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MepiAnyn

H Apwvia (Aronia melanocarpa r black chokeberry) ival évag ¢puAloPfdrog Bapvog mou moAaldtepa
XPNOLLOTIOLOUVTAY WG KAAAWTTILOTLKO GUTO. MAEoV OUWC elval yvwoTd OTL 0 Kapmog tng ival mAoUoLog o€
daLVOALKA CUCTATIKA KaL yla To Adyo auto €XeL TPOooeAKUOEL TO evllodEépov MoAwY epeuvntwy. Ta
dALWOALKA CUCTOTIKA €lval avomOoTOoTO KOMMATL TG avBpwrivng Siatpodng, dpouv wg GuoLka
avTLOEELSWTIKA Kal SLaB€touv éva MARBog wdelelwy yla TNV uyeia (avtiBaktnplakr, avitpAeypovwsdng,
avtiBpopuPwrtikn dpdon, aVTLKOPKLVIKY TIPOANYN K.o.). EMUTAE0V, XPNOLOTIOLOUVTOL ATIO TLG BLONXAVIEG
TPOdIHWV WG GUCIKA AMAVINCON OTA CUVTNPNTIKA TPOcBeTa. EVOEIKTIKA avadEpeTal OTL 0 KApTOg TNG
apwviag Slabétel uPnNAOTEPO DOLVOALKO TIEPLEXOUEVO QTIO TOUC KAPTOUG CUYYEVIKWVY TNG £L6WV TOU
Bewpouvtal unteptpodEg, OTWC ival Ta Sapdoknva, Ta fatopoupa Kot Ta cranberries.

H mapoloa SumAwpatiky Stoxwpiletal os Vo KUplo pEPN. To TPWTO OKEAOC €XEL WG OTOXO TOV
TIPOCSLOPLOUO TWV GALVOALKWY CUCTOTLKWY 0T LEPN TOU KAPTIOU PECW MEAETNG TWV KAQCUATWY TIOU TOV
ouvB£Touv (dAoLdg Kal EcWTEPLKO). To SEUTEPO E€XEL WG OTOXO TN UEALTN TNG OALOTIKNG afLomoinong Tou.
H apwvia StatiBetal otnv ayopd cuvnBwe os popdn amotnpapévou mpoidvroc f puactkol xupou. MNa
oUTO, SlepeuvnBNKe n eKUETAAAEUON TOU UTIOAEippATOC YUpomoinong (mupnvag) Kot LeAetnOnke n
ovakTnon ¢aVoALKWY CUCTATIKWY oo TuXov adldBbeto mpoldv anofnpapévou Kaprmou.

