BLEG MELPAUATIKEG
ouvOnkeg, elaylotomolwvtog TG mBavég amokAioselc. M @AAn emhoyr) Ba pmopoloe va
QTOTEAEDEL N XPNON ECWTEPLKOU MPOTUTIOU, TO OMOLo va TAnpol oplopéveg mpolnoBéaoels. Mo
OUYKEKPLUEVA, OL KOpUdEC TNG ouociog avadopdg kot Tou avaAlutn 6 Ba mpémel va
oAAnAemikaAUTTOVTAL OTNV TEpLloxn evOladEpovtog, evw emiong & Ba mpémel va pokaAeital
Kapla Tapeunodlon oto HOpLO TIOU TPOKELTAL va moootikomolnBel [47]. H xounAotepn
nieplektikotnta o€ Sudan Il mou mpocdlopiotnke pe gHNMR ntav 0.14 g/kg. Exovtag undyn ot
Ta enineda vobelag He TPAKTIKA OLKOVOULKH onuacioa urtepPBaivouv ta 0.12 g/kg kat pnopouv va
¢0doouv 1o 1 g/kg [44], n mpotewvopevn LEBoSOC Selxvel va cUVIOTA €va £YKUPO QVOAUTLKO
€PYOAELO YL TNV aViXVeLON eVOEXOUEVNC VOBELQG TWV OTIYUATWY KPOKOU HE TIG XPWOTIKEG Sudan

I-1V.
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5.4. Zuunepacpota - MPOOMTIKES

H pehétn auvth €6si€e 6tL n paopatookorio *H NMR uPnAAg SLoxwpLoTikAG Kavotntag
TIPOOGEPETAL YLOL TNV QVIXVEUON KOL TNV TOCOTLKOTONON TWV XPWOTIKwV Sudan [|-IV o€
evbexouévn vobela TETolou TUTIOU OTa oTiypata kKpokou. Adol mpaypatonow|Bnke o mANPNg
TPOOGSLOPLOUOC TWV CUVIOVIOUWY Twv *H kat 3C yia ta Sudan I-IV, ¢pdvnke OtL prmopoulv va
XpNolonolnBolv eEATOUIKEUUEVA ONUOTO TIPWTOVIWY YLOL TOV TPOCSLOPLOUO KABE XPWOTIKNAG
Sudan og O&elypata voBsupévwy oTypATWY Kpokou. H edapupoyn g KaBlepwpevng
peBodoloyiac moootikol poodioptopol pe *H NMR (QHNMR) enétpee, we mapddsypa, Thv
noootwkomnoinon tou Sudan I, e€etalovrag yia dtadopa enineda vobeiag (0.14 — 7.1 g/kg) to
onua NMR mou eudaviletol oe xnuikn petatomnion 8.064 ppm. H uPnAn ypappkotnta, n
akpiBela kat n TaxUuTNTA TNG MPOCEYYLONG AUTAC TNV KaBLoToUV KATAAANAN yla TV afloAdynaon
¢ voBeiag TwV OTYHATWY KPOKOU HE XPWOTIKEC ouoieg Sudan. H pebBodoloyia auth Ba
pnopovoe va aflohoynBel, emumAéov, yla Tov €Aeyxo voBeiag pe XpwoTikeEG Sudan Katl og GAAa
optopata f; cuvadr MPoIovVTa. ITO MAALOLO TOU TIOLOTIKOU EAEYXOU KoL TOU EAEyXou aodAAELOC
TwV PUTIKWV TIPOIOVIWY Kal TwV TpodiHwv, TO KUPLO TAEOVEKTNUA TNG XPNoNg TtNng
daopatookornia¢ NMR eival n gAdylotn mpokatepyaocia tou delypatog, evw Sev amatteital
TIEPALTEPW XNULKA emeepyaoial.

Me tov (610 Tpomo Ba punopouaog, emiong, va SlepeuvnBel n voBeia Twv OTLYUATWVY KPOKOU HE
UVSOTOSLAAUTEC CUVOETIKEC XPWOTLKEG, OL OTIOLEG oLV OWG EAEyXOVTOL E AAAEC GACLATOOKOTILKEG
TEXVIKEC (TL.X. UV-Vis) 1| ne vypoxpwpatoypadikes pebodoug. Etaol, eivat duvatod va anodeuyBel
n xpovoBopa npoetolpacia tou Seiypotog, kabwg eniong kot mbava npoBARpata ou eveEXeTaL
va avakuouv Katd tn xpwpatoypadiky avaluon Aoyw tng emidpacng Tou UTIOCTPWHUATOG
(matrix effect).

Q¢ mpog tnv emloyn tou SlaAutn, to YAwpodopulo daivetal va evdeikvutal yla tnv
avixveuon voBeiag pe MMOPINEG XPWOTIKEC OTA OTIYHATA KPOKOU, EVW TILO KATAAANAOG StaAutng

yla tov €Aeyxo voBeiag pe udpodha popLa r UALKA uTikAG mpoéAeuong [37] kpivetatl to DMSO.
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6. Ektipnon tng Brodpaoctikotntag tepnevoeldwv eni tou Culex pipiens L. pe

xpnon t¢ daopatookorniog FT-IR

6.1. Ewaywyn

H mapoloa pelétn elxe wg otoxo va Slepeuvnoel TN PLodpacTIKOTNTA TEPTIEVOELSWV
EVWOEWV HEOW TNG paopatookortiag FT-IR kat tng xNUeELOUETpiaG. XTo MAaiolo auto, eAEyxOnke
n mpovupdoktovog dpdon yla to €i6og kouvouriwy Culex pipiens L. Ta kouvoUTia Tou €idoug
auTtoUL, amd UYELOVOULKA droyn, amoteAolv ¢opelg TNG EAOVOCIAC TWV TITNVWV KoL TOU LoU TOU
KITpLVOU TIUPETOU KOl TOU AQYKELOU QLUOPPAYLKOU TIUPETOU. JuvloToUv, emiong, ¢opeig
ONUOVTIKWV taboyovwy Kat mapacitwy (lwv, Baktnpilwy, K.d.) Tou avBpwrou, 6nw ta maboyova
Tou oxetilovtal Pe TIc GLAAPLACELG KL TIG eyKeEPaAITIOEG.

210 BloAoyko KUKAO Tou KouvouTriol cuumeplhappavovtal to otadlo Tou wou (afyo), ta
npovuudka otadia (mpovoudn), to otadlo tng voudng Kat, TEAOC, To oTadlo TOoU aKUaiou n
evnAlkou. H Sdpkela wng twv evnAikwv kouvouriwy (akpaiwv) efaptatat cuvnbwg amod
TIAPAYOVTEG OTIWG N Beppokpacia, n vypaocia, To GUAO TOU KOUVOUTILOU KOl N ETTOXH TOU XpOVou.
Ta apoevikd akpaio {ouv yla nepimou pia eBdopdada, evw o KUKAOG Lwn¢ Twv BnAukwy givat
MEYAAUTEPOC KOL AVAAOYQ LE TOUG TOPATIAVW TTOPAYOVTEG UIopel va ¢OAcEL EwG KoL Eva LRva.

E€alpoupévou Tou teAeutaiou autou otadiou, Ta kouvoUTla mou Bpiokovtal ota urtoAouta
otadia Safovv oto vepo [1]. KatdAAnAa evélaltAuata TwWV KOUVOUTILWV OIMOTEAOUV oL
UYPOTOTIOL (LUKPEC N LEYAAEG AlUVEC), Ta €An Kal ol BAATOL, Ta eMipaveELOKA oTAclpa VSATa, oL
opulwveg, oL mapoxdLeg {wveg mMoTtapwy KaBwg Kal oL KOWOTNTeG Bpaxwy n Sévépwv. Katd t
S1apkeLa tou BLodoyikoU KUKAoU, n av€naon tou pey£EBouC Twv KouvouTiwy e€0pTATAL KUPLWC oo
T Bepuokpaocia.

EK TwV onUavtikotepwy otadiwy yla tTnv avamtuér Toug eival auto Tng npovuudng, To onoio
anoteAel OUCLOOTIKA TO POVO oTAdlo KaTA To omoio yivetatl n ANYPn tng tpodnc. Ot udpoPLeg
TPoVUUDEC TpEPoVTAl HE HUIKPOOPYAVIOMOUG Kal GAAa opyovikd cwpatidla oto vepod, Kal
auvéavouv to PEyeBOC Toug e €kduon tou efwteplkol meplPAnpatog. To otadlo auto, o€
ouvbuaouo e T owotn dtatpodry, kabopilel tn SuVOULKOTNTA TOU akpaiou BnAukou g aplOuo
wwv [1]. Awakpivovtal 4 mtepiodol () otadla) avamtuéng mou cuviotouyv, avtiotowa, TV 1n, 2n,
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3n kat 4n nAwia. H ouvoAikn xpovikn Stdpkela tou otadiouv autou e€aptdtal anod to €i6o¢ Tou
KOUVOUTILOU Kall T Beppokpacia Tou vepou, He ouvhOn xpovo eEEALENG TIg 7-10 nuépeg. Otav n
Bepuokpaoia eival KATAAANAN KoL UTTAPXEL APKETH) Tpodr, 0 XpOVOC AUTOG TELVEL va TieplopileTal
OTLG 5-7 NUEPEC. 2TO TEAOG TNG AVATTTUENG TNG 4N NALKIAG oL tpovUudeG ekSUOVTAL KAl TIEPVOUV
0To VUUPLKO otadlo.

O €AeyxoG anmwOnTIKAG Kal EVTIOMOKTOVOU dpdong ouolwv ota dladopa €6n KOUVOUTILWY
T(PAY LATOTIOLELTOL TTOAU GUXVA £VaVvTL O IPOVUUGEG. Omw¢ €xouv Seiel peAéteg TnG TeAeuTaiog
Sekaetiag [2-7], elvat duvatn n mpoPAedn ¢ Spdong autrg o kouvouTla amno ta £i6n Aedes
aegypti, Aedes albopictus, Anopheles stephensi kai Culex quinquefasciatus ylo. oua&eG oUCLWV UE
KOWA SOULIKA XaPaKTNPLOTIKA. H avamtuén pneBodwv ekTipnong tng MOCOTIKAG OXEoNG SOUNG-
SdpaoctikotnTag (QSAR) mou Aappavouv urodn GUGIKOXNULKES TTAPAUETPOUC TWV Hopilwv obnyel
ouxva o€ povtéAa pe uPnAn mpoPAenTikn tkavotnta. Mpoodatn HeAET avédelfe, paAloTa, TNV
mubavr XpAon XNUEOUETPIKWY MOVIEAWV ylo T SpAcn TEPTMEVOEISWV EVWOEWV EVAVIL OF
npovuudeg tou eidoucg A. aegypti [8]. Ta tepmévia amoteAovV, (OWE, TNV KUPLOTEPN ouada
deutepoyevwy HeTOPOATWY TOU €xel HeAeTnBel, Adyw NG uvPnARg SpacTkOTNTAG TOU
TIAPOUCLAlOUV OE €VTIOMA UYELOVOULKNAG N YEWPYIKNG onuaoiog [9-12]. TeAeutaia, paAlota,
SlepeuvnBnKe KaL n cuoxEtion TnG BLoAoyLknG §pAcnc TwV GUOLKWVY TOUC ULYHATWY, TwV alBepiwv
elailwv, Le TN oVOTACKH TOUG O€ TEPTIEVLA, XPNOLUOTIOLWVTAC XNMELOUETPLIKECG TEXVIKES [13].

MapoAo mou n Stepevivnon NG BloAoytkng Spaong MoAUAPLOUWY aVAAOYWY HoPLwV EYKELTOL
Katd Kuplo Adyo otnv avamtuén kat ebapuoyn HovieAwv QSAR, BeAtiotomolwvtag UE TNV
TAP0oS0o TwV XpOVwV TI¢ ekdotote pebBodoloyieg [14], moAU mpdodata dpavnke OTL N XPoN TG
dacpatookoriag FT-IR pmopel va €xel onuaviikd poAo [15,16]. OL OXETIKEC HEAETEG
urnootnpilouv TN CUOCYXETLON TTIOU UMOPOUV va €X0UV Ta daopatookormikd dedopéva FT-IR pe tnv
POPBAePn TG avtlofeldbwTkNG Spdong davoAlkwy cuoTtatikwy. H mapoloa pHeAETn amookomel
LE TNV TIPOOEYYLON QUTH OTNV EKTIMNON TNG TMPOVUUPOKTOVOU 8pdonG TEPTMEVOEIOWY O€

kouvoura tou €iboug C. pipiens.
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6.2. TMEPAPATIKO HEPOG

6.2.1. MNpotuneg ovoieg avadopag

Xpnoiuomnodnkav mpotumneg ovoieg e Pabud kabapdtntag dvw Tou 96%, Twv Omolwv N
TipounOsLa €ylve Katd KUpLo AGyo amo Tig etatpeieg Aldrich (Steinheim, Germany), Extrasynthese
(Genay, France), Fluka (Steinheim, Germany) kat Sigma (St. Louis, MO, USA). Ot ouoieg

neplappavovtatl cuvoAkd otov MNivaka 6.1.

6.2.2. Extpodn tou Culex pipiens L.

Ot PBuodokipéc mpayupatomowdOnkav oto Epyaotrplo lewpylkng Evrtopoloyiag tou
Mrmevakelou QutonaboAoylkou IveTitouTou, XPNOLLOTIOLWVTOG TNV EPYAOTNPLAKN EKTpodN TOU
KouvouTiou Culex pipiens Blotumo¢ molestus. H ouykekpluévn ektpodn dlatnpeital mavw amo
SU0 bekaeTieg oTOUG XWpPOUC Tou Epyaotnpiou kal avadépetal otn dlatripnon tou mAnBucouou
TOU KOUVOUTILOU 0€ ouvOnKeg Kal meplBaAlov mou euvoouv tnv avamtuén, dnAadr Bepuokpaocia
20 + 2 °C, pwronepiodocg 14:10 wpwv (D:X) kot oxetikn vypaoia 80 * 2%. OL cUVONAKEG AUTEC
TapEUeLvaV otaBepég oe OAn tn Sldpkela tou Telpapatog [17]. H dwadikacia tng ektpodng

neplAapBavel el8IKEC HeTa)ELPLOELS yia KAOe otadlo avamntuéng.

6.2.2.1. Qa - tpovUUPEG

To wa Twv KouvouTILWV ToroBeToUVTAL O epayLe Aekavec (dtapetpog 35 cm x Babog 10 cm)
pe Alyn Tpodn, mpokelévou va ekkoAadBouv kat va epdaviotouv oL VEEC TipovUUdEC. MEeTA Tty
EMWOAON TWV WWV TIou Slapkel mepimou 2-3 NuUEPeG, epdavilovtal oL TPWTNG NALKLOC TTPOVUUGEG.
Tote ol mMAnBuopol Toug apalwvovtal Kal TonoBetolvtal o€ VEEG KABAPEC AEKAVEG QVOLKTOU
XPWHATOG yla va kabiotatatl eUKoAn n dlakplor toug. Katd to otadto tn¢ npovoudng (1ng wg
4n¢ nAkiag), n tpodn mou mapéxeTal yla Tnv opdn avantuén nepthapfavet anofnpapévo Pwpl
kat {oun (BioNatural, Superzyme powder), evw evdéxetal va yivetal koL xprion tpodng mou

napéxetal oe veapd Papla (Tetramin, Baby Fish Food), oe cuykévtpwon 0.25 g/L vepou Kalt yla

146



Kepalaio 6

OAO TO XPOVLKO SLaoTnua €wg to otadlo ¢ vuudne. Etol e€aodalilovtal oL anapaitnTeg yla tv
avantuén twv TPOVUUPWY TooOTNTEG USATAVOPAKWY, TPWTEIVWY Kol HETAAAWV. H tpodn
xopnyeitat kabnuepvd €wg tnv oAokAnpwon tou mpovupudikou otadiou, To omoio KupaiveTal
amnod 7 €wg 10 nuépeg, avaloya e TG ouvOnkeg Beppokpaciag, Tn Stabeouotnta tpodrg KoL Tov

TANBUOUO TwV Tpovupdwv ava Aekavn (Gatvopevo avtaywvilopou).

6.2.2.2. NUudeG - akpaio

Otav oAOKANPWVETAL TO TPOVUUGLKO OTASL0, oL VUUPEC CUAAEYovVTAL OO TG AEKAVEG
EKTPOONG Kal LeTadEpovTa o MAACTIKA KUTIEAAQ, Ta omola TomoBetouvtal otoug KAwBoUG yla
TO TEAKO 0TASLO0 TNG €EEALENC TwV VUUDWY Ot TéAELA évtopa (akuaia). To otadlo auto eival To
TIAEOV ONUAVTLKO Kot SUoKOAO yla 0Aa Ta kouvouTria. H cuAAoyn Twv vupdwyv TPayHaTOTOoLETaL
ava Vo nuépec. OL kKAwPol mou xpnoomnotouvtal £€xouv dlactacelg 33 cm x 33 cm x 33 cm, Ue
EUALVEC OKUEG KaL TIAEUPEC KAAUUUEVEG LIE OLTaL.

MNa ta akpaio €vtopa Xpnoldomoleital wg tpodn uvdatikd Sdidhvpa cakxoapolng, mou
TomoBeteltal o€ €16KO KAWPRO péoa Og €va UIKpO yuaAwo Soxelo, pall pe pLa KATAOKEUH o
SINONTkO yapti kot BapBakt pe tn popdn Gutidloy, ya dteukdAuvon tne Andng Tou amo ta
évtopa. e kaBe kKAwPO tomobetouvtal dvo Slalvpata cakxapolng, Ta onoila avtikabiotavtal

KaOe 4 nuépseg.

6.2.3. BLodoKIpEG tpovupgoKTOovou dpaong

Ta mepdpata pe okomo tnv afloAdynon tn¢ OpaocTIKOTNTAG TWV TEPTEVOEWOWV WG
TIPOVUUPOKTOVA KOUVOUTILWV TpayUaTono)fnkav o€ KATAAANAO €pyacTnplokKO XwPo TOU
Mrevakelov QutonaBoloyikou Ivotitoutou. O xwpog autdg NTav amaAlaypevog anod Bloktova
OKEUAOMOTA, HE EAEYXOUEVEC OUVONKeEG Bepuokpaociag, asplopol Kal ¢pwTlopou. Ta okeln ou
Xpnolgornownkav yla Ta mepapata anootelpwbnkav og kKAiBavo nplv anod kdbe xpnon.

Aebopévou OTL oL BLOSOKIUEG ATTOOKOTIOUV OTN UEALTN TNG METAPBOANC TG Bvnolpdtntag os
oxéon Me tn MetoPfoAn tng 66ong, epapudoTnKe pLo oA SOCEWV oL omoleg MpokaAouv
Bvnowotnta mavw amo 0% kat katw oo 100%. e OAeg TIG BLOSOKIUEC TWV TMPOVUUDOKTOVWV
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XPNOLUOTIOBNKE WG LAPTUPAC ATIOXAWPLWUEVO VEPO Bpuong pe 2% DMSO. Ta amoteAéopata
TwV BLOSOKIUWY €KPPACTNKAV OE QVA ELKOCLTETPAWPO Kataypadn tng Bvnodtntag twv
evtopwyv. MNa kdBe meilpapa uMOAOYIOTNKE TO TOOOOTO BvnNoLUOTNTAG KOL OTn CUVEXELL
uroAoyiotnkav ot deikteg LCso Kat LCoo emi 24wpou. Ot deikteg LCso kat LCoo avilotolyolv otn
Bavatndopa (f amoteAeopaTik) cUYKEVIpWON TIou emdpd oto 50% kal 90% avrtiotolya Tou
nmAnBuopol. 0co UIKpOTEPOG ival o deiktng LCsp 1000 peyaAUtepn elval n toglkOTNTA TIOU
eudavilel to Selypa. Ta StaAvpata mou xpnotpomnowdnkav otig BLoOSOKLUES MAPACKEUAOTNKAV
pe Staluon Twv MpoTuNwV evwoewv o€ DMSO (£ 10% w/v).

Ot Blodokipég mpayuatonolionkav cupdpwva pe tn pEBodo mou mpoteivel o MaykOoULog
Opyaviopog Yyeiag (WHO) kat mepiypadetar oto WHO/VBC/81.807 [18], UE KATOLEG
TpOMomnoLNoel 1 mapadoxéC. Mo ouykekplpéva, tomoBetnBnkav 198 mL amoxAwplwpévou
vepol kal 2 mL DMSO oe yudAwva motipla (0w xwpntikotntag 250 mL. Itn ouvéxela,
TomoBeTnOnKkav 20 MPoVUUPES KOUVOUTILWYV O€ KABE TTOTNAPL, OL OTIOLECG NTAV AVETITUYUEVEG TpiTOU
otadiou 1 veapeg tétaptou otadiou. AkoAolBnaoe mpoobrkn tng avtiotolxng d6onc Ploktdvou
(uL) kat yla kaBe 66on mpayuatomnolOnkav névte enavaAnPelg. H Bvnouotnta Twv KouvouTILWY
HETPNONKE peETA amo éva 24wpo Kal urtoAoyiotnkav ol Seikteg LCso kot LCop yLO TG TIPOTUTIEC

ouaoleg.

6.2.4. ®acparookorkn avaivon pe FT-IR

'OAec ol petpnoelg FT-IR mpaypatomotyonkav pe t xprion evog pacpatopetpou FT-IR Nicolet
6700 (Thermo Scientific, Madison, WI, USA), 1o omoio nNtav €fOMALOUEVO HE QVIXVEUTH
Seuteplwpévneg Beukng tpyAukivng (DTGS), mnyn Nichrome kat Staxwploty 6éoung KBr. Ta
ddopata kataypadnkav otn boaopatiki neptoxr 4000-500 cm™ pe tnv teEXVIKA TG StEAeuong
(transmission), oe eAeyxopeveg ouvOnkeg (25 °C). KaBe mpotumn oucia mpoc avaluon
TomoBetOnke petafy SUo oTpoyyYUAWV KpuoTAAAWVWY mapabupwv ZnSe (25 mm x 2 mm). To
uNkog tn¢ Sltadpoung Hetaty Twv mapabupwy Kaboplotnke ota 15 pm e Xprion MEPLUETPLKA
SaktuAiou amod moAutetpadBopoalbuAévio (PTFE). Ta mapdBupa tomoBetovvtav o KatdAAnAo
amoonwpevo urnodoxéa (Thermo Scientific), o omolog otn cuvéxela npooappolotav oe €L8IKO

mAaiolo evtog tou paocpatopetpou. Na t ARPn kdbs ddoupatog mpayuatonowj®nkav 100
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SLASOXIKEC OAPWOELG, HE TN SLOXWPLOTLKA LKAVOTNTA TOU 0pydvou va £xeL kaboplotei ota 4 cm™?
KOLL TNV TaXUTNTA TOU KWVOUEVOU KATOTTPOU 0To cUMBOASUETpO va givat 0.316 cm s, To pdopa
TwV KaBapwv mapabupwv ZnSe xpnotuomnoBnke os kabe pétpnon wg unoBabpo (background).
Mo tn Asttoupyia Tou GACUATOUETPOU, TN cUANOYN TwV dedopEVwY Kal T Baotkn enefepyaoia
TOUG XpnotomnoBnke to Aoylopiké Omnic 7.3 (Thermo Scientific) mou cuvodeuvel to 6pyavo. H
kataypadn Twv pacpdtwyv FT-IR €ywve €1¢ TPUTAOUV Kal 0T cUVEXELa tpoadloploTnkayv oL Péaol
opol Twv daocpdtwv. H gEopdAuvon tou onuato¢ (smoothing) oe 6Aa ta ¢dopata FT-IR
TipayLaTonoLOnke xpnolonolwvtog Tov alyoplBuo Savitzky-Golay, pe to péyebog mapabupou
va opiletal anod 15 onueia. AkoAouBnoe n 816pOwaon NG PACLKNAC YPAUUNG KE TNV QUTOMOTN

AelToupyia TOU AOYLOLILKOU, N OTtolal YIVETOL TTOAU WVU ULLKAL.

6.2.5. MoAuvpetapAnti avaAuon dedopévwv

MNa tnv oavamtuén twv PoviéAwv Boabpovounong, HeE OKOMO TNV  EKTLUNON  TNG
npovuudoktovou Spdong twv Tepmevoeldwv amd ta ¢aopatookomika Oedopéva FT-IR,
xpnoworotBnke n uEBodog maAwvdpounong peplkwv eAaxiotwv teTpaywvwv (PLS). O
aAyoplBpuog nmou epappootnke meplthapBavetot oto Aoylopikd TQ Analyst 8.0 (Thermo Scientific).
Yotepa ano kevtpornoinon (mean centering) Twv TIHWV Twv LETABANTWY, €ylve afloAdynon Twv
HOVTEAWV PLS Baoel emAeypEVWY POOUATIKWY TIEPLOXWVY 1 OAOKANPOU Tou dacpato. Emetta
amo tov EAEYX0 TOU cUVOAOU Babuovounong yla POTUTIEG OUCLEG TTou armokAivouv (outliers), to
pHovtélo BaBpovopunaong avantuxOnke teAka xpnotpomnotwvtag Sedopéva anod 31 tepnevoeldeig
evwoelg. H akpifela tou povtédou Babuovounong meplypadnke amo tnv TLUA TOU CUVIEAEDTN
OUGCXETLONG r¢, EVW EKTIUNONKAV ETTONCG OL TIHECG TwV odaApdtwv RMSEC, RMSECV kat RMSEP yia
™ Babuovounon, ™ SlocTaupwUEVN €TKUpwon Kal tnv TPoPAsdn, avtiotowa. MNa tn
SlooTaupwWUEVN EMIKUPWON TOU HOVTEAOU PBabupovounong e€popUOOTNKE N EMAVAANTITIKN
Swadwkaoia prag mapaAewpng (LOO). O BEAtiotog aplBuog AavBavouowyv petafAntwy (LVs) yia
TNV eKTipnon tng npovupdoktévou dpdong npoodloplotnke cUUbwWVA UE TNV EAAXLOTN TLUN TOU

RMSECV.
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6.3. AnoteAéoparta - Zuintnon

Ao TIG BLoSOKLUEG TIpoVU UdOKTOVOU Spdang mpoékuPav ol TIEG TwV Selktwv LCso kat LCop
yla KABe emuépouc TepMeVOeldEC. AOYW TOU PEYAAOU EUPOUG TILWV Kal yla Toug SUo OelKTeg,
nou odeiletal oe SLadOPETIKA SOUKA XOPOKTNPLOTIKA TWV EVWOEWYV, 0KOAOUBNOE PeTATPOTA
TwV THwv. Ot Tpég LCsp kat LCoo ekdpdotnkav amd mg/mL oe mol/L kol otn cuvéxela
urmoloyiotnkav ot TiuéEG pLCso kat pLCep, OL OTMOLEG AVTILOTOLXOUV OTOV apvNnTIKO Sekadikod
AoyapBuo twv LCsp kat LCap o mol/L. Ztov MNivaka 6.1 mopouactdlovtal oL TIUEG TTIOU TIPOEKUY AV
yla KABE EMUEPOUG TEPTIEVOELSEG. TN CUVEXELQ, YL TNV AVATITUEN TWV POVTEAWVY EKTIUNONC TNG
To€LKN G Spaong pe PLS, €ylve SLaXwpPLOUOC TWV EVWOEWV 0 cUVOAX BaBuovounong kat eAéyxou
(Nivakag 6.1).

