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Nazov projektu Eviden¢né ¢islo projektu APVV-19-0234

Vyvoj probiotického pripravku na baze autochténnych laktobacilov pre lososovité ryby
uréeného na zlepsenie zdravia ryb a produkciu kvalitnych potravin

Zodpovedny riesitel doc. MVDr. Dagmar Mudroriova, PhD.
Priiemca Univerzita veterinarskeho lekarstva a farmacie v KosSiciach

Nazov pracoviska, na ktorom bol projekt rieSeny

Univerzita veterinarskeho lekarstva a farmacie v KoSiciach
Narodné polnohospodarske a potravinarske centrum - Vyskumny ustav zivo€iSnej vyroby
Nitra

Nazov a stat zahraniéného pracoviska, ktoré spolupracovalo pri rieseni

Faculty of Biosciences and Aquaculture Nord University, Bodo, Norsko

Ustav farmaceutické technologie Farmaceutické fakulty Masarykovy univerzity v Brne,
Ceska republika

Ustav zoologie, rybafstvi, hydrobiologie a v&elafstvi Mendelovej univerzite v Brne, Ceska
republika

Ustav ekologie a chorob zoozvifat, zvéFe, ryb a v&el Veterinarni univerzity v Brne, Ceska
republika

Viyzkumni Ustav veterinarniho 1ékafstvi v Brne, Ceska republika

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

Podané patentové prihlasky:

1. Sorensen, M., Viswanath, K., Mudrofiova, D., FeCkaninova, A. (patent inventors); Nord
Innovasjon AS, on behalf of Nord University, Bodo, Norway (prihlasovatel): Patent
application no. 20210585: Fish feed comprising probiotics, the Norwegian Industrial
Property Office, 2021.

2. Franc, A., Mudronova, D., Chomova, N., Popelka, P., KosCova, J. (pGvodcovia);
Masarykova univerzita, Brno Ceska republlka a Unlver2|ta veterinarskeho lekarstva a
farmécie v KoSiciach, Slovensko (prihlasovatelia): Probioticka krmna kompozice, urena
zejména pro vodni Zivogichy, a zplsob jeji pripravy (PV 2024-74), Urad prumyslového
vlastnictvi, Antonina Cermaka 2a, 160 68 Praha 6

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

Vedeckeé Clanky v karentovych alebo impaktovanych vedeckych Casopisoch:

1. CINGELOVA MARUSCAKOVA, Ivana, SCHUSTEROVA, Petra, POPELKA, Peter,
GANCARCIKOVA, Soria, CSANK, Tomas, FECKANINOVA, Adriana, RATVAJ, Marek,
MUDRONOVA, Dagmar. Effect of autochthonous lactobacilli on immunologically important
molecules of rainbow trout after bacterial infection studied on intestinal primoculture. In Fish
& shellfish immunology. ISSN 1050-4648, 2021, vol. 119, no., p. 379-383.
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2. NADANASABESAN, Nimalan, SORENSEN, Solveig Lysfjord, FECKANINOVA, Adriana,
KOSCOVA, Jana, MUDRONOVA, Dagmar, GANCARCIKOVA, Soria, VATSOS, loannis,
BISA, Saraswathy, KIRON, Viswanath, SORENSEN, Mette. Mucosal barrier status in
Atlantic salmon fed marine or plant-based diets supplemented with probiotics. In
Aquaculture. ISSN 0044-8486, 2022, vol. 547, no., art. no. 737516, p. [1-19]. (2021: 5.135 -
IF, 5.125 - IF 5y, 189 - H-index, 0.981 - SJR, Q1- SJR BestQ, Q1 - JCR Best Q).

