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Introducere

In ultimii ani, 0 mare atentie a fost acordati antioxidantilor alimentari si asocierii lor cu multiple
beneficii asupra sanatatii, multe dintre aceste studii concentrandu-se asupra fenolilor dietari. Vinul rosu
este o sursa excelentd de compusi fenolici si poate contine 1000-4000 mg/L de polifenoli, avand diverse
activitati biologice care sunt atribuite in principal activitatilor lor antioxidante si antiradicalice puternice.
Activitatea antioxidanta este In prezent considerata a fi una dintre caracteristicile cele mai importante ale
vinurilor si este asociata cu continutul de polifenoli.

In ceea ce priveste consumul regulat de vin rosu, s-a emis ipoteza ci ar reprezenta cauza cea mai
probabild pentru fenomenul cunoscut sub numele de "Paradoxul Francez". Majoritatea cercetatorilor au
studiat si au raportat actiunile vinului rosu, deoarece contine mai multi compusi fenolici decat vinul alb,
ca urmare a modului sdu de fermentatie. Cu toate acestea, studiile epidemiologice recente, precum si cele
in vitro, au sugerat faptul ca vinul alb poate, de asemenea, proteja de boli cardiovasculare similar cu vinul
rosu, avand o capacitate semnificativa de a inhiba agregarea plachetara in vitro si de a creste expresia
proteinelor cardioprotectoare. Totusi, atunci cand vinurile rosii sunt privite ca alimente functionale, este
necesar sa se acorde atentie unor constrangeri critice, cum ar fi factorii de gust, variatia mare in
continutul total fenolic si corelatia intre functionalitatea in vitro si in vivo.

In acest sens, lucrarea de fata cuprinde un studiu complex privind compozitia fenolica detaliata si
activitatea antioxidanta a vinurilor autohtone, realizand totodata comparatii Intre vinurile albe, rozé si
rosii si, de asemenea, Intre vinurile provenind din diferite regiuni geografice ale Romaniei, profilurile
fenolice ale vinurilor servind ca instrumente valoroase pentru diferentierea soiurilor de vinuri. in
continuare, calitatea si autenticitatea vinurilor au fost evaluate folosind spectroscopia in infrarosu cu
transformata Fourier (FT-IR) combinata cu metode de analizd statistica multivariata, pentru
determinarea continutului de derivati fenolici, carbohidrati, aminoacizi si acizi organici, in diferite vinuri,
ca markeri de calitate si autenticitate. in cele din urmi, au fost testate efectele protectoare ale
polifenolilor din vinurile autohtone, consecutive unui consum regulat al acestor vinuri, asupra stresului
oxidativ, in vivo, 1a sobolani.

Studiul 1. Profilul fenolic si activitatea antioxidanta a vinurilor romanesti
provenite din sase soiuri de struguri autohtone

Introducere

Consumul de vin este o practicA comuna si veche In Romania, tara noastra fiind unul dintre
principalii producatori si consumatori de vin, clasandu-se pe locul al saselea in UE in ceea ce priveste
cantitatea de vin produsd, dupa Italia, Franta, Spania, Portugalia si Germania. Desi vinurile romanesti
prezinta mai multe particularitati, care deriva din faptul ca acestea sunt elaborate cu soiuri de struguri
autohtone, care nu pot fi gasite 1n alta parte In lume, putine date referitoare la compozitia lor fenolica pot
fi gasite In prezent, cu exceptia unor parametri precum continutul fenolic total si al unor fenoli
individuali, cum ar fi resveratrolul. Din ceea ce stim, nu exista date disponibile cu privire la continutul de
compusi fenolici individuali nevolatili al vinurilor din Romania si nici cu privire la activitatea antioxidanta
in vitro a acestor vinuri.

Compozitia chimica a vinurilor sta la baza calitatii si autenticitatii lor. Profilul polifenolic al unui
anumit soi reflectd In mare masura potentialul sau genetic si, prin urmare, poate fi utilizat ca un
instrument pentru a diferentia intre ele diverse soiuri. in acest sens, am analizat compozitia chimici a
vinurilor obtinute din soiuri de struguri autohtone, Feteasca Alba (FA), Feteasca Regala (FR), Babeasca
Rose (BR), Busuioaca de Bohotin (BB), Biabeasca Neagra (BN), Feteasca Neagra (FN) si am comparat-o cu



cele ale soiurilor internationale. Sortimentele de vinuri alese au fost obtinute din soiuri de struguri
cultivate in sase regiuni viticole importante din Romania.

Obiective: (i) caracterizarea unor probe de vinuri comercializate in Romania, din punct de vedere al
compozitiei chimice a acestora, prin cromatografie de lichide de inalta performanta (HPLC); (ii)
determinarea continutului total de polifenoli din aceste vinuri; (iii) determinarea activitatii antioxidante a
vinurilor investigate; (iv) evaluarea potentialelor corelatii existente intre continutul polifenolic total si
activitatea antioxidanta a vinurilor rosii, rozé si albe studiate.

Materiale si metode

Un numar de cincisprezece probe de vinuri romanesti - rosii, rozé si albe - au fost folosite Tn acest
studiu. Identificarea si cuantificarea compusilor fenolici din vinuri s-a realizat folosind tehnica HPLC-
DAD-ESI(+)MS. Continutul total de polifenoli (CTP) a fost determinat prin spectrofotometrie, folosind
reactivul Folin-Ciocalteu (FC) si acidul galic ca standard de referinta. Activitatea antioxidanta a vinurilor a
fost determinata spectrofotometric, prin testul de apreciere a capacitdtii de captare a radicalului liber
DPPHe, folosind Trolox ca standard de referinta.

Rezultate si discutii
Profilul si compozitia fenolica a vinurilor analizate prin HPLC-DAD-ESI (+) MS

Studiul de fata a investigat prezenta in vinurile romanesti a compusilor fenolici apartinand celor
doua clase principale de compusi, flavonoidici (flavan-3-oli, flavonoli si antociani) si non-flavonoidici
(stilbeni), si a permis identificarea si cuantificarea unui numar total de 38 compusi fenolici, glicozide si
agliconi, apartinand acestor clase. Rezultatele au aratat concentratii mai mari pentru compusii
flavonoidici decat pentru cei non-flavonoidici, in toate vinurile analizate.

Flavan-3-olii. Trei flavan-3-oli monomeri au fost identificati in toate cele 15 vinuri studiate: (+)-
catechina, galatul de epicatechini si galocatechina. in aproape toate probele, catechina fost cel mai
abundent monomer flavan-3-olic, independent de tipul de vin sau de varsta vinului. Variatia mare
obtinuta intre concentratiile flavan-3-olilor individuali, atat in cazul compararii celor trei tipuri de vinuri
(albe, rozé si rosii), cat si la compararea vinurilor rosii intre ele, poate fi atribuita soiului de struguri,
caracteristicilor climatice si tehnicilor de vinificatie diferite. In ceea ce priveste continutul total de
flavanoli, s-au Inregistrat variatii mari intre probele de vinuri rosii in functie de soiul de struguri din care
provin, probele de vin obtinute din soiul FN avand un continut total de flavanoli mai mare decat vinurile
produse din soiul BN.

Stilbenii. In toate vinurile analizate au fost identificati si cuantificati sase stilbeni: cinci forme
diferite de stilbeni resveratrol-monomerici (trans-resveratrol, trans-piceid, resveratrol-5-0-glucozid3,
piceatanol, pterostilben) si o singura forma resveratrol-dimerica (palidol). Vinurile rosii din regiunea
viticold a Dealurilor Moldovei (BNpanciu 2011, FNpanciu 2011, BNHusi 2009 S1 FNcotesti 2008) au avut cantitati mai mari
de trans-resveratrol decat vinurile rosii din celelalte regiuni viticole din Romania, indiferent de soiul de
struguri sau varsta vinului, aceste diferente fiind legate de procesul de vinificatie (care influenteaza
extractia si difuzia fenolilor din struguri In vin), precum si de factorii de mediu (solul, originea geografica
si conditiile climatice). Concentratiile inferioare obtinute pentru piceid, in comparatie cu cele obtinute
pentru resveratrol, pot fi explicate prin hidroliza formelor glicozilate (piceid) prezente in vin, rezultand
formele agliconice (resveratrol), odatd cu maturarea vinurilor. De asemenea, valorile concentratiilor
obtinute pentru trans-piceatanol au fost inferioare celor masurate pentru trans-resveratrol. Nivelurile
totale de stilbeni au aratat diferente semnificative in functie de soiul de struguri, regiunea vinicola si
recolta: vinul rosu FNrohani 2010 @ prezentat cel mai mare continut de stilbeni (20,20 mg/L) si vinul alb
FRjidvei 2011 cel mai mic continut (2,37 mg/L), concentratiile celorlalte probe analizate variind in intervalul
4,69-17,69 mg/L pentru vinurile rosii, 6,87-7,15 mg/L pentru vinurile rozé si 2,37-5,86 mg/L pentru
vinurile albe.