Me edapuoyy tou alyopiBuou PLS (PLS2) ota d¢oaoupatookomika OSedopéva FT-IR,
avantuxdnkav povtéAa Babupovopnong ylo tnv ektipnon twv Tiuwv pLCso kat pLCe. MNa ta
povtéla auta Andbnkav untoPn Stadopeg emNeyUEVEG TIEPLOXEG, £€eTAlOVTAC WOTOCO TNV Bl
daopatikn meploxn kabe dopd kal yla TI¢ SUo TIHEC. Itov Mivaka 6.2 mapouaoialovtol Ta
anoteAéopata ywa kabe emuépoug Hoviédo Babpovopnong. Ta KaAUtepa amoteAéopata
TPoEkUPav amo ta HOVTEAA Tou Baciotnkav o GooUATOOKOTILKA SeSoUEVA OO TIC TIEPLOXEC
3700-2800 cm™ kait 1900-500 cm2. Kat otig Vo nmeputtwoel Tiwv pLCso kot pLCqo, TO aVTioTOLK O
HoVTEAQ Ttapouciacav TG UPNAOTEPES TIUEG CUVTEAEOTWY CUCYETLONG reTtou Ntav 0.96, evw ta

odalpata Baduovounonc (RMSEC) BpéBnkav va eivatl 0.12 kat 0.11, avtiotouya.
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Nivakag 6.1. TipEG pLCso kat pLCap TWV TEPTEVOELS WV TIOU XphoLomoL)Bnkav ota cuvoAa Babuovounong
Kall EAéyXOU TWV HOVTEAWV PLS.

pLCso  pLCoo PLCso  pLCoo
ZUvoAo Baduovounong
(-)-loomouAeyoin 3.03 2.83 EuyevoAn 3.95 3.58
(-)-Tepmivev-4-6An 2.95 2.89 Awohoohn 3.27 3.13
(-)-8-KapuoduAAévio 3.21 2.86 -Kipévio 3.86 3.67
(+)-2-Kapévio 3.30 3.10 Mutepitevovn 3.39 3.20
(+)-Apwpadevépévio 2.70 2.60 Enogeidlo tng mumeptrevévng 3.91 3.61
(+)-B-KitpoveAAévio 2.86 2.71 MutepLtovn 2.86 2.74
(+)-Kapudopa 2.62 2.50 Enogeibdlo tng mumepltovng 3.54 3.34
(15,2R,5S)-(+)-MwB06An 3.35 3.18 T-MevB-1-évio 3.14 2.94
3-MeBuAokukAogfavovn 2.44 2.22 (R)-(+)-NouAeydvn 3.66 3.33
MeBulokaBLkOAn 3.48 3.22 (R)-(-)-a-®eAAavdpévio 3.42 3.17
a-Mwévio 3.23 2.95 (R)-(-)-KapBovn 3.19 3.11
a-TepTLVEVLO 3.56 3.32 (R)-(+)-Awpovévio 3.62 3.36
B8-Mupkévio 3.61 3.41 (S)-(-)-NeptA\UALkr) aAkOOAN 3.03 2.87
KapBakpoin 4.33 3.96 (E)-AvnB0OAn 3.95 3.77
KitpdAn 3.57 3.33 Oupokvovn 4.11 3.77
EukaAuTttoAn 3.16 2.76
Z0voAo eAgyyou
(E)-t-MevB-2-évio 3.04 2.85
(+)-3-Kapévio 3.12 3.02
15-(-)-8-Mwévio 3.29 3.07
Tepmvolévio 3.53 3.22
n-MevBavio 2.65 2.54
MeBuAo-r-Beviokivovn 3.6 3.29
y-Teprvévio 3.64 3.35
a-Tepmiveoin 2.87 2.75

H twun pLCso (mol/L) tooSuvapet pe to log(1/LCso), 0Tav to LCsoekdpaletat oe mol/L avti yia mg/L. To 610 LoxVel kat
avtiotolyia yia to pLCoo.

Me tn xpnon twv 6 AavBavouowv petaBAntwv (LVs) epunvevutnke to 73.5-73.7% 1tng
Sdlakupavong otov mivaka X (dacpatookomikd dedopéva) kot 1o 92.1% g Stakupavong otov
niivaka Y (ouykévipwon). EmumA€éov, To HOVTEAD QUTA Ttapouaiacav TNV KaAUTepn MPORAENTIKNA
LKOVOTNTO WE TIPOG TO OUVOAO €AEyXOU, e TO obaApa tpoPAePng (RMSEP) yla To TpwTo HOVTEAO
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(pLCsp) va eiva 0.20, evw yLo to 6eUTtePO (pLCo0) 0.19. OLTIPEG yLa T OPAApATA SLOCTAUPWEVNG

ETUKUPWONG yla ta SU0 povieda Bpédnkav va eival 0.43 kat 0.40. Ita IxAuota 6.1 kat 6.2

amnelkovidovral Ta PovtéAa Babuovopnong yla tnv ektipnon twv Tipwv pLCso kat pLCoo.

Nivakag 6.2. AnoteAéopata enidoong Twv povtéAwv PLS yia tnv ektipnon twv Tiuwv pLCso kat pLCqp, T

omoia Baciotnkav o SlapopeTIKA VPN KUPOTAPLOUWV.

EUpog (cm™) LV rc RMSEC (mol/L)  RMSECV (mol/L)  RMSEP (mol/L)
pLCso 4000-400 6 0.96 0.13 0.43 0.21
3100-2800 & 1900-500 5 0094 0.15 0.43 0.25
1900-500 4 0.87 0.22 0.44 0.33
3700-2800 6 0.86 0.22 0.37 0.14
3100-2800 4 0.78 0.27 0.38 0.27
3700-2800 & 1900-500 6 0.96 0.12 0.43 0.20
pLCep 4000-400 6 0.96 0.11 0.43 0.19
3100-2800 & 1900-500 5 094 0.14 0.39 0.23
1900-500 4 0.87 0.20 0.43 0.27
3700-2800 6 0.86 0.20 0.31 0.16
3100-2800 4 081 0.23 0.32 0.30
3700-2800 & 1900-500 6 0.96 0.11 0.40 0.19

LV: AavBdvouoeg petaBAnTEG, rc: OUVTEAEOTAG ouoxEtong ywo tn PBabupovouncn. RMSEC, RMSEP, RMSECV:

TETPAYyWVIK plla Tou PEoOU TeTpaywvikol oddalpatog Babuovounong, mpoPAedng Kal SLACTOUPWHEVNG

MKV PWONG, avTioToLKA.
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IxAua 6.1. Movtého Babuovopnong pe tn pEBoSo peplkwv glayxiotwyv tetpaywvwv (PLS) ywa tnv
poPAePn NG TWAC PLCso, LE XpHon Twv dacpatookorikwy dedopévwy FT-IR amnd tig neploxeg 3700-2800

cm?

Kat 1900-500 cm™. Ta Seiypato twv ocuvoAwv Baduovopnong Kot €mKUPWONE TOU HOVTEAOU

amnetkovilovral pe ta oUpBola (0) kal (+), avticTowya.
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IxAua 6.2. Movtého PBabuovounong pe tn HEBoSo pepkwv glayxiotwv Tetpaywvwv (PLS) yla tnv
TpoBAedn ™G TINS pLCoo, HE XprioN TWV PacHATOOKOTILKWY SeSopévwy FT-IR amd tig meploxeg 3700-2800

cm?

Kat 1900-500 cm™. Ta Selypato twv ouvohwv BaBuovounong Kat €mkUPWOoNS ToU HOVTEAOU

amewovifovtal pe ta cUpPoAa (0) kat (+), avtiotowya.

153



Kepalaio 6

6.4. Zuunepacpota - MPOOMTIKES

JUpPWVA LE TOL AMOTEAECHATA EEAYETOL TO CUUTIEPACHUA OTL N pacpatookortia FT-IR pmopet
VaL TIOPEXEL YPHYOPEC KAl AELOTILOTEG EKTLUAOELS YL TNV TPOVUDOKTOVO Spaon tepmevoeldwy o€
kKouvouTia tou eidoug Culex pipiens. T tnv avamntuén tng nebodou xpnotponolnbnkav 39
TEPTIEVOELOEIG EVWOELG, EK TWV OMOlWV oL 8 Xpnoluomolnonkav yla ta cUvoAa €AEYXOU TWV
HoVTEAWV. H mapoloa LeAETN amoteAel éva MPwWTOo BAKA YLA TNV TTOCOTIKA CUCXETLON TNG SOUN G-
SpaotikdtnTag pEow TN pacpatookomniog FT-IR, oe cuvduaouo pe tn péEBodo moAupetaBAnTig
BaBuovounong PLS. OL TapAQUETPOL TTOU KPILVETAL OKOTILUO VO EEETACTOUV OTN CUVEXELX 0lhOPOUV
Tov €Aeyxo Kot AAwv peB6dwv moAupetaBAntrg Babuovounong yla tTnv avamtuén BEATIOTWY
HOVTEAWV ektipnong tng PBrodpaotikdétntac. Emiong, avrtiotowxa povtéda eivat duvatd va
TIPOKUPOUV KaL yia AAAOU TUTIOU SpacTIKOTNTEG (TL.X. anwbntikn dpacn), oe AAAa 16N eviopwy
UYELOVOULKAG N YEWPYLKAG onuaciag. Oa umopouoe, t€Aog, va SlepeuvnBel 0 cuvOUAOUOG TwWV
daopatookomikwy dedopévwy FT-IR pe Sedopéva mou AapBdavovial umoyn yla TNV avantuén

HMOVTEAWV EKTIUNONG TN TOCOTIKN G ox€ong dounc-dpaotikotntag (QSAR).
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7. levika Iupnepaocpota

H napouoa SlatpiPr) eMIKEVIpWONKE O TPELG ETUUEPOUG CUYXPOVEG TITUXEC TNEG PUTOXNULKAG
QVAAUONG, AMOCKOTIWVTAC OTNV AVATTUEN VEWV HEBOSWV yla TOV TTOCOTIKO TPoaSloplopd, Tov
€\eyxo auBevtikOTNTAG Kol TNV eKTipnon PLodpaotikotnTtag EMAEYUEVWY SEUTEPOYEVWV
HETaBoALTWY Kot cuvadwy MPoioVIwY GUTLKIG TPOEAEUONC.

JUudwva LE TA ATMOTEAECUATA TNG MPWTNG LEAETNC TTOU TIPAYHOTOTOLONKE, 0 CUVOUAOUOG
NG pacpatookorniag FT-IR pe tn péEBodo maAwdpounong PLS BpéBnke va elval €va mOAUTLUO
QVOAUTIKO gpyaleio yla Tov akplpr Kol ypryopo MOCOTLKO TPOCSLOPLOUO TG TTOUAEYOVNG OTO
alBéplo €Aato amd GALOKOUVL. JUYKPLTIKA HE TIC KOBLEPWUEVEG QAEPLOXPWHATOYPADIKEC
pneBodoug, oL omoieg eival mMoAUL upnAdtepou KOOTOUG Kal xpovoPopeg, n HEBodog mou
avantuxbnke pAvnke WG elval UTTOOXOUEVN WC EVOAANAKTIKN Kal TipoodEpeTal yla uPnAng
anddoong avaAUOoELG. 2TA TAEOVEKTAUATA TNG CUYKATOAEYETAL O AMAOG TPOTIOC KaTaypadng Twv
GACUATWY KAl N AUECN EKTIUNON TNG CUYKEVIPWONG TIOUAEYOVNG, €bpOCOV €xeL ponynOel n
avantuén Kal EMKUPWON Tou PoviéAou Babuovounonc.

Mo TOV TOCOTIKO TPOadLoPLOUO TNEG aAALivng Kal TnG Hedlivng oto okopdo avamtuxdnkav
VEECG uypoxpwpatoypadikes LEBodol, oL onoieg PBaoiotnkav otn xpwuatoypadia vbpodpAwyv
oAnAemudpadoswv (HILIC) pe aviyveuty ouotoiog ¢wtododwv (PDA) kol avixveutn
daopatopetpiag palwv - oviopou pe nAektpodekaoud (ESI-MS). H xprion tng pebodoloyiog
ermupavelag anokplong (RSM) enétpelde tnv elpeon Twv BEATIOTWY TILWV VLA TIG TIOPAUETPOUG
™G Kwntng ¢aong ya TG SVU0 peBOSOUG. ITa TAEOVEKTAMOTA TwV HeBOSwV autwv
cupnepAapBAveToL 0 HUIKPOG Xpovog avaluong (20 Aemtd), evw emiong 6e xpelaletal va
nponynBel mapaywyomnoinon Twv ouGLwY TIPLV Ao TNV AVAAUGCT TOU SELYUATOG. 2T CUVEXELQ, LLE
™ Xpnon tn¢ ¢oaopatookomiag FT-IR péow tng texvikng Stdyxutng avakAaong (DRIFTS) oe
ouvluaopO PE TNV TIOAUUETOPANTH avaluon GACUATOOKOTIKWY SeSoUéVwY avamtuxOnke pia
evaAAakTik pEBodog moooTikol poodloplool TNG aAALivng Kat Tng peblivng ota pebavoAikd
ekYUAlopata and dsiypata okopdou. MNa tnv avamtuén tTwv HOVIEAWV MOALVEpOUNONG HE TN
uEBodo PLS, xpnotuomnotdnkav wg TIHEC avadopds OL CUYKEVTPWOELG TTOU poadlopiloTtnKayv Ue

vypoxpwuatoypadikr avaAuon. Ao Ta amoTteAECUATA TNG UEAETNG TIPOKUTITEL OTL LECW TNG
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TPOTEWVOUEVNG HeBoboloyiag kabiotatal duvat n ypAyopn EKTLUNCON TNG OUYKEVTPWONG
aAALLVNG KaL peBLivng oto okopdo, xwplc va kataotpédetal To Selyua.

Aebopévou Tou ouveXwE auéavopuevou eviladEPOVTog TwV MAPAYWYWY, TWV EUTOPWVY Kol
TWV KATAVOAWTWY Yyl TNV QUBEVTIKOTNTA MOAUTIMWY MPOolovTwyY, OnMwe elval Ta otiypata tou
KPOKOU, 0To TAaoLo TN¢ SLatplBng avamtuxbnkav dUo véeg pebBodoloyieg yia tov EAeyxo vobeiag
TWV OTIYHATWY KPOKOU He GUTIKA UALKA voBelag, xpnollomolwvtag T GaoUOTOOKOTILKES
TeXVIKEG TH NMR Kot FT-IR KaBwe Kot XNUELOUETPLKES TEXVIKEG. Ma Tpwtn dpopd aflodoyr|Onke n
avotnta va Staxwpilovral to auBevTikad Kol Ta voBeupéva Selyuata OTLyUATWY KPOKOU LE
Bdon T OMOTUTIWHUATO PETAROALTWY TIOU TIPOKUTITOUV artd Tn Wn oTtoxeupévn avaiuon pe *H
NMR kat FT-IR. e 6,tL adopad tn pebBodoloyia mou Baociotnke ota GACUATOOKOTIKA deSopéEva
'H NMR, n rpotewvopevn poogyylon duo otadiwv 08fynoe otnv avixveuon Kot TauTtonoinon tng
voBeiag eAAnVIKwV Selypdtwy amnd otiypata KpOKoU e TEGOEPA XOPAKTNPLOTIKA UALKA GUTLKAG
NpoEAeuonG. Me 1o TPWTO MOVIEAO emIBAenOpevn Ttagvounong OPLS-DA Siaxwplotnkav
TIANPWC T AUBeVTIKA oo ta voBeupéva delypata, yeyovog mou cuvOEDBNKE LE CUYKEKPLUEVOUG
deutepoyeveig HeTOBOAITES - SEIKTEC TOLOTNTAC KOl AUBEVTIKOTNTAC YL TA OTIYLATA KPOKOU. XN
OUVEXELQ, N Xpron Tou povteAou O2PLS-DA odrynoe otov mpoodLloplopod Tou GpuUTIKOU UALKOU Tou
xpnowuornownke ywa tn vobeuon. Mo TNV €yKUPOTNTA TOU TIPOTELVOUEVOU TIPWTOKOAAOU
XPNoLomoLlBnKe Kal oTiG SU0 TIEPUTTWOELG EVal CUVOAO SELYUATWVY eAEyxou, emiBeBatlwvovtag
£T0L TNV KAAN TIPOPBAENTIK LKAVOTNTA TwV POVTEAWV. H peTaBoAopiKr) TpoogyyLlon auTr amaltel
e\dylotn katepyooia tou Selypatog kot oAl 10 mg ava Seilypa OTlyHATwY KPOKOU, €VW
XOPOAKTNPLOTIKA TNG OIOTEAOUV N L NAN avamapAywyYLLOTNTA KaL N yprnyopn ektéAeon. H AnYin
TOU QITOTUTIWHATOG METOPBOAMTWY HE TN XPHRon tng daopatookormiac *H NMR unAAg
SLOXWPLOTIKAG LKAVOTNTAG amoSelkVUETOL LOLAITEPO OTOTEAEGHATLKN YL TOV TTPOOSLOPLoUO Kol
NV tauvtonoinon dtadedopévwy mapayoviwy avénong Tou BApouG TwV OTLYUATWY KPOKOU.

Y1tn nueAétn ou Baoiotnke otn pacpatookoria FT-IR pe TV TEXVLKA TNC SLAXUTNG aAvVAKAQONG
(DRIFTS), mapouoldoTnKe Lo armAn Kol EVEALKTN TTPOCEYYLON YL TNV aviXvVeuon, TNV TauTtomnoinon
KOl TOV TIOGOTLKO TPOOSLOPLOPO EEL XAPAKTNPLOTIKWY PUTIKWV UALKwVY voBelag ota otlyupata
Kpokou. Me ta paocpatookorikad dedopéva mou mapaAndonkav €yve n avantuén ypappLKWY
HOoVTEAWV ToAUUETOBANTAC Taglvopnong kat Babuovounong, ta omoila BeAtiotonmolibnkav Ue

TEXVIKEG emefepyaoiag Twv dedopévwy, emdoyng Sdelypdtwy yla to cuvoAa Babuovounong
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(ekmaideuong) kat eAéyxou, kaBwg Kal emhoyng HeTaBAnTwy. Ta BeATioTomolnpéva HLOVIEAQ
siPLS/PLS mou avamtuxbnkav yla ToV TTOCOTLKO TIPOCSLOPLOUO TwV PUTIKWYV UAKWVY voBelag
napouciacav cuykpiolda f akopn xapunAotepa OpLa aViXVEUONG OE OXECN LLE OUTA TIOU €XOUV
avadepBbei yla vypoxpwpatoypadikég pebodoug. H pebodoroyia mou avamtuxdnke, HECW ULAG
Sladkaoiag Tplwv Bnudtwy, emBeBaLWVEL TNV TPAKTIKA KAtaAAnAdTnTa tnG TeXVIKAG DRIFTS og
OUVOUOOUO HE XNUELOMETPLKA OVAAUCH WG LA yprHyopn €VAAANQKTIKA KoL OLKOVOLKN) AUCN yla
vPnAng anmodoong avaAuoelg. Kot o autryv tnv Mepintwon amatteitol EAAXLOTN TPOETOLUAoILO
Kol moootnta delypartog (mepimou 4 mg), evw emiong to Seiypa 6ev KataoTpédEeTal Kal Umopel va
XpNollomnolnBel yla mepaltépw avaAloeLg.

OL mpooeyyloelg autég mapéxouv tn duvatotnta edapuoyns ya tn Staloyr HeYAAwv
EUMOPLIKWY ToPTidwy eAANVIKOU Tpoiovtog, Aappavovtag pdAtota umodn TG SUoKoAleg otnv
OVIXVEUON TN OLKOVOULKAG amatng oUUdwVa UE T OXETIKEG peBOSoug Tou mpotumou I1SO 3632,
16lwg otav ta VALKA voBeiag eival GpuTIKNAC TIPOEAELONG KOL N EUTIOPLO TOU TIPOIOVTOC YiveTaL OF
popdn okovng. Ta anoteAéopata Twv SUo peAetwy emiPBeBalwvouy TNV dLlaitepn xpnowotnTa
TwV GOOPOTOOKOTUKWY TEXVIKWY 'H NMR kat FT-IR, o€ ouvBuaouo pe KATAANAES XN UELOUETPLKEC
TEXVIKEC, yLa TNV apeon Slepelivnon TNG MOLOTNTOG KAl TNE yvNoLlOTNTAC GUCIKWV TTPOIOVTWY Kal
TPodipwV.

H ¢aopatookortia *H NMR uPnAic Staxwplotikng wavotntag ¢avnke, miong, va
MPOodEPETAL Yyl TNV QVIXVEUON KAl TNV TOOOTIKOTOINON Twv Xpwotikwv Sudan I-IV oe
evbexopévn vobeia Tétolou TUTIOU OTA OTiypaTa KpOKOU. XpNoLULOoToLwvTag EExwPLoTA onpata
OPWHATIKWY TipwToviwv yla kaBe avtiotolyn xpwotiky Sudan kat edpapudlovrag tnv
kaBlepwpévn pebodoloyia moootikol mpoobioptopol pe *H NMR (qHNMR), sivat Suvatog o
TIOOOTIKOG TPOCSLOPLOPOC TWV XPWOTIKWY O Selypata VOBEUUEVWY OTIYUATWY KPOkou. Qg
XOPAKTNPLOTIKO Tapadelypa AndOnke umodn n xpwotiki Sudan 1, e€etalovrag yia dtadopa
emnineda vobeiag (0.14 — 7.1 g/kg) to orjpa NMR mou spdaviletal o xnUKA pHetatonion 8.064
ppm. H unAnf ypapukotnta, n akpifela koL n TaxutnTa TNG MPOCEYYLONG AUTAG €8el€av OTL
kaBiotatal KatdAAnAn yla tnv afloAdynon tn¢ vobelag Twv OTIYHATWY KPOKOU HE XPWOTLKEG
ouaieg autoU Tou TUTou. EmutAéov, N nEB0SOC auTr amaltel eEAAXLOTN KATEPYATLA TWV SELYUATWV
oe oUyKplon He uypoxpwpatoypadlkés uebodoug, evw, emiong amodevyovtal mbava
npofAnpaTa mou pnopouv va avakupouv Aoyw Tn¢ enibpaong Tou UNMooTPWHATOC. Q¢ TPOo¢ TNV
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emloyn tou SLaAutn, to YAwpodopulo avnke va evdeikvutal yla tnv avixveuon vobBeiog pe
AUTODIAEG XPWOTLKEG OTOL OTLYMOTA KPOKOU, VW yla Tov €Aeyxo voBeiag pe uSpoda popla n
UALKA UTLKAG po€AeuonG Tio KatdAAnAog StaAutng kpivetal to DMSO.

TéAog, Ta anoteAéopata TG HEAETNG TTou SLe€nxOn yla tnv ektipnon t¢ lodpaotikotnTog
TEPTIEVOELOWV EVWOEWV O TIPOVUUGDEG KOuVoUTILWV Tou €idoug Culex pipiens L. €6elav OtTL n
daopatookomnia FT-IR punopet va ouvteAéoel otn dlepelivnon TNG oXEong SOUNG - SPACTIKOTNTAC
TWV EVWOEWV OUTwV. Ano ta ¢aopata FT-IR mou kataypddnkov, CUYKEKPLUEVEG TALVIEG
anoppodnong XapaKkINPLOTIKAG Eviaong odeilovtal oTnv UapEn XAPAKTNPLOTIKWY OPAdwWYV TTou
pmopoUv va kaBopilouv T SpactikotnTta popiwv pe avaioyn Soun. OL THEG Bavaolpwyv
OUYKEVTPpWOEWV LCso kal LCeo mou mpoodlopiotnkav, Katd tov €Aeyxo tng toflkng dpaong
TEPTEVOELSWY, XPNOLUOTONONKAV yla TNV avamtuén HovtéAwv mpoPAsPng Tng ev Adyw
SpaotikdtnTag, ta omola otnpixbnkav ota poaocuatookomikd dedouéva FT-IR kot tn puéBodo

noAuvpetaBAntig Babuovounong PLS.
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8. Npoontikég - NMpotaoslg

Ot pebodoloyiec mou avamtuxdnkav otnv napovoa SlatplPfr) evtacoovtal oTo MAAIoLO TNG
avaAuong ¢puoLKwV TPOLOVTWVY Kal €XoUV Tn duvatotnta va epapooTtolV o€ éva eupl nedio. O
TIOOOTIKOG TIPOCOLOPLOPOC TNG TOUAEYOvVNC oto albéplo €Aato amd ¢GAOKOUVL MPE TN
daopatookomikn uEBodo FT-IR mapouaoidlel eviladépov, Kuplwg, yla tn Blopnxavia tpodipwy,
TIPOKELUEVOU va yivetal taxeia afloAoynon tng mpwtng UANG Kat €tol va Stacdaliletal OtTL n
OUYKEVTPWON TTOUAEYOVNG OTA TEALKA TIPOLOVTA BPLOKETAL EVIOG TWV EMUITPEMOUEVWV OpPLwV.

To nedio edappoyns Twv HeBOSwVY yla TOV TIOCOTIKO TPOCSLOPLOUO TNG AAALLVNG KOl TNG
pedlivng oto okopdo evtomiletal otn Plopnxavia tpodpipwv Kal pappaKwy, OTou yivetal
aloAoynon ¢ mpwing VANG amod tnv omoia MPoKUMTtouv cuvadn TPOdLUA, CUUMANpWHATA
Slatpodnc i okevaopata. ELSIKOTEPA Yl T OKEUAOUATO OKOPOOU, UE EMEKTACN TWV HEBOSWV
Ba eival epktog o aneuBeiog mpoodloplopdg alALivng Kat pueduivng. NeplapBavovtag KL AAAES
TPOTUTIEG OUGLEG (T.X. LooaAALLVN, TtPOTTLIVN KATL.) KOBWG Kot SLapOopETIKA UTIOOTpWHATA, Suvatal
va TipoKU P EL LEAAOVTIKA pila HEBO0SOC MOCOTIKOU TIPOCSLOPLOUOU TWV MIPOSPOUWY OUCLWV Ao
HloL EUPUTEPN OMASA GUTIKWV TIPOIOVIWV Tou yévoug Allium, pe Baon tnv TEXVIKA ULYPNC
xpwpuatoypadiag vdpodAwv arAnAemibpdacewv (HILIC). H afloAdynon kal GAAWV OTATIKWV
daocewv HILIC eival Suvato va odnynoet os mepattépw BeAtiotonoinon tn¢ nebodou. H ypriyopn
EKTLUNON TNG OUYKEVTPWONG aAAlivng Kal pedlivng oto okopdo, xwpic va KataotpEdeTal To
Selyua, kaBiotatal Suvath e tnv epapuoyn tng peboddou mou Baciotnke otnv texvikn DRIFTS
og ouvbuaopo He T pEBodo maAvdpopnaong PLS, evw yla tnv avantuén uebodwv mou amattouv
e\dxlotn katepyaoia tou delypatog umdapxel n duvatdotnta va eAeyxBolv kKal AAAEG TEXVIKEG
kataypadng dacpdtwy FT-IR (r.x. ATR-IR).

OL uéBodol mou mpoteivovtal yla Tov EAeyX0 VOBELOG TWV OTLYUATWY KPOKOU WE Xpron g
doaopatookorniac FT-IR 4 *H NMR propouv va aflomoinBolv anod ¢opeig eAéyxou tpodipwy,
EPYQOTAPLA TIOLOTIKOU €AEyXOU N akOun Kot amod tn Bopnxavia tpodipwv. Me enéktaon Twy
nebodwv Ba eivar duvato va eleyxBolv mpoidvta SLopOpPETIKNC TPOEAEUONG, T omola
eVOEXOUEVWG TIPOKUTITOUV PECW SladopeTikwy HeEBOSwVY Enpavong, onwc emniong Kat delypata

A wv katnyoplwv Katd ISO. MNa tnv avamtuén twv HOVIEAwV Taflvopnong Umopouv va
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eheyxBouv kat dtadopetikég pebodoloyieg emPAenopeVnG T LVOUNONG. ZXETIKA E TO LOVIEAQ
TIOCOTLKOTOLNONG TTOU avamntuxdnkav He tn xprion Twv dpacpatookorikwy dedopévwy FT-IR, elvat
Sduvatod va edeyxBoulv peBodoloyieg ikavég va mpooappolouv tn Babuovounon avaloya pe Tn
vewypadlk MpoéAeuon 1 TNV Katnyopla twv Selypdtwy. H mpooéyylon tng ouvtnéng twv
Sebopévwy (data fusion) mou AapBavovtal pe tn Xprion Twv GACUATOOKOTIKWY TEXVIKWV FT-IR
Kot tH NMR ev8éxetal va amoteAE0EL EVOL KON ONUAVTIKO avaAuTKO epyaleio yia tov aldnioto
é\eyxo voBeiog ota Seiypata oTiypdtwy Kpokou. H paopatookortio *H NMR propei, emniong, va
TapEXeL TN duvatotnta avixveuong tng vobeiog Kol pe AANEG CUVOETIKEG XPWOTLKEG EKTOC TWV
XPWOoTIKwV Sudan I-1V, evw n xprion ¢ pebodoloyiog gHNMR pmopet emumAéov va alohoynBel
YLOL TO YPr}YOPO TOCOTLKO TPOoSLOPLoUO TOUC.