3. NADANASABESAN, N., SORENSEN, S.L., FECKANINOVA, A., KOSCOVA, J.,
MUDRONOVA, D., GANCARCIKOVA, S., VATSOS, I, BISA, S., KIRON, V., SORENSEN,
M. Supplementation of lactic acid bacteria has positive effects on the mucosal health of
Atlantic salmon (Salmo salar) fed soybean meal. Aquaculture Reports. 2023, 28, 101461, p.
[1-158]. . (2022: 4.19 - IF, 3.08 - IF 5y, 34 - H-index, 0.805 - SJR, Q1 - SUIR BestQ, Q1-JCR
BestQ)

4. RATVAJ, M., CINGELOVA MARUSCAKOVA, |., POPELKA, P., FECKANINOVA, A,
KOSCOVA, J., CHOMOVA, N., MARES, J., MALY, O., ZITNAN, R., FALDYNA, M,
MUDRONOVA, D. Feedingregime-dependent intestinal response of rainbow trout after
administration of a novel probiotic feed. Animals. 2023, 13(12), p. [1-24]. . (2022: 3.0 - IF,
3.2 - IF 5y, 60 - H-index, 0.684 - SJR, Q1 - SIRBest Q, Q1 - JCR Best Q)

5. CHOMOVA, N., PAVLOKOVA, S., SONDOROVA, M., MUDRONOVA, D.,
FECKANINOVA, A., POPELKA, P., KOSCOVA, J., ZITNAN, R., FRANC, A. Development
and evaluation of a fish feed mixture containing the probiotic Lactiplantibacillus plantarum
prepared using an innovative pellet coating method. Frontiers in veterinary science. 2023,
10, p. [1-14]. . (2022: 3.14 - IF, 3.81 - IF 5y, 54 - H-index, 0.737 - SJR, Q1 - SJR BestQ, Q1
- JCR BestQ)

6. FECKANINOVA, Adriana, KOSCOVA, Jana, FRANC, Ale§, MUDRONOVA, Dagmar,
POPELKA, Peter. Prezivatelnost produkénych probiotickych kmeriov vo vybranej aplikacnej
forme. In Ceska a slovenska farmacie. ISSN 1210-7816, 2022, vol. 71, no. 1, p. 27-33.
(2021: 17 - H-index, 0.150 - SUR, Q3 - SJR Best Q).

7. FULOPOVA, N., CHOMOVA, N., ELBL, J., MUDRONOVA, D., SVULIC, P.,
PAVLOKOVA, S., FRANC, A. Preparation and evaluation of a dosage form for individualized
administration of lyophilized probiotics. In Pharmaceutics. ISSN 1999-4923, 2023, vol. 15,
no. 3, art. no. 910, p. [1-19]. (2022: 5.400 - IF, 6.000 - IF 5y, 85 - H-index, 0.795 - SJR, Q1 -
SJR BestQ, Q1- JCR Best Q).

Pozvané prednasky:

1. MUDRONOVA, D., POPELKA, P., CHOMOVA, N., RATVAJ, M., KOSCOVA J.,
S@PRENSEN, M., CINGELOVA MARUSCAKOVA, |., MARES, J., FALDYNA, M.
Immunomodulatory and gut-protective effects of a new probiotic feed intended for
salmonids. In The 17th International Scientific Conference on Probiotics, Prebiotics, Gut
Microbiota and Health: Proceedings of the 17th International Scientific Conference on
Probiotics, Prebiotics, Gut Microbiota and Health, 1. vyd. — Praha: CZECH-IN s.r.0, 2024.
ISBN 978-80-908364-8-8, s . 34.

2. MUDRONOVA, Dagmar, POPELKA, Peter, KOSCOVA, Jana, FECKANINOVA, Adriana,
CINGELOVA MARUSCAKOVA, Ivana, RATVAJ, Marek, CHOMOVA, Natélia, KIRON,
Viswanath, SORENSEN, Mette. Probioticky pripravok pre lososovité ryby — jeho vyvoj a
vplyv na zdravie ryb. In HYGIENA ALIMENTORUM XLII. HYGIENA ALIMENTORUM XLII:
Zdravotna bezpec€nost a kvalita produktov hydiny, rybolovu a zveriny — aktualne problémy a
trendy : Recenzovany zbornik abstraktov z medzinarodnej vedeckej konferencie. 1. vyd. -
KoSice : UVLF, 2022. ISBN 978-80-8077-751-7, s. 56.

