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SANTRUMPOS

ABTS 2,2'-azino-bis(3-etilbenztiazolin-6-sulfono ragstis)
(angl. 2,2'-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid))

AKF Angiotenzing konvertuojantis fermentas
AR Aptikimo riba
AV Absorbcijos vienetai

DPPH 2,2-difenil-1-pikrilhidrazilas
(angl. 2,2-diphenyl-1-picrylhydrazyl)
DNR Deoksiribonukleoriigstis

ESC Efektyvioji skys¢iy chromatografija

FRAP Gelezies redukcijos antioksidaciné galia
(angl. Ferric reducing antioxidant power)

GRE Galo rugsties ekvivalentai

IAA Indélis j antioksidacinj aktyvuma

LAMMC Lietuvos agrariniy ir miSky moksly centras

NADH Nikotinamido adenino dinukleotidas, redukuota forma
NF-xB Branduolio transkripcijos faktorius

PVDF Polivinilidenfluoridas

RE Rutino ekvivalentai
RNR Ribonukleino riigstis
TE Trolokso ekvivalentai

TNF-a Naviky nekrozés faktorius o
TPTZ 2.4,6-tripiridil-s-triazinas



IVADAS

Pastaraisiais metais biomedicinos specialisty démesys skiriamas augaly,
augaliniy zaliavy cheminés jvairovés tyrimams. Tyrimy rezultatai yra svar-
bus vykdant naujy augaliniy Zaliavy paieSkas, kuriant vaistinius preparatus,
augalinés kilmés maisto papildus, nustatant biologiSkai aktyvius junginius
maisto produktuose. Tai sudaro galimyb¢ maisto produktus su zinoma che-
mine sudétimi naudoti sveikatinimo tikslams.

Biologiskai aktyviis junginiai augalinése zaliavose bei i§ jy pagamin-
tuose preparatuose lemia jvairiapusj biologini poveikj. Pasaulyje ypac
didelis démesys skiriamas maisto produkty cheminés sudéties tyrimams.
Maisto produktai, be pagrindinés funkcijos — apriipinti organizmg reikiamo-
mis maistinémis ir energinémis medziagomis, gali biiti naudojami létiniy
susirgimy rizikos mazinimui [63, 118]. Gyventojy mityboje obuoliai yra
svarbus biologiskai aktyviy junginiy $altinis. Juose gausu fenoliniy junginiy,
organiniy riugsciy, vitaminy, makro- ir mikroelementy, skaiduliniy me-
dziagy [139].

Vieni svarbiausiy obuoliy biologisSkai aktyviy junginiy yra fenoliniai
junginiai, kurie priskiriami natiraliems antioksidantams. Oksidacinis stresas
sukelia Igstelés metabolizmo pokycius, susijusius su DNR ir baltymy pazei-
dimu, lipidy peroksidacija [29, 103]. Jis gali sukelti uzdegiminius procesus,
Sirdies, kraujagysliy ir Kitas ligas [76, 111]. Fenoliniai junginiai neutrali-
zuoja reaktyvias deguonies ir azoto formas [94], todél yra vertingi daugelio
ligy profilaktikai ir gydymui. Fenolinius junginius kaupianciy augaliniy
zaliavy kokybinés ir kiekinés sudéties tyrimai yra svarbas ir aktualis.

Obuoliai yra vieni labiausiai vartojamy vaisiy Lietuvoje ir pasaulyje.
2013 m. duomenimis pasaulyje iSauginta 80,82 milijony tony obuoliy, Lie-
tuvoje — apie 62,4 tiikstan¢iy tony obuoliy. Daugiausiai obuoliy uZzauginama
Kinijoje, JAV, Turkijoje [37]. Obuoliai pla¢iai naudojami maisto pramonéje
jvairiy produkty ir gérimy gamyboje.

Mokslinéje literatiiroje nurodoma, kad obely lapus galima naudoti
obuoliy sultims praturtinti kvercetino glikozidais ir floridzinu [62]. Obely
lapuose nustatytas dihidrochalkony grupés junginys floridzinas pasizymi
antidiabetiniu poveikiu [50, 93]. Obely lapy flavonoidy kokybinés ir kieki-
nés sudeéties jvairavimo tyrimy duomenys pagristy galimybe panaudoti
Lietuvoje auginamy veisliy obely lapus biologiniu poveikiu pasizymintiems
junginiams isskirti ir maisto papildams su obely lapy ekstraktais gaminti.

Daugelio pasaulio mokslininky tyrimy rezultatai jrodo, kad obely vai-
siuose ir lapuose kaupiami fenoliniai junginiai lemia plataus spektro biolo-
ginj poveikj [5, 21, 94]. Aktualu vykdyti naminiy obely (Malus domestica
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Borkh.) vaisiy ir lapy fitocheminés sudéties tyrimus, nustatyti biologiskai
aktyviy junginiy kaupimosi désningumus, identifikuoti Lietuvos klimato
salygomis auginamas obely veisles, kuriy vaisiuose ir lapuose sukaupiami
didziausi fenoliniy junginiy — natiiraliy antioksidanty kiekiai.

Darbo tikslas — iStirti naminiy obely (Malus domestica Borkh.) vaisiy
ir lapy flavonoidy, fenoliniy riigs¢iy kokybinés ir kiekinés sudéties
ivairavimg ir nustatyti obuoliy éminiy ekstrakty antioksidacinj poveikj in
vitro.

UZdaviniai:

1. I8vystyti ir optimizuoti efektyviosios skys¢iy chromatografijos
(ESC) metodika flavonoidy ir fenoliniy riigs§¢iy kokybinés ir kieki-
nés sudéties nustatymui obuoliy ir obely lapy éminiuose.

2. Istirti Lietuvoje auginamy veisliy obuoliy ir obely lapy flavonoidy
ir fenoliniy ragsciy kokybinés ir kiekinés sudéties jvairavima.

3. Ivertinti fenoliniy junginiy kokybinés ir kiekinés sudéties
Jvairavimg obuoliy luobeliy ir minkS$timy éminiuose.

4. Nustatyti obuoliy ir obely lapy flavonoidy ir fenoliniy riig8éiy
kiekinés sudéties jvairavimg augalo vegetacijos periodo metu.

5. Ivertinti obely poskiepiy itakg obuoliy fenoliniy junginiy kokybinei
ir kiekinei sudéciai.

6. IStirti obely veisliy obuoliy éminiy flavonoidy ir fenoliniy rugsciy
antioksidacinj aktyvuma in vitro.

Mokslinio darbo naujumas. Atlikti Lietuvoje auginamy 'Aldas’,
'Auksis’, '‘Connel Red', 'Ligol’, 'Lodel" ir Rajka’ veisliy obuoliy ir obely lapy
fenoliniy junginiy kokybinés ir kiekinés sudéties tyrimai. Pirmg kartg iStirtas
dviejy Lietuvos Respublikoje sukurty obely veisliy — 'Aldas’ ir 'Auksis’
vaisiy ir lapy fenoliniy junginiy kokybinés ir kiekinés sudéties jvairavimas.

Tyrimy metu nustatyta, kad 'Aldas' veislés obuoliai iSsiskiria dideliu
fenoliniy junginiy kiekiu. Sios veislés obuoliy ir obely lapy éminiuose
nustatytas didZziausias suminis fenoliniy junginiy kiekis.

Flavonoidy ir fenoliniy rigsciy kiekinés sudéties kitimo dinamikos
nustatymas obuoliy ir obely lapy éminiuose augalo vegetacijos periodo metu
pateiké naujy Ziniy apie Lietuvoje auginamy obely vaisiuose ir lapuose
vykstanciy fenoliniy junginiy biosintezés ir kaupimosi procesy désningu-
mus, leido jvertinti fenologiniy tarpsniy jtaka obuoliy ir obely lapy kiekinés
sudéties jvairavimui.

Atlikti nykstukiniy, zematigiy ir pusiauzematigiy obely poskiepiy jtakos
obuoliy fenoliniy junginiy kokybinei ir kiekinei sudéciai tyrimai. Nustatyta,
kad didziausi fenoliniy junginiy kiekiai sukaupiami nykstukiniy poskiepiy P
61 ir P 22 obuoliy éminiuose.
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Pirmg kartg atlikti obuoliy ekstrakty antioksidacinio aktyvumo tyrimai,
taikant ESC-ABTS ir ESC-FRAP pokolonélinius metodus. Nustatyta, kad
tarp identifikuoty junginiy stipriausig antioksidacinj aktyvumga tirty veisliy
obuoliy ekstraktuose 1émé chlorogeno rugstis, procianidinas B2 ir (—)-epika-
techinas.

Praktiné ir teoriné reik§mé. 1Svystyta, optimizuota ir validuota ESC
metodika flavonoidy ir fenoliniy ragsciy kokybiniam ir kiekiniam
nustatymui Lietuvoje auginamy jvairiy Veisliy obuoliy ir lapy éminuose.
Gauti tyrimy rezultatai praturtino mokslines Zinias apie Lietuvoje auginamy
veisliy obely vaisiy ir lapy fenoliniy junginiy kokybine ir kieking sudét;.
'Aldas' ir 'Auksis' obely veislés yra jtrauktos j Augaly nacionaliniy genetiniy
istekliy sara$a [18]. Siy veisliy obuoliy ir obely lapy tyrimai nebuvo atlikti.
Moksliniy tyrimy duomenys vertingi vykdant obely veisliy atranka, suteikia
galimybe pateikti vartotojui auksStos kokybés, zinomos fenoliniy junginiy
sudéties produktus. Didziausias identifikuoty fenoliniy junginiy kiekis
sukaupiamas 'Aldas' veislés obuoliuose, todél 'Aldas' veislés obelys yra
perspektyvios auginimui Lietuvos soduose. Remiantis miisy moksliniy tyri-
my rezultatais parengtos ir LAMMC pateiktos tvirtinti rekomendacijos apie
obuoliy cheminés sudéties jvairavima.

IStyrus obely lapy fenoliniy junginiy kokybine ir kiekine sudétj, nusta-
tyta, kad obely lapy éminuose sukaupiami didesni flavonoidy (rutino,
izokvercitrino, hiperozido, avikuliarino, kvercitrino, floridzino) kiekiai nei
obuoliy éminiuose. Atlikus iSsamius obely lapy fenoliniy junginiy poveikio
tyrimus, Si augaliné zaliava gali buti vertinga papildant maisto produktus
biologiskai aktyviais junginiais.

Atlikome obely poskiepiy jtakos fenoliniy junginiy kiekinés sudéties
jvairavimui obuoliuose tyrimus. Tyrimy metu nustatyta, kad nykstukiniai
obely poskiepiai P 61 ir P 22 turi jtakos didziausiam fenoliniy junginiy
kiekio susikaupimui obuoliy éminiuose. | Siuos poskiepius jskiepytos obelys
galéty buti dazniau auginamos Lietuvos soduose.

IStyrus obuoliy ekstrakty antiradikalinj ir redukcinj aktyvumg ESC-
pokolonéliniu metodu, nustatyti fenoliniai junginiai, kurie pasizymi stipriu
antioksidaciniu poveikiu in vitro. Chlorogeno riigstis, procianidinas B2 ir
(-)-epikatechinas yra analitiniai Zymenys obuoliy, i$ jy pagaminty produkty
bei preparaty antioksidacinio aktyvumo vertinimui. Tyrimy metu gauti
rezultatai yra vertingi prognozuojant obuoliy ekstrakty bei juose identifi-
kuoty fenoliniy junginiy antioksidacinj poveikj in vivo.

Darbo rezultaty aprobavimas. Tyrimy rezultatai pristatyti 7 moksli-
nése konferencijose: 7" Baltic Conference on Food Science and Technology
FOODBALT-2012 ,,Inovative and Healthy Food for Consumers* (2012 m.
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geguzés 17-18 d., Kaunas); Orchard Systems 2012 — X™ International Sym-
posium on Integrating Canopy, Rootstock and Environmental Physiology in
Orchard Systems (2012 m. gruodzio 3-6 d., Stelenbosas, Piety Afrika);
Sestoji nacionaliné doktoranty moksliné konferencija ,,Mokslas — sveikatai“
(2013 m. balandZio 5 d., Kaunas); 7" International Scientific Conference
»The Vital Nature Sign* (2013 m. geguzés 18 d., Kaunas); ,,International
Symposium on Bioactive Compounds in Cereal Grains and Foods* (2014 m.
balandzio 24-25 d., Viena, Austrija); The 4" international conference on
pharmaceutical sciences and pharmacy practice dedicated to the 75" anni-
versary of Lithuanian Pharmacopoeia) (2013 m. lapkri¢io 23 d., Kaunas); ot
Baltic Conference on Food Science and Technology FOODBALT-2014
»lnovative and Healthy Food for Consumers® (2014 m. geguzés 8-9 d.,
Jelgava, Latvija); Young Scientists Meeting ,,Trends in Natural Products
Research® (2014 m. birzelio 23-25 d., Olomoucas, Cekijos Respublika).
Tyrimy tematika paskelbtos 5 mokslinés publikacijos.

Darbo apimtis ir struktioira: disertacija sudaro jvadas, literatiiros
apzvalga, tyrimo objektas ir metodai, rezultatai ir jy aptarimas, iSvados, lite-
ratiiros sgraSas (143 Saltiniai), disertacijos tema paskelbty publikacijy
sarasas, moksliniy publikacijy disertacijos tema kopijos, santrauka, gyve-
nimo, mokslinés ir kiirybinés veiklos apraSymas. Darbe pateikta 10 lenteliy,
22 paveikslai. Disertacijos apimtis 137 puslapiai.
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1. LITERATUROS APZVALGA

1.1. Malus genties augaly taksonominé jvairove,
paplitimas ir morfologija

Obels (Malus Mill.) gentis priklauso erskétiniy (Rosaceae Juss.) Seimai.
Moksliniy tyrimy duomenys apie §iai genciai priskiriamy riisiy skaiciy yra
skirtingi. Likhonos iSskiria tik 8 Malus genties rsis [71], Phipps ir kt. — 55
rusis [101], o Ponomarenko — net 86 rusis [105]. ,,.Lietuvos TSR floroje*
aprasytos 25 Malus genties rasys [122]. Rasiy skaicius skiriasi dél taksony
grupavimo jvairovés ir hibridy priskyrimo atskiroms Malus genties rasims
[112].

Malus genties augaly arcalas apima Vidurio, Ryty ir Piety Europa,
Centrine Azija, Siaurés Amerika [55]. Lietuvoje savaime auga viena genties
rasis — miskiné obelis (M. sylvestris Mill.). Ji paplitusi visoje Lictuvos
Respublikos teritorijoje, auga pavieniui ar po kelis medzius misriuose ar
lapuociy miSkuose, pamiskése, laukuose [122].

Naminés obels (M. domestica Borkh.) kilmé tiksliai néra iSsiaiskinta,
Siuo klausimu tarp mokslininky tebevyksta diskusija. Taksonomiskai jai
artimiausios rii§ys yra azijiné obelis (M. asiatica Nakai), uoginé obelis (M.
baccata (L.) Borkh.), vysniavaisé obelis (M. micromalus Makino), slyvalapé
obelis (M. prunifolia (Willd.) Borkh.), raudonoji obelis (M. sieversii
(Ledeb.) M. Roem.), miskiné obelis (M. sylvestris Mill.) [112]. Anksc¢iau
buvo teigiama, kad naminé obelis kilusi i§ miskinés obels, taciau pastarai-
siais metais atlikti genomo tyrimai parodé, kad naminé obelis iSsivysté i§
Centrinéje Azijoje natiiraliai augancios raudonosios obels [51, 86, 134].
Miskiné obelis taksonomiskai artima kultirinéms obelims, ta¢iau, manoma,
kad jos jtaka naminés obels evoliucijai yra nedidelé. Jy genomo panasumai
gali buti paaiSkinami kaip vélesnés tarpriisines hibridizacijos ir kryzminimo
rezultatai [28, 135].

Namin¢ obelis yra 3—10 metry aukscio lapuotis medis. Dazniausiai
auginama vidutiniy platumy klimatinéje zonoje. Lapai prazanginiai, kotuoti,
su nukrintanciais prielapiais, paprasti, iStisiniai arba skiautéti, dazniausiai
kiauSiniski arba elipsiski, smailia virStine, 5-10 cm ilgio ir 2-5 c¢cm plocio.
Ziedai dvily¢iai, kvapnis, susitelke skétiskuose Ziedynuose, vaininklapiai
baltos arba rozinés spalvos, tamséjantys j iSore, 3—5 cm skersmens.

Augalas Zydi balandzio—geguzés ménesiais. Vaisius — obuolys, turintis
po 2-3 rudas séklas. Vaisiaus luobelé labai plona, minkStimas sultingas.
Obuoliai prinoksta liepos—spalio ménesiais. Nokimo laikas priklauso nuo
obels veislés. Prinoke obuoliai biina raudoni, geltoni, Zzalsvi ar jvairiaspal-
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viai, jvairaus dydzio [72, 90, 122]. Pasaulyje zinoma vir§ 7500 obely veis-
liy, kurios tarpusavyje skiriasi derlingumu, atsparumu Salnoms ir ligoms,
deréjimo laiku, vaisiy forma, dydziu, skoniu ir spalva [35, 92].

1.2. M. domestica Borkh. vaisiy ir lapy cheminés sudéties tyrimai

Augalinés zaliavos yra daugiakomponentés matricos, kuriy poveikj le-
mia biologiskai aktyviy junginiy kompleksas. Pritaikius Siuolaikinius anali-
z¢&s metodus, svarbu nustatyti augaliniy zaliavy kokybing ir kieking sudétj,
uztikrinti jy sauguma ir kokybe, jvertinti jvairiy veiksniy jtakg biologiskai
aktyviy junginiy sintezés procesams.

Obely vaisiuose ir lapuose kaupiami biologiskai aktyvis junginiai —
flavonoidai ir fenolinés riigstys [40, 127]. Siy augaliniy Zaliavy tyrimai yra
aktualiis. Juos atlikus, galima pasitlyti vartotojui kokybiskus, zinomos feno-
liniy junginiy sudéties produktus, kurie galéty biiti potencialiai vertingi
medicinos poreikiams — jvairiy ligy prevencijai, funkcinio maisto kiirimui ir
gamybai.

1.2.1. Obuoliy flavonoidy ir fenoliniy rags¢iy kokybinés
ir kiekinés sudéties tyrimai

Obuoliai uzima svarbig vietg kasdienéje zmogaus mityboje — jie jtraukti
1 ivairiy maisto produkty sudétj, vartojami neperdirbti. Siekiant pateikti
vartotojui kokybiskus, saugius, biologiskai aktyviy junginiy turtingus maisto
produktus, obuoliy cheminés sudéties tyrimai tampa vis aktualesni. Tiks-
linga Siuolaikinés analizés metodais jvertinti obuoliy biologiskai aktyviy
junginiy fitocheming sudétj, jy biosintezés ir kaupimosi désningumus, nu-
statyti obely veisles, kuriy vaisiuose sukaupiami didZiausi biologiskai
aktyviy junginiy kiekiai.

Lenky mokslininkai nurodo, kad suminis ESC metodu identifikuoty
fenoliniy junginiy kiekis obuoliuose jvairuoja nuo 523,02 mg/100 g iki
2723,96 mg/100 g absoliuc¢iai sausos Zaliavos [137].

Obuoliy éminiuose identifikuoti fenoliniai junginiai priskiriami dviem
grupéms: flavonoidams ir fenolinéms ragstimis. Fenoliniy ragsciy grupel
priklauso galo, protokatecho, alyvy, kavos, ferulo, p-kumaro, trans-cina-
mono, sinapo rigstys bei jy esteriai su chino, Sikimo, vyno riigS§timis [58,
116].

Chlorogeno riigstis, susidaranti kavos ir chino riigs¢iy esterifikacijos
metu, yra viena labiausiai paplitusiy fenoliniy riig§¢iy augaluose [42]. Woj-
dyto ir kt. tyré Lenkijoje auginamy obuoliy fenoliniy rigs¢iy kiekine sudétj.
Sie mokslininkai nustaté, kad chlorogeno riigsties kiekis obuoliy éminiuose
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varijavo nuo 0,01 iki 2,96 mg/g absoliuciai sausos zaliavos [137]. Chloro-
geno riigsties kiekis, nustatytas iStyrus obuoliy éminius, jvairavo nuo
1,44 mg/100 g iki 70,02 mg/100 g $vieziy vaisiy [24].

Flavonoidai yra vieni svarbiausiy biologiSkai aktyviy junginiy, le-
mianciy obuoliy poveikj Zmogaus organizmui. Obuoliuose nustatyti jvairiy
grupiy flavonoidai: flavonoliai, flavan-3-oliai, dihidrochalkonai ir antocia-
ninai [3, 108].

Pagrindiniai flavonoliy grupés junginiy atstovai, identifikuoti obely vai-
siuose, yra kvercetino glikozidai: hiperozidas (kvercetin-3-O-galaktozidas),
izokvercitrinas (kvercetin-3-O-gliukozidas), rutinas (kvercetin-3-O-rutinozi-
das), reinotrinas (kvercetin-3-O-ksilozidas), avikuliarinas (kvercetin-3-O-
arabinozidas) ir kvercitrinas (kvercetin-3-O-ramnozidas) [128, 138]. Panze-
lla ir kt. nustaté, kad kvercetino glikozidy kiekis obuoliy éminiuose jvairuo-
januo 0,02 mg/100 g iki 0,97 mg/100 g $vieziy vaisiy [95]. Duda-Chodak ir
kt. nurodo, kad hiperozido kiekis Lenkijoje auginamy obuoliy éminiuose
jvairuoja nuo 0,31 mg/100 g iki 3,38 mg/100 g, izokvercitrino kiekis vari-
juoja nuo 0,06 mg/100 g iki 1,09 mg/100 g, reinotrino — nuo 0,26 mg/100 g
iki 1,29 mg/100 g, kvercitrino — nuo 0,26 mg/100 g iki 2,38 mg/100 g, avi-
kuliarino — nuo 0,39 mg/100 g iki 2,57 mg/100 g, rutino — nuo 0,01 mg/100
g iki 0,23 mg/100 g $vieziy vaisiy [33]. Nustatyti nedideli izoramnetin-3-O-
galaktozido, izoramnetin-3-O-gliukozido kiekiai, kemferolio ir ramnetino
glikozidy pédsakai [3, 57, 117].

Obuoliy éminiuose identifikuoti flavan-3-oliy grupés junginiai: kate-
chinai (monomeriniai flavan-3-oliai) — (-)-epikatechinas ir (+)-katechinas
bei jvairaus polimerizacijos laipsnio procianidinai (oligomeriniai flavan-3-
oliai) — B1, B2, B3, B5, C1, E-B5, E4 [128]. Nyderlandy mokslininkai nu-
staté, kad suminis katechiny kiekis tirtuose obuoliy éminiuose jvairuoja nuo
14,3 mg/100 g iki 19,7 mg/100 g Svieziy obuoliy [132]. Obuoliuose nusta-
tyti (-)-epikatechino kiekiai zenkliai didesni uz (+)-katechino. Van der Sluis
ir kt. nurodo, kad (-)-epikatechinas sudaro vidutiniSkai 93-94 proc. visy
obely vaisiuose identifikuoty katechiny grupés junginiy [132]. Ceymann ir
kt. obuoliy éminiuose nustatyti (—)-epikatechino kiekiai varijavo nuo 0,51
mg/100 g iki 33,92 mg/100 g, o (+)-katechino — nuo 0,21 mg/100 g iki 9,76
mg/100 g Svieziy vaisiy [24]. Duda-Chodak ir kt. nurodo, kad procianidino
B1 kiekis obuoliy éminiuose jvairavo nuo 0,46 mg/100 g iki 1,91 mg/100 g,
procianidino B2 kiekis kito nuo 3,89 mg/100 g iki 12,50 mg/100 g, o
procianidino C1 — nuo 1,26 mg/100 g iki 5,43 mg/100 g Svieziy vaisiy [34].

Dihidrochalkony grupés junginiai gamtoje paplite¢ Malus genties augaly
vegetatyviniuose ir generatyviniuose organuose, kity rosiy augaluose jy
beveik neaptinkama [46]. Obely organuose nustatyti floretinas ir jo glikozi-
dai: floridzinas (floretin-2’-gliukozidas), floretin-2’-ksilogliukozidas, 3-hidro-
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ksifloridzinas (3-hidroksifloretin-2’-gliukozidas), 3-hidroksifloretin-2’-ksilo-
gliukozidas [3, 127].

Wojdylto ir kt. nustaté, kad Lenkijoje uzauginty obuoliy éminiuose
dihidrochalkony grupés junginiai sudaré¢ 0,5-4.,9 proc. identifikuoty ir kie-
kiskai jvertinty fenoliniy junginiy kiekio. Siy mokslininky nurodomi flori-
dzino kiekiai jvairuoja nuo 0,31 mg/100 g iki 30,33 mg/100 g absoliuciai
sausos zaliavos [137]. Ceymann ir kt. nustatyti floridzino kiekiai varijavo
nuo 0,38 mg/100 g iki 12,77 mg/100 g Svieziy vaisiy [24].

Vienas dazniausiai obuoliy éminiuose nustatomy antocianiny grupés
junginiy yra cianidin-3-galaktozidas. Lenkijoje auginamy obuoliy éminiuose
jo kiekiai jvairavo nuo 0,07 mg/100 g iki 0,85 mg/100 g §vieziy vaisiy [33].
Graikijos klimato salygomis uzauginty obuoliy éminiuose cianidin-3-galak-
tozido kiekiai kito nuo 0,2 mg/100 g iki 2,8 mg/100 g §vieziy vaisiy [131].
Kity antocianiny grupés junginiy kiekiai obuoliuose daug mazesni — nusta-
tyti cianidin-3-O-ksilozido ir cianidin-3-arabinozido kiekiai sieké 0,06 mg/
100 g Svieziy vaisiy [136].

Obuoliuose nustatyti ir kity grupiy biologiSkai aktyviis junginiai: triter-
penoidai, organinés rtigstys, angliavandeniai, aminoragstys, riebaly riugstys,
vitaminai, mikro- ir makroelementai [38, 125, 139].

Apibendrinant moksliniy tyrimy rezultatus, galima teigti, kad obely
vaisiai pasizymi didele biologiSkai aktyviy junginiy jvairove. Lietuvoje
auginamy obuoliy kokybiné ir kiekiné sudétis yra mazai tyrinéta. Tikslinga
atlikti i§samius obuoliy fenoliniy junginiy kokybingés ir kiekinés sudéties ty-
rimus. I$tyrus misy Salyje auginamy obuoliy cheming sudétj ir jos jvairavi-
mg, gauti duomenys leis nustatyti perspektyviausias obely veisles, tinkamas
auginti Lietuvos klimato saglygomis.

1.2.2. Obuoliy luobeliy ir minks$timy flavonoidy ir fenoliniy ragsciy
kokybinés ir kiekinés sudéties tyrimai

Obuoliy fitocheminé sudétis néra homogeniska, nustatyti zenklts fla-
vonoidy ir fenoliniy rugs¢iy kokybinés ir kiekinés sudéties skirtumai obuo-
liy luobelése ir minkstimuose [82, 129]. Jy cheminés sudéties jvairavimo
tyrimai yra reikSmingi. Tai leidzia tikslingai panaudoti obuoliy mink§timus
ir luobeles individualiy biologiSkai aktyviy junginiy iSskyrimui, jais pratur-
tinty maisto papildy kiirimui ir gamybai.

Wolfe ir kt. nurodo, kad obuoliy luobeliy éminiuose bendras fenoliniy
junginiy kiekis, priklausomai nuo veislés, yra 2—6 kartus didesnis nei obuo-
liy mink$timy éminiuose [59, 137]. Tsao ir kt. nustaté, kad obuoliy luobeliy
éminiuose bendras fenoliniy junginiy kiekis kito nuo 78,16 mg GRE/100 ¢
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iki 201,15 mg GRE/100 g, o mink§timy éminiuose varijavo nuo 15,86 mg
GRE/100 g iki 75,52 mg GRE/100 g §viezios zaliavos [129].

Atlikti moksliniai tyrimai, nagrin¢jant obuoliy minkstimy ir luobeliy
fenoliniy junginiy cheminés sudéties jvairavima. Jakobek ir kt. nustaté, kad
fenoliniy rugs¢iy kiekis obuoliy luobeliy éminiuose varijuoja nuo 3,5
mg/100 g iki 119,0 mg/100 g, minkstimy éminiuose — huo 25,9 mg/100 g iki
138,1 mg/100 g Sviezios zaliavos [57]. Tsao ir kt. nustatytas chlorogeno
rugsSties kiekis obuoliy luobeliy éminiuose jvairuoja nuo 1,93 iki 23,36
mg/100 g, o minkstimy éminiuose — nuo 10,31 mg/100 g iki 30,80 mg/100 g
$viezios zaliavos. Sie mokslininkai nurodo, kad chlorogeno riigitis obuoliy
luobeliy éminiuose sudaro 8,5 proc., o minkStimy éminiuose — net 36,8
proc. visy identifikuoty ir kKiekiSkai jvertinty fenoliniy junginiy kiekio [129].

Obuoliy luobelése ir minkStimuose nustatytos ir kitos fenolinés rugs-
tys — protokatecho, ferulo, p-kumaro, p-kumaroilchino. Obuoliy luobeliy
éminiuose nustatytas protokatecho riigsties kiekis jvairavo nuo 0,01 mg/100
g iki 0,21 mg/100 g, o minks$timy éminiuose — nuo 0,01 mg/100 g iki 0,02
mg/100 g Sviezios zaliavos. Kavos ragsties kiekis obuoliy luobeliy éminiuo-
se kito nuo 0,15 iki 3,80 mg/100 g, mink$timy éminiuose — nuo 0,04 mg/100
g iki 0,19 mg/100 g $viezios zaliavos [125]. Obuoliy luobeliy éminiuose
nustatytas ferulo ragsties kiekis buvo 13,67 mg/100 g, o minkstimy émi-
niuose — 11,98 mg/100 $vieziy vaisiy [69]. p-kumaroilchino riugsties kiekis
obuoliy luobeliy éminiuose kito nuo 0,54 mg/100 g iki 3,36 mg/100 g, o
minkstimy éminiuose — nuo 0,38 mg/100 g iki 2,99 mg/100 g Sviezios Za-
liavos [128].

Kvercetino glikozidy grupés junginiai susitelke obuoliy luobelése,
minkStimuose nustatyti jy kiekiai zenkliai mazesni [82, 128]. Moksliniy
tyrimy duomenys nurodo, kad vienas svarbiy veiksniy, skatinanc¢iy flavo-
noliy grupés junginiy biosintezés procesus obuoliy luobelése, yra saulés
Sviesos poveikis [70]. Nustatyta, kad obely, auginamy gerai ap$viestose
vietose, vaisiy luobelése sukaupiamas didesnis flavonoliy kiekis nei pavé-
syje nokstanc¢iy obuoliy luobeliy éminiuose [39]. Reik§mingi Sios grupés
junginiy kiekiniai skirtumai gali atsirasti tarp to paties medzio vaisiy ar net-
gi tarp skirtingy vaisiaus pusiy, priklausomai nuo saulés Sviesos intensy-
vumo [81].

Savikin ir kt. nustaté, kad obuoliy luobeliy éminiuose bendras flavono-
liy kiekis varijavo nuo 4,09 mg/100 g iki 959,00 mg/100 g, o minkStimy
éminiuose kito nuo 0,43 mg/100 g iki 7,17 mg/100 g Sviezios Zaliavos
[126]. Jakobek ir kt. nurodo, kad flavonoliy kiekis obuoliy luobeliy émi-
niuose jvairavo nuo 8,52 mg/100 g iki 145,58 mg/100 g, o minks§timy émi-
niuose — nuo 0,24 mg/100 g iki 0,44 mg/100 g Sviezios zaliavos [57].
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Obuoliy luobelése ir minkStimuose nustatyti flavan-3-oliy grupés feno-
liniai junginiai — katechinai ir oligomeriniai procianidinai. Obuoliy luobeliy
éminiuose (—)-epikatechino kiekis jvairavo nuo 78,1 ug/g iki 591,6 ug/g, o
mink$timy éminiuose Kito nuo 27,6 ug/g iki 142,3 ug/g $viezios Zaliavos.
Obuoliy luobeliy éminiuose nustatytas (+)-katechino kiekis varijavo nuo
38,1 ug/g iki 123,9 ug/g, o minkstimy éminiuose — nuo 1,1 ug/g iki 55,2
ug/g Sviezios zaliavos. Nustatytas procianidino B1 kiekis obuoliy luobeliy
éminiuose varijavo nuo 46,6 ug/g iki 254,4 pg/g, o procianidino B2 nuo
73,2 ng/g iki 468,1 ug/g. Obuoliy mink§timy éminiuose procianidino Bl
kiekis jvairavo nuo 31,9 pg/g iki 172,8 pg/g, o procianidino B2 — nuo 81,9
ng/g iki 212,6 pg/g [129].

Obuoliy luobeliy éminiuose nustatytas dihidrochalkony grupei priklau-
sancio floridzino kiekis jvairavo nuo 3,76 mg/100 g iki 17,20 mg/100 g, o
mink$timy éminiuose kito nuo 0,80 mg/100 g iki 2,46 mg/100 g Svieziy
vaisiy [129].

Antocianiny grupés junginiai susitelke vaisiaus luobeléje, obuoliy
minks$timuose nustatytas jy kiekis zenkliai mazesnis [82]. Antocianiny kie-
kis Kroatijoje auginamy 8 veisliy obuoliy luobeliy éminiuose jvairavo nuo
25,18 mg/100 g iki 76,10 mg/100 g §viezios zaliavos. Sios grupés junginiy
nustatyta tik 'Ljubenicarka' veislés obuoliy minkStimuose, jy kiekis sieke
31,88 mg/100 g Sviezios zaliavos [57]. Marks ir kt. tyré 20 veisliy obuoliy
luobeliy ir minkstimy éminius [82]. Sie autoriai nurodo, kad cianidin-3-
galaktozido kiekiai obuoliy luobeliy éminiuose varijuoja nuo 0,6 mg/100 g
iki 49,4 mg/100 g $viezios zaliavos. Obuoliy minks§timy éminiuose cianidin-
3-galaktozido kiekis kito nuo 0,5 mg/100 g iki 1,2 mg/100 g Sviezios
zaliavos, bet 8is junginys identifikuotas tik 3 veisliy obuoliy mink$timy émi-
niuose. Nustatyta tiesioginé priklausomybé tarp antocianiny kiekio ir saulés
Sviesios intensyvumo — apdengus obely vaisius nuo saulés spinduliy apsau-
ganc¢ia medziaga, cianidin-3-galaktozido biosintezé nebevyksta [124].

ISnagrinéjus moksliniy tyrimy rezultatus, galima teigti, kad obuoliy
luobeliy ir minkstimy fenoliniy junginiy kokybin¢ ir kiekiné sudétis skiriasi.
Obuoliy luobelése sukaupiami dideli flavonoliy ir antocianiny kiekiai.
Minkstimy éminiuose Siy grupiy junginiy kiekiai yra Zenkliai mazesni arba
Jju visai neidentifikuojama.

Atskiry vaisiaus daliy tyrimai yra reikSmingi, jie leidzia geriau suprasti
biologiSkai aktyviy junginiy biosintezés désningumus. Tikslinga jvertinti
Lietuvoje auginamy veisliy obuoliy minkstimy ir luobeliy fenoliniy junginiy
kokybinés ir kiekinés sudéties jvairavima, nustatyti obely veisles, kuriy vai-
siy luobelés ir minkstimai sukaupia didziausius fenoliniy junginiy kiekius ir
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kurios yra potencialiai vertingos individualiy fenoliniy junginiy iSskyrimui,
maisto papildy kiirimui ir gamybai.

1.2.3. Obely lapy flavonoidy ir fenoliniy rigsciy fitocheminés
sudéties tyrimai

Augalo organy cheminés sudéties tyrimai leidzia geriau suprasti
biologiskai aktyviy junginiy biosintezés ir kaupimosi désningumus. Jie yra
svarbiis atlieckant perspektyviy augaliniy zaliavy paieska. Obely lapy
kokybinés ir kiekinés sudéties tyrimai buvo pradéti, norint nustatyti obelinio
raupliagrybio (Venturia inaequalis (Cooke) Wint.) jtaka fenoliniy junginiy
biosintezei [97, 102]. Truksta tyrimy, jvertinanéiy obely lapy antioksidacinj
aktyvuma, sudaranéiy galimybe juos panaudoti medicinos praktikoje, far-
macijos ir maisto pramones srityse.

Kroaty mokslininkai tyré jvairiu metu laiku surinktus sveikus ir raupliy
paveiktus obely lapy éminius. Sveiky obely lapy éminiy etanoliniuose
ekstraktuose nustatytas bendras fenoliniy junginiy kiekis svyravo nuo 55,1
mg iki 133,6 mg GRE/g sausos Zaliavos [100].

Atlikti fenoliniy rugsciy kokybinés ir kiekinés sudéties obely lapuose
tyrimai. Suminis hidroksicinamono riugs¢iy kiekis obely lapy éminiuose
jvairuoja nuo 0,17 mg/g iki 2,32 mg/g absoliu¢iai sausos zaliavos [121].
Nustatytas chlorogeno ragsties Kiekio varijavimas nuo 4,2 mg/100 g iki 85,3
mg/100 g sausos zaliavos [100]. Chlorogeno riigstis sudaré 55—65 proc. visy
obely lapy éminiuose identifikuoty ir kiekiSkai jvertinty hidroksicinamono
rugsciy kiekio [98].

Sveiky obely lapy éminiuose kavos riigsties kiekis varijavo nuo 4,2
mg/g iki 40,3 mg/100 g, p-kumaro rasties kiekis kito nuo 5,8 mg/g iki 26,3
mg/100 g, o ferulo raigsties kiekis — nuo 5,8 mg/g iki 39,5 mg/100 g sausos
zaliavos [100]. Benzoinés riigsties kiekis obely lapy éminiuose ivairavo nuo
0,01 mg/g iki 0,71 mg/g sausos zaliavos [102].

Kvercetino glikozidai yra gausiausia obely lapy fenoliniy junginiy gru-
pé. Obely lapuose nustatyti Sie kvercetino glikozidy grupés junginiai: hiper-
ozidas, izokvercitrinas, reinotrinas, avikuliarinas, kvercitrinas, rutinas. Pet-
kovsek ir kt. nustaté, kad suminis kvercetino glikozidy kiekis obely lapy
éminiuose varijavo nuo 15 mg/g iki 22 mg/g sausos zaliavos [97]. Hiperozi-
das ir kvercitrinas yra vyraujantys obely lapy kvercetino glikozidy grupés
junginiai. Mayr ir kt. nustatyti hiperozido kiekiai jvairavo nuo 5,68 mg/g iki
9,10 mg/g, o kvercitrino — nuo 0,61 mg/g iki 9,01 mg/g. Kity kvercetino
grupés glikozidy kiekiai buvo mazesni [79].

Obely lapuose identifikuoti flavan-3-oliy grupés junginiai: (+)-kate-
chinas, (-)-epikatechinas ir procianidinas B2. Nustatytas (-)-epikatechino
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kiekis jvairavo nuo 22,3 mg/g iki 137,4 mg/100 g, (+)-katechino — nuo 7,9
mg/g iki 125,2 mg/100 g [100], procianidino B2 — nuo 0,07 mg/g iki 1,19
mg/g sausos zaliavos [102].

Picinelli ir kt. obely lapy éminiuose identifikavo dihidrochalkony gru-
pés junginius — floridzing ir floreting. Floridzino kiekis tirtuose éminiuose
jvairavo nuo 54,1 mg/g iki 140,0 mg/g, o floretino — nuo 0,3 mg/g iki 10,9
mg/g sausos zaliavos [102]. Gosch ir kt. nurodo, kad floridzinas sudaro
daugiau kaip 90 proc. obely lapuose nustatyty fenoliniy junginiy [45].

Apibendrinant obely lapy cheminés sudéties tyrimy duomenis, galima
teigti, kad obely lapuose sukaupiami dideli floridzino ir kvercetino grupés
glikozidy, ypa¢ hiperozido ir kvercitrino, kiekiai, ta¢iau duomenys apie
biologiskai aktyviy junginiy kokybinés ir kiekinés sudéties jvairavimg néra
iSsamiis. leSkant perspektyviy augaliniy Zzaliavy, vertingy savo chemine
sudétimi, kaupianciy didelius biologiskai aktyviy junginiy kiekius, tikslinga
vykdyti augaly fitocheminés jvairovés tyrimus. Aktualu atlikti Lietuvoje
auginamy veisliy obely lapy fenoliniy junginiy kokybinés ir kiekinés
sudéties analiz¢ bei palyginti gautus rezultatus su kity mokslininky tyrimy
duomenimis.

1.3. Obuoliy ir obely lapuy ekstraktuy biologinis poveikis

Moksliniy Saltiniy duomenimis obely vaisiy ir lapy biologiskai aktyviy
junginiy kompleksas lemia platy $iy augaliniy zaliavy biologinio poveikio
spektrg [20]. Atlikty tyrimy rezultatai patvirtina obuoliy ir obely lapy
ekstrakty bei juose nustatyty individualiy fenoliniy junginiy teigiama po-
veik] Zzmogaus sveikatai [110, 136]. Siekiant moksliskai pagrjsti obuoliy ir
obely lapy vartojimg sveikatinimo tikslams, svarbu eksperimentiniais tyri-
mais jvertinti §iy augaliniy zaliavy biologinj poveik], i$siaiskinti jy ekstrakty
veikimo mechanizmus.

Obuoliy antioksidacinis poveikis siejamas su fenoliniy junginiy
kompleksu [13, 34, 73]. Bai ir kt., tyr¢ obuoliy iS§spaudy fenoliniy junginiy
antioksidacinj aktyvuma, nustaté, kad procianidino B2 antioksidacinis po-
veikis yra stipriausias. Silpnesniu antioksidaciniu aktyvumu pasizymi hiper-
ozidas ir chlorogeno riigstis, silpniausiu — floridzinas [11]. Lee ir kt. tyré
obuoliy fenoliniy junginiy ir askorbo rugsties jtakg antioksidaciniam akty-
vumui, jie nustaté, kad kvercetinas, (-)-epikatechinas ir procianidinas B2
yra pagrindiniai biologiskai aktyviis junginiai, lemiantys obuoliy ekstrakty
antioksidacinj poveikj in vitro [68].

