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1 UvoD

Uz od pradavna je ovoce pro ¢lovéka zdrojem cennych vyzivovych a biologicky aktivnich latek jako jsou
sacharidy, vitaminy, vlaknina aj. Také v soucasné dobé je jeho spotieba stale vyznamnd. V posledni dobé
je spotiebitelem stale vice oblibena konzumace méné znamého ovoce, jako je napiiklad rybiz, angrest,
rakytnik, bez Cerny a dalsi. Nekteré ovoce se péstuje i divoce, jiné si ¢lovek péstuje na svych zahradkach
uz od nepaméti diky své nenaro¢nosti a vysokym vynosiim. Pravé tyto druhy ovoce maji potencial stat se
prumyslové dilezitou plodinou.

Kovoci, které jsou spotiebitelsky velmi oblibené, patti plody rostlin rodu Ribes, angresty
a rybizy. Tyto druhy maji vysoky obsah zdravotn¢ vyznamnych latek, které jsou zndmé predevsim pro
své antioxidacni u¢inky, vitamin C (Cerny rybiz), fenolické latky a anthokyany (pfedev§im Cerny rybiz,
ptipadné erveny rybiz a nékteré odridy angrestll). Angresty obsahuji nezanedbatelné mnozstvi vlakniny,
ktera je pro zdravi ¢lovéka velmi dilezita a obsahuji pro pramysl dilezity pektin. Pektiny z angrestd se
v minulosti vyuZzivaly primyslové urovni pii vyrob¢ dzeml a marmelad.

V Ceské republice jsou v poslednich letech 3lechtény nové odriidy angresti a rybizi, bohuzel chybi
porovnatelna data o mnozstvi zdravotné vyznamnych latek. Pro identifikaci a kvantitativni porovnani
biologicky aktivnich latek se s nastupem modernich technologii vyuziva velké mnozstvi instrumentalni.

Z hlediska technologického vyuziti maji rybizy a angre$ty vyznam piedev§im pro vyrobu pasterovanych



stav, které jsou schopny uchovat zdravotné vyznamné latky a chut’ v téméf nezménéné podobé marmelad,

dzemti a dale pak pro vyrobu dalSich potravin.

2 SOUCASNY STAV RESENE PROBLEMATIKY

Z sirokého sortimentu drobného ovoce byly vybrany dva druhy. Kazdy z nich je vyjime¢ny obsahem
uréitych biologicky aktivni latky. Cerny rybiz je naptiklad jednim z nejbohatsich zdroji vitaminu C.
Plody angrestu, ¢erveného a cerného rybizu obsahuji vyvazeny pomér sledovanych biologicky aktivnich
latek, a proto jsou vhodné k pfimé konzumaci. Plody rybizu bilého jsou zejména vyznamnym zdrojem
vitaminu C pro malé déti, jelikoz nemaji vyrazny obsah kyselin a jsou tedy pro déti vice atraktivni. Plody
¢erného rybizu obsahuji také vyznamna mnoZstvi anthokyand'.

V soucasné dobé je v priméru Ceské republice sklizeno piiblizng 3224 t rybizti a 22 t angresti. Velky
narist sklizeného ovoce bylo zaznamenano v roce 2014, viz Tabulka 1, kdy se mnozstvi vypéstovaného
mnozstvi angrestl navysilo z 5 t na témét 50 t rocné. Toto mnozstvi se od roku 2014 opét mirné propada.
Velky skok zaznamenalo také péstovani rybizi, v roce 2015 byl zaznamenan nartst o téméf 2 000 t za
rok. Také toto mnozstvi se dlouhodobé snizuje, jak je vidét na Grafu I vyplyvajiciho z dat Ceského

statistického ifadu pro zemédélstvi 2.
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2.1 OVOCE RODU RIBES

Mezi zastupce rodu Ribes fadime vice nez 120 znamych odrid, systematicky jsou zafazeny do fadu
Lomikanenotvaré, viz Tabulka 2. Rybizy a angresty jsou obecné velice nenaro¢né rostliny, kterym se dafti
ve vyssich polohach, vlhkych i suchych piidach a nizsich teplotach. Ovoce rodu Ribes je bohatym zdrojem
nutriéné vyznamnych latek. Obsahuji velké mmnozstvi kyselin, sacharidi, pektind, barevnych a

aromatickych slozek, vitaminu A a vitaminu C.



Tabulka 1 Taxonomické zarazeni

Taxon Taxonomické zafazeni

Rige Rostliny

Regnum Plantae

Podrise Cévnaté rostliny

Subregnum__ Tracheobionta

Oddg¢leni Krytosemenné rostliny

Divisio Magnoliophyta

Ttida Dvoudg¢lozné rostliny

Classis Rosopsida

Rad Limikamenotvaré

Ordo Saxifragales

Celed Meruzalkovité

Familia Grossulariaceae

Rod Rybiz

Genus Ribes L.

Druh Rybiz Cerny, rybiz cerveny, rybiz bily, angrest
Species Ribes nigrum L., Ribes Rubrum L., Ribes glandulosum L., Ribes uva-crispa

2.1.1 BILY A RYBIZ

Bily rybiz vznikl mutaci a kiizenim ¢ervenych rybizi. Barva bobuli je bila, krémova az zluta, nékdy az s
nadechem do rizova. Pro odrudy Jantar, Orion a Primus je typicka jejich sladkokyseld chut’. Ostatni
odridy jsou oproti nim kyselejsi. Obecné plati, ze bily rybiz je méné kysely nez rybiz ¢erveny. Bobule
bilého rybizu jsou mensi, Stavnaté, ale maji velka semena, ale to je dano tim, Ze velikost bobuli je oproti
Cervenému a Cernému rybizu mensi. Bily rybiz se zpracovava s ostatnim drobnym ovocem na $tavy,
marmelady, rosoly atd. Z odridy Jantar se piipravuje bile ovocné vino, které je chut'ové srovnatelné s

vinem z pravych hroznd. V odridé Jantar se nachazi nejvyssi mnozstvi vitaminu C 34,
2.12  CERVENY RYBIZ

Rybiz Cerveny je velice nenarocny na péstovani, na rozdil od rybizu bilého, ktery je ze vSech rostlin rodu
Siroké spektrum ptd, nejvhodnéjsi je viak severni svah® s ptidou humozni, pis¢itohlinitou aZ jilovitou o
kyselém az neutralnim pH s dostatkem vlahy, idealné v rozmezi nadmoiské vysky 400-800 m n. m. a
primérnou ro¢ni teplotou 6-8°C . Ovoce je produkovano na dvou az &tyfletych vyhoncich. Vynos je silng
zavisly na odridé a aktualnim podnebi®. Plody rostou na del3i stopce'?, plodenstvim je hrozen bobuli, ty
dozravaji od ervna do &ervence, déle vydrzi na vyhonech a neptezrévaji *.

Ze vsech ovocnych druhii obsahuji plody ¢erveného rybizu nejvice kyselin. Jsou zdrojem vlakniny,
vitaminu C, celé skupiny vitaminu B a mineralnich latek (Fe, Ca, Mg, Zn). Cerstvé plody maji osvézujici

az siln& nakyslou chut * a jsou vhodné pro vyrobu dzemtl, sirupti, pekarenskych a cukraiskych produkt'’.



2.1.3  CERNY RYBIizZ

Cerny rybiz, Ribes nigrum, je polonaroény na teplotu a polohu stanovisté *. Cerny rybiz nejlépe prospiva
v huméznich pis¢itohlinitych ptidach s mnoZstvim vldhy a Zivin *°. Nejsou pro né vhodna vétrna
stanoviste ani slunné jizni svahy’.

Jako vhodna stanoviSt¢ pro péstovani Cerné¢ho rybizu jsou mista s nadmoiskou vyskou do
500 m n. m. a s primé&mou roéni teplotou v rozmezi 7-9°C . Odriidy erného rybizu jsou péstovany ve
1,0-2,0 m vzdalenostech od sebe, v fadcich vzdalenych 2-3,5 m po dobu osmi az deseti let'®’. Produkce
probiha na jedno az tiiletém dfevé, starsi vyhony se odstiihavaji'®. Méné vhodné p&stovant je stromkovou
formou *.