Mo To MPWTO HEPOG, TTOCOTNTA UOUPWV apwviag amodlolwbnke Kal Ta KAACUATO TIOU TPoEKuav
(dAoLog kat odpka-koukouTtola) urtoPANBNKav os 3 SLaboXLKEG EKXUALOELG pe peBavoAn ofviopévn katd
0,5 % v/v, urtoBonBolpevec amo unepixouc. H pebBavoln yevikd amodelystal W HECO eKXUALONG OTN
Brounxavia yati eival tofikn Opwe evdeikvutol yla avoAUTIKOUC OKOTIOUC KaBwg mapéxel uPnAég
anoddaoelg otnV avaktnon GpavoAlkwy cuotatikwy. To péco ofiviong (tpLdBopofiko o) mpooTtédnke pe
OKOTIO TNV Mpootacio Twv avBokuavwy, aotabwv GalVOALKWY EVWOEWYV TIOU €(val KAl TA TIOAUTLUOTEPQ
CUOTOTIKA TNG apwvlag. Alamotwdnke OTL 0 PpEoKog Kapmodg amoteAeital katd 86 % amd odpKa-
KoukoUToLa Kot Katd 14 % ard ¢pAold w/w. 2 Enpn Bdon ta avtiotoly o moocootd sivat 81 % kat 19 %. Ta
ekyUAiopata avaAuBnkav wg pog To oALKO Gatvolikd meplexouevo toug (avaiuon Folin — Ciocalteu) kau
TO TMEPLEXOUEVO TOUG OE ETMLUEPOUC PALVOALKEG EVWOELG: avBokuaAveg, palvollkd of€a kal dAaBovoreg
(avaduon uypng xpwuatoypadiag uPnAng amdédoong - HPLC). Mo tnv Toootikomolnorn Toug
Xpnotpomotntnkav Katd avtlotolyia oL akoAouBeg mpodtuneg evwoelg: NaAAkd oU (GA), Kuavidivn (Cy),
XAwpoyeviko ofL (ChA) kat Poutivn (QRE). O ¢dAoldg mapouciooe Siaitepa UPNAN TEPLEKTIKOTNTA OF
davorikd cuotatikd (150 + 5 mgeae/g™) kat n odpka mepimou tn por (79 + 3 mgeae/g) o€ Enpr Baon.
Avadoplkd PE TNV AVAKTNGCN TWV EMUEPOUCG PALVOALKWY EVWOEWY, Slamotwnke otL to 73 % Twv
avBokuavwy Tou kapmol TepLéxetat oto GpAoLd (63,19 + 2,76 mgeye/Eonows® Kot 5,44 + 0,19 mgcye/Eodprac
oe &npny Baon), T0 78 % Twv GAVOAKWY 0EEwV TiEpLEXETOL 0TN odpKa (3,70 + 0,24 mgchae/Eorows™ Kat
3,121 £ 0,035 mgchae/Boapkac OE ENPN Baon) kat oL pAaBovoleg Slapolpalovtal e€icou ota Svo KAdopata
(5,47 + 0,13 mgagre/Eonrowos™® Ka 1,53 * 0,02 Mgare/Eoaoxac OE ENPA Bdion). EmumAéov, tautonotibnkav ot
KUPLEG avBoKkuAveG Kal ta KUpLa GavoAlka oféa TOU KOPTIOU, HE TIC TPWTEC Vo amaptilovtal anod 4
YAUKOUiTeCG TNC KUAVLSIVNG (KaTA oelpd eAATTOUEVNG CUYKEVTIPWONG: 3-0-yaAaKTolitng Tng Kuavldivng,
3-0-apafvolitng tng kuavidivng, 3-0O-yAukolitne tng kuavidivng kat 3-0-Euholitng Tng Kuavidivng) ka
ta devtepa va amaptilovtol ané SU0 Loopepr) €0TEpOTOLNUEVO OfEa (KATA OElpd €AATTOUMEVNG
CUYKEVTPWONG: XAWPOYEVIKO Kol VEOXAWPOYEVIKO ofV). Me Bdaon tn olotaon Tou Kapmol o€ GAoLO Kal
odpKa, UTIoAoyioOnKav oL CUYKEVIPWOELS TwV TIOAUGALVOAWV TOU avakTtAOnkav cuvoAlkd: 94 + 2



Mgaae/Erapnos TTOAUDALVOAEG, 16,78 + 0,42 Mgcye/Brapros AVOOKLAVEG, 3,27 £ 0,05 mgchae/Erapros PALVOALKA
o§éa kat 2,32 + 0,00 Mmgare/Braprnos PAABOVOAEG (o€ Enpry Baon).

MNa tnv aflomoinon tuxov adldbetou KapmoU HECW QAVAKTNONG TwWV (GALVOAKWY CUCTATIKWY,
TPAYUATOTOLNONKE €KXUALON amofnpapévou TPoidVTOC apWVLOC TOU €umopiou (TANPNG avapelén,
SLoAUTNG vepod os avaloyia 1:20 w/v, xpovoc ekxUAlong 90 min, Beppokpacio meplBdilovtog) n onola
UeAETNBNKe o oX€on Ue TO XpOvo. H avaktnon mou enetel)XOn o pavoAlkd cuotatika Atav 27,9 £ 0,8
Mgane/Erapros (0€ ENPN Bdaon) kat StamiotwOnke 0tLog Xpovo t = 10 min n cuykévtpwon eixe 6N Eemepaoel
10 75 % TN TEAKN TUAG TNG. H BEATIOTN TtepLlypadr] TNG AVAKTNONG PALVOALKWY CUCTATLKWVY OE OXECN HE
TO XPOVO ekUALONG OPaoXEBNKe amd KapmUAN TS HOPPNAC € = Ce. - a-e™, dmou , émou ¢ n avdktnon
rnioAudavorwv (Mgeae/g), t 0 xpdvog ekxUALONG (Min) KAl C-, @, K, KLVNTIKEC OTABEPEG TOU CUOTHUATOG.

