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ITPOAOI'OX

H moapoloa SutAwpatikny epyacia ekmovnOnke otn oxoAn Xnuikwv Mnyavikwv EMIM, oto
Epyaotriplo Zxeblaouou kat AvaAuong Alepyaoclwy, otn dlapkela Tou akadnuaikou €toug 2015
—2016.

IKOTIOG TNG €V AOYyW SUTAWUATLKAG €PYAOLOC, ATAV O EYKAELOUOC AVTILONTTIKWY (ekXUALoUa Tea
Tree Qil) kat avtofeldwtikwy (ekxUAlopA amd podl) ouclwwy, O vavoiveg MOAUUEPOUC, TTOU
npoopilovtav ywa edpappoyry o€ KOAAUVTIKEG KPEUEC. O €yKAELOMOG TPOYHATOTOLONKE UE
XPNon ING Kawotopou HeBOSou tng Opoafovikng HAektpootatikng Ivomoinong. ApxLKa,
TIPAYMOTOTOLONKE XAPAKTINPLOKOG TWV Vavolvwy Kol emAéxOnkav ol BEATIOTEC OUVONKEG
mapaywyng avtwv. AkoAouBnoe n epopuoyn TwV VAvolvwV O KAANUVTIKEG KPEWEG KAl n
QVAAuon TWV KPEUWV OUTWV, TIPOKELUEVOU va eleyxBel n otabepdtnta Twv vavodopwv oe
ouvOnkeg anobrkeuong.

Mo tnv oAokAnpwon NG ev Aoyw SUTAWMOTIKNAG gpyaciag Ba NBeAa va euxoploTHow apXLKA,
v emPAénovoa kabnyntpla pou, kab. M. Kpokida yia tnv ajoyn cuvepyacio pag Kot tnv
kaBodnynon tng, KaBwg Kol ylo TNV EUMLOTOCUVN, TIOU Hou £6el€e oe OAn tn Slapkela
€KTIOVNONG TNG Epyaciag.

ISlaitepeg euxaplotieg Ba nBeha va ekdpdow kat otnv kab. A. Mannd, pEAOG TNG TPLUEAOUG
€EETAOTIKNG ETUTPOMNG, TIOU OUVEPRAAE OUCLAOTIKA OTNV TIEPATWON TNG SUTAWUATIKAC QUTAC
epyaociag.

Euxoplotw Bepud, tnv ko M. EAévn ywa tnv avektipntn Ponbesia kot otnplén, mMou Hou
nipocedepe KB’ OAN tn SLAPKELA EKTIOVNONG TNG SUTAWUATIKAG QUTHG Epyaciag. Thv euxapLoTw
yla 6Ao To XpOvo, Tou adlEpwoe o€ HEvA. XwPLE TNV cupmapdotacr g, N Epyacia autnh dev
Ba eixe oAokAnpwOEeL.

Euxaplotw, akopn, oAa ta péAn tou Epyaotnpiou Ixedlaopol kat Avaluong Alepyaociwy, TTou
pe Bonbnoav o 6,TL KOl AV XPELAOTNKA, TIou ATav ¢Akol pall pou Kal Pe €kovayv va alobavow
OTL €lpoL LEAOG pLag opadag.

Emiong, euxaplotw moAU tov K. M. Ixowad yia tnv moAutiun PBonBeld tou otn Xprion tou
NAEKTPOVIKOU HLKpOoKoTtiou, SEM.

TéAog, €va peydho suxoplotw odeilw otoug diAoug POU Kal OTNV OLKOYEVELA OU, TIOU ME
otnpwav kad’ 6An tn SLdpKELd TWV akadnuaikwy omoudwv Hou Kal pou €8vav Slapkwg
KOUPAYLO VA CUVEXIoW.

Oktwpplog, 2016






INEPIAHWH

H péBodog tou vavoeykAelopou OlaBEtel euply medio edapuoywv, KABwG ETUTPEMEL TNV
npootaoia, Tn BeAtiwon Twv WlotAtwy Kat tng BlodlabeoudtnTag Twy svaicdntwy — aotadbwv
BLodpaoTikKWYV OUCLWV KAl TNV amokpuPn TuXOV avemBUUNTWV XOPAKTNPLOTIKWY, OMWG TO
XPWHA KAL N OOUN.

TNV mopouca SUTAWUATLKI EPYOOLa, TIPOYHATOTOLONKE EYKAELOUOG OVTLONTITIKWY (EKXUALOUQL
Tea Tree Qil) kot avTlo€ElSWTIKWVY (EKYUALOHA oo pOSL) OUGLWY, UE OKOTIO TNV EGAPHOYH TOUG
0€ KOAAUVTIKEG KPEUEG.

H péBodog, mou xpnoluomolndnke yla tov eykAewopd ntav n Opoafovik HAektpootatiki
Ivomoinon (Coaxial Electrospinning), pio péodog kaiwvotopa, mou dnuloupyel vVovoSoUEG e
EMBUUNTEG LOLOTNTEG Kal popdoAoyia.
APXIKQ, TIOPACKEVAOTNKE TO EKYUALOUA podLol amod anoénpapévoucg dpAolols podlou e xpron
™¢ neBOdou ekxUALONG UE UTIEPNXOUG.

Eneta, to ekXUALOMOQ aUTO (Loxupng avilo€elOwTIKAG dpAcng) Kol TO EUMOPLIKA SLaBéatuo
ekYUAlopa TTO (Loxupo avilonmtikd Le SUCAPECTN OCUN, TIOU QTOTPEMEL TN XPHON TOU OTh
Blopnxavia kaAAUVTIKWYV) eykAeloBnoav o€ puAtpa eUmoptkd Stabeatpou udatikou SlaAupatog
B — kukhodeftpivng pe T pEBOSO NG Opoafovikng HAektpootatikng lvomoinong Kot
napnxbnoav vavoiveg. AkoAoUBNoe XOPOKTNPLOMOE TWV VOVOIVWV ME TIG HeBOdoug Tou
HAektpovikoU Mikpookomiou Zapwong (Scanning Electron Microscopy — SEM), tng Atadoplkig
Oepudopetpiag 2apwong (Differential Scanning Calolimetry — DSC) kal pe UMOAOYLOUO TOU
TI0C00TOU €YKAELOHOU.
OL vavoliveg, oTn OUVEXELD TIPOOTEONKOV O KPEUEC TIPOCWTIOU KoL TIPOEKUPOV N KPEUA UE
KwOO T (kpépa Baon e vavoiveg TTO), n KpEpa pe KwWOWKO P (kpépa Bdaon pe vavoiveg
€KYUALlopaTOG podlov), evw mpolmnpxe N Kpepa pe kKwdikd C (kpépa Baon — Control). Ot Tpelg
QUTEC KPEPEC TomoBeTriBnkav oe Bepuokpaciec ocuvtrpnong twv 5, 25 kat 45 °C ya péyloto
XPOVIKO Stdotnuo 50 nuepwv, Ye OKOMO va HEAETNOel n otaBepoTNTA TWV VOVOSOUWY OE
ouvOnkeg amoBnkevong. Metd amd 30 kot 50 pépeg amoBnRKeuong TOUG MpayUaTonolionke
HkpoBlaky avdAuon oautwv, METPNOn Tou pH Kol TOu XPWHOTOC TOug, KOBwWG Kat
XOPAKTNPLOUOG TNG LEWOOEAAOTIKAG ouumepldopd¢ Ttoug HeE TN MEBOSO TNG AUVOULKAG
Mnyxavikng AvaAuong (Dynamic Mechanical Analysis — DMA) .
Ot ouvBnkec ou eAEXONoAV Ao TIC TELPOUATIKEG LETPAOELS HE TN MEBO0SO TNG OHOoAEOVIKNG
HAektpootatikn¢ lvomoinong, ntav ot e€NG:

e [ TG vavoiveg ekxuAiopatog podlol: Mapoxn B — kukhodeftpivne: 1 mL/h, Mapoxn

ekxVAiopatog podiov: 0,5 mL/h, EmBar\opevn taon: 24,1 kV
e [a TIc vavoiveg ekxuliopatog Tea Tree Oil: Mapoxn B — kukAodeftpivng: 0,5 mL/h,
Mapoxn ekxuAiopotog Tea Tree Oil: 0,4 mL/h, EmBaAAOpevn taon: 26,1 kV

And v ef€taon twv vavoivwv oto HAekTpovikd MIKPOOKOTILO ZApwong, MPOoEKUPE OTL PE
avénon NG MApPOoXNG TWV OUCLWV Kol TG eMPBAANOUEVNG TAONG, TIPOKUTITOUV VaVOoiveg UE
nopdoloyiec cucowpatwpatwy (beads — aotoyieg) katL To MAEyHa TwV vavoivwy yivetal 1o
TIUKVO, TO oTolo eivat ocupdwvo pe ta otolxeia tng BLBAloypadiag.



To MooooTO eYKAELOHOU yLa TIC VOVOoiVeG ekxUALopaTog podlol mpoékue (oo e 48%, EVw QUTO
TwV vavoivwv ekxuAiopatog Tea Tree Oil, ico pe 75%. Auto efnyeital amd to yeyovog OTL N
KUKAOGeETpivn (UATpa Twv 800 OUCTOTIKWY €YKAELOPOU) elval pla €vwon, Tou  €XEL
udpodofikn, AuodIAn Ko\OTNTA, N omoia oxNUATIlEL Lo oTABEPA GUUITAOKO EYKAELOUOU UE
udpodoPikég ouaieg, omwe to Tea Tree Oil, evw to ekyUAlopa podlol Atav LdATIKO SLAAUUA
(ubpodno).

H uébodocg tng Aladopikng Ospuibopetpiag Zapwaong, £6€LEe OTL OL EYKAELOUEVEG OUGLEG Kall OL
ouvOnkeg mapoxng Kat emBarAopevng taong v emnpedlouv CNUOVTIKA TO onUElo TAENG TG
KUKA0Se€Tpivng. Mpoékue emiong OtL To ekyUALopa TTO mapouaotalel kKaAutepn cupBatotnTa
0Tn cupmAokomoinon Ue TNV KUKAoSeETpivn amod To ekyUALOUA podLov.

Ot KOAAUVTIKEC KpEUEG, Sev moapoucioocav piKpoflakn €MUOAUVON Katd tn OldpKeld Twv
HLKpOBLaKkwV avaAUCEWV yla TO CUVOAO TwV BepUoKpacLwy amobnkeuong.

Ao Vv avaAuon pH yla tig OepUokpacieg Kal TIG NHUEPEC AMOBNKEVONG TIPOEKUYE OTL OL ULKPEC
oAAQYEG (LELWOELG) TOU pH TwV KPEUWYV, TTOU TePLelyav TIC vavoiveg, odeilovtal otn oTadlakn
anmodECEVON TWV EVEPYWV CUOTATIKWY TOUC, TA OTola Tautoxpova otabepomolouy tn doun
TOUG (TwV KPEUWV) o€ oxéan e TNV KpEpa C. NMpoékuPe, akOuUn OTL OL KPEWEC Bplokovtal eviog
Tou emBupntoL oplou pH yla xprion oto avBpwrivo Sépua.

Oocov adopd OTO XPWHO TwV KAAAUVTLKWV KPEUWYV, OTIC KPEUEG TIOU TIEPLELYOV TIC VAVOIVEC,
onUewwOnke uikpn dtadopd oe oxéon Pe TNV KpEa Baon Adyw Twv BLoSpaoTIKWY OUCLWY, TTOU
TEPLELXQV.

TéNog, and ta anoteAéopata tng Auvapikng Mnxavikng AvaAuong Twv KAAAUVTLIKWY KPEUWVY,
mpoékuPe OTL Ta Tpla Selypata kpéuag eival KatdAAnAa yla TPakTik edapuoyn otn
Blopnyxavia KaAAUVTIKWVY Kal OTL €V YEVEL TO OUVOETO LEWHEC TWV TPLWV KPEUWYV TIAPOUOCLAlEL
mapopola cuumnepidpopd pe tn UeTafoAn tOco NG Bepuokpaciag amobrnkeuong 00O Kal TwV
NUEPWV amoBrkevonc.
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ABSTRACT

The nanoencapsulation method has a wide range of applications, as it provides the protection,
the improvement of the properties and the bioavailability and the modification of sensitive —
unstable bioactive substances.

The present diploma thesis, focuses on the use of the nanoencapsulation method for two
bioactive substances; the antiseptic Tea Tree Oil extract and the antioxidant pomegranate
extract, for application in cosmetic creams.

Coaxial Electrospinning technique, an innovative technique which creates nanostructures with
desired properties and morphology, was used for the encapsulation.

At first, dried pomegranate bark was used to prepare the pomegranate extract, using the
Ultrasound Extraction method and its bioactivity was measured with the Folin — Ciocalteau
method. Moreover, Tee Tree Oil’s calibration curve was designed, in order to determine its
concentration.

After that, the pomegranate extract (which has great antioxidant activity) and the commercially
available TTO extract (strong antiseptic, with unpleasant odor, which prevents its use in the
cosmetic industry) were encapsulated in a commercially available aqueous solution of beta —
cyclodextrin matrix with the Coaxial Electrospinning technique and nanofibers were produced.
The characterization of the nanofibers with the methods of Scanning Electron Microscopy
(SEM) and Differential Scanning Calolimetry (DSC) and the evaluation of the inclusion rate,
followed the above.

The nanofibers, were then, added in facial cosmetic creams and except for the excisting Control
cream (base cream) with code C, two more creams were created; the cream with code T (base
cream with the Tea Tree Qil nanofibers) and the cream with code P (base cream with the
pomegranate extract nanofibers). These three creams were stored at temperature controlled
cabinets at three selected storage temperatures: 5, 25 and 45 °C and analyzed in order to verify
the stability of the nanostructures in cosmetic products over storage time. Microbiological
analysis, color and pH measurement and rheological analysis through Dynamic Mechanical
Analysis (DMA), were afterwards performed for each of these cream samples, at
predetermined storage time intervals (30, 50 days).

The conditions selected from the experimental measurements with the Coaxial Electrospinning
method, were as follows:

e Pomegranate extract nanofibers: Cyclodextrin flow rate: 1 mL/h, Pomegranate extract
flow rate: 0,5 mL/h, Applied Voltage: 24,1 kV
e Tea Tree Oil extract nanofibers: Cyclodextrin flow rate: 0,5 mL/h, Tea Tree Oil extract
flow rate: 0,4 mL/h, Applied Voltage: 26,1 kV
The examination of the nanofibers with the Scanning Electron Microscopy method, showed
that if the flow rate and the applied voltage are very high, bead fibers will form and the fibers
web has greater density.These results correspond to the literature.
The encapsulation rate for the pomegranate extract nanofibers was 48%, while the one of the
Tea Tree Oil extract nanofibers was 75%. This was due to the fact that cyclodextrin (the matrix
of the two compounds) is a substance with a hydrophobic, lipophilic cavity, which forms more
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stable inclusion complexes with hydrophobic compounds, like Tee Tree Oil while the
pomegranate extract was an aqueous solution (hydrophilic).

The results of the Differential Scanning Calolimetry method, showed that the encapsulated
substances, the flow rate and the applied voltage do not affect significantly the cyclodentrin’s
melting point. Furthermore, it was proved that the TTO extract forms more stable inclusion
complexes with cyclodextrin than the pomegranate extract.

The cosmetic creams, did not develop microbial contamination in none of the storage
temperatures, during the microbiological analysis.

Through the pH evaluation analysis only small changes were observed at the cosmetic creams,
which contained the encapsulated substances, for all the examined parameters. This occurs due
to the gradual release of their bioactive ingredients, which simultaneously stabilize their
structure compared to cream C. Additionally, it was found that the creams have appropriate pH
for use on human skin.

Regarding the colour evaluation of the cosmetic creams, the ones containing the nanofibers
had small differences in comparison to the base cream, due to their bioactive ingredients.

Finally, the Dynamic Mechanical analysis of the creams, showed that all of them are suitable for
application in the cosmetic industry and that in general their complex viscosity has similar
behavior while changes in the storage time or the storage temperature occur.
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KE®AAAIO 1: EIZATQI'H

1.1 Avtikeipevo kat Ztoyot

Avtikeipevo TG mapovoa SMAWMATIKAG €pyaciag amoteAel n HEAETN TNG TEXVIKNAG TNG
NAEKTPOOTATIKNG LVOTIOINONG VLA TOV EYKAELOUO OVTLONTITLKWY KAl OVTLOEELSWTLKWY OUCLWYV KoL
N ebappoyn Toug o€ KAANUVTIKEG KPEUEG TIPOCWTIOU.

Me t pEBoSo TOUu eykAelwopoU kaBiotatat duvat) n mpootacia kat n PBeAtiwon NG
BodlabeoipudtnTag Twv Plodpactikwyv oucwwv KaBwg kKal n KAAuPn twv avembuuntwv
dlotNTwyv toug (m.x. xpwua, ooun). H peyaAn onupaocia KoL TO EMLOTNHOVIKO evdladépov
EYKELTOL O QUTA akpLBWG Ta LSLALTEPA XAPAKTNPLOTIKA TIoU Tipocdidovtal oTig BLodPaCTIKEG
OUGLEC KOl KT’ €ETMEKTOON OTO MPOIOV 0TO omolo TMpootiBevtal KaBwg Kal otV eAEYXOUEVN
amnobéopeuon touc. Emnmpoobeta, divetat n duvatotnta mpocOnkng PLOSPACTIKWY CUCTATIKWY
TIOU HTAV ONAYOPEUTIKH N XPAON Toug Adyw Twv Wblaitepwyv Kol  avermBupuntwyv
OPYOVOANTITIKWY TOUG XQPOKTNPLOTIKWY (XpWHUA, YEUGN, 00WN) Kuplwg ot OTL adopd otnv
TpoaoBnKn Toug o€ mpoidvta TN Blopnxaviag Tpodipwv Kat KAAAUVTIKWV.

O vavoeyKAELOUOG, pia TEXVIKN LE aUENUEVO ETLOTNUOVIKO evlladEépov, Tapouotdalel Eva eupl
daopa epapuoywv oe MANBwpa Blopnxaviwy, PE TTOAU ONUAVIIK QUTH TWV KOAAUVTIKWV.
IAUEPQ, TIPOKELUEVOU VO aUENBOUV OL EVEPYETLKEG LOLOTNTEG TWV KOAAUVTLIKWY, TO EMLOTNLOVLKO
evdiadépov €xeL otpadel otnv mpooBNkn PLodpacTikwv ouclwV amd (GUOLKEC TINYEC.
AkoAouBwvtag auth TNV Taon To SLEBVEC ETUOTNUOVLKO evOladEpov €XeL oTpadel oTn HEAETN
KOLVOTOUWV HEBOSWV vavoeykAelopoU, Omwe n HAektpootatiky lvomoinon. Ol mapdpeTpoL Kot
TO TWG QUTEC eMNPEAIOUV TIG VOVOSOUEG TWV EYKAELOUEVWY OUCLWV KOL KOT EMEKTAON TIG
OLOTNTEC TOUG OTO TEAIKO TPOIOV eival uPilotng onuaciag Kol OomOTEAEl Hia oMo TIg
BaOIKOTEPEG EPEUVNTIKEG KATEUOUVOELG OTOV GUYKEKPLUEVO EPEUVNTIKO TOUEQL.

1.2. Tomo0£Tnon TG SIMAWUATIKIG Epyaciag - MeBoSoAoyikn) TpocEyyLon
ZT0X0G TNG MapoloAG SUTAWHATLIKAG EPYACIAC NTAV N LEAETN TNG TTAPAYWYI G VAVOIVWV Lo TOV
EVKAELOUO OVTIOEELOWTIKWVY KAl OVILONTITIKWY OUCLWV HE XPron TN¢ KALWoTopou peBddou tng
Oupoagovikng HAektpootatikig lvoroinong (Coaxial Electrospinning) pe okomo tnv edpapuoyn
TOUG 0€ KOAAUVTIKEG KPELEG.

H peBobdoloyikn mpoogyyion mou uloBetiBnke NTav anotéAeopa evoehexols BLBALoypadKng
OVOOKOTINONG. ZUYKEKPLUEVA, ETUAEXONOOV OUCLEG ONUOVTIKEG YLoL TOV TOUEQ TWV KAAAUVTIKWV
KaBwg kot cuppati AdN xpnowlomoloUevn UATPA eYKAELOpOU. Eywve xprion tng nebodou tng
HAektpootatikng Ivomoinong Kat He emloy Twv PBEATIOTWY ouvONnKwv €ylve Tapaywyn
vavoivwyv e eykAelopeveg BlodpaoTikég ouoiec. OL VOVOIVEG 0T CUVEXELD, TIPOOTEONKAV OF
KpEUa Baon kot LEAETABNKAV TUXOV UETOPOAEG 0 BAOIKEG LOLOTNTEC TWV TEAIKWV TIPOLOVTWY
oo TNV KPEUA QUTH.



1.3 Empépovug 6Tto)oL - AVAUEVOEVT GUVELGQPOPA
OL empuépoug otdxoL TG mapoloag epyaciog cuvolilovtal ota ERG:
e MelA€tn Kkat aplotomnoinon tng dlepyaciog tng NAEKTPOCTATIKAG LVvOToinong.
e MeA£Tn Kot a€LloAOynaon MOPAYyOUEVWY VOVOSOUWV.
e [lpooBbnkn vavoivwv oe KOAAUVTIKA Tipoidvta (KpEPO TPOCWTOU) Kal UEAETN TNG
eNidpaong Toug ota BACIKA TOUG XOPAKTNPLOTIKAL.

KaBwg oOAoL ol mpoavadepbBévieg otdoxol oAokAnpwOnkav e emtuxia oto MAALCLO TNG
mapovoag epyaciag, n avapevopevn cuvelopopd tng Ba pmopouoe va amoteleital cadwg
ano TG peBodoloyieg kat tnv mapoxn €EELOIKEVUEVNC yVWOoNG yla avtioTolya MEpAATa oo
AANOUG €PEUVNTEC, WOTOCO TIOAU ONUOVTIKA E€lvol KOL TA EMLOTNUOVIKA €uprpata Kabwg
SnuloupynOnke Eva KOLVOTOUO, UE HOVASLKA XAPAKTNPLOTLKA TPOoilov, Tou omolou n edapuoyn
otn Blopnxavio KOAAUVTIKWY Umopel HeANoOVTIKA va amoPel kaBopLOTIKA.

1.4 AuadpOpwon

10 mpwto KedaAalo, mapouoltdlovial apXlKA TO QVILKEIHEVO KoL OL OTOXOL TNG TMapoucag

SutAwpatikng epyoaoiag. AkoAoubwg, avadépetat n  peBodoloylk TPOCEyYyLONn TOU
aKoAouBnBnke, oL EMIUEPOUG OTOXOL KAL N QVOHUEVOUEVN OUVELOHOPA TNG SUTAWUATIKAG
epyoaoiag. TéEAog, mapouaotaletal n StapBpworn) tng.

Y10 SeutEPO KEDAAQLO YyiveTOL ap)LKa, avadopd oTnV £vvola TOU EYKAELOLOU, oTa BLodpacTika

OUOTOTLKA KoL OTLG EPapUOYEG TOUC. AkoAouBel mapdBeon Stadopwy peBOdwv eykAslopoU Kal
Olvetal épdoon oe autég ¢ HAektpootatkng Ivomoinong (Electrospinning) kat tng
Opoaéovikng HAektpootatikig Ivomoinong (Coaxial Electrospinning), mou xpnotuormoleital
GAwoTE KoL otV &V AOYyw OUTAWUATIK €pyacio KoL oTtoug Topelc edapuoyng Touc.
MNapouotaletal n Swataén Twv V0 autwv peBOdwv, avalvovtal oL TAPAUETPOL, TIOU
eNMNPEALOLV TIC TTOPAYOUEVEC LECW OUTWV VOVOSOUEC Kal evtomilovtal ot dtadopég kabwg Kat
TO TTAEOVEKTAMOTO TOUC €vavtl GAwv peBOdwv eykAelopou. TéAog, yivetal avadopd oTig
OUYXPOVEC TACELG 0TA KAAAUVTIKA Ttpoidvta Kal avaAuetal n dpdon twv BLodpacTikwy oucLwy
Tou podlou, tou Tea Tree QOil kat tng kukAode€tpivng.

1o tpito kKeddlalo, mepiypadetal n melpapatiky dtadikacia, mou akoAouBrBnke. Etol,

OPXIKA, avadEpOVTOL TA UALKA, TTOU XpnOoLUomoBnKkayv yla Tov eYKAELOUO TwV BLoSpaoTIKwV
OUOTOTLKWY 0TNV KUKAOSEETPivN, yla TOV XAPAKTNPLOUO TwV BLoSPACTIKWY CUCTATIKWY KAl yLo
™V PikpoBloAoyikr avaiuon. Enetta, mapouoialovtal ol LEBodol, mou xpnaotuomnoénkav yla
TNV MAPOOKEUN TWV VAVOIVWVY KOL TNV UEAETN TOCO QUTWY, OGO KOl TWV KOAAUVTIKWY KPEUWY,
TIOU TLG TIEPLELXAV.



Y10 Tétapto Kedalalo, mapouoialovral, avaAlvovtol Kol oXoAlalovtal Ta armoTEAECHATA TWV
LETPrOEWV.

210 méunto keddaAalo, TEAOC ocuvieAeital n e€aywyn TWV CUUMEPACUATWY Kal TpoTeivovTal
HUEANOVTLKEG TIPOOTITIKEG YLa TNV €EEALEN TOU PEAETWLEVOU BEpaTOC.







KE®AAAIO 2: OEQPHTIKO MEPOX

2.1 EyxkAgewopnog Blodpaostikwv Ovolwv

O eYKAELOUOC OUCLWV OE ULIKPOSOUEG 1) VOVOSOUEG €lval Lo TEXVOAOYLa TTOU XpnoLoToLEiTal
yla tnv evOuAdkwon PBloSPACTIKWY OUCTATIKWY O Mia PNTpa. Katd Ttov eykAELOUO
oxnuoatilovral pikpo 1 vavoodalpidia kat pikpo i vavoiveg. OL cuyKekpluéveg SoUEG, (Ta
odalpidla kat ot iveg) punopel va mepikAeiouvv ouaieg ubpodoPec 1 LOPOPINEC oE aépla, LypNn N
otepen popdn.

To mepifAnua Twv cwpatdiwv (UATPA) amoteAeital amod p oucia TTOU XPNOLUEVEL WG
«ppdayua» (barrier) i mpootateutikd mAEypa eivalr ocuviBwg éva Bloarmolkodopnoluo n
Bloouppatd moAupepeg kot kaBopilel To puBUO amodéopeuong Tou SPACTIKOU EYKAELOHEVOU
ouotatikoU. To ¢pdypa autd upmopel va €xel eite tn popdn HeUBpdvng, omote Kol
Slapopdwvovtal cuotripata pepPpavng (membrane A reservoir systems), eite MOAUUEPLKAG N
Kknpwdoug puAtpag.

H emloyn tou dopéa eival MOAU ONUAVTLKA TTOPAUETPOC YO TNV ATIOTEAECUATIKOTNTO TOU
HKPO/VAvOoeYKAELOpOU Kol Tn otabepotnta Tou TEAKOU Tpoiovtog. Ta KpLtriplol €AOYNC
Baoilovtal kuplw¢ otig duolkoxNUIkEC dlotnteg  (StaAutotnta, Hoplakd  Bapog,
KPUOTAAALKOTNTA, YOAOKTWUATOMOLNTIKA KAVOTNTA), KABwg Kol oTig L8LoTtNTeg €ATULONC.
MoAupepn vdatavBpakikng puong, MPWTEIVEG Kal AUTidLa €lval Ol KUPLOTEPEG KATNYOPLEG TwV
SlaBéouwv popEwv eykAelopou [1], [2].

O vavoeykAelopog edappoletal pe okomo T PeAtiwon Kuplw¢ Twv OpyoVOANTTIKWY
XOPAKTNPLOTIKWY (YEUON, 00U, XPWHA, KATL.) Twv guaiocBntwv f/kal epebloTIKWY Blogvepywv
ovotatikwy. Emiong, pe tov eykAelopod ouolwwv, eéaodaliletal n mpootacio AUTWV aAmo
Suopueveic emubpaoelg tou meplBailoviog oto omoio Bplokovtal Kol amo tnv eneepyacia mou
vdlotavtal petd v mMpocBnkn Toug oto Tpoiov. Onwg avadépetal AAWOTE EUPEWS OTN
BBAloypadia, o eykAELOPOG edapUOlETAL KUPLWG YLOL TNV TIPOOTACLO TWV CUCTATIKWY TIOU €ival
evaioBbnta otn Beppotnta [ otnv ofeibwon. Emiong, pe tnv KATAAANAN emloyr tou PECOU,
pHéoa oto omoio Ba eykAeloBel to Ploevepyd cuoTATIKO, Umopel va eAeyxBel kaL o xpovog
aneAevBEpwaong Tou wote va PokUPeL To KaAUTepo Suvato anotédeopa [3].

Mo avaAuTKA, TTOPOKATW TOPOUCLATOVTAL TA KUPLOTEPA TIAEOVEKTAUATA TNG TEXVLIKAG TOU
EYKAELOUOD :

o Aodalig dlaxeiplon twv BLodpaocTikwy oucLwv otn xprnon kot otn §ldbson autwv oto
niepLBAaAov.

e Awatpnon Twv BLoSpaOTIKWY CUCTATIKWY EVOG PapUAKoU, KAAAUVTIKOU f Tpodipou
(mpoidvtog ev yével) yla HEYAAUTEPO XPOVIKO SlAoTnua KOTA TNV omoBrikeuon Kal
CUVETIWG auénon tou xpovou {wng Tou..

e [lpootacia amo oavermbuunteg¢ aMAnAemibpaocel tng PLodpactikng ouclag HeE TO
dappako, KAAAUVTLKO 1 TpOPLUO OTO omoio €xeL mpooTeOEL.

e KaAuyn twv avemBupuntwy WLOTATWY Twv BlodpacTikwV OUCLWY, OTIWG N OCWN Kal N
yeULon QUTWV.

e ALQTAPNON TOU OPWHATOC TwV BLOSPACTIKWY OUCLWV KATA tn SldpKela amoBrkeuong
QUTWV.



e [lpootaocia amod pKpoBLOAOYIKEG LOAUVOELS TWV OUGCLWV.

e Anuloupyia otaBepwv KoL TUTTOTIOLNUEVWY GUCTATIKWV.

e [lpootaocia twv evaicOnTtwy, BLOSPACTIKWY OUCLWV ATIO AAAOLWOELG, TIPOEPXOUEVEG ATIO
e€wTePKOLG Tapdyovteg (m.x. oktwofoAia, Bepuotnta, ofuyovo Kal uvypacio TG
atuoodalpag).

e METATPOMI UYPWV OUCLWV OE OTEPEN OKOVN, LLE ATIOTEAECUO EUKOAGTEPO XELPLOUO Kall
XopPNynon Twv ouclwv, XAUNAOTEPO KOOTOC amoBnkeuong Kol CcuoKevooiag Kal
g€olkovounon avlpwrnivou duvapikou.

e [lpooTaoia TwV XNULKA EVEPYWV OUCLWYV ATO XNULKH TTPOcBOoAN.

e EAeyxog TNG €vapéng Kot tou pubuol ameAeuBEpwong tng evepyou ouoilag HECA OTO
MPOIOV KATA TNV Katavalwon 1 xpnon Ttou — eAeyxouevn ameAeuvBépwon —
QMOSECEUDN TWV OUCLWV.

o Kaluyn PuokoxnUIKwY LBLOTATWV TNG EVEPYOUC ouciag, Omwe N uyPnAn mINTIKOTNTA,
€PEOLOTIKOTNTA, KATAAUTIKEG LOLOTNTEC, eMibpacn oto pH K.d., pmopouv va kaAudBouv
Qo TO UALKO TNG HEUPPAVNG N LATPAG, LEXPL VO XPELAOTEL N amodEéopeuon g ouaiag
oTo MEPLBAAANOV ) GTOV OPYOVIOUO.

e BeAtiwon Twv WOLOTATWY PO TWV OUCLWV KAl TNG amodoong auTwV KOTA TOV EYKAELOUO
Tou¢ (m.x. BeAtiwon WolotTwy cupmnieong kat Stalvonc) [3], [4].

2.1.1 EAeyyouevn amodéoucvon
Katd tnv eAeyxouevn anodEopeUon oualwy, N anodoon tng SPACTIKNG ouaiag oto mepBaAilov
EAEYXETOL QMO UNXAVIOUOUG SLaxuong MEGW TOU UALKOU — dpaypol (UATPAG), HE AMOTEAECUA
va Aappavovtal Siadopa mpodid amodéopeuong. H ocuumepidpopd TNG €KAOTOTE ouaiag
EYKAELOOU, e€apTdTal:

e Ao tn Sldxuon tng ouaoliag,

® QO TA CUCTATIKA (LATPA KoL EYKAELOUEVN ouoia), TTOU XPNOLUOTIOLOUVTAL KOL TIG LETAEY

ToUG AAANAETLOpAOELG KOl
e o to Babuo diaomaong tou dpopéa (tng untpac) [5], [6].

H ocupumnepidopd otnv anodéopevon plag SpacTtikng ovuoiag, unopel va eAeyxBel pe tnv emhoyn
NG KATAAANANG TTOAUMEPLKAG UATPAG. ITA TMOAUMEPLIKA CUOTAMATA, 000 UEYOAUTEPO Eival to
HECO Moplakd PBapog tou TOAUMEPOUC, TOOO TIO aApPYyd TPAyUATOTMOLETaL n in vitro
anodeopeuon Tou €eYKAELOMEVOU ocuotatikou [7]. O KupldTEPOG OUWG TAPAYOVIAG TIOU
kaBopilel o mpodiA Tng aneAeuBEpwong TNG SpaACTIKAG ouoiag eival n Soun Tou CUOTHUOTOG.
Qotooo, oxebov 6AoL oL oxnUaTIopol Tou yivovtal mapouclalouv pla opaAr ameAeuBépwon
NG ouoiag otnv apxr, Tou akoAouBsital amd pia ekpnktkn anelevBépwon auvtng (Burst
Release Mechanism) ano ta apyika kioAag otadia [8], [9].

OLAdyol yla TNV epdavion autou Tou GaLVoUEVOU UMOpPEL va elval:
e PWYUEC OTO MPOOTATEUTIKO KEAUGOC TS KA OoUAag.
e To «dawopevo amobrikeuong» (storage effect), 6mou ocuvteAeltal Kopeopdg TNG
HUEUBPAVNG UE TIGC SPOOTIKEG OUOTILEC.
e Humnepdoptwon (loading) tng kapoulag pe dpactikr ovolia.



e Otav n pikpo/vavo-kalpoula tomoBeteital o eva pPECO ameAeuBEpwaong, n EVePYOC
ouoia pmopel va apyioel va Staxéetal ypriyopa €€w amo tnv emidavela tng LeUPpavng
TIPOKAAWVTAC EKPNKTLKN armodEoeVON).

XapnAoU poplakol Bapoug §pacTikeég ouaieg udloTavtal cuxva To GALVOUEVO TNG EKPNKTLKNAG
aneAevBépwong, Aoyw NG UYNANG OCUWTIKAC Tieong kat NG oauénuévng Pabuidag
OUYKEVTPpWONG. AMOL AOyoL yla €KPNKTIK amodéopeuon mepAapufavouv: TIC OUVONKEC
enefepyaociag, Ta XOpAKTNPLOTIKA TNG €MPAVELAG TOU UALKOU UTodoXNG, TN YEWUETPLa Tou
Selypatog, tnv aAAnAenidpaon pe to meptBariov unodoxng, tn popdoAoyia Kal Tnv mopwdn
Soun Tou UALKoU.

Q¢ AUOELG Yl TNV amoduyn TNG EKPNKTLKNG amodEoEUONG POTEIVETAL KUPLWG N edapuoyn
EVOC ETUMPOOOETOU UALKOU €eTUKAAUYNG TAVW amd £€va UOVOOTPWHATIKO HIKpo/vavo-
owpatidlo, dour n onola propet va BondnoeL tnv e€aAeldn TNG EKPNKTIKAG AMOSECUELONG, AV
Kall cUXVA Umopel val aAldel apketa to mpodil anedeuBépwaong. AAeG AUoEeLG ephappBavouv
TOo MAUGCLUO TWV HIKPO/vavo-cwpatidiwv ya va adalpebolv otayovidla SpacTiKwy OUoLWV
amno tnv empavela toug [10].

2.2 BlodpaoTikad cveTATIKA

BLoSpaoTIKA CUCTATIKA €lvol Ta amopaitnTa yla TOV OPYQVIOUO CUCTOTIKA (m.X. Bltapivec,
ToAUdALVOAEC K.0.K.) TTOU umapxouv otn ¢Uor, amoteAoUV HEPOG TG Slatpodikig aluoidag
Kall urmopel va emnpealouv TNV avOpwrvn vysia.

Ta Blodpactikd cuotatikd ovadépovtal Kal w¢ «GapUakoTpOdLUa», MUl 0poAoyia Ttou
umodNAWVEL TNV Umapén toug otnv avBpwrmivn Siatpodn kat tn PBloAoywkr toug Spaon. H
npooBnNkn PLodpacTIKWY OCUCTATIKWY OE KAAAUVIIKA, TPOda 1 ddappaka oUEAVEL TIG
EVUEPYETIKEG LOLOTNTEG AUTWV TWV Ttpoioviwy [11].