Plodenstvim je kratky hrozen bobuli, ktery vyrista na stfedné dlouhych az kratsich stopkach, Plody
dozravaji od poloviny ervna az do poloviny srpna v zavislosti na odraidé *.

Cerny rybiz je bohatym zdrojem nejen vitaminu C, ale z hlediska obsahu bioaktivnich flavonoidti ho
piesahuji pouze ostruziny, maliny, 1ékofice, $ipky a plody rakytniku *!°. Déle &erny rybiz obsahuje
pektinové latky a resveratrol. Viini a chut’ dévaji cernému rybizu hlavné éterické silice *.

V Evropé je ¢erny rybiz surovinou pro vyrobu dzust, sirupti a likérti. Barviva z ¢erného rybizu se velice

Casto pouzivaji jako ptirodni barviva do jogurtti a jingch mléénych produkta'.
2.14  ANGREST

Angresty, odvozené od Ribes uva-crispa, se nejvice péstuji ve Skandinavii a stfedni Evrop€. Americké a
evropské odridy se od sebe vyrazné lisi svymi nutri¢nimi parametry, nejvice v pomérech fenolickych
latek™.

Angre$ty jsou odolné a nenaro¢né rostliny na pidni stanovi§té. Doporucuje se je péstovat na
piscitohlinitych az hlinitych ptidach s niz§im obsahem vapenatych soli a s dostatecnym mnozstvim zivin.
Nejlépe mu vyhovuji klimatické podminky s ro&ni teplotou 7-9°C°. Pé&stuje se ve formé kefe ve
nez rybizy ale velmi dobfe snasi polostin®. Vé&tsina odriid mé trny *. Ty mohou mit velikost od 0,5-3,5 cm
v zvislosti na odradg!’.

Plodi na dvou aZ tifro¢nich vyhoncich'. Plodem je bobule lidové oznacovéna jako ,.srstka®, (ndzev
odvozeny od druhu angrestu srstnatého). Plody jsou podobné hrozndm svou vini, chuti a barvou'.
Barevnost je znakem jednotlivych odrid a kultivar. Objevuji se zelené, zluté, Cervené az Eerné zabarveni
plodd. Jejich velikost zavisi na odridé a klimatickych podminkach!. Velikost plod se pohybuje od
drobnych bobulek ¢erného rybizu az po mensi $vestky. Tvarem mohou byt také odlisné, kulaté, ovalné,
vej¢ité nebo hruskovité. Dozravaji od poloviny cervna az do konce cervence.

Angrest je velice komplexni bobule s diilezitymi nutriénimi vlastnostmi. Obsahuje jednoduché sacharidy,
vlakninu, bilkoviny, tuky, vitaminy C, D, E, skupiny B, karoten a celou skupinu mineralnich latek (K,

Ca, Mg, P, Na, Fe, Mn, Zn a Cu)*.



Komeréni vyuziti angresti je znaéné omezené, proto je najdeme viceméné u malych péstitell
a zahradkaia®. Plody se pouzivaji do pekatskych produkti, jako &erstvé se kompotuji nebo se z nich
vybiraji chutové typicky dzem. Ptidavaji se k jinym druhiim ovoce, které obsahuji malo pektinovych

latek na vyrobu dzemfl a marmelad *°.

3 CILPRACE

Cilem dizertacni prace bylo ve spolupraci s Vyzkumnym a Slechtitelskym ustavem ovocnaiskym
v Holovousich a se soukromym subjektem provést monitoring vybranych fyzikalnich a chemickych
parametri drobnoplodého ovoce, rybizu a angrestu. Cilem prace bylo vytvofit seznam vhodnych odrud a
produkei nového vyrobku, konkrétné vinného napoje s podilem §tavy z rybizu nebo angrestu.

U jednotlivych odriid rybizu a angrestu sklizenych vroce 2014 a 2015 byly sledovany zakladni
charakteristiky, jako je vytéznost $§tav z plodl, obsah susiny, obsah titrovatelnych kyselin, obsah
sacharidii a mineralnich latek. Také bylo sledovano mnozstvi bioaktivnich latek jako je obsah vitaminu
C, fenolickych a anthokyanovych latek. Pouzité byly normované metody nebo optimalizované metody
vyuzivané na FCH VUT v Brmé. Rozdily mezi jednotlivymi odridami a barevnymi variantami byly

vyhodnoceny statistickymi metodami.

4 VYHODNOCENI JEDNOTLIVYCH ODRUD RYBIiZU A ANGRESTU

Na zakladé ziskanych vysledkti byly pomoci statistického zpracovani vysledkt rozdéleny jednotlivé
barevné varianty rybizii a angrestti do potadi dle nejvyssiho obsahu biologicky aktivnich latek a obsahu
jednotlivych mineralnich latek v plodech.

Vzhledem k tomu, ze u nékterych odrid nebyly provedeny veskeré analyzy, nebylo mozné tyto
charakteristiky hodnotit. Dale neni vhodné srovnavat vlastnosti napf. bilych odrid rybizi s obsahy latek
v ¢ernych plodech rybizil. Proto bylo srovnani provedeno vzdy v dané barevné varianté.

V bilych odridach rybizi bylo k dispozici celkem pét odriid. Nicméné z diivodl nizké urodnosti téchto
plodl nebyly provedeny veskeré analyzy, proto také vysledné hodnoceni neni zcela objektivni. Nejvice
analyz bylo provedeno u odrudy Olin, Primus a Blanka. Tyto odridy byly k v dostate¢ném mnozstvi
k dispozici v obou skliziovych rocich. Navzdory tomu byla velmi dobfe hodnocena odrtida Jantar. U této
odridy nebyly ve skliziiovém roce 2014 proméfeny hned tfi parametry, obsah polyfenolickych latek,
vitaminu C a anthokyanovych barviv. Nejmén¢ analyz bylo provedeno u odriidy Orion, ktery z téchto

divodl fadime jako nejméné vyhovujici, viz Tabulka 2.



Tabulka 2 Finalni hodnoceni odrid bilych rybizii dle vysledkii skliziovych let 2014 a 2015

Odrida Finalni hodnoceni Potadi dle skore
Blanka 36,5 4.
Jantar 46,5 2.
Olin 49,0 1.
Orion 17,5 6.
Primus 46,0 3.
Viktoria 23,5 5.

Odrtda Olin byla z hlediska obsahu latek v plodech hodnocena jako odrida sladkokyseld, s vyssi
hodnotou titra¢ni kyselosti (422,54+1,03 mmolH+.kg") a pH (2,98+0,01), a vy$§im obsahem redukujicich
sacharidi (3,03£0,07 g. kg'.10™") a jednotlivych sacharidt (D-glukosa - 1,91+0,08 g. kg'.10"!, D-fruktosa
- 0,57£0,01 g. kg'.10"). Plody odriidy Olin obsahovaly primérnou koncentraci fenolickych latek
(95,31+1,62 mg. kg'.10™"), ale stejné jako viechny plody bilého rybizu méli velmi nizkou koncentraci
anthokyanovych barviv. V porovnani s ostatnimi odridami bilého rybizu pak odrtida Olin obsahuje vyssi
koncentrace jednotlivych mineralnich latek, zejména pak Zeleza (3,42+0,01 mg. kg'.10"), hoiciku
(37,4+1,3 mg. kg'.10™") a manganu (0,340+0,006 mg. kg'.10").

v obou rocich sklizné (12). Oproti tomu u odriid Olin, Primus a Blanka byly provedeny vSechny analyzy
(23).

Odlisna situace byla pii hodnoceni cervenych odriid rybizli. Veskeré testované odriidy byly v dostatecném
mnozstvi sklizeny v obou letech, tzn., ze u vech odriid ¢ervenych rybizi bylo provedeno vsech dvacet
tfi analyz.