Bonarska-Kujawa ir kt. tyré obely lapy ekstrakty jtakg izoliuoty kiaulés
eritrocity membrany oksidacijai. Tyrimo metu nustatyta, kad obely lapy
ekstraktas sukelia stipry oksidacijg inhibuojantj poveikj, todé¢l autoriai sitilo
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ji vartoti kaip natiiraly antioksidantg maisto, kosmetikos ir farmacijos pra-
mong¢je [21]. Tyrimai su Zzmonémis parodé, kad senyvo amziaus tiriamyjy,
kasdien valgiusiy Sviezius obuolius, eritrocituose padidé¢jo antioksidaciniy
fermenty — superoksido dismutazés, glutationo peroksidazés kiekis ir bend-
ras kraujo plazmos antioksidacinis potencialas [6].

Cholesterolio ir trigliceridy koncentracija kraujyje maZinantis po-
veikis. Obuoliuose nustatyti biologiskai aktyvis junginiai pasizymi choles-
terolio ir trigliceridy koncentracijg kraujyje mazinan¢iu poveikiu. Thilaka-
rathna ir kt. nustaté, kad obuoliy luobeliy ekstraktas inhibuoja mazo tankio
lipoproteiny cholesterolio oksidacija in vitro. Sj poveikj lemia chlorogeno
rugstis ir kvercetino grupés glikozidai [126]. Maitinant ziurkes maisto
papildais, turinciais liofilizuoty obuoliy milteliy, nustatyta, kad cholesterolio
koncentracija kraujo plazmoje ir kepenyse reikSmingai sumazéjo, o didelio
tankio lipoproteiny padid¢jo [4]. Panasiis tyrimy rezultatai gauti i ziurkiy
maitinimo raciong jtraukiant obuolius (5 g per dieng). Straipsnio autoriy
duomenimis (+)-katechinas, (-)-epikatechinas, procianidinas B1 ir B-karote-
nas yra svarbiausi obuoliuose nustatyti junginiai, lemiantys cholesterolj ma-
zinantj poveikj [119].

Poveikis Sirdies ir kraujagysliy sistemai. Balasuriya ir Rupasinghe
tyré obuoliy luobeliy poveikj angiotenzing konvertuojancio fermento (AKF)
aktyvumui. Tyrimo metu nustatyta, kad obuoliy luobeliy ekstraktas pasi-
zymi AKF inhibuojanciu poveikiu. Vertinant individualiy kvercetino dariniy
jtaka AKF inhibavimui, stipriausiu poveikiu pasizyméjo kvercetin-3-gliu-
kozidas ir kvercetino metabolitas — kvercetin-3-gliukuronidas [12].

AntivéZinis poveikis. Tirtas obuoliy luobeliy ekstrakto poveikis vézio
lasteliy proliferacijai in vitro. Nustatyta, kad obuoliy luobeliy ekstraktas
reikSmingai mazina krities ir prostatos veézio lgsteliy gyvybingumg ir
dalijimosi potencialg, stabdo naviky augima, skatina véziniy lgsteliy angio-
genezg ir metastazavimg slopinancio baltymo maspino ekspresija [110].
Barth ir kt. tyrin€jo obuoliy suléiy poveikj ziurkiy gaubtinés zarnos karcino-
genezeés procesams, sukeltiems naudojant 1,2-dimetilhidrazing. Nustatyta,
kad obuoliy sultys sumazino vézio zymeny koncentracija, DNR pazaidy
skaic¢iy, slopino lgsteliy proliferacijos procesus [15]. Maldonado-Celis ir kt.
nustate, kad obuoliy procianidinai skatina receptoriy, atsakingy uz apopto-
z€s procesus zmogaus gaubtinés zarnos lgstelése, aktyvuma, todél obuoliai
ir jy produktai vertingi véziniy ligy profilaktikai [80]. Jrodyta priklau-
somybé¢ tarp suvartojamo obuoliy kiekio ir susirgimo véziu rizikos [41].

Antimikrobinis poveikis. Atlikti obuoliy luobeliy ekstrakto poveikio
Helicobacter pylori padermés bakterijoms tyrimai. Nustatyta, kad ekstraktas
slopina H. pylori adhezijg prie skrandzio gleivinés [96].
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Tirtas obuoliy luobeliy ekstrakty antimikrobinis poveikis agaro difuzi-
jos metodu in vitro. Obuoliy luobeliy acetoninis ekstraktas turéjo stipry anti-
mikrobinj poveikj Escherichia coli ATCC 25922, Pseudomonas aeruginosa
ATCC 27853 ir Staphylococcus aureus ATCC 29213 paderméms. Labiau
iSreiksta antimikrobinj poveikj 1émé didesnj fenoliniy junginiy kiekj turintys
ekstraktai [1].

Antivirusinis poveikis. Atlikti moksliniai tyrimai, jrodantys obuoliy fe-
noliniy junginiy poveikj Herpes simplex ir gripo virusy paderméms. Suarez
ir kt. tyré obuoliy i$spaudy ekstrakty poveikj Herpes simplex 1 ir 2 tipo
virusy padermiy replikacijai bezdZioniy inksty lgstelése in vitro. Nustatyta,
kad ekstraktai daugiau nei 50 proc. inhibavo abiejy tipy H. simplex virusy
padermiy replikacija [123]. He ir kt. tyré obuoliy ekstrakto poveiki gripo vi-
rusu HIN1 paderme uzkréstoms peléms Atlikti poveikio mechanizmo tyri-
mai parodé, kad obuoliy ekstraktas sustiprino imuninés sistemos atsakg —
padidino B ir T limfocity skaiéiy, Igstelinio imuniteto mediatoriaus interleu-
kino-2 sekrecijg, netiesiogiai stimuliavo 1 ir 2 tipy interferono gamybg [52].

Antidiabetinis poveikis. Obely vaisiuose ir lapuose nustatytas dihidro-
chalkony grupés junginys — floridzinas, pasizymintis pla¢iu biologinio po-
veikio spektru. Atlikti moksliniai tyrimai jrodo, kad §is junginys turi poveikj
véziniy lgsteliy vystymuisi [133], gerina atmintj [19, 141], yra svarbus kauly
ltziy prevencijai [107, 120].

Labiausiai mokslininkus dominantis ir medicinai svarbus yra floridzino
antidiabetinis poveikis [83, 89]. Floridzinas mazina gliukozés koncentracija
plazmoje, blokuodamas gliukozés absorbcijg ir resorbeijg [61, 142]. Flo-
ridzino geba panaikinti gliukotoksiSkuma ir sumazinti gliukozés koncent-
racija kraujyje, nedidinat kiino svorio, nesukeliant hipoglikemijos ir skysciy
netekimo rizikos, lemia jo nauda II tipo diabeto profilaktikai [50, 93, 104].

Kiti poveikiai. Mokslinéje literatiiroje apraSyta, kad obuoliy suléiy
fenoliniai junginiai gali buti vertingi Alzheimerio ligos prevencijai. Nustaty-
ta, kad obuoliy sul¢iy koncentratas slopina padidintg presenilino-1 ekspre-
sija [26], mazina reaktyviy deguonies formy kaupimasi smegeny audinyje ir
létina atminties blogéjima [113].

Atlikti obuoliy minkstimy ekstrakto poveikio skrandzio epitelio laste-
Iéms in vitro ir in vivo tyrimai. Nustatyta, kad ekstraktas apsaugo skrandzio
gleivinés lasteliy membranas nuo reaktyviy deguonies formy sukelty pa-
zaidy ir inhibuoja lipidy peroksidacijos procesus [47]. Carrasco-Pozo ir kt.
atliko tyrimus su ziurkémis in vivo ir jrod¢, kad obuoliy luobeliy ekstraktas,
mazindamas neutrofily infiltracijg j skrandzio gleiving, apsaugo ja nuo jvai-
riy vaisty nuo uzdegimo sukeliamy mikro- ir makro- pazaidy. Obuoliy
luobeliy fenoliniai junginiai gali biiti naudojami kaip prevenciné priemoné
nesteroidiniy vaisty nuo uzdegimo Salutiniams poveikiams mazinti [23].
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Bao ir kt., atlike tyrimus su pelémis, nustaté, kad obuoliy fenoliniai jun-
giniai reikSmingai mazina cigareciy diimy sukeltus uzdegiminius proCesus.
Obuoliy fenoliniai junginiai gali biti vertingi apsaugant plaucius nuo ciga-
rec¢iy dimy sukeliamy pazaidy [14].

Siame skyriuje pateikti tyrimy duomenys jrodo, kad obuoliuose ir obely
lapuose kaupiami fenoliniai junginiai lemia jvairiapusj biologinj poveikj ir
gali buiti potencialiai vertingi jvairiy ligy prevencijai ir gydymui. Atsi-
zvelgiant | tai, tikslinga atlikti Lietuvos klimato salygomis auginamy obely
vaisiy ir lapy fenoliniy junginiy fitocheminés sudéties ir antioksidacinio po-
veikio tyrimus. Gauti tyrimy rezultatai leisty pasiiilyti vartotojui Zinomos
fenoliniy junginiy sudéties obuoliy ir obely lapy ekstraktais praturtintus
maisto papildus, kurie bty vertingi sprendziant apie $iy augaliniy Zaliavy
naudojima funkcinio maisto kiirimui ir gamybai.
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2. TYRIMO OBJEKTAS IR METODAI

2.1. Tyrimo objektas

Obuoliy ir obely lapy fenoliniy junginiy kokybinés ir kiekinés sudéties
tyrimams panaudoti 'Aldas', 'Auksis', 'Connel Red', 'Ligol', 'Lodel', 'Rajka’
veisliy éminiai, uzauginti Lietuvoje, Babtuose, LAMMOC filiale Sodininkys-
tés ir darzininkystés instituto eksperimentiniame sode. Obuoliy ir lapy
fenoliniy junginiy kiekinés sudéties palyginamiesiems tyrimams éminiai
rinkti 2012 m. Poskiepiy jtakos obuoliy fenoliniy junginiy kokybinés ir
kiekinés sudéties jvairavimo tyrimui ‘'Ligol' wveislés obuoliai skinti
2011-2012 m. Tyrimams naudoti obely poskiepiai: nykstukiniai (P 22, P 59,
P 61 ir PB.4), Zemaiigiai (M.9, P 62, P 66, P 67, B.396) ir pusiauzemaiigis
M.26 poskiepis. Obuoliy ir obely lapy éminiai fenoliniy junginiy kiekinés
sudéties jvairavimo tyrimams vegetacijos metu rinkti skirtingais fenolo-
giniais tarpsniais 2013 m. (2.1.1 lentel¢). Fenologiniai tarpsniai nurodyti
pagal Meier [85].

2.1.1 lentelé. Tyrimo laikotarpio (geguzés—lapkricio ménesiai) mety dienos
ir fenologiniai tarpsniai.

Eminiy rinkimo | Mety Fenologinis tarpsnis
data diena Lapai Vaisiai
Geguzes 21 140 L ¢ is (skleidimasis) -
masi idimasi
Birzelio 4 154 Apt vystymasts (siCeidimasts -
Birzelio 18 168
Liepos 2 182 Intensyvus tigliy augimas —
Liepos 16 196 pirmieji lapai pilnai i$siskleide,
Liepos 30 210 auga ir skleidziasi nauji lapai . .
P Vaisiy vystymasis
Rugpjucio 13 224
Rugpjiicio 27 238
Rugséjo 9 252
Rugsejo 16 259 Branda — pilnai subrende,
Rugséjo 23 266 produktyvis lapai, intensyviai
Rugséjo 30 273 vykdantys fotosintezg.
Spalio 7 280 .. .
. Vaisiy nokimas
Spalio 14 287
Spalio 21 294
- Lapy senéjimas
Lapkric¢io 4 308
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2.2. Tyrimo metodai

Obuoliy éminiy paruosimas. Obuoliai supjaustyti j vienodo dydzio
skilteles (iki 1 cm storio), pasSalinant kotelius ir sé¢klas. Obuoliy skiltelés
uzSaldytos —35°C temperatiiroje Saldiklyje su oro cirkuliacija ir dZiovintos
liofilizatoriuje  ,,Zirbus“ (,,Zirbus technology GmbH", Vokietija).
Liofilizacija vykdyta 0,01 mbar slégyje, kondensoriaus temperatira —85°C.
Liofilizuotos obuoliy skiltelés susmulkintos, naudojant elektrinj maliing
~Retsch 200 (,Retsch GmbH*“ Vokietija). Eminiai laikyti sandariai
uzdarytuose induose, tamsoje.

Obuoliy luobeliy ir mink§timy éminiy paruosSimas. Obuoliy luobelés
nuo obuoliy minkstimo atskirtos, naudojant obuoliy lupimo jrenginj
»Kronen AS2“ (,,Kronen GmbH*, VVokietija). Supjaustyti obuoliy luobeliy ir
mink$timy éminiai paruosti analogiskai, kaip ir obuoliy éminiai.

Obely lapy éminiy paruosimas. SvieZiai surinkti obely lapai dziovinti
liofilizatoriuje ,,Zirbus®“ (,,Zirbus technology GmbH", Vokietija) tokiomis
paciomis salygomis kaip obuoliy éminiai.

Visy tiriamyjy méginiy nuodziiivis nustatytas Europos farmakop¢jos
nurodytu metodu [36]. Tyrimy duomenys perskai¢iuoti absoliuiai sausai
liofilizuotai zaliavai.

Obuoliy éminiy ekstrakty paruosimas. Atsveriama 2,59 (tikslus
svérinys) liofilizuoty obuoliy milteliy, uzpilama 30 ml 70 proc. (v/v) etano-
liu ir ekstrahuojama ultragarso voneléje ,,Sonorex Digital 10 P* (,,Bandelin
electronic GmbH®, Vokietija) 20 min. 40°C temperatiiroje Sandariai
uzdarytuose stikliniuose buteliukuose. Ultragarso stipris — 480 W, daznis —
35000 Hz. Gautas ekstraktas filtruojamas per popierinj filtra, obuoliy
liofilizatas esantis ant filtro du kartus praplaunamas po 10 ml 70 proc. (v/v)
etanolio j 50 ml matavimo kolbute ir paskiedziama 70 proc. (v/v) etanoliu
iki zymés. Prie§ ESC analizg ekstraktai filtruojami per 0,22 um pory dydzio
membraninius filtrus (,,Carl Roth GmbH", VVokietija).

Obely lapy éminiy ekstrakty paruosimas. Atsveriama 0,25 g (tikslus
svérinys) liofilizuoty obely lapy milteliy, uzpilama 10 ml 70 proc. (v/v) eta-
noliu ir ekstrahuojama ultragarso voneléje ,,Sonorex Digital 10 P* (,,Ban-
delin electronic GmbH®, Vokietija) 40 min. 60°C temperattiroje Sandariai
uzdarytuose stikliniuose buteliukuose. Ultragarso stipris — 480 W, daznis —
35000 Hz. Gautas ekstraktas centrifuguojamas 7 min., naudojant ,,Hermle
7206A* centrifugg (,,Denville Scientific Inc.”, JAV). Centrifugavimo greitis
— 6000 apsisukimy per minutg. Po centrifugavimo supernatantas nupilamas
nuo nuosédy. Prie§ ESC analize ekstraktai filtruojami per 0,22 um pory
dydzio membraninius filtrus (,,Carl Roth GmbH*, Vokietija).
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Bendro flavonoidy kiekio nustatymas. Bendras flavonoidy kiekis nu-
statytas spektrofotometriniu metodu, veikiant tiriamajj ekstraktg aliuminio
chlorido tirpalu ragstingje terpéje [130]. Tiriamojo tirpalo paruoSimas.
0,2 ml tiriamojo tirpalo 5 ml matavimo kolbutéje sumaiSoma su 2 ml 96 proc.
(v/v) etanolio, 0,1 ml 30 proc. (v/v) acto ragsties tirpalo, 0,3 ml 10 proc.
aliuminio chlorido tirpalo. Po 30 min. j kolbutg jpilama 0,4 ml 5 proc. hek-
sametilentetramino tirpalo ir praskiedziama i$grynintu vandeniu iki zymés.
Palyginamojo tirpalo paruoSimas. 0,2 ml tiriamojo ekstrakto 5 ml kolbu-
téje sumaiSoma su 2 ml 96 proc. (v/v) etanolio, 0,1 ml 30 proc. (v/v) acto
rugsties tirpalo ir praskiedziama iSgrynintu vandeniu iki Zymés. Absorbcijos
dydis matuotas UV-Vis spektrofotometru ,,Genesys-10“ (,,Thermo Spectro-
nic“, JAV) bangos ilgiui esant 407 nm. Penkiy lygmeny kalibravimo grafi-
kas (y=1,0258x+0,008, R2=0,9994) sudarytas, naudojant 0,1-0,85 mg/ml
koncentracijos etaloninius rutino tirpalus. Bendras flavonoidy kiekis obely
vaisiy ar lapy éminiuose iSreikStas rutino ekvivalentu mg/g absoliuciai
sausos zaliavos.

Efektyviosios skys¢iu chromatografijos metodika. Fenoliniy junginiy
kokybin¢ ir kiekiné analizé atlikta atvirksCiy faziy efektyviosios skysciy
chromatografijos (ESC) metodu ,Waters 2695 Alliance* chromatografine
sistema (,,Waters”, JAV), naudojant diody matricos detektoriy ,,Waters
2998“. Chromatografinio skirstymo valdymas, chromatogramy registravi-
mas, duomeny kaupimas ir apdorojimas atliktas naudojantis ,,Empower® 2
Chromatography Data Software” (,,Waters*, JAV) programine jranga.
Skirstymui naudota kolonélé ,,YMC-Pack ODS-A“ (250x4,6 mm, Cgsg,
daleliy dydis 5 pm) su prieskolone ,,.YMC-Triart“ (10%x3,0, Cig, daleliy
dydis 5um) (,YMC Europe GmbH"“, Vokietija). Optimizuotos
chromatografinés metodikos eliuenty sistema sudaryta i§ 2 proc. (v/v) acto
rugsties tirpalo vandenyje (eliuentas A) ir 100 proc. (v/v) acetonitrilo
(eliventas B). Gradiento kitimas: 0-30 min. 3-15 proc. B, 30-45 min. 15-25
proc. B, 45-50 min. 25-50 proc. B, 50-55 min. 50-95 proc. B. Judrios fazés
tekmés greitis — 1 ml/min., injekcijos taris — 10 pl. Kolonélé termostatuota
25°C temperatiiroje. Chromatografinés smailés identifikuotos lyginant
anali¢iy ir etaloniniy junginiy sulaikymo laikus ir UV absorbcijos spektrines
charakteristikas (1=200-400 nm). Identifikuoty junginiy tapatybé patvirtinta
priedo metodu | tiriamajj ekstrakta pridéjus etaloninio junginio, vertinant
chromatografiniy smailiy formos ir spektriniy charakteristiky pokycius.
Kiekinis obely vaisiy ir lapy éminiy ekstraktuose identifikuoty junginiy
nustatymas atliktas naudojantis penkiy lygmeny kiekvienai analitei
sudarytais etaloniniy junginiy kalibravimo grafikais bei remiantis analités
chromatografinés smailés ploto priklausomybe nuo analités koncentracijos
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analizuojamame ekstrakte. Dihidrochalkony, monomeriniy ir oligomeriniy
flavan-3-oliy kiekiai tiriamuosiuose ekstraktuose apskai¢iuoti bangos ilgiui
esant 280 nm, fenoliniy riig§¢iy — 320 nm, flavonoliy — 360 nm.

Antioksidacinio aktyvumo nustatymas. ABTS tirpalo paruoSimas.
2 mM ABTS milteliy iStirpinama 0,7 mM vandeniniame kalio persulfato
tirpale. Tirpalas laikomas 16—17 val. kambario temperattiroje tamsoje, kol
pasiekiama reakcijos pusiausvyra. Gautas pradinis ABTS radikalo-katijono
(ABTS™) tirpalas skiedziamas acetatiniu buferiu (0,1 M, pH 4,5) iki darbi-
nés 110 uM ABTS™" koncentracijos.

FRAP tirpalo paruosSimas. 10 mM 2.4 6-tripiridil-s-triazino (TPTZ)
milteliy iStirpinama 40 mM vandenilio chlorido raigsties tirpale. 20 mM gele-
zies (IIT) chlorido heksahidrato (FeCl3x6H,0) iStirpinama iSgrynintame
vandenyje. Darbinis FRAP tirpalas ruoSiamas sumaisius TPTZ, FeClsx6H,0
ir acetatinio buferio (300 mM, pH 3,6) tirpalus santykiu 1:1:25.

ESC-ABTS ir ESC-FRAP pokolonéliniai metodai. Tiriamyjy ekstrakty
choramtografinis skirstymas atliktas chromatografine ,,Waters 2695 Alliance*
sistema (,,Waters”, JAV) su diody matricos detektoriumi ,,Waters 2998,
taikant auksc¢iau aprasyta ESC skirstymo metodikg. Ekstrakty antiradikalinio
ir redukcinio aktyvumo nustatymas atliktas, taikant Raudonio ir kt. straipsnyje
apraSytas ESC-ABTS ir ESC-FRAP metodikas [109]. Po detekcijos eliuatas
tiesiogiai sumaisomas su ABTS™ arba FRAP reagentu, kurie j pokolonéle
tiekiami chromatografu ,,Beckman programable solvent module 126
(,,Beckman®, JAV) pastoviu 0,5 ml/min. tékmés grei¢iu. Reakcija tarp
analités ir reagento vykdyta reakcijos Kilpoje, pagamintoje iS5 polietere-
terketono (ilgis 15 m, vidinis skersmuo 0,3 mm), 25°C temperatiiroje.
»Waters 2487 detektorius naudotas registruoti absorbcijos padidéjima po
reakcijos su FRAP (esant 593 nm bangos ilgiui) arba sumazéjimg po reakcijos
su ABTS™ (esant 650 nm bangos ilgiui). ABTS kalibravimo grafikas
(y=10497x+4758,1, R?=0,9987) sudarytas, naudojant 20-200 pM
koncentracijos etaloninius trolokso tirpalus. FRAP kalibravimo grafiko
(y=18560x—7573,8, R?*=0,9995) sudarymui naudoti 1-100 uM koncentracijos
etaloniniai trolokso tirpalai.

Antioksidacinio aktyvumo apskai¢iavimas. Obuoliy éminiy ekstrakty
antioksidacinis aktyvumas apskaiCiuotas pagal trolokso kalibravimo grafika
ir iSreikStas TE umol/g absoliuciai sausai zaliavai. TE atitinka trolokso kiekj
(umol), kuris tokiomis pat tyrimo salygomis turi identiSka antioksidacinj
aktyvuma, kaip 1 g augalinés zaliavos. TE apskai¢iuojamas i§ formulés:

TE _ A - b % Vband.(l) ,(pmol/g),
a Mband.(Q)
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kur: A — antioksidantiSkai aktyvios analités smailés plotas antioksidacinio
aktyvumo chromatogramoje; a — nuolydis, b — nuokrypis i$ trolokso kalib-
ravimo grafiko regresijos lygties; Vpand, — tiriamos augalinés Zaliavos ekstrak-
to bandinio taris (1); mpang. — tiriamo bandinio atsvertas kiekis (tiksli mase, g).
Antioksidantinis profilis leidzia jvertinti individualiy komponenty jtaka
antioksidaciniam aktyvumui [16]. Identifikuoty junginiy indélis j antioksi-
dacinj aktyvuma (IAA) apskaiciuotas pagal formule:

Sy

IAA = %100,

bendras

kur: Sy — vertinamos smailés plotas; Spendras — Visy antioksidaciniame profi-
lyje identifikuoty smailiy ploty suma.

Naudoti reagentai. Tyrimy metu naudoti analitinio Svarumo reagentai,
gradientinio Svarumo eliuentai ir ESC grynumo etaloniniai junginiai jsigyti
i§ §iy gamintojy: ,.Sigma-Aldrich* (Sveicarija), , Extrasynthese” (Pranci-
zija), ,,Chromadex” (JAV), AB ,,Stumbras* (Lietuva), ,,Fluka* (Sveicarija),
~Scharlau“ (Ispanija). ISgrynintas dejonizuotas vanduo (18,2 mQcm™)
ruostas ,,Crystal E HPLC* (,,Adrona®, Latvija) vandens valymo sistema.

Statistiniai duomenuy apdorojimo metodai. Obely vaisiy ir lapy
éminiy fitocheminiy tyrimy metu gauti duomeny jvertinimas atliktas ,,MS
Excel“ (,,Microsoft”, JAV) kompiuterine programa ir ,,SPSS 20 (,,SPSS
Inc.”, JAV) statistiniu paketu. Duomenys pateikiami kaip trijy pakartojimy
vidurkiststandartinis nuokrypis. StatistiSkai patikimi skirtumai tarp
skirtingy veisliy éminiy nustatyti atlikus vienfaktoring dispersing analize
(ANOVA) ir taikant daugkartinio palyginimo Tukey kriterijy.
Kolmogorovo-Smirnovo  Kriterijus taikytas hipotezei apie kintamojo
skirstinio normalumag patikrinti. Livyno kriterijus naudotas hipotezés apie
dispersijy lygybe tikrinimui. Skirtumai laikyti statistiSkai patikimais, kali
p<0,05.
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3. REZULTATAI IR JU APTARIMAS

3.1. ESC metodikos M. domestica Borkh. vaisiy ir lapy fenoliniy
junginiy kokybinés ir kiekinés sudéties vertinimui vystymas

Norint uztikrinti augaliniy zaliavy ir jy fitopreparaty efektyvuma ir
kokybe, bitina taikyti ypatingai atrankius, Siuolaikinius analizés metodus,
kurie jgalinty efektyviai iSskirstyti antriniy metabolity kompleksus ir atlikti
biologiSkai aktyviy junginiy kokybinés ir kiekinés sudéties vertinimg. Tai
skatina kurti naujas analitines metodikas ir pritaikyti jas augaly teikiamy
zaliavy cheminés sudéties tyrimams.

3.1.1. Obuoliy ir obely lapy flavonoidu ekstrakcijos salygu
optimizavimas

Ekstrahento ir ekstrakcijos salygy parinkimas yra reik§mingas analitinis
zingsnis, vystant augaliniy zaliavy biologiskai aktyviy junginiy kokybinio ir
Kiekinio nustatymo metodikg. Flavonoidy glikozidams, polinéms
fenolinéms riigS§tims iSekstrahuoti daZzniausiai naudojami ekstrahentai yra
metanolis, etanolis, acetonas ir jvairiy koncentracijy jy misiniai su vandeniu
[49, 60].

Obely lapy flavonoidy ekstrakcijos salyguy optimizavimas. Vertinant
ekstrahento poliSkumo jtaka flavonoidy ekstrakcijai i§ obely lapy éminiy,
taikytas maceracijos metodas. Flavonoidy ekstrakcijos iSeiga tirta ekstra-
huojant éminius acetono, etanolio ir metanolio misiniais su vandeniu. Tyri-
mams pasirinktos 20, 30, 40, 50, 60, 70, 80, 90, 95 proc. (v/v) acetono, cta-
nolio ir metanolio koncentracijos. Obely lapy éminiy ekstrakcija vykdyta 4
val, bendra flavonoidy kiekj nustatant spektrofotometriniu metodu [130].
Apibendrinant tyrimy rezultatus, nustatyta, kad didZiausias bendras flavo-
noidy kiekis (20,74+0,36 mg RE/g) gautas obely lapy éminius ekstrahuojant
70 proc. (v/v) etanoliu, todél Sis ekstrahentas pasirinktas tolesniems tyri-
mams (3.1.1.1 pav.).
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3.1.1.1 pav. Bendras flavonoidy kiekis obely lapy éminiy ekstraktuose,
ekstrakcijai naudojant skirtingus jvairiy koncentracijy ekstrahentus

Kitame obely lapy éminiy ekstrakcijos optimizavimo tyrimy etape
vertinta ekstrakcijos metodo ir trukmés jtaka flavonoidy iSgavai. Flavonoidy
ekstrakcijos efektyvumo palyginamiesiems tyrimams pasirinkti Sie ekstrak-
cijos metodai: maceracija ir ekstrakcija ultragarsu (sonifikacija). Ekstra-
huojant obely lapy éminius maceracijos biidu skirtingais laiko intervalais nuo
0,5 iki 48 val., nustatyta, kad koncentracijy pusiausvyra tarp skystos ir kietos
faziy pasiekiama po 30 val. ekstrakcijos (3.1.1.2 pav.). Nustatytas bendras
flavonoidy kiekis siekeé 25,34+0,86 mg RE/g. Toliau ilginant ekstrakcijos
laikg, flavonoidy iSeiga statistiskai patikimai (p>0,05) nekito ir po 48 val.
ekstrakcijos nustatytas flavonoidy kiekis buvo 25,414+0,69 mg RE/g.

304
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Bendras flavonoidy
kiekis, mg RE/g
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Ekstrakeijos laikas, val.

3.1.1.2 pav. Bendro flavonoidy kiekio kitimas obely lapy éminiy
ekstraktuose, ekstrahuojant maceracijos metodu.
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Norédami jvertinti ekstrakcijos ultragarsu metodo jtaka flavonoidy
iSgavai, obely lapy éminius ekstrahavome ultragarso voneléje skirtingais
laiko intervalais nuo 5 min. iki 90 min. 30, 40, 50 ir 60°C temperatiiroje.
Nustatyta, kad, didinant temperatiira, laikas, per kurj pasiekiama ekstrak-
cijos pusiausvyra tarp kietafazio bandinio ir skystos fazés, trumpéja. Di-
dziausias bendras flavonoidy kiekis (33,93+1,02 mg RE/g) nustatytas obely
lapy éminius ekstrahavus 40 min. 60°C (3.1.1.3 pav.). llginant ekstrakcijos
ultragarso vonel¢je trukme, statistiSkai patikimo skirtumo tarp bendro flavo-
noidy kiekio nenustatyta (p>0,05). Po 90 min ekstrakcijos nustatytas bend-
ras flavonoidy kiekis sieké 33,53+1,21 mg RE/g. Palyginus maceracijos ir
ekstrakcijos ultragarso voneléje metody efektyvuma, nustatyta, kad, tiria-
muosius bandinius veikiant ultragarsu, didesné ekstrakcijos iSeiga pasiekia-
ma per zenkliai trumpesnj laikg nei taikant maceracijos metoda.

40
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& 30°C «— 40 = 50°C —-=-60°C

3.1.1.3 pav. Bendro flavonoidy kiekio kitimas obely lapy éminiy
ekstraktuose ekstrahuojant ultragarso voneléje.

Atlikus obely lapy flavonoidy ekstrakcijos optimizavimo tyrimus, nu-
statyta, kad didziausias bendras flavonoidy kiekis gautas obely lapy éminius
ekstrahavus 70 proc. (v/v) etanoliu 40 min. 60°C temperatiiroje. Sios
ekstrakcijos salygos pasirinktos tolesniems obely lapy fitocheminés sudéties
tyrimams.

Obuoliy flavonoidy ekstrakcijos salyguy optimizavimas. Atlikti ekspe-
rimentiniai tyrimai, optimizuojant flavonoidy ekstrakcijg i§ obuoliy éminiy.
Gauti tyrimy rezultatai i$samiai iSnagrinéti miisy publikuotame straipsnyje
»Application of an optimized HPLC method for the detection of various
phenolic compounds in apples from Lithuanian cultivars® (zr. Priedai).

Apibendrinant obuoliy éminiy ekstrakcijos optimizavimo tyrimy rezul-
tatus, nustatyta, kad didziausia flavonoidy iSgava pasiekta ekstrahuojant
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obuoliy eminius 70 proc. (v/v) etanoliu ultragarso voneléje 20 min. 40°C
temperaturoje. Sios salygos pasirinktos skirtingy veisliy obuoliy éminiy
ekstrakcijai vykdyti.

3.1.2. ESC metodikos obuoliy ir obely lapy fenoliniy junginiy
kokybinés ir kiekinés sudéties vertinimui optimizavimas ir
validavimas

Kiekinés fenoliniy junginiy sudéties daugiakomponentése augalinése
matricose jvertinimui plac¢iausiai naudojami chromatografiniai ir UV-regi-
mojo spektro absorbcinés spektrofotometrijos metodai, reciau kapiliariné
elektroforezé [88, 128]. UV-regimosios Sviesos spektrofotometrijos metodas
taikomas bendram fenoliniy junginiy ir jy grupiy (antocianiny, proanto-
cianidiny ir kt.) kiekiui nustatyti [25]. ESC metodas yra vienas pla¢iausiai
taikomy analizés metody, leidzian¢iy atlikti kokybinés ir kiekinés biolo-
giskai aktyviy junginiy sudéties augalinése zaliavose ir jy preparatuose ver-
tinimg [56, 88, 135].

Augaliniy ekstrakty fenoliniy junginiy skirstymui ir kiekiniam nusta-
tymui ESC metodu dazniausiai taikoma atvirks¢iy faziy efektyvioji skysciy
chromatografija, naudojant kolonéles su Cig, reciau Cg ar kita jkrova [30,
31]. Dél augaliniy zaliavy biologinés matricos kompleksiskumo sudétinga
pasiekti pakankamg atrankumg ir skiriamaja geba, todél pradiniame ESC
metodikos vystymo etape yra labai svarbu pasirinkti tinkama kolonéle, kuri
uztikrinty analiciy atskyrimg.

Siekiant gauti geriausig skiriamgja geba ir obuoliy bei obely lapy
éminiy ekstrakty fenoliniy junginiy komplekso iSskirstyma, buvo jvertintas
4 skirtingy parametry chromatografiniy kolonéliy atrankumas ir skiriamoji
geba. Tyrimams naudotos Sios kolon¢lés: ,,YMC-Pack ODS-A* Cjg (250x
4,6 mm, 5 pm), ,,ACE* Cig (150 mmx4,6 mm, 3 um), ,,ACE" Cig (250
mmx 4,6 mm, 5 um) ir ,,Phenomenex Luna“ Cig (250 mmx4,6 mm, 5 um).
Metodikos vystymo eksperimenty metu nustatyta, kad, chromatografiniam
skirstymui naudojant kolonéle ,, YMC-Pack ODS-A* Cig (250x4,6 mm, 5
um) pasiekiamas geresnis anali¢iy atskyrimas, todél §i kolonélé atrinkta
tolesniems tyrimams.

Augalinés kilmés ekstrakty analic¢iy skirstymui dazniausiai taikomas
gradientinis eliuavimas [60]. Moksliniuose straipsnuose nurodoma, kad,
ESC metodu skirstant fenolinius junginius, eliuentais dazniausiai naudojami
vanduo ir acetonitrilas arba metanolis [31, 74]. Metodikos vystymo eksperi-
menty metu nustatéme, kad, chromatografiniam skirstymui taikant kolonele
»YMC-Pack ODS-A“ Cig (250%4,6 mm, 5 pm), ir, kaip judrig fazg
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naudojant vandens — acetonitrilo misinj, pasiekiamas geresnis anali¢iy
atskyrimas nei naudojant mi$inj vanduo — metanolis.

Eliuenty pariigS§tinimas sumazina fenoliniy junginiy hidroksilo grupiy
jonizacija, o tai mazina smailiy asimetrijg ir pagerina anali¢iy atskyrima [30,
88]. Siekiant optimizuoti chromatografinj skirstyma, naudoti Sie eliuentai:
2 proc. (v/v) acto riigsties tirpalas vandenyje — 100 (v/v) acetonitrilas ir 0,1
proc. (v/v) trifluoracto rugsties tirpalas vandenyje — 100 (v/v) acetonitrilas.
Atlike eksperimentus, nustatéme, kad geresné skiriamoji geba pasiekiama
kaip eliuentg naudojant 2 proc. (v/v) acto rugsties tirpala vandenyje — 100
(v/v) acetonitrila. Si judri fazé pasirinkta tolesniems tyrimams.

Obuoliy ir obely lapy éminiuose nustatyti jvairiy grupiy fenoliniai jun-
giniai (kvercetino glikozidai, flavan-3-oliai, fenolinés rtigstys, dihidrochal-
konai). Eminio matricos kompleksiskumas apsunkina tiriamyjy junginiy
atskyrima, todél, siekiant gauti geresn¢ skiriamaja geba, optimizuotas gra-
dientinis eliuavimas. Pritaikius 2.2 poskyryje apraSyta gradiento kitima, pa-
vyko efektyviai iSskirstyti obuoliy ir obely lapy flavonoidy ir fenoliniy rags-
¢iy kompleksa. Fenoliniy junginiy standarty misinio, obuoliy bei obely lapy
ekstrakty pavyzdziuose visy tiriamyjy anali¢iy smailiy skiriamoji geba buvo
didesné nei 2. Obuoliy éminio etanolinio ekstrakto chromatogramos, atsklei-
dziancios fenoliniy junginiy komplekso skirstyma, pateikiamos 3.1.2.1 pav.
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1 - Procianidinas B1, 2 — (+)-katechinas, 3 — chlorogeno riigstis, 4 — procianidinas B2,
5 — (-)-epikatechinas, 6 — rutinas, 7 — hiperozidas, 8 — izokvercitrinas, 9 — avikuliarinas,
10 — kvercitrinas, 11 — floridzinas.

3.1.2.1 pav. Obuoliy éminio etanolinio ekstrakto ESC chromatogramos
(veisle 'Aldas’, a) 2.=280 nm, b) A=360 nm)
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ESC metodikos validacija. Metodikos validacijos Zingsniai atlikti pagal
Tarptautinés harmonizacijos Konferencijos rekomendacijas [10]. Vertinti Sie
validacijos parametrai: metodikos atrankumas (specifiSkumas), rezultaty
glaudumas, anali¢iy aptikimo ir kiekinio nustatymo ribos bei tiesiSkumas.
ESC metodikos vystymo ir validacijos tyrimy rezultatai paskelbti straipsnyje
»Application of an optimized HPLC method for the detection of various
phenolic compounds in apples from Lithuanian cultivars® (zr. Priedai).

Metodikos atrankumo (smailiy identifikavimo ir grynumo) vertinimas
atliktas lyginant anali¢iy sulaikymo laikus ir UV absorbcijos spektrus su
etaloniniy junginiy sulaikymo laikais ir spektrinémis charakteristikomis.
Identifikuoty junginiy tapatybé patvirtinta priedo metodu, j analizuojamajj
ekstrakta pridéjus etaloninio junginio, stebint smailés formos ir spektriniy
charakteristiky pokycius. Apskaiciuotos tiriamyjy anali¢iy aptikimo ribos
reik§meés varijavo nuo 0,47 pg/ml iki 0,97 pg/ml, o Kiekinio nustatymo ribos
kito nuo 1,54 pg/ml iki 2,93 pg/ml. Visy anali¢iy kalibravimo grafiky regre-
sijos koeficientai (R?) buvo didesni nei 0,999, tai patvirtina optimizuotos
ESC metodikos tiesiSkumg (3.1.2.1 lentel¢). Gauti rezultatai jrodo, kad,
naudojant Sig metodika, galima atlikti fenoliniy junginiy kiekinj jvertinima.

3.1.2.1 lenteleé. Ildentifikuoty fenoliniy junginiy kalibraciniy grafiky lygtys,
regresijos koeficientai, nustatymo ir aptikimo ribos

Junginys Irodytas Kalibracinio grafiko lygtis R AR", | NRS,
tiesiSkumo pg/ml | pg/ml
intervalas,

pg/ml

Procianidinas B1 | 6,25-100 | Y =7,33 x 10° + 5,49 x 10° [ 0,9998 | 0.87 | 2.64
(+)-Katechinas 5-80 Y=7,00 x 10°x — 1,87 x 10° | 0,9999 | 0,73 | 2,20
Chlorogeno 6,25-100 | Y =2,68 x 10°x —3,02 x 10* [ 0,9999 | 0,97 | 2,93
rugstis

Procianidinas B2 | 6,25-100 | Y =5,58 x 10°% + 7,15 x 10° | 0,9998 | 0,92 2,86
Kavos riigitis 6,25-100 | Y =5,35 x 10*°x — 4,55 x 10* [ 0,9999 | 0,93 | 2,82
(-)-Epikatechinas 5-80 Y =7,53 x 10% + 1,19 x 10° | 0,9999 | 0,73 | 2,22
Rutinas 3,125-50 | Y =1,47 x 10°x - 7,66 x 10° [ 0,9998 | 0,92 | 2,79
Hiperozidas 5-80 Y =2,23 x 10*x - 1,01 x 10* | 0,9999 | 0,80 | 2,42
Izokvercitrinas 3,125-50 | Y =2,66 x 10°x —2,10 x 10* [ 0,9999 | 0,47 | 1,54
Avikuliarinas 3,125-50 | Y =2,32 x 10°x - 1,12 x 10* [ 0,9998 | 0.84 | 2,56
Kvercitrinas 25-40 | Y=1.77%x10'%-5,57%10° | 0,9998 | 0,72 | 2,19
Floridzinas 3,125-50 | Y =1,85x 10*x — 7,09 x 10° [ 0,9998 | 0,79 | 2.40
Floretinas 3,125-50 | Y =3,55x 10* + 4,35 x 10* [ 0,9997 | 0.84 | 2,54

*R2 — Regresijos koeficientas; "AR — aptikimo riba; °NR — nustatymo riba.
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ESC metodikos glaudumas vertintas pagal du parametrus: pakartoja-
mumg ir tarpinj preciziSkumg. Rezultaty pakartojamumui jvertinti atliktos
Sesios trijy skirtingy koncentracijy standarty miSinio analizés. Pagal smailés
plota apskaiciuotas metodikos pakartojamumo variacijos koeficientas jvai-
ravo nuo 1,22 proc. (chlorogeno rugstis) iki 1,52 proc. ((—)-epikatechinas).
Rezultaty tarpinis preciziSkumas apskaiciuotas i§ per tris skirtingas dienas
atlikty analiziy rezultaty (SeSios vidutinés koncentracijos standarty misinio
analizés atliktos per tris skirtingas dienas, IS viso 18 analiziy), jo variacijos
koeficientas kito nuo 1,45 proc. (chlorogeno riigstis) iki 2,76 proc. (florid-
zinas) smailés plotui. Atlikta liofilizuoty obuoliy ir obely lapy éminiy
ekstrakcija po ekstrakcijos. IS to paties liofilizuoty obuoliy ar obely lapy
éminio pagaminti $esi etanoliniai ekstraktai, kurie tirti taikant misy i8§vys-
tyta ir optimizuota ESC metodika. Obuoliy éminiy ekstrakty variacijos
koeficientas nevirsijo 3,92 proc., obely lapy ekstrakty — 3,87 proc. smailés
plotui. Gauti rezultatai, apibiidinantys miisy i§vystytos ESC metodikos glau-
duma, pateikti 3.1.2.2 lenteléje.