Ta ev Aoyw cuotatikd aAAnAemibpouv amoteAeopatika pe to DNA, TiIc mpwrteiveg kot aAAa
Boloyilka popla. H Asttoupyia toug autrh ta Kablotd bavikd yla to oXeSlaoud GuoKwWv
TPOIOVTWY, TIPOEPXOLEVWY OO CUCTATLKA HE BepameuTikn Spaon [12].

2.3 E@appoyég EykAsiopov
O vavoeyKAELOUOG ouoLwv epapuodleTal onuepa, o€ pio TANBwpa TOPEWY, OTIWE oL KATWOL:
e Blounxovio KAAAUVTIKWYV,
e Blounyxovia dapuakwvy,
e [Blounxavia tpodpipwy,
e [Blounxavia Autacpdtwy kot putopopudKkwy,
o YpaDIKEG TEXVEC, EKTUTIWTIKA Kol pwToypadLka idn,
e KkaUOoLUa, KATT.
AVOAUTIKOTEPQ, OTLE TapaypPAdouG ou akoAouBoUv avaAUovTaL OL TILO CNUAVTLKEG EQAPUOYEG
mou adopolv oTLg Blopnxavieg tpodipwy, PapuaKkwy Kol KOAAUVTIKWVY:



2.3.1 Biounyavia Tpopiuwv

H vavotexvoloyia amoteAel emavAcTOon 0TO XWPO TWV TPOPLUWVY €V YEVEL, Ao TNV apaywyn
HEXPL TNV eMegepyacia, TNV AMOBAKEVON KL TNV AVATITUEN KOWOTOUWY UALKWY, TPOIOVTWY Kal
edappoywv. H Blopnxavia tpodipwv kaleital va avtamokplBel o mMANBwpaA TPOKANCEWV
Snuloupywvtag Kat e€EAlooOVTOC CUCTAATA, LKOVA VA TTOPAyouV TpodLua uPnAng molotntag,
oodaAr, amoteAeopaTikd, GWKA Tipo¢ To TEePLBANOV KAl CUYXPOVWG ME  HEYAAN
Statnpnowotnta. H vavotexvoloyla, Qmovtdel OTLG TIPOKANOCEL QUTEG, KoOwg €lodyel
TOXUTATO OTNV OYoPA TWV Tpodilwy, KALVOTOUA TTpoiovTa.

Me tn XpAon tnNg VOVOTEXVOALOG KOl CUYKEKPLUEVO TOU VOVOEYKAELOUOU OTOV TOHEQ TWV
Tpodipwv edpalwvovtal KalvoTopieg mou adopolv OTI( MOKPOUOPLAKEG LOLOTNTEG TWV
TPodipwy, OMw¢ n udn, n yevon, GAAQ OPYAVOANTITIKA XOPOKTNPLOTIKA, N €vtoon Tou
XPWHOTOG Kal n otabepotnta Katd tTnv enefepyacia Kat katd tov KUKAo {wng, odnywvrtag £taol
otn Snuioupyia MAnBwpag kawvouplwv Tpoloviwy. EmutAéov, n vavotexvoloyia duvatal va
BeAtiwoel TN dlaAutotnta, tn Bepuikn otabepotnta kal tn Blodlabeoipotnta Twv PLOEVEPYWY
OUOTOTLKWV.

O vavo — eykAelopog og doun ocwpatidiwy mepAapBAveL TNV EVOWHUATWON, TV amoppodnon n
™ Slaomopd BLOEVEPYWV CUCTATIKWY UTIO TN Hopdr HIKPWV KUOTLSIwV pe péyebog Slapétpou
™C TA€NG Twv vavo. H petadopd onoloudnmote Bloevepyol cuoTaTIKOU O SLadOPETIKA HEPN
TOU OWHOTOC EMNPeAleETAL AUECA A0 TO HEyeBOC Twv ocwpaTdiwv. H peiwon tou pey£Boug
Toug (oTnV Tatn Twv vavo) pmnopel va avénoet tn BlodlabecipudtnTa, TG IOLOTNTEG HETAdOPAC
Kal TNV SLaAutotnTa Twv GapUAKOTPOPiUwY, Aoyw NG MeYaAUTEPNG eMdPAVELAG SPAOTIKNG
ouciag ava Oyko Kot €tol va auvénoouv tnv Blodoyikr dpaon.

IAUEPQ, TtapAyovTal XIALASEC VAVOKAYOUAEG, TIOU TIEPLEXOUV EVIOXUTEC XPWHOTOC N YELONG N
MpooBeTa BpemTikA OTOLKEla, Ta omola mapapévouv adpovr) HECA OTO TPOPLUO Ko
EVEPYOTOLOUVTAL PLOVO KATA TNV KOTOVAAWGN auToU.

H €AeyxOuevn Kol oOToXeUMEVN ameleuBépwon tnNg Opactikng ouciag aufdvel Ttnv
QTTOTEAECATIKOTNTA TWV ULKPO 1 VAVOOUOTATIKWY, SLEUPUVEL TNV KALLaKA TwV ePapuoywv ota
ouvotatikd Ttpodipwv kot efaodaAilet tn PEATotn Soocoloyia, aufdvoviag €tol TNV
amoSoTIKOTNTA TWV TPODIUWY OE OLKOVOULKO eTtimedo.

Ta pkpd owpatidla (vavo) PeATlwvouv TIG PEOAOYIKEC LOLOTNTEC TwWV TpodiHwv Kal TNV
oTaBepdTNTA AUTWV KOL UTTOPOUV v CUHUPBAAAOUV OTNV QVATTUEN UYLEWVOTEPWY, XAUNANG
TIEPLEKTLKOTNTAC OE AUmapd Tpodpiiwy.

‘ETOL, XPNOLOTIOLWVTOG TOV VAVOEYKAELOMO aUEAVOVTOL OL EUKALPLEC — SUVATOTNTEG OXETIKA LE
TNV TOPATETOPEVN YAOTPOEVIEPIKN KaTtakpdtnon, €€attiag tng avénuévng BroocupPfatotnrtag
(bioadhesiveness) otn BA£vva, TOU KOAUTITEL TO EVIEPLKO €mIBNAL0. EMmpOoOeta, PETATPOTEC
OTLG LOLOTNTEC TWV ETLPAVELWV (TT.X. ETUKOAVUYPELG) KaBloToUv Suvartr) TNV OTOXEUUEVN HETOdOpPA
CUOTATIKWV.

Itn Blounxavia twv Tpodipwy, o vavoeykAelopog Bplokel epapuoyn KoL otV mapaywyn
CUOKEUAOLWY, LKOVWV Vo au€noouv tn dtatnpnouotnta twv tpodipwy [13].

Ektog amd tnv BeAtiwon tn¢ PBlodlabeoipotntag, T CUCTAHATA EYKAELOHOU TIAPEXOUV
TIANBWpP A TTAEOVEKTNUATWY, CUUTEPIAAUPAVOUEVWV:

e NG pooTaociog ano tnv ofeidwon,



* NG KAALYPNG TNG yeLONg,

® TNG eAeyxOUevnG anodEopeuong TnG vypaoiag,

® TNG eAeyxOuevn amodéopeuong tng ofutnTag,

® NG TAUTOXPOVNG LETAPOPAC TTOAAWYV EVEPYWV CUCTATIKWY,

e NG mpooTtaciog amod tnv aAAayr otn yeuon,

e NG SLATNPNOLUOTNTAG TWV OPYOVOANTITIKWY XAPOKTNPLOTIKWY,
e TN¢mpootaciog anod avénon 1 peiwon tou pH,

e Tn¢ mpootaciog anod eviuuatikn aAdoiwon [14], [15], [16].

JUOTOTLKA VLo VOVOEYKAELOUO

Oocov adopd ota GAPUAKOTPOPLUA N ATIOTEAECUATIKOTNTA TOUG OTo va mpoduAdalouv Tov
avOpwrvo opyaviopd amd acBEéveleg OxeTleTal HE TNV LKOVOTNTA va Slatnpeital n
BlodlaBeoudTnTa TWV PLOEVEPYWY CUCTATIKWY HEXPL VAL PTACOUV TNV IEPLOXH 0TOXO. H peiwon
TOU Hey€Bou¢ Twv owpatTdiwv pmopel va auvénoel ) Plodlabeopotnta, TG LOLOTNTEC
HETADOPAC KAl TNV SLOAUTOTNTA TWV PapUakoTPodipwy, AOyw TNG HEYAAUTEPNG ETULPAVELQG
6paoTIKAG ouaiag ava oyko Kal £Ttol va auvérfjoouv tnv Blodoyikn Spaon. H Blodlabeouotnta
Twv dapupakotpodipwy aufavetal, €emeldy 0 «vavOUETAdOPEAC» TOUG ETUTPEMEL va
ELOXWPNHOOUV OTO alpa amod To EVTEPO EUKOAOTEPAQ.

Ta ouoTATIKA TWV POoPUAKOTPODIHWY UTTopOUV va Slaxwplotolv we Autddla ) uSpodha, pe
KPLTPLO TN SLAAUTOTNTA TouG 0To VEPO. Ta uUdPOPIAa cuoTATIKA gival SLAAUTA OTO VEPO, Al
adldAuta og Al Kat opyavikoug StaAuteg. Ta Autodida cuotatika eival adldAuta oto vepo,
oAAa Sladuta og Almn Kal opyavikoug SlaAutes. MNapadeiypota vavoeyKAELOUEVWY AUTODNWY
dapuakotpodipwy amoteAolV TO AUKOTEVIO, N PBATa — kopotivn, n Aouteivn kat ot
dutooTEPOAEG.

O VOVOEYKAELOUOG TIPOOTATEVEL TO BLOSPAOTIKO CUCTATIKO Ao AVeMOUUNTEG MEPIBAAAOVTIKES
ouvOnkeg, T.X. ano ofeldwon. Ita TpoPLUa Ta cuvnBECTEPA VAVOOUOTHATA HETAPOPAG TTOU
XpnolpomnolouvTal yla eykKAEWOUO, eival ol Baolopéveg ota Almn Kot oL Baclopéveg o GUOLKA,
Blodloontwpeva TOAUMEPH, KAPOUAES. Ta vovo — YOAGKTWHOTO, TA VOVO — AUTOCWHATA, TO
OTEPEA VOVO — AUTOOWMOTA amoteAolv Amopla  vavoouothpata petadopdg Kot
Xpnotpomnolouvtal cuxva otn Blopnxavia tpodipwy.

Quowka moAupepry, omwg n aABoupivn, n lehativn, TA AAYWVIKA, TO KOAAQyOvVO Kal N
XLTOOAVNXPNOLUOTIOLOUVTAL EMIONG yLa T SNULOUPYLO VOVOCUOTNUATWY HETAdOPAC OUCLWV.

Tnv teleutaia dekaetia otov KAASO Twv Tpodipwy, €XEL onUelwBOEel tepdoTtia mpoodog otnv
avamntuén vavoouotnuatwyv petadopdg, kabwg xel mapackevaotel mMAnBwpa mpoioviwv (m.x.
npwteivn opol YAAAKTIOG) yla xprion T.X. w¢ voavo — petadopeic mou BeAtiwvouv TNV
Bodlabeoipotnta Twv dappakoTpodipwy, WG vovootayoveg Hetadopd¢ PBltaplvwv otn
BAevvoyovo 1 wg cuothpata PeETaPopAg LETAAALKWY OTOLXELWV.

Akoun, 6oov adopd ota Autocwpata Bewpeitol OTL MOPEXOUV TIOAAA TIAEOVEKTALOTO OTN
Bopnxavia Ttpodipwy, ocupmeplAapBavopévng TNG LKAVOTNTAG TOUG VO TPOOTATEVUOUV
OUOTOTLKA (EYKAELOPEVQA), LEXPL AUTA va areAeuBepwBouv ) va StaBLBaoctouv oTov opyaviouo.
[14], [17], [15].



2.3.2 Biounyavia apuaxwv

O oupPatikdg TPOMOC Xopnynons GAPUAKEUTIKWY OUCLWV TEPAAMBAVEL TNV El0OYWYH TOUG
OTOV OpYQVLOWO €iTe apeoa, SnAadn kateuBeiav oto KUKAOPOPLKO CUOTNUA, EITE EUUEDTQA, UETA
and kamola Sladikacia amoppddpnong. Me tnv €i00dd TG OUWG OTOV OPYAVIOUO, N oucia
SloxEETal OTa Opyava KoL OTOUG LOTOUG HE OUTOTEAECHA VA LNV UIMOPoUV va kaboplotolv n
OUYKEVTPWOTN TNG Kal 0 xpovog duaBeong tng otnv embupunt Béon dpaong. MapdAAnAa, n
6paon tou GapUAKOU OTOUG UYLELC LOTOUG UTIOPEL VO TIPOKAAEDEL AVETILOUUNTEG TIAPEVEPYELEC
OTOV OpyavLouo [6].

H eAeyxopevn xopnynon ¢apudkwy Unopet va npaypatomnotndet pe dtadopoug TpOmous, Omwe
HE TOv KoBoplopévo pubud 61absong tou dapudkou oto cloTnua, tnv edappoyr Tou
anevBelag otnv mepoxn Tou emBuPNTOU  opydvou, Omou N GAPUOKEUTIKR oucia
QmOSECUEVETAL UE OUYKEKPLUEVO PUBUO Kal TNV €eKAEKTIKN HETadOpd TOu oto otoxo. O
teleutaiog tPOmog, dnAadn n ekAektikn petadopd TNG GOAPUAKEUTIKNAG ouclag oTo oTOXO,
ETLTUYXAVETOL PE TN BonBela katdAAnAou dopéa e Tov omoio cuvdEeTal To GAPUAKO KAl OTN
OUVEXELA OUOOWPEVETAL EKAEKTIKA LE TTAONTIKO 1| EVEPYNTIKO TPOTO OTNV €MLBUUNTI TIEPLOXN)
Spaongc.

H eAeyxopevn xopnynon €xeL ta NG MAgoveKTALOTA:

1. ZtaBepomoinon twv emMuESWV TNG OPAOCTIKAG OUCIAC TMAVW amMo Ta BePATEUTIKA
enineda ywa 600 xpovo Olopkel n Oepameia KoL HIKPOTEPEC OLOKUUAVOELG TNG
OUYKEVTPWONC,

2. €AATTWON TWV TTOPEVEPYELWV,

€A\ATTWON TNG TOCOTNTOC TOU PpapUAKOU TIOU ATALTELTAL yLa T Beparmeia,
4. eAdttwon TG ouxvotnTag Xopnynong twv S6cswv Kot mBoavwe Kal tTng SuokoAlag

Xopriynong,

5. amoteAeopatiki xoprynon BLodpaotikwy ouolwv pe Hkpn BloAoyikn nuunepiodo Lwng,

OTWG Ta MEMTIOL KAl Ol MPWTETVEG.

w

Ae Ba €mpemne wotooo va mapaAndBel kal n avadopd ota PELOVEKTHUATA, TTOU TIBAVWG va
gudavicouv ta cuotpata tou dopéa Siaxuong tou dapupdkou (drug delivery system), ta
omoia neptAapBavouv:

e TNV mBavn tofkotnTa Kal pn Bloouppatotnta tou UALKoU,

e TO MOPATPOIOVTA TNG XNHLKAC armolkodounong,

e TNV mBavn anoppupn TG PaAPUAKEUTIKNAG ouoiag amnod to popéa, Kal Kupiwg

e 1O UYPNAO KOOTOG O€ OXECN HE TIC MOPASOOLAKES GAPUOKEUTIKEG peBOSouG [18].

O vavoeykAelopOG Bplokel MANBwpa edapUoywVy OTOV TOUEA TNG EKAEKTIKNG KoL EAEYXOUEVNG
uetadopdg ™G POPUAKEUTIKAG Ouciag otnv TEPLoX otoxo. Exouv avamtuxBel apketd
cuoTtnuata HeETadopdc oucLwyY yla va BEATIWOOUV TNV BEPATIEVTIKN LKAVOTNTA TWV GAPUAKWY
KOl VO LELWOOUV TNV TOEKOTNTA TWV CUPBATIKWY §OCEWV. ZwHaTidLa TNG vAvo KALHaKaG, Omwg
TO. AUTOOWHOTA, TA TIOAUHEPLKA HUKKAALOL KOl Ol vavolveg amoteAoUv TO ETIKEVIPO TOU
evlladépovtog tnv tedeutaia dekaetia [5]. Ooov adopd yla mapddelypa otov Kopkivo, ta
KAOLOOLKA QVTLKOPKLVIKA GAPUOKA TTAPOUCLAIOUV UELOVEKTAOTA, OTIWG TN UELWUEVN SldpKeLa
{wNg oto avBpwrvo CWHA, TIG TIAPEVEPYELEG OTNV UYEl Kal TNV XaunAn Oeparmeutikn
OTTOTEAECUATIKOTNTA OTOUG OUMTayeilG Oykoug. Exel mpaypatomolnBei, Aowutév mAnbwpa
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£PELVWY, OUTWG WOTE va. avanmTuxOoUV amMOTEAECUATIKOTEPO CUCTIUATA OMOSECUEUONG KATA
™G ev AOyw aoBévelag. Metafl TwV CUOTNUATWY OQUTWYV, €XEL MEAETNOEL apKeTA N Xpnon
TIOAUMEPLKWY POPUAKEUTIKWY VAVOCUOTNHATWY ONMOSECUEUONG KAl €XEL TIPOKUYPEL OTL Ta
dapuaka autd elval amoteAeopatikotepa otn Oepameilo Tou Kopkivou, HELWVOUV TNV
TOELKOTNTA KAl EVIOYXUOUV TNV avtidpaon Twv aocBevwy Katd Tou Kapkivou. Autd odeiletal oto
YEYOVOG OTL n 6paoTik oucia Twv vavodpapuAKWY QUTWV TIHPEXETOL OTOV OPYOVIOUO HE
eAeyXOUEVO pUBUO OE CUYKEKPLUEVO XPOVLKO Slaotnua [19].

2.3.3 Biounyavia KaAAvvtikav

Ta televutala xpovia, n vovotexvoloyia €l0EPXETAL OTOV KAASO TwV KAAAUVIIKWY,
gykawialovtog tov O0po TwV vovo — KOAAUVTIKwY Kal cupfdallovtag otnv edpaiwon
EMAVOOTATIKWY Bepamelwyv €vavit twv dadopwv depuatonabeiwv. ANwoTe, n auénuévn
XPNon tTwv vavo — KOAAUVTIKwY glval evOEIKTIKN TNG MANBwPAC MAEOVEKTNUATWY TIOU QUTA
npoodEpouv oTn Blopnxavia Twv KAAAUVTIKWY KoLl TOUG KOTOVOAWTEG TNG. H vavotexvoloyia
amoteAel tnv mMA€ov amoteAsopatiky HEB0SO yla tnVv acdaAr) Kol OTOXEUHEVN HeTadopd
EVEPYWV Kol KOAAUVTIKWV €V VEVEL, OUCTATIKWV. H Xprion vavoouotnUATwy HeTadopac oTov
TOMEQ TWV KAANUVTIKWY, €XEL CUUPBAAAEL otnv BeAtiwon TNG SLELCSUTIKOTNTAC TOUC OTo dépua
KOlL OTNV EAEYXOUEVN AMOSECEUON KOL KATA CUVETTELD SPACN OLUTWV.

H vavotexvoloyld €lonABe otov KAASO TwV KOAAUVIIKWY KAl TwV TPOIOVIWV TPOCWIIKAG
UYLEWVAG TIpV amd Tmepimou 40 xpovia HE TA AUTOCWHATIKA YOAOKTWUOTA, TIOU QTMOTEAOUV
«SUVOULKA oxAMOTO» Yyl TNV €AeyxOpevn Uetodopd Kol amodECUEUON  KOAAUVTIKWY
OUOTOTLKWY KOL TIPOIOVIWV TPOOWTIKAG Teputoinong. Exktote, oL edapUoyEC TNG
vavotexvoloyilag kal tTwv vavoUAkwv evrtomilovtal o MANBwpa KAAAUVIIKWV TPOIOVIWVY,
oupnepAaUBAVOUEVWY TWV TIPOIOVTWY TEPLTOINONG MOAALWY, TWV VOVOKPUOTAAAWV, TwV
Sevépluepwv Kal Twv avtnAlokwv npoiovtwyv [20]. Ocov adopd ota avinAlakd mpoiovta, yla
napadelypa, n epappoyn tneg vavotexvoloyiag evroniletal otn xprion vavo — pidtpwv UV kat
VAVOXPWOTIKWV 0UCLWY, KATAAANAQ SLapopdwHEVWY, WOTE va TAPAUEVOUV OTNV ETLPAVELL
Tou S€ppuartoc.

Mia &AAn edappoyn tng vavotexvoloyiag otov KAASOo Twv KAAAUVTIKWV amoteAel n xprion
vavoowpatdiwv otolxeiwv tou duoikol meptfarlovtog, onwe to Sloeidlo tou Titaviou, to
o&eidlo tou Peudapyupou, To aloupivio, to aocnul To dlofeidlo Tou mupttiou, To pBopLOUXO
00BE0TLO KAl 0 XAAKOG.

EmunpooBeta, vavo — KaAAUVTIKA Ttpoiovta, Tmou KukAodopoUv otnv ayopd amoteAoUvV oL
KPEUEG OUIAEUONG, LOUPLOUATOG KAl ATTOAETILONG owlaToC, Ta Stadopa €i6n make — up, ta €idn
kKaBaplopol kat ¢povtibag tng embepuidag TwvV HWPWV, TA QMOCUNTIKA OCWHOTOC, Ol
0060VTOKPEUEC LUE VAVOoWHOTIOLO amd acr UL, Ta camouvia, oL KPEUEG TPOCWTTIOU K.a.
AkoAoUBw¢, mapatiBevtol avVOAUTIKA TO TTASOVEKTAMOTO KoL TO HELOVEKTHMATA XPNONG TNg
VOVOTEXVOALOC OTOV TOHEN TWV KAAAUVTLKWV:

NAgovekTApoOTA

e Me Tn Xpron TNG vavoteXVoAilag ota KOAAAUVTIKA, Ta apwpata SlapKouv MEPLOCOTEPO,
EVW TA AVTNALAKA KOL OL AVTLYNPAVTIKEG KPEUEG KaBiloTavtal SpaoTikOTEPQ,
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e 0L Slepynoieg MAPACKEUNG OKEVOOUATWY TEPLTOinong tng ermdepuidag oe Bopnxavikn
KAlpoka BeATioTomolouvTal,

e QTOTPEMETAL N OAAAYN TOU XPWHATOC KOL TNG MTWONG TwV HOAAWY, VW Ta gvepyd
OUOTOTLKA TOUG, OTIWG OL BLTOLIVEG KOL TOL AVTLOEELOWTLKA TIPOOTATEVOVTAL,

e aufavetal n npootacia ano tnv UV aktwvoBolia,

e TO WKPO MHEYEDOC TWV VAVOOWHOTIOWWV i} vavolvwv 0 ouvluaoud HE TNV PEYAAN
SleTdAVELQ ETUTPETEL TNV ATOTEAECUATIKOTEPN LETADOPA TOU EVEPYOU CUCTATIKOU OTO
Sépua,

o cmumAéov, TO evllodEpov yla TA VAVOyOAOKTWHATA ival auéavopevo, AOyw Twv
emdpacewv Twv BLodPACTIKWY CUCTATIKWY TOUG. lNa mapddelypa To VavVoyaAaKTwHOTO
UTopEL va pPelwoouv TNV Stadepuikn anwAela vepou (TEWL), evioxUovtag tnv LKavotnta
Tou S€puatog va Spa wg ppaypoc. Ta vavoyalaktwpata eival amoAUTwE cupBatd He
™ Blopnxavia twv KoaAAuvTIKwy, KaBwc¢ Oev €xel moapatnpnBel kavévag eyyevig
OXNMOTIOUOC KPEUAG UE KaBInon, Kpokidwan, 1 CUVEVWON OTO LOKPOYAAXKTW LOTAL.

MEeLloVEKTOTA

e Ta pKpOTEpPA owpatidla elval XNUIKA TO OpAOTIKA KOl TOPAYOUV HEYOAUTEPEC
TIOOOTNTEG SPACTIKWY pHopdwv ofuydvou,

e pumopel va MPoKAAECOUV OEELBWTIKO OTPEG, PAsyHovh Kol wG amotéAeopa BAABN otig
PWTEIVEC, TIG pepPBpaveg kat to DNA,

e Ta vavoUAka €xouv amodexBel toflka yla ta avOpwriva KUTTapa, audvovtag to
0CelOWTIKO OTPEG KOL TIPOKOAWVTAG TO BAvVATO TWV KUTTAPWYV. JUYKEKPLUEVA Ta
vavoowpatdia Slofeldiov Tou TITaVioU KAl TA €LOTIVEOMEVA TIOAU UIKPA CwUOTISL
€xouv amnodexBel Tofka yla Tov avBpwrivo opyaviopo [21].

Ye kABe meplnmtwon, oL HoVvaSIKEG LOLOTNTEG TwV VavoUAKWY uTtodelkvuouv OTL otadlakd Ba
pUmopouoayv va HETapopPwoouv TNV KOAAUVTIKA Blopnyavia Kat Tnv Kadnuepvotnta, v yEVEL
H taon tng ayopdg yia dnuioupyia Bepameutikwy KAAAUVTIKWY, Ba odnynoet HeANOVTIKA OTNV
Slapkn mpoomadela ylo KAAUTEPN KATOVONGON TwV CUYXPOVWV CUCTATIKWY KOL TWV TEXVIKWV
afloAoynonc touc [22].

2.4 M£0080otL EykAsiopov

O eykAelOUOG eveEpYwV OUCLWV O VavoOOUEG umopel va mpaypoatonolnBel yevika pe dvo
TPOTOUG, €lTE UE EVOWUATWON Tou SpaoTikol cuotatikol o€ SLaAupa Tng PATPag (ouvnbwg
TIOAUUEPLKNG GUOEWC) Kal TAUTOXPOVO OXNUATIONO vavoowpatidiwy, €ite pue €yKAELOUO TOU
KOTA TO OXNUOTIOUO TWV owHaTISLwv.

AvaAoya pE TO HECO OTO OTOLO TTOPAYOVTAL OL VAVOSOUEC, OL TEXVIKEC EYKAELOUOU OUGLWV OE
VavVoowpaTidLa 1) vavoiveg, prmopouv va katataxbolv og U0 KUPLEC KATNYOPLES TG peBOdoug
UypPOoU oUVEXOUC LECOU KoL TIC LEBOSOUG OTIOU TO CUVEXEG LECO ELVaL O OEPAC.

Itnv Katnyopia uypoU OUVEXOUG HEOOU, PBOOIKO OTOlKElO €lval O OXNUATIOMOG €VOG
yaAaktwpoto¢ i Staomopdg petall duo pn avapifluwv ¢acewv. e authi TNV Katnyopla
OV KOUV:
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e O Awywplopog Ddaocswv KoAloelbwv AldAUPATWY, OMOU €va OUOYEVEG SLaAupa
NMoAupepoULG (tng unAtpag), oto omolo Ppiloketal Sleomopuévn n €vepyog ouoia,
Slaxwpiletal uTo TNV enidpacn petafoAng otn Bepuokpacia, oto pH 1 pe mpoobnkn
OUCLWV, OXNUATI{OVTOG HLKPO — VOVOKAOUAEC.

e H Tlalaktwpatomoinon — Efatuwon tou AwaAutn, Omou n opyavikn ¢dacn mou
arnoteAeital ano to StaAupa tng EvepyoU ouciag Kal Tou TTOAUIEPOUG, SLOOTIEPETAL OF
pLa cuvexn udatikn ¢acn mou MePLEXEL To oTabepormolnth Kal adnvetal va EQTULOTEL O
SLaAUTNG TOU TTOAULEPOUG.

¢ H Aktowon og Alwpnua, OTIOU N EVEPYOC ouaia Kal To TIOAUUEPES SLaAUovTal o€ vepd
(vbatikn daon), avaulyvuovtal He plo eAalwdn paon mou MePLEXEL TO oTtabepomolntn
Kol tpooTtiBetal éva pEco SIKTUWONG yLla TN OKARPUVON TWV OTAYOVWY TOU TTIOAUUEPOUC.

TNV Katnyopia agplou ouveXoUg UECOU, TIPAYUATOTOLETAL N ekvEPWON ULaG Lypng daonc.
TEXVIKEG, TTOU AVIKOUV OTNV Katnyopla autr amoteAouv’ n puyokevtpikn ekBoAn, n Enpavon e
EKVEPWON Kal 0 NAEKTPOOTATLKOG ULKPO — VAVOEYKAELOMOG (Electrospraying / Electrospinning).

H emoyn tng HeBOSoOU mpayupaTomoleltal PE Kpltnplo TNV edapuoyn ywo TNV omola
npoopilovtal ot Hikpo/vovo — OO0HEG, TO €60C TNC TPOG EYKAEWOMO oOuociag Kal To
XOPOAKTNPLOTIKA TIou Toug amodidel n kabe pébodog [13]. Etol, avaloya HE TNV EKACTOTE
HnEBodo Ba mpokUPouv kaPouleg, cwpatidia f tveg dltadopeTikng KALLaKaG LeYEBOUC, evw oL
OUVONKEC Tapaywyng Twv cwpattdiwy (I wwv), OMwG N CUYKEVTPWON Tou otabepomolntn, N
Bepuokpaaoia 1 N CUYKEVTPWON TNG LATPAC EMIONG EMNPEAIOUV TIG TEALKEG SOUEG.

2.4.1 dvyokevtpikn ExBoAn (Extrusion)

H ekBoAn amotelel pia moAU cuyva xpnotpomnoloUpevn néBodo e€altiag tng euKoAlag TNG, TOu
XopunAol NG KOOTOUG KAl Twv OMOoAwvV ocuvBnkwv olvBeong, mou efaocdaiilouv udnAn
BuwopdtnTa Twv npoioviwy tng dtepyaciag [23], [24]. Mia mapallayn ¢ eKBOAAG amoTteAel n
duyokevtplk eKBoAn, mou eivat pla Stepyacia ouvekPoAng. Katd tnv duyokeviplk ekBoAn
ekBalovtal Tautoxpova anod SUo EKKeVIpa akpoduUola n EVveEPyOg ouacia Kol To StaAupa A To
TAYUA TOU TTOAUUEPOUG, Ttou TtV MepLBArAel. Otav to cuotnua neplotpédetal, to e€wbolpevo
UALKO peTaTpEnETal o€ otayovidla, mou oxnuatifouvv kapouleg [25].

2.4.2 Enpavon ue Exvépwon (Spray Drying)

H €npavon pe ekvédwon amoteAel pia cuxva xpnowomoloupevn pHEBOSO UIKPOEYKAELOUOU.
MNephappavel tnv dtaomopd tou UALKOU, Ttou BplokeTal otov mupnva Kat tn dStapopdwon evog
yaAakTtwpotog 1 Slaomelpwpotog. AKOAOUBwG, TO UYPO OUOYEVOTIOLE(TAL KOL TO TIPOKUTITOV
StaAuvpa Pekaletol pEéow edkol akpoduoiou Kal peUpOTOC BepUol a€pa, TIPOKOAWVTAC
Toyxela e€atuion tou StaAltn yla va oXNUATLOTOUV Ta emBupntd cwpatidia. Xtn péBodo autn,
n tpododooia mpoidviog, n pon aepiou Kal n Beppokpaocio TPEMeL va eAéyxovral Ta
TMAEOVEKTAMOTO TNG MEBOSOU auUTAG elval OtL Suvatal vo amoteA€éoel CUOTNUA CUVEXOUG
AelTtoupylog, €lvol OLKOVOMLKA KOl EUEALKTN, N EVEPYELAKN KOTOVAAwON TNG eival 6 £€wg 10
dopEC xaunAotepn amo autiv TnG &npoavong pe kataPuén kol mapdysl uPnAd TOLOTIKA
npoiovta. To pPelOVEKTNHO TNG £lval ol uPnAéc Bepuokpacieg, MOU AvVAMTUCOEL, OL OTOLEC
urmopel va KataotpéPouv oplopéva BloSpaoTIKA CUOTOTIKA, YL oUTO Kal Xpnollomoleitat
TEPLOCOTEPO O€ BepooTabepd cuoThuATA.
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H &npavon pe ekvépwon n Enpavon pe Pekaopo sival n Stadikaocia, mTou XpnOLUOTOLELTAL KOTA
Baon otn dapuakoBlopnyavia kat otn Blopnxavia Tpodipwy, yla TV ENeLEpyQoia TWV UNTPWV
PO Tapaywyn &npwv oKovwv, KOKKwV Kot odalpldiwv amo SlaAlvpata Kol olwphuata
noAuocakyopltwy. Eival pila moAU eumpoodpooTn TEXVIKA KAl UIMOPEL va xpnotpomnolnBel yia
BeppoavOekTIkA TPODUA Kal dappaka, Stalutd 1 adldAuta oto vepo Kal LdPOPa 1
udpodoPa moAupepr. Elval pia Stadikaoia, mou neplhappavel éva povo otadlo, ival ¢onvn,
TIAPAYEL ULKpoU peYEBOUC ocwpatiSia Kol pmopel va avadlopopPwoeL To CWHATISW UTIO TN
Hopdn evawwpnuatwy, kapouvAwv f diokiwv. H péBodog autr Bewpeital ypryopn, amin Kat
amoteAeopatiki Kot Baoiletal otnv £npavon Twv ekvedopévwy otayovidiwv amo éva pevpa
Bepuol agpa [25], [26], [17].

2.4.3 HAektpootatiki Ivomoinon(Electrospinning)

H n€Bodog Tou NAeKTPOOTATIKOU EYKAELCHOU UTIOPEL va XpnotpomnotnBel yla tTnv moapaywyn eite
HLKPO- vovoowpatidiwv HEow Tou nAeKTpooTatikoU YPekaopou (electrospraying) ite pikpo —
vavoivwy Pe edpappoyn TG NAEKTPOOTATIKAG tvoroinong (electrospinning).

H uéBobdog tng nAektpootatikrg vomoinong (electrospinning 1 electrostatic spinning)
edapuootTnke yla mpwtn popd ot apxEg tng dekaetiag tou 1930. To electrospinning, Aoutov,
amoteAel pia oxetikd maAld pEBoSo eykAelopol, oAAG TO &eVOLOPEPOV ylo QUTHV EXEL
avalwnupwBel ta teAeutaia xpovia, AOyw TNG AVATTTUENG VEWV VOVOTEXVOAOYLWV.

Elvat pia amodotikny, amArn, $OnvA Kol €UEALKTN TEXVIKA, TIOU XPNOLUOTIOLE(TAL ylOl TNV
napaywyrn oAU Aemtwv wwv (vavootoleia piag Sidotaong), HE MECEC SLAUETPOUG HETOED
HEPLKWV SEKASWY VOVOUETPWYV EWC Alywv HIKPOETpWY (3 €wg 5000 vavouetpa). Ot (Ve auTEg
napackevalovral ano SleALpATA 1 TAYMOTA CUVOETIKWY TOAUUEPWY, GUCLKA OIMAVIWHUEVWV
BlomoAupepwy, sol — gels kal ouvOetwv UVAkwV [27], [28], [29] koL cuxvd TEPLEXOUV EVEPYQ
OUOTOTLKA, OTIWG GAPUAKA, AVTLOEELOWTIKESG KAl AVTLBOKTNPLAKEG OUCLEG, OPWLATA KAl YEVOELG
[30], [31] o€ popdn Stahvpdtwy, yodaktwudtwy A Stacmopwy [32], [33].

Ta PBomoAupepry eivat  Boamokodounolpa  Puolkd@  UAIKA, Tou  Tapouotalouv
BlodlabeoipodtnTa Kal BlocupBatotnta, evw MopAaAAnAa £XOUV TA ATTAPOLITNTA XOPAKTNPLOTIKA,
OTIWG TN OUYKEKPLUEVN LEWOOEAAOTIKOTNTA, TNV NAEKTPLKA AYWYLLOTNTA KOL TNV €MIPAVELAKN
TAON, TIOU Ta KABLOTOUV UAKA LSOVLKA yla T HEAETN TNG KLVNTIKAC ArmoSECUEVONG OUCLWV Kall
NV mapaywyn wwv pe tn péodo tou electrospinning [34].

OL vavolveg autég, Bplokovtal oTo €TUKEVTIPO TOU evOLlapEPOVTOG AOYW TwV HOVASIKWY TOUG
WSlotAtwy, Onwg n MOAU peydAn embdvela ava povada Oykou, N AmOTEAECUATIKOTNTA OTOV
EVKAELOUO KOLL TOL XOPAKTNPLOTIKA TIou Toug Ttpoodidel n eAeyxopevn anodeopeuon, To EAAXLOTO
Bdapog, To pubuLOpEVO TOPpWHOEG Kal N eVEALELO 0TO OXESLAOUO YOl CUYKEKPLUEVEG PUOCLKEG KOl
XNUKEC edapUoYEG. AKOUN, €lval OAVIKEG yl TNV Tpooopoiwon Ttou PloAoylkol
nieptBairlovrog, kabwg £xouv péyebog TG (dLag Taéng pe auto twv BloAoyikwy popiwv [35], [5].
ErmunpooBétwe, duvatal va TEPLEXOUV EVEPYA CGUOTATLKA, T omola £xouv TANBwpPa XPROLUWV
epappoywv oe moAAoU¢ StadopeTikoUg Topeig [36].

