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1 Uvod

Vztahem clovéka a jeho stfevni mikrobioty se vyzkumnici zabyvali jiz v 19. stoleti.
S nastupem novych mikrobiologickych a biochemickych metod v prvni poloviné stoleti
dvacatého tento zajem vyrazné vzrostl, vyzkumnici pozorovali bakterie ve vykalech i jinde,
izolovali je, kultivovali a popisovali jejich biochemické vlastnosti. Jiz tehdy si, na zakladé uceni
Mecnikova a dalsich, vSimali vlivu vyZivy na stfevni mikroby a popisovali jejich diverzitu.

Svij prozatimni vrchol zazivda mikrobiologie poslednich cca 30 let, kdy se do popredi
dostaly metody molekularné-genetické. V poslednich letech se do popredi zajmu dostalo
déleni stfevni mikrobioty podle enterotyp(, které neni nepodobné déleni starému bezmdla
sto let, kdy méli védci k dispozici bezesporu primitivnéjsi metody. Dnes ovsem dovedeme
charakterizovat i obtizné kultivovatelné bakterie, coz podstatné prohlubuje nase znalosti
stfevni mikrobioty vzhledem k tomu, Ze v ni sidli vice nez 1000 rGznych druh( bakterii. VSe tak
nasvédcuje tomu, Ze se podstatné blizime poznani vsech mikrob( v nasem strevé.

Teoreticka ¢ast této dizertaCni prace je zamérena na popis stfevni mikrobioty v ramci
nejnovéjsich poznatk(, dale je zde popsan princip fungovani probiotik a prebiotik, jednotliva
prebiotika jsou pak kratce charakterizovana.

Experimentalni cast je sloZena ze souboru publikovanych praci, sklada se ze dvou
prvoautorskych ¢lank(, z toho jeden je prijat k publikaci v ¢asopise s IF, druhy byl publikovan
v Casopise v databazi SJR. Dale jsou pfiloZzeny Ctyfi ¢lanky z ¢asopist s IF, na kterych se autor
dizertacni prace podilel jako spoluautor a jeden spoluautorsky ¢lanek z ¢asopisu v databazi
SJR.

Vsechny pfilozené ¢lanky se zabyvaji probiotiky nebo prebiotiky, pficemz vétsi cast je
zamérena na netradic¢ni prebiotické Ci potencialné prebiotické latky, jako jsou oligosacharidy
materského mléka a oligosacharidy rafinosové rfady. Hlavni ¢lanek je zaméren na netradicni
probiotickou bakterii rodu Clostridium.

DizertaCni prace si klade za cil pfispét svym dilem k aktudlnim znalostem vztahu
probiotik, prebiotik a stfevni mikrobioty tim, Ze se vénuje predevsim méné znamym zdrojam
probiotik a prebiotik.



2 Soucasny stav problematiky

Strevni mikrobiota je komplexni ekosystém, ktery je tvoren fadou rozli¢nych organismu.
Tyto organismy, predevsSim bakterie, preménuji nestravitelné zbytky potravy, tvori nékteré
vitaminy, metabolizuji cizorodé latky, stimuluji imunitu a rovnéz tvofi pfirozenou bariéru pro
patogenni mikroorganismy, ¢imz ovliviiuji zdravotni stav hostitele (Cummings and Macfarlane
1997; Guarner and Malagelada 2003; Nicholson et al. 2012). Mikroorganismy se nachazeji jak
vlumenu stfeva, tak ve slizké vrstvé pfilehlé strevni sténé, ktera je nazyvana mukosou.
Mikrobialni populace téchto dvou nik jsou do urcité miry odlisSné a ¢aste¢né na sobé nezavislé
(Donaldson et al. 2016). VyZiva ma bezesporu velky vliv na jejich vyskyt, avSak nékteré druhy
bakterii jsou schopny prezivat nezavisle na pfijaté potraveé za pomoci zZivin, které jim poskytuje
mukosni vrstva, jako tfeba glykanG (Schluter and Foster 2012). Timto predstavuje stfevni
mukosa, podobné jako tfeba apendix, jisty rezervoar mikroorganisma (Donaldson et al. 2016).
Vyznam stfevni mikrobioty je dokonce tak velky, Ze ji néktefi vyzkumnici oznacuji za
samostatny organ (O’Hara and Shanahan 2006).

2.1 Lidska strevni mikrobiota

Lidské stfevo obsahuje pres 1000 rliznych druh(l bakterii (Qin et al. 2010; Lozupone et
al. 2012), které dohromady dosahuji po¢tu az 10! v jednom gramu stolice (Sender et al. 2016).
Déle byly ve stfevé nalezeny také archea?, eukaryotni organismy, jako kvasinky a prvoci a
rovnéz nebunécni viry (fagy), jez Casto parazituji na pfitomnych bakteriich (Lagier et al. 2016;
Bakhshinejad and Ghiasvand 2017; Reyes et al. 2010). Mikrobiom? v lidském stfevé je dokonce
tak rozmanity, Ze jeho genom je 150krat vétsi nez genom lidsky (Lepage et al. 2013).

Sekvenacni metody studia lidské mikrobioty ukazuji, Ze vétsina bakterii v lidském strevé
patfi do dvou druhové rozsahlych kmenl — Bacteroidetes a Firmicutes, pricemZ kmen
Bacteroidetes zahrnuje gramnegativni a Firmicutes grampozitivni rody bakterii. Dale se ve
stfevé pravidelné, ale vnizSich poctech nachdzeji zdastupci kmend Actinobacteria,
Proteobacteria a Verrucomicrobia (Lozupone et al. 2012).

Je znamo, Ze lidé se daji rozdélit na dvé skupiny podle tzv. enterotypl., coZ jsou
vzajemné odliSitelné, nikoliv vSak zcela diskrétni klastry, které sdruzuji mikrobioty podobné
druhové skladby (Arumugam et al. 2011; Knights et al. 2014). Podle Wu et al. (2011a) jsou
enterotypy odvislé od dlouhodobych stravovacich ndvyk(. Zatimco typ Bacteroides je spojeny
se zvySenou konzumaci proteinl a Zivocisného tuku, tak typ Prevotella zahrnuje prevainé
sacharolytické a mucinolytické bakterie, které jsou spojené s vysokym zastoupenim sacharid
v dieté.

1 Archea jsou organismy podobné bakteriim, dnes jiz vime, Ze jde o samostatnou doménu.

2 Pojem mikrobiom se pouZivd pro souhrn viech gend ptitomnych mikroorganism(i. Nékteré prace tak
nazyvaji i mikroby samotné, v této diertacni praci ale bude pro skupinu mikrobd pouZivan vyhradné pojem
,mikrobiota“.



2.1.1 Ontogeneze lidské stfevni mikrobioty

Stfevni mikrobiota clovéka se s vékem prokazatelné vyviji. Jsou znamy studie, které
tvrdi, Ze plod je kolonizovan jiz v téle matky pres placentu, nazory na tento jev jsou ovsem
protichtidné (Milani et al. 2017), neni ale sporu, Ze dité je kolonizovano béhem porodu. ZpUsob
porodu je prvnim faktorem, ktery ma zasadni vliv na vyvoj stfevni mikrobioty novorozence
(Munyaka et al. 2014; Biasucci et al. 2010). Déti, porozené pfirozené jsou zpravidla osidlovany
fekalnimi a vaginalnimi bakteriemi od matky, pfedevsim rody Bifidobacterium, Lactobacillus a
Bacteroides (Musilova et al. 2015b). Déti, pfivedené na svét cisafskym fezem jsou oproti tomu
nejprve kolonizovany bakteriemi z prostfedi nemocnice nebo klize matky ¢i zdravotnickych
pracovnikd a vykazuji nizsi poc¢ty rodl Bifidobacterium a Bacteroides, jejichz misto zaujimaji
klostridie, stafylokoky, nebo bakterie rodu Acinetobacter (Dominguez-Bello et al. 2010). Neni
zcela jasné, jak dlouho trva normalizace tohoto stavu, studie se lisi v odhadech od 6 mésicl
(Gronlund et al. 1999), az do 7 let (Salminen et al. 2004). Predpoklada se, Ze naruseni strevni
mikrobioty pfi porodu cisafskym fezem ma za nasledek narlst vyskytu jak autoimunnich
chorob, jako jsou diabetes 1. typu, Crohnova choroba nebo roztrousena sklerdza, tak i
alergickych onemocnéni, jako astma, alergickd ryma nebo atopicky ekzém (Okada et al. 2010;
Bach 2002). Stfevo novorozence obsahuje tésné po porodu kyslik, ztoho dlvodu dochazi
nejprve k pomnoZeni fakultativné anaerobnich bakterii z ¢eledi Enterobacteriaceae (i
nékterych koku. Tyto bakterie rychle vytvofi redukované prostiedi priznivé pro rist striktné
anaerobnich bifidobakterii, Bacteroides spp. i klostridii (Del Chierico et al. 2015).

Je nasnadé, Ze jiz od raného véku bude mit na sloZeni strevni mikrobioty velky vliv vyZiva.
Je dobre zdokumentovano, Ze kojeni ma pozitivni vliv nejen na samotny organismus kojence,
ale i na jeho stfevni mikroby a je zndmo, Ze déti, které jsou krmeny nahrazkou materského
mléka, maji odliSnou strfevni mikrobiotu (O’Sullivan et al. 2015). Materské mléko je unikatni
smési Zivin a antimikrobidlnich latek, kterd zabranuje rUstu nékterych potenciadlné
patogennich mikrobU a zaroven podporuje rust bifidobakterii. Hlavnim faktorem podporujicim
rast bifidobakterii jsou oligosacharidy matefského mléka. Tyto unikatni latky jsou popsany
v samostatné kapitole. Bylo vysledovdno, Ze stolice kojenych déti obsahuje vice laktobacill a
bifidobakterii a méné potencidlné patogennich bakterii nez stolice déti na umélé vyzivé
(Guaraldi and Salvatori 2012).

Ustaleni stfevni mikrobioty se déje ve véku 2 aZ 3 let (Yatsunenko et al. 2012). Po odstavu
a prechodu na konvenc¢ni stravu dochazi ve stfevé batolete ke kodominanci kmena Firmicutes
a Bacteroidetes a jeho mikrobiota se tak zacina podobat mikrobioté dospélého ¢lovéka, zacina
se zvySovat mnoiZstvi butyrdtu ve stfevnim obsahu a v mikrobiomu se objevuji geny
zodpovédné za rozklad sloZitych sacharidl, skrobu a cizorodych latek a vyrobu vitamin(
(Koenig et al. 2011). Mikrobiota dospélého clovéka je tudiz vice pfizplsobena pro rozklad
nestravitelnych rostlinnych polysacharidi (Bergstrom et al. 2014). Pfijem nestravitelnych
sacharidi ma dozajista ptiznivy vliv na stfevni mikrobiotu (Flint et al. 2012; Valdes et al. 2018).



Enterotypy, které byly zminény v predchozi kapitole, se zdaji byt pfimo navazné na
dlouhodobé stravovaci navyky. Zatimco konzumace Zivocisného tuku a bilkovin, obsahujicich
Sirokou skalu aminokyselin typicka pro tzv. zapadni dietu, je spojena senterotypem
Bacteroides, tak enterotyp Prevotella se nachazi u jedinct, ktefi dlouhodobé pfijimaji hlavné
rostlinnou stravu s vysokym obsahem rlznych poly-, oligo- i monosacharidd (Obr. 1). Tento
enterotyp je tedy zastoupen mezi vegetaridny, vegany a u obyvatel rozvojovych zemi, kde neni
tak vysoka spotfeba Zivocisnych produktd, jako ve vyspélych statech zapadni Evropy a Severni
Ameriky (Wu et al. 2011a). Myslenka enterotyp(i nicméné neni Uplné nova. Jiz v prvni poloviné
20. stoleti Dudgeon (1926) popsal tfi typy mikrobioty — sacharolytickou, proteolytickou a
normalni a komentoval i vliv stravy na toto déleni.
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Obr. 1: Shlukova analyza bakterialnich taxond rozdélenych do enterotyp(i Bacteroides a
Prevotella ve vztahu k dieté (Wu et al. 2011a).

Typ Bacteroides je spojovan s pfijmem zZivociSného proteinu, aminokyselin a Zivo¢isSného
tuku, zatimco typ Prevotella ma silnou pozitivni korelaci s rostlinnymi sacharidy.