3.1.2.2 lentelé. ESC metodikos glaudumo parametry reiksmés

Junginys Variacijos koeficientas (proc.) smailés plotui

Analizé | Diena | Ekstrakcija po Ekstrakcija

po po ekstrakcijos po ekstrakcijos

analizés® | dienos” (obuoliai) (obely lapai)

Procianidinas B1 1,32 2,39 3,77 Nenustatyta
(+)-Katechinas 1,49 2,26 3,56 3,61
Chlorogeno riigstis 1,22 1,45 3,47 3,36

Procianidinas B2 1,40 2,51 2,42 Nenustatyta
Kavos riigstis 1,38 2,08 Nenustatyta 2,53
(-)-Epikatechinas 1,52 2,35 3,92 3,81
Rutinas 1,37 2,44 2,71 2,58
Hiperozidas 1,38 2,61 2,77 2,82
Izokvercitrinas 1,26 2,07 2,36 2,45
Avikuliarinas 1,42 2,60 2,52 2,70
Kvercitrinas 1,46 2,54 3,27 2,96
Floridzinas 1,48 2,76 3,61 3,87
Floretinas 1,45 2,56 Nenustatyta 3,42

*Pakartojamumas; "tarpinis preciziskumas.
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Apibendrinant ESC metodikos optimizavimo ir validacijos rezultatus,
galima teigti, kad iSvystyta metodika yra tinkama Malus domestica Borkh.
obuoliy ir obely lapy ekstrakty bei i$ jy pagaminty fitopreparaty fenoliniy
junginiy kokybinés ir kiekinés sudéties analizei atlikti. Gauti validacijos
parametry (atrankumo, glaudumo, tiesiSkumo) jverciai patvirtina metodikos
tinkamuma analizei. Si metodika taikyta tolesniuose tyrimuose, tiriant Lie-
tuvos klimato sglygomis auginamy skirtingy veisliy obuoliy ir obely lapy
ekstrakty kokybing ir kieking sudét;.

3.2. Fenoliniy junginiy kokybinés ir kiekinés sudéties Lietuvoje
auginamy veisliy obuoliuose ir obely lapuose jvairavimas

Augaly heterogeniskumas labai paplitgs ir naudojamas sodo ir vaistiniy
augaly atrankai bei vaistiniy augaliniy Zaliavy kokybés vertinimui. Dauge-
liui vaistiniy augaly, vaismedziy, vaiskriimiy rasiy budinga tarprasiné ir
vidurii§iné cheminé jvairove, kurios tyrimas ir jvertinimas yra labai svarbus.
Cheminés jvairovés tyrimai jrodo kokybingés ir kiekinés veikliyjy medziagy
sudéties jvairavimg tarp rusiy, veisliy, augalo daliy ir tarp tos pacios rasies
skirtingy augaly.

Fitocheminé analize leidzia nustatyti ir vertinti augaly riisiy ar veisliy
chemotaksonominius zymenis, o tai svarbu taksonominéje klasifikacijoje,
jteisinant, apibiidinat ir atskiriant kulttriniy augaly veisles, uztikrinant svei-
ko, biologiskai aktyviy junginiy turtingo ir saugaus maisto kokybg bei patei-
kima vartotojui.

3.2.1. Obuoliy fenoliniy junginiy kokybinés ir kiekinés sudéties
jvairavimo tyrimai

Skirtingy veisliy obely vaisiy cheminé sudétis gali labai jvairuoti [24,
67, 137], todél svarbu nustatyti Lietuvos klimato salygomis auginamy veis-
liy obuoliy kokybing ir kiekine sudét].

Pritaike musy iSvystyta ir validuota ESC metodika, atlikome 2012 mety
derliaus 'Aldas', 'Auksis', 'Connel Red', 'Ligol', '"Lodel' ir 'Rajka’ veisliy obuo-
liy éminiy analiz¢. Suminis tirty veisliy obuoliy éminiy ekstraktuose nustatyty
fenoliniy junginiy kiekis jvairavo nuo 2,209 mg/g (veislé¢ 'Connel Red') iki
5,817 mgl/g (veislé 'Aldas"). Tirtuose ekstraktuose identifikuoti ir kiekiskai
jvertinti Sie skirtingy grupiy fenoliniai junginiai: procianidinas B1, (+)-
katechinas, chlorogeno raigstis, procianidinas B2, (—)-epikatechinas, rutinas,
hiperozidas, izokvercitrinas, avikuliarinas, kvercitrinas ir floridzinas (sino-
nimas florizinas). Obuoliy éminio chromatograma pateikiama 3.2.1.1 pav.
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1 — Procianidinas B1, 2 — (+)-katechinas, 3 — chlorogeno ragstis, 4 — procianidinas B2,
5 — (-)-epikatechinas, 6 — rutinas, 7 — hiperozidas, 8 — izokvercitrinas, 9 — avikuliarinas,
10 - kvercitrinas, 11 — floridzinas

3.2.1.1 pav. Obuoliy éminio etanolinio ekstrakto chromatograma
(A=280 nm, veisle 'Lodel’)

Didziausias suminis kvercetino glikozidy kiekis 0,731+0,015 mg/g nu-
statytas 'Aldas' veislés obuoliy éminiuose. Jis buvo 1,95 karto didesnis uz
maziausig suminj kvercetino glikozidy kiekj (0,375+0,008 mg/g), nustatyta
'Auksis' veislés obuoliy éminiuose. Kvercetino glikozidai sudaré 7,99-23,54
proc. visy nustatyty fenoliniy junginiy kiekio (3.2.1.2 pav.).

Hiperozidas buvo vyraujantis kvercetino glikozidy grupés junginys
'Aldas', 'Auksis', 'Connel Red', 'Ligol' ir 'Lodel' veisliy obuoliy éminiuose.
Jis sudaré 26,10-38,94 proc. visy identifikuoty ir kiekiskai jvertinty kver-
cetino glikozidy grupés junginiy kiekio. Van der Sluis ir kt. nurodo panasias
hiperozido kiekinés sudéties varijavimo tendencijas. Siy autoriy tirty veisliy
éminiuose hiperozidas sudaré 23—33 proc. visy nustatyty kvercetino glikozi-
dy kiekio [132]. IS tirty veisliy savo sudétimi iSsiskyré 'Rajka’ veislés obuo-
liy éminiai, kuriuose dominavo kvercitrinas. Jo kiekis buvo 1,66 karto
didesnis uz $ios veislés obuoliy éminiuose nustatyta hiperozido kiekj. Visy
tirty veisliy obuoliy éminiy ekstraktams biidingas kvercetino glikozidy
rutino-hiperozido-izokvercitrino tripletas, kuriame visada dominuoja hiper-
ozidas, o rutino kiekiai yra maziausi. Sis désningumas nustatytas ir kity
mokslininky darbuose [82, 106, 116].

Rutino-hiperozido-izokvercitrino kiekiy santykis skirtingy veisliy obuo-
liy éminiuose skiriasi. Jis varijuoja nuo 1:5,1:1,6 (veislé 'Connel Red’) iKi
1:11,9:1,2 (veislé '"Lodel’). Obuoliy éminiuose nustatyty kvercetino gliko-
zidy grupés junginiy kiekiné sudétis pateikta 3.2.1.1 lenteléje.

Obuoliy éminiuose nustatyti katechiny grupés junginiai — (+)-kate-
chinas ir (-)-epikatechinas. Didziausias suminis identifikuoty katechiny kie-
kis (0,970+0,018 mg/g) nustatytas 'Lodel' veislés obuoliy éminiuose. Jis
buvo 2,82 karto didesnis uz maziausig jy kiekj (0,344+0,007 mg/g), nusta-
tyta 'Ligol' veislés obuoliy éminiuose. Suminis katechiny kiekis sudaré
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11,21-21,54 proc. visy tirty veisliy obuoliy éminiuose nustatyty fenoliniy
junginiy kiekio (3.2.1.2 pav.).

Literatiiroje nurodoma, kad (—)-epikatechino kiekiai obuoliuose yra di-
desni nei (+)-katechino [33, 58, 95, 139], tai patvirtina ir masy atlikty ty-
rimy rezultatai. (—)-epikatechinas sudaré 81,26—95,64 proc. visy nustatyty
katechiny grupés junginiy kiekio. PanasSius rezultatus pateikia Van der Sluis
ir kt. Sie autoriai nurodo, kad (-)-epikatechinas sudaro 93-94 proc. visy
identifikuoty katechiny grupés junginiy kiekio [132]. Skirtingy veisliy
éminiuose (+)-katechino ir (-)-epikatechino santykis jvairuoja nuo 1:4,3
(veislé 'Rajka') iki 1:21,9 (veislé 'Lodel’). Lenkijoje auginamy obuoliy émi-
niuose Wojdyto ir kt. nurodomi (+)-katechino kiekiai jvairuoja nuo 0,010 iki
0,720 mg/g, o (-)-epikatechino — nuo 0,066 iki 2,760 mg/g [137]. Obuoliy
kiekinés sudéties jvairavimui jtakos turi jvairtis faktoriai: dirvos geocheminé
sudétis, geografiné padétis [9, 32, 33, 84], klimato, meteorologinés [77],
obely kultivavimo [87] ir vaisiy laikymo salygos [54, 132].

Obuoliy ekstraktuose identifikuoti oligomeriniy procianidiny grupés
junginiai — procianidinas B1 ir procianidinas B2. DidZiausias suminis $iy
junginiy kiekis (1,373+0,028 mg/g) nustatytas 'Lodel' veislés obuoliy émi-
niuose. Jis buvo 2,65 karto didesnis uz maziausig suminj identifikuoty pro-
cianidiny kiekj (0,519+0,009 mg/g), nustatyta 'Connel Red' veislés obuoliy
éminiuose. Oligomeriniy procianidiny grupés junginiai sudaré 17,38—-31,03
proc. kiekiskai jvertinty fenoliniy junginiy kiekio (3.2.1.2 pav.). Visy tirty
veisliy obuoliy éminiuose nustatyti procianidino B2 kiekiai buvo didesni uz
procianidino B1. Tokias $iy junginiy kiekinés sudéties varijavimo tenden-
cijas obuoliuose nurodo ir kiti mokslininkai [34, 129]. Procianidino B1 ir B2
kiekiy santykis skirtingy veisliy éminiuose kito nuo 1:5,4 (veislé 'Aldas') iki
1:13,8 (veislé 'Connel Red").

Dihidrochalkony grupés junginiy kokybine ir kiekiné analizé yra labai
svarbi, nes §ios grupés junginiai gali biiti pasirenkami kaip chemotakso-
nominiai zymenys obely riiSiy taksonomijoje, obuoliy produktams identi-
fikuoti, obuoliy sul¢iy ir sidry kokybei nustatyti [3, 46, 114, 116]. Tirty
veisliy obuoliy éminiuose nustatyto dihidrochalkono floridzino kiekis jvai-
ravo nuo 0,101 mg/g (veislé 'Rajka’) iki 0,268 mg/g (veislé 'Lodel’). Tai su-
daré 2,64—6,13 proc. visy obuoliy éminiuose identifikuoty fenoliniy jungi-
niy kiekio. PanaSius duomenis pateikia ir kity autoriy skelbiami tyrimy
rezultatai — obely vaisiuose nustatytas floridzino kiekis sudaro 2—6 proc. vi-
sy kiekiskai jvertinty fenoliniy junginiy kiekio [46, 129].

Chlorogeno riigstis vyravo visy tirty veisliy obuoliuose, iSskyrus 'Rajka’
veislés obuoliy éminius. Sios veislés obuoliy éminiuose dominavo procia-
nidinas B2. Didziausias chlorogeno rugsties kiekis (3,074+0,068 mg/g) nu-
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statytas 'Aldas' veislés obuoliy éminiuose. Jis buvo 4,99 kartus didesnis uz
maziausig Sios rugsties kiekj (0,616+0,011 mg/g), nustatyta 'Rajka’ veislés
obuoliy éminiuose. Wojdyto ir kt., tyr¢ Lenkijoje auginamus obuoliy émi-
nius, nurodo panasius Sios rugsties kiekius (0,015-2,960 mg/g) [137].

Svarbu palyginti ne tik identifikuoty fenoliniy junginiy kieking sudétj,
bet ir jy kiekiy santykj tarp tirty veisliy obuoliy éminiy. Sis poZymis gali
biti svarbus rodiklis, siekiant geriau suprasti fenoliniy junginiy kaupimosi
désningumus, jy varijavimg tarp skirtingy veisliy obuoliy bei klasifikuojant
obely veisles. Ivertinus identifikuoty fenoliniy junginiy grupiy procentinés
dalies jvairavimg skirtingy veisliy obuoliy éminiuose, gauti rezultatai pateiki
3.2.1.2 pav. Jie patvirtina Ceymann ir kt. iSkelta hipotezg, kad obely veislés
gali buti skirstomos, atsizvelgiant ] tai, kokiy grupiy junginiai — fenolinés
rugstys ar flavan-3-oliai — dominuoja $iy veisliy obuoliy éminiuose [24].
'Aldas', 'Auksis', 'Ligol' veisliy obuoliy éminiuose vyravo chlorogeno rugs-
tis, o 'Connel Red', 'Lodel' ir 'Rajka' obuoliy éminiuose — flavan-3-oliy gru-
pés junginiai.
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3.2.1.2 pav. Fenoliniy junginiy procentinés dalies jvairavimas
skirtingy veisliy obuoliy éminiuose

Fenoliniy junginiy kiekinés sudéties varijavimo tarp skirtingy veisliy
obuoliy éminiy jvertinimui apskai€iuoti variacijos koeficientai, atspindintys
kiekvieno junginio variacijos amplitudg. Jie jvairavo nuo 31,10 proc. iki
59,41 proc. (3.2.1.1 ir 3.2.1.2 lentelés). Didziausias variacijos koeficientas
apskaiCiuotas chlorogeno riagsciai, maziausias — hiperozidui.
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3.2.1.1 lentelé. Kvercetino glikozidy kiekinés sudéties jvairavimas obuoliy éminiuose

Junginys Kvercetino glikozidy kiekis Variacijos
(mg/g, absoliuciai sausai Zaliavai) koeficientas,

'Aldas’ 'Auksis' 'Connel Red' "Ligol" 'Lodel' 'Rajka’ proc.
Hiperozidas 0,274+0,005% | 0,138+0,002 | 0,152+0,003° | 0,129+0,002% | 0,154+0,003° | 0,184+0,004° 31,10
Izokvercitrinas 0,053+0,002* | 0,020+0,001%¢ | 0,047+0,002*° | 0,025+0,001° | 0,016+0,001% | 0,044+0,002° 45,92
Rutinas 0,036+0,001* | 0,015+0,001°¢ | 0,030+0,002% | 0,022+0,001° | 0,013+0,001° | 0,035+0,002° 39,69
Avikuliarinas 0,226+0,005% | 0,120+0,002° | 0,099+0,001%¢ | 0,087+0,001° | 0,11440,002¢ | 0,139+0,003" 38,15
Kvercitrinas 0,142+0,003° | 0,082+0,001° | 0,103%0,002°¢ | 0,120+0,003° | 0,098+0,001% | 0,305+0,007° 58,30

Toje pacioje eilutéje esancios skirtingos raidés zymi statistiskai patikimus individualiy junginiy kiekiy skirtumus tarp tirty veisliy obuoliy
éminiy (p<0,05).

3.2.1.2 lentelé. Katechiny, procianidiny, chlorogeno rigsties ir floridzino kiekinés sudéties jvairavimas obuoliy
eminiuose

Katechiny, procianidiny, chlorogeno rugsties ir floridzino kiekis Variacijos
Junginys (mg/g, absoliuciai sausai Zaliavai) koeficientas,

'Aldas’ 'Auksis' 'Connel Red' "Ligol’ 'Lodel' 'Rajka’ proc.
(+)-Katechinas 0,092+0,002° | 0,077+0,002° | 0,034+0,001¢ | 0,033+0,001% | 0,042+0,001° | 0,121+0,003" 54,26
(-)-Epikatechinas | 0,720+0,015° | 0,448+0,009° | 0,315%0,006° | 0,311+0,004° | 0,928+0,019° | 0,525+0,010° 44,86
Procianidinas B1 0,157+0,003% | 0,170+0,004* | 0,035+0,001° | 0,064+0,001° | 0,094+0,002° | 0,097+0,002° 50,84
Procianidinas B2 | 0,854+0,017° | 0,990+0,021° | 0,484+0,007° | 0,676+0,014% | 1,279+0,023% | 0,834+0,015° 31,81
Floridzinas 0,188+0,004" | 0,124+0,002° | 0,135+0,002° | 0,157+0,003° | 0,268+0,005* | 0,101+0,002° 36,82
Chlorogeno riigdtis | 3,074+0,068° | 2,498+0,052° | 0,773+0,013° | 1,249+0,020° | 1,629+0,035° | 0,616+0,011° 59,41

Toje pacioje eilutéje esancios skirtingos raidés zZymi statistisSkai patikimus individualiy junginiy kiekiy skirtumus tarp tirty veisliy obuoliy

éminiy (p<0,05).




Atlikus liofilizuoty obuoliy éminiy etanoliniy ekstrakty analiz¢ nusta-
tyta, kad fenoliniy junginiy kiekis skirtingy veisliy obuoliy éminiuose vari-
juoja. Tyrimy rezultatai patvirtina kity mokslininky teiginius apie veislés
faktoriaus jtakos svarbg obuoliy fenoliniy junginiy Kiekinés sudéties
jvairavimui [24, 82, 98]. 'Aldas', 'Auksis', 'Connel Red', 'Ligol' ir 'Lodel’
obuoliy éminiuose tarp identifikuoty fenoliniy junginiy vyraujantis kompo-
nentas yra chlorogeno raigstis, 'Rajka’ veislés obuoliy éminiuose — procia-
nidinas B2. Tarp identifikuoty kvercetino glikozidy 'Rajka' veislés obuoliy
éminiuose dominavo kvercitrinas, kity veisliy éminiuose — hiperozidas.

3.2.2. Obuoliy veisliy luobeliy ir mink§timy fenoliniy junginiy
kokybinés ir kiekinés sudéties jvairavimas

Literattros $altiniy duomenimis, obuoliy minkstimy ir luobeliy fitoche-
miné sudétis skiriasi [82, 129]. Siekiant nustatyti Lietuvos klimato saly-
gomis auginamy veisliy obuoliy cheminés sudéties jvairavimg, tikslinga
atlikti atskiry vaisiaus daliy — luobeliy ir mink$timy — fenoliniy junginiy
kokybine ir kieking analizg. Gautos Zzinios leis placiau panaudoti obuoliy
luobeles ir minkStimus maisto pramonéje ir sveikatinimo tikslams — maisto
papildy, arbaty ir kity preparaty gamybai.

3.2.2.1. Obuoliy luobeliy fenoliniy junginiy kokybinés

ir Kiekinés sudéties jvairavimo tyrimai

Atlikus 'Aldas', 'Auksis', 'Connel Red', 'Ligol', 'Lodel' ir 'Rajka’ veisliy
obuoliy luobeliy éminiy etanoliniy ekstrakty kokybinés ir kiekinés sudéties
analize¢ ESC metodu, suminis nustatyty fenoliniy junginiy kiekis liofilizuoty
obuoliy luobeliy éminiuose jvairavo nuo 2,778 mg/g (veislé 'Ligol') iki
6,055 mg/g (veislé 'Aldas’). Gausiausig identifikuoty junginiy grup¢ sudaré
kvercetino glikozidai. Obuoliy luobeliy éminiuose suminis jy kiekis jvairavo
nuo 0,667 mg/g (veislé 'Auksis") iki 1,775 mg/g (veislé 'Aldas"). Tai sudaré
14,38-42,71 proc. visy ESC metodu nustatyty fenoliniy junginiy kiekio. Pa-
nasios $ios grupés junginiy jvairavimo tendencijos nustatytos ir kity moksli-
ninky. Marks ir kt. nurodo, kad jy tirty jvairiy veisliy obuoliy luobeliy émi-
niuose kvercetino glikozidai sudaro 9—42 proc. ESC metodu kiekiskai jver-
tinty fenoliniy junginiy kiekio [82]. Tsao ir kt. skelbia, kad kvercetino gliko-
zidai sudaré¢ 17,9 proc. visy obuoliy luobeliy éminiuose nustatyty junginiy
kiekio [129].

'Aldas', 'Connel Red', 'Ligol' ir 'Lodel' tirty veisliy obuoliy luobeliy
éminiuose hiperozidas buvo vyraujantis kvercetino glikozidy grupés jun-
ginys. 'Auksis' veislés obuoliy luobeliy éminiuose dominavo hiperozidas ir
avikuliarinas. PanaSias kvercetino glikozidy kiekinio jvairavimo tendencijas
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nurodo ir Kiti autoriai [3]. ISimtis buvo 'Rajka' veislés obuoliy luobeliy
éminiai, kuriuose vyravo kvercitrinas. Jis sudaré net 55,13 proc. visy Sios
veislés obuoliy luobeliy éminiuose kiekiskai jvertinty kvercetino glikozidy
kiekio. Didziausias hiperozido kiekis (0,646+0,012 mg) nustatytas 'Aldas'
veislés obuoliy luobeliy éminiuose ir buvo 2,79 karto didesnis uz maziausia
jo kieki (0,2314+0,004 mg/g), nustatyta 'Auksis' veislés obuoliy luobeliy
éminiuose. Hiperozidas sudaré nuo 23,25 proc. (veislé 'Rajka') iki 38,22
proc. (veislé 'Ligol') visy identifikuoty ir kiekiskai jvertinty kvercetino gli-
kozidy kiekio. Rutino-hiperozido-izokvercitrino kiekiy santykis tirty veisliy
obuoliy luobeliy éminiuose jvairavo nuo 1,0:5,3:1,3 (veislé 'Connel Red') iki
1,0:16,0:1,1 (veislé 'Lodel"). Visy obuoliy luobeliy éminiuose identifikuoty
ir kiekiskai jvertinty individualiy kvercetino glikozidy kiekiné sudétis pa-
teikta 3.2.2.1.1 lenteléje.

Obuoliy luobeliy éminiuose nustatyty katechiny grupés junginiy — (+)-
katechino ir (—)-epikatechino — suminis kiekis varijavo nuo 0,334 mg/g
(veislé 'Ligol') iki 0,915 mg/g (veislé 'Aldas'). Awad ir de Jager, tyrusiy
'Jonagold' ir 'Elstar' veisliy luobeliy éminius, nurodomi suminiai §ios grupés
junginiy kiekiai panasiis j miisy nustatytus. Siy autoriy nustatyti katechiny
grupés junginiy kiekiai jvairuoja nuo 0,35 mg/g iki 0,81 mg/g absoliuciai
sausos zaliavos [8].

Tirty veisliy obuoliy luobeliy éminiuose katechiny grupés junginiai
sudarée 12,01-21,51 proc. visy identifikuoty fenoliniy junginiy kiekio
(3.2.2.1.1 pav.). Panasius katechiny grupés kiekinés sudéties désningumus
nurodo Tsao ir kt. Siy autoriy pateikiamais tyrimy duomenimis katechinai
sudaro 22,5 proc. visy identifikuoty fenoliniy junginiy kiekio [129].

Obuoliy luobeliy éminiuose nustatytas (—)-epikatechino kiekis buvo
didesnis uz (+)-katechino, jis sudaré 85,25-91,04 proc. visy kiekiskai jver-
tinty katechiny grupés junginiy kiekio. DidZiausias (—)-epikatechino Kiekis
(0,806+0,018 mg/g) nustatytas ‘Aldas’ veislés obuoliy luobeliy éminiuose. Jis
buvo 2,84 karto didesnis uz (—)-epikatechino kiekj (0,284+0,005 mg/g),
nustatytg 'Ligol' veislés obuoliy luobeliy éminiuose (3.2.2.1.2 lentelé). Prik-
lausomai nuo veislés (+)-katechino ir (—)-epikatechino kiekiy santykis
obuoliy luobeliy éminiuose jvairuoja nuo 1,0:5,8 (veislé 'Auksis') iki 1,0:10,2
(veislé 'Connel Red'). Alonso-Salces ir kt. nurodomi (-)-epikatechino kiekiai
4-24 kartus didesni uz (+)-katechino [3].
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3.2.2.1.1 lentelé. Kvercetino glikozidy kiekinés sudéties jvairavimas obuoliy luobeliy éminiuose

Junginys Kvercetino glikozidy kiekis Variacijos
(mg/g, absoliuciai sausai Zaliavai) koeficientas,

'Aldas’ 'Auksis’ 'Connel Red' 'Ligol' 'Lodel’ 'Rajka’ proc.
Hiperozidas 0,646+0,012% | 0,231+0,004° | 0,560+0,010° | 0,428+0,007° | 0,395+0,005%° | 0,358+0,008" 33,89
Izokvercitrinas 0,089+0,002° | 0,040+0,001¢ | 0,135+0,003* | 0,056+0,002° | 0,026+0,001° | 0,042+0,001° 62,74
Rutinas 0,079+0,003° | 0,020+0,001° | 0,106+0,003% | 0,049+0,002¢ | 0,025+0,001%¢ | 0,034+0,002° 64,90
Avikuliarinas 0,584+0,012% | 0,227+0,005% | 0,373+0,008° | 0,255+0,005 | 0,329+0,006° | 0,257+0,004 39,22
Kvercitrinas 0,377+0,007° | 0,149+0,003% | 0,348+0,008° | 0,332+0,005"¢ | 0,289+0,006° | 0,849+0,018? 61,03

Toje pacioje eilutéje esancios skirtingos raidés zymi statistiskai patikimus individualiy junginiy skirtumus tarp tirty veisliy obuoliy luobeliy
éminiy (p<0,05).

3.2.2.1.2 lentelé. Katechiny, procianidiny, chlorogeno riigsties ir floridzino sudéties jvairavimas obuoliy luobeliy
eminiuose

Junginys Katechiny, procianidiny, chlorogeno riigsties ir floridzino kiekis Variacijos
(mg/g, absoliudiai sausai Zaliavai) koeficientas,

'Aldas’ 'Auksis’ 'Connel Red' "Ligol" 'Lodel' 'Rajka’ proc.
(+)-Katechinas 0,109+0,002% | 0,097+0,001° | 0,062+0,002° | 0,049+0,001" | 0,073+0,002° | 0,085+0,001° 28,16
(-)-Epikatechinas | 0,806+0,018% | 0,668+0,014° | 0,635+0,012"¢ | 0,284+0,005° | 0,592+0,011° | 0,691+0,015" 28,79
Procianidinas B1 0,120+0,002° | 0,222+0,004* | 0,053+0,001° | 0,030£0,001" | 0,082+0,002° 0,105+0,003° 66,08
Procianidinas B2 0,967+0,021° | 1,219+0,027* | 0,524+0,010" | 0,214+0,004° | 0,750+0,015° 0,845+0,017° 46,54
Floridzinas 0,252+0,004° | 0,164+0,003% | 0,356+0,007° | 0,403+0,008% | 0,237+0,005° 0,124+0,002° 33,36
Chlorogeno riigitis | 2,025+0,038* | 1,600+0,029° | 0,621+0,013° | 0,677+0,011° [ 0,712+0,016° 0,217+0,003° 70,30

Toje pacioje eilutéje esancios skirtingos raidés Zymi statistiSkai patikimus individualiy junginiy skirtumus tarp tirty veisliy obuoliy luobeliy

éminiy (p<0,05).
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Obuoliy luobeliy éminiuose nustatytas floridzino kiekis jvairavo nuo
0,124 mg/g (veisleé 'Rajka’) iki 0,403 mg/g (veisl¢ 'Ligol'). Tai sudare
3,43-14,52 proc. visy kiekiskai jvertinty fenoliniy junginiy kiekio (3.2.2.1.1
pav.). Awad ir de Jager nurodomi floridzino kiekiai didesni uz miisy nusta-
tytus. Jie varijuoja nuo 0,75 iki 1,10 mg/g absoliuciai sausos zaliavos [8].
Tsao ir kt. nurodo, kad obuoliy luobeliy éminiuose floridzinas sudaro 4,5
proc. visy nustatyty fenoliniy junginiy kiekio [127].

Chlorogeno riigStis sudaré 6,03—-34,50 proc. visy obuoliy luobeliy
éminiuose identifikuoty ir kiekiskai jvertinty fenoliniy junginiy kiekio
(3.2.2.1.1 pav.). Nustatyti Sios rugsties kiekiai jvairavo nuo 0,217 mg/g
('Rajka') iki 2,025 mg/g (veislé 'Aldas’). Awad ir de Jager, tyr¢ obuoliy luo-
beliy éminius, nurodo mazesnius chlorogeno rugsties kiekius — 0,03—
0,24 mg/g [8].

IStyrus obuoliy luobeliy fenoliniy junginiy sudéties jvairavima, nustatyti
Siy junginiy kiekinés sudéties skirtumai tarp tirty veisliy obuoliy luobeliy
éminiy. Chlorogeno rtgstis dominavo 'Aldas', 'Auksis' ir 'Ligol' veisliy
obuoliy luobeliy éminiuose. '"Lodel' veislés obuoliy luobeliy éminiuose vyra-
vo procianidinas B2, 'Connel Red' veislés éminiuose — (—)-epikatechinas ir
chlorogeno ruigstis, 'Rajka'’ veislés luobeliy éminiuose — Kvercitrinas ir pro-
cianidinas B2.
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3.2.2.1.1 pav. Fenoliniy junginiy procentinés dalies jvairavimas skirtingy
veisliy obuoliy luobeliy éminiuose
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Skirtingy veisliy obuoliy luobeliy éminiuose nustatyty fenoliniy jungi-
niy kiekiai varijavo. Gauty rezultaty sklaida nurodo apskaiciuoti variacijos
koeficientai. Didziausias variacijos koeficientas (70,30 proc.) apskaiciuotas
chlorogeno rigsciai, maziausias (28,16 proc.) — (+)-katechinui.

3.2.2.2. Obuoliy minkstimy fenoliniy junginiy kokybinés
ir kiekinés sudéties jvairavimo tyrimai

Suminis identifikuoty fenoliniy junginiy kiekis obuoliy minkStimy
éminiuose varijavo nuo 2,297 mg/g (veislé 'Rajka’) iki 4,546 mg/g (veislé
'Aldas'). Kvercetino glikozidai sudaré tik 1,40—4,24 proc. visy kiekiSkai
jvertinty obuoliy minkstimy fenoliniy junginiy kiekio (3.2.2.2.1 pav.). Su-
minis nustatyty kvercetino glikozidy kiekis jvairavo nuo 0,080 mg/g (veislé
'‘Lodel") iki 0,122 mg/g (veislé 'Aldas'). Jis buvo 11,50-17,30 karty mazesnis
uz obuoliy luobeliy éminiuose nustatyta Siy junginiy kiekj. Misy tyrimy re-
zultatai patvirtina kity mokslininky tyrimy duomenis, kad obuoliy minksti-
muose sukaupiami Zenkliai mazesni kvercetino glikozidy kiekiai nei luobe-
lése [82, 129]. Tirty veisliy obuoliy minks§timy éminiuose rutinas neidentifi-
kuotas. Visy obuoliy minkStimy éminiuose nustatyty kvercetino glikozidy
kiekiné sudétis pateikta 3.2.2.2.1 lenteléje.

Suminis identifikuoty ir kiekiskai jvertinty katechiny kiekis obuoliy
minkStimy éminiuose varijavo nuo 0,454 mg/g (veislé 'Ligol') iki 1,086
mg/g (veislé 'Lodel') (3.2.2.2.2 lentel¢). Tai sudar¢ 12,87-24,05 proc. visy
identifikuoty fenoliniy junginiy kiekio (3.2.2.2.1 pav.). Tirty veisliy obuoliy
mink§timy éminiuose nustatyti (—)-epikatechino kiekiai buvo didesni uz (+)-
katechino. Sis katechiny grupés kiekinés sudéties désningumas nurodomas
ir kity autoriy [3, 27, 48, 140]. (+)-Katechino ir (-)-epikatechino kiekiy
santykis priklausomai nuo veislés faktoriaus jvairavo nuo 1,0:2,90 (veislé
'Auksis') iki 1,0:13,71 (veislé '"Lodel'). Didziausias (—)-epikatechino kiekis
(1,012+0,022 mg/g) nustatytas 'Lodel' veislés obuoliy minks§timy éminiuose.
Jis buvo 2,32 karto didesnis uz maziausig jo kiekj (0,436+0,008 mg/g),
nustatytg 'Auksis' veislés obuoliy minkstimy éminiuose (3.2.2.2.2 lentelé).
Alonso-Salces ir kt. obuoliy mink$timy éminiuose nustatyti (—)-epikatechino
kiekiai jvairavo nuo 0,041 mg/g iki 0,770 mg/g absoliuciai sausos zZaliavos

[3].
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3.2.2.2.1 lentelé. Kvercetino glikozidy kiekinés sudéties jvairavimas obuoliy minkstimy éminiuose

Kvercetino glikozidy kiekis Variacijos
Junginys (mg/g, absoliuciai sausai Zaliavai) koeficientas,
'Aldas’ 'Auksis’ 'Connel Red' ‘Ligol’ 'Lodel' 'Rajka’ proc.
Hiperozidas 0,038+0,002% | 0,013+0,001° | 0,035+0,002* | 0,015+0,001°¢ | 0,022+0,001° | 0,020+0,001°° 43,56
Izokvercitrinas | 0,020+0,002° | 0,006+0,001° | 0,017+0,002*" | 0,007+0,001° | 0,012+0,001°¢ | 0,010+0,001°¢ 46,25
Avikuliarinas 0,035+0,002% | 0,020+0,001° | 0,031+0,002*° | 0,025+0,001°¢ | 0,023+0,001°° | 0,028+0,002*"¢ 20,29
Kvercitrinas 0,028+0,001°¢ | 0,019+0,001% | 0,037+0,002% | 0,034+0,002*" | 0,022+0,001°° | 0,031+0,002%° 24,39

Toje pacioje eilutéje esancios skirtingos raidés zymi statistiskai patikimus individualiy junginiy kiekiy skirtumus tarp tirty veisliy obuoliy
minkstimy éminiy (p<0,05).

3.2.2.2.2 lentelé. Katechiny, procianidiny, chlorogeno rigsties ir floridzino sudéties jvairavimas obuoliy minkstimy
éminiuose

Junginys Katechiny, procianidiny, chlorogeno riigsties ir floridzino kiekis Variacijos
(mg/g, absoliuciai sausai Zaliavai) koeficientas,

'Aldas’ 'Auksis’ 'Connel Red' "Ligol’ 'Lodel' 'Rajka’ proc.
(+)-Katechinas 0,087+0,002°¢ | 0,150+0,004* | 0,099+0,002° | 0,056%0,001° | 0,074+0,003° | 0,065+0,001%¢ 38,20
(-)-Epikatechinas | 0,498+0,010° | 0,436+0,008°° | 0,390+0,006° | 0,398+0,009° | 1,012+0,022% | 0,487+0,011° 44,14
Procianidinas B1 | 0,122+0,003° | 0,174+0,004% | 0,028+0,001" | 0,052+0,001° | 0,069+0,002 | 0,101+0,003° 57,99
Procianidinas B2 | 0,845+0,017° | 0,883+0,019° | 0,538+0,010° | 0,654+0,014° | 1,353+0,027* | 0,800+0,015" 33,13
Floridzinas 0,133+0,003° | 0,110£0,002° | 0,254+0,005" | 0,195+0,004° | 0,389+0,008% | 0,129+0,002° 52,61
Chlorogeno riigdtis | 2,739+0,056° | 2,324+0,044" | 1,383+0,029" | 1,265+0,021" | 1,641+0,036° | 0,626+0,012° 45,85

Toje pacioje eilutéje esancios skirtingos raidés zZymi statistiskai patikimus individualiy junginiy kiekiy skirtumus tarp tirty veisliy obuoliy
minkstimy éminiy (p<0,05).



Oligomeriniy procianidiny grupés junginiai — procianidinas B1 ir pro-
cianidinas B2 — sudaré 20,14-39,22 proc. visy obuoliy mink$timy éminiuo-
se identifikuoty ir kiekiskai jvertinty fenoliniy junginiy (3.2.2.2.1 pav.).
Suminis jy kiekis jvairavo nuo 0,566 mg/g iki 1,423 mg/g. Nustatyti
procianidino B2 kiekiai buvo didesni uz procianidino B1. Tokios $iy jun-
giniy kiekinés sudéties jvairavimo tendencijos nurodomos ir kity moksli-
ninky [17, 24, 129]. Zhang ir kt. pateikia skirtingus rezultatus — $iy moksli-
ninky tirty 'Honeycrisp' veislés prinokusiy obuoliy minkstimy éminiuose
nustatyti procianidino B1 kiekiai didesni uz procianidino B2 [140]. Skirtu-
mus galéjo lemti veislés, klimato, meteorologiniy salygy ir kity faktoriy
jtaka [77, 82]. Procianidino B1 ir procianidino B2 junginiy kiekiy santykis
jvairiy veisliy obuoliy mink$timy éminiuose jvairavo nuo 1,0:5,1 (veislé
'Auksis') iki 1,0:19,47 (veislé 'Lodel'). 'Lodel' veislés obuoliy luobeliy ir
mink$timy éminiai iSsiskiria i§ kity veisliy dideliu flavan-3-oliy grupés
junginiy kiekiu.

Didziausias floridzino kiekis (0,389+0,008 mg/g) nustatytas 'Lodel’
veislés obuoliy minks§timy éminiuose. Jis buvo 3,54 karto didesnis uz
maziausig jo kiekj (0,110+0,002 mg/g), nustatyta 'Auksis' veislés obuoliy
minks$timy éminiuose (3.2.2.2.2 lentel¢). Nustatytas floridzino kiekis sudaré
2,67-9,02 proc. visy identifikuoty ir kiekiskai jvertinty fenoliniy junginiy.
Italy mokslininkai nurodo, kad floridzino kiekis obuoliy minkstimuose
jvairuoja nuo 0,001 mg/g iki 0,263 mg/g absoliuciai sausos Zaliavos [17].

Tirty veisliy obuoliy minkStimy éminiuose chlorogeno riigstis buvo
vyraujantis komponentas. ISimtj sudaré 'Rajka’ veislés obuoliy minkstimy
¢éminiai, kuriuose dominavo procianidinas B2 (3.2.2.2.2 lentelé). Chloro-
geno riigstis sudar¢ 27,28—-60,11 proc. visy obuoliy minkS§timy éminiuose
identifikuoty ir kiekiskai jvertinty fenoliniy junginiy Kiekio (3.2.2.2.1 pav.).
Panasius rezultatus nurodo ir kiti mokslininkai [129]. Didziausias chloro-
geno rugsties kiekis (2,739+0,056 mg/g), nustatytas 'Aldas' veislés obuoliy
minkstimy éminiuose. Jis buvo 4,37 karto didesnis nei maziausias $ios rags-
ties kiekis (0,626+0,012 mg/g), nustatytas 'Rajka’' veislés obuoliy minkstimy
éminiuose. Belviso ir kt. nurodomi chlorogeno riigsties kiekiai jvairuoja nuo
0,130 mg/g iki 2,082 mg/g absoliuciai sausos zaliavos [17].
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3.2.2.2.1 pav. Fenoliniy junginiy procentinés dalies jvairavimas obuoliy
minkstimy éminiuose

Apskaiciavus individualiy junginiy variacijos koeficentus nustatyta, kad
tarp tirty veisliy obuoliy minkstimy éminiy labiausiai varijuoja prociani-
dinas B1 (57,99 proc.), maziausiai — avikuliarinas (20,29 proc.) (3.2.2.2.1 ir
3.2.2.2.2 lentelés).

Apibendrinant atlikty tyrimy duomenis, galima teigti, kad obuoliy
luobeliy ir mink$timy fenoliniy junginiy kiekiné sudétis yra heterogeniska.
Obuoliy luobeliy éminiuose nustatyti zenkliai didesni kvercetino glikozidy
kiekiai nei obuoliy minkstimuose. Obuoliy veislés faktorius turi jtakos
fenoliniy junginiy kickinei sudéciai, kuri varijuoja placiose ribose. DidZiausi
kvercetino glikozidy kiekiai sukaupiami 'Aldas' veislés obuoliy luobelése.
'Lodel' veislés obuoliy minkstimy éminiuose nustatytas didelis katechiny ir
oligomeriniy procianidiny kiekis.

3.2.3. Fenoliniy junginiy kokybinés ir kiekinés sudéties
jvairavimas obely lapy éminiuose

IStyrus obuoliuose kaupiamy fenoliniy junginiy kokybing ir kieking
sudéti, svarbu nustatyti ir kity augalo organy fitocheminés sudéties
jvairavimg. Fenoliniy junginiy cheminés sudéties tyrimai svarbis siekiant
geriau suprasti biologiskai aktyviy junginiy kaupimosi désningumus bei
jvertinti jy kokybés ir kiekio jvairavimg skirtinguose augalo organuose.