Avadoplkd pe t™n pEBOSO TOU avamrtuxOnke yla TNV EKTMNON ™G BLodpactikdtnTag
TEPTIEVOELOWV EVWOEWV O TIPOVUUPEC KouvouTilwyv Tou eiboug Culex pipiens, amotelel éva
TPWTO BAUA YLA TNV TTOCOTLKA CUOXETLON TNG SOUNG-6PA0TIKOTNTACG MECW TNG POACUATOCKOTILAG
FT-IR. OLmapapetpol mou Ba ATav XprRoLo va EEETAOTOUV O CUVEXELX TNG LEAETNG a.dpOpPOUV TOV
€leyxo kot GA\wv peBOSdwv moAupetaPAntic Babuovounong, yla tnv avamtuén BEATIOTWV
HOVTEAWV eKTIUNONG TG BlodpaoTtikotntag, Kabwe Kot Tov éAeyxo BloSpaotikdtnTag o AAA
€ldn evtOUWV UYELOVOUIKNAG 1 YEWPYIKAG onuaociog. Oa pnopouoe, TéAog, va Slepeuvnbel o
ouvbuaouog Twy dacpatookomikwy dedopévwy FT-IR pe dedopéva mou Adapfdavovtat urtogn ya

TNV aVATITUEN LOVTEAWV EKTLLNONG TNE TTOOOTLKNG oxeong Soung-Spaoctikotntag (QSAR).
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YPOLUN UTTOSEKVUEL TNV OPLAKK] TLUA yLa TNV KaTtnyopio 1 (QUBEVTIKA SELYHOTA). c.vvveeereeereeeveee e, 100

IxAua 4.10. Awdypappa tafvounong PLS-DA (a) yia ta kaBapd delypota oTypudtwy KpOKou (KOKKLVOL
KUKAoL) kat (B) yia ta voBeupéva Selypota ou mpogkuday e Xprion TwV 6 EMIHEPOUC GUTLKWV UALKWY
ota enineda ouykevipwoewv 5, 10 kat 20% (w/w). Ta Selypota otiypudtwy Kpokou mou neplhapBdavovtal
oTo oUVOAO eAéyxou avadopdg amewkovilovtal pe yKpL Tpiywva. H KOKKLWVN SLAKEKOUUEVN VPO
UTIOSELKVUEL TNV OPLAKA TLUA YLOL TNV KOTNYOPiat 1 (OUOEVTIKGA SELYHOTO). ..veeeereeecveeeereeeeieeeeree et 101

IxAna 4.11. Ataypdppata tofvopnong PLS-DA yia Tig €€L katnyopieg voBeupévwy Selypdtwy avaloya pe
TO UALKO voBeiag: (o) otripoveg kpokou (katnyopla 1, uiAe kUkAou), (B) kahévtoula (katnyopia 2, KOKKLVOL
KUKAoL), (y) kapBapoc (katnyopia 3, yahaliot kUkAot), (8§) koupkoupdg (katnyopia 4, kitpwvol kUkAoL), (&)
ekyUALopa BoubAélag (katnyopla 5, ykptL kUkAoL) kat (ot) ekxUAlopa yapdéviag (katnyopia 6, pol kUKAOL).
Ta Selypota Tou cuVOAOU EAEYXOU TIOU AVIKOUV OTLG ETILUEPOUC KATNYOPLEC amelkovi{ovtal L aoTepioko
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TOU QVTLOTOLYOU XPWHATOC. H oplakn TN yla kaBe katnyopla emtonpaivetal pe KOKKLVN SLOKEKOUUEVN
17 Lo 11U 1o TSR 105

Ixnua 4.12. Suvduaopol Stactnuatwy ¢acpotookorikwy dedopévwv DRIFTS mou emAéxBnkav He TN
HEBO0SO siPLS kal s€aodalioav tn BEATIoTn enidoon ota povtéAa PLS yla tnv moootikomnoinon (a) twv
oTNUOvVWVY Kpokou, (B) tng kaAévtouAag, (v) Tou kapBapou, (6) Tou koupkouud, (€) Tou ekyuAiopotog
BoubAélacg kat (oT) Tou ekyuAlopatog yopdEviag ota avtiotolya voBeupéva Selypata oTlypdtwy KpOKou.

IxAua 5.1. AplBUOG SNOCLEVUEVWY EPEUVNTIKWY EPYOCLWV avVA €TOG yLO TOV TIPOOSLOPLONO TWV
XPWOTkWV Sudan og TpddLua. To gUVOAO TwV SNUOCLEUCEWV yLa TNV Ttepiodo 2003-2015 Eemepva Tig 215.
(MNY£c: PAoELC SESOUEVWY SCOPUS KAL PUDMEM) ...oiiiiiiceiiiciecetee ettt et et 123

IxAKa 5.2. ANUOGCLEVUEVEG EPEVVNTLKEG EPYACIEG LA TOV TPOGSLOPLOUO TWV XPWOTIKWY Sudan o tpodLua
pe xpnon dadopwv avaAuTikwy TeEXVIKWY. To cUvoAo Twv dnuocteloswv yla tnv nepiodo 2003-2015
Eemepva Tig 215. (MNny£g: Baoelg Sebopévwy Scopus KoL PUBMeEd).......cocuvveivieeiiicieccee e 124

IxAua 5.3. Meploxn Twv apwUATIKWY TpwToviwy ota ddcpata *H NMR (600 MHz, CDCls) Twv XpwoTIKWY
Sudan I|-IV kot Twv oTypATwy Kpokou. Ta emAeyuéva GAUOTA Yla TNV TAUTOTOLNON TWV EMUEPOUC
XPWOTIKWV Sudan ota voBesupéva Selypota OTWYMATWY KPOKOU emionuoivovtal pe mAaiolo tou
OVTLOTOLYOU XPUWEOTOG. 1eeuuvreeurreerureassreessseeaseeassseesssesassssesssesssesesssesssssansssessessssssessssssnsssesssessssssessssssnsesens 132

IXAM 5.4. EMAeypEVn TTEPLOXH TWV OPWHATIKWY TipwToviwv ota ddouato *H NMR mou AidBnkav and
Ta ekyUAlopota os CDCl; Tou SelylaTog OTIYUATWY KPOKOU, Tou eBoAlacpévou Selypatog e XpwoTLKA
Sudan Il ot cuykevtpwoelg (a) 0.14 g/kg, (B) 0.36 g/kg, (v) 0.71 g/kg, (6) 1.4 g/kg, () 3.6 g/kg kat (ot) 7.1
g/kg, kot tou kaBapol Sudan Il (amd KATw MPOC Ta MAVW). To ORUA TIOU XPNOLUOTOLRONKE yla Thv
noooTikonoilnon tou Sudan Il epdaviletal os xnukn petatonion 8.064 ppm (2', 6' H) kal emionpaivetot
HE KOKKLVO TEAOLOLO. .. uvveeitieeiieeeeiteeeteeestteesteeestteesaseeetaeesasaeessseeansaeansseesnsasassaesnsaessssesnsasesseesssaesnsseesnsensnns 133

IXANA 5.5. TPOLLLKT) CUCYXETLON TNC MPAYUATLKAC TEPLEKTIKOTNTOC (g/kg) TwV epBoAlacpévwy Selypatwy
amnd otiypata kpokou os Sudan Il kot (a) Twv TIHWY OAOKANPWHATOC TOU CAUATOC O€ XNULKA LETATOTION
8.064 ppm, (B) tng mepiektikotnTag (g/kg) mou umoloyiotnke ylo Tt xpwotkr AapBdvovtag undyn to
umtoAewmdpevo onpo tou CHCl; ota 7.260 ppm. Ta enineda voBeiag mou eAéyxBnkav Atav amo 0.14 £wg

IXAMA 5.6. TPALLKT) CUGKETLON TNG TPAYUATIKAG TiEPLEKTKOTNTOC (g/Kg) TwV EUPBOALACUEVWY SELYUATWY
ard otlypota kpokou og Sudan Ill kat tng meplektikotnTog (g/kg) mou untohoylotnke yLo tn Xpwotikn Sudan
Il pe xprion tou Sudan Il we e€wteptkol mpdtumou. Ta enineda vobelog mou ehéyxOnkav nrav and 0.14
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IxAua 6.1. Movtého Babuovopnong pe tn pEBodo pepkwv glayxiotwyv tetpaywvwv (PLS) yia tnv
npoBAedin TN THAC PLCso, HE XPrion TwV doopatookorikwy Sedopévwy FT-IR amd tig neploxég 3700-2800
cm? kat 1900-500 cm™. Ta Seiypota Twv cuvoAwv BaBpovounong Kot eMKUPWONG TOU HOVTEAOU
arelkoviZovtol Pe To GUUPBOAA (O) KO (+), QVTIOTOLNOL. .oevveeenreeeeireeereeeeteeeeteeeeteeeeeeeeeteeeereeeereeeeareesreeenns 153



IxAua 6.2. Movtého PBabuovopnong pe tn pEBoSo peplkwv glayxiotwyv tetpaywvwv (PLS) ywa tnv
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ACN

ACSO

CCDh

cMmC

cv

DMSO

DRIFTS

DTGS

El

ESI

EtOH

FID

FT

GC

GC-MS

HCA

HD

ZUVTUACELG - APKTIKOAESQL

AketovitpiAlo
Acetonitrile

YouAdoteiblo tng S-aAhuAo-L-kuateivng (aAALivn)
S-Allyl-L-cysteine sulfoxide (alliin)

Kevtplkog olvBeToC oXeSLAOUOG

Central composite design
S-KapBotupebuho-L-kuoteivn
S-Carboxymethyl-L-cysteine

ALOCTAUPWHEVN ETUKUPWON

Cross validation

AypeBulooouldoteidio
Dimethyl sulfoxide

Qaopatookonia unteplBpPoU SLAXUTNG AVAKAOONG UE LETOOXNMATIONO Fourier
Diffuse reflectance infrared Fourier transform spectroscopy

Aeuteplwpévn BeLkn TpLyAukivn
Deuterated triglycine sulfate

loviopdg mpdokpouong NAEKTPOVIWY
Electron impact

loviopog pe nAektpoekaopud
Electrospray ionization

ABavoln

Ethanol

AVIXVEUTAC LoviopoU pAOyag

Flame ionization detector
Metaoxnuatiopog Fourier

Fourier transform

Aépla xpwuotoypadia

Gas chromatography

Aépla xpwuoatoypadio-doaopatopetpia polwv
Gas chromatography-mass spectrometry
lepapyLkl AVAAUGCN KATA CUOTASEC
Hierarchical cluster analysis

Yépoamnootagn
Hydrodistillation
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HILIC

HMBC

HSQC

HSQC-TOCSY

iPLS

ISO

LC

LCso

LCs0

LC-MS

LOD

LOO

LoOQ

LV

m/z

MCSO

MeOH

MIR

Yypn xpwpatoypadia udpodiwyv aAAnAeTudpaoewyv

Hydrophilic interaction liquid chromatography

Etepomnupnviki GaoUOTOOKOTILO CUCXETLONG LECW TIOANATAWY SECUWVY

Heteronuclear multiple bond correlation

Etepomupnvikn ¢paopOTOCKOTIO CUGXETLONG artAol KBAvtou

Heteronuclear single quantum coherence

Etepomupnvikn ¢oopOTOOKOTIO CUCGKETLONG ATAOU KBAVTOU-0ALKAG CUCYXETLONG
Heteronuclear single quantum coherence-total correlation spectroscopy

PLS Baolopévn os dlaotipata
interval PLS

YniépuBpo
Infrared

AeBvn g Opyaviopog Tumonoinong
International Organization for Standardization

Yypr) xpwuatoypadia
Liquid chromatography

Oavatndopog cuykEvipwon, 50%
Lethal concentration, 50%

Oavatndopog cuykévipwon, 90%
Lethal concentration, 90%

Yypn xpwpatoypadia-pacpatopetpia palwv
Liquid chromatography-mass spectrometry

Oplo aviyveuong
Limit of detection

EnavaAnmtikn Stadwkaoia plag mapdAeupng
Leave-one-out

‘Oplo moooTtikomoinong
Limit of quantification

AavBavouoa petapAntn
Latent variable

Noyog palag npog dpoprtio
Mass to charge ratio

YouAdoteiblo Tng S-pebulo-L-kuoteivng (uebiivn)
S-Methyl-L-cysteine sulfoxide (methiin)

MeBavoin
Methanol

Méaoo unépuBpo
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MS

MSC

NIR

NMR

O2PLS-DA

OPLS-DA

PCA

PCR

PDA

PLS-DA

PLS

PRESS

PTFE

gqHNMR

RASFF

RI

RMSEC

RMSECV

Mid infrared

Qaopatopetpia palwv
Mass spectrometry

MoAAamAaclaotikn §10pBwon okédaaong
Multiplicative scatter correction

Eyyug umtépuBpo
Near infrared

MupNVLKOG LayVNTIKOG GUVTOVIOUOG
Nuclear magnetic resonance

Audidpopun OPLS-DA
Bidirectional OPLS-DA

Alaxwplotikn avaluon pe opBoywvia poPoln os AavBdavouoeg SopEG
Orthogonal projection to latent structures-discriminant analysis

AvAAuon KUpLWV CUVLOTWOWY
Principal component analysis

MaAwspopnon KUPLWV CUVICTWOWV
Principal component regression

Yuotolxia pwtodlodwv
Photodiode array

AlaxwpLoTikn (SLoKpLTkn) avaAiuon pe TaAlvépounon HEPIKWY EAXXIOTWV TETPAYWVWY
Partial least squares-discriminant analysis

MaAwSpouNon LEPKWY EAAXIOTWY TETPAYWVWV
Partial least squares regression

MpoBAenouevo opAaApa urtoAoimou Tou aBpoiouatog TETPAYWVWY
Predicted residual error sum of squares

MoAutetpadBopoatBulévio (TepAov)
Polytetrafluoroethylene (teflon)

Moootikd Poosloplopog pe *H NMR
Quantitative *H NMR

Juotnua éykalpng mpoeldomnoinong yLa ta TpodLua Kot TG {woTtpodEg
Rapid alert system for food and feed

AglkTng KATAKPATNONG
Retention index

TeTpaywVvikn pifa Tou HECOU TETPAYWVIKOU opAApatog Babuovounong
Root mean square error of calibration

Tetpaywvikn pilo Tou PECOU TETPAYWVIKOU 0DAAUOTOC SLACTAUPWHEVNG ETIKUPWONG
Root mean square error of cross validation
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RMSEP

RSD

RSM

RT

SD

siPLS

SNR

SNV

TOCSY

UV-Vis

Tetpaywvikn pilo Tou pEcou TeETpaywvikoU odaApatog npoPAeng

Root mean square error of prediction

IXETIKN TUTILKN amokALlon
Relative standard deviation

MeBoboloyla emipavelag anokplong
Response surface methodology
XpOVOG KOTOKPATNONG

Retention Time

TuTUKA QOKALON
Standard deviation

PLS Baolopévn o SLOCTAUATA UE CUVEPYELD
synergy interval PLS

NOyoG onpatog npog 86pufo

Signal to noise ratio

TUTUKA KaoVIKN Tuxaio petaBAntn
Standard normal variate

DaopaTtooKomia OALKAG CUCXETLONG

Total correlation spectroscopy
Yrnepuwdeg-Opatod

Ultraviolet-Visible
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1) KapmnUAeg Babuovopnong aAAiivng kot pediivng pe HILIC-ESI(+)-MS kat th HEB0SO

ECWTEPLKOU MPOTUTIOU

‘Ovopa Tunog m/z Xpovog

Katakpatnong (min)

Zuykévtpwon (ug/mL)

C1

c3 o

Cc7

AMNALVN Avalutng  178.00 9.025
CMC ISTD 180.00 11.285
MeBiivn  AvaAltng  152.00 14.600

100
500
8

350 500
500 500
28 40

500

1000
500
80

o) AAALivn

Area Ratio

2.00—_
1.75—5
1.50—5
2o
1.00—5
0.75—5
-
oo

0.0

Y =0.9486591X + 0.0351650
R*=0.9958065
R =0.9979010

Internal Standard

Curve: Linear

Origin: Not Forced
Weighting Method: None

Mean RF: 1.012090
RF SD: 0.0937945
RF %RSD: 9.267412

000 025 050 o075 100 125

——————
1.75 Conc. Ratio
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B) Me6tivn

Area Ratigx0.01)

8.0

501
4.0—5
3.0—5
2.0—5

10 °

0.0-!

e D U L U L R B
0.000 0.025 0.050 0.075 0.100

Y =0.5440764X - 0.0012135
R?=0.9956159
R =0.9978055

Internal Standard

Curve: Linear

Origin: Not Forced
Weighting Method: None

Mean RF: 0.5263649
RF SD: 0.0447091
RF %RSD: 8.493942

—
0.125

e
Conc. Ratio
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2) KapmnUAeg BaBpovopnong aAAlivng ko pediivng pe HILIC-PDA kat tn péBodo §wtepikol

TPOTUTIOU

‘Ovoua Tunog

Zuykévtpwon (ug/mL)

KOpatog (nm)  katakpatnong (min)

AMNLvn  AvaAltng
cMC AvaAutng
MeBiivn  Avalutng

o) AAALivn

Area(x1,000,000)

8.5

8.0

7.54

7.0+

6.5+

6.0

5.5+

5.0

457

4.0

3.5+

3.0

2.5+

2.04

1.54

1.04

0.54

0.0

T T T
0 100 200 300

Y=aX+b a=8464.697,b=-78486.7

R?=0.9999439
R =0.9999720

External Standard
Curve Fit Type: Linear
Origin: Not Forced
Weight: None

Mean RF: 8213.995
RF SD: 194.7381
RF %RSD: 2.370809



B) Me6tivn

Area(x100,000)

2.004

1.759

1.504

1.259

1.004

0.75+

0.504

0.25+

000 0

Y=aX+b a=2659.246, b =-6014.537
R?=0.9991978
R =0.9995988

External Standard
Curve Fit Type: Linear
Origin: Not Forced
Weight: None

Mean RF: 2417.748
RF SD: 193.6314
RF %RSD: 8.008751
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v) Anokpion tou CMC wg e§wTePLKOV TPOTUTIOU

Area(x1,000,000)

1.14
[ ]
[ ]
1.0+
H
0.94 { ]
[ ]
0.8 e
0.74
0.6+
0.54
0.4+
0.34
0.24
0.1+
0.0 T 1 1 1 1 1 1 1 1 T
0 50 100 150 200 250 300 350 400 450 Conc
Y=aX+b
a=0.0
b=0.0
R? = 0.0000000
R =0.0000000

External Standard
Curve Fit Type: Linear
Origin: Not Forced
Weight: None

Mean RF: 1875.536
RF SD: 189.0199
RF %RSD: 10.07818
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3) Awaypappata eAéyxov (QC) yia tov npoodloptopo aAAiivng ko pediivng pe HILIC-ESI(+)-

MS

ko HILIC-PDA

o) AAALivn

800 1

7509

7004

650

600 4

Alliin (ug/mL)

5509

500 -

(i) HILIC-ESI(+)-MS

Run

B) Me0Otivn

651

Methiin (ug/mL)

45

(i) HILIC-ESI(+)-MS

+3SD

800

750

700

650

600

Alliin (ug/mL)

550

500

(ii) HILIC-PDA

651

60

55

50

Methiin (ug/mL)

45 =

(ii) HILIC-PDA
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(a)

8.5 8.0 7.5 7.0 [ppm]

(B)

IxAua N1. @dopata (a) *H kat (B) 13C NMR g xpwotikrg Sudan | og Stahvtn CDCls.
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(a)

T T T T

2.5 [ppm]

L b DL

(B)

L | e i‘

T FA T T T T T T T T T T T T T T T T T T T T T T T
170 140 135 130 125 120 20 [ppm]

IxApa N2. @dopata (a) *H kat (B) 3C NMR tng xpwotikrg Sudan Il og StaAutn CDCls.
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IxAua N3. Odopoata () H kat (B) 13C NMR, kabwg kat paopata 2D NMR (y) TOCSY, (8) HSQC,

(€) HMBC kat (ot) HSQC-TOCSY tn¢ xpwotikig Sudan Il og dtaAutn CDCls.
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Jto mAaiolo t™NG mapoloog SL8AKTOPIKAG SLatpBrg Kal TwV OXETLKWV OCUVEPYOOLWV
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Pulegone constitutes a monoterpene occurring in Mentha species and primarily in Mentha pulegium
L. (pennyroyal). A major source of human exposure to pulegone is the use of pennyroyal essential
oil in flavorings, confectionery and cosmetics. The rapid quantification of pulegone in hydrodistilled
pennyroyal oils (which were also “spiked” to increase the validation range) by Fourier transform
infrared spectroscopy (FT-IR) combined with partial least-squares (PLS) regression was evaluated,
using the spectral region 1650—1260 cm™'. Gas chromatography was applied as the reference
method for pennyroyal oil samples, which ranged in pulegone content from 157 to 860 mg/mL. The
two methods were subjected to statistical tests and proved equivalent in terms of accuracy and
reproducibility (99% confidence level). The use of FT-IR spectroscopy could offer a viable alternative
to the standard analysis procedures presently applied for quantification of valuable plant substances
and could also provide the processing industry with a simple and high-throughput technique for the
fast quality check of incoming raw materials such as pennyroyal oils.

KEYWORDS: Fourier transform infrared spectroscopy; PLS; quantitative analysis; Mentha pulegium;

essential oil; hydrodistillation

INTRODUCTION

Pennyroyal oil is a volatile oil derived by steam distillation or
hydrodistillation from European (Mentha pulegium 1.) and
American (Hedeoma pulegioides (L.) Pers.) species of penny-
royal, principally from the leaves and flowering tops (/). Histori-
cally, pennyroyal oil has been used as a folk remedy for dizziness
or as an anticonvulsive and sedative (2), while it is still sometimes
used in traditional medicine for abortions and the induction of
menses (3,4). Nevertheless, there are no approved medicinal uses
for pennyroyal oil (/). Leaves containing pennyroyal oil have
been used as flavoring, as spice and for brewing teas (3). Because
of the strong aromatic, mint-like pungent smell, pennyroyal oil is
a constituent of alcoholic beverages and a frequently used raw
material in flavorings, confectionery and cosmetics (/, 3). It has
been reported that the pungent smell of Mentha pulegium is
associated with the presence of pulegone (2).

(R)-(+)-Pulegone, also referred to as pulegone, is a hepatotoxic
monoterpene occurring in plant tissues from a number of species,
including pennyroyal (3). The (R)-(+)-enantiomer comprises the
major constituent of pennyroyal essential oils (3, 5), and the
toxicological database largely relates to thisisomer (6,7), whereas
the other enantiomer, (S)-(—)-pulegone, is rarely found in essen-
tial oils (8). Pulegone generally ranges from traces (<0.1%) up to
90.7% in pennyroyal oil (3,9). However, it has been reported that
the usual pulegone content in pennyroyal oil is 60—90%, espe-
cially when pulegone-type oils are mentioned (/0). Hepatotoxicity

*Corresponding author. Tel: +30 210 5294241. Fax: +30 210
5294265. E-mail: mopol@aua.gr.

pubs.acs.org/JAFC Published on Web 10/09/2009

of pulegone is due, at least in part, to its major metabolite,
menthofuran (8) and results from the ingestion of pennyroyal oil
as an abortifacient and as an infusion for the treatment of colic in
children (7). Toxicological observations also indicate that pule-
gone is an insect neurotoxin (/7). The European Commission set
maximum levels for pulegone in the following foods and beve-
rages: foodstuffs, 25 mg/kg; beverages, 100 mg/kg; peppermint
or mint-flavored beverages, 250 mg/kg; and mint confectionery,
350 mg/kg (7). Pulegone may not be added as such to food-
stuffs (6). Recommended limits of pulegone in cosmetic formula-
tions are <1% (/). Conversely, pulegone is listed among the
authorized synthetic flavoring substances in the USA (12).

To date the pulegone content occurring in essential oils, such as
pennyroyal oil, along with related products is predominantly
determined by chromatographic techniques (5, 72, 13). Gas
chromatography (GC) has been established as the standard
method for the analysis of essential oil volatile compounds, and
since it is time-consuming, numerous attempts have been recently
made to find alternative analytical options. In this context,
molecular spectroscopy techniques such as mid-infrared (MIR)
ornear-infrared (NIR) in combination with suitable chemometric
algorithms have been shown to be advantageous for rapid eva-
luation of essential oils and other plant-derived products (/14—17).
However, the peaks in the NIR region are broad and weak, as
they are combinations and overtones of the sample functional
groups (/8).

The objective of this study was to develop a direct and rapid
method to quantify pulegone, the compound which characterizes
a pennyroyal essential oil, using Fourier transform mid-infrared

©2009 American Chemical Society
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Figure 1. FT-IR spectra of pulegone and pulegone-rich pennyroyal oils over the spectral region 3050—500 cm™ .

spectroscopy (FT-IR) associated with chemometric manipula-
tion. Results were compared with those obtained using gas
chromatography as a reference method.

MATERIALS AND METHODS

Plant Materials and Reagents. Aerial plant parts of six different
fully flowered pennyroyal populations were provided from various collect
areas around Greece: (1) Island of Samos (P1); (2) Argos (P2); (3) Evia
(P3); (4) Island of Samothraki (P4); (5) Kalamata (P5) and (6) Island of
Crete (Heraklion) (P6). All pennyroyal plants were collected in the years
2007—2008 during midsummer and were acquired from local retailers (i.e.,
health food stores and spice stores).

(R)-(+)-Pulegone, a-pinene, f-pinene, and (—)-menthol were pur-
chased from Aldrich (Steinheim, Germany). (+)-Menthone was purchased
from Fluka (Steinheim, Germany), while eucalyptol and limonene were
purchased from Sigma (St. Louis, MO). Piperitone and iso-menthone were
acquired from Extrasynthese (Genay, France). The purity grade of all the
pure standard substances used was more than 98%.

Isolation of Essential Qils. A sample (200 g) of each pennyroyal
population was ground in an electric blender and subsequently subjected
to hydrodistillation for 4 h, using a Clevenger-type apparatus (/9). The
received pennyroyal essential oils from plant materials P1—P6 were named
as PO1—PO6, respectively. Moreover, they were dried over anhydrous
magnesium sulfate and, after filtration, stored in labeled sterile screw
capped bottles at —22 °C until further use.

Analysis of Essential Qils. All isolated pennyroyal oils (PO1—-PO6)
were analyzed using a Hewlett-Packard 5890 series I1 gas chromatograph
(GC) fitted with an HP-5 ms capillary column (30 m x 0.25 mm i.d.,
0.25 um film thickness) and coupled with Hewlett-Packard 5972 mass
selective detector, operating in Elmode at 70 eV. The injector and detector
temperatures were set at 220 and 290 °C, respectively. The column tem-
perature was gradually raised from 60 to 240 °C at a rate of 3 °C/min and
then held isothermally for 10 min. The carrier gas was helium, with a
constant flow rate of 1 mL/min. Diluted samples of 1.0 «L (1/100 in diethyl
ether, v/v) were injected manually in splitless mode. The identification of
the major volatile compounds of essential oils was based on their relative
retention time and their mass spectra in comparison with those observed
by the aforementioned pure standard substances. For the other compo-
nents, tentative identification was performed by matching their mass
spectra and elution order with those obtained from NIST 98 and Wiley
275 libraries as well as literature data (20).

1

Sample Preparation. In order to develop the FT-IR method for
determining pulegone, two different sets of samples were prepared:
31 samples with various concentrations of pulegone in ethanol (46.8—
889.2 mg/mL) for calibration and 10 oil samples for validation. Concern-
ing the latter set of samples, to expand the range of concentration of initial
pulegone content in the five pennyroyal oils obtained, pennyroyal oil
samples PO1—POS5 were “spiked” with authentic pulegone or PO6 oil and
thus five more samples (SPO1—SPOS) were finally prepared so as to test
the predictive ability of the FT-IR method.

Reference GC—FID Analysis. The specific amounts (reported as
peak area) of pulegone contained in the pennyroyal oil samples (i.e.,
PO1-POS5 and SPO1—-SPO5) were determined by gas chromatogra-
phy—flame ionization detection (GC—FID) with the use of a Hewlett-
Packard 5890 series I GC, equipped with an FID detector and an HP-5 ms
capillary column. Detector and injector temperatures were set at 290 and
220 °C, respectively. A total of 8 pulegone standards ranging from 55 to
890 mg/mL (in ethanol) were used to build a calibration curve for quantifica-
tion based on peak area. Triplicate analyses were performed, and the mean
value was determined. The oven temperature was programmed individu-
ally for each set of samples. Standard samples: from 60 to 140 at 3 °C/min,
then 25 °C/min up to 240 °C, followed by a 2 min hold at this temperature.
Oil samples: from 60 to 160 at 3 °C/min and then 25 °C/min up to 240 °C,
followed by a 2 min hold at this temperature. The carrier gas was helium
at a constant flow rate of 1 mL/min. One microliter of each diluted sample
(1/100 in ethanol, v/v) was injected manually in splitless mode.

FT-IR Spectroscopy. All FT-IR measurements were performed using
a Nicolet 6700 FT-IR (Thermo Scientific) spectrometer operating in the
4000—400 cm~' wavenumber range (mid-infrared), equipped with a
deuterated triglycine sulfate (DTGS) detector, a Nichrome source and a
KBr beamsplitter. The prepared samples were placed between ZnSe round
crystal windows (25 mm x 2 mm) and the transmission path length was
fixed at 15 um with a polytetrafluoroethylene (PTFE) spacer. The cell was
then placed in the presslock demountable cell holder (Thermo Scientific),
and the sample was scanned against a background air spectrum at constant
temperature (25 °C). For each spectrum, 100 scans were accumulated at a
resolution of 4 cm ™. Spectra were collected in triplicate for each sample
and averaged using the software supplied from the manufacturer of the
spectrometer, OMNIC 7.3 (Thermo Electron Corp.). All spectra were
smoothed using the “automatic smooth” function of the OMNIC 7.3
software, which uses the Savitsky-Golay algorithm (95-point moving
second-degree polynomial). Subsequently the baseline was corrected using
the “automatic baseline correct” function (polynomial).
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Figure 2. Partial least-squares (PLS) calibration model for the quantitative
analysis of pulegone by FT-IR.

Chemometrics. Calibration model for the prediction of pulegone
content in the different oil samples from FT-IR spectral data was obtained
by partial least-squares (PLS) algorithm, using the TQ Analyst software
(7.2.0.161 Release, Thermo Electron Corp.). The spectral data were mean
centered and selected wavenumber ranges, as well as the full recorded
spectral range, were evaluated for development of the PLS calibration
model. The spectral region used for the PLS calibration was from 1650 to
1260 cm™". All data in the calibration set were examined carefully to detect
and eliminate outlier samples and the resulting calibration model was
established with 30 FT-IR spectra. Statistical accuracy of the calibration
model was described by the correlation coefficient r and the overall errors
between modeled and reference values, i.e. the root-mean-square error of
calibration (RMSEC), the root-mean-square error of cross validation
(RMSECYV) using the leave-one-out approach and the root-mean-square
error of prediction (RMSEP). The optimum number of PLS factors for
pulegone quantification was determined by using the PRESS (predicted
residual error sum of squares) calculation. PRESS values are indications of
how closely a model fits the calibration data (27). The FT-IR method was
further evaluated by computing the differences for reproducibility and
accuracy between the predicted FT-IR data and the actual pulegone
content values in the oil samples.