Starnuti ¢lovéka se, jako na vSech organech, projevuje i na stfevni mikrobioté. Odamaki
et al. (2016) tvrdi, Ze starnuti mikrobioty se zacina projevovat po dosazeni 70 let Zivota, kdy
dochazi k poklesu poctu bifidobakterii, a naopak k nardstu klostridii a bakterii z kmene
Proteobacteria. Podle Kim and Jazwinski (2018) dochazi béhem starnuti k pfirozenému ubytku
diverzity mikrobialni populace ve strevé. Nasledkem toho dochazi k naruseni rovnovahy, coz
muZe snadno vyustit v dysbiosu, kterd mize pro zménu iniciovat zanétlivou odpovéd ve stievé
nebo narusit komunikaci stfevni mikrobioty s hostitelem. Celkovym vysledkem pak muze byt
zhorseni zdravotniho stavu.
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Obr. 2: Zmény relativni Cetnosti zdkladnich skupin mikroorganisma vyskytujicich se
v tlustém strevé v prabéhu starnuti (Odamaki et al. 2016)

2.1.2 Lidska stfevni mikrobiota ve zdravi a nemoci

Clovék koexistuje se stfevni mikrobiotou v mutualistickém svazku, nékdy je ale toto
spojeni naruseno a prechazi v negativni vztah, jako je to mu pfi obezité, diabetu, ateroskleréze
nebo zanétlivych stfevnich onemocnénich (Hooper and Gordon 2001).

V predchozi kapitole bylo pojednano o vyvoji stfevni mikrobioty a vlivu vnéjsich faktora
na jeji sloZeni. Jaké sloZeni je ale spravné? Na tuto otdzku nelze jednoznacné odpovédét,
stfevni mikrobiota je velice komplexni a zaroven variabilni v zavislosti na vnéjSich podminkach.
| pfesto zndme jisté druhy bakterii, které jsou brany jako ukazatelé zdravé stfevni mikrobioty.
Mezi né dozajista patfi bakterie rodu Bifidobacterium, které maji prokazatelné pfiznivé ucinky
na stfevni rovnovahu zejména u malych déti (Fijan 2014). Naproti tomu u rodu Clostridium
neni zarazeni jednoznacné. Existuji klostridie patogenni, oportunné patogenni, komensalni,
ale i probiotické (Lopetuso et al. 2013).

Kromé vyZivy, ktera byla diskutovana v predchozi kapitole, maji na stfevni mikrobiotu
vliv i dalsi individudIni faktory, jako tfeba Body Mass Index (BMI). Jakkoli je BMI relativné
nedostate¢nym ukazatelem télesné kondice ¢lovéka (Rothman 2008), tak byly provedeny
studie, které poukazuji na skutecnost, Ze normalni BMI pfispivd k vyssi diverzité stfevni
mikrobioty u déti a Ze obézni déti maji ve stfevé vysSi pritomnost bakterii z Celedi
Enterobacteriaceae nebo Sifeji proteobakterii (Karlsson et al. 2012; Bai et al. 2019), pficemz
zvyseny vyskyt nékterych zastupcl proteobakterii je u lidi spojovan se stfevni dysbiosou (Shin
et al. 2015). Podobné zmény ve sloZeni mikrobioty zpUsobuje i podvaha. Borgo et al. (2017)
zjistili u skupiny anorektickych pacient(, Ze jejich mikrobiota obsahovala vyssi pocCty zastupct
Celedi Enterobacteriaceae, zatimco ve stfevech béiné rody Roseburia, Ruminococcus a
Clostridium vykazovaly nizsi pocty. Je mozné, Ze vztah mezi stfevni mikrobiotou a nespravnou
télesnou hmotnosti je oboustranny. Bakterie totiz ve stfevech produkuji mimo jiné mastné
kyseliny s kratkym retézcem (SCFA), z nichZ nékteré slouzi jako zdroj energie a tim zvysuji



pfijem energie metabolismem hostitele. Kromé toho je pravdépodobné, Ze SFCA hraji roli jako
signalni molekuly, které mohou ovliviiovat chut k jidlu i insulinovou senzitivitu (Canfora et al.
2015). Stfevni dysbiosa tak teoreticky mlze byt jak pri¢inou, tak disledkem zmény télesné
hmotnosti.

Zmény strevni mikrobioty jsou dobfe popsany u riznych stfevnich onemocnéni. U lidi se
syndromem drdzdivého trac¢niku bylo vysledovano, Ze jejich stolice obsahuje méné laktobacill
a nékterych zadstupcl kmene Actinobacteria, mj. bifidobakterii, a naopak zvysené mnozstvi
proteobakterii (Krogius-Kurikka et al. 2009; Bhattarai et al. 2017). Crohnova choroba je
charakteristickd snizenym vyskytem Faecalibacterium prausnitzii, vyznamného producenta
kyseliny maselné (Machiels et al. 2014; Sokol et al. 2008). Zaroven bylo pozorovano, Ze
suplementace F. prausnitzii lidem trpicim Crohnovou chorobou ma za nasledek zmirnéni
ptiznakl tohoto onemocnéni. Stejné jako u nékterych dalSich stfevnich onemocnéni ale zatim
nenijasné, zda je dysbidza pfi¢inou nebo nasledkem Crohnovy choroby (Rinninella et al. 2019).
Snizeni pocth bakterii, které jsou obecné povazovany za zdravi prospésné, jako laktobacily,
bifidobakterie nebo F. prausnitzii, bylo pozorovano i u celiakie (Nadal et al. 2007; Collado et
al. 2009). Pokles poctu butyrat produkujicich bakterii je charakteristicky i pro mikrobiotu
pacientl s kolorektdlnim karcinomem, vyssich poctl naopak dosahuji nékteré proteobakterie
a néktefi zastupci kmene Firmicutes, ¢asto jde o oportunni patogeny (Wang et al. 2012). Opét
je ovsem treba brat v Uvahu, Ze tyto zmény mohou byt disledkem kolorektalniho karcinomu,
ackoli nékteré vyzkumy poukazuji na uUzkou spojitost rozvoje kolorektalniho karcinomu
s vyskytem Fusobacterium spp. (Kostic et al. 2012; Yang and Ji 2019).

Nejnovéjsi védecké poznatky ukazuji, Ze stfevni mikrobiota ma zfejmé znacny vliv na
vyvoj nékterych ¢asti nervové soustavy diky takzvané ose stfevo — mozek, coz je spojeni mezi
centralni nervovou soustavou, stfevni nervovou soustavou a travicim ustrojim, diky kterému
mohou stfevni bakterie ovliviiovat celou fadu neurologickych procesl prostfednictvim svych
metabolitd (Mayer et al. 2015). Zmény ve sloZeni stfevni mikrobioty byly pozorovany u
pacientl s Alzheimerovou a Parkinsonovou chorobou a u déti s poruchami autistického
spektra. V pripadé Alzheimerovy choroby a poruch autistického spektra jsou u sledovanych
subjektl pozorovany snizené pocty bifidobakterii a nékterych zdstupcl kmene Firmicutes
(Vogt et al. 2017; De Angelis et al. 2013).

Z vyse citované literatury vyplyva, Ze nékteré nemoci jsou provazeny charakteristickymi
zménami ve stfevni mikrobioté. Které bakterie jsou naopak indikatory zdravé strevni
mikrobioty? Ackoli je stfevni mikrobiota komplexni systém, ve kterém dochazi k rliznorodym
interakcim mezi jednotlivymi druhy bakterii, da se fici, Ze pocty bifidobakterii a butyrat
produkujicich bakterii jako F. prausnitzii, Eubacterium spp. a Roseburia spp. jsou v negativni
korelaci s vyskytem zejména stifevnich onemocnéni, je tedy mozno s urcitou opatrnosti fici, Ze
tyto bakterie patfi mezi indikatory zdravé stfevni mikrobioty (Riviere et al. 2016).
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2.2 Stfevni mikrobiota dribeze

Stfevni mikrobiota dribeZze ma nékteré aspekty shodné s lidskou stfevni mikrobiotou,
rozdily jsou ovSem ve stavbé travici soustavy, ktera se, spole¢né s vyzivou, promita na jejim
slozeni. Dominantni skupinou v travicim traktu jsou laktobacily, které prevazuji predevsim ve
voleti a tenkém stievé (Lu et al. 2003), v tlustém a predevsim slepém streveé je pak mikrobiota
vice rUznorodd, z hlediska zastoupeni kmenl je dominantné zastoupen kmen Firmicutes,
nasledovany Bacteroidetes (Oakley et al. 2014). Pro ¢lovéka jsou vyznamnymi patogenni rody
Salmonella a Campylobacter, jichz je dribez vyznamnym rezervoarem (Shang et al. 2018).

2.3 Strevni mikrobiota prasat

Travici trakt prasete je v mnohém podobny lidskému travicimu traktu, at uz z hlediska
anatomie, fyziologie nebo imunologie (Wang and Donovan 2015). Prase¢i duodenum a
jejunum jsou osidleny zejména laktobacily a klostridiemi, zatimco tlusté stfevo je dominantné
osidleno rodem Prevotella (Crespo-Piazuelo et al. 2018).

2.4 Modely studia stfevni mikrobioty

2.4.1 Gnotobiotické modely stfevni mikrobioty

Jednou z nejlepSich metod, jak studovat vliv vyZivy na stfevni mikrobiotu a nasledny vliv
mikrobioty na zdravi jedince, je pomoci gnotobiont(i — zvifat s definovanou mikrobiotou.
Gnotobionti se rodi jako bezmikrobni v pfisné sterilnich podminkach. Kromé mikrobl chybi
témto zviratim i imunitni odpovéd, kterou mikroby pfirozené vyvolavaji a také maji
bezmikrobni zvifata pozménéné urcité organy, jako tieba vétsi cékum nebo pomalejsi bazalni
metabolismus (Koopman 1998). Na gnotobiontech se studuje interakce mikrobioty
s hostitelem. Gnotobiont je bud osidleny jednim uréitym mikrobidlnim kmenem
(monoasociovany gnotobiont), nebo celym komplexem mikrob(, jako je tomu napfiklad
v pfipadé humanizované mysi, ktera je osidlena fekalnim transplantatem od clovéka. Tyto
modely prokazaly, Ze mikrobiota je nezbytnd pro dozrani imunitniho systému, fyziologie
zazivaciho traktu a stfevniho nervového systému (Neumann et al. 2019). Vzhledem k tomu, Ze
gnotobiotické modely jsou velmi naro¢né a nakladné (Lange et al. 2019), jsou vyvijeny rGzné
typy in vitro model(.

2.4.2 In vitro modely pro studium stievni mikrobioty

Pro in vitro studium interakce mezi stfevni mikrobiotou a hostitelskymi bunkami jsou
nejcastéji vyuzivany bunécné linie ziskané z lidského kolorektalniho karcinomu, jako treba
Caco-2 nebo HT-29. Jde o velké nediferenciované lidské buriky, které se spontanné mnozi a
které napodobuji enterocyty epitelu tenkého streva. Caco-2 buriky se vyuzivaji naptiklad pro
studium protektivnich efektl probiotickych bakterii vici zanétidm nebo pro studium vlivu
raznych molekul na adhezi bakterii na bunécné linie (Pearce et al. 2018; Volstatova et al.
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2015). Bunécné linie HT-29 obsahuji gobletovy buriky produkujici mukosu, ¢ehoZ bylo vyuzito
napfiklad pfi studiu vlivu oligosacharidd na adhezi rliznych bakterii na mukosni vrstvu
(Altamimi et al. 2016). Kombinace Caco-2 a HT-29 bunécnych linii byla pouZita napftiklad pro
studium protektivnich vlastnosti probiotik vic¢i patogennim bakteriim (Resta-Lenert and
Barrett 2003).

In vitro modely jsou vhodné pro vyzkum zakladnich vztah(i mezi jednim bakteridlnim
druhem a hostitelskymi burikami, jsou relativné levné a nenaro¢né na pouziti. Nenapodobuji
ale dostatecné bunécnou diverzitu strevniho epitelu (Pearce et al. 2018).