Dauguma iki Siol atlikty obely lapy kokybinés ir kiekinés sudéties
tyrimy siejami su obelinio raupliagrybio (Venturia inaequalis (Cooke)
Wint.) sukeliama infekcija. Svarbu nustatyti Lietuvos klimato sglygomis
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auginamy veisliy obely lapy fenoliniy junginiy kokybing ir kieking sudétj ir
jvertinti galimybe panaudoti $ig augaling zaliavg praktinés medicinos
poreikiams.

Pritaike miisy optimizuotg ir validuota ESC metodikg, atlikome 'Aldas’,
'‘Auksis’, 'Ligol' ir 'Lodel" veisliy obely lapy éminiy ekstrakty kokybing ir
kiekine analiz¢. Tirtuose ekstraktuose identifikuoti ir kiekiskai jvertinti Sie
fenoliniai junginiai: (+)-katechinas, chlorogeno riigstis, kavos ragstis, (-)-
epikatechinas, rutinas, hiperozidas, izokvercitrinas, avikuliarinas, kvercit-
rinas, floridzinas, floretinas. Obely lapy éminio chromatograma pateikiama
3.2.3.1 pav.
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1 — (+)-Katechinas, 2 — chlorogeno rugstis, 3 — kavos rligstis, 4 — (—)-epikatechinas,
5 — rutinas, 6 — hiperozidas, 7 — izokvercitrinas, 8 — avikuliarinas, 9 — kvercitrinas,
10 - floridzinas, 11 — floretinas.

3.2.3.1 pav. Obely lapy éminio etanolinio ekstrakto ESC chromatograma
(veislé 'Aldas’, 2=280 nm)

Tirty veisliy obely lapy éminiuose nustatyty fenoliniy junginiy kiekinés
analizés rezultatai iSsamiai iSnagrinéti misy paskelbtame straipsnyje
»Phenolic Composition and Antioxidant Activity of Malus domestica Lea-
ves” (zr. Priedai). Apibendrinant gautus rezultatus, galima teigti, kad obely
lapy éminiuose vyrauja floridzinas. Mokslinéje literatiiroje apraSytas florid-
zino antidiabetinis poveikis [83, 89], kuris paaiSkinamas gliukozés absorb-
cijos ir resorbcijos blokavimu [75]. Floridzinas sudaré 76,9—84,2 proc. visy
obely lapy éminiuose identifikuoty fenoliniy junginiy Kiekio. Didziausias
Sio junginio kiekis (114,433+4,721 mg/g) nustatytas 'Ligol' veislés obely
lapy éminiuose. Tarp kvercetino glikozidy grupés junginiy visy veisliy
obely lapy éminiuose dominavo kvercitrinas. Jo kiekiai tirty veisliy émi-
niuose jvairavo nuo 7,770 mg/g (veislé 'Ligol’) iki 13,364 mg/g (veislé
'‘Aldas’). Obely lapy éminiuose identifikuoty kvercetino glikozidy ir
floridzino kiekiai didesni uZ nustatytus obuoliy éminiuose, chlorogeno rags-

48



ties — mazesni. Oligomeriniy procianidiny grupés junginiy — procianidino
B1 ir procianidino B2 — obely lapy éminiuose neidentifikuota.

Gauti tyrimy rezultatai pateikia naujos informacijos apie Lietuvos
klimato salygomis auginamy obely lapy fenoliniy junginiy kokybine ir
kiekine sudét]. Jie galéty biti pritaikyti planuojant individualiy, savitu biolo-
giniu poveikiu pasizyminc¢iy fenoliniy junginiy, ypac¢ floridzino, iSskyrima
i§ obely lapy éminiy. Obely lapai, floridzing kaupianti augaliné Zaliava,
atlikus iSsamesnius mokslinius tyrimus, gali buti naudojama kuriant
vaistinius preparatus ir maisto papildus. Sie produktai gali biiti vertingi
cukrinio diabeto profilaktikai bei mazinant kiino svor;.

3.2.4. Fenoliniy junginiy kokybinés ir kiekinés sudéties
jvairavimas skirtingy poskiepiu obuoliy éminiuose

Pasauliniuose poskiepiy tyrimuose akcentuojama jy svarba vaismedzio
produktyvumui, deré¢jimo pradziai, augumui, vaisiy kokybei, derliui ir
produktyvumui [2, 43, 44].

Triksta tyrimy, jvertinanciy poskiepio jtaka obuoliy biologiskai aktyviy
junginiy kokybinei ir kiekinei sudéciai. Tikslinga atlikti iSsamius Lietuvos
klimatinémis saglygomis auginamy skirtingy poskiepiy obuoliy kokybinés ir
kiekinés sudéties tyrimus, nustatyti obely poskiepius, kurie lemia didziausig
fenoliniy junginiy kiekj obuoliuose. Poskiepiy jtakos obuoliy kokybinés ir
kiekinés sudéties palyginamiesiems tyrimams pasirinkti 'Ligol' veislés
nykstukiniai (P 22, P 59, P 61 ir PB.4), Zemaiigiai (M.9, P 62, P 66, P 67,
B.396) poskiepiai ir pusiauzemaiigis M.26 poskiepis. Rezultatai placiau
iSnagrinéti musy paskelbtame straipsnyje ,,Rootstock genotype determines
phenol content in apple fruits” (Zr. Priedai).

Apibendrinant gautus rezultatus, galima teigti, kad tirty poskiepiy
obuoliy éminiuose tarp identifikuoty ir kiekiskai jvertinty fenoliniy junginiy
vyravo chlorogeno riigstis ir procianidinas B2. Didziausias skirtumas (apie
30 proc.) tarp 2011 ir 2012 mety derliaus obuoliy suminio fenoliniy junginiy
kiekio nustatytas M.9, Pure 1 ir P 66 poskiepiy obuoliy éminiuose, maZiau-
sias (maziau kaip 10 proc.) — M.26 ir P 22 poskiepiy obuoliy éminiuose.

Aiskiy skirtumy tarp nykstukiniy, zematigiy ir pusiauZematigiy po-
skiepiy grupiy nebuvo nustatyta. Didziausi individualiy fenoliniy junginiy
kiekiai nustatyti nykstukiniy P 61 ir P 22 poskiepiy obuoliy éminiuose. |
Siuos poskiepius jskiepytos obelys yra perspektyvios platesniam auginimui
Lietuvos soduose, siekiant pateikti vartotojui obuolius, kuriuose sukaupiami
didziausi fenoliniy junginiy kiekiai.

'‘Auksis' veislés poskiepiy M.26, M.9, P 22, P 59, P 61, P 62, P 66, P 67,
B.9, B.396, PB.4, Pure 1 obuoliy éminiy askorbo riigsties, bendro fenoliniy
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junginiy kiekio, antiradikalinio aktyvumo ir titruojamojo riigstingumo tyri-
my rezultatai iSsamiai i$nagrinéti straipsnyje ,,Rootstocks affects apple fruit
biochemical content: preliminary results” (zr. Priedai).

3.3. Fenoliniy junginiy kiekinés sudéties jvairavimas M. domestica
Borkh. vaisiuose ir lapuose vegetacijos periodo metu

Augalo vegetacijos periodo metu antriniy metabolity kiekiné sudétis
kinta. Priklausomai nuo fenologinio tarpsnio, klimato salygy Siy junginiy
biosintezés procesai vienuose augalo organuose intensyvéja, kituose —
sulétéja. Norint geriau suprasti biologiskai aktyviy junginiy kaupimosi dés-
ningumus, tikslinga atlikti augaly organy fitocheminés sudéties tyrimus kei-
Ciantis fenologiniams tarpsniams. Svarbu nustatyti optimaly augaliniy Zalia-
vy rinkimo laika, iSsiaiskinti kada sukaupiami didziausi antriniy metabolity
kiekiai. Tokie tyrimai yra reikSmingi, norint gauti augaling Zaliavg su zino-
ma chemine sudétimi, turtingg biologiskai aktyviy junginiy, ir pateikti
vartotojui geros kokybés produktus.

3.3.1. Fenoliniy junginiy kiekinés sudéties jvairavimas
obuoliuose vegetacijos periodo metu

Vystymosi ir nokimo metu obuoliuose vykstantys antriniy metabolity
kokybinés ir kiekinés sudéties pokyciai lemia obuoliy organoleptines savy-
bes [140], turi jtakos jy biologiniam poveikiui. Lietuvos klimato salygos,
lyginant su pagrindiniais obuoliy auginimo regionais, pasiZzymi vésesnémis
vasaromis, didesniais dienos ir nakties temperatiiry svyravimais, ankstesné-
mis rudeninémis Salnomis. Tai sglygoja trumpesnj vegetacijos perioda,
ankstyvesnj ir intensyvesnj obuoliy nusispalvinimg [64, 65]. Svarbu iStirti
Lietuvoje auginamy obuoliy fenoliniy junginiy kiekinés sudéties jvairavima
augalo vegetacijos periodo metu, palyginti gautus rezultatus su kity moksli-
ninky skelbiamais tyrimy duomenimis, issiaiskinti, kada obuoliuose sukau-
piami didziausi flavonoidy ir fenoliniy rigsciy kiekiai.

Atlikome tyrimus, siekdami istirti fenoliniy junginiy kiekinés sudéties
Jvairavimg obuoliy éminiuose vaisiy vystymosi ir nokimo metu. Obuoliy
éminiuose identifikuoti kvercetino grupés glikozidai: rutinas, izokvercitri-
nas, hiperozidas, avikuliarinas, kvercitrinas. DidZiausias hiperozido (0,762+
0,025 mg/g), kvercitrino (1,014+0,043 mg/g) ir avikuliarino (0,739+0,030
mg/g) kiekis nustatytas obuoliy éminiuose, surinktuose vaisiy vystymosi
tarpsnio pradzioje (168 mety dieng) skinty obuoliy éminiuose. Obuoliams
vystantis ir nokstant Siy junginiy kiekis mazé&jo. Maziausias kvercitrino ir
avikuliarino kiekis nustatytas obuoliy nokimo tarpsnio metu (280 mety
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dieng) skinty obuoliy éminiuose (3.3.1.1 pav.). Vegetacijos periodo pabai-
goje, obuoliams pasickus vartojimo brandg (308 mety dieng), hiperozido
kiekis buvo 0,177+£0,006 mg/g, kvercitrino kiekis — 0,139+0,006 mg/g, 0
avikuliarino — 0,091+0,004 mg/g (3.3.1.1 pav.).
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3.3.1.1 pav. Kvercitrino, hiperozido ir avikuliarino kiekinés sudéties
jvairavimas obuoliy éminiuose vegetacijos periodo metu

Obuoliy éminiuose izokvercitrino ir rutino nustatyti mazesni kiekiai nei
kity kvercetino glikozidy. Siy junginiy kiekinés sudéties jvairavimas vege-
tacijos periodo metu pateikiamas 3.3.1.2 pav. Didziausias rutino (0,041+
0,002 mg/g) ir izokvercitrino (0,104+0,004 mg/g) kiekis nustatytas obuoliy
vystymosi fenologinio tarpsnio pradzioje (168 mety dieng). Maziausias Siy
junginiy kiekis nustatytas vaisiy nokimo fenologinio tarpsnio metu (280
mety dieng). Obuoliams pasiekus vartojimo brandg (308 mety dieng) nusta-
tytas rutino kiekis buvo 0,029+0,001 mg/g, o izokvercitrino — 0,033+
0,001 mg/g (3.3.1.2 pav.). Rutino kiekis buvo maziausias i$§ identifikuoty
kvercetino glikozidy grupés junginiy viso vegetacijos periodo metu. Miisy
gautus kvercetino glikozidy kiekinés sudéties jvairavimo rezultatus
patvirtina ir kity mokslininky tyrimy duomenys. Sunokusiy obuoliy émi-
niuose nustatyti mazesni kvercetino glikozidy kiekiai nei vaisiy vystymosi
pradzioje [7, 143].
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3.3.1.2 pav. Izokvercitrino ir rutino kiekines sudéties jvairavimas obuoliy
eminiuose vegetacijos periodo metu

Obuoliy éminiuose identifikuoti ir KiekiSkai jvertinti katechiny grupés
junginiai — (+)-katechinas ir (-)-epikatechinas. Didziausi $iy junginiy kiekiai
nustatyti vaisiaus vystymosi fenologinio tarpsnio pradzioje (168 mety die-
ng), atitinkamai 0,690+0,027 mg/g ir 1,875+0,078 mg/g (3.3.1.3 pav.).
Vaisiams vystantis (+)-katechino ir (-)-epikatechino kiekiai mazéjo. Obuo-
liy nokimo fenologinio tarpsnio pradzioje (266 mety diena) nustatytas (+)-
katechino kiekis buvo 19 karty, o (-)-epikatechino — 8,3 kartus mazesnis uz
ju kiekj, nustatytg vaisiy vystymosi tarpsnio pradzioje (168 mety dieng).
Obuoliy nokimo metu (266—308 mety dienos) $iy junginiy kiekiai kito ne-
zenkliai. Maziausi (+)-katechino ir (-)-epikatechino kiekiai nustatyti 280
mety dieng skinty obuoliy éminiuose (3.3.1.3 pav.). Panasius désningumus
nurodo Awad ir kt., tyre katechiny kiekinés sudéties kitima obuoliy luobeliy
éminiuose [7].
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3.3.1.3 pav. (+)-Katechino ir (-)-epikatechino kiekinés sudéties
jvairavimas obuoliy éminiuose vegetacijos periodo metu

Atlike obuoliy éminiy kiekinés sudéties tyrimus, nustatéme, kad pro-
cianidino B1 kiekis vegetacijos periodo metu jvairavo nuo 0,015 mg/g iki
0,239 mg/g, o procianidino B2 kiekis varijavo nuo 0,335 mg/g iki 1,853
mg/g (3.3.1.4 pav.). Didziausi $iy junginiy kiekiai nustatyti vaisiy vystymosi
fenologinio tarpsnio pradzioje (168 mety dieng) skinty obuoliy éminiuose.
Maziausi procianidino B1 ir procianidino B2 kiekiai nustatyti vaisiy nokimo
metu (280 mety dieng) skinty obuoliy éminiuose. Vegetacijos periodo
pabaigoje, obuoliams pasiekus vartojimo branda, nustatytas procianidino B1
kiekis — 0,118+0,005 mg/g, o procianidino B2 — 0,645+0,029 mg/g.
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3.3.1.4 pav. Procianidino B1 ir procianidino B2 kiekinés sudéties
jvairavimas obuoliy éminiuose vegetacijos periodo metu
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Didziausias floridzino kiekis (1,916+0,074 mg/g) nustatytas vaisiy
vystymosi periodo pradzioje (168 mety dieng) skinty obuoliy éminiuose.
Vaisiui vystantis, po obuoliy uzuomazgy kritimo, 196 mety dieng skinty
obuoliy éminiuose nustatytas floridzino kiekis (0,334+0,016 mg/g) buvo
5,74 karto mazesnis uz 168 mety dieng nustatytg kiekj. Maziausi Sio jungi-
nio kiekiai nustatyti 273 ir 280 mety dienomis — 0,089+0,003 mg/g. Obuo-
liams pasiekus vartojimo brandg (308 mety dieng), nustatytas floridzino
kiekis buvo 0,134+0,010 mg/g (3.3.1.5 pav.).
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3.3.1.5 pav. Floridzino ir chlorogeno rigsties kiekinés sudéties
jvairavimas obuoliy éminiuose vegetacijos periodo metu

Didziausias chlorogeno riigsties kiekis (8,8444+0,381 mg/g) nustatytas
vaisiy vystymosi periodo pradzioje (168 mety dieng) skinty obuoliy
éminiuose. 196 mety dieng, vaisiams vystantis, jis sumazéjo 3,81 karto. Vai-
siy nokimo fenologinio tarpsnio metu nustatytas chlorogeno rugsties kiekis
kito neZenkliai. Jis varijavo nuo 0,557 mg/g (280 mety diena) iki 0,728
mg/g (308 mety diena) (3.3.1.5 pav.). Panasius chlorogeno riigsties kiekinés
sudéties jvairavimo désningumus obuoliy luobeliy éminiuose vegetacijos
periodo metu nustaté Awad ir kt. Sie autoriai nurodo, kad vaisiy vystymosi
pradzioje obuoliy luobeliy éminiuose sukaupiamas didZiausias chlorogeno
rugsties kiekis [7].

Apibendrinus obuoliy fenoliniy junginiy kiekinés sudéties jvairavimo
rezultatus, nustatyta, kad didziausi visy identifikuoty fenoliniy junginiy
kiekiai obuoliy éminiuose sukaupiami vaisiy vystymosi fenologinio tarpsnio
pradzioje. Chlorogeno riigstis identifikuoty fenoliniy junginiy komplekse
vyravo Viso vegetacijos periodo metu. Tarp kvercetino grupés junginiy
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obuoliy vystymosi pradzioje dominavo kvercitrinas, o obuoliams pasiekus
vartojimo branda nustatytas didesnis hiperozido kiekis. Tyrimy rezultatai
yra reikSmingi, jie leidzia geriau suprasti obuoliy vystymosi ir nokimo metu
vykstan€ius individualiy fenoliniy junginiy kiekinés sudéties pokycius.
Gauti duomenys svarbiis praktiniu pozitiriu — jie suteikia galimybe pateikti
vartotojui zinomos fenoliniy junginiy sudéties obuolius ir i§ jy pagamintus
maisto produktus.

3.3.2. Fenoliniy junginiy kiekinés sudéties jvairavimas obely
lapuose vegetacijos periodo metu

Jvertinus obuoliy kokybing ir kieking sudétj fenologiniy tarpsniy kaitoje,
tikslinga atlikti obely lapy fitocheminés sudéties analize. Svarbu iStirti
fenoliniy junginiy biosintezés ir kaupimosi désningumus vegetacijos periodo
metu, palyginti obuoliy ir obely lapy kiekinés sudéties jvairavima, nustatyti
obely lapuose kaupiamy individualiy fenoliniy junginiy kiekio priklausomybg
nuo augalo fenologiniy tarpsniy ir klimato salygy. ISsamiis moksliniy tyrimy
duomenys apie fenoliniy junginiy kokybing ir kiekine sudétj sudaryty salygas
panaudoti obely lapus kaip fenoliniy junginiy Saltinj medicinos poreikiams,
individualiy, biologiniu poveikiu pasiZyminc¢iy fenoliniy junginiy i§skyrimui.

Atlikti obely lapy kiekinés sudéties jvairavimo tyrimai augalo vegeta-
cijos metu. Visuose fenologiniuose tarpsniuose rinkty obely lapy éminiuose
vyravo kvercitrinas. Didziausias jo kiekis (9,529+0,205 mg/g) nustatytas
lapy vystymosi fenologinio tarpsnio pradzioje (140 mety dieng), maziausias
(6,315+0,104 mg/g) — lapy senéjimo tarpsnio metu (294 mety dieng)
(3.3.2.1 pav.). Panasius kvercetino kickinés sudéties varijavimo vegetacijos
periodo metu désningumus nurodo ir kiti mokslininkai, tyr¢ 'Golden
Delicious' ir 'Jonagold' obely lapy éminius [99].

Nustatytas kvercitrino kiekis sudar¢ 44,48-55,88 proc. visy obely lapy
éminiuose identifikuoty kvercetino glikozidy kiekio. Mokslinés informaci-
jos Saltiniuose skelbiami tyrimy duomenys patvirtina miisy gautus rezulta-
tus — kvercitrinas vyrauja tarp obely lapuose nustatyty kvercetino glikozidy
[78, 99].

Kity kvercetino glikozidy nustatyti mazesni kiekiai. Didziausias hiper-
ozido kiekis (4,378+0,110 mg/g) nustatytas vegetacijos periodo pabaigoje
(308 mety dieng), avikuliarino (4,616+0,189 mg/g) — lapy vystymosi pra-
dzioje (140 mety dieng) rinkty obely lapy éminiuose. Maziausias hiperozido
kiekis (2,267+0,064 mg/g) nustatytas intensyvaus iigliy augimo periodo
metu (196 mety dieng), avikuliarino (1,290+0,050 mg/g) — lapy senéjimo
fenologinio tarpsnio metu (294 mety dieng) rinkty obely lapy éminiuose
(3.3.2.1 pav.).

55



Kiekis, mg/g

LY
2 - =
2 e =~

U T T T T T T T T T T T T
140 154 168 182 196 224 252 259 266 273 280 287 308
Metu diena
| —s— Hiperozidas =8— Avikuliarinas —=— Kvercitrinas |

3.3.2.1 pav. Avikuliarino, hiperozido ir kvercitrino kiekinés sudéties
jvairavimas obely lapy éminiuose vegetacijos periodo metu

Maziausi rutino ir izokvercitrino kiekiai nustatyti lapy vystymosi feno-
loginio tarpsnio pradzioje (140 mety dieng), atitinkamai 0,850+0,035 mg/g
ir 0,168+0,006 mg/g. Vegetacijos periodo metu $iy junginiy kiekis didéjo.
Didziausias izokvercitrino (2,735+0,215 mg/g) ir rutino (0,801+0,033 mg/g)
Kiekis nustatytas lapy senéjimo fenologinio tarpsnio metu (308 mety dieng),
lapams gelstant (3.3.2.2 pav.). Vegetacijos periodo metu nustatytas rutino
kiekis buvo maziausias tarp visy identifikuoty kvercetino glikozidy.
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3.3.2.2 pav. lzokvercitrino ir rutino kiekinés sudéties jvairavimas
obely lapy éminiuose vegetacijos periodo metu
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Obely lapy éminiuose identifikuoty katechiny grupés junginiy — (+)-
katechino ir (—)-epikatechino kiekis lapy vystymosi ir figliy intensyvaus
augimo fenologiniy tarpsniy metu kito nezenkliai. DidZiausias (—)-epika-
techino kiekis (0,611+0,026 mg/g) nustatytas lapy brandos fenologinio
tarpsnio metu, 252 mety dieng, rinkty obely lapy éminiuose (3.3.2.3 pav.).
Didziausias (+)-katechino kiekis (0,059+0,003 mg/g) nustatytas lapy senéji-
mo fenologinio tarpsnio metu (308 mety dieng). Petkovsek ir kt., tyre obely
lapy fenoliniy junginiy kieking sudét] vegetacijos periodo metu, nustaté
didesnius (+)-katechino ir (—)-epikatechino kiekius [99]. Skirtumams jtakos
galéjo turéti skirtingos obely veislés, klimato, meterologinés, Kultivavimo
saglygos ar Kiti faktoriai [66, 77, 82].
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3.3.2.3 pav. Katechiny kiekiné sudétis obely lapy éminiuose
vegetacijos periodo metu

Obely lapy éminiuose identifikuoti dihidrochalkony grupés junginiai —
floridzinas ir floretinas. Nustatyti floridzino kiekiai buvo didziausi tarp visy
identifikuoty obely lapy fenoliniy junginiy. Vegetacijos periodo metu nusta-
tytas $io junginio kiekis sudar¢ 85,07-90,08 proc. visy ESC metodu nustaty-
ty fenoliniy junginiy kiekio. Sis désningumas nurodomas ir kity mokslinin-
ky — floridzinas obely lapuose yra vyraujantis komponentas [46, 100, 102].

Didziausias floridzino kiekis (178,973+7,436 mg/g) nustatytas lapy
vystymosi fenologinio tarpsnio pradzioje 140 mety dieng rinkty obely lapy
éminiuose. Intensyvaus tgliy augimo fenologinio tarpsnio antroje puséje ir
lapy brandos tarpsnio metu (182—280 mety dienomis) nustatytas floridzino
kiekis varijavo nezenkliai (116,408-126,427 mg/g). Vegetacijos periodo
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pabaigoje, lapams gelstant, nustatytas floridzino kiekio padidéjimas iki
138,808+5,698 mg/g (3.3.2.4 pav.).

ISanalizavus floretino kiekinés sudéties pokycius obely lapy éminiuose
vegetacijos periodo metu, nustatyta, kad didZiausias Sio junginio kiekis
(3,108+0,134 mg/g) sukaupiamas lapy brandos fenologinio tarpsnio metu
(252 mety dieng), maziausias (0,138+0,010 mg/g) — 154 mety dieng lapy
vystymosi fenologinio tarpsnio pabaigoje (3.3.2.4 pav.).
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3.3.2.4 pav. Dihidrochalkony kiekiné sudétis obely lapy éminiuose
vegetacijos periodo metu

Obely lapy éminiuose identifikuotos fenolinés rugstys — chlorogeno
rugstis ir kavos riigStis. Chlorogeno rugsties kiekis lapy vystymosi ir inten-
syvaus tigliy augimo fenologiniy tarpsniy metu kito nezenkliai. Maziausias
Sios rugsties kiekis (0,331-0,343 mg/g) nustatytas 182—210 mety dienomis
rinkty obely lapy éminiuose. Chlorogeno riigsties kiekis pradéjo didéti tigliy
augimo fenologinio tarpsnio pabaigoje (nuo 224 mety dienos). DidZiausias
jos kiekis (5,457+0,208 mg/g) nustatytas vegetacijos periodo pabaigoje
surinkty obely lapy éminiuose (3.3.2.5 pav.).

Maziausias kavos rigsties kiekis (0,049+0,002 mg/g) nustatytas lapy
vystymosi fenologinio tarpsnio metu (154 mety dieng) surinkty obely lapy
éminiuose. Intensyvaus tigiy augimo ir lapy brandos fenologiniy tarpsniy
metu nustatytas kavos rugsties kiekio didé¢jimas. Didziausias Sios riigsties
kiekis (0,180+0,007 mg/g) nustatytas lapy sen¢jimo fenologinio tarpsnio
pabaigoje (308 mety dieng) surinkty obely lapy éminiuose. Petkovsek ir kt.
skelbiami tyrimy duomenys patvirtina misy tyrimy rezultatus — kavos
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rigsties kiekis obely lapy éminiuose augalo vegetacijos periodo metu didéja
[100].
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3.3.2.5 pav. Fenoliniy rigsciy kiekiné sudetis obely lapy éminiuose
vegetacijos periodo metu

Apibendrinant gautus tyrimy rezultatus, nustatyta, kad skirtingy fenoli-
niy junginiy grupiy kiekin¢ sudétis augalo vegetacijos periodo metu jvai-
ruoja. Didziausias fenoliniy ragsciy, (+)-katechino, hiperozido, izokvercitri-
no ir rutino kiekis sukaupiamas augalo vegetacijos periodo pabaigoje,
floridzino, avikuliarino ir kvercitrino — lapy vystymosi fenologinio tarpsnio
pradzioje, floretino ir (—)-epikatechino — lapy brandos metu.

Nustatyti skirtumai tarp obuoliy ir obely lapy kiekinés sudéties. Obuoliy
éminiuose viso vegetacijos periodo metu vyraujantis komponentas buvo
chlorogeno riigstis, obely lapy éminiuose dominavo floridzinas. Kvercetino
glikozidy ir floridzino obely lapy éminiuose nustatyti kiekiai buvo didesni
uz nustatytus obuoliy éminiuose, chlorogeno riigsties — mazesni. Skyrési ir
kokybiné obuoliy ir obely lapy sudétis — obely lapuose nustatyti floretinas ir
kavos riigstis, kurie obuoliy éminiuose neidentifikuoti.

3.4. Obuoliy éminiy ekstrakty antioksidacinio aktyvumo tyrimai

Fenolinius junginius kaupianciy augaliniy zaliavy naudg Zmogaus
sveikatai patvirtina gaustis moksliniy tyrimy duomenys [22, 30, 53].
Nustatytas rySys tarp Siy junginiy turtingo augalinio maisto vartojimo ir
sergamumo onkologinémis, Sirdies ir kraujagysliy bei neurodegeneraciné-
mis ligomis [94, 115]. Biologiskai aktyviy junginiy, pasizyminc¢iy antioksi-
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daciniu poveikiu, identifikavimas yra svarbus. Jis leidzia moksliskai pagristi
augaliniy zaliavy ir i§ jy pagaminty preparaty naudojimg oksidacinio streso
sukelty susirgimy profilaktikai ir gydymui. Tikslinga jvertinti Lietuvoje
auginamy veisliy obuoliy antioksidacinj aktyvuma, nustatyti analitinius
zymenis, kurie galéty biiti panaudojami obely vaisiy, i$ jy pagaminty maisto
papildy antioksidacinio aktyvumo vertinimui bei kokybés kontrolei.

Atlikome 'Aldas', 'Auksis', 'Connel Red', 'Ligol', 'Lodel' ir 'Rajka’ obuo-
liy éminiy ekstrakty antiradikalinio ir redukcinio aktyvumo tyrimus. Obuo-
liy éminiy ekstrakto ESC-ABTS ir ESC-FRAP chromatogramos pateiktos
3.4.1 pav.

02T 3 -y
0.1 ESC skirstymas |3 280 nm
0.0} i L2 4 o, 618 2ol |
% 0.1 I 2 -il | 675 9l0
: 5
; 0.2 |FRAP 3 650 nm |
£ 044ABTS 3 593 nm
2 034
. 02 i 3
] | -
ip 1 2 | r 68 %10
0.0 F——— e S e e A et e e —]
o 5 10 15 20 25 30 35 40 45 50 55

Sulaikvmao laikas, min.

1 — Procianidinas B1, 2 — (+)-katechinas, 3 — chlorogeno ragstis, 4 — procianidinas B2,
5 — (—)-epikatechinas, 6 — rutinas, 7 — hiperozidas, 8 — izokvercitrinas, 9 — avikuliarinas,
10 — kvercitrinas, 11 — floridzinas
3.4.1 pav. Obuoliy ekstrakto ESC-ABTS-FRAP chromatogramos
(veislé 'Aldas")

Chlorogeno rugstis pasizymi labiausiai iSreikStu antiradikaliniu ir re-
dukciniu aktyvumu tarp obuoliy ekstraktuose identifikuoty fenoliniy jungi-
niy. DidZiausios chlorogeno rtigsties TE reik§més nustatytos istyrus 'Aldas’
veislés obuoliy éminiy ekstraktus (TEagts=6,90 pumol/g, TEprap=7,27
umol/g), maziausios — iStyrus 'Rajka' veislés obuoliy ekstraktus (TEagts=
0,89 umol/g, TErrap=0,96 umol/g) (3.4.1 lentelé). 'Aldas' veislés obuoliy
éminiuose nustatytas chlorogeno rugsties kiekis buvo 4,4 karto didesnis uz
jos kiekj, nustatyta 'Rajka' veislés obuoliy éminiuose. Tai salygojo Siy
veisliy obuoliy ekstrakty antioksidacinio aktyvumo skirtumus.

Chlorogeno rugstis 1émé 7,92—-31,38 proc. suminio antiradikalinio akty-
vumo (3.4.2 pav.) ir 10,43-36,48 proc. redukcinio aktyvumo (3.4.3 pav.).
Bandonien¢ ir Murkovic, pritaike ESC-DPPH pokoloné¢linés reakcijos me-
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toda obuoliy ekstrakty antiradikalinio aktyvumo tyrimams, pateikia panaSius
rezultatus — chlorogeno riigstis yra vienas labiausiai obuoliy ekstrakty
antiradikalinj aktyvuma lemianéiy fenoliniy junginiy. Siy autoriy nurodo-
mas chlorogeno rugsties indélis j suminj obuoliy ekstrakty antiradikalinj
aktyvuma yra 27—40 proc. [13].

ESC-ABTS metodu nustatytos identifikuoty oligomeriniy procianidiny
grupés junginiy suminio TE reikSmés varijavo nuo 2,28 umol/g (veislé
'Rajka’) iki 3,74 umol/g (veislé 'Lodel'). Tai sudaré¢ 14,84—20,24 proc. sumi-
nio antiradikalinio aktyvumo (3.4.2 pav.). ESC-FRAP metodu nustatytos
identifikuoty procianidiny grupés junginiy suminio TE reikSmés jvairavo
nuo 1,77 umol/g (veislé ‘Ligol’) iki 3,31 umol/g (veislé 'Lodel’). Prociani-
diny grupés junginiai lémé 12,65—20,75 proc. suminio redukcinio aktyvumo
(3.4.3 pav.). 'Lodel' veislés obuoliy éminiai i$ tirty veisliy obuoliy i$siskyré
dideliu procianidino B2 kiekiu. Tuo galima paaiskinti gautus rezultatus —
stipriausias procianidiny grupés junginiy antiradikalinis ir redukcinis
aktyvumas nustatytas $ios veislés obuoliy éminiy ekstraktuose.

Tarp identifikuoty oligomeriniy procianidiny grupés junginiy didziausia
indélj i antioksidacinj aktyvuma (IAA) turéjo procianidinas B2 (IAAagTs=
12,03—-17,36 proc., |AArraAp=10,31—-17,47 proc.), procianidino B1 ind¢lis
buvo mazesnis (IAAABT5=1,02_3,67 proc., IAAFRAP=1,74_3,46 pI‘OC.). S}
désningumag 1émé obuoliy éminiy procianidiny grupés junginiy kiekinés
sudéties skirtumai. Obuoliy ekstraktuose nustatytas procianidino B2 kiekis
buvo Zenkliai (5,4—13,8 karty) didesnis uz procianidino B1. Bai ir kt., tyre
obuoliy i$spaudy fenoliniy junginiy antioksidacinj aktyvuma, pateikia
panasius tyrimy rezultatus. Sie mokslininkai nurodo, kad procianidinas B2
pasizymi stipriausiu antioksidaciniu aktyvumu i§ visy obuoliy iSspaudy
éminiuose nustatyty fenoliniy junginiy [11].

Obuoliy éminiy ekstraktuose identifikuoty katechiny grupés junginiy
suminio TE reik§Smés, nustatytos ESC-ABTS metodu, varijavo nuo 1,65
umol/g (veislé 'Ligol") iki 4,05 pumol/g (veislé 'Lodel’), o nustatytos ESC-
FRAP metodu kito nuo 1,13 umol/g (veislé 'Ligol’) iki 3,17 umol/g (veislé
'Lodel’). Katechiny grupés junginiai Iémé 13,28—19,97 proc. suminio antira-
dikalinio obuoliy ekstrakty aktyvumo (3.4.2 pav.) ir 12,19-19,80 proc. su-
minio ESC-FRAP metodu jvertinto Siy ekstrakty redukcinio aktyvumo
(3.4.3 pav.). Tarp Sios grupés junginiy didziausig indé¢lj j suminj antioksi-
dacinj aktyvumg lémé (-)-epikatechinas (IAAagTs=11,45-18,24 proc.,
IAArRAP=8,92—-17,87 proc.). (+)-Katechino indélis j suminj antiradikalinj
aktyvuma — 1,00-2,87 proc., o indélis j suminj redukcinj aktyvuma jvairiy
veisliy obuoliy ekstraktuose jvairavo nuo 1,76 iki 3,27 proc. Gauti rezultatai
patvirtina Lee ir kt. skelbiamus duomenis, kad (-)-epikatechinas ir procia-
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nidinas B2 yra vieni labiausiai obuoliy ekstrakty antioksidacinj aktyvuma
lemianc¢iy fenoliniy junginiy [68].

Kvercetino glikozidai 1émé nuo 3,16 proc. (veislé 'Auksis') iki 5,42
proc. (veislé 'Rajka') suminio antiradikalinio (3.4.2 pav.) ir nuo 2,26 proc.
(veislé 'Lodel') iki 7,23 proc. (veislé 'Rajka’) suminio redukcinio aktyvumo
(3.4.3 pav.). Individualiy kvercetino glikozidy indélis j suminj antio-
ksidacinj aktyvumg skirtingy veisliy obuoliy ekstraktuose jvairavo. 'Aldas’,
‘Auksis', 'Connel Red' ir 'Lodel' veisliy obuoliy ekstraktuose tarp kvercetino
grupés junginiy didziausig indélj j suminj antioksidacinj aktyvuma turéjo
avikuliarinas (IAAagTs=1,08-1,98 proc., IAArrAp=0,80-2,14 proc.) ir hi-
perozidas (IAAagTs=0,92—1,57 proc., IAArrap=0,96-2,11 proc.).

Obuoliy éminiy ekstraktuose, tirtuose taikant ABTS ir FRAP pokolo-
nélines sistemas, floridzinas netur¢jo antioksidacinio aktyvumo. Bandoniené
ir Murkovic nurodo pana$ius tyrimy duomenis — floridzinas vienintelis i$
Siy mokslininky DPPH pokolonéliniu metodu analizuoty fenoliniy junginiy
nepasizyméjo antiradikalinémis savybémis [13]. Bai ir kt., tyr¢ obuoliy
i§spaudas, nurodo, kad floridzinas pasiZymi silpniausiu antioksidaciniu
aktyvumu, lyginant su kity grupiy fenoliniais junginiais [11]. Tai siejama su
dihidrochalkony grupés junginiy struktiira — mazesnis hidroksilo grupiy
skaiCius aromatiniuose zieduose lemia silpng floridzino antioksidacinj akty-
vuma [11, 46].

"‘Rajka’
"Lodel’
& "Ligol'
= 'Connel Red'
"Auksis’
"Aldas'
[1] .'-_‘IU 4;]‘ (‘.l;] H;] 1 IIJl:
IAA ., proc.
B Procianidinai B Chlorogeno riigitis
[ Katechinai B Neidentifikuoti junginiai

B Kvercelino glikozidai

3.4.2 pav. Obuoliy éminiy ekstraktuose nustatyty fenoliniy junginiy indélio
j suminj antiradikalinj aktyvumg jvairavimas
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3.4.1 lentelé. Obuoliy éminiy ekstraktuose nustatyty junginiy antiradikalinis ir redukcinis aktyvumas (TE, pmol/g)

Junginys 'Aldas’ 'Auksis' 'Connel Red' 'Ligol' "Lodel' "Rajka’
TEaprs | TEprapr | TEaBts | TEprar | TEaBts | TEprar | TEaABrs | TErrar | TEagrs | TErrar | TEArs | TErprar

Hiperozidas 033 | 042 | 017 | 018 | 013 | 015 | 009 | 024 | 029 | 019 | 010 | 0,17
Izokvercitrinas | 0,06 | 008 | 004 | 003 | 005 | 002 | 008 | 004 | 009 | 001 | 003 | 002
Rutinas 002 | 003 | 002 | 003 | 001 | 002 | 002 | 003 | 003 | 001 | 001 | 003
Avikuliarinas | 042 | 043 | 019 | 014 | 016 | 016 | 015 | 015 | 025 | 0,14 | 006 | 012
Kvercitrinas 021 | 018 | 009 | 007 | 012 | 009 | 020 | 015 | 013 | 010 | 033 | 034
(+)-Katechinas | 062 | 052 | 030 | 049 | 028 | 031 | 011 | 016 | 047 | 033 | 015 | 027
E];)S'Ep"‘amh" 301 | 233 | 338 | 1,33 | 1,84 | 28 | 1,54 | 097 | 358 | 2,84 | 200 1,46
Erloc'a”'d'”as 060 | 047 | 064 | 051 | 015 | 032 | 021 | 020 | 020 | 031 | 040 | 0,31
Erzoc'a”'d'”as 263 | 206 | 28 | 19 | 270 | 2,79 | 218 | 1,57 | 354 | 300 | 188 | 1,60
Chlorogeno 690 | 727 | 524 | 48 | 299 | 312 | 289 | 218 | 3,77 | 402 | 089 | 096
rugstis
Floridzinas _ _ _ _ _ _ _ _ _ _ _ _
Neidentifikuoti | ¢ 00| 519 | 520 | 530 | 692 | 617 | 453 | 352 | 740 | 687 | 481 | 3.99
junginiai
Suminis TE 2144 | 1998 | 18,09 | 14,89 | 1535 | 16,00 | 12,00 | 921 | 1975 | 17.82 | 1066 | 9,27




Tirty veisliy obuoliy éminiy ekstraktuose nustatyty skirtingy grupiy
fenoliniy junginiy indélio i antiradikalinj aktyvumg jvairavimas pateiktas
3.4.2 pav., o ind¢lio j redukcinj aktyvumg varijavimas — 3.4.3 pav.

'Rajka’ — :
I ) TR N
"Lodel’ T
e —— S — S
= 'Ligol’ ]
3 I | S e |
~ 'Connel Red' I
1 1 | | |
'Auksis’ [
| N N
"Aldas' — _ _
[Il EIU 4;} lf‘.nlﬂ H;] 1 IIJl:
1AA . proc.
B Procianidinai B Chlorogeno riigitis
[ Katechinai B Neidentifikuoti junginiai

B Kvercelino glikozidai

3.4.3 pav. Obuoliy éminiy ekstraktuose nustatyty fenoliniy junginiy indélio
j suminj redukcinj aktyvumg jvairavimas

ESC-ABTS pokolonéliniu metodu jvertinus obuoliy éminiy ekstrakty
antiradikalinj aktyvuma nustatytos suminio TE reik§més varijavo nuo 10,66
umol/g iki 21,44 umol/g (3.4.1 lentelé). ESC-FRAP metodu nustatytos
obuoliy ekstrakty redukcinio aktyvumo TE reikSmés jvairavo nuo 9,21
pumol/g iki 19,98 umol/g (3.4.1 lentel¢). Stipriausiu laisvyjy radikaly suri-
Simo ir redukciniu aktyvumu pasizyméjo 'Aldas' veislés obuoliy éminiy
ekstraktai. Silpniausias antiradikalinis aktyvumas nustatytas iStyrus 'Rajka’
veislés obuoliy ekstraktus. Silpniausiu redukciniu aktyvumu pasizyméjo
‘Ligol" ir 'Rajka' veislés obuoliy éminiy ekstraktai (3.4.1 lentel¢). 'Aldas’
veislés obuoliai ir jy ekstraktai galéty biiti vertingi panaudojimui medicinos
poreikiams, antioksidaciniu aktyvumu pasizyminciy junginiy i$skyrimui,
maisto produkty praturtinimui natiiraliais antioksidantais.
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ISVADOS

ISvystyta ir optimizuota ESC metodika fenoliniy junginiy kokybinés ir
kiekinés sudéties analizei obely vaisiy ir lapy éminiuose. Gauti vali-
dacijos parametry — atrankumo, glaudumo, tiesiSkumo — jverciai patvir-
tina metodikos tinkamuma analizei. Metodika panaudota atliekant
obuoliy ir obely lapy fenoliniy junginiy kokybinés ir kiekinés sudéties
tyrimus.

