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1 Uvod

Gastrointestinalni trakt zvifat je osidlen rozmanitou mikrobiotou, kterd je tvotfena
prevazné bakteriemi. Odhaduje se, ze sav¢i mikrobiota traviciho traktu je slozena z 500 az
1000 bakteridlnich druhii. Vyvéazena stfevni mikrobiota, kterd ma nutri¢ni, imunologickou a
fyziologickou funkeci, hraje diilezitou roli ve zdravi jedince. Naopak nerovnovaha ve slozeni
sttevni mikrobioty mutze vést k riznym poruchdm traveni a zvySuje se tak riziko
mikrobialnich infekci, které jsou hlavni pfi¢inou ekonomickych ztrat v disledku mortality v
intenzivnich chovech hospodarskych zvirat. Diive se jako prevence infekcnich onemocnéni a
pro Upravu slozeni stievni mikrobioty gastrointestinalniho traktu pouZzivala antibiotika, ale
jejich pouzivani jako krmnych aditiv bylo v roce 2006 v Evropské unii zakdzano. Od této
doby jsou hledany nové zpisoby ovlivnéni a podpory stievni mikrobioty traviciho traktu
hospodatskych zvifat. Jednou z moznosti jak podpofit rovnovahu mikrobidlniho spolecenstvi
a tim podpofit zdravi zvifete je podavani probiotik a prebiotik.

V soucasné¢ dobé se pouziva jako probiotika pro hospodaiska zvifata tada
bakteridlnich rodt. Mezi bakterie, které se b&ézné¢ pouzivaji v Evropské unii jako krmna
aditiva, patii predevS$im grampozitivni bakterie rodu Bacillus, Enterococcus, Lactobacillus,
Pediococcus a Streptococcus. U nékterych bakterialnich druht je jejich pozitivni efekt na
hostitele sporny (E. coli, Bacillus sp., Enterococcus sp.), naopak mezi jednozna¢né pozitivné
pusobici bakteridlni rody patfi bifidobakterie a laktobacily. Pfi vybéru novych kment je
vhodné dbat na to, Ze mohou byt hostitelsky specifické, proto je vhodné jako probiotika
vyuzivat bakterie izolované z ZivocisSného druhu, kterému jsou urcena. Diky této vlastnosti se
zvysuje Sance kolonizace traviciho traktu. Probiotika se mohou podavat spole¢né s prebiotiky,
tato kombinace se nazyva synbiotika. Prebiotika jsou hostitelem nestravitelné latky, které jsou
selektivné metabolizovany stfevnimi bakteriemi a tim podporuji jejich rozvoj. Diky
kombinaci obou slozek dochazi k synergickému ucinku a zlepSuje se tak pfezivani a
kolonizace probiotickych bakterii. Jelikoz komeréné dostupna prebiotika mohou podporovat
kromé probiotickych bakterii 1 jiné stfevni bakterie, je vhodné testovat substratové preference

potencialné probiotickych kmenti a sestavit tak nové funkéni synbiotikum.



2  Soucasny stav problematiky

2.1 Strevni mikrobiota

Vsechna zvitata jsou hostiteli celé fady rozlicnych prokaryotickych a eukaryotickych
symbiontl, coz pfindsi urCit¢ fyziologické vyhody. Interakce mezi mikro- a
makroorganismem je dulezita zejména v gastrointestinalnim traktu (GIT). Pfirozend stievni
mikrobiota je sloZzena z bakterii, plisni, virG a archei, avSak bakterie jsou nejvice pocetnou
skupinou (Hollister et al., 2014). Sttevni mikrobiota savcu je slozena z 500 — 1000 raznych
bakterialnich druhti a vétSina z nich patii do dvou kment, Bacteroides a Firmicutes (Leser and
Molbak, 2009). I kdyz je savci GIT osidlen bakteriemi patiicimi pfedev§im do dvou hlavnich
kment, rodova a druhova diverzita, zejména u savcu, je obrovska. Cela fada bakterialnich
druhdt byla nalezena jak v travicim traktu lidi, tak u riznych dalSich savcd, ale nékteré
bakterie jsou hostitelsky specifické a byly nalezeny pouze u konkrétnich Zivoc¢iSnych druhi.
Pritomnost urcitych bakteridlnich druhd neni déna pouze druhem zvifete. OdliSnosti ve
Slozeni stfevni mikrobioté v ramci jednoho Zzivocéisného druhu mohou byt zplsobeny i
rozdilnym zpiisobem porodu, sloZenim stravy, Zivotnim stylem, stravovacimi navyky, vékem,
genetickou vybavou hostitele a dal$imi jinymi faktory jako jsou lécba antibiotiky nebo
prodélani stievni infekce a zanétliva stievni onemocnéni (Yoon et al., 2015). Na rozdil od
savcl nebo jinych obratlovel byla nalezena daleko mensi bakterialni diverzita u bezobratlych
zivocichd (Yun et al., 2014). Naopak nejvétsi rozmanitost ve sloZeni stfevni mikrobioty byla
nalezena u motskych bylozravcu (Nelson et al., 2013). Z biomedicinského hlediska vysoka
diverzita bakteridlniho osidleni v trdvicim traktu je spojovdna se zdravim jedince. Byly
provedeny studie u myS$i a lidi, kde bylo zjiSténo, Ze mikrobiota s nizkou diverzitou
predikovala zvySené riziko rozvoje riznych zanétlivych onemocnéni (Hansen et al., 2014;
Hildebrand et al., 2013).

Vyvoj mikrobioty traviciho traktu savci zac¢ind okamZzikem porodu, kdy je sterilni
travici trakt mladéte osidlovan piirozenou mikrobiotou matky a okolnim prostiedim (Leahy et
al., 2005). Mlad’ata zvifat ptichazeji do styku s matéinymi vykaly a intestinalni bakterie
pfijimaji i béhem sani matefského mléka. U vSech ZivociSnych druhl probihd stfevni
kolonizace podobné. Po narozeni se navySuji pocty bakterii, dokud se nevytvoii relativné
stabilni mikrobiota. Tento proces je ovlivnén riznymi faktory, jako jsou zptisob porodu, délka

t€hotenstvi, zptisob krmeni a okolni prostiedi (Dogra et al., 2015). Jelikoz travici trakt t€sné
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po porodu obsahuje kyslik, prvni bakterie, které kolonizuji stievo, jsou fakultativné anaerobni
bakterie. Pfiblizné¢ do 24 hodin jsou pii bézném pribchu vyvoje mikrobioty nahrazeny
prevazné anaerobnimi bakteriemi. Obecné plati, Ze prvnich 24 hodin dochazi k vyznamnym
zmeénam ve slozeni stfevni mikrobioty. VéEtSinu bakterialnich rodi, které jsou dominantni
béhem prvnich dni zivota, nahradi pozdé&ji jiné rody. Zhruba po Sesti mésicich se u zvifat
vyvine stabilni stfevni mikrobiota dospélého typu, u lidi je tento proces obvykle delsi a trva 2-
3 roky (Palmer et al., 2007). Zasadni vliv na zménu bakterialni populace ve stfevech savci ma
ukonceni mlécné vyzivy. I kdyz je velmi obtizné definovat “normalni* stievni mikrobiotu,
z védeckych studii vyplyva, ze hlavni bakteridlni kmeny, které jsou pfitomny v travicim
traktu, jsou kmeny Firmicutes (zastoupen piedevs§im rody Clostridium, Faecalibacterium,
Blautia, Ruminococcus a Lactobacillus) a Bacteroidetes (zastoupen piedev§im rody
Bacteroides a Prevotella). Ostatni kmeny jako Actinobacteria (Bifidobacterium sp.),
Proteobacteria (Grammaproteobacteria sp. a Enterobacteriaceae sp.) nebo Verrucomicrobia
(Akkermansia sp.) byvaji pfitomny v nizsich poctech, ale ptesto ovliviwji, at’ uz pozitivné
nebo negativné, zdravi jedince (Leser and Melbak, 2009; Matamoros et al., 2013). Naptiklad
bifidobakterie patii mezi jednoznacné prospésné bakterie a nékteré druhy jsou pouzivané jako
probiotika. Dalsi pozitivné puasobici bakterii je Akkermansia muciniphila, ktera je béznou
soucasti stfevni mikrobioty savcll a v nejvysSich poctech je nalézanid u bylozravca. A.
muciniphila patii mezi mucin-degradujici bakterie a podporuje imunitni odpovéd’ hostitele
(Derrien et al., 2011). Naopak do tfidy Grammaproteobacteria patii nékteré bakterialni
druhy, které jsou patogenni a mohou zplisobovat vazna onemocnéni. Jednd se naptiklad o
Escherichia coli, Salmonella sp., Yersinia sp., Vibrio sp. a Pseudomonas sp.

Velké projekty zaméfené na studium lidského mikrobiomu jako Human microbiome
project a Metagenomics of the Human Intestinal Tract napomohly prohloubeni znalosti o
sloZzeni lidské stfevni mikrobioty. Diky témto projektim byly definovany na zdkladé
metagenomického sekvenovani tfi zdkladni skupiny lidskych stfevnich mikrobiomd, tzv.
enterotypy. Enterotypy jsou nazyvany podle skupiny bakterii, které v daném mikrobiomu
dominuji a to: Bacteroides, Prevotella a nebo Ruminococcus. Podle druhu diety se daji dva ze
tii zminénych enterotypt predurcit. Enterotyp Bacteroides je spojovan s dietou zapadnich
zemi, ktera je charakteristicka vysokym obsahem bilkovin a tuku v potrave, naopak enterotyp

Prevotella mivaji lidé, kteti konzumuji vysoky podil rostlinné stravy (Voreades et al., 2014).



Se zvysujicim se vékem dochazi ke zméndm ve slozeni a funkci stfevni mikrobioty.
Dochazi ke snizovani poctu nékterych bakterialnich rodu (Bifidobacterium sp. a Bacteroides
sp.), které maji protektivni funkci. Vyznamné se méni 1 pomér bakterii patficich do kment
Firmicutes a Bacteroidetes, kdy se sveékem zvySuje poCet bakterii patiici do kmene
Bacteroidetes (Mariat et al., 2009). Z védeckych studii ale vyplyva, Ze spi$ nez vek, ovliviuji
bakteridlni zmény v trdvicim traktu dieta, okolni prostfedi, obezita nebo rlzna

gastrointestinalni onemocnéni (O’Connor et al., 2014).

2.1.1 Mikrobiota jednotlivych ¢asti GIT

Mikrobialni slozeni (druhové zastoupeni a mnozstvi mikroorganismil) traviciho traktu
je v jeho jednotlivych ¢astech rozdilné (obrazek €. 1). Mechanické a enzymatické traveni
potravy zacind v ustech, kde jsou pfitomné rizné druhy bakterii, virti a plisni. Mezi typické
zastupce ustni mikrobioty patii rody Streptococcus, Neisseria, Lactobacillus a Micrococcus,
Vv ustni duting psi byl nalezen ve vysokém poctu i naptiklad rod Pseudomonas (Manuel et al.,
2014). O slozeni Gstni mikrobioty ptezvykavcl nejsou k dispozici zadné védecké studie,
protoze vétSina odbornych textl souvisi se vznikem zubniho kazu u lidi nebo jsou studie
zametfené na zvireci kousnuti a nasledné infekce. Obecné ale plati, ze vétSinu bakterialnich
druhti 1ze povaZovat za komenzaly Gstni dutiny, ktefi vytvaii pomérn¢ stabilni biofilm, jenz je

odolny proti mechanickému namahani a antibiotické 1é¢bé (Avila et al., 2009).

Obrazek ¢. 1: Znazornéni poctu bakterii v jednotlivych ¢astech traviciho traktu

monogastrickych savct (Leser and Melbak, 2009).
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Tréavici trakt savcl pokracuje pres hltan a jicen do zaludku, kde jsou pak zasadni
rozdily ve fyziologii travicitho traktu a tedy i v trdveni potravy mezi monogastry a
prezvykavci. U prezvykavcu je nejdiive potrava fermentovana mikroorganismy v bachoru a
az poté je travena v tenkém a tlustém stfeve. Enzymatické traveni zvifete nastupuje az po
fermentaci a jsou jim strdveni i prvoci a bakterie, zatimco u monogastrii probiha hlavni
fermentace az v tlustém stievé. Dokud jsou mlad’ata prezvykavel na mlécné vyzive, neni
vyvinuty bachor a jejich fyziologie traveni je shodnd s trdvenim potravy monogastrického
zvifete.

Diky sekreci Zalude¢ni §tavy do zaludku se pH po smichani s potravou pohybuje
vrozmezi 2 - 4 (ale i 1). Nizké pH v Zaludku ma baktericidni ucinek a je jednim
Z nejucinngjSich obran téla proti patogentim, které se do téla dostanou s jidlem nebo vodou.
Napiiklad bakterie Vibrio cholerae je citliva na nizké pH Zaludku a tak k propuknuti
onemocnéni miZe dojit po piti a pouZivani vody, kterd obsahuje 10° KTJ/ml Jiné
mikroorganismy jsou vsak tolerantni k nizkému pH a mohou tak ptezit prichod zaludkem a
jejich infekéni dévka je pak malé (i 10* KTJ/ml). Mezi takové patogenni bakterie patii nékteré
druhy Salmonella sp., Shigella sp. a znamy sérotyp enterohemoragické E. coli O157:H7
(Tuohy and Del Rio, 2014). I kdyz neptiznivé prostiedi Zaludku zabranuje ptezivani vétSiny
druhii bakterii, nékteré jsou zde piitomny a to v mnozstvi 10* — 10* KTJ/g. Asi nejznam&jsi
bakterii obyvajici zalude¢ni prostiedi lidi i zvifat je podminény patogen Helicobacter pylori,
ktery mize byt pivodcem riznych gastritid (Leser and Melbak, 2009; Walker and Talley,
2014). Neéktera monogastricka zvitata, piikladem jsou kon¢ a prasata, maji ve skvamozni casti
zaludku pomérné vysoky pocet laktobacilti (Barrow et al., 1980; Yuki et al., 2000). Mezi dalsi
bakterie Casto ptitomné v zaludku patii Streptococcus sp., Actinomyces sp., Prevotella sp. a
Gemella sp., ale Tuohy and Del Rio (2014) pfipousti, Ze je pomé&mé problematické rozlisit
bakterie, které jsou pritomné v zaludku pfirozené a bakterie, které se sem dostaly z jicnu nebo
z oralni dutiny.

Naopak vysoké pocty mikroorganismi jsou pifitomny v bachoru piezvykavci, pocty
prokaryotickych a eukaryotickych organismii dosahuji mnozstvi az 10" KTJ/g. Hlavni
skupinou jsou bakterie, které jsou pfitomné v poctech 10— 10" KTJ/g, dale prvoci 10° - 10°
KTJ/g a pritomné jsou 1 kvasinky, fagy a anaerobni houby (Wallace and Newbold, 1992).
V bachoru jsou nejvice zastoupeny bakterie kment Bacteroidetes a Firmicutes, v minoritnim

mnozstvi jsou pritomny bakterie kmenti Proteobacteria, Actinobacteria a Tenericutes.
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Zastoupeni bakterii v bachoru se znac¢né liSi mezi jedinci. Napiiklad bakterie kmene
Bacteroidetes jsou Vv poctech velmi variabilni, jejich zastoupeni se pohybuje v rozmezi od 26
% do 70 % (Jami et al., 2012). Zasadni je v bachoru pfitomnost bakterii, které se podileji na
Stépeni celulozy a dalSich rostlinnych polysacharidi, mezi nejvyznamnéjsi celulolytické
bakterie patii Fibrobacter succinogenes, Ruminococcus albus a Ruminococcus flavefaciens
(Koike and Kobayashi, 2001). Pti¢emz u nékterych jedinct skotu nemusi byt Fibrobacter
succinogenes obsazen vubec (Jami et al., 2012). Dilezita je pfitomnost prvoku, i pies jejich
mensi pocet, ve srovnani s po¢tem bakterii, je jejich objem, v prfedzaludku zhruba shodny
s objemem piitomnych bakterii. Jedné se tedy o vyznamny zdroj proteinti a aminokyselin pro
prezvykavce. Funkce protozoi spociva predev§sim ve fermentaci rozpustnych sacharidli a
Skrobu, ale i jinych polysacharidi, jako je naptiklad xylan (Krause et al., 2003). Hlavnimi
produkty jejich metabolismu jsou kyselina octova, kyselina maselnd, oxid uhli¢ity a vodik.
Hlavni metabolity bakterii jsou kyselina octova, kyselina propionova a kyselina maselna.
Mikroorganismy v bachoru tedy hydrolyzuji a fermentuji rostlinou potravu za vzniku
t€kavych mastnych kyselin (SCFA) a nésledné se tyto kyseliny vstfebavaji pies bachorovou
sténu do krve, kde slouzi jako zdroj energie. T¢kavé mastné kyseliny dodavaji az 75 %
potiebné energie pro piezvykavce (Kristensen et al., 1998).

Ptitomnost mikroorganismil v tenkém stievé je ovlivnéna pomérné rychle proudici
traveninou, sekreci zlu€ovych kyselin a aktivitou imunitniho systému. V tenkém stfevé je
pomérné vysokd sekrece imunoglobulind, zvlasté IgA, které zabranuji adhezi bakterii na
stievni epitel (Tuohy and Del Rio, 2014). Kaudalnim smérem se mnozstvi bakterii v travicim
traktu zvysuje, v tenkém stfevé jsou bakterie pfitomné v poctu okolo 108 KTJ/g, v tlustém
stievé az 10™ KTJ/g (Leser and Molbak, 2009). V tlustém stievé u monogastrickych zvirat
prevazuji bakterie kment Firmicutes a Bacteroidetes. Ostatni kmeny jako Proteobacteria,
Actinobacteria, Spirochaetes, Verrucomicrobia, Tenericutes a Cyanobacteria jsou
Vv intestinalnim traktu pfitomny, ale jejich mnozstvi je vétSinou minoritni (Garcia-Mazcorro
and Minamoto, 2013). Pokud jsou srovnavany studie, které se zabyvaji sloZzenim stfevni
mikrobioty u zvifat, nékdy jsou prezentovany pomérmné rozdilné vysledky. Dtvody téchto
rozdilnych vysledkii mohou byt samoziejmé zpusobeny odliSnym slozenim stfevni
mikrobioty, ale na ziskané vysledky ma i vliv zvolena metoda identifikace a charakterizace
mikroorganismii a u molekularné genetickych metod mé vyznamny vliv zplsob extrakce

DNA (Garcia-Mazcorro and Minamoto, 2013; Kunin et al., 2010; Zoetendal et al., 2001).

11



2.1.2 Funkce stievni mikrobioty

Gastrointestinalni trakt je idealnim mistem pro rtst a mnozeni bakterii, které jsou
pfizptsobené teploté savcll a anaerobnim podminkam. Jednd se o symbidzu mezi makro a
mikroorganismy, ktera se vyvijela vice nez miliardu let (Neish, 2002). Hlavni funkci
gastrointestindlniho traktu je trdveni a vstfebavani potravy a tomu napomahaji i pfitomné
bakterie. Krom¢ metabolickych pfemén riiznych substrath v travicim traktu neboli nutri¢ni
funkce, ma stfevni mikrobiota i funkci imunologickou a fyziologickou.

Mikroorganismy pfitomné v travicim traktu ziskavaji energii predev§im
Z nestravenych sacharidd, které jsou ptitomny v potravé. Kromé sacharidi jsou v tlustém
sttevé bakteriemi rozkladany i1 bilkoviny a peptidy. Kromé& nestrdvené potravy mohou
mikroorganismy pfitomné v travicim traktu utilizovat i latky, které nejsou dietniho ptivodu,
jednd se napiiklad o mucin produkovany buitkami stfevniho epitelu. Nékteré bakterie
preferuji mucin jako hlavni zdroj energie misto jinych sacharidi (Egert et al., 2006).

Pfi traveni urcCitych substrati produkuji bakterie zdravotné prospé$né bioaktivni
metabolity, mezi které patii bioaktivni lipidy, jako jsou mastné kyseliny s kratkym fetézcem a
konjugovana kyselina linolova. Nejvyznamnéjsimi SCFA jsou kyselina octova, propionova a
maselna. Nejvyssi koncentrace SCFA se nachdzi v tlustém stievé, kde slouzi jako zdroj
energie pro enterocyty nebo jsou transportovany pres stievni epitel do krevniho feciste.
Produkce SCFA pftiznivé ovliviiuje metabolismus glukézy a lipidl v jatrech. Naptiklad bylo
prokézéno, ze kyselina propionova snizuje obsah mastnych kyselin v jatrech a v plazmé a
pravdépodobné zvysuje citlivost tkani na inzulin (Al-Lahham et al., 2010). Kyselina maselna
zase slouZzi jako zdroj energie pro enterocyty a jeji nedostatek miize zpiisobovat rtizné stievni
zangty. Pokud se v tlustém stiev€ zvysi mnozstvi produkce metabolitli obsahujici siru
(naptiklad H,S a methanthiol), tyto metabolity za¢nou blokovat oxidaci butyratu enterocyty,
coz mize vést k epitelové atrofii (Egert et al., 2006). Acetat je vyuzivan jako zdroj energie
nebo jako prekurzor pro syntézu rtiznych komplexnich molekul v jatrech, svalech a jinych
perifernich tkanich (Bindels et al., 2012). Navic ptitomnost SCFA snizuje pH v tlustém
stfevé, a tak vznika nevhodné prostfedi pro patogenni mikroorganismy (Cummings and
Macfarlane, 1997). Rada bakterii v travicim traktu produkuje vitamin K, a vitaminy skupiny
B (thiamin By, riboflavin B, kobalamin B, kyselina listova Byg), které jsou vyuzitelné pro

hostitele (Conly and Stein, 1992). Krom¢ produkce vitamint se stievni mikrobiota podili i na
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vstiebavani elektrolytli a vody a zlepSuje absorpci vapniku, hot¢iku, zinku a Zeleza v tlustém
stitevé (Cummings and Macfarlane, 1997; Scholz-Ahrens et al., 2001).

Stievni epitelidlni bunky jsou pokryty hlenem (mukus), ktery je tvoien predevSim
mucinem. Mucin je nazev pro skupinu glykoproteinti, které jsou produkovany poharkovymi
bunikami. Stfevni mukus funguje jako lubrikant a usnadfiuje transport zivin. Zaroven ale
slouzi jako obranna linie proti bakterialni invazi. Ve vnéj$i ¢asti mukozni vrstvy jsou
adherované bakterie, které jsou zde navazany diky pfitomnému lektinu. Lektiny jsou proteiny
neimunitniho ptvodu a jejich vyznamnou vlastnosti je, ze dokézi selektivné rozpoznavat a
nasledné vazat cukry, glykoproteiny a glykolipidy pfitomné v bunééné sténé bakterii. Proto
zde mohou byt navazany jen urcité druhy bakterii, pro které mize byt mucin i zdrojem
energie, jak uz bylo vySe popsano. Ve studiich porovnavajicich bezmikrobni a konvenéni
zvitata bylo zjisténo, ze pfitomnost bakterii pozitivné ovlivituje morfologii stieva. Bylo
zjisténo, ze u konvencnich zvitat je mukoézni vrstva siln€jsi a mnozstvi poharkovych bunék je
vy$8i nez u bezmikrobnich zvitat (Sharma et al., 1995). Pfitomnost mikroorganismu ovliviiuje
i morfologii samotného stfevniho epitelu. Bylo napfiklad zjisténo, ze epitelové bunky ve
sttevech bezmikrobnich zvifat maji méné vyvinuté mikroklky (Banasaz et al., 2002). Dalsi
praci tykajici se rozdild v histologii tlustého stieva konvencnich a bezmikrobnich zvifat
publikovali Wikoff et al. (2009). Autofi uvadi, Ze bezmikrobni mySi maji vyss$i pocet
serotonin produkujicich bun€k (enterochromafinni buiiky) ve srovnani s konvenénimi mySmi,
zajimavé ale je, Ze mnoZstvi serotoninu bylo vyssi u konvencnich mysi. Serotonin patii mezi
vyznamné neurotransmitery, které ovliviiuji mimo jin€ 1 funkci gastrointestindlniho traktu a
proto se piedpoklada, Ze niz§i mnozstvi serotoninu negativné ovlivituje sttevni peristaltiku a
prodluzuje dobu traveni (Samuel et al., 2008). Stievni mikrobiota se také podili na proliferaci
stfevnich bunék. Jones et al. (2013) ve své studii uvadi, ze laktobacily stimuluji produkeci
oxidas, které jsou zodpovédné za proliferaci enterocyti. Pritomnost bakterii také naptiklad
podnécuje rust Peyerovych plasta, které jsou soucasti slizni¢ni imunity (Lu and Walker,
2001). Zajimavy je také poznatek nedavné studie, kde Reinhardt et al. (2012) popisuji, ze
sttevni mikrobiota ovliviluje vyvoj vaskuldrniho systému. Kolonizace bezmikrobnich mysi
bakteriemi zplsobuje restrukturalizaci stfevnich klku, které se zkrati a rozsiti, diky tomu se
zabrani mikrobialni infiltraci. Zména morfologie stfev zpasobi vyS$i potiebu kysliku

endotelovych bunék a v disledku toho probiha i intenzivnéjs$i angiogeneze.
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Stfevni mikrobiota gastrointestindlniho traktu je dulezitd pro vyvoj imunitniho
systému a stimuluje jak fyziologicky vyvoj humoralni, tak buné¢né slizni¢ni imunity. VétSina
imunitnich bunék je lokalizovana pod slizni¢nim povrchem, kde tvoii slizni¢ni lymfaticky
systétm. Aby se imunitni systém mohl spravné vyvijet, potfebuje se dostat do kontaktu
s bakteridlnimi antigeny a k tomu vyuZziva antigen prezentujici builky (makrofagy, dendritické
buiky, B-lymfocyty). Pfi optimalnim slozeni stfevni mikrobioty dochazi k imunitni reakci,
ktera vede k produkci cytokini a vzniku aktivni tolerance neSkodnych antigent. Tyto
antigeny jsou velice dulezité pro vyvoj vyvazeného typu imunitni odpovédi. Pokud nedochazi
k dostate¢né stimulaci imunitniho systému, pievazuje typ Th2 imunitni odpovédi, coz vede
k pfehnanym imunitnim reakcim. Th2 buiniky podporuji vznik imunoglobulinti E, které jsou
zodpovédné za alergické reakce (Umetsu et al., 2002). Konkrétnim piikladem modulace
imunitniho systému pfitomnosti mikroorganismli v travicim traktu muize byt bakterialni
polysacharid produkovany Bacteroides fragilis, ktery fidi bunétné zrani vyvijejiciho
imunitniho systému tim, ze podporuje vyvoj lymfocytd typu Thl a tim napomaha k rovnovaze
imunitni odpovédi (Mazmanian et al., 2005). Krom¢é modulace imunitni odpovédi stievni
bakterie ochraiiuji hostitele 1 vytvafenim urcité ochranné bariéry. Komenzalni bakterie
obsazuji vazebna mista na sttevnim epitelu a tak pfitomné patogeny nemohou proniknout pies
slizni¢ni povrch do téla hostitele a zahdjit sviij Zivotni cyklus. Zaroven dochazi ke kompetici
o zdroj zivin, vitaminl a rGstovych faktorti, které jsou nezbytné pro riist a rozmnoZovani
bakterii (Lee and Salminem, 2009).

V poslednich letech jsou také k dispozici studie popisujici interakce mezi stfevnim
mikrobiomem a centrdlni nervovou soustavou. Bakterie ptitomné ve stfevé hostitele
syntetizuji Sirokou Skalu kompletnich signalnich molekul nebo molekul, které jsou za né
zaménitelné a tim pisobi na neurony enterického nervového systému nebo na bloudivy nerv.
Konkrétné se jednd napiiklad o serotonin, y-aminomaselnd kyselina, katecholaminy a

acetylcholin (Patterson et al., 2014).
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2.2 Stievni mikrobiota mlad’at prezvykavci

O slozeni stievni mikrobioty traviciho traktu mlad’at piezvykavcd neni k dispozici
mnoho studii. VétsSina studii se zabyva vyvojem a sloZzenim mikrobioty bachoru, které¢ ma vliv
na nasledné produkéni vlastnosti dospélého jedince. Vyvazené slozeni stfevni mikrobioty ale
neni o nic mén¢ dulezité, protoze mize ovlivnit zdravotni stav zvifete. Pokud mlad’ata
prezvykavci trpi sttevnimi infekcemi, jejich vyvoj mize byt zpomalen a mtize mit negativni
efekt na produktivitu zvitete (Signorini et al., 2012). Infek¢éni prijmova onemocnéni jsou
navic jednou z hlavnich pfi¢in ekonomickych ztrat v dusledku mortality. Mellado et al. (2014)
uvadéji, Ze umrtnost telat v prvnich 16 tydnech zZivota se obvykle pohybuje mezi 8 a 12 %,
toto rozmezi hodnot plati pro mirné klimatické podminky a li§i se mezi stddy. Stfevni infekce
u mladat hospodaiskych zvifat jsou nejcastéji zpusobeny Escherichia coli, rotaviry,
koronaviry, Clostridium perfringens, Salmonella sp. a Cryptosporidium sp. Salmoneldza je
povazovana za jednu z nejvyznamnéjSich zoondz s velkymi ekonomickymi dopady. I kdyz u
dospé€lého skotu salmonely cCasteji zpusobuji subklinické infekce (bez klinickych ptiznaki
onemocnéni), u telat mohou ve stadé¢ vyvolat prijmové onemocnéni s vysokym uhynem
(Rana et al., 2012). Podobné je to i s bakteriemi E. coli, které jsou béZnou soucasti stievni
mikrobioty mlad’at pfezvykavcl, ale nékteré patogenni kmeny E. coli mohou zptsobovat
vazna prijmova onemocnéni (Walle et al., 2013). Na druhou stranu nékteré kmeny E.coli
mohou snizovat moznost stfevni infekce u mladat prezvykavci podobné jako probioticky

kmen E. coli Nissle 1917 u lidi (von Buenau et al., 2005).

2.2.1 SloZeni a vyvoj stifevni mikrobioty mlad’at prezvykavci

Mezi dominantni bakteridlni kmeny, které jsou pfitomné v travicim traktu telat, patii
Bacteroidetes, Proteobacteria a Firmicutes. Dvanact hodin po porodu jsou V intestinalnim
traktu pfitomné bakterie patfici pfedevsim do kmene Proteobacteria. Po n€kolika dnech se ale
bakterialni zastoupeni zméni a dominantni skupinou se vétSinou stavaji bakterie, které patii
do kmene Bacteroidetes. Tyto bakterie tvoii praimérné 69,3 % celkové stfevni mikrobioty
telat, ale jejich pocet se méni v zavislosti na stafi telete a dalSich vlivech jako je naptiklad

dieta a tak se pocet téchto bakterii pohybuje v rozmezi od 31,7 — 84,8 % (Klein-Jobstl et al.,
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2014). U dospélych jedincl je pak dominantnim kmenem v travicim traktu skotu kmen
Firmicutes (Kim et al., 2014).

Mayer et al. (2012) publikovali studii, kde sledovali rany vyvoj stfevni mikrobioty u
mlad’at telat pomoci PCR-SSCP metody (Polymerase Chain Reaction — Single-strand
conformation polymorphism; obrazek ¢. 2). Mezi prvnimi detekovatelnymi bakteriemi po
narozeni byly fakultativné anaerobni bakterie rodu Citrobacter a bakterie mlééného kvaseni
jako jsou Lactococcus, Leuconostoc a Lactobacillus. Autor zaroven uvadi, ze Citrobacter sp.,
bakterie patiici k ¢eledi Enterobacteriaceae, vymizely z traviciho traktu telat do 24 hodin.
Podobné na tom byl i rod Leuconostoc. Po prvnim dnu Zivota se staly dominantni skupinou E.
coli, ale jejich pocty se po tfech az sedmi dnech snizovaly nebo tyto bakterie uplné vymizely.
Uvedené vysledky jsou ve shodé se studiemi, kde bylo pomoci kultiva¢ni metody zjiSténo, Ze
treti den zivota byly u telat a jehiat v trdvicim traktu dominantni skupinou laktobacily a
koliformni bakterie, mezi které patii i E. coli (Vlkova et al., 2006; Vlkova et al., 2009).
Stfevni mikrobiota telat se pfiblizn¢ do sedmi dnli relativné ustali a pocetnymi se stavaji
bakterie mlé¢ného kvasSeni a bifidobakterie (Maldonado et al., 2012; Mayer et al., 2012;
Ventura et al., 2004). Podle Rada et al. (2006) je stievni mikrobiota telat na mlééné vyziveé
podobna mikrobioté kojencti s pievahou bifidobakterii, kde pocty bifidobakterii prevySovaly
pocty laktobacili o dva tady. Stejné jako matetské mléko i1 kravské mléko obsahuje urcité
mnozstvi oligosacharidl (0,7 — 1,2 g/l), které ma bifidogenni efekt, to znamend, Ze podporuji
rast bifidobakterii v travicim traktu (Bondue and Delcenserie, 2015). Pfitomnost
oligosacharidt kravského mléka (BMO — bovine milk oligosaccharides) mtize byt jednim z
davodu, pro¢ dieta vyznamné ovliviuje vyskyt bifidobakterii v travicim traktu telat. Telata na
mlécné vyziveé maji vyssi pocet bifidobakterii nez telata na kombinované dieté. Telata, kterd
nesaji mléko od svych matek a ptijimaji mlé€né krmné smési v kombinaci se startérem, maji
pocty bifidobakterii podobné vysoké jako pocty laktobacilti (Vlkova et al., 2008). Mezi druhy
bifidobakterii, které se vyskytuji u mlad’at telat patii Bifidobacterium animalis subsp.
animalis, B. bifidum, B. breve, B. longum subsp. infantis a longum, B. pseudocatenulatum, B.
thermophilum, B. pseudolongum subsp. globosum, B. pseudolongum subsp. pseudolongum
(Biavati et al., 2000; BuneSova et al., 2012a). Mezi laktobacily, které se vyskytuji u telat
Vv intestinalnim traktu, patii Lactobacillus johnsonii, L. salivarius, L. murinus, L. mucosae, a
L. amylovorus (Maldonado et al., 2012). Pocet laktobacili stejné jako mnozstvi

Faecalibacterium sp. klesa v obdobi, kdy jsou telata odstavovana. Naopak pfi odstavu telat se
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zvySuji pocty bakterii rodu Paraprevotella, Oscillibacter, Alistipes a Phocaeicola (Klein-
Jobstl et al., 2014). Vyskyt téchto bakterii je spojovan s vys§im piijmem vlakniny (Rice et al.,
2012). Dalsi bakterie, které jsou béZnou soucasti stfevni mikrobioty telat, jsou bakterie patfici
do rodu Bacteroides, Sutterela, Rikenella, Butyricicoccus, Parabacteroides, Clostridium a
koliformni bakterie (Klein-Jobstl et al., 2014).

Obrazek €. 2: Porovnani denzitometrickych kiivek ziskanych pomoci PCR-SSCP u 14 telat
v Casech 0 h, 6 h, 12 h a 24 h po narozeni (Mayer et al., 2012).
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2.2.2 Odchov a vyZiva telat

Z hlediska vyzivy se chov mladat piezvykavci rozdéluje na mlezivové, mlécné a
rostlinné obdobi. Tato obdobi jsou zasadni pro naslednou uzitkovost dospélého jedince. Cilem
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pfirtstky a nejniz§im uhynem. U mlécného skotu se klade diraz na rychlé zahajeni piijmu
pevného krmiva a na cilenou pfipravu bachorové fermentace. V soucasné dob¢ se extenzivni
odchov uplatiiuje Castéji u masnych plemen skotu, zatimco intenzivni odchov je bézny u
mlécného skotu. U extenzivniho chovu jsou mlad’ata po boku své matky, saji matetské mléko
a postupné prirozen¢ prechdzeji na rostlinnou stravu. Produkce mléka krav v extenzivnim
odchovu je relativné nizkd a pokryva pouze potfeby mladéte. Zvitata jsou témet po cely rok
na pastvé a jen v zimnich meésicich jsou ustajena ve stajich nebo ve specialnich pfistieScich.
Naopak u intenzivniho chovu jsou mlad’ata ptezvykavctu brzy odebirana od svych matek a
umist’ovana do individudlnich boxli. Vazba mezi matkou a potomkem je nasiln¢ poruSena a to
vede ke zvySenému stresu u telete a k horsi adaptaci na nové podminky (Albright and Arave,
1997). Navic telata v intenzivnich chovech nejsou napajena mlékem piimo od matky, ale jsou
vétSinou krmena mléénymi krmnymi smésmi, které se sloZzenim nevyrovnaji plnotu¢nému
mléku. VSeobecné se jednd o chov, kde koncentrace zvifat na jednotku plochy je v porovnani
S extenzivnim chovem vys$i, z ¢ehoz vyplyvaji rtizna rizika, ptedevsim v podob¢ infekcnich

onemocnéni (Phillips, 2002).

2.2.2.1 Mlezivové obdobi

Telata se rodi jako hypogamaglobulinemickd, to znamend, Ze maji v krvi velmi malé
mnozstvi protilatek. Proto je dilezité, aby se mlad¢ po porodu dostatecné napilo mleziva,
které¢ obsahuje dilezité ziviny, nespecifické imunitni faktory, antibakterialni faktory a
imunoglobuliny (zejména imunoglobuliny Gi), které chrani novorozené tele (Christiansen et
al., 2010). Ptijaté protilatky se dostanou skrz sliznici tenkého stieva do krevniho feciste, kde
pak plni svou ochranou funkci. Minimélni mnozstvi mleziva, které musi tele pfijmout je dano
smérnici Rady Evropské unie 2008/119/ES. V této smérnici je uvedeno, Ze tele musi byt
nejpozdéji do Sesti hodin po porodu napojeno mlezivem a to v mnozstvi kolem 6 % vahy
telete, coZ odpovida piiblizné 2 — 2,5 1 mleziva. MnoZstvi imunologicky aktivnich latek se
v mlezivu s c¢asem snizuje a to je jednim z ddvodi, pro¢ je dilezité napojit mladata
piezvykavcll co nejdiive. Dal§im divodem, pro¢ na prvni napojeni pospichat, je absence
travicich enzymu a kyseliny chlorovodikové ve slezu v nékolika hodinach po porodu. Ty se

zaCinaji tvofit pozd&ji po narozeni. Proto je vhodné napojit mladé co nejdiive, aby
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nedochazelo ke zbyte¢né denaturaci imunoglobulini a jinych protektivnich bilkovin
obsazenych v mlezivu (Nagalakshmi, 2009).

Fyziologicky zpisob piijmu mleziva je sani z vemene, ale v nékterych ptipadech
nemusi dojit k dostate¢nému piijmu mleziva a tak tele mize byt napojeno pomoci lahve.
Napdjeni pomoci lahve mize byt pouzito u masného skotu, kdy krava neni ochotna kojit tele
nebo ma nevhodné tvarovand vemena a struky. Ve velkochovech mlééného skotu se dava
automaticky piednost fizenému napdjeni telat pomoci lahve nebo jicnové sondy. Vyhodou je
piehled o mnozstvi piijatétho mleziva. Mlezivové obdobi trva od narozeni telete piiblizné

prvnich sedm dni zivota mladéte (Phillips, 2002).

2.2.2.2 Mlééné obdobi

Po mlezivovém obdobi prechazeji telata do obdobi mlééné vyzivy, které trva priblizné
3 meésice. Z hlediska pfijmu potravy je traveni mladat prezvykavci podobné mlad’atim
nepiezvykavych zvifat a k tomu je uzptsobend 1 jejich fyziologie. Po narozeni telete dochézi
pfedevS§im k rozvoji vlastniho Zaludku, ale zvétSuje se 1 objem pifedZaludku. Slez béhem
prvniho tydne zdvojnasobi svoji vahu, zatimco bachor dosahuje jen 4 objemu slezu. Ptiblizné
8. tyden se velikosti vyrovnaji a v obdobi pfechodu na rostlinou stravu je bachor jiz vétsi nez
slez. Béhem mlécného obdobi bachor neplni svoji fermentacni funkci a neprobihaji zde ani
zadné peristaltické pohyby. Pfijimané mléko ani neprochazi pfedzaludkem. Pomoci jicnového
a ¢epcobachorového splavu natéka az 97 % mléka piimo do slezu (Nagalakshmi, 2009).
Mléko a mlécné krmné smési jsou traveny ve slezu a v tenkém stifeveé. Predpokladem pro
optimalni traveni je hlavné kvalitni bilkovina, ktera je trdvena za pomoci enzyml a za
spoluptisobeni kyseliny chlorovodikové. Ve slezu tak dochazi ke srazeni mléka chymosinem a
nasledné k jeho traveni. Pfi poruSe traveni €1 srdZeni mléka je vhodné zkrmované mléko nebo
mlécnou krmnou smés okyselovat. Okyseleni mize do jisté miry nahradit zaludec¢ni §tavy a
tim usnadnit traveni potravy (Bayram et al., 2007). Metin et al. (2006) testovali efekt piijmu
okyselen¢ho a neokyseleného mléka na vahovy pfirtistek a celkové zdravi zvifete. Zjistili, Ze
mezi testovanymi skupinami nebyl rozdil, co se tyce vahového ptirtstku, ale skupina telat,
ktera pfijimala okyselené¢ mléko, méla nizsi vyskyt prajma.