2.4.3 Exvivo modely pro studium stievni mikrobioty

Jednd se v podstaté o in vitro systémy, které maji napodobit travici soustavu a jeji
pufrujici a absorpcni vlastnosti. Jsou koncipovany tak, ze pracuji s inokulem stfevni mikrobioty.
TNO model TIM-2 dovede sledovat produkci metabolitl, mechanismy rozkladu Zivin,
metabolismus biologicky aktivnich latek a také pracovat sizotopové znacenymi substraty
(Venema 2015). TNO InTESTine™ model je navic obohacen o komplexni tkanovy systém
napodobujici in vivo prostiedi (Pearce et al. 2018).

2.5 Probiotika

FAO/WHO definuje probiotika jako Zivé mikroorganismy, které, jsou-li zkonzumovany
v dostateCném mnozstvi, maji pfiznivy vliv na zdravi hostitele. Jedna se o bakteridlni kmeny,
které jsou taxonomicky jasné definované a jejichZ pfiznivé vlastnosti na zdravi hostitele byly
dostatecné ovéreny védeckymi studiemi. Probiotika musi byt bezpecna, nesmi obsahovat
virulentni faktory nebo byt nositeli genli kédujicich rezistenci vici antibiotik(im. Nejedna se o
zivé kultury tradi¢né vyuzivané pfi fermentaci potravin. Fekalni transplantaty také nejsou
povazovany za probiotika (Hill et al. 2014; Guarner and Malagelada 2003). | pfes mnoho
provedenych studii Evropska unie stale nepovoluje pouzivani vyrazu probiotikum pro kterykoli
mikroorganismus pouzivany v lidské vyzivé (Salminen and van Loveren 2012), probiotika pro
zvifata jsou vedena jako krmna aditiva (Anadon et al. 2006).

»,0tcem” konceptu probiotik byl llja Mecnikov, ktery nemalou cast svého vyzkumu
zaméril na studium pficin starnuti a zdravi ¢lovéka a vytvofil teorii podle které je starnuti
disledkem toxickych bakterii ve stfevé, jejichZ produkty otravuji organismus. Proti plsobeni
téchto Skodlivych mikrob( doporucoval pit kyselé mléko obsahujici bakterie mlééného kvaseni
(Rettger 1915).

2.5.1 Mechanismus ucinku probiotik

Probiotické bakterie plsobi na lidské zdravi rlznymi mechanismy, které jsou druhové i
dokonce kmenové specifické. Kazda probioticka bakterie musi mit védecky dokdazany
mechanismus ucinku (Guarner and Malagelada 2003).

Strevo zdravého Clovéka je osidleno vyvazenou populaci stfevnich mikrob(, kterd se
brani zasahlim z vnéjsku, proto je velmi obtizné podavanim probiotik zdravému jedinci docilit
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jakékoli zmény. Naopak, pokud je stfevni mikrobiota narusena zanétlivym onemocnénim nebo
antibiotickou Ié¢bou, vyuZiti probiotik je smysluplné (Sanders et al. 2018).

Jednou z predpokladanych schopnosti probiotik je posileni bariérového efektu, cozZ je
komplexni systém sloZzeny z mukdzni vrstvy, antimikrobiadlnich peptidl, imunoglobulini a
spoji mezi stfevnimi bunkami (Hooper and Gordon 2001). Je-li tato bariéra narusena,
potencialné patogenni bakterie a potravni antigeny mohou pfijit do kontaktu se submukosni
vrstvou a tam indukovat zanétlivou odpovéd, ktera mlze vyustit az v zanétlivé onemocnéni
stfeva (Sartor 2008).

Probiotické bakterie by meély byt schopny adherovat na stfevni mukdzni vrstvu. Tato
schopnost je daleZita pro zesileni imunitniho systému (Schiffrin and Blum 2002) a rovnéz kvili
efektu takzvané kompetitivni exkluze, pfi kterém dochazi k antagonistickému pUsobeni
adherovanych probiotickych bakterii proti pfipadné kolonizaci nezadoucimi bakteriemi.
Probiotickd bakterie zabranuje kolonizaci patogenu rliznymi zpUsoby - vytvorenim
nevhodnych podminek produkci metabolitl a antimikrobidlnich latek, zablokovanim
vazebného mista na epitelu nebo vycerpanim esencialnich Zivin (Nurmi et al. 1992).

Dalsi typickou vlastnosti pro probiotické bakterie je produkce antimikrobialnich latek, at
uz jde o mastné kyseliny s kratkym retézcem (kyselina octovd, kyselina mlécna), které maji
silny inhibi¢ni G¢inek na gramnegativni bakterie nebo antimikrobidlni peptidy (napf. nisin),
které maji uzsi spektrum UGcinku. Castym mechanismem UGcinku antimikrobidlnich latek
produkovanych probiotiky je naruseni bunécné stény konkurencéni bakterie (Russell and Diez-
Gonzalez 1998; Bierbaum and Sahl 2009).

Je zndmo, Ze probiotické bakterie maji schopnost stimulovat imunitni systém hostitele.
Probiotické bakterie jsou schopné interagovat s riznymi typy receptorl at uz zmirfiovanim
prehnané imunitni odpovédi vedouci kzanétlivému onemocnéni nebo naopak aktivaci
nékterych receptord (Lebeer et al. 2010).

Mezi probiotické bakterie patfi zastupci nasledujicich rodl: Lactobacillus,
Bifidobacterium, Enterococcus, Streptococcus, Pediococcus, Leuconostoc, Bacillus,
Escherichia coli a Clostridium. Probiotické jsou rovnéz nékteré kvasinky rod Saccharomyces
a Kluyveromyces a také plisné rodu Aspergillus (Fijan 2014; Gaggia et al. 2010). V dnesni dobé
se probiotika zpravidla podavaji ve formé kombinace vice rGznych kmen.
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Obr. 3: Mechanismus ucinku probiotik ve stfevé (Bermudez-Brito et al. 2012).
2.5.2 Bifidobakterie jako probiotické bakterie

Bifidobakterie jsou typickymi obyvateli traviciho traktu lidi i zvifat, v nejvyssich poctech
se vyskytuji u malych déti, u kterych patfi mezi prvni kolonizatory jejich traviciho traktu. Jejich
pfitomnost je spojovana s dobrym zdravotnim stavem stfeva (Rada et al. 2006), absence
bifidobakterii naopak predznamenava hrozici vyskyt potravinovych alergii a atopického
ekzému (lsolauri et al. 2012). Bifidobakterie jsou sacharolytické, jejich metabolismus
produkuje kyselinu octovou a kyselinu mlé¢nou jako konecné metabolity v poméru 3:2,
v malém mnoZstvi mohou produkovat i etanol a kyselinu mravenci (Amaretti et al. 2007).
Typickou vlastnosti ¢eledi Bifidobacteriaceae je specifickd metabolicka draha, pomoci které
Stépi cukry. Klicovym enzymem je fruktoso-6-fosfat fosfoketolasa (F6PPK), ktera Stépi z hexosy
vytvoreny fruktoso-6-fosfat na acetylfosfat a erytrosu-4-fosfat. Ackoli jsou bifidobakterie
schopny stépit jednoduché cukry, tak je o nich znamo, Ze preferuji rozklad oligosacharidu
(Ventura et al. 2007).

U bifidobakterii byla popsana schopnost potlacovat rist celé fady patogent, jako treba
E. coli, salmonel, rotavird, Listeria monocytogenes nebo Helicobacter pylori (Fujiwara et al.
2001; Chenoll et al. 2011; Moreno Mufioz et al. 2011), napriklad pomoci produkce
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bakteriocind nebo mastnych kyselin (O’Shea et al. 2012; Lievin et al. 2000). Bylo pozorovano,
Ze podavani Bifidobacterium longum ssp. infantis zmirfiovalo pfiznaky syndromu drazdivého
tracniku u pacientd s timto onemocnénim (O’Mahony et al. 2005; Whorwell et al. 2006). B.
bifidum v kombinaci se Streptococcus thermophilus sniZilo vyskyt akutnich prijm0 u kojencd
(Saavedra et al. 1994). Podavani bifidobakterii se rovnéz osvédcilo pfi snizovani mortality u
nekrotizujicich enterokolitid u pfedcasné narozenych déti (Deshpande et al. 2010).

2.5.3 Laktobacily jako probiotické bakterie

Nejvice kmen( s popsanymi probiotickymi Ucinky patfi do rodu Lactobacillus. Mezi
nejcastéji pouzivané patfi L. casei, L. rhamnosus a L. acidophilus, ale i mnohé dalsi. Byl
proveden nespocet studii na téma laktobacilli a jejich vlivu na zdravi, kupfikladu Olivares et al.
(2006) tvrdi, Ze laktobacily stimuluji vrozenou imunitni odpovéd u déti, nékteré druhy
laktobacil(i maji zase schopnost posilovat stfevni bariéru (Martin et al. 2019; Schepper et al.
2019).

2.5.4 Klostridie jako probiotické bakterie

Klostridie jsou znamy jako hojné rozsitené sporulujici tyCinky, vyskytujici se pfirozené
v pldé a travicim traktu lidi i zvifat. Jsou vyznamnymi producenty kyseliny mdselné, ktera je
ve stfeveé dllezita, jako zdroj energie pro kolonocyty (Pryde et al. 2002). Ackoli rod Clostridium
zahrnuje nékteré patogenni druhy, vétSina klostridii je komensalni a patfi mezi vyznamné
bakterie tlustého streva, kde se podileji na udrzeni stfevni homeostazy (Lopetuso et al. 2013).
Jsou ovSsem zndmy i klostridie, u kterych byly popsany probiotické vlastnosti. Clostridium
butyricum CBM 588 snizilo vyskyt prijmU zplGsobenych antibiotiky u déti (Seki et al. 2003).
Pfiznivy vliv na stfevni mikrobiotu pfisuzuje CBM 588 i vyzkum Kuroiwa et al. (1990), podle
kterych dokdzal zminény kmen potlacit produkci toxinG Clostridium difficile u pacienta, ktefi
podstoupili antimikrobialni terapii.

2.5.5 Probiotika ve vyzZivé zvirat

Probiotika maji Siroké vyuZiti i ve vyZivé zvirat at uz chovanych pro Zivo¢isnou produkci,
tak i v hobby chovech. Dlivodem je jednak stabilizace stfevni mikrobioty zvifete mechanismy,
které byly popsany v kapitole 2.5.1. U zvifat chovanych pro Zivoc¢iSnou produkci jsou ale
probiotika poddvana i z divodu zvySeni vyuZitelnosti Zivin a tim dosaZeni vysSich vynosu
(Bajagai et al. 2016). Modulace stfevni mikrobioty ma i u zvifat dlouhou tradici. Nurmi and
Rantala (1973) dokazali popsat princip tzv. kompetitivni exkluze neboli peroralniho podani
trusu od zdravého dospélce, kterym se zabrani salmonelové infekci Cerstvé vylihlych kurat.
V dnedni dobé se ve vyZivé zvifat vyuziva Siroké spektrum probiotik, ¢asto jde o preparaty,
které obsahuji kombinaci rliznych kmenu bakterii, coZ je povazovano za vyhodnéjsi z hlediska
synergického plsobeni obsaZzenych bakterii (Timmerman et al. 2005). Néktefi vyzkumnici
doporucuji, aby podavany probioticky kmen pochazel ze stejného Zivoc¢iSného druhu vzhledem
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k tomu, Ze ucinky probiotik mohou byt hostitelsky specifické (Gardiner et al. 2004; Vemuri et
al. 2018).

2.6 Prebiotika

V predchozich kapitolach bylo zminéno, Ze stfevni mikrobiota je zasadnim zplsobem
ovlivnéna vyZivou. Dlouhodobé stravovaci navyky ovliviiuji druhovou skladbu strevnich
mikrobU. Nestravitelné Iatky z potravy se dostdvaji do dolnich ¢asti traviciho traktu, kde jsou
metabolizovény pFitomnymi bakteriemi. Siteji se tyto latky fadi mezi potravni vlakninu. Pokud
ale selektivné podporuji mikroorganismy, které maiji pfiznivy vliv na zdravi hostitele, nazyvaji
se prebiotika. Vétsina prebiotik je sacharidové povahy, avsak definici prebiotik mohou naplnit
i urcité polyfenoly nebo konjugované mastné kyseliny (Gibson et al. 2017). Vyzkumné prace
pfisuzuji jak potravni vldkniné, tak prebiotikim mnohé Gcinky na zdravi; namatkou jde o
modulaci imunity, ochranu pfed rakovinou tlustého stfeva, zkraceni doby prijmového
onemocnéni, omezeni adheze patogen(l na stfevni sliznici, snizeni krevniho cholesterolu,
zvyseni absorpce mineralnich latek a v neposledni fadé stabilizaci stfevni mikrobioty (Tuohy
et al. 2015). Bylo prokazano, Ze lidé, ktefi pfijimaji vysoké mnozstvi vlakniny v potravé, maji
vys$Si mnozstvi butyrdtu a vyssi pocty bifidobakterii a laktobacil(i ve stfevé. Rozdily v poctech
bifidobakterii a laktobacilC jsou jeSté markantné;jsi pfi konzumaci prebiotik (So et al. 2018).
Stejné jako v pripadé probiotik, ani prebiotika nejsou prozatim oficidlné uznavana Evropskou
unii (Salminen and van Loveren 2012).