Flavonolii. Saptesprezece flavonoli au fost identificati si cuantificati in vinurile autohtone
romanesti, incluzand doisprezece flavonol-O-glicozide originare din struguri (3-0-glucozida, 3-O-
galactozida si 3-O-glucuronida quercetinei, 3-0-glucozidele si 3-0-galactozidele miricetinei si
izoramnetinei, 3-0-glucozidele si 3-0-(6-acetil)-glucozidele laricitrinei si siringetinei, impreuna cu 3-0-
glucozida camferolului) si cinci flavonoli agliconi liberi, eliberati de catre acestea prin hidroliza in vin
(miricetina, quercetina, izoramnetina, laricitrina, camferolul). in ceea ce priveste grupul derivatilor de
miricetind, nici unul dintre sortimentele de vin alb nu a continut agliconul miricetina si miricetin-3-0-
galactozida, iar dintre vinurile rozé, in BRpanciu 2012 nu  s-a gasit agliconul miricetina. Dintre derivatii
quercetinei, doar quercetin-3-0-galactozida si quercetin-3-0-glucuronida au fost detectate si cuantificate
in toate cele cincisprezece probe de vin. Quercetin-3-0-glucozida nu a fost detectatd in vinul alb FRgecas
2012, in timp ce agliconul quercetind nu a fost gasit In nici unul dintre sortimentele de vin alb si rozé.
Aceste rezultate au confirmat faptul ca ratele de hidroliza a glicozidelor flavonolice in vin au fost diferite,
in functie de tipul de aglicon flavonolic si, de asemenea, in raport cu natura componentei glucidice.
Derivatii izoramnetinei au dominat profilurile flavonolice In toate vinurile albe si rozé si, de asemenea, in
sapte din cele noua vinuri rosii investigate. Pentru celelalte doua probe de vin rosu, derivatii siringetinei
au fost dominanti in vinul FNcepwra 2012 Si derivatii camferolului In vinul FNtohani 2010. Concentratiile
flavonol-0-glicozidelor gasite in toate vinurile studiate au fost mai mari decat ale agliconilor flavonolici,
deoarece formele conjugate sunt mai stabile decat formele libere. Toate probele de vin au prezentat
niveluri ridicate de flavonoli care descresc in ordinea: vinuri rosii (142,98-249,08 mg/L) > vinuri albe
(78,02-106,03 mg/L) > vinuri rozé (57,18-75,13 mg/L). Rezultatele noastre au aratat o variabilitate care
poate fi explicata prin mai multi factori, cum ar fi soiul de struguri, gradul de maturare a strugurilor,
procesul de vinificatie si perioada de invechire a vinului. De asemenea, biosinteza crescuta a polifenolilor,
in special a flavonolilor, este mult influentata de expunerea la soare si temperatura, astfel incat vinurile
obtinute din struguri cultivati in zone mai insorite, calde, au avut un nivel mai ridicat de flavonoli.

Antocianii. Un numar total de doisprezece antociani au fost identificati in vinurile rosii analizate, in
timp ce in vinurile rozé, avand in vedere continutul lor scazut, acestia nu au putut fi cuantificati.
Antocianii identificati au fost monoglucozidele si, respectiv, derivatii monoglucozidici a cinci
antocianidine: cianidina, petunidina, delfinidina, peonidina si malvidina, iar derivatii au fost 6-0-acetil si
6-0O-cumaril. S-a observat ca profilurile antocianilor si compozitia vinurilor nu au fost similare, prin
urmare locatia podgoriei a produs un efect selectiv asupra antocianilor individuali, chiar si in cazul
vinurilor obtinute din acelasi soi de struguri. Formele antocianice ale delfinidinei au reprezentat clasa cea
mai abundentd de antociani monomerici, urmate de cele ale malvidinei, peonidinei, petunidinei si
cianidinei. Dintre antocianii non-acilati, malvidin-3-0-glucozida a fost singurul compus gasit in toate
probele de vinuri rosii studiate, in timp ce antocianii acilati, constand in cinci antociani acetilati si doi
derivati cumaril, au fost cuantificati in toate probele de vin rosu, avand o mai buna stabilitate si
solubilitate decat antocianii non-acilati. In ceea ce priveste concentratia totald a antocianilor monomerici,
pentru probele de vinuri BN aceasta a fost mai mica decat a vinurilor FN.

Analiza componentelor principale (PCA)

Analiza multivariata a datelor a avut ca rezultat identificarea a trei grupuri principale: primul a
inclus vinurile albe, al doilea cele rozé si al treilea a inclus vinurile rosii. Primul grup a fost suprapus
partial peste cel de-al doilea pentru doua vinuri albe, dar, In general, vinurile au fost In mod evident
discriminate de-a lungul primei axe (PC1), in functie de sortimentul de vin caruia 1i apartin (alb, rozé sau
rosu). Rezultatele obtinute prin PCA demonstreaza ca diferentele dintre probe sunt datorate variabilitatii
soiurilor si culorii vinului, dar discriminarea probelor in functie de regiunea geografica este mult mai
dificil de realizat, luand in considerare doar compozitia fenolica.

Continutul polifenolic total

Rezultatele obtinute la determinarea CTP in vinurile romanesti analizate prin metoda FC au
inregistrat variatii intre probele de vin alb, rozé si rosu. Continutul total de polifenoli al vinurilor rosii a
fost de pana la 10 ori mai mare decat al celor rozé si albe. Aceste diferente sunt rezultatul unei mai bune



extractii a compusilor fenolici, datorita timpului de contact mai lung cu pielita si semintele strugurilor,
conditiilor de fermentare si temperaturii, pentru vinurile rosii, spre deosebire de cele albe. De asemenea,
printre vinurile rosii s-au obtinut diferente semnificative intre valorile CTP, continutul fenolic al vinului
FNohani 2010 (2359 mg GAE/L) fiind de 3 ori mai mare decat al vinului BNpanciu 2011 (801 mg GAE/L). CTP a
variat intre diferitele probe de vin, in functie de soiul de struguri, factorii de mediu in podgorie, tehnicile
de procesare a vinului, conditiile atmosferice si ale solului in timpul coacerii, si procesul de maturare a
boabelor.

Activitatea antioxidanta totala

Valorile obtinute pentru activitatile antioxidante ale vinurilor, determinate prin metoda radicalului
liber DPPH:, au prezentat diferente semnificative intre cele 3 sortimente de vinuri analizate, albe, rozé si
rosii. Astfel, capacitatea de inhibare a radicalului liber DPPH- a fost semnificativ mai mare in cazul
probelor de vin rosu analizate fatd de cea a vinurilor albe si rozé. Cea mai puternica activitate anti-
radicalica fost gasita in vinul rosu FNron2010, care a avut cel mai mare continut de compusi fenolici si cea
mai scazutd activitate a fost obtinuta pentru vinul alb FAcoewo11, care a avut cel mai mic continut fenolic.
Continutul ridicat de compusi fenolici in vinurile rosii contribuie la activitatea antioxidanta crescuta a
acestora, In comparatie cu cele ale vinurilor rozé si albe.

Corelatii intre continutul polifenolic total si activitatea antioxidanta totala

Rezultatele noastre au aratat ca activitatea antioxidanta a vinurilor testate nu a fost influentata
direct de CTP, deoarece vinurile cu un CTP mai mare nu au prezentat intotdeauna cele mai mari valori ale
activitatii antioxidante. Prin urmare, putem concluziona ca activitatea antioxidanta a vinurilor este legata
mai mult de tipul compusilor fenolici individuali gasiti in vinuri decat de continutul total fenolic.

Concluzii

Acest studiu reprezinta prima cercetare fitochimica a componentelor fenolice din cincisprezece
vinuri romanesti diferite, produse in zece centre viticole din Romania, din sase soiuri de struguri
autohtone. Un total de 38 derivati fenolici individuali au fost identificati si cuantificati In probele de vin
alb, rozé si rosu, prin tehnica HPLC-DAD-ESI(+)MS. Rezultatele obtinute au relevat ca probele de vin rosu
s-au caracterizat printr-o concentratie fitochimica superioara si o capacitate antioxidanta mai mare decat
probele de vin alb si rozé.

Prin analiza componentelor principale, au fost remarcate discrimindri semnificative intre probele
de vin, datorita variabilitdtii soiurilor si a culorii vinului, flavan-3-olii, ex. catechina, galatul de
epicatechind si galocatechina, fiind in principal responsabili de discrimindrile dintre probele de vin
grupate.

Continutul total si individual al compusilor fenolici si activitatea antioxidantd, mdsurata ca si
capacitate de eliminare a radicalilor, au fost comparabile cu cele ale vinurilor produse din soiuri de
struguri internationale. Activitatea antioxidanta a vinurilor studiate pare sa fie legata mai mult de tipul
compusilor fenolici individuali decat de continutul total fenolic si sd se datoreze in principal flavan-3-
olilor.

Rezultatele au confirmat faptul ca vinurile romanesti testate reprezinta o sursa buna de
antioxidanti si, prin urmare, un consum moderat poate avea o influenta benefica asupra sanatatii umane.

Studiul 2. Evaluarea calitatii si autenticitatii diferitelor sortimente de vinuri
romanesti folosind spectroscopia FT-MIR cuplata cu analiza multivariata a
datelor

Introducere

Calitatea si autenticitatea originii soiurilor de struguri si a vinurilor este de mare interes, atat
pentru industria vinului cat si pentru consumatori. Tehnica spectroscopica in infrarosu cu transformata



Fourier, In combinatie cu chemometria, este o tehnica rapida si reproductibila pentru identificarea
autenticitatii si falsificarii diferitelor produse alimentare si bauturi.

In lucrarea de fatd, spectroscopia in infrarosu mediu cu transformati Fourier (FT-MIR) a fost
aplicatd pentru a caracteriza 15 vinuri romanesti diferite (albe, rozé si rosii), obtinute din diferite soiuri
autentice, de origine denominat3, gasite In diferite regiuni ale Romaniei. Vinurile au fost investigate prin
reflexie totalda atenuata (ATR) si componentele cele mai importante (fenoli, carbohidrati, aminoacizi si
acizi organici) au fost localizate in regiunile de amprenta specifice ale spectrelor. Pe baza diferentelor
dintre spectrele FT-MIR, prin analiza multivariata a datelor (analiza componentelor principale) s-au
identificat factorii de discriminare specifici, utili pentru a autentifica originea regionala si biologica
(soiul), precum si indicele lor de dulceata.

Obiective: determinarea calititii si autenticitatii vinurilor romanesti, utilizind metoda spectroscopica
FT-IR cuplata cu metoda chemometrica de tip PCA.