RESULTS AND DISCUSSION

Chemical Composition of Pennyroyal Oils. Analysis of the
extracted pennyroyal essential oils (PO1—PO6) by GC—MS
provided their relative percentage composition, which was taken
into account in order to determine the spiking levels for the
pulegone-type pennyroyal oils. Concerning PO1—PO5 oils, pu-
legone was found to be the main constituent (61.3—77.9%),
followed by iso-menthone (10.6—18.5%), menthone (0.6—
8.3%), piperitenone (0.3—3.2%) and cis-isopulegone (0—1.7%).
In the case of POG6 oil, piperitone was the major ingredient
(69.3%), followed by iso-menthone (24.8%). Limonene (1.8%)
and menthone (1.6%) were detected in minor percentages. The
results obtained for these pennyroyal populations by GC—MS
analysis of their corresponding oils are in agreement with those
reported for populations occurring in the same climatic zones of
Greece (9).

Reference Quantitative Analysis. Gas chromatography in com-
bination with flame ionization detection was used as a reference
method due to its sensitivity and selectivity, properties that
provide reliable analysis of volatiles such as pulegone (5, 12).
A calibration curve was created for the set of pulegone standard
samples as the function of pulegone’s peak area (Apuiegone =
pulegone’s peak area/10° in GC—FID chromatograms) and
pulegone’s content. The empirical equation of calibration curve
for pulegone was described as follows: Apuegone = (0.0539 =
0.0004) x (mg of Pulegone), while the correlation coefficient was
r=10.9998. For the PO1—PO5 pennyroyal oil samples, the range

Petrakis et al.

Table 1. Pulegone Content (+ SD) in Pennyroyal Qils as Determined by
Reference GC—FID Analysis and Predicted by FT-IR Spectroscopy?

pulegone (mg/mL)
sample® GC—FID FT-IR Fest? tHest?
SPO1 157 +4 153 + 32 64.0 0.2
SPO2 281+8 297 + 16 4.0 1.3
SPO3 379+ 31 381+42 1.8 0.1
PO1 482 4+ 33 515+ 53 2.6 0.7
PO2 516+ 28 514 + 81 8.4 0.0
PO3 621418 613+9 4.0 0.6
SPO4 686 + 22 682 +25 1.3 0.2
PO4 723 £+ 51 708 £+ 37 1.9 0.3
PO5 728 £57 729 +14 16.6 0.0
SPO5 860 424 823 +22 1.2 1.6

The respective statistical F-test and ttest values are provided. ® Confidence
level: 99%. °PO1—PO5: isolated pennyroyal oil samples. SPO1—SPO5: spiked
pennyroyal oil samples.

281

RMSECV
/

51

Factor

Figure 3. Plot of root-mean-square error of cross validation (RMSECV)
values vs the different number of factors used in the cross validation and
calibration of the PLS model for pulegone determination in pennyroyal oils.
The optimum number of factors that resulted in the minimum RMSECV
value and accordingly, minimum predicted residual error sum of squares
(PRESS) value was 5.

of pulegone contents was 482—728 mg/mL. The addition of the
spiked pennyroyal oil samples (SPO1—SPOS) increased the upper
limit to 860 mg/mL and decreased the lower limit to 157 mg/mL
(Table 1).

Spectral Analysis. The typical FT-IR spectrum of pulegone
(Figure 1) showed characteristic bands associated with methyl
and methylene groups at ~2954 cm™' (C—H asymmetric stretch-
ing, —CH3), 2923 cm™ ' (—CH,— asym stretching, —CHj; sym
stretching due to =C(CHs),) and 2872 ¢cm™' (—CH,— sym
stretching, —CHj3 sym stretching due to > CH—CHj;) (22). The
strong peak demonstrated at ~1682 cm ™" is attributed to C=0
(ketones) stretching vibration, while the broad band of medium
intensity at ~1615 cm ™" is assigned to C=C stretching vibration,
which is conjugated with C=0 (22). The “fingerprint region”
between 1500 and 500 cm ™' provides complex but unique and
reproducible spectral information with a significant contribution
for substance identification (22). The band at 1456 cm ™' is due to
—CH,— scissoring and —CH3;, —CO—CH,— asym deformation

vibrations. The characteristic bands at 1373 and 1286 cm ™! are
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Figure 5. Reference values (GC—FID) vs partial least-squares (PLS)
predicted values (FT-IR) of the pulegone content in pennyroyal oils.

assigned to C—H sym deformation of >CH—CH; and =C-
(CHjy),, respectively (22). The band at 1209 cm ™" is due to C—H
deformation vibration, whereas the weak peaks in the region
1131-936 cm ™! are attributed mainly to CHs rocking vibrations
of the pulegone molecule (22). C—H wagging vibration and ring
vibration are suggested for the band at 876 cm™ ', while the
C—CO—C group in-plane deformation is related to the band at
646 cm™' (14, 22). The pulegone band occurring at 535 cm™ " is
assigned to —CH,— rocking, C—C=0 deformation and C=C
skeletal vibration (22). Due to the significantly high pulegone
content in the pennyroyal oils PO1—POS, the corresponding FT-
IR spectra present mostly the characteristic IR signals of pure
pulegone (Figure 1). Additionally, pennyroyal oils display an-
other typical peak at 1709 cm™', which is representative of iso-
menthone and menthone C=O stretching (Figure 1) (22).
Quantitative Analysis of Pulegone by FT-IR. Only the data from
the regions with features of interest were abstracted by the PLS
calibration model, so that calibration standards especially repre-
sentative of the samples to be analyzed are included (23). The best
prediction results were produced by using spectral data in the
1650—1260 cm ™' wavenumber range. The data from this region
produced the highest correlation coefficient r (0.97) and the
lowest RMSEC (56.8) and RMSEP (17.1) (Figure 2). The results
obtained for all oil samples used in prediction set are presented
in Table 1. Regarding cross-validation, the values for r and
RMSECV were 0.96 and 70.4, respectively. In addition, the
maximum number of factors used to calculate the optimum
PRESS value was 10, while the optimum number of factors that
resulted in the minimum PRESS value was 5 (Figure 3).
Besides, this region differentiates pulegone from other penny-
royal oil substances due to the heterogeneity of the measured FT-
IR spectra (Figure 4). Hierarchical cluster analysis was performed
using SPSS 14.0 (SPSS Inc.) software for the 1650—1260 cm ™

spectral range, and the application of Ward’s algorithm led to the
clear discrimination between pulegone and the other oil major
components.

A regression was derived by plotting the pulegone contents in
the pennyroyal oil samples (PO1—POS5 and SPO1—-SPO5) as
determined by the GC—FID reference method against the FT-IR
predicted values. The plot (Figure 5) shows the validation of the
predictive model with the actual pulegone contents compared
with the data obtained using FT-IR spectroscopy. The slope was
0.95, while  was 0.997. The F-test and #-test that were applied
indicated that accuracy and reproducibility were high (99%
confidence level), demonstrating that the PLS predicted pulegone
contents were very close to the reference values (Table 1).

In conclusion, the FT-IR technique used was found to be a
suitable analytical tool for the fast and accurate quantitative
determination of pulegone in pennyroyal oil. Instead of the
current standard chromatographic methods, which are resource-
and time-consuming, the analysis by FT-IR is promising, with
minimal personnel training, simple data acquisition and immedi-
ate predictions.

ABBREVIATIONS USED

Pennyroyal, Mentha pulegium L.; FT-IR, Fourier transform
infrared; GC, gas chromatography; MS, mass spectrometry;
FID, flame ionization detection; PLS, partial least-squares;
RMSEC, root-mean-square error of calibration; RMSECV, root-
mean-square error of cross validation; RMSEP, root-mean-
square error of prediction; PRESS, predictive residual error
sum of squares.
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detect saffron adulteration with plant adulterants, the method developed resulted reliable in assessing
the type of adulteration and could be viable for dealing with extensive saffron frauds at a minimum level
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1. Introduction

Food authenticity is an increasingly important issue for con-
sumers, regulatory agencies, and food industry. Aspects of authen-
tication involve the detection of economically motivated
adulteration in food products, usually carried out with less expen-
sive and more readily available substitutes which are difficult to
identify by routine analytical methodologies (Cubero-Leon,
Pefialver, & Maquet, 2014; Oms-Oliu, Odriozola-Serrano, &
Martin-Belloso, 2013).

Among the major candidates for adulteration conducted for
economic gain, saffron is one of the most targeted spices (Moore,
Spink, & Lipp, 2012); it consists of the dried stigmas of the culti-
vated species Crocus sativus L. Saffron, that has long been used as
a colouring and flavouring agent in food, is also known for a wide
range of health promoting benefits (Melnyk, Wang, & Marcone,
2010; Winterhalter & Straubinger, 2000). Due to its high price
and limited production, saffron has been subjected to various types
of adulteration over the centuries. Common fraudulent practices
include the addition of inferior plant material with similar appear-
ance to extend the more expensive saffron. This particularly hap-
pens when the spice is in powder form or when added to

* Corresponding author. Tel.: +39 2 23699578; fax: +39 2 23699620.
E-mail address: roberto.consonni@ismac.cnr.it (R. Consonni).
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0308-8146/© 2014 Elsevier Ltd. All rights reserved.

seasonings and other food products as an ingredient (Hagh-
Nazari & Keifi, 2007; Torelli, Marieschi, & Bruni, 2014). Within
the most frequently reported plant materials to adulterate saffron
are cut or dyed C. sativus stamens, Carthamus tinctorius L. petals
(safflower) as well as Curcuma longa L. powdered rhizomes (tur-
meric) (Hagh-Nazari & Keifi, 2007; Ordoudi & Tsimidou, 2004;
Saffron in Europe, 2007). Additionally, commercial safflower and
turmeric are often mislabeled, using the name “saffron” and the
supposed country of origin for misleading consumers (Hagh-
Nazari & Keifi, 2007; Sanchez, Maggi, Carmona, & Alonso, 2011).
The use of gardenia, the extract obtained from the fruits of Garde-
nia jasminoides Ellis, is another possible and more sophisticated
method of adulteration, considering that gardenia and saffron dif-
fer merely in the pigments contained (Carmona, Zalacain, Sanchez,
Novella, & Alonso, 2006; Ordoudi & Tsimidou, 2004; Sanchez et al.,
2011).

Regardless of the practice followed, the detection of commercial
frauds in saffron is a challenging task since changes in physical,
chemical or organoleptic properties are not always easily identifi-
able. As a result, the best quality saffron is usually sold in filaments
(Melnyk et al., 2010), where the extraneous or foreign matter may
be more easily detectable. In the quality assessment of saffron
according to the ISO 3632 standards (ISO, 2010, 2011), up to 1%
(w/w) of foreign matter is permitted in third-class products. How-
ever, microscopic examination is required, which is time-consum-
ing for the screening of large batches of samples. Also, the UV-Vis
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spectrophotometric method proposed by ISO 3632-2 (ISO, 2010)
may not detect saffron contamination with amounts of up to 20%
(w/w) of safflower or turmeric, as it was recently reported
(Sabatino et al., 2011). For the detection of plant adulterants in saf-
fron, several chromatographic (Alonso, Salinas, & Garijo, 1998;
Haghighi, Feizy, & Hemati Kakhki, 2007; Lozano, Castellar,
Simancas, & Iborra, 1999; Sabatino et al., 2011; Sampathu,
Shivashankar, Lewis, & Wood, 1984) and molecular (Babaei,
Talebi, & Bahar, 2014; Javanmardi, Bagheri, Moshtaghi, Sharifi, &
Hemati Kakhki, 2011; Ma, Zhu, Li, Dong, & Tsim, 2001; Marieschi,
Torelli, & Bruni, 2012; Torelli et al., 2014) methods have been
employed so far with encouraging results. The use of DNA markers
has allowed the detection of low amounts (up to 1%) of several bul-
king materials including safflower and turmeric (Javanmardi et al.,
2011; Marieschi et al., 2012). Nevertheless, there is still an ongoing
demand for the development of faster, simple and robust screening
methods suited for identifying saffron adulteration, especially at
levels that make practical economic sense.

Nuclear magnetic resonance (NMR) spectroscopy is an analyti-
cal technique largely applied for its rapidity and reproducibility,
having the potential for high-throughput analyses with minimal
sample pretreatment (Longobardi et al., 2013; Mannina, Sobolev,
& Viel, 2012). NMR based metabolite fingerprinting may identify
the subtle differences that often exist between authentic and
fraudulent products. As a matter of fact, this metabolomic
approach has been recently explored to discriminate authentic Ira-
nian saffron from commercial samples; the results indicated rela-
tive amounts of picrocrocin and the sum of different crocetin
glycosides as the characteristic metabolites for authentic saffron
(Yilmaz, Nyberg, Molgaard, Asili, & Jaroszewski, 2010). The com-
plexity of NMR data in food metabolomics studies is clearly the pri-
mary impetus for the coupling of NMR spectroscopy with
multivariate statistical methods, capable of gathering samples with
similar features (Consonni & Cagliani, 2010; Tomassini, Capuani,
Delfini, & Miccheli, 2013). Among them, supervised methods that
may enhance classification performance, such as orthogonal pro-
jection to latent structures - discriminant analysis (OPLS-DA) and
its bidirectional modifications (O2PLS-DA) (Bylesjo et al., 2006),
have shown great potential to determine the authenticity of vari-
ous foodstuffs, mainly on the basis of their geographical or botan-
ical origin (Consonni, Cagliani, & Cogliati, 2012a,b, 2013; Consonni,
Cagliani, Stocchero, & Porretta, 2009; Consonni, Cagliani,
Stocchero, & Porretta, 2010; Fotakis et al., 2013).

The present work describes a preliminary study for the detec-
tion of adulterated saffron and the identification of the adulterant
used by means of 'H NMR and chemometrics. The two-step
approach proposed herein relied on the application of both OPLS-
DA and 02PLS-DA models to the 'H NMR data. Taking into account
the deficiency of established methodologies to detect saffron adul-
teration with plant adulterants, the method developed could be
viable for dealing with extensive saffron frauds at a minimum level
of 20% (w/w). The efforts focused on four typical plant-derived
materials utilised as bulking agents in saffron, i.e., C. sativus sta-
mens, safflower, turmeric and gardenia.

2. Materials and methods
2.1. Samples

Ten samples of Greek C. sativus dried stigmas of commercial
grade, harvested in 2012, were supplied by Kozani Saffron Produc-
ers Cooperative (Cooperative De Saffran). The Greek saffron sam-
ples selected were either organic (n=6) or conventionally
produced (n=4), to extend variability among them. Prior to 'H
NMR analysis, their quality and authenticity had been checked

according to the ISO 3632 parameters and HPLC analysis at the
Laboratory of Chemistry, Agricultural University of Athens. All saf-
fron samples belonged to the commercial category I. Samples of
turmeric (branded as “Like safran”), safflower (branded as “Turkish
saffron”) and C. sativus stamens (branded as “Safran”) were pur-
chased from local markets. G. jasminoides fruit extract (single herb
extract, Zhi Zi) was acquired from Plum Flower Brand (Anguo,
China).

2.2. Preparation of commercial and spiked samples

All of the plant-derived materials, namely “saffron samples”
and “plant adulterants”, were finely ground in a mortar. To simu-
late conditions of commercial samples, artificial counterfeit mix-
tures containing saffron and 20% (w/w) of plant adulterant were
prepared. Overall, 10 mixtures were used for each adulterant and
thus five classes were defined, including the authentic saffron sam-
ples. Those fifty samples (10 mg) along with the pure plant adul-
terants used for reference were extracted with 600 pL DMSO-dg
by stirring (vortex) for 3 min at room temperature. After 10 min,
they were submitted to centrifugation at 12,100 rcf for 10 min
and then 500 pL aliquots of the supernatant were transferred into
5 mm NMR tube for analysis. DMSO solvent was used because of its
capability to dissolve both hydrophobic and hydrophilic com-
pounds, leading to NMR signals with sharp line width.

2.3. NMR analysis

TH NMR spectra were recorded on a Bruker AVANCE 600 spec-
trometer (Bruker Biospin GmbH, Rheinstetten, Karlsruhe, Ger-
many), operating at 14.09 T and equipped with a 5-mm inverse
probe with a z-gradient. All monodimensional spectra were
acquired at 300 K with a spectral width of 10,000 Hz over 32 K data
points. Residual water suppression was achieved by applying a
presaturation scheme with low power radiofrequency irradiation
for 1.2 s. Spectra were processed using TOPSPIN software (Bruker
BioSpin GmbH, version 3.0, Rheinstetten, Karlsruhe, Germany) by
applying an exponential function for resolution enhancement with
a line broadening of 0.5 Hz before Fourier transformation; phase
and baseline were manually corrected. Spectra were aligned on
the residual solvent signal at 2.50 ppm. The NMR spectra were
reduced to integrated regions (buckets) of equal width of
0.04 ppm each in the range of 0.40-10.50 ppm, excluding solvent
and water regions from 2.47 to 2.52 ppm and from 3.31 to
3.34 ppm, respectively. Buckets were scaled with respect to the
total spectrum intensity, thus taking into account the different
composition of samples (ACD/NMR v. 11.0, ACD Labs, Toronto,
Canada).

2.4. Multivariate data analysis

Principal component analysis (PCA), orthogonal projections to
latent structures-discriminant analysis (OPLS-DA) and bidirec-
tional OPLS-DA (O2PLS-DA) were performed with Pareto scaling.
PCA was applied to represent the sample distribution in the multi-
variate space. Supervised OPLS-DA and O2PLS-DA were used in
order to reduce the model complexity by removing the systematic
variations in the X matrix that were not related to Y response
(structured noise) maximising the separation among samples.
When the dimension of the joint correlated space is one, a useful
visualisation tool, such as the S-plot, could be adopted (Wiklund
et al.,, 2008). The non randomness of all classification models was
checked by performing the permutation test, in which a total of
200 models were calculated by randomising the order of Y variable
in the corresponding PLS-DA (partial least squares-discriminant
analysis) models. Multivariate data analysis was performed with
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Fig. 1. Selected regions of 'H NMR spectra acquired from DMSO-dg extracts. Squared top spectrum is characteristic of pure saffron. Spectra of pure plant material (turmeric, C.
sativus stamens, safflower, and gardenia jasminoides fruit extract) are reported in panels A, B, C, and D, respectively in bottom traces, while spiked saffron with 20% (w/w)
concentration of plants adulterants are reported in panels A, B, C and D in top traces.
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Fig. 3. OPLS-DA score plot performed by considering all saffron samples analysed divided in two classes: pure (purple circles) and adulterated (black circles) saffron.

R%X = 82.4%, R*Y = 94.5% and Q? = 92.3%. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

the SIMCA-P+ 13 software (Umetrics, Umea, Sweden). T2 and dis-
tance to the model (DModX) tests were applied to verify the pres-
ence of outliers and to evaluate whether samples fall within the
model applicability domain.

2.5. Training and test set selection

To investigate the predictive capability of the models, training
and test sets were extracted from the 50 samples containing the
4 classes of adulterated saffron with plant adulterants and the class
of pure saffron samples. Seven out of ten samples for each class
were randomly selected to build the training set, while the three
remaining samples were used for the test set. In total, training
and test set consisted of 35 and 15 samples, respectively.

3. Results and discussion

Adulteration of saffron could be easily evaluated for each plant
adulterant by comparing 'H NMR spectra of authentic and spiked
saffron. Typical signals concerning the different plant-derived
materials used as bulking agents were present along the entire
spectral region. Fig. 1 reports the aromatic and anomeric regions
of TH NMR spectra for pure plant adulterants and the correspond-
ing spiked saffron for the sake of clarity. In panel A (bottom trace),
the spectrum of turmeric extract is reported; the typical signals of
curcuminoid moiety could be identified at 7.541, 6.751 ppm for
H1,7 and H2,6, respectively, at 6.059 ppm for H4, and signals at
7.318, 7.147, and 6.819 ppm for the aromatic protons. These
assignments and the corresponding carbon signals (140.26,
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120.75, 100.55, 110.93, 122.86, and 115.42 ppm) resulted in full
agreement with previously reported data (Saladini et al., 2009).
Curcuminoid signals could be easily recognised in the saffron adul-
terated with turmeric extract (top trace, panel A) by comparison
with the pure saffron spectrum. Analogously, panel B evidenced
the increase of a doublet at 5.181 ppm most likely referred to a sac-
charidic moiety, largely present in stamens extracts; Panel C
showed the increase of signal at 5.205, 5.138, and 5.066 ppm and
finally, panel D evidenced the increase of doublets at 7.569 and
7.466, a broad signal at 5.679 ppm, and doublets at 5.121 ppm
most likely due to a saccharide moiety.

Full 'TH NMR spectra were considered for statistical analysis.
PCA was initially performed on all samples to evaluate possible dif-
ferentiation according to the purity and type of plant adulterant
used. The first two PCs explained 63.7% of the total variance; the
corresponding score plot (Fig. 2) revealed a poor separation for
the majority of samples. Only saffron samples adulterated with
20% (w/w) gardenia extract resulted sufficiently differentiated, fol-
lowed by saffron samples containing turmeric as bulking agent. A
two-step approach with supervised classification models was per-
formed to improve the differentiation of samples; pure and adul-
terated saffron were discriminated at first, while all artificial
mixtures containing 20% (w/w) plant adulterants were succes-
sively evaluated.

The OPLS-DA model performed by considering two classes
(authentic Greek and adulterated saffron), resulting in one predic-
tive and three orthogonal components (R?X = 82.4%, R*Y =94.5%,
Q% =92.3%), is presented in Fig. 3, demonstrating a clear discrimi-
nation between the two classes of samples. The corresponding S-
plot (data not shown) evidenced a higher content of picrocrocin
(buckets at 1.12, 1.16, 2.08, 4.28, and 10.04 ppm) and crocins
(buckets at 1.96, 4.16, 5.40, 6.52, 6.64, 6.84, and 7.32 ppm) in
authentic Greek saffron with respect to saffron adulterated with
the bulking agents, which generally presented higher levels of fatty
acids (buckets at 1.20 and 1.24 ppm) and buckets including specific
plant adulterant signals. Our results were in agreement with previ-
ously published data (Yilmaz et al., 2010), reporting picrocrocin
and glycosyl esters of crocetin as the most important markers for
distinguishing authentic Iranian saffron from commercial saffron

purchased in different countries. It should be noted that 'H NMR
metabolite fingerprints revealed no marked differences between
organic and conventional saffron samples, indicating potential uni-
formity of Greek saffron.

Successively an O2PLS-DA model was performed by considering
all artificial mixtures containing 20% (w/w) plant adulterants. This
model resulted in three predictive and three orthogonal compo-
nents (R2X = 95.2%, R?Y = 97.6%, Q? = 96%). By scoring the first and
the third latent variables (Fig. 4), a clear classification of the adul-
terated saffron samples according to the plant adulterant used
could be obtained.

The reliable capability in categorising unknown saffron samples
as pure or adulterated is based on the possibility to obtain a stable
and reliable model from supervised OPLS-DA. This critical aspect
was checked by selecting training and test sets constituted by 35
and 15 samples, respectively, both including authentic and adul-
terated saffron. The new two-class OPLS-DA model performed on
training set resulted in one predictive and two orthogonal compo-
nents. The overall goodness of fit were R?X = 72.5% and R?Y = 93.8%,
with the overall cross validation coefficient of Q? = 88.2%. On the
basis of T2 and DModX tests, the created model resulted suitable
for the prediction of authentic or adulterated saffron test set sam-
ples. The classification list represented in Table 1 highlighted the
model performance in prediction capability; no adulterated sample
from any of the four classes was assigned as pure saffron and all
samples were correctly classified, by using a classification thresh-
old of 0.6. Only the twelve adulterated test set samples were suc-
cessively re-projected in the O2PLS-DA model, built on the 28
adulterated saffron samples comprising the training set, resulting
in three predictive and two orthogonal components (R?X = 93%,
R?Y =96.7%, Q®>=93.4%). T2 and DModX tests evidenced that the
model created was suitable for the prediction of adulteration type
for test set samples. The classification list shown in Table 2 pre-
sented all adulterated saffron samples correctly categorised.

In order to check the non randomness of the classification mod-
els, the permutation test was performed in the corresponding PLS-
DA model for each of the OPLS-DA and O2PLS-DA models. The
decreased values of both parameters R? and Q? (R? regression line
and vertical axis intersection point of the Q2 resulted in near zero
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Table 1

Classification list for the 15 test set saffron samples (3 authentic and 12 spiked with
the four different plant adulterants) re-projected onto the two-class OPLS-DA model
(authentic and adulterated saffron) performed by considering a training set consti-
tuted by 35 samples (7 authentic and 28 spiked with the four different plant
adulterants). Letters T, Sf, St, and G stand for turmeric, safflower, C. sativus stamens,
and G. jasminoides fruit extract, respectively. Each test set sample was classified by
means of a classification score (Y predicted) indicative of its representativeness. In
bold the values exceeding the threshold of 0.6, chosen for the correct classification,
are reported.

Type of sample Y predicted Y predicted pure
adulterated saffron saffron
Adulterated saffron - Sf 1.04 —0.04
Adulterated saffron - Sf 0.98 0.02
Adulterated saffron - Sf 1.07 -0.07
Adulterated saffron - G 0.91 0.09
Adulterated saffron - G 1.02 -0.02
Adulterated saffron - G 0.99 0.01
Adulterated saffron - St 1.01 —0.01
Adulterated saffron - St 1.16 -0.16
Adulterated saffron - St 0.88 0.12
Adulterated saffron - T 0.82 0.18
Adulterated saffron - T 1 0
Adulterated saffron - T 0.82 0.18
Pure saffron —0.06 1.06
Pure saffron —0.04 1.04
Pure saffron 0.15 0.85

Table 2

Classification list for the 12 test set saffron samples (3 spiked saffron samples for each
plant adulterant) re-projected onto the O2PLS-DA model (adulterated saffron)
performed by considering a training set constituted by 28 samples (7 spiked saffron
samples for each plant adulterant). Each test set sample was classified by means of a
classification score (Y predicted) indicative of its representativeness. In bold the
values exceeding the threshold of 0.6, chosen for the correct classification, are
reported.

Type of Y predicted Y predicted Y predicted Y predicted
adulteration  safflower (Sf)  gardenia (G) stamens (St)  turmeric (T)
St 1.05 —0.04 -0.13 0.12

St 0.94 0.02 —0.08 0.12

St 0.95 -0.04 0.07 0.02

G 0.01 1.04 0.02 —-0.06

G 0.03 1.07 0.05 -0.15

G 0.02 0.95 0.13 -0.1

St 0 -0.02 0.99 0.03

St 0.01 0 1.03 —-0.04

St 0.02 0.13 0.73 0.12

T 0.03 —-0.04 0 1.01

T -0.01 -0.02 -0.15 1.18

T 0.01 -0.03 0.13 0.89

and negative values, respectively) confirmed the validity of the
models.

In the present study, the capability of distinguishing authentic
against adulterated saffron containing other plant material by
untargeted NMR fingerprinting and chemometrics was evaluated
for the first time. The approach demonstrated herein led to detect
adulteration of pure Greek saffron with four frequently utilised
plant-derived materials in two steps. The first OPLS-DA model suc-
cessfully differentiated adulterated from authentic saffron, owing
to specific secondary metabolites representing markers for saffron
authenticity, while the O2PLS-DA model identified the type of
plant adulterant occurring in the samples, when found adulterated.
The good predictive capability of both models, as was verified by
using a test set, strongly supported the validity of the protocol pro-
posed. The suggested approach is very low demanding in terms of
required amount of saffron, sample preparation and is endowed
with high reproducibility and fast execution. Thus, it may be used
for screening large commercial batches of Greek saffron, and it
could be adaptable for the analysis of samples of different grade
or diverse geographical origin after further study.

In conclusion, NMR metabolite fingerprinting proves to be effi-
cient for determining and identifying fraudulent additions of bul-
king agents to saffron, considering the difficulties in detecting
saffron fraud according to the ISO 3632 standard methods, espe-
cially when plant adulterants are involved and the spice is com-
mercialised in powder form. The obtained results confirmed the
combined use of 'H NMR spectroscopy and multivariate data anal-
ysis as a valid and powerful tool to investigate quality and authen-
ticity of food products.
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Saffron, the dried red stigmas of the plant Crocus sativus L., is well-known as one of the most important and
expensive spices worldwide. It is thus highly susceptible to fraudulent practices that employ, among others,
plant-derived adulterants. This study presents an application of diffuse reflectance infrared Fourier transform
spectroscopy (DRIFTS) and chemometric techniques for evaluating adulteration of saffron with six character-
istic adulterants of plant origin, i.e. C. sativus stamens, calendula, safflower, turmeric, buddleja, and gardenia.
The proposed method involved a three-step process for the detection of adulteration as well as for the
identification and quantification of adulterants. Partial least squares discriminant analysis (PLS-DA) was
applied to perform authentication of saffron based on mid-infrared fingerprints (4000-600 cm ™), resulting in
99% correct classification of pure saffron and saffron adulterated at 5-20% (w/w) levels. Adulterant
identification in positive samples was performed with high sensitivity and specificity by a six-class PLS-DA
model, with spectroscopic data from the region 2000—600 cm™'. Subsequently, partial least squares (PLS)
regression models were built for the quantification of each adulterant. By using synergy interval PLS (siPLS) for
variable selection, models with improved performance were developed, with detection limits ranging from 1.0%
to 3.1% (w/w). The results obtained illustrate that this strategy based on DRIFTS has the potential to

complement existing methodologies for the rapid and cost-effective assessment of typical saffron frauds.