Tabulka 3 Findlni hodnoceni odriid cervenych rybizii dle vysledkii skliziovych let 2014 a 2015

Odrida Finalni hodnoceni Poradi dle skore
Detvan 50,0 3.
Jesan 51,5 2.
Junnifer 53,0 1.
J.V.Tets 45,5 S.
Kozolupsky rany 39,0 8.
Losan 40,0 7.
NSLS 31,0 10
Rovada 50,0 3.
Rubigo 46,0 4.
Stanca 35,0 9.
Tatran 45,0 6.

Ze vsech jedenacti analyzovanych odrid ¢ervenych rybizi byla nakonec hodnocena nejlépe sladkokysela
odrtda Junnifer. Nasledné€ potom Jesan a Detvan s Rovada, viz Tabulka 3.

Odrtda Junnifer vykazovala velmi vyrovnané vlastnosti. Obsah redukujicich sacharidd
(7,46£0,25 g. kg'.10") a obsah jednotlivych sacharidii (glukosa, 2,96+0,06 g. kg'.10"; fruktosa,
1,66+0,19 g. kg'.107"; sacharéza, 0,35+0,08 g. kg'.10™"), pH §tavy odridy Junnifer byla 2,85+0,02 a
obsah fenolickych latek (163,30+1,71 mg. kg'.10™"). Tato odrida méla vysoky obsah vitaminu C

(50,47+1,64 mg. kg'.10™"). Naopak tato odriida obsahovala ve svych plodech primérné nizsi koncentraci



mineralnich latek, konkrétné drasliku (127244 mg. kg'.10™"), manganu (0,204+0,012 mg. kg'.10™),
Zeleza (3,4240,01 mg. kg'.10") a vépniku (91,7+0,1 mg. kg'.10).

Druhou velmi dobie hodnocenou odriidou Eervenych rybizi byla odriida Jesan. Tato odriida vykazovala
velmi vysokou vytéznost $tavy (63,3+0,3 %), nejvyssi pH hodnotu $tavy (3,15+0,01), nizsi obsah
titrovatelnych kyselin (263,3640,43 mmolH" kg™'), vysoky obsah vitaminu C (53,37+1,95 mg. kg'.10™")
a dosahovala vysoké antioxidacni kapacity 60,67+0,42 %. Koncentrace mineralnich latek v této odruadé
byla: fosfor (252+18 mg. kg'.10™"), zinek (0,86+0,08 mg. kg'.10™"), vapnik (14744 mg. kg'.10™"), draslik
(1469+62 mg. kg'.10™) a sodik (45,8+0,4 mg. kg'.10™").

Nejhtite hodnocenou odriidou byla odriida NSLS 11/6, ktera vykazovala velmi primérmé vytéznosti §av,
velmi nizky obsah redukujicich sacharidii a jednotlivych sacharidii. Naproti tomu tato odrida obsahovala
velmi vysoké obsahy minerdlnich latek jako je med (0,953+0,009 mg. kg'.10"), zinek
(0,9£0,1 mg. kg'.10™"). Obsah titrovatelnych kyselin (403,54+0,93 mg. kg'.10™") byl v této odriidé vyssi
a §tava z této odrudy tak méla nizkou hodnotu pH, (2,81+0,01).

Mnozstvi provedenych analyz u plodti ¢ernych odrid rybizi bylo velmi podobné jako u bilych rybizi.
Pouze u nékolika odriid byla provedena kompletni sada analyz (celkem pouze 4 odrudy — Ometa, Démon,
Ben Gairm a Mordvia), nicméné ani u ¢ernych odrid vysledky ze vSech analyz nezaruCovaly nejlepsi

umisténi na zakladé vysledki skore, viz Tabulka 4.

Tabulka 4 Findlni hodnoceni odriid cervenych rybizii dle vysledkii skliziovych let 2014 a 2015

Odrida Finalni hodnoceni Poradi dle skore
Ben Gairn 36,5 6.
Ben Conan 29,0 9.
Ben Hope 39,0 4.
Ben Lomond 30,5 7.
Ceres 14,5 11.
Démon 48,0 2.
Fokus 23,0 10.
Lota 36,5 6.
Moravia 30,0 8.
Ometa 56,5 1.
Ruben 38,5 5.
Triton 42,5 3.

Nejlepsiho vysledku dosahla odrida Ometa. Celkové tato odriida obstala s velmi dobrymi vysledky u
analyz definujici obsah suSiny vplodech (celkova - 18,79+0,19 % a rozpustnd -
19,3340,08 %), redukujici sacharidy (9,85+0,15 g. kg'.10"), jednotlivé sacharidy
(glukosa - 2,224+0,21 g. kg'.10"!, fruktosa - 3,62+0,07 g. kg'.10"" a sachardza - 0,68+0,06 g. kg™'.10™),
obsahem anthokyanti (231,83+0,13 mg. kg'.10"') a antioxida¢ni kapacitu (69,43+1,34 %). Tato odriida
navic obsahuje velmi vysoké koncentrace mineréalnich latek jako je méd’ (18,5+0,5 mg. kg'.10™"), hot¢ik
(122£11 mg. kg'.10") a zinek (4,3£0,3 mg. kg'.10"). Nicméng u nékterych analyz byly vysledky

prumérné, az podprimérmé. Jednim z téchto parametri byla vytéznost $tavy z ploda (55,3+0,3 %), dale

6



pak obsahovala nizkou hodnotu titraéni kyselosti (386,01+0,15 mmolH".kg"), coZ jen podtrhuje jeji
obecné oznaceni jako slad$i odrGdu. Obsahovala také niz§i obsah fenolickych latek
(449,63+0,30 mg. kg'.10™).

Druhou velmi dobfe hodnocenou odrtidou mezi ¢ernymi odrtidami rybizu je odriida Démon. Tato odriida
méla pH $tavy 3,01+0,01 a titradni kyselost 458,27+0,14 mmolH".kg'. Ve vysledku to znamen4, Ze tuto
odridu stejn¢ jako odridu Ometa, nefadime do odrid kyselych. Napovidd tomu také vySsi obsah
redukujicich sacharidd (7,80+0,09 g. kg'.10™") a jednotlivych sacharidt (glukosa - 1,98+0,12 g. kg'.10",
fruktosa - 3,00£0,14 g. kg''.10"!, sacharéza - 0,75+£0,09 g. kg'.10""). Vyssi hodnoty byly také zjistény
v ramci srovnani celkové susiny s ostatnimi odradami (18,75+0,05 %). Dale tato odrida vykazuje také
vyssi antioxidaéni kapacitu (66,63£0,71 %). Obsah fenolickych latek a anthokyanovych barviv je pfitom
prumérny. Obsah mineralnich latek v odridé Detvan byl také primérny az nizky.

Nejhtfe hodnocenou odriidou byla na zakladé skoré odriida Ceres, nicméné pravé tato odrida byla
testovana plnohodnotné pouze u tfindcti analyz, z toho devét minerdlnich prvkd, vysledky tudiz nejsou
pln& ekvivalentni. Navzdory tomu lze konstatovat, ze tato odrida obsahovala velmi vysoké mnozstvi
vitaminu C (249,32+0,10 mg. kg.10™"), a naopak nizké koncentrace mineralnich latek pt. sodik (2042
mg. kg'.10™"), draslik (135720 mg. kg'.10™") a Zelezo (2,37+0,08 mg. kg'.10™).

Zavérecné hodnoceni angresti bylo opét rozdéleno na jednotlivé barevné varianty angrestl, jelikoz
srovnani mezi zelenymi a zlutymi s ¢ervenymi angresty by bylo velmi nesmérodatné.

Vramei zelenych angrestl bylo analyzovano celkem pét odriid, ztoho u dvou odrid (Prima
a Rodnik) byly provedeny pouze ¢tyfi druhy analyz. Stalo se tak zejména proto, ze v roce 2015 byla velmi
nizka trodnost téchto plodi a bylo nutné provést prioritni analyzy.