Materiale si metode

Cincisprezece vinuri romanesti, incluzand vinuri albe (n = 4), rozé (n = 2) si rosii (n = 9), avand
indici diferiti de dulceata (5 seci, 7 demiseci si 3 demidulci), au fost supuse analizei in acest studiu.
Spectrele FT-IR au fost inregistrate cu un spectrometru Shimadzu IR Prestige-21, pe domeniul de
numere de unda 600-3500 cm, la o rezolutie spectrald de 4 cmL. Pentru fiecare spectru s-au mediat 64
de scanari. Chemometria avansatd a fost aplicatd pentru a discrimina diferitele probe de vin, pe baza
culorii lor si a continutului de derivati fenolici, aminoacizi, acizi organici, precum si carbohidrati.

Rezultate si discutii
Amprentele spectrale FT-MIR ale probelor individuale de vin

Spectrele FT-IR pentru toate probele de vin analizate au prezentat forme spectrale similare, dar cu
modificdri cantitative specifice in regiunea de amprenta (1800-600 cm). Picurile caracteristice
identificate in zona amprentei spectrale sugereaza prezenta in probele de vin a compusilor constituenti:
apa, etanol, aldehide, glicerol, aminoacizi, esteri, minerale, polifenoli, zaharuri si acizi organici.
Comparand formele spectrelor, au fost identificate patru regiuni diferite (1-4): regiunea 600-940 cm (1)
corespunde derivatilor fenolici (inclusiv esteri), regiunea 970-1100 cm (2) carbohidratilor (glucoza,
fructoza si oligozaharide, in special zaharozd), regiunea 1600-1716 cm™ (3) aminoacizilor liberi,
peptidelor si acizilor organici, si regiunea 2800-3000 cm™* (4) poliolilor (in principal glicerol). Regiunile
1-4 au putut demonstra diferentele specifice dintre probe, legate de culoarea celor 3 tipuri de vinuri (albe,
rozé si rosii), si dulceata lor, in functie de continutul in zaharuri (seci, demiseci si demidulci).

Identificarea gruparilor functionale specifice si a compusilor specifici in vinuri, in functie de
culoarea si dulceata lor

Domeniul 600-1800 cm! a fost considerat ca "regiune de amprentad”, fiind util pentru a diferentia
vinurile in functie de indicele lor dulceata (sec vs demisec si demidulce). S-a observat ca in regiunea (1)
absorbtiile au fost determinate in principal de polifenoli, regiunea (2) a fost specifica pentru carbohidrati,
in principal glucoza (1033 cm1) dar, de asemenea, fructoza si zaharoza (1100 cm™), iar regiunea (3) a fost
specifica aminoacizilor (1602-1608 cm™) si acizilor organici (1700 cm™).

Valorile intensitatilor picurilor de la 1033, 1100, 1600 si 1700 cm-! au fost utilizate ca markeri
cantitativi atat ai diferentelor dintre vinurile individuale cat si ai diferentelor dintre tipurile de vin (pe
baza culorii si a indicelui de dulceata). Raporturile 1033/1100 cm si 1600/1700 cm™ au fost, de
asemenea, folosite pentru a caracteriza cantitativ dulceata revendicata pe eticheta acestor vinuri (sec,
demisec, demidulce).

Diferenta dintre amprentele FT-IR ale vinurilor a constat in raportul diferit al intensitatii unor
benzi specifice identificate in probele de vin. Astfel, banda datorata glucozei, de la 1033 c¢cm, a avut
intensitate mai ridicatd in vinurile demidulci decat in cele seci, acest lucru fiind explicat de prezenta



glucozei In cantitate mai mare in vinurile demidulci. De asemenea, raportul intensitatii picurilor
corespunzatoare glucozei, respectiv fructozei + zaharozei (1033/1100 cm!), a fost mai ridicat In cazul
vinurilor demidulci comparativ cu vinurile seci si demiseci.

In ceea ce priveste aciditatea vinurilor, s-a observat ci banda de la 1700 cm., corespunzitoare
acizilor organici, a avut cea mai mare intensitate in cazul vinurilor albe, urmate de vinurile rozé, cea mai
mica intensitate a picurilor fiind obtinuta in cazul vinurilor rosii. Acest lucru indica faptul ca aciditatea
vinurilor descreste in ordinea vinuri albe > vinuri rozé > vinuri rosii. In cadrul vinurilor rosii, probele nr.
8, 10, 13 si 14 au inregistrat o intensitate mai crescutd a picurilor corespunzatoare acizilor organici fata
de restul vinurilor rosii, indicand o aciditate similara a acestor probe cu cea a vinurilor rozé.

Analiza multivariata a datelor prin PCA

Pentru intreaga regiune de amprenta (600-1800 cm1), primele doud componente principale, PC1 si
PC2, au explicat 90% din intreaga variabilitate a probelor de vin, aratand o asemanare buna pentru
vinurile albe si pentru vinurile rozé, vinurile rosii fiind mai heterogene in compozitie si raspandite atat in
partea superioara cat si in cea inferioara a plotului, nefiind grupate intr-un anumit grup. Cu toate acestea,
vinurile rosii demidulci au fost situate aproape de vinurile rozé, care s-au dovedit a fi superioare in
dulceata.

Pentru regiunea 970-1100 cm-!, specifica pentru carbohidrati, si pentru regiunea 1600-1716 cm-,
specifica aminoacizilor si acizilor organici, primele douda componente, PC1 si PC2, au explicat, un procent
mare, de 97%, din Intreaga variabilitate a probelor de vin, sugerand o grupare buna in functie de culoarea
lor, indicele de dulceatd si aciditate. Pentru regiunea 750-940 cm-l, specifica derivatilor fenolici, desi
varianta explicata a fost mare (98%), s-a obtinut o grupare mai slaba a vinurilor pe baza diferentelor de
culoare. In acest caz, vinurile au fost discriminate de-a lungul axei PC2, in functie de tipul de vin ciruia fi
apartin (alb, rozé sau rosu), cele trei grupuri fiind partial suprapuse intre ele, suprapunerile datorandu-se
relatiei stranse existente intre unele dintre vinurile care provin din aceeasi podgorie sau de la acelasi
producator.

Analiza multivariatd a datelor a aratat ca toate cele patru componente ale vinurilor (fenoli,
carbohidrati, aminoacizi, acizi organici) care contribuie la culoare, dulceata si aciditate sunt responsabile
pentru gruparea semnificativa, buna, a acestor vinuri.

Concluzii

Acest studiu a demonstrat ca spectroscopia MIR, cuplata cu analiza componentelor principale,
reprezintd un instrument puternic pentru diferentierea grupurilor care au proprietati similare, dar
prezinta diferente generale consistente, putand fi folosita ca tehnica pentru discriminarea diferitelor
varietati de vinuri albe, rozé si rosii. De asemenea, analiza ATR-FT-MIR s-a dovedit a fi un instrument
foarte rapid, ieftin si eficient pentru a evalua calitatea si autenticitatea vinurilor si pentru a discrimina
fiecare categorie de vin, pe baza culorii lor si a indicelui de dulceata al acestora, ca urmare a specificitatii
lor biologice.

Utilizarea acestei tehnici rapide poate oferi beneficii pentru industria vinicola, fiind un instrument
solid de screening rapid pentru discriminarea diferitelor tipuri de vin, capabil sd evalueze calitatea
vinului, asigurand consumatorii de calitatea produsului final.

Studiul 3. Efectele protectoare ale polifenolilor din vin asupra stresului oxidativ si
hepatotoxicitatii induse prin administrarea acrilamidei la sobolani

Introducere

Evaluarea markerilor de calitate si a activitatii antioxidante in vitro a vinurilor roméanesti a
constituit un punct de plecare util pentru investigarea potentialului lor antioxidant in vivo. Prin urmare,
prezentul studiu a fost proiectat pentru a evalua efectele antioxidante protectoare ale substantelor



biologic active din vin impotriva stresului oxidativ si a toxicitatii hepatice induse experimental de
acrilamida (ACR) la sobolani Wistar.

Deoarece la ora actuala existd insuficiente studii efectuate pe modele cronice care sa demonstreze
relatia dintre biodisponibilitatea compusilor fenolici si efectele lor antioxidante, acest experiment a
urmarit evaluarea relatiei dintre functionalitatea vinurilor in vitro si in vivo, si anume masura in care
amploarea raspunsului antioxidant in vivo este proportionald cu activitatea antioxidanta in vitro a
vinurilor.

Obiective: (i) investigarea efectelor antioxidante in vivo a doud probe de vin, cu activitate antioxidanta
in vitro crescutd, respectiv redusa, asupra stresului oxidativ indus de ACR, prin intermediul biomarkerilor
determinati in plasma si in tesutul hepatic; (ii) evaluarea potentialelor efecte protectoare ale polifenolilor
din aceste probe de vin asupra leziunilor hepatocelulare produse de ACR la sobolani prin determinarea
enzimelor hepatice; (iii) studiul comparativ al modificarilor histopatologice aparute la sobolanii tratati cu
ACR dupa suplimentarea dietei cu cele 2 probe diferite de vin.

Materiale si metode

Cele doua probe de vin folosite in acest studiu sunt: vinul rosu Feteascd Neagra (12,5% etanol
(v/v)), cu un CTP de 2359 mg GAE/L si o activitate antioxidanta in vitro de 9,84 mM TE/L, si vinul alb
Feteasca Regala (12,5% etanol (v/v)), cu un CTP de 245 mg GAE/L si o activitate antioxidanta in vitro de
0,93 mM TE/L.

S-a utilizat o colectivitate de 60 sobolani albi, susa Wistar, masculi, cu greutatea initiala de 150+14
g. Toate procedurile si tratamentele animalelor in acest studiu au fost efectuate respectind normele de
bioetica in cercetarea pe animale de experienta in scop stiintific si au fost aprobate de Comisia de Etica a
Universitatii de Medicina si Farmacie "luliu Hatieganu" Cluj-Napoca (Romania) (numdar protocol
219/11.06.2014). Animalele au fost impartite randomizat in sase loturi, fiecare lot fiind alcatuit din zece
animale, care timp de 28 de zile au primit zilnic prin gavaj intragastric tratamentele stabilite conform
Protocolului experimental descris in teza.