Uplatnenie vysledkov projektu

Vysledkami rieSenia projektu su dve nové overené technoldgie pripravy a pouzitia
probiotického krmiva pre lososovité ryby, ktoré mézu byt okamzZite zavedené do praxe.
Jedna technoldgia bola vyvinuta pre pouzitie v akvakulture lososov atlantickych a pri jej
pouziti je predpoklad zlepSenia ekonomickych vynosov vzhladom na zlepSenie zdravia
lososov, predovSetkym znizenim incidencie enteritid a modulaciou imunity ryb, €o prispieva
aj k zlepSeniu produkénych ukazovatelov a welfare ryb. Druha technoldgia vyvinuta pre
akvakulturu pstruhov duhovych méze byt vyuzivana kratkodobo preventivne v stresovych
obdobiach (transport, manipulacia, tepelny stres a pod.) alebo dlhodobo pre Upravu
zdravého mikrobiému pstruhov, ale aj vodného prostredia, priCom je predpoklad zlepSenia
ekonomickych ukazovatelov vzhfadom na znizenie strata chorobnosti ryb a znizenie
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pouzivania lieCiv (najma antibiotik), ¢o je uplatnitelné hlavne v ekologickych chovoch.
Pridanou hodnotou oboch technolégii je zvySenie zdravotnej bezpe&nosti rybieho masa
znizenim potreby pouzivania antibiotik, ¢im sa znizi riziko vzniku rezistencie na antibiotika,
ako aj zataz Zivotného prostredia. Vzhfadom na prebiehajuce jednania s firmami
produkujucimi krmiva a kimne doplnky v Nérsku aj v Ceskej republike je perspektiva
komercionalizacie ziskanych vysledkov. Konecny odberatel’ vysledkov - Rybarstvo Pozehy
s.r.o takisto prejavil zaujem o vyuzivanie vysledkov projektu, priCom je vybaveny
technoldgiou pre pripravu probiotického krmiva priamo na farme po dodani probiotickych
kultuar.

Vyzmamnymi vysledkami projektu su aj nové vedecké poznatky, predovSetkym z oblasti
vplyvu probiotickych baktérii na imunitu a mikrobiom lososovitych ryb, ktoré budu uplatnené
pri priprave dal$ich vedeckych publikacii a nadvazujucich projektov.

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

Projekt APVV-19-0234 bol zamerany na vyvoj a Studium probiotického pripravku na baze
autochténnych probiotickych laktobacilov, ktory by mal zvySovat odolnost' lososovitych ryb
voCi chorobam a stresu bez pouZitia antibiotik. PoCas rieSenia projektu boli vyvinuté a
overené dve nové technoldgie pripravy a pouZzitia probiotického krmiva pre lososovité ryby,
jedna ur€ena pre lososy atlantické a druha pre pstruhy. V sulade so stanovenymi ciefmi boli
v prvej faze vyvinuté a otestované dve nové metddy pripravy probiotického krmiva s
vyuzitim komer&ne vyrabaného peletovaného krmiva zohladrujuce Specifika vyzivy lososov
a pstruhov. Nasledne boli krmiva otestované v neinfek&nych experimentoch na lososoch
atlantickych aj na pstruhoch duhovych, kde bol optimalizovany spbsob ich aplikacie a
overeny ich uc€inok na zdravie ryb. Vysledky potrvdili pozitivny vplyv na zloZenie a diverzitu
Crevnej mikrobioty a morfoldgiu €reva, silny protizapalovy u€inok krmiva s redukciou
priznakov enteritidy u lososov. V infekEnom experimente na pstruhoch duhovych bolo
zistené, Ze probiotické krmivo nie je schopné zabranit’ Ciasto€nému uhynu ryb po masivnej
infekcii baktériou Aeromonas salmonicida, avSak urychluje rekonvalescenciu prezivsich
jedincov. Pri testovani probiotického krmiva vo farmovych podmienkach boli potvrdené
vysledky z neinfekéného experimentu, kde bol zaznamenany pozitivny vplyv na Erevny
mikrobiém pstruhov a imunitnd odpoved, pri€¢om produkéné parametre boli zlepSené iba
pocas podavania krmiva. Viac ako mesiac po ukon&eni podavania probiotik sa hmotnosti
pstruhov neliSili od kontrolnych. Zo ziskanych vysledkov boli pripravené dve patentové
prihlasky, jedna v spolupraci s Nord University v Bodo so zameranim na krmivo pre lososy
bola podana v Norsku a druha pripravena v spolupraci s Farmaceutickou fakultou
Masarykovej univerzity v Brne bola podana v Ceskej republike. Vzhladom na prebiehajtice
jednania s komer&nymi firmami produkujdcimi krmiva a kimne doplnky v Norsku aj v Ceskej
republike je perspektiva komercionalizacie ziskanych vysledkov. Vysledky projektu bude
vyuzivat aj kone€¢ny odberatel - Rybarstvo Pozehy s.r.o., ktory disponuje technoldgiou na
pripravu probiotického krmiva. Ziskané vedeckeé vysledky boli publikovanych v 7 vedeckych
¢lankoch v karentovanych a impaktovanych ¢asopisoch, na ktoré je doposial 32 SCI
ohlasov.Taktiez boli uspeSne obhajené 2 dizertacné prace a 1 je pred obhajobou, obhajené
boli aj 3 diplomové prace a dalSie su rozpracované. Bola zorganizovana medzinarodna
konferencia a projekt bol kazdoro€ne popularizovany.Vyznamnym prinosom projektu je
rozvoj medzinarodnej spoluprace a partnermi z Nérska a Ceskej republiky a realizované
vymenné pobyty. Vzhlfadom na mnoZstvo ziskanych vysledkov su v priprave dalSie
spolo¢né vedecké vystupy ako aj nadvazujuci projekt.