2.6.1 Fruktany

Mezi fruktanova prebiotika patti inulin, oligofruktosa a fruktooligosacharidy (FOS).
Chemicky jde o oligo- a polymery fruktosy propojené vazbou B(2-1) a vétSinou zakoncené
molekulou glukosy, kterd je napojena vazbou a(1-2). Pokud glukosu na konci neobsahuji, jde
o tzv. Fn fruktany, pokud ji obsahuiji, tak jsou to tzv. GF, fruktany3. Inulin je polysacharid se
stupném polymerace (DP) 20 — 60, oligofruktosa a fruktooligosacharidy maji DP 2 — 20,
nicméné nomenklatura je v této oblasti zna¢né nejednotna a miZzeme se setkat s publikacemi,
ve kterych autofi tyto ndzvy zaménuiji (Kelly 2008). Inulin a FOS jsou pfirodni sacharidy, jejichz
hlavnimi zdroji jsou kofen cekanky (Cichorium intybus), hliza topinamburu (Helianthus
tuberosus), ¢esnek a cibule. Dale je moZno pfipravit oligofruktosu enzymatickym nastépenim
inulinu za vzniku produktu od DP 2 —20. Vyrabi se i syntetické FOS o DP 2 — 4 transfruktosylaci
sachardzy (Carlson et al. 2018).

Vzhledem ke strukturni rdznorodosti fruktant se lisi i jejich probiotické vlastnosti. Van
de Wiele et al. (2007) pozorovali in vitro, Zze fermentace inulinu vynesla vice SCFA, nez
oligofruktosy, pravdépodobné diky tomu, Ze delsi fetézec inulinu dosahoval i distdlnich ¢asti
modelu stfeva. Mnoho studii prokazalo schopnost fruktan(i podporovat rist bifidobakterii ve
stfevé clovéka. Gibson et al. (1995) pozorovali vyznamny narlst bifidobakterii a pokles

3 n“vdolnim indexu znaé&i pocet fruktosovych jednotek.
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fusobakterii, klostridii a Bacteroides spp. u lidi konzumujicich 15 g FOS denné po dobu 45 dni.
Poddvani 8 gramu oligofruktosy denné po dobu péti tydn(l taktéz zvysil pocty bifidobakterii;
pocty laktobacill, Bacteroides spp., koliformU a C. perfringens zUstaly nezménény (Menne et
al. 2000). Vysoké davky inulinu 20 g/den po dobu osmi dnl a nasledné 7 dni 40 g/den mély za
nasledek narlst poctd bifidobakterii a pokles enterokokll a bakterii z celedi
Enterobacteriaceae u starsich pacientl se zacpou. Navic doslo ke zmirnéni pfiznakd zacpy.
Klostridie, Bacteroides spp. a F. prausnitzii zUstaly nezménény (Kleessen et al. 1997). Nékteré
studie ale poukazuji na nedostate¢nou selektivitu fruktan(. Euler et al. (2005) pridavali FOS do
umélé vyzZivy, kde ale mély zanedbatelny vliv na stfevni mikrobiotu kojencu.

Fruktany nachazeji i uplatnéni v potravinarstvi. Inulin se vyuziva jako plnidlo a diky své
schopnosti tvofit s vodou tuku podobnou texturu i jako ndhrazka tuku. Nizkomolekularni
oligofruktosa a FOS se pak daji vyuZivat jako nizkoenergetické nahrazky cukru se sladivosti 30
— 50 % sladivosti cukru (Niness 1999).

2.6.2 Galaktooligosacharidy

Jedna se o smés oligosacharidl, které jsou enzymaticky vyrabény transgalaktosylaci
laktosy. Vzniklé produkty maji DP 2 — 10. Galaktooligosacharidy (GOS) se pfidavaji ve smési
s FOS v poméru 9:1 do mlécnych nahrazek jako prebioticka slozka. Bylo prokazano, ze pridavek
této smési do mlééné nahrazky v mnoZstvi 8 — 10 g/l vede ke zvySeni poctl bifidobakterii ve
stolici kojencll, ¢imzZ priblizuje mikrobiotu takto Zivenych déti mikrobioté kojenych déti
(Boehm et al. 2005; Haarman and Knol 2005). Bouhnik et al. (1997) pozorovali narlst poctQ
bifidobakterii pfi podavani GOS samostatné, pocty enterobakterii se nezmeénily. Alles et al.
(1999) zkoumali vliv GOS na mikrobiotu dospélct, avsak nenasli ve stolici Zadny vyznamny
rozdil v poétu bifidobakterii v porovnani s placebem, ani zmény duleZitych biochemickych
ukazatell jako SCFA nebo amoniaku. Oproti tomu, smés GOS a maltodextrinu v poméru 9:1
vedla pfi 5dennim podavani ke zvyseni bifidobakterii ve stolici dospélct a naopak ke snizeni
poctl E. coli (Musilova et al. 2015a). Vulevic et al. (2013) podavali GOS lidem s nadvahou a
metabolickym syndromem. Kromé zvySeni pocth bifidobakterii a sniZzeni poctd
gramnegativnich bakterii byly u pokusné skupiny potlaceny i nékteré biochemické markery
metabolickému syndromu.

2.6.3 Oligosacharidy rafinosové fady

Tyto oligosacharidy patii spolu s fruktany rovnéz mezi pfirodni latky. Oligosacharidy
rafinosové fady (RSO) je nazev pro skupinu strukturné podobnych oligosacharidu, které jsou
charakteristické pritomnosti a(1-6) vazby mezi galaktosovymi jednotkami napojenymi a(1-6)
vazbou na molekulu sachardzy. RSO se v odborné literatufe objevuji pod rdznymi oznacenimi,
jako a-galaktosidy, sdjové oligosacharidy, nebo galactosyl-sucrose oligosaccharides®. Skupina
RSO zahrnuje trisacharid rafinosu, tetrasacharid stachyosu a pentasacharid verbaskosu (van

4 Pojem galactosyl-sucrose oligosaccharides nema, na rozdil od pfedchozich, ¢esky preklad.
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der Riet et al. 1989). Vazba a(1-6) déld z RSO nestravitelné sacharidy, jelikoz lidska travici
soustava nedisponuje enzymy, které by tuto vazbu mohly Stépit, RSO tak prochazeji
nestraveny do prostredi stfeva, kde jsou fermentovany bakteriemi, které a-galaktosidasu
produkuji (Liebl et al. 1998).

CH, /CH2 CH, CH,
HOf— O - o 4 o / o
o O O HOH, O
oH OH OH OH . ﬁ
HO CH,OH
OH OH OH OH OH
| Sucrose ]
| Raffinose (6) |
|
|

[ Stachyose (7)

| Verbacose (8)
Obr. 3: Porovnani jednotlivych RSO z hlediska chemické struktury (Liener 2003).

Zatimco vétsSina vyzkumnikd nahlizi na Fruktany a GSO, jako na prebiotika, RSO jsou
nékterymi povazovany za antinutri¢ni latky podporujici flatulenci (Suarez et al. 1999), existuje
ale mnoho studii, které poukazuji na bifidogenni faktory RSO srovnatelné s jinymi prebiotiky.
Bouhnik et al. (2004) pozorovali bifidogenni efekt in vivo u dobrovolnikl ve studii, kde
napriklad inulin pocty bifidobakterii nezvySoval, zatimco RSO ano. Hayakawa et al. (1990)
porovnavali in vitro rast rGznych bakterii na RSO a zjistili, Ze vSechny testované druhy
bifidobakterii, vyjma B. bifidum, vyuzivaly RSO ve vysoké mife v porovnani s ostatnimi
stfevnimi izolaty, jako tfeba Bacteroides spp., Eubacterium spp. nebo Clostridium spp.
s vyjimkou C. butyricum. Podobného vysledku bylo dosazeno pfi pokusu Saito et al. (1992),
RSO pri kultivaci s lidskou stolici vyznamné podporovaly rist bifidobakterii.

2.6.4 Isomaltooligosacharidy

Tyto oligosacharidy se prirozené vyskytuji ve fermentovanych vyrobcich jako saké, nebo
sojova omacka, uméle jsou produkovany enzymatickou pfeménou skrobovych hydrolyzatd,
jsou tedy slozeny zglukosovych jednotek propojenych a(1-6) glukosidiskou vazbou
(Crittenden and Playne 1996). Typ vazby totozny s RSO napovida, Ze i isomaltooligosacharidy
(IMO) budou nestépitelné enzymy lidského traviciho traktu. Kohmoto et al. (1988) testovali
prijem IMO u dospélct a zjistili, Ze IMO podpofrily vyskyt bifidobakterii a Bacteroides fragilis
v jejich stolici, zatimco pocty E. coli se nezménily. Podobnych vysledkd dosahli i Kaneko et al.
(1994), v jejich studii podporovaly nékteré frakce IMO bifidobakterie pti davkach 5— 10 g/den.
IMO jsou popularni hlavné v Ciné a Japonsku, kde jsou pfidavany do funkénich i jinych potravin
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jako mrazeny jogurt>, susenky, pecivo aj. V Evropské unii IMO zatim nebyly kvali nedostatkiim
védeckych dikazl prohlaseny za prebiotické (NDA 2010).

2.6.5 Laktulosa

Hojné vyuzivana v lékarstvi jako laxativum, i laktulosa ukdazala v nékterych studiich
urcitou prebiotickou aktivitu. Pridavek laktulosy do umélé vyzivy v mnozstvi 0,5 — 1 % zvysil
pocty bifidobakterii na mnozstvi podobna u kojenych déti (Nagendra et al. 1995), zvySeni
poctu bifidobakterii pozorovali i Tuohy et al. (2002) u dospélych dobrovolnik(.

2.6.6 Ostatni prebiotika

Prebiotické Ucinky jsou popsany i u dalSich rostlinnych latek, které jsou béziné
klasifikovany jako potravni vldknina, jako tfeba rezistentni Skrob, arabskda guma nebo
arabinoxylany. Resistentni Skrob byl bifidogenni spolecné s FOS, GOS a RSO podle Bouhnika et
al. (2004). Arabska guma zvySovala pocty bifidobakterii a bakterii mlé¢ného kvaseni u
dobrovolnikl v ddvkach 10 a 15 g/den po dobu 10 dnd (Cherbut et al. 2003). Arabinoxylany se
vyskytuji v obilovinach a ve studii Walton et al. (2012) prokazaly schopnost zvySovat pocty
bifidobakterii i mnozstvi fekalniho butyratu u dobrovolnik(, ktefi konzumovali arabinoxylany
obohaceny chléb.

2.6.7 Oligosacharidy materského mléka

V materském mléce se nachazi celé fada biologicky aktivnich latek, které maji pfiznivy
vliv na zdravi kojence. Kromé laktosy jsou zde v podstatném mnozstvi i oligosacharidy (HMO),
a to v mnoiZstvi okolo 12 — 14 g/l v zavislosti na jedinci a fazi laktace (Coppa et al. 1999). Je
znamo, Zze HMO se podili na radé funkci, jsou spoluzodpovédné za imunitni vyvoj kojence,
prevenci patogennich onemocnéni a ovliviiuji i mikrobialni sloZeni traviciho traktu (Kuntz et
al. 2008; Martin-Sosa et al. 2002; Newburg et al. 2005).