Transaminazele, aspartat aminotransferaza (ASAT) si alanin aminotransferaza (ALAT), au fost
determinate in probele de plasma prin teste spectrofotometrice. Determinarea nivelului peroxidarii
lipidelor prin cuantificarea malondialdehidei (MDA) in plasma de sobolan s-a realizat prin tehnica UPLC-
PDA. Determinarea nivelului plasmatic al glutationului (GSH) redus si total s-a realizat prin tehnica UPLC-
FLD. Probele de tesut hepatic prelevate dupa sacrificarea animalelor au servit ulterior pentru examenul
histopatologic al tesutului hepatic si pentru determinarea prin metode spectrofotometrice a urmatorilor
biomarkeri de stres oxidativ: MDA, GSH redus si activitatea enzimelor antioxidante (superoxid dismutaza
(SOD), catalaza (CAT) si glutation peroxidaza (GPx)).

Rezultate si discutii

Toxicitatea generala: evolutia greutatii corporale a animalelor, greutatea absoluta si
relativa a ficatului

Hepatotoxicitatea cauzata de ACR a condus la cresterea dimensiunii ficatului la loturile tratate cu
ACR, aceastd marire a ficatului putand fi datorata proliferarii hepatocitelor ca rezultat al hiperplaziei
induse chimic, maririi volumului hepatocitelor individuale, sau pur si simplu se poate datora infiltrarii cu
celule limfo-histiocitare. Rezultatele obtinute sugereaza ca administrarea concomitenta a probelor de vin,
alb sau rosu, la sobolanii tratati cu ACR nu a determinat o modificare a valorilor greutatii corporale,
greutatii relative si absolute a ficatului in directia valorilor obtinute pentru lotul control (C).

Examenul histopatologic al ficatului de sobolan

Examenul histopatologic al ficatului pentru lotul C a relevat o histoarhitectonica asemanatoare cu
cea a loturilor care au primit vin alb (VA) si, respectiv vin rosu (VR), modificarile morfologice la aceste 3
loturi fiind discrete, consecutive consumului subacut de alcool.



Imaginile obtinute in urma evaluarii histopatologice la animalele din loturile tratate cu ACR au
reliefat modificari morfologice usoare, diferentele observate intre cele 3 loturi fiind minore. Cele mai
afectate au fost loturile martor pozitiv (MP) si vin alb+acrilamida (VA+ACR). Absenta unui efect protector
hepatic evident al vinului rosu poate fi consecinta unei durate prea scurte a studiului experimental, care
s-a Intins pe o perioadad de 4 saptdmani, administrarea vinului fiind subacuta in acest caz, In timp ce
efectele protectoare hepatice ale polifenolilor au fost raportate in urma unui consum de vin rosu pe
termen mai indelungat.

Parametrii biochimici ai afectarii hepatice

Evolutia valorilor ALAT si ASAT a evidentiat cresteri semnificative (p<0,05) ale activitatilor acestor
enzime In cazul lotului tratat cu ACR comparativ cu lotul C, sugerand permeabilizarea membranei
hepatocitelor si migrarea ALAT si ASAT in spatiul intercelular. Rezultatele obtinute pentru ASAT au
indicat ca polifenolii din vinul rosu au conferit un efect protector impotriva toxicitatii acrilamidei in ficat
la lotul tratat cu vin rosu+acrilamida (VR+ACR). Aceasta protectie nu a fost confirmata insa si prin valorile
obtinute pentru ALAT la lotul VR+ACR, comparativ cu grupul MP, in acest caz observandu-se doar o
tendintd de normalizare a valorilor ALAT in directia valorilor obtinute pentru lotul C. Lipsa unei protectii
evidente se poate datora suplimentdrii dietei cu vin pe o perioada prea scurtd, efectele polifenolilor fiind
vizibile doar Tn urma administrarii cronice a vinului. Rezultatele obtinute pentru transaminaze sunt in
concordanta cu studiile histopatologice ale tesuturilor hepatice.

Efectele polifenolilor din vin asupra stresului oxidativ indus de acrilamida evaluat prin
concentratia plasmatica a unor biomarkeri

Datele obtinute 1n acest studiu au aratat ca ACR a produs cresterea peroxidarii lipidelor, exprimata
prin cresterea nivelului plasmatic al MDA. Scaderea concentratiei plasmatice a MDA observata in studiu la
loturile VA+ACR si VR+ACR sugereaza ca intregul proces de peroxidare lipidica a fost diminuat prin
suplimentarea regulata a dietei cu vin.

Efectele antioxidante ale vinurilor au fost demonstrate, de asemenea, prin rezultatele obtinute
pentru cei doi parametri, GSH redus si raportul GSH redus/GSH total, in plasma animalelor. Astfel, o
crestere semnificativa (p<0,05) a nivelului plasmatic de GSH redus a fost evidenta atat la lotul VA+ACR cat
si la lotul VR+ACR, comparativ cu lotul MP, in timp ce raportul GSH redus/GSH total a fost semnificativ
crescut (p<0,05) doar la lotul VR+ACR. Acest lucru a demonstrat ca ingestia de vin a avut ca rezultat un
efect protector, datorita antioxidantilor fenolici prezenti in cele doua tipuri de vin, dar efectul protector a
fost semnificativ mai pronuntat pentru vinul rosu, care prezintd un continut fenolic superior vinului alb.

Efectele polifenolilor din vin asupra stresului oxidativ indus de acrilamida la nivel hepatic

Efectele polifenolilor din vin asupra peroxiddrii lipidice si nivelului hepatic al glutationului redus. in
prezentul studiu, reducerea nivelurilor tisulare hepatice ale GSH, si respectiv cresterea gradului de
peroxidare lipidica la lotul tratat cu ACR fata de lotul control, pot fi explicate prin reactia dintre ACR si
GSH, reactie care determina epuizarea GSH si cresterea peroxidirii lipidice. In acelasi timp, odatd cu
administrarea vinurilor s-a observat reducerea nivelurilor de MDA si cresterea valorilor GSH, datorita
efectelor antioxidante protectoare ale polifenolilor constituenti. Astfel, suplimentarea atat cu vin alb cat si
cu vin rosu a dietei sobolanilor tratati cu ACR, a redus semnificativ (p<0,05) nivelul hepatic al MDA la cele
2 loturi, comparativ cu lotul tratat doar cu ACR. Aceste constatdri demonstreaza ca leziunile oxidative
induse de ACR 1n ficat au fost ameliorate atat prin tratarea cu vinul alb, dar mai ales prin tratarea cu vinul
rosu. Spre deosebire de rezultatele obtinute pentru MDA, unde suplimentarea cu vin alb a conferit un
efect protector impotriva ACR, in cazul GSH hepatic efectul suplimentarii cu vin alb a fost slab, fara a oferi
protectie prin cresterea semnificativa a nivelului GSH redus.

Efectele polifenolilor din vin asupra activitdtilor enzimelor antioxidante hepatice. Niveluri scazute
ale activitatilor enzimatice ale catalazei, superoxid dismutazei si glutation peroxidazei au fost Inregistrate
in tesuturile hepatice ale sobolanilor din lotul tratat cu ACR, comparativ cu lotul C, sugerand leziuni acute



cauzate de ACR. Efectele nocive ale ACR in ficat s-au redus odata cu administrarea vinurilor, observandu-
se o modificare a nivelului CAT si SOD spre nivelul normal in functie de tipul de vin administrat.

Analiza statistica a aratat ca tipul de vin administrat a influentat activitatea SOD si CAT, dar nu a
prezentat nici un efect semnificativ pentru GPX. Astfel, suplimentarea dietei cu vin rosu la lotul tratat cu
ACR a determinat o crestere semnificativa (p<0,05) a activitatii enzimatice a SOD si a CAT, comparativ cu
lotul tratat doar cu ACR, in timp ce suplimentarea dietei cu vin alb nu a produs diferente semnificative ale
activitatilor acestor enzime. Efectele de ameliorare ale vinului rosu au fost mai pronuntate decat cele
determinate de vinul alb, datoritd continutului siu polifenolic superior comparativ cu al vinului alb. in
ceea ce priveste activitatea GPx, suplimentarea dietei cu vin alb sau rosu nu a produs diferente
semnificative Intre loturile tratate cu ACR, sugerand ca in acest caz nici unul din cele 2 tipuri de vin nu a
reusit sa exercite un efect protector impotriva ACR.

Concluzii

In studiul de fat3, acrilamida a cauzat perturbiri ale statusului oxidativ si activititilor enzimatice,
rezultatele obtinute pentru parametrii biochimici ai afectdrii hepatice, examenul histopatologic al
tesutului hepatic si parametrii de stres oxidativ studiati confirmand eficienta utilizarii acrilamidei in
generarea starii de stres oxidativ.

Rezultatele noastre au indicat ca vinul rosu, avind un continut fenolic total si o activitate
antioxidanta in vitro mai mare comparativ cu vinul alb, a fost in masura sa confere o protectie a ficatului
fata de stresul oxidativ, chiar si in timpul expunerii subacute la etanol, observandu-se efecte semnificative
statistic, atat la nivel hepatic cat si asupra markerilor evaluati in plasma. Efectele protectoare superioare
ale vinului rosu s-au datorat componentelor nealcoolice ale acestuia.

Parametrii biochimici au prezentat o Imbunatatire doar in cazul nivelului ASAT, iar examenul
histopatologic a relevat doar o atenuare moderatd a modificarilor morfologice, consecutiv suplimentarii
dietei cu vin rosu timp de 4 saptdmani, cel mai probabil datoritd perioadei prea scurte de administrare.