Ta mAeovektipata tnG NAEKTPOOTATIKAG tvomoinong (electrospinning), évavit twv GAAwv
TEXVIKWYV EYKAELOUOU €lval TA MOPAKATW:

e Anotelei pia pEBodo mio amAr Kat EUEALKTN LE peyaAUTePN anodoaon eyKAELoHOU [29].
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o [opayel TOAU AEMTEG (veG LEYEBOUG UEPLIKWV VAVOUETPWY UE HEYAAN ETILDAVELQL.

e Ymapyxet n Suvatdtnta mapaywyng vavoivwy o HeyaAn kAipoka [22].

e Je oUyKplon ME TN HEBOSO tNnNg e€kPoAng, to SldAlupa Sev Bepuaivetal katd T
Snuoupyia Twv VWV, Pe amotéAeopa ta onola palvopeva umoBAadULoONG TwV EVEPYWV
CUOTOTLKWVY Ao tn Bepuotnta, va neplopilovrat [37], [38].

AOyw TOou ouvexw¢ aufavopevou eviladEPovTog yla TNV VavoTEXVoAoyia Kal TwV HOoVASLKWY
TOoUuG LOLOTATWY, OL VOVOIVEC TTOU Ttapdyovtal Pe TN HEBO0SO TNG NAEKTPOOTATIKNG LVvOToinong
OIOTEAOUV TIOAAA UTIOOXOMEVOUC TOPAYOVIEC yla Xprnon o€ MANBwpa TOHEWV, OMwWE Ta
KOAAUVTIKQA, Ol ETIOTAUEG UYELOC YEVIKA KOL OUYKEKPLUEVA N GAPUOKEUTIKA (emBépata
emoVAWONG MANYWV, UETOEYXELPNTLKN TOTUKN XNUELOBeparmeia), n Blotexvoloyia, n KUTTOPLKN
UNXAVLKA Kal n Bloiatplkn, To CUCTAUATO EAEYXOUEVNG ATTOSEGUEUONG OUCLWY, TO AELTOUPYLKA
TPOdLUa, Ta upAouaTa, N CUCKEVAGLa TPOIOVTWY, N KATAAUON, N KNXOQVLKH, TO TEEpLBAANOV Kal
oL evepyelakéG edapuoyec. OL edappoyEC AUTEC €Xouv YiveL, woTOoO, Katd Pacn o€
Epyootnplako enimedo. Q¢ ek TOUTOU, N Ovaywyr TNG XPNONG TWV vavolvwv amod tnv
€pyootnpLlakn otn Blopnxavikn kKAipaka anoteAel peAlovtikn mpokAnon [27], [31], [39].

Neplypadn tng Siaragng
H tumikn kaBetn OSwdtaén NG NAEKTPOOTATIKNACG LvoToinong He pio Peldva mapoxng
napovuaotaletal otnv Ewova 1. Ta tpia faocikd e€aptripatd tou sivat:

e uia Belova anod avoleidwto xaAuBa pe apPAL akpo i Evag TPLXOELSNG cwARvaC,

e uia avrtAia, Tou o poOAoC TNG elval va PETAKLVEL TN oUplyya Tpododoaiag, Tou TEPLEXEL
TO Mpo¢ vomoinon Stalupa,

o ¢va tpododotikd — mnyn mapoxng uPnAng Tdong Kot

e  £VOC YELWHEVOCG OCUANEKTNG TWV VWV, TTOU TTOPAYOVTOAL.

ApXIKA, TO TOAUMEPLKO SLAAupa 1 THyuHa tomobeteital otnv ovuplyya. H Baoctkn apxn tng
NAEKTPOOTATLKIC LVOTIOINONG €LvaL N epopuoyr) LoXupoU NAeKTpkoU mediou. Kata tnv dtapkela
¢ Siepyaociag, epapuoletal uPnAn Taon HETAEU TNC cUPLYYAC KOl TOU CUAAEKTN TNG ouoiag
KOl TO €KAOTOTE SLAAupa ) TRV, TIOAUUEPOUC Katd Baon ouoiag, doptiletal nAsktpikd. Me
v epapuoyn peyaing taong (1 €éwg 30 kV), n otayova tou mMoAupepoUs ou BplokeTal otnv
akpn tNG PBeAovog nAektpiletal os peyalo Babuo kal ta emMaywylkd ¢optia KaTavEéUovTOL
opolopopda oe OAn TNV emidpaveld tng. AkoAouBbwg, Aoyw Tou nAektpootatikou mediou, n
otayova PETATPEMETOL OMO OPALPLKO OXNUA OE €VOV KWVIKO OXNMOTIOUO, TIOU ovopaletal
«kwvog Taylor». Otav n taon femepdosl pia kaboplopévn yla TNV KAOe ouoia TLUn, N NAEKTPLKNA
SUvapn «UTIEPVIKA» TNV €TULHAVELAKN TAON TNG OTAyovacg KoL avAaAoya HUE TNV £Vtoon Tou
NAEKTPLKOU eSiou amo tnv akpn tng BeAovag syxvetal évag midakacg StaAvpatog. E€attiog tng
oAAnAenidpaong Tou midaka, Tou e€WTePIKOU NAEKTPLKOU Tediou Kkat Twv duvapewv e€wbnong
OTO ECWTEPLKO TOU BaAdpou, o midakag umtoBAaAAetal og KA n Kal anoktd o Aemt popdn.
KaBwg o midakag Kiveltal mpo¢ tov UETOAAKO CUAAEKTN otoxo (avtiBeto nAektpoddio), o
SloAUTNG efatuiletal kat n toxutnta mou avamntuoostal odnyel otnv evamodbeon evog
OTPWHOTOC TTOAU AEMTWY TTOAUUEPLKWVY VWV 0TO oUAAEKTN [40].
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Ewova 1 : Atdtagn tng NAEKTPOOTATIKAG LVOToinong: syringe pump: avtAia tng olplyyag, needle: BeAova, liquid jet: uypog
nidakag, high voltage DC supply: mapoxn vdnAng taong, grounded collector plate: yewuwpévog eninedog cuAAEKTNG [16]

InNUELWVETAL OTL, oTnV mapandvw Ewova (Ekova 1), mapouoialetal n diataén yia BeAova, ou
tonoBeteital kabeta, adrivovtag to Stalupa va otalel pe tn Bonbela ¢ Baputntog, mMpog Tov
OUAAEKTN Tou PBplokeTal amo Katw. e AAAeg Statatelg, n BeAova eite tomobeteital opllovtia
KalL N avtAla xpnolpomoleital yia v’ apxioel va péeL to SLaAupa, eite oTpeédetal o KaBopLOUEVN
YWVvia, WoTe va eAEYXETAL N PON.
H unéBobog tNNG NAEKTPOOTATIKAG Lvomoinong kat n dnuioupyio Twv TOAUUEPLKWY VWV
e€aptwvtal and moAAoUG MaPAYOVTEG. ZUYKEKPLUEVA, EEAPTWVTOL ATIO:

0. TG TIAPOHETPOUG, TIOU OXETI{OVTOL UE TLC LBLOTNTEG TOU SLAAUUATOC, OTIWG N CUYKEVTPWON,

o €Wwdeg, 1O poplakod Papog, n emudavelaky taon, n ¢uvon Tou SlAAUTN Kal N
QY WYLHLOTNTA Kall

B. T MapapEéTpoug, Tou oxetilovtalL HE TN OUOKEUN TULX. PuBUOG pong, Loxug Tou

eTUPBOANOUEVOU NAEKTPIKOU TESIOU, OYKOUETPLKN Tapoxr) tou SlaAUpaTog , amootacn

BeAbovag — cuAAEKTN, Beppokpacia, uypacia kal por agépa eviog tou Balduou,
oL onoieg dlapopdwvovtal — pubuilovtal kot emnpealouv TIC OLOTNTEC TWV VWYV, OMWEG N
SLAPETPOC, N opolopopdia, To Mopwdeg f akoun Kat ta dtadopa eAattwpata toug [41], [42].
Q¢ ek ToUTOU, TO PEYEDOC TWV VAVOIVWY, TTIOU TTAPAYOVTAL KOL EMOUEVWE N avadoyia emidaveLag
T(POG TOV OYKO KOl TO TTOPpWAEEG TOUC UImopoUV va eAeyxBolv petafaliovrag:

i. TN ovotacn tou StaAvpartog (aAAdlovtag to €60G Tou TMOAUUEPOUG, TN CUYKEVTPpWON

Tou 1 to €ido¢ Tou SlaAuTn),
ii. T WotnTeg Tou SlaAvpatog (netaBarlovtag to pH, tn Bepuokpacia KoL TNV LOVILKA
Loxv),
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iii. TLC MOPAUETPOUC TNG OUCKEUNC TNG NAEKTPOOTATIKNG vomoinong (petafaliovtag tnv
emBarAOuevn TAON, TNV AMOOTACN TNYAG KOl EMLPAVELAG CUANOYNG KOL TNV OXETLKA
uypaocia tou BaAduou) [43].

MéEBobotL HAektpooTaTikrc Ivomoinonc

Mpokelévou va au€nBel n xpnoTkOTNTA TNG NAEKTPOOTATIKAG LVOTIOLNONG KoL va UTIAPEEL
HEYAAUTEPN TPOCOPHOOCTIKOTNTA TWV EKACTOTE VAVOIVWY TIOU TIAPAYOVTAL HE TNV €V AOYywW
TEXVIKN, EXEL mpaypotormownBel mAnbwpa mpoomabelwv Kol HEAETWV OXETIKA HE TNV
Tpomomnoinon tou €€OMALOMOU TNG OUOKEUNG. Etol, €xouv avamtuxBel mMOAAEC SladOpPETIKES
HEBOSOL NAEKTPOOTATIKAG LvoTtoinong, Ue aAAayEg €ite otnv oUpLyya Kol Ta TPOG Vomoinon
uypPQ, €ite 0To CUAAEKTN TNG ouaiag.

TG HEBOSOUG NAEKTPOOTATIKAG LVOTIOLNONG, Tou €XEL TpaypatonolnBel Tpomonoinon otn
ocuplyya ovAKouv HeTafl AaMwv Kol N opoofovikr) NAEKTPOOTATIKA Lvomoinon (coaxial
electrospinning), n_nAektpootatiky omoinon moAamAwyv Belovwv ( multi — nozzle
electrospinning), n__ nAektpootatikn vomoincn  moAAOMAWV  oTpwUdATtwv _ (multilayer
electrospinning), n_nAektpootatikn vomoinon oavauléng (mixing electrospinning) kat n
NAEKTPOOTATIKN vomoinon moAAamAwv _eyxuoswv (multi jet electrospinning). H opoafovikn
NAEKTPOOTATLKN Wvomoinon dnpoupyetl (veg pe Soun mupnva — uATPaAg. Me TNV NAEKTPOOTATLKN
voroinon MoAAQMAWY OTPWUATWY, SNULOUPYOUVTAL CTPWHATA, TIOU amoTeAOUVTAL Ao (VEC
Sl0popeTIKOU TIOAUUEPOUC, €VW HE TNV NAEKTPOOTATIKA Lvomoinon avauléng, mopayestol
OTpWHA VWV, Tou €xouv TmpokUPeL amd Oladpopetikd MPeTall tou¢ OSlaAlvpata. H
NAEKTPOOTATIKY vomoinon moAAamAwyY BeAovwV Kot N NAEKTPOCTATIKN LVOmoinon moAAQmMAWY
EYXUOEWV, ETUTPEMOUV TNV MOPAYWYH TIEPLOCOTEPWVY VAVOIVWVY UE KABOPLOPEVN SLAUETPO Ko
nopdoloyia. EmumAéov, AelTOUPYIKEC vavolveg, pmopouv vo mopaxBouv pHE eVOwWHATWON
AELTOUPYLKWV CUCTATIKWY | VAVOSWHATSlwV otnv untpa tng ivag [5], [22], [30], [44], [45].

Me tnv KAaoowkr Statan tng NAEKTPOOTATIKAG LVOTIolnoNG, ot iveg ouvnBwg evamotiBevtal pe
TUXOO IPOcaVATOALOUO otV ertpavela enimedou ocUAAEKTN. Mpokelpévou, va dteupuvBolv oL
epappoyécg g peboddou kal va Aapfavovtal He auThVv eUBUYPAULOUEVEG TIOAULEPLKEG (VEG, T
tedevtala xpovia, €xouv TpaypatomolnBel Ttpomomowosl oto ouAAékTn. Etol, €xouv
oavantuxBel péBoSOL NAEKTPOOTATIKAG LVOTOINONG, TIOU KAVOUV Xpnon meplotpedOpevVou
KUALVOPLKOU GUAAEKTN TWV VWV 1 CUAAEKTN TAALolou, CUANEKTN pe popdn Silokou, mou polalel
LE TPOXO Kol GUAAEKTN TUTIOU BonBnTikoU nAektpodiou nAektpikou mediov [46], [47], [48].

2.4.3.1 Opoagovikn nAektpootatikn wvomoinomn — Coaxial electrospinning

And T Sadopeg neBOdoug NAekTpOOTATIKAG Lvomoinong, otnv mopoloa SUTAWUATIKA
epyoaoia, xpnolonolBnke autr tnG oLoa§ovikng NAEKTPOOTATIKAG LVOTOiNGNG.

H opoagovikil NAEKTPOOTATIK Lvomoinon omoteAel pia Kowoupla, Tponyuévn pEBodo
HULKPOEYKAELOMOU KoL VOVOEYKAELOHOU. Me tn péBodo auth, ot Stadopes BLodSpaCTIKEC OUGLEC
Suvartal va evBulakwvovtal O pia TTOAUMEPLKA ouvABwE UATPO KOl £TOL EMITUYXOVETAL h
opaAn aneleuBépwoar) Toug otov emBupnto xpovo [9], [49].

To mAgovekTAMATO TNG OHOA§OVIKNG NAEKTPOOTATIKNAG LVOMOINoNG, €vavil AAAWV TEXVIKWV
NAEKTPOOTATLKNG LvOoTtoinong, eival ta KatwoL:
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H Soun untpag — eykAelopévng ouoiag cUUPBAAAEL oTnV TpooTtacio Twv SPACTIKWV

CUOTOTLKWY OO Toug e€wTtepLkoUC tepLBaAlovTikoU ¢ tapdyovieg [9].

o Amnotelel pla EVEALKTN TEXVLKN, TIOU ETUTPETEL TNV €TUAOYN SLAPOPETIKWY, AVAUELLWY N
LN OUCLWV yLa ToV cUVEUAOUO UNTPa — EYKAELOUEVN ouaia.

o [lapoucldlel HeyaAUTEPN QTOTEAECUATIKOTNTA EYKAELOMOU (UEYOAUTEPO TOCOOTO
EYKAELOUOU).

e Eilval amoteAeopatik HEB0SOC otov eykAelopo udatodlaAutwyv ouclwv, Tou Oev
UTOPOUV VA OXNUOTIO0UV LVEG HE TNV KAAOOLKI TEXVLKA TNG NAEKTPOOTATIKAG LVOToinong
[5].

e [lpootateVel ta PBlOEVEPYA OUOTATIKA, amd TNV aAloiwon katd tnv Sle€aywyn TG
Slepyaociag, kaBwg to nAektplkd medio mou edappoletal, dnuloupyel PUNOAULVEG
BLOAOYIKEC TOPEVEPYELEG.

o ETuTpEmel TOV EAeyX0 TOU UEYEBOUG TWV VWV (OpoLOpopdn KOTavou HEYEDOUG QUTWV).

e Amnotelel pébodo pe emavainuotnta.

Nepypadn tng Sidtagng

H Ewova 2 mapouotdlel pio TUTIKA TIEWPAUATLKA Slataén TNG opoafoVIKNG NAEKTPOOTATIKAG
tvomoinong. H ev Aoyw péBodog, dtadopomoleital amod tnv KAAOGLKr povoafovikrn dladikaoia
NAEKTPOOTATIKAG vomoinong, kabwg Stabétel pia SutAr), opoafovikn, tpixoeldn BeAdva, mou
gyXUEeL Tat SUO VypA avefdpTnta TO €va Ao To AAAo, dnuloupywvtag Sour UATPAC — TTUPRVA.
To Baowko eEaptnua tng dtataéng sivat €va opoatoviko akpodUolo Tou amoTeAeital and pia
e€WTEPLKNA Kl pio eowTteptkn BeAdva. Avo avapifipa n un avauifipa vypa, Sloxetevovral otnv
€€WTEPLKN KOL TNV E0WTEPLKA BeAdva avtioTolya KoL  OYKOUETPLKH TIOPOX TOUG EAEYXETAL ATIO
600 avtAieg. Evaog CUAAEKTNC TWV TTAPaYOUEVWY VWV, BplokeTal amévavtl anod To akpodUoLo O
uio ouykekplpévn anodotaon. Metagl tou nAektpodiou kal Tou akpoduaciou epapuoletal Taon
a6 1 €wg 30 kV. YIo tnv auavopevn £vtoon Tou NAEKTPLKOU TTeESIoU, SNULOUPYELTOL O «KWVOC
Taylor», otnv akpn tou akpoduaoiou Kal £vag midakag uypoU, Tou dnuloupyeital amo to
E0WTEPLKO KOl TO £EWTEPLIKO LYPO, eyxVLETAL ar’ auTd (To akpodUaOLo) Kal CUAAEYETAL OTOV
HUETAAALKO OUAAEKTN (Elkoveg 3 kot 4). Mia mnyn $wtog Kol pia KAPEPA, Xpnolpomnolouvral
OUVEXELX, WOoTe va eAéyxetal n dtadikaoia [9], [49].
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Core fluid

Syringe pump 1

Sheath solvents

Syringe pump 2

High voltage
power supply

Grounded —

Ewkova 2: Opoa§oviki nAektpootatikr womnoinon (coaxial electrospinning) : Core fluid: puAtpa, Sheath fluid: eykAsiopévn
ouoia, Syringe Pump 1,2: Z0piyyeg 1,2 kat ot avtAieg toug, High voltage power supply: Mapoxn vPnAng taong, Collector:
ZuAAéktng wwv, Light: @wtewvn ninyn, Camera: Kapepa kataypadrg cuvdedepévn pe unoloyiotn [50]

Ewkova 3: IXNUATIKF AmeKOVLOoN TG OHoagovikiG NAEKTPOOTATIKAG tvortoinong [51]
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Ewkova 4 : ZXNHUATIKA OUTELKOVION TOU OXNUATIONOU SOUAG MATPAS - EYKAELOUEVNG OUOLOG UTIO TN SPAcH NAEKTPOOTATIKWY
Suvapewv [51]

NopaueTpol Tne Stepyaciog

Ol TELPAUATIKEG TIAPAUETPOL TNG NAEKTPOOTATIKNG vomolnong eivat dlaitepa onNUOVTIKEG yla
NV Katavonon tng Lebddou kat tng Stadikaoiag HeETATPOMC TwV SLAAUUATWY o€ Vavoivég. Ot
TIAPAUETPOL AUTEG UITOPOUV VA XWPLOTOUV OTLG £ENG KATNYOPLEG:

® JXETIKEG UE T SLOAULOTO TIOU XPNOLLLOTIOLOUVTAL TTOPAETPOL,

® OXETIKEG Ue TN Slepyaoia MapAUETPOL Kol

® OXETLKEG LE TO TIEPLBAANOV TOU TELPAUOTOC TTOPALETPOL.
OL MapApETPOL AUTEG emnpealouv TNV popdoAoyia TwV VwV. Q¢ €K TOUTOU, 0 CWOTOC EAEYXOC
Toug, odnyel otnv dnuloupyia vavoivwy He emBupuntr popdoloyia.

Enipaon twv xpnowWomoloUueVwWY SLoAUUATWY OTLC TTOPOYOLEVEC VOVOIVEC

Ot 8LOTNTEG TWV OUGLWY, TIOU XPNOLUOTIOLOUVTOL WG ECWTEPLIKO Kal EEWTEPIKO PEUOTO OTNV
NAEKTPOOTATIKN vomoinon emdpolv onUavTtikd otnv otabepdtnta Tou Kwvou Taylor kal wg ek
TOUTOU KOL TOU gyxuouevou Tmidaka. OL ONUAVIKOTEPEG TMOPAUETpOL Tou adopolv ota
XPNOLUOTIOLOUMEVA UALKA KoL ouvteAouv otn Slapdpdwon Tou EKACTOTE QAMOTEAECHUATOC TNG
NAEKTPOOTATLKNG LVOTIOLNONG €lval N CUYKEVTPWOTN, TO HOPLOKO BApog, To WSS, N StnAekTpLkni
otaBepd, N nNAEKTPKA aywyluotnta kot n emdavelaky / Siembavelakn taon [52].
AVOAUTIKOTEPQL:

SUYK{VIpPpWEN

H ouykévtpwon Twv Vypwv, TIOU Xpnoldomolouvtal, ennpedlel tn dltadlkaocia Tou eykKAELOUOU
HE TOKIAOUG TPOTOUG. APXLKA, OL CUYKEVIPWOELS TNG MATPACG KAl TNG EYKAELOUEVNG ouoiag
Stapopdwvouv 1o L€WdeG Toug (Twv SUO LYPWV), TNV NAEKTPLKA TOUG QYWYLULOTNTA KoL TNV
Slemupavelakni toug taon. Ev yével, n aAlayn TNG CUYKEVTPWONG OE €Va OPYaAVIKO SLAAuUa
uropel va emdpAacel onUAvIKA oto LEWOeG Tou, aAAd OxL 0TV NAEKTPLK TOU OyWwyLUOTNTA.
AvtiBétwg, oe éva ubatikd n avopyavo OSLGAUMA, N OUYKEVIpwWON Twv udatodloAutwv
CUOTOTLKWY (KoL KUPpLlwG Twv aAdTwy) UMOopPEL va EMNPEACEL ONUAVIIKA TNV OywyLLOTNTA TOU,
OAAG OxL TO LEWOEC TOU. ITIC TEPLOCOTEPEC MEPUTTWOELG, N AAAAYH TNG CUYKEVTPWONG TOU UypoU
bev mapouoldlel onuavtiki enidpacn otnv embaveLlakn Tou Taon.

QoTt600, TO ONUAVIIKOTEPO, 600V adopd oTNV NAEKTPOOTATLIKH LvoTtoinan, lval n enidpaon tng
OUYKEVTPpWONG Twv SlaAupdtwy otov kKwvo Taylor mou dnuloupyeital kot Kat' €MEKTOON OTN
Slapopdwon Twv vavoivwv Kal oTo TPOKUTITOV oUOTNUA €YKAELOUOU. ZUYKEKPLUEVA, N
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Slatripnon TN¢ CUYKEVTIPWONG TNG UATPOG EVIOG €VOC KOOOPLOUEVOU €VUPOUC TIHWY, OUVTEAEL
otn Snuloupyia evog otabepol CUCTHMATOG EYKAELOMOU 0TNV NAEKTPOOTATLKN Lvomoinaon. EtotL:
i. €AV n OUYKEVTPWON TNG TOAUMEPLKAG MATPAC €lval TOAU YapnAn, o €YKAELOMOG
ouvteAeital pe peyalutepn SuokoAla. Anuoupyouvial uikpo 1 vavoodalpidia
(electrospraying) avti ywa pikpo 1 vavoiveg (electrospinning), e€attiag tou yaunAou
L€wdoug kat TG VP NANRG emdaAVELAKNG TAONE TOU SLHALUATOG,
ii. €av n ouykévipwon elvat Alyo peyaAutepn, Onuloupyeital éva piypa wwv Kol
OVOHOLOYEVWV CUCCWHATWHATWY (aotoyieg — beads),
iii. €dv n ouykévipwon eivat n Kat@AAnAn Ba dnuoupynBel otpwpa vavoivwy, LEAVIKAG
pnopdoAoyiag. Katd kavova, dedopévng tng KATAANANG cuykévtpwong SltaAuparog,
000 auth auvfavetal, av§avetal kat n SLAUETPOG TWV Vavoivwy,
iv.  €4dv n ouykévipwon eivat TOAU peydAn, kaBiotatat SuokoAn n dtapdpdwon otabepol
KwVou Kat Tiidaka. Agv mopdyovtal Vavoiveg, aAd «tatvieg» eAltkoeldoug popodng [53],
[54], [55], [56].
TENOG, N OUYKEVIPpWON TOU UYpoUL EeMnpedlel TO MAXOC TNG MATPAG, TO HEyeBog Twv
TIAPAYOUEVWY VWV I cwHaTiSlwy Kot TNV avaAoyia maxoug eykKAELOUEVNG ouaiag — UATPAG.
ITI¢ mapakATw EKOVEC 5 Kal 6, Tou £xouv MPOoKUPEL oo avaAluon NAEKTPOVIKOU ULKPOOKOTIOU
ocdpwon¢ (SEM), mopouocwaletar n  Siadopetikp popdoAoyian TOu  TPOIOVIOE NG
NAEKTPOOTATLKNG LVOTIOLNONG, AVAAOYQ LE TNV EKACTOTE CUYKEVTPWON YLA TLC TIEPUTTWOELS i — iV
kat (a) — (d) avtiotouya.

Ewkova 5: Dwrtoypadieg nAektpovikol pikpookoriou odapwaong (SEM) yia meipapata pe SLopopeTIKEG CUYKEVIPWOELS -
Meputtwoelg cuykévtpwong i — iv [55]
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Ewova 6: Dwrtoypadieg nAektpovikol pikpookoriouv capwong (SEM) vavoivwv tou moAupepolg PAN pe taon 20 kV ko
GUYKEVTPWON TIOAUPEPOUG avtiotowa: (a): 8 wt%, (b): 10 wt%, (c): 12 wt%, (d): 14 wt% [40]

Mopltakod Bdapoo

To poplakd BAPOG TWV XPNOLUOTIOLOUHEVWY OUCLWYV, €XEL ETONG ONUAVTIKA €midpacn otnv
pHopdoloyia Twv moapayopeVwWY vavoivwy. Katd kavova, To Hoplakod Bapog emibpd oto EWOEC
Twv SlAvpdatwy, 6nAadn otov SlakAadlopod Twv (moAupeplkwv) alucibwv  Touc.
AvoAutikotepa :

e H xpnon ouowv xapnAoU poplakoU PBapoug, odnyel otn Snuloupyia AVOUOLOYEVWV
CUOOWMOTWHATWY (aoTo)XieC - beads) kat Oxt vwv davikng popdpoloyiag.

e H xprjon oucwwv peyaAUTeEpoOU poplakou Bapoug, odnyel otn Snuloupyia vavoivwv
davikng popdoroyiag. ZuvnBwg, otV NAEKTPOOTATIKY LVOTOLNGN XPNOLUOToLoUvTaL
moAupepr) uPnAol poplakoU Pdapog, kabwg cupBaillouv otn Snuwoupyia WavKwY
emKOAUPewV Kol eumAokwy (entanglements), mou mailouv KaBoplotikd poAo otnv
mapaywyn, opolopopdwy vavoivwy xwpic avopoloyéveleg kal actoxieg (bead-free). H
Snuoupyia wwv and poépla xapunAou poplakol Bapoug, amoteAel HeydAn mpokAnon
[29].

e H xprion ouclwv TOAU peydAou poplakol Bdpoug, Ba odnynoel otn Snuoupyia
HULKPOTALVIWY — EAKOELWOWV VWV KoL OXL VAVOIVWVY, €KTOC KL AV N CUYKEVIPWON TwWV
XPNOLUOTIOLOU LEVWVY SLOAUUATWY Elvat XapnAn.

Qot600, To poplako Bapog dev eival mAvta KABOPLOTIKOG TTAPAYOVTAC TWV ATIOTEAECUATWY TNG
NAEKTPOOTATIKNG Lvomoinong. YmApxouv Kal OAlyouepr, TOu Tapouclalouv EMAPKELG
Stapoplakég aAAnAemibpaocels [29], [57], [58]. Ztig Ewkoveg 7 kat 8, mapoucialovtal ol
TIAPOYOUEVEG SOUEC YA SLAPOPETIKA HOPLAKA BApN TWV OUCLWV.
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Ewova 7: MpokOntouca Sopr) vwv KaOopLoUEVNG CUYKEVTPWONG YL StadopeTiKa popLlakd Bapn - (a) MB: 9.000-10.000
g/mol, (b) MB: 13.000-23.000 g/mol, (c) MB: 31.000-50.000 g/mol [57]

Ewéva 8: Dwtoypadisec SEM yia eAkoetdeic pukpotauvieg - MB: 9 x 10° g/mol [58]

| € wdeo
To wdeg Twv SLAAUPATWY, TTOU XPNOLUOTIOLOUVTAL OTNV NAEKTPOOTATLKA Lvomoinon slval anod
TOUC TILO Kpiooug mapadyovteg kaboplopol ¢ popdoloyiag twv vwv. Katd Baon 1o €wdeg
Twv Slalupatwy pmopel va pubulotel pe puBULON TNG OUYKEVTPWONG Tou (moAupeplkoU)
SloAUpATOG, TOU XpnolHomoleital w¢ pATpa. AMwote, 10 LEWOEC, N OCUYKEVTPpWON TOU
TLOAUMEPOUC TIOU XPNOLUOTIOLE(TAL KOL TO HOPLAKO BAPOG Toug gival L8LOTNTEG aAANAEVOETEC.
JUYKEKPLUEVQ, :
e Otav 1o LwboEG elval TOAU XapnAo, BaclkoTePOG tapayovtag eival n emubavelakn taon,
TIou 06nyel oTNV MaPAYwWYH ACUVEXWV VAVOIVWV Kol LOPHOAOYLWV LE OVOLLOLOYEVELEG
KOl cuoowpoTWHata (aotoyieg — beads),
e Otav 10 LEWHEC lval HeyaAUTEPO TIPOKUTITOUV LOAVIKES VAVOIVES Kall
e Otav to LEwdeC eival oAU peyalo mapatnpeital Biatn €yxuon amo to akpoduoto [59],
[60].
Kata tn Siepyacia tn¢ opoafovikng NAEKTPOCTOTIKAG WVOTIOINGNG, N UNTPA HETAPEPEL TNV
NAEKTPLKNA KoTtomovnon Aoyw Tou L€wdoug TG, 06NywvTag To LEYAAUTEPO HEPOC TOU UYPOU OF
oxnuatwopd otabepol kwvou Taylor kol wg ek toutou oe otabeprny €yxuon midaka. Itnv
TLEPLMTTWON TNG ECWTEPLKAG PONG 08nyNnong, To NAEKTPLKO GopTio SLavEUETAL OTNV SLAXWPLOTLKN
empavela Twv SU0 pevoTwV (UATPAG Kal eYKAELOMEVNG ouoiag). ESw, to €wbdeg dev mailel
ONUAVTLKO poAo otnv ékBaon tnc dtadikaciag. QoTtd00, OTNV MEPUMTWON TNG EEWTEPLKAC PONG
o6nynong, to nAskTpKO Poptio Slavépetal otnv e€wTteplkn emMiPpAvVELD TOU TSOKA Kal n
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NAEKTPLKR SUuvapn epopuoletal Kuplwg oto eEWTEPIKO LYPO. Mpokelpévou va SnuoupynOel
€VOG OLOKEVTPOG SLOTPWHATLKOC TS AKAG, TO LEWOEC TNG UATPAC TIPETEL VO BPLOKETAL EVTOC EVOG
OUYKEKPLUEVOU EUPOUC TLHWYV, WOTE VA UETAPEPEL ATMOTEAECUATIKA TNV NAEKTPLKI) KATOIOVNON
OTO E0WTEPLKO LYPO KAl Ao €KEL 0TO GUVOAO TOU UypoU e wdn Staxuon (viscous diffusion).
QoT000, OTNV MEPLMTWON TIOU TO €EWTEPLKO LYPO SeV elval apkouvtog LEwdeg, Snuloupyouvtal
SUveg (recirculations) otnv akpn tou akpoduGCIOU, TIOU QTOTPEMOUV TO OXNUATIOUO €VOG
otaBepol kwvou (kal TNV emakoAouBn otabepr €yxuon midaka vypol). Alo tnv AAAn av To
Lwdec TNG MNTPAG €elval TOAU peydlo, amatteital peydlo nAektplkd medio, wkavd va
«UTIEPVIKNOEL? TO LEWAOEC Kal va wBroeL to uypod oto va dnuloupynoel évav otabepd kwvo. Eva
onueio oto MAvw PEPOG Tou Kwvou Taylor ovopdletal «onUelo EMITaxuUvVong», KaBwe oe eKelvo
TO ONUELO TO EOWTEPLKO LYPO apxileL va emiTayUVETAL oo TN SUvan Tou eSioU TOU TO EAKEL.
H amndotoaon petalld tou «onueiou emtayuvong» Kot tng kopudng Tou kwvou Taylor
ovopaletal «amootacn entayuvong». 0oo HeyaAUTEPN €lval N «OMOCTACN EMITAXUVONG, TOOO
IO OTOaOEPOC Elval O KWVOG TTOU TIPOKUTITEL.

InNUELWVETAL, TEAOG OTL TO LEWOEC TOU SLOAUMOTOG UTopel va puBuLoTEL PE TNV MPooOnKn
XNHUKWV ouoLwy, avauifipwy pe tov StaAutn [61].

Emi ogavel akn T1T4ac¢n

H emdavelakn tafn eilvat GANOC £vag ONUAVIIKOG TOAPAYOVTOG TNG NAEKTPOOTATIKAG
wvomoinong, kabwg kabopilel TNV WavVIKAN OUYKEVIPWON KoL to €(6o¢ tou Slalutn Tou
SloAUpartog. H emudpavelokr taon tou ekdaotote SlaAutn eival dtapopetikn. Mevikd, otav n
OUVYKEVTPWON TOPAPEVEL O0TOOEPN, HE PElwWON TNG EMIPAVELAKNAC TAONG, Ol OVOUOLOYEVEIG LE
CUOCOWMOTWHATA VOVOIVEG, LETATPEMOVTAL OE CUVEXELS, OUOAEC tveg [55], [62]. Ztnv Ewkova 9,
napouaotaletal n emnidpacn NG emipavelakng taong Stadopetikwy SlaAutwv o ouocia
Ka.BopLOPEVNG CUYKEVTPWONC.

Ewkova 9: Dwroypadieg nAektpovikol pikpookomniov téAeuong (TEM) vavoivwv StaAupatog PVP, cuykévipwong 4 wt% pe
SLaAUtec : (a)aBavoAn (b)MC (c)DMF [55]

Al NMAEKTPLKNR TaBepd KOl NAEKTPIL KN AywWYyl potTnta
H SunAektplkry otaBepd (f EMITPEMTOTNTA) QAVILTPOCWTEVEL TNV LKOWVOTNTO TOU UALKOU va
OUYKEVTPWVEL NAEKTPLKN por). YroAoyiletal amnd to Adyo tn¢ XwPNTIKOTNTOG EVOC TTUKVWTH, TTOU
veUileL ano to 6edopévo UALKO IPOC TNV XWPNTIKOTNTO EVOC TTAVOUOLOTUTIOU TIUKVWTH OE KEVO.
H nAektpikn aywylpuotnta K ekppdlel tnv LkavotnTta Tou UALKOU va «GLIAOEEVOELY TO NAEKTPLKO
doptio. Ymoloyiletal amd to Adyo TNG TUKVOTNTAC PEVUUATOG TPOG TNV TUKVOTNTA TOU
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NAEKTPLKOU TeSiou. H NAEKTPLKN aywyLlHoTnTa VOC SLoAUpatog kaBopiletal katd Baon amno to
€(60¢ Tou SLaAUpATOC, ToV TUTIO Tou SLAAUTN Kal TNV Tapousia AAatog. O NAEKTPLKOG XPOVOG
XoAdpwong t. opiletal w¢ ouvaptnon NG OLNAEKTPLKNG OTOOePAC Kal TNG NAEKTPLKAG
QYWYLHOTNTAC te = €8¢ / K, OTIOU € €lval n SINAeKTPLK) oTaBepd TOU KEVOU.

Ztnv Opoaovikn HAektpootatikr lvomoinon(coaxial electrosprinning), t6co n unRtpa 660 Kat n
eyKAelopEVn ouoia urtofaldovtal o aufavopevo NAeKTPIKO Tedio. Ol NAEKTPLKEG LOLOTNTEG
umtoSelkvUouV TIG EMIBAAAOUEVEC NAEKTPOSUVAULKEC TAOELS. ZUVAOWG TO UYPO UE TOV ULIKPOTEPO
XpoOvo xoAdpwong Beswpeltal to «kuplapxo» peuotd, mou odnyel ta SUo peuctd Ot
dnuoupyla otaBepou kwvou Taylor [63].