Z toho diivodu bylo provedeno pouze srovnani tii odrid (Mucurines, Zebin a Rixanta). Z téchto tfi odrud
dopadla nejlépe v zavérecném hodnoceni odrtida Zebin, viz Tabulka 5. Tato odrida se vyznaCovala
vy$$im (ve své skupin€) obsahem fenolickych latek (116,22+0,18 mg. kg'.10™"), vysokou antioxidacni
aktivitu (72,2240,13 %) a koncentraci minerdlnich latek jako je Zelezo (5,40+0,10 mg. kg'.10"), zinek
(3,48+0,01 mg. kg'.10™"), mangan (1,3+0,1 mg. kg™'.10™"). Vyznamnou roli v zavére¢ném hodnoceni hrala
i velmi vysokd vytéznost §tavy ze 100 g plodd (70,4+0,1 %). Naopak obsah anthokyanovych barviv
(0,06+0,02 mg. kg'.10™"), vitaminu C (27,30+0,10 mg. kg'.10™"), drasliku (1312+103 mg. kg'.10"), m&di
(0,64+0,02 mg. kg'.10™"), hoi¢iku (61+3 mg. kg'.10™") a fosforu (231£12 mg

Tabulka 5 Finalni hodnoceni odrid zelenych angrestii dle vysledkii skliziiovych let 2014 a 2015

Odrida Finalni hodnoceni Poradi dle skore
Mucurines 19,0 2.

Prima 8,0 5.
Rixanta 18,5 3.
Rodnik 11,0 4.

Zebin 22,0 1.

Druhou hodnocenou odriidou byla odrida Mucurines, tato odrida byla velmi vyrovnanou odridou
s vy$$im obsahem minerdlnich latek obecné, predev§im médi (0,740,2 mg. kg'.107), Zeleza

(5,50+0,40 mg. kg'.10™"), hot¢iku (92+7 mg. kg'.10™"), fosforu (421£15 mg. kg'.107), vapniku (355+8



mg. kg'.10™"), drasliku (1718+86 mg. kg™'.10™") a sodiku (25+1 mg. kg'.10™"). Obsah fenolickych latek a
vitaminu C v této odriid¢ byl vSak nizky.

Odrtida Rixanta obsahovala také velmi vyrovnané koncentrace viech sledovanych charakteristik. Nizsi u
této odriidy byla vytéznost §tavy (58,6+0,2 %), obsah fenolickych latek a anthokyanovych barviv
(113,80+0,01 mg. kg'.10" resp. 0,12+0,01 mg. kg'.10).

V ramci zlutych angresti byla situace velmi podobna. Byly k dispozici pouze ¢tyfi vzorky, z toho dvé
odridy byly kdispozici pouze ve velmi malém mnozstvi (Darek a Zlaty Fik),
u téchto odrid bylo provedeno pouze pét analyz a ze zavérecného hodnoceni byly tedy vyfazeny.
Nicméné u zbylych dvou odrid (Citronovy obri a Invicta) bylo finalni skoré stejné, 22,5 bodu, viz Tabulka
6.

Tabulka 6 Findlni hodnoceni odriid Zlutych angresti dle vysledkii skliziovych let 2014 a 2015

Odruda Finalni hodnoceni Poradi dle skore
Citronovy obii 22,5 1.
Darek 5,0 3.
Invicta 22,5 1.
Zlaty Fik 13,0 2.

Odlisna situace nastala v porovnani finalniho skoré u odrid Cervenych. V této skupiné bylo testovano
celkem devét odriid a pouze jedna odrida musela byt z diivodu nedostatku vysledki vylouc¢ena z finalniho
hodnoceni. Touto odridou byla odrida Tamara, u které byly provedeny pouze tfi analyzy (obsah
polyfenolickych latek, anthokyanovych barviv a stanoveni celkové antioxidacni kapacity), nicmén¢
v porovnani s ostatnimi odriidami v téchto hodnotach vychazela primérné.

Dle oéekavéani odriida Cerny Negus (na zakladé jejiho vzhledu) dosahla nejvyssiho hodnoceni hned
v n€kolika parametrech (obsah fenolickych latek a anthokyanovych barviv), viz Tabulka 7. Byla také
hodnocena jako nejlepsi odriidou ze vSech testovanych odrid rybizi a angrestii. Tato odriida vynikala
v podstaté v 80 % testovanych parametri. Nejvyssi hodnoty a tim padem nejlépe byla hodnocena prave
v jiz zmin&nych parametrech (obsah polyfenolickych latek - 461,78+0,12 mg. kg'.10"!, anthokyanovych
barviv - 259,40+0,13 mg. kg'.10™"), dale pak v antioxida¢ni aktivité (66,07+0,74 %) a v obsahu vitaminu
C (64,03+£0,25 mg. kg'.10™"). Tato odrida také méla vy$si hodnoty pH §tavy (3,23+0,01) z &ehoz také
plyne, Ze i obsah titracni kyselosti byl nizsi (327,68+1,63 mmolH" kg™') a tato odrtida mtize byt hodnocena
jako méné kyseld. Také vytéznost S$tavy zplodi byla vyssi (61,3+0,3 %). Vyssi byl také obsah
redukujicich sacharidii (9,15+0,02 g. kg'.10™"), jednotlivych sacharidii kromé sacharézy také vykazoval
vys§i hodnoty (glukosa - 2,59+0,12 g. kg!.10", fruktosa - 3,5840,12 g. kg!'.10™") a také minerélnich prvka.
Pramémé hodnoty vykazovala odrtida Cerny Negus v parametrech celkové a rozpustné sudiny
(15,95+0,15 % resp. 13,51+0,04 %).



Tabulka 7 Findlni hodnoceni odriid cervenych angrestii dle vysledkii sklizivovych let 2014 a 2015

Odrida Finalni hodnoceni Potadi dle skore
Alan 46,0 3.
Himnomacki Rot 27,5 7.
Karat 40,0 4.
Karmen 35,0 5.
Krasnolawjanskij 33,5 6.
Remarka 24,0 8.
Rolonda 51,0 2.
Tamara 7,0 9.
Cerny Negus 60,0 1

Druhou nejlépe hodnocenou odriidou byla Rolonda. Tato odriida vynikala v nasledujicich parametrech:
rozpustna susina (13,96+0,09 %), formolové &islo(37,67 + 0,19 cm®.0,1mol.dm™.NaOH.100g™"), obsah
glukosy (2,67+0,10 g. kg'.10"), obsah fruktosy (3,83+0,12 g. kg'.10"), obsah sacharézy
(0,26£0,04 g kg'.10"), obsah vitaminu C (30,214021 mg. kg'.10") a obsah hoiciku
(12145 mg. kg'.10™"), fosforu (382440 mg. kg'.10™"), vapniku (412+32 g. kg'.10™"), mé&di (0,9+0,2 mg.
kg'.107) a také Zeleza (5,40+0,30 mg. kg'.10™"). Primémych hodnot takto odriida dosahovala ve
vytéznosti §tavy, pH (tim padem také v titrovatelné kyselosti), v obsahu redukujicich sacharidi,
polyfenolickych latek, anthokyanovych barviv a antioxidacni aktivity. Nizk4 hodnota byla stanovena pro
celkovou susinu (14,58+0,04 %).