1. Introduction

Saffron, the dried red stigmas derived from the flowers of the
cultivated plant Crocus sativus L., is a valuable and highly appreciated
spice. It is renowned as a colouring and flavouring agent in food, while
its ever growing usage in herbal formulations and other botanical
products is associated with a wide range of health promoting properties
[1,2]. Given its limited production due to the laborious process
required, saffron comprises one of the most expensive spices through-
out the world, and thereby is considered within the major candidates
for economically motivated fraud, as it was recently reported [3,4].
Moreover, this spice is considerably vulnerable to adulteration when it
is traded in powder form or when used as an ingredient to seasonings
and other products [5,6].

The addition of a variety of less expensive and more readily
available plant materials, mostly of inferior quality but similar in
appearance, has been historically known as a common fraudulent
practice. Previous reports indicate that cut and/or dyed C. sativus
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stamens, Calendula officinalis L. petals (calendula), Carthamus tinc-
torius L. petals (safflower), and Curcuma longa L. powdered rhizomes
(turmeric) are among the most frequently encountered materials as
adulterants in saffron [5-9]. The latter three materials are also
involved in mislabelling issues of commercial saffron [5,8]. Gardenia
jasminoides Ellis fruit extract (gardenia) as well as the dye extracted
from Buddleja officinalis Maxim. flowers (buddleja) constitute two
other emerging fraudulently added materials [8,9], considering that
both extracts contain pigments similar to crocetin esters (crocins)
present in saffron [8,10], and thus could be possibly concealed to a
greater degree in the saffron matrix.

For the purposes of saffron trading, counterfeiting practices can be
tackled by evaluating the purity and authenticity of a given product or
by grading its quality. According to the ISO 3632 technical standard
[11,12], the maximum mass fraction of foreign matter permitted in
third-class products is 1% (w/w). Nonetheless, the relevant method
described in [12] is based on microscopic examination that can be
extremely time-consuming for screening large numbers of samples.
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Additionally, the standard UV-vis spectrophotometric method of ISO
3632-2 for grading saffron, as it was recently demonstrated [13], may
not reveal saffron adulteration with amounts up to 20% (w/w) of
safflower, turmeric, or calendula. It is assumed that saffron authentica-
tion through established methodology is a challenging task, as saffron
of higher quality may be intentionally blended with plant-derived
substitutes to disguise fraud.

Currently, the majority of the methods developed for investigating
saffron adulteration with bulking agents of plant origin rely on
molecular techniques [6,9,14-16]. Albeit very sensitive, such methods
usually require extensive sample preparation and cannot easily address
adulteration with plant extracts, probably due to the absence of
recoverable DNA [9]. High performance liquid chromatography
(HPLC) coupled with photodiode array (PDA) and electrospray ionisa-
tion mass spectrometry (ESI-MS) detection has also revealed the
addition of plant adulterants at a minimum of 2-5% (w/w) [13].
Another recent study indicated the ability of an electronic nose system
combined with principal component analysis (PCA) and artificial
neural networks to differentiate non-adulterated and adulterated
saffron [17]. The evaluation of adulteration with typical plant bulking
agents can be rapidly performed by means of 'H nuclear magnetic
resonance (*H NMR) metabolite fingerprinting, as it was very recently
demonstrated [18]. This approach led to the development of reliable
classification models for the detection and identification of adulterants,
utilising the "H NMR data obtained from the DMSO-dg extracts of
samples. The use of advanced spectroscopic techniques such as 'H
NMR may enable the rapid, non-destructive screening of quality and
authenticity of a product with minimal or no sample preparation.

Infrared (IR) spectroscopy provides another versatile and cost-
effective option for the high-throughput analysis of a diverse range of
foods and herbs [19-24]. The increasingly recognised potential of
portable/handheld IR spectroscopy renders this technique an effective
fingerprinting tool [25] for either laboratory or on-site analysis along
complex supply networks [26]. Within the techniques used for mea-
surements over the mid-IR region, where structural information
related to the fundamental vibrations occurs [22], diffuse reflectance
infrared Fourier transform spectroscopy (DRIFTS) has proved its
potential for the determination of quality and authenticity parameters
of foods and herbs [27,28].

As regards saffron, Fourier transform mid infrared spectroscopy
(FT-IR) was first employed for the characterisation of crocins and
related apocarotenoids [29]. Thus far, several studies related to quality
and authenticity issues of saffron using infrared spectroscopic techni-
ques have been conducted [30—35]. By integrating DRIFTS or trans-
mission FT-IR and multivariate data analysis, authentication of saffron
in terms of geographical origin has been performed [31]. Also,
transmission FT-IR spectroscopy has been used for detecting saffron
deterioration due to ageing [32,33] and potential adulteration or
contamination with several colorants. The latter application was
explored by a recent study [34], which reported the capability of FT-
IR spectroscopy combined with appropriate chemometric techniques to
detect and quantify six different artificial colorants in Iranian saffron
samples. The applicability of infrared spectroscopy for screening
saffron adulteration with plant adulterants has also been investigated
in another recent work [35], by making use of infrared spectroscopic
imaging, two-dimensional correlation infrared spectroscopy and PCA.
However, information from both near infrared (NIR) microspectro-
scopic imaging and transmission FT-IR was required and only one
adulterant (i.e. safflower) was evaluated.

In the present work, the potential of DRIFTS in conjunction with
chemometrics is examined for rapidly assessing adulteration in saffron
at levels of practical interest. Supervised pattern recognition through
partial least squares discriminant analysis (PLS-DA) was employed
with a view to developing classification models for the detection of
adulteration with six typical plant-derived materials, i.e. C. sativus
stamens, calendula, safflower, turmeric, buddleja, and gardenia, as well
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as for the identification of adulterants. Partial least squares (PLS)
regression and variable selection methods were also used to quantify
adulterant concentrations in saffron.

2. Materials and methods
2.1. Samples and chemicals

A set of 50 samples of Greek C. sativus dried stigmas, harvested in
the years 2012 and 2013, was supplied by Kozani Saffron Producers
Cooperative (Cooperative de Safran; Kozani, Greece). The Greek
saffron samples belonged to the commercial category I, according to
the ISO 3632 specifications [11], and consisted of both organic (n=28)
and conventionally produced (n=22) samples, to increase the varia-
bility among them. Commercial samples of C. sativus stamens
(branded as “Safran”), safflower (branded as “Turkish saffron”), and
turmeric (branded as “Like safran”) were acquired from local markets.
Dried calendula (pot marigold) petals, derived from flowers harvested
in 2014, were provided by a local producer in Boeotia (central Greece).
G. jasminoides fruit extract (single herb extract, Zhi Zi) was purchased
from Plum Flower Brand (Anguo, China), while B. officinalis flower
bud extract was acquired from Phytoextractum (Portland, OR, USA).
The plant materials and extracts were placed in storage at 4 °C until use
and maintained in the absence of light. Potassium bromide (KBr) for IR
spectroscopy (>99%) and phosphorus pentoxide (98%) were pur-
chased from Fisher Scientific (Leicestershire, UK).

2.2. Sample preparation

The saffron samples along with the plant-derived adulterants were
initially ground to a fine powder (ca. 1 g) using an agate mortar and
pestle, so as to minimise the effect of particle size on the quality of
spectra [27]. Subsequently, a portion (ca. 0.05 g) of each sample was
submitted to overnight drying under mild conditions (25 °C), by
employing a glass vacuum desiccator containing phosphorus pentoxide
as a desiccant. This drying step was carried out for each batch of
samples before FT-IR analysis with the aim of reducing moisture
content interference and obtaining good quality spectra (higher
intensity and lower noise interference), thereby obviating the need
for mixing samples with KBr. Preliminary tests showed that powdered
saffron samples required a minimum of 12 h in order for their moisture
content to decrease from a maximum of 10% to approximately 5% (w/
w), as determined by the ISO 3632-2 standard method [12]. Artificial
counterfeit mixtures (0.05 g) were prepared by combining and mixing
thoroughly in the mortar, for 3 min, 10 representative saffron samples
with each of the six adulterants at 5%, 10%, and 20% (w/w) adultera-
tion levels. This subset of saffron samples was selected by applying the
Kennard-Stone algorithm [36,37] for uniform sampling to the original
spectroscopic data. Overall, 30 mixtures were used for each adulterant
to define each of the six respective classes of adulterated saffron. All
authentic Greek saffron samples available were included, to obtain a
more balanced data set for classification purposes, and thus 230
samples were used in total.

2.3. FT-IR analysis

Diffuse reflectance (DR) measurements were performed using a
Nicolet 6700 FT-IR spectrometer (Thermo Scientific, Madison, WI,
USA), equipped with a deuterated triglycine sulfate (DTGS) detector, a
Nichrome source and a KBr beamsplitter. The powdered samples (ca.
4 mg) were measured at least in triplicate against a dried KBr spectrum
(background) in a dry, controlled atmosphere at 25 °C, using a Spectra-
Tech (Thermo Scientific) sample microcup (3 mm diameter, 2 mm
height) placed in the DRIFTS accessory (Spectra-Tech) for analysis. A
total of 100 scans were co-added for each spectrum over the wave-
number range 4000-600 cm™!, with a 4 cm™ resolution. The DR
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spectra from each sample were collected in DRIFTS mode and averaged
using the spectrometer software (OMNIC 7.3, Thermo Scientific). In
order to ensure optimum system performance, routine procedures, i.e.
spectrometer aligning and fine-tuning of the DRIFTS sampling acces-
sory, were followed prior to each batch of measurements. Intraday
precision (repeatability) and interday (intermediate) precision were
evaluated as described by Craig et al. [38]. To determine intraday
precision, triplicate spectra of a given saffron sample were recorded
every three hours, for a period of 12 h, while interday precision was
determined by measuring spectra triplicates in five consecutive days.
Both were evaluated according to the average relative standard
deviations (RSD) among spectra. Intra- and interday precisions for
DR measurements were 2.1 + 1.2% and 3.9 + 0.8%, respectively.

2.4. Multivariate data analysis

2.4.1. Unsupervised pattern recognition

PCA was used for preliminary exploratory analysis to visualise the
sample distribution and investigate possible patterns owing to saffron
purity or the type of adulterant used, by projecting the spectroscopic
data in the multivariate space defined by orthogonal principal compo-
nents. Additionally, the presence of potential outliers was also eval-
uated on the basis of Hotelling's T? values and Q residuals. Full DR
spectra were used (1764 variables), while three data matrices
(230x1764) were evaluated for PCA models, using (a) raw data or
data treated (b) by Savitzky-Golay (SG) smoothing (window size of 15
points) followed by baseline correction, using the built-in function of
OMNIC for automatic correction that utilises a second-order poly-
nomial fitting through an iterative process (20 iterations); and (c) by
absorbance normalisation following pre-treatment (b). In all cases,
data were mean-centred before performing PCA.

2.4.2. Multivariate classtfication

PLS-DA, a supervised method for linear classification, was em-
ployed for both detecting adulteration and identifying the adulterant
used. In PLS-DA, a PLS regression model is calculated relating the
independent variables (X matrix of instrumental signals) to a class
vector which is transformed into a binary (dummy) Y matrix [39,40].
The samples are then assigned to classes according to the predictions of
the PLS model, with values ranging from O to 1, and the class threshold
values defined on the basis of the Bayes’ theorem [40]. Discrimination
among the different groups can be achieved by using an appropriate
number of latent variables (LVs), which are linear combinations of the
original variables. The number of the LVs selected is considered as
optimal when the cross validation error in classification is minimised.

To evaluate the predictive ability of PLS-DA models, cross valida-
tion was performed based on the venetian blinds (5 cross validation
groups) procedure. The models were further validated using a test set.
For this purpose, each data set was split into calibration and test sets,
containing approximately 70% and 30% of the samples, respectively.
The data splitting was achieved by using the Duplex algorithm [41],
which provides representative selection while preserving the same
diversity among calibration and test sets [42]. Samples with signifi-
cantly high leverage values along with Hotelling's T? values and Q
residuals well above 95% confidence limits were identified as outliers.
The pre-processing options mentioned above for PCA were also
evaluated for PLS-DA. All models were built after mean centering of
DR spectroscopic data. Classification parameters such as the error rate,
non-error rate, class specificity (true negative rate) and sensitivity (true
positive rate), accuracy, and/or precision [40] were used to assess the
quality of the models.

2.4.3. Multivariate calibration

Quantification of pure plant-derived adulterants in saffron samples
was carried out using PLS regression [43]. Six different data matrices
(40x1764) were employed, using 10 representative saffron (blank)
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samples and 30 samples adulterated with each adulterant at 5%, 10%,
and 20% (w/w) levels. The data pre-processing techniques evaluated
were: (1) no further processing (raw data), (2) mean centering (MC),
(3) multiplicative scatter correction (MSC), (4) MSC followed by MC,
(5) standard normal variate (SNV), (6) SNV followed by MC, (7) first
derivative followed by SG smoothing and MC, (8) second derivative
followed by SG smoothing and MC, (9) SG smoothing followed by
baseline correction (BC) and MC, (10) SG smoothing followed by BC
and absorbance normalisation, and (11) SG smoothing followed by BC,
absorbance normalisation, and MC.

Cross validation using the leave-one-out approach was employed to
assess the predictive ability and estimate the optimal number of LVs for
each model, based on the minimum root mean square error for cross
validation (RMSECV). The performance of the models was further
evaluated through parameters such as the root mean square errors for
calibration (RMSEC) and prediction (RMSEP) of a test set of samples.
The Duplex algorithm was used to split each data set into calibration
(ca. 70%) and test (ca. 30%) sets. The detection of outliers was carried
out by evaluating the leverages and the plot of Hotelling's T? distribu-
tion versus Q residuals.

After selection of the pre-processing technique that presented
better performance, different wavenumber ranges were evaluated for
model optimisation. Variable selection was also applied, using interval
PLS (iPLS) and synergy interval PLS (siPLS) methods [44]. The
objective of both methods is to find one or a few intervals of equal
length that contain relevant information and give better predictions
compared to full-spectrum range. The use of iPLS is intended to split
the spectroscopic data into a defined number of intervals and calculate
a local PLS model for each interval, while siPLS is allowed to develop
PLS models based on all possible combinations of 2, 3, or 4 intervals
[45]. The comparison of model performance was mainly based on
RMSECYV values and the associated number of LVs. However, RMSEP
values were also considered for model selection.

2.4.4. Software

DR spectra were pre-processed using OMNIC 7.3 and TQ Analyst
8.0 (Thermo Scientific), while MATLAB 8.1 (The MathWorks, Natick,
MA, USA) was employed for running algorithms and performing
analysis of spectroscopic data with Classification toolbox [40] and
PCA toolbox [46]. The use of iToolbox [44] for MATLAB enabled
variable selection in PLS.

3. Results and discussion

FT-IR spectroscopy provides valuable information associated with
the major saffron secondary metabolites, i.e. crocins and picrocrocin
(Fig. S1 and S2), which can account for up to 50% (w/w) in dried
stigmas [2]. As shown in Fig. 1, important spectral information for
differentiating between saffron and other plant-derived materials can
be extracted from the respective mid-infrared spectra, although
common features can be found. The strong and broad absorption band
centred at about 3350 cm ™ corresponds to the stretching vibration of
hydroxyl (~OH) groups. The region 3000-2830 cm™! presents two
other common peaks due to C—H asymmetric and symmetric stretch-
ing. In the region of characteristic groups (1800-1500 cm™), the
bands observed are mostly related to the carbonyl (C=0) group and
the C=C bonds. Specifically, the stretching band of C=0 at approx.
1738 em™? is assigned to the aliphatic esters [35] present in the plant-
derived materials, except for buddleja extract. This signal is particularly
strong for the samples of calendula, safflower, and C. sativus stamens,
indicating high concentrations of aliphatic esters. The absorption band
at 1706 cm™ is mainly attributed to the C=0 stretching mode of —
COOR groups in crocins [29,31], which are present primarily in
saffron. This characteristic peak, occurring also for gardenia and
buddleja extracts (Fig. 1b), shows that the conjugation system of
crocins shifts the C=0 absorption to lower wavenumbers compared
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with aliphatic esters [29]. The stretching vibration of C=0 in —COOH
group of amino acids can also contribute to this band [32]. Stretching
modes of C=C group and conjugated C=0 group (e.g. aldehydic C=0 of
picrocrocin) along with amide I band are located around 1664 cm™
[32,47]. For calendula and safflower, the band related to the stretching
of C=C group and/or conjugated C=O is shifted to ca. 1631 cm™!
(Fig. 1a), probably due to the longer conjugated systems of carotenoids
or red and yellow (e.g. quinochalcone C-glycosides) pigments con-
tained, respectively [13,47]. A shift of C=C stretching vibration is also
observed for buddleja and gardenia extracts towards the region 1620—
1610 ecm™, which could be referred to C=C conjugation with aromatic
ring. In the case of turmeric, the stretching vibrations of the conjugated
C=0 group (ketonic C=0 of curcumin and other curcuminoids) and
C=C group appear at ca. 1635 cm™! and 1605 cm™., respectively [48].
The band at 1515 cm ™}, attributed to aromatic skeletal vibration that
involves C=C stretching within the ring [35,47], is distinctive for
safflower, turmeric, buddleja, and gardenia (Fig. 1).

The fingerprint region 1500-600 cm™' comprises bands mainly
associated with the skeletal vibrations of the components, assigned to —
CH,—, —CH3, —OH, C-C, C-0O, and C—O-C groups [31]. Another
characteristic vibration for saffron, attributed to the C—O stretching of
C(=0)-0 in ester groups of crocins, is responsible for the band at
1228 em™! [29]. The 1200-700 cm™ range is mostly correlated with
the presence of sugars and polysaccharides [31]. The signals occurring
at about 1160 and 1105 cm™! are generally assigned to the stretching
vibrations of C—O groups in saccharides (e.g. in C—O-C of the sugar
rings and glycosidic linkages of oligosaccharides) [29,31,32], while
skeletal mode vibrations of the glycosidic linkages can be observed in
the region 950-700 cm~! [27]. The bands shown between 970-920,
890-810, and 780-700 cm™! can also result from C-H (trans-),

aromatic C-H, and C-H (cis-) out-of-plane bending vibrations,
respectively [32,47,48] (Fig. 2).

PCA was performed for preliminary exploration of possible differ-
entiation according to the purity of saffron and the type of adulterant
used as well as for detection of outliers. The use of SG smoothing and
baseline correction for pre-processing DR spectra (Fig. S3b) was shown
to provide comparatively better results, with the first two PCs explain-
ing a total of 92.5% of the original variance; however, as revealed by the
corresponding score plot (Fig. S4), differentiation of most samples was
not possible, apart from those adulterated with calendula where
relatively better separation was achieved. To improve the differentia-
tion of samples, a strategy involving two steps was followed employing
supervised classification by PLS-DA. Discrimination of pure and
adulterated saffron samples was evaluated first, while identification
of the plant-derived adulterant used in adulterated samples was
subsequently examined.

For the detection of adulterated saffron, three PLS-DA models were
initially evaluated on the basis of different pre-processing techniques,
using data from the entire spectral region (4000—-600 cm™). After
removal of the outliers identified by PCA, the models were built by
using 158 samples for calibration of the first two models and 157
samples for the model based on normalised data, while 70 samples
were used in all cases as a test set. Table 1 shows that this fingerprint-
ing approach gave the best results, i.e. the lowest errors and relatively
low number of LVs, when SG smoothing and baseline correction were
used for pre-processing DR spectra. The selected model was then
optimised by removing two outliers identified in the calibration set and
recalibrating. The main figures of merit for the optimised model,
constructed with 156 samples for fitting and 70 samples for prediction
(Table S1), are summarised in Table 2.
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Table 1 This two-class model explained 97% of the total variance (X), with
Performance results of the PLS-DA models developed using different pre-treatments of the first two of the five LVs accounting for the 83% of the total variance.
. -1
the DRIFTS data obtained from the full spectral range (4000-600 cm™). Notably high sensitivity and specificity rates were obtained (Table 2),
Data pre- v Non-error  Error rate  Accuracy (%) while only twol saffrqn samples adulteraFed W.lth 5% (w/w) blllddl.eja
treatment” rate (%) (%) extract were misclassified as pure saffron in fitting and cross validation
(Fig. 3). In both cases, the percentage of correctly classified samples
i 6 g itting ZZ i ZZ was 99%. When the PLS-DA model was validated with the test set, all
v:I(;fisation samples were correctly classified (Table 2). The predictive capability of
Prediction 9 4 9% the model was further evaluated by using an external test set, with
reference saffron samples provided by Saffron-OMICS stakeholders
ii) 5  Fitting 99 1 98 (COST Action FA1101, www.saffronomics.org), consisted of samples
Szloifﬂl;ion o8 2 o7 from Greece (n=3), Ttaly (n=1), and Spain (n=5). All reference samples
Prediction 99 1 99 were correctly classified as pure saffron (Fig. S5), signifying the
potential applicability of the model to saffron samples of different
iii) 5 Fitting 98 2 97 origin.

Cross 98 2 97 The regression coefficients as well as the loadings revealed that the

validation iabl ibuti he i f th £ 1
Prediction 95 5 % variables COIltI:l uting most tf) the 1ncre;?se of the pure Sé.i ron class
response pertained to the typical absorption bands of crocins at 1706
LV: latent variables. and 1228 cm™, followed by the shoulders at about 1774 and 970 cm™!
?1): mean centering of raw data; ii): mean centering of data after Savitzky-Golay (SG) as well as the band at 906 cm~!. On the other hand, the variables
smoothing and baseline correction (BC); iii): mean centering of data after SG smoothing, associated with the bands at 3350, 2928. 2856. 1631, 1515, and

BC, and absorb: lisation. The dat: -treat t selected is indicated in bold. _ . . .
and absorbance normatisation. the data pre-treatment selected Is Indicated in bo 675 cm™! along with the shoulder around 1060 cm™! were responsible
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Classification parameters estimated for pure saffron and saffron adulterated with plant-derived adulterants by the two-class PLS-DA model.

Pure saffron

Adulterated saffron

Error rate (%) Specificity (%)

Sensitivity (%) Specificity (%) Sensitivity (%)

Fitting 1 98 100 100 98
Cross validation 1 98 100 100 98
Prediction 100 100 100 100
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for the increase of the response related to the class of adulterated
saffron.

The next step was to use PLS-DA for adulterant identification in
adulterated saffron samples. In this respect, data from pre-processed
DR spectra (SG smoothing and baseline correction) of adulterated
samples were used. The model with the best performance was obtained
by excluding the region 4000—2000 cm ™!, probably due to the fact that
this region contains mostly common spectral features for all adulter-
ated samples, which contributed for the increase of adulterated saffron
class response, as indicated above. Conversely, the spectral region from
2000 to 600 cm™! presents critical variations based on the character-
istic bands of almost all adulterants examined (Fig. 2). This region has
been also shown to contain the most discriminative spectral informa-
tion for saffron authentication purposes, such as for determining
geographical origin [31]. The samples used, after detection and
removal of three outliers, were 123 in the calibration set and 54 in
the test set. Detailed information about calibration and test sets is
given in Table S2.

In this six-class PLS-DA model, the first two LVs explained 89.1%
of variance, while nine LVs were used in total and accounted for the
99% of variance. The confusion matrix in Table S3 assembles the
outputs of the model for the samples belonging to each class. The main
results obtained in fitting, cross validation, and test set prediction are
presented in Table 3; 99%, 98%, and 98% of samples were correctly
classified, respectively. As “not assigned” samples were defined either
the samples that were not recognised as members of any class or the
samples assigned to more than one class [40]. These samples were not
taken into account for the calculation of the classification parameters
shown in Table 3. Considering also the not assigned samples, the
correct classification percentages for fitting, cross validation, and
prediction were 90%, 86%, and 91%, respectively. In Fig. 4, the
classification plots of the six classes of adulterated samples are shown.

From the regression coefficients it was indicated that the class
response of samples adulterated with C. sativus stamens increased
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Table 3
Classification parameters estimated for the identification of plant-derived adulterants in
adulterated saffron by the six-class PLS-DA model.

Error  Specificity (%) Sensitivity (%) Precision (%) Not
rate assigned”
(%) (%)

Fitting 1 9

Stamens 100 94 100

Calendula 100 100 100

Safflower 100 100 100

Turmeric 99 100 95

Buddleja 100 100 100

Gardenia 100 100 100

Cross 2 12

valida-
tion

Stamens 100 94 100

Calendula 100 100 100

Safflower 99 100 94

Turmeric 99 94 94

Buddleja 100 100 100

Gardenia 100 100 100

Prediction 2 7

Stamens 100 86 100

Calendula 100 100 100

Safflower 100 100 100

Turmeric 100 100 100

Buddleja 100 100 100

Gardenia 98 100 90

@ Not assigned samples were the samples not recognised as members of any class or
classified in more than one class [40]. These samples have not been considered for the
calculation of error rate, specificity, sensitivity, and precision.

mainly due to the variables related to the shoulders occurring around
1774 and 1572 cm™!, while important variables for the class of samples
adulterated with calendula were those representing the bands at 1738
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figure legend, the reader is referred to the web version of this article.)

and 1664 cm™. As for the class of samples containing safflower, the
variables associated with the bands at 1615, 1446, 1250, and
1105 cm™, together with the variables of the regions at about 1495
and 964 cm ™!, were shown to be the most distinguishable. The bands at
1635, 1515, 1163, 934 and 861 cm™' were related to important
variables for the identification of samples adulterated with turmeric.
Also, the discrimination between the class of samples adulterated with
buddleja extract and all the other classes was enhanced mainly due to
the variables representing the band at 1706 cm™ and the region at
about 1654 cm™'. With respect to the samples adulterated with
gardenia extract, the variables of the regions at 1745 and 1628 cm™!
as well as the variables related to the bands at 1160 and 767 cm ™' had a
positive contribution to the class response.

For the quantification of each plant-derived adulterant, PLS models
were built after removal of outliers. In the cases of C. sativus stamens
and safflower, one and two outliers were removed, respectively,
whereas in any of the PLS models developed for the four other
adulterants no outliers were detected. For validation of each PLS
model, 12 samples out of 40 (for stamens 39; for safflower 38) were
selected by the Duplex algorithm as a test set. The remaining samples
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of each data set were used for model calibration and cross validation.
Different pre-processing techniques were evaluated using the full
spectral range (4000—600 cm ™). The results attained for model merits
were shown to be better in almost all cases, especially for the
calibration set, when first derivative followed by SG smoothing and
mean centering was employed (Table S4). Thus it was selected as the
most appropriate technique for pretreating DR spectra. Despite the fact
that other techniques provided in some cases models with slightly
lower RMSEP values, the number of LVs was higher or the cross
validation performance in terms of correlation coefficient (r.,) and
RMSECYV values was comparatively inferior.

The performance of the selected PLS models was further evaluated
by using different spectral subdivisions along with iPLS and siPLS
variable selection approaches. For both iPLS and siPLS, different
numbers of intervals were assessed (i.e. 10, 15, 20, 30, and 40), while
all possible combinations of 2, 3, or 4 intervals were examined in the
case of siPLS. Table S5 presents the best variable selection options for
each adulterant. In all cases, the models that presented better
performance in both calibration and validation were based on siPLS.
Listed in Table 4 are results from the different spectral ranges
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Table 4

Talanta 162 (2017) 558—566

Performance results of PLS models for the quantification of each saffron adulterant examined using different wavenumber ranges.