To Kuplopxo auTto peuoTO PeTAPEPEL TNV NAEKTPLKA TACN 0TO AAAO PEUOTO PEOW TOU LEWOOUG.
Ztnv mepimtwon tng eEwTeEPLKNG pong 06rnynong, To NAEKTPLKO $optio cUCOWPEVETAL WG ETIL TO
mAcelotov oTo €€WTEPIKO TNG UNTPAC, OTNV TEPUMTWON TNG €0WTEPLKNEG pong odrnynong to
NAEKTPLKO PoPTio CUCCWPEVETAL WG ETIL TO TAELOTOV OTNV MIPAVEL LETAEL TNG UATPOG KAL TNG
EVKAELOPEVNG oUGCLAG. H NAEKTPIKN) AYyWYLLOTNTA TOU E0WTEPLKOU UYyPOoU UMopEel va pubuiletal,
wote va emtevyxBel n otabepotnta tou kwvou. Quaoikad, n Bewpla Tou «Kuplopyxou» PeuCTOU
elval onuavtikn povo yla tnv mepimtwon pn avapi§ipwy vypwv. Eival moAl sukoAotepo va
erutevxBel n otabepotnTa TOU KWVOU OTNV Tepimtwon mou ta dUo uypd (N MATPA Kol N
EYKAELOMEVN ouoia) elval LEPLKWG ) OALKWG avapigLua.

MNpodavwg, N NAEKTPLKN AyWYLLOTNTA TwV SLOAUMATWY UIOPEL va. augnbel pe Xprion LOVIIKWY
aAdtwy, onwg ta NaCl kat KH,PO4. Mmopel emiong va au€nbel pe xprion opyoavikwy 0&EwV wg
SLaAUTEC. Mo CUYKEKPLUEVQL:

e Me Tn Xpnon VIlkwyv oAdTwy (Kal Tnv emakoAoubn avénon tng aywyLluotnTog Twv
SloAUpPATWY) OTO TIOAUUEPLIKO SLOAUMA, TapAyovTal AEMTOTEPEC VOVOIVEG, XWwPIg
HopdOoAOoyleG AVOUOLOYEVWY CUCCWHATWHATWY (aioto)ieg — beads), pe pkpn Stapetpo,
peta 200 kot 1000 nm [64], [65],

e Ta TIEPLOCOTEPA TIOAUMEPIKA OSloAUpATA TIAPOUGCLAIOUV  UIKPN  OYWYLLOTNTA, ME
e€aipeon UepPKA, TIOU TEPLEXOUV SLNAEKTPLKA UAKA Kal ¢opTLopEVA LOVTA, T OToia
(moAupepika StaAvpata) dnutoupyolv MOAU euKoAOTEPA EVBUYPAUULOUEVEC (veg [40].

Enibpoon twv mopopETpwWY TNC SLEPYAOLOC OTLC TTAPAYOUEVEC VOVOIVEC

H emPBallopevn TAON KOL N OYKOUETPLKN Tapoxr amoteAolVv T SUO ONUOVIIKOTEPES
TIAPOAPETPOUG, TIOU oXeTilovtal pe to HEYEBOG tng SnuloupyoluevnG otayovag, HE TNV
otaBepdTNTA TOU KWVOU, Qmo TOV oOmoio eyxUetal o midakag, WHE TO TMAXOG Twv
SNULOUPYOUUEVWY VWV KAl PE AAAO OXETIKA HE TNV amodoon tng dlepyaoiag XapaKTNPLOTIKA.
INUOVTIKO pOAO, WOTOCO, OTA TOPATIAVW XOPAKTNPLOTIKA Tailel KalL n omootacn Tou
0KpodUGLOU aTod TOV CUAAEKTN TWV LVWV.

Emmt BaAXdgavn
H emBalopevn TAOn OTNV NAEKTPOOTATIKN Lvomoinon e€ival amd T KPLOLUOTEPEG
TMAPAUETPOUC. Me TNV otadlakn avénon tng emPBaAAOUEVNC TAONC WItopoUV va tapatnpnbouv
KOTA O£1pA oL €€1)C OXNUOTIONOL 0TNV AKPN TOU akpoduaiou:

i. otadlaKko oTdlLpuo vypou

ii. OTA&LOo VYpOU LE Tdon yla SnuLoupyia Kwvou
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iii. dnuoupyia otabeprc otayovac oto akpodpualo

iv. dnuoupyla kwvou Taylor
V. €yxuon Uikpou, aotaboulg nidaka and kwvo Taylor kat
vi. ouveXOUevn €yxuon midaka amnd tov kwvo Taylor.

Kata tn ouvexouevn €yxuon midaka, o kwvog Taylor, mou dnuloupyeital amod T HATPO KoL TV
EVKAELOPEVN ouola €XeL oUVABWG CUUUETPLKO OXNUA KOl amo TNV AGKPn TOu €KTofeUTAl O
EMBLUUNTOC ouUVOUAOUOG oUCLWY. AVOAOYWG PE TIG LOLOTNTEC KAl TNV OYKOUETPLKNA TIAPOXN
UNTPAC KAl EYKAELOUEVNG OUCLAC O KWVOGC, TIOU gyXUEL TO TIPOLoV, Slatnpeital otabepog povo oe
OPLOPEVO €UPOC eMIBAANOUEVNG TAONG. XTO €UPOG QUTO, TO MEYEBOG Twv oxnUAT{OHEVWY
OTAyOVWYV, TIOU EMELTA ylvovTtal (VeEG HELWVETAL 600 aufdvetal n emBaAAOPEVN TAON. ZTIC
Ewkoveg 10 kat 11, mapouoialovtal ot Stadopég otn popdoAoyia Twv MPOKUTITOUCWY VAVO VWV
yla Stadopetikn emBaAAOpeVn TAON.

Ewkova 10: Dwroypadicg NAEKTPOVIKOU HIKpOOoKOTiou cdpwong (SEM) StaAupatog PSF cuykévipwong 20% yia Stapopetiki
eruPBaAAopevn taon o€ kaOe nepintwon [66]

Ewdva 11: Eniépacon tng emBaAAopevng Taong otn popdoAoyiol 0VOHOLOYEVWV CUCGCWHOTWHATWY VOVOIVWV TOU
noAvpepoug PAN. H tdon av§avetal avtictolya ano aplotepd npog ta de§ia [40]

Qotooo, n enibpacn tng emPaAAOUEVNC TAONG OTN SLAUETPO TWV VAVOIVWV Elval OXETIKA
opdheyopevn. Etol, pmopei n emParAopevn taon va emnpealel Tn SLAUETPO TWV VWV, AAAA TO
TIOOOOTO EMIPPONC TNG e€apTATal Ao TN CUYKEVIPWON TOU TOAUHEPLKOU SLAAUUATOC KOl TNV
anootacn Hetafy Tou akpoduaoiou kot tou cuAAEkTn [53],[67], [68].

Oy K 0 Y eTIOpPA KN
Ekto¢ amo tnv emiBaAAOpeEVn TAGCN, N OYKOUETPLKA TAPOXN TNG MATPAC KAl TNG EYKAELOUEVNG
ouoiag, mou Bplokovtal péoa oTLg oUPLYYEG, Ttailouy emiong MOAU cnUAVTLKO pOAO oTo UEyEBOg
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NG otayovag mou dnploupyeital, otn oTabepOTNTA TOU KWVOU KoL O aUTAV Tou midaka. lNa va
emutevxBel n otabBepoTNTA TOU KWVOU KOt va dnuloupynBouv iveg pe otabepr dopur), umapyouv
OUYKEKPLUEVOL ouvduaopol tapoxng twv duo peuvotwy. Etol, :
e aU&NON TNG E0WTEPLKNG OYKOUETPLKNG TAPOXNE KoL UeElwon TnG e€wteplkng, odnyel
otnv avénon tou eVPOUG TIHWV TNG EMUPBAANOUEVNG TAONG,
® Ue pelwon NG MapoxnC MELWVETAL TO HEyEBOC TNEG oTayovag, yeyovog mou e€nyeital
armoe TO OTL Xpeldletal AlyOotepn NAEKTPLKA EVEPYELA Yl VO UTIEPVIKNOEL TIG
USPOBUVAULKES TAOELG TTIOU AVATITUCCOVTAL O€ XOUNAOTEPEC POEC TWV PEUCTWY,
e TOAU UUYNAR OYKOUETPIKN Tapoxn, obnyel otnv Onuioupyia popdoAoylwv UE
OVOUOLOYEVI) CUCOWHATWHOTA (aoToxieg — beads), pe peyaleg Stapétpoug, Adyw Tou
ULKPOU XpOvou e€Atulong Tou SLaAutn HEXPL va GTACEL N ouoiol TO CUANEKTN KAl TwV
UIKpWV Suvapewv mopapopdwong. Mevikd, eveeikvutal n Xpron OXETIKA UELWUEVNG
OYKOLETPLKNC TTAPOXN G, WOTE TO TIOAUUEPLKO SLAAU A va SLaBETEL EMapkr) XpOVo yLa va
noAwoBel [61], [69].
Itnv Ewoéva 12, mapouocialetat n Siadopetiky popdoloyia twv wwv yla StadopeTiki
OYKOLLETPLKI) TIOLPOXH.

Ewkdva 12: Qwroypadieg nAeKTPOVIKOU HIKPOOKOTioU capwong (SEM) vavoivwv cuykévipwong 20%, pe emBalAopevn taon
10 kV. H oykopetpikn mapoxn otnv Ewkova (b) givat oAU peyalltepn anod autiv otnyv (a), yL' autd napatnpolvrot
SLapoppwWOoELS AVOLOLOYEVWV CUCCWHATWHATWY (aoto)ieg - beads) [66]

AmocTtagn PpeTO&&@ TOUL AKPO@ULCIi OL KAl TOU CULUAACK

Exel Bpebel OtL n amootacn petafl tou akpoduoiou KoL Tou CUAAEKTN Umopel emiong va
ennpealel tn popdoAoyia Twv Wwv Kal tn SLAPETPo Toug [60]. ZUYKEKPLUEVQ, :
e Otav n anootacn Tou akpoduaoiou Kal Tou CUAAEKTN €ival TTOAU ULKPr, O Xpovog dev
EMAPKEL, WOTE oL iveg va otepeomolnbouv npLv $TAcouv To oToxo (OUANEKTN),
e Otav n amootacn €ival MOAU peydAn, mapatnpouvtal SLapopdwWOoELS OVOUOLOYEVWVY
CUCOWMOTWHATWY (aoTo)ieg — beads),
e n wdavikn anootacn sival anapaitntn, kKabwc n e€atuion tou dtaAutn, mou oxetiletal
AUECA UE aUThV, amoTteAel KaBopLoTIkO mapdyovta otn Slapopdwaon Twv EMBUUNTWV
wwv [66].
Itnv Ewoéva 13, mapoucotaletal n Stadopetiki popdoloyia Twv vavoivwy yla SltadopeTikn
KABe Ppopd amdoTacn Tou akpoduaciou amod To CUAAEKTN.
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Ewova 13: Dwroypadieg SEM yia 51adpopeTIKEG AMOOTACELG TOU akpoduaciou anod 1o cUAAEKTN - (a) Amdotaon: 10 cm -
Adpetpog wwv: 438 £ 72 nm, (b) Andotaon: 15 cm - AldpeTpog vwv: 368 £ 79 nm [66]

Enidpaon tou neptBAAAOVTIOG TOU ELPAUATOC OTLG TAPAYOUEVEC VOVOIVEG

Ot tepBarOVTLKEG OUVONKEG eVTOCg Tou BaAdpou vomoinong, onwg n Beppokpacia, n vypacia
Kal n TaxluTnto Tou 0€pa, WMOopel €miong va €mMnPedocouv Tn SLAUETPO TWV WV KAl TN
pHopdoloyia toug, evw eAéyxouv oe peyaAlo PBabud tnv efatuion tou StaAutn [70], [16].
Kamoleg popeg, akoun Kal To UALKO ard TO OMolo £XEL KATAOKEUAOTEL 0 GUAAEKTNG, UIMOPEL va
ennpealel tn popdoloyia Twv mapayouevwy vavoivwy [16].

Ooov adopa otn Bepuokpacia, n avénuévn Beppokpaocio euvoel Tn dnuoupyia meplocoTteEPO
Satdalwdou¢ cuoTtuatog AEMTOTEPWV vavoivwy. Itnv Ewkova 14, mapouaotaletal n Stadopd
™¢ HopdoAoyiag Twv vavoivwy yla SLoadopeTIkEG Bepokpaaieg.

Ewova 14: Qwrtoypadieg nAeKTpoVIKOU pLKpookomiou odpwong (SEM) yia vavoiveg o diadopetikég Oepokpacies - (a)
Ogppokpacia: 30 °C - Aldpetpog wwv: 98 nm (b) Osppokpacia: 60 °C - Aldpetpog vwv: 90 nm

Ooov adopad otnv vypaocia:

e H amoucia uypaciag¢  n eAdaxlotn uvypacia oto OAAAUO TNG NAEKTPOOTATIKAG
vomoinong, Umopel va auv€noel TNV TaxutnTa €ATLoNG Tou SLOAUTN Kot va odnynoet
oTNV OALKA TOU €€ATULON.

e HuynAn vypacia evoExeTal va LELWOEL TIG EMBAANOUEVEG OTOV TIISAKO TAOELS, YEYOVOC
miou odnyet otn dltapdpdwon acuvexwv wv peyaAng dtapétpou [71], [72].

e |5avika, n vypaocia evtog tou BaAdpou, mpEmel va eivat Ayotepn amo 35% [73].
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Itnv Ewodva 15, mapouaoialovral ol dtadopEG TwV MTPOKUNMTOUCWY Vavoivwy, yla SladopeTiki
vypacia otov BGAAUO TNG NAEKTPOOTATIKNG LVOTIOiNoNG.

Ewodva 15: Qwroypadieg nAeKTpovikov pikpookomiou capwong (SEM) tng emidavelakng popdoAoyiag vavoivwv tou
rntoAupepoUG PS yia vypaocio OaAdpou: (a) <25 %, (b) 31-38 %, (c) 40-45 %, (d) 50-59 %, (e) 60-72 %

JUMMEPACUATIKA, LOAOVOTL N HEB0S0G TNG Opoatovikng HAekTpooTatikig Ivomoinong, anoteAel
pio MoAAG umooxopevn HEBOSO HE TPOOMTIKEC, amalteltal TepAlTépw Olepelvnon NG
TEXVOAOYLOG TNG TIPOKELUEVOU VO AVATTTUXOEL. Z€ MELPAUATIKO ETMESO OL MIEPLOCOTEPEG EPEVVEC
KOL Ta TELPAMOTO, TIOU £XOUV Vivel yla Tt HEBoSOo tnG Opooafovikng HAEKTPOOTOTLKAG
Ivomoinong, PBacilovtal otnv eumelplol TWV €EKACTOTE TELPAUATIOTWY, OE OUYKEKPLUEVOUG
ouvlUAOHOUC UALKWVY KOL OE EUTELPLKN ETIAOYH TWV TAPOUETPWY TNG Slepyaociag. H aglomiotn
Kol emovaAfPLun KATOOKEUN VAvOIVwV HE TNV €V AOyw TEXVIKN, Sduoxepaivetal AOyw Tng
EMeWPNG €VOC OUCTNUATIKOU TPOTMOU €eAéyxou NG OSladkaooiog Kal TUTIOTIOLNUEVWY
MPWTOKOAAWV. EmutAéov, n padikn mapaywyn vavoivwv mapepnodiletal AOyw Tou OtL ev €xeL
Bpebel kamola apkeTd amoteAsopatikiy HEB0S0g cUAAOYNC TNG TaPAYyOUEVNC ouciag amd Tov
OUAAEKTN, OUTE €xel oXeOL000El Eva QpPKETA TTAPAYWYLKO aKpodUalLo.

MeA\ovtikd, amatteital n dte€aywyrn evOEAEXWV TELPAUATIKWY, BEWPNTIKWY Kol aplOUNTIKWY
HEAETWY, TIPOKELHEVOU va KatavonBel kaAutepa n ¢uon tng &v Adyw peBOSou Kkal va
TiPpokULPoUV TOCOTIKA OTOLXELD YL ToV EAeyxo tNn¢ Slepyaoiag [74].

29



2.5 ZUYXPOVEC TAGELG 0TA KAAAVVTIKA TIPOidvVTa

H onuioupyila akopn TO KAWOTOMWV TPOIOVIWY, amoteAel tnv olyxpovn TPOKANCN NG
Bopnxaviag kaAAuvtikwv. Ta KOAAUVTIKA Tpoidvta, o€ avrtiBeon He Ta POPUAKEUTIKA
oKevaopata, otoxevouv otnv dileicbuon otnv dueon emudpavela (immediate surface) tou
6épuartog [75], [76].

Ol ETOTAUOVEG, TIPOKELUEVOU va amodeuxBel n aldylotn Xpron XNHWKWV CUCTOTIKWVY OTa
KAAAUVTLKQ, TTOU €xouv ouxva emBAaPeic OUVEMELEG yLa TNV avBpwrivn vyela, avétpeav otnv
avalntnon eVvaANaKTIKWY AUoewv [77].

Etol, uila ouyxpovn TtAon otn Plopnxavia ouvtipnong Twv KOAAUVTIKWY QmoTeAEl n
QVTLKOTAOTAON TWV KAOOOWKWVY XNMLIKWV OCUCTATIKWY amd ¢uoLkd, Tou eival ocadwg
aodaléotepn, aAAA KOL AMOTEAECUATIKA EVAVILA OTOUG MLKPOOPYAVIOUOUG. H evépyela auTth,
EKTOG NG Melwong N akoun Kat Tng elaxlotomnoinong tg XPRong Twv KAACOLKWY XNUIKWY
OUVTNPNTLKWV OTOXEVEL Kal otn dnuioupyia KAAAUVTIKWY PE BEATIWUEVEC SEPUOKAAAUVTIKEG
duotnteg [78], [79].

Ta ¢uoikd 1 PUTIKA AUTA eKYUALOHATA KOL TO TIPOIOVTA TOU TIPOKUTITOUV amd auTtd £XOuV
evowpotwOel ouxva oe popdn YOAAKTWHATOG 0 POAPUAKEUTIKA Kol KOAAUVTIKA OKELAOUATA
kaBwg mapouvolalouv MANBwpPA €UEPYETIKWY Kal Bepameutikwy Wlotitwy. To peyaAltepo
TIAEOVEKTNHO TWV OPYOAVIKWV KOAAUVTIKWY, EVOVTL TWV cupPBatikwy, €ival otL eival mpoiovta
aodaAn 1600 yLa Tov AvBpwro 000 Kat yla To epLBAariov, KaBwc Sev TEPLEXOUV TOEIKA XN LKA
kKot &ev amattouv TepApata o {wa, VW N ONOTEAECHATIKOTNTA Toug eival efioou
LKOVOTIOLNTLKA UE QUTH TwV cUupBatikwy dapudakwv [80].

Ta puowka mpoidvra, pEmnel va Anpouv T Stebveic mpodlaypadég moldtnTag Kat aopAAeLag.
To kaBoploTikd BrApa ya TNV €MiteVEN TOU OTOXOU QUTOU ATIOTEAEL N €VOEAEXNC UEAETN ME
oKOTO TNV MPOPAsPn TwV PUOIKWY, GUOLKOXNUKWY, XNHUKWV KAl HUKPOBLOAOYLKWY aAAOywV,
TIOU UIMOopPEL va pokUYPouV oo TNV mapoywyr Tou mpolovtog PExpL tnv Anén autou [77], [81],
[82].

H uwkpoflakn poAuvon, apxilkd, pmopel va kataotpeéPel ) $uon Twv KAAAUVIIKWY Kal va
Snuoupynoel poAuvon tou S€éppatog. Ta KOAAUVTIKA, UETA TO AVOLYHA €XOUV TIEPLOCOTEPES
TOavoTNTEG UIKPOPLAKAG LOAUVONG, KABWG N XPrHon Toug amod Tov KAToVaAwTH Unopel va ivat
AavBaopévn [83]. Duoka, ta KOAAUVTIKA Tpoidvta Sev avapEVETAL va Elval aonTTIKA, KoBwg
TIAPOLOKEVATOVTAL OO TIPWTEG UAEG, TTou dev €xouv amootelpwBel. Evtoutolg, mpémnel cadwg va
LNV TLEPLEXOUV TIAOOYOVOUG ULIKPOOPYOVLOUOUG UPNAAG LOAUGUATIKOTNTAS KAl TO OALKO dopTio
ovVA YPOUUAPLO OEPOPBLWV ULKPOOPYAVIOUWY TIPEMEL VA £lval XapunAo. Ol LKpoopyavIoUOL TTou
Oev emuTpEneTal va TepLEXovTaL o0 KOAAUVTIKA okevdopata eivat ot €€AG: Staphylococcus
aureus, Escherichia coli, Salmonella spp., Clostridium spp., Pseudomonas aeruginosa kot
Candida albicans [84].

Ot KAANUVTIKEG KPEWEC, OTWG KoL Ta Aon¢ GUOEWC LYPA, YAAAKTWHOTO KoL olwpenUaTa, ivat
npoiovta uPnAda embektikd o pikpoflakn emyuoAuvon. Ta mpoiovta autd mopouclalouv
ouvnBw¢ oudétepo 1 Kkovtd oto oudétepo pH kot Puldcocovtal oe BOepUoKpPACIES
neptBaAlovtog f kot oe Alyo upnAdtepeg, Wbilwg otav mpoopilovral yla XwPeg HE Bepud
KAlpaTa, EVw TIEPLEXOUV BPEMTIKA CUOTATLKA KoL VEPO. EMmpooBeta, KATA TNV MAPACKEUT TOUG
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Xpnotpomnoleital TANBwpa MPWTWV UAWV. Q¢ €K TOUTOU amoTteAoUV nepBAANOV EUVOIKO yla TNV
QVATTTUEN HLKPOOPYAVIOUWY, EKTOG KL av puAdcoovtal emapkwg [85], [86].

OL 0pyavVOANTITIKEG LOLOTNTEC TwWV KOAAUVIIKWY, €melta, eival eé€xovoag onpaoiag yla Tov
KatavaAwtr KoL OAeg oxetilovtal HE TN pPEOAOYIK oUumePLPopd TwV KAAAUVTIKWV
ouoTnUAtwy. H 0Yin Tou mpoidvtog, n emaAelPLuoTnTA TOU, N aloBnon autou oto €pua Kat n
Soun TOU TPEMEL VO AVIATIOKPIVOVTAL OTIC QATMALTACEL] TOU KatavoAwth. MNa tig diddopeg
dAoEG TNG TapOywyNG KAl Yyl TOV XELPLOMO TWV KAAAUVIIKWY, ONMwe €miong Kal yla
€€0LKOVOUNGON EVEPYELAC, N OUVEKTIKOTNTO QTIOTEAEL ETIONG €vav TTOAU ONUAVIIKO TapAyovta
[87].

Ta peOAOYIKA XAPAKTNPLOTIKA, TOU KaBopilouv TIC MEPLOCOTEPEG ATO T OPYOVOANTITLKEG
LoétnTeg Suvatal va mpoodloplotolv e amAéG N TAAQVTIWTIKEG UeTPoel Sidtunong. Ot
peoloyikeég SoklpéC Tadavtwong (Rheological oscillatory tests) xpnolpomolouvtal cuyva yla va
XOPOAKTNPLOOUV KOl VO TIOCOTLKOTIOL|GOUV TNV aKauia KoL TNV aKEPALOTNTA TWV TTOAUPACIKWV
L€EWO0ENAOTIKWY CUOTNUATWY, OTIWCE €MIONG KaL TNV e0wWTEPLKN dopn autwv. Ot cuvnBEéoTepeg
e€eTalOUEVEC TAPAUETPOL ELVAL:

e To pétpo amobrkeuvong G, éva PEyeBoC UTIOAOYLOUOU TNE EVEPYELAC TIOPAUOPPWOEWCS
mou anoBnkeveTal oto Selypa katd Tnv Stadkaoia SLATHNONG AUTOU, TTOU UTTOSELKVUEL
TNV €AOTIK cUpTEPLPOPA TOU UALKOU,

e TO PETPO amwAelag G”, éva péEyeBoC UETPNONG TNG EVEPYELAG TTAPAUOPPWOEWC, TIOU
amoBnkevetal oto Selypa katd tnv Stadkaoia dlatpunong Kot UTIoSEKVUEL TNV LEWON
ouuneplpopd Tou UALKOU,

e nywvia ¢aongsf,

® 0 OUVTEAEOTNG anWAELWVY tand = G”/G’, mou umoSelkvUEeL TNV avadoyia Tou LEwdoug Kat
TOU €EAAOTIKOU TUAUATOC TNG LEwdoeAaOTIKOUC cuTEPLDOPAG Ttapapopdwaong Kot

e 1O oUVOeTo LEWbdeC n*.

ErumAéov, ocuvnBwg mpaypoatomololvtal kKal tpio €i6n Suvoplkwyv MEWPAUATWY CAPWONG
OUXVOTATWYV; MAATOG cApwong, ouxvotnta cAPwWonG ,EPTUCUOG Kol SOKLUEG EPTUCUOU —
avakapdng [88].
Ao ta dddopa PuoLkA CUOTATIKA, TTOU XPNOLUOTOLOUVTAL OTA KAAAUVTLKA, OTNV €V AOyw
SumAwpatiky epyaocia, £€ywve xpnon podwou, Tea Tree Oil kaL tpomomownuévng B -
KUKAoSe€Tpivng.

2.5.1 Pédu

H podia (Botaviki ovopacia Punica granatum) gival éva kapmnodopo Gutd Tou YEVOUGS TTOUVLKA
(Punica) tng owkoyévelag Lythraceae, peyéboug Bapvou f pikpou S€vtpou, Tou avamtUooETaL
oe LPog petalV 5 kal 8 pétpwv [89]. 2to Bopelo nuodaiplo, to podl kaAlilepyeital anod 1o
ZemteuPpn pEXPL Tov DePpoudplo, evw oTo VOTLO amd to Mdptn péxpL tov Man. H diapetpog
Tou elval petall 5 kal 12 ekatootd, €XeL opalplkO OXNUA Kol KOKKIVO, oKANPO ¢Aold. 2to
EOWTEPLKO TOU TIEPLEXEL OTIOPOUG KOKKLVOU 1) AEUKOU XPWUATOG ar’ Toug omoiloug pTlaxveTal n
TOUATIA Tou. e OUYKPLON HE TNV TOUATIO TOU Podlov, o pn Bpwolpuog GAoLOG Tou TEPLEXEL
TOUAQXLOTOV TPUTAGCLA TTOCOTNTA TIOAUDALVOAWY, CUUTTEPINAUPBAVOUEVWV TWV KATEXLVWY, TWV
CUUTTUKVWHEVWY TOVIVWV Kal Twv yaAlokatexivwy (Eltkova 16) [90]. To pddt amotedel éva
AETOUPYLKO TPOPLUO, €€ALPETIKOU ETLOTNUOVIKOU evllapEpoOvTog, AOYyW TwvV TOANATAWY
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EUEPYETIKWV TOU Spadoewv otnv avBpwrvn vyeia [91]. To uPnAo patvoAikd poptio Tou PpAolov
ToU, KaBLoTA To POSL KATAANAO yLa Xpron o€ SLATPODIKA CUUMANPWHATO KoL KAAAUVTLKA.
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Ewkova 16: DAoLog podlov

Qaivoleg

Ta tedeutaia xpovia, XL TAPOUOLOOTEL LeyaAo evdladEpov yla TNV amopovwaon BLoSpaoTikwy
OUCWWV amod €eTUAEYUEVEG GUOLKEC TINYEC. TG PLodpacTikéG oucoleg mou  ouvhBwg
QTTOLOVWVOVTAL OVAKOUV T QVTLOEELOWTIKA. ITOXOG €lval N QVIIKATAOTOON TWV KOWWV
OUVOETIKWV OVTIOEEOWTIKWY OoUclwv amd Ta ovtlofeldwTkA ¢uOLKkAG Tpoeleloswc. Ot
KUPLOTEPEC TNYEC AVTIOEEWOWTIKWY £lval To dpouTa Kal T AQXAVIKA, Ta SnUNTPLAKA, TO
KOKKIVO Kpaoi, Ta BLOPNXOVIKA KOl oypoTIKA UToAsippata K.o. Ot TmoAudalvoleg GUTIKAG
TPOEAEVOEWC, AMOTEAOUV pia Slakpltr) opdda cuoTaTikwy e avioéeldwtiki dpacon, Ta omola
anoteAouv Seutepoyevr TPoidvTa LETABOALOUOU TWV EPLOCOTEPWV YPnAwv Sévtpwy [92].

OL ¢dalvoAKEG eVWOEL] Ttapouoldlouv aloonUelwTes avilofelOWTIKEG, avilbAeyUovVwOELS,
OVTIKOLPKLVIKEG, OVTLYNPAVTLKEG, QVTLULKPOPLAKEG, AVILLETAANAEOYOVEG KOl QVTLIKEG LOLOTNTEG,
napExovtag avtlofeldwtikd Eviupa oto avBpwriivo cwua [93]. OL 1lotnTEG QUTEG KaBloTouv
TG ToAudalvoAeg ouoieg evoladépouoeg yla t Bepamneia mMANBwpag acBevelwy, aAAd Kot yla
SLadopeg epapUoyEC aVTLYHPAVONG OTOV TOUEA TWV KAAAUVTIKWV .

Qotooo, Aoyw tNNg XopNnAnG StaAutotntag oto vepd Kot tng €Aewdng otabepdtntag Twv
moAudpaLlVOAWV O OUVONKEC Tapaywyns QGOPUAKEUTIKWY KOl KOAAUVTIIKWY TIPOIOVIWV
(Bepuokpaoia, dpwe, pH) R oe ocuvbnkeg amobnkevong avtwyv (Ppwg, ofuyodvo), n xprnon Toug
elval meploplopévn.

OL mapayovteg autol (ouvBnKeg Mopaywyng Kal amobnKeuong) HELWVOUV TIC EUEPYETIKEC yLa
TNV UYEla WBLOTNTEG TWV EVWOEWV QUTWV Kol Tieplopilouv Tig mbaveég epapUoyEC TOug oTnVv
TIAPOYWYI AELTOUPYIKWYV TPODIUWY Kol GOUPHOAKEUTIKWY 1 KAAAUVTLKWVY TIPOIOVTWV.

To yaAAwko o€U eival éva udpofuBevioiko ol kal T MoPAywyd Tou, cuUneEPAAUBAVOUEVWVY
TWV Tavivwv KoL Twv KateXvwy, Bpiokovtal ota ppouta (6mwe To podt), ta Bétava, To Todl, To
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kpaol K.a. H avtioeldwtikn kat avtipuikpoflakn Spdcn tou, To KaBlotouv XpRoLOo CUCTOTLKO
otn Blounxavia papudkwy, TPoPiuwy Kat kaAuvtikwy. Qotdoo, n ypnyopn ofeibwon tou,
umopel va odnynoet otnv umofabuion tou [36]. H pewwpévn, Aoutodv, otabepotnta rn/kat
SLOAUTOTNTO TWV EVWOEWV OUTWV, N omola ouxvad ouvodeleTalL KOl amo  XOUNnAn
BlodlaBeoudtnTa, mpenel va PeAtiwbdolv, oUTWG WOTE Ol EVWOEL( QUTEG VO KATOOTOUV
KATAAANAEG KOl ATMOTEAECUATIKEG YLOL Xprion o€ epapUOYEG uyeiag, SLatpodrg Kal KAAAUVTIKWY
[92]. Etol, n ouUyxpovn €peEuval ETIKEVTPWVETOL OTn PeAtiwon tng otabepdtntag Twv
oAU aLVOAWY, N omola EMITUYXAVETAL ASLUUPLOBATNTA UE TOV EYKAELOUO TOUG OE TIOAUUEPLKEG

urtpeg [94], [38].

2.5.2 Tea tree oil

Ta aBépata élala eival eAawdn, APWUATIKA UYPA, TIOU ANOTEAOUVTIAL QMO TOAUTTAOKQ
pilypata mntikwv popiwv. Etvat putika mpoiovra, kabwg ekxuAilovtal and apwpatika ¢uta. H
€KYXUALON TOUG Umopel va mpaypatonolnBel pe mMoAEG SLapopeTkEG PeBOSOUC, KAAOOIKEG n
KOLVOTOMEC. AOyw TN udpodoPLkn¢ Toug GUCEWC KOL TN TIUKVOTNTAG TOUC, TToU ouvhBw¢ eival
HLKPOTEPN aTd QUTHA Tou VeEPOU, ocuvnBw eivat Autodida, dtahlovtal oe opyavikoug SLaAUTEG
Kal Oev oavaplyvuovtal HeE TOo VvepPO [95]. Q¢ ¢duowka mpoidvta, €xouv evdladEpovta
DUOLKOXNULKA XOPAKTNPLOTIKA Kol amoteAouv mpoiovia uPnAng mpooTBEuevng agiag, mou
o£Pfovtal to meplBariov. Exouv, aAAwote TOLKIAEC PBLOAOYIKEC SPAOCELC KoL OEPATIEUTIKEC
OLOTNTEC (aVTIBAKTNPLAKES , AVTLILKEG KOL AVTLMUKNTLAKEG) [96], [97].

O Opyaviopog Tpodipwv kat Qapudkwy, avayvwpilel ta abépata élalo w¢ aodaleic ovaieg
oUpdwva pe tov Kwdika Opoomovilakwyv Kovoviopuwy, HEPLKEG O TIC OMOLEC UMOpPOUV va
xpnotponotnfouv Kal wg avtiBaktnplokd npocbeta [98], [99].

Ta aBépala €lata mapouctalouv mAnBwpa evdladepovowv epapuoywv. XpnoLuomolovuvral
otnv Bopnxavia tpodipwy (WG ocuvtnpnTikd), otn yewpyia, otn Bopnxavia bappdkwv (katd
TwV Aolpwewv) kat otn Bropnyavia kaAAuvtikwy [95].

Ta ouotatikd Twv alBépawwv ehaiwv gival deutepoyeveic petafoAiteg pe WOlaitepo Gpwpa.
Qotooo, mopd TG SuvnNTIKA TIOAAATIAEG €DAPUOYEG TOUC, TA TIEPLOCOTEPQ OO TA APWHOTIKA
ouTA popLa, lvat aotadn kal evaioOnta e€attiag Twv BLodpaoTIKWY TOUG CUCTATIKWY, OTIWE oL
oASelideg, oL KETOVEG Kal Ta TepTEVLA. Mo TNV akpiBela, ivatl oAU eUKOAN n AnocUVOEaCH Toug
oo  meptParloviikouc Tmapayovteg  (ofsidbwon, e€atuwon, Ofppavon 1 dwg) av
Xpnotpomnolouvtal w¢ €xouv Kal Sev mpootatevovial amd autous. H amoouvBeon toug dev
TIPOKAAEL aAAAYEC HOVO OTa PAGCLKA TOUG XOPOKTNPLOTIKA, OAAG UTTOPEL KoL va 08nynoeL otn
ouvBeon aAAEpPYLOYOVWVY TTAPOYOVIWY O€ TIOAAEC teputwoelg [100], [101], [102]. Ou ouyxpoVEg,
KOLVOTOUEG UEOOSOL ATMOTPEMOUV TA HELOVEKTAMOTO TWV CUMUPBATIKWY TEXVIKWY, OMWE TOV
Kivouvo xnuLKAG aAloilwaong, tnv xpovoPBopa Stadikacia ekyUALoNG KoL TNV LPNAN KaTavAaAwon
EVEPYELAC.

O £Aeyxo¢ Tou pubuou efatuong Kal tNg amoouvBeong sival To Baolkotepo BApa yla TN
Slatrpnon TwV opYaVOANTITIKWY XAPOKTNPLOTWY TWV OPpWHATIKWY UALKWV. Evag Tpomog yia va
emtevxBel auTo ival o eyKAELOUOG TwV alBépatwy eAaiwv og ocwpatidia i AUTocwpaTa, TTOU
TOPEXEL TOOO otaBepomoinon 000 KoL €AEYXOUEVN OTMOSECHEUON TWV EYKAELOUEVWV
cuotatikwy. H mpootacia autr duvatal va auvénosl Tnv nepiodo SpAaong Toug Kal va TAPEXEL
otadlakn amodéopcuaon. ANQ TTAEOVEKTAMOTO TOU EYKAELOMOU Elval N EUKOALO OTOV XELPLOUO
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(m.x. evog otobepol, OTEPEOU E€YKAELOMEVOU OUOTATIKOU EVaVTL €VOC aotaboug, MTNTLKOU
uypou), n aocdpaiela (m.x. ue TNV emitevén tNg HEWMEVNG avadAefluotntag), n auénuévn
edappootikdTNTa o€ MANBwpa MPOIOVIWY (Y. TA LKOVA va SLACTIELPOUV 0To VEPO adalpidla,
ota omola €xouv eykAelotel abépata €lala, PmopoUV €UKOAA va xpnoluomnownBolv oe
OKEUAOUOTA LE BACN TO VEPO) KaL N EVIOXUHEVN amoteAeopatikotnta [95], [103]. Qg ek TouToU,
€xel avamntuxfel mAnbwpa edpopuoywv €YKAELOUOU HE OKOTO TOV €YKAELOMO Blopopiwy,
EVEPYWV Hoplwv Kol PLodpacTtikwy eVWOEwWV Twv aBépawwv ehaiwv. OL ouyvotepa
XPNOLLOTIOLOUHEVEG UNTPEG YL TOV EYKAELOUO €lval Ta TIOAUMEPLKA cwuatidla, Ta AUtocwuata
KOl TOL OTEPEA VAVOoWUOTISLA.