Nustatyta, kad veislés faktorius turi jtakos obuoliy éminiy kiekines
sudéties jvairavimui. Suminis nustatyty fenoliniy junginiy kiekis liofili-
zuoty obuoliy éminiuose jvairavo nuo 2,209 mg/g (veislé 'Connel Red')
iki 5,817 mg/g (veislé 'Aldas’). Obely lapy éminiuose fenoliniy junginiy
kiekis varijavo nuo 135,021 mg/g (veislé 'Auksis’) iki 137,938 mg/g
(veislé 'Aldas’) absoliuciai sausos zaliavos. Nustatyta, kad 'Aldas’,
'Auksis', 'Connel Red', 'Ligol' ir 'Lodel' obuoliy éminiuose vyraujantis
komponentas yra chlorogeno riigstis, 'Rajka’ veislés obuoliy éminiuose —
procianidinas B2. Obely lapy éminiuose dominavo floridzinas, Kkuris
sudar¢ 76,9—84,2 proc. visy nustatyty fenoliniy junginiy kiekio.

Atlikus obuoliy luobeliy ir minkstimy kiekinés sudéties jvairavimo
tyrimus, suminis identifikuoty kvercetino glikozidy kiekis obuoliy
luobeliy éminiuose buvo 11,50-17,30 karty didesnis uz §iy junginiy
kiekj, nustatyta obuoliy minkStimuose. Didziausias suminis identifi-
kuoty kvercetino glikozidy kiekis (1,726+0,037 mg/g) nustatytas 'Aldas’
veislés obuoliy luobeliy éminiuose. Didziausias identifikuoty katechiny
(1,086+0,021 mg/g) ir oligomeriniy procianidiny (1,423+0,027 mg/g)
kiekis nustatytas 'Lodel' veislés obuoliy mink§timy éminiuose.

Jvertinus obely vaisiy ir lapy fenoliniy junginiy jvairavimg augalo vege-
tacijos periodo metu, nustatyta, kad didziausi jy kiekiai obuoliy émi-
niuose nustatyti vaisiy vystymosi fenologinio tarpsnio pradzioje. Obely
lapuose didziausi chlorogeno ir kavos rigséiy, (+)-katechino, hiper-
ozido, izokvercitrino ir rutino kiekiai sukaupiami augalo vegetacijos
periodo pabaigoje, floridzino, avikuliarino, kvercitrino — lapy vystymosi
fenologinio tarpsnio metu, floretino ir (—)-epikatechino — lapy brandos
metu.
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5. Nustatyta, kad obels poskiepis turi jtakos obuoliy fenoliniy junginiy
kiekinés sudéties jvairavimui. DidZiausi individualiy fenoliniy junginiy
kiekiai nustatyti nykstukiniy P 61 ir P 22 poskiepiy obuoliy éminiuose,
maziausi — zematgiy M.9 ir P 62 bei pusiauZemaiigio M.26 poskiepio
obuoliy éminiuose.

6. IStyrus obuoliy, jy luobeliy ir minkStimy ekstrakty antiradikalinj ir re-
dukcinj aktyvuma nustatyta, kad chlorogeno rugstis, procianidinas B2 ir
(-)-epikatechinas gali buti pasirenkami kaip analitiniai Zymenys obuo-
liy ir jy produkty antioksidacinio aktyvumo vertinimui.
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A specific analytical procedure including sample preparation and HPLC anabysis was diveloped and validated for the detection of
phemolic compauands in the samples of different apples from popular Lithuanian cultivars “Aldas,” "Auksis” “Ligol” and “Samphon.”
The conditions for phenol extraction were optimized: the solvem of the extraction was 70% (wiv) ethanol, and the extraction
Wk pg-rlim'rlwd. in an ulirasound bath for 200 min a1 ihe temiperature of 400, The HPLC mobile pl‘La.-w consisted of 2% (wiv)
acetic achd in water and 100% (v/v) acetonitrile. Using the HPLC rechnique. 11 analytes were identified, and their specificity
was confirmed: procyanidin B, {+)-catechin, uhlnmg:nn: acid, pcmcyunidl.n B2, {=) :'plrz.iecihm. rutin, hyperoside, ksosquiercitrin,
avicularin. quercitrin, and phloridain. Chlorogenic acid was the major component in “Aldas” “Auksis and “Ligol™ and procyanidin
B2 in “Sampion” Hyperuside and avicularin were the dominant compounds of all the identified quercetin derivatives in “Aldas™
and “Aulsis;™ hyperaside in “Sampion;” and quercitrin in “Ligol” The total content of phenolic compounds varied from 16410 =

479 gl (ov. “Ligol™) to 42913 2 154.2 gl (ov. "Abdas”),

1. Introduction

In Lithuania—like in the whole Eastern European region—
apples are among the main vegetal food sources rich in
phenolic compounds. The Lithuanian Health Program indi-
cates that the nutrition of school-age children should be
supplemented with such local vegetal products as apples,
carrols, and pears |1]. Using more variable cultivars of fruit
in the nutrition of adult and children population is advised.
A greater variety of bislogically active compounds in fruit is
associated with bower mortality [2].

Numerous studies have confirmed the benefit of phenolic
compounds for human health, Studies have shown that dif-
ferent groups of phenolic compounds as well s their in-
dividual components have a specific effect on different phys-
iodogical systems. Phenolic compounds in apples have an
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antiviral effect against Herpes simplex strains and the flu vires
|3, 4], and they suppress cell proliferation [5], reduce blood
levels of triglycerides and bow densaty lipoproteins [6], and
thus are useful in the prevention of cancer and cardisvascular
diseases. Polyphenolic compounds protect the gastrointesti-
nal mucosa and may be used as a preventive measure against
adverse effects of anti-inflammatery drugs [7]. Phenolic
compounds in apples may be potentially useful in protecting
the lungs against damage from cigarette smoke [8] as well
as for the prevention of Alzheimer’s discase [9]. Based on
these results of sclentific studies, it is expedient to concretize
the available knowledge about the distribution of phenalic
compounsds in apples from popular Lithuanian cultivars.

A relkable analytical instrument is required in order 1o
obiain detailed results in the analysis of the phytochemical
composition of the apples. The techniques of the qualitative



and quantitative analyses of the content of phenolic com-
pounds in apples described in literature sources may not
always be suitable for implementation in other laboratories.
Because of possible differences in the phytochemical compo-
sition of the apples, these techniques may be unsuitable for
the analysis of local cultivars, Because of this, a detailed sci-
entific analysis requires the redevelopment of sample prepa-
ration and mobile phase gradients of the techniques designed
in other laboratories. The need for the development of a
novel technique was confirmed by our preliminary attemypts
tor aclapt the techniques found in scientific literature sources;
these attempts did not vield the desired results. For this
reason, the aim was set o develop, optimize, and validate
the suitable HPLC technique for the detection of phenalic
compounds in the lyophilized apple samples of the cultivars
“Aldas” “Auksis” “Ligol” and “Sampion” grown in Lithuanka,

2. Materials and Methods

20 Apples. The following apple cultivars were incheded in the
study: “Abdas” “Auksis” “Ligel” and “Sampion;” the apples
were harvested in 2011, The apples were supplied by the Insti-
tute of Horticulture, Lithuanian Research Centre for .ﬁ.Fn
culture and Forestry, Babtai, Lithuania (55°60'M, 23°48'E).
The altitude of Babtai town ks 57 m above sea level. The
year 2011 was warmer than usual higher; the mean monthly
temperatures were higher than the long-term average. The
summer of 2001 was distinguished by more rainfall in July
and especially in August when double the normal monthly
rainfall was recorded. Trees were trained as slender spindle.
Pest and disease management was carried out according to
the rules of the imegrated plant protection. The experimental
orchard was not irrigated. Tree fertilization was performed
according to soil and leaf analysis. Nitrogen was applied
before flowering at the rate of 80 kg/ha, and potassium was
applied after harvest at the rate of 90 kg/ha, Soil conditions
of the experimental orchard were the following: day leam,
pH: 73, humus: 8%, POy 255 mg/kg, and K O 230 mg/ke.
The apple cultivars “Auksis™ (eardy winter ov., bred in Lithua-
nia), “Sampion” {winter cv,, bred in Czech Republic), and
“Ligol” (winter cv., bred in Poland) are the main cultivars
in Lithvanian commercial orchards, The cv, "Aldas” (early
winter cv, bred in Lithuania) is recommended for ecological
orchards. Apples were harvested at the optimal harvest time
individually established for every cultivar: "Aldas™ 128 DAFB,
“Auksis" 114 DAFB, “Ligol” 168 DAFB, and “Sampion:” 132
DAFB. The sample size comprised 20 ripe apples of each
cultivar,

Each apple was cut into the slices of equal size (up to 1cm
in thickness), and the stalks and the seeds were removed.
The apple slices were immediately frozen in a freeser (at -
35°C) with air circulation and then lyophilized with a ZIRBUS
sublimator 3 = 4 = 5720 {ZIRBUS technology, Bad Grund,
Germany) at the pressure of 0,00 mbar (condenser tempera-
ture, =85°C), The lyophilized apple slices were ground 1o fine
powder by using a Retsch 200 mill {Haan, Germany).

Loss on drying before analysis was determined by drying
the apple lyophilizate in a laboratary drying even 1o complete
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evaporation of water and volatile compounds (lemperature;
105°C; the difference in weight between measurements: up
to 00l gh and by calculating the difference in raw material
weight before and after drying [10]. The data were recalou-
lated for absobute dry Ivophilizate weight.

2.2 Chemicals. All the solvents, reagents, and standards used
were of analytical grade. Aluminwm trichloride hexahydrate,
hexamethylentetramine, scetonitrile, acetone, methanol, and
acetic and triflusroacetic acids were obtained from Sigma-
Aldrich GmbH (Buchs, Switzerland), and ethaned from Sum-
bras AR (Kaunas, Lithuania). Hyperoside, rutin, quercitrin,
phloridzin, procyvanidinBl and procyanidin B2, and chloro-
genic acid standards were purchased from Extrasynthese
(Genay. France), {+)-catechin and (-)-epicatechin from
Fluka (Buchs, Switzerland}, and avicularin and isoquercitrin
from Chromades (Santa Ana, USA). In the study, we used
deionized water produced by the Crystal E HPLC {Adrona
S1A, Riga, Latvia) water purification system.

2.3 Extraction. Anamount of 2.5 g of lvophilized apple pow-
der {exact weight) was weighed, added to 30 mlL of ethanol
(70%, viv), and extracted in a Sonorex Digital 10 P ultrasonic
bath (Bandelin Electronic GmbH & Co. KG, Berlin, Ger-
many} for 20 minutes at 40°C, The conditions of extraction
{the type of the extraction, its duration, temperature, and
the solvent and its concentration) were chosen consider-
ing the results of the optimization of the extraction, The
extract obtained was filtered through a paper filter; the apple
Iyophilizate on the filter was washed twice with 10mL of
ethanol (70%, v/v) in a 530 ml flask. The extract was filtered
through a membrane filter with a pore size of 0.22 pm (Car
Roth GrbH, Karlsrube, Germany).

24, Determrination of the Ttal Flavenaid Content, The total
flavoneid content in the extracts of lyophilized apple samples
was determined by applying the technique described by
Urbonavidiwte et al, [11], was cakculated using the rutin
calibration curve, and was expressed as its equivalent (mg
RE/g) for absalute dry lyophilizate weight.

25 Instrumentation and Chromatographic Conditions, A
Waters 2695 chromatograph equipped with a Waters 2998
PDA detector (Waters, Milford, USA) was used for HPLC
analysis, Chromatographic separation was managed, chro-
matograms were recorded, and data were processed with the
Empower v.2.0 software (Waters, Milford, USA). Chromato-
graphic separations were carried ou by using a YMC-Pack
ODS-A (5pm, C 250 = 46mm i.d) column equipped
with a YMC-Triart (5 pm, Cyg, 10 % 30mm i.d.) precolumn
(YMC Europe GmbH, Dinslaken, Germany). The column
was operated at a constant temperature of 25°C, The volume
of the extract being investigated was 10l The flow rate
was | milSmin, and gradiemt eution was wsed, The mobile
phase consisted of 2% (viv) acetic acid in water (solvent
A} and 100% (w'v) acetonitrile (solvent B). The following
comditions of elution were applied: 0-30 minutes, 3-15% B;
M0-45 minutes, 153-25% B; 45-50 minutes, 25-50% B; and
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50-35 minutes, 50-95% B, The total duration of the analysis,
including washing and reconditioning of the column, was
70 minutes, The identification of the chromatographic peaks
was achieved by comparing the retention times and spectral
characteristics (A = H0-600nm) of the eluting peaks
with those of the reference compounds. The compounds
identified were confirmed by spiking the sample with the
standard compound and monitoring the changes in the
peak shape and spectral characteristics. For quantitative
analysis, a calibration curve was obtained by the injection
of known concentrations of different standard compounds.
The concentrations of phenolic compounds identified in
the apple extracts were within the limits of the calibration
curves. Dibydrochalcones and favan-3-ols were quantified at
280 nm, phenolic acids at 320 nm, and flavonols at 360 nm.

2.6 Statistical Data Analysiz. All the experiments were car-
riedd out in triplicate. Means and standard deviations were
calculated with SPSS 20,0 software (Chicago, USA). A single
factor analysis of variance (ANOVA) along with the post-
hoc Tukey’s test was employed for statistical analysis. The
Kolmogorov-Smirnov test was applied to examine the nor-
mality of the distribution, To verify the hypothesis about the
equality of variances, Levene's test was employed. Differences
were considered to be significant at P < 0.05.

3. Results and Discussion

3.1, Oyptimization of the Extraction Method. The selection of
the solvent and the conditions of extraction is an important
analytical step in the development of the technique for
the qualitative and quantitative analysis of the biclogically
active compounds in raw plant material. The solvent of the
extraction is the main Factor in the prognosis of the qualitative
and quantitative compasition of the isolated phenolic com-
pounds. The extractants most commanly used for the extrac-
tien of lavonoid glycosides, their more polar aglycones, and
polar phenolic acids are methanad, cthanol, acetone, and their
various aqueous mixtures of various concentrations [12, 13).

To evaluate the effect of the extractant on the extraction
of flavenoids, the lyophilized apple samples were macerated
fior 4 hours in the dark. and the total content of flavonodds was
determined by using spectrophatometry [11]. The extractants
selected for the study were methanol, ethanol, and acetone,
used at various concentrations, The study showed that 70%
(v/%) ethanol ensured the highest flavenoid outpur (2.7 2
0.1 mg RE/g) (Figure1). This extractant was selected for
further analysis.

Twao techniques ensuring selective extraction of the phe-
nolic compounds from solid-phase samples were chosen for
comparative studies of the effectiveness of the extraction
techniques: maceration and ultrasound extraction (sonifica-
tion). During the maceration of the samples at room temper-
ature in dark environment ag different time intervals (0.5-24
hours), the highest total flavonoid content (3.220.1 mg RE/g}
wias reglstered after 24-hour extraction (Figare 2). To evaluate
the effectiveness of sonification, apple samples were extracted
in an wltrasound bath for 3-%0 min at different temperatures
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(20-40°C). The greatest extraction owtput (4.1 +0.2 mg RE/g)
was observed after extraction of the apple samples for 20 min
at the temperature of 40°C (Figure 3).

The analysis showed that the greatest amount of flavon-
odds (4.1 + 0.2mg RE/g) from lyophilized apple samples was
extracted with 70% (v/v} ethaned in an ultrasound bath after
20 minutes of extraction at the temperature of 40°C. These
conditions were selected for further analysis, the extraction
from lyophilized samples of different apple cultivars,
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TamLe I: Characteristics of the quamitative evaluation of phenolic compounds,

: i . ; Determined
W G ats R
Compaund M‘["':m,“m l:zl:;gh LM“““E:;:::::“" Calibration equation” quantitation limit &'
gy {pegimL)

Procyanidin B1 156 280 6.25-100 ¥=73% Wk + 549 % 107 164 0.9998
(+}-Catechin 197 280 5-80 ¥ =700 = 'x - 187 = WY k. ] 0.9%9%
Chlorogenic acid w7 320 62510 ¥ =268 % 10%x - 3.02 x b0* 93 0950
Procyanidin B2 29 280 6, 25=104) yom 558 % 100« 705 = 10" 185 0,995
(=}-Epicatechin 3 280 S-80 ¥ 255 = 100« 119 x WY L2 e
Hyperoside 400 360 5-80 ¥= 212310 - 101 10 242 09999
Isoquercitrin 401 360 3135-50 ¥= 266 % 10 - 2= 10* 154 0.9%39%
HRutin 35 L] 1135-50 ¥= 147 % 10 x - 766 = 107 179 0.9598
Quercitrin 445 0 254 y=177 % 10 - 557 = 10" 119 09998
Avicularin FEL] L] 313550 yo 0w 0t =102 x 107 15 09901
Phloridzin 176 280 1135-50 ¥= LHS % 10" = 709 = W L4 0.9998
" miean wan cakulated from 6 replicates
¥ i the calibration equastion indicates the conc jon of & comy d, and ¥ endicaies a peak area.

3.2 Developrment and Oplimization of Chromutographic Sep- the separation of rutin and hyperoside in ethanol extracts
aration. A broad variety of analytical methods have been  of lyophilized apple samples with the resolwtion of 2.59;
employed for the detection of phenolics in raw plant materials — the separation of hyperoside and isoquercitrin with the
and their products. Thin-layer and high-performance thin-  resolution of 3.12; and the separation of avicularin and
layer chromatography, mass, infrared, and ultraviolet spec-  quercitrin with the resolution of 2,83,

troscopy, and other analytical methods have been applied for The chromatograms of ethanel extracts of apple samples
the qualitative analysis of phenolics [14, 15]. For the quanti-  at different wavelengths (280, 320, and 360 nm} are depicted
tative evaluation of phenolic compounds in plant matrices,  in Figure 4.

HPLC and UV-visible absorption spectrophotometry are the

mast widely wsed methods; capillary zone electrophoresis is

applied less frequently [16]. 3.3, Validation of the Method, The validation of the method

Experiments during the development stage showed that was performed on the basis of the ICH recommendations
a better chromatographic separation was achieved by using [21]. The following characteristics of validation were evalu-
the YMC-Pack ODS-A column (5 pm, Cyp, 230=46mm id)  ated: the selectivity of the method (specificity). the repeata-
and selecting acetonitrile rather than methanol as an organic  bility of the results (precision), the quantitation limit of the
component. For acidification (solvent A), two organic acids  analytes, and linearity.
were selected: 2% acetic acid and 0,1% trifluoroacetic acid. A The evaluation of the selectivity of the method for peak
better separation of the analytes was achieved by using 2%  identification and purity was based on the comparison of
acetic acid rather than 0% triflusroacetic acld; therefore, 2% the retention times and UV spectra of the analytes with
acetic acid was used for further experiments. The application  those of the standard compounds. The compounds identified
of acetic acid to acidify the mobile phase has been reported in -~ were confirmed by adding the standard compound into the
other studies that investigated phenolic compounds in apples  analyzed extract and monitoring the changes in the peak
13,17, 18] shape and spectral characteristics.

‘The method of gradient elwtion for the separation of The quantitation limit of the analytes was assessed by
phenolic compounds (quercetin derivatives, flavan-3-ols,  comparing the peak height to the basefine noise. The ratio of
phenolic acids, and dibydrochaloones) in ethanol extracts of — the peak height to baseline nokse (signal-to-noise ratio) used
hrophilized apple samples was optimized. This method allows  for the estimation of the quantitation limit was 10: 1. The
for an effective separation of phenolic compounds present in determined quantitation limit varied from 154 pg'ml 1o
tyophilized apple extracts. The elution order of quercetin-3- 293 ug/mL The obtained results confirm that this method
Crglycosides—also reported in other studies [17,19, 20 —was  can be used for the quantitative analysis of phenolic com-
as fellows: quercetin-3-O-rutinoside (rutin), quercetin-3-  pounds. The estimated determination coetficients (R of
O-palactoside (hyperoside), quercetin-3-O-glucoside (iso- calibration curves were greater than 0,999, and this proves the
quercitrin, quercetin-3-O-arabinoside  (avicularin), and  linearity of the quantitative determination method (Table 1)
quercetin-3-Cerhamnoside {quercitrin), The values of res- The precision of the HPLC method was asessed on
olution (Rs > 2) were achieved in all the samples of standard  the basis of two parameters: repeatability and intermediate
solutions and extracts. Optimization of the HPLC methed  precision. The repeatability of the results was evaluated on
allowed for an effective separation of quercetin glycosides:  the basis of the results of consecutive analyses performed
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TasiLe 2= Precision of the HPFLEC method for the quantitative evaluation of phenolic compounds.

Comapound

Relative standard deviation (%) for the peak area

Intraday® Interday” Estraction after extraction

Procyanidin B 1.x2 1w 77
[#}-Catechin 149 .06 356
Ehlnmgcﬂlc ackd 1.2 145 147
[~)-Epicatechin 152 135 g
Procyanidin B2 1440 251 242
Hyperoside 138 261 277
lmquercllrirl 1.3 07 135
Rutin 137 244 7l
Quercitrin L& 254 X2y
Avicularin 142 2.64) 252
Phloridzin 148 176 Aal
*Repeatabaity,

M inbermsediate precision.

the peak area, varied from 1.22% (chloregenic acid) to 1.52%
({=)-epicatechin}. The intermediate precision of the results
was assessed based on the results of analyses performed
within 3 different days (6 consecutive analyses of a mixture
of standards a1 the mean concentration performed within the
same day; 18 analyses in total), and its %BSD for the peak area
varied from 1.45% (chlorogenic acid) to 2.76% {phloridzin).
Extraction after the extraction of the lvophilized apple sample
was performed. A set of & ethanol extracts was produced
fresm the same lyophilized apple sample and was analyzed by
applying the developed and optimized HPLC method. The
estimated %RSD for the peak area did not exceed 3.92%. The
obtained results describing the precision of developed HPLC
miethod are summarized in Table 2.

3 4. identification of Phewolic Compounds in Lyophilized Apple
Apples are among the most popular frults con-
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Fiovne 4: Chromatograms of ethanol extracts of the investigated
apple samples (ov, “Aldas™: (a) A = 280nm: (b) 1 = 320nm; (<)
A = 360 nm. Numbers indicate the peaks of analytes: I procyanidin
Bl 2 {+)-cateching 3: chlm@mk achds 4: procyanidin B2; 5 (<)
epicateching 6 ruting 7: hyperosider &: isoquercitring %: avicularing
B0 queercitring and 10: phloridzin,

within the same day (6 consecutive analyses of a mixture of
standards at 3 different concentrations performed within the
same day), The percemt relative standard deviation (%RSD)
of the repeatability of the method, determined according to
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mm:d- worldwide [22]. They is a source of various bio-
logically active substances, especially vitamins and pheno-
lic compounds [23]. Apples contain phenolic compounds
of different classes: flavonols {quercetin and Bsorhamnetin
glycosides), dihydrochalcones {phloretin glycosides), flavan-
3ols (catechins [monomeric flavan-3-ols] and procyanidins
[pelymeric flavan-3-ols] ), amhocyanins (cyanidin glycosides,
especially cyanidin galactoside), and phenolic acids (mostly,
chlorogenic acid) [24-26].

Considering the dictary habits of apple consumption,
it is relevamt to analyze apples without separating their
peel from the flesh, As the chemical composition of the
apples of differemt cultivars can vary considerably [26, 27].
it s wvery important to compare and assess the chemical
composition of the unpeeled apples of different cultivars and
to evaluate their quality, as apples are used in diet, prevention
of various diseases, preparation of safe and healthy foods,
and development and production of dietary supplements. The
above-mentioned circumstances allow for the development
of analytical methods and the analysis of apples.
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Tanes 3 Content of phenolic compounds in ethanol extracts obtained from the apples of caltivars grown in Lithuania {expressed for absolule
dry lyophilizate weight),

R Amount of phenalic compoands in different cultivars”, jgig
e “Aldas” “Auksis™ “Ligol” “Sampion”
Procyanidin B1 95,7 101" LT ks
{+)-Catechin 5T B2 50,0 177
Chlorogenic acid 22284 1618.8" 6872 4L
Procyanidin B2 58,5 4545 0.5 LETR
{=)-Epicatechin 446" 1" 236.5° e840t
Rutin 164 126" 148 128
Hyperoside 191.2* 4t BEY ks
[sosuercitrin 40,3 w1" L ar
Avicularin 194.2" 588" 5.7 il
Cruercitrin 130.6" 44,6 6.7 70,0
Phlssidein L4 90,7 By 638
Total 42913 3940 1E4LD 1568.6
*Walues are mean {m = 3], The ditferent keiters indicate significas diferemces between the values (P < 0.05),
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Fiovke 5: Chromatogram of the ethanol extract of the investigated apple fruit sample (4 = 330 nm, cv. “Sampion”). Numbers indicate the
peaks of analyies: 1: procyanidin Bl 2: (#)-catechin: % chlorogentc acid: 4: procyanidin B2 5 {=)-eplcateching 6e ruting 7: hyperoside; 8:

isogquercitring % avicularing 10: quercitring and 11: phloridein,

In this study, the developed, optimized, and validated
HPLC method was applied to investigate ethanol extracts of
Iyophilized apple samples. The content of phenolic com-
pounds in the apples of cultivars "Aldas)” "Auksis” "Ligol”
and “Sampion” was qualitatively and quantitatively analyzed
and determined. An example of the chromatogram of the
ethanol extract of the apple fruit sample is shown in Figure 5,
and Table 3 summarizes the characteristics of the quantitative
content,

The following compounds of different phenolic groups
were identified in the investigated cthanol extracts: pro-
cyanidin Bl {+}-catechin, chlorogenic acid, procyanidin B2,
{=)-epicatechin, rutin, hyperoside, isoquercitrin, avicularin,
quercitrin, and phloridzin, Neochlorogenic acid, gallic acid,
S-hydroxymethyl furfural, sinapic acid, isorhamnetin-3-0-
glucoside, resmarinic acid, transcinnamic acid, eupatorin-5-
methyl ether, sinensetin, and protocatechuic acid in apples or
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their products were detected by other authors [17, 28- 30|, but
they were not found in the analyzed extracts,

Chlorogenic acid was the major component in the apples
of the cultivars “Aldas” "Auksis” and "Ligal” This acid has
properties important for human health: antioxidant activity
[31], anti-inflammatory activity | 32], the reduction of the risk
of type 2 diabetes [33], the improvement of cardiovascular
function [34], and the inhibition of the processes of carcino-
genesis [35, 36]. The apples of the cv. "Aldas” comtained the
highest concentration of chlorogenic acid, and it was by 6.5-
fold greater than that in the apples of the ov, “Samplon” {Ta-
ble 3). The results confirm the findings of other studies
indicating that chloregenic acid in apples is one of the most
common phenolic compounds (26, 27].

In the studied extracts of apple samples. we detected
and quantitatively evaluated monomeric favan-3-ole (+)-
catechin and (= }-epicatechin {Table 3), which together with
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procyanidins may be responsible for the cholesterad lowering
[37] and vasodilating [ 28] efect of the apples; they also inhibit
sulfotranaferases, thus can regulate the biological activity
of lydroxysterobds, and can act as natural chemopreventive
agents [39].

The amount of the identified monomeric flavan-3-ols
varied from 2866+ 11.4 ug/g {cv. "Ligol") 1o 813.7 £36.0 ug/g
{ev. “Sampion™), The highest concentration of {~)-epicatechin
was identified in the apple fruits of the cv. “Sampien.” It was
by 2.9-fold greater than its lowest concentration in the apple
fruits of the ov. "Ligol™ The concentration of {+}-catechin in
the apples of the ov. “Auksis” was by 3-fold greater than its
lowest concentration in the apples of the cv. "Ligol” Literature
reparts that apples contain considerably greater amounts of
{~}-epicatechin than {+)-catechin [23, 40], and this s In
agreement with the results of our study, The ratio of (+)-
catechin to {=)-cpicatechin in the ethanol extracts of different
cultivar apple samples varied in the range from 1:2.0 (ov.
“Auksis™) 1o 1:5.3 (ev, “Sampion”),

Duda-Chodak et al analyzed the lyophilized apple
extracts of the ¢v, “Sampion” by HPLC. The results of their
study showed that the analyzed extracts contained lower
amounts of monomeric flavan-3-ols: on the average,
2217 pgfy of (=Y-epicatechin and 12.2 pgip of (+)-catechin
[41]. Different apple cultivation and fertilization approaches
could contribute to the differences in their quantitative
composition; the impact of meteorological and geographical
factars cannot be excleded either.

The compounds of the procyanidin (oligomenc flavan-
3-ol) class have been identified in the plants of the family
Rosaceac|42] and in various apple cultivars [24, 40]. Pro-
cyaniding isolated from apples have an antineoplastic efect
[43], a strong antioxidant effect [44], an anti-inflammatory
effect [45], a cholesterol- and triglyceride-lowering effect [37],
and a positive effect on the cardiovascular system [46, 47],
and therefore they are among the most promising phenolic
compounds in apples. In the present study, procyaniding Bl
and B2 were identified and quantified in the ethanol extracts
of apple fruit samples. Table 3 shows their quantitative con-
tent.

The amount of the identified procyanidins varied from
360.5 + 126 /g (ev. "Ligol™) to 10144 £ 43.9 gy (cv.
“Sampion”}. The data in Table 3 show that procyanidin B2 was
the major compound in the ethanel extracts of cv. “Sampion”
apples, and it concentration was by 2.9 times greater than the
lowest concentration of procyanidin B2 found in the ethanol
extracts of cv. “Ligol” apple samples. Contrary to other 3
cultivars, procyanidin B2 rather than chlorogenic acid was a
dominant compound in the cthanol extracts of cv. “Sampion”
apples.

Ethanol extracts of lyophilized apple samples of all the
analyzed cultivars contained higher concentrations of pro-
cyanidin B2 than those of procyanidin Bl {Table 3). Sim-
ilar quantitative characteristics of these compounds in the
extracts of apple samples have also been found by other
researchers [26, 41, 48], The ratio of procyanidin Bl to
procyanidin B2 in the ethanol extracts of different cultivar
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apphe samples varied in the range from 1:4.2 {cv. “Auksis™)
bo 1: 112 (e 'hnlpbon'}."[hcsc data confirm the importance
of the cultivar as a factor for the quantitative composition of
apples.

In the investigated ethanol extracts of apple samples,
quercetin gheosides were the most abundant growp of phe-
nolic compounds. Quercetin ghycosides together with com-
pounds of the flavan-3-ol group are most responsible for
the antioxidant effect of the complex of phenolic com-
pounds in apples [44]. The consumption of products rich
in quercetin glycosides reduces the risk of cancer and neu-
rodegenerative diseases |49, 50, Quercetin glycosides inhibit
the angiotensin-converting enzyme and therefore have an
antihypertensive effect [46].

The following quercetin derivatives were identified and
determined quantitatively: rutin, hyperoside, isogquercitrin,
avicularin, and quercitrin, The total content of these
quercetin glycosides varied from 168.5 £ 5.0 ug/g (v “Auk-
Si7) 0 5323 + 193 g (v "Aldas™).

The triplet of quercetin glycosides, namely, rutin, hypero-
side, and soquercitrin, where hyperoside was a predominant
component and the concentration of rutin was the lowest,
was found to be characteristic of all apple cultivars analyzed
in our study. This is in line with the results of other studies
[17, 20, 51] and therefore sugpests that the rutin-hyperoside-
isoquercitrin triplet {where hyperoside predominates and the
concentration of rutin is relatively low)—along with the com-
pounds of the dihydrochalcone class—could be considered
as one af the characteristic features of the phytochemical
composition of apples allowing for the identification of apple
products,

The rutin-hyperoside-isoquercitrin ratio varied depend-
ing on the apple cultivar. It was 1:106: 25 in the ethanol
extracts of ov. "Aldas™ apples 1:4.2:21—in ov. “Auksis”
apples; 1 - 4.6 L.7—incv. "Ligol™ apples; and 1:10.7 : 2.7 —inov.
“Sampion” apples.

The data in Table 3 show that the apple samples of the
ov, “Aldas™ contained the highest levels of all the identified
flavonols. The concentration of hyperoside in this cultivar
was by 37-fold greater than that in the ov. “Auksis” The
concentration of isoquercitrin in the apples of the cv. "Aldas”
was by Lé-fold greater than that in the apples of the ov
“Ligol” The concentration of avicularin in the apples of the
ov, “Aldas” was by a 3.7-fodd higher, compared 1o the lowest
concentration of avicularin found in the apples of the ov.
“Ligol” The concentration of quercitrin found in the apples
of the ¢v, "Aldas™ was by 2.9 times higher than the lowest
concentration of quercitrin in the apples of the ov. “Auksis”
(Table 3). In the apples of the cv. “Sampion.” hyperoside was
the major compound of all quercetin derivatives identified,
and this is in line with the results of other studies (41, 48].
Rutin was a minor component among all the identified
quercetin derivatives, and these results are consistent with
those reported by other awthors [20, 23]. The highest con-
centration of rutin (16.4 + 0.7 /) was detected in ethanod
extracts of the ov. “Aldas™ apple samples. This concentration
was by L3 times greater than the lowest concentration of rutin
detected in the ethanol extracts of ov. “Auksis” apple samples.



Cualitative and quamtitative analysis of the compounds
of the dihydrochalcone class is of great importance as these
compounds can be regarded as chemotaxonomic markers
for the identification of apple cultivars as well as products
miade from apples [17, 52, 53]. Phloridzin exhibits antidiabetic
activity [54, 53], and therefore apples as plant raw materials
accumulating this compound can be potentially useful for the
prevention of diabetes mellitus [9]. The highest concentratbon
of dihydrochalcone phloridzin was in the o, "Aldas”™ (1424 +
6.3 ug/e), and it was by 2.3 times higher than the lowest
concentration of phlosidzin detected in the ov. “Sampion”
[63.8 £ 2.7 uglg).

Our analysis showed a wide vardation in the phenolic
content of different apple cultivars grown in Lithuania, The
total content of phenolic compounds identified in the ethanol
extracts of lvophilized apple samples ranged from 16410
47.9 i {ov. “Ligol™) to 4291,3£154.2 ppfp (ov. “Aldas™), The
cultivar sell as a factor has an impact on the parameters of
qualitative and quantitative content of the apples [20], and
depending on the apple cultivar, these parameters can vary
consbderably [26]. Otther factors that may affect the qualitative
and quantitative content of apples include the geochemical
compasition of the soil, the geographic region [41, 56-
58], and the climatic-meteorological [59] and cultivation or
storage conditions [60, 61], Some authors found increased
levels of phenolic compounds in apple pecl due to sunlight
exposure |62, 63]. Orchard fertigation and foliar fertilization
lead to increased phenol contents |64). However, these factors
were ot considered In this study, and we are planning to
inchede them in our future studies.

4, Conclusions

The HPLC-based analytical procedure for the determinatbon
of phenolic compounds in the apple samples from 4 pog-
ular cultivars was optimized and validated. The specificity,
precision, and assaying range confirm the subtability of this
myethed,

The examination of the apple samples revealed the
distribution of 11 different groups of phenolic compounds
important for human health, Chiorogenic acid was the major
component in cultivars "Aldas” “Auksis” and “Ligol” and
procyanidin B2 in v, “Sampien” Hyperoside and avicularin
were the dominant compounds among all the identified
quercetin derivatives in the apples of the cultivars "Aldas™ and
“Auksis” hyperoside in the ov. “Sampion;” and quercitrin in
the cw, “Ligol™

Abbreviations
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High-performance liquid chromatography
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ABSTRACT

The effect of weather conditions and eleven apple rootstocks was studied on the phenol content in fruits. Super-
dwarf rootstocks P 61 and P 22 determined the highest content of all phenolic compounds tested. Dwarf root-
stocks M9, P 62 and semi-dwarl M.26 determined lower content of all phenolic compounds tested. The content of
{#)-catechin, procyanidin Bl and total procyanidins content in apple fruits depended on rootstock genotype and
high variation coeflicient of these compounds between rootstecks was established. Rootstocks had a lesser effect
om the content of quercitrin, {-)-epicatechin, total catechins, phloridzin and chlorogenic acid. Mo clear differences
were found between super-dwarf, dwarf and semi-dwarf rootstock groups, Conditions during the growing season,
yield and fruit weight impacted on the content of bicactive compounds. Less than 10% difference in total phenols
between the growing seasons was recorded for M.26 and P 22. The greatest differences were recorded in the fruits
from trees grown on M4, Pure 1 and P66 rootstocks. Rootstock B396 determined the most stable content of all

compounds analysed, except for procvanidin Bl and B2,

Keywards: polyphenaols; Malus x domestion; phenylpropancid metabolism; antioxidant compounds

Apples in human diet are an important source of
different biological active natural plant products,
which can contribute positively to prevention of
several diseases. Compared to other fruits, ap-
ples contain the highest concentration of free
phenolics (Sun et al, 2002). Apple studies in the
LUSA indicated that twenty-two percent of the
phenolics consumed from fruits are from apples
{Yinson et al. 2001).

Various abiotic and or biotic factors can affect
apple fruit composition of such defence substances,
The biggest differences were found among ap-
ple cultivars, where high variability of phenolic
content was recorded {Van der Sluis et al. 2001).
Growing technologies can stimulate or reduce
accumulation of phenolic compounds in apple
fruits. Fruit position on a tree and sun exposure

have an impact on phenol content (Awad et al,
2001). Weather conditions during the growing
season may significantly affect the content of total
polyphenols {Mainla et al. 2011).

Various studies demonstrated rootstock effect
on tree vegetative and generative development,
fruit gquality (Kviklys et al. 2012, 2013}, uptake
and transport of water and minerals (Lochard
and Schneider 1981). Therefore a presumption
of possible rootstock effect on different pattern
af accumulation of bivactive substances in apple
fruits could be made.

Impact of rootstocks on fruit phenolics has not
been widely tested. Fruit tree studies revealed great
differences between rootstocks in accumulation
of phenols in lemons (Gil-lzquierdo et al. 2004),
peaches and apricots (Scalzo et al. 2005), cherries
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{Usenik and Stampar 2002}, Three apple rootstocks
were compared in the trial performed in Estonia
{Mainla et al. 2011). Rootstock studies performed
in the USA demonstrated significant differences
in leaf phenolic content among rootstocks (Garcia
et al, 2004).

The objective of the present study was to evaluate
apple rootstock effect on the content and com-
position of phenolic compounds in apple fruits,
to ascertain rootstock impact on the stability of
biological active substances during the growing
seasons, to highlight dependence of accumula-
tion and variability of phenolic compounds due
to rootstock induced tree vigour,

MATERIAL AND METHODS

The trial was conducted in the experimental or-
chard of the Institute of Horticulture, Lithuanian
Research Centre for Agriculture and Forestry in
2011-2012. Rootstocks for this trial were chosen
based on their popularity worldwide (M., M.26,
partly B.396 and P 22) and suitability for intensive
apple growing. According to induced tree vigour
rontstocks fall within the following groups: super-
dwarf rootstocks P 22, P 59, P61 and PB.4, dwarl
rootstocks M9, [ 62, I* 66, I* 67, B.396 and Pure 1,
semi-dwarf rootstock M.26,

Rootstocks were grafted with cv. Ligol and
planted in randomized block design, with four
replicates and 3 trees per plot, Twenty randomly
selected fruits from each replication were taken for
biochemical analysis and carefully mixed. Twenty
five randomly selected fruits were chosen from
the bulk and analysed in three replicates. The data
on the main traits were subjected to the analysis
of variance. Significance of differences between
rootstocks means was evaluated using L5SD test
at P < 0.05. Hierarchical clustering analysis and
resulting dendrograms representing similarities
between rootstocks were developed with SPS5
soltware (Somers, USA).

5
2001

Temperature ["C)

==z

Preparation of samples, Each apple was cul into
slices, frozen and lvophilized with a ZIRBUS sublima-
tor 3 = 4 x 520 (ZIRBUS technology, Bad Grund,
Germany), The lvophilized slices were ground to a
fine powder using a Retsch 200 mill {Haan, Germany).

Extraction. 2.5 g of lyophilized apple powder
mixed in 30 mL of ethanol (70%, viv), and extracted
in a5onorex Digital 10 P ultrasonic bath (Bandelin
Electronic, Berlin, Germany) for 20 min at 40°C,
Type of extraction, duration, temperature, solvent
and its concentration were chosen considering the
results of extraction optimization,

Instrumentation and chromatographic condi-
tions. A Waters 2695 chromatograph equipped
with a Waters 2998 photodiode array detector was
used for HPLC analysis, which was controlled with
the Empower® v.2.0. software ( Waters, Milford,
USA). Chromatographic separations were carried
out by using a YMC-Pack ODS-A (5 pm, C, 250 =
4.6 mm i.d.) column equipped with a YMC-Triart
(3 pm, Cy, 10 = 3.0 mm i.d.) precolumn (YMC
Europe GmbH). The volume of the extract being
investigated was 10 pL. The flow rate was 1 mL/min,
and gradient elution was used. The mobile phase
consisted of 2% {v/v) acetic acid in water (solvent A)
and 100% (v/v) acetonitrile (solvent B). The follow-
ing conditions of elution were applied: 0=30 min,
3-15% B; 30-45 min, 15-25% B; 45-50 min, 25—
50% B; and 50-55 min, 50-95% B.

Detection was simultaneously performed at 3
wavelengths: 280 nm (dihydrochalcones, catechins,
procyanidins), 320 nm (phenolic acids}, and 360 nm
{quercetin glycosides). All the phenolic compounds
were identified by comparing their retention times
and spectra (from 200 to 600 nm) with those of
the standard compounds.

Growing conditions. Higher temperatures were
recorded in 2011 when the average monthly temper-
atures were higher than long term average (Figure 1),
The summer of 2011 was distinguished by more
rainfall in July and especially in August when
double the normal monthly rainfall was recorded
{Figure 2).