Ma tnv aflonoinon Tou UMOAAELLATOC XUOTIOINONG, TIPOCOUOLWONKE aPXIKA N BLOKNXOVLKN XUOTIolnoN
Tou PPECKOU KAPTOU, Ao tnv onoia mapeAnddn ¢uolkdg xuuog (45,3 £ 1,9 % v/w) Kol upnvag
xuporoinong (51 £ 2 % w/w). O pucikog xuuog urtoBANBnke oe avaAloelg kal Bpédnke otL 1€Bete 53,0
+ 0,05 g/L avaywytkd cakyxapa, 6231 + 159 mgeae/L moAudaivoleg, 892 + 11 mge,e/L avBokudveg, 1116 +
45 mgcnae/L dovohikd ofa, 269 + 12 mgare/L dAaPovorec kat 2190 + 109 mgeae/L Tavvives. OL Tavviveg
glval moAupepeic palvorlkeég evwoeLg OTIG omoieg ival Slaitepa mAovola n apwvia, Opwg v ATav
£PLKTOG 0 MPOTSLOPLOUOG TOUG OTO EKXUALOUATA KAXCOUATWY TOU KAPTIOU. ITO XUMO TOU KAPTIOU KATEDTN
SuVaTOG 0 TPOCSLOPLOUOC TOUC HEOW KataBuBLong pe pwteivn Boslou opou (BSA).

O mupnvoc NG Xupomoinong Uméotn apXLlka Nmia &npavon pe aépa 40°C kol Koviomoinon. H okovn
umoBARBnke oe ekyVALon otaBepng KALvNG nudLaleimovtog épyou. Q¢ SLaAlTng xpnoLlomnolnnke vepo
o€VIopEVO KaTd 0,75 % W/V E KLITPLKO 0EL Kat N TEALKR avoAoyia mpwtng UANG - ekXUALOMOTOG IpoEKUE
lon pe 1:18 w/v. H avaktnon moAudalvolwv amnod tov upnvo LeEAETAONKE og oxEon HE TO XPOVO eKXUALONG
KOL TOV OYKO TOU TapayOuevou eKXUAlopaToC. Alamotwonke OtL meplypddetal and Suo otadla: oto
OpXLKO OTASLO0 N Sladoplkr AVAKTNON AUEAVEL YPAUULKA CE OXECN HE TOV OYKO TOU TOPOYOMEVOU
ekXUAlopoTog (0TAS10 EKMAUGNG) EVW ETTELTOL LELWVETOL, AKOAOUBWVTAC KLVNTLKA TG Hopdrcy = a-x® (0 <
b < 1), 6mou y n dtadopiki avaktnon (5nAadn n cuykEvIpwon oTo oTLypLala Tapayouevo ekXUALOUA) o€
oAU aLVOAeG (Mgeae/L) KoL X 0 Oykog oAwkol mapeAndBEvtog ekyuliopartog (L). xéon (6log popdng
T(POKUTITEL KaL yLoL TN SLadopLkh OVAKTNON O OXEON LLE TO XPOVOo ekXUALONG (Min). OL CUYKEVTPWOELG TWV
dawolikwv evwoewv mpoodloplobnkav oto oALko ekXUALOMA Kal ekbpAoTnKav o€ Enpn Baon mupnva:
13,2 mgeae/g moAudawvoleg, 3,67 = 0,14 mgcye/g avBokuadveg, 1,63 + 0,08 mgcnac/g davoAikd oféa Kat
1,512 mgare/g GAaBovOAEC. O UTTOAOYLOUOC TNG CUVOALKHG VAKTNONG GALVOALKWY CUCTATIKWY (avaKkTtnon
MEOW XUMOU + OVAKTNON HECW TUpHVa) €8€LEE TIOAU PIKPOTEPN TLAPAAAPN Ao OTL N eKXUALON KAAOUATWY
TOU KapmoU e peBavOAn, w¢ TPog To OAKO GOLVOAKO TIEPLEXOUEVO Kal LSlaitepa w¢ TPog TN
OUYKEVTPpWON o€ avBoKuAvec. Mpayuatonolnke LepLkr SLlEepelivnon TNG OULTLOG LECW CUUTIANPWLLOTLKNAG
£KYUALONC vwrtol Tupnva kot arnodeixdnke otL évag Adyoc urmtofadpiong tou LALKOU ftav n £fpavon mou
nponynonke.