Strukturné jsou HMO linedrni nebo rozvétvené retézce 3 az 14 monosacharidl (Wu et
al. 2011b), témér vSechny maji na termindlnim konci laktosu a dale mohou obsahovat N-
acetylglukosamin, fukosu nebo kyselinu sialovou (Ruhaak and Lebrilla 2012). Celkové bylo
v materském mléce identifikovano vice, nez 200 strukturnich izomerd HMO (Wu et al. 20113;
2011b). Fukosa a kyselina sialova davaji HMO fadu specifickych vlastnosti, pficemz az 70 %
HMO v materském mléce je fukosylovanych a 20 — 50 % sialylovanych. Fukosa se na N-
acetylglukosamin vaze prostrednictvim vazeb a(1-3), a(1-4), vyjimecné a(1-2) na termindlnim
konci. Kyselina sialova se vaze a(2-3), nebo a(2-6) vazbami (Jeong et al. 2012).

5V angli¢tiné se tomuto vyrobku ika ,frogurt”. Cesky nazev ,morgurt” se prozatim neujal.
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Mnoho studii prokdzalo schopnost HMO ovlivnit stfevni mikrobiotu kojence. HMO

dovedou selektivné podpofit urcité kmeny bifidobakterii, jako tfeba B. longum ssp. infantis

oproti jinym druhlm jako tfeba B. breve nebo B. longum ssp. longum, které rostou na HMO

pouze v omezené mife vzhledem ktomu, Ze jsou schopny vyuZivat nékteré oligosacharidy

SUGARS Examples of the free oligosaccharides in breast milk

include lacto-N-tetraose, a prebiotic, as well as lacto-N-fucopen-

taose | and monosialyl-lacto-N-neohexaose |, which may serve as
decoys to prevent pathogen binding to intestinal cells.
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Obr. 4: Struktura vybranych HMO (Sanchez 2010).

(Locascio et al. 2009). Kromé B.
longum ssp. infantis dovedou
HMO podpofit i rist Bacteroides

fragilis a Bacteroides vulgatus,

zatimco bakterie rodd
Enterococcus, Streptococcus,
Veilonella, Eubacetrium,

Clostridium nebo E. coli HMO
v rlstu nepodporuji (Marcobal et
al. 2010).

2.6.8 Prebiotika ve
dribeze

vyZivé

U drlbeZe se jako prebiotika
vyuZivaji RSO, které jsou béiné
soucasti  diety v komercnich
chovech (lji and Tivey 1998), které
maji vliv na vyskyt bifidobakterii

(Bednarczyk et al. 2011). Dale
mohou byt vyuzivany
mananooligosacharidy, u nichz
byla prokazana schopnost

vyvazovat potencialni patogeny,
jako E. colinebo salmonely (Spring
et al. 2000) a zdroven zvysuji pocty
celé rady laktobacili (Teng and
Kim 2018). Fruktany maiji, stejné

jako u lidi, vliv na strfevni

mikrobiotu i u driibeZe. Byl prokazan jejich pozitivni efekt na vyskyt laktobacill (Saminathan

et al. 2011) i bifidobakterii (Perrin et al. 2002).
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3 Hypotéza

Podavani probiotik a/nebo prebiotik bude mit priznivy efekt na stfevni mikrobiotu
hostitele, at uZ Cclovéka, nebo hospodaiského zvifete. Vhodné zvolené probiotické
mikroorganismy budou schopny prezivat v travicim traktu. Dale predpokladame, Ze probiotika
budou hostitelsky specificka, tedy kazdy ZivocisSny druh bude pfiznivé reagovat na jiné druhy
bakterii, které by ovsem mély byt ideadlné izolovany ze stejného druhu, jako je cilovy
organismus.

4 Cile prace

Hlavnim cilem dizertacni prace bylo ovéfit schopnost probiotik a prebiotik ovlivnit
stfevni mikrobiotu. Testovany byly prfedevsim netradi¢ni zdroje, které nejsou doposud hojné
vyuzivany nebo u nich neni dostate¢né popsana probioticka nebo prebiotickd aktivita. Dale
byly testovany rlzné zdroje prebiotickych oligosacharidd a byl hodnocen jejich potencidl
ovlivnit stfevni mikrobiotu hostitele.
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Abstract: Clostridium butyricum CBM 588 is used as a probiotic in eastern Asian countries and has been recently
approved as an animal feed additive in the European Union. The purpose of this study was to evaluate the effect of
C. butyricum MIYAIRI 588 (CBM 588) on abundance of selected genera of caecal and crop bacteria, volatile fatty
acids and growth performance of broiler chickens. We studied counts of anaerobic bacteria in caeca and crops of
broiler chickens by plate-count method and evaluated their growth performance. CBM 588 significantly reduced
E. coli counts in caeca of broiler chickens at days 10 and 42 and also enhanced their growth performance. Addi-
tionally, it significantly increased the amount of butyrate in the caeca that provides energy to enterocytes, resulting
in increased weight gains. Out of the obtained results we conclude that C. butyricum CBM 588 influences caecal

microbiota of broiler chickens and positively affects their growth performance.

Keywords: probiotic feed additive; E. coli; bifidobacteria; butyrate; feed efficiency

Intestinal microbiota is known to be an important
factor influencing health of living beings by protect-
ing the body from various diseases (Guarner and
Malagelada 2003), transforming indigestible parts
of food and feed, and synthesising several vitamins
and metabolising some xenobiotics (Cummings and
Macfarlane 1997). Avian gut is intensively inhab-
ited by bacteria that possess the above-mentioned
functions (Kohl 2012). The main role of bacteria
in the avian gut is to utilise substrates that can-
not be digested by the metabolic processes of the
bird (Vispo and Karasov 1997). Providing good
nutritional factors is, therefore, one of the ways to
influence the composition of the gut microbiota.

Supported by Huvepharma®, Antwerp, Belgium.
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Broiler chickens are produced on a large scale in
developed countries — reared in an environment with
strict hygienic standards, where they never get in
contact with broody-hens (Fuller 2001). Therefore,
the chickens are colonised by microbiota present in
the environment (Lutful Kabir 2009; Varmuzova et
al. 2016) in which they are reared. Thus, hatching
conditions, hygiene, stress, and medication have
major influence on the microbiota of the chickens
as well as on their resistance to the colonisation of
pathogenic bacteria (Barrow 1992).

The concept of modulation of intestinal micro-
biota is well-known in poultry production, ever
since Nurmi and Rantala (1973) managed to pro-
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tect hatched chickens from Salmonella enteritidis
infection by oral supplementation of faeces from
healthy adult hens. Since then, many microorgan-
isms belonging to the genera of Lactobacillus, Strep-
tococcus, Bacillus, Bifidobacterium, Enterococcus,
Aspergillus, Candida, or Saccharomyces have been
established in poultry production as probiotics.
The effects of probiotics in poultry may possibly
include modulation of intestinal microbiota, inhi-
bition of pathogens, immunomodulation effects,
and improvement of histological parameters of the
gut. In addition, they may positively influence the
growth performance as well as the meat quality,
including its sensory aspects (Fuller 2001; Lutful
Kabir 2009; Wang et al. 2017).

It has been shown that the bacteria of the genus
Clostridium can also be employed as probiotics. While
some strains of clostridia are well-known pathogens,
some are a part of normal intestinal microbiota,
and others are considered as probiotics in Asian
countries (Cassir et al. 2016). Clostridium butyricum
CBM 588 (also labelled as MIYAIRI 588 or FERM
BP-2789) that is used in the present study has been
used as a probiotic in Japan. It has been tested in
several clinical trials, which indicate that the strain
can decrease the incidence of antibiotics-associated
diarrhoea in children together with stabilisation of
the population of bifidobacteria (Seki et al. 2003).
Shimbo et al. (2005) and Imase et al. (2008) observed
stabilising effects on the intestinal microbiota when
CBM 588 was administered asa supplement during
the antibiotic eradication of Helicobacter pylori infec-
tion. Furthermore, it has been found that CBM 588
is able to suppress the production of Clostridium
difficile toxins after antimicrobial therapy in humans
and also to inhibit some strains of Vibrio cholerae,
Aeromonas hydrophila, and Shigella flexneri in mixed
cultures (Kuroiwa et al. 1990). CBM 588 was also
tested in rats, wherein it was able to mitigate the
symptoms of dextran sulphate sodium-induced colitis
and also increased the counts of lactobacilli in their
gut (Okamoto et al. 2000). Takahashi et al. (2004)
found that CBM 588 decreased the amount of Stx1
and Stx2 toxins produced by enterohemorrhaegic
Escherichia coli O157:H7 in mice. Study by Yang
et al. (2012) revealed that Clostridium butyricum
HJCB998 decreased the counts of E. coli, C. per-
Jfringens, and Salmonella spp., and increased the
counts of lactobacilli and bifidobacteria in caeca of
broiler chickens and also stimulated their immune
functions. Multiple studies exhibited positive effects
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of HJCB998 on the growth performance of broiler
chickens (Yang et al. 2012; Zhang et al. 2014, 2016).

Clostridium butyricum CBM 588 is a key substance
in the composition of Miya-Gold", a zootechnical
feed additive, which is claimed to be a gut flora sta-
biliser, authorised in accordance with the Regulation
EC No. 1831/2003 (EFSA, 2013).

Thus, the aim of this study is to evaluate the effect
of feeding Clostridium butyricum CBM 588 in the
form of Miya-Gold"™ on the growth performance
and microbiota of broiler chickens.

MATERIAL AND METHODS

The feeding trial was carried out at the Dem-
onstration and Experimental Centre of the Czech
University of Life Sciences Prague, Czech Republic
(DEC). A total of 160 ROSS 308 broiler chickens
were divided into two groups per 80 animals in
control and experimental groups. The protocol
for this study was approved by the Ethics Com-
mittee of the Czech University of Life Sciences
Prague (permission No. CZ 02225). The broilers
were housed on German Horse Span Classic bed-
ding under a 16 h light : 8 h darkness cycle. The
control group was fed BR-2-based feed ad libitum
throughout the whole experiment — from the 1°'to
the 49" day of life. The experimental group re-
ceived the same feed mixture but enriched with 1 g
Miya-Gold® S (Huvepharma®, Antwerp, Belgium)
per 1 kg of the feed. According to the safety data
sheet of Miya-Gold"™ S, it contains a minimum of
5 x 10® CFU/g, i.e. log 8.70 CFU/g of spores of
Clostridium butyricum CBM 588. The mixture
was pelleted under conditions not exceeding a
temperature of 60°C at the DEC. The process-
ing did not affect the counts of viable bacteria as
verified by cultivation analysis (data not shown).
The feed mixture based on BR-2 consisted of the
following ingredients: 60.17% wheat, 29.50% ex-
tracted soybean meal, 6.30% rapeseed oil, 0.16%
pL-methionine, 0.25% sodium chloride, 1.35%
monocalcium phosphate, 1.15% limestone, and
0.12% sodium carbonate. One kilogram of the feed
(as fed) provided an energy of 12.73 M], 211.88 g
of crude proteins, and 11.84 g of lysine.

Throughout the experiment, the average weight of
all the individuals, their daily weight gain, and feed
conversion ratio were recorded at multiple time-
points (at days 1, 7, 10, 20, 35, and 49). The caecal
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and crop microbiota were analysed at the beginning
of the experiment (day 1), as well as at day 10, and
day 42 of the experiment in 5 individuals from each
group; volatile fatty acids in the caeca and crops at
day 42 were also analysed.