Obiectivul principal al acestui studiu a fost atins, deoarece grupurile noastre experimentale au
reusit sa demonstreze o variatie a intensitatii efectelor protectoare in vivo, in functie de sortimentul de
vin administrat, astfel incat efectele protectoare asupra modelului de stres oxidativ indus de acrilamida
au fost mai pronuntate la doze mai mari de polifenoli, cum a fost cazul vinului rosu.

Concluzii generale

Cercetdrile efectuate in vederea caracterizarii vinurilor si a studierii potentialului lor antioxidant in
vitro si in vivo au condus la urmatoarele concluzii:

e Analiza HPLC-DAD-ESI(+)MS a permis stabilirea profilului fenolic complet si a furnizat compozitia
generald a vinurilor, oferind informatii valoroase cu privire la principalii compusi fenolici individuali
apartinand claselor de compusi flavonoidici (flavan-3-oli, flavonoli si antociani) si non-flavonoidici
(stilbeni).

e Evaluarea comparativa a continutului fenolic individual, respectiv total, precum si a activitatii
antioxidante a celor cincisprezece probe de vinuri analizate a evidentiat variatii ale valorilor obtinute atat
intre cele trei sortimente de vinuri albe, rozé si rosii cat si intre probe diferite apartinand aceluiasi
sortiment de vin, astfel: vinurile rosii au prezentat o capacitate antioxidanta superioara si niveluri ale
continutului fenolic total si ale concentratiilor compusilor fenolici individuali semnificativ mai mari,
comparativ cu vinurile albe si rozé; intre probele de vinuri rosii analizate s-au inregistrat variatii ale
activitatii antioxidante si ale compozitiei fenolice, in functie de soiul de struguri si originea geografica.

e Corelatiile dintre continutul polifenolic total si activitatea antioxidanta a vinurilor au indicat ca
aceasta din urma a fost influentata mai degraba de profilul compusilor fenolici individuali iar continutul
polifenolic total nu poate fi considerat un criteriu major pentru estimarea capacitatii antioxidante.



¢ Analiza spectroscopica FT-IR cuplata cu analiza multivariatd a datelor a permis caracterizarea si
compararea celor cincisprezece probe de vin in functie de culoare, indice de dulceata si aciditate, pe baza
amprentelor specifice celor patru regiuni de absorbtie caracteristice, corespunzitoare grupelor
componente principale din vin: derivati fenolici, carbohidrati, aminoacizi si acizi organici.

e Evaluarea calitativda a fiecdrei categorii componente a facut posibila discriminarea fiecarui
sortiment de vin, de la rosu, la rozé si alb - in ceea ce priveste culoarea, respectiv de la sec, la demisec si
demidulce - in ceea ce priveste gustul/dulceata, demonstrand ca analiza ATR-FT-MIR este un instrument
foarte rapid, ieftin si eficient pentru a evalua calitatea si autenticitatea vinurilor.

e Evaluarea biomarkerilor de stres oxidativ, a parametrilor biochimici ai afectarii hepatice si a
modificarilor histopatologice la sobolani a evidentiat perturbari ale statusului oxidativ si ale activitatilor
enzimatice si modificari morfologice la nivel hepatic consecutive intoxicatiei subacute cu doze reduse de
acrilamid3, confirmand eficienta utilizarii acrilamidei in generarea starii de stres oxidativ.

e Asocierea administrarii acrilamidei cu suplimentarea simultana a dietei sobolanilor cu vin alb,
respectiv cu vin rosu, a evidentiat interventia beneficd a polifenolilor din vin prin normalizarea
biomarkerilor evaluati la nivel hepatic si plasmatic si prin reducerea modificarilor morfologice hepatice
in cazul suplimentdrii cu vin rosu, efectele protectoare ale vinului rosu asupra modelului de stres oxidativ
indus de acrilamida fiind semnificativ mai pronuntate decat ale vinului alb.

e Potentialul antioxidant in vivo al vinurilor a fost diferit in functie de sortimentul de vin administrat,
protectia superioara conferitd de vinul rosu comparativ cu vinul alb datorandu-se unui continut fenolic si
unei activitati antioxidante in vitro ale vinului rosu de aproximativ zece ori mai crescute decat ale vinului
alb.

Originalitatea si contributiile inovatoare ale tezei

Nota de originalitate a tezei este imprimata de studierea exclusiva a vinurilor romanesti obtinute
din soiuri de struguri de vin autohtone. Studiul compozitiei fenolice a vinurilor reprezinta o tema care a
atras mare interes in ultimii ani datorita proprietatilor antioxidante ale polifenolilor din vin si
numeroaselor efecte benefice asupra sanatatii atribuite acestor compusi.

Prezenta lucrare prezinta prima cercetare fitochimica a componentelor fenolice din cincisprezece
vinuri romanesti, produse in diferite centre viticole din Romania, din sase soiuri de struguri autohtone.
Aceasta cercetare a realizat pentru prima data o caracterizare a sortimentelor de vinuri albe, rozé si rosii
din Romania, printr-o analizd extinsa si comparativa atit a compusilor constituenti apartinand
principalelor clase si subclase de compusi fenolici, cat si a fiecarei categorii de vin, pe baza culorii lor si a
indicelui de dulceatd al acestora, ca urmare a specificitatii lor biologice.

Intrucat pani in prezent nu au fost publicate cercetiri privind caracteristicile compozitionale
fenolice si parametrii antioxidanti pentru vinurile produse in Romania din varietatile studiate in aceasta
lucrare, iar la nivel national si international cercetarile s-au orientat indeosebi spre vinurile rosii,
prezenta lucrare aduce noi informatii cu privire la profilul fitochimic deloc de neglijat al celor trei
sortimente de vinuri si potentialul lor antioxidant in vitro. De asemenea, lucrarea prezinta prima
cercetare care evalueaza potentialul antioxidant in vivo a doua sortimente diferite de vinuri romanesti si
relatia dintre functionalitatea vinurilor in vitro si in vivo, furnizand date importante cu privire la efectele
protectoare ale compusilor bioactivi din aceste vinuri asupra stresului oxidativ.

In cele din urma3, aceasti tezi oferd informatii valoroase referitoare la valoarea nutraceutici a
vinurilor romanesti testate, care s-au dovedit a fi o sursa importantd de antioxidanti. Tinadnd cont de
faptul ca vinul reprezinta o componenta cheie a dietei mediteraneene, care este un regim alimentar model
pentru prevenirea mai multor boli grave, aceste informatii cu privire la beneficiile polifenolilor din
vinurile romanesti ar putea fi de mare interes pentru nutritia umana, servind pentru incurajarea formarii
unor obiceiuri alimentare sanatoase si a adoptarii unui stil de viata sanatos.
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Introduction

During the last years, much attention was paid to food antioxidants and their association with
multiple health benefits, many of these studies focusing on dietary phenols. Red wine is an excellent
source of phenolic compounds and may contain 1000-4000 mg/L of polyphenols, with different biological
activities, which are attributed mainly to their strong antioxidant and antiradical activities. The
antioxidant activity is currently considered to be one of the most important characteristics of wines and is
associated with the polyphenolic content.

With regard to regular consumption of red wine, it was hypothesized that it would be the most
likely cause for the phenomenon known as the "French paradox". Most researchers have studied and
reported activities of red wine, since it contains more phenolic compounds than white wine, due to its
mode of fermentation. However, recent epidemiological studies, as well as in vitro studies, have suggested
that white wine may also protect against cardiovascular diseases similarly to red wine, having a
significant capacity to inhibit platelet aggregation in vitro and to increase the expression of
cardioprotective proteins. However, when red wines are regarded as functional foods, it is necessary to
pay attention to some critical constraints such as taste factors, the large variation in total phenolic
content and the correlation between in vitro and in vivo functionality.

In this respect, the present work includes a comprehensive study on detailed phenolic composition
and antioxidant activity of local wines, making comparisons between white, rosé and red wines and, also,
between wines from different geographical regions of Romania, phenolic profiles of wines serving as
valuable tools for distinguishing varieties of wines. Further, the quality and authenticity of the wines have
been evaluated using the Fourier transform infrared spectroscopy (FT-IR) method in combination with
multivariate data analysis, to determine the content of phenolic derivatives, carbohydrates, amino acids
and organic acids in various wines, as markers for quality and authenticity. Finally, were tested the in vivo
protective effects of polyphenols from indigenous wines, consecutive regular consumption of these wines,
on oxidative stress induced in rats.

Study 1. Phenolic profile and antioxidant activity of Romanian wines,
originating from six native grape varieties

Introduction

The consumption of wine is a common and ancient practice in Romania, our country being one of
the main producers and consumers of wine, on the sixth place in EU in terms of the quantity of wine
produced, after Italy, France, Spain, Portugal and Germany. Although Romanian wines have several
particularities which derive from the fact that they are produced with indigenous grape varieties, which
can not be found elsewhere in the world, few data on their phenolic composition can be found currently,
except for some parameters, such as total phenolic content or the content of certain individual phenols,
such as resveratrol. From what we know, no data are available regarding the content of individual non-
volatile phenolic compounds in wines from Romania, nor regarding the in vitro antioxidant activity of
these wines.

The chemical composition of wines underlies their quality and authenticity. Polyphenolic profile of
a variety largely reflects its genetic potential and, therefore, can be used as a tool to discriminate between
different varieties. In this respect, we analyzed the chemical compositions of wines obtained from
indigenous grape varieties, Feteasca Alba (FA), Feteasca Regala (FR), Babeasca Rose (BR), Busuioaca de
Bohotin (BB), Babeasca Neagra (BN), Feteascd Neagra (FN), and compared them with those of
international varieties. The types of wines were produced from grape varieties grown in six major wine
regions of Romania.

Aims: (i) characterization of certain samples of wines marketed in Romania, in terms of their chemical
composition by high performance liquid chromatography (HPLC); (ii) determination of total polyphenol



content of these wines; (iii) determination of antioxidant activity of investigated wines; (iv) evaluation of
potential correlations between total polyphenol content and antioxidant activity of studied red, rosé and
white wines.