T£AoC, MpayHOTOTOLONKE TTAPAYWYr XPWOTIKNAG OKOVNG HE aVTLOEELOWTIKEG LOLOTNTEG e eVOUAAKWON
péow Enpavong pe Pekaopd. MNa to okomd auto, To ekxUAlopa avapixbnke pe moAupepn ¢dopéa
(avahoyia otepeol ekyuAiopatog — ¢opea: 6,2 % w/w) Kal To mapayoUeVo Hiypa cuykevipwaong 30 %
w/w o€ oAk oteped EnpdvOnke pe Pekaouod (Bepuokpaocia el06dou Enpavtipa 140°C, Beppokpaacia
£€660u 90-100°C Kal oyKOUETPLKA Tapoxn 4 mL/min). MpaypatonowiOnkav Sokég pe 2 Stadopetikolg
dopeic (LaAtodettpivn 17-20 DE kot piypa paitodeftpivng — apafikol koppeog 4:1), mou mapouciacay



g€loou uPnAEg anodooelg otnv evOUAAKwWGN avBokuavwy Kot oALkwvY TIoAudatvolwv (> 88 %). Kal oTig
SU0 TmepuMTWOELG oL KOvelg SLEBetav xaunAn uvypacia (< 2,5 %), evidog twv opiwv SlachdaAiiong
ULKpoBLOKAC oTaBepOTNTAG.

Né€elg kAeibid: apwvia, €kYUALon moAudalvolwyv, ekxUAlon avBokuavwy, UTOAELUPO XUHOTOinong
apwvlag, evBuldakwaon avBokuavwy, Enpaveon pe Pekaopo.

Ateukpivioeis: '\GAE = Gallic Acid Equivalents, 2CyE = Cyanidin Equivalents, 3ChAE = Chlorogenic Acid Equivalents, “QRE = Quercetin
Rutinoside Equivalents



Abstract

Aronia (Aronia melanocarpa or black chokeberry) is a deciduous shrub formerly used as an ornamental
plant. However, it is now known that its fruit is rich in phenolic components and for that reason has
attracted the interest of many researchers. Phenolic components are an integral part of the human diet,
act as natural antioxidants and have numerous health benefits (antibacterial, anti-inflammatory
properties, anti-cancer prevention, etc.). In addition, they are used by the food industry as a natural
response to preservative additives. Indicatively, aronia berries have a higher phenolic content than the
fruits of related species considered as superfoods, such as plums, blueberries and cranberries.

The current thesis is divided into into two main parts. The first part aims at a better understanding of the
aronia berry through the study of the individual fractions that compose it (skin and interior). The second
part aims at the study of its holistic utilization. Aronia is usually marketed in the form of a dried product
or natural juice. Therefore, the exploitation of the juicing residue (presscake) was investigated and the
recovery of phenolic components from any unallocated dried fruit product was studied.

For the first part, a quantity of aronia berries was peeled and the resulting fractions (skin / flesh-stones)
were subjected to 3 consecutive extractions with methanol acidified by 0.5% v/v, assisted by ultrasound.
Methanol is generally avoided as an extraction solvent in industry because it is toxic but is suitable for
analytical purposes as it provides high efficiencies in the recovery of phenolic components. The acidifier
(trifluoroacetic acid) was added to protect the anthocyanins, unstable phenolic compounds which are the
most valuable constituents of chokeberry. It was found that aronia berries consist of 86 % flesh and 14%
skin (w/w on a fresh basis). The extracts were analyzed for their total phenolic content (Folin - Ciocalteu
analysis) and their content in individual phenolic compounds (anthocyanins, phenolic acids, flavonols, by
HPLC analysis). The skin showed a very high content of phenolic components (150 + 5 mgeae/g!?) and the
flesh about half comparatively (79 + 3 mgeae/g) on a dry basis. Regarding the recovery of the individual
phenolic compounds from the two fractions, it was found that 73% of the berry’s anthocyanins are
contained in the skin (63.19 * 2.76 mgcye/gskin'? and 5.44 + 0.19 mgcye/gresh 0N a dry basis), 78% of phenolic
acids are contained in the flesh (3.70 + 0.24 mgcnae/gskin'> and 3.121 + 0.035 mgchae/gresh ON a dry basis)
and flavonols are divided equally into two fractions (5.47 + 0.13 mgagre/gskin'® and 1.53 + 0.02 mgage/Lriesh
on a dry basis). In addition, the main anthocyanins and the main phenolic acids of the fruit were identified,
with the former consisting of 4 glycosides of cyanidine (in order of decreasing concentration: cyanidin 3-
O-galactoside, cyanidin 3-O-arabinoside, cyanidin 3-O-glucoside and cyanidin 3-O-xyloside) and the latter
consisting of two isomerized esterified acids (in order of decreasing concentration: chlorogenic and
neochlorogenic acid). From the computed reconstitution of the berry, the total concentrations of
polyphenols were extracted: 94 + 2 mgeae/8berry Polyphenols, 16.78 = 0.42 mgcye/8verry anthocyanins, 3.27
+0.05 mgchae/8herry phenolic acids and 2.32 + 0.00 mgage/gpverry flavonols (on a dry basis).