Posledni, nejhtite hodnocenou odriidou, byla odrida Remarka, kterad se jevi v podstaté jako pravy opak
odriidy Cerny Negus. Pouze hodnota vit&Znosti §t'av (63,8+0,2 %) byla hodnocena velmi vysoko, stejné
jako obsah zinku (4,00+0,10 mg. kg.10") a vapniku (297420 g. kg™'.10™"). Titraéni kyselost, koncentrace
vitaminu C a koncentrace médi byla hodnocena jako primérna. Naopak pH $tavy (2,72+0,00), celkova
suSina  (12,10+0,03 %), rozpustna suSina (11,40+£0,06 %), obsah redukujicich sacharidi
(6,84+0,18 g. kg'.10™"), jednotlivych sacharidt (glukosa - 1,81+0,14 g. kg™'.10™!, fruktosa - 2,73+0,08 g.
kg'.10"),  fenolickych  litek  (70,61£0,02 mg. kg'.10"),  anthokyanovych  barviv
(3,16+0,10 mg. kg'.10™"), celkové antioxidacni kapacity (27,08+0,06 mg. kg'.10™") a obsah mineralnich

latek kromé jiz zminénych prvki (zinek a vapnik) byly hodnoceny podprimérneé.
41 NAVRH NAPOJE NA BAZI VINA

Na zakladé vysledného hodnoceni jednotlivych odriid byl navrzen ndpoj na bazi bilého vina poskytnuty
soukromym subjektem. Z pohledu souc¢asného spotiebitele byla vybrana pouze nejatraktivngjsi varianta,
tedy odriida Gernych rybizti, Ometa a odrtida Eerveného angrestu, Cerny Negus.

Z téchto odrud byl laboratorné ptipraven dvouslozkovy napoj na bazi bilého vina riznym pomérem

michani, viz Tabulka 8.



Tabulka 8: Kombinovany napoj na bdzi bilého vina a stavy z plodii rybizu, angrestu

Oznaceni kombinovaného Pomér vody Pomer, bilého Pomér St wy Hroznovy most
népoje %) vina z ploda %)
(%) (%)
1ICR 50 30 5 15
2CR 50 20 15 15
ICA 50 30 5 15
2CA 50 20 15 15

Senzorické testovani probihalo pouze v rdmci prezentace vysledkt jednotlivych odrid rybizt a angrestt.
Na zaklad& ochutnavky byl zvolen kombinovany napoj s oznadenim 1CA (Serny angreit) a 1CR (Gerny
rybiz), tedy napoje s obsahem 5 % ovocné §tavy. Tyto napoje byly piedlozeny Sir§imu hodnoceni v rdmci
rozhodovaciho procesu soukromého subjektu.

Findlni dva napoje byly senzoricky vyhodnoceny, vedeni spole¢nosti se shodla na napoji 1CR, népoj byl
¢iry, méné sladky s dostatecnym obsahem biologicky aktivnich latek.

Soukromy subjekt podal ve spolupraci s Fakultou chemickou Vysokého uceni technického v Brné navrh

na uzitny vzor, ktery byl dne 13. prosince 2016 podan, viz Priloha A.

5 ZAVER

Angresty a rybizy patii mezi tradiéné v kultufe péstované, ovocnatsky vyuzivané druhy na tizemi Ceské
republik. Maji praktické vyuziti pro produkci ovoce, farmacii a potravin rizného druhu. Po strance
dietetické angrest obsahuje mnoho cennych latek, obsahuje stejné vitaminu C jako citrony, vitaminu E a
dalsich vitaminu skupiny B. Je bohaty na antioxidanty a mineralni latky jako je draslik, fosfor, vapni,
hot¢ik, zelezo, zinek, mangan améd’. Rybiz je bohatym zdrojem nejen vitaminu C, ale i jinych vitamind.
Z hlediska bioaktivnich flavonoidi je jich vice v ovocnych druzich jen v ostruzinach, malinach, Sipkach
a plodech rakytnikd. Obsahuje velké mnozstvi pektini. Navic Cerny rybiz patii mezi rostlinné
antioxidanty.

Cilem prace bylo vytvofit seznam doporuc¢enych odriid pro navrh nového typu vyrobku — napoje na bazi
vinného mostu. Jako nejvhodnéjsi odridy byly vybrany zastupci jednotlivych barevnych variant
s ohledem na potencial u soucasného spotiebitele. Témito odrudami jsou: Ometa (z ernych rybizl) a
Cerny Negus (z &ervenych angresti). Ze §tav téchto odrid byl piipraven ndvrh népoje, ktery byl hodnocen
soukromym subjektem. Na zakladé vysledkd byl vybran napoje s 5 % ovocné §tavy z ¢erného rybizu,

Ometa.
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Abstract

The use of the fruit of the Cornus mas L. in the food industry has a long tradition in the Czech Republic.
Although these fruits currently belong to marginal species, there is an increasing interest in cultivating
this crop. The main goal of the present study was to determine pomological properties of 6 varieties and
4 ecotypes of Cornus mas L. fruit grown in the Czech Republic and to find out whether it is possible to
differentiate these varieties and ecotypes from one another by means of analysis of variance of the
obtained data. To exclude the impact of climatic conditions, fruits harvested in three seasons (2010-2012)
were analysed. The results showed, that the chemical composition of Cornus mas L. varieties or ecotypes
originating in the Czech Republic (‘Ruzynsky’, ‘Tisnovsky’, ‘Olomoucky’) Ukraine (‘Elegantni’,
“Vydubecky’, ‘Vysegrodsky’, ‘Lukjanovsky’), Austria (‘Fruchtal’, ‘Jolico’) and Slovakia (‘Sokolnicky”)
is significantly different. Varieties or ecotypes of Cornus mas L. originating in the Czech Republic
contained high amount of ascorbic acid (avg. 315 mg kg f.w.). Varieties of Cornus mas originating in
Austria were rich in polyphenols (avg. 3456 mg kg™ f.w.). Slovakian ecotype of Cornus mas ‘Sokolnicky’
contained the highest amount of citric acid (avg. 0.53 g kg f.w.). Ukrainian varieties were characterized

by a higher content of trace elements (avg. 2.41 mg kg Cu and 3.37 mg kg!' Zn f.w.).

Key words: Cornus mas L. - Geographical origin - Fruit characteristics - Less known fruit - Czech

Republic

1. Introduction

Comus mas L. has its origin in southern Europe and in the foothills of the Caucasus. From there it
gradually spread over Turkey, Romania and Bulgaria and western Asia. It is classified among
thermophilic, less widespread fruit species. It grows on sloping land, on the edge of the forest, lighted,
dry forests, light spruce and subxerophilic oak forests, more often on limestone substrates. Suitable soil
for growth is stony, shallow, dry, and neutral to slightly alkaline. It is most commonly found as a shrub,

or a smaller tree growing up to a height of 5-8 m. The treetop is spherical, usually dense, and regular. The



fruits are two-sided stone fruits, ellipsoidal, cylindrical to pear-shaped, dark cherry red, pink and yellow
(Dokoupil and Reznicek 2012). Cornelian cherry is a biologically valuable fruit species. These fruit
represent a rich source of polyphenols and other antioxidants, vitamin C, mineral elements, dietary fiber
etc. (Dinda et al. 2016). Fruit can be used for direct consumption or for processing purposes. Various
products such as marmalade, jam, compote, liquors or wines are made from cornelian cherry (Begic-
Akagic et al. 2013, Tesevic et al. 2009, Gastol et al. 2013)

Although Cornelian cherry is usable in the fruit industry, its role in landscape protection is also not
negligible. The cornelian cherry bush produces a rich root system, consolidates hills and prevents erosion.
It is a great polyline tree. Due to its longevity, low-cost conditions and high frost resistance, it belongs to
species contributing to the improvement of the environment (Paprstejn et al. 2009). In today's way of
farming on agricultural land, cultivation of unusual species becomes a neglected area, and efforts need to
be made not only in the preservation of genetic resources, to promote their generic expansion among
small growers, but also in opportunities to integrate these species into the entire agrarian sector.