Krom¢ mléka nebo mléénych krmnych smési maji telata k dispozici také vodu a to ad

libitn€. Zaroven je soucasti krmné davky startér sloZzeny ze smési zrnin, ktera podporuje
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tvorbu bachorovych papil. Diky tomu se zvétSuje aktivni povrch bachorové sliznice potiebné
ke vstiebavani zivin z pfijaté potravy. Startér 1ze podavat jiz od tietiho dne véku telete a je
podéavan ad libitné€. Spotieba startéru se s vékem zvySuje a pfi pfijmu nad 1 kg/den miize byt
do krmné davky zahrnuto i objemné krmivo. V extenzivnich chovech se startér mlad’atiim
nepodava. Pokud jsou telata ustijena se svymi matkami nebo jsou s matkami na pastve,
Kk pfijmu objemnych krmiv dochazi dfiv. To ale miize mit za nasledek nedostate¢né rozvinuti
bachorovych papil. V kazdém ptipad¢ je diilezité, aby si telata navykala jak na krmiva jadrna,

tak 1 na krmiva objemna (Phillips, 2002).

2.2.3 Rozdil ve vyzivé telat v extenzivnim a intenzivnim chovu

Sani mléka od matky se uplatiiuje pfedevsim u telat z extenzivnich chovii, kde kravské
mléko neslouzi k trzni produkci. Jiné systémy odchovu a vyzivy zde byvaji neefektivni. Pfi
sani mléka jsou splnény veskeré fyziologické potieby telete. A stejné jako u mleziva, je sani
matefského mléka od vlastni matky nejpfirozenéjsi zpiisob vyzivy. Kravské mléko je
optimalnim zdrojem zivin pro mlad’ata telat, protoze ma vysokou nutri¢ni hodnotu, je dobie
stravitelné a obsahuje rizné hormony a rustové faktory (Vasseur et al., 2010). Navic podle
Godden et al. (2005) je u telat na mlééné vyzive nizsi umrtnost ve srovnani s telaty, ktera jsou
krmena mléénymi ndhrazkami. Dal$i vyhodou je samotny proces sani, ktery ma prokazatelny
vliv na sniZeni stresu u telat a to ma pozitivni efekt na posileni obranyschopnosti. Zaroven se
piedpoklada, ze umoznéni kravam kojit svoje vlastni tele snizuje i jejich stres (Johnsen et al.,
2015).

V intenzivnich chovech skotu je mléko trznim produktem a telata jsou krmena bud’
mléénymi krmnymi smési, nebo mlékem, které neni vhodné pro prodej. Mlékem, které neni
vhodné pro trzni produkci, je mysleno mléko od starodojnych krav nebo krav trpici mastitidou
nebo mléko nezralé. Mléko od nemocnych krav je Casto kontaminovéano antibiotiky nebo
patogennimi mikroorganismy. Krmenim telat neoSetfenym mlékem od kravy, ktera trpi
mastitidou, mize byt u telat v disledku pfenosu infekénich patogeni vyvoldna rlizna
onemocnéni (Godden et al., 2005). Netrzni mléko by se mélo pied jeho zkrmovanim oSetfit
bud’ okyselenim, nebo Setrné zahiat. Zvolenim nevhodné teploty ale mize dojit k denaturaci
nékterych bilkovin a tim ke zhorSeni stravitelnosti mléka. V nékterych intenzivnich chovech

se miiZze uplatilovat napéjeni od kojné kravy, kterd muze uzivit az 3 telata najednou. Vétsinou
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se jedna o kravy se zavadou na vemeni, kterd znemoznuje strojové dojeni. NejCastéjSim
zptisobem vykrmu telat v intenzivnich chovech je podavani mléénych krmnych smési. Tyto
smési se pouzivaji hlavné z ekonomickych divodi, protoze snizuji naklady na odchov skotu.
Vyhodou mlé¢né krmné smési je, ze neobsahuje zddné nezddouci mikroorganismy a muze byt
namichén pfesny objem népoje, ktery je jednoduse pfipravitelny. Pti vybéru mléénych napoju
pro telata je nejdulezitéjsi jejich kvalita, protoze musi kompletné pokryt vyzivovou potiebu
telete. Mlécné krmné smési jsou vétSinou slozené z odstiedéného mléka, suSené syrovatky a
Z tuku s piidavkem emulgatoru a antioxidantt, ¢asto byvaji soucasti i vitaminy a mineralni
latky. Slozeni a mnozstvi jednotlivych nutrientti zalezi vzdy na vyrobci. Presto, ze mlécna
bilkovina je z hlediska vyzivy mlad’at nejvhodnéjsi, Casto se pouzivaji bilkoviny rostlinného
pavodu (sojoproteinové koncentraty nebo hydrolyzaty pseni¢ného proteinu), kvuli kterym je
vysledna stravitelnost mlééné krmné smési pro telata horsi. DalSim negativem mléénych
napoju je absence rastovych faktorti a hormont, proto se jest¢ v nedavné dobé ptidavaly do
mlécnych krmnych smési antibiotika, jako stimuldtory rstu. Tento druh antibiotik je ale
Vv soucasné¢ dobé v Evropské unii zakazan, protoze velkoplo$né pouzivani antibiotik u
hospodaiskych zvitat vedlo ke vzniku antibiotické rezistence né€kterych patogenti a zaroven
byla nalézana rezidua antibiotik v produktech Zivoc¢isného ptivodu (Abu-Tarboush et al.,
1996).
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2.3 Probiotika

Poznatek, Ze stfevni mikrobiota se tizce podili na zdravi hostitele, vedlo k myslence,
ze by se s ni mohlo manipulovat ku prospéchu hostitele. Jednou z moznosti jak pozitivné
ovlivnit zdravi jedince pies stievni mikrobiotu je poddvani probiotik. Probiotika jsou zivé
mikroorganismy, které, pokud jsou podavany v dostatecném mnozstvi, poskytuji hostiteli
zdravotni ptinos (FAO/WHO, 2013). Pomoci probiotik Ize dosdhnout navraceni nebo udrzeni
spravné a ptirozené stievni mikrobioty (Hill et al., 2014).

Podle platné legislativy Evropské Unie se probiotika urena pro zvirata fadi mezi
krmna aditiva a jejich pouzivani se fidi smérnici Rady Evropské unie 70/524/EEC, ktera
spadd pod natizeni Evropského parlamentu a Rady (ES) €. 1831/2003 o aditivech urcenych
pro vyzivu zvifat. Na zakladné nafizeni Komise musi byt od roku 2000 kazdy mikrobialni
kmen ur€eny pro zvife posouzen a schvalen organy EU dfive, nez vyjde na trh (von Wright,
2005). Pokud je zavadén novy probioticky kmen, musi byt dolozen pozitivni efekt na
konkrétni kategorii zvifat. Dale musi byt dikladné¢ posouzena rizika spojend s konzumaci
dan¢ho kmene, to znamena, ze probioticky kmen nesmi mit negativni vliv na cilového
hostitele ani na Zivotni prostiedi. Mezi takové testy patii produkce toxint, pfitomnost faktort
virulence a rezistence vici antibiotikim (Becquet, 2003).

Je dulezité, aby pfisluSné regulacni organy peclivé sledovaly a kontrolovaly
probiotické vyrobky uréené pro zvifata, protoze nékteré studie dokazuji, ze deklarované
bakterialni kmeny na etiketdch vyrobkl bud’ chybi, nebo jsou ptfitomny jiné druhy. Navic u
nékterych druht mikroorganismil se pouZivaji komeréni nazvy, které jsou rozdilné od nazvi
bakterii v taxonomickych systémech, a i z tohoto diivodu mize dochazet k chybnému urceni

totoZnosti probiotického kmene (Wannaprasat et al., 2009).
2.3.1 Vlastnosti probiotickych bakterii

Pti hledani novych probiotickych mikroorganismii je dilezité si uvédomit, Ze nékteré
probiotické vlastnosti se nevztahuji na druh bakterie nebo na cely bakterialni rod, ale jsou
kmenové specifické. Mezi bézné pozitivni U€inky probiotickych bakterii 1ze fadit produkci
mastnych kyselin s kratkym fetézcem, regulaci stfevniho tranzitu, konkurenc¢ni vylouceni
patogent a ustdleni narusené mikrobioty. Mezi druhové specifické vlastnosti probiotickych

bakterii patii naptiklad syntéza vitamint, posileni stfevni bariéry, pfimy antagonismus a
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enzymaticka aktivita. Mezi vzacné se vyskytujici kmenové-specifické ucéinky se fadi produkce
specifickych bioaktivnich latek, endokrinologické, imunologické a neurologické ucinky (Hill

etal., 2014) viz tabulka ¢. 1.

Tabulka ¢&. 1: Mozné rozsifeni mechanisml probiotického ti¢inku mezi probiotickymi kmeny

bakterii (Hill et al., 2014).

7 we

BéZné ucinky probiotickych bakterii

* Tvorba SCFA

* Regulace stfevniho tranzitu

* Ustaleni naruSené stfevni mikrobioty

» Konkuren¢ni vylouceni patogennich mikroorganismii

Druhové specifické ucinky

* Syntéza vitamina

* Pfimy antagonismus proti patogennim nebo podminén¢ patogennim mikroorganismim
* Posileni stfevni bariéry

* Hydrolyza nebo dehydrogenace zlucovych kyselin

* Enzymaticka aktivita

* Neutralizace karcinogennich latek

Kmenové-specifické u¢inky

* Neurologické ucinky

+ Imunologicko-stimulaéni ucinky

* Endokrinologické ucinky

* Produkce specifickych bioaktivnich molekul

Pokud je izolovan novy bakteridlni kmen, musi spliiovat bezpe¢nostni kritéria a byt
otestovan na rizné probiotické vlastnosti, které jsou uvedeny v tabulce ¢. 2. Vlastnosti
potencialné probiotickych kment jsou zjiStovany pomoci in vitro a in vivo testd. Prvni

analyzy jsou zaméfené na fyziologické vlastnosti, kam patii naptiklad tolerance viici Zlu¢i, ke
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kyselému prostfedi a schopnost adherovat na stievni epitel. Druhym okruhem testl se zjiStuji
technologické vlastnosti probiotickych bakterii, kam patii naptiklad zivotaschopnost probiotik
béhem procesu vyroby, stabilita v produktu béhem skladovani a rezistence viuci fagim.
Pravdépodobné zadny bakterialni kmen nebude spliiovat vSechny probiotické vlastnosti, ale je
vhodné, aby jich spliioval co nejvice (Vlkova et al., 2009). Vhodné je i zatazeni in vivo testu,
kdy lze prokazat, jak podana bakterie snasi prichod travicim traktem, ¢i zda jsou schopny
sttevo trvale kolonizovat (Vlkova et al., 2010). Detekce testovanych bakteridlnich kment
muze byt provedena ve fekalnich vzorcich bud’ fingerprintovou metodou, jako je naptiklad
pulzni gelova elektroforéza, sekvenaci genii pro 16S rRNA a HSP60, hmotnostni
spektrometrii MALDI TOF nebo mohou byt testované kmeny odliSeny pomoci vytvoieni
mutanti rezistentnich k antibiotiku, ke kterému jsou bézné citlivé. Podané kmeny se pak
detekuji pomoci kultivace na médiu obsahujicim ptislusné antibiotikum. Ptikladem muze byt

vytvoreni rifampicin rezistentnich mutantii bifidobakterii (Rada et al., 1995).

Tabulka €. 2: Bezpec¢nostni kritéria a vlastnosti probiotik (Gaggia et al., 2010).

v" Netoxické a nepatogenni

v’ Piesna taxonomicka charakterizace a identifikace

v Mikroorganismus pfirozené se vyskytujici u cilového hostitele

v' Piezivani, kolonizace a metabolicka aktivita v travicim traktu hostitele, coZ zahrnuje:
v" Odolnost vii¢i kyselému prostiedi, Zlu¢ovym kyselindm a zaludeénim $tavam

v' Perzistence v travicim traktu

v Schopnost adherovat na stievni epitel

v' Kompetice s a autochtonni mikrobiotou

Produkce antimikrobiélnich latek

Antagonismus vici patogennim mikroorganismim

Modulace imunitni odpovédi

Geneticka stabilita

Pozitivni ovlivnéni zdravi hostitele, které by mélo byt podpotfeno védeckymi studiemi
Stabilita kmene béhem procesu zpracovani, skladovani a aplikace

Zivotaschopnost ve vysokych poétech

RN N N N N R

Zadouci organoleptické a technologické vlastnosti
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2.3.2 Probiotika ve vyzivé zvirat

Mezi mikroorganismy, které se nejb€znéji pouzivaji v zemich Evropské unie jako
probiotika pro hospodarska zvifata patii predev§im grampozitivni bakterie rodu Lactobacillus,
Enterococcus, Bacillus a kvasinky rodu Saccharomyces. Kompletni seznam pouzivanych
probiotickych druhii je uveden v tabulce ¢. 3 (Gaggia et al., 2010). Nekteré bakterialni druhy
se pouzivaji jak pro lidskou spotiebu, tak 1 pro zvifata. Ale je vhodné si uvédomit, ze
probiotika v lidské vyzivé se pouzivaji pfevazné z divodu dlouhodobého efektu pro podporu
zdravi. Naopak v zivociSné vyrobé se od probiotik ocekavaji pomérné rychlé ucinky, jako
jsou zvySeni télesné hmotnosti, zlepSeni konverze krmiva a sniZzeni vyskytu infekénich
onemocnéni traviciho traktu. Proto vysledky vyzkumu zabyvajici se ucinky probiotik na lidi
nejsou plné srovnatelné s probiotickym efektem u hospodaiskych zvitat (Million et al., 2012).

Co se tykd vybéru vhodného kmene, obecné se uvadi, ze aktivita probiotickych
mikroorganismu je ¢asto druhové specificka a Casto se lisi i v ramci jednoho druhu (Gardiner
et al., 2004). Pro zvyseni pravdépodobnosti kolonizace je doporuéeno, pouzit kmen puvodné
izolovany z traviciho traktu druhu zvifete, pro ktery jsou dané probiotika uréena. Mozné je
také volit mezi probiotickymi preparaty jednokmenovymi a vicekmenovymi s tim, ze
z raznych védeckych studii vyplyva, Ze pouziti vice kmenl v jednom vyrobku je efektivngjsi
a to diky synergickému pusobeni jednotlivych bakterii (Timmerman et al., 2004). Mezi dalsi
faktory, které mohou ovlivnit efekt G€inku probiotik, patii mnoZstvi bakterii, nacasovani a
celkova doba, po kterou jsou probiotika podavana. Napiiklad Sazawal et al. (2006) ve své
studii uvadi, ze vyssi davka probiotik vyraznéji zkracuje trvani akutniho infekéniho prijmu
neZ podani probiotik v menSim mnozstvi. Co se tyce veéku zvifete a aplikace probiotik,
vyraznéjsi u€inek je u mlad’at zviat. Novorozena zvifata maji rozvijejici sttevni mikrobiotu, a
proto je u nich vyssi pravdépodobnost trvalé kolonizace probiotickymi bakteriemi. Zarovei je
vhodné zahrnout probiotika do krmné davky ve stresujicich obdobich jako je doba odstavu,
zacatek laktace nebo zména slozeni krmné davky (Gaggia et al., 2010).

Probiotika pro zvitata mohou byt aplikovana samostatné nebo spolecné s krmivem
nebo s vodou. Spole¢né podavani krmiva s probiotikem ale nese urcité riziko mozné interakce
probiotickych bakterii S komponenty krmiva. Vlastni zplsob aplikace probiotik byva
nejcastéji ve formé€ lyofilizovaného prasku, ale k dostani jsou napiiklad i probiotika ve formeé

past (Carvalho et al., 2004).
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Tabulka ¢. 3: Seznam probioticky druhd uréenych pro zvifata jako krmna aditiva (Gaggia et

al., 2010). V zavorce jsou uvedeny nazvy druhii, ktera jsou vyuzivany pii komerénim pouziti.

Rod

Druh

Bifidobacterium

. animalis subsp. animalis (B. animalis)

. lactis subsp. lactis (B. lactis)

. longum subsp. longum (B. longum)

. pseudolongum subsp. pseudolongum (B. pseudolongum)
. thermophilum

Enterococcus

. faecalis (Streptococcus faecalis)
. faecium (Streptococcus faecium)

Lactobacillus

. acidophilus

. amylovorus

. brevis

. casei subsp. casei (L. casei)
. crispatus

. farmicinis

. fermentum

. murinus

. plantarum subsp. plantarum (L. plantarum)
. reuteri

. rhamnosus

. salivarius

. amylovorus (L. sobrius)

. lactis subsp. cremoris (Streptococcus cremoris)

Lactococcus . .
. lactis subsp. lactis
. citreum
Leuconostoc . lactis
. mesenteroides
. acidilactici

Pediococcus

. pentosaceus subsp. pentosaceous

Propionibacterium

. freudenreichii

Streptococcus

. infantarius
. salivarius subsp. salivarius
. thermophilus (S. salivarius subsp. thermophilus)

Bacillus

. cereus (B. cereus var. toyoi)
. licheniformis
. subtilis

Saccharomyces

. cerevisiae (S. boulardii)
. pastorianus (S. carlsbergensis)

Kluyveromyces

. fragilis
. marxianus

Aspergillus

> > AR XX ovooimwwvww |yl rrrjrClrCCCr-rCCfmMmmM{o0 0 0 @

. oryzae
. niger
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Jak uz bylo vySe zminéno, mezi bézn¢ pouzivané probiotické bakterie patii
laktobacily. Jedna se o pomérné heterogenni skupinu zahrnujici vice nez 100 druhti bakterii.
Mnoho z nich je pfirozenou soucasti stievni mikrobioty lidi a zvitat. Laktobacily patii mezi
bakterie mlé¢ného kvaseni a n¢které druhy jsou pouzivany pro vyrobu potravin nebo krmiv,
zaroven jsou pouzivany jako probiotika u lidi 1 zvitat (Hammes and Hertel, 2007). Vzhledem
k dlouholeté historii bezpecného pouzivani laktobacili a zadného zdokumentovaného piipadu
onemocnéni zpiisobené laktobacily u zvifat, jsou laktobacily vhodnym probiotickym rodem
(Gaggia et al., 2010).

Bakterie rodu Enterococcus stejn¢ jako laktobacily patii mezi bakterie mlééného
kvaseni a pouzivaji se jako startovaci kultury v potravinarskych produktech pii vyrobé syra,
dale se pouzivaji jako probiotika a jako silazni ptisady (Foulqui¢ Moreno et al., 2006).
Nékteré druhy jsou béznou soucdsti stfevni mikrobioty lidi a zvifat, nejcastéji se jedna o E.
faecium a E. faecalis (Fisher and Phillips, 2009). Na druhou stranu enterokoky jsou nékdy
spojovany s lidskymi infekcemi, nejCastéji jako nozokomialni infekce. U nékterych druhti
byly popséany virulentni faktory a zvySuje se pocet vankomycin rezistentnich enterokokil
(Leavis et al., 2006). I kdyZz je s nékterymi probiotickymi kmeny enterokokti dobra a
dlouholeta zkuSenost, jejich pouzivani je v souCasné¢ dob¢ sporné, kvuli Castéj$im piipadim
infekci zplisobené enterokoky a zvysujici se antibiotické rezistenci. Jsou zde obavy, ze by
geny zodpovédné za rezistenci vuci antibiotikiim a geny kodujici faktory virulence mohly byt
preneseny na jiné bakterialni druhy (Foulquié Moreno et al., 2006).

Rod Bacillus je vysoce heterogenni skupina bakterii a zahrnuje druhy, které mohou
zpusobovat vazna onemocnéni jako je naptiklad antrax a zaroven sem patfi vyznamni
producenti antibiotik. V soucasné dobé se bacily pouzivaji v potravinafstvi, v krmivaistvi a
nékteré druhy jsou pouZivany jako probiotika pro lidi a zvifata. Vyhodou probiotickych
bakterii rodu Bacillus je, ze tvofi spory a tak maji oproti nesporulujicim probiotickym
vyzaduji vysSi tlak nebo teplotu, zlstanou zivotaschopné pii dlouhodobém skladovani
potravin jak pii pokojové teploté, tak v chladirenskych teplotach. Dalsi vyhodou je, Ze spory
jsou rezistentni ke kyselému prostfedi zaludku a zlucovym kyselinam (Nithya and Halami,
2013).
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2.3.3 Rod Bifidobacterium

Bifidobakterie jsou béznou soucasti stievni mikrobioty lidi a zvifat, obzvlasté pak u
kojenych déti byvaji dominantni skupinou. Bifidobakterie jsou povazovany za jeden
z klicovych rodt bakterii v travicim traktu, protoze jejich ptitomnost je spojovana s dobrym
zdravotnim stavem hostitele (Rada et al., 2006). Bifidobakterie pomahaji udrzovat rovnovahu
gastrointestindlniho traktu tim, Ze snizuji moznost bakteridlni infekce. Inhibici rGznych
patogent bifidobakteriemi dokazuji mnohé studie (Dicks and Botes, 2010; Servin, 2004).

V soucasné dob¢ se bifidobakterie bézné pouzivaji jako probiotika pro lidskou vyzivu
v produktech, jako jsou jogurty, syry a jiné mlécné vyrobky, kojenecka vyziva a potravinové
dopliiky. VyuZiti bifidobakterii ve vyZivé hospodaiskych zvifat je zatim minimalni, 1 pfesto Ze
se zdaji byt jako vhodnym probiotikem =zvlast€ pro mladata piezvykavci, protoze
bifidobakterie jsou béznou soucasti jejich zdravé stievni mikrobioty. Lze tedy u nich ocekavat
stejny pozitivni efekt na zdravotni stav hostitele jako je tomu u lidi (Vlkova et al., 2006).
Druhy vyskytujici se u mlad’at prezvykavci jsou uvedeny v kapitole 2.2.1. Stfevni mikrobiota

mlad’at ptezvykavci.

2.3.3.1 Charakteristika a kultiva¢ni podminky

Bifidobakterie patii do kmene Actinobacteria, kam se fadi bakterie s vysokym podilem
G+C (> 55 %) v DNA (Lee and O’Sullivan, 2010). V soucasnosti je tento rod tvoien 58 druhy
a 10 poddruhy (bacterio.net, 2017), a jak uz bylo vySe zminéno, tyto bakterie jsou pfirozenou
soucasti stfevni mikrobioty lidi a nékterych teplokrevnych zvitat (Bottacini et al., 2014).
Bifidobakterie byly také nalezeny v travicim traktu ¢melakt a vcel (Killer et al., 2009).
Kromé¢ gastrointestinalniho traktu mohou byt soucasti vagindlni mikrobioty nebo zubniho
plaku (Ventura et al., 2007). Bifidobakteric jsou charakterizovany jako nepravidelné,
nesporulujici, grampozitivni ty€inky, které jsou striktné¢ anaerobni. Typické je pro né
tvarovani do tvaru pismene Y nebo V a uspotadany mohou byt bud’ jednotlive, v fetizcich
nebo tvofi rdzné shluky (Leahy et al., 2005). Nejvice lidskych druhi bifidobakterii roste
Vv optimalni teploté 36 - 38 °C, zatimco u zvifecich druhu se zda, Ze optimalni teploty jsou
vyssi, mezi 41 - 43 °C (Dong et al., 2000). Bifidobakterie jsou acidotolerantni a jejich
optimalni pH pro rist je mezi hodnotami pH 6,5 — 7,0. Nékteré druhy, jako jsou naptiklad B.

animalis subsp. lactis, mohou pfezivat i hodnoty okolo pH 3,5 (Matsumoto et al., 2004).
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Rezistence k nizkému pH je u tohoto rodu pomérné variabilni, nicméné jedna se o dilezitou
vlastnost probiotickych bakterii. I kdyz jsou bifidobakterie povazovany za striktn¢ anaerobni
bakterie, n¢které druhy jsou schopny ptezivat v pfitomnosti kysliku. Zvifeci kmeny jako jsou
B. boum a B. thermophilum jsou schopny rust v ptitomnosti kysliku o koncentraci 20 %.
Urdcita tolerance ke kysliku byla zaznamenana i u druhti B. animalis subsp. lactis a B.

psychroaerophilum (Kawasaki et al., 2006).

2.3.3.2 Metabolismus bifidobakterii

Bifidobakterie patii mezi sacharolytické bakterie, které¢ produkuji kyselinu mlécnou a
octovou Vv poméru 2:3, ¢imz se lisi od bakterii mléEného kvaseni. Pii kvaseni rGznych cukr
bifidobakteriemi nikdy nevznika kyselina maselna ani kyselina propionova. Naopak v malém
mnozstvi mize fermentaci nékterych substratl vznikat etanol a kyselina mravenc¢i (Amaretti
et al., 2007). Bifidobakterie netvoii plyny, kromé jediné vyjimky a tou je syntéza oxidu
uhlicitého pii degradaci glukonatu (Cronin et al., 2011). Bifidobakterie, spole¢né s dalSimi
bakteriemi z ¢eledi Bifidobacteriaceae, maji svou specifickou metabolickou drahu. Kli¢ovym
enzymem je frukt6zo-6-fosfatfosfoketolaza (F6PPK), kterého se vyuziva i pro identifikaci
bifidobakterii. FO6PPK S§tépi fruktozu-6-fosfat na acetylfosfat a na erytrozu-4-fosfat.
PokraCovani metabolické drahy je naznaCen na obrazku ¢. 3. Bifidobakterie fermentuji
glukozu, galaktozu, fruktéozu a dalSi jednoduché cukry, nicméné existuji vyjimky, které

napiiklad glukozu $tépit neumi (Rada and Petr, 2001). Kromé jednodus$sich sacharidi umi

vvvvvv

vvvvvv

Bifidobakterie vSeobecné¢ preferuji oligosacharidy pied fermentaci jednoduchych cukri,
zaroven preferuji oligosacharidy s niz§im stupném polymerace pied t€émi delSimi (Amaretti et
al., 2007; Ventura et al., 2007). Diky analyze genomu bylo zjisténo, ze bifidobakterie mohou
syntetizovat vitaminy skupiny B (thiamin B1, niacin B3, pyridoxin B6, kyselina listova B11)
a nejmén¢ 19 aminokyselin (Cronin et al., 2011). VSechny druhy bifidobakterii mayji
geneticky potencidl syntetizovat exopolysacharidy a u mnoha kmeni byly i izolovany a

charakterizovany. Exopolysacharidy bifidobakterii mohou hrat dulezitou roli v adherenci na
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stitevni epitel hostitele a zvySovat odolnost proti Zlu¢ovym kyselindm a zalude¢nim $tavam

(Ruas-Madiedo et al., 2006).

Obrazek ¢. 3: ZjednoduSena metabolicka draha St€peni hexos bifidobakteriemi (Amaretti et
al., 2007).
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V obdélniku jsou znazornény konecné produkty metabolismu bifidobakterii, pferuSovanou

¢arou jsou pak znazornény produkty, které mohou vznikat v malém mnozstvi.
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2.4 Prebiotika

Dalsi moznosti, jak pozitivné¢ ovlivnit stfevni mikrobiotu a podpofit rozvoj
prospésnych bakterii ptfitomnych v travicim traktu zvifat je zafazeni prebiotik do krmné
davky. Prebiotika jsou nestravitelné latky, které jsou selektivné metabolizovany stievnimi
bakteriemi a tim prospivaji zdravi hostitele (Gibson et al., 2004). Aby latka mohla byt
klasifikovana jako prebiotikum, nesmi byt hydrolyzovana nebo absorbovana v zaludku ani
Vtenkém stfevé a musi byt selektivné metabolizovana v tlustém stievé prospéSnymi
symbiotickymi bakteriemi, jako jsou naptiklad bifidobakterie a laktobacily (Manning et al.,
2004). V tabulce ¢. 4 jsou popsany fyziologické vlivy dietni vlakniny na horni c¢ast

gastrointestinalniho traktu a tlusté stievo.

Tabulka ¢. 4: Vliv dietni vlakniny na fyziologii gastrointestinalniho traktu (Gaggia et al.,
2010).

Odolnost proti straveni

. ProdlouZeni doby traveni v Zaludku
Horni ¢ast traviciho traktu
Snizend absorpce glukozy

Stimulace sekrece hormonil gastrointestindlniho traktu

Substrat pro stievni bakterie

Stimulace sacharolytické fermentace
Hyperplazie epitelu v tlustém stieve
Tlusté stievo . _ _
Stimulace sekrece hormonil gastrointestinalniho traktu

Zvyseni objemu stolice

AN N NN YN I U N NN

Ovlivnéni frekvence a konzistence stolice

Prebiotika se mohou uplatiovat predevS§im ve vyzivé mladat prezvykavcil, protoze
pouziti prebiotik u dospélych ptezvykavcl je omezeno schopnosti bachorové mikrobioty
degradovat vétSinu hostitelem nestravitelnych latek, tudiz prebiotika nemohou projit az do
stieva, kde by mohly splnit svoji funkci. Existuje malo studii, které se zabyvaji podavanim
prebiotik mlad’atim piezvykavci. VéEtSina z nich je zaméfend na ovlivnéni télesné hmotnosti

mladéte a krevni parametry. Heinrichs et al. (2003) testovali mannanoligosachridy (MOS)
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jako moznou piisadu do mléénych krmnych smési pro telata a zjistili, ze MOS zlepsuji
konzistenci vykall, ale nemaji zddny efekt na vahovy prirtstek.

VétSina latek oznacovanych jako prebiotika jsou sacharidy s rozdilnym stupném
polymerace a spadaji do skupiny nestravitelnych oligosacharidii. Tyto oligosacharidy, neboli
prebiotika, jsou souhrnné oznacovany zkratkou NDOs z anglického spojeni non-digestible
oligosaccharides. Mezi nejcastéji pouzivané oligosacharidy spliujici definici prebiotik patii
fruktooligosacharidy (FOS, oligofruktéza a inulin) a galaktooligosacharidy (GOS). Dalsi
oligosacharidy, které jsou pouzivany nebo testovany jako prebiotika jsou oligosacharidy
rafinosové tady (SOS), isomaltooligosacharidy, xylooligosacharidy, glukooligosacharidy,

laktulosa a naptiklad mannanoligosacharidy (Qiang et al., 2009).

2.4.1 Fruktooligosacharidy a inulin

Inulin je polysacharid, ktery nahrazuje Skrob jako zdsobni latku u nékterych rostlin.
Prebiotika inulinového typu jsou ¢asto pouzivand, protoZe se bézné vyskytuji v ptirodé a tudiz
jsou snadno dostupnd. Ve vyS§im mnoZzstvi je inulin pfitomen napiiklad v ¢ekance,
topinamburu, arty¢oku, cibuli a bananu (Roberfroid, 2005). Inulin je tvofen jednou molekulou
glukozy a z vic jak 20 jednotek fruktdzy, jedna se o polysacharid. Kratsi fetézce se nazyvaji
fruktooligosacharidy (FOS). FOS jsou tedy také slozeny z D-fruktézovych jednotek
Vv linearnim fetézci spojenych B (2-1) vazbami a posledni molekulou je glukdza. Oznacuji se
jako FOS typu GF,, kde n ptedstavuje pocet jednotek fruktozy. Stupen polymerace byva 2 —
4. FOS typu GF, jsou neredukujici cukry. Existuje i druhy oligomer typu F,. Jedna se o
homopolymer fruktdzy vazany pomoci B (2-1) vazbami, kde n je pocet jednotek fruktdzy. Typ
Fn je redukujici cukr. Fruktooligosacharidy se primyslové vyrabi hydrolyzou inulinu, takto
vyrabéné FOS se nazyvaji oligofruktozy. Druhd moznost je syntéza ze sachardzy, pak jsou
FOS nazyvany neocukry.

Vsechny typy oligosacharidii jsou dobfe metabolizovany stfevni mikrobiotou. Mezi
typem GF, a F, neni zadny rozdil v rychlosti fermentace. Rozdil v rychlosti fermentace
nastavd, kdyz jsou FOS rtzné délky. Bifidobakterie snadn€ji metabolizuji krat$i fetézce
(Ventura et al., 2007). Dilezitou vyhodou FOS je, Ze nejsou vyuzivany patogennimi
mikroorganismy tlustého stieva (Clostridium perfringens, Escherischia coli) ani bakterii

Streptococcus mutans v dutin€ ustni, tudiz nepfispivaji k tvorbé zubniho kazu (Rudolfova a
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Curda, 2005). Grand et al. (2013) hodnotil Gginek FOS podavanych telatim. Kazdodenni
davka FOS v mlécné ndhrazce zvysila rustové piiristky mladat diky zvySené aktivité
mikrobialni fermentace. Mezi dalsi prospésné fyziologické ucinky FOS patii lepsi vstiebavani

mineralnich latek a snizeni hladiny cholesterolu (Sabater-Molina et al., 2009).

2.4.2 Galaktooligosacharidy

Galaktooligosacharidy jsou chemicky oznacovany souhrnnym vzorcem G (1-4) [P (1-
6) Gal]n, kde n ptfedstavuje pocet jednotek galaktozy, n=2-5. Na jednu jednotku gluko6zy jsou
vazbou o (1-4) vazany galaktozy, které jsou vzajemné propojené vazbou B (1-6). Diky S -
konfiguraci jsou GOS odolné proti §tépeni slinami a zalude¢nimi §t'avami, protoze enzymy v
nich obsazené selektivné napadaji « -vazby (Zhong et al., 2009). Galaktooligosacharidy jsou
pramysloveé vyrabény z laktdzy transgalaktosylaci u¢inkem B-galaktosidazy. Takto vyrabéné
GOS se nazyvaji transagalaktosylované oligosacharidy (TOS). Rostlinné a zivocisné zdroje -
galaktosidazy nejsou pouzivany kviili vysoké cen¢ a nizké produkci. Nejpouzivangjsi zdroj -
galaktosidazy je kvasinka Kluyveromyces (Boon et al., 2000).

GOS jsou Zivocisného pivodu a nachazeji se napiiklad v lidském i1 v kravském mléce.
I kdyz jsou GOS metabolizovany rlznymi stfevnimi bakteriemi, bylo zjisténo, Zze
bifidobakterie a do urc¢ité miry i laktobacily fermentuji GOS ptfednostné, to znamend Ze GOS
maji bifidogenni ucinek (Macfarlane et al., 2008). Zaroven GOS zlepSuji spole¢né
s probiotiky absorpci a syntézu vitamint skupiny B (Irvine et al., 2011). V sou¢asnosti neni

k dispozici Zadna studie zabyvajici se podavanim GOS mlad’atim piezvykavcu.

2.4.3 Sojové oligosacharidy

So6jové oligosacharidy (SOS) byvaji souhrnné oznacovany jako oligosacharidy
rafinosové fady (RSO — raffinose series oligosaccharides). Do skupiny SOS patii predevsim
trisacharid rafindoza se souhrnnym vzorcem a-D-Gal-(1-6)-a-D-Glu-(1-2)-p-D-Fru,
tetrasacharid stachyoza a-D-Gal-(1-6)-a-D-Gal-(1-6)-a-D-Glu-(1-2)- B-D-Fru a pentasacharid
verbaskoza a-D-Gal-(1-6)-a-D-Gal-(1-6)-a-D-Gal-(1-6)-a-D-Glu-(1-2)-p-D-Fru. Podrobné
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byly RSO a jejich pozitivni efekt na rust bifidobakterii studovany hlavné v Japonsku (Lee a
Salminem, 2009).

V so6jovych oligosacharidech je zna¢né zastoupeni galaktozy, stejné jako v GOS.
Vyskytuji se v luSténinach a na rozdil od vétSiny oligosacharidii se SOS ziskavaji pfimo ze
suroviny, neni tteba enzymové vyroby. V minulosti se SOS pfipisoval negativni ucinek, tyto
oligosacharidy byly povazovany za antinutri¢ni latky, které zptisobuji nadymani u lidi. Dnes
uz je prokazano, ze maji bifidogenni u¢inek (Tuohy et al., 2005). Jak uz bylo vySe popsano,
mlécna bilkovina v mlécnych krmnych smésich je Casto nahrazovana sojoproteinovymi
koncentraty, které obsahuji okolo 70 % bilkovin a nejsou zbaveny vldkniny. Tudiz uz

samotna krmna nihrazka muze obsahovat uréité mnozstvi SOS.

2.5 Synbiotika

Synbiotika predstavuji definovanou smés probiotik a prebiotik. Prebiotikum by mélo
selektivné podporovat pouzité probiotikum. Diky kombinaci obou slozek se zlepSuje
ptrezivani a kolonizace dodanych probiotickych bakterii (De Preter et al., 2011). V soucasné
dobé jsou studie zaméfené spiSe na podavani probiotik neZ na kombinaci probiotik
s prebiotiky, proto je vhodné zvysit pocet in vivo studii zabyvajici se podavani synbiotik
hospodaiskym zvifatim. I in vitro studie jsou nutné, protoze komeréné dostupna prebiotika
podporuji probiotické bakterie, jako jsou bifidobakterie a laktobacily, ale mohou podporovat
také jiné bakterie pfitomné v travicim traktu, jako jsou naptiklad klostridie a gramnegativni
bakterie (Bunesova et al., 2012b; Rada et al., 2008). V soucasné dobé¢ existuje nékolik studii
zabyvajici se podavanim synbiotik mlad’atim ptezvykavci (Hasunama et al., 2011,
Roodposhti and Dabiri, 2012). Casto se jedna o studie, kdy je porovnavan efekt podavaného
synbiotika s probiotikem a je sledovan pouze vahovy pfiristek u zvifete. K dispozici ale uz
nejsou vysledky o tom, v jakém poctu a jak dlouho ptezivaly podané probiotické bakterie a
zda prebiotika selektivné podporila jenom probiotické bakterie. Roodposhti and Dabiri (2012)
testovali vliv probiotik, prebiotik a synbiotik na vahovy pfirastek telat a sledovali mnozstvi E.
coli ve vykalech. Zjistili, ze od Sestého tydne véku byl vyssi primérny denni pfirstek u telat,
ktera denné pfijimala probiotika, prebiotika i synbiotika oproti kontrole. Podobnych vysledkt
bylo zjisténo i u mnozstvi E. coli, kdy autofi zjistili, ze signifikantn€ nizsi pocet oproti
kontrole byl od 56. dne. Z vysledkt vyplynulo, Ze podavani synbiotik nejvice zvysilo vahovy
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ptirtstek a nejvice snizilo pocet E. coli, ale rozdily oproti probiotické a prebiotické 1é¢bé

nebyl statisticky vyznamny.
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3 Hypotéza

Dosavadni studie, zabyvajici se poddvanim probiotik mlad’atim prezvykavcul, jsou
zaméfeny piedevs§im na sledovani vdhového piirtstku a konverze krmiva, ale neni sledovano
skutecné prezivani podavanych probiotickych kultur v travicim traktu. Predpokladame, ze
pokud bude vytvoieno synbiotikum, kde bude vhodné kombinovan probioticky kmen
s prebiotiky, dojde ke zlepSeni pteZivani dodanych bakterii v travicim traktu, nez kdyby byly

podavany bakterie samostatné.

4 Cile prace

Cilem doktorské prace bylo sestavit vhodné synbiotikum pro mlad’ata prezvykavcd,

které bude snadno aplikovatelné v podminkach velkochovt.

36



5 Material a metody

Hlavnim ukolem prace bylo sestaveni vhodného synbiotika pro telata, proto byl kladen
diraz na spravny vybér probiotickych kmenti a knim vhodnych prebiotik. Funkéni

kombinace synbiotika byla vybrana na zakladé nékolika in vitro a in vivo testa.