— long term average

April May June

July

August September October

Figure 1, Temperature changes during vegetation periods
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RESULTS AND DISCUSSIONS

The content of phenolic compounds depends on
fruit tissue analysed. Several times more phenolic
compounds are found in the peel than in apple flesh
[Wolfe et al. 2003, Drogoudi et al, 2008, Leccese
etal, 2009). High content of phenols was detected
in apple juices as well (Lachman et al. 2006). In
our trial, we examined a whole fruit,

Studies of apple and cherry rootstock impact
on accumulation of phenolic compounds in fruits
and plant tissues revealed benefits of dwarfing
rootstocks (Usenik and Stampar 2002, Mainla
etal. 2011}, That was not so evident in our trial

T T T T

Tuly

where we tested rootstocks from three different
vigour classes.

Hagen et al. (2007) found increased levels of
querceting epicatechin, procyanidins and phlorid-
zin and Awad et al. (2000) indicated an increase of
quercetin in apple peel due to better sun-exposure.
However, in our trial we did not identify higher
levels of tested compounds in fruits from trees
on the super-dwarfing rootstocks, though they
resulted in development of slender canopy with
better light conditions. Accumulation of certain
compounds depended on rootstock genotype but
did not depend on rootstock-induced tree vigour.
On average of both years, dwarf rootstocks M9,

Table 1. Effect of semi-dwarl and super-dwarl rootstocks on average content of phenolic compounds in apple
fruits (pg/g dry weight) from years 2011 and 2012 and their deviation (%)

P2z P59 P&l PB4 M.26

Compound

ng'g) (%) (ppigd 1% lpglg (%) g/ %) (egig) (%)
Chlorogenic acid 147 21 818 43 1020 40 962 A 743 19
Phloridzin 113 i 1k 7 112 49 112 3H Y8R 42
Procyanidin Bl El.5 182 6.3 151 BL0 56 335 49 6.0 119
Procyanidin B2 az0 9 711 45 W06 23 T4 L] T 76
E Procyanidins 10601 aw 77 51 Q88 26 737 Kl 752 82
[+)-Catechin 711 22 37.1 24 7.3 23 43.0 59 53.2
[-]-}lpi.n:a.l.rchin L 21 217 34 i 14 73 o ) 246
I Catechins 387 Fr] 254 w 406 16 36 6 29
Hyperoside 124 41 135 6 147 24 125 f 102 13
Isoquercitrin 159 £ 20.5 4 3.3 ] 20.1 16 169 7
Rutin M5 (e1] 18.7 29 21.6 49 213 26 15.3 9
Avicularin B4.2 6 754 5 440 25 TE.1 20 69.3 21
Quercitrin LR L] 31 107 6 130 1% s 24 94.0 11
L Quercetin glycosides a6l 38 357 11 416 24 350 17 298 15
¥ Phenalic compounds 2909 8 2307 11 2943 17 14T6 26 291 ]

Difference between years in absolute values calculated according to formula: 100 — [(vear2001 = 100} year2012]
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Table 2. Effect of dwarf rootstecks on average content of phenolic compounds in apple froits (pg/g dry weight)

from years 2011 and 2012 and their deviation (%)

Ceiipoid B.3%G M.9 P62 P66 P67 Pure 1
(ngfg) (%) (pgig) (%) dpwfgd (%) (egfg) (%) (pg/g) (%) (pg/gd (%)
Chlaragenic acid 21 9 79 36 Tl 17 891 53 H17 26 935 45
Phlortdein 122 45 858 32 98T 49 107 50 83.7 37 111 51
Procyanidin Bl 376 79 48.2 43 534 300 38.8 12 49.4 13 786 47
Procyanidin B2 815 101 577 9 & 9 735 10 737 15 707 A5
¥ Procyanidins 832 99 626 A 558 21 773 9 7E? 15 7B 30
[+)-Catechin 57.8 1 497 43 3546 6B 529 R 381 23 i 1 |
[-)-Epicatechin 268 9 232 45 221 12 263 38 294 36 320 0
E Catechins 326 T 272 45 257 & 316 40 332 31 a7 L
Hyperoside 118 5 87.0 45 10 58 124 17 116 Gif 127 33
Isogquercitrin 198 4 15.4 16 163 54 201 f 18,2 31 213 27
Rutin 192 29 15.1 &l 178 6B 2001 27 20.4 72 21.4 52
Avicularin 79.5 1 59.9 39 650 49 81.6 21 7.7 49 6.2 M
Quercitrin 104 86.1 25 7.1 40 114 16 94.48 28 115 14
¥ Quercetin glycosides 340 264 7 286 52 359 17 2] | 51 371 26
I Phenolic compounds 2462 17 1976 29 19800 15 2447 2340 20 2600 36

Difference between years in absolute values calculated according to formula: 100 = [(year2001 = 100}/ year2012]

I 62 and semi-dwarf M.26 rootstock were among
the 4 rootstocks that determined lower content of all
phenolic compounds tested (Tables 1, 2, Figure 3).
Analysing separate compounds, super-dwarf ' 59
together with the above-mentioned rootstocks
determined low total quercetin glycosides content,
super-dwarf PB.4 - low total procyanidin con-
tent and dwarfl rootstock P 67 = low phloridzin.
Super-dwarf rootstocks P 61 and P 22 were among
the top 4 rootstocks that determined the highest
content of phenolic compounds, Besides these two
rootstocks, B39 rootstock was distinguished by
high total procyanidins and phloridzin, PB4 - by
chlorogenic acid, Pure 1 — by total catechins and
total phenols.

Some researchers stress the relationship between
phenolics accumulation in apple fruits and year
conditions (Mainla et al. 2011). Despite the vari-
able climatic conditions during the trial period,
the difference between years in the total phenolic
compounds accumulated in apple fruits was not
high and averaged 17% for all rootstocks. The
effect ol individual rootstocks differed: less than
10% difference of total phenolic compounds was

recorded for M.26 and P 22, but around 30% for
M.9, Pure 1 and P 66 rootstocks {Tables 1 and 2).

Rather low average differences (< 20%) were re-
corded for the content of isoquercitrin, quercitrin,
catechin and procyvanidin B2, Difference between
vears of procyanidin Bl content was the highest
- 76%. Accumulation of rutin and phloridzin was
also greatly affected by vear fruiting and growing
conditions. The analysis of individual rootstocks
revealed two = three fold differences of procyani-
din Bl content in fruits from trees on P 62, P 22
and M.26 rootstocks. On the other hand, only
12=13% difference was recorded for P 66 and P 67
rootstocks.

The most stable content of all compounds ana-
Iysed, except for procyanidin Bl and B2, was in
fruits from trees on B.3% rootstock.

In spite of small difference of total phenolic com-
pounds, particular compounds varied considerably
in fruits from trees on P 22 rootstock almost in all
cases exceeding trial averages in absolute values,
The same trend was recorded for P62 rootstock.

There were some rootstocks (M.26, P 59 and
P 66) that gave the same yield and similar fruit
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Figure 3. Dendrogram representing apple rootstock similarities between total quercetin glycosides (a); catechins
(b): procyanidins (c). and phenolic compounds content id) in apple fruit

weight in both yvears (the data is not presented). If
the difference of the tested compounds between
years was small in fruits from trees grown on
M.26 and P 59 rootstocks, one of the biggest dif-
ferences was detected on P 66, On the other hand,

B.3% M.26

Ms PX2 P59 Pél

P62 Phb

low variation of the tested compounds in fruits
from trees on B.396 rootstocks did not depend on
threefold yield differences and great variation in
fruit weight, showing primary rootstock genotype
effect on the stability of total phenolic content

P67 PB4 Pured

01 Chloragenic acid
1 Phloridzin

[ Total procyanidins
g Total catechins

& Total quercetin glycosides

Figure 4. Rootstock effect on the composition of phenolic compounds in apple fruits (average of 2001, 2012)
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Table 3. Coefficient of variation of phenolic compounds determined by rootstock genotypes

£ = &2
E - 3 g

- = e E -E- i -E £ 5 E -E % = = e
i F t E Es § E £ £ £ &£ E & %5
2 & - T E3 = = L 2 g 2 = B £ 2
. % g s B E Zg ¢ & & T § E E iy EE

= = = = |- - - == =
P £ E 2 =z & me X Loom = = = E GF wE
012 151 135 159 122 134 125 4046 156 178 355 9.7 204 149 172 157
W11 262 55 60 201 174 211 221 190 194 417 254 242 115 150 167

in apple fruits, Usually, investigations confirm
the importance of the cultivar as a factor for the
quantitative composition of apples (Tsao et al.
2003, Ceymann et al. 2012).

On average, chlorogenic acid was a dominating
compound in apple fruits, which agrees with the
findings of other researches (Marks et al. 2007,
Duda-Chodak et al, 2000}, P 62 and PB4 romstocks
determined the highest share (39%) of it {Figure 4).
Similar quantities of total procyvanidins were de-
tected as well. The share of total procyvanidins
was lower in fruits from trees grown on P 62, The
B.396 was the only rootstock which determined
higher content of procyanidins than chlorogenic
acid. Equal amount of both compounds was ac-
cumulated in fruits from tress on M.26, ' 59, P 61
and P 67 rootstocks. The share of total quercetin
glycosides and total catechins varied from 13%
to 15% of the total phenolic compounds and was
the same for all rootstocks, only P 59 rootstock
determined lesser amount of total catechins,

The average apple yield in the trial was 48.6 t/hain
2012 and only 22.3 t/ha in 2011, The content of the
two main apple fruit phenols depended on the yield.
In 2012, in the year on’ chlorogenic acid accounted
for 40% of the total phenol content and only 32% in
2011 when apple vield was twice as low. Conversely,
apple fruits contained lesser amount of total pro-
cyanidins in 2012 (27%) and more in 2011 (39%).

Fruits accumulated less phenols in 2011 and
high variation (CV = 20%) between rootstocks
was detected for most of the tested compounds
{Table 3). In 2012, the variation between root-
stocks was medium, except for (+)-catechin and
procyanidin B1, Despite the great differences in
yield and fruit weight between years, the variation
between rootstocks was medium in both years
for quercitrin, (-)-epicatechin, total catechins,
phloridzin, chlorogenic acid and total phenols.

In conclusion, super-dwarl rootstocks P61 and P22
determined the highest content of all phenolic

compounds tested, Dwarl rootstocks M.9 and P 62
and semi-dwarf rootstock M._26 resulted in lower
content of all phenolic compounds tested, No
clear differences were found between super-dwarf,
dwarf and semi-dwarf rootstock groups. Rootstock
impact on the accumulation of total phenaols was
different: less than 10% difference between years
was recorded for M.26 and P 22, but around 30%
for M.9, Pure 1 and P 66 rootstocks. The maost
stable content of all compounds analysed, except
for procyanidin Bl and B2, was in fruits from
trees on B.396 rootstock. Environmental condi-
tions, fruit vield and fruit weight had an impact
on rootstock - dependent variation of phenolic
compounds. On average of two years, the highest
variation coefficient was established for (+)-cat-
echin, procvanidin Bl and total procyanidins con-
tent. Medium variation coefficient was recorded
for quercitrin, {-)-epicatechin, total catechins,
phloridzin, chlorogenic acid and total phenols.
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The aim of this study was 1o determine the composition and content of phenolic compounds in the ethanol extracts of apple leaves
arll 1o evaluate the amivaidam activity of these extracts, The toal phenalic content was determined spectrophotometrically, as well
as the total flavenoid content in the ethanol extracts of apple leaves and the antioxidan adu.'i.!f of these extracts, by the ARTS,
DPPH, and FRAP assays. The highest amount of phenolic compouands and flavoneids as well as the highest amtboxidant activiny
was determined in the ethanol exiracis obizined from the a.pplc leaves of the ov. Aldas. The Jru!ym by the HPLC method revealed
that phloridzin was a predominant companent in the ethanod extracts of the apphe beaves of all cultivans investigated. The following
quescetin glycostdes were identified and quantified in the ethanol extracts of apple leaves: hyperoside, Bsoquescitrin, avicularin,

rutin, and quercitrin. Quercitrin was the major compound among quencetin glycosides.

1. Introduction

Studies on the chemical biodiversity of plants are recognized
as being relevant and are carried owt with the aim of
enriching the assortment of raw medicinal plant materials
and to evaluate their potential application to the demands
of practical medicine. A scarch for plants accumulating
phenolic compounds, which have recently been considered
as an object of many scientific studies, is especially promising.
It is of importance 1o asess the composition and content of
phenolic compounds in plant vegetative organs, to determine
the patterns of their accumulation and identify new, promis-
ing sources of plant phenolic compounds,

The domestic apple (Malus domestica Borkh.) is one of
the most widely cultivated fruit trees. Although the chemical
composition of apples has been extensively investigated [1, 2,
we have failed 1o find any data en the composition and
content of phenolic compounds in the leaves of different
apple cultivars grown in Lithuania. Comprehensive data of
seientific research on the variation in the composition and
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content of phenolic compounds woald allow conducting pur-
poseful studies leading to the wsage of the raw material
obtained from apple leaves as a potential source of phenolic
compounds in practical medicine. Biologically active com-
pounds could lead to production of dictary supplements
and cosmetic preparations enriched in phenolic compounds
found in apple leaves, Small-scale studies on the chemical
composition of leaves have been published, where phloretin
ghycosides, phenolic acids, catechins, and some quercetin gly-
cosides were identified as the main phenolic compounds [3-
5]. Otheer studies on the compaosition and content of phenalic
compounds in apple leaves were conducted in relation o
Vewtuerin insequaliz-caused infections in the vegetative organs
of apple trees. Phenolic compounds accomulated in fruit
plants play an important rode in the plant defense mechanism
against different fungal diseases and different stresses [6-9].

Phenolic compounds, acting as natural antioxidants,
scavenge free radicals and inhibit their production, stimulate
the synthesis of antioxidamt enzymes, and thus prevent oxida-
tive stress resulting in damage to the structural molecules



of the body [10-12]. The antioxidant activity of phenolic
compounds 5 associated with other biological properties
of these compoumds, such as anti-inflammatery, antimicro-
bial, anticancer, cardiovascular system-improving, and other
activities [13-13]. Apple leaves accumulate high amounts of
phlaridzin [16, 17], which exhibit antidiabetic activity [18].
Therefore, plant raw materials accunulating this compound
can be potentially useful for the prevention of diabetes
mieflitus.

“Therefore, the aim of this study was to determine the com-
pasition and content of phenalic compounds in the ethanol
extracts of apple beaves harvested from the cultivars Aldas,
Auksis, Ligol, ond Lode grown under Lithuanian climatic
conditions, o assess the variation of phenolic compounds
and to compare their antioxidant activity in the apple leaf
samples obtained from different cultivars,

2. Materials and Methods

2L Plant Material, The following apple cultivars were
inchuded into this study: Auksis {carly winter cv., bred in
Lithuania) and Ligol {winter cv., bred in Poland) that are
twi main cultivars in commercial apple orchards as well
as Aldas (early winter ov., bred in Lithuanda) and Lodel
{winter cv., bred in Poland}, two cultivars resistant to apple
scab (Venturin irgequalis). Cultivars Aldas and Lodel are
recommended for organic orchards. The apple trees were
grown in the experimental orchard of the Institute of Hor-
ticulure, Lithuanian Research Centre for Agriculture and
Forestry, Babtad, Lithuania (35'60°N, 23°98'E). Aldas: block
4, row 16, trees 5-8; Auksis: block 2. row 3, trees 25-28;
Ligol: Bock 2, row 4, trees 21-24; Lodel: Block 4, row 5,
trecs 12-15. The altitude of Babtai town is 57 m sbove sea
level, Average annual precipitation is 63 mm, and average
sum of active temgreratures is (=10°C)-24K. Temperatures
during the experiment year were close to long term average.
The summer of 2002 was characterised by maore rainfall in
April, Jene, and July, Trees were trained as slender spindle.
Pest and disease management was carried out according o
the rules of the imegrated plant protection, The experimental
orchard was not ierigated. Tree fertilization was performed
according to soil and leaf analysis, Nitrogen was applied
before flowering at the rate of 80 kg'ha, and potassium was
applied after harvest at the rate of %0 kg/ha. Soil conditions of
the experimental orchard were as follows: clay loam, pH: 7.3,
organic matter: 2.8%, PO 255 myp'kg, and KO 230 myikg,
Apple leaves were harvested from 10-year-old apple trees in
2012 The stusdy sample comprised 20 healthy, fully developed
leaves collected from different places of each apple tree of
cach cultivar. Apple leaves were lvophilized with a ZIREUS
sublimator 3 = 4 x 5/20 (ZIRBUS technobogy, Bad Grund,
Germany] at a pressure of 0.01 mbar {condenser lemperature,
-85"C). The lyophilized apple leaves were ground to a fine
powwder by using a Retsch 200 mill (Haan, Germany). Loss
on drying before analysis was determined by the method of
the European Pharmacopoeta [19]. Data were recaloulated for
absolute dry lyophilizate weight,
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22 Chemicals. All the solvents, reagents, and standards
used were of analytical grade. Acetonitrile and acetic acid
were obtained from Sigma-Aldrich GmbH (Buchs, Switzer-
land} and ethanol from Stumbras AB (Kaunas, Lithuania),
Hyperoside, rutin, quercitrin, phloridzin, phloretin, caf-
feic acid, and chlorogenic acid standards were purchased
from Extrasynthese {Genay, France), (+)-catechin and (-
Jepicatechin from Fluka {Buchs, Switzerland} and avicu-
larin and isoquercitrin from Chromadex (Santa Ana, USA),
L1-Diphenyl-2-picrylhydrazy]l (DPPH") radical, 2,3 . axing.
bis( 3-ethylbenzothinzeline-6-sulphonic acid) (ABTS), potas-
sium persulfate, sodium acetate tribydrate, iron (111} chloride
hexahydrate, and 24.6-tripyridyl-s-telazine (TPTZ) were
obtained from Sigma-Aldrich (Steinheim, Germany). Folin-
Ciocalteu reagent, gallic acid monohydrate, sodium carbon-
ate, aluminum chloride hexahydrate, and hexamethylencte-
tramine were purchased from Sigma-Aldrich GmbH (Buchs,
Switzerland). Deionized water, produced by the Crystal E
high-performance liquid chromatography (HPLC, Adrona
SIA, Riga, Latvia) water purification system, was used.

2.3, Extraction. An amount of 0.25g of lvophilized apple
leall powder (exact weight) was weighed, added to 10ml
of ethanol (70%, v/v). and extracted in a Sonorex [gital
10F ultrasonic bath (Bandelin Electronic GmbH & Co.
KG, Berlin, Germany) for 40 minutes a1 60°C. The extract
obtained was centrifuged for 7 minutes at 6000 rpm with a
Hermlbe Z206A centrifuge {Denville Scientific Inc., USA). The
extract was collected and filtered through a membrane flter
with a pore size of 0,22 gm (Carl Roth GmbH, Karlsruhe,
Germany).

24 Spectrophotometric Stities

241, Determination of Total Phenolic and Flavonoid Con-
tenf. All the spectrophotometric measurements were carried
out with a Genesys-10 UV/Vis spectrophotometer (Thermo
Spectronic, Rochester, USA), The total phenolic content
(mg GAEfg DW) in the ethanol extracts of apple leaves
was determined by the Felin-Ciocaltes method [20], The
total amount of flavonoids in the cthanol extracts of apple
leaves was determined using the described methodelogy [21],
caleulated from a rutin calibration curve, and expressed as
gy rutin equivalent {RE) per gram of absolutely dry weight
(1YW {mg RE/g [¥W).

24.2. Determination of Antioxidant Activity

{1) DPPH® Free Raddical Scavenging Asiay. The DPPH® free
radical scavenging activity was determined using the method
progosed by Brand-Williams et al. [22]. DPPH" solution in
66.3% viv cthanol (3 mL, 6 107 M) was mixed with 10 uL of
the ethanol extract of apple leaves. A decrease in absorbance
was determined at a wavelength of 515 nm after keeping the
sanples for 30 minutes in the dark.

(2) ARTE™ Radical Cation Devolorization Assay, An ABTS™
radical cation decolorization assay was applied acconding to
the methodelogy described by Rectal. [23], A volume of 3 mL
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of ABTS" solution (absorbance 0800 + 0.02) was mixed with
10 el of the ethanol extract of apple leaves. A decrease in
absorbance was measured at a wavelength of 734 nm after
keeping the samples for 30 minutes in the dark.

(3) FRAP Assay, The ferric reducing antioxidant power
(FRAP) assay was carried out as described by Benzie and
Strain |24]. The working FRAF solution included TPTZ
(001 M dissobved in 0.04 M HCI), FeCly-6H,0 (0.02M in
water), and acetate buffer (0.3M, pH 3.6) at the ratio of
L1210, A vlume of 3 mL of a freshly prepared FRAP reagent
was mixed with 10 uL of the apple leaf extract. An increase in
absorbance was recorded after 30 minutes at a wavelength of
593 nm.

{4) Caleeldation of Antéexidint Activity of the Ethanol Extract
of Apple Leaves. The antioxidant activity of extracts was
calculated from Trolox calibration curve and expressed as
pmol Trolox equivalent (TE) per gram of absolutely dry
weight {DW). TE was calculated according to the formula:
TE = ¢ = Vim{pmoligh & the concentration of Trolox
established from the calibration curve {in M} V: the volume
of leaf extract (in L); rm: the weight (precise) of lvophilized leaf
powder (in g).

2.5, High-Performance Liquiid Chromatography. Qualitative
and quantitative analysis of phenolic compounds was per-
formed according to the previously valideted and described
high-performance liquid chromatography (HPLC) method
[25]. A Waters 2695 chromatograph equipped with a Waters
2996 photodiode array (PDA) detector (Waters, Milford,
USA) was used for HPLC analysis. Chromatographic separa-
tions were carried out by using a YMC-Pack ODS-A (5 grm,
CI18, 250 = 4.6 mm id) column equipped with a YMC-
Triart (3 pm. CI8, 10 x 3.0 mm id.) precolumn (YMC Europe
GmbH, Dinslaken, Germany). The column was operated at
a constant temperature of 25°C, The volume of the extruct
being investigated was 10 pl. The flow rate was 1 mL/min,
and gradient elution was used. The mobile phase consisted
of 2% (v/v] acetic acid in water (solvent A} and 100% (v/v)
acetonitrile (solvent B). The following conditions of elution
were applied: 0-30 minutes, 3%-15% B; 30-45 minutes, 153%-
25% B; 45-50 minutes, 25%-50% B; and 50-55 minutes, 50%-
95% B.

The identification of the chromatographic peaks was
achicved by comparing the retention times and spectral
characteristics (A = 200-600 nm) of the eluting peaks with
those of reference compounds. The compounds identified
were confirmed by spiking the sample with the standard
compound and monitering the changes in the peak shape and
spectral characteristics. For quantitative analysis, a calibra-
tion curve was oblained by injection of known concentrations
of different standard compounds. Dihydrochalcones and cat-
eching were quantified at 280 nm, phenolic acids at 320 nm,
and flavonods at 360 nm.

26, Statistical Data Processing Methods. All the experiments
were carried out in triplicate. Means and standard deviations
were calculated with the SPSS 20,0 software (Chicago, USA)
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Tavrr 1= The total amounts of phenolic compounds (TP} and
Mavonoids (TRAD in the ethanol extracts of apple leaves of different

cultivars,

o TF (mig GAE(g DW)* Thd {mg REg DW)*
Albdas 163.35 £ 4.36 45.02 1 090
Auksls 98481 + 1.3 2159+ 052
Ligol 10793 + 294 2697 + 043
Lasdel 159,86 + 4,02 e £ 151
P<0pgs” P < 005"
*Valoes are means £ stendard deviations (n = 1),
"By ANOVA 1ewt,

A single factor analysis of variance (ANOVA) along with
the post hoc Tukey test was employed for statistical analysis.
The Kolmogorov-Smirnov test was applied to examine the
normality of distribution. To verify the hypothesis about
the equality of variances, Levene’s test was emploved. The
correlation was evaluated by Pearson analysis. Differences at
P« 005 were considered to be significant.

3. Results and Discussion

A1 Determination of Total Phenolic and Flavooodd Conterts,
In order to determine the patterns of the accumulation of
biologically active compounds in plants, it ks important to
identify their composition and content in separate plam
organs. The secondary metabolites of plant metabolism,
phenolic compounds, have been detected in apple beaves
13, 16]; therefore, this study aimed at determining the com-
position and content of phenolic compounds in plants and at
determining the patterns of their variation and accumulation.

In this study, the tetal amount of phenolic compounds
in the ethanol extracts of apple leaves varied from 98,81 +
151 mg GAE/g DW {cv. Auksis) o 163,35 £ 436 mg GAE'g
W {ev, Aldas) (Table ). In a stedy by Igbal et al. [26]
the tetal phenolic content in the ethanol extracts of apple
leaves was 15706 mg GAE'g DW, meanwhile one Slovenian
study reported a lower total phenolic content in apple leaves,
ranging from B0 mg GAE'g DW to 115 mg GAE/g DW [16].
Bath scab-resistant cultivars, Abldas and Lodel, accumulated
significantly higher amounts of total phenolics and total
flavonaids. Such differences among the cultivars susceptible
and resistant to apple scab have been established in other
studies as well [27].

Studies investigating the total phenolic content in the leaf
samples of other plants belonging to the Rosaceae family have
been conducted as well. Methanol extracts from the leaves
of various Sorbus species were found to have lower total
amounts of phenolics ranging from 60.6 to W9 mg GAE/g
W [28]. Hua et al. [6], who investigated the samples of
pear leaves, reported a lower total phenolic content (68.1-
B33 mp GAERg W),

The binlogical effects of many plant raw materials depend
on flavenaids; therefore, studies on the variation in their
content are important and relevant. This stedy determined
the total flavonoids content in the ethanol extracts of apple
leaves, which ranged from 2159 + 052mg RE/g DW (cv



Auksis) to 45,02 + 0.2%0mg RE/g DW (cv. Aldas) (Table 1),
Igbal et al, who investigated the ethanol extracts of apple
leaves, reported a higher total Aavonoids content, reaching
12L86 mg REfg DW [26]. In contrast to that, the cthanol
extracts of hawthorn leaves were found to have a bower total
flavonoids content (9.5-13.0 mg RE/g DW) [21].

The data on the patterns of variation in the total phenaolic
and ffavonoid contents of apple leaves are scarce. Therefore,
this study provides new knowledge about total phenolics and
flavonoids content in the apple leaves of the cultivars grown
under Lithuanian climatic conditions, allows the comparison
of the results obtained with those of other studics, and is
valuable to carrying out a search for promising, biclogically
active substance-accumulating plant raw materials,

3.2 Mewsurements of Antioxidant Activity in Extracts, After
studying the total phenolics and flavonoids comtent of apple
leaves harvested from different cultivars grown under Lithua-
nian climatic conditions, it is important to examine and assess
the antioxidant activity in the extracts of apple leaves. The
results obtained during studies will be useful for the selection
of apple cultivars in order to provide a consumer with prod-
ucts rich in antioxidants, will be useful for the assessment and
standardization of quality of plant raw materials and their
prochucts, and will allow predicting an antioxidant effect of
apple leaves in vive.

Herbal extracts are multicomponent matrices  with
antiowidant activity determined by the set of different mech-
anism reactions, so antioxidant effect cannot be adequately
tested using only one method [29, 30]. For these reasons, it
is recommended to use at least two different methods for
determination of antioxidant activity in herbal extracts [31],
In order to thoroughly evaluate the antioxidant activity of
the ethanol extracts of apple leaves, differemt antioxidant
capacity assays (DPPH, ABTS, and FRAP) were employed.
The i vitro antioxkdant effect of the investigated extracts was
evaluated by the DPPH and ABRTS assays as a capability of
DPFH" and ABTS™, compounds ng an antiradical
activity, to scavenge free radicals [22, 23] and by the FRAP
assay, as a capability of antioxidants to reduce Fe(I11) to Fe{I1)
[24]. The results of in vitro antioxidant activity determined in
the ethanol extracts of apple leaves {cultivars Aldas, Auksis,
Ligol, and Lodel} are summarized in Figure 1.

It has been previously reported that antioxidant capacity
determined by in witro assays differs [32-34]. TE values,
oblained from samples of apple leafl extracts antioxidant
activity studics, according to the used methods, can be
arranged in the following order: DPPH < ABTS < FRAP
(Figure 1), This pattern could be explained by differences of
applied antioxidant activity determination methods. FRAP
assay is a method for measuring total reducing power of elec-
tron dosating substances, whilst ABTS and DPPH assays are
methoads for measuring the ability ofantioxidam molecules o
scavenge ABTS™ and DPPH" free radicals, respectively |35,
36]. ABTS and DPPH methods have several differences from
one another, which causes their TE valees to be different.
Some authors indicate that TE or VCE values determined by
DPPH method are lower than those determined by ABRTS
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Fi:umet 1: The antiocidand activity of ethanol extracts obtained from
apple leaves and determined by using DPFH, ABTS, and FRAFP
assays, Values are means and errors bars indicate standard deviations
(= 3L

method [37-40] probably because the DPFPH method has
more limitations. ABTS radical cation {ABTS") is soluble
in water and organic solvents, which allows determining
antiradical activity of the hydrophilic and lipophilic com-
pounds [30, 41). DPPH" radicals are only soluble in organic
solvents, which limits the evaluation of antioxidant activity of
hydrophilic antioxedants |36, 42]. Wang etal. found that some
of the compounds, which have ABTS™ scavenging activity,
may not show DFPH" scavenging activity [43]. Arts et al
reportesd that some products of ABTS™ scavenging reaction
may have a considerable contribution to the antioxidant
capacity and can continually react with ABTS™ [44],

The analysis of the antioxidant activity in apple beaves
revealed differences in the antioxidant activity among the
ethanel extracts of the apple leaves of the cultivars inves-
tigated (Figure 1). The cthanol extracts obtained from the
apple leaves of the v, Aldas showed the highest TE values,
They reached 14195, 280.23%, and 35554 ymolfg DW for
the DPPH, ABTS, and FRAP assays, respectively. To our
knowledge, no studies on the antioxidant activity of apple
leaves have been carried out so far. Therefore, the findings
from this study on antioxidant activity were compared with
those obtained in studies on other plants belonging to the
Rosaceae family, The methanol extracts obtained from the
leaves of different Sorbus specics showed a higher antioxidant
activity; that is, the TE values were higher than those
determined in the presemt study: 344.0-628.3 gmolfg DW
by the DPPH assay, 2625-4673 umolig DW by the ABTS
assay, and 861.6=16504 pmoldg DW by the FRAP assay
[28]. These results could be explained by the fact that apple
leaves accumulate high amounts of phloridzin, belonging 1o
the dilydrochalcone class [3, 16], which possesses a lower
antioxidant activity than the phenolic compounds belonging
to other classes [4, 45].

In wrder to determine the relationship between the anti-
oxidant activities of the ethanol extracts of apple leaves
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Ficvee 2: Chromatogram af ethanol extract of apple leal sample (v, Aldas) investigated (1 = 320 nm), Numbers indicate the peaks of analytes:
1= (#}-catechin, 2: chlorogenic acid, 3: cafeic acul, 4: {-)-cpicatechin, 5 ratin, 6: hyperoside, T: isoquercitrin, 8: avicularin, % quercitrin, 10:

phloridzin, and 11: phlaretin,

Tabie 2 Comtent of quercetin glycosides in ethanod extracts vhtained from the apple leaves of cultivars grown in Lithuania.

Compouned

Content of quercetin ghyoosides, mg/g (expressed for absolute dry weight)®

Aldas Auksis Ligol Lodel
Hyperosice 895 025" 5.67 & 0,207 4.59 007 703 2 0. 207
Isnquercitrin 148 20,02 270+ 000" 1LB4 & 007 2,40 + 0,0
Fustin 0.33 £ 00" 0.75 + 0,03 067 & 0.02° 0.54 + .02
Avicularin 248 = 0.0 282 & 000 209 + 0.07° 250 4 008"
Craercitrin 1536 + 05" 10,29 + (48" I 2027 1231 + 0597

“Walues ane mseann + standand deviations (o = 1), The diferent betbers indicate sigmificant differenons betworn the values (IF < 0U05),

assessed by the DPPH, ABTS, and FRAP assays and total
phenolic as well as flavonoid contents in these extracts, the
correlation analysis was carried out. There was a strong pos-
itive correlation between todal phenolic as well as flavonaid
contents and the antioxidant activity assessed by all the
methods (r = 0.84-0,98, P < 0.05). The strongest correlation
was found between the antioxidant activity of the ethanol
extracts of apple leaves determined by the FRAP method and
total flavonoid content (r = 0%, P < 0.05) as well as total
phenolic content (r = 098, P < 0.05) in these extracts. Other
studies published carlier also reported strong correlative
relationships between phenolic as well as flavonoid comtents
and the antioxidant activity of plant extracts evaluated by
different assays [46-48].

1.3, Idestificatton and Quantification of Fhenolic Componnds
by HPLC, The phenolic compounds of various groups, {+)-
catechin, chlorogenic acid, caffeic acid, (-)-epicatechin, rutin,
hyperoside, isoquercitrin, avicularin, quercitrin, phloretin,
and phloridzin, in the analyzed ethanol extracts obtained
from the apple leaves of the cultivars Aldas, Auksis, Ligol,
and Lodel were identified by the HPLC method, The values
of resolution (Bs > 2} were achieved in all the samples of
extracts, The applied HPLC method allowed for an effective
separation of quercetin ghycosides: the separation of rutin
and hyperoside in ethanol extracts of ophilized apple
leal samples with the resolution of 2.63; the separation of
hyperoside and isoquercitrin with the resolution of 3,28; and
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the separation of avicularin and quercitrin with the resolution
of 294, The chromatograms of ethanol extracts of apple
leal samples obtained from all the cultivars investigated are
identical regarding the number of analytes and retention
time. The example of chromatogram of the ethanel extract of
the apple leaf sample (cv, Aldas) is shown in Figure 2,

The apple leaves of the cv. Aldas contained the highest
total amount of the quercetin glyeosides identified and
quantificd. It was L7 times higher than their lowest amount
foound in the apple leaves of the v, Ligol {Table 2), Quercitrin
was 2 predominant component among all the quercetin
glycosides identified and quantified in the ethanol extracts
of apple leaves, The apple leaves of the ov. Aldas had the
highest amount of quercitrin. The results obtained are in
agreement with literature data that quercitrin is one of the
miain flavonals found in apple leaves [5, 49]. The results of this
study are in line with those reported by the Slovenian study
where the quercitrin content in the apple leaves collected
in the Maribor region ranged from 6.3 mgig 1o 108 mg/g
{ev. Golden Delicious) and from 3.7 mg/g to 85mg/g (cv
fonagold) [49]. The factors such as a geographical region
and climatic-meteoralogical and cultivation conditions could
influence these quantitative differences.

Rutin was the minor component among all the quercetin
glycosides quantified in all ethanol extracts of the apple leaf
samples analyeed. The results obtained are confirmed by
previousty published data on the variation in the compaosition
and content of quercetin glycosides in apple leaves |5].



The highest amount of rutin was detected in the apple leaves
of the ¢v. Auksis (Table 2). However, the Slovenian study
reported contrary findings on the flavonas] content in apple
leaves. The authors of that study demonstrated that rutin
along with quercitrin was one of the major compounds in
apple leaves [49].

When comparing quercetin glycoside content and com-
position variation in apple fruits and leaves grown in Lithua-
nian climatic conditions, it was found that apple leaves have
higher amounts of these compounds, For example, cv. Aldas,
o, Auksis, and cv. Ligol apple fruits had hyperoside amounts
from 0.05mglg (cv. Auksis) to 0019 mgig (cv. Aldas) [25]
which constitutes only 0.9-21% hyperoside content found
in leaves of the same apple cultivars, Similar quantitative
differences between apple fruit and leaf grown in Lithuania
are also typical in other quercetin group compounds,

All the quercetin glycosides identified and quantified in
the ethanol extracts of apple leal samples can be ranked
in the following ascending order by their content: rutin <
isoquercitrine avicularin < hyperoside < quercitrin, This
order was characteristic of the apple leaves of the cultivars
Auksis, Ligol, and Lodel. In the apple leaves of the ow
Aldas, the amount of isoquercitrin was higher than that of
avicularin.

Phloridein and phloretin, which belong to the dihy-
drochalcone class, were identified in the ethanol extracts
of apple leaf samples. Phloridzin was the major phenolic
compound in the apple leaves. It accounted for 76,9% to
84.2% of all phenolic compounds identified and quantified
in the extracts of apple leaves by the HPLC method. The
results obtained confirm literature data that phloridzin s a
predominant component of phenolic compounds in apple
leaves |16, 17]. Determined phlosctin levels were significantly
lower, They make up LO-1.8% of all identified and quan-
tified phenolic compounds. This could be interpreted by
phloretin and phloridein molecules structural differences.
Phloridzin is phloretin glycoside, which has glucose linked
at hydroxy group in molecules 2 position. Gosch et al,
researched dihydrochalcone synthesis processes in apple
leaves and found that phloridein is formed from phloretin
by ghycosylation reaction, affected by ensyme dibydrochal-
cone 2'-G-glumsyllm.nsftmsc [17]. Sugar molecule link to
the aglvcone influences the physical-chemical properties
of flavonoid. Commonly flavoneid glycosides have lower
antioxidant activity and are more hydrophilic than their
respective aglycones [30, 510, These characteristics relate to
the fact that the Havonodd aglveone has mose free hydroxy
groups than their corresponding glycosides, which have one
or several hydroxy groups with bonded sugar |52, 53], Rezk
et al indicates that formation of phloridein by ghycosylation
of hydroxy group at phloretin melecules 2 position reduces
its antioxidant activity 18 times compared to phloretin
|54]. Other researchers who conducted comparative studics
of phloretin and phloridzin anti-infammatory effects and
their influence on lipid oxidation report similar patterns,
Phloretin has significantly stronger anti-inflammatory [55]
and lipid oxidation inhibitory effect [56] than phloridzin,
The flavonoid aglycone reactivity explains why glycosides are
the most common flavonoid in planes [57, 58], This pattern
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is also characteristic for dihydrochalcone group compounds
in apple leaves—glycoside phloridzin levels are significantly
higher than its aglycone phloretin levels [3, 39],

Phloridzin has a wide spectrum of biological effects,
inhibits the growth of cancer cells [60], improves memory
|61, 62], and is useful in the bone fracture prevention |63, 64].
One of the most important and patentially valuable phlo-
ridzin bilogical effects is antidiabetic activity [18, 65]. Main
phloridzin pharmacological mechanism of action, leading
to its antidiabetic effect, is to produce renal glycosuria and
block ntestinal glucose absorption through inhibition of
sodium-glucose symporters in kidneys and small intestine
|66]. The principle uses of phloridzin are associated with its
ability 1o reduce plasma glucose, without changing insulin
levels |67, 68). Phloridzin ability to reverse glucotoxicity and
reduce blood glucose levels without increasing body weight
determines its benefits in prophylaxis and treatment of type 2
diabetes [69-71]. Phloridzin reduces body weight by blocking
the absorption and resorption of glucese |72, 73], and the
weight boss is one of the most important type 2 diabetes
prevention metheds [74, 75], Phloridein consumption to
reduce glucose conoentration in blood plasma does not cause
body fluid loss and hypoglycemia risk [66, 76], For the
reasons stated above, it is purposeful to investigate plant
materials and extracts that accumulate phloridzin. We believe
it is a promising research in developing medicines and food
supplements for body weight reduction in the prevention of
diabetes, Our assumption s supported by other scientist’s
rescarch, which offers to use apple leaves to enrich phenolic
compounds composition with phloridzin in apple juice [77].

The apple leaves of the ov. Ligol contained the highest con-
centration of phloridzin, The identified amounts of phloretin
were lower than those of phloridzin (Table 3). Such trends in
the content of compounds belonging to this dilwdrochalcone
class have been demonstrated by other studies as well [3]. In
conttrast 1o the beaves of apple cultivars grown in Lithuania,
phloridzin was not the dominant compound in apple fruits.
Determined phloridzin levels were 0006-0,14 mg/g [25], and
it was only 39-5.5% of identified and quantified phenolic
compounds, tested in varieties ov. Aldas, cv. Auksis, and ov.
Ligol. There was also a distinction of compasition of phe-
nolic compounds between the apple fruit and the apple leaf
samples, Phloretin was identified only in apple leal samples
but not in apple fruit samples [25, 78]

The highest total amount of phenolic acids identified and
quantified by the HPLC method (161 2 0.07 mg/g) was found
in the apple leaves of the cv. Auksis (Table 3). The ethanol
extracts of apple leaves contained caffeic acid; its amount was
lower than that of chlorogenic acid. The levels of chlorogenic
acid were similar or slightly higher than those reported
by the carlier studies [49, 79]. Fruit and leaf composition
and content of apples cultivated in Lithuanian climatic
conditions differed. In ov. Aldas, ov. Auksis, and cv. Ligol
apples, chlorogenic acid was the predominant compound;
determined amounts {0.69-2.23 mg/g) were 54.8-69.6% of
all idemtified and quantified phenolic compounds [25], In
apple leaf extracts, phloridzin was dominant and chlorsgenic
acid was only 0.3-1,0% of all identified phenalic compounds,
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Tamer ¥ Content of dibydrochalcanes, phenalic ackds, and catechins in ethanol extracts oblained from the apple leaves of caltivars grown in

Lithusania.
Componnd Caonvent of dibydrochaloones, phenolic acids, and catechins, mgig {expressed for absolute dry weight)
Abdas Auksis Ligel Lodel

Phloridzin 6001 + 4.23° 108.% ¢ 4.32° 1443 2 472 10951 = 4.62°
Phiaretin 181 £ 007 1.52 & 006" 240 & 005 140 & 006"
Chloeogenic ackd 048 + 002" 138 £ 006" 112 + 0,05 0.86 + 0,05
Caffeic acid 0.26 + 0.02" 0.23 » 03" 015 + 00T 4 2 0007
{+)-Catechin 0.05 & 0.0 0.27 & 0" 009 + 00K 017 2 o’
i~}-Epicatechin 0.72 + 002" 0,35 £ 002" .76 £ 0.02° 0.39 + 001

*Values are means + stancdard deviations (n = 3). The different letiers imdicate significamt differences between the vabses (P < 0,050

Compaosition differences were also determined; apple beaves
contained catfeic acid, while apple fruits did not.