In earlier times cornelian cherry was widely cultivated in the Czech Republic, nowadays it is nearly
forgotten, although it still wildly grows in central and southwestern Bohemia and in southern and central
Moravia, thus in various parts of the Czech Republic. The most common cultivars occurring in the Czech
Republic (CZ) are Ukrainian (UA), Austrian (AU) or Slovak (SK). Elegantny (UA) cultivar matures
moderately early in late August and September. The fruits are medium to large with an average weight of
3.16 - 5.31 g, cylindrical elongated with a neck, of regular shape. The fruit color is dark cherry, the pulp
is juicy with a specific flavor. Lukjanovsky (UA) cultivar matures in the late summer, usually in the
middle of September. The fruits are large, reaching average weights of about 5.05 g. Their shape is
bulbous to pear-shaped with a shiny glossy peel. The pulp is juicy, dark red, with a specific flavor.
Vydubecky (UA) cultivar ranks among the early varieties, ripening at the end of August. The fruits are
large, elongated oval to pear-shaped, dark red in color, the flesh is juicy with a typical semolina aroma.
Vysegrodsky (UA) cultivar matures late in the summer. Large fruits are oval to cylindrical, with an
average weight of 3.65 to 5.60 g. The shape of the fruit is not constant, it is influenced by the growing
environment. Ripe fruits are dark cherry colors with shiny, thin peel, sour sweet taste. Fruits of Fruchtal
(AU) cultivar mature in moderate to moderate size, average weight ranges from 3.57 to 4.08 g. Drupes
are regular, oval, appetizing, and strongly red to dark red in color. The pulp is juicy, pleasantly acidic.
Jolico (AU) cultivar matures late, usually in the second half of October. The fruits are large, their average
weight ranges from 4.82 to 5.59 g, and they are regular in size, balanced, oval shape. The ripe fruits are
deep red in color, easy to separate during harvest, they fall off. The pulp is juicy, sweetly acidic, pleasant
taste (Paprstejn et al. 2009). Different soil and climatic conditions created different forms (ecotypes) of
Cornus mas. These ecotypes are not described in more detail in the literature. On the territory of the Czech
Republic ecotypes Ruzynsky (CZ), Tisnovsky (CZ) and Olomoucky (CZ) can be found, while the
Sokolnicky (SK) ecotype grows on the territory of the Slovak Republic (Sochor et al. 2014).



The objective of this study was to determine pomological properties of 6 varieties and 4 ecotypes of
Cornus mas L. fruit grown in the Czech Republic and to find out whether it is possible to differentiate

these varieties and ecotypes from one another by means of analysis of variance of the obtained data.

2. Materials and methods

Fruit was harvested within the period of 2010-2012 in the experimental orchards of Brno Mendel
University in Zabcice. The site is well described in previous work (Cetkovska et al., 2015). Samples were
stored under -18 °C prior analysis and analyzed as soon as possible. In total, 6 varieties and 4 ecotypes of
cornelian cherry were evaluated for their dry matter, total titratable acids, ascorbic acid, total polyphenols,
total anthocyanins, glucose, fructose, citric acid, malic acid, quinic acid, Fe, Mn, Cu and Zn content.
Before the analysis, thirty randomly chosen fruit were mixed and used for the analyses. From the selected
fruit purée was made using a mixer and the final average sample was obtained by dividing into quarters.
The prepared purée was extracted with a mixture of ethanol and water in 60:40 volume ratio for 30
minutes under constant stirring. After extraction sample was filtered using 0.45 pm pore size nylon
syringe filters (Labicom, Czech Republic). For the determination of ascorbic acid content extracts were
prepared similarly, only 2% metaphosphoric acid (Sigma-Aldrich, Germany) was used for extraction
instead of ethanol and water.

Gravimetric determination of dry matter was carried out according to CSN EN 12145 standard by drying
5 grams of fruit to a constant weight in an oven at a constant temperature.

Determination of total titratable acids was based on CSN ISO 750 standard and was performed by titrating
25 ml of the aqueous extract with standardized 0.1 M sodium hydroxide (Penta, Czech Republic) solution
to pH 8.2. The titratable acid content was then expressed in g kg of malic acid.

Total phenolic content was measured using Folin-Ciocalteus reagent (Sigma-Aldrich) according to the
method of Singleton and Rossi (1965). For the calculation of the total polyphenol, the linear regression
equation obtained from the calibration curve for gallic acid (Sigma-Aldrich) was used.

Total anthocyanin content was determined using pH differential method according to Lee at al. (2005)
and expressed as mg kg™! of cyanidin-3-glucoside (Sigma-Aldrich).

The carbohydrate content (glucose, fructose, and sucrose) was determined by HPLC (Waters 1515,
Waters Corp. USA) with refractometric detection. The total amount of 5 pl filtered sample was injected
on Prevail Carbohydrate ES column (250x4.6 mm, Spm) heated to 40°C. Mobile phase consisted of
acetonitrile (VWR, Germany) and water in 75:25 volume ratio. The isocratic flow of mobile phase was
set to 1.2 ml min™.

Determination of organic acids (citric, malic, quinic) was carried out using capillary zone electrophoresis
(Prince Technologies, Netherland) with UV indirect detection at 254 nm (Spectrasystem UV2000,
Thermo Finningan, USA). An uncovered quartz capillary column with an inner diameter of 50 um and a
total length of 75 cm was used. As a leading electrolyte 10 mM 3,5-dinitrobenzoic acid (Sigma-Aldrich)
with 0.2 mM CTAB (Sigma-Aldrich) was used. Voltage of 30 kV was applied across the capillary.



The ascorbic acid content was determined by HPLC (Waters 1515) with UV detection at 254 nm. Total
amount of 10 pl filtered sample was injected on Phenomenex Gemini RP-C18 column (150x4.6 mm,
Spm) heated to 30°C. Mobile phase consisted of 0.1 M KH,PO, (VWR) with 10% (v/v) of methanol
(VWR). The isocratic flow of mobile phase was set to 1.0 ml min™".

The mineral content was determined after wet ashing of 500 mg dry weight fruit sample in a microwave
oven (Milestone 1200, Milestone, Italy) using a mixture of 5 ml of nitric acid (Analytika, Czech Republic)
and 1ml of hydrogen peroxide (Analytika). After mineralization samples were transferred to 25 ml
volumetric flask, filled up to the mark with ultrapure water and analyzed by 1CP-MS (X-series, Thermo
Scientific USA) with the He filled collision cell. The method is described in more detail in the work of
Cetkovska et al. 2015.

Data analysis and statistical evaluation were realized by Microsoft Excel (Microsoft, USA) and XLstat
(Addinsoft, France) software. Obtained data were pretreated by using Analysis of Variance (ANOVA).
Tukey’s comparative test at a significance level of 0.05 has been performed for individual parameters
among cornelian cherry samples. The pretreated data were used as input parameters in principal
component analysis (PCA) in order to establish relationship between fruit characteristics and geographical

origin of the varieties.

3. Results and discussion

Basic chemical properties

Total titratable acids (TTA) and dry matter (DM) as well as total phenolic (TP) and total anthocyanins

(TA) content significantly differed in individual cultivars (Table 1).

The average amount of total titratable acids in analyzed cultivars was 20.4+2.9 gkg™'. The highest amount

of TTA (25.83+0.16 gkg™) contained the Vysegrodsky cultivar, the lowest Tisnovsky cultivar (15.7+0.25

g kg™"). Dokoupil and Reznicek (2012) determined the amount of TTA in Vysegrodsky cultivar to be

19.75+0.26 g kg™'. Other cultivars grown in the Czech Republic had comparable content of TTA (Sochor

et al. 2014). The amount of TTA determined in this study is comparable to the average content of TTA

in cultivars from Poland (24.91 g kg!, Kucharska et al. 2011) or Serbia (26.0 g kg™, Bijelic et al. 2011).

Higher content of TTA (28.9 g kg") can be found in cultivars from Turkey (Sengul et al. 2014).

The dry matter content ranged from 19.11-26.44 % with an average of 22.93 %. The highest DM content

(26.43+0.98 %) was determined in the Vysegrodsky cultivar, the lowest in Ruzynsky cultivar (19.114+0.61

%). For cultivars grown in other countries the DM is within the range of 18.7-24.5 % (Tural and Koca,

2008; Sengul et al. 2014; Bijelic et al. 2011; Jacimovic et al. 2015). By comparing some of the same

varieties analyzed in other parts in the Czech Republic (Sochor et al. 2014) it can be concluded that the

difference in the DM content of these varieties is less than 3 %.