5.1 Testované kmeny bifidobakterii

Pro sestaveni vhodného synbiotika byly pouzity bifidobakteridlni kmeny, které jsou
uloZené ve sbirce mikroorganismii na katedfe Mikrobiologie, vyzivy a dietetiky CZU v Praze.
Tyto kmeny byly izolovany z vykali telat a byly u nich testovany probiotické vlastnosti jako
je rezistence k zalude¢nim a zluCovym kyselinam, antimikrobialni aktivita a schopnost
autoagregace. Kmeny byly identifikovany pomoci sekvenace genu pro 16S rRNA (BuneSova
et al., 2012a; Vikova et al., 2010). Na zakladé provedenych studii bylo vybrano 10 kment, u
kterych byly testovany substratové preference, a byly pouzity pro in vivo studie. Seznam
kment a jejich zkratek, které jsou pouzivany ve védeckych publikacich je uveden v tabulce €.

5.

Tabulka €. 5: Testované kmeny bifidobakterii izolované z vykala telat.

oznaceni

kmene druh

023I1 B. animalis ssp. animalis
0171112  B. thermophilum

805P4  B. animalis ssp. animalis
012111  B. animalis ssp. animalis
0171111  B. animalis ssp. animalis
02211 B. longum ssp. suis
8051112 B. animalis ssp. animalis
813P2  B. animalis ssp. animalis
02312 B. choerinum

02511 B. thermophilum
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5.2 Experimentalni podavani probiotik a prebiotik

Z vyse popsanych kmenit bifidobakterii byly pfipraveny rifampicin rezistentni mutanti
(RRBIf). Rezistence vuci rifampicinu je u bifidobakterii vzacna (Rada et al., 1995), proto bylo
diky této ziskané vlastnosti mozné rozliSit aplikované bakteridlni kmeny od bifidobakterii,
které¢ se vyskytuji v travicim traktu telat pifirozené. Bylo provedeno né€kolik pokust, pii
kterych byly bifidobakterie podavéany telatim, a bylo sledovano, jak v travicim traktu
ptezivaji. V kazdém provedeném pokusu byly po podani bifidobakterii odebirany vzorky
vykalt telatim piimo z rekta v uréitych casovych intervalech. Vzorky byly ptfevedeny do
zkumavek s Wilkins-Chalgren bujonem a pievezeny do laboratote, kde bylo provedeno
kultivaéni stanoveni bakterii (piiloha €. 1, ¢. 2, ¢. 3). Kromé RRBif byly ve vzorcich vykala
stanoveny 1 jiné bakteridlni skupiny (celkové pocty anaerobnich bakterii, bifidobakterie,

laktobacily a E. coli).

5.2.1 Vliv zpisobu odchovu telat a rozdilné diety na prezivani podanych

bifidobakterii v travicim traktu telat

V tomto experimentu byl sledovan vliv zpiisobu odchovu telat a typ diety na pfezivani
podanych bifidobakterii v travicim traktu telat. Telatim byly poddny 2 kmeny bifidobakterii
(B. animalis subsp. animalis 02311 a B. longum subsp. suis 022I1) ve form¢ fermentovaného
mléka. Byly sledovany dvé experimentdlni skupiny. Prvni skupinu tvofila telata
odchovavana extenzivnim zptisobem (chov Charolais, Slabce) a druhou pak telata
z intenzivniho chovu (chov Dvorec, Vréenska zemédélska, Vréen). Podrobna metodika a

ziskané vysledky byly publikovany ve védeckém casopise Livestock Science (piiloha €. 1).

5.2.2 Prezivani bifidobakterii v travicim traktu telat po podani v

lyofilizované formé nebo ve formé fermentovaného mléka

Probiotika mohou byt podavéna ve formé lyofilizovaného prasku, kde jsou bakterie
zivé, ale v neaktivni formé, nebo jako aktivni forma ve fermentovaném mléce. Byl testovan
vliv podavané formy probiotik na schopnost ptezivani probiotickych bakterii v travicim traktu

telat. Pred vlastnim experimentdlnim podanim probiotik telatim byly vybrané kmeny
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bifidobakterii testovany na odolnost procesu lyofilizace a na schopnost ptezivani v kravském
mléce. Nasledné byla smés vSech 10 kmend RRBif uvedenych v tabulce ¢. 5 podana telatim
Z chovu Charolais spol. s.r.0. Byly vytvofeny tii skupiny, kdy prvni skupin¢ telat bylo podéno
probiotikum v lyofilizované formé&, druhé skupiné bylo podano fermentované mléko a tieti
skupina byla bez probiotik jako kontrola. Podrobna metodika a vysledky tohoto experimentu

byly publikovany ve védeckém casopise Czech Journal of Animal Science (ptiloha ¢. 2)

5.2.3 Vliv prebiotik na prezivani bifidobakterii v travicim traktu

5.2.3.1 Substratové preference bifidobakterii

Pro podporu rozvoje bifidobakterii v travicim traktu telat byla vybrana vhodna
prebiotika na zaklad¢ substratovych preferenci. Rast Cistych kultur bifidobakterii na riznych
komeréné dostupnych prebioticich byl méfen pomoci turbidometrie. Podrobna metodika je
uvedena v priloze ¢. 3. Ve stru¢nosti jde o metodu, kde je do zkumavek piipraveno péstebné
prostiedi, které obsahuje jako jediny zdroj uhliku testované prebiotikum. Cerstvé narostlé
kultury byly zaockovany do pfipravenych medii, které byly kultivovany pii 37 °C ve vodni
lazni. Béhem kultivace byla v pilhodinovych intervalech po dobu 10 hodin méfena opticka
denzita. Z naméfenych hodnot optické denzity byly vykresleny rustové kiivky bakterii a
spocitana specificka rastova rychlost. Na zaklad¢ vysledki bylo sestaveno synbiotikum, které

bylo podévano telatim.

5.2.3.2 Testovani vlivu prebiotik na prezivani bifidobakterii v GIT

V in vivo pokusu byly sledovany tii pokusné skupiny telat odchovavané v intenzivnim
chovu (Vrazkov). Prvni skupiné telat bylo ve véku 2 dni podano pouze fermentované mléko,
které bylo prokysano 5 kmeny vybranych bifidobakterii (0171111, 02311, 02211, 02312, 02511).
Druhé skupiné telat bylo také jednordzové zkrmeno probiotikum, které bylo stejné jako u
prvni skupiny, ale navic jim kazdy den az do véku 49 dni byla podavana dv¢ prebiotika, ktera
byla vybrana na zaklad¢ substratovych preferenci, jednalo se o Raftilose P85 a Vivinal®.

Bylo sledovéano, zda prebiotické oligosacharidy podpoii prezivani podanych bifidobakterii.
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Tteti skupina bez intervence slouzila jako kontrola (podrobnd metodika je soucasti publikace

Vv priloze €. 3).

5.3 Vliv lupiny bilé v krmné davce brojlerovych kuiat a kachen na

sloZeni stievni mikrobioty

Lupina bila (Lupinus albus) je potencialni alternativa za soju ve vyzivé zvifat jako
zdroj proteinu. Nejenom proteiny jsou dulezitym rastovym faktorem. Lupina obsahuje
vyznamné mnozstvi nestravitelnych sacharidi, zahrnujici 1 oligosacharidy rafinosové tady
(RSO). Tyto oligosacharidy mohou slouzit jako prebioticka slozka v krmné davce. Za ucelem
této studie byla stanovena mnozstvi RSO v extrahovanych Srotech sdji, slune¢nice, fepky a
lupiny. Pfitomnost oligosacharidi byla stanovena enzymaticky pomoci soupravy
Raffinose/Sucrose/D-Glucose Assay Kit (Megazyme; Ireland). Vysledky ukazaly,
ze mnozstvi RSO v testovanych plodinach jsou rozdilna, pficemZ nejvys$Si mnozZstvi bylo
stanoveno u lupiny. Nasledoval in vivo pokus, kde s6jova mouka byla ¢astecné (50 %) a
celkove (100 %) nahrazena celozrnnou moukou z lupiny a byl sledovan jeji vliv na vybrané
skupiny stfevnich bakterii u brojlerovych kufat a kachen a zaroven vliv na jejich ristové

parametry. Metodika a informace o pokusnych zvifatech jsou uvedeny v ptiloze €. 4.
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6 Vysledky a diskuze

V roce 2006 byl v Evropské unii vydan zakaz pouzivani antibiotik ke krmnym ucelam.
Hlavnim uc¢elem antibiotik byla prevence infek¢nich onemocnéni a uprava slozeni mikrobioty
gastrointestindlniho traktu, ¢imz se docililo lepsiho vyuziti krmiva a zvySeni prirtstkl. Navic
vV podminkdch velkochovu byvd nepfirozeny vyvoj intestindlni mikrobioty mladat
ptezvykavel a diky nému cCastéjsi vyskyt prijmovych onemocnéni. Tyto okolnosti zvysily
zajem o vyuziti probiotik ve vyzivé hospodarskych zvirat, ktera by tak preventivné ptsobila
proti stfevnim infekcim a podporovala zdravi mlad’at pfezvykavcu. V soucasné dobé jsou
k dispozici studie zabyvajici se podavanim probiotik mlad’atim piezvykavca (Frizzo et al.,
2011; Morrison et al., 2010; Roodposhti and Dabiri, 2012). Problémem ale je, ze tyto studie
jsou primarné zaméfené na ristové parametry, jako jsou vahové pfirlstky zvifat, konverze
krmiva nebo pfijem krmiva, ale uz neni sledovano, zda jsou vybrané kmeny schopny piezivat
Vv travicim traktu. V experimentech jsou sice pouzité bakterie, které maji probioticky potencial
stanoveny v laboratornich testech, ale k probiotickému efektu nedojde, pokud bakterie nejsou
schopny alespont po néjakou dobu kolonizovat travici trakt. To mize byt i jednim z divodi,
pro¢ nékteré studie popisuji, ze podavani probiotik nemélo zadny vliv na ristové parametry
telat oproti kontrole (Frizzo et al., 2011).

Jako vhodny probioticky bakterialni rod pro telata mohou byt povaZovany
bifidobakterie (Rada et al., 2006; pfiloha ¢. 5). Bifidobakterie jsou bézné pouZivany jako
probiotika pro lidskou vyZivu v riznych potravinovych produktech a z dlouhodobé historie
jejich pouzivani jsou povazovany za obecné bezpecné (GRAS — Generally recognized as
safe). Zajem o jejich vyuziti ve vyzivé hospodaiskych zvitat je zatim spiSe okrajovy, 1 kdyz
jsou bifidobakterie béznou soucasti zdravé stievni mikrobioty mnoho druhi zvitat. Z védecké
literatury je zndmo, Ze bifidobakterie jsou dominantni skupinou bakterii v travicim traktu
kojicich se novorozencu (Voreades et al., 2014). Podobn¢ je tomu i u telat, kde bifidobakterie
patii mezi dominantni skupinu bakterii a podle Rada et al. (2006) jejich pocty v GIT prevysuji
pocty laktobacilli az o dva fady. Z tohoto ditvodu jsou bifidobakterie vhodnéjsi probiotika pro
telata nez laktobacily, i kdyz laktobacily také patii mezi probiotické mikroorganismy.
Laktobacily, jako probiotika pro telata, jsou ve védeckych studiich pouzivany pomérné ¢asto
(Abu-Tarboush et al., 1996; Maldonado et al., 2012; Timmerman et al., 2005). Kromé
laktobacilt byly jako probiotika pro telata testovany napiiklad i probioticka E. coli, klostridie
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nebo kefirové kultury (Fouladgar et al., 2016; Uyeno et al., 2013; von Buenau et al., 2005).
Studii zabyvajici se podavanim bifidobakterii mlad’atim ptrezvykavci je malo a to i pfesto, ze
u nich lze ocekavat stejny pozitivni efekt na zdravotni stav hostitele, jako je tomu u lidi (Abe
et al., 1995; Rada et al., 2006; Voreades et al., 2014). Bifidobakterie pomahaji udrzovat
rovnovahu gastrointestinalniho traktu tim, Ze snizuji moznost bakteridlni infekce. Inhibici
riznych druhli patogent bifidobakteriemi dokazuji mnohé studie (Dicks and Botes, 2010;
Makras and De Vuyst, 2006; Servin, 2004). Bifidobakterie mohou produkovat razné
antimikrobialni latky, jako jsou organické kyseliny nebo bakteriociny, které vykazuji
antimikrobialni aktivitu napfiiklad proti Listeria monocytogenes, Clostridium perfringens,
patogenni Escherichia coli, Staphylococcus aureus a nékterym kvasinkam. Podrobné je tato
problematika rozepsdna v piiloze ¢. 5. U experimentalniho podani bifidobakterii mlad’atim
ptezvykavci byla zaznamenana antimikrobialni aktivita proti E. coli a Clostridium difficile
(Vlkova et al., 2009; Vlkova et al., 2010). Bifidobakterie maji schopnost posilovat slizni¢ni
imunitu, ¢imz pfispivaji k celkovému zlepSeni zdravotniho stavu zvitat (Leahy et al., 2005).
Fuller (1997) ve své publikaci popisuje hostitelskou specifitu bifidobakterii. Mezi
druhy, které jsou nalézany v travicim traktu telat, patii B. choerinum, B. pseudolongum subsp.
globosum, B. longum subsp. suis, B. animalis subsp. animalis a B. thermophilum (Bunes$ova et
al., 2012a; Kelly et al., 2016). Pro zvySeni pravdépodobnosti kolonizace je doporué¢eno pouzit
kmen plvodné izolovany z traviciho traktu druhu zvifete, pro ktery jsou dana probiotika
urCena. Pii vybéru novych probiotickych bakteridlnich kmenil je tfeba vzit v avahu fadu
aspektt, které ovliviiuji jejich Gi¢innost. Tato problematika je podrobné&ji diskutovana v clanku
Bunesova et al. (2015), ktery je uveden jako piiloha ¢. 5. Probiotika musi prochazet horni
¢asti traviciho traktu v nezménéném stavu az do tlustého stieva, kde by méla v idedlnim
ptipadé kolonizovat stievni epitel. Pro testovani probiotickych vlastnosti se pouziva fada in
Vitro testl a nasledné in vivo studii. Probiotické mikroorganismy musi odolavat velice nizkym
hodnotam pH v zaludku, u¢inkiim Zzlucovych kyselin a plsobeni travicich enzymi.
Probiotické bakterie by mély byt schopny adherovat na stfevni epitel hostitele, vykazovat
antagonistické u€inky vici patogennim a potencidlné patogennim mikroorganismim a mély
by celkové pozitivné ovlivitovat zdravi hostitele (Vlkova et al., 2008). Izolace potencialné
novych probiotickych kment bifidobakterii uréenych pro telata a jejich testovani na
probiotické vlastnosti probehlo ve dvou publikovanych studiich (Bunesova et al., 2012a;

Vlkova et al., 2010). Diky témto studiim bylo vybrano 10 kment bifidobakterii, které byly
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pouzity pro testovani riiznych faktord ovliviujicich pfezivani podanych probiotik v ramci této
dizerta¢ni prace.

Faktori, které mohou ovlivnit pfezivani podanych probiotik, je daleko vic nez jen
vhodné zvoleny bakteridlni kmen ¢i smés kmenu (piiloha ¢. 6). Prezivani bifidobakterii
ovliviiuje naptiklad vek telat, ve kterém jsou jim probiotika podana. BuneSova et al., (2010)
testovali pfezivani bifidobakterii v travicim traktu telat v zavislosti na véku. Zjistili, ze pokud
jsou probiotické bakterie podany novorozenym mlad’atiim s rozvijejici se stievni mikrobiotou,
bifidobakterie jsou schopny kolonizovat travici trakt po del§i dobu, nez kdyz byla probiotika
podéna telatim V pozd¢jSim veéku. Jednim z dalSich faktord ovlivilgjici prezivani
bifidobakterii v GIT je zpiisob odchovu telat a slozeni diety (pfiloha ¢. 1). Sledovani ptezivani
probiotické smési dvou kmenil bifidobakterii bylo provedeno v extenzivnim pastevnim chovu
plemene Charolais a u telat holstynského skotu odchovavanych intenzivnim zptisobem. Smés
obou RRBif kmenl byla podana telatim ve véku 2 dni v obou chovech, jejich prezivani
Vv travicim traktu bylo sledovano kultivaéné ve vzorcich vykall, které byly odebirany
v ptedem stanovenych intervalech po dobu 26 dni. Ve véku dvou dni byly pfirozené se
vyskytujici bifidobakterie v poctech okolo 10" KTJ/g v obou sledovanych skupinach a RRBif
nebyly detekovany viibec. V 5. dni véku telat byly RRBif detekovany v mnozstvi 9,77 + 0,66
log KTJ/g u extenzivniho chovu skotu a v mnozstvi 7,46 + 0,47 log KTJ/g u intenzivniho
chovu skotu. Rozdil ve stanovenych poctech byl statisticky vyznamny. Statisticky vyznamné
vys$si poCty RRBIf byly zjistény 1 pii kazdém dalSim odbéru u telat z extenzivniho chovu
oproti mlad’atim v chovu intenzivnim. V poslednim odbéru, 28. den véku telat, bylo mnozstvi
RRBIf ve sledovanych skupinach rozdilné téméf o pét fadu. Zatimco u telat v extenzivnim
chovu to bylo 7,19 + 1,60 log KTJ/g, tak u intenzivné odchovavanych mlad’at pouze 2,40 +
0,80 log KTJ/g. Po celou dobu studie byly pozorovany vyssi poéty piirozené se vyskytujicich
bifidobakterii u skupiny telat z extenzivniho chovu, ale pouze v druhém a tfetim odbéru byl
tento rozdil statisticky vyznamny. Ke konci studie byl pocet bifidobakterii témét shodny
v obou sledovanych skupinach. Nejvyssiho poctu Dbifidobakterii dosahovala telata
z extenzivniho chovu v 5. dni jejich véku a to v mnozstvi 9,81 + 0,69 log KTJ/g, zatimco u
telat z intenzivniho chovu byl nejvyssi pocet bifidobakterii zaznamenan az ve 14. dni véku a
to v mnozstvi 9,02 + 0,83 log KTJ/g.

Vysledky této studie ukdzaly, ze vybrané 2 kmeny bifidobakterii byly schopny projit

horni c¢asti traviciho traktu telat ve vysokych poctech v obou chovech. Nicméné pieZivani
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podanych bakterii bylo lepsi v extenzivnim chovu telat, kde byly bifidobakterie schopny
kolonizovat intestinlni trakt nejménd po dobu 26 dni v poltech vyssich nez 10”7 KTJ/g.
Vyznamné horsi pfezivani vykazovaly bifidobakterie, které byly podany telatim
Z intenzivniho chovu. V poctech vysSich nez 10 KTJ/g ptezivaly pouze 3 dny po podani
probiotické smési a v nasledujicich dnech jejich mnozstvi rychle klesalo. ZhorSené ptezivani
podanych bifidobakterii v travicim traktu telat v intenzivnim chovu by mohlo byt zptisobeno
stresem, jako je napiiklad odebrani telat od jejich matek. Podle Hawrelak and Myers (2004)
muze stres vyznamné ovlivilovat slozeni mikrobioty GIT. Zatimco se mnozstvi zdravi
prospésnych bakterii, jako jsou bifidobakterie a laktobacily, mize snizovat, po¢ty potencialné
patogennich bakterii, jako jsou E. coli, mohou vzrustat. Tyto zmény mohou byt zplsobeny
zvySenou produkei norepinefrinu, ktery zvysuje riist gramnegativnich bakterii nebo zménou
motility a sekrece intestinalniho traktu (Sanchez et al., 2013). To vS§e muze vést ke snizeni
schopnosti podanych bifidobakterii pfezivat v intestinalnim traktu. Kromé stresu zptisobenym
vlivem odchovu telat miize mit vliv na pfezivani probiotickych bakterii i dieta (Chaucheyras-
Durand and Durand, 2010; Simpson et al., 2002). Kravské mléko obsahuje Siroké spektrum
ruznych bioaktivnich latek, které maji imunomodulacni, probiotickou nebo antimikrobidlni
funkci (Lane et al., 2010; Recio et al., 2009). Nékteré stievni bakterie, a to i bifidobakterie, se
ucastni na traveni mléénych sacharidi (Garrido et al.,, 2012; LoCascio et al., 2007).
O’Riordan et al. (2014) testovali glykosidazovou aktivitu v kravském mléce a jejich vysledky
ukazali, Ze kolostrum vykazuje jeji vysokou aktivitu. Postupem casu jeji aktivita pomalu
klesa, aZ se dostane na svoji minimalni aktivitu ve zralém kravském mléce. ZvySen¢ mnozstvi
glykosidazové aktivity v kolostru muze byt spojeno s potiebou uvolnéni jednoduchych
monosacharidii, které by slouzily jako zdroj uhliku pro stfevni bakterie. To by
korespondovalo s vysledky nasi studie. Bifidobakterie piezivaly lépe u telat z extenzivnich
chovil, kde telata sala matefské mléko, které je v pocatcich zivota jedinym zdrojem Zivin a
vSeobecné maji vyssi piijem kravského mléka ve srovnani s telaty z intenzivnich chovu, kde
jsou krmena jiz od 3. dne mlé¢nymi ndhradami a od 7. dne 1 granulovanym krmivem.
Neomezeny piijem kravského mléka by mohl podpofit pfezivani a mnoZeni podanych
bifidobakterii v travicim traktu telat. Stépeni sacharidi pomoci glykosidazy obsazené v mléce
muze mit vliv na uvolnéni bioaktivnich sacharidi, které mohou mit imunomodulacni funkci
v raném vyvoji GIT a mohou podpofit vznik zdravé stfevni mikrobioty (O’Riordan et al.,

2014). Zavislost mnozstvi bifidobakterii v travicim traktu telat na diet¢ dokazuje i studie, kde
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telata krmend pouze kravskym mlékem méla ve svém intestindlnim traktu vySs$i pocet
bifidobakterii nez telata na kombinované stravé, kterd obsahuje vyS$i mnozstvi vlakniny
(Vlkova et al.,, 2008). V nasi praci byly zaznamenany nejvysSi pocty bifidobakterii u
petidennich telat z extenzivniho chovu, zatimco u telat v intenzivnim chovu byly nejvyssi
pocty bifidobakterii detekovany az ve 14. dne véku. Je pomérné¢ dulezité, aby zdravi
prospesné bakterie byly v co nejvyssich poctech pomérné brzy po narozeni, protoze imunitni
systém mlad’at piezvykavcu jesté neni plné vyvinut (Tuohy et al., 2003).

Podané bifidobakterie byly schopny projit horni ¢asti traviciho traktu ve vysokych
pocCtech u telat z obou chovl. Nicméné docasna kolonizace GIT byla siln€¢ ovlivnéna
zpuisobem odchovu. Schopnost prezivani byla vyssi u telat na mlécné diet€¢ nez u telat na
kombinované.

Probiotika mohou byt aplikovdna samostatné nebo s krmivem ¢i vodou. Spolecné
podavani krmiva s probiotikem ale nese urcité riziko mozné interakce probiotickych bakterii
s komponenty krmiva (Gaggia et al., 2010). Vlastni podavani probiotickych bakterii muize byt
provedeno nékolika formami. Obecné se daji rozdélit na dva typy a to na formu aktivni, ktera
pfedstavuje naptiklad fermentované mléko a na formu neaktivni, kam se fadi napiiklad
lyofilizované bakterie (Fasoli et al., 2003). Vliv formy podani probiotické smési byl sledovan
v publikaci, ktera je uvedena jako ptiloha €. 2. Protoze mléko je vhodnym substratem pro
bakterie (Quigley et al., 2013), jeden z moznych zpusobu jak podavat probiotika telatim je
zkrmovani fermentovaného mléka. Po fermentaci a béhem skladovéani by pocet probiotickych
bakterii mé&l byt vyssi nez 10° KTJ/ml v prokysaném mléce, aby mohlo dojit k probiotickému
efektu u daného hostitele (Vinderola et al., 2000). Bylo testovano vSech 10 kment
bifidobakterii na schopnost prokysat kravské mléko a piezivat v ném po dobu Sesti mésicti.
Vsechny testované bifidobakterie byly schopny prokysat kravské mléko ve vysokych poctech
a to vrozmezi mezi 7,02 a 9,41 log KTJ/ml. Primérny pocet bifidobakterii v prokysaném
mléce byl 8,26 + 0,62 log KTJ/ml. Osm z deseti kment bylo schopno piezivat v kravském
mléce miniméaln& po dobu 2 mésict v podtech vysSich nez 10° KTJ/ml. Kmen B.
thermophilum oznaceny jako 025II byl schopen v tomto mnozstvi pfezivat pouze 12 dni a
kmen B. animalis subsp. animalis (805P4) 26 dni. Pfezivani v mnozstvi vys$Sim neZ 10°
KTJ/ml bylo po dobu 4 meésici zaznamenano pouze u 5 testovanych kmenl. Vyhodou

fermentovaného mléka je jeho snizené pH, které do urcité miry mléko konzervuje a telatim se
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1épe travi (Bayram et al., 2007). Nevyhodou vsak zustava jeho vét§i objem pro skladovani
oproti probiotikiim, které jsou ve formé lyofilizovaného prasku.

Sledovana byla i schopnost vybranych bifidobakterii ptezivat proces lyofilizace a
vydrzet v této form¢ v nezménénych poctech po dobu 1 roku. Kazdy kmen byl lyofilizovan v
piiblizném mnozstvi 10° KTJ/ml. Detekované mnozstvi bifidobakterii po lyofilizaci se
pohybovalo v rozmezi 8,84 az 9,35 log KTJ/vialku a primérny pocet byl 9,03 + 0,22 log
KTJ/vialku. Bifidobakterie byly uchované v lyofilizované formé pii pokojové teploté a jejich
mnozstvi bylo po celou dobu sledovani stabilni. Primérné pocty byly ve 3, 6, 9 a 12 mésicich
stanoveny na 8,80 + 0,13; 8,78 + 0,38; 8,80 + 0,47 a 8,93 + 0,50 log KTJ/vialku. Diky stale
SirSimu  zajmu o vyuzivani probiotik v chovech skotu je kladen diraz na vysokou
zivotaschopnost bakterii béhem skladovani. Jednim z vhodnych zplisobti uchovéni
probiotickych bakterii je pravé testovana lyofilizace (Carvalho et al., 2004), ale i tento proces
muze né¢kdy zplsobit ztratu zZivotaschopnosti nékterych bakterii kvali krystalktim, které se
vytvareji béhem procesu mrazeni pred vlastni lyofilizaci a mohou tak zplsobit popraskani
bunéénych membran (Poddar et al., 2014). Zivotaschopnost probiotickych bakterii miize byt
ovlivnéna i zptisobem rehydratace (Champagne et al., 2010). Z vysledka této studie vyplyva,
ze vybrané bifidobakterie dobie snédSely proces lyofilizace a jejich zivotaschopnost byla
stabilni nejméné po dobu jednoho roku.

Dalsim krokem bylo in vivo testovani obou forem probiotické smési na dvou
skupinach telat, kdy jedné byla poddna smés vSech deseti kmenid ve formé fermentovaného
mléka a druhé ve formé& lyofilizovaného prasku. Nechybéla ani kontrolni skupina, které
nebylo poddno Zzadné probiotikum. Pocty podanych bifidobakterii (RRBif) a ostatnich
bakterialnich skupin byly sledovany v priibéhu 61 dni ve vykalech. Probiotické smési byly
telatim podany ve véku 2 dni. RRBIf v obou formach byly schopny projit horni ¢asti GIT a u
petidennich telat byly pfitomny v mnozstvi vysSim nez 10° KTJ/g u obou skupin a tento pocet
vydrzel ptiblizné do 21. dne véku telat. Signifikantni rozdil byl zaznamenan pouze ve 35. dni
véku, kdy telata méla ve svém GIT vyssi pocet RRBif po podani bakterii v lyofilizované
form¢ a to v mnozstvi 8,04 £ 0,16 log KTJ/g oproti poctu RRBif, které byly podany ve formeé
fermentovaného mléka. Jejich mnozstvi bylo 7,33 + 0,19 log KTJ/g. Rochet et al. (2007)
sledoval pfezivani kmene B. animalis u dospélych jedinci po podani ve formé
fermentovaného mléka a lyofilizovaného prasku. Prezivani sledovaného kmene bylo shodné

vV obou formach podani. Podle vysledki uvedenych ve studii v ptiloze ¢. 2 byly nalezeny
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rozdily v pfezivani bifidobakterii podanych v riznych formach. Prvnich 14 dni po podani
probiotik byly nalezeny vyssi pocty bifidobakterii ve fekéalnich vzorcich telat u skupiny,
kterym byla podédna probiotika ve formé fermentovaného mléka. Od 21. dne byly detekovany
podan¢ bifidobakterie ve vyssich poctech u skupiny telat, které¢ dostaly lyofilizovanou formu
probiotik. Tento rozdil byl pravdépodobné zpisoben formou podani, kde lyofilizované
bakterie potiebovaly ¢as na reaktivaci v GIT telat. Rychlost obnovy bakterii z lyofilizované
formy do aktivni formy mohou ovlivnit podminky traviciho traktu, jako jsou pH, osmotické
podminky a dostupnost vhodného zdroje energie (Costa et al., 2000). Ke konci studie byly
RRBif pritomné v poétech okolo 10° KTJ/g v obou skupinich. V n&kterych studiich je
uvedeno, ze mléko obsahuje ur¢ité komponenty proteinového ptvodu zlepSujici piezivani
bakterii v riznych podminkach traviciho traktu (Livney, 2010; Saxelin et al., 2010). Proto
podavani probiotickych bakterii ve formé& fermentovaného mléka nebo lyofilizovanych
bakterii za pouziti mléka jako kryoprotektantu miize zlepsit jejich piezivani v travicim traktu.

Celkové mnozstvi bifidobakterii bylo u dvoudennich telat p¥iblizng 10’ KTJ/g u obou
sledovanych skupin. Tti dny po podani probiotik se celkové pocty bifidobakterii v obou
skupinach zvysily vice nez o dva fady a pocty bifidobakterii u kontrolni skupiny zustaly
stejné jako v prvni odbérovy den. Celkové pocty bifidobakterii u pokusnych telat byly po
zbytek studie vyS$$i nez u telat z kontrolni skupiny a to pfiblizn€ o fad. V nékteré dny (5., 14.,
35.,49. a 63. den) byly tyto rozdily statisticky vyznamné.

Vysledky ukazaly, ze obé formy podéani probiotickych bakterii jsou vhodné. Podané
bifidobakterie byly detekovany u obou skupin v GIT telat nejméné po dobu 63 dni od vlastni
aplikace probiotik. Z praktického pohledu komer¢niho vyuziti v chovech skotu se ale zda byt

vhodnéjsi lyofilizovana forma probiotik.

Pro zvyseni ucinku probiotik je vhodné soucasné podavat i prebiotika. Prebiotické
substraty by mély byt specifické pro probiotické bakterie a mély by pozitivné stimulovat
jejich prezivani a aktivitu v intestinalnim traktu, zaroven by mély zvySovat pocty prospéSnych
podporou probiotickych bakterii prebiotiky je provedena v in vitro podminkach, kde je
predevsim sledovano, zda prebiotika zvySuji schopnost bakterii pfezivat v prostiedi s velmi
nizkym pH nebo pii vysoké koncentraci zlucovych kyselin, které predstavuji podminky GIT

(Adebola et al., 2014; Michida et al., 2006). V dostupnych in vivo studiich provedenych na
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mlad’atech ptrezvykavcu, kterym byla podavana synbiotika, jsou sledovany pouze ristové
parametry, popfipad¢ vliv na mnozstvi E. coli nebo slozky imunitniho systému (Roodposhti
and Dabiri, 2012). Skutec¢nost, zda jsou prebiotika schopna podpoftit dlouhodobé piezivani
podanych probiotickych bakterii ve stievé mladych piezvykavci, nebyla dosud zkoumana in
vivo. Cilem studie uvedené v piiloze ¢. 3 bylo vybrat vhodna komeréné dostupna prebiotika,
kterd by mohla byt pouzita jako substrat pro bifidobakterie plivodné izolované z traviciho
traktu telat a sledovat vliv podavani prebiotik na prezivani podanych bifidobakterii
dvoudennim telatiim v intenzivnim odchovu.

Bifidobakterie, jako vétSina stfevnich bakterii, jsou sacharolytické bakterie, které
ziskavaji energii a uhlik diky fermentaci riznych monosacharidi a oligosacharidi. Mnoho
oligosacharidi bylo navrZzeno jako prebiotika pro telata, testovany byly naptiklad
mannanoligosacharidy, fruktooligosacharidy, celooligosacharidy, inulin a galaktosyl laktoza
(Uyeno et al., 2015). Pro vybér vhodnych synbiotickych kombinaci je tfeba stanovit
substratové preference jednotlivych druhti a kmenti bifidobakterii (Hopkins et al., 1998). Mezi
testovana komer¢ni prebiotika patiila Raftilosa P95, Raftilosa P85, Frutafit® IQ inulin a
Vivinal®. Podle vysledki (pfiloha ¢. 3) byly fruktooligosacharidy (Raftilosa P95 a Raftilosa
P85) dobrymi substraty pro vétSinu testovanych kment, zatimco inulin nebyl testovanymi
bakteriemi vyuzivan (kromé 02211 a 0251I). To je v souladu s vysledky z jinych studii, které
uvadéji, Ze bifidobakterie preferuji kratsi fetézce FOS (McKellar et al., 1993; Rossi et al.,
2005). Rossi et al. (2005) prokazali, ze rozdily ve schopnosti utilizovat rizné¢ dlouhé fetézce
fruktooligosacharidi je kmenové specificka. Jako dalsi vhodny substrat pro bifidobakterie se
v nasi studii ukazal Vivinal®, predstavujici galaktooligosacharidy. Komer¢né dostupné GOS
jsou smési volné glukdzy a oligosacharidli s riznym stupném polymerace. Zastoupeni
uvedenych slozek je u jednotlivych vyrobkl rozdilné, coz ovliviiuje jejich vyuzitelnost
bakteriemi. Prikladem muze byt studie, kde testovany kmen B. animalis subsp. lactis rostl
lépe na Vivinalu®, ktery obsahoval 24 % monosacharidii neZ na GOS, které obsahovaly
pouze 3 % monosacharidi (Sims et al., 2014). Na druhou stranu Hopkins et al. (1998) ve své
studii uvadi, ze v mnoha pfipadech je specificka rustova rychlost bifidobakterii vyssi, pokud
jsou bifidobakterie kultivovany na oligosacharidech nez na monomerech. Podobné jako u
FOS, 1 utilizace GOS bifidobakteriemi je kmenové specifickd a pravdépodobné souvisi se
sekvenci aminokyselin u B-galaktozidazy (Akiyama et al., 2015). Na zaklad¢ ziskanych
vysledkl byly jako prebiotickd slozka vybrany Vivinal® a Raftilosa P85.

48



Na zaklad¢ stanovenych riistovych parametri bifidobakterii byla zvolena prebiotika,
ktera byla spolecné, podana telatim holsStynsko-friského skotu odchovavanych intenzivnim
zpusobem v chovu Vrazkov. Opét byly vytvoieny 3 skupiny telat. Prvni skupiné telat byla
podéna smés 5 kmeni RRBif ve véku 2 dnti, druhé skupiné probiotikum stejné jako u prvni
skupiny spole¢né s prebiotikem, které ale bylo, na rozdil od probiotik, podavano kazdy den.
Posledni skupina telat byla bez intervence a slouzila jako kontrola. Stejné jako v pfedchozich
experimentech byly RRBIf schopny projit horni ¢asti traviciho traktu v obou testovanych
skupinach a u 4dennich telat byly detekovany v poctech 7,28 + 0,54 log KTJ/g u probiotické
skupiny a v poctech 8,42 + 0,77 log KTJ/g u synbiotické skupiny telat. Tento statisticky
vyznamny rozdil naznacuje, ze prebiotika zlepSuji piezivani podanych bifidobakterii béhem
pruchodu horni ¢asti GIT. To je v souladu s vysledky in vitro studii, kde prebiotika podpofila
ptezivani bakterii béhem simulujicich gastrointestinalnich podminek (Adebola et al., 2014;
And and Kailasapathy, 2005; Michida et al., 2006). Vyssi poc¢ty RRBIif byly detekovany u
skupiny telat, kterym byla podavana prebiotika ve srovnani s pocty RRBif u telat bez
prebiotické intervence a to po celou dobu studie, nicméné jiz bez statisticky vyznamného
rozdilu. Mnozstvi podanych bifidobakterii se béhem studie pomalu snizovalo a posledni
odbérovy den dosahovaly pocti okolo 10* KTJ/g vobou skupinach. RRBif nebyly
detekovany ve vzorcich u telat z kontrolni skupiny a nebyly detekovany ani pied aplikaci.
Jednorazova aplikace bifidobakterii a podavani prebiotik telatim zvySily pocty pfirozené se
vyskytujicich bifidobakterii, ale tyto rozdily nebyly statisticky vyznamné. Celkové pocty
bifidobakterii byly vyssi u skupiny telat, kterym byla poddvana prebiotika oproti skupiné
probiotické a kontrolni a to v 6 odbérovych dnech z osmi (neni zapocitan den odbéru, kdy
byla podana probiotika). To se shoduje s vysledky studie, kde byly pocty bifidobakterii
Vv travicim traktu telat nevyznamné vyssi u skupiny, ktera dostavala prebiotika oproti skupiné
bez prebiotik (Uyeno et al., 2013).

Noveé navrzend kombinace bifidobakterii plivodné izolovanych z vykala telat a
komer¢nich prebiotik (Vivinal® a Raftilosa P85) se zda byt slibnym synbiotikem z hlediska
podpory pfezivani a aktivity podanych bakterii v intestinalnim traktu telat, coz je jeden
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prebiotika schopna podporovat proliferaci ptirozené se vyskytujicich bifidobakterii.
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Prebiotika jsou ptirozenou sloZzkou nékterych rostlin, kde slouzi jako zdroj sacharidt
nebo jako osmoticky aktivni latky (Paradiso et al., 2008). Obiloviny a lusténiny jsou béznou
soucasti krmiva pro hospodaiska zvifata a mohou obsahovat vyznamné mnozstvi riznych
typt oligosacharidli. Napftiklad oligosacharidy rafinosové fady (RSO) jsou bézn¢ piitomné
V lusténinach a obiloviny jsou pfirodnim zdrojem fruktooligosacharidt (Guillon and Champ,
2002; Paradiso et al., 2008). Mnozstvi téchto oligosacharidiit obsazenych v rostling zavisi
vzdy na zralosti plodiny, na typu kultivaru, ¢asti rostliny a raznych environmetalnich
faktorech (Martinez-Villaluenga et al., 2005; Paradiso et al., 2008). Pokud jsou oligosacharidy
obsazeny ve vyznamném mnozstvi v plodinach urc¢enych pro krmivarsky primysl, mohou se
stat nezanedbatelnou slozkou krmiva, kterd mize mit vliv na slozeni stfevni mikrobioty
hostitele.