The chemical composition of catechins {monomeric
flavan-3-ols) in ethanol extracts ofained from the apple
leaves of the cultivars Aldas, Auksis, Ligol, and Lodel was
studied, The highest and lowest tal amounts of the cat-
echins identified were found in the apple leaves of the
cultivars Ligel and Lodel, respectively (085 + 0.04 mg/g
versus 056 = 0002 mgfg) (Table 3. The amounts of (-)-
epicatechin in the extracts studied were higher than those
of (#)-catechin. Similar amounts of {-}-epicatechin wese
reported by other authors [3], {+)-Catechin (0.05-0015 mg/g)
and (-}-epicatechin (0.24-0.45 mg/gh levels determined in
apple froits of Lithuanian cultivated cv. Aldas, cv. Auksis,
and cv. Ligol were similar 10 those determined in apple
leaves, Compuosition differences were also determined —
procyaniding (oligomeric flavan-3-ols) group compounds;
procyanidin Bl and procyanidin B2 were identified in apple
fruits [25, 78], while in apple leaves they were not.

The HPLC analysis of cthanol extracts obtained from
apple leaves revealed that phloridzin was the major com-
pound in the samples investigated, and its amounts were
considerably higher than those of other phenolic compounds.
Cuercitrin was a predominant component among quercetin
glycosides. The results of the HPLC analysis show that apple
leaves are a valuable, natural source of dilydrochalcones and
quercetin glycosides. This encourages further research on this
plant as a raw material for use in pharmacy,

4. Conclusions

In conclusion, the results of this study will provide new
knowledge about the composition and content of phenolic
compounds in apple leaves and the antioxidant activity of
thetr extracts, which will give a wide range of possibilities to
employ these plants as the source of phenolic compounds,
The highest total amounts of phenolic compounds and
flavonokds were determined in the apple leaves of the cv.
Aldas (163.35 £ 436 mg GAE/g DW and 45.02 + 0.90 mg RE/g
W, resp.). Phloridzin was the major compound in the
ethanol extracts of apple leaves of all the cultivars investi-
gated. The apple leaves of the cv. Ligol had the highest amount
of phioridzin (114.43 + 472mgfg DW). Quercitrin was the
predominant component among the quercetin glycosides

bdentified and quantified in ethanol extracts, and its amount
in the apple beaves of different cultivars ranged from 777 to
13,36 mylg DW,

The preliminary in vitro experiments cxamining the
antioxidant activity of apple leal extracts by the ABTS, DPPH,
and FRAP assays have shown that these extracts possess a
strong antioxidant activity, which positively correlated with
the 1otal phenolic and favonoid contents (r = (L84-0.98,
P < 0.05), The ethanol extracts oddained from the apple leaves
of the cv. Aldas showed the highest TE values 141,95 pmolig
1W by the DPPH assay, 280023 pmalfy DW by the ABTS
assay, and 355,54 pmolig DW by the FRAP assay,

‘The results reported in this study prompt further rescarch
on the chemical composition and biological effect of apple
leaves by evaluating the antioxidant activity of individual phe-
nolic compounds in vitro and in vive and confirm a potential
of these plants as a raw material in medical practice as well as
the development and production of dietary supplements and
coametic preparations rich in biologically active compounds.
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Polifenoliniai junginiai obuolinose: cheminé sudétis,
struktiiros ypatumai, biologinis poveikis (apzvalga)

Mindaugas Liaudanskas', Pranas Viskelis®, Valdimaras Janulis'

! Lietwvos sveikatos moksfy wniversiteto Medicines akademijos
Farmacijos fakulteto Farmakognozifos katedra, Mickeviciaus g. 9,
LT-44307 Kaunas, el. pastas farmakog{smuni. lt

! Lietuvos agraviniy ir misky moksly centro filialas Sodininkystés iv
darZininkystés institutas, Kauno g 30, LT-54333 Babtai, Kauna r.,
el. paitas biochemiglsdi i

Obuoliai — vieni labiausial vartojamy vaisiy Lietuvoje ir visame pasaulyje. Jie yra svar-
bus polifenoliniy junginiy 3altinis. Pagrindiniai obuolivose nustatyti polifenoliniai junginiai
vra kvercetine grupés favonoliai, Mavan-3-oliai, dihidrochalkonai ir fenolinés riigitys.
Polifenoliniai junginiai yra antriniai augaly metabolitai, kurie atlicka biocheminiy procesy
moduliatoriy funkcijas, apsaugo augalus nuo nepalankiy aplinkos poveikiy. Polifenoliniy jungi-
niy biologinis aktyvumas jvairiapusis. Vienas svarbiausiy iy junginiy veikimo bildy - stiprus
antioksidacinis aktyvumas. Polifenoliniai junginiai, veikdami kaip natiralds antioksidantai,
suriia laisvuosius radikalus, slopina ju susidarymo procesus, skatina antioksidaciniu aktyvu-
mu pasizyminéiy fermeniy iSsiskyrima, todél padeda idvengti oksidacinio streso, sukeliantio
struktiiriniy organizmo molekuliy paZaidas, Su antioksidaciniu polifenoliniy junginiy poveikiu
susije ir kiti jy bicloginio veikimo biidai: uzdegima slopinantis, antimikrobinis, antivézinis,
Sirdies ir Kraugagysliy sistemos veikly gerinantis poveikis. Polifenoliniy junginiy turindiy
maisto produkiy vartojimas stiprina organizma, padeda iSvengti daugelio ligy ir susirgimuy,
Obuoliai, kaip polifenoliniy junginiy turtingas maisto produktas, turi biti jtraukiami | gy-
ventojy raciong, jie yra perspektyvi maisto papildy gamybos Zaliava.

Reikiminiai ZodZiai: antioksidacinis aktyvumas, obuoliai, polifenoliniai junginiai.

Ivadas. Pastaraisiais metais vis didéja gyvventoju démesys sveikai gyvensenai,
ekologitkiems maisto produktams, augalinés kilmés vaistams ir maisto papildams
{Cohen, 2004). Maisto produktai, be pagrindinés funkcijos — apriipinti organizma
reikiamomis maisto ir energinémis med#iagomis, gali stiprinti Zmogaus organizma,
veikti profilaktitkai, maZinti ligy rizika (Sekmokiené ir ki., 2007). Didé&jantis susi-
doméjimas augalinémis Zaliavomis ple¢ia jy panaudojimo medicinoje, kosmetikos
ir maisto pramonéje galimybes, skatina Sivolaikiskais metodais jvertinti ir aprasyti
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augaliniy Zaliavy iSteklius, cheming sudéti, analizés metodus, poveikj Zmogaus or-
ganizmui ir pateikti vartojimo rekomendacijas.

Obuoliai uzima svarbig vieta Zmogaus racione, jie yra vieni labiausiai vartojamuy
vaisiy visame pasaulyje (Wu ir kt., 2007; Ceymann ir kt., 2012). 2010 m. duomenimis,
visame pasaulyje iSauginama apie 67,57 milijono tony obuoliy per metus. Daugiausiai
obuoliy auginandios Salys vra Kinija (apie 33 milijonai tony per metus), JAV (apie 4.2
milijono tony per metus) ir Turkija (2,6 milijono tony per metus) (FAO Stat, 2012).
Jie pla¢iai naudojami maisto pramonéje jvairiems produktams ir gérimams (sultims,
vynui, sidrui) gaminti, taip pat vartojami neapdoroti {Marks ir kt, 2007).

Obuoliai yra svarbus jvairiy biologiskai aktyviy medZiagy Saltinis Zmogaus orga-
nizmui. Juose gausu polifenoliniy junginiy, organiniy rigséiy, vitaminy (daugiausia
askorbo riigities), makro- ir mikroelementy, skaiduliniy med#iagy (Wu ir kt., 2007).
Sios med#iagos svarbios organizme vykstantiems fiziologiniams procesams, esant ju
triilkumui organizmas tampa neatsparus ligoms, todél greiéiau susergama.

Polifenoliniai junginiai — svarbi augaliniy biologifkai aktyviy junginiy grupé,
turinti organizma stiprinant] poveikj ir sauganti nuo ligy (El Gharras, 2009). Daug
epidemiologiniy tyrimuy jrodé reikSmingg koreliacija tarp polifenoliniy junginiy tur-
tingy maisto produkiy vartojimo ir sumazéjusios rizikos sirgti Sirdies ir kraujagysliy,
neurodegeneracinémis ligomis, vékiu (Weichselbaum ir ki, 2010; Spencer, 2010,
Link ir kt., 2010). Polifenoliniai junginiai lemia stipry antioksidacinj, antimikrobinj,
uzdegimo slopinamaji, antivirusini, antialerginj, vazodilatacini poveikj (Pandey,
Rizvi, 2009; Cushnie, Lamb, 2005; Havsteen, 2002). Jie slopina riebaly peroksidaci-
ja. trombocity agregacija, maZina kapiliary pralaiduma ir trapuma (Havsteen, 2002;
Hollman ir kt., 1996).

Darbo tikslas — atlikti moksliniy tyrimy, nagrinéjanéiy obuoliy polifenoliniy jun-
giniy cheming sudétj, juy reikime augalams, struktiiros ypatumus ir biologinj poveiki,
analize.

Tyrimo objektas, metodai ir salygos. Obuoliy polifenoliniy jun-
giniy kokybiné ir kiekyvbiné sudétis. Cheminé obuoliy sudétis, pri-
klausomai nuo veislés, labai jvairuoja (Ceymann ir ki, 2012). Vaisiuose nustatyti
penkiy skirtingy klasiy polifenoliniai junginiai: flavenoliai (kvercetino ir izoramne-
tino glikozidai), dihidrochalkonai (floretinas ir jo glikozidai), flavan-3-oliai (kate-
chinai (monomeriniai flavan-3-oliai) ir procianidinai (polimeriniai flavan-3-oliai)),
antocianinai (cianidino glikozidai, vpaé cianidino galakiozidas) ir fenolinés riigstys
{daugiausia chlorogeno riigsties, mazesni kiekiai ferulo, p-kumaro, sinapo, kavos
riigiciy) (Cetkovié ir kt., 2008: Tsao ir kt., 2003). DidZioji dalis polifenoliniy jungi-
niy obuolivose yra susitelke vaisiaus luobeléje ir apie séklas, minkitime ju kiekiai
daug maZesni (Tsao ir kt.; 2003; Marks ir kt., 2007). Bendras polifenoliniy junginiy
kiekis jvairiy veisliy obuolivose varijuoja nuo 520,03 7900 pg/g (Ceymann ir kt.,
2012), luobeléje — 1 016,52 3504 pg/e, minkitime = 177,4-933,6 pg/z (Tsao ir ki,
2007). Individualiy daZniausiai obuolivose nustatomu polifenoliniy junginiy kiekiai
pateikiami lenteléje (Ceymann ir kt., 2012; Tsao ir kt., 2007; Duda-Chodak ir kt.,
2010), o ju formulés — 1 paveiksle.
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1 pav. Dazniausiai obuolivose nustatomy polifenoliniy junginiy formulés
Fig. 1. Most common polyphenolic compound formulas found in apples

Be polifenoliniy junginiy. obuolivose yra ir kity biologiskai aktyviy medziagu:
organiniy rigétiy (bendras kiekis — 75-100 mg/g) — vyno, obuoliy, $ikimo, gintaro,
chinino, maleino, fumaro, citriny riigi¢iy; angliavandeniy (vidutinidkai — 14 mg/g) -
fruktozes, gliukozés, sacharozés, galaktozes, maltozés, ksilozés, ribozés, sorbitolio,
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maltitolio, inozitolio, ksilitolio, krakmolo; pektiny (vidutiniskai — 5 mg/g); amino-
riigi&iy — asparagino, serino, glutamino, glicino, histidino, arginino, prolino, alanino,
cisteing, tirozino, treonino, valine, metioning, lizine, izoleucine, leucine fenilananino:
riebiyjy rigiciy — palmitino, palmitoleino, stearino, oleino, linolio, linoleno, arachido,
arachidono, eikozano ir ki.; vitaminy — askorbo riigities (vidutiniskai —120 pg/eg),
piridoksino, filochinono, maZesni kiekiai retinolio ir tokoferolio; mineraliniy medZia-
gy — kalio (vidutinidkai — 1 440 pg/g), kalcio (70 pg/s), magnio (60 pg's), fosforo
(120 pg/g) (Wu ir kt., 2007; Gerhauser, 2008).

Lentelé. Dazniausiai obuolivose nustatomi polifenoliniai junginiai
Table. The most commeon polyphenolic compounds found in apples

Polifencliniai junginiai | Visas obuolys | Luobelé | MinkStimas
. Polyphenolic compounds [Whole apple, pg/g| Peel. uglg | Flesh, pgls
Kvercetin-3-O-galaktozidas (hiperozidas) 3,1-36,1 5781011 0,41-1,25
Kvercetin-3-O-gliukozidas (izokvercitrinas) 0,6-109 11,8-89.2 0,31-2,85
kovercetin-3-0O-ksilozidas (reinotrinas) 2,6-12.9 20,3449 0,57-6,91
kvercetin-3-O-arabinozidas (avikuliarinas) 39-257 43,5-103,3 0,79-5,80
Kvercetin-3-O-ramnozidas { kvercitrinas) 4,1-50.4 323-94 3,7-64
Kvercetin-3-O-rutinozidas (rutinas) 2,0-3.6 2.0-610 0,04-0.6
(+) Katechinas 2,3-97.6 38,1-123.9 1,1-55,2
(-) Epikatechinas 5,1-339.2 165,6-591,6 27.6-142.3
Procianidinas Bi 2,8-110,3 46,6-2544  31,9-172.8
Procianidinas B2 6,4-324 3 196,5-468.1 £1,9-2126
Floretin-2"-0-gliukozidas (floridzinas) 381277 3T6-172.0 B.0-24.6
Cianidin-3-O-galaktozidas 0,7-8.5 17.4-208,2  Nenustatyta

Unknown

Chlorogeno riigétis 14,4-700,2 19,3-233,6  103,1- 308,0

Chlorogenic acid

Polifenoliniy junginiy reikimé augalams bei ju strukti-
ros ypatumai. Polifenoliniai junginiai — antriniai augaly metabolitai, aptinkami
beveik visuose induocivose augaluose (Krazeisen ir ki., 2001; Lattanzio ir ki, 2006).
Jy reikimé augalams iki galo neistirta. Manoma, kad polifenoliniai junginiai atlieka
biocheminiy procesy moduliatoriy funkeijas, dalyvauja ekranuojant UV spinduliavima
bei augalui prisitaikant prie nepalankiy aplinkos salygu ( Andersen, Markham, 2006).
Jie apsaugo augaly lasteles nuo oksidacinio bei deguonies tritkumo sukelto streso,
sujungdami susiformavusius laisvuosius radikalus, dél savo antimikrobiniy savybiy
saugo augala nuo patogeniniy mikroorganizmy (Ghasemzadeh, Ghasemzadeh, 2011;
Burchard ir ki., 2000). Dalis polifenoliniy junginiy yra spalvoti, jie suteikia atspalvius
ir spalvas jvairioms augaly dalims: lapams, Ziedams, stichams, vaisiams, todel atlieka
svarby vaidmenj priviliojant vabzdZius, apdulkinantius augalus (Bruneton, 1999).

Obuolivose randami polifenoliniai junginiai priskiriami dviem dideléms polifeno-
liniy junginiy grupéms: flavonoidams ir fenolinéms riigétims. Fenoliniy rigsciy grupei
priskiriamo hidroksibenzenkarboksiriigstys ir hidroksicinamono riigstys { Bravo, 1998),

107


JelenaExtra
Rectangle


Hidroksibenzenkarboksiriigtys yra benzoinés riigsties dariniai, trintys C —C,
struktiirg. Individualius rigi¢iy skirtumus Sioje grupéje salvgoja aromatinio Ziedo
hidroksilo (-OH) ir metoksi- (CH,0O-) grupiu pakaitai (Manach ir kt., 2004; Del Rio
ir kt., 2010). Obuolivose nustatyti nedideli hidroksibenzenkarboksirtigiéiy grupei
priklausanéiu galo, protokatecho, siringo riigsciy kickiai (Schieber ir ki, 2001).
Hidroksicinamono riigitims, dar vadinamoms fenilpropanoidais, bidinga C -C, struk-
tiira {Manach ir kt., 2004). Obuoliuose hidroksicinamono riigétys aptinkamos laisvos
{kavos, ferulo, p-kumaro ir sinapo riigitys) arba kaip esteriai su chino, sikimo, vyno
riigitimis, arba susijunge angliavandeniy molekulémis (Schieber ir ki, 2001; Kahle
ir kt., 2005). Chlorogeno riigstis, susidaranti kavos ir chino rigdéiy esterifikacijos
metu, yra viena labiausiai paplitusiy fenoliniy riigi¢iy augaluose (Ghasemzadeh,
Ghasemzadeh, 2011). Obuoliuose 3i riigitis yra vienas dominuojanéiy polifenoliniy
junginiy, obuolio minkStime chlorogeno riigities kiekis sudaro apie 90 proc. visy
polifenoliniy junginiy (Tsao ir ki, 2003),

Flavonoidai yra did#iausia polifenoliniy junginiy grupé (Del Rio ir kt., 2010).
Jiems priskiriama daugiau kaip pusé visy Zinomy polifenoliniy junginiy ( Balasundram
ir kt., 2006). Obuolivose flavonoidai sudaro didelg polifenoliniy junginiy dalj (Price ir
kt., 1999). Flavonoidai yra mazos molekulinés masés junginiai. Jy aglikono pagrindas
yra C,~C —C, struktiira, susidedanti i3 dvieju aromatiniy benzeno Ziedy (A ir B Ziedai),
sujungty trimis anglies atomais, paprastai per deguonies tiltelj suformuojanéiais hete-
rocikling Fieda (C Ziedas) { Andersen, Markham, 2006). Flavonoidy aglikono struktiira
pavaizduota 2 paveiksle.

2 pav. Flavonoidy aglikono struktiirinis pagrindas
Fig. 2. The principal structure of flavonoid aglycone

Flavonoidai pagal jvairias C Ziedo modifikacijas skirstomi { 6 poklasius: flavono-
lius, flavonus, flavan-3-olius (katechinus), flavanonus, antocianinus ir izoflavonoidus
{ Andersen, Markham, 2006). Individualius skirtumus tarp to paties poklasio junginiy
lemia jvairiis A ir B Ziedy hidroksilo grupés pakaitai, kurie gali bati metilinti, acilinti,
sulfatuoti, prenilinti ir glikozilinti (Manach ir kt., 2004). Obuoliuose paprastai aptin-
kama flavonoliy, flavan-3-oliy ir antocianing poklasiu flavonoidu (Cetkovié ir kt.,
2008). DaZniausiai jie yra glikozidy pavidalo { Awad ir kt., 2000}, Obuoliy lavoneidy
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aglikonai daZniausiai vra susijunge su galaktoze, taip pat su gliukoze, ramnoze, ksilo-
ze, arabinoze, rutinoze ( Amzad ir ki., 2010). Laisvy Aavonoidy aglikony (kaip laisvo
kvercetino) obuolivose nustatyti nedideli kiekiai (Schieber ir kt., 2001) .

Polifenoliniy junginiy biologinis poveikis.
Antioksidacinis poveikis. Polifenoliniai junginiai — svarbi augaliniy
biologiskai aktyviy junginiy grupé, stiprinanti organizmg ir apsauganti nuo ligy (El
Gharras, 2009; Sun ir kt., 2002). Vienas svarbiausiy iy junginiy veikimo biidy —stiprus
antioksidacinis aktyvumas, su kuriuo susijg dauguma polifenoliniy junginiy biologiniy
poveikiy (Scalbert ir kt., 2003). Daugelio polifenoliniy junginiy antioksidacinis aktyvu-
mas yra daug didesnis nei gerai Zinomy antioksidanty: askorbo riigities ir vitamino E
i Prior, Cao, 2000). Organizme, dél vidiniy (wzdegimuy, aktyvios peroksidacijos perok-
sisomose, akiyvios fagocitozés, metaboliniy reakeijy ir kt.) ir iSoriniy (rikymas, UV
ar radiaciné spindulivoté, aplinkos uzterStumas, ozonas ir kt.) veiksniy jtakos susidaro
aktyvios deguonies formos (Kohen, Nyska, 2002). Reaktyviausios deguonies formos
yra laisvieji radikalai: hidroksiradikalas OHe, superoksido radikalas 02-», azoto oksido
NO= ir lipidy peroksidy LOO« radikalai (Orrenius ir kt., 2007). Jie paZeidZia strukti-
rines organizmo makromolekules: baltymus, lipidus, angliavandenius, DNR, ir taip
salveoja susirgima daugeliu ligy (tokiy kaip vézys, Parkinsono ir Alzheimerio ligos,
aterosklerozé ir kt.) (Halliwell, 2001; Markesbery, 1999; Steinberg, 1997). Polifenoliniy
junginiy antioksidacinis poveikis pasireitkia per daugelj sudétingy mechanizmuy;

1) tiesioginé laisvuju radikaly suridimo geba. Tyrimais nustatyta, kad vienas svar-
biausiy polifenoliniy junginiy antioksidacinio poveikio mechanizmy yra $iu junginiy
oebéjimas sujungti ir inaktyvuoti laisvuosius radikalus (Halliwell ir kt., 1995). Laisvyjy
radikaly sujungimas vyksta polifenoliniams junginiams atiduodant laisvos hidroksilo
grupés vandenilio atoma, dél to paprastai susidaro maZiau reaktyvis ir stabilesni fe-
noksilo radikalai (Arora ir ki, 1998). Polifenoliniai junginiai gali efektyviai sujungti
daugelj reaktyviu Zmogaus organizme susidaran¢iy radikaliniy (superoksido (+0.7),
peroksilo (ROO#), hidroksilo (HO+), alkoksilo (RO ir azoto oksido (NO=) laisvieji
radikalai) ir neradikaliniy (vandenilio peroksidas (H,0,), singletinis deguonis ('0,),
peroksinitrilas (NOO ™) bei hipochlorito riigitis (HOCI)) oksidanty, taip apsaugodami
struktiirines organizmo makromolekules nuo pazaidy (Halliwell, 1991).

2) aktyviyjy deguonies ir azoto formy susidarymo procesy slopinimas. Jlis susijgs
su polifenoliniy junginiy gebéjimu suristi metaly jonus. Pereinamyjy metaly (vpaé Fe®
ir Cu’) jonai atlieka svarby vaidmenj Fentono ir Haber-Veiso reakeiju metu formuo-
jantis yvpaé reaktyviems hidroksilo radikalams (Perron, Brumaghim, 2009). Fentono
reakcijos metu susidariusios lipidy peroksidazés (LOOH) suvra suformuodamos stip-
rius oksidantus, alkoksilo radikalus, sukeliantius grandinines lipidy peroksidacijos
reakcijas (Fernandez ir ki; 2002). Polifenoliniai junginiai sujungia pereinamujy metaly
jonus ir taip apsaugo lasteles nuo ju generuojamu laisvujuy radikalu sukelto oksidacinio
streso (Hider ir kt., 2001).

Polifenoliniai junginiai inhibuoja fermentus, inicijuojancius urdegimus, kuriy
metu didéja laisvyjy radikaly gamyba ( Al-Awwadi ir kt., 2005). Jie slopina oksidaciniy
fermenty: ksantino oksidazés ir proteino kinazés C, generuojandiy 02 radikalus, NO
sintazés, gaminanéios NO» radikalus, mieloperoksidazés, atsakingos uz HOC| susida-
ryma, aktyvvuma, taip mazindami laisvyju radikaly gamyba (Prochazkova ir ki., 2011;
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Kettle, Winterbourn, 1997). Polifenoliniai junginiai, ypac lavoneidai, slopina ir kitas
fermentines sistemas, formuojanéias laisvuosius radikalus: lipoksigenazes, ciklook-
sigenzes, citochromo oksidaze, prolino hidroksilaze, mitochondring sukecinoksidaze
(Havsteen, 2002; Kim ir kt., 1998),

3) polifenoliniai junginiai gali apsaugoti kitus antioksidantus nuo oksidacinio
poveikio ir suardymo {(Graversen ir ki.. 2008). Nustatyta, kad kai kurie flavoneidai
{vpaé kvercetinas, rutinas) apsaugo askorbo riigitj nuo oksidacijos ( Havsteen, 2002).
Vienas galimy 3io poveikio mechanizmy susijgs su polifenoliniy junginiy gebéjimu
suristi vario ir kity pereinamyju metaly jonus ir tokiu biidu apsaugoti vitaming C nuo
iy jony katalizuojamos oksidacijos (Bors ir kt., 1995). Polifenoliniy junginiy gebé-
jimas suristi laisvuosius radikalus taip pat apsaugo vitaming C nuo transformacijos
i neaktyvia dehidroaskorbo riigsti (Bors ir kt., 1995). Polifenoliniai junginiai (ypaé
kavos riigtis, kvercetinas, miriscetinas) gali apsaugoti a-tokoferolj, esantj mazo tankio
lipoproteinuose. Manoma, kad pagrindinis $io poveikio mechanizmas yra polifenoliniy
junginiy gebéjimas regeneruoti a-tokoferol] i8 a-tokoferoksilo radikalo vandenilio
atomy atidavimo reakcijos metu (Zhu ir kt., 1999,

4) naujausiy tyrimy duomenimis, polifenoliniai junginiai skatina antioksidaciniu
veikimu pasizyminéiy fermenty idsiskyrima. Jie gali indukuoti geny. koduojanciu
antioksidaciniy (superoksido dismutazés, katalazés) ir 11 fazés detoksifikuojan-
¢iy (NAD({PIH-kvinono oksidoreduktazés, glutationo S-transferazés ir UDP-
glivkuronoziliransferazés) fermenty  ekspresija, tokiu biidu padédami kontroliuoti
lasteliy redokso biikle bei saugoti jas nuo oksidacinés Zalos (Nijveldt ir kt., 2001).

Uzdegima slopinantis poveikis Tyrimais nustatytas polifenoliniy
junginiy uZdegima slopinantis veikimas. Sie junginiai slopina uzdegima, maZindami jj
sukeliandiy fermenty (ciklooksigenazeés ir lipoksigenazés) bei mediatoriy (leukotrieny
ir prostaglanding) aktyvuma (Boots ir kt., 2008; Nijveldt ir kt., 2001}, Pagrindinis
uZzdegimg slopinantio poveikio mechanizmas — uZdegimo mediatoriy (histamino,
serino proteaziy, prostaglandiny ir leukotrieny) atpalaidavimo ir sintezés slopinimas
{Havsteen, 2002). [rodyta, kad polifenoliniai junginiai slopina fermentus ciklooksige-
naze-1 ir ciklooksigenaze-2, kurie katalizuoja prostaglandiny susidaryma i arachidono
riigities (Sergent ir kt., 2010). Prostaglandinai kartu su kitais udegimo mediatoriais
didina kapiliary pralaiduma, sukelia alergines reakcijas ir veikia pirogeniskai ( Skrede,
Wrolstad, 2002). Be to, nustatyta, kad ciklooksigenazé—2 yra slopinama labiau. Tai
labai svarbu uFdegimo slopinamajai terapijai, nes selektyvesnis poveikis sukelia maZiau
nepageidaujamy Salutiniy efekiy.

Poveikis Sirdies ir kraujagysliy sistemai. Polifenoliniy jun-
giniy poveikis Sirdies ir kraujagysliy sistemai vra glaudZiai susijes su $iy junginiy
antioksidaciniu ir uzdegimo slopinamuoju veikimu. [rodyta, kad polifenoliniai jungi-
niai apsaugo Sirdies ir kraujagysliy sistema nuo ifemijos/reperfuzijos ir oksidacinio
streso (Morton ir kt., 2000} Jie taip pat apsaugo kraujagysliy endotelio lasteles, slopina
trombaocity agregacija, atpalaiduoja kraujagysles (Vita, 2005}, Mokslingje literatfiroje
aprasytas kraujagysles nuo aterosklerotiniy ploksteliy susidarymo apsaugantis poveikis.
Polifenoliniai junginiai tiesiogiai maZina maZo tankio cholesterolio oksidacija arba
veikia per vitaming E, apsaugodami jj nuo oksidacijos, maZina kapiliary trapuma,
normalizuoja kraujagysliu pralaiduma, todél vartojami gydant veny nepakankamuma,
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parestezijas, edemas, glaukomg (Havsteen, 2002).

Yra nemazai duomeny apie polifenoliniy junginiy poveik], esant padidéjusiam
kraujospiidziui. Tvrimy rezultatai rodo, kad, naudojant skirtingus hipertenzijos
modelius (spontanines hipertenzines Ziurkes), kvercetinas, priklausomai nuo dozés
(2-300 mg/kg per diena), sumaZino kraujospiidi. apsaugojo nuo morfologiniy ir funk-
ciniy Sirdies, kraujagysliy bei inksty paZeidimy (Sesso ir ki., 2003). Manoma, kad
toks poveikis pasireiskia dél to, kad polifenoliniai junginiai, ypa¢ kvercetino grupés
flavonoidai, veikia kaip reaktyviyju deguonies formy gaudyklé, sugeba reguliuoti
NADPH oksidaze, atpalaiduoja kraujagysles. Polifenoliniy junginiy antioksidacinés
savybés po iSemijos/reperfuzijos padaryiy paZzeidimuy pasireiskia surisant O2-+ ir OH»
radikalus arba slopinant ksantino oksidazés aktyvuma ir lipidy peroksidacijos proce-
sus (Hertog ir ki, 1993). Taip pat nustatyias tiesioginis kvercetino antihipertenzinis
poveikis. Kvercetinas inhibuoja fostodiesteraze, dél Sio fermento slopinimo padidéja
inksty filtracija, daugiau vandens pasalinama su $lapimu, ma#éja arterinis kraujospiidis
{ Lakhanpal, Rai, 2007},

Antivézinis poveikis. Polifenoliniai junginiai vra svarbiis biologiskai
aktyvis junginiai, saugantys nuo karcinogenezés ir mutagenezés bei padedantys gydyti
veZj. Jie suria laisvuosius radikalus, aktyvina arba slopina fermentus, apsaugo lipidus,
baltymus ir nukleino riigstis (Chang ir kt., 1994; Chithan ir kt., 2003). Polifenoliniai
junginiai slopina véZiniy lasteliy augima bei jy transformacija, naviky augima, véZiniy
lasteliy proliferacija, angiogeneze, skatina véZiniy lasteliy apoptoze (Chithan ir ki,
20035; Lakhanpal, Rai, 2007). Taip pat jie inhibuoja tirozinui specifinius termentus.
baltymy kinazes, topoizomeraze | ir topoizomeraze 11 { Lopez-Lazaro, 2002). Dél o
véZiniy lasteliy augimas ir dalijimasis sulétéja. Ne visi polifenoliniai junginiai turi
vienoda poveiki véZinéms lasteléms. Nustatyta, kad stipriausiu antivéZiniu veikimu
pasizymi kvercetino grupés flavonoliai (Chahar ir kt., 2011). Atlikus tyrimus in vitro,
nustatyia, kad kvercetinas ir jo glikozidai slopina jvairiy organy (prostatos, gimdos
kaklelio, plauéiy, krities, storosios Zarnos) veziniy lasteliy augima ir dalijimasi
{Havsteen, 2002; Ren ir kt., 2003). Gauti rezultatai buvo patvirtinti atlikus bandymus
su gyviinais: laboratoriniy gyviiny, Serty kvercetino turinéiu padaru, véZiniy lasteliy
vystymasis ir dalijimasis sulétéjo (Lamson, Brignall, 2000; Ren ir ki, 2003).

Moksliniais tyrimais jrodyta, kad kvercetinas ir jo glikozidai slopina karcinogene-
25 procesus — inhibuoja 12-O-tetradekanoilforbol-13-acetato ( TPA ) indukuota lasteliy
transformacija ir transkripcijos aktyvatorius proteino 1 (AP-1) aktyvacija (Havsteen,
2002; Ren ir kt., 2003), Sis poveikis susijes su o-dihidroksifenil- struktiira kvercetino
B Ziede (Joshi ir ki., 2011). Jis biidingas kvercetinui ir jo glikozidams, karcinogenezg
slopinanti poveikj i3laiko ir dauguma kvercetino metabolity, taéiau manoma, kad jis
silpnesnis nei laisvo kvercetino aglikono (Heim ir ki, 2002; Lopez-Lazaro, 2002).
Flavonoidai, neturintys B Ziede o-dihidroksifenil- struktiiros, antivéZiniu aktvvumu
nepasizymi { Lopez-Lazaro, 2002),

Antimikrobinis poveikis. Mokslingje literatliroje aprasytas jvairiy po-
lifenoliniy junginiy grupiy antimikrobinis poveikis (Gatto ir ki, 2002). Mikrobiologai
ilgai diskutavo, koks yra Sio jy poveikio mechanizmas. Atsizvelgiant { atliktus tyrimus,
dabartinéje mokslinéje literatiiroje linkstama daryti iSvada, kad polifenoliniai junginiai
bakteriju nesunaikina, ju veikimas labiau bakteriostatinis (Crozer ir kt., 2010). Yra
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keletas Sio poveikio mechanizmy:

1) nukleoriigitiu sintezés slopinimas. Atliktais moksliniais tyrimais nustaty-
ta, kad polifenoliniai junginiai veiksmingai slopina Protens vilgaris DNR sinteze.
8. aureus bakterijose labiausiai slopinama RNR sinteze. Taip pat Siek tiek slopinama
bakteriju lipidy ir baltymuy sintezé, bet ie procesai néra labai intensyviis. Stipriausiai
nukleoriigiéiy sinteze slopina kvercetino grupés flavonoliai. Sis poveikis grind#iamas
tuo, kad flavonoliy B Ziedo hidroksilo grupés sudaro vandenilinius rySius su nukleo-
riigtiy azotinémis bazémis. 15tyrus E. coli bakterijas paaiskéjo, kad Siy bakterijy DNR
girazé slopinama 14 skirtingy flavonoidy. Taip pat nustatytas polifenoliniy junginiy
bakieriostatinis poveikis Sraphyvlococcus epidermidis, Salmonella typhimurivm ir
Stenotrophomonas maltophilia bakterijoms. Tadiau svarbu pazyméti, kad stipriy
koreliaciniy rysiy tarp DNR girazés slopinimo ir antibakterinio aktyvumo nebuvo
nustatyta, todél manoma, kad antibakteriniam polifenoliniy junginiy poveikiui jtakos
turi ir kiti mechanizmai (Cushnie, Lamb, 20035; Gatto ir kt., 2002);

2) mikroorganizmy metabolizmo slopinimas. Antrasis ne maziau svarbus
polifenoliniy junginiy bakteriostatinio poveikio mechanizmas yra mikroorganizmy
metabolizmo slopinimas. Haraguchi ir kt. nustaté, kad polifenoliniai junginiai (dau-
giausia flavonoidai) inhibuoja bakteriju NADH-citochromo ¢ reduktaze, dél to slopi-
nama elektrony pernasa kvépavimo grandinéje ir bakterijy energijos metabolizmas.
Manoma, kad toks slopinimo mechanizmas labiausiai veikia Staphvlococcus aurens,
Micrococcus fureus mikroorganizmus, o Eschierichia coli bakterijose jis nenustatytas
(Gatto ir kt., 2002; Crozer ir kt., 2010; Cushnie, Lamb, 20035).

Antiopinis poveikis. Polifenoliniai junginiai saugo nuo skrandZio
opaligés atsiradimo ir vystymosi. Vienas i skrand#io opalige sukelianciy veiksniy
vra padidéjes ciklooksigenazés aktyvumas. Polifenoliniy junginiu opy prevencinis
poveikis grindziamas tuo, kad jie, panasiai kaip acetilsalicilo rigstis, gali blokuoti
aminoriigities serino, esanéio ciklooksigenazés aktyviajame centre, hidroksilo grupes.
Tiesa, toki poveik daro ne visi, o tik acilo grupe savo struktiiroje turintys (L.y. acilinti)
polifenoliniai junginiai (Havsteen, 2002; Mota ir kt., 2009),

Kita labai daina skrandZio opaligés priezastis — Helicobacter pylori infekeija.
Helicobacter pylori padermés sukeliama infekeija yra viena pagrindiniy susirgimo
skrand?io opalige ir skrand#io véZiu priezasciy (Gonzilez-Segovia ir kt., 2008).
Manoma, kad polifenoliniai junginiai, ypaé antocianinai ir kvercetino grupés flavo-
noliai, turi poveiki Helicobacter pylori padermés bakterijoms. Gydant Helicobacter
pyvlori padermés bakterijy sukeliamas ligas ir kartu vartojant augalinés kilmés prepa-
ratus, kurivose biologiskai aktyvios medziagos yra polifenoliniai junginiai, galima
pagerinti gydymo efektyvuma ir Siuos preparatus naudoti skrand?io opaligei gvdyti ir
jos profilaktikai (Gonzilez-Segovia ir kt., 2008; Mota ir kt., 2009), Nors polifenoliniy
junginiy jtraukimas | opalige serganéiy pacienty dieta akivaizd?iai pagerino pasvei-
kimo rodiklius (pana3is teigiami rezultatai gauti atlikus tyrima su jirg kiaulytémis
{Gonzdlez-Segovia ir ki, 2008), tikslus antibakierinio poveikio Helicobacter pyviori
bakterijoms mechanizmas néra galutinai jrodytas. Atsizvelgiant | tai, kad polifenoliniai
junginiai turi bakteriostatinj poveikj nemazai daliai mikroorganzimuy, tikétina, kad jie
taip veikia ir Helicobacter pylori bakterijas, tatiau norint ta patvirtinti, reikia atlikti
issamesnius tyrimus ( Havsteen, 2002; Mota ir kt., 2009).
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IEvados. Obuoliai yra polifenoliniy junginiy turtingas maisto produktas. Di-
d#iausi Siy junginiy kiekiai kaupiasi vaisiaus luobeléje. Lietuvoje uZzauginty obuoliy
polifenoliniy junginiy kokybiné ir kiekybiné sudétis dar néra tyrinéta, todél svarbu
atlikti tyrimus ir nustatyti Lietuvos salygomis uzauginty obuoliy individualiy poli-
fenoliniy junginiy kokybing ir kiekybing sudétj.

Polifenoliniai junginiai yra svarbiis Zmogaus organizmui, jie lemia daugel] bi-
ologiniy poveikiy. Vienas svarbiausiy polifenoliniy junginiy veikimo biidy — stiprus
antioksidacinis poveikis, todél biitina Siuolaikiskais analizés metodais [vertinti obuoliy
ekstrakiy antioksidacini poveiki in vitro ir in vivo.

Obuoliai yra perspektyvi augaliné maisto papildy gamybos Zaliava, todél svarbu
parinkti efektyviausia polifenoliniy junginiy ekstrakeijos i obuoliy éminiy metoda.

Skirtingy veisliy obuoliy cheming sudétis yra nevienoda, ji gali labai jvairuoti,
todél svarbu nustatyti potencialiai vertingas obely veisles ir skatinti ju auginima
Lietuvoje. Siy veisliy obuoliai, turintys daug polifenoliniy ir kity biologiskai aktyviy
junginiy, galéty biti jrraukiami j polifenoliniy junginiy wrtingy maisto produkty dietas,
o juy ekstraktai naudojami maisto papildams gaminti

Padéka. Darbg finansavo Lietuvos mokslo taryba (projekio Nr. SVE-02/2011).
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Polyphenolic compounds in apples — chemical composition, structure,
biological activity {Review)

M. Liaudanskas, P. Viskelis, V. Janulis
Sunmary

Apples are one of the most frequently consumed fruits in Lithuania and worldwide. They are
a significam source of polyphenolic compounds. The major polyphenolic compounds in apples
are flavonols, flavan-3-ols, dihvdrochaleones and phenolic acids, Polyphenolic compounds are
secondary plant metabolites, They act as modulators of biochemical processes, protect plants
against harsh environmental effects. Polyphenolic compounds have various biological activi-
ties. One of the most important effects of these compounds is strong antioxidative activity.
Polyphenolic compounds are natural antioxidants which bind free radicals, inhibit their formation
processes, stimulate production of antioxidative enzymes, therefore prevent oxidative stress
that damages structural organism molecules, Antioxidative activity is closely related to other
biological effects of polyphenolic compounds: antimicrobial, anti-inflammatory, anticarcino-
genic and cardiovascular protective activity, The consumption of apples strengthens organism,
helps avoid various diseases. As a food rich in polyphenolic compounds, apples should be more
included in human diet, they are a promising source of raw material for food supplements.

Key words: antioxidative activity, apple, polyphenolic compounds.
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Rootstock Affects Apple Fruit Biochemical Content: Preliminary Results
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Abstract

Effects of apple rootstock on fruit inner quality parameters were tested at the
Institute of Horticulture, Lithuanian Research Centre for Agriculture and Forestry in
2010-2011. Twelve apple rootstocks M.26, M.9, P 22, P 59, P 61, P 62, P 66, P 67, B.9,
B.396 (original name 62-396), PB.4 (Belarus selection) and Pure 1 (Latvian selection)
were tested with cv. *Auksis’. Rootstock effect on apple fruit titratable acidity,
ascorbic acid, soluble solids and dry matter content was not consistent. Some of the
tested rootstocks demonstrated steady impact on fruit biochemical characteristics:
like the P series rootstocks on fruit: titratable acidity and M.26 rootstock on low
content of soluble solids. There were significant differences among rootstocks in fruit
total phenolic content and antiradical activity.

INTRODUCTION

Apple rootstocks affect vegetative and reproductive development of a grafted tree.
Direct effect of the rootstock on fruit quality parameters is less obvious, since they could
be affected as well by crop load, planting distances, tree training, management system and
others factors. Nevertheless, numerous trials report significant rootstock impact on fruit
colour, size, maturity charactenistics and inner fruit quality parameters.