Materials and methods

A total of fifteen samples of Romanian wines - red, rosé and white - were used in this study.
Identification and quantification of phenolic compounds in wines was performed using HPLC-DAD-
ESI(+)MS technique. The total polyphenol content (TPC) was determined by spectrophotometry, using
the Folin-Ciocalteu (FC) reagent and gallic acid as a reference standard. The antioxidant activity of wines
was determined spectrophotometrically by assessing the DPPH radical-scavenging activity assay, using
Trolox as a reference standard.

Results and discussion
Profile and phenolic composition of the wines analyzed by HPLC-DAD-ESI (+) MS

The present study investigated the presence in Romanian wines of phenolic compounds belonging
to the two classes of compounds, flavonoids (flavan-3-ols, flavonols and anthocyanins) and non-
flavonoids (stilbenes) and allowed the identification and quantification of a total of 38 phenolic
compounds, glycosides and aglycones, belonging to these classes. The results showed higher
concentrations of flavonoid compounds than of non-flavonoids in all analyzed wines.

Flavan-3-ols. Three flavan-3-ol monomers were found in the studied wines: (+)-catechin,
epicatechin gallate and gallocatechin. In almost all samples catechin was the most abundant flavan-3-ol
monomer, independently of the wine type or the aging period. The great variation obtained for the
concentrations of individual flavan-3-ols, both between the three types of wines (white, rosé and red), as
well as between the red wines, can be attributed to the grape cultivar, climate characteristics and
different vinification techniques. Regarding the total flavanol content, large variations between red wine
samples were registered, according to grape variety from which they come, wine samples obtained from
FN variety having a higher content of total flavanols than wines made from BN variety.

Stilbenes. In all analyzed wines, six stilbenes were found: five different forms of resveratrol-
monomer stilbenes (trans-resveratrol, trans-piceid, resveratrol-5-0-glucoside, piceatannol, pterostilbene)
and one form of resveratrol-dimer (pallidol). The red wines from Dealurile Moldovei wine region (BN panciu
2011, FNpanciu 2011, BNHusi 2009 and FNcotesti 2008) had higher amounts of trans-resveratrol than red wines from
other Romanian wine regions, independently of the grape cultivar or the aging period, these differences
being related to vinification process (which influences the extraction and diffusion of phenolics from the
grape to the wine) as well environmental factors (soil, geographical origin and climatic conditions).
Lower concentrations of piceid, compared to those of resveratrol, can be explained by the hydrolysis of
glycosylated forms (piceid) present in wine to aglycone form (resveratrol), during wine aging. Also, the
values obtained for trans-piceatannol concentrations were lower than those measured for trans-
resveratrol. The levels of total stilbenes showed significant differences according to grape cultivar,
winemaking region and vintage: the red wine FNronani 2010 presented the highest content of stilbenes
(20.20 mg/L) and white wine FRjiavei 2011 the lowest content (2.37 mg/L), concentrations in the other
analysed samples ranging between 4.69-17.69 mg/L for red wines, 6.87-7.15 mg/L for rosé wines, and
2.37-5.86 mg/L for white wines.

Flavonols. Seventeen flavonols were identified and quantified in Romanian wines, including twelve
original grape flavonol O-glycosides (3-0-glucoside, 3-0O-galactoside and 3-0-glucuronide of quercetin, 3-
0O-glucosides and 3-0-galactosides of isorhamnetin and myricetin, 3-O-glucosides and 3-0-(6-acetyl)-
glucosides of laricitrin and syringetin, together with kaempferol-3-0-glucoside) and five free flavonol
aglycones released by hydrolysis in the wine (myricetin, quercetin, isorhamnetin, laricitrin, kaempferol).
Regarding the group of myricetin derivatives, none of the types of white wine contained myricetin
aglycone or myricetin-3-0-galactoside, and of the rosé wines, in BRpanciu 2012 myricetin aglycone was not



found. Among derivatives of quercetin, only quercetin-3-0O-galactoside and quercetin-3-0-glucuronide
were detected and quantified in all the fifteen wine samples. Quercetin-3-0-glucoside was not detected in
the FRrecas 2012 White wine, while the quercetin aglycone was not found in any of the white and rosé wine
assortments. These results confirmed that the rates of hydrolysis of the flavonol glycosides in wine were
different, according to the type of flavonol aglycone and also with the nature of the glycoside moiety. The
isorhamnetin derivatives dominated the flavonol profiles in all white and rosé wines, and also in seven of
the nine red wines investigated. For the other two red wine samples, the syringetin derivatives were
dominant in the FNcepwra 2012 wine and the kaempferol derivatives in the FNronani 2010 wine. The
concentrations of the flavonol O-glycosides found in all wines were higher than for flavonol aglycones
since the conjugates are more stable than the free forms. All wine samples showed high levels of
flavonols, decreasing from red wines (142.98-249.08 mg/L) to white wines (78.02-106.03 mg/L) and
rosé wines (57.18-75.13 mg/L). Our results showed a variability that can be explained by several factors
like the grape cultivar, the degree of grape ripening, the winemaking process and the aging period. Also,
the increased biosynthesis of polyphenols, especially flavonols, is highly influenced by sunlight exposure
and temperature, so the wines made from grapes which are grown in warmer, sunnier areas had a higher
level of flavonols.

Anthocyanins. A number of twelve anthocyanins were identified in the analyzed red wines, while in
rosé wines, considering their small content, they could not be quantified. The anthocyanins identified
were monoglucosides and, respectively, monoglucoside derivatives of five anthocyanidins: cyanidin,
petunidin, delphinidin, peonidin and malvidin, and derivatives were 6-0-acetyl and 6-0-coumaryl. It was
observed that the anthocyanin profiles and composition of the wines were not similar; therefore, the
vineyard location produced selective effects on individual anthocyanins, even in the case of the wines
from the same grape variety. Delfinidin forms of the anthocyanins were the most abundant class of
monomeric anthocyanins, followed by malvidin, peonidin, petunidin and cyanidin. Among the non-
acylated anthocyanins, malvidin-3-0-glucoside was the only compound found in all red wine samples,
while the acylated anthocyanins consisting of five acetylated anthocyanins and two coumaryl derivatives
of anthocyanins, were quantified in all red wine samples, having a better stability and solubility than the
non-acylated anthocyanins. Regarding the total concentration of monomeric anthocyanins, for BN wine
samples this was lower than for FN wines.

Principal component analysis (PCA)

Multivariate data analysis has resulted in the identification of three main groups: the first included
white wines, the second rosé ones and the third included red wines. The first group partially overlapped
the second one for two white wines but, overall, wines were obviously discriminated along the first axis
(PC1), depending on the types of wine they belong (white, rosé or red). The results obtained by PCA
demonstrate that the differences between samples are due to varietal variability and to the wine colour,
but in terms of geographical region it is more difficult to discriminate the samples considering only the
phenolic composition.

Total polyphenol content

The results obtained in determining TPC of Romanian wines analyzed by FC method showed
variations between white, rosé and red wine samples. Total polyphenol content of red wines was up to 10
times higher compared to rosé and white ones. These differences may be also the result of a better
phenolics’ extraction from grape skin and seed contact time, fermentation conditions and temperature for
red wines, as opposed to white ones. Also, among the red wines significant differences between the TPC
values were obtained, the phenolic content of the FNtohani 2010 wine (2359 mg GAE/L) being of 3 times
higher than that of the BNpanciuz011 wine (801 mg GAE/L). TPC varied between different wine samples,
according to grape variety, environmental factors in the vineyard, the wine processing techniques, soil
and atmospheric conditions during ripening, aging process and berry maturation.



Total antioxidant activity

The values obtained for the antioxidant activity of wines determined by DPPHe free radical method
showed significant differences between the three types of analyzed wine, white, rosé and red. Thus, the
ability to inhibit free radical DPPHe of red wine samples was significantly higher, compared to the one of
white and rosé wines. The strongest antioxidant activity was found in the red wine FNohani 2010, having the
highest content of phenolics, while the lowest activity was obtained in the white wine FAcotesti 2011, with
the lowest content of phenolics. The highest phenolic content of red wines contributed to their increased
antioxidant activity in comparison to rosé and white wine.

Correlations between total phenolic content and total antioxidant activity

Our results showed that the antioxidant activity of wines has not been influenced by TPC, since
wines having a highest TPC did not always show the highest values for antioxidant activity. Therefore, we
can conclude that the antioxidant activity of wines is more related to the type of individual phenolic
compounds found in wines, than to the total phenolic content.

Conclusions

This study represents the first phytochemical investigation of phenolic components from 15
different Romanian wines, produced in ten viticulture centres, from six indigenous grape cultivars. A total
of 38 individual phenolic derivatives were identified and quantified in red, rosé and white wine samples
by HPLC-DAD-ESI(+)MS analysis. The results obtained revealed that the red wine samples were
characterized by a higher phytochemical concentration and a higher antioxidant capacity than the white
and rosé wine samples.

By Principal Component Analysis, significant discriminations between samples were noticed, due
to varietal variability and to the wine colour, flavan-3-ols, e.g. catechin, epicatechin and gallocatechin
being mainly responsible for the discriminations among clustered wine samples.

Total and individual phenolic compounds content and antioxidant activity measured as radical
scavenging activity were comparable to those of wines produced from international grape cultivars. The
antioxidant activity of wines seems to be more related to the type of individual phenolic compounds, than
to the total phenolic content and the antioxidant activity to be mainly due to the flavan-3-ols.

The results confirmed that the tested Romanian wines represent a good source of antioxidants and,
therefore, a moderate consumption may have beneficial influence on human health.

Study 2. Evaluation of Different Romanian Wines Quality and Authenticity Using
FT-MIR Spectroscopy Coupled with Multivariate Data Analysis

Introduction

The quality and authenticity of the varietal origin of grapes and wines is of great interest to both
wine industry and consumers. The Fourier Transform Infrared Spectroscopy (FT-IR) technique, in
combination with chemometrics, is a fast and reproducible technique for identifying the authenticity and
adulteration of different food and beverage products.