Ano ta Suddopa €dn putwv, povo to 10% meplExouv aBépala €Aala Kot ovopdlovtal
apwHaTIKA Pputd. Ol OLKOYEVELEG OTLG OTOLEG UIMOPEL va avrkouv eival ol €€n¢ : Lamiaceae,
Lauraceae, Asteraceae, Rutaceae, Myrtaceae, Poaceae, Cupressaceae kat Piperaceae [95].

To Tea Tree Qil (TTO) (Ewkova 17) mopaokeudletol HECW ATOOTAENG LUE ATHO Ao Ta GUAAA TOU
auotpaAlavou putol Melaleuca alternifornia mou avrKeL oTnV OLKOYEVELD TWV GUTWV HUPTLA
(Myrtaceae). To ¢$uTO QUTO avVAMTUCOETOL YPRyopa Kol UIMopEel va xpnolpomolnBei nén amo
TOUC TTPWTOUC £EL LAVEC TN OTOPAC Tou. EXeL oXeTIKN UkvoTnTa petaty 0,885 kat 0,906, sivat
gehdylota SLKAUTO OTO vePO KoL €ival avoapifipo pe pn moAlkoug StaAuteg [104]. Mepléxel
neplocotepa amo 100 cuotatikad (KUplwg TEPTEVIKOUG UOPOYOVAVOPAKES KAl TIG OVTIOTOLXEC
oAKOOAEG). H teprivév — 4 — OAn (terpinen-4-ol), éva LOVOTEPTIEVLO, ATIOTEAEL TO CUOTATIKO TOU
TTO oe peyalltepo TOo0OTO (meplocotepo and 30%), To omoio eival umevBuvo yla TV
avTLpkpoBLakn Kat avtipAeypovwdn dpaon tou, evw to TTO TEPLEXEL ETONG ULKPEG TTOOOTNTEC
(néyrotn meplékTikOTNTA 15%) amod tnv 1,8 — KWvedAn, mou mpokalel epeblopoug oto dépua. H
anoBrkevon tou TTO petaBAAAEL Tn cUOTACK TOU, AUEAVOVTOG TO TIOCOOTA KLWVEOANG Kol
HEWWVOVTAC aUTA TNG TeEprvév — 4 - OAng. Na tnv eumopwkn 6wdBeocry tou, 1o TTO
TLOPOLOKEVATETAL UE TOV XNUELOTUTIO TEPTILVEV — 4- OAN [105].

To TTO umnnpée mavta yvwoto yla TNV €UEPYETIK Bloloykn tou Spaon. Eival amd ta mo
LOYUPA TOVWTLKA TOU QVOOOTOLNTIKOU OuoThUatog Kal Bonbdel otnv ypriyopn Kal
OTMOTEAECUOTIK) Oepameia TwvV TEPLOCOTEPWY LOYEVWY, PAKTNPELOKWY KOl HUKNTLOKWY
Aopweewv.

‘ETOL, XpPNOLIOTIOLE(TAL WG AVILONTITLKO KOl QVTLHUKNTLAKO (N TePTeV — 4 — OAn, CUYKEKPLUEVQ,
QIOTEAEL LOYUPO TOPAYOVTA EVAVTLO OTOUG ULIKPOOPYavIoUoUG Staphylococcus Aureus (MRSA)
kol Coagulasenegative Staphylococcus (CoNS)) ywa tnv dueon emnovAwon Kal Beparmeia anod
kopipata, eykavpota kKot €KOOPEG, evw €xeL yivel TMANBwpPO HEAETWV OXETIKA ME TN
Bepameutiky Spdon Tou KATA TNEG AKUAG, TNG CUNYHOTOPPOIKAG depuatitidag, KoL TG Xpoviag
ouAttidag. To TTO napouolalel, emmpocOeta, avilofeldwTIKN Kal avitmpwtolwikn 6pdon ocov
adopd otig aoBEveleg Tou Séppatog. Ta eyyevr) avtlofeldwTikad (6nAadn to o — TEPTILVEVLO, N a
— TEPTIVEVOAN KOL TO Yy — TEPTMLVEVIO) Tou, mapoucialouv avtoeldwtiky &pdon, Tmou
KOTOTAOOETAL UE TNV €£€C OELPA: O — TEPTILVEVLO > A — TEPTILVOAEVLO > Y — TEPTILVEVLO. AKOUN, N
OVTIKAPKLVIKI] TOU Spdon €vavtl TwV SEPUATIKWY TTAONCEWV ElvaL XOpaKTNPLOTIKY, EVW £lval
dlaitepa QIMOTEAECUATIKO KOATA TWV OTOMATIKWY Baktnpiwv Kal Tou umotporialovta
emeillov €pmnta.

Ztov Nivaka 1 cuykevtpwvovtal ot Stadopeg Spacelg tou TTO.
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Mivakag 1: 1610tNTEG KAl Seppatikég edpappoyEg tou TTO

1610TNTEG KO SEPUATIKEG EPAPLOYEG
tou TTO
Avtioteldwrtikn dpaon

AvtiBaktnplokn dpacn

Avrtlilkn 6pdon

AvTipukntiakn dpdon

Avtutpwrtolwikn dpaon

AvTtikapkLvikn §pdon

AepUaTOAOYIKEG EDAPUOYEG
PUBuLON TG ToudoU
Oepaneio TNC AKUAG

EmouAwon mAnywv
Oepaneio TN CUNYUATOPPOIKNG
Sepuoatitidog

Oepaneia TNG XpOVLAG OUALTISOC

H ¢pUon tou autn €xel 06nynoelL oe mMAnBwpa epappoywVv Tou o€ KAANUVTIKA TipolovTa, ONwE o€
OVTLONTITIKA, QTOCUNTIKA, COUTTOUAV KoL COmouvia. XapoKTNPLOTIKO MapAddelyla amoTeAEL N
XPON TOU O€ QVTLONTITIKEG KPEUEG KAl YOAOKTWHATA, TIOU TipoopilovTal yia TOTILKA XPron, Katd
Twv Sepuatikwy nabnoswv [106], [107].

Ewova 17: Tea Tree Oil

2.5.3 Kvkdodeétpivn

H xprion opyavikwv SLoAUTwV au€Aavel Tov KIVOUVO yla opVNTIKEC CUVETELEC 000V adopd OTO
neplBailov, otnv uysia kot otnv aodaAsla AOyw TNG €YYEVNC TOEKOTNTAC amo TN Xpnon
mMoA\wv opyavikwv StoAutwyv. Mia AUon yla TNV QVTHLETWTILON TOU TPOPANUATOG aUToU OE
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mMANBwpa Blopnxoviwyv amoteAel n mapaywyn vavoivwv omo udpodlha TOAUUEPN, TOU
TIEPLEXOUV AUTODINA CUOTATIKA, KABWG £TOL N TOEIKOTNTA KAl N avnouxio yla Ta UTIOAEipaTa
Twv Blopunxoviwv Ba pmopovoav va apPfAuvbouv [28]. Ta TOAUUEPIKA HLKPOCWHATIOWO KOl
VaVOOWHOTIOLoL €xouv peAeTnBel evdelexws wg BlodlaoTwpevol PeTadOopei yio EAEYXOUEVN
uetadopa kat anodéopevcon MANBwWPAC BPEMTIKWY OUCLWY OTWG PApUaKa, TIPWTEIVEG Kal
yovidia [74].

Ou kukhobeftpiveg elval puoikd amaviwpevol, KUKALkol, udatodlalutol oAlyooakyopiteg Kot
mapdayovtal and tnv eVIUUATIKA UETATPOTH TOU OMUAOU. AMOTEAOUV OUGIEG HUN TOEIKEG,
BloarmolkoSouNoLES Kol PIALKEG TTPOG TO EPLBAAAOV. AV KOUV OTO TIOAUOPLAKA CUCTHHOTA,
Tou €xouv peAetnBel kal epappootel mMoAU. O kukAodeftpiveg €xouv 6, 7 1 8 povadeg
yAukoTmupavolng oTo HOpLo Toug Kot ovopalovtat avtiotowa o — B — i y — kukAodeftpivn [29].

Ewova 18 : (a) Xnuwkn doun a - ka B - KukAode€tpivng (b) oxnuatikn anewkovion kukAodeftpivng [29]
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Ewkova 19 : Xnukr dopun twv TpLwv Sopwv KUKAoSeETpivng

AwaBétouy, onwe daivetal otig Ewkoveg 18 kat 19, poplakr doun daktuAiou. Exouv ubpodiho
€EWTEPLIKO XOPAKTNPA, YEYOVOG TOU TIG KaBlotd OSLaAUTEG oTo vepPO, evw N udpodofikn,
AUTOdIAN KOWAOTNTA TOUG, ETUTPETEL TOV OXNUOTIOUO CUUTIAOKWY EYKAELOMOU UE USPODOPIKES
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EVWOELC. H MOAKA — un TOAWKN aAAnAenidpaon HeTafl TwV TOAIKWY HOPlwV Tou vePOU ToU
UTTAPXOUV OTNV KOWOTNTA TNG KUKAOSEETPivNG KAl TOU AMOAOU TOLXWHATOC TNG KOWOTNTAG
TiPOKaAEl pila evepyelakd Suopevr) Kataotaon. H umokatdotaon Twv popiwv vepol uPnAng
evOaATIlOG Ao TIC EVWOELS EYKAELOMOU, €lval n KwntApla Suvaun yw t dnuloupyia evog
otaBepol cuUTAOKOU KUKAOSEETPIVNG Kal ouaiag eyKAELOMOU. AKOUN, ONUAVTIKO poAo mailel
KAl N OVATITUEN 1N OMOLOTIOAKWY OAANAETILOPACEWY, CUUMEPAAUBOAVOUEVWY TWV SUVAUEWV
van der Waals, twv dgopwv udpoyovou kat Twv udpodofikwv aAAnAemdpacewv [39].

O eyKAELOUOG OUCLWV OTWG, oL Sladopes avTIPAKTNPLAKEG, OVTLOEELOWTIKEC KOL QPWHUATIKES
EVWOELG, Ta alBépata EAala Kal T MTNTIKA CUOTATLIKA, OTLG KOWAOTNTEG TWV KUKAOSEETpLVWY,
TIPAYLLOTOTIOLELTOL TIPOKELUEVOU VAL
e BeAtiwbouv oL SLadopes GUCIKEG KOl XNIULIKEG LOLOTNTEG TOUC, OMwG N SLaAuToTNTA OTO
vepo, n avtiotaon otnv ofelbwon Kkal tTnv amoouvBeon (didomaocn) Aoyw $pwtog, n
avtoxn otnv uPnAn Beppokpacia i otnv amoBnKeuon yla LEYAAO XPOVIKO SLAoTnHa Kot
N avOeKTIKOTNTO OTNV EEATULON,
e otabBepomolnbei to dpwpa Kot n yevuon Toug,
e Kkataotalel n mBav SUCAPEDTN OO, TTOU UIMOPEL va €Xouv oTnV GUGCLKH TouG Hopdn,
e evIoxuBel n BlwoluotnTd Toug,
o crutev)xBel n eleyxouevn Kol otadlakr anodEopeuaor Toug Kal V' aneleuBepwvovtal
otnv emBupunth B€on Kal xpovo, Ue Tov eMBUUNTO puBUO, OTav cuvteAeital pia aAlayn
otn Bepuokpaocia, Tnv vypacia r to pH [36], [26], [108], [109], [110], [111], [14].

Onwg eivat puolko, n mapaywyn vavoivwv KUKA0SeETpIvNG UE TNV TEXVLKI TNG NAEKTPOOTATIKAG
Lvomoinong amoteAsl €va MOANA UTTOOXOUEVO EYXELPNUA, KABWG KATA Tov cuvOUAGUO TNG TIOAU
HEYAANG emipaveLag eMAPAG TWV VAVOIVWVY KoL TwV KUKAOSEETpLVWY, Umopouv va ipokupouy
VaVOUALKA pe povadikeg 1OLOTNTEC [48]. Q¢ ek TOUTOU, OL KUKAOSEETPIVES KL TOL CUUITAOKQ TTOU
SnUoupyolv pE TIC ouoieg eykAelopou, mapouaotdlouv MANBwpa edpoappoywv o€ TOAAOUC
TOUELG, OTWC N PAPUAKEUTIKH, TA AELTOUPYLKA TPOPLUA, TA UPACUATA, N OVAAUTIKN XNUELD, T
TPOLOVTA MPOCWTILKNC UYLELVAG Kal Tat KaAAuvTika [108], [112], [31], [26].

Mpokelévou va amotpamnel n amoolvBeon Ttou yaAAwkoU of€og kot va SiatnpnBel n
BLodpaoTikOTNTA Tou 600V adopd 0ToUC EEWTEPLKOUC TTEPLBAAAOVTLKOUG TapAYoVTEG, 8w Kal
OPKETA Xpovia, €xouv ouvtebel cupmAoka KUKAOSEeETpivnGg — yaAAlkoU o&€og kol Bewpouvtal
€Va OPKETA AMOTEAECATLKO cUoTnUa [36].
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KE®AAAIO 3: IIEIPAMATIKH AIAAIKAXIA

3.1 YAk«

Ta UAKA TIoU xpnotpomolénkav yla tnv vAomoinon tng mapouoag SUTAWMATIKNAG EpYACiag
napouotalovtal aVOAUTIKA TOPOKATW:

3.1.1 EykAelouog PLodpactikwyv cuoTATIKWY 0 KATAAANAN UNTPA Yid XpHon 0 KAAAVVTIKES
KPEUES
Ta BlodpaocTikd CUOTATIKA TTOU ETUAEXONKOV AOyw Twv TIOAU KOAWV TOUG LOLOTATWV Kal TNG
gupelag xpriong Toug otn Blopnxavia Twv KAAAUVTIKWV Elvat:
e EkyUAwopa TTO (CELLCO CHEMICALS SA, Ewova 20)
e ExkxUAopa ¢Aolol podlol, TIoU MAPACKEVAOCONKE PE TNV €DAPUOY UTIEPAXWY, OTIWG
TEPLYPAETAL OTN OUVEXELA ToU KedaAaiou (3.2.1) (Ewkova 20)

g("l CELLCO CHEMICALS SA

TEA TREE OIL

ANARIRIA 32102008 oMo,
AAPA(QIOE KON - UNE 101OMIA: .10y

ATIOBAPO: 0,06 kg ;
NEAATHE: EIAIKOY AOTAPIATMOY EPEYNAf

Ewova 20: EkxUAopa Tea Tree Oil kat ekxUALopa pAoo podlol

H uAtpa, mou xpnollomolOnkKe yla Tov eyKAELOUO TwV OUCLWV €ival éva udatiko AtdAuvpa B —

KukAodeftpivng kot ouykekpwéva To hydroxypropyl-beta-cyclodextrin  (HPbCD)(CELLCO
CHEMICALS SA, PHYTODERMINA LIFTING, Ewkova 21).
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Ewova 21: Yéatiko StaAupa B — Kukhodegtpivng

3.1.2 Xapaktnplouog floSpactikwyv ouoTaTIKWOV

Mo TovV UTIOAOYLOMO TWV GUVOALKWY GOLVOALKWY TOU EKXUALOUOTOG podlol xpnolpormolnonkav
TO MOPAKATW:

e AwdAupa Folin — Ciocalteau
e Kopeopevo Stalupa Na,COs, TToU MOPACKEUAOTNKE OTO EPYAOTHPLO.

3.1.3 MikpoProroyikn avaivon
o tnv vAomoinon TNG UKPOPLAKAC AVAAUONG TWV KPEUWVY XPNOLUOTIOLBNKav Ta MOPaKATW:

e AldAupa Ringer

e ABavoln

e  OpPEeMTIKA YIOOTpWHATA
Erunpdobeta, xpnowponobnkav amoviopévo H,O, Aketovn, 2opBLkd KaAlo, Bevioikd vatplo
KaBwg Kal KpEpa BAon yLa TNV avamtuén Twv VEWV MPoiloviwy Ue TNV PooBnikn eyKAELOUEVWVY
BLOSPAOTIKWY CUCTATIKWV.
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3.2 M£€00o8oL - 'Opyava kKat ZUGKEVEG

Itnv Ewkova 22, mapoucolaletal to SlAypappo TNG MEpapatikng Stadikaociog, n omola
okoAouBnBnke kal avaAUETAL AEMTOUEPWE OTN CUVEXELQ.

Napodopn exquiioporo podod amo
P amofnpopgvouc dhowooc poflod e ypron
Ymepijwy (3.2.1)

Epmopuko Exguhopo
UMD pobLol

10
BloSpaoTLed ¥opoxtnpopoc fobpooTikwy
OUOTRTLEWY

OUCTOTLED

Eykhewopo PuobpooTiowy YoupoucTnpLojoc vovoivay (3.2.4);
CUOTOTLEWY OTN JLATPOL JE TN
|EBobo tne Oponfoving
HAz krpooToiknc vamoinone
(3.2.3)

l o DSC{3.243)

p— o SEM(3.241)

+ [ooootd eykhewopon (3.2.4.0)

MpooBkn vovolviwy OF KPE|LEC
mposwnou {3.2.5)

Epmopua
GunBeowo
Y&omwo §/po p-

kukhodeETpive

NOpoKTN OO KpE WY Tipocwou (3.2.6):
Muxpoiohoywr avauon (3.2.6.1)
Metpnon pH (3.2.6.2)

MEtpnon ypeparoc(3.2.6.3)

DMA (3.2.6.4)

Ewkova 22: Aldypoppia eElpapatikng Stadikaciog. OL mpwteg UAEG, OV XpnoLpomnolOnkav napouctalovtol Le NPAcLvo
XPWHO, OL SLEPYAOLEG ME TLG OTtOiEg TTapRXONnooV Ta TEALKA POIOVTA PE UITAE XPWLO KOl OL SLEPYALOLEG XOULPAKTNPLOWOU LLE
HwB XpwHa
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3.2.1 ExyAion pe vmepnyovg

Katd tnv ekxUALon pe umeprxouc, To delypa tomoBeteital pe KATAANAo un Tolko SLaAuTn,
OTNV OUYKEKPLUEVN Tepimtwon H,0, oe ocuokeun umepnxwv. H &ladoon twv umepnxwv
xapaktnpiletat and eAayxiotn ouxvotnta 50 kHz kot mpokaAel kivnon tou uypol Adyw
OuUTieong kat apaiwong. Me tnv avénon tng Bepuokpaociag Aappavouv xwpa emBuunTa
dawodpeva dayuong kat StaAutomoinong, evw PeE TNV avénon TN TEoNG EMLTUYXAvVOVTOL
dawopeva Sleicbuong kal petadopdc. Me Tn XprAon TwvV UNEPNXWV, O XPOVOC eKXUALONG
HELWVETAL KoL n anodoon tng ekxVAlong auvéavetal. H xprion tng €kxUALONG UE UTIEPAXOUG,
evdelkvutal yla Bepuikd aotabeic evwoeLg.

Mpokelévou va mapaxBel ekxUALopa podlol, apxlkd cUAAEXBnke PpAolog podlol. O dAoldg
QUTOG, KoBapiloTnKe KoL 0Tn ouvexela TomoBetrBnke oe katapuktn (Panasonic, MDF-U3386S)
oe Beppokpaocia -80 °C (Ewkova 23). Metd arnd 72 wpec, ot dAoUSEG Tou podilol tornoBetriBnkav
otnv ouokeun &npavong umo katauén (Leybold — Heraeus, GT 2A) ywa 24 wpec. H &npavon
nipaypotonol)Onke umno kevo (Ewkoveg 24, 25).

Ewova 23: Katayuktng Panasonic, MDF-U3386S, -80 °C
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Ewkova 25: Ano§npapévog GpAoldg podou

Ta delypata, mou mpoékuPav amnod tnv Enpavon umnod katapuén, uyiotnkav, oAtonolionkav
Kall kookvnOnkav . Etot, mpogkupav dVo deiypata pe Stadopetikr) kKokkopueTpia (Ewova 26).

e Asgiypa1l:0-500 um
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e Asiypa 2 :500 - 1000 um

Ewkova 26: Ta 800 deiyporta StadopeTikg KOKKOUETPLaG, TTOU Ttpoékudav arod tThv KooKivion

Ta Selypata autd, tonoBetriBnkav ev cuvexeia og polUpvo otoug 110 °C yia 24 WPEC, HE OKOTIO
TNV MARPN AMOUAKPUVON TNG LYPAOLAg.
AkoAoUBwg, Ta duo delypata uylotnkav €k VEOU Kal TOTOOETNONKAV OTN GUOKEUN €KXUALONG
ue umepnyoug (Ultrasonic/ Microwave Reaction System, XO-SM Series). lNa Tov 0KOMo auTo,
npayuatonowidnke apaiwon 1: 10 pe StaAvtn H,0. OL cuvBnkeg, mou emAéxOBnkav Atav oL
eéng:
(a) Ultrasonicator

e SET time : 30 min

e On:1,5sec(bapkela Pekaopou)

e Off: 3 sec (xpovog puéxpL tov emopevo Pekaouo)

e US:35%(315W)

o Tma: 50°C
Ta delypata mou npoékuav amnd tnv ekxUALon, TomoBetABnkav o€ cuokeuny puYoKEVTPNONG
(Nuve, NF 400). To unepkeipevo vypo tonoBetnBnke o€ 2 adladaveic dldAeg (uia yla to kabe

Selypa), oL omoieg odpayiotnkav kald kat toroBetBnkav otnv katapuén (SANYO, MDF 236)
oe Beppokpaocia -30 °C (Ewdva 27).
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Ewova 27: Katapoktng SANYO, MDF 236, -30 °C

3.2.2 Xapaktnptouos BloSpaocTikwV oVoTATIKWV
Avtioslbwtiki §pdon podov

Mpokelévou va aflodoynBel n avrtofeldbwtik Spdon Tou ekxUAlopato¢ podlou, Tou
TIOPOOKEVAOTNKE, akoAouBnOnke n péBodog Folin — Ciocalteau [113]. Na to okomd auTO,
OPXLKA KATAOKEUAOTNKE N KAUTIUAN anoppodnong tou YaAAlkoU 0f€og ota 765 nm, LETPWVTAG
Vv anoppodnon SLOAUPATWY SLadOPETIKWY aApALWOEWY. TUUdPwva pe tn pEBodo Folin —
Ciocalteau, otn ouvéxela, moodtnta 0,1 mL and to kabéva anod ta Suo Selypata EKXUAIOHATOG
pobloU TomoBeTBNKe o€ SOKIUAOTIKOUG CWANVES Kal TipooTteBnKav 7,9 mL vepd. ITn CUVEXELQ,
Ta SltaAlpata apalwbnkav e vepd oe apaiwon 1:20. Itoug SOKLLAOTIKOUE aUTOUG CWANVEG
npootédbnke 0,5 mL SwaAvpatog Folin — Ciocalteau kat €metta avadevbnkav oto Vortex.
AkoAoUBwg, mpootébnke 1,5 mL kopeopévou SloAUpoatog Na,COs (Ewkova 28). Télog, ta
Seiypata tonoBetiBnkav og udatdoutpo otouc 40 °C yia 30’. MNa to K&Be Seiypa éywvav Vo
SOKLUEG.

Adotou, ta Selypata Bynkav amo to vdatoloutpo, €ylve GWTOUETPNON QUTWV oTa 765 nm
(Ewkova 29).

Ewova 28: M£0060¢ Folin — Ciocalteau oto ekyUAlopa podiov
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Ewova 29: DwTopETPNOoN TwV SELYUATWY EKXUALOHOTOG poSdlov ota 765 nm

Kataokeun kaurAnc ovadopdacg Tea Tree Qil yia ipoodLoplopd ThC CUYKEVIPWAOHC TOU

MNa va umoAoylotel n ouykévipwon tou Tea Tree Oil, émpene apyxlka va Ppebel To UAKOG
KULOTOG OTO OTOL0 QUTO MO POUCLALEL TN UEYLOTN amoppodnaon. MNa to okomo autd to StaAupa
Tea Tree Oil apalwBnke pe atbavoin oe apaiwon 1:1000 kal akoAoUBOnos odpwon autou ota
190 — 1100 nm. Adotou BpEBNKe TO UNKOC KUUATOG OTO OMOio amoppodd, KATAOKEUAOTNKE N
KAUUAN avagopdg tou Tea Tree Oil o autd TO HAKOG KUMOTOCG METPWVTAC TNV amoppodnaon
StoAvpatwy SladopeTikwv ouykevipwoewv (Apawoelg: 1:1.000, 1:1.500, 1:2.000, 1:4.000,
1:8.000).

3.2.3 EykAetouog flodpactikwv ovotatikwy ue T uébodo tng Ouoaéovikrc HAEKTpOOTATIKYG
Ivomoinong (Coaxial Electrospinning)

Me okoTmod Tov EYKAELOUO TOU ekXUAlopatog podlou kal tou Tea Tree Oil og vdatikd SlaAlupa
KUKAOSe€tpivng, xpnolpomolOnke n ouokeurp Opoaovikol HAektpootatikol HIKpo /
vavoeykAelopoU (FLUIDNATEK LE-10, Biolnicia, Ewova 30).

Apxika, TtomoBetnBnke aAOUULVOXAPTO OTOV METAAALKO OUAAEKTN, ylo TN OUAAOYR TwV
TIPOKUTITOUOWV WVwv. Emetta, ouvdéBnke n ouokeun Plvteookomnong. AkoAoUBwg, n upia
ouplyya yeplotnke pe 1o StdAupa KukAobeftpivng kal n AAAn HME TNV €KACTOTE ouoia
eYKAeLOpOU (podL N Tea Tree Qil). To Liquid 1 otn cuokeur amoteAet tn pRTpa (KukAode€tpivn)
kal To Liquid 2 tnv oucia eykAelopou (podLq TTO). H andotacn oplotnke kat ya tig SU0 ouoieg
€YKAELOMOU ota 15 cm kat n SLAPETPOC TNG cupLyyag NTav ion pe 14,22 mm.

MNa tnv kukAodeftpivn (Ewikova 31), aAAad kal ywo KaBévav amd tou¢ SUo ouvduaououg
(kukAobeftpivn — pobL (Ewkova 32), kukAobeftpivn — Tea Tree Oil (Ewéva 33))
npaypatonolnonke mAnBwpa Sokwuwv, TPoKelpEvou va PBpebel o BEATIOTOC ouvSLAOUOC
OYKOMETPLKNG Tapoxn¢ Kat eMIBAANOUEVNG TAONG TWV EKAOTOTE OUGLWY, TIOU ATIOTEAEL KOl TN
BEéATIOTN oUVONKN TTAPAYWYIC VAVOIVWV.
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Ewova 30: Zuokeun Opoagovikng HAektpootatikng Ivomoinong - FLUIDNATEK LE-10, Biolnicia [114]

Ewkova 31: HAektpootatikn vomoinon KukAode§tpivng
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Ewkova 32: HAeKTpooTaTKN voroinon ekXUAiopatog podlol os uptpa B - KukAodeftpivng

Ewkova 33: HAektpootatikr vomoinon ekxuAicpartog Tea Tree Oil o€ pitpa B — kukAodegtpivng

3.2.4 Xapaktnplouog vavoivawv

Mpokelévou va aflohoynBel to amotéAeopa NG OLOAEOVIKIG NAEKTPOOTATLKAG Lvomoinong Kat
va SlepeuvnBoulv ol TBaVEG ePAPUOYEC TWV EYKAELOUEVWV CUOCTATIKWY, £lval amoapaitntog o
XQPOKTNPLOUOC TwV PUOLKWY Kl XNULKWV LSLOTATWY TwV vavoivwyv. lMNa to okomd outo,
TIPAYUATOTIOLNONKE oElpd HEBOSWVY, OTIWG TIEPLYPADETAL OTN CUVEXELQL.

3.2.4.1 HAektpovikn pikpookomia capwong — Scanning Electron Microscopy (SEM)

H amewkdvion tN¢ VOVOSOUAG TWV VAVOIVWV TIPAYUATOTOINONKE HE XPNon TNG TEXVIKAG
NAEKTPOVIKAG ULKpOOKOTILAG cdpwaong (Scanning Electron Microscopy — SEM).

OMoL ot ocuvbuaopol cuvBnkwv, mou odnyoloav oe emtuyn evamobeon &elypatog otov
OUAM\EKTN obnynBnkav oto HAektpovikd Mikpookomio Xdpwong (SEM) mpokelpévou va
eMAeyolV oL BEATIOTEC OUVONAKEC TapOywyng Vvavolvwv HeE eykAelwopéva Plodpaotikad
OUCTATLIKA.
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MNa tnv napalafr Twv SElyUATWY, 0 LETAAAIKOG CUANEKTNG KAAUPONKE e aAOUULVOXOPTO KoL
and autdév AndBnoav Seiypata Kot tomoBetOnkav o katdAnAoug ywa to SEM
Sdewypatodopeic (Ewova 34). Itn ouvéxela, ta OSelypoata tomoBestOnkav o€ CUOKeELN
enypuowong (SC7620 Mini Sputter Coater, Quorom Technologies)) yta 105 sec (Ewkéva 35). H
Sladlkacio autr) OmMOOKOMEelL OTO va KATAOTOUV Ta Oelypata aywyla wote n d€oun
NAEKTPOVIWY TOU ULKPOOKOTIOU va SUvaTal va copwoel TNV eNMLPAVELA KOL T NAEKTPOVLA va

€xouv 61obdo SLEAevoNg.

Ewova 34: AfjPn Selypatwy anod aAoupLvoxopto Kot tonof£tnon toug og KatdAAnAoug yia to HAeKTpoviKO MKPOOKOTILO
Zapwong (SEM) dsypatotodopeis

Ewkéva 35: Emypuowon SEYUATWY yLo ETEMELTO LEAETN QUTWV OTH CUOKEUR SEM

TeAka, ta emypuowpéva deiypata mapatnpndnkav oto HAeKTpoviKO MIKPOOKOTILO ZAPpWONG
(SEM), umo TG €€1G CUVONKEG:
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o 12,5kV

e Aviyveutng LFD

e Spot size (avolypa tnG d€oung nAektpoviwy) : 4,5
e MeyéBuvon ota 5um

3.2.4.2 Tlooootd eyKAELOHOV
YrioAoylopog tTh¢ mocoTnToC Tou GTAVEL 6TO UETAAALKO OTOXO

o ToV UTTOAOYLOUO TOU TTOCOOTOU EYKAELOHOU, OPXLKA TIPOYLATOTOLONKAV UETPIOELS WOTE VOl
e€akplBwBel n akpPig moodTNTA €KXUAIOUATOG, TOU £XEL PTAOCEL OTOV UETOAAKO OTOXO
(eykAelopévn kal pn eykAelopévn). Auto emiteuxOnke pe xprion tng pebBodou tng ekxVALONG Ue
umepnxouc. Etaol, yla kaBepia amnod tig eykKAELOUEVEG OUTLEG TTpayatonolfnkayv ta akoAouba:

Navoivec poblou

Moootnta 0,542 g BpUUUATIOUEVWY VavoivwVy KUKAOSEETpivNG - podlou, StaluBnkav og 55 mL
VEPO Kol TomoBeTnOnKav otn cuokeun €kxUALONG yla 20 min, oUTWG WOTE OAN n mMoooTNTA
EYKAELOMEVOU KOl Un €KXUALopatog podlol va ameleuBepwBel kal va kataotel duvatn n
dwtopétpnon Twv GAWOAKKWY TOu. To TPOKUTITOV HETA TNV €KXUAWON SlaAuvua,
dwTopeTPrONnKe EMelta pe xprion tng pebddou Folin — Ciocalteau ota 765 nm (3.2.2).

Navoivec Tea Tree Qil

Moootnta 0,254 g Bpuppatiopévwy vavoivwy Tea Tree Oil, StaAUBnkav oe 60 mL atBavoin kat
TomoBeTABNKAV 0TN CUOKEUT EKXUALONG ylat 20 min, oUTWG WOTE OAN N MOCOTNTA EYKAELOUEVOU
Kal pn ekxuAlopatog Tea Tree Oil va aneAeuBepwBel Kal va UTIOAOYLOTEL N CUYKEVTPWOTN) TOU.
AkoAoUBwg, and to Seiypa AndOnke moootnta 0,1 mL mou apawwbnke pe apaiwon 1:10 pe
atBavoAn. Tehog, o delypa dwtopetpnBnke ota 225 nm (3.2.2).

YrioAoylopoc pn EYKAELGUEVNC TOGOTNTOC ITOU HTAVEL 6TO UETAAAKO OTOXO

Ma Tov UTTOAOYLOUO TNG KN EYKAELOUEVNG TTOCOTNTAG OUGCLaC, TIOU GTAVEL OTO UETAAALKO OTOXO,
ipaypatonotnonkayv ta EAG:

Navoivec podiou

Moootnta 0,65 g vavoivwv podlol, Bpuppatiotnke kot StaAuBnke oe 15 mL vepo. Ito
nipokUTTov StdAupa mpootédnkav 0,0725 g kaBevog amod Ta cuvinENTIKA copPLko KAALO Kal
Bevloiko vatplo. To teAko StdAupa (Etkdva 36) 0dnynBnke mpog avadeuon (Ekdva 37). Ano to
SldAvpa mou avadeuvotav, AfdOnke Selypa, mou dpwrtopetpndnke pe tn UéEBodo Folin —
Ciocalteau ota 765 nm (3.2.2). Mpayuatonotifnkav Vo SOKLUEG.
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Ewova 36: Mapaokeun SLaAUpATOG VEPOU - vavoivwv podLol

Ewéva 37: Aok anoS£cEUGNG Vavoivv podlol

Navoiveg Tea Tree Qil

MNoootnta 0,72 g vavoivwyv Tea Tree Oil, Bpuppatiotnke kat StaAvuBnke oe 40 mL atBavoAn. To
nipokuTtov Stalupa (Etkova 38) odnynbnke os avadesuvon (Eikdva 39). Amo to avadeuouevo
StaAuvpa, ANdOnke Seiypa mou  dwtopetpnBnke ota 225 nm. T 10 Selypa
nipaypatonotnonkoav SUo SOoKLUEC.
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Ewkova 38: AtdAuvpa vavoivwv TTO — auBavoAng

Ewkéva 39: Aokur) anodéopevong vavoivwv TTO

3.2.4.3 Awaopikn Bepuidopetpia ocdpwong - Differential Scanning Calolimetry (DSC)
O OXNUOATIOUOC CUUTIAOKOU EYKAELOMOU PEAETAONKE Ue TNV TeXVIKN Sladopikn Beputdopetpiag
ocapwong [26].
Ma TNV LEAETN TWV vavoivwy UE TNV v Aoyw PEBodo, xpnolomotibnkav ta katwbu Selypata:
¢ Navoiveg kukAodeftpivng e oykopetpikn apoxn 1 mL / h kai taon 24,1 kV,
e vavoiveg kukhode€tpivne pue oykopetpikn mapoxn 0,5 mL / h kat téon 26,1 kV,
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e vavoiveg KUKAOSEETPivNG Kal ekYUAiopATOC podlol e OYKOUETPLKN Ttapoxy 1 mL / h
kat 0,5 mL/ h, avtiotowa kat tdon 24,1 kV,

e vavoiveg kukhodeftpivng kat Tee Tree Oil pe oykopetpikn mapoxn 0,5 mL / h kat 0,4
mL / h, avtiotowa kat téon 26,1 kV.

JUYKEKPLUEVA, TtoooTnTa amo kKaBe Oeiypa, mepimou 10 mg, tomoBetribnkav oe kayidia
oAoUMLVIOU Kol HEAETABNKAV PE TNV TEXVIKN TNG Aladoplkig Oepuidopetpiag Zapwong (Ewova
40).

Ewkova 40: MeAET VOVOIVWV ME TRV TEXVIKN TNG Atadopikig Oeppdopetpiog Zapwong

3.2.5 [Ipocbnkn vavoivwyv o€ KpEUES TPOCGWTTOU
Mpoetowaocia delyudtwyv

OL ouvBnKeg TAONG KOL OYKOUETPLKAG TAPOXNG, Tou eMAEXONKav w¢ PEATLOTEG,
xpnowomow)tnkav akoAoUBwC yla TNV Tapaywyrn LKAVAG yla va Tipootebel oe KpEUEC,
TIOOOTNTAG VOVOIVWV.

Etol, Tpaypatonol}Onke Oelpd  TEWPAUATWY Yy Tt  oUuAloyny Selypatog  vavoivwv
KuKAoSe€tpivng — ekyuAiopatoog podlol kot Oelypato¢ vavoivwv KukAodeftpivng —

ekyUAlopatog Tea Tree Oil. Ta Seiypata mou mpoékuav, Bpuppatiotnkav Kol akoAoUBwC
Cuyilotnkav (Ewkéva 41).
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Ewova 41: Navoiveg TTO Kot podLov yLa ELoaywyr O€ KPEUEG

TéAog, ta Vo deiypata tormoBetnONKav otnv KAAAUVTIKN KpEpa Baon. H Baon (kpéua xwpig
npooBeto) Ntav 1o Seiypa control (C), n kpEpa pe to podt to deiypa pe tov KwdIKO (P) kat n
KpEa He To TTO, To delypa pe tov kKwdiko (T) (Mivakag 2). H MEPLEKTIKOTNTA TWV KAAAUVTLKWV
KPEUWV O€ eKYUALOMO podLov Kal ekxUAlopa Tea Tree Oil avtiotoxa, Atav 1%.