Additionally, dried aronia product (full mixing, solvent water, ratio 1:20 w/v, 90 min) was extracted and
the extraction was studied in relation to time. The recovery achieved in phenolic components was 27.9 +
0.8 Mgeae/8verry (ON a dry basis) and it was found that at time t = 10 min the concentration had already
exceeded 75% of its final value. The optimal description of the recovery of phenolic components in
relation to the extraction time was provided by a curve of the form ¢ = c. - a-e™.



For the second part, the industrial juicing process was laboratory simulated, from which was obtained
natural juice (45.3 + 1.9% v/w) and juicing presscake (51 + 2% w/w). The natural juice was analyzed and
found to have 5.30 + 0.05% w/v reducing sugars, 6231 + 159 mgeae/L polyphenols, 892 + 11 mgcye/L
anthocyanins, 1116 = 45 mgcnae/L phenolic acids, 269 + 12 mgage/L flavonols and 2190 + 109 mgeae/L
tannins. Tannins are polymeric phenolic compounds in which chokeberry is particularly rich. However, it
has not been possible to determine them in fruit fragment extracts and that’s why they have not been
mentioned before. In the fruit juice it was possible to determine them by precipitation with bovine protein
(BSA).

The juicing presscake was initially dried with 40°C air and pulverized. The powder was subjected to a semi-
intermittent fixed bed extraction with water. Solvent was acidified by adding 0.75% w/v citric acid and
extract’s final ratio between raw material and solvent was 1:18 w/v. The recovery of polyphenols from
the presscake was studied in relation to the extraction time and the volume of the extract produced. It
was found to be described by a branch function: in the first minutes the differential recovery increases
linearly (wetting stage) while then decreases with kinetics of the form: y = a - x® (0 < b <1). The point of
intersection of the two curves indicates the position of the total maximum. Concentrations of phenolic
compounds were determined in the total extract and expressed on a dry presscake basis: 13.2 mgeae/g
polyphenols, 3.67 + 0.14 mgc,e/g anthocyanins, 1.63 £ 0.08 mgchae/g phenolic acids and 1.512 mgagre/g
flavonols. The computational reconstitution of the berry (recovery via juice + recovery via presscake),
however, came into conflict with the findings of the first part (extraction of fractions with methanol).
There was recorder a significant deficit of phenolic content and especially anthocyanins. The cause was
partially investigated by a supplementary extraction of fresh presscake and it was proved that one reason
for degradation of the material was the drying performed before.

Finally, a pigment powder with antioxidant properties was produced. For this purpose, the extract was
enriched with carrier polymers (wall material) to a final concentration of 30% w/w in total solids (core:wall
ratio: 6.2% w/w) and the resulting mixture was spray dried (inlet temperature 140°C, outlet temperature
90-100°C and volumetric flow 4 mL/min). Tests were performed with 2 different wall materials
(maltodextrin 17-20 DE and maltodextrin-gum Arabic mixture 4:1), which showed equally high yields in
the encapsulation of anthocyanins and total polyphenols (> 88%). In both cases the powders had low
humidity (< 2.5 %), within the limits of ensuring microbial stability.

: black chokeberry, polyphenols extraction, anthocyanins extraction, chokeberry juicing residue,
chokeberry presscake, anthocyanins encapsulation, spray drying

Clarifications: 1GAE = Gallic Acid Equivalents, 2CyE = Cyanidin Equivalents, 3ChAE = Chlorogenic Acid Equivalents, *QRE = Quercetin
Rutinoside Equivalents