Content of bioactive compounds and their synthesis depends on different factors
such as cultivar, growing conditions, and fruit storage. Apple cultivars and rootstocks in
Lithuanian orchards are different from those cultivated in Western Europe due to
geographic location. The Nordic climate promotes more intensive fruit colouring and
specific dynamic of quality parameters changes (Kviklys et al., 2012), what could have an
effect on synthesis and amount of phenolic compounds.

Previous research stressed attention to differences among apple cultivars in total
phenolic content, their specific composition and antiradical activity (Lachman et al.,
2006, Henriquez et al., 2010). Some fruit biochemical studies were done comparing the
effect of orchard management systems (Veberic et al., 2005 Yuri, 2012). Rootstock
influence on fruit biochemical properties has not been widely tested. Only a trial per-
formed in Estonia showed an advantage of vegetative rootstock versus Mafus Antonovka
seedlings concerning total phenolic content (Mainla et al., 2011}

The aim of this study was to determine effect of apple rootstock on fruit bio-
chemical content.

MATERIALS AND METHODS

The trial was conducted in a productive orchard (planted Spring 2005) at the
Institute of Horticulture, Lithuanian Research Centre for Agriculture and Forestry, Babtai,
Kaunas distr. in 2011-2012. Apple rootstock (M.26, M9, P 22, P 59, P 61, P 62, P 66,
P &7, B9, B.396, PB4 (Belarus selection) and Pure 1 (Latvian selection) effect on fruit
biochemical content was tested with ev. *Auksis’ (Lithuanian selection). Trees were
planted at 4 x 1.5 m and trained as a slender spindle. Pest and discase management was
carried out according to the rules of integrated plant protection. The rootstock trial was
arranged in a randomized block design, with four replicates and 3 trees per plot. Twenty-
five randomly selected fruits from each replication were taken for biochemical analysis.
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Total phenolic content, expressed as gallic acid was determined by the Folin-
Ciocalteu method. soluble solids content (S5C) by refractometer. titratable acidity
expressed as citric acid by titration with 0.1 N NaOH solution, and ascorbic acid (vitamin
C) content by titration with 2.6-dichlorophenolindophenol sodium salt solution.

The extracts for the radical-scavenging activity (ARA) assay were obtained by
extracting 5 g of homogenized apples with 25 ml of methanol at ambient temperature for
I h with constant shaking. The solution was filtered, and the residue was repeatedly
extracted with 25 ml of methanol for 1 h. Finally, the extracts were combined and diluted
to 50 ml with methanol. The antiradical activity of the extracts against stable DPPH" was
determined by a slightly modified spectrophotometric method of Brand-Williams et al.
(1995). DPPH" methanolic solution (2 mL, & = 10-*M) was mixed with 20 puL of prepared
extract and the reaction was carried out at ambient temperature. The decreasing
absorbance at 515 nm was measured on a Genesys-10 UV/Vis spectrophotometer (GBC
Scientific Equipment, Australia) during 30 min te attain reaction equilibrium. Simul-
tancously, the absorption of a blank sample containing the same amount of methanol and
DPPH* solution was measured, The measurements were performed in triplicate. Anti-
radical activity of the samples was expressed as Trolox (6-hydroxy-2.5.7.8- tetramethyl-
chromane-2 carboxylic acid) equivalent antioxidant capacity TEAC. For this purpose the
calibration curve of Trolox (concentration range 0-2,500 pmol/L) was made in DPPH
assay (r? = 0.998), TEAC corresponds to Trolox quantity (umol), which at the equal
conditions has the same antiradical activity as | g of fresh apples.

Data were submitted to analysis of variance (ANOWVA). Significance of differcnces
between treatment (rootstock) means was evaluated using Duncan’s multiple range test at
P<0.05.

RESULTS AND DISCUSSION

The tested rootstocks with the exception of M.26 belong to dwarf and superdwarf
groups. Their induced tree vigour was tested in the trial performed in the voung orchard
{Univer et al., 2010), and they can be grouped in following way: similar vigour as M.9 -
B.396, B.9, P 62, P 67, P 66 and Purc 1, and more dwarfing than M.9 - P 22, P 59, P 6]
and PB.4. Most of P series rootstocks were released recently, and only first testing results
are available (Bielicki et al., 2007; Zurawicz et al., 2011).

Tested rootstocks were bred in different breeding centres in Poland, UK, Russia,
Latvia, and Belarus and are from different genetic backgrounds, therefore greater
differences in fruit biechemical content are expected.

Titratable acidity varied between vears and rootstock (Table 1), Fruits from trees
on M.26 rootstock had the highest acidity in 2011, whereas the highest acidity in 2012
was in fruits from trees on B.396 and B.9. Higher variability of titratable acidity was
recorded in fruits from trees on M9, M. 26, B.9 and B.396. More stable results were with
P series and PB.4 rootstocks. On average, lower acidity was detected in fruits on PB.4 and
M.9, and higher acidity on B.396, B.9, M.26 and P 61.

Fruits accumulated more ascorbic acid in 2011. At the same time larger differences
were recorded between rootstocks, On average, P 62 rootstock produced fruit with the
lowest fruit ascorbic acid, though there were no significant differences with B.396 and
P&l

Significant rootstock effect on SSC was recorded every vear despite induced
differences by year due to vegetation conditions (Table 2). The lowest SSC was in fruits
from trees on M.26, and the significantly highest S8C were in fruits from trees on PB.4,
though the differences between rootstocks were not so evident in 2011, On average, lower
fruit SSC were recorded with M.26, M.9 and P 62 rootstocks. Our previous rootstock trial
confirmed the negative influence of M.26 rootstock on SSC, whereas fruits from trees on
M.9 rootstock accumulated more SSC (Kviklys et al., 2012).

Similar tendencies were recorded for frunt dry matter content (DM}, though on
average differences between rootstocks were less pronounced. The reason could be a
higher variation between rootstocks in different years, DM content was more stable in
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fruits on the most dwarfing rootstocks P 59 and PB.4. Lower DM content was recorded
from fruit of trees on M.26, M.9 and P 66.

There have been reported significant differences among apple cultivars in total
phenolic content and antiradical activity (Lachman et al., 2006; Leccese et al., 2009). Our
preliminary results showed rootstock-induced differences in fruits of the same cultivar.
Differences among rootstocks in leaf phenolic content were demonstrated in rootstock
studies performed in USA (Garcia et al., 2004).

Fruit total phenolic content in our trial varied from 72.4 up to 114.9 mg/100 g,
which corresponded to usual levels found in apples (Veberic et al., 2005) and was
significantly affected by rootstock (Table 3). The highest phenolic content was found in
fruits from trees on B.396, and very high in P series rootstocks with the exception of P 62.
M.26 and M.9 trees had low fruit total phenolic content in their fruit.

Antiradical activity was closely related with total phenolic content. The lowest
ARA levels were found in apples on M.26 and P 62 rootstocks, compared to almost
double ARA levels in fruits on P 22, Pure 1 and B.396 rootstocks.

CONCLUSIONS

Rootstock effect on apple fruit titratable acidity, ascorbic acid, soluble solids and
dry matter content in most cases was variable and not consistent in different years. More
long-term trials are necessary in order to receive reliable results. On the other hand, some
of the tested rootstocks demonstrated a steady impact on fruit biochemical characteristics;
like the P series rootstocks on fruit titratable atidity and M.26 rootstock on low content of
soluble solids.

Significant differences among rootstocks in fruit total phenolic content and
antiradical activity were found in this study. First year results were promising, and
investigations of rootstock effect on fruit biochemical parameters will be continued.
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Table 1. Rootstock effect on fruit ascorbic acid content and titratable acidity.

Titratable acidity (% Ascorbic acid (mg/100

Rootstock —577 2012 - ]Mcanr 2011 zmé . ]"ﬁian

M.9 0.29+0.04 040£003 035d  9.2:0.09 84:0.10 8.80ab
M.26 0.52+0.03 0384005 045ab  9.6:0.15 80:0.11 8.80ab
P22 0.35£0.05 040+003 038cd 84+0.13 84009 840be
P59 0444004 036£003 040bc  9.0+0.11 84%0.10 8.70ab
P61 0494003 040+004 045ab  84:0.16 844013  8.40be
P62 0424004 036+003 039bc  8040.14 844009 820¢c

P 66 0.44+0.05 038+004 04l1bc 894011 88:009 8.85ab
P67 0.43+0.05 0413004 042bc  96+0.12 £0+0.17 8.80ab
B.9 0.38+0.05 0514004 045ab 10.0+0.15 8.0+0.19  9.00ab
PB.4 0341002 0344003 034d  9.1+0.16 84+0.11 8.75ab

B.3% 0.37+0.03  0.5740.05 047a 884013 B0+0.17  840be
Pure | 0.44+0.04 0.3540.04 040bc  10.020.10 844015 920a

1 Means followed by the same letter in each column are not significantly different at # < 0.05 by Duncan’s
multiple range test.
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Table 2. Rootstock effect on fruit soluble solids and dry matter content.

Soluble solid content (% Dy matter content (%a)
Rootstock —=a11; 2012 [Nﬂmn 2011 2012 Mean
M9 136b l13de  125de 149b nof 134cd
M.26 12.7¢ I11.2e 12.0e 14.0d 122 13.1d
p22 144 a 11.8ed 13.1 be 15.2 ab 12.6 de 139hb
P 59 14.5 124bc  13.5ab  14.1d 1383 14.0 ab
P&l 143 a I1.8cd  13.01be  154a 128d 14.1a
P62 I3.01be  117c¢d 124de  148b 130cd  139b
P66 13.8 ab 11.9cd 12.9 be 14.0d 123 ef 13.2d
P67 14.]1 113de  127c¢d  149b 12,1 f 13.5 cd
B.9 13.8 ab 11.8cd 12.8 cd 153a 133 be 143a
PB.4 14.4 a 132 1382 143cd  140a 142a
B.396 13.1bc 123bc  12.7¢d  151ab  136ab  143a
Pure 1 I38ab  12.0¢ 129bc  147bc  12.8d 13.7 be

# Means followed by the same letter in each column are not significantly different al P < 0,05 by Duncan’s
multiple range test.

Table 3. Rootstock effect on fruit total phenolic content and antiradical activity in 2012,

Total phenolic content?

Antiradical activity

Rootstock (mg/100 g) (umol TE/g)
M9 799 ¢ 23%cd
M.26 7.7 f 1.99d
P22 10860 384a
P59 107.7b 3.39ab
Pal 102.2 ed 3124 ab
P 62 T24g 1.99 d
P66 98.6 de 324 ab
P67 106.7b ld44a
B9 1024¢ 319b
PB4 914f 2.84 be
B.396 1149a itda
Pure 1 97.0e i69a

+Means followed by the same letter in each column are not significantly different at P < 0.05 by Duncan’s
multiple range test.
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PRAKTINE REKOMENDACIJA (projektas pateiktas LAMMC
rengiamam rekomendacijy leidiniui)

Fenoliniai junginiai obely vaisiuose ir lapuose

Maisto produktai be pagrindinés funkcijos — apripinti organizmg reikia-
momis maistinémis ir energinémis medziagomis — gali stiprinti imuning
sistemg ir mazinti létiniy susirgimy rizikg. Vakary Saliy gyventojy mityboje
obuoliai yra svarbus biologiskai aktyviy junginiy S$altinis. Juose gausu
fenoliniy junginiy, organiniy rugs¢iy, vitaminy, makro- ir mikroelementy,
skaiduliniy medziagy. Vieni svarbiausiy obuoliy biologiSkai aktyviy jungi-
niy, lemianc¢iy jy naudg Zmogaus organizmui, yra fenoliniai junginiai, kurie
priskiriami natiiraliems antioksidantams.

Siekiant istirti obuoliy fenoliniy junginiy kokybinés ir kiekinés sudéties
jvairavimg, iSvystyta ir validuota efektyviosios skysciy chromatografijos
(ESC) metodika. Ji pritaikyta 'Aldas', 'Auksis', 'Connel Red', 'Ligol', 'Lodel',
'Rajka' veisliy obuoliy, jy luobeliy, minkstimy ir 'Aldas', 'Auksis', 'Ligol',
'"Lodel' veisliy obely lapy fenoliniy junginiy kokybinés ir kiekinés sudéties
tyrimams. Duomenys pateikti kaip trijy pakartojimy vidurkis+standartinis
nuokrypis mg/g absoliuciai sausos Zaliavos.

Suminis tirty veisliy obuoliy éminiuose nustatyty fenoliniy junginiy
kiekis svyravo nuo 2,21+0,08 mg/g (veislé 'Connel Red') iki 5,82+0,15 mg/g
(veislé 'Aldas'). Obuoliy éminiy ekstraktuose identifikuoti ir kiekiSkai jver-
tinti Sie skirtingy grupiy fenoliniai junginiai: procianidinas B1, (+)-katechi-
nas, chlorogeno riigstis, procianidinas B2, (—)-epikatechinas, rutinas, hiper-
ozidas, izokvercitrinas, avikuliarinas, kvercitrinas ir floridzinas. Chlorogeno
rugstis buvo vyraujantis komponentas 'Aldas', 'Auksis', 'Connel Red', 'Ligol’,
'Lodel" veisliy obuoliy éminiuose. 'Rajka' veislés obuoliy éminiuose domi-
navo procianidinas B2.

Suminis fenoliniy junginiy kiekis obuoliy luobeliy éminiuose jvairavo
nuo 2,78+0,09 mg/g (veisle 'Ligol') iki 6,06+0,20 mg/g (veisl¢ 'Aldas').
Obuoliy minkstimy éminiuose suminis identifikuoty ir kiekisSkai jvertinty
fenoliniy junginiy kiekis varijavo nuo 2,304+0,07 mg/g (veislé 'Rajka") iki
4,55+0,17 mg/g (veislé 'Aldas'). Nustatyti skirtumai tarp obuoliy luobeliy ir
minkstimy fenoliniy junginiy kiekinés sudéties. Suminis identifikuoty kver-
cetino glikozidy kiekis obuoliy luobeliy éminiuose buvo 11,50—-17,30 karty
didesnis uz S$iy junginiy kiekj, nustatyta obuoliy minkStimuose. Didziausias
kvercetino glikozidy kiekis (1,73+0,04 mg/g) nustatytas 'Aldas' veislés
obuoliy luobeliy éminiuose. Didziausias katechiny (1,09+0,02 mg/g) ir
procianidiny (1,42+0,03 mg/g) kiekis nustatytas 'Lodel' veislés obuoliy
minkstimy éminiuose.
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Obely lapy éminiuose suminis identifikuoty fenoliniy junginiy kiekis
jvairavo nuo 135,02+6,03 mg/g (veislé 'Auksis') iki 137,93+5,26 mg/g
(veislé 'Aldas'). Obuoliy ir obely lapy éminiy kokybiné ir kiekiné sudétis
skyrési. Obely lapy éminiuose nustatyta kavos riigtis ir floretinas. Sie jun-
giniai obuoliy éminiuose neidentifikuoti. Skirtingai nei obuoliy éminiuose,
obely lapuose vyravo floridzinas, kuris sudaré¢ 76,9—-84,2 proc. visy obely
lapy éminiuose identifikuoty junginiy kiekio. Obely lapy éminiuose nusta-
tyti kvercetino glikozidy kiekiai buvo didesni uz nustatytus obuoliy émi-
niuose, o chlorogeno riigsties — mazesni.

Ivertinus obuoliy fenoliniy junginiy jvairavimg augalo vegetacijos pe-
riodo metu, nustatyta, kad didziausi visy identifikuoty fenoliniy junginiy
kiekiai obuoliy éminiuose sukaupiami vaisiy vystymosi fenologinio tarpsnio
pradzioje. Obely lapy éminiuose didziausi chlorogeno ir kavos rugscéiy, (+)-
katechino, hiperozido, izokvercitrino ir rutino kiekiai nustatyti augalo vege-
tacijos periodo pabaigoje, floridzino, avikuliarino, kvercitrino — lapy vysty-
mosi fenologinio tarpsnio metu, floretino ir (—)-epikatechino — lapy brandos
metu.

Nustatyta, kad obels poskiepis turi jtakos obuoliy fenoliniy junginiy
kiekinés sudéties jvairavimui. Didziausi individualiy fenoliniy junginiy
kiekiai nustatyti nykStukiniy P 61 ir P 22 poskiepiy obuoliy éminiuose,
maziausi — zemaugiy M.9 ir P 62 bei pusiauzematigio M.26 poskiepio obuo-
liy éminiuose.

IStyrus obuoliy éminiy ekstrakty antiradikalinj ir redukcinj aktyvuma
ESC-ABTS ir ESC-FRAP pokolonéliniais metodais, nustatyta, kad chloro-
geno ragstis, procianidinas B2 ir (=)-epikatechinas gali biiti pasirenkami
kaip analitiniai Zymenys obuoliy ir jy produkty antioksidacinio aktyvumo
vertinimui. Obely lapy éminiy ekstraktuose tarp identifikuoty fenoliniy jun-
giniy stipriausig antioksidacinj aktyvuma lémé kvercitrinas ir hiperozidas.
Palyginus skirtingy veisliy obuoliy ir obely lapy éminiy antioksidacinj
aktyvuma, nustatyta, kad stipriausiomis antiradikalinémis ir redukcinémis
savybémis pasizyméjo 'Aldas' veislés obuoliy ir obely lapy ekstraktai. Sios
veislés obuoliy ir obely lapy éminiuose sukaupiami didziausi fenoliniy jun-
giniy kiekiai, todél 'Aldas' veislés obelys yra perspektyvios auginimui Lie-
tuvos soduose.
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SUMMARY

INTRODUCTION

In recent years, the attention of the biomedicine researchers has been
devoted to the investigations of chemical variety of herbal raw materials.
The results of the scientific studies are very important in establishing new
research on raw plant materials in creating medicinal preparations and food
supplements. The research of chemical variety is important in determining
biologically active compounds in food products as well. The results oba-
tined during the research create the opportunity to use food products with
known chemical composition for the health purposes.

Biologically active compounds in raw plant materials and their prepa-
rations determine the multifunctional biological effect. All over the world,
especially great attention is paid to the research on chemical composition of
food products. Apart the main function to provide the organism for neces-
sary nutritious and energy supplying substances, food products can act
preventively, strengthen immune system and reduce the risk of chronic
diseases [63, 118]. Apples are an important source of biologically active
compounds in human nutrition. They are rich in phenolic compounds,
organic acids, vitamins, macro- and microelements, fiber [139].

Ones of the most important biologically active compounds of apples,
determining positive effects on human organism are phenolic compounds
which are attributed to natural antioxidants. The research of qualitative and
quantitative composition of raw plant materials accumulating phenolic
compounds is significant and relevant.

A domestic apple (Malus domestica Borkh.) is one of the most wide-
spread fruit-trees. According to the statistic data of 2013, 80.82 million tons
of apples are grown in the world. About 62.4 thousand tons are grown in
Lithuania [37]. Apples are widely used in food industry in producing va-
rious products and beverages.

Scientific literature states that apple leaves can be used to enrich apple
juice with quercetin glycosides and phloridzin [62]. Phloridzin is a dihydro-
chalcone derivative possessing anti-diabetic activity [50, 93]. Variation in
qualitative and quantitative composition of apple leave flavonoids substan-
tiates the possibility to use the leaves of Lithuanian grown apple cultivars
for extracting the bioactive compounds and manufacturing of food supple-
ments.

It is purposeful to carry out research on phytochemical composition of
fruits and leaves of Malus domestica Borkh. to determine the consistent
patterns of accumulations of biologically active compounds, under Li-
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thuania’s climatic conditions to identify apple cultivars with highest amounts
of phenolic compounds — natural antioxidants.

The Aim of the Study — to investigate the variation of qualitative and
quantitative composition of flavonoids and phenolic acids in apple fruits and
leaves and determine the antioxidant activity in vitro.

Objectives of the Study:

1. To develop and optimize the HPLC method for analysis of
qualitative and quantitative composition of flavonoids and phenolic
acids in the samples of apple leaves and fruits.

2. To determine the variation of qualitative and quantitative compo-
sition of flavonoids and phenolic acids in fruits and leaf samples of
Lithuanian grown cultivars.

3. To determine the qualitative and quantitative composition of phe-
nolic compounds in the samples of apple peel and flesh.

4. To determine the variation patterns of qualitative and quantitative
composition of flavonoids and phenolic acids in apple leaf and
fruits samples during vegetation period.

5. To determine the impact of rootstock on qualitative and quanti-
tative composition of phenolic compounds in apple fruit samples.

6. To determine the antioxidant activity of flavonoids and phenolic
acids in Lithuanian grown cultivars of apple fruits and leaves in
vitro.

Scientific Novelty. The research of the qualitative and quantitative
composition of phenolic compounds of apples and leaves of 'Aldas,
'Auksis', 'Connel Red', 'Ligol', 'Lodel' and 'Rajka' apple-trees grown in
Lithuania was performed. For the first time, the qualitative and quantitative
composition of fruits and leaves phenolic compounds of the Lithuanian
breaded cultivars of 'Aldas' and 'Auksis’, was determined.

It was determined that the 'Aldas' apples distinguished with the highest
amounts of phenolic compounds. The highest total amount of phenolic
compounds was determined in the samples of fruits and leaves of this
cultivar.

The determination of alliteration dynamics of quantitative composition
of flavonoids and phenolic acids in the samples of fruits and leaves of
apples presented novel knowledge about the regularities of biosynthesis and
accumulative processes of phenolic compounds in fruits and leaves of
apples grown in Lithuania during the vegetation period. It also allowed to
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evaluate the influence of phenological stages to the variation of quantitative
composition of apple fruits and leaves.

For the first time, the research of the influence of the rootstocks of
superdwarf, dwarf and semi-dwarf apple-trees to the qualitative and quanti-
tative composition of the phenolic compounds was carried out. It was deter-
mined that the highest amounts of phenolic compounds were accumulated in
the apple samples of superdwarf rootstocks P 61 and P 22.

For the first time, the research of antioxidant activity of apples was
done applying HPLC-ABTS and HPLC-FRAP post-column assays. It was
determined that among identified compounds chlorogenic acid, procyanidin
B2 and (—)-epicatechin possessed the strongest antioxidant activity in the
apple fruit extracts.

Practical and Theoretical Significance. The HPLC method was deve-
loped, optimized and validated for the qualitative and quantitative determi-
nation of flavonoids and phenolic acids in the samples of apple fruits and
leaves of Lithuanian grown cultivars.

The results obtained during the research enriched the scientific know-
ledge about the qualitative and quantitative composition of phenolic com-
pounds of fruits and leaves of apple cultivars grown in Lithuania. Such a
research in the Lithuanian Republic was done for the first time. The highest
amounts of the identified phenolic compounds was accumulated in the
samples of 'Aldas’ apples, therefore this cultivar is perspective for growing
in Lithuania's orchards. In 2015 the recommendations "Phenolic Com-
pounds in Fruits and Leaves of Apples” were prepared and approved at
Lithuanian Research Centre for Agriculture and Forestry.

After the research on the qualitative and quantitative composition of
phenolic compounds and its variation was performed, it was determined that
higher amounts of flavonoids (rutin, isoquercitrin, hyperoside, avicularin,
quercitrin, phloridzin) were detected in the samples of leaves than in the
samples of fruits. The leaves contain high amounts of quercetin glycosides
and phloridzin, therefore this raw plant material can be valuable in enriching
food products and food supplements with biologically active compounds.

We carried out the investigations of the influence of the apple-tree
rootstocks to the quantitative composition variation of phenolic compounds
in apples. During the investigations it was determined that superdwarf
rootstocks P 61 and P 22 provides the highest accumulation of the amounts
of phenolic compounds in the apple samples. The engrafted apple-trees by
these rootstocks could more often be grown in the orchards of Lithuania.

After investigating radical scavenging and reducing activity of apples
by post-column assay, phenolic compounds with distinguished antioxidant
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activity in vitro were determined. Chlorogenic acid, procyanidin B2 and (-)-
epicatechin were determined as analytical markers of apples, and their
products for evaluation of antioxidant activity. The results obtained during
the investigations are valuable in prognosticating the antioxidant activity of
apple extracts and identified phenolic compounds in vivo.

MATERIALS AND METHODS

Plant Material. The following apple cultivars were included in the
study. The samples of 'Aldas', 'Auksis', 'Connel Red', 'Ligol', 'Lodel', 'Rajka'
apples and leaves were prepared in Lithuania, in Babtai, in Institute of
Horticulture of Lithuanian Research Centre for Agriculture and Forestry.

Sample Preparation

Preparation of Apple Samples. Apples were cut to equally sized lobes
which were frozen in the freezer under the temperature of -35 degrees C and
lyophilized in "Zirbus" ("Zirbus technology GmbH", Germany).
Lyophilized apple lobes were milled with an electrical mill "Retsch 200"
("Retsch GmbH", Germany).

Preparation of Samples of Apple Peel and Flesh. Apple peels were
separated from apple flesh using the apple peeling mechanism "Kronen
AS2" ("Kronen GmbH", Germany). Cut to pieces samples of apple peels
and flesh are prepared by analogy with apple samples.

Preparation of Samples of Leaves of Apple Trees. Freshly collected
leaves were dried in lyophilizer "Zirbus" ("Zirbus technology GmbH",
Germany) under the same conditions as apple samples.

Apple Extraction. An amount of 2.5 g of lyophilized apple powder
(exact weight) was weighed, added to 30 mL of ethanol (70%, v/v), and
extracted in a "Sonorex Digital 10 P ultrasonic bath ("Bandelin Electronic
GmbH", Germany) for 20 at 40 degrees C. The extract obtained was filtered
through a paper filter; the apple lyophilizate on the filter was washed twice
with 10 mL of ethanol (70%, v/v) in a 50 mL flask. The extract was filtered
through a membrane filter with a pore size of 0.22 um (""Carl Roth GmbH",
Germany).

Apple Leaf Extraction. An amount of 0.25 g of lyophilized apple leaf
powder (exact weight) was weighed, added to 10 mL of ethanol (70%, V/v),
and extracted in a "Sonorex Digital 10 P" ultrasonic bath ("Bandelin
Electronic GmbH", Germany) for 40 minutes at 60 degrees C. The extract
obtained was centrifuged for 7 minutes with a "Hermle Z206A" centrifuge
("Denville Scientific Inc.”, USA). Centrifugation speed — 6000 revolutions
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per minute. The extract was collected and filtered through a membrane filter
with a pore size of 0.22 pm ("Carl Roth GmbH", Germany).

High Performance Liquid Chromatography Method. A "Waters
2695" chromatograph equipped with a "Waters 2998" photodiode array
detector ("Waters", USA) was used for HPLC analysis. Chromatographic
separations were carried out by using a "YMC-Pack ODS-A" (5 um, Cjs,
250 x 4.6 mm i.d.) column equipped with a "YMC-Triart" (5 um, Cyg, 10 x
3.0 mm i.d.) pre-column ("YMC Europe GmbH", Germany). The column
was operated at a constant temperature of 25 degrees C. The volume of the
injection was 10 pL. The flow rate was 1 mL/min, and gradient elution was
used. The mobile phase consisted of 2% (v/v) acetic acid in water (solvent
A) and 100% (v/v) acetonitrile (solvent B). The following conditions of
elution were applied: 0-30 minutes, 3-15% B; 30-45 minutes, 15-25% B;
45-50 minutes, 25-50% B; and 50-55 minutes, 50-95% B. The
identification of the chromatographic peaks was achieved by the retention
times and spectral characteristics (A=200—400 nm) of the eluting peaks with
those of the reference compounds. Dihydrochalcones and flavan-3-ols were
quantified at 280 nm, phenolic acids at 320 nm and flavonols at 360 nm.

Antioxidant Activity Determination Using HPLC-ABTS and
HPLC-FRAP Post-column Assays. The chromatographic separation of
extracts was carried out by "Waters 2695 Alliance” system ("Waters", USA)
with photodiode array detector "Waters 2998", applying previously
described method. The antiradical and reductive activity in extracts was
evaluated using HPLC-ABTS and HPLC-FRAP methods as described by
Raudonis et al [109]. After detection eluate was directly mixed with radical
cation ABTS™™ or FRAP reagent which was supplied to post-column by
chromatograph "Beckman programmable solvent module 126" ("Beckman",
USA) at constant 0,5 ml/min. flow rate. The reaction between analyte and
reagent was carried out at the reaction coil, made out of polyether ether
ketone (length 15 m, inner diameter 0.3 mm) under the temperature of 25
degrees C. "Waters 2487" detector was used to register the increase of
absorption after the reaction with FRAP (593 nm wave length) or decrease
after the reaction with ABTS " (650 nm wave length).

The Statistic Methods of Data Processing. All the experiments were
carried out in triplicate. Means and standard deviations were calculated with
"SPSS 20.0" ("SPSS Inc.”, USA) and "Microsoft Office Excel 2003"
("Microsoft”, USA) softwares. A single factor analysis of variance
(ANOVA) along with the posthoc Tukey's test was employed for statistical
analysis. The Kolmogorov — Smirnov test was applied to examine the
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normality of the distribution. To verify the hypothesis about the equality of
variances, Levene's test was employed. Differences were considered to be
significant at p < 0.05.

RESULTS

The Study on Variation of Qualitative and Quantitative
Composition of Phenolic Compounds of the Apple Cultivars Grown
in Lithuania

The total amount of phenolic compounds determined in the sample
extracts of the apple cultivars varied from 2.209 mg/g ('Connel Red') to
5.817 mg/g ('Aldas'). The highest total amount of identified quercetin
glycosides 0,731+0,015 mg/g was determined in the 'Aldas’ apple samples.
It was 1.95-fold higher than the smallest total amount of quercetin
glycosides (0.375+0.008 mg/g) determined in the 'Auksis' apple samples.
The quercetin glycosides in the apple samples formed 7.99-23.54% of the
total amount of the determined phenolic compounds.

The highest amount of (-)-epicatechin (0.928+0.019 mg/g) was deter-
mined in the 'Lodel' apple samples, the smallest — in the 'Connel Red' and
'Ligol' apple samples (respectively 0.315+0.006 mg/g and 0.311+0.004
mg/g). The highest amount of (+)-catechin (0.121+£0.003 mg/g) was deter-
mined in the 'Rajka’ apple samples. The catechin group compounds in the
apple samples formed 11.2-21.54% of the total identified amount of
phenolic compounds.

The highest amount of procyanidin B2 (1.279+0.023 mg/g) was deter-
mined in the 'Lodel' apple samples. It was 2.64 times higher than the amount
of this compound (0.484+0.007 mg/g) determined in the 'Connel Red' apple
samples. The determined amounts of procyanidin B1 were smaller. They
varied from 0.035+0.001 mg/g ('Connel Red') to 0.157+0.003 mg/g
('Aldas"). The determined procyanidin group compounds formed 17.38—
31.03% of all identified phenolic compounds.

The highest amount of chlorogenic acid (3.074+0.068 mg/g) was
determined in the 'Aldas' apple samples. It was 4.99-fold higher than the
lowest amount of this acid (0.616+0.011 mg/g) determined in the 'Rajka’
apple samples. The percentage part of chlorogenic acid in the apple samples
varied from 20.52% ('Rajka') to 53.37% (‘Auksis’) of all identified as well as
quantitatively evaluated amount of phenolic compounds.

After carrying out the analysis of sample extracts of lyophilized apples,
it was determined that the amount of phenolic compounds in the samples of
different cultivars of apples vary. The predominant component in the apple
samples of 'Aldas', 'Auksis', 'Connel Red', 'Ligol' and 'Lodel' was chloro-
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genic acid. Procyanidin B2 was the predominant component in the 'Rajka’
apple samples. Among identified quercetin glycosides, quercitrin predomi-
nated in the 'Rajka' apple samples and hyperoside predominated in the
samples of other cultivars.

The Variation in Qualitative and Quantitative Composition
of Phenolic Compounds of Apple Peels and Flesh

The total amount of phenolic compounds in the samples of apple peels
varied from 2.778 mg/g ('Ligol') to 6.055 mg/g ('Aldas'). The total amount
of quercetin glycosides in the samples of apple peels varied from 0.667
mg/g ('Auksis') to 1.775 mg/g (‘'Aldas'). That formed 14.38-42.71% of the
amount of the phenolic compounds determined by HPLC method. The
highest amounts of (+)-catechin (0.109£0.002 mg/g) and (-)-epicatechin
(0.806+0.018 mg/g) were determined in the 'Aldas' samples. The determined
amount of procyanidin B1 varied from 0.030£0.001 mg/g ('Ligol’) to
0.222+0.004 mg/g ('Aldas') and the amount of procyanidin B2 varied from
0.214+0.004 mg/g ('Ligol') to 1.219+0.027 mg/g ('Auksis'). The highest
amount of phloridzin (0.403+£0.008 mg/g) was determined in the 'Rajka’
apple peels and the amount of chlorogenic acid (2.025+0.038 mg/g) was
determined in the 'Aldas’ apple peels. The percentage part of chlorogenic
acid varied from 6.03% to 34.50% in the samples of all apple peels of
identified phenolic compounds.

Quercetin glycosides formed only 1.40-4.24% of the amount of
phenolic compounds of all quantitatively evaluated apple flesh. The total
amount of determined quercetin glycosides in the apple flesh varied from
0.080 mg/g (‘Lodel) to 0.122 mg/g (‘Aldas’). The highest amount of (+)-
catechin (0.150+0.004 mg/g) was determined in the 'Auksis' apple flesh
samples and the highest amount of (-)-epicatechin (1.012+0.022 mg/g) was
determined in the 'Lodel' apple flesh samples. The highest amount of
procyanidin B1 (0.1744+0.004 mg/g) was determined in the samples of
‘Auksis' apple flesh and the highest amount of procyanidin B2 (1.353+0.027
mg/g) was determined in the samples of 'Lodel' apple flesh. The highest
amount of phloridzin (0.389+0.008 mg/g) was determined in the samples of
‘Lodel" apple flesh. And the highest amount of chlorogenic acid (2.739+
0.056 mg/g) was determined in the samples of 'Aldas' apple flesh. The
chlorogenic acid in the samples of apple flesh formed from 27.28% ('Rajka’)
to 60.26% (‘Aldas’) of all identified phenolic compounds.
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The Composition of Phenolic Compounds of the Samples
of Apple Leaves

The apple leaves of the cultivar 'Aldas' contained the highest total
amount of the quercetin glycosides identified and quantified. It was 1.7-fold
higher than their lowest amount found in the apple leaves of the cultivar
‘Ligol'. Phloridzin was the major phenolic compound in the apple leaves. It
accounted for 76.9% to 84.2% of all phenolic compounds identified and
quantified in the extracts of apple leaves by the HPLC method. The apple
leaves of the cultivar 'Ligol' contained the highest amount of phloridzin
(114.433+4.721 mg/g). Quercitrin was a predominant component among all
the quercetin glycosides identified and quantified in the ethanol extracts of
apple leaves. The apple leaves of the cultivar 'Aldas’ had the highest amount
of quercitrin (114.431+4.723 mg/g). The chlorogenic acid in the leaves of
apples wasn't a predominating compound. Its determined amounts formed
only 0.3-1.0% of all identified phenolic compounds. The results have been
comprehensively analyzed in the article "Application of an optimized HPLC
method for the detection of various phenolic compounds in apples from
Lithuanian cultivars”.

The Variation in Qualitative and Quantitative Composition of
Phenolic Compounds in the Samples of Different Apple Rootstocks

Superdwarf rootstocks P 61 and P 22 determined the highest content of
all phenolic compounds tested. Dwarf rootstocks M.9 and P 62 and semi-
dwarf rootstock M.26 resulted in lower content of all phenolic compounds
tested. No clear differences were found between superdwarf, dwarf and
semi-dwarf rootstock groups. Rootstock impact on the accumulation of total
phenols was different: less than 10% difference between 2011-2012 years
was recorded for M.26 and P 22, but around 30% for M.9, Pure 1 and P 66
rootstocks. The most stable content of all compounds analyzed, except for
procyanidin B1 and B2, was in fruits from trees on B.396 rootstock. On
average of two years, the highest variation coefficient was established for
(+)-catechin, procyanidin B1 and total procyanidins content. Medium
variation coefficient was recorded for quercitrin, (-)-epicatechin, total cate-
chins, phloridzin, chlorogenic acid and total phenolic compounds. The
results have been comprehensively analyzed in the article "Rootstock geno-
type determines phenol content in apple fruits”.
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The Variation in Quantitative Composition of Phenolic Compounds
in the Apple Fruit Samples during the Vegetation Period

The highest amounts of all identified phenolic compounds in the apple
samples were accumulated in the samples of picked apples at the beginning
of phenological stage of fruit development (on the 168" day of a year), the
smallest amounts — during fruit ripeness (on the 280" day of a year). Chloro-
genic acid in the complex of identified phenolic compounds varied during
the whole vegetation period. Its highest amount (8.844+0.381 mg/g) was
determined in the samples of picked apples at the beginning of fruit deve-
lopment. Among identified quercetin group compounds, at the beginning of
apple development quercitrin predominated, and higher amount of hypero-
side was determined after apples reached ripeness.

The Variation in Quantitative Composition of Phenolic Compounds
in the Samples of Apple Leaves during the Vegetation Period

Phloridzin predominated in the samples of apple leaves which were
picked during all phenological stages. The highest amount of this compound
(178.973+7.436 mg/g) was determined in the samples of leaves on the 140"
day of a year at the beginning of phenolic stage of leaf development.

Among identified quercetin glycosides, during vegetation period of
apple leaves quercetin predominated. Its highest amount (9.529+0.205
mg/g) was determined at the beginning of phenological stage of leaf deve-
lopment (on the 140™ day of a year). The highest amount of hyperoside
(4.378+0.110 mg/g) was determined at the end of vegetation period (on the
308" day of a year), that of avicularin (4.616+0.189 mg/g) was determined
at the beginning of leaf development (on the 140™ day of a year) in the leaf
samples. The highest amounts of isoquercitrin (2.735+£0.215 mg/g) and rutin
(0.801+0.033 mg/%) were determined during phenological stage of leaf
aging (on the 308" day of a year) when leaves are becoming yellow. The
highest amounts of chlorogenic (5.457+0.208 mg/g) and caffeic acids
(0.180+0.007 mg/g) were determined in the samples of picked apple leaves
at the end of vegetation period.

The Antioxidant Activity Assessment of Apple Extracts by HPLC
Post-column Reaction Assay

The apple extracts of the cultivar 'Aldas’ distinguished by the strongest
radical scavenging and reducing activity (respectively 21.44 pumol/g and
19.98 umol/g). The weakest radical scavenging activity was determined of
the cultivar 'Rajka' (10.66 pmol/g). The apple extracts of the cultivar 'Ligol'
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distinguished themselves in the weakest reducing activity (9.21 pmol/g).
Among individual apple samples the identified phenolic compounds, chloro-
genic acid, procyanidin B2 and (-)-epicatechin possessed the strongest radi-
cal scavenging and reducing activity. These compounds could be used as
analytical markers of apple extracts and preparations made out of them in
evaluating their antioxidant activity. Summarising the research data, it was
determined that the highest total amount of phenolic compounds and
antioxidant activity was determined in the extracts of 'Aldas’ apples. The
apple extracts of this cultivar could be valuable for enriching of food pro-
ducts by natural antioxidants, for developing and producing of food supple-
ments, for picking and using of compounds distinguished by their
antioxidant activity for medical needs.

CONCLUSIONS

1. The HPLC method was developed and optimized for the analysis of
qualitative and quantitative composition of phenolic compounds in
the samples of apple fruits and leaves. The obtained values of vali-
dation parameters (selectivity, precision and linearity) confirmed
the suitability of the method for the analysis. Method was applied
for the qualitative and quantitative analysis of phenolic compounds
of apple fruits and leaves.

2. It was determined that cultivar defines the variation of quantitative
composition of apple samples. The amounts of total phenolic com-
pounds in lyophilized apple samples varied from 2.209 mg/g (culti-
var 'Connel Red') to 5.817 mg/g (cultivar 'Aldas'). Total phenolic
content in apple leaves varied from 135.021 mg/g (cultivar
'Auksis') to 137.938 mg/g (cultivar 'Aldas’) for absolute dry weight.
Chlorogenic acid was determined as predominant compound in
samples of 'Aldas', 'Auksis', 'Connel Red', 'Ligol' and 'Lodel'
cultivars and procyanidin B2 was determined as predominant
compound in samples of 'Rajka’ cultivar. Phloridzin was determi-
ned as predominant compound in apple leave samples and
accounted for 76.9-84.2% of amount of total compounds.

3. It was determined that total amount of identified quercetin glycosi-
des in apple peel was 11.50-17.30-fold higher than in apple flesh.
The highest total amount of identified quercetin glycosides in apple
peel samples of 'Aldas' cultivar (1.726+0.037 mg/g). The highest
amount of identified catechins (1.086+0.021 mg/g) and oligomeric
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procyanidins (1.422+0.027 mg/g) were determined in flesh samples
of 'Lodel’ cultivars.

After the analysis of variation of phenolic compounds composition
of leaves and fruits during vegetation period was performed, it was
determined that highest amounts of phenolic compounds in apple
samples were determined at the beginning of fruit ripening phe-
nological stage. The highest amounts of chlorogenic acid, caffeic
acid, catechin, hyperoside, isoquercitrin and rutin in apple leave
samples were determined at the end of vegetation period. The
highest amounts of phoridzin, avicularin, quercitrin in apple leaves
were determined at leaf development stage; highest amount of
phloretin and (—)-epicatechin were at full leaf maturation stage.

It was determined that the apple-tree rootstock influences the
quantitative composition variety of phenolic compounds of apples.
The highest amounts of individual phenolic compounds were
determined in the samples of superdwarf apple-tree rootstocks P 61
and P 22, the lowest — in the apple samples of dwarf M.9 and P 62
and semi-dwarf M.26 apple-tree rootstocks.

After research on radical scavenging and reducing activity of
apples, it was determined that chlorogenic acid, procyanidin B2
and (-)-epicatechin can be chosen as analytical markers of apples
and their products for the evaluation of antioxidant activity.
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