In the present work, the Fourier Transform mid-infrared (FT-MIR) spectroscopy was applied to
characterize 15 different Romanian wines (white, rosé and red), obtained from different authentic, origin-
denominated cultivars, found in different Romanian regions. The wines were investigated by attenuated
total reflectance (ATR) and the most important components (phenolics, carbohydrates, aminoacids and
organic acids) were localized in specific fingerprint regions of the spectra. Based on the differences
between the FT-MIR spectra, by multivariate data analysis (Principal component analysis) were identified
the specific discrimination factors useful to authenticate the biological (cultivar) and regional origin, as
well their sweetness index.



Aims: determining the quality and authenticity of Romanian wines, using FT-IR spectroscopy coupled
with PCA chemometric method.

Materials and methods

Fifteen Romanian wines, including white (n = 4), rosé (n = 2) and red (n = 9), of different sweetness
indexes (5 samples dry, 7 samples half-dry and 3 samples half-sweet) were investigated. The FT-IR
spectra were obtained with a Shimadzu IR Prestige-21 spectrometer, in the range of wave numbers 600-
3500 cm, at a spectral resolution of 4 cm. For each spectrum were mediated 64 scans. Advanced
chemometrics was applied to discriminate between different wine samples, based on their colour, content
of phenolic derivatives, aminoacids and organic acids, as well as carbohydrates.

Results and discussion
FT-MIR spectral fingerprinting of individual wine samples

In all samples, similar spectral features were generally obtained, but with specific quantitative
modifications in the fingerprint region (1800-600 cm!). The characteristic peaks identified in the spectral
fingerprint area suggested the presence in wine samples of the constituent compounds: water, ethanol,
aldehydes, glycerol, aminoacids, esters, minerals, polyphenols, sugars and organic acids. Comparing the
shapes of spectra, four different regions (1-4) were identified: region 600-940 cm™ (1) corresponding to
phenolic derivatives (including esters), region 970-1100 cm! (2) to carbohydrates (glucose, fructose and
oligosaccharides, mainly saccharose), region 1600-1716 cm! (3) to free aminoacids, peptides and organic
acids and region 2800-3000 cm™ (4) corresponding to polyols (mainly glycerol). Regions 1-4 were able to
demonstrate specific differences between samples, related to the colour of the three types of wine (white,
rosé and red), and their sweetness, depending on the sugar content (dry, half-dry and half-sweet).

Identification of specific functional groups and molecules in wines, depending on their
colour and sweetness

Generally, the range 600-1800 cm'! was considered as “fingerprint region”, useful to differentiate
wines according to their sweetness index (dry vs half-dry and half-sweet). One can notice that in region
(1), the absorptions are determined mainly by the polyphenols, region (2) was specific to carbohydrates,
mainly glucose (1033 cm1), but also fructose and sacharose (1100 cm), region (3) was specific to
aminoacids (1602-1608 cm™) and organic acids (1700 cm™1).

The values of peak intensities at 1033, 1100, 1600, 1700 cm™ were used as quantitative markers of
differences between the individual wines and wine types (based on colour and sweetness index). The
ratios 1033/1100 cm and 1600/1700 cm™ were also used to characterize quantitatively the sweetness
claimed on the label of these wines (dry, half-dry and half-sweet).

The difference between FT-IR fingerprints of wines consisted in the different ratio of the intensity
of specific bands identified in wine samples. Thus, the band due to glucose, at 1033 cm had a higher
intensity for the half-sweet wines than for the dry wines, this being explained by the presence of glucose
in greater amount in half-sweet wines. Also, the ratio of peaks intensity corresponding to glucose,
respectively fructose + sucrose (1033/1100 cm1), was higher for half-sweet wines when compared to dry
and half-dry wines.

Regarding the acidity of wines, it was observed that the band at 1700 cm-1, corresponding to
organic acids, had the highest intensity for white wines, followed by rosé wines, the lowest peaks
intensity being obtained for the red wines. This indicates that the acidity of wines decreases in the order
white wines > rosé wines > red wines. Within the red wines, samples no. 8, 10, 13 and 14 showed a high
intensity of peaks corresponding to organic acids, compared to the rest of red wines, indicating a similar
acidity of these samples with that of the rosé wines.



Multivariate Data Analysis by Principal Component Analysis

For the whole fingerprint region (600-1800 cm), the first two principal components, PC1 and PC2,
explained 90% of the whole variability of the wine samples and showed a good similarity for white wines
and, also, for rosé wines, red wines being more heterogeneous in the composition and spread in the upper
and the lower part of the plot, not clustered in a specific group. Nevertheless, the red half-sweet wines
were close to the rosé wines, which proved to be superior in sweetness.

For the region 970-1100 cm, specific to carbohydrates, and for the region 1600-1716 cm,
specific to aminoacids and organic acids, the first two components, PC1 and PC2 together, explained a
large percentage of 97% of the whole variability of wine samples, suggesting a good clustering based on
their colour, sweetness index and acidity.

For the region 750-940 cm!, specific to phenolic derivatives, although the variance explained was
high (98%), a weaker clustering of wines based on their different colours was obtained. In this case, the
wines were discriminated along the axis PC2, depending on the type of wine to which they belong (white,
rosé or red), the three groups being partially overlapped with each other, such overlaps being due to the
closer relationship between some of wines which come from the same vineyard or the same
manufacturer. Multivariate data analysis showed that all four components of wines (phenolics,
carbohydrates, aminoacids, organic acids) which contribute to the colour, sweetness and acidity, are
responsible for the good, significant clustering of these wines.

Conclusions

This study demonstrated that mid-infrared spectroscopy, coupled with principal component
analysis, represents a very powerful tool for distinguishing groups that have very similar properties, but
have consistent overall differences, and might be used as a technique for the discrimination between
different red, rosé and white wine varieties. Therefore, the ATR-FT-MIR analysis proved to be a very fast,
cheap and efficient tool to evaluate the quality and authenticity of wines, and to discriminate each wine
category, based on their colour and sweetness, as consequence of their biological specificity (cultivar).

The use of this fast technique can offer benefits for the wine industry by being a robust rapid
screening tool for the discrimination of different types of wine, based on their colour and sweetness, and
also being capable of measuring wine quality and assuring consumers of the quality of the final product to
be enjoyed.

Study 3. The protective effects of wine polyphenols on oxidative stress and
hepatotoxicity induced by the administration of acrylamide in rats

Introduction

Assessment of quality markers and in vitro antioxidant activity of Romanian wines was a useful
starting point for investigating their in vivo antioxidant potential. Therefore, this study was designed to
evaluate the protective antioxidant effects of biologically active substances from wine against oxidative
stress and liver toxicity induced experimentally by acrylamide (ACR) in Wistar rats.

Since at present there are insufficient studies carried out on chronic models to demonstrate the
relationship between the bioavailability of the phenolic compounds and their antioxidant effects, this
experiment intended to evaluate the relationship between in vitro and in vivo functionality of wines,
namely, to what extent in vivo antioxidant response magnitude is proportional to in vitro antioxidant
activity of wines.

Aims: (i) investigation of in vivo antioxidant effect of two wine samples, with high, respectively, low in
vitro antioxidant activity, on oxidative stress induced by ACR, by means of biomarkers determined in
plasma and liver tissue; (ii) evaluation of potential protective effects of polyphenols from these wine
samples, on the hepatocellular lesions produced by ACR in rats, by determining liver enzymes; (iii)



comparative study of histopathological alterations occurred in rats treated with ACR after dietary
supplementation with two different wine samples.

Materials and methods

The two wine samples used in this study are: the red wine Feteasca Neagra (12.5% ethanol (v/v)),
with a CTP value of 2359 mg GAE/L and an in vitro antioxidant activity of 9.84 mM TE/L, and the white
wine Feteasca Regala (12.5% ethanol (v/v)), with a CTP value of 245 mg GAE/L and an in vitro
antioxidant activity of 0.93 mM TE/L.

It has been used a collectivity of 60 white rats, Wistar strain, males, with initial body weight of 150
+ 14 g. All animal procedures and treatments in this study were in compliance with the general guidelines
for the use and care of animals used for scientific purposes and approved by the Ethics Committee of the
“luliu Hatieganu” University of Medicine and Pharmacy Cluj-Napoca (Romania) (protocol number
219/11.06.2014). The animals were divided randomly into six groups, each group consisting of ten
animals, which, for 28 days, received daily by intragastric gavage the treatments established according to
the experimental protocol described in the thesis.

Transaminases, aspartate aminotransferase (AST) and alanine aminotransferase (ALT), were
determined in plasma samples by spectrophotometric assays. Determination of the level of lipid
peroxidation by quantifying malondialdehyde (MDA) in rat plasma was performed by UPLC-PDA
technique. Determination of plasma levels of reduced and total glutathione (GSH) was performed by
UPLC-FLD technique. Samples of liver tissue taken after rats’ sacrifice subsequently served for
histopathological examination of liver tissue and for determination, by spectrophotometric methods, of
the following biomarkers of oxidative stress: MDA, reduced GSH and activity of antioxidant enzymes
(superoxid dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx)).

Results and discussion
General toxicity: the evolution of animal body weight, absolute and relative liver weight

Hepatotoxicity caused by ACR was translated into an increased liver size in groups treated with
ACR, increase that could be explained by liver hepatocyte proliferation as a result of chemically induced
hyperplasia, increase of the volume of individual hepatocytes, or simply may be due to infiltration with
lympho-histiocytic cells. The results suggest that co-administration of white or red wine to ACR-treated
rats did not cause a change in the values of body weight, relative and absolute liver weight in the direction
of the values obtained for the control group (C).