Adulterant Spectral range (em™) LV Ie RMSEC (%) RMSEP (%) Tey RMSECV (%)
Stamens 4000-600 4 0.99 1.07 2.38 0.83 4.43
3200-2700 and 2000-600 4 0.99 1.10 2.31 0.83 4.20
2000-600 3 0.99 1.29 2.16 0.89 3.77
1963-1626 and 941-771 4 0.99 1.09 1.75 0.94 2.94
Calendula 4000-600 4 0.99 0.88 1.53 0.93 3.05
3200-2700 and 2000-600 7 0.99 0.49 1.58 0.93 3.01
2000-600 3 0.99 1.05 1.52 0.90 3.31
1508-1396 and 1167-1055 4 0.99 0.69 0.94 0.97 3.00
Safflower 4000-600 4 0.99 1.11 1.69 0.80 5.16
3200-2700 and 2000-600 4 0.99 1.12 1.28 0.86 4.19
2000-600 5 0.99 0.88 1.34 0.90 3.51
1539-1456 and 858-773 5 0.99 0.70 1.11 0.96 2.22
Turmeric 4000-600 4 0.99 0.72 1.39 0.98 2.11
3200-2700 and 2000-600 3 0.99 0.79 1.47 0.98 1.68
2000-600 3 0.99 0.82 1.53 0.98 1.64
1624-1286 and 941-771 4 0.99 0.57 1.26 0.99 1.44
Buddleja 4000-600 6 0.99 0.38 1.29 0.99 1.84
3200-2700 and 2000-600 6 0.99 0.41 1.21 0.99 1.80
2000-600 6 0.99 0.43 1.20 0.99 1.86
1624-1456 and 941-771 3 0.99 0.69 1.23 0.99 1.45
Gardenia 4000-600 3 0.99 0.57 0.97 0.99 1.19
3200-2700 and 2000-600 3 0.99 0.63 1.05 0.99 1.19
2000-600 3 0.99 0.62 1.01 0.99 1.13
1794-1626 and 1113-943 3 0.99 0.62 1.01 0.99 1.12

LV: latent variables; r.: calibration correlation coefficient; r.: cross validation correlation coefficient; RMSEC, RMSEP, RMSECV: root mean square errors of calibration, prediction, and
cross validation, respectively. Bold values indicate the models selected based on best subset selection by synergy interval PLS (siPLS).

examined and the best subsets suggested for each adulterant by siPLS
(Fig. S6-S11). In general, the siPLS/PLS models indicated improved
predictive ability compared to the models obtained using data from
different ranges. Also, the correlation coefficient for prediction (ry)
equalled 0.98 for stamens and 0.99 for all other adulterants. Although
the full- spectrum PLS model for gardenia provided comparable results
to the siPLS/PLS model, the latter appears to contain the most relevant
information that can be helpful in spectroscopic interpretation.

The limits of detection (LODs) were calculated according to a novel
IUPAC-consistent estimator that adopts the form of a detection interval
[49]. The LOD lower and upper interval values for each adulterant
obtained from the respective siPLS/PLS models are listed in Table 5.
Analytical sensitivity (y) of each model was additionally calculated. The
inverse of y (y~1) provides an estimation of the minimum concentration
difference that each siPLS/PLS model can distinguish, by taking into
account the random instrumental noise as the only source of error [50].
The values obtained ranged from 0.2% to 0.6% (w/w), as shown in
Table 5.

By comparing the LODs determined for calendula (1.9-2.6% w/w),
safflower (2.1-2.8% w/w), and turmeric (1.0-1.6% w/w) with those

Table 5
Comparison of LOD and analytical sensitivity values obtained for each adulterant by
siPLS/PLS in the concentration range 0-20% (w/w).

Adulterant 1 LOD range [min-max] (%) vy (1/%) v (%)
Stamens 27 2.2-3.1 1.8 0.5
Calendula 28 1.9-2.6 1.9 0.5
Safflower 26 2.1-2.8 1.8 0.6
Turmeric 28 1.0-1.6 4.0 0.2
Buddleja 28 1.1-1.6 3.7 0.3
Gardenia 28 1.1-1.5 4.2 0.2

I: number of calibration samples; LOD: limit of detection calculated according to Ref.
[49]; y: analytical sensitivity; y!: inverse of y.
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previously reported by employing HPLC with PDA and/or ESI-MS
detection [13], namely 5% (w/w) for calendula or safflower and 2% (w/
w) for turmeric, it is implied that the proposed approach may enable
detection at comparable or even lower levels of plant-derived adulter-
ants in saffron. Therefore, the positive influence of spectral pre-
processing and variable selection in sensitivity and overall improve-
ment of PLS models is highlighted.

4. Conclusions

The increasing concern of producers, retailers, and consumers for
authenticity of valuable products such as saffron underlines the need
for high-throughput analytical methods that allow, from a practical
point of view, for the rapid screening of potential adulterations. Once
the adulteration is detected and the adulterant is identified, quantifica-
tion is also required to estimate the level of adulteration. This study
sought to establish a simple and versatile approach for the detection,
identification, and quantification of six emerging adulterants of saffron
by utilising DRIFTS spectroscopic data. DRIFTS is a non-destructive
technique that requires only a small amount and minimal preparation
of saffron samples. The methodology reported herein, following a
three-step process, confirms the practical suitability of DRIFTS inte-
grated with chemometric analysis as a green, cost-effective alternative
for the rapid assessment of saffron adulteration with plant-derived
adulterants. The possibility of portable or handheld instrumentation
may further enhance the potential of this approach for on-site analysis
and fraud detection within long and complicated supply chains.
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Saffron, the dried red stigmas of Crocus sativus L., is considered as one of the most expensive spices world-
wide, and as such, it is prone to adulteration. This study introduces an NMR-based approach to identify
and determine the adulteration of saffron with Sudan I-IV dyes. A complete 'H and '>C resonance assign-
ment for Sudan I-1V, achieved by two-dimensional homonuclear and heteronuclear NMR experiments, is
reported for the first time. Specific different proton signals for the identification of each Sudan dye in
adulterated saffron can be utilised for quantitative '"H NMR (qHNMR), a well-established method for
quantitative analysis. The quantification of Sudan III, as a paradigm, was performed in varying levels
(0.14-7.1 g/kg) by considering the NMR signal occurring at 8.064 ppm. The high linearity, accuracy and
rapidity of investigation enable high resolution 'H NMR spectroscopy to be used for evaluation of saffron
adulteration with Sudan dyes.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Sudan dyes constitute a family of lipophilic azo-compounds,
widely used in industries as colouring agents in products such as
textiles, plastics, waxes, and polishes. The International Agency for
Research on Cancer categorises the dyes Sudan I-IV as Group 3 car-
cinogens (IARC, 1975) and their use in food is not approved in most
countries, including the European Union (Commission Decision,
2005). However, numerous notifications reported to the EU rapid
alert system (RASFF) have demonstrated the illegal presence of
these dyes in a range of foodstuffs, including saffron, since 2003.

Saffron, the spice obtained from the dried red stigmas of Crocus
sativus L., is particularly liable to deliberate adulteration because it
is considered as one of the most expensive spices worldwide
(Moore, Spink, & Lipp, 2012). This spice is traditionally used for
colouring and flavouring food and is endowed with a range of
health promoting benefits (Winterhalter & Straubinger, 2000).
Because of its high price and the production constraints, saffron

* Corresponding author.
E-mail address: roberto.consonni@ismac.cnr.it (R. Consonni).

http://dx.doi.org/10.1016/j.foodchem.2016.08.078
0308-8146/© 2016 Elsevier Ltd. All rights reserved.

has experienced various types of adulteration throughout the years
(Hagh-Nazari & Keifi, 2007). Nowadays, the addition of artificial
colourants is a common way of fraud. The quality control of saffron
typically involves the determination and quantification of colour-
ants suspected as potential adulterants. As a general rule, artificial
colourants should be absent from saffron according to the ISO 3632
standards (ISO, 2010, 2011). However, ISO 3632-2 (ISO, 2010) pro-
vides chromatographic (i.e. TLC, HPLC) test methods for artificial
water-soluble acid colourants but not for fat-soluble compounds,
such as the banned Sudan dyes, that may be used for improving
appearance of old and inferior quality saffron. Adulteration of saf-
fron with synthetic dyes has been the subject of rather limited
studies, with keen emphasis on water-soluble colourants such as
erythrosine, ponceau 4R, and tartrazine (Hajimahmoodi et al.,
2013; Lozano, Castellar, Simancas, & Iborra, 1999; Ordoudi &
Tsimidou, 2011; Zalacain, Ordoudi, Blazquez et al., 2005;
Zougagh, Rios, & Valcarcel, 2005). The only method reported so
far for the detection of Sudan dyes in saffron has been developed
by Ates, Mittendorf, and Senyuva (2011) using liquid chromatogra-
phy/mass spectrometry (LC/MS) and cloud point extraction.
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Today, there is a steady growth in reports concerning Sudan
dyes detection mainly in chilli or curry powder and related food
products. The majority of the analytical methods developed are
based on LC coupled with UV-Visible (UV-vis), photodiode array
(PDA), or MS detection (Rebane, Leito, Yurchenko, & Herodes,
2010; Zhu et al., 2014). The main drawbacks of such chromato-
graphic techniques are that they may be time-consuming and usu-
ally require sample manipulation. To overcome these handicaps,
spectroscopic techniques that provide rapidity, reliability and ease
of use could be applied.

Recent studies have successfully examined the potential of
spectroscopic techniques such as Fourier transform mid-infrared
(Ordoudi, de los Mozos Pascual, & Tsimidou, 2014), near-infrared
(Zalacain, Ordoudi, Diaz-Plaza et al., 2005), Raman (Anastasaki
et al.,, 2010), UV-vis (Maggi et al., 2011) and nuclear magnetic res-
onance (NMR) spectroscopy (Cagliani, Culeddu, Chessa, &
Consonni, 2015; Ordoudi et al., 2015; Petrakis, Cagliani, Polissiou,
& Consonni, 2015; Sobolev et al, 2014; Yilmaz, Nyberg, &
Jaroszewski, 2011; Yilmaz, Nyberg, Mpglgaard, Asili, &
Jaroszewski, 2010) to assess saffron quality and authenticity
parameters. UV-vis spectroscopy, which is routinely used in saf-
fron quality control, can be used for detecting Sudan dyes in saffron
although it provides rather low sensitivity, as the detectable adul-
teration is 5 g/kg for Sudan I and II and 2 g/kg for Sudan III and 1V,
respectively (Sanchez, Maggi, Carmona, & Alonso, 2011). The abil-
ity of high resolution '"H NMR combined with chemometrics to
detect possible contamination of culinary spices including tur-
meric, curry, and mild or hot paprika with Sudan I-IV dyes has
been recently demonstrated (Di Anibal, Callao, & Ruisanchez,
2011; Di Anibal, Ruisanchez, & Callao, 2011).

Over the past years, 'H NMR spectroscopy has also attracted
considerable attention as an efficient quantitative tool (Pauli,
Godecke, Jaki, & Lankin, 2012). The recent development of NMR
spectrometers with high-field magnets as well as the advances in
the probe technology have enabled the analysis of numerous com-
pounds in low concentrations, with high precision and accuracy
(Bharti & Roy, 2012; Ohtsuki et al., 2013). As the signal integral
is directly proportional to the associated number of protons, the
quantification of the molecule under investigation can be easily
performed by evaluating the integral ratio with a reference mole-
cule. The lack of necessity for isolation and purification of the tar-
get component and the quantification capability using solely a
well-resolved signal are also among the key advantages that quan-
titative 'H NMR (qHNMR) offers. To our knowledge, the feasibility
of gHNMR for the determination of Sudan dyes in spices and other
foodstuffs has not yet been explored.

This paper introduces a simple, rapid and reliable method for the
identification of the banned Sudan dyes I-IV in adulterated saffron
by employing high resolution 'H NMR spectroscopy. A complete
'H and '3C NMR assignment for all Sudan dyes was achieved by
extensive use of NMR experiments, like two-dimensional total cor-
relation spectroscopy (TOCSY), heteronuclear single quantum
coherence (HSQC), heteronuclear multiple bond correlation
(HMBC), and two-dimensional heteronuclear single quantum coher-
ence - total correlation spectroscopy (HSQC-TOCSY). The applica-
tion of gHNMR is proposed herein for the quantification of Sudan
Il in adulterated saffron in levels that may practically impact the
visual colour, without requiring elaborate sample preparation.

2. Materials and methods
2.1. Chemicals

Sudan I standard (dye content: >95%) was acquired by Sigma-
Aldrich (St. Louis, MO, USA), while Sudan II (90%) and Sudan IV

(=80%) were obtained from Aldrich (Steinheim, Germany). Sudan
Il (analytical standard purity: >96% HPLC) was acquired from
Fluka (Steinheim, Germany). Chloroform (99.96 atom % D) was
purchased from Euriso-Top (Saclay, France).

2.2. Standard solutions

The Sudan Il standard was accurately weighed in the amount of
4 mg and dissolved in 1 mL of CDCl;s as a stock solution, which was
stored at 4°C in the dark. Intermediate working solution at
0.36 mg/mL was prepared by serially diluting the stock solution
with CDCls.

2.3. Sample preparation

An authentic Greek saffron sample (harvest 2012) of commer-
cial category I, according to the ISO 3632 specifications, was pro-
vided by Kozani Saffron Producers Cooperative (Cooperative de
Safran). Spiked saffron samples were prepared by adding the Sudan
Il working solution to the selected sample, firstly at 1.4, 3.6, and
7.1 g/kg concentration levels (Di Anibal, Callao et al., 2011; Di
Anibal, Ruisanchez et al, 2011) and then at 0.14, 0.36, and
0.71 g/kg. The latter three concentration levels were used to check
the sensitivity of the 'H NMR method. All concentrations are
within the range of adulterated spices, as suggested by the Amer-
ican Spice Trade Association (ASTA, 2005). Accurately weighed
quantities (10 mg) of pure saffron, pure Sudan I-IV dyes, and the
spiked saffron samples with Sudan III were dissolved in 600 pL of
CDCl5 and stirred for 3 min at room temperature. After 10 min,
they were submitted to centrifugation at 12100g for 10 min and
then 500 pL aliquots of the supernatant were transferred into
5 mm NMR tubes for analysis.

2.4. NMR analysis

All spectra were recorded on a Bruker AV600 spectrometer
(Bruker Biospin GmbH, Rheinstetten, Karlsruhe, Germany), operat-
ing at 14.09 T and equipped with a 5-mm inverse probe with a
z-gradient at 300 K.

2.4.1. Quantitative '"H NMR (qHNMR)

TH NMR spectra were recorded under quantitative conditions
using a 90° pulse experiment, collecting 128 scans over 32 K data
points and a relaxation delay of 40 s. The quantification of Sudan
Il dye in the CDCl; extracts of spiked saffron samples, at various
concentration levels, could be carried out with a molarity-based
quantification approach by using a calibration curve with a stan-
dard solution of whichever Sudan dye acquired under identical
conditions used for all spiked saffron samples; in the present case
Sudan II has been considered. Moreover, the residual solvent signal
(0.04% of CHCl3 in CDCl5) in spiked saffron samples was adopted as
internal reference and the Sudan III (purity grade >96%) content
was calculated by using the following equation (Bharti & Roy,
2012):

w Isit _ Nga Mg Py
s = I_ X N X M X P_
sta - Nom st Pom

where I, N, M, P and W are signal integral value, number of protons
generating the selected signal for integration, molar mass, purity
and weight of Sudan III (SIII) and the reference standard (std) used,
respectively.

The Sudan III content (g/kg) of spiked saffron samples was
calculated using the following formula:

ng x 1000
—_— 2
Wsample ( )

x W (M)

Content (g/kg) =
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with Wgmpe being the weight of the spiked saffron sample
(0.010 g).

2.4.2. 3C NMR

13C NMR spectra of the Sudan I-IV samples were acquired with
1024 transients and 64 K points covering 34000 Hz and a pulse
width of 11 ps (90°pulse) with the inverse-gated decoupling pulse
sequence from a Bruker library, to avoid the hetero-nuclear Over-
hauser effect derived from proton decoupling.

2.4.3. Two-dimensional NMR

Two-dimensional homo- and hetero-nuclear correlation NMR
spectra (DQF-COSY - Double Quantum Filtered — COSY, TOCSY,
HSQC, HMBC, and HSQC-TOCSY) were acquired for Sudan I-IV
spectra assignment. Spectra were typically acquired with 11 and
231 ppm over 2048 and 256 data points in proton and carbon
dimensions, respectively. TOCSY spin lock was set at 80 ms with
the direct heteronuclear coupling constant at 145 Hz.

2.4.4. NMR data processing

Exponential line broadening of 0.3 and 1.2 Hz was applied as
resolution enhancement function for 'H and 3C spectra, respec-
tively; zero-filling to 32 K (*H) and 64 K ('3C) prior to Fourier trans-
formation (TOPSPIN v. 3.0 software; Bruker Biospin GmbH
Rheinstetten, Karlsruhe, Germany) was used. Manual phase adjust-
ment and baseline correction were carefully performed. The spec-
tra were referenced to the residual solvent signal at 7.260 ppm for
'H and 77.16 ppm for '3C spectra, respectively.

3. Results and discussion

The analysis of the 'H NMR spectra of CDCl; extracts for Sudan
I-IV dyes showed the majority of signals in the aromatic region,
with the only exception for methyl signals of Sudan I and Sudan
IV dyes located in the aliphatic region. Notwithstanding the
crowded aromatic region resulted increased according to the
molecular complexity, the full resonance assignment has been
achieved for both proton and carbon atoms, for the first time, by
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the analysis of homo- and heteronuclear bi-dimensional spectra
of all Sudan dyes dissolved in CDCls, as reported in Table 1 (label-
ling according to Fig. 1). The combined use of HSQC, HMBC, and
HSQC-TOCSY allowed us to resolve assignment ambiguities due
to spectral overlap in '"H NMR spectra (Figs. S1-S4 in Supplemen-
tary data). All the aromatic signals of Sudan I-IV dyes occur in
the spectral region between 6.750 and 8.650 ppm where no signif-
icant signals in the pure saffron spectrum are present (Fig. 2), thus
enabling to monitor a selected spectral region for the detection of
aromatic dyes. Additionally, Fig. 2 reports a red grid highlighting
specific proton resonances that allowed univocal identification of
each Sudan dye in adulterated saffron: proton 3 at 6.870 ppm for
Sudan I, proton 8 at 8.618 ppm for Sudan II, protons 2’ and 6’ over-
lapped at 8.064 ppm for Sudan III, and proton 6’ at 8.181 ppm for
Sudan IV.

The quantification of the dye was evaluated by adopting the
gHNMR requirements, concerning the NMR acquisition and pro-
cessing procedures (Bharti & Roy, 2012). The primary requirement,
the presence of one non-overlapping signal of the molecule to be
quantified by integration (Beyer, Schollmayer, & Holzgrabe,
2010), was met in our case for at least one signal within all Sudan
dyes, revealing high specificity and selectivity.

To check the linearity of quantification within the adopted
range for the presence of colourant addition, solutions consisting
of Greek saffron sample of certain origin were spiked with Sudan
Il working solution, at six different concentrations: 0.14, 0.36,
0.71, 1.4, 3.6, and 7.1 g/kg (Fig. S5 in Supplementary data). The
quantification of Sudan Il was carried out by considering the
resonance at 8.064 ppm accounting for two diphenylazo protons
(De Nino, Di Donna, Maiuolo, Mazzotti, & Sindona, 2008), namely
2’ and 6'. This signal was integrated for all saffron samples spiked
with Sudan III, and referred to the residual solvent signal. The
calibration curve shown in Fig. 3A was generated based on the
integral values and the corresponding amount of dye, obtaining a
correlation coefficient of 0.999, thus confirming the high linearity
of the measurements. These integral values were used to calculate,
according to the equations (1) and (2) previously reported, the
concentration of Sudan III with respect to the internal reference

Table 1
H and '3C NMR assignments for Sudan I-IV dyes dissolved in CDCls.
Atom SUDAN I SUDAN II SUDAN III SUDAN IV
'H ppm 13C ppm 'H ppm 13C ppm 'H ppm 13C ppm 'H ppm 13C ppm

1 - 130.22 - 130.57 - 131.14 - 131.66
2 - 171.99 - 170.57 - 175.66 - 176.47
3 6.870 124.95 6.925 124.64 6.818 125.73 6.810 125.90
4 7.713 140.20 7.724 139.41 7.719 141.61 7.690 141.62
5 7.598 128.76 7.619 128.69 7.583 129.01 7.554 129.36
6 7.393 125.86 7.391 125.55 7.421 126.58 7.401 126.57
7 7.552 129.00 7.557 128.81 7.549 129.41 7.561 128.97
8 8.564 121.87 8.618 121.72 8.547 122.22 8.537 122.12
9 - 133.75 - 133.72 - 133.61 - 133.56
10 - 128.21 - 128.09 - 128.45 - 128.32
1 - 144.94 - 141.19 - 151.02 - 143.72
2 7.738 118.74 - 137.97 8.064 124.80 - 150.92
3 7.481 129.73 7.098 131.91 7.828 118.52 7.825 125.71
4 7.304 127.57 - 129.74 - 146.00 - 128.38
5 7.481 129.73 7.159 128.27 7.828 118.52 7.930 122.98
6’ 7.738 118.74 7.966 116.00 8.064 124.80 8.181 116.13
1”7 - - - - - 152.95 - 138.34
2" - - - - 7.945 123.06 - 151.00
3" - - - - 7.538 129.29 7.648 115.53
4" - - - - 7.486 131.20 7.275 126.52
5" - - - - 7.538 129.29 7.362 131.02
6" - - - - 7.945 123.06 7.349 131.42
Me’ - - 2.377 21.34 - - 2.602 17.71
Me” - - 2.527 17.71 - - 2.747 17.76
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Fig. 1. Structure and labelling scheme for Sudan I-1V dyes analysed.

M Sudan IV M

M Sudan lil

M Sudan Il M

M Sudan |

Pure saffron

= —

Lot kP

T | T T T T | T T

8.5 8.0

T | T T T T | T T

7.5 7.0 [ppm]

Fig. 2. Aromatic region of 'H NMR spectra of Sudan I-IV dyes and the pure Greek saffron analysed. From the bottom to the top pure saffron, Sudan I, Sudan II, Sudan III, and
Sudan IV are represented. Specific signals for the identification of each Sudan dye in adulterated saffron are highlighted with the red grid. (For interpretation of the references

to colour in this figure legend, the reader is referred to the web version of this article.)

represented by the residual solvent signal of CHCls (0.04%) in
CDCls, as shown in Fig. 3B, and similarly resulted in a correlation
coefficient of 0.999.

Alternatively, the quantification of Sudan III could be achieved
by considering an external quantified reference standard. The
results obtained considering a Sudan II standard solution (purity
grade 90%) were here reported. In particular, the well isolated res-
onance of the naphthol proton 8, occurring at 8.618 ppm, was cho-
sen for the molarity-based quantification. Also in this case, the
results obtained in the concentration range of 0.14-7.1 g/kg indi-

cated high linearity. Fig. 4 reports the calibration curve resulting
in a correlation coefficient of 0.998. In both procedures, the quan-
tification of Sudan III in saffron was calculated evaluating a single
isolated resonance of the aromatic moiety for this dye and this
principle will be achievable for the other members of Sudan family,
easily identifiable in saffron by monitoring specific isolated proton
signals, as previously discussed and highlighted in Fig. 2. The fur-
ther quantification could be feasible by taking into proper account
the number of corresponding protons, according to the full reso-
nance assignment reported here for the first time. As a matter of
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Fig. 3. Concentration by weight of Sudan III (g/kg) in adulterated saffron (in the range of 0.14-7.1 g/kg) vs (A) integral values and (B) concentration calculated (g/kg) for Sudan

Il considering the signal at 8.064 ppm scaled to the residual CHCl; signal at 7.260 ppm.
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Fig. 4. Concentration by weight of Sudan III (g/kg) in adulterated saffron (in the range of 0.14-7.1 g/kg) vs concentration calculated (g/kg) for Sudan III considering the signal
at 8.064 ppm scaled to the standard solution of Sudan II considering proton signal at 8.618 ppm.

fact, the use of an organic solvent like chloroform did not allow
detection of any possible interfering signals for components of
saffron containing aromatic rings.

The proposed procedure presents some advantages in compar-
ison with data fusion approaches (Di Anibal, Callao et al., 2011)
that require meta-spectrum and multivariate data analysis; in

the present work a single spectrum is required, obtained with high
reproducibility and linearity of the response, allowing a single
evaluation without the use of a set of representative samples nec-
essary for statistical treatment. Moreover, the use of high resolu-
tion 'H NMR measurements allowed the detection of a lower
concentration of Sudan Il (0.14 g/kg) in saffron, when compared
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to other spectroscopic techniques like UV-vis where the dye was
detected at levels as low as 2 g/kg (Sanchez et al., 2011). Thus,
the outcome of this procedure can be complementary to previous
achievements (Ates et al., 2011).

Finally, the quantification of Sudan dyes could be performed by
considering either an internal (CHCl;) or an external reference,
most likely a standard solution of any Sudan dye. In our opinion,
the direct use of solvent as a reference for quantification is prefer-
able to preparing a standard solution of dye, as experimental time
is being reduced and both calibrant (solvent) and analyte (Sudan
dye) are subjected to identical experimental conditions, minimis-
ing possible deviations. Another possible option could be to use a
known concentration of a standard molecule added to the solution,
with particular requirements like the absence of overlapping peaks
in the regions of interest and no interference with the molecule to
be quantified (Mavromoustakos, Zervou, Bonas, Kolocouris, &
Petrakis, 2000). The lowest concentration quantified by gHNMR
was as low as 0.14 g/kg; considering that the levels of adulteration
that make practical economic sense exceed 0.12 g/kg and may
reach 1 g/kg (ASTA, 2005), the method here proposed seems to
be a valid tool for the detection of Sudan (I-IV) adulteration in
saffron. The high linearity, accuracy and rapidity of investigation
enable this approach to be used for evaluation of saffron
adulteration with Sudan dyes. The main advantage of using NMR
is the minimal sample preparation and null chemical treatment.
In this respect, water-soluble artificial colourants, usually analysed
by other spectroscopic techniques, such as UV-vis, and liquid chro-
matography, could be investigated as well, avoiding the drawbacks
of sample pre-treatment and the additional problems derived from
the matrix effect that might influence the chromatographic resolu-
tion. In view of this, chloroform appears to be the most suitable
solvent to detect possible adulterations with lipophilic molecules,
while in case of hydrophilic or bio-adulterants (Petrakis et al.,
2015), DMSO will be the proper candidate for these investigations.
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1 INTRODUCTION

Saffron, the most expensive spice in the world market, is according to the trade standard ISO
3632' obtained from the pistils of Crocus sativus L. flowers after drying. Drying is carried out
by producers by rather traditional treatments. The latter differ comparatively from each other
according to geographical origin>. The high market value of the material is mainly related to
labor cost as the cultivation is not mechanized yet, despite the many centuries of known use
in foods and ethnopharmacology. Saffron comes from only a few areas of the world, Iran
being the major producer in Asia. India comes next whereas growing is the interest in
neighboring to them countries (Afghanistan, China). In Europe, the use of pistils of crocuses,
which are now studied as possible progenitors of the sterile triploid C. sativus, is evidenced in
the frescoes of Akrotiri (Santorini, Greece) and ancient Greek and Roman literature.
Production is currently coming from producer associations in Kozani region (Greece) and
Castilla la Mancha (Spain). The respective products (Krokos Kozanis and Azafran de Castilla
la Mancha) have been registered as PDO products. A revival of the cultivation is observed in
certain regions of Italy and in particular Sardinia, Abruzzo and Tuscany received PDO stamp
(Turri - Villanovafranca - S. Gavino Monreale, L’Aquila and S. Gimignano) while small
farmers are present elsewhere. Among Maghreb countries, Morocco presents activity in
organized saffron production. The interest in cultivation is expanded within and beyond
Europe though the limitation of legally traded C. sativus corms is an obstacle. Plant material
from nurseries has not been always found effective in daughter corm yield, number of
flowers per corm and length of pistils.

COST ACTION FA11001 SaffronOMICS (2011-2015) according to the Memorandum of
Understanding (www.saffronomics.org) is a concerted cross-project and a multidisciplinary
approach that succeeded so far in bringing together experts, who jointly address issues of
authenticity, quality control and origin of saffron among the many other objectives. High
throughput techniques such as NMR, that facilitate the examination of plant metabolites, are
also aimed for saffron within the SaffronOMICS frame. NMR techniques present a great
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potential to establish new criteria for the above-mentioned issues beyond those proposed by
ISO 3632 trade standard and literature applications of other spectroscopic techniques (e.g.
UV-Vis, fluorescence, Near Infrared, Mid Infrared).

ISO 3632 established quality criteria for authenticity, quality and origin control using
spectroscopic methods, exclusively based on spectrophotometric measurements. NMR and
other spectroscopic techniques, hereafter presented, are largely adopted because of their fast
and nondestructive properties.

2 SPECTROSCOPIC INVESTIGATIONS OF SAFFRON
2.1. UV-Vis Spectrometry
UV-Vis spectrometry has been applied to tentatively quantify quality characteristics for the

commercial categories of saffron in filaments, cut filaments and powder form (Table 1).

Table 1 Saffiron quality characteristics and specifications according to ISO 3632-1".