Vlivem ptidavku lupiny (Lupinus albus) do krmiva brojlerovych kuiat a kachen na
sloZeni stfevni mikrobioty se zabyva studie uvedena v piiloze ¢. 4. V soucasné dob¢ je lupina
povazovana za vhodny zdroj proteinil pro zvifata a méla by slouzit jako nédhrada za soju, kterad
je importovana ze zaoceanskych zemi. Mezi dalsi potencialni zdroje dietarniho proteinu patii
extrahované Sroty ze slunecnice nebo fepky (Dadalt et al., 2016; Liermann et al., 2016). Ze
vSech Ctyf zminénych plodin byly ziskdny extrahované sroty. U kazdého vzorku byl zméten
obsah RSO. Lupina obsahovala nejvy$si mnozstvi RSO ze vSech sledovanych plodin a to 8,26
+ 0,14 g/100 g, pomé&me vysoké mnozstvi RSO obsahovala i séja (6,96 = 0,21 g/100g).
Naopak malé mnozstvi RSO oproti lusténinam obsahovaly sluneé¢nice (1,73 + 0,26 g/100g) a
fepka (1,79 + 0,14 ¢g/100g). Nasledoval in vivo pokus, kde byl s6jovy Srot nahrazen 50 %
nebo 100 % lupinovym Srotem v krmné davce brojlerovych kufrat a kachen. Byl sledovan vliv
lupiny na vybrané bakterialni skupiny traviciho traktu a na rustové parametry zvifat. Zahrnuti
lupinového $rotu do krmné davky brojlerovych kutat neovlivnilo pocty bakterii ve voleti, ale
kompletni ndhrada lupiny za s6ju vyznamné zvysila pocty laktobacili ve slepém stifevu kufat.
U kachen byly detekovany vyznamné vyssi pocCty bifidobakterii a laktobacili oproti kontrole
jak pii 50% tak 1 pfi 100% nahrazenim so6ji lupinovym Srotem. Kompletni ndhrada séji
lupinovym Srotem vSak méla negativni efekt na Zivou vahu kufat i kachen. Zatazeni lupiny
bilé do krmné davky driibeze pozitivné ovlivnilo sloZeni stfevni mikrobioty. Podobnych
vysledkt dosahl i Zdunczyk et al. (2014), ktery pozoroval zvySeni pocti bifidobakterii po
20% ptidavku lupiny modré do krmné davky nosnic. Zatazeni lupiny Zluté do krmiva krit a
krocanl nezvysilo pocty laktobacili (Zdunczyk et al., 2016).
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V ramci dizertaéni prace byly bifidobakterie stanoveny kultivacné na selektivnich
pestebnich padach. Vyhodou kultivacniho stanoveni je moznost izolace bakteridlnich kmenii,
se kterymi je nasledné mozné pracovat. Mezi bézn¢ pouzivand média pro selektivni stanoveni
bifidobakterii patii média s antibiotikem mupirocinem (pfiloha ¢. 7). Bylo ale zjisténo, Ze
nékteré¢ anaerobni bakterie, nejcastéji klostridie, jsou k mupirocinu rezistentni. Pokud jsou
bifidobakterie ve vzorcich vykali v majoritnim mnozstvi, je médium obsahujici mupirocin
spolecné s kyselinou octovou dostacujici. Takové médium je vhodné pro izolaci nebo
stanoveni pocta bifidobakterii ve vzorcich stolice novorozencti porozenych ptirozenou cestou
nebo ve vykalech u mlad’at prezvykavca (Rada et al., 2006). Naopak nevhodné je naptiklad
pro vzorky stolic novorozencl porozenych cisaiskym fezem nebo pro vzorky vykall selat,
kde zpravidla nejsou bifidobakterie dominantni skupinou bakterii (Fallani et al., 2010; Fava et
al., 2007). Pokud se jedna o komplexni vzorek, kde jsou pritomny klostridie ve vysSich nebo
srovnatelnych poctech jako bifidobakterie, je vhodné kombinovat mupirocin s norfloxacinem.
Norfloxacin byl ve studii uvedené v ptiloze ¢. 8 jedinym testovanym antibiotikem, které bylo
schopno potlacovat rlst klostridii, zatimco pocty bifidobakterii nebyly ovlivnény. Nové
sestavené médium obsahujici jako selektivni faktory norfloxacin v koncentraci 200 mg/I,
mupirocin (100 mg/l) a ledovou kyselinu octovou (1 ml/l) bylo uspé$né€ pouzito pro stanoveni
poctu bifidobakterii ve vzorcich vykalti rizného pavodu. Jeho selektivita byla 97% oproti

médiu, které norfloxacin neobsahovalo (47%).
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[ Zavéry

Schopnost prezivani podanych bifidobakterii v travicim traktu je vyssi u telat na mlécné dieté

nez u telat na kombinované dieté.

Bifidobakterie podané telatiim jak ve form¢ fermentovaného mléka, tak lyofilizované, byly
schopny pfezivat Vv travicim traktu v podobnych mnozstvich. Z praktického pohledu

komer¢niho vyuziti v chovech skotu se proto zda byt vhodnéjsi lyofilizovana forma probiotik.

Podatilo se nalézt kombinaci probiotik a prebiotik, kterd podporuje piezivani podanych

bifidobakterii a zvySuje pocty prirozené se vyskytujicich bifidobakterii.

Lupinovy Srot obsahoval nejvyssi mnozstvi oligosacharidii rafinosové tady oproti jinym
plodindm pouzivanym jako zdroj proteinu pro zvifata. Zatazeni lupiny do krmné davky
driibeze pozitivné ovlivnilo slozeni stfevni mikrobioty, ale kompletni ndhrada sdji za lupinu

m¢éla negativni efekt na zivou hmotnost zvirat.
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The effect of rearing systems and diets composition on the survival of administered probiotic bifido-
bacteria in the digestive tract of calves was examined. Two bifidobacteria strains of calf origin with
suitable physiological properties, which were identified as Bifidobacterium animalis ssp. animalis and
Bifidobacterium longum ssp. suis, were administered to 8 Charolais calves reared in an extensive farming
system fed the full-milk diet and 8 Holstein calves from an intensive system fed the combined diet. Skim-
milk fermented by rifampicin-resistant bifidobacteria variants of the B. animalis ssp. animalis and B.

KeyV\{O"_de longum ssp. suis strains were administered once to 2-day-old calves. Survival of the administered bifi-
Probiotics dobacteria and the numbers of other bacterial groups in faecal samples was monitored by culturing.
Sl.jmval : Probiotics administered to Charolais calves survived at higher counts than 107 CFU/g in the digestive tract
Bifidobacteria 3 s 3 3 X 3

Calvies for at least 26 days. Significantly lower bifidobacteria survival rate was observed in the Holstein calves.

Rearing system Three days after administration of bifidobacteria were. detected in counts 107 CFU[g; however, their
Diet numbers rapidly dropped reaching a value of about 10? CFU/g on day 26 after administration. Bifido-
bacteria dominated the faecal flora of 5-day-old calves in both groups. Significantly higher lactobacilli
counts were detected in the Charolais calves than in the Holstein calves. Our results showed that ad-
ministration of probiotics is more effective in calves fed the full-milk diet reared in an extensive farming
system. To achieve a probiotic effect in intensively reared animals, repeated application would probably
be required, because the tested bifidobacteria were not able to colonise the digestive tract of calves fed
the combined diet from an intensive rearing system.
© 2015 Published by Elsevier B.V.

1. Introduction

Microorganisms are first introduced into the sterile gastro-
intestinal tract (GIT) of new-born calves during birth, both from
the faeces and vagina of their mothers and from the environment.
Colonisation patterns during early life are unstable, and new-born
animals are susceptible to environmental pathogens. This initial
colonisation is very important to the host because bacteria can
modulate gene expression in epithelial cells to establish a fa-
vourable habitat for themselves (Siggers et al., 2007). The in-
testinal microbiota is stabilised after the first weeks of life, and
high numbers of beneficial bacteria, such as bifidobacteria and
lactobacilli, are desirable. Balance of the intestinal ecosystem in
calves can be negatively impacted by rearing in intensive farming
systems due to separation from their mothers, feeding with milk
replacers and elimination of the benefits of cow's milk, inadequate

* Corresponding author. Fax: +420 2 24 38 27 60.
E-mail address: bunesova@af.czu.cz (V. BuneSova).

http://dx.doi.org/10.1016/j.livsci.2015.06.017
1871-1413/@ 2015 Published by Elsevier B.V.

colostrum intake, stressful situations, and the use of antibiotics
(Soto et al., 2011). Other factors, such as physiological and physical
stresses, immune deficiency, infections, and the intake of certain
dietary components, have also been shown to contribute to in-
testinal dysbiosis (Hawrelak and Myers, 2004; Stecher et al., 2013).
These stressors lead to intestinal barrier dysfunction and increased
intestinal permeability and can impact the microbial composition
of the gut and increase susceptibility to enteric pathogens (Gareau
et al., 2009). One strategy to improve the gastrointestinal micro-
biota of animals is the use of probiotics. A significant effect has
been reported when probiotics were included in the diet of ani-
mals, particularly during stressful periods (Chaucheyras-Durand
and Durand, 2010). Microorganisms used in animal feed including
livestock are mainly bacterial strains of gram-positive bacteria
belonging to genus Bacillus, Enterococcus, Lactobacillus, Pedio-
coccus, Streptococcus, and strains of yeast belonging to the Sac-
charomyces cerevisiae species and Kluyveromyces ([Anadon et al.,
2006; Gaggia et al., 2010]); however, interest in bifidobacteria is
growing. Bifidobacteria dominate the intestinal microbiota of
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many mammals, especially during the milk-feeding period be-
cause they are supported by the mother's milk components, and
their presence in high numbers is associated with good health
(Chiu et al., 2014; Russell et al.,, 2011; Sanchez et al., 2013). The
bifidobacterial species that are most commonly used for animal
feed are Bifidobacterium animalis ssp. animalis, B. animalis ssp.
lactis, Bifidobacterium longum ssp. longum, Bifidobacterium pseu-
dolongum ssp. pseudolongum, and Bifidobacterium thermophilum
(Gaggia et al, 2010). Some bifidobacteria are host-specific,
whereas others are common in many hosts (Bunesova et al,, 2014).
Bacteria that are intended for use as probiotics must meet a
number of requirements. For example, they must survive passage
through the upper part of the intestinal tract and remain active in
the colon long enough to achieve a probiotic function. Therefore, it
is important to use strains belonging to indigenous populations
that were isolated from the host species for which the inoculum is
intended, because they are adapted to the environment of the host
GIT (Soto et al., 2011). Furthermore, administration of probiotic
bacteria of bovine origin may favour the establishment of stable,
balanced intestinal microbiota which would improve the health of
the calf (Abe et al., 1995; Soto et al., 2011). However, the origin of
the strain is not the only factor affecting its survival and activity in
the intestine; the viability of administered bacteria in the colon
may be affected by various exogenous and endogenous factors.
Therefore, the aim of this study was to observe the effect of rearing
system and diet composition on the survival of calf-origin pro-
biotic bifidobacteria in the digestive tract of calves.

2. Material and methods
2.1. Bifidobacterial strains

The bifidobacterial strains administered to calves in this study
were isolated in our previous experiments (Bunesova et al., 2012;
Vlkova et al., 2010). Briefly, the bifidobacteria were isolated from
calf faecal samples obtained during the milk-feeding period. Bifi-
dobacteria selected for calves treatment showed auto-aggregation
and antimicrobial activity, and were bile and acid tolerant; they
exhibited a decrease in viability <1 log CFU/ml after incubation
for 3 h for bile tolerance and 2 h for low pH tolerance. Ten strains
with suitable physiological properties were identified by 16S rRNA
gene sequencing, and were used to prepare rifampicin-resistant
mutants (RRBs) using a gradient plate technique. No differences in
physiological characteristics were found between RRBs and origi-
nal bifidobacteria. A mixture of 10 RRBs was fed to 2-day-old
suckling calves. The survival of the administered strains was
monitored in faeces by cultivation on selective agar containing
rifampicin. The strains that survived in the intestinal tract of calves
for at least 40 days at greater than 10° CFU/g were re-isolated and
identified to the strain level by fingerprinting techniques. For the
present study, we chose 2 of these strains with the best physio-
logical properties, which were evaluated both in vitro and in vivo
as described above. These strains were identified as B. animalis ssp.
animalis and B. longum ssp. suis.

2.2. Animals, bacteria administration, and sampling

Probiotics bifidobacteria were administered to eight 2-day-old
Charolais calves from a local farm named “Chov Charolais” (Slabce,
Czech Republic) and to 8 Holstein calves of the same age from
farm named “Dvorec” (Vr¢eriska zemédelskd, Vreer, Czech Repub-
lic). Rifampicin-resistant variants (RRBs) of B. animalis ssp. animalis
and B. longum ssp. suis were sub-cultured in Wilkins-Chalgren
broth (Oxoid). Each RRB was inoculated into 100 mL of 10% skim
milk and cultivated in an anaerobic atmosphere at 37 °C overnight.

The number of bacteria in the fermented milk was approximately
10% CFU/mL as determined by cultivation. Each calf was fed a
single dose (200 mL, containing approximately 2 x 10'" bifido-
bacteria) containing a mixture of both strains. None of the ex-
perimental animals was on antibiotics, and the calves were fed
different diets at the two farm.

The Charolais calves were reared in an extensive farming sys-
tem, and were housed with their dams and suckled. Water was
available ad libitum. The Holstein calves were reared in an in-
tensive farming system. These calves were removed from their
dams and housed in individual pens. They were fed colostrum for
3 days and then switched to cow's milk. The milk (6-8 L) was
supplied twice a day. From the age 7 days, the calves were fed a
mixture of granulated feed (COT-S BK GP 3, 40%; Mikrop Cebin,
Czech Republic) and crimped oats (60%) ad libitum as a starter
feed. Water was also available. Granulated feed contained soybean
meal, alfalfa meal, yeasts, barley, vitamin and mineral supplement
and was composed from 350 g/kg of crude proteins, 57 g/kg of
crude fibre, and 61 g/kg of crude fat, dry matter of the feed was
85%.

The survival of the administered RRBs and other bacterial
groups was monitored in faeces by cultivation on appropriate
media. Faecal samples were taken from the rectum using sterile
gloves, transferred to a tube with Wilkins-Chalgren broth (Oxoid),
and transported to the laboratory within 2 h. Initial samples were
taken from 2-day-old calves before probiotic administration, and
additional samples were obtained at 5, 9, 14, 21, and 28 days of
age.

2.3. Microbiological assays

Samples were serially diluted in Wilkins-Chalgren broth (Ox-
oid) under anaerobic conditions. RRBs were enumerated using
Wilkins-Chalgren agar (Oxoid) supplemented with soya peptone
(5 g/L, Oxoid), L-cysteine (0.5 g/L, Sigma), Tween 80 (1 mL/L, Sig-
ma), mupirocin (100 mg/L, Merck), rifampicin (80 mg/L, Sigma)
and glacial acetic acid (1 mL/L). Total bifidobacterial counts were
determined on the same medium without rifampicin supple-
mentation (Rada and Petr, 2002), and total anaerobes were culti-
vated on Wilkins-Chalgren agar (Oxoid). Anaerobic bacteria were
incubated in an anaerobic jar (Anaerobic Plus System, Oxoid) at
37 °C for 72 h. To enumerate lactobacilli, Rogosa agar (Oxoid) ad-
justed to pH 5.4+ 0.2 with acetic acid was used, and the plates
were incubated under microaerophilic conditions at 37 °C for 48 h.
To create microaerophilic conditions, the first agar layer was
covered with a second layer of Rogosa agar before incubation. Petri
dishes containing TBX agar (Oxoid ) for enumeration of Escherichia
coli and presumptive coliforms were inoculated with 0.1 mL of an
appropriate culture dilution and spread with a sterile glass rod.
Plates were incubated aerobically at 37 °C for 24 h.

24. Statistical analyses

The mean and standard deviation of the bacterial counts were
calculated. The significance of differences in bacterial counts be-
tween the Charolais and Holstein calves at the same age was
evaluated by independent t-test. The one-sample Kolmogorov-
Smirnov test of composite normality was used to test for a normal
distribution. The analysis of variance (ANOVA) was applied to
determine the statistical significance among bacterial counts
within each group over time with 95% confidence interval. Sha-
piro-Wilks test was used for testing of normality. The results were
processed in software Statistica (Statistica 12.0, Tulsa, USA).

72



V. BuneSovd et al. / Livestock Science 178 (2015) 317-321 319

3. Results

The bacterial counts and viability of the administered RRBs in
faecal samples from calves reared in extensive (Charolais group)
and intensive (Holstein group) farming systems are shown in Ta-
ble 1. In 2-day-old calves, approximately 107 CFU of bifidobacteria
per gram were detected in both groups. Three days after admin-
istration of the probiotic mixture (5-day-old calves), the number of
bifidobacteria in Charolais calves significantly (P < 0.05) increased
to 9.81 + 0.69 log CFU/g. Increasing of bifidobacterial numbers was
observed also in 5-day-old Holstein calves (8.35 + 1.21 log CFU/g),
however the counts were insignificantly higher compared to those
detected before probiotic treatment. The number of bifidobacteria
was higher in the Charolais group than in the Holstein group
throughout the study period, and the differences were significant
in 5- and 9-day-old calves (P <0.05). In the Charolais group, the
highest bifidobacterial counts were observed in 5-day-old calves,
whereas in the Holstein group, the highest values were observed
9 days later. After the maximum was reached, the bifidobacteria
numbers in both breeds decreased throughout the study period.
The decrease was significant (P < 0.05) in the Charolais group 26
days after the probiotic treatment. In contrast, the changes in bi-
fidobacterial counts were not significant (P< 0.05) in the Holstein
calves throughout the study period. No RRBs were detected in
faeces before administration. In the Charolais group, the RRBs
showed very good survival during passage through the GIT, and
9.77 + 0.66 log CFU/g were detected 3 days after administration.
Then, their numbers slowly decreased to significantly (P < 0.05)
lower counts (7.19 + 1.60 log CFU/g) in 4-week-old calves. Sig-
nificantly lower RRB counts were detected in Holstein calves than
in Charolais calves during the entire experiment (P< 0.01). In
Holstein calves, the highest numbers of RRBs were detected 3 days
after administration (7.46 + 0.47 log CFU/g), and their numbers
rapidly dropped to 2.40 + 0.80 log CFU/g by the end of the study.
Significant (P <0.05) decrease in RRBs was observed already 12
days after their application (4.97 + 1.16 log CFU/g).

Similar to what was observed for the total bifidobacteria, the
number of total anaerobic bacteria in Charolais calves was highest
3 days after the RRBs administration, and in Holstein calves the
number was highest 12 days after the treatment. Despite the fact
that there were observed changes in the numbers of total anae-
robic bacteria during the study period, these changes were not
significant within each group. Higher numbers of anaerobes were
observed in the Charolais group than in the Holstein group
throughout the experimental period, and the differences were

significant at 3 and 26 days after the probiotics administration
(P < 0.01). Coliform bacteria, including E. coli, were the most nu-
merous bacterial group identified in the faecal flora in 2-day-old
calves of both breeds. Their counts then decreased slightly and
remained stable until the end of the study (changes were not
significant, P < 0.05). Three days after probiotic administration, the
coliforms were replaced by bifidobacteria, which dominated in
faeces, with significantly higher counts in the Charolais group
(P < 0.05). Lactobacilli were the second most numerous bacterial
group following coliforms in 2-day-old calves at 7.50 + 2.33 and
7.56 4 0.90 log CFU/g in Charolais and Holstein calves, respectively.
Then, their numbers rapidly increased in Charolais calves (to
9.26 + 0.51 log CFU/g) and slightly decreased in Holstein calves (to
7.25 + log 0.65 CFU/g). Furthermore, lactobacilli were a relatively
stable bacterial group with higher counts in Charolais calves than
in Holstein calves, and the differences were significant in 5, 14, and
28-day-old animals (P <0.01). Described changes in numbers of
lactobacilli within each group were not significant (P <0.05)
throughout the study period.

4. Discussion

In order to persist, bacterial strains that are used as probiotics,
such as orally delivered bifidobacteria, have to survive the various
challenges encountered along the GIT of the host. Therefore, these
strains should originate from the target species, since their host-
specific background provides evidence for its ability to survive in a
given environment (Lihteinen et al., 2010). GIT stresses may
strongly influence the metabolic state and functionality of the
bacteria (Sanchez et al, 2013). Moreover, many physiological
characteristics can be species- or strain-specific, and this should be
considered when selecting a probiotic strain (Bunesova et al.,
2014). A strain should be selected through in vitro and in vivo
studies of its probiotic properties while taking into account its
benefits for the host (Dunne et al., 2001). Based on our previous
studies, we chose 2 probiotic bifidobacterial strains suitable for
calves (Bunesova et al., 2012; Vlkova et al., 2010). In the current
study, these bifidobacteria, which were originally isolated from the
faeces of healthy dairy calves, were administered to calves of
2 different breeds. The present results showed that bifidobacteria
were able to survive passage through the upper intestine in both
breeds; however, survival was significantly better in the calves
reared in an extensive farming system. The probiotic bifidobacteria
which were administered to Charolais calves (extensive system),

Table 1
Bacterial counts (mean + SD log CFU/g, n=8) in faecal samples of Charolais and Holstein calves in different age.
Age (days) Group Total anerobes Bifidobacteria RRBs Lactobacilli E. coli Coliforms
2 CH 10.22 +0.70 718 + 1.6* <2.00 750+233 8.98 +0.57 9.04 +0.62
H 9.85 +0.41 6.81 +2.09° <200 7.56 +0.90 8.74 +0.41 9.09 +0.68
5 CH 10.53 + 0.51* 9.81 + 0.69*% 9.77 + 0.66*** 9.26 + 0.51* 8.27 +0.86 8.76 +0.93
H 9.90 + 0.19* 835+ 1.21* 746 + 047 7.25 + 0.65™ 830 +0.73 846 +0.73
9 CH 10.36 +0.25 971+ 043*® 9.56 + 030 8.92 + 0.65 8.09 +0.66 837 +0.62
H 997 £0.54 8.80 + 0.61* 517 + 0.64** 719+ 2.02 872 +0.25 839 +0.71
14 CH 10.27 +0.23 9.48 +0.22°¢ 8.97 + 0.86*** 8.99 + 0.55** 797 +0.28 817 +1.22
H 1011 +£0.23 9.02 +0.83% 497 + 1.16%° 6.94 + 1.12* 8.52 +0.75 853 +0.74
21 CH 10.26 + 0.30 9.08 + 0.68% 893 + 0.56%* 839+0.72 8.43 +0.71 852 +0.73
H 10.02 +0.27 9.01 +1.23* 3.80 + 217**b¢ 7.41 +0.87 8.22+1.14 8.61 +0.58
28 CH 1027 +0.35° 7.96 + 056" 719 + 1.60™** 8.59 +0.70** 8.45 +0.40 863 +024
H 9.68 +0.14* 7.53 +0.93° 2.40 + 0.80%* 6.98 + 0.59** 8.39 +0.57 8.47 +0.60

Significant differences among bacterial counts between group CH (Charolais calves) and H (Holstein calves) at the same age P < 0.05; **P < 0.01. Differences among bacterial
counts were evaluated within each experimental group over time. The differences were significant (P <0.05) only in numbers of bifidobacteria and RRBs as indicated by the
different superscript letters (“<Charolais calves and **“Holstein calves) in appropriate columns. The superscript letters are not displayed in other bacterial groups because

the differences were not significant. RRBs - rifampicin resistant bifidobacteria.
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survived in the digestive tract for at least 26 days in numbers
greater than 107 CFU/g. Significantly worse bifidobacteria survival
was detected in Holstein calves (intensive farming system). Al-
though numbers greater than 107 CFU/g were detected only 3 days
after administration, their counts rapidly dropped reaching a value
of about 10? CFU/g on day 26 after administration. These differ-
ences might be caused by stresses, such as separation from the
mother, encountered in intensive rearing. According to (Hawrelak
and Myers, 2004) stress can induce significant alterations in the
GIT microflora, including a decrease in beneficial bacteria, such as
lactobacilli and bifidobacteria, and an increase in potentially pa-
thogenic microorganisms, such as E. coli. These changes in the
microflora may be caused by the growth-enhancing effects of
norepinephrine on gram-negative microorganisms or by stress-
induced changes to GIT motility and secretions. Moreover, this
may lead to a reduction in the ability of bifidobacteria to survive
after administration. In addition, various parameters, such as diet
composition and feeding practices, can also influence the micro-
bial balance and survival of administered probiotic bacteria in the
GIT (Chaucheyras-Durand and Durand, 2010; Simpson et al.,
2002). Consumption of various nutrients affects the structure of
the microbial community and provides substrates for microbial
metabolism. Bovine milk glycans and their metabolites have a
wide range of associated bioactivities, including antimicrobial,
prebiotic, and immunoregulatory effect (Lane et al., 2010; Recio
et al, 2009). Intestinal bacteria, such as bifidobacteria, exhibit
glycosidase activity and have been shown to be involved in the
digestion of milk glycans (Garrido et al., 2012; LoCascio et al.,
2007). O'Riordan et al. (2014) examined glycosidase activity in
bovine milk and showed that colostrum contained the highest
activity, and that activity decreased throughout transitional milk
production to minimal but constant levels in mature milk. The
elevated glycosidase activity detected in colostrum may be linked
to the necessity for release of the terminal monosaccharides
in vivo for utilisation as a carbon source by intestinal bacteria. The
results of our present study showed that bifidobacteria survived
better in the extensively bred Charolais calves, which were ex-
clusively fed by sucking milk from their mothers and had higher
total milk intake than intensively reared Holstein calves. Unlimited
milk feeding from the cow may support the survival of the ad-
ministered bifidobacteria and their multiplication in the intestine.
Milk glycan digestion by glycosidases may have a role in the re-
lease or exposure of bioactive saccharides that have im-
munomodulatory functions in the early development of the GIT
and promote the establishment of beneficial microflora in the
lower digestive tract (O'Riordan et al., 2014). In addition, Vlkova
et al. (2008) reported that the presence of bifidobacteria is also
highly dependant on diet composition; calves exclusively fed milk
have faecal flora richer in bifidobacteria than calves fed a com-
bined diet with a high proportion of fibre. According to Signorini
et al. (2012) probiotic effects depend on the composition of the
inoculum and the type of system in which the animals adminis-
tered the probiotics are reared. Whole milk feeding improved the
probiotic effect on the incidence of diarrhoea and the ratio of lactic
acid bacteria to coliforms. In our study, lactobacilli were detected
in higher numbers in the group of calves on a milk-only diet (the
Charolais group). Coliform bacteria dominated the faecal flora of
2-day-old calves in both breeds, and their counts decreased
slightly after administration of the probiotic mixture. Insignif-
icantly lower numbers of coliform bacteria were detected in the
Charolais group. Since coliform bacteria may contribute to diar-
rhoeal diseases (Frizzo et al., 2011), their elimination constitutes
an important factor in calf rearing. The highest numbers of bifi-
dobacteria and total anaerobic bacteria in the Charolais group
were detected in 5-day-old calves, whereas in Holstein calves, the
highest numbers of these bacteria were detected at 14 days of age.

It is important to achieve high numbers of beneficial bacteria, such
as bifidobacteria, as quickly as possible after birth, because the
immune system is not fully developed at the early stages of life
(Tuohy et al., 2003). Molecular monitoring of the intestinal mi-
crobiota of calves has shown that the microbial community un-
dergoes dynamic changes during the first 12 weeks of life, in-
cluding a reduction of health-promoting bacteria, such as bifido-
bacteria and lactobacilli (Uyeno et al., 2010). For healthy calf
rearing, it is important to optimise the enteric flora by increasing
the number of potentially beneficial microorganisms (Uyeno et al.,
2013). The single probiotic administration used in our study was
significantly more effective in calves reared in an extensive system
than in calves reared intensively. The RRB counts detected at
4 weeks of age in the Charolais group were almost 5 orders of
magnitude higher than the counts in the intensively reared Hol-
stein group. Survival of the administered bacteria and their posi-
tive effect on intensive breeds may be improved by repeated doses
of probiotic administration. According to Soto et al. (2011), peri-
odic administration of a probiotic inoculum of bovine origin may
favour the establishment of a stable, balanced intestinal micro-
biota, which would improve the health of the calves.

5. Conclusions

In this study, the bifidobacteria fed to calves were able to pass
through the GIT in high numbers in both tested groups. However,
the duration of their temporary colonisation in the intestine was
strongly affected by the farming system including the diet com-
position and was significantly better in the extensively reared
Charolais calves. To achieve a probiotic effect in intensively reared
animals, repeated application would probably be required. How-
ever the potential effectiveness of periodic administration of
probiotics to calves must be verified in further studies.
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Persistence of bifidobacteria in the intestines
of calves after administration in freeze-dried form
or in fermented milk
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Department of Microbiology, Nutrition and Dietetics, Faculty of Agrobiology, Food and Natural
Resources, Czech University of Life Sciences Prague, Prague, Czech Republic

ABSTRACT: In order to improve the gut microbiome of calves, probiotic bacteria can be fed as active living-
cells (fermented milk), or as live but inactive (freeze-dried) cultures. Ten bifidobacterial strains with suitable
probiotic properties (as determined in our previous study) were tested for survival during the freeze-drying
process, and screened for their ability to ferment cow’s milk. The viability of both freeze-dried and live-cell
cultures during storage was also tested. All of the strains tested were able to ferment cow’s milk, with average
counts of 8.26 + 0.62 log CFU/ml. Eight out of the ten strains were able to survive in milk for 2 months in
counts higher than 10° CFU/ml. Bifidobacteria showed high viability following the freeze-drying process, with
average numbers of 9.03 + 0.22 log CFU/vial and did not decrease after 12 months of storage. The mixture of
rifampicin-resistant variants of bifidobacteria (RRBs) was fed to 2-day-old dairy Charolais calves in the form
of living-cells, or as freeze-dried bacteria. The control group was given no probiotics. Survival of the RRBs
administered and the numbers of other bacterial groups in faecal samples was monitored by culturing. Bifi-
dobacteria that were administered passed successfully through the upper parts of the gastrointestinal tract,
and were found in numbers higher than 10 CFU/g for two weeks. RRBs colonized the intestines of calves for
at least 63 days in both treatment groups. Significantly higher total counts of bifidobacteria were found in the
treated groups, compared to the control group. Reduction in Escherichia coli and total coliforms numbers, and
an increase in lactobacilli counts were observed in both experimental groups following the application of the
probiotic mixtures. Our results show that both forms of administering probiotic bifidobacteria to calves are
effective, but that the freeze-dried form is more suitable from a practical viewpoint.

Keywords: probiotic bacteria; technological properties; storage conditions; gut; young ruminants

INTRODUCTION

Antibiotics have been used to prevent and control
intestinal infections in young ruminants for many
years. However, the widespread usage of antibiotics
in livestock has led to antibiotic residues found
in animal products, and increased the emergence
of drug-resistant bacteria in human beings (Abu-
Tarboush et al. 1996). In addition to the need to
reduce infectious disease in cattle, other important
aspects are considered, including animal welfare,

quality control of animal products, public health
issues, and odours from animal farms, which are
related to the gastrointestinal microbiota, and
need to be addressed (Awati 2014). Therefore,
there is a need to replace antibiotics in animal
feeds with other additives that would positively
influence the composition of intestinal microbiota
and improve livestock health. Many additives have
been proposed for these purposes (Roodposhti and
Dabiri 2012; Del Razo-Rodriguez et al. 2013; Hu et
al. 2014). One strategy becoming more common
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with cattle is the administration of probiotics.
Probiotics are defined as “live microorganisms
which, when administered in adequate amounts,
confer a health benefit on the host” (FAO/WHO
2002). Many studies have focused on the effect of
probiotic applications on growth performance and
animal health (Timmerman et al. 2005; Frizzo et
al. 2010). A meta-analysis conducted by Frizzo et
al. (2011) showed that probiotics increase body
weight gain and improve feed efficiency. Recent
research has demonstrated that the effects of
probiotic bacteria can reach far beyond the gas-
trointestinal tract. Documented benefits include
decreased mortality, improved immune function,
and increased milk production (Maamouri et al.
2014). Although the positive impact of probiotic
preparations has been clearly demonstrated, stud-
ies focused specifically on the ability of applied
probiotic bacteria to colonize the intestinal tract
are limited.

Different microorganisms are used as probiot-
ics in ruminants. More than 60 bacterial, fungal,
and yeast species are available for commercial
use. Frequently used probiotic microorganisms
include strains of lactic acid bacteria, Propioni-
bacterium spp., E. coli, Saccharomyces yeast, and
undefined mixed culture (Simon et al. 2001). Se-
lection of suitable probiotic species is dependent
on the age of the host. The rumen of dairy calves
is not developed yet; therefore, probiotics are
selected to target the intestines. Bifidobacteria
and lactobacilli are suitable probiotic bacteria
for calves, as these genera are an important part
of their intestinal microbiota (Uyeno etal. 2010).
Thus, it is an appropriate strategy to attempt to
increase the counts of these potentially benefi-
cial bacteria of young ruminants. Some strains
of bifidobacteria are host-specific (Bunesova et
al. 2014). Therefore, it is important for the donor
and recipient animals to be of the same species.
Probiotic strains can be administered as active
living-cells or in an inactive form, including spray-
dried, frozen, or freeze-dried microorganisms.
All listed variants have been verified as suitable
for preservation and distribution of probiotics
(Carvalho et al. 2004).

In a previous study from our group, in vitro tests
were used to identify specific strains of bifido-
bacteria originating in calves as having suitable
functional properties to act as probiotics. These
strains temporarily colonized the gastrointesti-
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nal tract of calves after their administration in
fermented milk (Vlkova et al. 2010). However,
for the large-scale application of bifidobacteria
to calves, a freeze-dried variant of the bacteria
is preferred. The question is whether the form,
in which the probiotics are administered, would
affect their ability to colonize the digestive tract
of calves. Therefore, the aim of this study was to
compare the survival ability of bifidobacteria in
the gastrointestinal tract, applied to 2-day-old
dairy calves in the form of live-cells or as freeze-
dried bacteria.

MATERIAL AND METHODS

Bifidobacterial strains used and determina-
tion of stability in fermented milk or during
storage as freeze-dried cultures. Bifidobacte-
rial strains administered to calves in this study
were collected in a previous experiment (Vlkova
et al. 2010). Briefly, bifidobacteria were isolated
from faecal samples of calves during the milk-
feeding period and characterized by in vitro tests.
Ten strains with suitable physiological properties
were identified by sequencing the 16S rRNA gene.
Six strains were identified as B. animalis subsp.
animalis (strains code: 023 II, 805 P4, 012 II1,
017 111, 805 111, 813 P2), two as B. thermophilum
(strains code: 017 1112, 025 II), one strain was
identified as B. longum subsp. suis (strain code: 022
I1), and one as B. choerinum (strain code: 023 12).
We then generated rifampicin-resistant mutants
(RRBs) from these strains, using a gradient plate
technique. No differences in physiological and
biochemical characteristics were found between
RRBs and the original strains (Vlkova et al. 2010).
Rifampicin resistance is rare among bifidobacteria
and enabled us to differentiate microorganisms
administered for the study from the endogenous
wild-type strains (Rada et al. 1995).

Bifidobacterial strains were screened for their
ability to ferment cow’s milk and survive under
these culture conditions. Milk was prepared from
low-fat dried milk (10 g/100 ml of distilled water),
10 ml aliquots were distributed into tubes, boiled
for 30 min, hermetically closed, and cooled to
37°C. Overnight growth cultures were inoculated
at about 1 x 107 CFU to the milk, the milk was
anaerobically fermented for 24 h at 37°C, and bifi-
dobacterial counts were determined by anaerobic
cultivation on modified Wilkins-Chalgren agar

77



Czech ]. Anim. Sci., 61, 2016 (2): 49-56

Original Papey

doi: 10.17221/8727-CJAS

(Oxoid, Basingstroke, UK) supplemented with
soya peptone (5 g/l; Oxoid). Fermented milk was
stored at 4°C and survival of bifidobacteria was
determined at approximately one-week intervals
for 6 months by cultivation as described above.

The ability of bifidobacteria to survive the
freeze-drying process was tested as follows. Ten
ml of overnight cultures at density of 10° CFU/ml
were collected by centrifugation and resuspended
in 10 ml of 10% skim-milk, which served as a
lyoprotectant. Glass vials with 10 ml of bacterial
suspensions were frozen to —=75°C for 30 min,
freeze-dried (HetoPowerDry LL3000, Thermo
Fisher Scientific, Waltham, USA) under vacuum for
24 h, and hermetically closed with rubber stoppers
before opening the drying chamber. Freeze-dried
bifidobacteria were kept at room temperature, and
their survival during storage was monitored in
three-month intervals for 12 months by cultiva-
tion on modified Wilkins-Chalgren agar (Oxoid)
supplemented with soya peptone (5 g/l; Oxoid).
For each analysis, a new vial with freeze-dried
bacteria was used.

Animals, bacteria administration, and sam-
pling. Bifidobacteria were administered to 2-day-
old Charolais calves from a local farm (“Chov
Charolais”, Slabce, Czech Republic). There were
two experimental groups. In the first group (fer-
mented milk; FM), eight animals were fed from
bottle with a single dose of a mixture of ten 10%
skim-milk cultures (10 ml) fermented by the 10 dif-
ferent RRBs strains listed above. The total amount
of fermented milk fed was 100 ml, and contained
approximately 10'° bifidobacterial cells. The sec-
ond experimental group (lyophilized bacteria;
LB) also comprised eight animals, and they were
fed from bottle with a single dose of the mixture
of freeze-dried bacteria, resuspended in 100 ml
of 10% skim-milk immediately before feeding.
Identically to the FM group, 10° of each of the
10 strains of RRBs were administered, for a total
dose of 10" cells. Eight calves from the same farm
with no probiotic treatment were used as a control
(C). All groups were housed separately, and none
of the animals (both calves and their dams) in this
study was treated with antibiotics, coccidiostats or
other inhibitory substances. Calves were housed
with their dams, and suckled with no additional
feed. Water was available ad libitum.

Survival of administered RRBs and other bacte-
rial groups was monitored in faeces of all calves

included in experiment by cultivation. Faecal sam-
ples were collected from the rectum using sterile
gloves, transferred to a tube with Wilkins-Chalgren
broth (Oxoid), and transported within 2 h to the
laboratory. Samples were collected from 2-day-old
calves and animals were re-sampled at 5, 10, 14,
21, 35, 49, and 63 days of age.

Microbiological assays. Samples were serially
diluted in the Wilkins-Chalgren broth (Oxoid)
under anaerobic conditions. RRBs were enumer-
ated using Wilkins-Chalgren agar (Oxoid) supple-
mented with soya peptone (5 g/1; Oxoid), L-cystein
(0.5 g/l; Sigma-Aldrich, St. Louis, USA), Tween
80 (1 ml/l; Sigma), mupirocin (100 mg/l; Merck,
Kenilworth, USA), rifampicin (80 mg/l; Sigma),
and glacial acetic acid (1 ml/l). Total bifidobacte-
rial counts were determined by the same medium
without rifampicin (Rada and Petr 2000), and total
anaerobes were cultivated on Wilkins-Chalgren
(Oxoid). Anaerobic bacteria were incubated in
anaerobic jar (Anaerobic Plus System, Oxoid) at
37°C for 72 h. To enumerate lactobacilli, cells were
cultured on Rogosa agar (Oxoid) adjusted to pH
5.4 + 0.2 with acetic acid, and plates were incu-
bated under micro-aerophilic conditions at 37°C
for 72 h. To create micro-aerophilic conditions, the
first agar layer was covered with a second layer of
Rogosa agar, before incubation. For enumeration
of E. coli and total coliforms, 0.1 ml of a diluted
sample was inoculated to Petri dishes with TBX
agar (Oxoid), and spread using sterile glass rods.
Plates were incubated aerobically at 37°C for 24 h.

Statistical analyses. Bacterial counts were
expressed as the mean with standard deviation.
Analysis of variance (one way ANOVA) was applied
to determine the statistical significance between
tested groups of calves with a 95% confidence in-
terval. Scheffe’s method (post-hoc test) was used
to determine differences between tested groups.
The Shapiro-Wilk test was used to test normality
of the population. The results were processed us-
ing STATISTICA software (Version 12.0, 2013).

RESULTS

Bifidobacteria survival in fermented milk or
when stored as freeze-dried cultures. The tested
bifidobacteria showed good ability of growth in
cow’s milk and after 24 h of cultivation in milk they
were present in counts ranging from 7.02 to 9.41 log
CFU/ml, with an average of 8.26 + 0.62 log CFU/ml.
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Eight out of 10 strains survived in fermented
milk for 2 months with counts > 10® CFU/ml;
one strain (025 II) attained this level for only 12 days,
and one (strain 805 P4) survived for 26 days with
counts >10° CFU/ml. Viability higher than 10° CFU/
ml for 4 months was observed for five of the strains.

Resistance to the freeze-drying process and the
stability of lyophilized cultures during storage was
similarly assayed. Immediately following freeze-
drying (approximately 10° CFU of each strain was
freeze-dried), bacterial numbers varied between
8.84 and 9.35 log CFU/vial, with an average of
9.03 + 0.22 log CFU/vial. Bacterial viability dur-
ing storage at room temperature was stable for
the duration of the study. The means of bacterial
counts were 8.80 + 0.13, 8.78 + 0.38, 8.80 £ 0.47,

doi: 10.17221/8727-CJAS

and 8.93 + 0.50 log CFU/vial, after 3, 6, 9, and
12 months, respectively.