Total phenolic contents for the cultivars examined in this study varied from 2545 to 3828 mg kg™'. In the

study of Rop et al. (2010) significantly higher TP is reported for similar cultivars as examined in this
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study, on the other hand, TP in cultivars examined in present study is comparable with TP of cultivars
grown in Poland, Bosnia and Herzegovina, Turkey or Iran (Drkenda et al. 2014, Kucharska et al. 2011,
Hashempour et al. 2010, Yilmaz et al. 2009). Phenolic substances have cardio-protective, anti-aging, anti-
cancer, neuro-protective and other health beneficial effects (Tufarelli et al. 2017, Pandey and Rizvi, 2009).
A recommended dietary allowance of phenolic compound is not defined.

Total anthocyanin content in Cornelian cherry was reported by several authors in the range of 810-2920
mg kg (Kucharska et al. 2011, Bijelic et al.2011, Milenkovic-Andelkovic et al. 2015). Anthocyanin
compounds belong to the group of flavonoid substances which exhibit miscellaneous favourable
biochemical and antioxidant effects associated with various diseases (Panche et al. 2016). Anthocyanin
compounds as natural pigments play an important role in the food industry (Khoo et al. 2017). [Tab.1,
Tab.2]

Chemical composition

The highest content of ascorbic acid (AAC) was measured in Fruchtal cultivar, while the lowest in
Vysegrodsky cultivar (Table 1). The results obtained are consistent with the previous pilot studies
examining the Cornelian cherry cultivars grown in the Czech Republic (Cetkovska et al. 2015, Dokoupil
and Reznicek 2012) or with the results of Kucharska et al. (2011) who analyzed Polish Cornelian cherries.
Higher AAC contents in Cornelian cherry are reported by Rop et al. (2010) in cultivars grown in the
Czech Republic and by Hassanpour et al. 2011, Ylmaz et al 2009, Pantelidis et al. 2007, or Jacimovic et
al. (2015) in cultivars grown in Iran, Turkey, Greece or Montenegro. The content of AAC significantly
correlated (p<0.05) with TTA (r=0.51). Ascorbic acid is an effective antioxidant that acts on free radicals
and prevents tissue damage, ensures elasticity of blood vessels and bones, prevents the occurrence of
paradontosis and it is necessary for the collagen production and absorption of iron in the human body
(Dave and Patil 2017). The recommended dietary allowance of AAC for an adult is 95 mg day™' (Bechtold
2015). Based on the obtained results it can be stated that (on average) consumption of 100 g of the
examined cornelian cherry cultivars will cover almost 30 % from the recommended daily dose of ascorbic
acid for an adult.

Other organic acids contained in the Cornelian cherry were malic acid, quinic acid and citric acid (table
1). Average amount of malic acid in cultivars studied in this work was 17.5 g kg''. The highest amount of
malic acid was determined in the Sokolnicky cultivar (25.8 mg kg') while the lowest in the Olomoucky
cultivar (11.8 mg kg!). Malic acid was the dominant organic acid (Table 1). The content of malic acid
and quinic acid was significantly correlated (p<0.05) with TTA (r=0.57 and r=0.41). The content of
individual organic acids is not routinely determined in studies dealing with the characterization of
Cornelian cherry cultivars. Drkenda et al. (2014) examined the average amount of malic acid in Cornelian
cherry cultivars from Bosnia and Herzegovina to be 43.7 mg kg, which is indicating higher values than

in assayed cultivars from the present study. Organic acid content has a significant effect on the sensory



properties of fruit and is important in fruit processing technology. Recommended dietary allowance of
malic, quinic and citric acid is not defined.

Carbohydrates are the basic source of energy for all body cells and tissues of the human body. As part of
a healthy and balanced diet for an adult, the recommended reference intake for all sugars is 130 g day!
(Trumbo et al. 2002). Cornelian cherry is rich in fructose and glucose, other sugars including
polysaccharides (mainly pectin and cellulose) are represented in minor quantities (Bijelic et al. 2011).
Some studies indicate the sucrose content in Cornelian cherry. The highest content of carbohydrates of
the Cornelian cherry varieties examined in this study was found in Olomoucky cultivar (99.1 g kg™). On
the other hand, the lowest content of carbohydrates was found in Sokolnicky cultivar (52.8 g kg™). In
general, the carbohydrate contents in cornelian cherry grown in the Czech Republic (Table 2) agree with
those published by Jacimovic et al. 2015, Sengul et al. 2014, Kucharska et al 2011, Yilmaz et al. 2009,
Tural and Koca 2008, or Demir and Kalyoncu 2003, who report the reducing sugar content in cornelian
cherry in the range from 28 to 158 g kg™'. From a nutritional point of view, based on reducing sugar
content, it can be stated that consumption of 100 g of Cornelian cherry may cover about 8 % of the
recommended daily reference intake of sugars for an adult.

In the previous pilot study investigating Cornelian cherry varieties from the Czech Republic, it has been
shown that Cornelian cherry is a good source of some nutritionally important elements, predominantly
potassium and calcium (Cetkovska et al. 2015). This work has focused on the analysis of microelements
whose content in fruit is less affected by the conditions of cultivation. Zinc and copper were the
predominant microelements in Cornelian cherry (Table 2). The highest amount of the monitored elements
was found in Olomoucky cultivar, the lowest in Tisnovsky cultivar. Bijelic et al. (2011) and Cindric et al.
(2012) have reported comparable concentrations of microelements in Cornelian cherry from Serbia and
Croatia.

Principal component analysis of the obtained data

All measured data were processed using Pearson principal component analysis. The result of this analysis
is graphically shown in Table 3 and in Figure 1. From the values of factor loadings, it can be seen that
Slovakian variety Sokolnicky is characterized by high content of citric acid and total polyphenols. All of
the Ukraian varieties are characterized by a medium content of organic acids, total titrable acids and high
content of trace elements. Austrian and Czech varieties had high or slightly above average content of
ascorbic acid and low organic acid content. Olomoucky variety seems to be separated from other Czech
varieties which is caused by two-dimensional graph display and higher content of saccharides compared
to other varieties. In a three-dimensional, less clear graph, the Olomoucky variety is grouped with other

Czech varieties. [Figl, Tab.3]
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4. Conclusions

This research demonstrates that the geographical origin of variety had a significant influence on fruit
characteristics of cornelian cherry. In terms of the content of commonly monitored substances in fruit the
Czech variety Ruzynsky and Austrian variety Fruchtal were the most promising. The Slovak variety
Sokolnicky was in an average more acidic than Austrian and Czech varieties, and it contains fewer
amounts of monitored substances compared to Czech and Austrian varieties. The Sokolnicky variety
differed from the Ukrainian varieties especially with the higher content of polyphenols and ascorbic acid.
Of the varieties originating from Ukraine, the best in terms of the content of nutritionally important

substances was the variety of Vydubecky.
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Table 1 Average, minimal and maximal values and concentrations of total titrable acid (TTA, g malic acid kg™), dry matter (DM, %), total
polyphenols (TP mg kg™ f.w.), TA=total anthocyanins, ascorbic acid (AAC, mg kg™ f.w.), malic acid (MAC g kg fw.), quinic acid (QAC,
g kg! fw.) and citric acid (CAC g kg!' fw.)