Specifications
Quality characteristics Filaments and

cut filaments Powder
Moisture and volatile matter content,%, max 12 10
E1% 257nm on dry basis, min (due to the
absorbance of picrocrocin)
Category | 70 70
Category 11 55 55
Category 11T 40 40
E1% 330 nm, on dry basis (due to the
ab§orbance of safranal) 20 20
Min 50 50
Max
E1% 440nm, on dry basis, min (due to the
absorbance of crocins) 200 200
Category I

170 170
Category 11 120 120
Category III

These quality criteria are set for the three major attributes of saffron as spice, i.e. (a) the
coloring strength due to the presence of a group of water soluble apocarotenoids, the crocins;
(b) the aroma strength expressed as safranal and (c) the flavour strength expressed as
picrocrocin. Expression of quantitative results is as E 1% at Amax. Chemical structures of the
major compounds responsible for the above-mentioned quality attributes are given in Fig. 1.
The major crocin is trans-4-GG, representing more than 60% of the total crocetin esters’. In
the case of superior quality products, crocetin esters represent 20 - 37 % w/w of dry weight of
saffron™*. Picrocrocin content™® (7 - 27 % w/w) together with that of total crocins normally
account for 50% of saffron dry weight. It is evident that the product is quite rich in these
secondary metabolites currently appreciated for their beneficial properties against Alzheimer
and cardiovascular diseases’, gastric disorders, depression etc. A typical spectrum of an
aqueous extract is given in Fig.2.
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Moiety Compound Named as

Ri=R,=B Crocetin-di-(f-D-gentiobiosyl) ester trans or cis-4-GG
(Crocin 1)

R, =C, R,:=B Crocetin-tri-(f-D-glucosyl)-(S-D-gentiobiosyl)  trans or cis-5-tG
ester

R;=D, R:=B Crocetin-(f-D-gentiobiosyl)-(#-D- trans or cis-5-nG
neapolitanosyl) ester

R;=B,R,=A  Crocetin-(f-D-gentiobiosyl)-(f-D-glucosyl) trans or cis-3-Gg
ester

Ri=R=A Crocetin-di-(f-D-glucosyl) ester trans or cis-2-gg

R, =B,Ry=H  Crocetin-mono-(f-D-gentiobiosyl) ester trans or cis-2-G

R;=A,R;=H  Crocetin-mono-(fi-D-glucosyl) ester trans or cis-1-g

Figure 1 Chemical structures of picrocrocin (1), safranal (II) and major esters of trans- (IIl)
and cis-crocetin (IV) present in C. sativus polar extracts. Nomenclature is by Carmona et al.’
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Figure 2 Typical UV-Vis spectrum of saffion aqueous extracts

Authenticity issues reported in the same trade standard are related with methods for ensuring
the absence of artificial colorants (yellow and red synthetic acidic ones). These colorants are
isolated after a well-defined protocol (Scheme 1) and are then characterized by TLC
(screening) and RP-HPLC coupled with a diode array detector (DAD).

Add warm water (60 °C)
Saffron powder

acidify to pH 2
Polyamide SPE cartridges
preconditioned with water

(1) Successive washes
with methanol, acetone
& acidified methanol Re-dissolve
(2) Elution with
methanol-ammonia z
(3) solvent evaporation Semeeeeed =
in wate
Scheme 1 Flow diagram of the sample pretreatment for the detection of artificial colorants in
saffron, according to 1ISO 3632 specifications®

solution

RP-HPLC-
DAD

Adulterants like Sudan dyes, or other plant material such as gardenia, safflower and buddleja
flowers are not considered in the trade standard. Origin issues are not addressed either in the
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ISO 3632 specifications or in any national legislation. To this extent there is an obvious lack
of support of PDO products by objective means.

Advances in knowledge on saffron composition along with new available analytical tools and
global market trends have led a substantial body of international research to focus on the
improvement of the ISO standard specifications and methods. For example, it is well
documented by means of chromatographic analysis that absorbance values at 257 nm and 330
nm are not specific for picrocrocin and safranal, respectively®”'’. Alternative protocols for
the spectrophotometric estimation of picrocrocin and safranal content have been recently
proposed by Alonso and co-workers'"'? based on calculation of the AE,; index or extraction
with less polar solvents, respectively.

The ISO-proposed procedure for the extraction of saffron active metabolites seems to also
attract the interest of researchers. Apart from solid-liquid extraction with different kinds of
solvents'>'®, nano-emulsions'® or molecularly imprinted polymer solid-phase extraction'’
have been proposed the last years. In all cases, UV-Vis absorption values were monitored
during optimization experiments.

Considering the detection of artificial colorants in saffron, the latest version of the ISO 3632-
2 trade standard® suggests an alternative sample pretreatment protocol in case “the HPLC
chromatograms are unacceptably contaminated by peaks due to the natural pigments of
saffron”. This protocol is actually a modification of that described few years earlier by
Zalacain et al.'>. The original procedure allows direct detection of the exogenous dyes by
means of 2™ derivative UV-Vis spectra instead of applying the ISO TLC method. The
method was found inappropriate for erythrosine and carminic acid due to low recoveries
during sample pretreatment. To partially overcome the limitations of detecting pH-sensitive
dyes such as erythrosine, Ordoudi and Tsimidou'® suggested that fluorescence properties of
suspected saffron extracts could be investigated. On the basis of measurements at 532 nm
excitation/548 nm emission wavelengths, traces of erythrosine in saffron (0.04 mg/Kg) were
detected even in the presence of other synthetic dyes. It is worth noting that so far,
applications of fluorescence spectroscopy to saffron analysis are extremely rare”.

2.2. Infrared and Raman spectroscopy

Infrared and Raman spectroscopy are versatile, non-destructive analytical techniques that
provide spectral fingerprints of many analytes. Both vibrational techniques are rapid,
inexpensive and require minimal or no sample preparation’' >*. The available studies report
their successful applications for characterization and verification of the quality and
authenticity of saffron.

Over the last few decades, Fourier transform Infrared spectroscopy (FT-IR) has been used to
characterize and assess quality of saffron. Tarantilis et al. reported the FT-IR spectra of
crocetin esters (crocins) and their derivatives, di-methyl-crocetin (DMCRT) and crocetin
(CRT),” where characteristic absorbance bands in the spectral regions from 1706 to 1664 cm’
' (C=0 stretching vibrations) and from 1243 to 1228 cm™ (C-O stretching vibrations) were
observed. Several studies followed, examining quality parameters and authentication of
saffron by means of Mid Infrared or Near Infrared spectroscopy. Fourier transform Mid
Infrared spectroscopy (FT-MIR) in conjunction with multivariate analysis has been employed
for the geographical determination of 250 saffron samples from four countries, i.e. Greece,
Iran, Italy and Spain®®. FT-MIR spectra were recorded either in diffuse reflectance infrared
Fourier transform spectroscopy (DRIFTS) mode for powdered saffron samples or in
transmission mode, using ZnSe windows, with reference to non-polar (diethyl ether) saffron
extracts. The latter proved more suitable for the geographical identification of the samples. In
particular, the application of canonical discriminant analysis (DA) to the spectroscopic data
of diethyl ether extracts in the region 2000-700 cm™ resulted in 77.2% correct classification
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of samples. The second derivative of the same spectral region provided even better results, as
93.6% of the samples were correctly classified. Additionally, the first two discriminant
functions explained the 93.4% of the total variance, with function 1 differentiating Italian
samples from all the others; function 2 accounted for the discrimination among the three
remaining groups of samples. Italian samples were best characterized by the spectral region
associated with the ester carbonyl group, at around 1746 cm™. This clearly appears because
the Italian samples came from Sardinia, where stigmas are traditionally wetted with extra
virgin olive oil and thus triglycerides occur in those samples. The process is known as
“feidatura” and takes place before drying the stigmas in order to enhance their preservation
and appearance. The spectral region assigned to C=C stretching at around 1600 cm™ and the
band at 1670 cm™ that is attributed to the aldehyde carbonyl group of safranal were
responsible for the differentiation among the samples from Greece, Iran and Spain.

FT-MIR proves to be an efficient technique for dealing with saffron fraud issues as revealed
so far within the framework of Saffronomics (COST Action FA1101). Very recently, the
application of FT-MIR combined with multivariate analysis was reported to be very useful
for monitoring storage effects and detection of deterioration of saffron due to ageing®’. A
total of 52 saffron samples were used, including both fresh and aged samples, split in
reference and test sets. The spectra were recorded in transmission mode using KBr discs.
Principal component analysis (PCA) was carried out by considering spectroscopic data of
selected characteristic bands in the region 1800-900 cm™, with the first two latent variables
accounting for the 95% of the total variance (PC1 = 63% and PC2 = 32%). To investigate
correlations among the data obtained by HPLC analysis and the PC score values, multiple
linear regression (MLR) analysis was also performed, suggesting 35.7% and 52.3% of the
variance in PC1 and PC2 values, respectively, due to the variance in the levels of all the
major apocarotenoids occurring in saffron samples. Also, picrocrocin content represented
25.5% and 39.9% of the observed variance, respectively. The study concludes that the band at
1028 cm’, linked with the presence of glucose moieties, as well as the intensities in the
region 1175-1157 cm™, which relate to the breakage of glycosidic bonds, are characteristic
for detecting deterioration of commercial saffron.

The potential of FT-NIR spectroscopy has been examined for the determination of chemical
composition along with the geographical discrimination of 111 saffron samples originated in
Greece, Iran and Spain®®. Near-infrared spectroscopic data were acquired in reflectance mode
and principal component regression (PCR) was performed using reference data obtained by
UV-Vis spectrophotometry and HPLC with diode array detection (HPLC-DAD). The results
obtained by calibrating and validating the corresponding PCR models indicated the ability of
FT-NIR combined with multivariate analysis to determine moisture and volatile content,
coloring strength, EX* (250 nm) and E% (330 nm) as well as the content of the five main
crocetin esters and picrocrocin. DA was carried out to separate the samples according to their
origin, providing high percent recognition for each group; 100% for Iranian samples and
approximately 95% for Greek and 88% for Spanish ones. Additionally, it was reported that
Iranian samples were the most different, while Greek and Spanish samples appeared more
similar. The first and the second discriminant functions explained 83.8% and 12.2% of the
total variance, respectively. Fourier transform Raman (FT-Raman) spectroscopy has provided
significant information for the characterization of saffron-related carotenoids over the past
years. The FT-Raman analysis of crocetin esters, DMCRT and CRT has revealed two main
peaks near 1540 and 1166 cm™ assigned to C=C and C-C stretching modes, respectively®.
FT-Raman spectra are complementary to those obtained by FT-IR concerning the structural
information provided for these compounds. FT-Raman has also been employed for the
characterization of the cis-trans carotenoids contained in saffron®”. The spectra recorded for
the major isomers isolated from saffron, all-trans- and 13-cis-Crocetin-di-(B-D-gentiobiosyl)
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ester, presented substantial differences. A strong single peak at 1535 cm™ is present for the
all-trans isomer, whereas for the 13-cis isomer this peak shifts to 1547 cm™ and another peak
is observed at 1581 cm’™. For the all-frans isomer a medium peak at 1165 cm™ and a weak
peak at 1209 cm™ are also observed, while for the 13-cis isomer there is another characteristic
peak at 1138 cm™ and the intensity of the peak at 1166 cm™ is decreased. A more recent study
involved dispersive Raman spectroscopy coupled with multivariate regression for the
determination of crocetin esters content and coloring strength of saffron®’. In this quantitative
approach, Raman spectra of 114 ground saffron samples from four different countries (i.e.
Greece, Iran, Italy and Spain) were used. Calibration and validation sample sets were
extracted and calibration models using partial least squares (PLS) regression were developed
for determining both parameters, in the spectral region 1700-955 cm™. The number of PLS
factors used for the quantification of crocetin esters was six (accounting for 98% of the model
variability), while four factors were used for the coloring strength (accounting for 96% of the
model variability). PLS models were validated using leave one out cross validation procedure
(r =0.97, RMSECV = 1.09 for crocetin esters and r = 0.93, RMSECV = 14.5 for coloring
strength). Both models allowed accurate predictions, compared with HPLC-DAD and UV-
Vis reference data, indicating that the suggested approach can be used for rapid screening of
saffron quality.

2.3. NMR spectroscopy

NMR spectroscopy is a well-known spectroscopic technique largely employed because of its
intrinsic structural characterization properties. Beyond this feature, the possibility to detect
several classes of chemical compounds within a single experiment, without the need of any
chemical sample derivatization encodes additional advantages to NMR spectroscopy thus
encouraging the application in food analysis. The amount of data obtained from the NMR
spectra could be easily handled by the multivariate statistical approaches, broadly appeared in
the last years, allowing clustering of samples according to several aims. As already pointed
out, a part from the chemical characterization of the chemical components, other information
about origin, ageing and unwanted components are strongly required in order to increase the
quality requirements of foods.

The first NMR data about a group of constituents of saffron, was reported by Wittwer’" in late
1975 on isolated glycosyl esters of crocetin from saffron. The evidence of a geometrical
isomer of crocin was reported by Speranza®’, highlighting the spectroscopic characterization
of 13-cis crocins together with the most abundant all #rans-crocins in a Greek saffron sample.
In this work, crocins were previously isolated by HPLC and further structurally characterized
by NMR, thus confirming the hypothesized structure. These isomers were successively
characterized by means of other spectroscopic techniques like UV-Vis and FT Raman®”.
Pfister and co-workers®® elucidated the structure of two new glycosyl esters of crocetin in
both Crocus sativus L. and Gardenia jasminoides Ellis, being crocetin (B-gentiobiosyl)(B-
neapolitanosyl) and crocetin di(B-neapolitanosyl) ester. The structural characterization of
crocetin glycosides was always the main aim of other studies. Van Calsteren® investigated
the HPLC extracted and purified crocetin derivatives from Gardenia jasminoides and Crocus
sativus by UV-Vis and NMR spectroscopies. In this work the authors confirmed the
structural characterization of different carotenoids, in particular extracts dissolved in both
DMSO and methanol/benzene mixture, four glycosides were characterized for gardenia: a)
all-trans-crocetin di(f-D-gentiobiosyl) ester b) all-trans-crocetin fB-D-gentiobiosyl-4-D-
glucosyl ester c) all-frans-crocetin mono(-D-gentiobiosyl) ester and d) 13-cis-crocetin fD-
gentiobiosyl-#D-glucosyl ester. Additionally, six glycosides were characterized for saffron:
a) all-trans-crocetin di(-D-gentiobiosyl) ester b) all-trans-crocetin (f-D-gentiobiosyl-SD-
glucosyl ester c¢) all-trans-crocetin di(-D-glucosyl) ester d) all-trans-crocetin mono(/-D-
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gentiobiosyl) ester e)l13-cis-crocetin di(#-D-gentiobiosyl) ester f) 13-cis-crocetinf-D-
gentiobiosyl-#D-glucosyl ester. All these derivatives were also supported by mass
spectrometry analysis.

Interestingly, crocetin and corresponding glycosyl esters were isolated from a wild Crocus
species, Crocus haussknechtii Boiss, and investigated by different techniques, including
NMR?. It was found a similar carotenoid composition with C. sativus, thus suggesting this
species as a potential source of saffron.

During these last years, the chemical analysis of mixtures in food extracts moved towards
metabolomics rather than a classical approach based on chemical isolation followed by
structure elucidation.

This choice relies on the easier sample preparation, and especially on the possibility to detect
several classes of chemical compounds in their original ratio simultaneously. In this direction,
appeared quite recently the NMR works of Yilmaz®"**, based on the metabolic fingerprinting
of saffron extracts with the aim to distinguish among authentic Iranian saffron and
commercial samples obtained from retail stores in Denmark, Sweden and Turkey.

The reported data suggested the possibility to obtain the desired discrimination by PCA and
Parallel Factor analysis by using mono and two dimensional NMR data respectively.
Unfortunately the authors did not report a detailed metabolite content, like different crocetin
esters, and only partial resonance assignment was performed. Analysis of NMR spectra for
different groups of samples revealed the presence of food additive (E1518) in one group,
while in other groups the presence of bio-adulterants, like C. sativus stigmata, Curcuma
longa and Carthamus tinctorius flowers were detected.

Within the frame of SaffronOMICS COST Action FA1101, our group started an NMR based
metabolic profiling study of saffron with different aims. We have analyzed saffron extracts in
different solvents and from different origins in order to put light in the quality determination
of this valuable food product. Here we present the preliminary study performed in water
extracts of Italian PDO saffron samples, with the aim of metabolite characterization.
Additionally, commercial saffron bought in Italian markets and samples bought in other
countries were analysed by comparison.

3 METHODS AND RESULTS

3.1 NMR analysis

A total number of 20 saffron samples were investigated by 'H NMR: 8 Italian PDO, 4 from
other countries (1 from Thailand, 1 from Morocco, 1 from Turkey and 1 from India) and 8
commercial saffron bought in Italy. Concerning the Italian PDO samples, all harvested in
2005, 3 were from Consortium of L’Aquila, 1 from S. Gimignano, 3 from Sardinia and 1 was
from Florentine hills (producers refused the obtained registration as PDO product). Samples
from other countries were bought in 2006 in local markets while the 8 Italian commercial
saffron samples were directly bought in stores in 2006 and had no indication of origin or
harvesting year on the label. All samples were stored in the same conditions (in dark at room
temperature) up to the spectral data acquisition. Two replicates were taken for each sample,
prepared in double after sample homogenization to reduce sample variability and check the
NMR measurement reproducibility. About 8 mg of saffron were dissolved in 600 pL of
deuterated water. Samples were then centrifuged at 12100 rcf for 10 minutes and 500 puL of
the supernatant was used for the NMR analysis. All "H-NMR spectra have been recorded on
a Bruker DMX 500 spectrometer (Bruker Biospin GmbH Rheinstetten, Karlsruhe, Germany)
operating at 11.7 T and equipped with a 5-mm reverse probe with z-gradient. Spectra were
recorded at 300 K, with a spectral width of 7500 Hz and 32K data points. Solvent suppression
was achieved by applying a presaturation scheme with low power radiofrequency irradiation



10:39:47.
Published on 15 April 2015 on http://pubs.rsc.org | doi:10.1039/9781782622741-00065

View Online

Quality and Safety 73

for 1.2 s. Spectra were Fourier transformed without any resolution enhancement function and
manually corrected for phase and baseline with ACD/Spec Manager (ACD Labs, version 11,
Toronto, Canada) software. Spectra in water solution were referenced to trimethylsilyl
(2,2,3,3-*H,) propionate (TSP) external standard. Good spectra alignment for bucket
integration was obtained using the a-glucose signal at 5.23 ppm. Spectra were reduced to
integrated regions (buckets) of 0.04 ppm width by an intelligent bucketing procedure,
covering the spectral region between 11.26 and 0.50 ppm, followed by manual correction of
buckets for shifted signals. Complete spectrum area was used for calibration after exclusion
of residual water region between 4.61 and 5.03 ppm. NMR data were imported into SIMCA-
P+ 12 (Umetrics, Umea, Sweden) for Principal Component Analysis (PCA) and Orthogonal
Projection to Latent Structures-Discriminant Analysis (OPLS-DA) using “pareto” as data
pretreatment. All models were cross validated.

'H NMR spectrum of PDO saffron in water solution, showed the dominant resonances of the
largely abundant components content: at low field the singlet of the aldehydic proton of
2,6,6-trimethyl-1-cyclohexene-1-carboxaldehyde moiety at 9.98 ppm, typically observed for
picrocrocin and the group of broad signals between 6 and 7.4 ppm relative to double bonds of
crocetin glycosides, these latter scarcely dissolved in this solvent. At high field the 'H
spectrum is dominated by the very intense methyls of picrocrocin at 1.21, 1.23 and 2.15 ppm;
other signals of picrocrocin were occurring at 1.59, 1.87, 2.37, 2.75, and 4.20 ppm as
confirmed by TOCSY and HSQC experiments. Glycosidic moieties could be identified in the
anomeric region of '"H NMR spectra, indicating the presence of both glucosyl and
gentiobiosyl esters of crocetin, overlapped in a broad signal at 5.64 ppm, free o and (-
glucose at 5.23 and 4.64 ppm respectively while at 4.62 ppm glucosyl of picrocrocin. These
assignments were confirmed by comparison with HSQC saffron spectrum and those of
reference substances. Samples bought in Thailand, Turkey, India and Morocco resulted
depleted of picrocrocin content. In particular, those from India and Morocco present a
specific spin system, consisting of signals at 1.14, 3.63 and 3.72 ppm. This unknown
compound is largely present in these samples and further investigations are in progress.

The integrated buckets of all spectra constituted the data matrix for multivariate statistical
analysis. Initially, PCA was performed by considering all saffron samples: by scoring the first
two PC’s, a clear differentiation was achieved. All Italian PDO and commercial saffron
bought in Italy grouped on the right side of the score plot. Conversely, samples of other
countries resulted in the opposite direction and in particular saffron samples from India and
Morocco clustered on the top while samples from Turkey and Thailand on the bottom. The
corresponding loading plot highlighted sugars (buckets at 3.80, 3.69, 3.74 and 3.97 ppm) and
unknown compounds (buckets at 1.11 and 1.90 ppm) as the characteristic metabolites for
these latter samples: conversely, all PDO and commercial samples bought in Italy resulted
strongly characterized by buckets at 1.17, 1.84, 2.10, 3.36 and 3.44 ppm corresponding to
picrocrocin.
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Figure 4 OPLS-DA score plot of commercial and PDO samples (R°X=75.4%, R’ Y=82.2%,
0°=62.1%)

After this explorative PCA was performed with all samples, a two-class OPLS-DA was
implemented by considering PDO and commercial saffron bought in Italy, to highlight
compositional differences between them. From the score plot represented in Fig. 4, a clear
differentiation was achieved. The analysis of the S-plot, highlighted NMR signals responsible
for the separation between the two groups of samples; in particular picrocrocin resulted the
characteristic compound for the PDO samples (buckets at 1.17, 1.84, 2.10 and 9.95 ppm),
indicating the high quality of these products.



10:39:47.

Published on 15 April 2015 on http://pubs.rsc.org | doi:10.1039/9781782622741-00065

View Online

Quality and Safety 75

4 CONCLUSIONS

Saffron is a very valuable spice and for this reason it is exposed to large quality manipulation,
including plant, colorant and chemical additions. As pointed out previously, ISO regulations
do not address origin issues and this is no longer acceptable, especially in the view of PDO
products and open trade markets, that strongly require analytically supported origin
declarations. Moreover, plant tissues containing apocarotenoids, like Gardenia jasminoides
Ellis, could impair the spectrophotometric quantifications. In order to compensate this
evident limitation, advanced spectroscopic techniques such as the abovementioned ones need
to be applied since they have already been recognized as objective analytical tools able to
detect frauds, verify authenticity and even establish origin of PDO products.
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Abbreviations

APCI Atmospheric pressure chemical
ionization

ATR Attenuated total reflectance

CE Capillary electrophoresis

COI Cytochrome-c oxidase subunit I

CP-MAS Cross polarization-magic angle spinning

DART Direct analysis in real time

DESI Desorption electrospray ionization

DRIFTS Diffuse reflectance infrared Fourier
transform spectroscopy

EASI Easy ambient sonic-spray ionization

ELISA Enzyme-linked immunosorbent assay

ESI Electrospray ionization

FT-ICR Fourier transform ion cyclotron
resonance mass spectrometer

FT-MIR Fourier transform mid-infrared

FWHM Full width at half maximum

GC Gas chromatography

HCA Hierarchical cluster analysis

HPLC High-performance liquid
chromatography

HR High resolution

HRM High-resolution melting

HR-MAS High-resolution magic angle spinning

HRMS High-resolution mass spectrometer

HSI Hyperspectral imaging

ICP-MS Inductively coupled plasma mass
spectrometry

IR Infrared

IRMS Isotope-ratio mass spectrometry

IT Ion trap

LC Liquid chromatography

LDA Linear discriminant analysis

LF Low field

LOD Limit of detection

LOQ Limit of quantification

LTQ-FT-ICR Linear trap quadrupole-Fourier
transform ion cyclotron resonance mass
spectrometer

Introduction

Food authenticity is of great importance for consumers, food
authorities, and food industry because incorrect labeling of
foods could be related to various types of fraudulent practices.
Diseases related to foodstuff consumption raised the awareness

LTQ-Orbitrap Linear trap quadrupole-Orbitrap mass
spectrometer

LTQ-TOF Linear trap quadrupole-time of flight
mass spectrometer

MALDI-TOF-MS  Matrix-assisted laser desorption/
ionization time-of-flight mass

spectrometry

MAS Magic angle spinning

MIR Mid-infrared

MRM Multiple reaction monitoring

MS Mass spectrometry

Ms? Triple-stage mass spectrometry

MS™ Multistage mass spectrometry

MSI Multispectral imaging

MS/MS Tandem mass spectrometry

NIR Near-infrared

NMR Nuclear magnetic resonance
spectroscopy

NMRI Nuclear magnetic resonance imaging

PAGE Polyacrylamide gel electrophoresis

PCA Principal component analysis

PCR Polymerase chain reaction

PCR-RFLP Polymerase chain reaction-restriction
fragment length polymorphism

PTR-MS Proton transfer reaction-mass
spectrometry

Q-Orbitrap Quadrupole-Orbitrap mass spectrometer

QqLIT Quadrupole linear ion trap

QqQ Triple quadrupole

QqTOF Quadrupole time-of-flight mass
spectrometer

SERRS Surface-enhanced resonance Raman
scattering

SERS Surface-enhanced Raman scattering

SNIF Site-specific natural isotope

SRM Selected reaction monitoring

TOF-MS Time-of-flight mass spectrometer

TRS Transmission Raman spectroscopy

Vis Visible

around aspects like geographic origin and agricultural prac-
tices. Food authentication became an important issue and
has been faced with different analytical approaches like DNA-
based technologies, infrared spectroscopy, isotope analysis,
separation techniques, mass spectrometry, and NMR. Several
‘omics’ definitions appeared for the holistic understanding of
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different molecular aspects like function, physiology, and
pathophysiology of plants and mammals. One above all,
namely, ‘metabolomics’ offers information on the global
metabolite composition (metabolome) of a given biological
system and its dynamic response towards stimuli. Most suited
analytical techniques appears to be NMR, mass, and hyphen-
ated chromatographic techniques (LC-MS, GC-MS, LC-DAD-
NMR/MS, etc.), and the high-throughput qualitative screening
of a biological sample is defined with the widely accepted term
‘metabolic profiling.” The large amount of data obtained by
these analytical techniques requires the use of multivariate
statistical analysis for sample comparison and discrimination
analysis. In this article, selected applications in food authen-
ticity assessment are presented.

Mass Spectrometry

Mass spectrometry (MS) holds a central position in food
analysis, and its applications expand in food authenticity-
related studies (i.e., traceability or determination of geographic
origin and adulteration). MS methods currently yield higher
sensitivity when compared to other spectroscopic techniques
such as NMR, which normally detects medium- to high-
abundance metabolites. MS-based analysis may be targeted or
nontargeted. Targeted analysis is a conventional analysis where
the method is developed based on standards. Nontargeted
analysis theoretically allows the detection and characterization
of any compound present in the sample. Two different analyt-
ical approaches are followed in nontargeted analysis:

— 'Metabolic profiling’ refers to the analysis of a class of chem-
ically related compounds or is associated with a particular
metabolic pathway.

— ‘Metabolic fingerprinting’ refers to the analysis of the total
set of metabolites, avoiding focus against certain classes of
compounds. When individual metabolites are not identi-
fied, ‘metabolite fingerprinting’ is used for a rapid classifi-
cation of samples.

In targeted analysis or in metabolic profiling study, selective
extractions are needed, and usually, mass spectrometry is
coupled to a separation technique such as LC for semipolar
compounds; GC for thermally stable, volatile, and semivolatile
compounds; or CE for ionic, weakly ionic, and polar metabo-
lites. Data from MS coupled to a separation technique contain
the extra information of retention/migration time. MS/MS has
been the cornerstone technique for targeted analysis. Several
publications on the applications of MS/MS in the detection of
contaminants for food quality and safety purposes are present.
The QqQ and the IT mass spectrometers give nominal masses
and perform MS/MS. The QqQ-MS/MS is one of the most
popular instruments for the analysis of complex food samples
because of its high sensitivity, selectivity, and specificity for
identification and for its quantitation capabilities when oper-
ated in MRM mode. The use of new-generation fast-switching
QqQ and the hybrid fast-switching QqLIT mass spectrometers
significantly enlarges the number of analytes that can be
detected in a single MS/MS run up to 200 compounds with 2
SRM transitions. In addition, the IT can be operated in
enhanced product ion mode and can perform MS® for the

characterization of unknowns. To this direction, UPLC-Q-LIT-
MS was applied for nontargeted screening and structure
identification of the banned azo dye Allura Red AC and its
photodegradation products in a beverage. Initially, a non-
targeted screening with enhanced MS (EMS) in full scan
mode was carried out as a survey scan. When the signal of
a detected compound exceeded a defined threshold, the acqui-
sition of both enhanced resolution (ER) and enhanced product
ion spectrum (EPI) was automatically activated. In EMS mode,
the third quadrupole works as an ion trap, accumulating the
ions of interest, while in the ER mode, the isotope ratio is
confirmed, and in the EPI mode, the ion trap is used to provide
higher abundance of product ions through an enhanced MS/
MS scan. The chemical structures of the unknown species
formed in the photodegradation process were proposed on
the basis of the molecular mass.

