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Nazov projektu Eviden¢né ¢islo projektu APWV-17-0212

Bioaktivne latky rakytnika reSetliakového a ich uplatnenie vo funkénych potravinach

Zodpovedny riesitel Ing. Zuzana Ciesarova, PhD.

Priiemca Narodné polnohospodarske a potravinarske centrum - Vyskumny
ustav potravinarsky

Nazov pracoviska, na ktorom bol projekt rieSeny

Narodné polnohospodarske a potravinarske centrum, Vyskumny ustav potravinarsky v
Bratislave

Slovenska technicka univerzita, Fakulta chemickeja potravinarskej chémie v Bratislave,
Ustav potravinarstva a vyZzivy

Nazov a stat zahraniéného pracoviska, ktoré spolupracovalo pri rieSeni

bez zahrani¢nej spoluprace

Udelené patenty/podané patentové prihlasky, vynalezy alebo uzitkové vzory, ktoré su
vysledkami projektu

UzZitkovy vzor &. 9269 Spdsob vyroby pufovanych produktov so zniZzenym obsahom
akrylamidu, pdvodcovia: Ciesarova, Z. — Murin, J. — Kukurova, K. — Jelemenska, V.,
zapisany diia 21.7.2021, Urad priemyselného vlastnictva SR, stav: udelené osved&enie
Prihlaska uzitkového vzoru €. 175-2021 Spbsob vyroby ovocnych a/alebo zeleninovych
preparatov so znizenym potencialom tvorby akrylamidu, pévodcovia: Ciesarova, Z. —
Kukurova, K. — Jelemenska, V., podana dia 29.11.2021, Urad priemyselného viastnictva
SR, stav: v konani

Prihladka patentu ¢. EP20214658.5 Method for the production of puffed products with
reduced acrylamide content, pévodcovia: Ciesarova, Z. — Murin, J. — Kukurova, K. —
Jelemenska, V., zverejnena dna 14.7.2021, European Patent Office, stav: zverejnena

Najvyznamnejsie publikacie (knihy, €lanky, prednasky, spravy a pod.) zhriiujuce
vysledky projektu — uvedte aj publikacie prijaté do tlace

Vedecké publikacie v karentovanych ¢asopisoch:

1. Constantin, O. E., Kukurova, K., Dasko, L., Stanciuc, N., Ciesarova, Z., Croitoru, C.,
Rapeanu, G.: Modelling contaminant formation during thermal processing of sea buckthorn
purée. Molecules, 2019, 24 (8), 1571. doi:10.3390/molecules24081571. Impact Factor: 3,06.
Citations until 2021: 5

2. Bur€ova, Z, Kreps, F., Schmidt, 8., Strizincova, P., Jablonsky, M., Haz, A,, Surina, I.: The
antioxidant activity, tocopherols and phenols contents of organic grapevine. BioResources,
2019, 14 (3), p. 4146 — 4156. doi: 10.15376/biores.14.2.4146-4156. Impact Factor: 1.396.
Citations until 2021: 6

3. Bur€ova, Z,, Kreps, F., Grivhova, P., Strizincova, P., Haz, A., Jablonsky, M., Surina, 1.,
Schmidt, S.: Spruce bark as a source of antioxidant active substances. BioResources, 2019,
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14 (3), p. 5980-5987. doi: 10.15376/biores.14.3.5980-5987. Impact Factor: 1.396. Citations
until 2021: 3

4. Ciesarova, Z., Murkovic, M., Cejpek, K., Kreps, F., Tobolkova, B., Koplik, R., Belajova, E.,
Kukurova, K., Dasko, L., Panovska, Z., Revenco, D., BurCova, Z.: Why is sea buckthorn
(Hippophae rhamnoides L.) so exceptional? A review. Food Research International. Vol.
133, (2020), s. [1-18], art. no. 109170. doi: 10.1016/j.foodres.2020.109170. Impact Factor:
4.972. Citations until 2021: 35

5. Janotkova, L., Poto¢nakova, M., Kreps, F., Krepsova, Z, Acsova, A, Haz, A, Jablonsky,
M.: Effect of Sea Buckthorn Biomass on Oxidation Stability and Sensory Attractiveness of
Cereal Biscuits. BioResources. Vol. 16, iss. 3 (2021), s. 5097-5105. doi:
10.15376/biores.16.3.5097-5105. Impact factor: 1.614. Citations until 2021: 0

6. Kreps, F., Dubaj, T., Krepsova, Z.: Accelerated oxidation method and simple kinetic
model for predicting thermooxidative stability of edible oils under storage conditions. Food
Packaging and Shelf Life. Vol. 29, (2021), s.[1-6], art. no. 100739. doi:
10.1016/j.fps1.2021.100739. Impact factor: 6.429. Citations until 2021: 1