Histopathological examination of rat liver

Histopathology of the liver for group C showed a similar histo architectonic with that of groups that
received white wine (WW) and, respectively, red wine (RW), morphological modifications in these 3
groups being discrete, consecutive to subacute alcohol consumption. The images obtained following
histopathological evaluation showed that animals in the groups treated with ACR presented slight
morphological modifications, the differences between the three groups being minor. The most affected
were the positive control (PC) group and the white wine+acrylamide (WW+ACR) group. The absence of
an evident liver protective effect of red wine may be the consequence of a too short duration of the
experimental study, subacute administration over a period of four weeks, while liver protective effects of
polyphenols have been reported after consumption of red wine over longer periods of time.

Biochemical parameters of liver damage

The evolution of ALT and AST showed significant increases (p<0.05) of the activities of these
enzymes in the case of the group treated with ACR, compared with C group, suggesting hepatocyte
membrane permeabilization and migration of ALT and AST in the intercellular space. The results for AST
indicated that red wine polyphenols have conferred a protective effect against liver toxicity of acrylamide
in the group treated with red wine+acrylamide (RW+ACR). However, this protection was not confirmed



by the values obtained for ALT in the RW+ACR group compared to PC group, in this case being observed
just a tendency of normalization of ALT in the direction of the values obtained for C group. The lack of an
evident protection may be due to dietary supplementation with wine over a too short period, the effects
of polyphenols being visible only after chronic administration of wine. The results obtained for
transaminases are in accordance with the histopathological studies of liver tissue.

The effects of wine polyphenols on oxidative stress induced by acrylamide evaluated by
plasma concentration of certain biomarkers

The data obtained in this study showed that ACR increased lipid peroxidation, expressed by
increased plasma levels of MDA. The decrease of MDA plasma concentration observed in the study in
WW+ACR and RW+ACR groups, suggests that the whole process of lipid peroxidation was reduced by
regular supplementation of the diet with wine.

Wines' antioxidant effects have been demonstrated by the results obtained for the two parameters,
reduced GSH and reduced/total GSH ratio in plasma of the animals. Thus, a significant increase (p<0.05)
of reduced GSH plasma levels was evident both in the WW+ACR group, as well as the RW+ACR group,
compared with PC group, while the reduced/total GSH ratio was significantly increased (p <0.05) only in
the RW+ACR group. This demonstrated that wine intake has resulted in a protective effect due to phenolic
antioxidants present in both types of wine, but the protective effect was significantly more pronounced
for the red wine, having a higher phenolic content compared to the white wine.

The effects of wine polyphenols on oxidative stress induced by acrylamide in the liver

The effects of wine polyphenols on lipid peroxidation and reduced glutathione in the liver. In this
study, the reduction in GSH hepatic tissue levels and the increase of lipid peroxidation degree in the ACR-
treated group compared to the control group, respectively, can be explained by the reaction between ACR
and GSH, reaction which causes depletion of GSH and the increase of lipid peroxidation. At the same time,
after the administration of wines, the reduction of MDA levels and the increase of GSH levels were
observed, due to the protective antioxidant effects of the constituent polyphenols. Thus, dietary
supplementation both with white wine and red wine, in ACR-treated rats, significantly reduced (p<0.05)
hepatic MDA level in the two groups, compared to the group treated only with ACR. These findings
demonstrate that oxidative lesions induced by ACR in the liver were ameliorated both by white wine
treatment, but especially by red wine treatment. Unlike the results obtained for MDA, where white wine
supplementation conferred a protective effect against ACR, in case of hepatic GSH the effect of white wine
supplementation was weak, without providing protection by significantly increasing of reduced GSH level.

The effects of wine polyphenols on liver antioxidant enzyme activities. Low levels of enzymatic
activities of catalase, superoxide dismutase and glutathione peroxidase were recorded in the liver tissues
of ACR-treated group, compared to C group, suggesting acute injury caused by ACR. Damaging effects of
ACR in the liver were reduced with the administration of wines, a change in the level of CAT and SOD to
normal levels being observed, depending on the type of the wine administered.

Statistical analysis revealed that the type of wine administered has influenced the activity of SOD
and CAT, but showed no significant effect for GPx. Thus, dietary supplementation with red wine in the
ACR-treated group caused a significant increase (p<0.05) of SOD and CAT enzymatic activities, compared
to the group treated only with ACR, whereas dietary supplementation with white wine did not produce
significant differences in the activities of these enzymes. The amelioration effects of red wine were more
pronounced than those caused by white wine, due to its higher polyphenolic content compared to that of
white wine. Regarding GPx activity, dietary supplementation with white or red wine, has not produced
significant differences between groups treated with ACR, suggesting that in this case none of the two
types of wine exerted a protective effect against ACR.



Conclusions

In the present study, acrylamide has caused disturbances of oxidative status and enzyme activities,
the results obtained for biochemical parameters of liver damage, histopathological examination of liver
tissue and oxidative stress parameters studied confirming the efficiency of acrylamide in generating
oxidative stress.

Our results have indicated that red wine, having a total phenolic content and in vitro antioxidant
activity higher than those of white wine, was able to protect the liver against oxidative stress, even during
subacute exposure to ethanol, statistically significant effects being observed both on liver and plasma
evaluated markers. Superior protective effects of red wine were correlated to its non-alcoholic
components.

Biochemical parameters presented an improvement only for AST levels and histopathological
examination revealed only a moderate attenuation of morphological modifications, consecutively dietary
supplementation with red wine for 4 weeks, most likely due to a too short administration period.

The main objective of this study was achieved, since our experimental groups were able to
demonstrate a variation in the intensity of the in vivo protective effects, depending on the types of wine
administered, so that the protective effects in an oxidative stress model induced by acrylamide were more
pronounced at higher doses of polyphenols, as was the case for red wine.

General conclusions

The researche carried out in order to characterize wines and to study their in vitro and in vivo
antioxidant potential led to the following conclusions:

e HPLC-DAD-ESI(+)MS analysis has allowed the complete phenolic profiling and has provided
overall composition of wines, offering valuable information on the main individual phenolic compounds
belonging to the classes of flavonoid compounds (flavan-3-ols, flavonols and anthocyanins) and non-
flavonoids (stilbenes).

e Comparative assessment of individual phenolic content, respectively, total phenolic content and
antioxidant activity of the fifteen analyzed wine samples showed variations of the values obtained both
between the three types of wines, white, rosé and red, as well as between different samples of the same
wine sort, thus: red wines showed higher antioxidant capacity, and also total phenolic content levels and
concentrations of individual phenolic compounds significantly higher, compared to white and rosé wines;
among red wine samples, there have been variations of the antioxidant activity and phenolic
composition, according to the grape variety and geographical origin.

e The correlations between total phenolic content and antioxidant activity of wines showed that the
latter was influenced more by the profile of individual phenolic compounds and total polyphenol content
can not be considered a major criterion for estimating antioxidant capacity.

e FT-IR spectroscopic analysis coupled with multivariate data analysis allowed the characterization
and comparison of the fifteen wine samples, depending to their colour, index sweetness and acidity, based
on the specific fingerprints of the four characteristic absorption regions, corresponding to the main
component groups from wine: phenolic derivatives, carbohydrates, amino acids and organic acids.

e The qualitative evaluation of each component category made possible the discrimination of each
wine category, from red, to rosé and white - in terms of colour, and from dry, to half-dry and half-sweet in
terms of taste/sweetness, demonstrating that ATR-FT-MIR analysis is a very fast, cheap and efficient tool
to evaluate the quality and authenticity of wines.

e The evaluation of oxidative stress biomarkers, biochemical parameters of liver damage and
histopathological modifications in rats showed disturbances of oxidative status and enzyme activities and



morphological modifications in the liver, consecutive subacute intoxication with low doses of acrylamide,
confirming the efficiency of acrylamide use in generating oxidative stress.

e The administration of acrylamide, in combination with simultaneous supplementation of the rats’
diet with white wine or red wine, showed a beneficial intervention of wine polyphenols by normalizing
the biomarkers evaluated in the liver and in plasma and by reducing hepatic morphological modifications
in case of supplementation with red wine, the protective effects of red wine in an oxidative stress model
induced by acrylamide being significantly more pronounced than those of white wine.

e [n vivo antioxidant potential of wines was different, depending on the types of wine administered,
the superior protection conferred by red wine, compared to white wine, being due to the phenolic content
and in vitro antioxidant activity of red wine, approximately ten times higher than those of white wine.

Originality and innovative contributions of the thesis

The originality note of the thesis is supported by the study of exclusive Romanian wines, made
from indigenous grape varieties. The study of wine's phenolic composition is a topic that has attracted
great interest in recent years due to the antioxidant properties of wine polyphenols and the numerous
health benefits attributed to these compounds.

The present paper presents the first phytochemical research of phenolic components from fifteen
Romanian wines produced in different viticultural centers in Romania, from six indigenous grape
varieties. This research has achieved for the first time a characterization of white, rosé and red wine
varieties from Romania, by an extensive and comparative analysis of the constituent compounds
belonging to the main classes and subclasses of phenolic compounds and of each category of wine, on the
basis of their colour and their sweetness index, as a result of their biological specificity.

Whereas so far, no research regarding phenolic compositional characteristics and antioxidant
parameters of wines produced in Romania from the varieties studied in this work, have been published
and national and international research has focused mainly on red wines, this paper brings new
information on the phytochemical profile, not at all negligible, of the three wine assortments and their in
vitro antioxidant potential. The paper also presents the first research that evaluates the in vivo
antioxidant potential of two different types of Romanian wine and the relationship between in vitro and in
vivo functionality of wines, providing important data regarding the protective effects of bioactive
compounds in these wines on oxidative stress.

Finally, this thesis provides valuable information concerning the nutraceutical value of tested
Romanian wines, which proved to be an important source of antioxidants. Given the fact that wine is a key
component of the Mediterranean diet, which is a model diet to prevent moreserious illnesses, such
information regarding the benefits of Romanian wine polyphenols could be of great interest to human
nutrition, serving to encourage the development of healthier consumer habits and the adoption of a
healthy lifestyle.
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