Nivakag 2 : Kwdkol Setypdtwv Kpépag

Kwé1kog Asiypata
Kpéua Baon, xwpic mpooBeto CONTROL (C)
Kpépa Baon pe vavoiveg podlou POMEGRANATE (P)
Kpépa Baon pe vavoiveg Tea Tree Oil TTO (T)

3.2.6 Xapaktnplouog KpEUWV mTPoowTOoU

MOAL ta tpia delypata (Eikdva 42) avoixbnkav ywa mpwtn ¢popad (t = 0), mpaypatonotdnke
SewypoatoAnyia (C, P kat T) kat akoAoUBw¢ amoBnkeuBnkav oe BaAdpoug eAEYXOUEVNC
Bepuokpaociac oe Beppokpacieg : 5, 25 kat 45°C (Ewova 43). Autd mpaypatonol)dnke
TIPOKELUEVOU va elexbel n otabepdtnTa TwWV KAAAUVTLIKWV TIPOIOVIWV HE TNV MApodo Tou
XpOvou anoBrikeuonc. H Beppokpacia amoBrikevong twv 45 °C, emAéyxOnKe w¢ EMTAUVOUEVN
ouvOnkn yla T pHeAETN TS dapkelog {wn¢ Twv KAAAUVTIKWY. AKOAoUBwWC, tpayuatonoltnonke
OELPA TIELPAUATWY YL TOV XOPOKTNPLOUO TWV KPEUWV.
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Ewkova 43: ArmoOrkeuon KpeUwV o BaAdpoug eAeyxOopevng Beppokpaciag

3.2.6.1 MikpoBloAoyikr avaAvon

Mna tnv pkpoflodoyikn avaluon apxikd mapackevdotnke SdtaAlupa Ringer (Ringer tablet,
Merck code 1.15525, Darmstadt, Germany). Enewta, AdpOnke pe aonmukn Sadikaocia &va
QVTUTPOCOWTEVUTIKO Selypa moootntag 1 g amd tnv KaBe kpgpa kol tomobetibnke o 9 g
amooTELPWHEVOU SlaAupatog Ringer. Etol, mpoékue éva StaAupa apaiwong 1:10 (Ewova 44).
ITn OUVEXELQ, Ta Selypoto opoyevomolBnkav e CUOKEUN vortex o Bepuokpacio dwyuatiou.
INUELWVETAL OTL Ol CUOKEUNOLEC TWV KPEUWYV, EMAAEiPOnKav pe atBavoln mpwv to avolypa. H
SeypotoAnyio armo tic anoOBnKeUUEVES KPEUEC EYLVE yLa xpovoug t =0, 30 kat t = 50 nuépec.
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Ewkova 44: ArcAvpata Kpepwv apaiwong 1:10 pe StaAvpa Ringer yia pkpofLokr availuon

E€etaotnke n HikpoBLloAoyikry oTaBepdTnNTa TWV KPEUWY. AVOAUTIKOTEPQ, OL KPEUEC EAEXONnoav
WG Mpo¢ Ta €NG:

E€etaotnkav to OAkO pkpofLako ¢poptio (Aerobic Plate Count (APC)), ot ZOpeg kot MoUXAEG
(Yeasts/Moulds), onwc emiong kat n mopoucia ot KpEUeC Tou maboyovou Paktnpiou
Escherichiaoli. OAa ta tpuPAia e€eTdotnKay yLa T TUTILKA €8N QTTOLKLWY Kal Tot LOPPOAOYLKA
XOPOAKTNPLOTIKA, TIOU OXETL(OVTAL PE TO EKAOTOTE PECO avamtuéng. O aplBpog Twv Blwolpwyv
«ukpoBiwv» oe pia koAALEpyela, pmopel va eCakplpwbOel péow tou mpoodloplopol Tou
oplOpoy tTwv povadwyv mou oxnuatilouv amolkieg cfu, He TNV TEXVLKA TNG KATAUETPNONG TWV
amolklwy. Mo TNV avayvwon Ttwv TpuPAlwv Kal tou oplBpoly Twv AmMOKIWV O auTd,
xpnotporotidnkav ot povadeg cfu/g.

OAkO pkpoPrako ¢poprtio (Aerobic Plate Count — APC)

H pétpnon APC 8ev avadEpeTal 0 €va CUYKEKPLUEVO ULKPOOPYAVIOUO, 0AAG o €va mARBog
HULKPOOPYQVIOUWY, Onw¢ Paktipla, {UHeC Kal OSwadopa €idn pouxAac. Ta Seiypota
tonoBetnOnkav oe tpuPAia, Tou Tepleixav To KAtaAAnAo Bpemtikd UALKO (Ewkova 47) kat
enwaotnkav otoug 37 °C ywa 48 — 72 wpec (Ewodva 45). Metd tnv enwacn, HETPAONKeE o
0pLOPOG TWV ATOKLWY Tou KABe TpuPAiou. Ita Selypata Ue UKPO aplOUd amolklwy, n LETpnon
kataypadnke wg <100 cfu/grpoivvroc-
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Sushca g

Ewova 45: Enwoon twv tpuBAiwv pe To undotpwia yio avantuén Ecoli kat APC otoug 37 °C

ZOpeg kot MoUyAeg (Yeasts/Moulds)

Tooo ol {0peg 600 Kal oL LOUXAEG amoteAoUV 6N pUKATWVY. MoAAA 16N AUTWV TWV HUKATWY,
UTTOPOUV VO TIPOKOAECOUV ONUAVTIKEG LOAUVOEL TOU QVOOOKOTOOTOATIKOU CUOTHHATOG. Ta
Selypoata amAwbnkav os TpuPAia, mou mepleiyav to KataAAnAo Bpemtikd UALKO (Elkdva 47) kat
énelta anod enwaocn og okotddt, otoug 30 °C yia 3 — 5 nuépeg (Ewodva 46), petpriBnke o apldudc
TWV ATMOLKLWV Tou KaBe tpuPAiou. OL amoikieg twv wpwv eudavidovtal pe xpwpa pol. Ot
HOUXAEG, avtlBETwe, epdavilovtal pe vpatoeldeic anoikieg dStadpopwv amoxpwoswv Tou pol.

Ewova 46: Enwoon twv tpuBAiwv pe To undotpwpa yio avantuén Yeasts/ Moulds atoug 30 °C

Amewkovion Kat Kataypadr twv naboyovwv pikpoopyavicpwyv (Escherichiaoli)

To Baktnplo Escherichia coli dtakpivetal amnd ta untdAouta koAoBaktnpidia and Tig avitdpaoceLg
TOU OtV avamtuén Kol TO XPWHA KATA TNV Tapoucia Tou otf Oplopévo £idn HEowvV
KaAALEpYeLaC. AmtoTeAel £vav maBoyovo HIKPOOPYaVIoHO, auEnpuévnc emikivéuvotntag, Kabwg
urmopel va amavinBel oto vepd. To vePO, WG YVWOTOV, XPnOLUOoToleital o mAnBwpa
Blopnxaviwy, 0w AUTEC TwWV GAPUAKOTPOPIUWY, TwV PAPUAKWY Kl TWV KOAAUVTIKWY Kal
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ota mpoidvta touc. Ooov adopd oTIG UKPOBLOAOYLKEG eVOEielc TwV TpOolOVTWY, amatteital n
e€aodaAion tng anouvaoiag koAoBaktnpldiwv.

Ma tov mpoodloplopd tTng mapouasiag maboyovwy pikpoopyaviopwy, 1 mL kabevog amo ta
opalwpéva (pe apaiwon 1:10) deiypata, anAwbnke oe tpuPAia, mou mepleiyav to KatdAAnAo
BpeMTIKO UALKO yla TV avarmtuén tou E. Coli (Ewkova 47). Ma tnv anoapibunon twv edwy, tTa
TpuPAia enwdaotnkav otoug 37 °C yia 24 wpeg (Ewdva 45).

Ewkova 47: Asiypoata anAwpéva ota tpuPAia pe Opemtikd uAko yia APC, Y/M kat Ecoli

3.2.6.2 Métpnon pH

Me xpnon mexoapétpou (Multiparameter Bench Meter, Mi 180, MARTINI instruments)
HETPAONKe TO pH TWV KpEUWV yLa Toug xpovoug t = 0, t = 30 days kat t = 50 days. Ano to kabe
Selypa A\dOnke moocotnta 1 g, n omola StaAuOnke oe 9 g Stdhupa Ringer, Ue amoTéEAEoUA TN
Snuoupyla evog StaAvpatog apaiwong 1:10, tou omolou to pH PETPNONKE UE TO TTEXAUETPO
(Ewkova 48).

Ewkova 48: Métpnon tou pH Twv SEYUATWV KPEROG
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3.2.6.3 METpN oM TOU XPWUATOG TWV KPEUWYV

Ol LETPAOELG payaTonoBnkav Ue xprion tou ¢witdpetpou MiniScan XE (Hunter Associates
Laboratory Inc, Reston, Virginia), xpnOULOmoLwVToG TO XpWHATIKO LOVTEAD L*a*b*.

To L*a*b* xpwpoatikd cvotnua meplypadel TNV BEon EVOC XPWHATOC OTOV XPWUATIKO XWPO TWV
TIPAYUATIKWY XPWHATWY, 0 OToio¢ tpooopolalel KAAUTEPA amd OAd TA XPWHUATIKA CUCTH AT
N Movtéda otnv avBpwriivn oavtiAndn twv Xpwpatikwv Otadopwv. To kKaBe ypwpa
neplypadetal and 3 KavAaAla rj CUVTETAYUEVEC 1) Ttapdyovtec. Xto CIELab xpwpaTikd HOVTEAO I
OUOTNUA Ol XPWUATIKEC OUVTETAYUEVEC 1 XPWHATIKOL Ttapayovteg ovopalovtal L*, a* kat b*,
Kall amelkovilovtal o€ TpLoSLAoTATO KAPTESLAVO CUOTNUO CUVIETAYMEVWY. O Tapdayovtag L*
(Lightness) amoBnkevel 6An tnv MAnpodopia wTEVOTNTAC TNG ELKOVAC TallpvovTag TIUEG amo 0
(Lavpo) €wg 100 (Aeukod), evw ol mapayovteg a* kal b* tnv mAnpodopia xpwuatog xwplc va
UTTAPXOUV YLO QUTA KATIola aplBunTika opla. H otabepd a* avtiotolyel 0To KOKKIVO/ PAGCLVO
XPWHO. OETIKEC TIUEG TOU a* (+a*) AVTUTPOOWTEVOUV QTIOXPWOEL TOU KOKKLVOU. ApPVNTIKEG
TIWEC TOU a* (-a*) avTuTpoowmeVOUV QMOXPWOELS TOU TPACLvou. Avtiotolya n otabepd b*
QVTLOTOLKEL OTO KiTPLVO/UMAE. OETIKEG TUMEG TOU b* (+b*) aVTLMTPOOWTIEVOUV ATIOXPWOELG TOU
KITPLVOU €VW QPVNTIKEG TIMEG TOU b* (-b*) avTutpoowmelouV AMOXPWOEL TOU UMAE. Me
HEB0SO autny umopel xpnowlomowwvtag T Stadopég AL*, Aa*, Ab*, va evromotouv ol
Sladopég avapeoa oe {evyn SelyUATWV TOU lvat yla mopadelypa Kal ta SUo mpaactva 1 Kot Ta
600 prmAe.

Ye aUTAV TNV HEBOSO avaAuong XPWHATOC, TO TTOCO TOU GWTOG OV avVAKAATAL 0 KABE UAKOG
KOHAToG Tou opatol ¢aocpato¢ (400-700 nm), HeTpléTol Kol kataypadetal. H dwtewvn
oavakAaon (OUVOALKO TTOCO OVTAVOKAWUEVOU PWTOG), TO Kuplapxo UAKOC KUUATOG (TpayUATIKO
XpWHA TOUu Oelypotog) Kal n moootnTa TOU UTIAPXOVIOG XPWHOATOC, (avtioTtolyo HE TNV
XPWHUATIKN TTUKVOTNTA) urtoAoyilovtal cUudpwva He To Staypappa xpwuatoypadiag CIE, pe tn
XPrion TUTIOTIOLNUEVN G DWTELVAG TINYAG.

Ewkova 49: XpwHaTKO HOVTIEND - Xpwpatopetpo Miniscan XE

TO XPWHATOUETPO apXIKA Babpovopeital pe tn xprion Twv dUo MAaKLSiwv AsUuKoU Kal poupou
xpwpatog (Ewkova 49). Ot cuvoAlkeég petaBoAEc oto xpwpo ekppalovtol pe to AE, To omoio
uTtoAoyieTal oo TNV MAPAKATW e€lowon:

AE = [(AL")? + (Ba )2 + (Ab7)Y)*
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pe delypa avodopdg To XpwWHA, TTOU UETPNONKE TNV mMpwtn HéEpa TnG SetypoatoAnioag — tn
XPOVLKN OTLYUr UNbEv.

3.2.6.4 Avvapikn unxavikn avaivon (Dynamic Mechanical Analysis - DMA)

H Suvaukn pnxaviki avaiuon (Ewkéva 50) xpnoluomoleital eupEwe yla TNV UEAETN KAl TOV
XQPOKTNPLOUO TWV UALKKWV Kal Kupiwg Twv €odogAaoTikwy MoAupepwy. Katd tnv Suvapikn
UNXowviIKn avaluon, ebapuoletal pia nuUItovoeldng taon (taon o) oto UAIKO KOl UETPATAL N
LETATOTLON TOU, EMTPEMOVTAC £TOL Va KoBopLoTtel 0 cUVOeTOG ouvteAEOTNC eAaoTikOTNTOG. H
Bepuokpaocia Tou Selypatog f n ocuxvotnta NG TAONE OUXVA HETABAMETAL, 0dnywvtag o€
SLOKUPAVOELG OTO OUVOETO OUVTEAEOTH €AAOTIKOTNTOG. AUTH N TIPOCEYYLON MMopel va
xpnowlornonBet yia va evtomioel tn Beppokpacio UVOAWSOUG HETATITWOEWS TOU UALKOU, KaBwg
KOLL YLOL TOV EVTOTILOMO HETAPBACEWVY TIOU AVTLOTOLXOUV O AAANEC LOPLAKEG KIVAOELG.

Mo éva TéAela EAAOTIKO OTEPED, N MPOKUTITOUoA TAoN Kal n mapapdpdwon Ba eival oe téAela
daon. Na kabapa €wdeg vypod, Ba uTtapyel Hla votépnon ¢aong 90 polpwv TG TAoNng o€
oxéon e tnv mapapdépdwon [11]. H evatobnoia tou DMA, KaBwg Katl n KKavotnNTd Tou yla
HETPNON TwV LOLOTATWY PeYaAUTEpWY Selypudtwy (o oxéon pe to DSC) €xel odnynoeL otnv
XPNON TNG TEXVIKNCG 0 S1ddopoug Topelg, oupmeplAapBavopévwy Twv BloAoylkwyv UAKwv. H
enefepyaocia Kal o XEPLOPOC Twv OSladopwv Blopnxoavikwyv TPoioviwv (tpodipwy Kot
KOAAUVTIKWV) emnpedlouv onUavtikad tTnv udn, tTn yevon Kot tnv €udAavion Tou TEAKOU
npoiovtoG. To DMA prmnopet va xpnolpomnotnBel yla va anoktnBolv YyVWOELS OXETIKA LE TOUG
TLAPAYOVTEG TIOU EMNPEAIOUV TN TIOLOTNTA TL.Y. TWV KOAAUVTIKWY HECW TNG MTPOCOUOLWONG TWV
ouvOnkwv enegepyaoiag [55].

H pétpnon tou wdoug Twv Selyudtwy Tpaypatono|dnke e xprion Auvapikng Mnxaviknig
AvaAluong. Ta beiypata (C, P kat T) tomoBetibnkav otnv KATw KUKAWKA TAAka (Sataén
OUOKeUNG plate — plate yla tTnv cuykekpLuévn HETPNON PEVOTWYV) TOU pedueTpou, (Physica MCR
301 Anton Paar DMA analyzer). Ta mepduata npayuatonoldnkav o otabepr) ouxvotnta vy,
ton pe 0,1% kat otabepry Beppokpaocia 25 °C. H ywviakr ocuxvdtnta w, petaBarlotav o e0Pog
10% kat 10 rad/s. Ot petproelc Sie€rixdnoav mpwv and v anobrikevon (npépa 0), éva pAva
Kal 50 NUEPEG UETA TNV amoBrikeuon og OAeG TIG Bepuokpacieg anoBnkevong (5, 25 kat 45 °C).
Ale€nxOnoav touddylotov tpeLg emavaAnPeLs yla to kabe deilyua.

Ewova 50 : Auvapikny Mnxavikr) Avaluon pe diataén ouokeung plate — plate geometry
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KE®AAAIO 4: AIIOTEAEXMATA

4.1 XapaKTNpLopog BlodpacTiK®wV GUGTATIKWV

Avtioslbwtikn §paon ekyvAiopatoc podov

Ta Vo Selypata, mou poékuayv amo To KooKiviopa Twv dAowwv podlol {Uylav avtiotolya:

®  Mgeiyparog 1(0-500 pm) = 252,1 g Kol
®  Mseiyparog 2(500-1000 um) = 69,9 8

Ta Vo autd delypata otn ouveéxela ekyuAlotnkav kat poékuav avtiotolya Suo SladopeTikd
eKkyUAlopata, Ta onoia puyokeviprnOnkav.
Emetta amnod tn puyokEVTpLoN TWV SELYUATWY, AUTA apalwbnkav pe apaiwon 1:20, TpoKELUEVOU
va eival duvartn n pETpnon tng anoppodnaong Toug ota 765 nm.
O mpoaodloplopog Tou oAkoU ¢atvolikol doptiou (TPC) mpayuatomnoliOnke cupudwva Pe TN
uéBodo Folin—Ciocalteau [113]. Ta amoteAéopata ekppdotnkav o€ looSuvapa YaAALkoU o&€og
(mg/L GAE) pe xprion tnc avtiotowyng KapumuAng avadopadg (Atdypappa 1).

KapruAn avadopdg yaAAlkoU o€€og

0,7
0,6
__ 0,5
£
S04
= y = 0,0012x + 0,0076
7 03 R? = 0,9985
K]
< 0,2
0,1
0
0] 100 200 300 400 500 600
ppm Galic acid
Awaypoppa 1: KapnuAn avadopdg tou yaAAikou o€€og ota 765 nm
‘Etol, mpogkuPav ta mapakatw anoteAéoparta (Mivakag 3).
NMivakag 3: YroAoylopog ppm GAE oto ekXUALGHO TOU poSLoU
A N A I | ppm GAE
ns’ 4> rw _ hoon . ABS T ST I AVG SD
A m opn 1 20 0,722 595,33 11906,7 | 12040,0| 188,6
2 20 0,738 608,67 12173,3
. 1 20 0,727 599,50 11990,0 | 12006,7| 23,6
P 2 20 0,729 601,17 12023,3
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Ita Melpapata, mou akoAouBnoav, emAéxBnke to ekxUAopa podou 1 (0 — 500 um), Kabwg
ATV o€ HeYAAUTEPN TTOCOTNTA KOl ETIONG €lXe Ta TteplocoTEPA ppm yaAAwkoU o&€og (12.040,0
ppm).

Kataokeun kaurnuAnc avodopdc TTO yia tpooSLloplopd ThE CUYKEVIPWONC TOU

Amo6 to okavaplopa tng mepoxng 190 — 1100 nm, mpogkude OtL To TTO MOopoucLAleL PEYLOTN
amnoppodnon (0,898) ota 225 nm.

Mo To UAKOG KUMATOC auTo (225 nm), petpnBnke n anoppodnon Stahvpdtwy TTO — atbavoAng,
SL0POPETIKWV CUYKEVIPWOEWV. ETOL, KATAOKEUAOTNKE N KAUTUAN avadopdg tou TTO yua ta
225 nm (Awaypoappa 2).

e o o 0
O N o OV K

y = 844,92x + 0,0499
R*=0,9998

B
[ =
Q
Q05
w
Q
<

o o 00
P N W D

o

0,0002 0,0004 0,0006 0,0008 0,001 0,0012
CTTO

Awaypoppa 2: KaprnuAn avadopag TTO

4.2 EykAsiopog BlodpaoTikmwv ovOTATIKOV pHE TN péEBoSo TG
NAEKTPOGTATIKIG LVOTIOINONG

H doun tng kukAode€tpivng Kal To poplakd tng Bapog tnv kKablotolv Wavikr UATPA yla Xpron
o€ epopUoyEG eYKAELOUOU, TOCO LOPOdOPwWVY cuotatikwy (6nwg to Tea Tree Qil), Adyw NG
AOdIANG KoOTNTAG TNG [39], 600 KaL ouclwv, TIOU TEPLEXOUV YOAALKO ofL (O6nw¢ Tto
€KXUALOpa podLov), oTig omoieg mapexel Stevupupévn Blodlabeouotnta [36].

Mpokelpévou va Bpebei o BEATIOTOC CUVOUAOGUOG OYKOUETPLKAG TTAPOXNG TWV EKACTOTE OUCLWY
Kol emBaAAOpEVNC TAoNG (BEATIOTEC OUVONKEC TApPAYWYNC VOvoivwy) Tpayuatonolonke
mAnBwpa Sokuwv yla tnv kukAode€tpivn, alAd kal yia kabBévav amnod toug SUo cuvduaououg
(kukAobetpivn — podL, kukhodettpivn — Tea Tree Qil).

KukAodettpivn

ApXK@, Katd tnv avalntnon Twv BEATIOTWY cuVONKWVY EYKAELOUOU, XPNOLoToLOnKav uSATIKA
StoAUpata kukAobetpivng SladopeTikng ouykeEvipwong (20%, 40% kat 60%). Ta StaAvpata
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ouykévipwong 20% kot 40% mapoucialav actadr r kaBoAou €yxuon Kat dev oxnuatlotav
Kwvog Taylor popdoloyilkd amodektog, yla OAeG TIG eEMBANAOEVEG TAOELG KAl TTAPOXEG. Etol,
ylol TN OUVEXELD TWV TELPAPATWY, EMAEXONKE TO SLAAUUA TNG KUKAOSEETPIVNG CUYKEVTPWONG
60%. Ta anoteAéopata autd, cuvadouv, GAAwote kat pe tn BiBAloypadia, cupdwva pe tv
omola OTavV N CUYKEVTIPWON TNG TMOAUMEPLKAG UATPOG (KUKAOSEETpivn) elval TOAU XaunAn, o
EYKAELOMOC ouvTteAeital e peyalutepn SuokoAla kat Snuloupyouvtal Hikpo 1 vavoodalpidia
(electrospraying) avti yia pikpo ) vavoiveg (electrospinning), e€attiag tou xapnAou wdoug Kat
™G vPnAng emudavelakng taong tou SlaAlvpatog. EmutAéov, otnv MePUMTWON QUTH ouxvVaA
Snuoupyouvtal vavodoueg pe HopdOAOYiEC OVOUOLOYEVWV CUCOWUATWHUATWY (aoToxieg —
beads). AvtiBeta, 6tav n cuykévipwon eivatl n Kat@AAnAn (60% cuykévtpwon) dnuloupyeital
oTpwpa vavoivwy bavikig popdoloyiag [55].

AkoAoUBwC, yla To vdatikd dtalupa KukAodeEtpivng ouykévtpwaong 60%, mpaypatonolionkav
SOKIHEC Yyl TTOpaywyn Vavoivwy Ue eVPOC TIHWV yla TNV emiBaAlopevn taon 10 — 29 kV kat
€UPOC TLUWV OYKOUETPLKAC tapoxns 0,4 — 1,3 mL/h.

Ta anoteAéopata, ou poékuav, cuvoilovtal otov MNivaka 4.

Nivakag 4: AokipéG eMBAANOUEVNG TAONG KAl TTAPOXKG VLA TO StaAupa KUKAOSeETpivng ocuykévtpwong 60%

KukAodegtpivn
Téon (kv) Napoxr (mL/h) Napatipnon
19,1 0,7 Ifahooxnuattous’voq kwvog Taylor, xwplg Stdpkela otnv
gyxuon.
19,3 0,4 Ifahooxnuattous’voq kwvog Taylor, xwplg dtdpkela otnv
gyxuon.
19,3 0,5 |'<00\00)(n LOTLOUEVOG Kwvoc Taylor, kat SLapKeELa gTtnv
gyxuon.
19,6 0,6 KGAOUXHHQTLUML*VOC kwvoc Taylor, xwpig Stdpketa otV
gyxuon.
20,2 0,8 KGAOUXHHQTLUML*VOC kwvoc Taylor, xwpig Stdpketa otV
gyxuon.
21,4 0,9 Mn anodekto anotéAeoua.
223 1 I’<a)\ooxnuauouévoc Kwvog Taylor kat Stapkela otnv
éyxuon.
28,1 13 Kquoxnuauouévoq kwvog Taylor kat Stdpketa éyxuong 1
min.
KaAooxnuotiopévog kwvog Taylor kat Stdpkela €yxuong 5
28,3-28,5 1,3 !
min.
KaAooxnpotiopévog kwvog Taylor kat Stapketla éyxuong 5
28,2 -28,5 1,2 o

Ao tig Stadopeg TIHES mapoxnG KukAodeETpivng kat emBaAAOUEVNG TAONG, oL cuvbuacouol yla
napoxn 0,5 mL/ h (yia to Tea Tree Oil wg eykAelopévn ovoia) kat 1 mL/h (yia to ekxUAlopa
podLol w¢ eykAelopévn ouoia) Atav autol, mou TeAkd eTuAEXOnkav, kaBwg autol mapouacialav

63



KaAUTEPN ouumePLPOPA OTN OCUUMAOKOTIOLNON HE TIC OuoleC €yKAslopoU. Mo TIC ouoieg
EYKAELOMOU, OL TIOPOXEG, TOU TeAKA emMAEXOnkav, kabwg mapoucialav TtV KaAUTeEpPn
TIPOCOPUOCTIKOTNTA OTN cupmAokomoinon pe t untpa ntav 0,4 mL/h kot 0,5 mL/h ywa to
ekYUAlopa Tea Tree Oil kat to ekxUAlopa podlov, avtiotola. Ol EMAOYEG QUTEC TNG TTAPOXNG
Kal TNG e€MBAAAOPEVNG TAONG, EYWVOV GUOLKA UETA oo EAEYXO TWV GOLVOUEVIKA LOAVIKWV
Souwv oto HAektpovikd Mikpookomio Idpwong — SEM (4.3.1). Ta amoteAéopata Kot ta
CUUMEPACUOTA, TIOU TPoEKUYPav amd TouGg ouvluaopoUG emBallopevng TtAong Kal
OUYKEKPLUEVNG KABE Ppopa OYKOUETPLKAG apoxng, cuvolilovtal otoug MNivakeg 5 —7.

Nivakog 5: AMOTEAECUATA KOLL GUUTIEPACHLATA YLa TIELPA AT SLadopeTKAG EMBAAAGUEVNG TAONG KOIL CUYKEKPLUEVNG
OYKOUETPLKAG Ttapox NG KUKAoSeETpivng Kal Tea Tree Oil
OyKoMeTPLKN Ttopoxf KukAodeEtpivng = 0,5 mL/h - Oykopetpikr) napoxr Tea Tree Oil = 0,4 mL/h

Taon(kV) NapatnpRosLg - AMoTEAECH - ZXOAL Tupnépacpa
10-11 Bopld otayova, mou SV ETUTPETEL TO OXNUOTIOUO
Kkwvou Taylor, oUte TNV €yxuon uypou.
Makpdotevog kwvog Taylor, evieAwg aotabng Kal pe
11,1-16,5 , ,
KAlon Tpog ta KATw.
16.6-175 Alyo kaAUTepog kwvog Taylor, e KAlon OpwWE TPOoG Ta
! ! KATW KoL TIOAU pkpr) SLapkeLa €yxuong.
17,6-18.5 ALyO TILO GUPUETPLKOC KWVOG, e KAlon OpwC Ttpog ta

KATW Kol o.otadeLa.

MéEypL edw mapatnpeitat
KAlon mpog ta KAtw, aAAd e TNV auénon TG TAoNG, 0 | OXETKA avAaAoyn

18,6 - 19,8 | kwvog Taylor otadlakad aveBaivel. H didpkela €yxuong | ouumnepldopd e TNV
elvat mepimou 3 min. KUKkAoSe€Tpivn oTIC
OVT{OTOLYEC TAOELC.

Evw otnv apyn o kwvog Taylor ival o
KOAOOXNUATIOUEVOC, E6W oTASLOKA TEDTEL TTPOG TA
19,9-20,9 | kKATw KOl TTOPATNPOUVTOL CXNHATLOMOL Suvwy oTo
E0WTEPLKO TOU, TO omoio mpodavwe odeiletal otny
gykAelopévn ouaoia.

KaAutepn cuumnepldpopd kwvou Taylor kat Eyxuong,
OMWC¢ KOAUTEPN ATAV KAL N CUUTEPLDOPA TNG
KUKAOSEETPIvNG OTLC avTioToLKEeC TLUEG TAONG. BERata o
Kwvog Taylor dev eival e€loou KAAOC e QUTOV TNG
KUKAOSEeETpivng (xwplc eykAeLopUEVN ouoia) OTLG
QVTLOTOLXEC TIUEG TAONG, TTOU €ENYELTAL OO TO YEYOVOG
OTL e TNV al&naon tou BApoug TnG otayovag, Sev
OTEKETOL LE TNV 8La eUKOALQL.

21-21,5
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Mivakag 6 (cuvéxela anod Mivaka 5): AMOTEAECLLOTO KO CUMIEPACHOTA Yia TELpApata StadopeTikig eMBAAAOUEVNG TAONG
KOLL CUYKEKPLULEVNG OYKOUETPLKNG apoX G KUKA0SeETpivng Kat Tea Tree Oil

Jtadlokd o Kwvog Taylor BeAtlwvetal pe TV avénon
916-22 NG TaonG. Aev €xeL 1000 KAlon mpog ta KATw, oUTE
! Slakomtetal og peyaho Babuod n éyxuon. H lapkela
NG £YXUoNG L LepLKN aotdBela eivat 4 min.
O kwvog Taylor £xeL oAU wpaio oxAua. Ava
991-225 SdlaotApata pnopet n popdr tou va XoAdel, aAld
’ ’ ETIAVEPYETAL TIOAU ypryopa Kal n €yxuon eival
WdLattépwe otabepn).
‘0Oco aufavetal n Taon, T0o0 BEATLWVETAL O KWVOG
22,6 -25 | Taylor kal amoktd Tov LSaviko oXNUATIoMO. H Slapkela
£yXUONG CUVEXWG OLUEAVETAL.
MNapatnpeitol mapouoLa
ouunEPLPOPA LE TOV
ouvSuaouo apoxng
cyclodextrin 0,4 mL/h kat
Tea Tree Qil 0,3 mL/h, e
LEYaAUTEPN OUWC SLAPKELD
, , , , £yyuong, yla 1o AGyo auto
O kwvog Taylor amoktd Tov BEATLOTO GXNUATIOMO Kol . .
. . ) . . vy KoL ETTELON TIPOTLULATAL N
10 1bavikotepo HEYEBOC. Exel oAU kaAn kAion P . .
25-26,1 ) , , , ueyaUtepn napoyxn (, wote
(un&evikn) kat éyxuon tou midaka, mou GTAVEL TO
OUMAEKTN SLapKel yla LEYAAO XPOVIKO SlaoTnua. JLL, VAVOLVEL, n?u ba
xpnotyomnownBouyv otig
KPEUEG VOL UTTAPYXEL
LEYAAUTEPN CUYKEVTPWON
Tea Tree Qil) emi\éyetat o
ouvSuaoUOC TTAPOXNS
cyclodextrin 0,5 mL/h kot
Tea Tree Qil 0,4 mL/h.
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Mivakag 7: AmMoteAEopata Kol CUUTEPACHATA Yia TIElpApata StadopeTikig EMBAAAOUEVNG TAONG KOLL CUYKEKPLUEVNG
OYKOMETPLKAG TtapoxG KUKAOSEETpivng Kau eKYUAiopatog podilou

OykopeTpikn tapoxn KukAode&tpivng = 1 mL/h - OykopeTpikr tapoxr ekXuAiopatog podo=0,5 mL/h

Taon(kV) NapatnpnoEeLg - AMOTEAECHA - ZXOALL Tuunépaocpa
10-18 H otayova otadlaka aveBaivel, aAla Sev eyxvetal
ouocia and To akpodualo.
ApxileL n éyxuon kol 660 au&avetal n taon to
dalvopevo auto (€yxuon midaka uypoU) cuvteAeital
18-20,6 0o Kkal 1o ypriyopa. Qotooo, o kwvog Taylor Sgv sival
KaBoAou otaBepdg Kal wg ek TOUTOU N €Kxuon dev
elvat ouveynig.
, . , Mo TNV TAoN QUTA KoL
O kwvog Taylor otadlakd otaBepormoleital kat n . -
£yxuon Slapkel yla 3 min ouvexopeva. Metd ano ta 3 napo'xn cvclode>ftr|n L&q
20,6-20,9 min (0mou MapatTnpeiTal LEPLKA 0LOTABEL TOU KWVOU) (xwoig EVK,}\ELGHEYn ouolal,
n €yxuon ival cuVEXOUEVN KOl EXEL AKOUN LEYAAUTEPN T[OlpCl‘EﬂpELTCl,L avahoyn
SLapKeLaL ou unemd)o;?a ng
KUkAobe€tpivng.
‘0O0c0 auvfavetal n taon, 0 OXNUOTIOUOC TOU KWVOU
20,9-23,3 Taylor mapadotwe xelpotepeliel KalL n €yxuon dev
SlopKel yLo 0pKeTo Xpovo.
ErmuAéyetat Aoutdv autd 1o
Me tnv nepattépw avénon Tng taong o kwvog Taylor ELROG uuufv raon'c (ko
elvat kadooxnpatiopévog kat n €yxuon eivat otabepn). OUVKEKDl’uEVQII’] taon 24,1 ,
H popdoloyia Tou kwvou Taylor ava dtaotripata kV), kaBi n Evxuon Siapkei
23,3-26,1 YLOL TIEPLOOOTEPO XPOVO QMO

oAAoLWVETAL, OAAQ LETA ETTAVEPXETOL OE LOAVLKN SOUN
KoL EXEL LEYAAN SLapKeLA.

TLC OVWTEPW LETPHOELS KOL O
Kwvog Taylor mapouotalet
tnv bavikn dour.

Ano ta anoteAéoparta Twv Mvakwyv 5 — 7, mapatnpeitat otL pe TNV avénon tng emBaAAOpevng
Taong, oto akpodulolo Tapatnpouvtav Katd Bdaon oL avapevoueveg (cUpdwva pE TN
BBAloypadia) popdoloyieg Tou eyxuoeEVOU LypoU. ETMAEoOV, LOVO € Eva TTIOAU GUYKEKPLUEVO
€UPOG TIHWV eTBaAAOUEVNG TAoNG 0 Kwvog Taylor, and tov omoio eyxudtav To MOPAYOUEVO
npoiov, Atav otabepog [53], [67], [68].

ErumAéov, 6oov adopd oTnV OYKOUETPLKA Ttapo)r, oL cuvOnKeg mapoxng Twv dU0 PeVOTWY, LE
TIG omtoieg o kwvog Taylor Atav otaBepog kal n €yxuon Atav otabepr], ATOV TTOAU CUYKEKPLUEVEG

[69].

INUELWVETAL, TEAOC, OTL OTIC TIEPUTTWOELG auENUEVNG Beppokpaciag oto BaAapo vomoinong, o
kwvog Taylor kat n éyxuon, mapouvcialav oxetikn aotabela [16].
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Y1ig Ewkoveg 51 kat 52, mapouoialetal n popdoAoyia tou kwvou Taylor yia TG EMANEYOUEVES
TIAPOXEG UNTPAG — EYKAELOUEVNG OUGLOG KOL TNV EKACTOTE ETUAEYOUEVN, ETUPBAANOUEVN TAON.

Ewova 51: Kwvog Taylor kat éyxuon, yia tapoxn kukAode§tpivng 1 mL/h ko mapoyn ekxvAiopatog podiov 0,5 mL/h pe
emBaAdopevn taon 24,1 kv

Ewéva 52: Kwvog Taylor kot €yxuon, yia tapoxf KukAode§tpivng 0,5 mL/h kat mapoxn ekxuAicpatog Tea Tree Oil 0,4 mL/h
pe emBaAAopevn taon 26,1 kV
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4. 3 XapakTnpLonog vavoivav

4.3.1 HAektpovikn uitkpookotia oapwons — Scanning Electron Microscopy (SEM)

It Ewkdéveg 53 — 61, mapouotaletal n popdoloyio HEPKWV OEYMATWY vVavolvwy, ToU
TIOPOLOKEUAOTNKOV OTO EPYAOTAPLO Kal e€eTAOTNKAV 0TO HAEKTPOVIKO MIKPOOKOTLO ZApwong
(Scanning Electron Microscope — SEM).