Enumeration of faecal bacteria from calves and
detection of administered bifidobacteria. The
counts of RRBs and additional groups of bacteria
determined from faecal samples collected from all
experimental calves are shown in Table 1. Approxi-
mately 107 CFU/g of bifidobacteria were detected in
the faeces of 2-day-old calves in both experimental
groups, which was significantly (P < 0.05) lower
than numbers of bifidobacteria detected in control
calves. Three days following administration of the
probiotic mixtures, the numbers of bifidobacteria
increased to 9.95 log CFU/g, as detected in the
FM group, and to 9.55 log CFU/g in the LB group
(Table 1). These counts were significantly (P < 0.05)

Table 1. Bacterial counts (log CFU/g + SEM, n = 8) in faeces of calves fed a mixture of lyophilized bacteria (LB) or

fermented milk (FM), and of calves in the untreated control (C) group at various times of experiment

Age (days) Group Total anaerobes Bifidobacteria RRBs Lactobacilli E. coli Coliforms
FM 10.01 + 0.39* 7.03 + 0,02* <2.00 6.11+1.84% 899+0.10% 9.02+0.14*
2 LB 9.49 + 0.21* 7.03 £ 0.01* <2.00 6.48 +0.18* 858+ 0.07*®  8.68+0.11*
(& 9.59 + 0.01* 7.83 +0.31% <2.00 741+ 060%  805+0.22°  852+0.074
FM 10.68 + 0.214 9.95 + 0.03* 9.79+0.32%  9.08+0.23* 850+034* 9.14+0.074
5 LB 10.10 + 0.1348 9.55 + 0.46 9.60 +0.35*  8.30+047% 881+0.10* 898+0.01*
€ 9.31 +0.36% 7.83 +0.36° <2.00 7.95+0.64* 858+031* 892+0.10*
EM 10.42 + 0.15% 9.46 + 0.40"  9.41+0.14* 890+031* 7.92+045* 853+0.33%
10 LB 10.10 + 0.28* 9.36 + 0.13* 9.29+0.15%  9.09+0.00* 8.03+0.07* 891+0.07*
C 10.03 + 0.26* 9.12 + 0.66* <2.00 8.68+0.31%  9.03+026* 9.10+0.18*
M 10.34 + 0.224 9.40 + 0.314 9.15+0.00*  883+0.14* 808+0.13* 831+0.16"
14 LB 10.20 + 0.074 922+ 0.01*%  915+023* 9.12+0.05* 8.05+035% 8.69+0.63*
€ 10.10 + 0.02% 8.51 +0.19% <2.00 8.95+0.20% 833+0.11* 897+0.08"
FM 10.41 + 0.16* 9.16 + 0.494 8.86+0.52%  8.14+024* 831+0.13* 841015
21 LB 10.25 + 0.44* 9.20 + 0.16* 9.13+0.14*  875+029%  7.41+0.07°  7.49+0.07"
C 10.13 + 0.024 8.53 + 1.01* <2.00 850+ 0514  857+0.05% 9.16+0414
FM 9.95 + 0.034 7.60 + 0.00* 7.33+0.19%  813+0.36* 821+001* 823+0.024
35 LB 9.76 + 0.04* 8.21 +0.13% 8.04+0.16° 892+0.16* 590+0.01® 6.19+0.18"
3 9.90 + 0.024 6.16 + 0.03“ <2.00 8.11+0.54* 860+023* 862+021*
FM 9.40 + 0.09* 7.30+0.30*%  578+0.03*  844+0.10* 7.39+060* 7.66+0.074
49 LB 9.30 + 0.11% 8.04 + 0.46* 6.00+0.12%  8.32+0.06* 6.08+021* 6.22+0.124
c 9.10 + 0.26% 6.12 +0.14° <2.00 7.73+055%  7.61+0.07% 7.67+027%
FM 9.05 + 0.044 7.07 + 0.124 529+ 0.58%  7.63+0.09* 7.15+005* 7.19+0.05%
63 LB 9.11 + 0.01* 7.56 + 0.09* 555+ 0.34%  7.96+023% 6.19+001* 642+ 0.00*
G 9.21 + 0.58% 5.58 +0.24"% <2.00 8.13+0.13* 7.68+030* 7.82+0.314

RRBs = rifampicin-resistant variants of bifidobacteria

A-Cyalues in columns at the same age with no common superscripts significantly differ (P < 0.05)
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higher compared to the control group (7.83 log
CFU/g) (Table 1). Numbers of total bifidobacteria
were higher in both experimental groups than in
the control for the duration of the study; statisti-
cal significance for the differences was observed
for days 5, 14, 35, 49, and 63. Non-significantly
higher counts of bifidobacteria were seen in the
FM group, in comparison with LB group, for the
first 3 sampling dates after treatment. Thereafter,
bifidobacteria were consistently more numerous in
the LB group through to the end of the study, with
a significant difference on day 35. No RRBs were
detected in faecal samples from all calves before
their administration, or in the control group for
the duration of the study. The RRBs administered
demonstrated robust survival in the gastrointestinal
tracts of calves in both experimental groups; three
days after application, RRBs reached counts of
9.79 and 9.60 log CFU/g in the FM and LB groups,
respectively (Table 1). Their levels gradually de-
creased as the trials continued, but 2 months fol-
lowing treatment, RRBs were still found in numbers
higher than 10° CFU/g. RRBs were more numerous
in the FM group on days 5 and 10; thereafter, the
numbers were identical until day 21 of the experi-
ment, where RRBs showed higher number in LB
group, and remained higher until the end of the
study. The difference was significant only on day 35.

Total anaerobic bacteria were found in similar
numbers in all calves, reaching a maximum on
day 5 in the FM group, and on day 21 in the LB
and control groups. The highest counts were
found in calves fed fermented milk during the
whole experiment, and the numbers were signifi-
cantly (P < 0.05) higher compared to the control
group on day 5. Lactobacilli were present in the
lowest numbers in 2-day-old calves, and their
counts increased rapidly, particularly in both
experimental groups 3 days following bifidobac-
teria application. Numbers were relatively stable
during the whole experiment reaching counts
between 7.63 and 9.12 log CFU/g (Table 1). The
numbers of lactobacilli exceeded bifidobacteria
in the control group on days 5 and 14, and in all
groups from 35-day-old calves. Coliform bacteria,
including E. coli, varied in counts between 10°
and 10° CFU/g in the first 2 weeks of the calves’
life. Decreasing numbers were measured, start-
ing from the 3" week of life in calves treated
with lyophilized bacteria (LB group); a similar
reduction of coliforms was delayed in the FM

and control groups on day 49. On days 21 and
35, significantly (P < 0.05) lower counts of E. coli
and total coliforms in the LB group compared to
both the FM and control groups were detected.

DISCUSSION

Probiotic bacteria may be applied to a host as
active living-cells, or as inactive, usually freeze-
dried, cells (Fasoli et al. 2003). Because milk is an
appropriate nutritive source for microbial growth
(Quigley et al. 2013), one way to administer probi-
otics to calves is by feeding them milk fermented
by probiotic cultures. After the fermentation pro-
cess and during the storage period, the number of
probiotic microorganisms in the product should
remain at least at 10° CFU/ml to achieve the de-
sired functions in the gut (Vinderola et al. 2000).
All bifidobacteria tested in this study were able
to ferment cow’s milk, reaching counts higher
than 107 CFU/ml, and most of the strains tested
remained viable at the required levels for at least
2 months. The advantage of using fermented over
non-fermented (sweet) milk is that the milk is
preserved for several weeks by bacterial acidi-
fication (Bayram et al. 2007). A disadvantage of
feeding probiotics in the fermented milk form is
the large volume required, compared to freeze-
dried probiotics. Expanding interest in the usage
of probiotics as a regular contributor to livestock
nutrition has placed greater emphasis on promoting
high cell viability during storage, and maintaining
this high activity at the site of action. A suitable
approach for probiotics preservation is freeze-
drying (Carvalho et al. 2004), but this process
sometimes causes the loss of bacterial viability
due to ice crystal formation and rupture of cell
membranes (Poddar et al. 2014). The viability of
dried bacteria depends also on the method used
for their rehydration (Champagne et al. 2010). Our
results indicate that the bifidobacteria tested were
resistant to the freeze-drying process, and their
viability was stable for at least one year. Moreover,
bacteria fed to calves passed the upper parts of the
gastrointestinal tract successfully, and colonized
the gut for more than 2 months.

Numerous studies have reported beneficial effects
of probiotics on the health status and performance
of calves (Mudgal and Baghel 2010; Bayatkouhsar
et al. 2013; Qadis et al. 2014; Soto et al. 2014).
Most of the experiments showed increased weight
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gain and improved feed conversion ratios, but
few studies also monitored a long-term survival
of the probiotics administered. Moreover, a de-
tailed description of inoculum used in studies was
often missing. Therefore, our study was focused
on monitoring the persistence of bifidobacteria
fed to calves in faecal samples. Bifidobacteria
administered in both forms (as active live-cells
in fermented milk or as freeze-dried inactivated
cells) showed high survivability in the gastroin-
testinal tract, being found in faecal samples in
numbers higher than 107 CFU/g five weeks after
the treatment. It has been suggested that some
components of milk, especially milk proteins,
enhance the survival of bacterial strains under
different conditions (Livney 2010; Saxelin et al.
2010). Therefore, the administration of probiotics
in milk, or as bacteria freeze-dried using milk as
a cryoprotectant, may help improve their survival
in the digestive tract. Rochet et al. (2008) assessed
the survival of B. animalis in adults after ingestion
in fermented milk or as a freeze-dried product.
The gastrointestinal survival of the strain tested
was equally good for both applications. Our results
showed that there were significant differences in
the survival of bacteria if administered live or
freeze-dried. Bifidobacteria were found in faecal
samples in higher counts after their application
in fermented milk, 14 days after treatment. From
day 21 there was a higher number of bifidobacteria
in the freeze-dried group than in the fermented
milk group. This difference was probably due to
the form of administration, as freeze-dried bac-
teria need time for re-activation in the intestine.
The osmotic conditions and pH of the intestine,
and the availability of an appropriate nutritional
energy source may affect the rate of recovery to
a viable state (Costa et al. 2000).

The total numbers of bifidobacteria in the calf
faeces samples rapidly increased after the admin-
istration of RRBs strains in both treatment groups.
Anincrease was also measured in the control group,
but at later times in the study. The counts of bifi-
dobacteria in both experimental groups were sig-
nificantly higher than counts in the control group
during the whole study, except for day 2. We ad-
ditionally observed the effect of administration
of bifidobacteria on other bacterial groups in the
digestive tract of calves. One group of intestinal
bacteria we examined were lactobacilli, as they are
also probiotic bacteria, and a common constituent
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of the intestinal microbiota of calves (Maldonado et
al. 2012). Three days after the application of probi-
otics, the number of lactobacilli was insignificantly
higher in both experimental groups compared to
the control, but the differences were not significant
(Table 1). This finding is consistent with the results
obtained by Vlkova et al. (2009), who observed a
slight increase in lactobacilli numbers after feeding
bifidobacteria to lambs.

Coliform bacteria, particularly E. coli, are caus-
al agents of diarrhoea in calves and it is there-
fore desirable to reduce their numbers (Moore
2004). In this study, faecal samples from calves
fed freeze-dried bifidobacteria had significantly
lower numbers of coliform bacteria and E.coli
on days 21 and 35, compared to untreated calves
and calves treated with probiotic fermented milk
(Table 1). The group receiving fermented milk
also had non-significantly lower counts of E. coli
and coliforms in their faecal samples, compared to
the control group, after the 5™ day of life. Rood-
poshti and Dabiri (2012) reported similar results
after administration of a multi-strain probiotic
mixture to calves, finding significantly reduced
E. coli numbers in faeces compared with untreated
controls. Two mechanisms by which probiotic mi-
croorganisms can reduce E.coli and other bacteria
present in the environment have been proposed.
One is the production of inhibitory substances
by probiotic bacteria. Bifidobacteria are able to
synthesize organic acids, and some strains also
produce bacteriocins (Martinez et al. 2013). The
second proposed mechanism of probiotic action
against pathogenic or potentially pathogenic bac-
teria is competitive inhibition of adherence to the
intestinal mucus and epithelial cells (Roodposhti
and Dabiri 2012).

CONCLUSION

Experimental data from in vivo testing of bifido-
bacteria administration as a freeze-dried product
or in fermented milk demonstrated that both forms
of probiotics are suitable for feeding to calves.
At least some strains from the bifidobacterial
mixture applied in this study were stable during
gastrointestinal passage, and were able to colonize
the digestive tract of calves for at least 63 days.
Nevertheless, due to a longer shelf life, and the
possibility to feed probiotics in smaller volumes,
the freeze-dried form of bacteria is preferable.
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ARTICLE INFO ABSTRACT

Keywords: The aims of this experiment were to identify suitable commercial prebiotic substrates for
Prebiotic bifidobacteria of calf origin and to verify in vivo the effects of the selected prebiotics on survival
Biﬁ""*'““ of applied and naturally occurring bifidobacteria in calf intestines. First, in vitro utilization of
C

selected fructooligosaccharides, galactooligosaccharides, and inulin by Bifidobacterium animalis
ssp. animalis (two strains), B. choerinum, B. thermophilum, and B. longum ssp. suis was investigated.
The highest specific growth rates were observed with Vivinal” (galactooligosaccharides) and
Raftilose P85 (fructooligosaccharides); therefore, these prebiotics were used for in vivo tests.
Three groups of calves were investigated. A single dose of a probiotic mixture of five strains of
rifampicin-resistant variants of bifidobacteria (RRBs) in form of fermented milk was fed to 2-
days-old calves in the first experimental group (PROB). In the second group (SYNB), a single dose
of probiotics was administered to calves at the same age, but a prebiotic mixture containing
selected substrates was fed to the calves every day until 7 weeks of age (the end of the study). The
third group, which did not receive any treatment, was used as a control. The survival of applied
and naturally-occurring bifidobacteria and the numbers of selected faecal bacterial groups were
determined by cultivation. Our results showed that the fed RRBs were able to survive passage
through the gastrointestinal tract, with counts of more than 10° CFU/g in the PROB group.
Significantly higher numbers of RRBs (more than 10® CFU/g) were found in the SYNB group at
age 4 days. RRBs persisted in intestines for at least 49 days in both experimental groups without
further significant differences. Counts of other determined bacteria were not significantly
affected by the treatments. Our results showed that the selected prebiotics improve the survival
of bifidobacteria passing through the digestive tract. Selected combination of pro- and prebiotics
seems to be promising synbiotic in term of promoting survival of administered bacteria in
intestine. However its effect on animal performance must be verified in other experiment with
larger groups of animals.

Gastrointestinal tract

1. Introduction

The intestinal microbiota is a complex community of microorganisms that performs a beneficial barrier function in young
ruminants, protecting them from common enteropathogens such as Escherichia coli, Salmonella spp., or Campylobacter spp. (Gaggia
etal., 2010; Turkyilmaz et al., 2013). These pathogens can cause enteric diseases with diarrhoea that result in considerable economic
losses for animal breeders (Chaucheyras-Durand and Durand, 2010). In the past, antibiotics have been used in animal feed to prevent
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infections with pathogenic bacteria, and, in some countries, antibiotics could serve as growth promoters (antibiotic growth
promoters, AGPs) (Dibner and Richards, 2005). The use of AGPs has increased antimicrobial resistance in some bacterial species and
raised concerns about the transfer of antibiotic resistance genes from animal to humans (Salisbury et al., 2002). These concerns led to
a ban on the use of AGPs in the European Union, in effect since 2006. Therefore, alternatives to enhance animal defences against
pathogenic or potentially pathogenic bacteria are needed. Potential alternatives include specific feed additives such are probiotics,
which may modulate the gut microbiota and enhance its barrier effect. With a safe history of use, bifidobacteria and lactobacilli are
considered suitable probiotics. Bifidobacteria are appropriate probiotic bacteria for dairy ruminants because they are an important
part of their intestinal microbiota (Vlkova et al., 2009; Kelly et al., 2016) and are more numerous in their intestinal tracts than
lactobacilli (Rada et al., 2006). Some strains of bifidobacteria are host specific. Therefore, it is desirable to administer bifidobacterial
species that are commonly present in the intestinal tracts of those animals. Bifidobacterium choerinum, B. pseudolongum subsp.
globosum, B. longum subsp. suis, B. animalis subsp. animalis, and B. thermophilum are bifidobacteria that are naturally present in calf
microbiota (Bunesovi et al., 2012; Kelly et al., 2016). Bifidobacteria have been shown to have beneficial effects on their hosts (Cross,
2003; Servin, 2004). In young ruminants, administration of bifidobacteria showed positive effects on the composition of intestinal
microbiota, with antimicrobial activity against E.coli and Clostridium difficile (Vlkova et al., 2009Vlkov & et al., 2009; Vlkov & et al.,
2010). To enhance the effect of probiotics, it is helpful to simultaneously feed prebiotics, which should be specific substrates for the
probiotic bacteria and that are able to stimulate the establishment, survival and/or activity of the probiotic species, while at the same
time enhancing the numbers of beneficial gastrointestinal bacterial species (Konar et al., 2016). These combined bacterial treatments
are called synbiotics. Most studies on the effects of different types of prebiotics on probiotics of various origins have been performed
in vitro, with a focus on enhancing the survival of probiotic bacteria by testing their tolerance to low pH and high concentrations of
bile acids in gastrointestinal models (Michida et al., 2006; Adebola et al., 2014). The fact, whether prebiotics are able to support the
long-term survival of administered probiotic bacteria in the intestine of young ruminants has not been examined in vivo yet.
Therefore, the aim of our study was to identify commercial prebiotics that can serve as suitable substrates for calf-origin
bifidobacteria and to investigate the effects of selected prebiotics on the survival of bifidobacteria administered to 2-day-old dairy
calves.

2. Materials and methods
2.1. Bifidobacterial strains

The tested bifidobacteria were selected based on our previous experiments (Vlkovi et al., 2010; BuneSova et al., 2012). Briefly,
Bifidobacterium strains were isolated from faecal samples of calves using modified Wilkins-Chalgren agar (Oxoid) according to the
methods of Rada and Petr (2000). Isolates were identified by 16S rRNA sequencing, and their antimicrobial activities and functional
properties were examined. Five strains of bifidobacteria with suitable probiotic properties and showing long-term survival in calf
intestines were selected for the present experiment. Rifampicin-resistant variants of bifidobacteria (RRBs), two strains of B. animalis
ssp. animalis (strain codes 17III1 and 23II), one strain of B. longum ssp. suis (22II), one B. choerinum (02312) strain, and a B.
thermophilum (25I1) strain were administered to calves in this study so that they could be distinguished from naturally occurring
species of bifidobacteria.

2.2. Growth of bifidobacteria on prebiotics

Specific growth rates of bifidobacteria were determined in cultures with commercial oligosaccharides, including the
fructooligosaccharides (FOSs) Raftilose P95 and Raftilose P85 (BENEO-Orafti, Tienen, Belgium), Frutafit” 1Q inulin (Sensus,
Roosendaal, Netherlands), and, representing galactooligosaccharides (GOSs), Vivinal® GOS syrup (FrieslandCampina Domo,
Amersfoort, Netherlands). These oligosaccharides were prepared as 2% (w/v or v/v) solutions, dissolved in distilled water, and
subsequently sterilized at 121 °C for 20 min. Carbohydrate-free medium (10 g/L tryptone, 10 g/L nutrient broth, 5 g/L yeast extract,
1 mL/L Tween 80, and 0.5 g/L1-cysteine) adjusted to pH 6.8 was used for an in vitro evaluation of the growth of bifidobacterial strains
on the oligosaccharides. This medium was distributed into tubes with 9 mL each. After sterilization and cooling, the 1 mL of
oligosaccharides was added to the carbohydrate-free medium as the only carbon source (0.2% v/v). Bifidobacteria were pre-cultured
for 24 h at 37 °C and inoculated at 1 x 107 CFU into 10 mL of media containing the test oligosaccharides. The cultures were
incubated anaerobically at 37 °C, and bacterial growth was measured turbidimetrically at 565 nm (ODsgs) every 30 min up to 10 h
and again after 24 h. At each sampling time, three replicate tubes were used to determine cell growth with the oligosaccharides.
Growth curves were constructed from the data (graphs not shown), and results are presented as the specific growth rate per hour ().

2.3. Experimental design

The study included 15 Holstein-Friesian calves (eight female and seven male) from the Vitézslav Skoda dairy farm in Vrazkov,
Czech Republic, that were randomly allocated into three experimental groups with five calves per each group. In the first group
(probiotic, PROB), calves were fed a single dose of probiotics. A mixture of 5 milks fermented by 5 tested RRBs (171111, 231, 2211,
2312, and 251I) was prepared. Briefly: strains were pre-cultured in Wilkins-Chalgren broth (Oxoid). Overnight culture of each RRB
was inoculated into 20 mL of 10% skim milk and cultivated in anaerobic conditions at 37 °C for 24 h. The number of bacteria in the
fermented milk was approximately 10° CFU/mL as determined by cultivation. Single dose of mixed fermented milks (total volume
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100 mL; 20 mL of each strain) contained approximately 10'® CFU was fed to 2-day-old calves. In the second group (synbiotic, SYNB),
a single dose of probiotics (the same mixture as in PROB group) was administered to calves at the same age, but a prebiotic mixture
containing the selected substrates was fed to the calves every day until the end of the study. The daily dose of prebiotics contained
2.5 g of Raftilose P85 and 2.5 mL of Vivinal", This combination was selected based on the in vitro testing described in previous
paragraph. The last group consisted of calves that received no treatment. Survival of the administered bifidobacteria and effects on
other bacterial groups in the digestive tract were monitored by cultivation methods. Initial faecal samples were taken from 2-day-old
calves before treatments, and additional samples were obtained at 4, 7, 10, 14, 21, 28, 35, and 49 days of age. Samples were collected
in tubes directly from the rectum using sterile gloves. The tubes containing Wilkins-Chalgren broth (Oxoid) and the obtained samples
were immediately transferred to the laboratory.

After birth, calves were housed with their mothers for 6 h and then were housed in individual outdoor cages. They were fed
colostrum for 4 days and then switched to cows milk from the stable to the end of the experiment. The milk (6-8 L) was supplied
twice a day at 7 AM and at 6 PM. Water and starter feed were freely accessible. From the age 7 days, the calves were fed also by
granulated feed. Starter was composed from 850 g/kg of dry matter, 200 g/kg of crude proteins and 52 g/kg of crude fibre.
Granulated starter contained cereals, cereal by-products, by-products of the sugar industry, oilseed cake, vitamin and mineral
supplements. Calves had no contact with other calves, and they received no antibiotics during the experiment.

2.4. Microbiological analysis

Besides enumeration of the administered RRBs, the total counts of anaerobes, bifidobacteria, lactobacilli, and E. coli were
monitored using the plate method. The obtained faecal samples were homogenized and serially diluted in anaerobic conditions in
Wilkins-Chalgren broth (Oxoid). Plates with anaerobic bacteria were incubated in anaerobic jars (Anaerobic Plus System, Oxoid) at
37 °C for 72 h, using the appropriate medium (Wilkins-Chalgren agar; Oxoid). Total bifidobacteria were enumerated on Wilkins-
Chalgren agar (Oxoid) supplemented with soya peptone (5 g/L; Oxoid), l-cysteine (0.5 g/L; Sigma), Tween 80 (1 mL/L; Sigma),
glacial acetic acid (1 mL/L) and mupirocin (100 mg/L; Oxoid). RRB counts were determined in the same medium as bifidobacteria
with the addition of rifampicin (80 mg/L; Sigma). Counts of lactobacilli were determined using Rogosa agar (Oxoid) adjusted to pH
5.4 + 0.2 with glacial acetic acid, and plates were incubated at 37 °C for 48 h under micro-aerophilic conditions (two layers of
Rogosa agar). To enumerate E. coli, cells were incubated aerobically on tryptone bile X-glucuronide (TBX) agar (Oxoid) at 37 °C for
24 h.

2.5. Statistical analyses

Specific growth rates were calculated according to the following equation: p = (Inx — Inxg)/(t — tg), where x and x, are optical
densities measured at times t and t,, respectively. The specific growth rate and intergroup differences determined in in vivo testing are
presented as means * standard deviations. An analysis of variance (one-way ANOVA) was performed using Statistica software
(Statistica 12.0, Tulsa, USA). The Shapiro-Wilk test was conducted when a significant difference was found (P < 0.05).

3. Results
3.1. Growth of bifidobacteria on oligosaccharides

Specific growth rates of the five bifidobacterial strains on galactooligosaccharides, fructooligosaccharides, and inulin were
determined (Table 1). Whereas Vivinal~ and Raftilose P85 were fermented abundantly by all test strains, Raftilose P95 and inulin
were utilized by only a few strains. Two strains (B. longum subsp. suis 2211 and B. thermophilum 25II) were able to grow on inulin, but
with low specific growth rates. Strains B. animalis subsp. animalis 17111, B. longum subsp. suis 2211, and B. thermophilum 2511 grew
faster on Raftilose P85 than on Raftilose P95 and Vivinal®, but the difference was not significant. In contrast, strain B. choerinum 2312
reached a specific growth rate of 0.83 + 0.04 on Vivinal®, which, compared with the growth rates of other strains, was high. The last
test strain, B. animalis subsp. animalis 2311, proliferated fastest on Raftilose P85 (u = 0.59 = 0.03) and Vivinal® (u = 0.59 + 0.01),

Table 1
Specific growth rate per hour (i) of bifidobacterial strains on commercial prebiotics.

Prebiotic Bacterial species and strains

B. animalis ssp. animalis 171111 B. animalis ssp. animalis 2311 B. choerinum 2312 B. longum ssp. suis 2211 B. thermophilum 2511

Raftilosa P95 0.39 + 0.08" 042 + 0.07" NG 0.43 + 014" 0.35 + 0.07"
Raftilosa P85 0.51 + 0.05" 059 + 0.03" 0.27 + 0.01" 0.59 * 0.04" 047 + 0.02"
Frutafit” 1Q NG NG NG 0.28 + 0.03" 0.18 + 0.03"
Vivinal” 0.44 + 0.09" 059 + 0.01" 0.83 + 0.04" 0.54 + 0.04" 042 + 0.06"

Data represents means + standard deviation based on three replicates per bifidobacterial strain. NG: no growth.
* Values with different superscripts in the same column differ significantly (p < 0.05).
® Values with different superscripts in the same column differ significantly (p < 0.05).
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Table 2
Counts of bacteria (log CFU/g * standard deviation, n = 5) in the faeces of calves fed a p
prebiotics (SYNB) and of calves in an untreated group (control) at various times in the experiment.

oy

mixture of bifidobacteria (PROB) or probiotic mixture with

Age (days) Group Total anaerobes RRBs Bifidobacteria Lactobacilli Escherichia coli
2 PROB 9.70 + 0.40" “2.00 8.67 + 1.04" 7.35 * 0.94" 9.11 + 0.16"
SYNB 9.55 + 0.20" “2.00 8.61 + 0.50" 7.72 + 091" 8.83 + 0.48"
Control 9.49 + 017" “2.00 8.01 + 0.63" 5.89 + 1.20" 8.89 + 0.78"
4 PROB 9.99 + 0.35" 7.28 + 0.54* 9.48 + 0.83" 7.95 + 0.46" 823 + 0.32"
SYNB 9.74 + 0.08" 842 + 0.77" 9.54 + 0.25" 7.43 + 1.06" 8.00 + 0.37*
Control 9.89 + 0.56" “2.00 9.31 + 089" 7.75 + 0.89" 8.01 + 0.87*
7 PROB 9.84 + 0.42" 6.43 + 1,06" 9.40 + 0.46" 8.31 + 0.25" 857 + 0.58"
SYNB 9.99 + 0.48" 747+ 1.77* 9.77 + 025" 7.74 + 0.42" 861 + 0.51"
Control 9.32 + 0.29* “2.00 8.91 + 057" 7.65 + 0.99" 7.58 + 0.66"
10 PROB 9.83 + 0.42* 6.32 + 0.85" 9.29 + 047" 8.48 + 0.78" 7.85 + 0.87%
SYNB 9.90 + 0.31* 7.21 + 0.83" 9.07 + 0.80" 7.56 + 0.75" 7.89 + 0.49"
Control 9.32 + 0.43" < 2.00 852 + 0.32" 7.49 + 0.84" 7.98 + 0.97*
14 PROB 9.46 + 0.84" 6.00 + 0.47" 8.61 + 071" 858 + 0.56" 7.82 + 0.89*
SYNB 9.57 + 0.06" 6.21 + 0.98" 8.64 + 047" 7.65 + 0.75"® 7.72 + 0.14*
Control 9.35 + 0.29" “2.00 8.62 + 045" 6.93 * 1.13° 6.52 + 0.86"
21 PROB 9.51 + 0.48" 5.02 * 1.03" 8.69 + 0.88" 7.18 * 0.54" 7.35 + 0.89"
SYNB 9.78 + 0.31" 558 + 0.95" 9.24 + 049" 7.29 * 0.64" 7.13 * 174"
Control 9.35 + 0.33" 2.00 8.48 + 0.62" 7.06 + 1.00" 7.54 * 1.27%
28 PROB 9.49 + 0.43" 4.55 + 1.05" 8.64 + 0.43" 7.95 * 0.66" 7.61 + 0.79"
SYNB 9.62 + 0.16" 576 + 1.66" 891 + 0.54" 7.32 * 0.84" 7.39 * 1.23"
Control 9.39 + 0.50" “2.00 832 + 057" 7.61 * 0.97* 6.85 + 1.62"
35 PROB 9.40 + 0.55" 4.20 + 1.58" 821 + 0.65" 6.99 + 1.58" 8.32 + 0.99*
SYNB 9.02 + 0.26" 4.53 + 0.69" 813 + 024" 7.47 + 0.97" 7.76 + 1.82"
Control 9.27 + 0.68" 2.00 7.42 + 057" 7.39 + 0.97* 6.77 + 1.69"
49 PROB 8.97 + 1.00" 3.74 + 218" 8.05 + 0.58" 6.03 + 0.81" 7.27 + 0.23"
SYNB 8.99 + 0.07* 4.15 + 1.03" 8.60 + 0.55" 7.00 + 0.50" 6.51 + 1.32%
Control 9.19 + 0.04" 2.00 7.82 + 093" 6.84 + 0.03" 615 + 1.34"

RRBs: rifampicin resistant bacteria.
A Values with different superscripts in the same column differ significantly (p < 0.05).
B Values with different superscripts in the same column differ significantly (p < 0.05).

and its growth rate was significantly higher on these substrates than on Raftilose P95. Three out of five tested bifidobacteria grew best
on Raftilose P85, one tested strain grew best on Vivinal®, and one strain grew equally well on Raftilose P85 and Vivinal". Based on the
data obtained, Raftilose P85 with Vivinal® was selected as the best combination of prebiotics to administer to calves to support tested
bifidobacteria.

3.2. Enumeration of administered bifidobacteria and other selected bacterial groups

The abilities of RRBs to survive in the gastrointestinal tracts (GITs) of calves and the counts of other detected bacterial groups are
shown in Table 2. Our results indicate that the applied bacteria were able to survive passage through the GITs of calves. The
administered bacteria were present at 7.28 + 0.54 log CFU/g in 4-day-old calves that were treated only with probiotics (the PROB
group) and at 8.42 * 0.77 log CFU/g in calves of the same age in the SYNB group, these differences were significant (P = 0.05). RRBs
counts slowly decreased throughout the experiment without further significant differences between both groups, with 10* CFU/g by
the end of the study. RRBs were not detected in faecal samples before their administration or in the control group at any point in the
investigation. Administration of probiotics and synbiotics to calves did not significantly affect the counts of naturally occurring
bifidobacteria (Table 2). As in the case of the RRBs, the total amount of bifidobacteria gradually decreased throughout the experiment
in all three groups.

The numbers of total anaerobic bacteria were relatively stable throughout the observation period, reaching counts between
8.97 = 1.00 and 9.99 * 0.35 log CFU/g. Another investigated bacterial group were lactobacilli, which reached their maximum
counts on day 14 in the PROB (8.58 *+ 0.56 log CFU/g) and SYNB (7.65 * 0.75 log CFU/g) groups, and on day 4 in the control
group (7.75 + 0.89 log CFU/g). No significant differences were found between the counts of lactobacilli in the three experimental
groups, except at day 14, when lactobacilli were found in significantly lower numbers in the control group than in the PROB group.
Faecal E. coli counts showed no effect from the administration of probiotics and prebiotics. The general trend of E. coli populations
was their gradual reduction in all monitored groups. Approximately 10° CFU/g of E. coli were found in faeces 2 days after the birth of
calves and, after 2 months of treatment, 107 CFU/g of E. coli were detected.

4. Discussion

Bifidobacteria, like most intestinal bacteria, are saccharolytic bacteria that obtain energy and carbon through catabolism of
various mono- and oligosaccharides. Several oligosaccharides have been suggested as prebiotics for calves, including mannanoli-
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gosaccharides, fructooligosaccharides, cellooligosaccharides, inulin, and galactosyl-lactose (Uyeno et al., 2015). To select suitable
synbiotic combinations, the substrate requirements and specificities of individual bifidobacterial strains and species should be
established (Hopkins et al., 1998). Our results showed that the FOSs (Raftilosa P95 and Raftilosa P85) were good substrates for all of
the strains tested, whereas inulin was not suitable for growth of calf-origin bifidobacteria. These results are in agreement with other
studies, in which bifidobacteria have been shown to prefer short-chain FOSs as a substrate for growth (McKellar et al., 1993; Rossi
etal,, 2005). Rossi et al. (2005) also showed that, differences in fructan utilization patterns were strain specific. Vivinal®, a GOS, was
also a suitable substrate for the tested bifidobacteria. Commercially available GOSs are composed of mixtures of oligosaccharides
with different degrees of polymerization and glucose contents, and their specific compositions differ by manufacture. For example, B.
animalis ssp. lactis, tested in a study by Sims et al. (2014) showed more growth on Vivinal®, which contains 24% monosaccharides,
than on a GOS that contained only 3% monosaccharides. On the other hand, Hopkins et al. (1998) reported that, in many cases,
higher specific growth rates were reached during cultivation of bifidobacteria on oligosaccharides, than on their monomeric
constituents. Similar to the utilization of FOSs by bifidobacteria, utilization of GOSs is presumably strain specific, and the
consumption of GOSs by bifidobacteria is related to the amino acid sequence of B-galactosidase (Akiyama et al., 2015).

In our experiment, the tested bifidobacteria were able to pass through upper GITs of calves in both experimental groups, which
agrees with results of our previous experiments (Vlkova et al., 2010; Bunesovi et al., 2012). Two days after administration, the RRBs
reached counts of 8.42 + 0.77 and 7.28 * 0.54 log CFU/g in the SYNB and PROB groups, respectively. This difference in the
numbers of RRBs was significant, indicating that the applied prebiotics enhanced survival of the administered bifidobacteria as they
passed through the upper part of digestive tracts. This is consistent with other in vitro studies showing that prebiotics support the
survival of probiotic bacteria during passage through simulated GIT conditions (And and Kailasapathy, 2005; Michida et al., 2006;
Adebola et al., 2014). In both treatment groups (SYNB and PROB), RRBs survived in GITs for at least 7 weeks and were present in
faecal samples at about 10* CFU/g on the 49th day of life. The administered probiotics showed higher survival rates if prebiotics were
also applied (the SYNB group), but the differences between the SYNB and PROB group were not significant, except for at the second
sampling time. Overall, the total numbers of bifidobacteria were, in most cases, higher in the SYNB group than in the PROB and
control groups, but these differences were not significant. This finding agrees with the results of Uyeno et al. (2013), which showed
that counts of bifidobacteria in the GITs of calves were non-significantly higher in groups treated with prebiotics than in control
groups that were not treated with prebiotics. Apart from the possible effects of prebiotics, the bifidobacterial populations of young
ruminants may also be affected by other factors such as diet (milk or a combination diet), age, use of antibiotics, or farming system
(Vlkova et al., 2008; BuneSova et al., 2015). Moreover, dietary supplements may have significant health promoting effects only if
young animals are under stress, with studies in which calves were exposed to little stress showing no significant benefits of
supplements (Abe et al., 1995). Another component of the intestinal microbiota of calves comprises lactobacilli, which have also
shown beneficial effects on animal health and potential for use as probiotics (Maldonado et al., 2012). Similar to bifidobacteria,
lactobacilli are able to utilize oligosaccharides such as FOSs, GOSs, inulin, and lactulose (Kneifel, 2000). Saminathan et al. (2011)
examined the ability of 11 strains of lactobacilli to utilize 10 different oligosaccharides. All of the test strains were able to utilize all of
the oligosaccharides, but growth varied with species, strains, and substrate. The ability of lactobacilli to utilize the commercial
oligosaccharides applied in our study was not investigated in vitro. Therefore, it is a possible that lactobacilli could be supported by
these oligosaccharides, although this was not shown in our experiment. According to our results, neither probiotics nor synbiotics
affected the number of E. coli, but this could have been affected by the duration of our study. In comparison, Roodposhti and Dabiri
(2012) found significantly lower numbers of E. coli in faeces of calves that received a pro/prebiotic and synbiotic, but not before 56th
day.

5. Conclusions

Administered probiotics successfully passed through the upper GITs of calves in high numbers. Moreover, our newly designed
combination of calf-origin bifidobacteria and commercial prebiotics (galactooligosaccharides and fructooligosaccharides) seems to be
promising synbiotic in term of promoting survival and activity of administered bacteria in intestines of calves, which is one of most
important prerequisite for the functionality of synbiotic product. Nevertheless, the effect of proposed synbiotic on animal
performance must be verified in following experiments.
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ABSTRACT

The purpose of the study was to evaluate the amount of raffinose-series oligosaccharides
(RSO) in soybean meal (SBM), whole white lupin seed meal (WLM), sunflower meal (SFM),
and rapeseed oil meal (ROM) and to determine whether partial or complete dietary WLM
replacement affected the numbers of bacteria in selected groups in the microbiota of broiler
chickens and ducks without inducing any weight loss. Total counts of anaerobes, lactobacilli,

bifidobacteria, and Escherichia coli in caecal samples from both ducks and broiler chickens,
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as well as in a crop chyme, in broiler chickens, were determined. Live weights before
slaughter were determined. Both broiler chickens and ducks were fed a control diet with SBM
(Lo) or diet containing 50% or 100% WLM as a substitute for SBM (groups Lsp and Lo,
respectively). In comparison with SBM, WLM contained significantly higher amounts of
RSO, and the amounts of oligosaccharides in SFM (1.73 = 0.26 g/100 g) and ROM (1.79 =
0.14 g/100 g) were negligible compared to that in WLM (8.26 + 0.14 g/100 g) and SBM (6.96
+0.21 g/100 g). Inclusion of lupin in chicken diets did not significantly affect the monitored
bacterial groups in crop chyme, but complete replacement of SBM with WLM (Lo group) in
chicken diets significantly (P < 0.05) increased the counts of lactobacilli in caecal samples.
Partial (Lso group) and complete (Lo group) lupin supplementation in the duck diet
significantly (P < 0.05) increased counts of lactobacilli and bifidobacteria by at least one
order of magnitude. E. coli counts in poultry were not affected by changes in diet. The results
of our study indicate that partial dietary replacement of SBM with WLM did not significantly
affect the live weight of broiler chickens and ducks, but that complete replacement of SBM by

WLM may lead to weight loss.