VariablesTTA DM TP TA AAC MAC QAC CAC
ELE 20.3¢ 20.4%¢ 14357 67.2¢ 234° 225 857"
0.26"
20.0-20.4 17.7-20.5 1422-1438 66.3-68.2 198-262 20.8-24.3 8.45-9.16 0.24-0.27
VYD 1947 247" 1528% 92.9° 249¢ 23.1% 8.90° 0.22"¢
19.2-19.5 23.1-25.8 1456-1589 88.3-98.1 226-277 21.8-24.9 8.75-9.77 0.20-0.23
VYs = 258 264" 1635 81.4° 210° 20.9° 7.46™ 0.16°
25.6-25.9 25.4-27.3 1616-1637 79.1-83.1 166-247 20.3-21.7 6.90-8.09 0.13-0.17
LUK  22.6° 23,1 1365" 124 205¢ 16.3¢ 531 0.18%
22.5-22.6 21.4-25.1 1353-1379 122-126 178-232 14.6-17.4 4.84-5.82 0.17-0.19
FRU 19.5" 19.9¢ 1786™ 93.3° 350" 16.0¢ 5.99¢ 0.19%
19.4-19.6 19.4-21.1 1756-1835 91.1-94.4 319-376 14.6-17.4 5.64-6.51 0.17-0.20
JoL 20.9* 23.5% 1669 112¢ 348 12.8% 4,95 0.26°
20.6-21.2 21.8-25.0 1653-1683 102-113 315-370 11.7-13.8 4.53-5.62 0.24-0.28
TIS 15.7 22,7 1272¢ 102¢ 295 13.0% 5.25¢ 0.24"
15.6-15.8 21.7-23.8 1243-1290 101-104 291-317 12.9-13.2 5.17-5.33 0.23-0.25
OLO 17.9" 23.6"™ 1412¢ 113¢ 309 11.8° 4.80" 0.24"¢
17.8-18.0 22.5-24.6 1389-1446 111-115 239-363 10.7-12.9 4.69-5.13 0.22-0.26
RUZ 18.5¢ 19.1¢ 1914* 166" 348" 5.03¢
12.8% 0.22°¢
18.3-18.5 18.8-19.8 1878-1965 163-168 331-359 12.3-13.3 4.88-5.23 0.21-0.25
SOK 238" 25.8" 1721 101° 249" 24.5° 10.6" 0.53*
23.7-24.0 24.1-27.2 1623-1811 98.2-102 233-252 23.3-25.6 9.84-11.4 0.49-0.56

Values in the same column with different upper-case letters are significantly different at P<0.05
ELE=Elegantny, VYD=Vydubecky, VYS=Vysegrodsky, LUK=Lukjanovsky, FRU=Fruchtal,
JOL=Jolico, TIS=Tisnovsky, OLO=Olomoucky, RUZ=Ruzynsky, SOK=Sokolnicky



Table 2 Average, minimal and maximal concentrations of fructose (FRU, g kg™ f.w.), glucose (GLU, g

kg! f.w.), Fe, Mn, Cu and Zn (mg kg™ f.w.)

Variables ~ FRU GLU Fe Mn Cu Zn
ELE 38.7¢ 4519 1.65"™ 1.58" 2.97" 3.34¢
36.9-41.7 43.7-46.2 1.58-1.73 1.49-1.67 2.82-3.13 3.21-345
VYD 44.9 529" 0.62" 1.84" 0.61" 2.86"
42.7-46.2 50.6-55.3 0.56-0.73 1.79-1.92 0.52-0.67 2.71-2.95
VYS 38.7"¢ 49,54 1.15% 133 2.84¢ 3.41¢
36.7-40.4 47.0-51.1 1.08-1.25 1.23-1.46 2.72-2.95 3.29-3.55
LUK 41,7 53.4% 1.97 1.16%" 323" 3.86"
40.6-43.1 50.6-56.3 1.87-2.11 1.08-1.27 3.11-3.34 3.75-3.98
FRU 26.0° 31.6° 1.83" 1.26% 336" 3.26°
25.1-27.8 26.1-37.7 1.76-1.92 1.19-1.37 3.13-3.56 3.19-3.37
JoL 39.6" 57.4 1.38%% 0.95% 1.97¢ 244
39.3-40.6 55.5-59.8 1.22-1.55 0.87-1.03 1.85-2.14 2.32-2.55
TIS 37.6¢ 3.7 0.43 0.76* 0.69" 0.58"
35.3-39.7 42.4-45.4 0.37-0.49 0.69-0.83 0.63-0.79 0.54-0.66
OLO 431 55.9" 1.42¢ 1.83" 1.53° 4.35°
41.0-45.3 52.8-59.0 1.32-1.51 1.72-1.95 1.41-1.65 4.21-4.49
RUZ 34.0 483" 1.14° 1.44% 2.29° 2.36°
32.8-35.5 46.5-49.3 1.07-1.22 1.39-1.54 2.15-2.39 2.28-2.45
SOK 22.5" 30.3¢ 1.39 0.98°% 1.45° 2.56¢
22.2-23.1 29.1-31.5 1.33-1.49 0.87-1.15 1.39-1.55 2.51-2.69

Values in the same column with different upper-case letters are significantly different at P<0.05 ELE=Elegantny,
VYD=Vydubecky, VYS=Vysegrodsky, LUK=Lukjanovsky, ~FRU=Fruchtal, —JOL=Jolico, TIS=Tisnovsky,
OLO=0lomoucky, RUZ=Ruzynsky, SOK=Sokolnicky

Table 3 Eigen values and factor loading values of first two principal components of PCA

Variables F1* F2* F1° F2°
AAC -0.2680 -0.3276 -0.5288 -0.5702
TTA 0.3681 0.1529 0.7262 0.2662
TP 0.0699 -0.2655 0.1378 -0.4621
TA -0.2941 -0.1936 -0.5802 -0.3369
DM 0.2343 0.0955 0.4622 0.1663
CAC 0.2942 -0.3210 0.5803 -0.5587
MAC 0.4561 0.0743 0.8999 0.1293
QAC 0.4555 -0.0382 0.8986 -0.0665
FRU -0.2272 0.4322 -0.4481 0.7524
GLU -0.2553 0.3610 -0.5036 0.6283
Fe 0.1096 0.1384 0.2162 0.2409
Cu 0.0643 0.1637 0.1269 0.2849
Zn 0.1060 0.4009 0.2091 0.6979
Mn -0.0139 0.3442 -0.0275 0.5991

AAC=ascorbic acid, TTA=total titrable acid, TP=total polyphenols, TA= total anthocyanins, DM=dry matter,
CAC=citric acid, MAC=malic acid, QAC=quinic acid, FRU= fructose, GLU=glucose, ‘cigen vectors. "factor loading

Fig. 1 Pearson principal component analysis of results from analysis of cornelian cherry samples. A
varieties of Czech Republic origin, e varieties of Austria origin, % varieties of Slovakia origin, 4 varieties

of Ukrainian origin
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SIMULTANEOUS DETERMINATION OF SWEETENERS AND
PRESERVATIVES IN BEVERAGES BY HPLC-DAD-ELSD

Pavel Divis, Zuzana Jureckova, Milena Vespalcova, Jaromir Povizka, Lenka
Puncéochdiova

ABSTRACT

People suffering from diabetes or being overweight must severely reduce their sugar use,
often seeking food with sweeteners. Often, sugar is replaced by non-nutritious sweeteners
in beverages, which also contain several other substances like vitamins, caffeine,
aminoacids, phenolic compounds and thus increasing the shelf life of the beverages is
additionally treated with the addition of preservatives. As the concentration of additives
in food (including beverages) is determined by the legislation in force, it is necessary to
have an appropriate analytical method for food control. Since artificial sweeteners and
preservatives are very different substances, they are determined separately using different
HPLC methods. In this work HPLC method combining the advantages of specific (diode
array detector, DAD) and universal (evaporative light scattering detector, ELSD) detector
was validated and used for simultaneous determination of benzoic acid, sorbic acid,
aspartame, acesulfame K, saccharin, sucralose and steviol glycosides in sugar-free
beverages. The proposed analytical method showed good linearity, precision and
accuracy. Measured limits of detection (0.6 — 11.8 mg.dm™ depending on the analyte)
were sufficient to analyze 5-times diluted beverage samples. The validated method has
been successfully used for the simultaneous analysis of artificial sweeteners and
preservatives in beverage samples (energy drinks, ice teas, carbonated drinks). Except for
steviol glycosides, the concentration of monitored substances in beverages did not exceed
the maximum permitted concentrations given in the valid legislation.

Keywords: sweeteners; preservatives; beverage; chromatography; DAD ELSD
detectors
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