Ewkova 53: Dwrtoypadia and avaAuon SEM yia vavoiveg kukAode§tpivng pe emBarAopevn taon 28,5 kV kat mapoxn 1,3
mL/h (5000x)

Ewova 54: Qwroypadia anod avaluon SEM yia vavoiveg kukAode€tpivng pe emBarlopevn taon 21 kV ka mapoxn 0,4 mL/h
(6000x)
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Ewkova 55: Dwrtoypadio and avdAuon SEM yia vavoiveg KUKA. pe emiBaAAopevn tdon 26,1 kV kat napoxn 0,5 mL/h (6000x)

Ewkova 56: Qwroypadia anod avaluon SEM yia vavoiveg kukAoSe€tpivng - Tea Tree Oil, pe emBaAlopevn taon 28,4 kV kat
napox£g KukAode€tpivng kan Tea Tree Oil 1,3 mL/h kot 0,3 mL/h avtiotowa (5000x)

Ewkdva 57: Qwroypadia and avaluon SEM yia vavoiveg kukAoSe§tpivng - Tea Tree Oil, pe emBaAlopevn taon 21 kV kat
napoxEg kukAoSe€tpivng kan Tea Tree Oil 0,4 mL/h kaw 0,3 mL/h avtictoya (6000x)
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Ewova 58: Qwrtoypadia and avalucn SEM yia vavoiveg KukAode&tpivng - Tea Tree Oil, pe emiBaAAopevn taon 21 kV kat
napox£g KukAoSe€tpivng kan Tea Tree Oil 0,4 mL/h ko 0,3 mL/h avtiotowa (12000x)

16 HEWW WV D = 2. 0pm——
AM|11.27 prm | 101 mirm | 7 ' -

Ewkova 59: Dwrtoypadia and avaluon SEM yia vavoiveg kukAode§tpivng - Tea Tree Oil, pe emParlopevn taon 26,1 kV ko
napox£g kukAode€tpivng ko Tea Tree Oil 0,5 mL/h ko 0,4 mL/h avtictoiyo (12000x)

Ewkova 60: Dwtoypadio and avaluon SEM yia vavoiveg kukAodegtpivng — ekxuAiopatog podlov, pe emtBaAlopevn Ttaon
28,5 kV ko mapox£G KUkAodeETpivng Kat ekxuAiocpatog podiov 1,5 mL/h kat 0,5 mL/h avtiotowya (12000x)
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HFWW
27 pm |[10.2 mm

WD — 2. Oprm———

Ewova 61: wrtoypadia andé avaluon SEM yia vavoiveg KukAode€tpivng — ekxUAiopatog podiol, pe emiBaAAopevn taon
24,1 kV kot mapox£G KUKA0SeETpivng Kat ekxUAiopatog podiov 1 mL/h kat 0,5 mL/h avtiototya (12000x)

OL EwkOveg 59 kal 61, aVTLOTOL(OUV OTI( CUVONKEG €YKAELOMOU, TIOU E€MAEXBNKOV ylol T
Snuoupyia Twv vavoivwy, mou xpnolponotndnkav otig KOAAUVTIKEG KPEUEG. ATtO TN oUYKpPLoN
Twv ElkOVwy autwv pe Tig untdhouneg Ewkoveg (Ewkoveg 53 — 58, 60), MPOKUMTEL apxLkd, OTL oL
HEYAAEC TIMEC TNG OYKOUETPLIKNG Tapoxng, odnyouv otnv Snuioupyia popdoloylwv Me
OVOHOLOYEV cucowpatwuata (aoctoxieg — beads). EmutAéov, mpokUTIEL OTL He av&non NG
eTUPBAAOUEVNG TAONG TO TAEYMO TWV VWV YIVETOL TILO TIUKVO Kol €viote aufdvovtal ol
HopdOAOYlEC AVOUOLOYEVWY CUCCWHATWHATWY (aotoxie¢ — beads). Ta amoteAéopata autad,
oupdwvoLv pe ™ BBAoypadia [41], [62], [67].

4.3.2 [1oc00T0 €yKAELOUOU
(a) Navoiveg pobLov

YrioAoylopog th¢ mosoTnToC mou GTdveL 6To HETAAAKO OTOXO0

Ano tn pwtopETpnon tou SLAAUMOTOC TOUu eKXUAIOHOTOC podlol yla TOV UTIOAOYLOUO TNG
ToooTNTAG (EYKAELOPEVNC KAl Un), TIOU GTAVEL TO HETAAALKO OTOXO, MpoekuPe OTL OAN n
noodtnTa ekyUALlopatog podlou, ou xpnotpornotidnke (0,5 mL/h), dtavel oto cUAAEKTN.

YrioAoylopoc pn EYKAELGUEVNC TOGOTNTOC TTOU PTAVEL 6TO METAAALKO OTOXO

Ano 1t PwrtopETpnon Twv Selypdtwv Tou SloAlpatog mou avadesudtav, mpogkupav Ta
amoteAéopata Tou Mivaka 8 :

Mivakog 8: YoAoylopdg ppm GAE tou ekXUAiopatog podlol, mou Sev eykAeioTnKe

N B H - v A ' N
peast orw o (LA ST s [P 7 . PPMGAET ave | sD
ekxUMopo 1 23 0,34 277,0 6371,0 | 6342,3 | 40,6586
podoU (un
€YKAELOUEVO) 2 23 0,337 274,5 6313,5
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To Moo00TO EYKAELOHOU TOU EKXUALOHATOG poSLlov oTLS (veg, utoAoyiotnke amo tn 2xéon (1).

i — b A + 1\ o\ b o H
LVAVAZ] Rr [ ER1HAt+94 P— S Jb(l)

To Moo00TO EYKAELOUOU TOU EKXUALOHATOG poSLoU OTIG vavoives nTav ioo pe 48%.

(B) Navoivec Tea Tree Oil

YrioAoylopog tTh¢ mocoTnToC Tou GTAVEL 6TO UETAAALKO OTOXO

Ano6 tn pwrtopétpnon tou Sltalvpatog tou ekxuAlopatog Tea Tree Oil yia Tov umoAoylopod tng
ToooTNTAG (EYKAELOUEVNC KAL UNn), TIOU GTAVEL TO HETAAAKO OTOXO, MpoEkupe OTL OAN n
noootnta ekyUAlopatog TTO, rou xpnowonotndnke (0,4 mL/h), dtdvel oto CUANEKTN.

YroAoylopog mocootol eykAelopoU Tea Tree Oil

OMOLWG LE TO EKXUALOMO TOU pOSLOU KOl XPNOLUOTIOLWVTOG TNV KAUTTUAN avadopdg tou TTO yla
TG anoppodnoeLg TwV Selypdtwy ota 225 nm, ou ANdOnkav and to avadeuopevo Slalupua,
TIPOEKUYPE TO TTOOOOTO EYKAELOOU TwV vavoivwy TTO, amo t 2xéon (2).

LVLAVLAZ ] Rro[lzk—‘l/\éo'd)i )1'.3 © HJD (2)

To mooooTto eykKAELOHOU TOU ekxUAlopatog Tea Tree Qil ot vavoiveg tav ioco pe 75%.

Amo Ta TapAMAvVW, TMOPATNPELTAL OTL TO TTOCOOTO E€YKAELOMOU TOU £KYXUALOHATOG podlol Ot
vavoiveg elval apKeTA UIKPOTEPO ATO TO TOCOOTO E€YKAELOHOU TOU ekXUAiopatog TTO otlg
avtiotolyeg vavoliveg.

AUTO e€nyeital amod 1o yeyovog OTL n KUKAoSeETpivn (UATPa TwV SUO OUGCLWY, TTOU EYKAELOTNKAV
oTIG vavoiveg) eival pia ouvcia tng omoiag n udpodofikr, ATOdIAn KONOTNTA, ETUITPETEL TO
OXNUATIOUO CUUMAOKWV eYKAELOHOU pe udpodoPikéc evwoelg [39]. Asdopévou, Aomov OTL To
Tea Tree Oil eival élawo (udpodoPfikn €vwon) eival avoapevopevo n KukAodeftpivn va
oXNUATIEL HE OUTO 0TAOEPOTEPO GUUTTAOKO EYKAELOMOU. AVTIOETWG, TO EKXUALOUA pOdLOU elval
vdatiko Slalupa, emopévwe Sev euvoeital n dSnuioupyio otaBepol CUUMAOKOU EYKAELOUOU HE
™V KUKAoSe€tpivn.

4.3.3 Atapopikn Ospuitdouetpia oapwonc - Differential Scanning Calolimetry (DSC)
Ao tnv avaluon He tn HEB0SO NG Aladoplkng Oepudopetpiag oapwong, mMpogkupav ta
Awaypappata 3 kat 4.
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Awdypoppa 4: Avadopikr Osppidopctpia Zdpwong (DSC) yia tig vavoiveg ekxuAiopatog Tea Tree Oil

Jto Adypappa 3, n KAUmUAn XpwHOTOC HwP avtlotolxel otig vavoiveg kKukAodeftpivng pe
oykopetpkn mapox 1 mL / h kat semPariopevn taon 24,1 kV (ouvBnkeg eykAelopol Tou
eKYUAlopatog podlol). H KapumuAn XpwWHATOG UMAE, AVTLOTOLXEL OTIC vavoiveg kKukhodeEtpivng —
ekyuAiopatog podiov pe erBarlopevn taon 24,1 kV kot oykopetpik mapoxn 1 mL / h kat 0,5
mL / h, avtiotoiya.
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Y10 Alaypappa 4, n KAUmUAn XpWHOTOG TPACLVOU QVTLOTOLXEL OTLG vavoiveg KUKAOSEeETpivNG pe
oykoueTpkn mapoxn 0,5 mL / h kat emiBariopevn taon 26,1 kV (ouvBrkeg gykAelopol Tou
ekyUAiopatog Tea Tree Oil). H kopmUAn XpwHATOG KOKKLVOU, QVTLOTOLXEL OTL( VOVOIVEG
KUKAOSe€Tpivng — ekxuAiopatog Tea Tree Oil pe emBaAlopevn taon 26,1 kV Kol OYKOUETPLKN
napoxn 0,5 mL / h kat 0,4 mL / h, avtiotolya.

Ta anoteAéopata, ou POKUTIToUV amo ta Alaypdupoata 3 kat 4, cuvoyilovtat otov Mivaka 9.

Nivakag 9: Znueia t€ng Twv e€eTalOEVWV VaVOiVwV

Asiypa Znp. Théng - Tm (°C)
lveg kukA. (1 mL/ h; 24,1 kV) 174,830
lveg KUKA. - eky. podlot (1 mL/ h-0,5mL/ h; 24,1 kV) 168,058
lvec kukA. (0,5 mL/ h; 26,1 kV) 174,830
lveg KUKA. - ekx. TTO(0,5mL/h-0,4 mL/ h; 26,1 kV) 172,850

Onwg daivetal and ta Alaypdppata 3 kat 4 kot tov MNivaka 8, oL EYKAELOUEVEG OUCLEG BeV
enMNPeAlouV ONUOVTIKA Tn oupmepldopd TG KukAodeftpivng katd tnv TN tng, Kabwg to
onueio €N NG Sev petaBaAAetal WLaitepa KATA TOV EYKAELOUO KOL N KOUTTUAN TWV VAVOIVWV
TIou TepLEXouV KUKAoSe€tpivn kal podt (Aldypoappa 3 — UITAE KOUTTUAN) KoL TWV VAVOIVWV TIoU
neplExouv kukhodeftpivn kot Tea Tree Oil (Aldypoppa 4 — mpAcwvn KaumuAn) &ev
napouaotalouv onuavtiky Sltadopd e TIG aVTIoTOLXEC KOUMUAEC TWV Vavoivwv KUKAode€tpivng.

ErutAéov, mapatnpeital 6tL ot SladopeTIkEG cuVONKEG TaPoxNG Kal emBarlAopevng taong, dev
ennpealouv to onuelo NG tng KukAodetpivng.

T€Aog, emonpaivetol OtL To onuelo TENG TwV VWV KUKAOSEETPIVNG, €XEL TTLO KOVTLVH TLUN OTO
onueio TéNC Tou cupmAOKou eykAelopoU KukAodeftpivn — €kxUALopa Tea Tree Oil anod ot oe
OUTO TOU OCUMMAOKOU €eYKAELOpOU KukAobeftpivn — ekxUAlopa podlov. To yeyovog auto
UTIOSEIKVUEL TNV KAAUTEPN CUPBATOTNTA OTN CUUTTAOKOTIONON ToU eKXUAlopatog eAaiou, Tea
Tree Qil pe tnv KUKAOSeETPivn O Ox€on Ue TO USATIKO eKXUALOUA podLou He TNV KukAodeETpivn
(vbpodoBikn, AutodpiAn kolhotnta KUKAOSeETPivNC).

4.4 XapaKTNPLONOG KPEUWV TIPOOC WTTOV

4.4.1 MikpoBLoAoyikn avaAvon

Ta amoteAéopata TwWV UKPOPLOKWY aVOAUCEWV TwV SELYUATWY TWV KPEUWV TTPOCWTIOU LA
toug OSladopetikolg xpovoug amoBrnkevong (30 kat 50 nuépeg) kot TG OLadOPETIKES
Bepuokpaociec amoBrikevong (5, 25 kat 45°C) mopoucldlovial OTOUC TOPAKATW TIVOKES
(Mivakeg 10 — 15).

Ailel va onuelwBel OTL OTIC UETPNAOELS, TIOU TIPAYUATONMOLONKAV OTI KPEUEC TPV TNV
amoBnkevon toug (Nuépa 0) dev umnpée pikpoPlako doprtio.
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Nivakag 10: Met

PFGELG TWV BOKTNPILWV GTIG KPERES TToU amoBnkeUTnKav otoug 5 °C yia Stdotnua 30 nUeEp®V

OAWKO pLkpoBLaKo

ZOpeg/ MoUyxAeg

Actypa ¢optio(APC) (Yeasts/ Molds) E. coli
(o <2 log cfu/g <1 log cfu/g Absence/ g
<2 log cfu/g <1 log cfu/g Absence/ g
T <2 log cfu/g <1 log cfu/g Absence/ g

Nivakag 11: Met

PFGELC TWV BOKTNPLWV GTIC KPERES TTOU artoBnkeUTKav otoug 5 °C yia Stdotnpa 50 npepwv

OALKO pLKpOPBLOKO

ZOpeg/ MoUxAeg

Aetyua ¢doptio(APC) (Yeasts/ Molds) E. coli
C <2 log cfu/g <1 log cfu/g Absence/ g
P <2 log cfu/g <1 log cfu/g Absence/ g
T <2 log cfu/g <1 log cfu/g Absence/ g

Nivakag 12: MeTproEeLg TwV BOKTNPiwV oTIG KPERES TTou artoBnkelTnKav otoug 25 °C yia Sidotnpa 30 nUeEPWV

Aeiypa OAwkd LlI’.KpOBlC(K(') ZOpuec/ MouxAeg E coli
¢optio(APC) (Yeasts/ Molds)
(o <2 log cfu/g <1 log cfu/g Absence/ g
<2 log cfu/g <1 log cfu/g Absence/ g
T <2 log cfu/g <1 log cfu/g Absence/ g

Nivakag 13: MeTproEeLg TwV BaKTNPiwv oTIg KpERES TTou artoBnkeltnKav otoug 25 °C yia Stdotnpa 50 nuepwv

, OAWKO HiKpoPLaKd ZOpeg/ MolxAeg .
Asiypa , E. coli
doptio(APC) (Yeasts/ Molds)
C <2 log cfu/g <1 log cfu/g Absence/ g
P <2 log cfu/g <1 log cfu/g Absence/ g
T <2 log cfu/g <1 log cfu/g Absence/ g

Nivakog 14: MeTproeLS TwV BOKTNPLWV OTIS KpEPES TTou artoBnkelTnKav otoug 45 °C ya Stdotnpa 30 nuep®v

Delypar OALKO HKPOBLAKO ZOpeg/ MoUxAeg E coli
doptio(APC) (Yeasts/ Molds) '
C <2 log cfu/g <1 log cfu/g Absence/ g
P <2 log cfu/g <1 log cfu/g Absence/ g
T <2 log cfu/g <1 log cfu/g Absence/ g

75




Nivakag 15: MeTproELS TwV BaKTNPiwV oTIG KPERES TTou artoBnkeUtnKav otoug 45 °C yia Stdotnpa 50 nuepWV
Aetypa OAko uEKpoBLaK() ZOpeg/ MolxAeg E coli
doptio(APC) (Yeasts/ Molds)
C <2 log cfu/g <1 log cfu/g Absence/ g
P <2 log cfu/g <1 log cfu/g Absence/ g
T <2 log cfu/g <1 log cfu/g Absence/ g

Amo Toug mMapamavw Tivakeg oamoteAeopatwv (Mivakeg 10 — 15) ywa TNV €nNWoon Twv
Selypudtwy, TPOKUMTEL OTL Ta delypata Atav  pikpoBloloyika otabepd, kabwg &ev
napatnpnbnke avamtuén alloloyovwy 1 maboyovwv Baktnpilwv katda tn Sidpkela twv 50
NUEPWV amoBbrnkeuong Touc. EmutAéov, mpokUmtel 6tL n Beppokpacia anobrikevong (5, 25 kat
45 °C) kot n TPooBAKN TwV Vavoivwy, Sev ennpedlouv to HikpoBLakd ¢optio Twv KOAUVTIKWY
KPEUWV.

Ta KOAAUVTIKA OKEUAOUATA AMOTEAOUV €UVOIKO epLBAANOV yla pikpoBLakn avamtuén, Aoyw
TOU VEPOU, TWV METOAAKWY OTOlElwV Kal Twv PLTOUWWY, TOU TepLEXouv. AAWOTE, n
Bepuokpaoia cuvinpnong toug, To pH kal To ofuyovo cuvtehoUV emiong otnv avamtuén
HKpoopyaviopwy [115]. Katd t Slapkela TG mopaywyns Twv KAAAUVTIKWY TPOIOVTWY, autd
eKTiBevTal og MANBWPA LOAUCHATIKWY TTAPAYOVTIWY. Ol KAAAUVTIKEG BLOUNXAVIEG ETILOLWKOULVY,
Aoutov, TNV KOTAOKEUN KOAAUVTIKWV TIPOIOVIWY HNSEVIKNG TBavOTNTAG HKPOPLAKAG
avamtuéng [116]. Itn Swatipnon Twv mMBAVOTATWY UIKPOBLAKAG avamtuéng ota KOAAUVTIKA
npolovta o UNOEVIKA TOCOOTA, CUMUPBAAAEL ONUAVIIKA N XPNon MPWIwV UAwV XaunAol
HkpoBlakou doptiou, kabBwg (oL mMpwteg UAeg) umopel MOAU eUKOAa va odnyrioouv o€
HKPOBLaKN LOAUVON TWV MPOKUNMTOUCWY KOAAUVTIKWY TIPOLOVTWV.

JUupudwva pe ta mapoanavw, dedopévou OTL Mapd TNV mBavr EMPOAUVON TWV KAAAUVTIKWV
KPEUWV KATA TNV ELOAYWYN OE QUTEC TwV vavoivwv podlol kat Tea Tree Qil, ol kpéueg dev
gudavicav pikpoBLako ¢GopTio CUUMEPALVETAL, APXLIKA OTL N cUCTACH TOUC ATV LOAVLKH.
INUEWWVETAL €Miong OTL, N XPNON TWV OVTLUKPOBLOKWY, QVILONTITIKWY KoL OVTLOEELOWTLKWY
ouolwv (ekxUAlopa Tea Tree Oil kat ekyUALopa podlol avtiotoya) mbavwg va cuveéBalAe otnv
HLKpoBLloAoyik otaBepotnta TwV SELlyUATWY.

Ta mopamdvw omoTeEAECUATA, TIOU €lval cUUPWVA LE QAVIIOTOLXEG UEAETEC OE KAAAUVILIKA
npoiovta [115], unmodelkviouv OTL 6oov adopd oto HKpoPLakd GopTio Kal Ol TPELG KPEWES
ouvadouv pe Ta MPOTUTIA aohAAELAC KAl CUVONKWY UYLELVAG KL TTOLOTNTOG TWV KOAAAUVTIKWY
TPOIOVTWVY KaTd tnhv ene€epyacia kal tnv anobrkevon toug [117], [118].

4.4.2 Métpnon pH

Ta anoteAéopata TwV HETPACEWV ToU pH Twv SEYHATWY TWV KPEUWV TIPOCWIIOU YLA TOUG
Sladopetikoug xpovoug amobnikeuvong (30 kat 50 nuépeg) Kat TG SLapOPETIKEG BEPUOKPATIES
amnoBrikevong (5, 25 kat 45 °C) napouvotdlovrtal ota Ataypdppata 5 — 7.
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Awdypappa 7: pH Twv TpLWV KPERWV yio Osppokpacia anoBriksuong 45 °C kat Stdpkeila aroBAKevong 50 NUEPEC
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To pH tTwVv YaAKTWHATWV Kol 16{w¢ TwV KOAAUVTIKWY KPEUWYV, ATTOTEAEL ONUOVTLKA TIOPAUETPO
KaBOPLOUOU TNG QAMOTEAECUATIKOTNTAG Touc. To pH Tou avBpwrivou &€épuatog ouvhBwg
Kupaivetal petal 4,5 kot 6 kal to péco pH tou déppatog eivat To 5,5. Mpokeévou, AoLToy,
€va okevaopa, Tou Tpoopiletal yla xprion oto avBpwrivo S€épua, va KplBel anodekto yla
edappoyn otnv KAAAUVTIKA Blopnxavia, mpEmneL va £xeL pH evtog autwy Twv opiwv [119].

To pH twv delypdtwy Kpgpag, mou avaAubnkav Bpioketal evtog tou Staotriuartog 4,53 katl 5,
6nAadn eviog Twv emtpentwy oplwv pH yla xprion oto avBpwrnivo &épua. Asdopévou OTL n
kpéua Baon (kwdkog C, xwpic mpoadnkn vavoivwy) tnv nuépa 0 Twv HETPROEwWY, ixe pH oo
ue 4,86 KaL oL AAAec SUO KpEUeG e€lyav KOVIWO Ot auto pH, to omoio &ev petafAndOnke
ONUAVTIKA KOTA TN Sldpkela Twv 50 nuepwvY, oL KPEUEG Kpivovtal KATtAAANAEG yla xpron otn
Blounxavia kaAAuvtikwy, 6cov adopd oto pH Toug.

Ané ta Awypdppata 5 — 7, mopatnpeitat 6tt to pH Twv SElyHATWV KPEUOG, TOU
amoBnkevtnkav oe StadopeTikéc Bepuokpaociec (5, 25 kat 45 °C), GUVEXWG HELWVETOL MEXPL
nepirmou tv 30" nuépa, pe efaipeon to pH tng kKpépag, mou mepLéxet to Tea Tree Oil To omoio
yia T = 5 °C, aufdvetatl oe UKkpd Ouwe Badud. H peiwon auvth (kat n avtiotoyn avénon),
odeiletal mBavov ota SladopeTikd BLOSPACTIKA CUCTATLKA, TIOU N KAOE KPEUA TIEPLEXEL.

Metd and tv 30" nuépa to pH twv Ssypdtwy (pe e€aipeon ta Selypata, mouv amodnkevTnKaY
otouc 5 °C) daivetal va otabepormnoteital.

EmunpooBeta, mapatnpeital OtL N otabBepOTEPN MO TIG TPELG KPEUEG ELVAL QUTH UE TIG VOVOIVEG
eKYUAlopatog poSlou kal n Alyotepo otabepn n kpépa Bacn C. To yeyovog autd odeiletal
TOAVWG, OTIC AVTIOEELOWTIKEG KOl QVTILONTITIKEG OUGCLEG, TIOU TIEPLEXOUV OL KPEUEC P kat T,
avtiotowya. Etol, n UIKPOTEPN HElwon Twv THwv pH autwv twv SU0 Kpepwv, TLBAVWC
odeiletal otn otadLaKr AMoSECUEUON TWV EVEPYWV CUCTATIKWY TOUG.

OL HkpéC allayeg tou pH katd T 50 nuépeg amobnkeuong, yla OAEG TIG KPEUEG KAl TIG
Bepuokpaoiec amobrkeuong, umodelkviouv OTL Ta HeAeTwpeva Selypota Atav otabepa.
Ynodewkvuouv enumAéov, OTL n poodnkn Twv vavoivwv TTO kot ekxuAiopoatog podlol, otnv
kpéua Baon (C) dev emnpéaoce onUavTIKA To pH aUTAC.

4.4.3 METpnon Tov YpWUATOS TWV KPEUWV

To amoTeAéopOTO TWV HETPAOEWV TOU Xpwuato¢ (dwtewvotnta (L), peTaBoAn XpwHATWY
KOKKIVO — mpaowo (a*), petafodn xpwpotog kitpwvo — pmAe (b*) kat cuvoAikn petaBoAn
xpwpatog (AE)) Twv SEYUATWYV TWV KPEUWV TIPOOWIIOU Yyl TouG SladopeTIkoUC XpOVOoUC
amoBnkeuong (30 kat 50 nuépeg) kat TG StadopeTikég Beppokpaoiec anobrkeuong (5, 25 kat
45 °C) napouctalovtat ota Ataypdppota 8 — 19.
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t (days)

Adypappa 9: MetoBoAr TG OPapETPOU a* yia TIG TPELS KpEMES o Beppokpacia anoBrikeuong 5 °C
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Mdypappa 10: MetaBolr the mapapétpou b* yia Tig tpeig kpépeg o Beppokpacia anobrikevong 5 °C

79



80

AE average

Adypappa 12: MetoBolr thg mapapétpou L* yia Tig Tpelg Kpépeg o Beppokpaocia amobrikeuong 25 °C

Atdypappa 13: MetoBoAr TG MOPApETPOU a* yiLa TG TPELS KpEHES o Beppokpacia anoBrikevong 25 °C
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Adypappa 14: MetoBolr g opapétpou b* yua Tig Tpelg kpépeg o Osppokpacio anoBdrkevong 25 °C

AE average

Adypappa 16: MetoBoAn tng mapapétpou L* yia Tig Tpeig KpEpes o Beppokpaocia amoBriksuong 45 °C
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Adypappa 18: MetaBolr g mopapétpou b* yua Tig Tpelg kpépeg o Oeppokpacio anoBrkevong 45 °C
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Adypappa 19: Suvolikr petafoln xpwpatog AE yia Tig Tpelg KpépeS o Beppokpacia amoBrikeuong 45 °C



ATO TIC LETPAOELC TOU XPWHOATOC TWV KPEUWYV, TIPOKUTITEL APXLKA, OTL T TPla Selypoto KpEUAC
6ev mapouotdlouv peyaleg Sladopég wg mpog T PwrtewdtnTta TNV nuUéEpa 0. Emiong, Sev
napouotalouvv PeyaAn aAlayr NG GWIEWVOTNTAC TOUG HE TO TEPAOMA Twv 50 nuepwv. O
napdyovtag L* (, mou ekppalel T PWTEVOTNTA) TWV KPEUWV YLO TO SLaoTnua Twv 50 nUEpWV,
TalpVEL TIHEG O0TO SlaoTtnua 65 Kat 67,42 yeyovog Tou UTIOSELKVUEL OTL TO XPWHA TWV KPEUWVY
Atav dwTewvo (Aeukd), e o AEUKN TNV KpEUa Baon.

Ooov adopa otov mapayovra a*, ylia OAEG TIG LETPNOELG ETTALPVE APVNTIKEC TLUEG, OTO SLAoTNUA
-1,26 £w¢ -1,67, MOV AVIUTPOCWTIEVOUV ATIOXPWOELG TOU TIPACLVOU. M TI¢ Beppokpacieg Twv 5
Kot 25 °C, To 1o TPAGLVO XpwHa SLEBETE N Kpépa Ue TIG vavoiveg Tea Tree Oil, evw otouc 45 °C,
N MPAOCLVN AmoXpwaon TNG LELWONKE o€ UKpO Babuo.

O napayovtag b* , epdavics BeTikEG TLUEG oTo Slaotnua 4,56 Kal 6,27 yla OAEC TIG LETPHOELG,
YEYOVOC TIOU UTTOSELKVUEL OTL OL KPEUEG SLEBETAV ATOXPWOELG TOU Kitplvou. MAALloTa, N KpEUQ,
TIOU TEPLEIXE TIC vavolveg ekxUAlopATo¢ podlou, mapouciaos TIC PEYAAUTEPEG TIUEC TOU
mapayovta b*, ka®’ 6An tn Stdpkela Kal yla OAEC TG Oeppokpaocieg anobrkeuong, yeyovog, ou
g€nyeital anod 1o xpwpa tou ekxUAiopatog podlol (Babu moptokaAl) Kol TIG AVTLOEELOWTIKES
ouoleg, mou katd tn Stapkela Twv 50 nuepwv anodeopevovtal amo TiG vavoives. Napatnpeital
ETUMAEOV OTL Ol MEYOAUTEPEC TIMEC TOU Tapdyovta b* yla tnv KpE€pa HE TIG VAVOIVEC
eKYUAlopatog podloU Kal yla TNV KpEua HE TIG vavoiveg ekyuliopotog Tea Tree OQil,
napouvctdlovtol otn Beppokpacia amobrkevong Twv 45 °C, To onoio mBavov onuaivel 6Tl otn
Bepuokpacia auTr HEPLKEG VAVOIVEG «OTtAVEY KoL ameAeuBepwvovtal T BLOEVEPYA CUCTATIKA
TOUG.

QO0T000, O€ YEVIKEG YPOAUUEG, Sev mopatnPoLVTAL HEYAAEG SLoPOopPEG HETAEY TwV SELYUATWY
KOAAUVTLKAC KPEUOG 600V adpopa OTO XpWHA TouG. To yeyovog OTL oL Tapayovieg L*, a* kat b*,
bev petafailovrtal onUAVTIKA oTo dlaotnua tTwv 50 nUeEPWV Kal yla TG TPEL SLadOPETIKES
Bepuokpaociec (5, 25 kat 45 °C) amoBrkeuonc, UTOSEKVUEL OTL Ol KAAAUVTIKEG KPEUEC rTaV
oTaBepEC WC TPOC TO XPWHAL.

1o Aldypappa 20 mapoucldleTal N CUVOALKN UETABOAR TOU XPWHATOG YL TO GUVOAO TwV
SelypdTwy Katd thv amnoBrkevon yia 50 nuépeg o Beppokpaoieg 5, 25 kat 45 °C.
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Adypappa 20: SuvolAikn petaBolr xpwuatog AE yio 6Aa ta Ssiypora o Osppokpacisg anobnikevong 5, 25 kou 45 °C

Ano6 to Adypappa 20, TTPOKUTTEL OTL UTIAPXEL Pl YEVIKOTEPN TAOCN YLO LELWON TNG GUVOALKAG
HETAPBOANC TOU XPWHATOC. MO0 CUYKEKPLUEVA, N LETABOAN TOU XpwHATOC auEavetat péxpt tig 30
NUEPEC AOBAKELONG KAl OTN CUVEXELOL HELWVETAL Ko oTaBeporoteital. MNa toug 5 °C, Toug 25
°C kat toug 45 °C peyalltepn HETABOAR OTO XPWUA, TIOPOUGCLALEL N KPEUQ UE TO eKXUAOHO Tea
Tree Oil kat pkpotepn n kpépa Baon (C). Autd mBavwe odeileTal ota GUTIKA CUCTATLKA, TTOU
TEPLEXOUV oL SUO KPEPEC ME TIG vavoives. AMwOTE, Ol KOAAUVTIKEG KPEUEG ME TA GUTLKA
ekxUAlopata (pobdL kot Tea Tree Oil), mepLEXOUV QVTIONTITIKA, QVTLUIKPOPBLOKA KoL
QVTLOEELOWTLKA CUOTATIKA, TIOU UIMOpPEL KaTtd TNV anobrnkeuon va mapAafouv OUGCLES, OL OTIOLEG
petafailouv to xpwpa [120].

Qot600, oL 51adOopPEG TOU EVTIOTIOTNKAV OTO XPWHO TWV KPEUWV, TIOU TIEPLELYAV TLC VOVOIVEC KOl
NG KPEUAG BAoNG NTAV ULKPEG, YEYOVOG, TIOU UTIOSELKVUEL TNV oTaBepdTnTA otn Sdoun Toug,
OTIWG ETIONG KOl OTL N OMOSECUEVON TWV CUOTATIKWY TOuG (ekxUAlopa podiou Kot ekxUALOUQ
Tea Tree Oil) elval otadlakn Kot EAEYXOUEVD.

4.4.4 Avvaukn unyavikn avalvon — Dynamic Mechanical Analysis (DMA)
Ta peoloykd Kot LEWSOEAAOTIKA XAPOAKTNPLOTIKA, TIoU UEAETABNKAV oxetilovtav Ue TIG KATwOL
TIAPOLUETPOUC:

e 1O oUVBeTO LEWbdECG N* (Pas)

e 1O pETpo amoBrikevong G’ (Pa) kat

e 1O HETpO anwAelag G” (Pa)
OL 60oKIEG TOAAVTWONG, KATA TIG OMOoleq HETAPRAAAETAL N ywvlaK ouxvotnta, TAPEXOUV
OTTOTEAECLOTO OXETIKA UE TNV OUUMEPLPOPA OTEPEOU Kal TG LEWOOEAAOTIKEG LOLOTNTEG TWV
Kpepwv. To péTpo amobnkeuong G’, MPEMEL VOl TOPOUCLALEL TR UEYAAUTEPN OO QUTAV TOU
HETpOU amwAelag G” yw O6Ao Tto mebio Twv NG £dapuolopevng ouxvotntag. Xta
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Awaypappata 21 — 23, mapouclaleTal N CUCYXETLON TWV SUVAULKWY Tapapetpwy (n*, G’ kat G”)
HE TN ywviokn ocuxvotnta (w) ywa otabepry ouxvotnta y = 0,1%, ywa ta tpiloe delypata
KAAAUVTLKA G KPEUAC, TN XPOVIKI OTLyun to = 0.

1,00E+05
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Complex Viscosity (Pa*s)

1,00E+01

(ed) sninpol ss01 / (ed) sninpo adel01s
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0,1

1Angular Frequency (1/5}0

Awaypappa 21: Métpo anoBnkeuong (G’), pétpo anwAelag (G”) kaw cuvOeTo EWdeG (n*) o€ OA0 TO EUPOC TLLWV TNG YWVLAKIG
ouxvotntag yia tnv kpépa Baon (C)
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Awaypappa 22: Métpo anobnkeuong (G’), pétpo anwAelag (G”) kat cuvOeto Ewdeg (n*) o€ OAo TO EUPOC TLLWV TNG YWVLAKIG
CUXVOTNTOG YLO TNV KPEUA ME VOVOIVEG EKXUALoHATOG poSLou (P)
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Awaypappa 23: Métpo anoBnkeuong (G’), pétpo anwAelag (G”) kat cuvOeTo wdeg (n*) o€ OAo TO EUPOC TLLWV TNG YWVLAKIG
GUXVOTNTAG YL TNV KPEUA ME vavoiveg ekXUAiopatog Tea Tree Oil (T)

MNa tv afldhoynon TNG OUVEKTIKOTNTAG OFE KOTAOTAON nNPEUIOG TNG HAKpOXPOVLOG
OUUTEPLPOPAC KAl TNG CUUTIEPLPOPAC O0To Slaxwplopo (kabilnon, awwpnon i cuvaipeon), n
ouXVOTNTA. CAPWONG OIMOTEAEL TO KPLTAPLO Yyl TNV €MAOY TOU €KAOTOTE GCUOTHHOTOG
(6laomopdg). It otabepéc Sloomopég Kal TA yaAaktwpoto ol Slapoplakég SUVAUELS
aAAnAenidpaong oxnuatilouv tplodidotato diktuo duvapewyv. OL ouoieg auTtég (SLaomopég Kat
yalaktwpoata) mapouctalouv G' > G" yia 0Ao to €Upog NG EMBAANOUEVNG YWVLAKNAG
ouxvotntag.

Amo ta Alaypdppota 21 — 23, MPOKUTTEL OTL Yl OAa ta e€etalopeva delypata kot yla Ao to
€UPOG TLUWV TNG YWVLAKAG CUXVOTNTOG, Ol KAUMUAES Twv G' kat G" eival oxedov mapAdAAnAeg
eubBeleg pe povn efaipeon €va onueio, omou mapatnpeitatl alayn ¢ kKAlong. Napatnpeitatl
ETUMAEOV OTL LOXVUEL N AVOUEVOUEVN oxéon G’ > G”.