Keywords: broiler chickens, ducks, microbiota, white lupin, raffinose-series oligosaccharides

Introduction

From an ecological point of view, animal production and the nutrition feed required for these
animals, represents an undeniable environmental burden. Therefore, there is an effort,
especially in European countries, to select locally sourced feed ingredients, if possible. In the
last decade, soybeans have become the most common source of vegetable protein in
monogastric animal diets (Chaudhary et al., 2015; Heger et al., 2016); however, the majority

of soybeans are imported from overseas. In addition to reducing the need for these imports,
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feeds based on non-genetically modified plants are currently desirable in developed countries
(Frewer et al., 2013). Potential alternative sources of dietary protein can be obtained from by-
products of vegetable oil extracted from of sunflower or rapeseed meal (Dadalt et al., 2016;
Liermann et al., 2016). Other protein sources include a pea protein isolate and potato or corn
protein concentrate (Froidmont et al., 2009; Wiltafsky et al., 2009; Dadalt et al., 2016;).
However, there are certain nutritional limitations, e.g., alkaloid content, trypsin inhibitors, and
tannins, which must be considered. Based on these requirements, low-alkaloid varieties of
sweet lupin (Lupinus albus, L. angustifolius, L. luteus) are considered promising for use in
animal feed. Its advantage is that lupin can be used to completely replace soybean meal (Zraly
et al., 2008; Hemandez and Roman, 2016). The use of lupin as an alternative source of
vegetable protein for the production of animal feed is increasing rapidly. There are many
studies analysing the impact of replacing soya with lupin in animal diets. Many authors
confirmed that lupin is a suitable protein component for use in animal feed, based on
production parameters and nutrient digestibility in animals (Zraly et al., 2008; Volek and
Marounek, 2009; Zdunczyk et al., 2016; Zwolifiski et al., 2017). In addition to proteins,
important growth-promoting factors in lupin seeds include their significant amounts of
saccharides, including raffinose-series oligosaccharides (RSO). These oligosaccharides are
not digested in the upper gastrointestinal tract (GIT) of monogastric animals. Without
changing their structures, they pass to the intestine, where are fermented by gut microbiota to
produce short-chain fatty acids and gas. This can lead to flatulence and abdominal discomfort
(Guillon and Champ, 2002). However, RSO have been identified as prebiotic agents. In in
vitro studies, particularly, they have been shown to promote the growth of health-promoting
bacteria such as bifidobacteria and inhibit the growth of Escherichia coli in the gut
(Hernandez-Hernandez et al., 2011; Wongputtisin et al., 2015). Therefore, the aim of our

study was to determine the amounts of oligosaccharides in selected meals serving as a
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potential source of protein and to assess whether inclusion of L. albus instead of soya in
broiler chicken and duck diets could induce changes in selected bacterial groups.

Material and methods

Quantitative determination of raffinose series oligosaccharides in experimental meals

Four meals were selected as a potential source of protein in animal nutrition including
soybean meal (SBM), whole white lupin seed meal (WLM), sunflower meal (SFM), and
rapeseed oil meal (ROM). The amount of RSO was determined using an enzymatic method
Megazyme Raffinose/Sucrose/Glucose Assay Kit (Megazyme International, Ireland) using o-
galactosidase and invertase according the manufacturer’s instructions. The method does not
distinguish between raffinose, stachyose and verbascose; their quantities were measured as a
group. Three replicates were used to determine the amounts of RSO per meal.

Birds and housing

The study was conducted at an accredited experimental barn of the Department of Animal
Nutrition at University of Veterinary and Pharmaceutical Sciences Brno. The protocol for this
study was approved by the local ethic committee.

In this study, a total of 240 one-day-old broiler chickens (ROSS® 308) and 180 one-day-old
ducks (Cherry Valley) were purchased from International Poultry Testing MTD Ustrasice,
Czech Republic. Animals were placed in pens with deep litter, and each experimental group
was maintained separately. For both types of poultry, a 23 : 1 hour light : dark lighting regime
was used throughout the experiment. The temperature was set at 21 — 31 °C for broiler
chickens and 8 — 30 °C for ducks, depending on their ages.

Experimental design and diets

Broiler chickens were randomly assigned to three dietary treatments (80 replicates each), and
every treated group was divided by sex for 40 males and 40 females. During the study period,

broiler chickens were fed a control diet based on SBM (L) or one of two diets containing
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50% or 100% WLM as a substitute for SBM (groups Lsg and Lo, respectively). The chickens
were fed for three experimental periods over 35 days (i.e., days 1 - 14, 15 — 29, and 30 — 35).
The composition and calculated nutritional values of these diets are shown in Table 1.
Analogously, ducks were separated by dietary treatment and sex into the six groups (30 ducks
per group) and were fed diets containing SBM meal as a control or diets with 50% or 100%
WLM as a replacement for SBM (groups Lo, Lsp and Ligo, respectively). The ducks were fed
for 40 days in four periods (i.e., days 1 - 10, 11 — 19, 20 — 35, and 36 —40). The composition
of their diets is presented in Table 2.

The control feed mixture was prepared by ZZN Pelhiimov, Czech Republic, and the test feed
mixtures containing whole white lupin seed were prepared by MTD Ustrasice. The poultry
had free access to water and feed mixtures and were fed through feeder drop tubes ad libitum.
At the end of the experiment, the poultry were weighed. To monitor intestinal bacteria, 18
broiler chickens and 18 ducks (6 birds per group) from each treatment group (Lo, Lso and Loo)
were randomly selected. Immediately after slaughter, samples from caeca from both kinds of
birds and crop chyme from broiler chickens were collected directly into tubes containing
Wilkins-Chalgren broth (Oxoid).

Microbiological analysis

Counts of total anaerobic bacteria, bifidobacteria, lactobacilli, and Escherichia coli were
determined by cultivation. The obtained samples were homogenized and serially diluted in
Wilkins-Chalgren broth (Oxoid) under anaerobic conditions. Wilkins-Chalgren agar (50 g/l;
Oxoid) supplemented with soya peptone (5 g/l; Oxoid), L-cystein (0.5 g/l; Sigma), and Tween
80 (1 ml/l; Sigma) was used for enumeration of total anaerobic bacteria. Bifidobacteria were
enumerated on the same agar as total anaerobes with the addition of glacial acetic acid (1
ml/l) and the antibiotic mupirocin (100 mg/l; Oxoid), according to a method reported by Rada

and Petr (2000). These plates were incubated in anaerobic jars (Anaerobic Plus System,
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Oxoid) at 37 °C for 72 hours. To enumerate lactobacilli, Rogosa agar (82 g/l; Oxoid) adjusted
to pH 5.4 + 0.2 with glacial acetic acid was used. Lactobacilli were cultivated for 72 hours
under micro-aerophilic conditions using the double-layered pour-plate method. Counts of E.
coli were determined using TBX-agar (Oxoid), with plates incubated aerobically at 37 °C for
24 hours.

Statistical analysis

The amounts of RSO in meals, live weight, and bacteria enumeration were analysed
statistically using STATISTICA software (version 12.0, 2013). Amounts of RSO and
numbers of bacteria are presented as mean values *+ standard deviations (SD). Live weights
are presented as mean values with pooled standard errors of the mean (SEM). A one-way
analysis of variance (ANOVA) was performed to determine whether values differed among
the treatment groups, and P < 0.05 was considered statistically significant. Data were checked

for normality (Shapiro-Wilk test) before the statistical analysis was performed.

Results

Amounts of RSO in experimental meals

Quantities of RSO in experimental meals are shown in Table 3. The amounts of
oligosaccharides found in meals ranged from 1.73 to 8.26 g/100 g. Relatively low amounts of
RSO were found in SFM and ROM compared to those in WLM and SBM. White lupin seed
meal contained the highest amount of RSO among all the tested meals.

Growth performance

The live weights of broiler chickens and ducks were determined. The final body weights of
broiler chickens are shown in Table 4. No statistical differences were found in the live
weights of male broiler chickens fed different diets. The means of live weights of broiler

chickens in the L, group and Lsy group were almost identical. The average live weight of
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female broiler chickens in the Ligo group (2.19 kg) was significantly less than that in the Lsg
group (2.33 kg); but between live weights in the Lo and Lo groups was not found statistical
difference. Complete lupin replacement in duck diets also negatively affected their final body
weights (Table 5). Significant differences in live weights were found between the Ly group
and Lsy group of female ducks, and between the Lo group and Lsy group of male ducks, and
moreover between Ly group and Ly group of male ducks.

Bacteria enumeration

Counts of selected bacterial groups in caecum and crop samples collected from broiler
chickens are shown in Table 6. The average numbers of total anaerobic bacteria,
bifidobacteria, lactobacilli and E. coli isolated from crop chyme in all three experimental
groups were not significantly different. The amount of lupin in diets did not affect the number
of these bacteria. Although statistically significant differences were not found, counts of
bifidobacteria and lactobacilli were the highest in the group in which soya was completely
replaced with lupin. Conversely, in the same group (Lig), the counts of E.coli were the
lowest. In the caeca of broiler chickens, lactobacilli counts were significantly higher in the
Lioo group than in the Lsg and Ly groups. This is the only statistically significant difference
that was found in the faecal microbiota of broiler chickens. The highest counts of
bifidobacteria as well as E. coli were detected in the Lsg group.

Considerably higher bacterial diversity was observed in the faecal microbiota of ducks than
that of chickens (Table 7). Bifidobacteria and lactobacilli counts were significantly higher in
both experimental groups in which soya was replaced by lupin (Lsg and L), as compared to
the control (Ly) group. The numbers of bifidobacteria in the Lsoand Loy groups were higher
by at least one order of magnitude. The number of lactobacilli in the Lsy group was higher by

two orders of magnitude. No statistically significant differences were found among counts of
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total anaerobic bacteria, and the amounts of E. coli were approximately equal in all three

groups.

Discussion

Members of the raffinose family of oligosaccharides are present in various plant sources
(Andersen et al., 2005). High amounts of RSOs are mainly found in legumes, and their levels
in seeds vary by species and based on environmental factors (Martinez-Villaluenga et al.,
2005). Generally, all lupin species are good sources of RSOs and can be used for the isolation
of oligosaccharides. According to Martinez-Villaluenga et al. (2005), white lupin seeds
contain RSO amounts ranging from 5.46% to 8.51% dry matter (DM). In our experiment,
WLM contained comparatively high levels of RSO (8.26 = 0.14 g/100 g). High amounts of
RSOs were also found in SBM, but these levels were lower than those in lupin, which
corroborates the findings of other authors (Kumar et al., 2010; gvejstil et al., 2015).
According to Zdunczyk et al. (2014), the inclusion of blue lupin seeds as 20% of a layer diet
can increase the RSO content, from 0.77% to 2.08% DM. The amount of oligosaccharides in
SFM and ROM was similar, and RSO contents in these meals were negligible compared to
those with WLM and SBM.

The commensal microbial community plays a major role in poultry health and digestion and
its composition can be influenced by diet. Currently, there is limited information available in
the literature on whether crop microbial composition can be affected by feed. The crop is the
first major defence against pathogens in broiler chickens. One of the crop’s barriers against
pathogens is an acidic pH. A lower pH can be promoted by lactic acid fermentation performed
by lactobacilli. Lactobacilli are the dominant bacterial group in the crops of broiler chickens
(Kieronczyk et al., 2016), as shown also in our results. The numbers of lactobacilli in crops

were similar to the numbers of total anaerobic bacteria in all three groups (Lo, Lso, and Ljy).
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Besides lactobacilli, among the health-promoting bacteria belong bifidobacteria. In our study,
bifidobacteria were found at approximately 10° CFU/g in poultry crops, which was an order
of magnitude less than described by Petr and Rada (2001). The highest numbers of lactobacilli
and bifidobacteria were found in the Ly group, relative to those in the Lsyand Ly groups, but
these differences were not significant. E. coli counts in the crops of broiler chickens were not
affected by diet. Undigested oligosaccharides in the upper part of the GIT are fermented in the
intestines of birds by the gut microbiota (Patterson and Burkholder, 2003). The presence of
RSO in diets may result in increased numbers of bacteria in certain populations (Jozefiak et
al., 2004). Higher counts of total anaerobes in the caeca of broiler chickens and ducks were
found in the L;qo group, relative to that in the Lo group. However, these differences were not
significant because both diets contained some RSO. Dietary RSO has been shown to increase
numbers of lactic acid bacteria, as well as increase visible bacteria attached to cell walls in the
caecum (Lan et al., 2007). Complete replacement of SBM with WLM in the diets of broiler
chickens affected the numbers of lactobacilli in caeca samples; however, the other
investigated bacterial groups were not affected. Similarly, differences in the composition of
duck diets positively affected lactobacilli and bifidobacteria counts. The inclusion of whole
white lupin seeds in the experimental diets caused appropriate changes in the amounts of
probiotic bacteria. Increased numbers of bifidobacteria and lactobacilli can have a positive
effect on poultry by regulating the intestinal microbial balance (Buclaw, 2016). Similar results
were described by Zdunczyk et al. (2014), who observed increased counts of bifidobacteria
and lactobacilli in laying hens fed a diet supplemented with 20% blue lupin seeds. In contrast,
the addition of yellow lupin seed meal to the feed of turkeys did not increase the numbers of
lactobacilli (Zdunczyk et al., 2016). E. coli is a common intestinal bacterium, and most of

strains are commensal; however, some strains can cause disease. The counts of E. coli in
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faecal samples of both types of poultry were not affected by differences in the composition of
diets.

In addition to monitoring quantitative changes in selected bacterial groups, final body weights
were determined. As suggested in the introduction, replacement of SBM with lupin meal in
the diets of various monogastric animals, including rabbits, turkeys, chickens, and pigs, does
not necessarily reduce weight gain (Wu et al., 2004; Zraly et al., 2008; Volek and Marounek,
2009; Zdunczyk et al., 2016). However, there have been some reports of weight loss with this
replacement (Olkowski et al., 2005; Smulikowska et al., 2014). Our results showed that
partial inclusion of lupin in diets did not significantly affect the body weights of broiler
chickens or ducks, but that complete replacement of SBM with WLM reduced their live

weights.

Conclusions

The present study shows that WLM contains higher levels of RSO than SBM, and
supplementation of diets had a positive influence on the intestinal microbiota composition of
broiler chickens and ducks. Partial and complete replacement of SBM with lupin in duck diets
significantly increased counts of lactobacilli and bifidobacteria. Further, a significant increase
in the numbers of lactobacilli in broiler chicken caecum was observed only when SBM was
fully replaced with WLM. The obtained data showed that a diet containing 50% whole white
lupin had a positive effect on the composition of the intestinal microbiota in ducks, and that
this addition had neither negative nor positive effects on the live weights of ducks and broiler

chickens.
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9.5 Priloha ¢. 5:

Hospodafska zvifata
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Bifidobakterie jako mozna
probiotika pro mladata prezvykavcu

V. BUNESOVA, M. GEIGEROVA, E. VLKOVA

Fakulta agrobiologie, potravinovych a pfirodnich zdrojti, Ceska zemédélska univerzita v Praze

SOUHRN

Bunesova V., Geigerova M., Vlkova E. Bifidobakterie jako mozZna probiotika pro mladata pie-
2vykavcu. Veterinatstvi 2015;65:528-532.

Rovnovéha intestinalni mikrobioty telat muze byt ovlivnéna zptisobem odchovu, krmenim, stre-
sovymi situacemi a také podavanim antibiotik. Prijmova onemocnéni jsou hlavni pfi¢inou amrti
telat, a to predevéim v prvnich dnech Zivota. Modulace stfevni mikrobioty krmnymi aditivy, jako
jsou probiotika, je velice aktuainim tématem, jez nabizi celou fadu moznosti. Rod Bifidobacterium
patii mezi nejéastéji pouzivané probiotické bakterie u lidi. Zajem o vyuziti bifidobakterii ve vyzivé
hospodafiskych zvifat je zatim spise okrajovy, i kdyz jsou bifidobakterie béznou soucasti zdravé
stfevni mikrobioty mladat prezvykavct a Ize u nich o¢ekavat stejny pozitivni efekt na zdravotni stav
hostitele, jako je tomu u lidi. Mezi nejvyznamnéjsi vyhody bifidobakterii patfi modulace obranné
odpovédi hostitele a ochrana proti infekénim chorobam. Bifidobakterie mohou produkovat rtizné
antimikrobialni latky, jako organické kyseliny nebo bakteriociny, maji schopnost posilovat slizni¢ni
imunitu, ¢imz potlacuji potencialni patogeny a pfispivaji k celkovému zlepseni zdravotniho stavu
hostitele.

SUMMARY

Py Iy -

Bunelova V., Geigerova M., Vlkova E. Bifidobacteria as p pr ics for young n
Veterinarstvi 2015;65:528-532.

The balance of the intestinal ecosystem of calves can be affected by the farming system, feeding, and

stressful situations and by antibiotics. Diarrheal diseases the main cause of calf deaths, with mortality
rates higher in the first four weeks of life, is related with economic losses. Bacteria of the genus
Bifidobacterium belong to the most commonly used probiotic bacteria. Interest in the use of
bifidobacteria in livestock nutrition is still rather marginal, although bifidobacteria are normal part of
healthy intestinal microbiota of young ruminants and positive effect on the health of the host can be
expected as in case of humans. The modulation of the gut microbiota with feed additives, such as
probiotics, towards host-protecting functions to support animal health, is a topical issue in animal
breeding and creates fascinating possibilities. Among the most distinctive benefits of bifidobacteria
are modulation of host immune responses and protection against infectious diseases. Bifidobacteria
can produce various antimicrobial compounds, such as organic acids and bacteriocins, have the ability
to strengthen mucosal immunity, which inhibit potential pathogens and contributes to the overall

improvement of health condition of the host.

Mikrobiota traviciho traktu

Mikrobiotu v gastrointestinalnim traktu (GIT)
savct Ize povazovat za aktivni organ s irokou dru-
hovou biodiverzitou, kdy pocet bunék dosahuje
hodnoty az 10'.' Z traviciho traktu bylo izolovéno
vice nez 500 raznych druht mikroorganismd, sku-
tecny pocet je viak mnohem vyssi, cozZ je potvrzo-
vano pii molekularné-biologickych analyzach gas-
trointestinalni mikrobioty. Mikrobiota GIT hraje

dulezitou roli v utvéfeni celkového zdravi jedince
a je prospésna pro hostitele. Bakterie se rozdéluji
na jednoznacné pozitivni a ty, které mohou zpuiso-
bovat problémy pii pfemnozeni, jako napfiklad
klostridie, patogenni kmeny E. coli a dalsi.
Mikrobialni diverzita a funkce traviciho traktu hos-
podafskych zvifat je pak ovlivnéna mnoha endo-
gennimi a exogennimi faktory.

Vyvoj mikrobioty traviciho traktu mladat béhem
prvnich tydnt Zivota je jednim z nejdalezitéjsich
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faktor( ovliviiujicich zdravi jedince. Strevni mikrobiota
mladat prezvykavci se stejné jako u jinych druhi savch
zacina utvaret jiz béhem porodu. Pfirozend mikrobiota
matky a mikroorganismy z prostiedi jsou hlavni konta-
minanty infikujici travici trakt mladéte.?V prvnich dnech
po narozeni tvori intestindlni mikrobiotu lidi, kurat, selat
a telat téméf vyhradné koliformni bakterie, bifidobakte-
rie a bakterie mlé¢ného kvaseni. Vysoké pocty bifidobak-
terii jsou typické predevsim pro savce v obdobi mlééné
vyzivy.** Po odstavu se vyviji finalni dospéla mikrobiota.

Savci se podle anatomie a fyziologie traviciho traktu
déli na monogastricka a polygastricka zvifata a slozeni
jejich mikrobioty se lisi. Hlavni mikrobialni skupiny
v tlustém stifevé u monogastrickych zvitat (jako je prase,
dribez, kralik) jsou rody Bacteroides, Clostridium,
Bifidobacterium, Eubacterium, Lactobacillus,
Streptococcus, Fusobacterium, Peptostreptococcus,
Propionibacterium a bakterie celedi Enterobacteriaceae.
U polygastrickych zvitat, jako jsou kravy a ovce, je hlav-
nim mistem mikrobidlniho metabolismu bachor, kde
prevazuji vidkninu degradujici rody, jako jsou Fibrobacter,
Ruminococcus, Butyrivibrio a Bacteroides spolu s dalsimi
vyznamnymi skupinami, jako je naptiklad rod Prevotella,
Selenomonas, Streptococcus, Lactobacillus a Megasphaera.
Dale pak nékteré anaerobni houby, brviti prvoci
a v bachoru jsou hojné zastoupeny také metanogenni
organismy.>s7

Nerovnovéha strevni mikrobioty
a patogeny

Za normalnich okolnosti jsou pfitomné komenzalni
bakterie zakladnim aktivem pro zdravi, a maji nutri¢ni
a ochrannou funkci pro stievni strukturu a homeostazu.
Fyziologické a psychologické stresory vedou k dysfunkci
stfevni bariéry, ktera mze mit za nasledek zvy3eni stiev-
ni propustnosti, rovnéz maji vliv na slozeni stfevni mikro-
bioty a zvy3uji citlivost na enteralni patogeny.®® Snizeni
vyskytu gastrointestinalnich infekci u mladat prezvykav-
cu je velmi dulezité, protoze infekce zpomaluje jejich
vyvoj, a tim negativné ovliviiuje néaslednou produkci.’®
V podminkach velkochovu jsou ¢asto telata odebirdna
od matek v kratké dobé po narozeni a muze tak byt naru-
Seny piirozeny vyvoj intestinalni mikrobioty.? Diky tomu
se mohou zvySovat pocty bakterii, jako jsou klostridie
a E. coli, coz vede ke vzniku prijmovych onemocnéni
v chovech prezvykavci." Infekéni prajmova onemocné-
ni jsou navic jednou z hlavnich pfi¢in ekonomickych
ztrat v dasledku mortality. Umrtnost telat v prvnich 16
tydnech Zivota se obvykle pohybuje mezi 8
a 12 %, toto rozmezi hodnot plati pro mirné klimatické
podminky a lidi se mezi stady.'? Strevni infekce u mladat
hospodaiskych zvifat jsou nejcastéji zplGsobeny
Escherichia colj, rotaviry, koronaviry, Clostridium perfrin-
gens, Salmonella sp. a Cryptosporidium sp. Skot predsta-
vuje hlavni rezervoar patogennich E. coli, tyto patogeny
se nachazeji také u ovci, koz a divokych prezvykavci.
Infekce zptisobena E. coli 0157:H7 je obvykle u dospé-
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Schéma 1 - Vysledek interakce mezi patogenem, hostitelem
ajeho strevni mikrobiotou'

lych piezvykavci asymptomatickd, ale nékdy zptsobuje
prajmy u mladat telat.” Dal3imi dalezitymi patogeny
vyskytujicimiseumladat prezvykavct jsou Campylobacter
Jjejuni a Campylobacter coli, které bézné kolonizuji travici
trakt bez jakychkoliv pfiznak(. Nékteré studie viak uva-
déji, ze Campylobacter sp. muze byt pfenesen do potra-
vinového fetézce."

Na schématu 1 je zobrazen vysledek interakce mezi
patogenem, hostitelem a stfevni mikrobiotou.'* Stfevni
patogeny vyuzivaji vlastni faktory virulence k navozeni
hostitelské odpovédi, coz narusuje prirozenou mikrobio-
tu a nepfiznivé ovliviiuje jak ochranné, tak imunomodu-
laéni funkce. V dasledku toho je patogen schopny proli-
ferace a muze tak negativné ovlivnit mikrobiotu hostite-
le, coz muze mit za nasledek mikrobialni nestabilitu po
infekci a postinfekéni komplikace. Navic jsou mechanis-
my plisobeni nékterych patogent na stfevni mikrobiotu
stéle neobjasnéné.

Podavani probiotickych bakterii podporuje vytvoreni
stabilni a vyvazené stievni mikrobioty, kdy dochazi
k podporeni zdravi telat a eliminaci pouziti antibiotik
k lécbe21e

Eliminace antibiotik ze Zivocisné
produkce

Cilem Zivocisné produkce je predevsim dodavka bez-
peénych potravin ur¢enych k lidské spotiebé s prihléd-
nutim k dobrym Zivotnim podminkam zvifat a ohle-
dem na 3etrnost k zivotnimu prostiedni. Dulezitou
oblasti zootechnického a mikrobiologického vyzkumu
je zlepseni kvality a bezpecnosti masa. Je velice dobfe
znamo, ze patogeny, jako jsou Campylobacter
a Salmonella, mohou byt pfenaeny v potravinovém
fetézci, a tudiz mohou byt zdrojem lidského onemoc-
néni.'® V minulosti byla antibiotika zahrnuta do krmiv
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Tab. 1- Ocekdvané vlastnosti a bezpecnostni kritéria pro
probiotika'

¥ Netoxické a nepatogenni

¥ Presna taxonomickd charakterizace a identifikace

v’ Mikroorganismus pfirozené se vyskytujici u cilového
hostitele

v Prezivani, kolonizace a metabolicka aktivita v travicim
traktu hostitele, kdy je vyzadovéna:

¥ Odolnost vii¢i zaludecnim $tavém a Zludi

v Perzistence v gastrointestinaInim traktu

¥ Adheze na stfevni epitel a hlen

v’ Kompetice s rezidentni mikrobiotou

¥ Produkce antimikrobidlnich latek

¥ Antagonismus vii¢i patogennim organismim

v’ Modulace imunitni odpovédi

¥ Genetickd stabilita

¥ Schopnost vyvinout alespon jednu zdravi prospéinou
védecky podpofenou vlastnost

v’ Poddajnost a stabilita kmene béhem zpracovéni, skla-
dovani a aplikace

v Zivotaschopnost ve vysokych poctech

v Z&douci organoleptické a technologické vlastnosti

pro zvitata v subterapeutickych hladinach jako riistové
stimulatory.'” V roce 2006 byl v Evropské unii vydan
zakaz pouzivani antibiotik ke krmnym uaceltm.
Antibiotika se tedy v soucasnosti pouzivaji pouze
k lé¢bé, ale i tak je snaha o omezeni jejich pouziti
z diivodu jejich difeni do zivotniho prostiedi a vznikajici
rezistence patogennich mikroorganismu.® Hledaji se
proto nové cesty pozitivniho ovlivnéni slozeni stfevni
mikrobioty a celkového zdravotniho stavu zvifat, coz
vede k celkovému zefektivnéni chovu hospodaiskych
zvitat.

Jak jiz bylo zminéno, u¢elem antibiotik byla prevence
infekénich onemocnéni a Gprava slozeni mikrobioty
gastrointestinalniho traktu, ¢imz se docililo lepsiho
vyuziti krmiva a zvy3eni pfirGstka. Tyto okolnosti zvysily
zajem o vyuziti probiotik ve vyzivé hospodaiskych zvi-
fat, které by tak preventivné pasobily proti strevnim
infekcim a podporovaly zdravi mladat prezvykavcu.
Probiotika jsou zivé mikroorganismy, které, pokud jsou
podavany v dostate¢ném mnozstvi, poskytuji hostiteli
zdravotni pfinos.” Vhodné je probiotika zahrnout do
krmné davky ve stresujicich obdobich, jako je doba
odstavu, zacatek laktace nebo zména slozeni krmné
davky?® Podévani probiotickych bakterii hospodai-
skym zvifatim muze pomoci zvysit hmotnostni pfirtis-
tek a zlepsit konverzi krmiva.?' Frizzo et al. publikovali,
ze telata krmena probiotiky lépe vyuzivala krmivo ve
srovnani s telaty, kterd pfijimala krmivo bez probiotik.?

Mezi bakterie, které se bézné pouzivaji v Evropské
unii jako krmna aditiva, patii pfedevsim grampozitivni
bakterie rodu Bacillus, Enterococcus, Lactobacillus,
Pediococcus, Streptococcus a nékteré kvasinky rodu
Saccharomyces a Kluyveromyces?* V poslednich letech
vzrostl zajem o uplatnéni bakterii rodu Bifidobacterium
ve vyzivé zvifat.

530

Kritéria a pozadavky pro probiotické
mikroorganismy

Probiotika by se méla do mista svého ucinku dostat
v dostate¢nych poctech a byt Zivotaschopna. Pro testo-
vani probiotickych vlastnosti se pouziva fada in vitro
testll a nasledné in vivo studii.?? BEhem jejich selekce je
tfeba zohlednit celou fadu aspekt, které ovliviuji jejich
u¢innost (Tabulka 1).

Také je tfeba brat v tvahu, Ze probiotické vlastnosti
jsou druhové anebo kmenové specifické.?* Mechanismus
jejich Gcinku je rozmanity v zavislosti na pouzitém mik-
roorganismu a je také ovlivnén fyziologickym stavem
a stafim hostitele. Pocatecni kolonizace je vhodnym
okamzikem, kdy Ize modulovat budouci stfevni mikro-
biotu.* Podle Hill et al. Ize vlastnosti a mechanismy ucin-
ku probiotik délit do t#i skupin s ohledem na &etnost
jejich vyskytu u jednotlivych probiotickych kmena
(Schéma 2)."” Nékteré probiotické Ucinky Ize zobecnit na
véechny kmeny ¢&i druhy laktobacilt a bifidobakterii,
které jsou povazovany za jednoznacné pozitivni mikro-
organismy. Mezi takové vlastnosti patfi napfiklad pro-
dukce organickych kyselin. Jedna se o primarni metabo-
lity vznikajici p¥i rozkladu cukr( témito bakteriemi, proto
je to vlastnost, ktera se uplatiiuje vzdy, kdyz jsou tyto
bakterie pritomny a jsou metabolicky aktivni. Mnoho
probiotickych vlastnosti byva druhové specifickych
a nékteré vlastnosti jsou nalézany jen u vybranych
kmend, v tom pfipadé se jedna o kmenoveé specifickou
vlastnost (schéma 2).

Vzécns se vyskylujici
Kmenova-specifické Géinky
Neurologické G&inky
Imunologické ieinky
Endokrinologicks Ginky
Produkce speciickjch bioaktivnich latek

Ceiné mechanismy

‘mezi testovanymi probiotiky
Kolonizaéni rezistence Ustaleni narusené mikrobioty
Tvorba kyselin a mastnych Zvjieny obrat enterocyti
kyselin s kratkym fetézcem Konkurencni vyloudeni patogenis

Regulace stfevniho tranzitu

Schéma 2 - Vlastnosti a mechanismy ucinku probiotik’®

Probiotické bakterie by mély byt schopny adhero-
vat na stfevni epitel hostitele, vykazovat antagonis-
tické ucinky vici patogennim a potencialné patogen-
nim mikroorganismim a mély by celkové pozitivné
ovliviiovat zdravi hostitele.?® Pro zvyseni pravdépo-
dobnosti kolonizace je doporuc¢eno pouzit kmen
puvodné izolovany z traviciho traktu druhu zvitete,
pro ktery jsou dana probiotika uréena. Efektivnéjsi je
podéavani vicekmenovych probiotik, ktera ptinaseji
vyssi efektivitu diky synergickému ucinku jednotli-
vych kmen(.2!
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Bifidobakterie jako probiotika

Bifidobakterie jsou bé&zné uzivany jako probiotika pro
lidskou vyzivu v produktech, jako jsou jogurty, syry a jiné
mlécné vyrobky, kojenecka vyziva a potravinové doplni-
ky, tyto produkty maji dlouhou historii pouzivani a jsou
povazovény za obecné bezpecné (GRAS - Generally
recognized as safe). Zdjem o vyuziti bifidobakterii ve
vyzivé hospodaiskych zvifat je zatim spise okrajovy,
i kdyz jsou bifidobakterie béznou soucasti zdravé strevni
mikrobioty mladat pfezvykavcl a lze u nich ocekavat
stejny pozitivni efekt na zdravotni stav hostitele, jako je
tomu u lidi>* Pokud jsou podavana probiotika mlada-
tum prezvykavct, pak je dulezity vybér probiotik s cilo-
vym ucinkem na tlusté stfevo a ne na podporu mikro-
bialni skladby bachoru, ten totiz jesté neni u mladat
vyvinut.?’ Doposud bylo izolovano a identifikovano
okolo padesati druht bifidobakterii, z ¢ehoz pievazna
&ast je zvifeciho pivodu. Druhové slozeni bifidobakterii
je u telat a dospélych prezvykavcti rozdilné, coz je dale-
Zité zohlednit pfi vybéru probiotického kmene.?

Pritomnost bifidobakterii ve stfevnim mikrobiomu ve
vysokych poctech je spojovana s dobrym zdravotnim
stavem hostitele. Bifidobakterie pomahaji udrzovat rov-
novéhu gastrointestinalniho traktu tim, Ze snizuji moz-
nost bakterialni infekce. Inhibici riznych druhli patoge-
nG bifidobakteriemi dokazuji mnohé studie.??82°
Bifidobakterie mohou produkovat rizné antimikrobialni
latky, jako jsou organické kyseliny nebo bakteriociny,
dale maji schopnost posilovat slizni¢ni imunitu, ¢imz
prispivaji k celkovému zlep3eni zdravotniho stavu hosti-
tele.

Antimikrobialni potencial bifidobakterii

Mezi nejvyznamnéjsi vyhody bifidobakterii patfi
modulace obranné odpovédi hostitele a ochrana proti
infekénim chorobam. Mechanismy, kterymi strevni bak-
terie ovliviuji zdravi hostitele, jsou ¢asto slozité a mno-
hostranné. Bakteriociny a mastné kyseliny jsou jen dva
pfiklady latek, které mohou piispét k funkénosti probio-
tika v gastrointestinalnim traktu savc.*® Mastné kyseliny
s kratkym fetézcem jsou hlavnim konecnym produktem
metabolismu sacharidi u bifidobakterii.*' Podle Dicks
a Botes bifidobakterie produkuji kyselinu octovou
a mlé¢nou v poméru 3: 2, tyto kyseliny maji lepsi Gc¢inek
proti gramnegativnim patogentim a kvasinkam v gas-
trointestindlnim traktu nez kyseliny produkované
Lactobacillus sp.?* také podle Gilliland je acetat ucinny
proti gramnegativnim bakteriim, plisnim a kvasinkam.>2
Nocek a Kautz uvadeéji, ze probiotické bakterie udrzuji
stalou hladinu kyseliny mlé¢né a podporuji rozvoj bakte-
rii utilizujicich laktat v travicim traktu, coz vede k omeze-
ni vzniku acidézy.** Podle Fukuda et al. acetat produko-
vany bifidobakteriemi zlep3uje stfevni obranu zpro-
stredkovanou burikami epitelu, a tim chrani hostitele
pred smrticimi infekcemi.*' Studie provedena na mysim
modelu ukdzala, ze pokud byly mysi pied inokulaci
Escherichia coli O157 kolonizovany kmen B. longum ssp.
longum JCM 1217T, bylo tak zabranéno jejich smrti, ktera
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nastala u skupiny bezmikrobnich mysi bez bifidobakterii.
Nicméné, tento pozitivni efekt bifidobakterii byl shledan
jako kmenové specificky, jelikoz napfiklad kmen B. ado-
lescentis JCM1275T nedokazal zabréanit smrti vyvolané
E. coli O157. Také koncentrace acetdtu byla vyznamné
vy$si v mysim trusu u skupiny mysi kolonizovanych kme-
nem B. longum ssp. longum JCM 1217T.

Bakteriociny jsou antibakteridlni peptidy, které jsou
produkovany sirokym spektrem rtiznych bakterii, véetné
bakterii rodu Bifidobacterium. Prvni zéznam o bifidobak-
teridlnich bakteriocinech pochazi z roku 1980.**
Bakteriociny produkované bifidobakteriemi vykazuji
antimikrobidlni aktivitu proti patogennim mikroorganis-
mam, jako jsou bakterie Listeria monocytogenes,
Clostridium perfringens, Escherichia coli, Staphylococcus
aureus a nékterym kvasinkam.**3 Produkce bakteriocint
nemusi slouzit jen k ochrané proti potencialnim pato-
gennim bakteriim vyskytujicim se v travicim traktu a ke
kontrole sifeni $kodlivych a patogennich bakterii v tlus-
tém stievé, ale také by mohla byt vyuzita ke zvyseni
konkurenceschopnosti bifidobakterii v riznych ekosys-
témech a jejich roli pfi konzervaci potravin.*¢ Bakteriocin
produkujici kmeny bifidobakterii jsou napfiklad B. bifi-
dum NCFB 1454 produkujici bifidocin B;*” B. longum-
DJO10A produkujici bisin;*® B. thermophilum RBL67 pro-
dukujici thermophilicin B67.2° Produkce bakteriocind
byla detekovana u nékterych kment bifidobakterii jak
lidského pavodu, tak zvifeciho ptvodu. Navic pfitom-
nost této vlastnosti je zadouci pfi selekci probiotickych
bakterii pro Zivocisnou produkci.

Zavér

Ackoli znalosti a zkudenosti o ucinku bifidobakteri
stale pribyva, informace tykajici se jejich ptsobeni na
hostitele nejsou Uplné a do budoucna je tieba vice
pochopit mechanismus jejich Gc¢inku. Nicméné je zde
velky potencial pro jejich vyuZiti jako probiotik ve vyzivé
telat a dal3ich hospodaiskych ¢i domacich zvitat.

Prace na této problematice je podporovéna grantem
GP14-31984P.
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Odlisnosti v mikrobioté traviciho
traktu rdznych druht savct a moz-

M. GEIGEROVA, E.VLKOVA, E. SKRIVANOVA, V. BUNESOVA

Ceska zemédélska univerzita v Praze

SOUHRN

Geigerova M., Vlkova E., Skiivanova E., Bunesova V. Odlisnosti v mikrobioté traviciho traktu rtz-
nych druha savct a moznosti jejiho ovlivnéni. Veterinaistvi 2014;64:

Travici trakt savch je osidlen mikrobiotou, kterd ma zasadna vliv na zdravi jedince. Hostitel posky-
tuje pfitomnym bakteriim Ziviny a stabilni prostiedi, strevni bakterie pomahaji utvaret stfevni sliz-
nici, stimuluji imunitni systém hostitele a poskytuji nutri¢né vyznamné latky. Fyziologické podmin-
ky gastrointestindlniho traktu urcuji mnozstvi a druhové zastoupeni mikroorganismt. Travicimu
traktu savct dominuji bakterie kment Firmicutes a Bacteroidetes, piesto je mezi pfitomnymi rody
a druhy bakterii velka diverzita, ktera je zavisla pfedevsim na fylogenezi savct. Strevni mikrobiota
je stabilni systém, ktery je pomérné obtizné ovlivnitelny. Jednim ze zptsobu jeho pozitivniho ovliv-
néni je podavani probiotik a prebiotik.

SUMMARY

Geigerova M, Vlkova E., Skiivanova E., BunedovaV.The differences in microbiota of the gastrointestinal
tract of various mammalian species and its possible influence. Veterinaistvi 2014;64:

Digestive system of mammals is inhabited by many microorganisms. The intestinal microbiota
significantly affects animal health. The mammalian host provides nutrients and stable environment for
bacteria, whereas the microbiota helps shaping the host's gut mucosa and provides nutritional
contributions. Bacterial density and diversity in gastrointestinal tract is determined by its physiological
conditions. Firmicutes and Bacteroidetes usually dominate in intestine of mammals, but the bacterial
diversity is huge and reflects mainly mammalian phylogeny. Intestinal microbiota is stable system that
is very difficult to affect. One way to improve microbial composition in the gut of animal is diets

supplementation with probiotics and prebiotics.

Vyvoj a slozeni
stfevni mikrobioty savcu

Mikrobidlni osidleni urc¢itého prostiedi, dfive
oznacované jako mikrofléra, je v soucasné dobé
oznacovano pojmem mikrobiota. VSechna zvirata
jsou hostiteli celé fady rozli¢nych prokaryotickych
i eukaryotickych symbiontd, coz piinasi urcité fyzi-
ologické vyhody. Interakce mezi mikro- a makro-
organismem je dulezita zejména v gastrointesti-
nalnim traktu (GIT). Vyvoj mikrobioty traviciho
traktu zacina okamzikem porodu, kdy je sterilni
travici trakt mladéte osidlovan prirozenou mikro-
biotou matky a mikroorganismy prostiedi.'
Struktura fyziologické mikrobioty se v pribéhu
Zivota méni. Zpocatku je silné ovlivnéna zplso-
bem porodu a prostiedim, kde porod probiha,
poté je formovana nejblizsim okolim. Mladata
savcu prichazeji do styku s mat¢inymi vykaly a kGzi
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a intestinalni bakterie pfijimaji mladata i béhem
sani mléka. Jelikoz travici trakt tésné po porodu
obsahuje kyslik, prvni mikroorganismy, které kolo-
nizuji travici trakt savcd, jsou fakultativné anaerob-
ni bakterie. Napfiklad u pfezvykavcti osm hodin
po porodu dominuji bakterie E. coli, které jsou pfi
bézném pribéhu vyvoje mikrobioty nahrazeny do
jednoho dne bakteriemi mlé¢ného kvaseni a bifi-
dobakteriemi.? Bifidobakterie jsou nejpocetnéjsi
bakterialni skupinou u vétsiny mladat savcu
v obdobi mlé¢né vyzivy.? U nékterych mladat
savcl mohou prevazovat laktobacily, tak je tomu
napriklad u selat.* Pfirozena kolonizace pozitivné
pusobicimi bakteriemi je omezena, pokud jsou
mladata hospodaiskych zvitat v brzké dobé odebi-
rédna od svych matek a jsou ustajena v individual-
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Obr. 1 - Schématické zndzoméni vlivu hostitelské fylogeneze a slozeni stravy na stievni

mikrobiotu savci’™

a - fylogenetickd pribuznost vybranych savcd; b - rozdéleni zdstupcti savcd dle typu piijimané
potravy ajejich typu stievni mikrobioty. Piibuznd zvitata maji obvykle podobné sloZeni potravy,

podobnou morfologii stiev a typ stfevni mikrobioty

nich boxech.® Diky tomu muze vzniknout nerovnovéaha
ve slozeni gastrointestinalni mikrobioty mladéte a zvy-
3uje se riziko prijmovych onemocnéni.