7. Ciesarova, Z., Kukurova, K., Torbica, A., Belovic, M., Horvathova, J., Dasko, L.,
Jelemenska, V.: Acrylamide and 5-hydroxymethylfurfural in thermally treated non-wheat
flours and respective breads. Food Chemistry. Vol 365 (2021), art. no. 130491. doi:
10.1016/j.foodchem.2021.130491. Impact factor: 7,514. Citations until 2021: 2

Uplatnenie vysledkov projektu

Vysledky projektu boli uplatnené u odberatelov vysledkov:

PD TvrdoSovce (EXATA Group) - pestovatel rakytnika zabezpecil zber vzoriek rakytnika
reSetliakového v pravidelnych intervaloch po€as zberovej sezény pocas troch rokov (2019-
2021), podrobné charakteristiky plodov v jednotlivych fazach zrelosti boli vyuzité pre
optimalizaciu zberu plodov. VedlajSie produkty spracovania rakytnika boli na zaklade
poskytnutych informécii a vysledkov zhodnotené pri vyvoji novych produktov (rakytnikové
tinktary, funkéné cerealne vyrobky s vy§§im obsahom bioaktivnych latok vdaka obsahu
vedlajSich produktov rakytnika)

Mlyn Kolarovo, a.s. - poskytnuté mlynské vyrobky na pripravu produktov s obsahom
rakytnika boli charakterizované z hladiska zloZenia a obsahu prekurzorov tvorby akrylamidu.
Informécie o zloZeni aminokyselin umoZznili selektovat' muky s nizkym potencialom tvorby
akrylamidu.

Celpo, s.r.o., OCova: v spolupraci s odberatefom vysledkov boli prevadzkovo testované
nové postupy na znizenie tvorby akrylamidu v cerealnych pufovanych vyrobkoch s
pridavkom aj bez pridavku vedlajSich produktov rakytnika. Verifikované postupy boli
predmetom prihlasok ochrany dusevného viastnictva, a to formou uzitkového vzoru €. 9269
zapisaného v Registri Uradu priemyselného vilastnictva SR a prihlasky eurdpskeho patentu
€. EP20214658.5, ktory bol zverejneny v European Patent Bulletin 2021/28, published
14/07/2021, s.221-222.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

Projekt realizovany na pracovisku NPPC VUP v spolupraci s FCHPT STU v Bratislave bol
zamerany na identifikaciu, charakterizaciu a stabilizaciu bioaktivnych latok rakytnika
reSetliakového a ich uplatnenie vo funkénych potravinach. Aplikovany vyskum od
pestovania, spracovania a vyroby inovativnych druhov potravinarskych vyrobkov s
rakytnikom bol realizovany v spolupraci s PD TvrdoSovce, Celpo, s.r.o., O¢ova a Miyn
Kolarovo, a.s. Vstupna surovina plodov rakytnika reSetliakového odrody Leikora z
rakytnikového sadu PD TvrdoSovce bola po¢as 3 sezdn podrobne charakterizovana v ramci
celej doby rieSenia projektu (2018-2021). Na zaklade analyzy obsahu biologicky cennych
zlozZiek (vitaminov, flavonoidov, polyfenolov a dalSich zloZiek s antioxidaCnym uc€inkom) a
morfologickych a senzorickych parametrov boli charakterizované a porovnavané jednotlivé
Stadia zrelosti a odporucania pre zber a nasledné spracovanie plodov. Osobitna pozornost
bola venovana moznostiam vyuZzitia vedlajSich produktov z vyroby rakytnikovej Stavy, ktoré
su hodnotnym zdrojom bioaktivnych latok. Boli vyvinuté noveé receptury pre cerealne
vyrobky s ciefom zvySenia nutri¢nej hodnoty a charakterizécie vysledného obsahu
biologicky cennych zloZiek vo vyrobkoch pocas spracovania a skladovania. Kompozitné
zmesi muk pozostavajuce z cerealnych, pseudocerealnych a strukovinovych muk s
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pridavkom jemne mletého suSeného rakytnika boli pouzité na pripravu novych produktov
(chlieb, kolace, susienky a pufované chlebiky) so zvySenym obsahom vilakniny, proteinov a
dalSich zdraviu prospesnych zloziek. Produkty boli charakterizované z hladiska kvality,
nutri¢nej hodnoty a pritomnosti bioaktivnych latok, ale tiez z hfadiska obsahu kontaminantov
vznikajucich pe¢enim vyrobkov. Zistilo sa, Ze niektoré druhy obilnin (najma raz a ovos) ako
aj rakytnikové vylisky su vyznamnym potencialnym zdrojom nezZiaduceho akrylamidu. V
dalSom kroku bol preto navrhnuty inovativny spdsob enzymatickej predupravy vyliskov
rakytnika a muk pomocou asparaginazy, ktory viedol k ucinnej eliminacii vzniku neziaducich
procesnych kontaminantov po€as pecenia. Spésoby ziskania surovin s nizkou dispoziciou
pre vznik akrylamidu boli uplatnené ako Gzitkové vzory na UPV SR, resp. ako prihlaska
eurépskeho patentu. Pocas projektu vzniklo 7 vedeckych publikacii v zahraniénych
impaktovanych €asopisoch s celkovym ohlasom 52 citacii, 29 prispevkov v odbornych
Casopisoch a zbornikoch na Slovensku, 27 prispevkov na zahrani¢nych konferenciach
uverejnenych v zbornikoch, 1 zapisany uzitkovy vzor v SR, 1 prihlaSka eurdpskeho patentu
a 1 prihlaska uzitkového vzoruv SR, 5 novych vyrobkov, 1 overena technoldgia, 10
diplomovych prac, vznikli 2 doktorandské miesta, boli realizované 3 doktorandské prace, z
toho 1 obhajena, bolo zverejnenych 5 elektronickych dokumentov, usporiadanych 15
popularizanych aktivit, bolo podanych 5 Ziadosti o nové projekty v ramci SR, z toho 3 boli
podporené, a 4 Ziadosti medzinarodnych COST projektov, z toho 1 bol podporeny a boli
realizované dalSie formy medzinarodnej spoluprace i spoluprace s podnikatelskym
sektorom. Kolektiv riesitefov NPPC VUP pod vedenim Ing. Zuzany Ciesarovej, PhD. spolu s
realizatorom projektu Celpo, s.r.o., O€ova, ziskal Cenu za transfer technoldgii na Slovensku
2020 v kategorii Inovacia. Za systematicky pristup k transferu technoldgii boli nominovani v
kategdrii Inovator/Inovatorka aj v roku 2021.