In the microbiological analysis, total counts of
anaerobic bacteria as well as counts of bifidobac-
teria, lactobacilli, enterococci, and E. coli were de-
termined by plate-count method using a ten-fold
dilution of each sample up to 10~? dilution. Prior to
the analysis, the birds were slaughtered by stunning
and cervical dislocation. Approximately 1 g of the
caecum (faeces) and crop (chyme) content of each
slaughtered chicken was immediately and asepti-
cally transferred to the sterile tubes. The tubes were
pre-weighed in order to determine accurate weight
of collected caecal/crop content and to adjust the
dilution to standardized volume of the sample. The
CO,-flushed sterile tubes contained Nutrient Broth
No. 2 (5 g/l; procured from Oxoid, UK), tryptone
(5 g/1; Oxoid), yeast extract (2.5 g/1; Oxoid), Tween 80
(0.5 ml/l; Sigma-Aldrich, USA), and L-cysteine
(0.25 g/1; Sigma-Aldrich). The identical medium was
used for dilution of the samples. The collected samples
were homogenised by vortexing immediately after
sampling, and underwent the analysis straight away.
For microbiological analysis, 5 chickens from each
group were sampled. To determine total anaerobes,
Wilkins-Chalgren anaerobe agar (43 g/l; Oxoid) was
used (Wilkins and Chalgren 1976; Rada and Petr
2000), with the addition of Veggietone Soya Peptone
(5 g/1; Oxoid), L- cysteine (0.5 g/I; Sigma-Aldrich),
and Tween 80 (1 ml/l; Sigma-Aldrich). An identical
medium was enriched with the antibiotic, mupirocin
(100 mg/l; Oxoid), and glacial acetic acid (1 ml/1)
according to Rada and Petr (2000) and used for the
determination of bifidobacteria. Culture plates for
the growth of anaerobes and the bifidobacteria were
incubated in anaerobic jars (Anaerobic Plus System;
Oxoid) at 37°C for 48 h. Lactobacilli were cultured
using Rogosa agar (82 g/1; Oxoid) adjusted to pH 5.4
by glacial acetic acid for 48 h under micro-aerophilic
conditions (Corry et al. 2003). Counts of E. coli were
determined using TBX medium (36.6 g/1; Oxoid) by
incubating the plates aerobically at 37°C for 24 h
(Verhaegen et al. 2015). Enterococci counts were
determined using the Slanetz and Bartley medium
(42 g/1; Oxoid) by incubating the plates aerobically
at 37°C for 48 h (Niemi and Ahtiainen 1995). Total
counts of anaerobes and bifidobacteria were cul-
tured using a pour-plate method, lactobacilli were
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cultured using a double layered pour-plate method
(Geigerova et al. 2016) and enterococci and E. coli
were cultured using a spread-plate method.

Analysis of the volatile fatty acids of caeca and
crops was performed by gas chromatography us-
ing a Stabilwax®-DA column (Restek, USA) with
Flame-Ionisation detector (GC-FID) and H, as a
mobile phase; the flow was 120 ml/min and the
injection and detection temperature was 200°C.
Briefly, the samples were vortexed and 0.1 ml of
3 M formic acid and 0.03 ml of internal standard
(2-ethylbutyric acid) were added to 0.8 ml of each
sample. After centrifugation, 1 pl of the sample
was injected into the column (Joch et al. 2017).

Statistical evaluation was carried out by Stat-
graphics Centurion XV 15.2.05/2007 (Statpoint
Technologies, USA) using two-sample ¢-test for
comparison between the groups. The data were
checked for normality by Shapiro-Wilk test prior
to the statistical analysis.

RESULTS AND DISCUSSION

Weight gains of broiler chickens were significant-
ly higher when they were fed a mixture containing
Miya-Gold® than of those fed with regular feed
throughout the whole trial, as shown in Table 1.
There was a significant difference between the
body weights of the individual chickens at day 7
(P < 0.05), day 10 (P < 0.001), day 20 (P < 0.01),
and day 49 (P < 0.001); however, no significant dif-
ference (P > 0.05) between the body weights was
observed at day 35. These findings are supported
by values of daily weight gains (Table 2) and feed
conversion ratio (Table 3). The results indicate
that Miya-Gold® supported the growth of broiler
chickens and their feed conversion, although there
was an equalisation between the groups at day
35. This could be due to certain forms of social
hierarchy that could result in aggressive pecking,
thereby reducing access to the feed (Nicol et al.
1999). We found significantly more butyrate and
isocapronate (P < 0.05) in the caeca of chickens
from Miya-Gold" group than in those from control
group (Table 4); and therefore, we assumed that
it was the result of the metabolic activity of CBM
588. The increased weight gains in the experimen-
tal group could have been the result of butyrate
production by CBM 588 (Hu and Guo 2007; Matis
et al. 2013). Butyrate provides 60-70% of energy
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Table 1. Average weights of broiler chickens in the course of the experiment. Values are means + standard error

Average weight (g)

Group a1

day 7* day 10***

day 20** day 35 day 49+

Control 44.10 + 3.71
Miya-Gold 44.71 + 4.01

130.96 + 13.19
138.09 + 15.85

195.04 + 20.38
217.25 + 21.83

760.08 £ 79.59
810.26 + 73.56

1767.92 + 242.09 2780.91 + 445.41
1787.23 + 215.09 3231.67 + 509.15

significant differences between the groups:*P < 0.05, **P < 0.01, ***P < 0.001

Table 2. Average daily weight gains of broiler chickens. Values are means + standard error

Daily weight gains (g)

Group

days 1-7 days 1-10 days 11-20 days 21-35 days 36-49
Control 14.48 + 0.07 16.77 £ 0.11 56.56 £ 0.12 67.19 % 0.17 72.36 £0.23
Miya-Gold 15.56 £ 0.10 19.17 £ 0.10 59.30 £ 0.14 65.13 £ 0.23 103.17 £ 0.28
Table 3. Average feed conversion ratio of broiler chickens

Feed conversion ratio (kg)
Group
days 1-7 days 1-10  days 11-20 days21-35 days36-49  days 1-35 days 1-49

Control 2.09 1.90 1.81 1.82 2.76 1.90 2.08
Miya-Gold 1.53 1.71 1.70 222 2.04 1.79 1.84

to the enterocytes present in the gut (Roediger
1995); thus, its production by gut bacteria could
increase the overall energy intake, thereby enhanc-
ing the weights. Zhang et al. (2011) have reported
that dietary inclusion of C. butyricum increased
the heights of jejunal villi and relative lengths of
the caeca. Similarly, Kotunia et al. (2004) found
a proliferative effect of butyrate on the jejunum
and ileum. Thus, we speculate that the produc-
tion of butyrate by CBM 588 in our experimental

chickens could have resulted in improved digestion
and absorption of the nutrients, thereby leading
to an increased energy intake. Improvement of the
growth performance of broiler chickens has been
found by multiple authors when these chickens
were administered probiotic lactobacilli (Jin et
al. 1998; Kalavathy et al. 2003; Apata 2008), such
as Enterococcus faecium (Owings et al. 1990) and
Bacillus subtilis (Khaksefidi and Ghoorchi 2006), or
sodium butyrate alone (Zhang et al. 2011). Effects

Table 4. Analysis of volatile fatty acids (VFA) in the caeca and crops of broiler chickens by gas chromatography, day 42.

Values (in mmol) are means + standard error

VEA Caecum Crop

Control P Miya-Gold Control Miya-Gold
Acetate 441.52 + 32.86 381.08 £ 63.11 59.42 + 35.15 58.79 + 29.03
Propionate 183.42 +41.20 196.96 + 57.42 1.14 £ 2.20 0.27 £ 0.38
Isobutyrate 3.37 £ 0.68 214 +1.23 2.19+2.385 1.85 + 1.52
Buytrate 103.41 + 14.78 ¥ 132,12 +18.51 ND ND
I[sovalerate 7.51 £ 243 4.08 + 3.46 0.48 + 0.62 ND
Valerate 8.24 +12.33 4.80 £ 3.46 246 £3.71 1.25 + 1.32
Isocapronate 0.91 £ 0.56 » 274 £ 1.63 4.64 +7.37 3.70 £ 4.45
Capronate 1.18 £ 2.63 0.28 + 0.40 0.84 + 0.91 2.78 + 3.54
Heptanoate ND ND ND ND
YVFA 749.57 + 59.11 724.19 + 96.92 71.16 + 28.36 68.63 + 25.95

ND = below detection limit
significant differences *P < 0.05

4

-27 -



Czech Journal of Animal Science, 64, 2019 (9): 00-8

Original Paper

https://doi.org/10.17221/143/2019-CJAS

of Miya-Gold"™ on growth performance of broiler
chickens has already been demonstrated by several
studies conducted for EFSA (2013), wherein two of
three trials demonstrated a significantly higher final
body weight. Additionally, the average daily weight
gain in broilers receiving Miya-Gold" at feed doses of
2.5 x 108 CFU/kg in one trial and 5.0 x 10® CFU kg
in the other one was significantly higher; the dosage
administered in the latter is similar to that used
in our experiment. Although Zhang et al. (2011),
using a different strain of C. butyricum, found in-
creased levels of butyrate in caeca but no effect on
the growth performance of broilers. On the other
hand, Yang et al. (2012) and Zhang et al. (2014, 2016)
observed significant improvement in the broilers’
growth performance after supplementation with
C. butyricum HJCB998 strain.

An analysis of caecal and crop microbiota was car-
ried out at days 1, 10, and 42 of the experiment; the
results are shown in Table 5. We found that caecal
counts of Escherichia coli were significantly lower in
the experimental group at both days 10 (P < 0.05) and
42 (P < 0.05). No difference at the first time-point
(day 1) was observed, since it was only the first day of
feeding trial and the clostridia would not have been
established at this point of time in the caecal milieu.
Use of probiotics is usually recommended for several
days (Shimbo et al. 2005; Islam 2016) to produce
a significant effect. Our results are in accordance
with the findings of Yang et al. (2012), who also
observed a significant decrease of E. coli in caeca of

broiler chickens, despite being supplemented by only
2 x 107 CFU/kg compared to 5 x 10® CFU/kg in our
trial. The antagonistic effect of CBM 588 against
pathogenic E. coli O157:H7 strain was shown in
gnotobiotic mice by Takahashi et al. (2004), wherein
the strain demonstrated a preventive as well as
therapeutic effect. Contrastingly, Shimbo et al.
(2005) did not observe any decrease of E. coli counts
in humans receiving CBM 588 prior to antibiotic
therapy, which could be due to the fact that some
strains of E. coli are species-specific (McLellan et
al. 2003; Zhi et al. 2015) and human patients in the
above-mentioned study possessed the strains that
were not susceptible to CBM 588.. These data sug-
gest the possibility that broiler chickens may possess
E. coli strains that are specifically susceptible to
CBM 588. The hypothesis of the suppression of E.
coli by CBM 588 is supported by the fact that we
found significantly lower counts of these bacteria
(P < 0.01) even in the crop (Table 5) at day 42.
Unfortunately, we failed to detect E. coli at day 10
in the crops of both groups. The inhibitory effect
of CBM 588 on E. coli can be attributed to the
combined effect of its anti-adhesive properties and
the production of butyrate. Takahashi et al. (2004)
observed an inhibitory effect of CBM 588 on the
adhesion of enteroheamorrhagic E. coli (EHEC) to
Caco-2 cells and also observed an inhibitory effect
of butyric acid on EHEC even at a neutral pH. Be-
sides, Zhang et al. (2016) observed an increased
immune response in broiler chicken challenged

Table 5. Analysis of caecal microbiota and crop microbiota of broiler chickens in the course of the experiment. Values

are means log CFU/g + standard error

Bacterial Day 1 Day 10 Day 42

group Control Miya-Gold Control P Miya-Gold Control P Miya-Gold
Caecal microbiota

Total anaerobes  10.08 + 0.26  10.06 + 0.28 10.09 + 0.20 10.25 + 0.32 10.09 + 0.26 10.13 £ 0.23
Bifidobacteria 4.92 + 1.27 5.09 + 1.09 9.18 + 0.23 8.83 +1.35 9.92 + 0.36 9.55:# 0,19
Lactobacilli 591 + 0.47 6.87 £ 0.91 9.04 +0.19 8.55 £ 0.56 8.53 +0.31 9.01 +0.40
Enterococci 9.55 + 0.43 890+ 1.75 8.64 + 0.35 7.82 +0.61 810+0.17 * 7.55+0.39
E. coli 9.60 = 0.06 9.03 + 1.70 847 +£081 * 7.2910.61 822+064 * 7.00zx0.92
Crop microbiota

Total anaerobes  8.95 + (.31 9.01 £0.12 9.32 +0.39 9.58 £ 0.46 8.74 = 0.56 9.65 + 0.33
Bifidobacteria ND 5.40 + 0.46 5.04+0.39 * 4.29+0.55 520 + 0.32 4.73 £ 0.96
Lactobacilli 5.54 + 1,72 7.29 +0.78 8.82 +0.11 8.69 + 0.63 8.29 + 0.59 9.04 + 0.44
Enterococci 7.73 + 0.78 7.84 £ 0.28 8.08 +0.33 8.34 + 0.63 7.18 £ 0.43 6.94 + 0.40
E. coli 7.90 + 0.78 7.96 + 0.75 ND ND 6.73 £0.52 ** 5.39+0.49

ND = below detection limit; significant differences *P < 0.05, **P < 0.01
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with E. coli K88 when they were fed C. butyricum
HJCB998. E. coli is a normal inhabitant of both
mammalian and avian intestines; however, it has
been reported that chickens can carry pathogenic
strains that can cause diseases in humans and the
birds themselves (Dho-Moulin and Fairbrother
1999; Manges 2016). Thus we consider the reduc-
tion of E. coli as a positive outcome and conclude
that CBM 588 has similar effects on E. coli and
broiler chicken performance as HJCB998.