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

The APVW-19-0234 project was focused on the development and study of a probiotic
preparation based on autochthonous probiotic lactobacilli, which should increase the
resistance of salmonids to diseases and stress without the use of antibiotics. During the
implementation of the project, two new technologies for the preparation and use of probiotic
feed for salmonid fish were developed and verified, one intended for Atlantic salmon and the
other for trout. In accordance with the set goals, in the first phase, two new methods of
preparing probiotic feed were developed and tested using commercially produced pelleted
feed, taking into account the specifics of salmon and trout nutrition. Subsequently, the feeds
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were tested in non-infectious experiments on Atlantic salmon and rainbow trout, where the
method of their application was optimized and their effect on the health of the fish was
verified. The results confirmed a positive effect on the composition and diversity of the
intestinal microbiota and the morphology of the intestine, a strong anti-inflammatory effect of
the feed with a reduction of enteritis symptoms in salmon. In an infection experiment on
rainbow trout, it was found that probiotic feed is not able to prevent the partial death of fish
after a massive infection with the bacterium Aeromonas salmonicida, but it accelerates the
recovery of surviving individuals. When the probiotic feed was tested in farm conditions, the
results from a non-infectious experiment were confirmed, where a positive effect on the
intestinal microbiome of trout and the immune response was noted, while the production
parameters were improved only during the feeding of the feed. More than a month after the
end of the administration of probiotics, the weights of the trout did not differ from the control
ones. Two patent applications were prepared from the obtained results, one in cooperation
with Nord University in Bodo focusing on salmon feed was filed in Norway and the other
prepared in cooperation with the Faculty of Pharmacy of Masaryk University in Brno was
filed in the Czech Republic. Due to ongoing negotiations with commercial companies
producing feed and feed supplements in Norway and the Czech Republic, there is a
perspective of commercialization of the obtained results. The results of the project will also
be used by the final customer - Rybarstvo PozZehy s.r.o., which has technology for the
preparation of probiotic feed. The obtained scientific results were published in 7 scientific
articles in CC and impacted journals, for which there are 32 SCI citations so far. Moreover, 2
dissertation works were successfully defended and 1 is about to be defended, 3 diploma
theses were also defended and others are in progress. An international conference was
organized and the project was popularized every year. A significant contribution of the
project is the development of international cooperation with partners from Norway and the
Czech Republic and the implemented exchange stays. Due to the number of obtained
results, other joint scientific outputs as well as a follow-up project are being prepared.
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