Suhrn vysledkov rieSenia projektu a naplnenia ciel'ov projektu v anglickom jazyku
(max. 20 riadkov)

The project implemented at the NPPC VUP in cooperation with FCHPT STU in Bratislava
was focused on the identification, characterization and stabilization of sea buckthorn
bioactive substances and their application in functional foods. Applied research from the
cultivation, processing and production of innovative types of food products with sea
buckthorn was carried out in cooperation with PD TvrdoSovce, Celpo, s.r.o., O¢ova and
Mlyn Kolarovo, a.s. The input raw material of sea buckthorn fruits Leikora from the sea
buckthorn orchard PD TvrdoSovce was characterized in detail during 3 seasons of the
project period (2018-2021). Based on the analysis of the content of biologically valuable
components (vitamins, flavonoids, polyphenols and other components with antioxidant
effect) and morphological and sensory parameters, the individual stages of ripeness and
recommendations for fruit collection and subsequent processing were characterized. Special
attention was paid to the possibilities of using by-products from the production of sea
buckthorn juice, which are a valuable source of bioactive substances. New recipes for cereal
products have been developed in order to increase the nutritional value and characterization
of the resulting content of biologically valuable ingredients in the products during processing
and storage. Composite flour mixtures consisting of cereal, pseudocereal and legume flours
with the addition of finely ground dried sea buckthorn were used to prepare new products
(bread, cakes, biscuits and puffed breads) with increased fiber, protein and other health-
promoting ingredients. The products were characterized in terms of quality, nutritional value
and the presence of bioactive substances, but also in terms of the content of contaminants
generated by baking products. Certain cereals (especially rye and oats) as well as sea
buckthorn expellers have been found to be a significant potential source of undesirable
acrylamide. In the next step, therefore, an innovative method of enzymatic pretreatment of
sea buckthorn and flour with asparaginase was proposed, which led to the effective
elimination of the formation of undesirable process contaminants during baking. Methods of
obtaining raw materials with a low disposition for the formation of acrylamide were used as
utility models at the Industrial Property Office of the Slovak Republic, resp. as a European
patent application. During the project, 7 scientific publications were published in foreign
impact journals with a total response of 52 citations, 29 papers in professional journals and
proceedings in Slovakia, 27 papers at foreign conferences published in proceedings, 1
registered utility model in the Slovak Republic, 1 European patent application and 1 utility
model application in the Slovak Republic, 5 new products, 1 proven technology, 2 doctoral
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positions were created, 3 doctoral theses were performed, 1 of which was defended, 10
diploma theses were conducted, 5 electronic documents were published, 15 popularization
activities were organized, 5 applications for new projects within the Slovak Republic were
applied, of which 3 were supported, and 4 applications of international COST projects, of
which 1 was supported and other forms of international cooperation and cooperation with
the business sector were performed. The team of NPPC VUP researchers led by Ing.
Zuzana Ciesarova, PhD. together with the implementer of the Celpo project, s.r.o., OCova,
won the Technology Transfer Award in Slovakia 2020 in the Innovation category. They were
nominated in the Innovator category in 2021 for their systematic approach to technology
transfer.
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