H T tou pé€tpou amobnikevong G’ os xapnAn ywviakn cuxvotnta (w < 0.1 rad/s) mapéxet
TIANPODOPIEC OXETIKEG PE TN CUUMEPLPOPA TWV KOAAUVTIKWVY KpePwV ot npepia (G'p). H
KOUTTUAN Tou HETpou amoBrkeuong G’ mpémel va mapouotalel pia oAU pkpn (opeAntéa)
KAlon. Mo apKETEC SLOOTIOPEC KOl YOAOKTWHATA, EVOG YEVIKOC KOVOVOC TIOU TIPOKUTITEL Ao
TIELPAUOTIKA AmoTEAEoHATO Yia ywviakh cuxvotnta 0,1 rad/s ( pe tnv mpoundOeon otL G’ > G”,
SnAadn otL umapxetl cupnepldopd YEANG Kol OTL N SOKLuN yivetal og L€wHOoEAAOTIKY TIEPLOXN
LVE), elva ot

e £4v TO MPETpo amoBrkeuong G’ eival peyaAutepo n oo amo 10 Pa (G'210 Pa),
ouumepaiveTal OtL n ekdotote oucia (Slaomopd 1 YAAAKTWHO) TIAPOUCLATEL OXETLKNA
OUVEKTIKOTNTA,
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e £Qv 10 PETPO amnobnkeuvong G’ eival pikpotepo N oo and 1 Pa (G’'<1 Pa), cupnepaivetat
OTL N ekaotote ouoia (Staomopd 1N mAKTWUa) v mMapouaotdalel Tnv amopaitntn ylo
TIPOKTLKA €PAPUOYH), CUVEKTIKOTNTA KOl

e £4v To METpo amoBrikeuong G’ eival petafv autwv Tov opiwv (1 Pa<G’<10 Pa),
QITOULTOUVTOL TIEPALTEPW SOKLUEG TWV OUCLWV (TL.X. LETPNON TNG OVTOXNG OTN CUUTiEDN
Kall Tou onueiou pong) [87].

MNna 1o deiypa Baong kaAAuvtikng kpepoag (C), omwg emiong kat yla ta eéetalopeva delypata
KAAAUVTIKAG KPEUAG, TIoU Teplelyav TG vavoiveg (P katl T) mapatnprnBbnke LKAvomoLnTikr, yLo
TPAKTIKN epapuoyn otn Blopnxavia kaAAuvtikwy, otabepotnta (G’ > 10 Pa).

OL pEOAOYIKEG SOKLUEG TAAAVTWONG, TIAPEXOUV CNUAVTIKEG TTANPOPOPLEG OXETIKA E TN SoUN Ko
N oTaBepoTNTA TWV KOAAUVTIKWY KPEUWYV. Ta XOPOKTNELOTIKA TwV SLaCTIopWwY, TIOU yivovtal
QVTIANTITA UE TIG aloBnoelg, cuoxetilovtal AUECA LE TIG PEOAOYIKEC UETPNOELG. ETaL, n peohoyia
kaBlotatal €éva oAU XproLlo ePYAAELO yLa TNV EKTIKNON TNG CUUMEPLHOPAG HLAC KOAAUVTIKAG
KPEUAG, KaTA TNV edapuoyn TnG oto avBpwrivo Sépua. H PKpOTEPN KAV VA OTIACEL TN doun
TAON, anoteAel Eva emBOUUNTO XOPAKTNPLOTIKO yla TIG KAAAUVTIKEC KPEUEG, KABWCS CUUPBANAEL
otnNV enA@AslWPn TNG KPEUOG OTO SE€PUa KOl ETUTPENMEL TNV KOAUTEPN amoppodnorn tng. Oco
unAdtepn eival n Ml TO EKATO TAON, TOOO CUVEKTIKOTEPN Elval n KpEUa Kal LeyaAlTepn n
Unxovikn otaBepdtntd tng. Emiong, n peyalutepn tdon ival amopaitntn yla va mpokuPeL
amoteAeopatik enalewppotnta. Ot KAAAUVTLKEG KPEUEG, TTOU €xouv popdn adpol (mousse
creams), ouvnBwc napouaotalouv otabepr Soun (xapnAég Tinég G' kat G”), aAla xpelalovral
TepLoocotepn entBariopevn duvapun yla va anAwbolv emapkwc oto dépua [88] .

OL xapnAotepeg TIHéG G’ kot G” umodekviouv Agia udr. OL «OKANPEG» KPEWUES, XpeLalovTal
Alyotepn dUvaun kat amAwvovtal 1o eVkoAa oto déppa, aAAd PnAotepeg TinéEG G kal G”
onuaivel kat aioBnon mo okAnpnig udng. TéAog, oL kpéueg oe popdn YEANG (gel creams)
napouotdalouv ev yEVeL euxaplotn aioBnon kot otabepn doun Kot Lkavotnta endaAewpng oto
6épua.

Q¢ &k TOUTOU, N YVWON TWV LKWOOEANOTIKWY TOPAUETPWY TWV KOAAUVTIKWY, HUMOPEl va
xpnotporonBel yia tnv mpoPAedn tng cuunepidopds SladopeTIKwY KAAAUVIIKWY KPEUWY KOl
™G mbavig xpnong toug oe mMAnBwpa epapuoywv. Itov Mivaka 16, mapouctdlovtol oL TIES
TOU PETPOU amobrkeuong G’g Kal Tou PETPOU anwAelag G”g yla 0Aa ta eetaldopeva deiypata
(taa G’g kOl G”g €lval OL TIUEG TOU HETPOU ATTOBAKELONG KOL TOU LETPOU ATMWAELACG AVTILOTOLXA YL
ywvlakn cuxvotnta w =0.1 rad/s).
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Nivakag 16: TYEG Twv G'g and G OAWV TwV €EETA{OUEVWV SELYHATWVY yLo YwVLAKK ouxvotnta w =0.1 rad/s

O¢puokpaaia Xpovog
Acgiypa AtroBnkeuong| Atmrobrikeuong | G'o (Pa) | G"o (Pa)
© (days)

C t0 0 2,07E+02 |1,50E+02
C t1 5C 5 30 4,83E+02 |3,62E+02
C_t1_25C 25 30 3,40E+02 |2,47E+02
C_t1_45C 45 30 3,40E+02 |2,34E+02
C t2 5C 5 50 4,11E+02| 3,13E+02
C_t2 25C 25 50 2,68E+02| 1,89E+02
C_t2_45C 45 50 1,52E+02| 8,78E+01
P_t0 0 1,80E+02| 1,42E+02
P t1 5C 5 30 2,87E+02| 2,21E+02
P t1 25C 25 30 2,22E+02| 1,67E+02
P t1 45C 45 30 1,88E+02| 1,38E+02
P_t2_5C 5 50 2,97E+02| 2,27E+02
P t2 25C 25 50 2,26E+02| 1,66E+02
P_t2_45C 45 50 1,89E+02| 1,19E+02
T t0 0 2,87E+02 [2,37E+02
T t1 5C 5 30 2,79E+02| 2,08E+02
T t1 25C 25 30 3,23E+02| 2,43E+02
T T t1 45C 45 30 3,01E+02| 2,05E+02
T t2 5C 5 50 3,05E+02| 2,30E+02
T t2 25C 25 50 2,46E+02| 1,77E+02
T t2 45C 45 50 1,51E+02| 9,25E+01

Ao ta amoteAécopata tou Mivaka 16, mpokUTTel OtL n kpéua PBacn (C) mapoucldlel TG
udnAdtepeg TEG G’y Kal akoAouBel n kpépa pe TG vavoiveg ekxuliopatog Tea Tree Qil
YEYOVOG TIou UTTOBELKVUEL OTL OL KPEUEG QUTEG €LvOL TILO «OKANPEG» QATO TNV KPEUA UE TLG
vavoiveg ekxUAlopatog podlou kal armAwvovtal o eUKoAa oto S€ppua.

AvtioTolXQ QAMOTEAECOUATA HE QUTA TWV HETPAOEWV TOoU HETpou amobrkeuong (G’) kal tou
HETpOU amwAslag (G”) avrtAouvtal Kot amd T HETPAOELS Tou €wdoug. Ol UETPAOEL TOU
L€wO0oUC amoTeAOUV CNUAVTIKO EpYaAgio HETPNONG TwV aAlaywyv ota UAKA. Ot Sltapoppwoslg
TWV KOAAUVTIKWV KPEUWY, AMOTEAOUV OUVOETO CUOTAMOTO YOAQKTWHATWY, TWV OMoiwv ol
Sopég mowkidouv. Ot alhayég otn Sour, avtikatontpilovral otig aAAayEC oto L€wdeC. To LEwbdeg
ouxva auvéavetal, KaOwg ol SOUEG YOUAAKTWHATOC QVOMTUOOOVTAL Kol otabepomolovvtal. e
GANEC TIAAL TIEPUTTWOELG, YLO HMEYAAOUC XpOvoug amoBbrkeuong, to WEwdeg umopel va
TIAPOUCLAEL ONUOVTIKA HElwon, KaBw¢ cuvteAsital amolkodounon Tou npoiovtoc.

Entidpaon tou xpodvou amobrikeuonc oto cuvOeto LEwdec yia tic Ospuokpaoiec amoOnKeuonc

Zta Alaypappota 24 — 32 napouaotalovtal ol StapopEg oto oUVOETO LEWEEC N* TWV KPEUWV yLa
OA0 TO €UPOC TWHWV TNG YWVIAKAG ouxvotntog Kol PeAetdtal n emibpacn tou xpoévou
amoBrikeuong oe auto (to LEwdeg) yla TIg ekdotote Bepuokpaocieg amobrikevong (5,25 kat 45
°C).
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e Kpépa Baon (C)
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Awaypoppa 24: 20vOeto WG (n*) o OAo To €UPOG TNG EMPBAAAOUEVNG YWVLAKIG CUXVOTNTAG Yia TV KpEpa Baon (C) otoug
Sladopetikoug xpovoug anobrikeuong os Beppokpacia anobriksuong 5 °C
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Awaypappa 25: 20vOeTo LEWOEG (N*) o 6A0 TO €VPOG TNG EMPBAAAGHEVNG YWVLOKIG CUXVOTNTOG yia TV Kpépa Baon (C) otoug
StadopeTikoug xpovoug amobrikeuong oe Beppokpacia anobrikeuong 25 °C
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Awaypoppa 26: 20vOeTo WG (n*) o€ OAo TO EVPOG TNG EMPBAAAOUEVNG YWVLAKIG CUXVOTNTAS yLa TV KpEpa Baon (C) otoug
StadopeTikolg Xpovoug anobrkeuong os Oeppokpacia anobrikeuong 45 °C

e Kpéua pe vavoiveg podiou (P)
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Awaypoppa 27: 20vOeto WG (n*) o€ 6Ao TO €UPOG TNG EMUPBAAAOUEVNG YWVLOKIG CUXVOTNTOG YLOL TNV KPEUO HE TLG VAVOIVEG
ekxuAioparog podiol (P) otoug Sladopetikolg Xpovoug amobrikeuong os Beppokpacia aroBrikevong 5 °C
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Awaypoppa 28: 20vOeTo WG (n*) o€ OAO TO EVPOG TNG EMPBAAAOUEVNG YWVLOKIG CUXVOTNTAG YLOL TNV KPEUO HE TLG VAVOIVEG
ekxuAioparog podiol (P) otoug Stadopetikoug xpovoug anobrikeuong o Beppokpacio aroBrikevong 25 °C
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Awaypappa 29: 20vOeTo EWOEG (N*) og 6A0 TO €UPOG TNG EMPBAAANGHEVNG YWVLAKAG CUXVOTNTOG VLA TNV KPEUA LLE TLG VOVOIVEG
ekyuAioparog podiol (P) otoug Stadopetikolg xpovoug anobrksuong o Beppokpacia anoBriksvong 45 °C
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o Kpépa pe vavoiveg Tea Tree Oil (T)
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Awdypoppa 30: 20vOeTo WG (n*) o€ 6A0 TO EVPOG TNG EMUPBAAAOUEVNG YWVLAKEG CUXVOTNTOG YLOL TNV KPEUO HE TLG VAVOIVEG
ekxulioparog Tea Tree Oil (T) otoug SladopeTikolg xpdvous anoBrKkeuong os Beppokpacio anodrikeuong 5 °C
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Awaypoppa 31: 20vOeto WG (n*) o€ OAo TO EVPOG TNG EMUPBAAAOUEVNG YWVLOKIG CUXVOTNTOG YLOL TNV KPEUO HE TLG VAVOIVEG
ekxuAioparog Tea Tree Oil (T) otoug StadopeTikolic xpdvoug anobrkeuong os Bsppokpacia anodriksvong 25 °C
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Awaypoppa 32: 20vOeTo WG (n*) o€ OAo TO EVPOG TNG EMPBAAAOUEVNG YWVLOKIG CUXVOTNTAG YLOL TNV KPEUO HE TLG VAVOIVEG
ekyuAioparog Tea Tree Oil (T) otoug StadopeTikolc xpdvoug anobrikeuong os Bsppokpacia anobriksuong 45 °C

Ao ta Alaypdppota 24 — 26 yia tnv kpépa Baon (C), mpokumtel 6t yia Bepuokpacia 5 °C, To
oUVOEeTO LEWSEC aUEAVETAL E TO TIEPAC TWV NUEPWV. N Tn Beppokpacio twv 25 °C, to ocUVOETO
L€wWOEC TNG KpEUOG tapouatalel Tnv (Sla cupmepidpopd kab’ OAn tn Slapkela amoBrRKeVONG TNG.
Télog, yia tn Beppokpacia Twv 45 °C, to oUVOETO 1EWEEG PELWVETAL EUPAVWC OTIG 50 NUEPECS
anoBnKevong Tou.

And ta Alaypappata 27 — 29 yla TNV KpEUA WE TIG vavoiveg ekyuAiopatog podiol (P),
TIPOKUTITEL OTL yLa Beppokpacia 5 kat 25 °C, To cUVOETO LEWSEC TNG KpEUag TAPOUCLAeEL TNV (Sla
oupreptpopd e to oUVOETO LEWSEC TNG KPEUAC BAonc. QoTdoo, yia tn Beppokpacio twv 45 °C,
TO oUVOETO LEWOEG eV PETAPBAAAETAL UE TO TIEPAG TWV NUEPWYV, YEYOVOG TTOU UTIOSELKVUEL OTL N
€V AOyw KpEpa elvat otabepotepn amod tnv Kpépa Baon (C).

Amoé ta Awaypdappata 30 — 32 yla TNV KpEUA UE TIG vavoiveg ekxuAiopatog Tea Tree Oil (T),
TPOKUTITEL OTL Yo Beppokpacia 5 °C kat 25 °C, to oUVOeTO LEWSEC TNG KPEUAS AUEAVETAL PE TO
TEPAG TWV NUEPWYV, UE HeyaAUTEPN avénon otig 30 nuépeg amoBnkeuong. MNa tn Bepuokpacia
Twv 45 °C, napatnpeital 61t otig 30 nuépeg amobrikeuong To cUVOEeTo LEWSEC mapouoLdlel pia
Hkpn avgnon.

Ev yével, oL kpéueg mapouotalouv Tapopola cupnepldopd Tou oUVOETOU LEWOOUG TOUG
OUVAPTHOEL TOU XPOVOoU {WwrC TOUC OTLG TPELG SLadOPETIKEG BEPUOKPATIEG.

Enibpaon twv Swadopetikwy Bepuokpaciwyv amobrikeuonc oto ouvBeto EWHOEC yla Toug
Xpovouc aroBnKeuong

Yta Awaypappata 33 — 38 mapouaoialovtal ot Stadopég oto cuvOeto LEwdec n* yla 6Ao To
€UPOC TIHWV TNG YWVIOKNAG ouxvotntac Kol HeAetatol n emibpaon tng Oepuokpaciag
amoBrnkevong og auTo (To LEWBEC) yla Toug XxpOvoug amobnkeuong.
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Kpépa Baon (C)
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Awdypoppa 33: 20vOeto WG (n*) o Ao TO €UPOG TG EMPBANAOUEVNG YWVLAKAG CUXVOTNTAS YL TV KpEpa Baon (C) otig
Sradopetikég Beppokpacieg anodrikeuong yla xpovo anobfikevong 30 NUEPES
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Awaypoppa 34: 20vOeto WG (n*) o OAo TO EUPOG TG EMPBANAOUEVNG YWVLAKAG CUXVOTNTAS YLa TV Kpépa Baon (C) otig
Siadopetikég Beppokpacieg anobrikevong yla xpovo anobnkevong 50 nUEPES
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o Kpéua pe vavoiveg podiou (P)
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Awdypoppa 35: 20vOeto WG (n*) o 6Ao TO €UPOG TG EMPBAAAGUEVNG YWVLAKAG GUXVOTNTOG YL TNV KPEUOL IE TLG VOVOIVEG
eKkYUAiopatog podiou (P) otig Stadopetikég Beppokpaocieg amobrkeuong yla xpovo anobnkevong 30 nUEPES
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Awdypoppa 36: 20vOeTo WG (n*) o Ao TO EVPOG TNG EMPBAAAGUEVNG YWVLAKAG CUXVOTNTOG YL TNV KPEUAL KE TLG VOVOIVEG
ekXUAiopatog podov (P) otig Sladopetikég Oepuokpacieg anobnkeuong yia xpovo anobnkeuong 50 nuépeg
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o Kpéua pe vavoiveg Tea Tree Oil (T)
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Awaypappa 37: 20vOeto LEWHEG (n*) og 6A0 To €0POG TNG EMPBAAAGHEVNG YWVLAKNG CUXVOTNTOG YL TNV KPEUA JLE TLG VOVOIVEG
ekyUAiopatog Tea Tree Oil (T) otig Stadopetikég Oeppokpacieg anobnkevong ya xpovo anodnkeuong 30 npéEPEG
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Awaypappa 38: 20vOeTo LEWOEG (N*) o 6A0 TO VP0G TNG EMPBAAAGHEVNG YWVLAKAG CUXVOTNTOG YL TNV KPEUA LE TLG VOLVOIVEG
ekXUAiopatog Tea Tree Oil (T) otig Stadopetikég Ospuokpacieg anodnksuong yia xpovo anobnkeuong 50 nuépeg

And ta Awaypdppota 33 kat 34 yua tnv kpépa Baon (C), mpokUmteLl OTL n Bepuokpacia
amnoBrikevong dev enmnpedlet to ouVOeTo L€EWdeC otig 30 NUEPEC amoBrikevong. Qotdoo, otig 50
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NUEPEG amobrkeuong to oUVOeto WKWOEC TNG KPEHOC, MEWWVETOL UE TNV avénon tng
Beppokpaociag pe peyolitepn peiwon otn Bsppokpacia twv 45 °C.

Anod ta Awaypappotoa 35 kat 36 yla TNV KpEUQ UE TG vavolveg ekyuAlopatog podiou (P),
TIPOKUTITEL OTL YL OAEG TIG Bepuokpaciec amoBrikeuong to oUVOEeTO LEwWdeC Sev petafAreTal o
pHeyalo Babuo toco ot 30 600 kot ot 50 nuépec. To yeyovog auTO UTOOELKVUEL TN
otaBepotnta otn Soun ¢ v AOyw KPEUQC.

Amo ta Alwaypappata 37 kat 38 ylo TNV KpERa e TIG vavoiveg ekxuAiopatog Tea Tree Oil (T),
TIPOKUTITEL OTL TapouaLalel avaAloyn cupuneplpopd e AUTAV TNE KPEUOG Baaon.

EniSpaon tnc eykAelopévne ousiac oto cuvOeto twdec yia 0, 30 kat 50 nuépec otouc 25 °C

Ita Alaypappoata 39 — 41, napouotaletal n enidpacn t¢ eYKAELOUEVNG ouolag (EKYUALOUQ
podloU kat ekxUALopa Tea Tree Qil) oto cuvBeto L€WdeC N* o OAO TO €UPOG TNG YWVLOKAG
oUXVOTNTOC OTLC NUEPEG amoBrKkeuong.
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Awaypoppa 39: 20vOeTo WG (n*) o OAo TO €UPOG TNG EMPBAAAGUEVNG YWVLAKNG CUXVOTNTOG VLA TLG TPELG KPEUEG TNV
nuépa 0 (T =25 °C)

97



1,00E+04

1,00E+03

1,00E+02

1,00E+01

mn
*
T
=
>
£
"
<]
Q
2
S
x
K]
Q.
£
]
o

1,00E+00 T

10
Angular frequency (rad/s)

Avdypappa 40: $0vOeTo WSS (n*) o 6Ao to £0poG TG EMPBAAAOUEVNG YWVLAKAG GUXVOTNTAS YL TIG TPELG KPERES TRV 30"
nuépa (T =25 °C)
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Adypappa 41: $0vOeTo WSS (N*) o 6Ao to £0pOG TG EMPANAOUEVNG YWVLAKHG GUXVOTNTOS YLl TIG TPELG KPERES TRV 50"
nuépa (T =25 °C)

Ao 1o Aldypappo 39, TPOKUTTEL OTL N KPEUA E TIG Vavoiveg ekxUAiopatog podlol Kat auTH HE
TIG vavoiveg ekxuAiopatog Tea Tree Qil, tTnv nuépa 0, €xouv xaunAdtepo ouvBeto LEWdeg amo
oUTO TNG KPEUAG Baon.
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310 Aldypoppa 40, mapatnpeitat 6t tnv 30" nuépa amoBAKeEVONG N KPEUO ME TIC vovoiveg
ekyuAiopatog Tea Tree Oil kat n kpéua Baon, napouaotalouvv uPnAotepo cuvBetTo LEwdeg amod
QUTO TNG KPEUAG LE VOVOIVEG EKXUALOMOTOG podLoU.

AT6 1o Aldypappa 41, pokUmtel 6tL tnv 50" nuépa anoBrikeuong To cUVOETO LEWSEC KAt TwV
TPLWV KPEUWV TtapoucLalel Tnv idla cupnepipopd.

ATO TO TAPATIAVW TIPOKUTITEL OTL N €YKAELOPEVN oucia Sev emnpéace o peyalo Babuo to
ouvOeTo LEwdeC.
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KE®AAAIO 5: XYMIIEPAXMATA - IIAPATHPHXEIYX - MEAAONTIKEX
ITPOTAXEIX

OL ouyxpoveG TAoELG oTn Blopnyavia KaAAUVTIKWY, emBarlouv Tn Snuloupyia oAoéva Kal Mo
KALVOTOUWV Tpoloviwy. TETola €lval Kal autd, ota omola mpootiBevtal BLoSpaoTIKEG OUGLEC
and GUOLKEC TINYEC Kal Tapoucltalouv TANBwpa PEATIWHUEVWY KOL EUEPYETIKWV ylad TO

avBpwrmivo S€pua LBLoTATWY, EVAVTL TWV KAACGOLIKWV XNULKAG GUCEWCG CUVTNPNTIKWV.

O eYKAELOPOC TIAPEXEL TNV ATIAVINGCN OTIG OUYXPOVEG TAOEL TNG Blopnxaviag KAAAUVTIKWY,
KaOwg ocupPBAMAEL oTtnv ipootacia Kal tn BeAtiwon tng Blodlabeoipotntag Twv BlodpacTikwy
oUCWWV, OTNV KAAUYN Twv avermBupntwv OLOTATWY Tou¢ KaBwG Kal otnv €AEyXOMEVN
anod&opeuaon Touc. AVETBUUNTEG OPYAVOANTITIKEG LOLOTNTEG, OMWG TO XPWHA KAl N OO TWV
Blodpaotikwy ouctlwy, v amoteAoUV TAEOV TPOXOTIESN OTN XPHON AUTWV (TwVv BLodpaoTikwy
oucolwv) otn Blopnxaviot KAAAUVTIKWV.

Etol, to OlEBVEC emioTNUOVIKO evlladEépov €xel otpadel otn HEAETN KALVOTOUWY HEBOSWV
VOVOEYKAELOPOU, OMwG authy TG HAektpootatikng lvomoinong. Ita TAEOVEKTAHATA TNG
HEBOdoL autng, €vavtl GAAWV HEBOdwWV vavoeyKAELOMOU, cuykaTaAéyovtal n eveliia, n
OTTOTEAECUOTIKOTNTA OTOV EYKAELOUO Kal N Tpootacia Twv BLoSpooTIKwY CUCTATIKWY Ao
oAowwoelg kata tnv die€aywyn tng Slepyaciag. OL mapdueTpoL TNG eV AOyw Slepyaoiag Kal To

WG QUTEG EMNPPEAIOUV TIG VAVOSOUEC EYKAELOUOU Kal KOT €MEKTAON TLG LOLOTNTEC TOUC OTO

TeEAKO TPOoidV eival uPiotng onuaciag yL'auto Kol €EETAOTNKAV EVOEAEXWE OTNV TMopouca
SutAwpatikn epyaoia.

Ano tnv edappoyn Kal tn HEAETN TNG TEXVIKAG TNG NAEKTPOOTATLKNG LVOMOiNoNG yla Tov
EYKAELONO avTionmUuKwV (ekxUAlopa Tea Tree Oil) kot avtioeldwtikwv (ekxUAlopa poSlou)
OUGLWV, TIPOEKU POV GUVOTTTLKA T TTOPOKATW CUUTIEPACHOTAL

e To ekyUAopa podlol, mou mapaindOnke kot StéBete Kokkopetpia 0 — 500 nm, eixe
TOAU uPNAG OAkO dawvoAko doptio dpa kal oAU Loxupn aviloeldwTIKA kavoTnTa.
YUnAn ocuykévipwaon, apa KoL UEYAAN OVTLONTITIKY LKAVOTNTA, €(XE KOL TO E€UTTOPLKA
SlaBéoipo ekxUAlopa Tea Tree Qil, Tou xpnowuomno)0nkKe.

e |6avikn vyia edappoy O VOVOEYKAELOMO, ATav Kol n  KukAodeftpivn, mou
xpnotwgoriotiBnke  w¢  pAtpa, kKabwg Slabétet  Autodlln  kolhotnta  (mou
ouumAokomoleital aplota pe udpodofa cuotatikd, Omwe to ekxUAopa Tea Tree Oil)
Kal Topéxel Sleupupévn Blodlabeoludtnta o€ OUOCIEG, TIOU TEPLEXOUV YAAAKO 0EU
(6mwcg To ekxVALOpA poSLOU).
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e Ano tnv e€€taon Twv vavoivwyv oto HAeKTpovikO MIKpOOKOTLO IApwong, MPOoEKUYE,
OPXIKA OTL KATOAANAOTEPO yla XPrON OTOV VOVOEYKAELOUO ATav TO udaTiko StdAuua
KUKAOSeETpivng, ouykévpwaong 60%, kabwg ta StaAvpata XaUNAGTEPNG CUYKEVTPWONG
S6ev guvoouv tn Onuioupyia kwvou Taylor kal tn ouvexduevn €yxuon. EmutAéov,
nMpogkuPe OTL PE avfnon NG MAPOXAG TWV OUCLWV Kal TNG €MPBAAAOUEVNG TAONG,
TIPOKUTITOUV VOVOIVEG HE HOPPOAOYIEG OVOUOLOYEVWV CUCOWUATWHATWY (beads —
0O0TOXIEG) KAl TO TAEyMO TWV VAVOIVWV YIVETOL TlO TUKVO. AeSOopéVwY Twv
QIMOTEAECUATWY QUTWYV, EMAEXONKOAV Ol KOAUTEPEG VLA T CUYKEKPLUEVEG OUGCLEG TOU
Xpnotllomnodnkav, cuvenkKeg.

e To MOCOOTO €YKAELOHOU yla TIG VAVOIVEC eKXUAIOMOTOC POSLOU TIPOEKUYPE UIKPOTEPO
oMo aUTO Twv vavoivwv ekxUAiopatog Tea Tree Oil. Autd e€nyeital amod tn poplakn
doun ¢ KukAodeltpivng (udpodoPikn, AMOPIAN KoOTNTA, N omola oxnuatilel mo
otaBepd oLumAoka eykAelopol pe udpodoPikég ouaieg, omwg to Tea Tree Oil, evw TO
eKYUALOpA podlov NTav vdatiko, apa udpodho, StaAuua).

e H péBodocg tng Aladopikn¢ Oepuidopetpiog Zapwong, E6LEe OTL OL EYKAELOUEVEG OUOLEC
Kol oL ouvOnkeg mapoxng Kol emPalAopevng taong 6ev emnpedlouv ONUAVIIKA TO
onueio t€Nc tng KukAobetpivng. Akoun, enBeBaiwoe tnv kKaAUTepn ocuppatotnta To
ekyUAlopatog TTO KOTA TN GUUTTAOKOTIOLNOT) TOU e TNV KUKAOSEETpivn.

Quotkd, poAovott n péBodog tng Opoafovikng HAektpootatikng Ivomoinong, amoteAel pia
TIOAANQ UTIOOXOUEVN UEBOSO UE TIPOOTTIKEC, AMALTELTAL IEPALTEPW SLEPEVUVNON TNG TEXVOAOYLOG
NG TIPOKELUEVOU VA avamTuXBel. Z& MELPAUOTIKO EMIMESO OL TEPLOCOTEPEC EPEUVEG KOl TA
TIELPALATA, TIOU €XOUV Yivel yla tn pMEBodo tng Opoalovikng HAektpootatikng lvomoinong,
Baocilovtal otnv eumMeLlpla TWV EKAOTOTE TELPAPATIOTWY, OE OUYKEKPLUEVOUCG OUVOUAOUOUG
UALKWV KOL OE EMTELPLIKN €ETUAOYR TwWV TAPAPETpWY TnNG Olepyaciag. H aflomiotn kal
emavaAnPLun KOTOOKEUR VOVOIVWVY PE TNV eV AOyw TEXVLKN, Suoyxepaivetal Adyw tng EANewdng
€VOG OUOTNUOTLIKOU TPOTMou &eAéyxou TNG Sladlkaociag Kol TUTMOTMOLNUEVWY TIPWTOKOAAWV.
ErmtutAéov, n padikn mapaywyn vovoivwv mapepnodiletal Aoyw tou otL Sev €xel Bpebel kamola
OPKETA amoteAeopatikr) HEB0S0G cUAAOYNG TNG MOPAYOUEVNG OUGCLOG Ao TOV CUAAEKTN, oUTE
€xeL oxeblacBel €va apketd mapaywylko akpoduolo. MeAlovtikd, amatteital n Sie€aywyn
evOEAEXWV TIELPAUATIKWY, BEWPNTIKWY Kol aplOUNTIKWY UEAETWY, TIPOKELUEVOU Vo KotovonBet
KaAUtepa n ¢uon g ev Aoyw peBodou kal va tpokUPouv TTOCOTIKA OTOLXELa yLoL TOV EAEYXO
¢ Slepyaoiac.

OL evbelexelc autéc PeAETEG Kplvovtal amapoitnTeC, TPOKEWEVOU N TIOAAA UTIOOXOUEVN
texvoloyia NG HAektpootatikng lvomoinong va petadepbBel amd v epyoaoctnplakn o€
Bopnxavikn kAtpoka. MNa Tnv €mitevén autou TOU EYXELPAHUOTOC, QTMALTETAL N CUVEpyaoia

102



gpeuvntwy OSladpopwv EMOTNUOVIKWY Tiebilwy, ocupmeplAapBavopévwy TG XNUELOCS, TNG
HUNXAVLKAG, TNG UOIKNG, TNG BLoAoyliag, TNG KoopeTtoAoyiag Kot TG GAPUAKEUTLKAG.

Ao Vv edappoyr Twv vavoivwy, Iou rapaxdnkav kot eAEXONKavV o€ KAAAUVTIKEG KPEMNES
npoowrnov (Kpéua Baon xwplg vavoiveg — C, kpéua Baon pe vavoiveg ekyuAiopatog podlov — P
Kal Kp€ua Paon He vavolveg ekxuAiopoto¢ Tea Tree Oil — T) mpoékuav Tt MAPAKATW
CUMMEPACHATA:

Mapd TG HeyAAEG TIOBOVOTNTEC MLKPOPLAKAG ETLHOAUVONG TWV KOAAUVTIKWY TIPOIOVTIWY,
oL &V AOyw KOAAUVTIKEG Kpéueg, Sev mapouciacav HKpoPLlakn empoAuvvon (Atav
HUKPOPBLOAOYLKA OTABEPEC) KATA TN SLAPKELN TWV MIKPOPLAKWY aVOAUCEWV Yyl TO
oUvolo twv Beppokpaclwy amobrkeuong. To yeyovog autd UTIOSELKVUEL OTL N Xpron
VaVOIVWV aVTLULKPOBLOKWY, avTlonmtikwy (ekxUALopa Tea Tree QOil) kat avtlogeldWTIKWV
0OUCLWV (EKYUALOMA pOSLOU), EVIOXUOE TN ULKPOBLOAOYLKA OTABEPOTNTA TWV KPEUWV.

And v avaluon pH yla Ti¢ Bepuokpacieg Kal TIC NUEPEC amoBrRKeLoNG TPOEKUYE
OpXLKA, OTL oL KpEUeC SLEBeTav pH evtog Twv emtpentwy oplwv (pH) yla xprion oto
avBpwrvo Séppa. OL pULKpEG aAAOYEG TOU pH TWV KPEUWY, TIOU TIEPLELXAV TLG VAVOILVEG,
€vavtl tou pH NG Kkpépag Paong, odeilovtal otn otadlakr amodECUEUOn TwV
BLOSPACTIKWY CUOTATIKWY TOUG (QVILONTITIKEG, OVTLUIKPOPLAKEG, OVTLOEELOWTLKEC
ouolec), Ta omola TauTtoxpova otabepomolouy Tn Sour Tou .

Oocov adopd 01O XpWHA TwWV KOAUVIIKWV KPEHWV, N KPEUA HE TIGC VOVOIVEC
ekyUAlopatog Tea Tree Oil, mapouciaos To Lo Mpacivo xpwua (mapdyovtag a*) anod Tig
TPELG KPEUEG KAL N KPEUA ME TLG VAVOIVEG EKYUALOHATOG poSLoU TO TILO KOKKLVO XPWUOL
(mapayovtag b*) amd T TPELG KPEUEG, KATA TNV aAMOOAKEUCNHC TOUG OTLG TPELG
Sladopetikég Beppokpaoieg (5, 25 kat 45 °C). Ta anoteAéopata autd opeilovtal otn
duTtikn poéAeuon Twv SUO EKXUALOUATWY KOl OTLG EKAOTOTE BLOSPACTIKEG OUGLEG TTOU
TEPLEXOUV oL §U0 TUTIOL VOVOTVWYVY, OL OTIOLEG OMOSECLEVOVTAL ATIO AUTEC JE TNV TTAP0SO
Tou Xpovou. EmumAéov, oL TPEL( KPEWEC Tapouciacav Tmapouola GwiswvotnTa
(mapayovtag L*). Ocov adopd otn HETPNOoN TNG CUVOALKNG LETABOANG TOU XPWHOTOC Kall
oL TPEL; KPpEUECG emedel€av mapopola cuuneplidopd kat Sev mapouciacav HEYAAES
HETAPBOAEC, YyeyovOg ou UTIOSELKVUEL TN 0TaBepdTNnTA TOUG.

TéAog, amod ta amoteAéopata TG Auvaplkng Mnxavikng AvaAuonG Twv KOAAUVTIKWY
KPEUWVY, TIPoEKUPE OTL Ta Tpla Selypata kpépag mapouaotdlouv EAAOTIKN) cuumepldbopd
Kal elval KatdAAnAa yla mpaktikn ebappoyn otn Blopnyavia kaAAuvtikwy. EmumAéoy,
amobeixbnke OTL eV yEVeL TO OUVOETO LEWHEC TWV TPLWV KPEUWV TIOPOUCLALEL TTAPOUOLA
ouuneplpopd yla T HETAPOAN TOOO TNG Bepuokpaciag amoBnkeuong 000 Kol TwV
NUEPWV AMOBONKEUONG KAl TIAPOUEVEL OXETIKA oTABEPO, YEYOVOC TIOU UTTOSELKVUEL TN
OUVEKTIKOTNTA TOUG.
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Ev yével, oto mAaiolo tng mapoloag SUTAWUATIKNAG Epyaciag Kal yio TNV avaAluaon yla Xpoviko
Sdlaotnua anobrikeuong 50 nNUEPWY, TTOU MpAYyUATOTONONKE, MPOEKUPE OTL N POCONKN Twv
vavoivwv ekxuAiopoato¢ poSloU kal ekxuAiopatog Tea Tree Oil oe mepléktikotnta 1% ot
KOAAUVTIKEG KPEUEC, TIPOOESWOE oOe QUTEG LOlaitepeg 1OOTNTEC WG €va Pabuod. Etoy,
Snuloupynbnke éva KALVOTOMO, TPWTIOTUTIO KOL HE MOVOASIKA XOPOKTNPELOTIKA TPOoIov, Tou
omolou n epapuoyn otn Blopnyavio KOAAUVTIKWY Umopel LEANOVTIKA va amofel KaBopLoTikh.

Ev katakAeibL, ol peBodoloyleg Kal Ta EMOTNUOVIKA €UPAMATA TNG MAPOVCOCS SUTAWMATIKAG
epyaoiag, evdeikvutal va xpnolomnotnbouv oto HEAAOV yLa QVTIOTOLXO TELPAMATA artd AAAOUG
EPELVNTEC, OUTWG WOTE N MAPAYWYN TWV MPOIOVTWV TIOU HEAETAONKAV O KABap A MELPAUATIKO
mAaiolo, va edpalwBel og Blopnxavikr KAlpaka.
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