Po ukonceni mlécné vyzivy se formuje mikrobiota
dospélého jedince a vyviji se v zavislosti na riznorodé
expozici okolniho prostiedi. Odhaduje se, Ze sav¢i mikro-
biota traviciho traktu je sloZzena z 500 az 1000 bakterial-
nich druh(.¢ Vétdina aktualnich informaci o slozeni a ¢in-
nosti gastrointestinalni mikrobioty souvisi se studiemi
tykajici se lidské populace. Aviak pocet studii zabyvajici
se mikroorganismy traviciho traktu zvifat se zvysuje,
zejména se jedna o studie zaméfené na mikrobiotu psa
a kocek.” Pomoci molekuldrné-genetickych metod bylo
prokézano, ze savci GIT obsahuje bakterie, archea, plisné,
prvoky a viry® Bakterie jsou nejpocetnéjsi a nejvice
metabolicky aktivni skupinou. Napiiklad nedavné studie
ukazuji, ze bakterialni skupina muaze tvorit az 98 % celko-
vé stievni mikrobioty u pst, archea a eukaryota jsou
zastoupeny ve 2 %.° Podobné rozdéleni stfevni mikro-
bioty je i u kocek. Bakterie tvofi majoritni skupinu (97,8
%) a ostatni mikroorganismy jsou v mnozstvi mensim
nez 3 %.'°V lidské stfevni mikrobioté prevladaji po Ses-
tém mésici véku bakterie kmenl Bacteroidetes
a Firmicutes, pomémé bézné jsou i bakterie kmene
Veruccomicrobia. Nizké pocty jsou pak nalézéany u kmene
Proteobacteria." V nékolika rozsahlych studiich, zaloze-
nych na sekvenovani 16S rRNA, bylo zjisténo, ze u savcu
prevazuji bakterie kment Firmicutes a Bacteroidetes. Vice
nez 80 % sekvenovanych bakterii patii do téchto dvou
skupin.’?| kdyz je sav¢i GIT osidlen bakteriemi patficimi
pouze do nékolika kment, rodové a druhova diverzita
bakterii je obrovska. Celd fada bakterialnich druht byla
nalezena jak v travicim traktu lidi, tak riznych dalSich
savcy, ale nékteré bakterie jsou hostitelsky specifické
a byly nalezeny u konkrétnich druht zvifat. Jako pfiklad
muzeme uvést bakterie druhu Bifidobacterium magnum,
B. cuniculi a B. saeculare, které byly nalezeny pouze v tra-
vicim traktu kralikG.”?
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mikrobioty je zavisly vice na fylo-
genetické pribuznosti zvifat nez
na slozeni potravy. Bakteridlni
diverzita traviciho traktu se zvy-
Suje od masozravcu pies viezrav-
ce az po bylozravce, u kterych je
stfevni mikrobiota nejrozmani-
1&j3i."* Predkové savci méli zuby, které byly uzptisobené
pro prijem hmyzu, masa nebo ovoce. Zaclenéni rostlinné
stravy pfislo evolu¢né pozdéji. Rizné Zivocisné linie bylo-
Zravch se vyvinuly nezavisle na sobé a nyni se odhaduje,
Ze 80 % savcl jsou bylozravci.'s Mikroorganismy byly
nezbytné nutné pro vyvoj bylozravcl. Savéi enzymy neu-
moznuji traveni celulézy a daldich komplexnich sacharid,
které jsou zakladnim stavebnim kamenem rostlinné stra-
vy, tuto funkci zastupuji bakteridlni enzymy.'” Doba trave-
ni musela byt prodlouzena, aby byl poskytnut dostatecny
&as pro ¢innost mikrobialnich enzym. Toho bylo docileno
prodlouzenim ¢&asti GIT nebo kaprofagii. Klasickym piikla-
dem konvergentni evoluce je prodlouzeni traviciho traktu
dvéma zptisoby. Prvnim zptisobem bylo prodlouzeni ¢asti
GIT pred zaludkem (predni tréaveni). Druhou moznosti
bylo prodlouzeni GIT za zaludkem (zadni traveni).'®
Zvlastnim fylogenetickym vyvojem prosly mofsti savci. Ti
maji obecné bohatsi strevni mikrobiotu nez savci zijici na
zemi. Jejich pomérné nedavny vyvoj a odlidna historie ve
srovnani se suchozemskymi savci se odrazi i v rozdilné
mikrobioté. Mo¥sti masozravi savci maji oproti suchozem-
skym savcm snizeny pocet bakterii kmene Firmicutes
a zvyseny pocet bakterii kmene Fusobacteria. Jak uz bylo
vyse zminéno, suchozemsti bylozravci maji rozmanitéjsi
gastrointestinalni mikrobiotu vic nez vsezravci nebo
masozravci. Stejna posloupnost plati i u moiskych savc.
Mofsti bylozravci maji tedy obecné nejbohatsi stievni
mikrobiotu ze viech savcl.'®

traénik koneénik

1011012 g*

Obr. 2 - Zndzoméni poctu bakterii v jednotlivych ¢dstech trdviciho
traktu monogastrickych savcd.
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Mikrobiota jednotlivych ¢asti GIT savcd

Mikrobialni slozeni traviciho traktu je v jeho jednotli-
vych castech rozdilné (obr. 2). Mechanické a enzymatic-
ké traveni potravy zacind v ustech, kde jsou pfitomné
rzné druhy bakterii, vir( a plisni. Bakterie jsou pfitomné
v mnozstvi 107 KTJ/g. Mezi typické zastupce ustni mikro-
bioty patfi rody Streptococcus sp. Neisseria sp.,
Lactobacillus sp. a Micrococcus sp. Vétsina bakteridlnich
druht je povazovana za komenzaly Ustni dutiny, pfesto
nékteré z nich lze spojit se vznikem biofilmu, ktery je
odolny proti mechanickému namahani a antibiotické
lé¢bé. Nékteré bakterie produkuji organické kyseliny,
které mohou narusit zubni sklovinu a vyznamné tak pfi-
spivaji ke vzniku zubniho kazu.'”

Tréavici trakt savc pokraduje pres hltan a jicen do
zaludku. Nizké pH v zaludku ma baktericidni Gcinek a je
jednim z nejucinnéjdich obran téla proti patogenam.
Presto nékteré bakterialni druhy osidluji neptiznivé pro-
stredi zaludku v mnozstvi 10>-10* KTJ/g nebo ml. Lze
pouzit obé jednotky, protoze bakterie jsou pfitomné jak
v zaludeéni $tave, tak i v zaludeéni sténé. Néktera mono-
gastricka zvirata, pfikladem jsou koné a prasata, maji ve
skvamozni ¢asti zaludku pomérné vysoky pocet laktoba-
cilG.2°? Tato oblast se vyznacuje pfimou adhezi bakterii
na epitelidlni buriky. Hlodavci maji méné kyselé zaludec-
ni prostiedi (pH 3-5), coz je zpusobeno trvalou pfitom-
nosti potravy a diky tomu maji i pocetnéjsi mikrobiotu,
ktera je slozena z acidotolerantnich druht laktobacil(.'?
Nejznaméjsi bakterii obyvajici zaludecni prostiedi je
podminény patogen Helicobacter pylori. Odhaduje se, ze
polovina lidské populace ma H. pylori v zaludku, ale
nevykazuje zadné znamky nemoci. H. pylori i dalsi druhy
mohou zplUsobovat gastritidy nejen u lidi, ale i zvifat,
jako jsou psi, prasata, ovce a skot.'*?? Podle jedné zahra-
niéni studie je zaludek zdravych pst osidlen bakteriemi
nejméné ze 4 kmen(, oviem i navzdory této rozmanitos-
ti prevlada v zaludeéni mikrobioté jiz zminény H. pyroli.”

Nejvétsi rozdil v traveni je mezi monogastry a piezvy-
kavci. U prezvykavcl je nejdiive potrava fermentovana
mikroorganismy v bachoru a az poté je travena v tenkém
a tlustém stievé. Enzymatické traveni zvifete nastupuje
az po fermentaci a jsou jim straveni i prvoci a bakterie.
Zatimco u monogastrii probiha hlavni fermentace az
v tlustém strevé. K traveni mikroorganismG nedochazi,
protoze mikrobidlni fermentaci potravy ptedchazi jeji
traveni enzymy hostitele. Bachor pfezvykavch obsahuje
az 10" KTJ/g zivych prokaryotickych a eukaryotickych
organismu. Hlavni skupinou jsou bakterie, které jsou
piitomné v poctech 10'° - 10" KTJ/g, déle prvoci 10° —
10¢ KTJ/g a pfitomné jsou i kvasinky, fagy a anaerobni
houby.? V bachoru jsou nejvice zastoupeny bakterie
kmen Bacteroidetes a Firmicutes, v minoritnim mnozstvi
jsou bakterie kmenG Proteobacteria, Actinobacteria
a Tenericutes. Zastoupeni bakterii v bachoru se zna¢né
lisi mezi jednotlivymi jedinci prezvykavch. Napiiklad
bakterie kmene Bacteroidetes jsou v poctech velmi varia-
bilni, jejich zastoupeni se pohybuje v rozmezi od 26 %
do 70 %.?* Zasadni je pfitomnost bakterii, které se podili
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na Stépeni celulosy, mezi nejvyznamnéjsi celulolytické
bakterie pfitomné v bachoru patii Fibrobacter succinoge-
nes, Ruminococcus albus a Ruminococcus flavefaciens.”®
Pfitom u nékterych jedinch skotu nemusi byt F. succino-
genes pfitomna vibec2*

Kaudalnim smérem se mnozstvi bakterii zvysuje,
v tenkém stievé jsou bakterie pfitomné v poctu okolo
10 KTJ/g, v kolonu v poctu az 10'?KTJ/g.”? V tlustém
stfevé u monogastrickych zvifat prevazuji bakterie
kment Firmicutes a Bacteroidetes. Ostatni kmeny jako
Actinobacteria, Proteobacteria, Fusobacteria,
Spirochaetes, Verrucomicrobia, Cyanobacteria
a Tenerucites jsou v intestinalnim traktu také pfitomny,
ale jejich pocty jsou vétsinou malé.’ Nicméné udaje
o poctech bakteridlnich skupin se ve védeckych studi-
ich lisi. Napfiklad v jedné zahranié¢ni studii autor uvadi,
Ze u zdravych psu a kocek je v GIT vic nez 90 % bakterii
kmene Firmicutes.?® Zatimco jini autofi zjistili, ze v travi-
cim traktu psu je bakterii kmene Firmicutes okolo 35 %
a u kocek je to pouhych 13 %.%'° Dvody téchto rozdil-
nych vysledkt mohou samoziejmé byt zpisobeny vari-
abilitou stfevnich mikroorganism, rozdilnymi zptsoby
extrakce DNA nebo rozdily mezi pouzivanymi technika-
mi v charakterizaci mikroorganismu.272%2° Tlusté stievo
se sklada ze slepého stieva, tracniku a kone¢niku a jeho
morfologie se lidi u rznych druht zvitat v zavislosti na
typu pfijimané potravy. U viech savcu je obsah tlusté-
ho stfeva fermentovan pfitomnymi bakteriemi, tento
proces je nejintenzivnéjsi u bylozravcq, ktefi neprezvy-
kuji. K procesu fermentace dochazi v traéniku a slepém
stifevé. Potrava, kterd vyzaduje deldi fermentacni pro-
ces, obvykle vstupuje do slepého stieva, i kdyz je slepé
stievo slabé vyvinuto, jako je tomu napiiklad u pst.
Uspofadani a vyvinuti slepého stfeva se druhové lisi.
Vyznamné maji vyvinuté slepé stfevo napiiklad koné,
prasata a hlodavci. V intestinalnim traktu savca se kau-
dalnim smérem snizuje pH. Pokles pH v tra¢niku a sle-
pém stievé |ze pripsat k rozsahlé bakterialni fermentaci
avzniku tékavych mastnych kyselin v této oblasti travi-
ciho traktu.®®

Funkce stfevni mikrobioty

Stievni mikrobiota je uz dlouho predmétem zdjmu
védeckych studii, protoze se zapojuje do raznych fyzio-
logickych procesti v téle hostitele. Pfikladem je zpétné
vstiebavani elektrolyti, vody a produkce vitaminu B
a K332 Mikroorganismy pfitomné v tlustém stievé ziska-
vaji energii ze sacharidd, které nejsou straveny v tenkém
stievé. Toho je dosazeno pomoci fermentace za vniku
mastnych kyselin s kratkym fetézcem (SCFA) a jinych
produktd. Nejvyznamnéjsimi SCFA jsou kyselina octova,
propionova a maselna. Produkce SCFA ptiznivé ovliviuje
metabolismus glukdzy a lipida v jatrech. Jejich piitom-
nost snizuje pH v tlustém stfevé a tak vznika nevhodné
prostiedi pro patogenni bakterie? Kyselina maselna je
navic vyuzivéana jako zdroj energie pro enterocyty.®
Fermentace nestravenych sacharid( bakteriemi zlepsuje
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absorpci vapniku, hof¢iku, zinku a zeleza v tlustém stie-
vé.* Mezi daldi funkce mikrobioty GIT patii i stimulace
produkce stievniho hlenu, udrzeni stfevni integrity a sti-
mulace stfevni angiogeneze.” Stievni mikrobiota se do
znaéné miry podili na vyvoji a pribézné stimulaci imuni-
ty. Nejcitlivéjsim obdobim pro ovlivnéni mikrobioty
jedince je obdobi po narozeni. Povrch sliznic je postup-
né kolonizovan a dochazi k vyzravani slozek imunitniho
systému. Zdrava stievni mikrobiota osidluje povrchy
sliznic a tak brani uchyceni a pomnozeni patogennich
mikroorganisma.*

Faktory ovliviujici slozeni
stfevni mikrobioty savcl

Presto, ze stfevni mikrobiota je velmi stabilni systém,
ktery je obtizné ovlivnitelny, existuji faktory, které slo-
zeni mikrobioty ¢aste¢né ovliviuji. Mezi tyto faktory
patii zména diety, ptijem specifickych dietnich slozek
ve formé raznych krmnych aditiv, popfipadé antibiotik
a rozdilné prostiedi. Bylo prokazano, ze sloZeni stfevni
mikrobioty se lisi, pokud zvite Zije v zajeti ve srovnani
se zvifetem stejného druhu, které Zije ve volné pfirodé.
Jednése o disledek vyse zminénych faktor(.’c Pomérné
vyznamny faktor ovliviiujici stfevni mikrobiotu je pou-
zivani riznych terapeutickych latek véetné antibiotik.
Tyto latky mohou vést k nezddoucim zménam gastro-
intestinalni mikrobioty. Antibiotika jsou bézné pouziva-
na ve veterinarni mediciné. Zatimco Gcinek antibiotik
na lidskou stfevni mikrobiotu je pomérné dobie pro-
zkouman, u zvifeci populace existuje malo studii.
V jedné studii byly pozorovany zmény v mikrobioté
u psu v tenkém stievé po podani antibiotika tylosinu.
Vysledkem byla obména mnozstvi raznych bakterial-
nich skupin, kterd nebyla doprovazena zadnym zjev-
nym klinickym tc¢inkem ?” Poznatek, Ze stifevni mikro-
biota se uzce podili na zdravi hostitele, vedlo k myslen-
ce, ze by bylo mozné manipulovat s mikrobiotou ku
prospéchu hostitele. K dosazeni tohoto cile jsou pouzi-
vany razné piistupy. Jednou z moznosti je podavani
probiotik. Probiotika jsou zivé mikroorganismy, které
pfi podavani v dostate¢ném mnozstvi poskytuji hosti-
teli zdravotni pfinos.*® U hospodaiskych zvitat bylo
mnohokrat dokumentovéno snizeni vyskytu prdjmo-
vych onemocnéni, ale i omezeni infekci dychaciho sys-
tému pii aplikaci probiotik. K dal3im pozitivnim vlivim
patii zlepseni konverze zivin a tim zvyseni pfirtstka, ale
i zvyseni produkce a zlepseni kvality mléka. Vzhledem
k tomu, Ze probiotika omezuji vyskyt patogent v travi-
cim traktu, dochazi ke snizeni kontaminace jate¢né
opracovaného téla pti porazce.**#

K faktortim, jako jsou vék, druh zvifete, zpsob krme-
ni a ustajeni, by se mélo pfihlizet pti volbé zplisobu
aplikace probiotik. Probiotika mohou byt aplikovéana
samostatné nebo spole¢né s krmivem ¢&i vodou.
Spole¢né podavani krmiva s probiotikem ale nese urci-
té riziko mozné interakce probiotickych bakterii s kom-
ponenty krmiva. Vlastni zplGsob aplikace probiotika
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muze byt ve formé pasty, lyofilizovaného prasku nebo
aerosolu. Nejc¢astéjsi formou jsou lyofilizované prasky.
Pomérné zasadni otdzkou je vyse ucinné davky.
Dulezity je obsah Zivych bunék, kterych by mélo byt
aspon 10°g krmné smési. Mozné je také volit mezi
jednokmenovymi a vicekmenovymi preparaty. Jako
efektnéjsi se ukazalo byt podavéani vicekmenovych
probiotik.** Vyhodou vicekmenovych probiotik je vyssi
efektivita diky synergickému ucinku jednotlivych
kmen. Co se tyce véku a aplikace probiotik, vyraznéjsi
ucinek je u mladych zvitat. Novorozena mladata maji
prakticky sterilni travici trakt, a proto je u nich vyssi
pravdépodobnost kolonizace probiotickymi bakterie-
mi. Pokud jsou podavéna probiotika mladatim pie-
zvykavcu, pak je dualezity vybér probiotik s cilovym
ucinkem na tlusté stfevo a ne na podporu mikrobialni
skladby bachoru, ten totiz jesté neni vyvinut. Vhodné
je podavat probiotika ve stresujicich obdobich. U hos-
podaiskych zvifat se jedna o dobu odstavu, zacatek
laktace nebo zménu krmné davky.

Co se tyka vybéru vhodného kmene, obecné se uvadi,
Ze aktivita probiotickych bakterii je ¢asto druhové speci-
fickd a maze se lisit také v ramci jednoho druhu#' Pro
zvyseni pravdépodobnosti kolonizace je doporuceno
pouzit kmen pavodné izolovany z traviciho traktu druhu
zvitete, pro ktery jsou dana probiotika ur¢ena. Mezi bak-
terie, které se bézné pouzivaji v Evropské unii jako krmna
aditiva pro hospodaiska zvifata, patfi predevsim gram-
pozitivni bakterie rodu Bacillus sp., Streptococcus sp.,
Enterococcus sp., Lactobacillus sp., Pediococcus sp.
a nékteré kvasinky rodu Saccharomyces sp.
a Kluyveromyces sp.*? Pro prasata se jako probiotika pou-
Zivaji rizné bakterie, pfedeviim by mély byt vybirany
laktobacily a jiné bakterie mlé¢ného kvaseni, které jsou
pfirozené pfitomné v travicim traktu. Pfikladem jsou
bakterie druhu Lactobacillus reuteri, L. johsonni
a Enterococcus faecium ** Pouziti a efektivita bifidobakte-
rii jako probiotikum u prasat je diskutabilni, protoze
tento rod bakterii je v travicim traktu pfitomen minorit-
né. Naopak u telat, ktera jsou na mlécné vyzivé a nemaji
vyvinuty bachor, jsou bifidobakterie vhodnym probioti-
kem. Tyto bakterie jsou pfirozenou soucasti mikrobioty
jejich traviciho traktu.** U dospélych prezvykavci je
cilenym organem pii podavani probiotik bachor.
Mikrobiota bachoru je podstatné hufe ovlivnitelna, pro-
toze vétsina typickych bachorovych mikroorganismu je
kultivacné naro¢na. Jako probiotikum pro dospélé pie-
zvykavce jsou napfiiklad vyuzivany kvasinky rodu
Saccharomyces, které podporuji aktivitu celulolytickych
bakterii.

Pro podpofeni probiotik nebo prospésnych bakterii
pfitomnych v travicim traktu zvifat mohou byt podavéana
prebiotika. Prebiotika jsou nestravitelné latky, které jsou
selektivné metabolizovany stievnimi bakteriemi a tim
prospivaji zdravi hostitele.* Pokust s prebiotiky na hos-
podaiskych zvifatech je pomérné malo. V jedné zahra-
ni¢ni studii byl sledovan efekt galaktooligosacharidti v in
vitro podminkach na rist laktobacild a bifidobakterii
izolovanych z vykalu prasat a ze stolice ¢lovéka. Autofi
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uvadéji, ze rust jak lidskych, tak prasecich bakterialnich
izolata byl podpoten prebiotiky, ale mezi jednotlivymi
izolaty byl statisticky vyznamny rozdil.** Toto zjisténi
podporuje nézor, ze vysledky z riznych studii zamére-
nych na podavani prebiotik lidské populaci nemuzou
byt pievedeny na zvitata, aniz by byl proveden vyzkum
na konkrétnim druhu zvirete.

Podékovdni: Prdce vznikla za finanéni podpory Grantové
agentury Ceské republiky (GACR GP14-31984P).
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An international standard already exists for the selective enumeration of bifidobacteria in milk products. This
standard uses Transgalactosylated oligosaccharides (TOS) propionate agar supplemented with mupirocin. How-
ever, no such standard method has been described for the selective enumeration of bifidobacteria in probiotic
supplements, where the presence of bifidobacteria is much more variable than in milk products. Therefore, we
enumerated bifidobacteria by colony count technique in 13 probiotic supplements using three media supple-
mented with mupirocin (Mup; 100 mg/1): TOS, Bifidobacteria selective medium (BSM) and modified Wilkins-

gfm",:j;m Chalgren anaerobe agar with soya peptone (WSP). Moreover, the potential growth of bifidobacterial strains
Probiotic supplements often used in probiotic products was performed in these media. All 13 products contained members of the
Enumeration genus Bifidobacterium, and tested mupirocin media were found to be fully selective for bifidobacteria. However,
Selective media the type strain Bifid obacterium bifidum DSM 20456 and collection strain B. bifidum DSM 20239 showed statistical-
Mupirocin ly significant lower counts on TOS Mup media, compared to BSM Mup and WSP Mup media. Therefore, the TOS
Mup medium recommended by the ISO standard cannot be regarded as a fully selective and suitable medium for
the genus Bifidobacterium. In contrast, the BSM Mup and WSP Mup media supported the growth of all

bifidobacterial species.
© 2014 Elsevier B.V. All rights reserved.
1. Introduction conditions. The manufacturer should correctly inform customers about

Bifidobacteria are probiotic microorganisms that are widely used in
the food industry (Miranda et al., 2011). Probiotic microorganisms are
usually available as culture concentrates in dried or deep-freeze form
to be added to a food for industrial or home uses (Tripathi and Giri,
2014). In addition to the food probiotics, there are various health prod-
ucts and pharmaceutical preparations containing probiotics on the mar-
ket (Saad et al., 2013 ). The most commonly used species of probiotic
bacteria in lyophilised form and milk products are Bifidobacterium
adolescentis, Bifidobacterium animalis ssp. lactis, Bifidobacterium bifidum,
Bifidobacterium breve, Bifidobacterium longum ssp. longum and Bifido-
bacterium longum ssp. infantis. The amount of probiotic bacteria
required for therapeutic effect is considered to be in the range of 10°
cells of live microorganisms per day. To exert a beneficial effect, the bac-
teria must remain viable in the product until the time of consumption.
Commercially available probiotics are usually in the form of freeze-
dried, powdered bacteria or in the capsule-packed forms, which can af-
fect their persistence and viability. According to Makinen et al. (2012)
there are three major factors governing the stability of probiotics during
manufacture and storage; strain robustness, process and storage

* Corresponding author at: Kamycka 129, Prague, Czech Republic.
E-mail address: bunesova@af.czu.cz (V. Bunesova).

http://dx.doi.org/10.1016/jmimet.2014.12.016
0167-7012/© 2014 Elsevier BV. All rights reserved.

bacteria amounts and species composition in the product. A widely
used method for the microbiological control of food quality, including
probiotics, is culturing. Different culture media have been proposed
for the selective enumeration of bifidobacteria (Ashraf and Shah,
2011; Karimi et al., 2012; Roy, 2001). There also exists an 1SO standard
for the enumeration of bifidobacteria in food, such as milk products.
The ISO standard, denoted by 1SO 29981:2010 (IDF 220:2010) use a col-
ony count technique performed at 37 °C under anaerobic conditions on
Transgalactosylated oligosaccharides propionate agar (TOS, Yakult
Pharmaceutical Industry, Co., Ltd., Tokyo, Japan) supplemented with
mupirocin. This method is applicable for milk products such as
fermented and non-fermented milk, milk powders, infant formulas
and starter cultures. The TOS-mupirocin agar is selective even when
bifidobacteria are present in combination with lactic acid bacteria. The
basal medium (TOS) has for many years been commercially produced
and marketed exclusively by Yakult-Japan. However, both the TOS and
mupirocin are now licenced, produced and marketed by VWR in
Europe and around the world (Raeisi et al, 2013). The use of mupirocin
as a selective factor for the isolation and quantification of bifidobacteria
in fermented dairy products was first described by Rada and Koc (2000).
The authors of this study recommended the use of Wilkins-Chalgren
agar (Oxoid, ThermoFisher Scientific, Carlsbad, CA, USA) supplemented
with mupirocin (100 mg/!). This agar was modified with the addition of
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soya peptone (5 g/l), L-cysteine (0.5 g/l), and Tween 80 (1 ml/l;
BuneSova et al., 2012). Soya peptone contains galactooligosaccharides,
which promote the growth of bifidobacteria. Another commercial agar
for the enumeration of bifidobacteria is available from Fluka (Sigma-Al-
drich, St. Louis, MO, USA).

However, no standard method has been described for the selective
enumeration of bifidobacteria in probiotic supplements. The use of
bifidobacteria in pharmaceutical supplements is becoming increasingly
popular, resulting in a wide variety of products being marketed with spe-
cific or generic claims of health benefits. These products often contain
multispecies probiotic microorganisms indicating the presence of species
other than bifidobacteria. The aim of this study was to evaluate different
mupirocin selective media for the enumeration of bifidobacteria in probi-
otic supplements.

2. Material and methods
2.1. Culture media

Three agars (Table 1) supplemented with mupirocin lithium saltata
concentration of 100 mg/1 (Mup; Oxoid, ThermoFisher Scientific, Carls-
bad, CA, USA) were used in this study for the quantification of the most
commonly used bifidobacterial species and bifidobacteria in different
probiotic supplements.

2.2. Testing of pure bifidobacterial strains

The growth characteristics of Bifidobacterium sp. type strains of spe-
cies often used in probiotic products were tested on different agars. The
tested strains included B. adolescentis DSM 20083 (Deutsche Sammlung
von Mikroorganismen und Zellkulturen (DSMZ) GmbH, Leibniz,
Germany), B. animalis ssp. lactis DSM 10140, B. bifidum DSM 20456,
B. breve DSM 20213, B. longum ssp. infantis DSM 20088 and B. longum
ssp. longum DSM 20219. The B. bifidum collection strains DSM 20082,
DSM 20215 and DSM 20239 were also added for verification of the
results.

Cultures of pure bifidobacterial strains grown anaerobically over-
night were serially diluted and inoculated into Petri dishes which
were immediately filled with tested agars, and cultivated in anaerobic
atmosphere (AnaeroGen Compact System, Oxoid) at 37 °C for 2 days.

2.3. Enumeration of bifidobacteria in probiotic products

A total of 13 different human and animal probiotic supplements
(lyophilized capsules, sachets and drops) commercially available in
the European market (Table 2) were analysed. All the probiotic
products were tested prior to the expiration date indicated on the
labels of the product and were stored according to the manufacturer’s
recommendations.

One gramme or millilitre of each probiotic product was aseptically
homogenised in 9 ml of sterile Saline peptone diluent (Oxoid) and seri-
ally diluted under anaerobic conditions (roll-tube technique; Hungate,
1969). The appropriate dilutions were transferred to sterile dishes and
immediately filled with media listed in Table 1. All the probiotic

products were tested in triplicate. The plates were incubated as de-
scribed in Section 2.2.

24. Evaluation of agar selectivity

Twenty colonies per each sample and media were selected for fur-
ther confirmatory tests. Pure isolates were cultivated in Wilkins-
Chalgren broth supplemented with soya peptone (5 g/, Oxoid). Tests
were conducted for morphology, Gram staining, and fructose-6-
phosphate phosphoketolase (specific enzyme for Bifidobacteriaceae
family) activity (F6PPK-test; Orban and Patterson, 2000) in order to
confirm the selectivity of the MUP agar for bifidobacteria.

2.5. Statistical analyses

Bifidobacterial counts were converted to log;, Colony Forming Unit
(CFU) per g or ml. The results, based on triplicate analysis of probiotic
bacteria in the selective media (TOS Mup, BSM Mup, and WSP Mup)
were evaluated by multiple range comparison. Multiple range tests
(p < 0.001) were perfored using Statistica (Statistica 12.0, Tulsa, USA).
The same statistical test was used to compare the growth of pure cul-
tures in the tested media.

3. Results and discussion

All the tested pure cultures of bifidobacterial type strains were able
to grow on all sets of tested media, in counts ranging from 5.78 to
10.25 log CFU/ml (Table 3), depending on the primary growth of indi-
vidual strain in the enrichment media. All tested bifidobacterial type
strains except for the type strain B. bifidum DSM 20456 showed similar
counts on all three tested agars and no significant differences were
found (Table 3). On the other hand, the type strain B. bifidum DSM
20456 showed a statistically significant lower increase in growth in
TOS Mup medium, compared to WSP Mup and BSM Mup media. This in-
crease was detected even in titrations where the order of magnitude of
bacterial number was four times less. These results were verified by
testing the three collection strains of B. bifidum (DSM 20082, DSM
20215 and DSM 20239). We observed that two of the collection strains
(DSM 20082 and DSM 20215) showed growth on all tested media with
identical counts (Table 3). However, the strain B. bifidum DSM 20239
again showed a statistically significant lower increase in TOS Mup
media compare to WSP Mup and BSM Mup media. The lower counts
of B. bifidum DSM 20456 and DSM 20239 may be due to the fact that
these strains have limited abilities to utilize transgalactosylated oligo-
saccharides. TOS agar contains transgalactosylated oligosaccharides ob-
tained by the transformation of lactose by the enzyme [>-galactosidase,
magnesium sulphate for enhancing recovery and growth of injured
bifidobacteria, and sodium propionate as an inhibitor for other adjunct
flora (Raeisi et al,, 2013). These galacto-oligosaccharides as a specific
substrate for bifidobacteria, however, cannot be specific to all bifido-
bacterial species. According to Miranda et al. (2014), the strain
B. animalis ssp. animalis CIRMBIA 1335 also showed no colony forming
in these media. Moreover, many physiological characteristics of
bifidobacteria are species- or strain-specific.

name (producer)

Final concentracion of aditives

Table 1
The media used for the enumeration of bifidobacteria in probiotic products.
Medi | fon Medi
Mupirocin media (100 mg/l) TOS Mup
BSM Mup
WSP Mup

TOS-propionate agar (Yakult Pharmaceutical Industry)
Bifidobacteria selective medium (Fluka)
Wilkins-Chalgren Anaerobe Agar (Oxoid)

Acetic acid (final pH 63 + 0.2; at 25 °C)
BSM supplement (0.116 g/1)

Soya peptone (5 g/l)

L-cysteine (0.5 g/1)

Tween 80 (1 ml/l)
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Table 2
Tested products and declared bacterial composition.

Product Producer Origin Bifidobacterium strains Lactobadillus and other strains
Super Dophilus Pharma Agency, s.r.o. Canada B. bifidum, B. breve, B. longum L. acidop L casei, L p , Lorh L salivariu,
Lactococcus lactis spp. lactis
Probio-fix S&D Pharma Ltd. United B. animalis ssp. lactis L. acidophilus
Kingdom
Infant Swiss Herbal Canada B. infantis, B. bifidum L. rhamnosus, L. acidophilus, L. casei
Acidophilus Remedies Ltd.
Biopron Junior Valosun ass. Czech Republic  B. infantis, B. bifidum L. acidophilus
Bifolac Balance Bifodan A/S Denmark B. longum L. rhamnosus
Apo-Baby Probio  Cell Biotech Denmark B. breve, B. bifidum, B. infantis L. rhamnosus, L. acidophilu, Streptococcus thermophilus
International
A/S
Lactobene Montefarmaco Milano Italy B. bifidum L. bulgaricus, L. acidophilus, L. sporogenes, Streptococcus
for NTCS.r.l. thermophilus
Bifiform (drops)  Ferrosan SRL Romania B. animalis ssp. lactis Streptococcus thermophilus
Apo-Lactobacillus  Profarma-Produkts.ro.  Czech Republic  B. breve, B. longum, B. bifidum L. casei, L. rhamnosus, L. acidophilu, L. plantaru, L fermentu,
10+ Streptococcus thermophilus, Lactococcus lactis spp. lactis
GS Lactobacily Green-Swan Czech Republic  B. bifidum, B. infantis, B. longum L. casei ssp. paracasei, L. helveticus, L. rhamnosu,
FORTE 20 Pharmaceuticals CR, a.s. Streptococcus thermophilus
BioLac Baby drops  Probiotical S.p.A. Italy B. breve L. plantarum
Bio-Kult Protexin® United B. bifidum, B. breve, B. infantis, L. acidophilus, L. delbrueckii ssp. bulgaricu, L. casei, L. plantarum,
Kingdom B. longum L. rhamnosus, L helvetikus, L. salivariu, Lactococcus lactis spp. lactis,
Streptococcus thermophilu, Bacillus subtilis
Doggy Care Harmonium Canada B.bifidum, B. breve L. acidophilus, L. casei, Enterococcus faecium

International Inc.

The presence of the genus Bifidobacterium was observed in all the test-
ed probiotic products. The mupirocin media used were found to be fully
selective, and all isolates were identified as bifidobacteria. The mupirocin
antibiotic suppresses growth of lactobacilli, lactococci, leuconostocs, and
streptococci without any inhibitory action towards bifidobacteria (Rada
and Koc, 2000; Raeisi et al., 2013), which corresponds with our results.

Table 3
Results of bifidobacteria enumeration of pure culture and in tested products (log,q CFU/g
+ SD).

Pure cultrure BSM Mup TOS Mup WSP Mup

B. adolescentis DSM 20083* 863 + 0.2 8714003 864+ 002
B. animalis ssp. lactis DSM 10140* 8844005 888+001 8874001
B. bifidum DSM 20456* 966+ 005 9578+011 956+ 0.05
B, bifidum DSM 20082° 1025+ 0.02 10.14 +0.04 10.16 + 0.06
B. bifidum DSM 20215” 1005+ 0.03 9914005 996+ 003
B. bifidum DSM 20239° 847+ 003 96764003 860+0.13
B. breve DSM 20213" 902+ 002 9034004 903002
B. longum ssp. infantis DSM 20088" 844 + 0.03 838 +0.01 837 + 004
B. longum ssp. longum DSM 20219* 683 +0.02 678 +0.01 685 + 0.02
Mean of strains 892+ 1.00 827+145 889+095
Product BSM Mup TOS Mup WSP Mup

Apo-Lactobacillus 10+ 858 +0.00 8.85+0.01 853 + 0.02
Apo-Baby Probio 8424001 859+005 871002
Bifiform (drops)© 5034002 5234005 5044001
Bifolac Balance 864+ 0.05 864+004 857+005
Bio-Kult 850+ 0.02 848+001 853+ 002
BioLac Baby drops® 934+ 002 9384001 9354001
Biopron Junior 920+ 002 9174004 920+ 004
GS Lactobacily Forte 20 847+ 001 8.19+002 8124003
Infant Acidophilus 932+ 002 958+001 943 +007
Lactobene 7194002 733+003 7.19+003
Probio-fix 1032+ 0.04 10454002 1038+ 003
Super Dophilus 941+ 001 952+001 937+ 002
Doggy Care 1005+ 0.04 1007 +0.02 1008 + 0.02
Mean of products 853+ 130 861+129 854+132

Footnote: TOS: Transgalactosylated oligosaccharides propionate agar, BSM: Bifidobacteria
selective medium, WSP: Wilkins-Chalgren anaerobe agar with soja peptone; Mup:
mupirocin lithium salt (100 mg L"), DSM — Deutsche Sammlung von Mikroorganismen
und Zellkulturen (DSMZ ) GmbH.

? Type strain.

" Collection strain.

€ logio CFU/ml + SD — drops.

4 Significant differences among bacterial counts in tested media p < 0.001.

No bacteria other than bifidobacteria were found growing on the selective
agars supplemented with mupirocin (100 mg/1). The ISO/IDF (Interna-
tional Dairy Federation) standard states that the antibiotic mupirocin lith-
ium salt (50 mg/l) inhibits the growth of most lactic acid bacteria
commonly used in fermented and non-fermented dairy products. How-
ever, the 50 mg/| dosage was not found to be fully selective in our prelim-
inary tests (data not shown). All tested agars supplemented with a
mupirocin dose of 100 mg/l were found to be suitable for the selective
enumeration of bifidobacteria in all types of probiotic products such as
capsules, sachets and drops. The bifidobacterial colony counts of the indi-
vidual products tested in our study did not significantly differ (p < 0.001;
Table 3) between TOS Mup, BSM Mup, and WSP Mup.

The dose of ingested probiotic is an important factor impacting its
concentration in the different parts of the gastrointestinal tract
(Savard etal., 2011). Therefore, a standard acceptable level for probiotic
bacteria may never be established, and it may not to be possible to de-
fine the ‘adequate numbers’ referred to in the Food and Agricultural Or-
ganisation/World Health Organisation definition (Raeisi et al., 2013).
Also, according to Verna and Lucak (2010), the optimal number of CFU
for each probiotic bacterial strain remains unknown. Doses of bacteria
used for human trials are based on those tested during animal studies,
despite the differences in intestinal surface area. An almost arbitrary
dosage of 10 probiotic bacteria per day appears to have been concluded
as optimal, presumably based on the appearance of the probiotic organ-
ism in the faeces of the majority of human subjects when this daily dose
is consumed (Tannock, 2003 ). As probiotics are live organisms, it is crit-
ical to accurately enumerate the population of viable microbes in the
preparation and to provide this information to the consumer on the
product label (Davis, 2014). Commercially available probiotic formula-
tions typically have at least 10° bacteria; however, they may carry up
to 10" probiotic bacteria in 1g. Therefore, product consumption should
be controlled in order to achieve the minimal recommended dose of
bacteria (10° per day). The bifidobacterial counts in the tested probiotic
products are reported in Table 3, and are observed to vary between 10°
and 10'° CFU/g. Only one product (Bifiform) contained less than 10°
CFU/ml of bifidobacteria. It was difficult to evaluate if the tested prod-
ucts contained sufficient numbers of bifidobacteria, as multispecies pro-
biotic supplements do not declare the percentage of each bacterial
species. This made it impossible to examine the total count of genus
Bifidobacterium. The declared bacterial counts were equated to the
amount in one capsule. However, as the weight of the capsule was not
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reported, this complicated the setting of the control. Only four multispe-
cies products (Super Dophilus, Infant Acidophilus, Apo-Baby Probio and
Doggy Care) clearly declared the numbers of bifidobacteria, and our
studies confirmed the specified values. The information supplied by
the manufacturer is often not sufficient, and it is necessary to focus on
the regulation and control of the probiotic market. The regulations
regarding the identity of safe microorganisms are more definitive; as
suggested by the European Food Safety Authority (2004), and Sanders
(2009), the genus, species and strain of probiotic microorganisms
should be clearly indicated on the label. Microbial analyses of probiotic
products for human consumption have shown that the number and
identity of the recovered species do not always correspond to those stat-
ed on the labels (Coeuret et al., 2004; Temmerman et al., 2003).