In our experiment, counts of enterococci were
significantly reduced (P < 0.03) in the caeca of
experimental group at day 42 compared to those
in the control group (Table 5). Enterococci are a
part of normal microbiota of broiler chicken; how-
ever, they are not known to be infectious agents.
Nevertheless, some strains can play the role of
opportunistic pathogens (Stepien-Pysniak et al.
2016). Moreover, it has been reported that ente-
rococci isolated from poultry often carry multiple
resistance to antimicrobials administered in hu-
man medicine (Hayes et al. 2004). In this study, we
observed that they were significantly less abundant
only at the last time-point. The reduction at day 10
was not significant due to heterogeneity of the
results; consequently, we cannot clearly deduce
whether CBM 588 was able to suppress enterococci
throughout the whole experiment.

Counts of bifidobacteria were significantly lower
in the crops of experimental group at day 10 (P <
0.05), but were not significantly lower at day 42
than those in control group (Table 5). Addition-
ally, bifidobacteria counts in the caeca of experi-
mental chickens were also not significantly lower
throughout the experiment. Yang et al. (2012)
tested a different strain of C. butyricum and found
that it increased the counts of bifidobacteria in
caeca. Moreover, Zhang et al. (2014) found that
C. butyricum HJCB998 increased the population of
bifidobacteria and lactobacilli in broiler chickens.
Our findings seem to be different in comparison
with the data obtained by these investigators;
however, most of the differences observed are
non-significant. Although data on bifidobacteria
in caeca is available, there is a lack of knowledge
about bifidobacteria in the crop of broiler chickens.

It is an obvious fact that counts of Clostridium spp.
should be determined when analyses of microbiota
in feeding trials with clostridia added to a diet are
performed. Unfortunately, it is very difficult to de-
termine the clostridia in the faecal samples due to
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insufficient selectivity of media for the cultivation
of clostridia for such types of samples. Clostridium
spp. are able to grow in the mupirocin-containing
medium that we used for the analysis of bifido-
bacteria (Vlkova et al. 2015). Nevertheless, due to
high counts of bifidobacteria in the samples, we
could not enumerate the counts of clostridia by
the plate-count method and a ten-fold dilutions up
to 10" used in this study. Thus, using alternative
methods, such as microscopy and MALDI-TOF
mass spectrometry (Bruker Daltonik, Germany)
using MALDI Biotyper RTC with DB-5989 MSP
library for identification of these bacteria (data not
shown), we verified that the most abundant colonies
on the agar plates were bifidobacteria.

CONCLUSION

In the present study we analysed the effect of
Clostridium butyricum CBM 588 on the growth
performance of broiler chickens in vivo and also its
influence on caecal and crop microbiota. We found
that CBM 588 was able to positively affect the growth
performance of broiler chickens. Moreover, CBM
588 was able to increase the content of butyrate in
the caeca by its metabolic activity and influence
the composition of the intestinal microbiota by
reducing the counts of E. coli. Elevated amount of
butyrate can contribute to gut health and improve
weight gain. Some strains of E. coli can act as op-
portunistic pathogens; thus, their decrease can be
beneficial to the host. Since the administration of
C. butyricum did not completely suppress E. coli or
the other tested bacterial genera, it did not disrupt
the microbial balance in the caecum. In conclusion,
we consider C. butyricum CBM 588 as a potentially
beneficial additive to the feeds of broiler chickens.
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Soybean foods forming a substantial part of Asian diet have still more expanded into European diet. Raffinose-series oligo-
saccharides (RSO) are important constituents of soya beans and they can be found also in soybean products. These oligosac-
charides can be considered polentially prebiotic for their capability of influencing the composition of the host’s intestinal
microbiota. The aim of the present paper was to determine the oligosaccharide content in various soybean products. Enzy-
matic assay has been used for the determination of oligosaccharides. RSO have been found in all tested samples and their
content varied from 0.66 g per 100 g in soybean beverage to 5.59 g per 100 g in first clear soybean flour. Generally, the high-
est content of RSO has been detected in soybean flour in the average amount of 4.83 g per 100 g. There was no statistically
significant difference observed in the amount of oligosaccharides in all four types of soybean flour (P < 0.01). Considerably
high amounts of RSO have been found in sweet soybean bars and textured soy protein. Foods as soybean flour and soybean

bar *Sgjovy suk’ seem to be effective natural sources of prebiotic oligosaccharides for humans.

sova; saccharides; legumes; stachyose; intestinal microbiota
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INTRODUCTION

Soya beans ((Glycine max) are a legume crop and
excellent food and feed source all over the world.
Dried soya beans contain approximately 40-45% of
protein, 20% of total lipids, 30-35% of carbohydrates
including 20% of total dietary fibre and around 5%
ofash(Berk, 1992). Various types of carbohydrates
present in sova beans are described in Table 1.

Soya beans are a rich source of oligosaccharides,
namely stachyose. raffinose, and verbascose. Raffinose
is a trisaccharide containing galactose linked by
a-(1-6) bond to the glucosc unit of sucrose. stachyose
and verbascose are further elongations by a-(1-6)
linked galactose unit bonded to tetrasaccharide and
pentasaccharide, respectively. These oligosaccharides
arc called raffinose-serics oligosaccharides (RSO).
ralfinose family oligosaccharides, galactosyl-sucrose
oligosaccharides or a-galactosides. Other reported ma-
jor sugar of soya beans is sucrose, with lower amounts

doi: 10.1515/sab-2015-0019
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of monosaccharides: fructose, rhamnose, and arabinose.
Significant levels of glucose occur only in immature
seeds (van der Riet etal.. 1989).

A characteristic g-galactosidic bond between su-
crose and galactose is very important as humans do
not possess the o-galactosidase enzyme that is nec-
essary for hydrolyzing the bond typical in these oli-
gosaccharides. so that they cannot be digested when
consumed. Intact oligosaccharides reach the colon,
where they are fermented by microorganisms that
contain a-galactosidase (Liu, 1997).

Soya beans are potential prebiotics (Roberfroid.
2007), but there are different views on the effects of
soybean oligosaccharides on human intestinal micro-
biota. Bouhnik et al. (2004) observed significant
increasc of population of bifidobacteria in vive by
soybean oligosaccharides. Similar results were obtained
both in vitro and in vivo in a previous study published
byHayakawa etal. (1990) and in in vitro study by
Saito etal. (1992).Rada ctal. (2008) tested cffects

* Supported by the Grant Agency of the Czech University of Life Sciences Prague (CIGA) (Project No. 20132023 and Project No. 20142013).
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Table 1. Classification of carbohydrates present in soybeans (B erk. 1992)

Total carbohydrates 30-35%
* Soluble sugars 10 %
- Sucrose 5%
- Stachyose 4%
- Raffinose 1%
« Insoluble fibre
(cellulose. hemicelluloses, 25 %
pectic polysaccharides)
+ Starch <1%

of raffinose and stachyose on infant bifidobacteria
and clostridia in vitro and found that both oligosac-
charides stimulated the growth of both bifidobacteria
and clostridia, which raises the question regarding the
selectivity of these oligosaccharides. Suarez et al.
(1999) observed increased gas production in healthy
volunteers when consuming conventional soybean flour
which also supports the doubts about the selectivity
taking into consideration that bifidobacteria are not
gas-producing bacteria (Biavati, Mattarelli,
2012). Other study also concluded that low molecular
constituents of soya bean are responsible for flatulence
inmen(Steggerda etal., 1966). On the other hand,
Bouhnik et al (2004) did not observe increased
symptoms of intestinal discomfort in volunteers when
consuming soybean oligosaccharides.

A prebiotic is a sclectively fermented ingredient
that allows specific changes, both in the composi-
tion and/or activity in the gastrointestinal microbiota
that confers benefits upon host well-being and health
(Roberfroid. 2007). Although some authors do
not consider RSO as prebiotic (Gibson etal.. 2004;
Roberfroid, 2007), there are strong suggestions that
they arc able to promote bifidobacteria at the expense
of other intestinal bacteria and thus to promote the
host’s health(Saito etal., 1992: Mitsuoka. 1996).

Oligosaccharides can be removed from soya beans
by various methods. Soaking is the easiest, but also most
ineffective way to reduce oligosaccharides in whole
grains with around 25% reduction. By the combination
of soaking, dehulling. washing, and cooking. more
than half of total oligosaccharides can be removed
(Egounlety. Aworh, 2003). Bianchi et al.
(1983) recommended cooking instead of soaking as a
more useful method for reduction of RSO. Enzymatic
degradation by a-galactosidase can be also used to
reduce RSO from soybean products (Kotiguda et
al.. 2007) as well as aqueous cthyl alcohol extraction
(Singh ctal., 2008). Low oligosaccharide meal from
genetically modified soya beans represents another
way of reduction of RSO in the diet (Parsons et
al., 2000).

Soya beans are primarily cultivated for edible oil
and animal feeding. Considering high protein content,

sova beans are potentially rich source of protein for
human nutrition. There is a variety of products made
from soya beans nowadays. Many soy products are
traditionally used in eastern Asia as an important part
of the diet (Berk, 1992), a great nutritional potential
of soybeans has led to extension of sovbean products
to western world. A soy beverage, sometimes incor-
rectly called soymilk, is one of such products. It is a
water extract of soya beans nutritionally comparable
to bovine milk, but not of the same quality as it has
a slightly different amino-acid pattern, significanitly
lower micronutrients content, and it lacks choles-
terol and cobalamin in comparison to bovine milk.
Moreover, it contains typical soybean compounds as
phytic acid. saponins, phytoestrogens. and oligosac-
charides (Dostalova, 2003). Textured soy protein
or textured vegetable protein was analyzed within this
study. It has often been used as a meat extender or a
meat analogue (Berk, 1992).

The aim of the present study was to determine the
amount of RSO in various kinds of soybean flour and
several soybean products and to evaluate possible
prebiotic effect on human intestinal microbiota.

MATERIAL AND METHODS

Soybean products selected for measurement of
RSO content are shown in Table 2. The products were
purchased from local Czech manufacturers.

Measurements were performed by commercial
assay kit for determination of galactosyl-sucrose
oligosaccharides (raffinose, stachyose. verbascose),
K-RAFGL (Megazyme International Ireland Lid.,
Bray. Ireland). The principle of the assay is that
RSO are hydrolyzed to p-galactose and sucrose using
a-galactosidase. Subsequently, sucrose is hydrolyzed
to p-glucose and p-fructose using invertase. b-glucose
is then determined using glucose oxidase/peroxidasc
rcagent. The method does not distinguish between
raffinose, stachyose, and verbascose, but rather,
measures these as a group. Since one mole of each
of the raffinose-series oligosaccharides contains
one mole of p-glucose. the concentrations are pre-
senied on a molar basis. Free sucrose and p-glucose
in sample extracts are determined concurrently in
duplicates not containing a-galactosidase. With
samples used in this assay, we considered stachy-
ose as the main oligosaccharide contained in the
samples. Therefore the amount of RSO is expressed
as a stachyose equivalent. After the incubation, the
colour change appears. All samples were measured
spectrophotometrically with 510 nm absorbance by
Infinite 200PRO microplate reader (Tecan Group
Ltd., Méannendorf, Switzerland).

STATISTICA (Version 12, 2013) software was
used to perform one-way ANOVA analysis (Duncan
test) with multiple range comparison at a confidence
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Table 2. RSO content of soybean products.

Product Manufacturer mMol/100 g! 2/100 g2
Soybean flour — reference sample 7.44 +1.80 495+ 1.20
Organic first clear soybean flour Natural Jihlava, CZ 6.37 £0.66 4.24£0.44
First clear soybean flour Paleta. Lipnice, CZ 8§38+2.20 5.59+1.47
All-purpose soybean flour Paleta, Lipnice. CZ 6.80 +1.22 4.53 +0.82
Soybean beverage ‘Zajic’ Morgador, Otrokovice, CZ 0.99+0.40 0.66+0.27
Sweel sovbean bar ‘Sojovy suk’ Unimex, Prague, CZ 4.17+£0.80 2.78 +£0.54
Sweel soybean bar “Sojovy fez’ Altis, Kolin, CZ 3 2545032 2.16 +0.15
Soybean bar with coconut flavor “Margot’ Nestlé, Prague, CZ 245+0.50 1.63 +0.33
Textured soy protein "Sojové vlocky” Natural Food, Prague, CZ 5.03+1.03 3.36 £ 0.69
Soya creamer Morgador, Otrokovice, CZ 273+0.49 1.82 +0.33

LAll values are means of three measurements + standard deviation.