HRMSs operating in full scan mode like TOF-MS, Orbitrap-
MS, and FT-ICR-MS provide high selectivity and sensitivity and
through accurate mass measurements can provide possible iden-
tification of unknown compounds and are therefore suitable for
nontargeted analysis. High-speed GC-TOF-MS was applied
in nontargeted analysis and in particular the fingerprinting of
volatile compounds. More than 100 compounds could be iden-
tified in coffee in only 7.9 min, and through PCA statistical
evaluation, the geographic origin of samples could be deter-
mined. Identification was performed by the comparison
between experimental and reference/library mass spectra and
the comparison between experimental and literature retention
indexes. Recently introduced hybrid mass spectrometers such as
QQqTOF, Q-Orbitrap, and TOF-TOF combine the features of
tandem mass spectrometry and accurate mass measurement of
fragment ions as an additional tool for confirmation. Addition-
ally, with the hybrids LTQ-TOF, LTQ-Orbitrap, and LTQ-FT-ICR
mass spectrometers, multistage MS" can be used for structural
elucidation. LTQ-Orbitrap was applied for the determination of
the polyphenolic profiles of unifloral honeys where a total of 43
compounds were detected in less than 5 min and samples were
classified according to their botanical origin. Although the chro-
matographic profiles obtained were similar for all samples, there
was a significant difference in the content of some polyphenolic
compounds. Floral markers were suggested and honeys derived
from perennial plants and from annual plants could be discrim-
inated. Some phenolics were identified and quantified using the
available standards, while in the absence of standards, the iden-
tification of the corresponding compounds was based on the
search for the [M_H|~ deprotonated molecule together with the
interpretation of its fragmentations with the help of an Internet
database of accurate mass spectrometry data as a reference
library. The identification of four different phenolics with almost
identical masses was able through the high-sensitivity accurate
mass scan. This example points out the main advantages of
hybrid mass spectrometry compared to triple quadrupole MS
to the screening and identification of unknown compounds, the
possibility of using exact mass to calculate the most favorable
elemental composition, and the determination of the accurate
mass of the product ions in the MS" data-dependent scan. When
the objective is metabolic fingerprinting, the extraction protocol
should be nonselective or direct analysis without sample prepa-
ration should be followed through direct infusion or measure-
ments on the surface of samples. To this direction, ambient



Authenticity of Food 287

ionization MS techniques, such as DART, DESI, EASI, and
PTR-MS, broke through in the past few years, apart from ESI
and APCI sources commonly used with LC and GC, and their
applications in foodomics are still being explored. DART-TOF-
MS was successfully applied to recognize the origin of beers
without any sample preparation and no prior separation pro-
cedures. By the same technique, the different olive oil categories
could be differentiated, and in addition, olive oil adulteration
with hazelnut oil could be revealed. The polar and triacylglycerol
profiles were acquired, and additions of 6% and 15% (v/v)
hazelnut oil could be detected, respectively. EASI was used to
estimate the quality of nut oils through their triacylglycerol pro-
files. The method allowed the identification of authentic oils and
adulterated oils with 5% soybean oil in a few minutes and
without sample preparation. PTR-MS allows monitoring of vol-
atile organic compounds (VOCs) through the soft chemical
ionization technique used and, although a rather new technique,
its capabilities in the field of geographic origin have already been
explored in wine, truffles, and Grana cheese. When applied in
olive oils, the country of origin could be by 86% classified
correctly, 74% of samples were successfully classified according
to region of origin, and the district of origin yielded a success rate
of only 52%. MALDI-TOF-MS is a widely used technique for
the analysis of protein and peptide biomarkers (proteomics)
primarily separated through electrophoresis but has become a
popular method for direct analysis applied to small molecules.
MALDI-TOF-MS has been used to detect adulteration in bovine
milk powder with 10% (mm™') of non-milk fats and oils
through their triacylglycerol profiles and also to determine
both qualitatively and quantitatively melamine and its deriva-
tives. Melamine could be determined with an LOQ down to
0.5 ugg ' and with the limited dried-droplet sample prepara-
tion. Significant limitations of direct MS analysis is the ioniza-
tion suppression and its effect on sensitivity caused by the
presence of multiple chemical species and other matrix compo-
nents that have considerable impact on the ionization of metab-
olites and also the overlapping of MS signals of isobaric
molecules such as structural isomers or enantiomers.

Finally, ICP-MS can also be used to perform food authen-
tication through the elemental composition of food. The fact
that isotopic composition of the constituents of agricultural
products depends on geographic origin and on production-
related factors has made IRMS another promising approach
used for assessing traceability. Both techniques have been
successfully applied to wines to examine the influences of
geographic origin, year of vintage, grape cultivar, and
meteorologic conditions.

In any case, the amount of data provided mainly from
fingerprinting strategies is of great complexity, and the use of
specific software for data treatment is of utmost importance.
Usual data-processing steps involve peak detection, integra-
tion, data alignment, and normalization before scaling and
multivariate statistical analysis.

NMR Spectroscopy

Nuclear magnetic resonance (NMR) is a spectroscopic tech-
nique that allows the analysis of samples in all physical states,
providing detailed information at molecular level. A single

experiment led to analyze several classes of chemical com-
pounds in a noninvasive, highly reproducible way and in a
pretty low experimental time. Materials, like foods as well,
could be in different aggregation states: crystalline, amor-
phous, liquid-like, or liquid. Depending on these states, differ-
ent NMR techniques could be applied, starting from solid-state
NMR, going through NMR imaging, and finishing with liquid
state. Technology allowed a big drop in the field strength of the
magnets: the field strength could vary from very few fraction of
tesla up to latest 1.2 gT. Different NMR techniques and instru-
ment requirements result in different data: high resolution
(HR), low resolution or low field (LF), high-resolution magic
angle spinning (HR-MAS), imaging (NMRI), and site-specific
natural isotope fractionation (SNIF) NMR. HR allows both
qualitative and quantitative analyses of samples as well as
molecular structure determinations in solution; data obtained
from complex matrices like foods enable great potentiality in
food metabolomics as a tool for monitoring product quality
and authenticity. Several studies that appeared in the literature
have focused on the combined use of NMR spectroscopy and
chemometrics, dealing with geographic origin or quality deter-
mination of foodstuffs, olive oil and wine being the major
targets. From the NMR point of view, the "H NMR spectrum
of olive oil is dominated by fatty acid signals. For a deeper
evaluation of the minor components, such as aldehydes, ter-
penes, and sterols, accurate spectra recording conditions need
to be applied. The first article concerning the geographic char-
acterization of extra-virgin olive oil (EVOO) samples investi-
gated different olive varieties coming from four Italian regions.
PCA and HCA performed on selected '"H NMR resonances due
to minor components such as sterols, n-alkanals, trans-2-
alkenals, and other compounds led to a very good sample
classification according to the origin. Many other studies fol-
lowed investigating virgin or extra-virgin olive oils of different
harvests and cultivars, from different Mediterranean areas,
obtaining a good discrimination by applying different statisti-
cal protocols on 'H, '>C, >'P NMR, and/or isotopic ratios from
13C and H data. The high prices of EVOOs led to adulteration
practices with cheaper oils. In this context, a methodology to
detect the presence of a percentage of at least 10% of sunflower
and red palm oils in EVOOs was proposed, by employing a
low-field (0.25 T) unilateral NMR method, performing a non-
destructive analysis through sealed bottles. Many other studies
focused on the chemometric analysis of NMR metabolite fin-
gerprinting data of wine to investigate provenance, vintage,
aging, or grape cultivar. NMR spectroscopy has been employed
to analyze other food matrices to assess authenticity, quality,
and geographic origin, to detect adulteration, and to assess
safety, among them being beer, fruit juice, balsamic and tradi-
tional balsamic vinegar of Modena, tea, dairy products, meat,
fish, cereals, vegetables, tomato paste, honey, and coffee
(Figures 1 and 2). The role of HR NMR in liquid state applied
to food chemistry is growing progressively during these last
years even though, as far as we know, NMR has never been
accomplished as an official analytical methodology, with the
only exception of olive oil quality determination for Lazio
region in Italy, obtained with a regional law in late 2001.
NMRI is mainly applied to investigate texture or fluid
motions/distribution in foods. The relatively low spectral res-
olution attainable from these studies is largely compensated by
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Figure 1

Geographic discrimination between 21 Italian (blue dots) and 26 Chinese (red diamonds) triple-concentrated tomato paste samples by

performing PCA analysis on 'H NMR data. Reproduced from Consonni, R. and Cagliani, L. R. (2010). Nuclear Magnetic Resonance and chemometrics to
assess geographical origin and quality of traditional food products. Advances in Food & Nutrition Research 59, 87—165.
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Figure 2 Score plot of hierarchical PLS-DA analysis performed on '"H NMR data of 53 balsamic and traditional balsamic vinegar of Modena: 18
balsamic (green dots), 13 traditional <12 and > 25 years (orange diamonds) and 22 traditional > 25 years (blue triangles).

3-D images acquired on the basis of relaxation parameters or
chemical shift selective values. Water/oil distribution investi-
gations can be easily performed by NMRI, thus allowing mat-
uration studies as well as microstructural studies and
compounds/water distribution in intact foods. In the last
years, solid-state NMR became a routine spectroscopy in food
science, overcoming several technical aspects present in the

early stage of this spectroscopy, going through magic angle
spinning (MAS), '*C cross polarization (CP-MAS), and 'H
high-resolution magic angle spinning (HR-MAS). This NMR
spectroscopy was formerly applied to synthetic polymers, in
the solid state, to approach crystalline organization. Flour and
polysaccharides polymorphisms were first investigated in food
analysis, but then, other solid foods were investigated as well.
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The last mention is for SNIF-NMR, a relatively old technique,
firstly introduced by Prof. G.J. Marten at the University of
Nantes more than 20 years ago (patented in 1981) as the
most powerful stable isotope techniques in beverage
authentication and now the official method of the Interna-
tional Organization of Vine and Wine (OIV) and AOAC Inter-
national for detecting sugar addition to fruit juice and the
natural origin of vanillin. This technique is based on the detec-
tion of nonrandom distribution of deuterium in organic
molecules.

Vibrational Spectroscopy

Vibrational spectroscopic techniques, both infrared (IR)
absorption and Raman scattering, are based on the vibrational
transitions of the molecules contained in a sample. In IR
spectroscopy, the energy of these transitions is provided by
radiation in the IR regions of the electromagnetic spectrum,
between the visible and the microwave wavelengths, with mid-
infrared (MIR) and near-infrared (NIR) being among the most
useful in food authentication studies, as revealed by a large
number of related reports. The MIR region lies between 2500
and 25000 nm (4000-400 cm™"), while the range of wave-
lengths for NIR is from 780 to 2500 nm (approx. 12820 to
4000 cmfl). For a particular vibration to be IR active, it must
exhibit a change in dipole moment during the vibration. Dif-
ferent chemical bonds absorb at different wavelengths depend-
ing on the atoms connected, the surrounding molecules, and
the type of vibration occurring. MIR may be used to study
fundamental (i.e., stretching and bending) vibrations and
associated rotational-vibrational structure, while the higher-
energy NIR can excite overtones or combination bands mainly
due to the fundamental bonds involving hydrogen atoms.
Even though the spectrum obtained by NIR contains more
complex structural information comprising broad, overlapped
peaks, it may be a characteristic of a sample and may act as a
‘fingerprint.” MIR spectra, apart from the peaks associated with
characteristic vibrations of the functional groups, contain also
the molecular fingerprint region (1500-500 cm™') with well-
defined bands that could provide spectral features useful to
identify a sample. The spectral peaks observed in case of MIR
are narrow, often sharper, and better resolved than NIR. Sam-
ple presentation may take a variety of forms depending on the
physical state of sample, including reflectance, transmittance,
transflectance, or fiber optics with respect to NIR. In MIR,
sampling techniques include transmission-based methods
using transmission cells (e.g., KBr disks and ZnSe windows)
and methods in reflectance mode, such as attenuated total
reflectance (ATR) and diffuse reflectance infrared Fourier trans-
form spectroscopy (DRIFTS). The introduction of Fourier
transform technique in vibrational spectroscopy has increased
its use in food analysis, as there is no scan speed limitation
compared to the original dispersive instruments. FI-IR is a
powerful tool for food authentication due to its capability to
obtain information about many constituents simultaneously
in a single spectral analysis. The combined use of FT-IR with
multivariate analysis has been applied to distinguish extra-
virgin olive oils from four different European countries.
A similar approach has been used for the discrimination of
250 saffron samples from Greece (n=40), Iran (n=87),
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Figure 3 Plot obtained by stepwise canonical discriminant analysis of
250 saffron samples from four different countries, that is, Greece,

Iran, Italy, and Spain, based on FT-IR analysis of their volatile extracts.
Reproduced with permission from Anastasaki et al. (2010). European
Food Research and Technology 230, 71-577.

Italy (n=60), and Spain (n=63). The mid-IR spectra of saffron
filament samples and their nonpolar volatile extracts were
collected and 93.6% of the samples were correctly classified.
Overall, the correct classification rates for samples from
Greece, Iran, Italy, and Spain were 90.0, 89.5, 96.7, and
98.4%, respectively (Figure 3).

NIR has allowed the identification of maturity, origin, and
variety of white wine grapes. Two varieties, Chardonnay and
Viura, were tested and 97.2% of grapes were correctly classified
according to their variety, while the correct classification of
Chardonnay grapes according to their origin was 79.2%. The
application of NIR spectroscopy in combination with Vis spec-
troscopy and chemometrics has been investigated for the geo-
graphic classification of wine. Different multivariate methods
were used to classify Australian and Spanish Tempranillo red
wines according to their geographic origin, and the best
models reported correctly classified 100 and 84.7% of the
Australian and Spanish wine samples, respectively.

As regards Raman spectroscopy, the samples are excited
with a source of monochromatic radiation that may be in the
visible (Vis) or NIR regions of the electromagnetic spectrum.
While IR spectroscopy detects vibrations during which the
electrical dipole moment changes, Raman spectroscopy is
based on the detection of vibrations during which the polari-
zability changes. Bonds that connect two similar parts of a
molecule (e.g., C=C group) tend to be more active in Raman
than in IR spectroscopy, as the symmetrical stretches are more
intense in Raman spectra. On the other hand, groups such as
C=0, N-H, and O-H, with strong mid-IR absorption bands,
present very weak vibrations in Raman spectroscopy, since the
bonds are only weakly polarizable. Thus, water is practically
‘invisible’ in the Raman spectroscopy, which is quite useful for
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water-based foods. However, dispersive Raman spectroscopy
suffers from interference by fluorescence. The use of NIR laser
sources can prove beneficial, while FT-Raman instrumentation
with an excitation source at 1064 nm results in significantly
lower fluorescence and photochemical degradation of samples.
Complementary information on fundamental vibrational
modes can be obtained from Raman and MIR spectra, since
some vibrations are detected primarily by MIR and others pri-
marily by Raman scattering. Raman spectroscopy is becoming
increasingly important in food analysis. Significant work has
been undertaken to evaluate authenticity and possible adultera-
tion of olive oil. FT-Raman spectroscopy coupled with multivar-
iate calibration has been applied for determining adulteration of
Greek extra-virgin olive oils (EVOOs) with sunflower oil at levels
lower than 5% by weight. By employing Raman spectroscopy
and PCA, pure EVOOs can be distinguished from EVOOs adul-
terated with hazelnut oil. In addition, the combination of
Raman spectroscopy with chemometrics has been evaluated for
authenticating the PDO labels of six French virgin olive oils
(VOOs) and for determining the fatty acid and triacylglycerol
(TAGs) compositions of VOOs. According to the classification
model built, 92.3% of French PDOs and 100% of PDO samples
made with only one principal cultivar were correctly classified.
Raman spectroscopy has been similarly investigated to confirm
botanical and geographic origin of European honey, indicating
that the major differences among the honey samples were
mainly due to their botanical origin. Among the more advanced
Raman techniques, surface-enhanced Raman scattering (SERS)
and surface-enhanced resonance Raman scattering (SERRS) pre-
sent many advantages for the development of selective and
sensitive analytical procedures. SERS is a very sensitive tech-
nique, employing roughened metal substrates (e.g., gold and
silver nanoparticles or surfaces) to largely enhance the Raman
scattering signal (typically 10°~° over conventional Raman scat-
tering). Another advantage is that fluorescence is quenched from
adsorbed molecules, and also, positive identification of an ana-
lyte or an analyte mixture may be provided with high selectivity.
As a key example, SERS combined with multivariate statistical
approaches has been used for the reliable quantification of the
banned food dye Sudan I in chili powder over the range of 10>
to 10™* mol 17!, Other modern techniques include transmission
Raman spectroscopy (TRS), confocal Raman microscopy, and
Raman sensing using fiber optics. Both Raman and IR spectral
profiles are currently used for hyperspectral (HIS) or multispec-
tral imaging (MSI). IR and Raman are also emerging techniques
in 2-D correlation spectroscopic approach, which employs MIR,
NIR, and Raman spectroscopic probes.

During the last two decades, the number of reports on the
use of NIR, Raman, and mainly MIR spectroscopy for food
authenticity issues (i.e., adulteration, geographic origin, produc-
tion process, and traceability) has increased significantly. The
range of applications includes various foods and beverages such
as cereal and cereal products, coffee, dairy products, edible oils
and fats, fish, fruits and vegetables, fruit juices, honey, meat and
meat products, spices, and wine. By integrating vibrational spec-
troscopy with multivariate data analysis (chemometrics) strate-
gies, potential analytical tools are developed for industries and
regulatory agencies. Such methods are time-saving and nonde-
structive, require minimal or no sample pretreatment, and
enable the cost-effective characterization of samples during the

development, processing, quality control, and inspection of
foodstuffs. Handheld, portable FT-IR and Raman instruments
are also becoming more widely available to bring the benefits of
these techniques out of the laboratory. Vibrational spectroscopy
may not eliminate the need for more sophisticated analyses, but
compared to classical reference methods that typically rely on
‘wet chemistry,” it can provide greener analytical methods for
screening samples prior to further examination.

Separation Techniques

Among the separation techniques, liquid chromatography, gas
chromatography, and capillary electrophoresis make feasible
separation and identification of almost any kind of compounds
present in a food sample, thanks to continuous advances in
both separation and detection capabilities. Their wide applica-
bility in quality control laboratories due to such an efficiency
and the affordable capital cost made them candidates to exam-
ine food conformity with their label, namely, the origin
(geographic and varietal species) and/or the production practice
(organic vs conventional). Groups of compounds (targeted
analysis), or even the whole spectra/electropherogram serving
as a ‘fingerprint’ containing the maximum information (non-
targeted analysis), are examined usually with pattern recogni-
tion methods (supervised or unsupervised) to identify possible
marker(s) for food authenticity. Nonetheless, the validity of the
findings depends on the experimental design of sampling
(number, number of harvests, sampling areas, etc.).

The geographic origin and the cultivar employed for virgin
olive oil production are often related to its health benefits and
the particular sensory properties. Thus, finding markers that
could address these two issues became of high importance to
protect both the producers and the consumers. This is
highlighted by the fact that even for products officially regis-
tered as, for example, protected designation of origin (PDO),
the availability of a certain analytical method to verify the
claim in the label is not necessarily available. The profile of
triacylglycerols (TAGs) and that of fatty acids (FA) have been
used since many decades for geographic origin discrimination
between countries or regions within the same country. Char-
acteristic example is the discrimination of 10 main producing
areas in Greece based on the FA content of 1293 samples
belonging to 24 harvests after treatment with nonlinear dis-
criminant analysis. The data from both profiles have been even
combined to increase classification efficiency. The composi-
tion of FA and TAGs is genetically determined; however, pedo-
climatic conditions and agronomical practices may have a
certain influence justifying their usefulness. Sterols, hydrocar-
bons, aliphatic alcohols, and sesquiterpenes have also been
used, and lately, polar phenolics have also been proposed. All
these markers can be detected by GC and HPLC techniques
following in most cases official protocols but coupling data to
chemometric treatment (Figure 4).

Olive oils produced in different countries are usually facile
to be distinguished even based solely on FAs. Focusing on
studies regarding PDOs in the same country, the findings are
rather controversial. Sesquiterpenes, namely, o-muurolene and
o-farnesene contents except for discriminating Apulian from
foreign oils, were found suitable to differentiate subbrands of
Terra di Bari PDO oils produced in the neighboring areas of the
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Figure 4 Classification of olive oil samples from western Greece according to geographic origin using selected volatile compositional data.
Reproduced with permission from Poularekou et al. (2011). Journal of Chromatography A 1218, 7534-7542.

Apulian region. However, such a finding derived from the ana-
lyses of 21 samples and data was considered preliminary. In a
study with a larger amount of samples (914 samples and three
production seasons), the discrimination of the Ligurian PDOs
(n=210) from oils of other regions in Italy as well as from other
countries (n=704) based on volatile profile obtained with solid-
phase microextraction/GC-ion trap MS resulted in properly rec-
ognized and predicted with 90.1% and 81.1%, respectively.
These findings were achieved using artificial neural network as
a tool. Other studies point out that discrimination may be a
difficult task and overlapping can take place in cases where
PDOs are produced in close geographic regions and derive
from the same cultivar or from a mixture of cultivars presenting
compositional similarities (coupage). For example, studies car-
ried out over a 6-year harvest period for five French PDOs
showed that Aix-en-Provence and Vallée des Baux derived via
blending of same cultivars even at different portions could not be
clearly distinguished with the combined information of TAGs
and FAs. Such a difficulty was also stressed regarding the analysis
of Spanish PDOs for two consecutive harvest years. The oils
produced in the various provinces of Andalusia presented over-
lapping even if 64 compounds obtained by GC and HPLC (fatty
acids, sterols, alcohols, and hydrocarbons) were treated with
LDA. In the same study, however, the importance of sophisti-
cated statistical approach combined with a multidisciplinary
strategy was demonstrated. Thus, employing artificial neural
network improved significantly the classification (>90%). Even
so, the findings for PDOs presented the highest error of predic-
tion in comparison to those related to sample discrimination
from other countries, regions, and provinces.

Similarly, regarding the botanical origin (cultivar), a single
marker is also difficult to be proposed due to the complexity
of the oil matrix and the variety of factors affecting its compo-
sition. The markers with discrimination power are rather

comparable to those used for the geographic origin and con-
sequently determined with the same separation methods. It
has been stressed however that though FAs and TAGs provide
basic information for the cultivars, minor components such
as sitosterol and avenasterol, tyrosol and hydroxyltyrosol,
(E)-hex-2-enal, lutein, and f-carotene can be more informative
for the botanical origin differentiation.

Consistent markers capable of differentiating oils on the
basis of cultivation practice are not yet available. However,
due to the growing interest in organic olive oil by the
consumers, further studies are under way.

Concerning wine authenticity studies, phenolic com-
pounds, biogenic amines, and volatiles have been proposed
as useful markers, and within phenolic compounds, both
flavonoids and nonflavonoids have been identified. Significant
is the contribution of anthocyanin as markers to differentiate
European from South American wines. These compounds
are determined with LC. Usually, studies regard different
countries; nevertheless, there are some concerning different
zones. For example, using the content of 13 phenolic com-
pounds and chemometrics, the discrimination of wines from
three different Spanish appellations, namely, Penedes, Rioja,
and Ribera del Duero, was feasible with a classification rate
higher than 96%. As evidenced, characteristic markers were,
for example, gallic acid for Penedes, trans-coumaroyl tartaric
and trans-caffeoyl tartaric acids for Rioja, and the flavonol
myricetin for Ribera del Duero wine samples. The multivariate
curve resolution (MCR) technique allows the resolution of
the chromatographic peaks obtained assisting more accurate
quantification of phenolics and increasing the information via
revealing the presence of coeluting peaks. The application of
sub-2 p particle columns that allows the separation of several
isomers seems to be important. With the latter material and
LC-MS/MS analysis of phenolic compounds, several wines



292 Authenticity of Food

Canonical Discriminant Functions
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Figure 5 Geographic origin-based discriminant analysis of the grape variety Blauer Zweigelt originating from the region Siidsteiermark, Kamptal,
Donauland, and Thermenregion (Austria) based on LC-MS/MS phenol analysis. Reproduced with permission from Jaitz et al. (2010). Food Chemistry

122, 366-372.

from 11 Austrian regions could be classified employing multi-
variate statistics (Figure 5).

Nonetheless, there are also various studies where phenolic
compounds are combined with other compositional data
(ethanol, calcium, etc.) within the frame of multistrategic
approaches for efficient classifications as exemplified for a
series of rose Spanish PDO wines, namely, Ribera del Duero,
Rioja, Valdepenias, and La Mancha. The combination with
data regarding the levels of biogenic amines made feasible
differentiation of wines from different regions of Italy such as
Basilicata (cis-resveratrol, total polyphenols, spermidine, and
tryptamine), Calabria and Campania (agmatine and trans-
resveratrol), and Puglia (cadaverine, ethanolamine, histamine,
putrescine, and tyramine) regions. Wine volatiles have been
shown adequate for the geographic origin of monovarietal
wines from the Azores, Canary Islands, and Madeira islands.
The volatile pattern was obtained with solid-phase extraction/
GC-MS and treated with chemometrics.

Similar markers have been proposed for the discrimination
of grape wine varieties, though among the most recommended
are the volatiles. A useful approach to discriminate wines
from white grape varieties is based on the determination of
shikimate content and the protein profile analysis, whereas for
red wines, the shikimate content combined with anthocyanin
profile. Shikimate can be determined with the combination
of C18 and a cation exchange column according to the method
suggested by the International Organization of Vine and
Wine, whereas proteins and anthocyanins with CE and high-
performance reverse-phase chromatography, respectively.

Information about possible discrimination between organic
and conventional wines is rather scarce. Biogenic amines have
been reported to be lower in organic wines, whereas phenolic
compounds and other compositional parameters were not able
to make a clear discrimination despite some quantitative

differences. Further studies are on the way to obtain more
consistent results.

DNA-Based Technology

A growing consciousness of the food composition led to an
increased DNA-based investigations for food authentication
also due to the bovine spongiform encephalopathy (BSE) cri-
sis. The incorrect labeling of foods could represent a commer-
cial fraud, and moreover, the nondeclared potential allergens
content could cause health problems for consumers. The
majority of works was focused on DNA analysis employing
polymerase chain reaction (PCR) to amplify specific areas of
DNA that could be analyzed with different methods such as the
commonly spread electrophoresis techniques.

The application of PCR in authentication of food involves
mostly analysis of meat-based foods, fish, and seafood
products, which are highly priced foodstuff often susceptible
to adulteration. Several studies concerned the detection of dif-
ferent kinds of not declared meat in foods; a species-specific
PCR assay targeting mitochondrial D-loop region for the iden-
tification of pork in raw, heat-treated samples and in adulter-
ated ones up to 0.1% has been developed. Furthermore, by PCR
amplification of the COI gene and detection of species-specific
sequences by hybridization, a multidetection test for the iden-
tification of different meat species like pork, beef, lamb, horse,
cat, dog, and mouse has been achieved resulting in a suitable
method for routine inspections. The identification of fish spe-
cies is usually based on morphological analysis, but this
approach resulted however very difficult and not suited to
investigate fishes available in the market. As a matter of fact,
fishes are often sold in pieces or have been subjected to pro-
cesses altering the natural aspect. In this context, several DNA-
based methods, mainly based on the amplification of
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mitochondrial DNA, have been developed, allowing the
detection and even the differentiation of closely related fish
species. PCR-RFLP technique followed by polyacrylamide gel
electrophoresis (PAGE) was proposed for the identification and
the discrimination of ten salmon species based on the amplifi-
cation of a region of the cytochrome b mitochondrial gene.
Furthermore, the differentiation of closely related species of
flatfish such as the sole and Greenland halibut was achieved
by species-specific PCR targeting a nuclear gene and by PCR-
RFLP of a mitochondrial gene. Moreover, DNA-based methods
have been applied for authenticity assessment of dairy products
as well, allowing the identification of milks from different
biological sources such as the identification of bovine milk in
buffalo dairy products. This was achieved by using a high-
resolution melting (HRM) as post-PCR method allowing the
detection and the quantification of bovine milk in buffalo
mozzarella, butter, cream, yogurt, and other buffalo products.
The same approach, resulting in a very cost-efficient high-
throughput method, has been employed successfully to check
the authenticity of Leguminosae species, grapevine cultivars,
and PDO sweet cherry cultivar (Tragana Edessis) and to differ-
entiate Citrus species and hybrids and bilberry from other berry
species. DNA-based methods are also used to detect genetically
modified organisms (GMOs) or food allergens; for example,
rice, maize, and soybean were investigated and the presence of
potential food allergens in, for example, almond and hazelnut
was searched in foods. In this context, a tetraplex real-time PCR
method was used very recently to quantify simultaneously
traces of four allergens such as soy bean, celery, and white and
brown mustard in commercially available foods. This latter
approach resulted in a powerful method for routine analysis
being time-saving with respect to singleplex real-time PCR sys-
tems. Finally, DNA analysis is furthermore employed for detect-
ing gluten, normally evaluated with protein analysis, in
declared ‘gluten free’ foods, resulting in most of the cases com-
parable to ELISA test. In conclusion, the latest results obtained
with the most adopted analytical techniques have been pre-
sented, highlighting their great potentiality in food authenticity
issues. These studies pave the way for possible future investiga-
tions aimed to increase the knowledge in food science.

See also: Chemometrics; Chromatography: Combined
Chromatography and Mass Spectrometry; Chromatography: Focus on
Multidimensional GC; Chromatography: High-Performance Liquid
Chromatography; Consumer Protection Legislation; Food Fraud;
Infrared Spectroscopy: Applications; Mass Spectrometry: Applications;
Mass Spectrometry: Principles and Instrumentation; Spectroscopy:
Types.
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