4. Conclusion

BSM and WSP media supplemented with mupirocin at a concentra-
tion of 100 mg/l were determined to be suitable for the selective enu-
meration of bifidobacteria in the various probiotic supplements tested
using a colony count technique under anaerobic conditions. In addition,
the data presented by the manufacturer on the packaging was often
found to be insufficient for clear verification of the bifidobacterial num-
ber in the probiotic supplements.
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Various culture media have been proposed for the isolation and selective enumeration of bifidobacteria.
Mupirocin is widely used as a selective factor along with glacial acetic acid. TOS (transgalactosylated
oligosaccharides) medium supplemented with mupirocin is recommended by the International Dairy
Federation for the detection of bifidobacteria in fermented milk products. Mupirocin media with acetic
acid are also reliable for intestinal samples in which bifidobacteria predominate. However, for complex
samples containing more diverse microbiota, the selectivity of mupirocin media is limited. Resistance to
mupirocin has been demonstrated by many anaerobic bacteria, especially clostridia. The objective was to

ﬁmﬁﬁs identify an antibiotic that inhibits the growth of clostridia and allows the growth of bifidobacteria, and to
Bifidobacteria use the identified substance to develop a selective cultivation medium for bifidobacteria. The suscepti-
Clostridia bility of bifidobacteria and clostridia to 12 antibiotics was tested on agar using the disk diffusion method.
Cultivation media Only norfloxacin inhibited the growth of clostridia and did not affect the growth of bifidobacteria. Using
Mupirocin both pure cultures and faecal samples from infants, adults, calves, lambs, and piglets, the optimal con-
Norfloxacin

centration of norfloxacin in solid cultivation media was determined to be 200 mg/L. Our results showed
that solid medium containing norfloxacin (200 mg/L) in combination with mupirocin (100 mg/L) and
glacial acetic acid (1 mL/L) is suitable for the enumeration and isolation of bifidobacteria from faecal
samples of different origins.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction bifidobacteria from different types of samples, and the use of some
of these media was proposed for quality control analysis of dairy
products containing probiotics [3,4].

Selective media for bifidobacteria are typically based on

The intestinal microbiota is a dynamic population containing a
complex combination of microorganisms. Bifidobacteria, which are

anaerobic, Gram-positive, acids producing, irregular bacilli, are one
of important beneficial genera in gut microbiome of humans and
other mammals, dominating especially during the milk-feeding
period [1]. In recent years, the metabolism and mechanisms of
the probiotic functions of bifidobacteria have been intensively
studied [2], and the selection of new probiotic strains is of interest.
To isolate bifidobacteria from complex populations such as the
faecal microbiota, selective media that allow the growth of the
bacteria of interest while inhibiting the growth of other microor-
ganisms present in a sample should be employed. Several media
have been developed for the selective enumeration and isolation of

* Corresponding author.
E-mail address: vikova@af.czu.cz (E. Vlkovd).

http://dx.doi.org/10.1016/j.anaerobe.2015.04.001
1075-9964/© 2015 Elsevier Ltd. All rights reserved.

commercially available media such as Man, Rogosa, and Sharpe
(MRS); Colombia; Reinforced Clostridial; and Wilkins—Chalgren
agars, which are supplemented with different individual antimi-
crobial compounds or combinations of these compounds. In these
media, the growth of non-bifidobacterial strains is usually inhibited
by an antibiotic, low pH, or both [5]. Based on the recommendation
of Bergey's Manual of Systematic Bacteriology, TPY (trypticase,
phytone, yeast extract) medium supplemented with mupirocin
(100 mL/L) should be used for the isolation of bifidobacteria. The
main components of this medium (trypticase, phytone, and yeast
extract) have proven to be satisfactory for the growth of bifido-
bacteria from all known habitats | 6]. Mupirocin (50 mg/L) as a se-
lective factor is also present in the medium intended for the
enumeration of bifidobacteria in milk products also containing
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lactic acid bacteria. The base of the medium is TOS agar (trans-
galactosylated oligosaccharides; Yakult, Japan). This medium has
been recommended by the International Dairy Federation for the
enumeration of bifidobacteria in dairy products, milk powders,
infant formulas, and starter cultures |[7]. Modified TPY medium
(MTPY) supplemented with mupirocin (100 mg/L) and glacial acetic
acid (1 mL/L) [8], was used for the enumeration of bifidobacteria in
infant faecal samples by Vlkova et al. [9], who showed that this
medium was not effective for faecal samples from bifidobacteria-
free infants with high numbers of clostridia, which were able to
grow in the presence of mupirocin. Similar results were presented
by Rada and Petr [8], who analysed hen caeca samples using the
same medium and showed that about 5% of the colonies that grew
were non-bifidobacterial. In addition, Lakshminarayanan et al. [ 10]
reported that Clostridium perfringens was not inhibited by mupir-
ocin in the dose 100 mg/L in MRS agar when the medium was used
for the enumeration of bifidobacteria in faecal samples from elderly
volunteers. Ferraris et al. [11] tested different media for the
detection of bifidobacteria in faecal samples, and although Wilkins-
Chalgren agar supplemented with mupirocin (50 mg/L) was
determined to be the most selective medium, clostridia were iso-
lated from 8 of the 15 samples tested.

The development of new selective media for the enumeration of
bifidobacteria in intestinal samples may be considered unnecessary
since culture-independent methods are used; however, selective
media are essential for the isolation of new species. Although media
designed for bifidobacteria determination are effective for samples
in which only lactic acid bacteria are present along with bifidobac-
teria, the faecal microbiota is more complex and includes closely
related genera thatare difficult to separate. For intestinal samples in
which bifidobacteria dominate, MTPY agar is reliable for their
enumeration. However, mupirocin, even in combination with glacial
acetic acid, does not suppress the growth of faecal clostridia. The
objective was to find an antibiotic that inhibits the growth of clos-
tridia and allows the growth of bifidobacteria, and to use this sub-
stance to develop a selective cultivation medium for bifidobacteria.

2. Material and methods
2.1. Bacterial strains and cultivation media

Bifidobacteria and clostridia from human, calf, lamb, and pig
faeces, and hen caeca were used in this study (Tables 1 and 2). The
samples were collected from infants (parents of all babies sampled
in this study gave informed written consent for the analysis of
faecal samples) and adult volunteers. Animals used for the sam-
pling were housed at the farm of the Czech University of Life Sci-
ences Prague. The experiment was carried out under standard
regime and farm management procedures and was approved by the
Institutional Animal Care and Use Committee (Czech University of
Life Sciences Prague). One gram of the sample was aseptically
transferred to the tube containing oxygen-free Wilkins-Chalgren
broth (Oxoid) and serially diluted in the same medium. Bacteria
were isolated using modified Wilkins-Chalgren agar (Oxoid,
MWCHmup) supplemented with soya peptone (5 g/L, Oxoid), 1-
cysteine (0.5 g/L, Sigma), Tween™ 80 (1 mL/L, Sigma—Aldrich),
mupirocin (100 mg/L, Merck), and glacial acetic acid (1 mL/L) [8]
after anaerobic cultivation at 37 °C for 3 days. Anaerobic jars
(Anaerobic Plus System, Oxoid) were used for the anaerobic culti-
vation of plates. The jars were equipped with palladium catalysts
(Oxoid) and filled with a CO,/H, (10%/90%) atmosphere. After
cultivation, bacterial colonies were picked and transferred to vials
with Wilkins-Chalgren broth (Oxoid) prepared by the Hungate
technique [12]. This technique was used to prepare all liquid media
used in this study. The morphology of the isolates was examined by

phase-contrast microscopy. Irregular rods were identified as bifi-
dobacteria by the detection of fructose-6-phosphate phosphoke-
tolase (F6PPK) activity [13]. Rods with regular morphology were
classified as clostridia by fluorescence in situ hybridisation (FISH)
using a fluorescein isothiocyanate (FITC)-labelled probe specific for
Clostridium butyricum (BioVisible, The Netherlands). Bifidobacteria
of human origin were identified to the species level by polymerase
chain reaction (PCR) using species-specific primers targeting the
16S rRNA gene [ 14] and isolates of animal origin were identified by
sequencing the 16S rRNA gene according to the method of Killer
et al. [15]. Control strains were obtained from American Type Cul-
ture Collection (ATTC) and the German Resource Centre for Bio-
logical Material (DSM).

Stock cultures of bifidobacteria were maintained at —70 °C in
Wilkins-Chalgren broth (Oxoid) containing glycerol (20% v/v).
Clostridia were stored in cooked meat medium (Oxoid) at room
temperature. Before the assay, bacteria were subcultured twice
under anaerobic condition at 37 °C in Wilkins-Chalgren broth
(Oxoid) for 24 h. Modified Wilkins-Chalgren agar (Oxoid, MWCH)
without mupirocin and acetic acid supplementation was used for
antimicrobial susceptibility testing.

2.2. Antimicrobial susceptibility testing

In the first step of this study, the sensitivity of 13 bifidobacterial
and 13 clostridial strains (Table 1) to 12 antibiotics was tested. The
following antibiotics with activity against Gram-positive anaerobic
bacteria in standard concentrations for antibiotic susceptibility
evaluation were chosen for the test: (i) cell wall synthesis in-
hibitors: glycopeptide — vancomycin (30 pg); cephalosporins —
ceftazidime (30 pg), and cefoxitin (30 pg); (ii) protein synthesis
inhibitors: monoxycarbolic acid — mupirocin (200 pg); amino-
glycosides — apramycin (15 pg), kanamycin (30 pg), and neomycin
(30 png); and (iii) nucleic acid synthesis inhibitors: quinolones —
ciprofloxacin (5 pg), flumequine (30 pg), and norfloxacin (10 pug);
sulphonamide — sulfamethoxazole (25 pg); nitroimidazole —
metronidazole (5 pg). Antibiotic discs (diameter = 6 mm) were
obtained from Oxoid. An aliquot (1.5 mL) of each bacterial sus-
pension containing 10 cells per mL was used as the inoculum, and
antimicrobial susceptibility was determined by the disk diffusion
method on MWCH agar. Standard discs of the antimicrobial agents
were placed onto the seeded plates and incubated anaerobically at
37 °C for 48 h. The diameter of the inhibition zones including the
disk diameter was measured in millimetres, and the results were
expressed as resistant (<6 mm), moderately susceptible
(6.1 mm—9.9 mm), or susceptible (>10 mm). All antibiotics were
tested in triplicate.

In the second step of this experiment norfloxacin and mupirocin
were chosen for more detailed testing, because only norfloxacin
inhibited the growth of all clostridia, and did not affect the growth
of bifidobacteria, while mupirocin is a selective factor that is widely
used in cultivation media for bifidobacteria. Another 74 bifido-
bacterial strains (11 collection strains, 19 strains from infants, 9
strains from adults, 10 strains from calves, 10 strains from lambs, 9
strains from hens, and 6 strains from pigs) and 62 clostridial strains
(9 collection strains, 17 strains from infants, 14 strains from adults, 4
strains from calves, 9 strains from lambs, 3 strains from hens, and 6
strains from piglets) were tested for their sensitivity to norfloxacin
and mupirocin by the disk-diffusion method as described above.

The minimal inhibitory concentration (MIC) of norfloxacin for
the bacteria listed in Table 2 was determined. Overnight axenic
cultures of bifidobacteria and clostridia were inoculated at about
1 x 107 cfu into 10 mL of Wilkins-Chalgren broth supplemented
with norfloxacin concentrations 10, 30, 50, 80, 100, 150, 200, 250, or
300 mg/L. Bacterial inhibition was also tested in the presence of
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Table 1

Susceptibility of bifidobacteria and clostridia to antibiotic determined by disk diffusion method (diameter of inhibition zones determined in triplicate in mm + SD, values

include 6 mm of disk diameter).

Strain CAZ30 CIps FOX30 K30 MTZ5 N30 NOR10 UB30 VA30
B. animalis ssp. animalis 17.00 £ 0.65 9.00 + 0.65 1767 £116 R R R R R 17.67 + 0.58
DSM 20104
B. animalis ssp. lactis 16.33 £ 058 6.33 + 0.58 1767+ 116 R R R R R 1733 + 0.58
DSM 10140

B. breve ATCC 15700 1533 +£153 1033 +£058 1467 +058 R 6.33 + 0.58 R R R 21.00 + 1.00
B. longum ATCC 15707 767 £+ 1.16 9.00 + 1.00 1033 £ 058 R 6.67 + 0.58 R R R 17.00 + 1.00
B. adolescentis 1 R 933 + 058 1367 £+ 058 R R R R 8.00 + 0.00 17.33 + 0.58
B. bifidum 1 1700 + 1.00 1033 £ 058 2333 +058 R 1067 £ 058 R R R 21.67 + 0.58
B. bifidum 2 2233+ 153 1000+ 1.00 2433+058 R R R R 733 +0.58 20.67 + 0.58
B. breve 1 1933 £ 058 1133 +058 1233+058 R R R R R 2333 + 058
B. breve 2 1967 £ 0.58 1200+ 0.00 1900100 R R R R R 30.00 + 0.00
B. dentium 1 2033 +1.16 733 +0.58 2167+ 153 R 733 £ 0.58 R R 633 + 0.58 19.67 + 0.58
B. pseudocatenulatum 1 3433 £ 058 2400+ 1.00 3133+058 R R R 6.67 + 0.58 R 29.67 + 0.58
B. longum 1 2333+ 058 11334058 2000+000 R R R R R 24.67 + 0.58
B. longum 2 1633 + 1.16  7.00 + 0.00 2233+058 R 8.00 + 1.00 R R R 17.67 + 0.58
Cl. tertium DSM 2485 R 1900 + 1.00 2633379 R R R 1433 + 058 1633 £ 058 19.67 + 231
Cl. clostridiiforme DSM 933 1800+ 200 R 800+ 000 R 2400 +265 767+289 1333+058 R 20.67 + 3.06
ClL. butyricum DSM 10702 R 23.00+ 000 2200+000 R 3367+ 058 8.00+000 1967 +058 21.00+000 23.00=+0.00
Cl. acetobutylicum DSM 792 1533 £ 058 1833 +0.58 3167+ 153 900+ 100 3200+000 1200+100 1300+173 R 3033 £ 1.16
Cl. perfringens DSM 11778 20.00+ 1.00 1400+ 000 2133+058 R 1167+1.16 R 1367 £ 208 1333+ 153 19.00 + 0.00
Cl. paraputrificum DSM 2630  16.00 + 1.00 2067 + 1.16 2933+ 1.16 R 3400+ 100 R 1933+ 1.16 2133 £ 058 2233 + 058
Clostridium spp. 1 R 1967 £ 058 20.00+ 173 R 28.00+200 R 17.00 £ 0.00 1767 + 1.53 24.67 + 0.58
Clostridium spp. 2 R 20.00 £ 000 2233 +058 8.00+000 3033+058 767+058 1567 +058 21.00+100 2267+ 0.58
Clostridium spp. 3 R 2500+ 000 2200+200 733+058 4000+000 7.00+000 2000100 2533+058 26.33+058
Clostridium spp. 4 R 2300+ 1.00 2667 +058 733+058 3467+058 R 17.33 £ 058 23.67 + 0.58 26.00 + 1.00
Clostridium spp. 5 R 2000 +0.00 2500+ 100 933+058 3233+1.16 7.00+000 1633+ 058 20.67+ 058 24.00 + 0.00
Clostridium spp. 6 1467+ 058 1267 +1.53 1833 +058 R R R 9.67 + 0.58 933 + 0.58 R
Clostridium spp. 7 R 1067 £ 153 1167 +058 733+116 R 733+ 116 867 + 058 R 15.00 + 2,65

SD: standard deviation; R: resistant bacteria without forming of inhibition zones; CAZ30: ceftazidime 30 pg; CIPS: ciprofloxacin 5 pg; FOX30: cefoxitin 30 pg; K30: kanamycin
30 pg; MTZ5: metronidazole 5 pg; N30: neomycin 30 pg; NOR10: norfloxacin 10 pg; UB30: flumequine 30 pg; VA30: vancomycin 30 pg; ATTC: American Type Culture

Collection; DSM: German Resource Centre for Biological Material.

both mupirocin (100 mg/L, common concentration in cultivation
media for bifidobacteria) and norfloxacin (at different concentra-
tions). All tests were performed in triplicates. The growth of the
strains was identified as visible turbidity after anaerobic cultivation
at 37 °C for 48 h. The MIC was defined as the lowest antibiotic
concentration that completely inhibited bacterial growth.

2.3. Evaluation of norfloxacin as a selective factor in solid
cultivation media for bifidobacteria

The selectivity of solid media containing norfloxacin was tested
using pure bifidobacterial and clostridial strains (Table 3,
Suppl. Table 1). Three variants of MWCH agar were prepared. The
first variant had no added antibiotic, and served as a control
(MWCH). The second variant contained mupirocin (100 mg/L) and
glacial acetic acid (1 mL/L; MWCHmup). The third medium was
supplemented with mupirocin (100 mg/L), glacial acetic acid (1 mL/
L), and norfloxacin (at either 100, 150 or 200 mg/L; mupirocin,
acetic acid, norfloxacin agar, MAN). A stock solution of the selective
agents for addition to the MAN agar was prepared by diluting either
500, 750 or 1000 mg of norfloxacin (Sigma—Aldrich) and 500 mg of
mupirocin (Merck) in 1 L of distilled water. To improve the solu-
bility of norfloxacin and achieve the desired final acidity of the
media, 5 mL/L glacial acetic acid was added. The stock solution was
filter sterilized and added in appropriate amounts to media con-
taining all the remaining components. The medium was autoclaved
and cooled to 48 °C prior to adding the selective solution. Overnight
pure bacterial cultures (Table 3, Suppl. Table 1) were serially diluted
in Wilkins—Chalgren broth under anaerobic conditions, appro-
priate dilutions were transferred to sterile Petri dishes, and the
tested agars were immediately poured in these dishes. The plates
were incubated under anaerobic conditions at 37 °C for 3 days. The
growth of all strains was tested in triplicates.

Bacterial growth and the selectivity of MAN were tested on both
samples prepared in vitro and faecal samples of different origins.
Sixteen variants of mock samples prepared in the laboratory con-
tained mixtures of pure strains of bifidobacteria and clostridia
(Suppl. Table 2); each strain was inoculated at 2.5 x 10°® cfu, a
concentration of bacteria equal to that usually present in faeces.
Freshly collected faecal samples (1 g) from 5 vaginally delivered
infants, 6 infants born by caesarean section (all babies were 1
month), 5 adults (aged from 20 to 48 years), 5 lambs, 10 calves, and
6 piglets (all young animals were 1 month old; Table 4) were
aseptically transferred to tubes containing Wilkins—Chalgren broth
(Oxoid) prepared by the Hungate technique and transported to the
laboratory within 2 h. Both the in vitro and faecal samples were
serially diluted in Wilkins—Chalgren broth under anaerobic con-
ditions. The diluted samples were transferred to sterile Petri dishes,
which were then immediately filled with MWCHmup or MAN agar.
For this experiment, MAN agar contained norfloxacin at 200 mg|/L,
the dose that was determined to be optimal by previous tests.
Plates were incubated anaerobically at 37 °C for 3 days. The selec-
tivity of both media was evaluated by the genus-specific identifi-
cation of isolates. After cultivation, colonies were counted, 6
colonies were picked from each faecal sample and 12 colonies were
picked from each in vitro sample. Bacteria were sub-cultured and
identified based on morphological characteristics using phase-
contrast microscopy and the detection of F6PPK activity [13]. Reg-
ular, rod-shaped bacteria were hybridised with a FISH probe spe-
cific for C. butyricum as described above.

3. Results
3.1. Antibiotic sensitivity

Table 1 shows the results of the antibiotic susceptibility testing
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Table 2

Minimal inhibition concentration (MIC) inhibiting growth of bifidobacteria and clostridia.
Strain Origin MIC (mg/L)

Norfloxacin Norfloxacin together with mupirocin®

B. animalis ssp. animalis DSM 20104 DSM >300 >300
B. animalis ssp. lactis DSM 10140 DSM >300 >300
B. breve ATCC 15700 ATCC >300 >300
B. gallinarum DSM 20670 DSM >300 >300
B. indicum DSM 20214 DSM >300 >300
B. longum ATCC 15707 ATCC >300 >300
B. pullorum DSM 20433 DSM >300 >300
B. thermophilum DSM 20210 DSM >300 >300
B. animalis subsp. animalis 1 Hen caeca >300 >300
B. animalis subsp. animalis 2 Calf faeces >300 >300
B. animalis subsp. animalis 3 Lamb faeces >300 >300
B. bifidum 1 Infant faeces >300 >300
B. breve 2 Infant faeces >300 >300
B. choerinum 1 Pig faeces >300 >300
B. longum 1 Infant faeces >300 >300
B. longum 3 Adult faeces >300 >300
B. thermophilum Calf faeces >300 >300
CL tertium DSM 2485 DSM 10 10
CL clostridiiforme DSM 933 DSM 10 10
CL butyricum DSM 10702 DSM 10 10
CL acetobutylicum DSM 792 DSM 30 30
CL perfringens DSM 11778 DSM 10 10
CL paraputrificum DSM 2630 DSM 10 10
Clostridium spp. 2 Infant faeces 30 30
Clostridium spp. 3 Infant faeces 10 10
Clostridium spp. 5 Infant faeces 150 150
Clostridium spp. 6 Infant faeces 80 80
Clostridium spp. 10 Adult faeces 200 200
Clostridium spp. 12 Adult faeces 50 30
Clostridium spp. 36 Calf faeces 200 200
Clostridium spp. 38 Calf faeces 200 150
Clostridium spp. 39 Calf faeces 200 200
Clostridium spp. 42 Lamb faeces 150 150
Clostridium spp. 46 Lamb faeces 200 200
Clostridium spp. 47 Hen caeca 200 200
Clostridium spp. 49 Pig faeces 200 200
Clostridium spp. 50 Pig faeces 150 150

ATTC: American Type Culture Collection; DSM: German Resource Centre for Biological Material.

# Mupirocin at concentration 100 mgj/L.

on bifidobacterial and clostridial strains of human origin and
collection strains. All tested bacteria were resistant to apramycin,
mupirocin, and sulfamethoxazole, and no zone of inhibition were
observed (data not shown). Almost all the tested bifidobacterial and
clostridial strains were sensitive to ciprofloxacin, cefoxitin, and
vancomycin with average inhibition zones of up to 31.33 mm in
diameter. With one exception (B. bifidum 1), all bifidobacterial
strains were resistant or moderately susceptible to kanamycin,
metronidazole, neomycin, and flumequine, whereas the clostridial
strains exhibited variable susceptibility. Almost all bifidobacteria
were susceptible to ceftazidime, while 5 out of 13 clostridial strains
were susceptible. Norfloxacin was the only antibiotic to which all
tested clostridial strains were susceptible, or at least moderately
susceptible, with average inhibition zones of 8.67—20.00 mm in
diameter, and all bifidobacterial strains were resistant (only strain
B. pseudocatenulatum 1 was moderately susceptible). Hence, nor-
floxacin was chosen for more detailed testing, together with
mupirocin, which is a common component of the selective media
for bifidobacteria.

Bifidobacteria and clostridia of different origins were screened
for their sensitivity to norfloxacin and mupirocin. All bifidobacteria
and most of the clostridia were resistant to mupirocin, a few clos-
tridial strains were moderately susceptible and showed small in-
hibition zones (up to 8 mm in diameter). The majority of the
bifidobacteria tested were resistant to norfloxacin. Only two human
origin bifidobacterial strains (belonged to species B. adolescentis

and B. bifidum) of the 74 tested strains were sensitive to norfloxacin,
with inhibition zones of 13.33 mm and 18.33 mm in diameter,
respectively. Also other strains of species B. adolescentis (3 strains)
and B. bifidum (6 strains) were tested in this study and were
resistant to norfloxacin. Of the 62 strains of clostridia, 3 strains (2 of
infant origin and 1 of adult origin) showed moderate susceptibility
to norfloxacin. The remaining 59 clostridia were inhibited by nor-
floxacin, and average inhibition zones of 19.13 + 3.11 mm in
diameter were observed for the 9 collection strains. Human origin
clostridial strains isolated from infant and adult faeces showed
average inhibition zones with diameters of 17.41 + 2.55 mm
(n =15) and 15.77 + 3.17 mm (n = 13), respectively. For clostridia
isolated from calves (n = 4), inhibition zones with an average
diameter of 17.46 + 3.42 mm were observed. Lamb-origin strains
(n = 9) showed inhibition zones with a mean diameter of
14.89 + 1.43 mm, and hen clostridia (n = 3) showed inhibition
zones with a mean diameter of 15.67 + 2.08 mm. Piglet strains
(n = 6) were the most sensitive to norfloxacin, with average inhi-
bition zones of 19.44 + 4.60 mm in diameter.

The MICs of norfloxacin that inhibited clostridial growth in
liquid media varied from 10 to 200 mg/L (Table 2). Similar results
were obtained with the combination of norfloxacin and mupirocin
(100 mg/L). Clostridia of human origin and clostridial strains from
the culture collection showed greater susceptibility than the animal
isolates. In contrast, bifidobacteria were resistant, and their growth
was not influenced by norfloxacin at the concentration of 300 mgjL,
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Table 3
Growth of bifidobacteria and clostridia on control (MWCH) and selective media
(MWCHmup and MAN agars).

Strain MWCH MWCHmup MAN
B. animalis ssp. animalis 847 + 0.23 8.89 + 041 8.53 +0.30
DSM 20104

B. breve ATCC 15700 8.87 + 0.04 8.80 + 020 8.70 + 0.14
B. gallinarum DSM 20670 8.75 + 045 838 + 0.16 872 +0.03
B. longum ATCC 15707 893 + 017 8.81+0.18 8.76 + 023
B. thermophilum DSM 20210 877 + 0.54 8.62 + 0.36 8.69 + 0.07
B. animalis subsp. animalis 1 7.96 + 0.26 7.79 £ 0.15 7.77 £ 0.18
B. animalis subsp. animalis 3 8.74 + 0.09 8.81 + 037 8.88 +033
B. bifidum 1 765+ 0.28 7.55 + 022 7.37 £0.19
B. breve 2 9.03 + 047 8.97 + 0.06 8.64 +0.08
B. choerinum 1 748 + 017 753 +0.13 719 £029
B. longum 1 8.88 + 0.21 8.59 + 0.12 853 +0.25
B. thermophilum 8.69 + 0.51 8.63 + 0.04 8.62 + 0.06
Cl. clostridiiforme DSM 933 7.51 + 0.16 747 £ 0.03 NG

CL butyricum DSM 10702 8.28 + 0.43 8.60 + 0.19 NG

Cl acetobutylicum DSM 792 7.57 + 0.09 769 + 0.19 NG

Cl. perfringens DSM 11778 829+ 0.15 836 + 0.14 NG
Clostridium spp. 2 842 + 0.31 821+ 0.15 NG
Clostridium spp. 3 7.22 + 0.05 7.05 + 040 NG
Clostridium spp. 36 797 + 027 819+ 023 NG
Clostridium spp. 38 821+0.13 840 + 020 NG
Clostridium spp. 46 7.05 + 047 7.57 £ 017 NG
Clostridium spp. 47 795 + 0.06 7.79 + 032 NG

The values are expressed as log cfu/mL (mean of 3 replicates + SD).

For the strains origins see Table 2.

NG: not growth (counts lower than detection limit 2 log cfu/g); cfu: colony forming
units; SD: standard deviation; MWCH: modified Wilkins-Chalgren agar (Oxoid)
supplemented with soya peptone (5 g/L, Oxoid), L-cystein (0.5 g/L, Sigma ), Tween 80
(1 mL/L, Sigma), and glacial acetic acid (1 mL/L); MWCHmup: modified Wilkins-
Chalgren agar (Oxoid) supplemented with soya peptone (5 g/L, Oxoid), L-cystein
(0.5g/L, Sigma), Tween 80 (1 mL/L, Sigma), mupirocin (100 mg/L, Merck), and glacial
acetic acid (1 mL/L); MAN agar: modified Wilkins-Chalgren agar (Oxoid) supple-
mented with soya peptone (5 g/L, Oxoid), L-cystein (0.5 g/L, Sigma), Tween 80 (1 mL/
L, Sigma), mupirocin (100 mg/L, Merck), glacial acetic acid (1 mL/L), and norfloxacin
(200 mg/L, Sigma).

even in combination with mupirocin (Table 2). Clostridial growth
was also tested in solid cultivation media (MAN agar) containing
mupirocin, acetic acid, and different doses of norfloxacin
(Suppl. Table 1). Eight out of 20 tested strains were inhibited by
norfloxacin at 100 mg/L, 3 clostridial strains showed limited
viability in the presence of 150 mg/L norfloxacin, and all strains
were inhibited by the concentration of 200 mg/L norfloxacin. The
MICs determined for cultivation in liquid media were consistent
with those obtained for cultivation on MAN agar. Since all the
tested clostridia were inhibited by norfloxacin at 200 mg/L, whilst
bifidobacteria were not affected, this dose was determined to be
optimal for the supplementation of MAN agar to enable the selec-
tive enumeration of bifidobacteria.

Table 4

3.2. Evaluation of norfloxacin as a selective factor in the solid
cultivation media for bifidobacteria

Pure strains of bifidobacteria and clostridia were tested for
growth on three variants of modified Wilkins-Chalgren agar
(Table 3). Bifidobacterial counts on MWCHmup and MAN agars
were similar, and were nearly identical to those on the control
MWCH without added selective factors. In addition, similar
viability was observed for clostridia on media containing mupirocin
and on MWCH agar; however, clostridial growth was inhibited on
MAN agar, on which no visible colonies were detected (Table 3). The
selectivity of MWCHmup and MAN agars was evaluated using
mixtures of pure strains of bifidobacteria and clostridia in a 1:1
ratio (Suppl. Table 2). The average bacterial count determined on
MWCHmup agar (8.72 + 0.19 cfu) corresponded with the number of
inoculated bacteria, and only 110 out of 192 isolates were identified
as bifidobacteria. Much lower bacterial viability was observed after
the cultivation of bacterial mixtures on MAN agar. The average
count (8.35 + 0.21 cfu) corresponded to half of the total number of
inoculated bacteria. This medium showed very good selectivity and
all the isolates were identified as bifidobacteria.

The selectivity of MAN agar for bifidobacteria was also
compared with that of MWCHmup medium in faecal samples
(Table 4). Faecal samples from 5 babies (all vaginally delivered in-
fants) contained nearly 10'° cfu/g as determined by cultivation on
both media. Although the MAN agar was selective, and only bifi-
dobacteria were isolated, 2 non-bifidobacterial colonies were
detected on MWCHmup media. In the faecal samples from 6 infants
delivered by caesarean section, bacterial counts greater than
10 cfu/g were observed on MWCHmup medium and all the bac-
teria isolated were identified as clostridia. In contrast, no visible
colonies were detected on MAN medium. For faecal samples from
both adults and animals, lower bacterial counts were detected on
medium containing a combination of norfloxacin and mupirocin
compared to those determined on MWCHmup agar. However, the
selectivity of MAN medium was higher than that of agar containing
mupirocin as a sole antibiotic. For all tested faecal samples, the
percentage of FEPPK-positive isolates was higher on MAN agar, and
the majority of these strains were identified as bifidobacteria
(Table 4). Most of the F6PPK-negative bacteria isolated from
MWCHmup were identified as clostridia by FISH. Clostridia were
not detected on MAN agar, because all 6 strains without F6PPK
activity that grew on this medium were classified as either Gram-
positive cocci or Gram-negative regular rods.

4. Discussion

The selectivity of cultivation media for bifidobacteria isolation

Enumeration of bifidobacteria in faecal samples using selective agars and evaluation of agars selectivity.

Faecal sample origin Number of samples

Bacterial counts (log cfu/g + SD)

Number of isolates/F6PPK positive isolates (% of bifidobacteria)

MWCHmup agar MAN agar MWCHmup agar MAN agar
Infants with 5 9.86 + 0.83 9.87 + 0.86 30/28 (93) 30/30 (100)
bifidobacteria
Infants without 6 8.06 +0.57 ND 36/0 (0) 0/0(0)
bifidobacteria
Adults 5 933 +043 9.03 + 0.88 30/25 (83) 30/29 (97)
Calves 10 901 +038 873 + 066 60/40 (67) 60/58 (97)
Lambs 5 825+ 137 7.57 + 1.81 30/17 (57) 30/28 (93)
Piglets 6 8.13 +0.85 745+ 1.11 36/17 (47) 36/35 (97)

ND: not detected (counts lower than detection limit 2 log cfu/g); cfu: colony forming units; SD: standard deviation; F6PPK: fructo

G

6-phosphate phosp

MWCHmup: modified Wilkins—Chalgren agar {Oxoid) su d with soya

(5 g/L, Oxoid), Lcystein (0.5 g/L, Sigma), Tween 80 (1 mL/L, Sigma), mupirocin

(100 mg/L, Merck), and glacial acetic acid (1 mL/L); MAN agar: modified Wilkins—Chalgren agar (Oxoid) supplemented with soya peptone (5 g/L, Oxoid), L-cystein (0.5 g/L,
Sigma), Tween 80 (1 mL/L, Sigma), mupirocin (100 mg/L, Merck), glacial acetic acid (1 mL/L), and norfloxacin (200 mg/L, Sigma).
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from samples containing also clostridia is limited. Therefore, in this
study, antibiotics with activity against Gram-positive anaerobic
bacteria were examined to find a substance to which bifidobacteria
are resistant and clostridia are susceptible. The tested bifidobac-
teria were resistant to aminoglycosides (apramycin, kanamycin,
and neomycin), quinolones (flumequine and norfloxacin), metro-
nidazole, and mupirocin, which has been reported as a general
genus feature [6,16,17]. The moderate susceptibility to ciprofloxacin
observed for the bifidobacteria examined in this study is in accor-
dance with results obtained by Charteris et al. [18]. These authors
reported resistance or moderate susceptibility to sulfamethoxazole
in bifidobacteria of human origin. All strains tested in our study
were resistant to sulfamethoxazole, as were the bifidobacteria
examined by Masco et al. [19]. Some researchers have demon-
strated susceptibility to ceftazidime, cefoxitin, and vancomycin
[6,20,21] to be a general characteristic of bifidobacteria, which is in
accordance with our findings. In contrast, Charteris et al. [18] re-
ported resistance or moderate susceptibility of bifidobacteria to
these antibiotics. This discrepancy may be because sensitivity to
these antimicrobial agents is strain-specific or may be a result of
the different assays used, since some substances diffuse poorly in
agar medium [6].

Clostridia are usually resistant to aminoglycosides [22], and
resistance to sulfamethoxazole has been described in Clostridium
difficile [23], which we also observed in the strains we tested. All
clostridia were resistant to apramycin, mupirocin, and sulfa-
methoxazole. Only small inhibition zones were observed around
the kanamycin disk in some strains, and nearly all strains were
resistant to neomycin. In general, variable resistance to cephalo-
sporins has been observed in clostridia [22]. Of the cephalosporins
tested in this study, clostridia were susceptible to cefoxitin and
showed variable resistance to ceftazidime. Most of the strains
were inhibited by quinolones (ciprofloxacin, flumequine, and
norfloxacin), metronidazole, and vancomycin, and susceptibility
to these antibiotics has been described in C. difficile strains [22].
The genus Clostridium includes heterogeneous species. Therefore,
the antimicrobial patterns and features of strains differ between
different clusters of clostridia. Using in vitro tests, Agnoletti et al.
[24] demonstrated that norfloxacin is ineffective against Clos-
tridium spiroforme, which causes enterotoxicosis in rabbits.
Resistance to norfloxacin has also been described in C. difficile
strains [25]. These two species are grouped in the XVIII and XI
clusters, respectively, and share similar properties; however, they
are different from C. perfringens, which is a member of cluster |
[26] and is characterised as resistant to norfloxacin [27,28]. Nor-
floxacin has even been proposed as a selective factor in enrich-
ment media for the detection of C. difficile in raw food of animal
origin [29].

Norfloxacin was the only antimicrobial agent tested in this study
to which all faecal clostridia were susceptible and most bifidobac-
teria were resistant. Therefore, norfloxacin was tested as a selective
factor in cultivation media for bifidobacteria at a concentration of
200 mg/L, which was determined to be the optimal concentration.
Although norfloxacin did not affect the growth of pure cultures of
bifidobacteria, its anti-clostridial activity was conclusive, and the
growth of the clostridial strains was inhibited. Similar results were
obtained when analysing faecal samples. Although MAN agar was
not completely selective, clostridial growth was suppressed, and all
isolated F6PPK-negative bacteria were identified as Gram-positive
cocci or Gram-negative rods. In contrast, nearly all non-
bifidobacterial isolates from MWCHmup agar were identified as
clostridia. In the faecal samples of infants delivered by caesarean
section, more than 10° viable clostridial colonies were observed.
These clostridia were reliably suppressed by norfloxacin, and no
colonies of bacteria, even bifidobacteria, were detected on MAN

agar. Our results showed that the use of selective agars containing
only mupirocin and acetic acid for bifidobacteria enumeration may
lead to false results with respect to the presence of bifidobacteria.
MWCHmup agar is particularly inappropriate for analysing faecal
samples from newborn infants delivered by caesarean section,
because a bifidobacteria-deficient microbiota is typical for these
babies [30]. As we had predicted, when analysing faecal samples of
vaginally delivered infants, the best selectivity was achieved by
using both agars, because bifidobacteria are the dominant bacterial
group in the intestinal microbiota of vaginally delivered breast-fed
infants [1]. The lowest selectivity was observed when using
MWCHmup agar for the cultivation of a piglet faecal microbiota, in
which bifidobacteria do not dominate [31]. In this case, only 47% of
the isolates were classified as bifidobacteria. Better results were
achieved using MAN agar for piglet faecal samples, in which case
97% of the visible bacteria were found to belong to the genus Bifi-
dobacterium. For all types of samples examined in this study, MAN
agar was more effective for bifidobacteria isolation than
MWCHmup agar, and the selectivity of these agar media was also
dependent on the prevalence of bifidobacteria in the sample. Lower
bifidobacterial counts and more complex intestinal microbiota are
more typical in adults than in infants [1]. In addition, intestinal
samples from calves and lambs have been shown to have more
diverse microbial communities with lower bifidobacterial counts
than vaginally delivered breast-fed infants [this study,32,33]. Nor-
floxacin has been reported to be ineffective against C. difficile strains
[29]. Although pure cultures of these species were not tested in this
study, we do not predict any major growth of C. difficile colonies on
MAN media when analysing faeces, since this species is not pre-
dominant in the intestinal microbiota [26].

There are two basic problems to be considered when formu-
lating cultivation media, one is the selectivity for the species of
interest, and the second is that the media components must meet
the nutritional requirements of the cultivated bacteria. Ferraris
et al. [11] tested Wilkins—Chalgren agar containing 50 mg/L
mupirocin and showed that this concentration was not sufficient
for the elimination of faecal enterococci and clostridia. Moreover,
Wilkins—Chalgren agar contains glucose as the sole carbon source,
which might limit bifidobacterial growth, since some species do not
utilise this sugar [8]. With respect to the nutritional requirements
of bifidobacteria, TPY agar should preferably be used for their
cultivation, because the soya peptone in the medium contains
raffinose-series oligosaccharides (RSO). However, this medium is
not commercially available; therefore, supplementation of Wil-
kins—Chalgren agar with soya peptone (5 g/L) seems to be the best
way to meet the nutritional requirements of bifidobacterial species,
because RSO can serve as a good carbon source [34]. Comparable
growth of bifidobacteria has been demonstrated in both TPY broth
and Wilkins—Chalgren broth supplemented with 5 g/L soya
peptone [8].

5. Conclusion

Medium containing mupirocin and glacial acetic acid can be
successfully used for the enumeration of bifidobacteria in faecal
samples where these bacteria dominate. Media containing
mupirocin as a single selective factor are also sufficient for dairy
products containing bifidobacteria in combination with lactic acid
bacteria, which are reliably suppressed by mupirocin. However,
our results demonstrated that mupirocin and glacial acetic acid
are not sufficient as selective factors for faecal samples with
complex microbiota (e.g. human adult and animal intestinal
samples), especially when clostridia are present. For these types
of samples, mupirocin may be combined with norfloxacin at a
concentration of 200 mg/L.
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