2Values are calculations of stachyose equivalent.

level of 99% for the differences among various types
of soybean flour and among sweet soybean bars.

RESULTS

All soybean products contained detectable amounts
of RSO. The largest amount of RSO was measured in
first clear soybean flour. Other types of soybean flour
contained similar amounts of oligosaccharides as in
first clear soybean flour. Average amount of oligosac-
charides in all kinds of soybean flour was 4.83 g per
100 g. These values correlate with those recorded by
Karr-Lilienthal et al. (2005) and Choct et al. (2010)
indicating that concentration of stachyose in soybean
flour is 2-5% of dry matter (DM) and concentration of
raffinose is 0.5-2% of DM. Textured soy protein con-
tained the highest amount of oligosaccharides among
non-flour samples. Two of soybean bars contained
more than 2 g of RSO and soybean bar with coconut
flavour contained around 1.5 g of RSO. Almost 2 g of
RSO was found in soya crecamer. Soybean beverage
contained the lowest amount of RSO. No statisti-
cally significant difference (2 < 0.01) in the amount
of oligosaccharides present in all kinds of soybean
flour and in both sweet soybean bars was observed.
All results are shown in Table 2.

DISCUSSION

Concentrations of oligosaccharides determined in
the four samples of soybean flour corresponded with
those given in literature (Karr-Lilienthal et
al., 2005) despite quite great standard deviations in
some samples. probably due to nature of the method
which is adequate for tentative determination of RSO

SCIENTIA AGRICULTURAE BOHEMICA, 46, 2015 (2)

(Vinjamoori et al., 2004). On the other hand,
enzymatic methods are highly specific.

There are no limits and regulations for prebiot-
ics or oligosaccharides in food whatsoever, so it is
difficult to compare our results with official data.
The exception is the Commission Directive of the
European Union on infant formulae and follow-on
formulac that recommends maximum content of 0.8
g per 100 ml of oligosaccharides in a combination of
90% of galactooligosaccharides and 10% of long chain
fructooligosaccharides (Commission Directive
2006/141/EC).

Morecover, RSO can be included cither in the cat-
egory of carbohydrates or fibre in the product com-
position data sheet. It is recommended to consume
2.5-10 g of inulin type prebiotics per day to increase
population of bifidobacteria in gut (Kelly. 2009).
Bouhnik etal. (2004) reported that all dosages from
2.5 to 10 g of RSO per day increased the number of
bifidobacteria in human gut. Considering these data,
consummation of three slices (150 g) of soya bread
per day is suitable for increasing the number of gut
bifidobacteria as soya bread can contain up to 40% of
soybean flour with no deterioration of sensory qual-
ity (Kopadova, 2002; Rezd&ova, 2010). Two
pieces (100 g) of soybean bar “Sojovy suk’ per day
can also stimulate growth of bifidobacteria in human
intestinal tract.

Textured soy protein also contains detectable
amount of RSO and, morcover, it docs not contain
large amounts of monosaccharides and disaccharides
unlike the sweet bars. However, it does not contain
a sufficient amount of RSO per serving (up to 50 g)
to stimulate the bacterial population of gut and thus
cannot be considered as a potential prebiotic, the
same as the soybean bars ‘Sojovy fez” and ‘Margot’
and soya creamer, because its recommended serving
is only 5 g per cup of coffee. The lowest amount of
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RSO, which has been found in soybean beverage, can
be attributed to deliberate action during the process-
ing. Recommended quantity of soybean beverage per
serving is 25 g of powder into 250 ml of water. This
amount is not enough for influencing of gut bacteria
population and thus the soybean beverage cannot be
considered as prebiotic.

The issue of prebiotic effect of RSO still needs to
be resolved when we take into account that there are
different opinions on prebiotic effects of RSO (Suarez
et al., 1999; Bouhnik et al., 2004; Gibson et
al.. 2004).

CONCLUSION

Rafflinose-series oligosaccharides are substantial
components of soybean foods which may beneficially
affect the host’s health by influencing the composi-
tion of microbiota. We have determined amounts of
raffinose-series oligosaccharides in 9 products used
in human nutrition and it can be concluded that con-
summation of sweet soybean bar ‘Sojovy suk” and
pastry containing sufficient amount of soybean flour
can influence the host’s intestinal microbiota due to
perceptible amount of RSO.
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ABSTRACT

Geigerova M., Svejstil R., Skfivanova E., Strakova E., Suchy P. (2017): Effect of dietary lupin (Lupinus albus)
on the gastrointestinal microbiota composition in broiler chickens and ducks. Czech J. Anim. Sci., 62,
369-376.

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, 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 (L) or diet containing 50% or
100% WLM as a substitute for SBM (groups L., and L, respectively). In comparison with SBM, WLM con-
tained 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 those in WLM (8.26 + 0.14 g/100 g) and SBM
(6.96 + 0.21 g/100 g). The inclusion of lupin in chicken diets did not significantly affect the monitored bac-
terial groups in crop chyme, but a complete replacement of SBM with WLM (L,,, group) in chicken diets
significantly (P < 0.05) increased the counts of lactobacilli in caecal samples. Partial (L., group) and complete
(L, 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 signifi-
cantly affect the live weight of broiler chickens and ducks, but that complete replacement of SBM with WLM
may lead to weight loss.
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From an ecological point of view, animal pro-
duction and the nutrition feed required for these
animals, represent 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
became the most common source of vegetable
protein in monogastric animal diets (Chaudhary et
al. 2015; Heger et al. 2016); however, a majority of
soybeans are imported from overseas. In addition
to reducing the need for these imports, feeds based
on non-genetically modified plants are currently
desirable in developed countries (Frewer et al.
2013). Potential alternative sources of dietary pro-
tein can be obtained from by-products of vegetable
oil extracted from 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 limita-
tions (e.g., alkaloid content, trypsin inhibitors,
and tannins) which must be considered. Based
on these requirements, low-alkaloid varieties of
sweet lupin (Lupinus albus, Lupinus angustifolius,
Lupinus 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; Hernandez 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 analyzing the im-
pact 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 digest-
ibility in animals (Zraly et al. 2008; Volek and
Marounek 2009; Zdunczyk et al. 2016; Zwolinski
et al. 2017). In addition to proteins, important
growth-promoting factors in lupin seeds include
their significant amounts of saccharides, includ-
ing raffinose-series oligosaccharides (RSO). These
oligosaccharides are not digested in the upper gas-
trointestinal 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
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promote the growth of health-promoting bacteria
such as bifidobacteria and inhibit the growth of
Escherichia coliin 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
potential source of protein and to assess whether
the inclusion of Lupinus 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 pro-
tein in animal nutrition including soybean meal
(SBM), white lupin seed meal (WLM), sunflower
meal (SFM), and rapeseed oil meal (ROM). The
amount of RSO was determined by an enzymatic
method — the Megazyme Raffinose/Sucrose/Glu-
cose Assay Kit (Megazyme International, Ireland)
using o-galactosidase and invertase was applied
according 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 De-
partment of Animal Nutrition at the 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 sepa-
rately. For broiler chickens and ducks, a 23 :1 h
light : darkness lighting regime was used through-
out 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 each treated group was
divided by sex for 40 males and 40 females. Dur-
ing the study period, broiler chickens were fed
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Table 1. Selected nutrients of experimental diets (g/kg, dry matter) for broiler chickens containing a different amount

of white lupin seed meal

T 1-14 days 15-29 days 30-35 days

L, Lso Ly L L L1go L, Lsy Lo
Crude protein 254.5 265.1 248.7 226.9 217.3 2233 205.1 215.5 203.6
Fat 63.9 57.7 60.5 66.4 68.1 69.8 81.4 66.5 80.9
Crude fibre 24.3 35.1 52.3 24.9 494 57.5 36.3 35.9 45.2

L, = diet with soybean meal (SBM), L., = diet containing 50% of white lupin seed meal (WLM) as a substitute for SBM,

Lo = diet with WLM

a control diet based on SBM (Lo) or one of two
diets containing 50% or 100% W1LM as a substitute
for SBM (groups L., and L, 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 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 L, L., and L, , 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
Pelhtimov, Czech Republic, and the test feed mix-
tures containing whole white lupin seed were
prepared by MTD Ustrasice, Czech Republic. The
poultry had free access to water and feed mixtures
and were fed through feeder drop tubes ad libi-
tum. 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 (L, L., and L, ) 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, UK). Samples were kept on ice until
the microbiological analysis.

Microbiological analysis. Counts of total an-
aerobic bacteria, bifidobacteria, lactobacilli, and
Escherichia coli were determined by cultivation.
The obtained samples were homogenized and se-
rially diluted in Wilkins-Chalgren broth (Oxoid)
under anaerobic conditions. Wilkins-Chalgren agar
(50 g/1; Oxoid) supplemented with soya peptone
(5 g/l; Oxoid), L-cystein (0.5 g/l; Sigma-Aldrich,
USA), and Tween 80 (1 ml/l; Sigma-Aldrich) 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/l1) and the antibiotic mupirocin
(100 mg/1; Oxoid), according to a method reported
by Rada and Petr (2000). These plates were incu-
bated in anaerobic jars (Anaerobic Plus System,
Oxoid) at 37°C for 72 h. 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 h under micro-aerophilic
conditions using the double-layered pour-plate
method. Counts of E. coli were determined using
TBX-agar (Oxoid), with plates incubated aerobi-
cally at 37°C for 24 h.

Statistical analysis. The amounts of RSO in
meals, live weight, and bacteria enumeration were
analyzed statistically using STATISTICA software

Table 2. Selected nutrients of experimental diets (g/kg, dry matter) for ducks containing a different amount of white

lupin seed meal

SRS 1-10 days 11-19 days 20-35 days 36-40 days

Ly Ly Lo Ly Lo Lyo0 Ly Lo Lio Ly L Lo
Crude protein 238.2 2479 2658 213.7 214.5 2298 180.1 182.8 175.8 178.7 1704 180.9
Fat 39.5 42.9 577 37.9 44.5 55.5 37.6 43.0 52.4 43.3 46.3 494
Crude fibre 26.1 48.3 53.3 30.3 38.0 63.5 31.4 39.3 46.1 36.1 35.1 377

L, = diet with soybean meal (SBM), L, = diet containing 50% of white lupin seed meal (WLM) as a substitute for SBM,

L,,, = diet with WLM
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(Version 12.0, 2013). Amounts of RSO and numbers
of bacteria are presented as mean values + stan-
dard 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.
Prior to the statistical analysis data were checked
for normality (Shapiro-Wilk test).

RESULTS

Amounts of RSO in experimental meals. The
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. Rela-
tively low amounts of RSO were found in SFM
and ROM compared to those in WLM and SBM.
WLM contained the highest amount of RSO of
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 dif-
ferent diets. The means of live weights of broiler
chickens in the L group and L group were almost
identical. The average live weight of female broiler
chickens in the L, , group (2.19 kg) was signifi-
cantly lower than that in the L., group (2.33 kg),
but no statistical difference was found between
live weights in the L and L, groups. Complete
lupin replacement in duck diets also negatively
affected their final body weights (Table 5). Sig-
nificant differences in live weights were found
between the L, group and L., group of female

Table 3. The amount of raffinose series oligosaccharides
(RSO) (g/100 g) in soybean meal (SBM), white lupin seed
meal (WLM), sunflower meal (SFM), and rapeseed oil
meal (ROM)

doi: 10.17221/42/2017-CJAS

Table 4. Live weight (kg) before slaughter of broiler chick-
ens fed diets based on soybean meal (SBM) and/or white
lupin seed meal (WLM)

LO LSO Ll()l) SEM
Male 2.534 2.554 2.46% 0.32
Female 2.3048 2.334 2.198 0.23

L, = diet with SBM, L, = diet containing 50% of WLM as a
substitute for SBM, L, = diet with WLM, SEM = standard
error of the means

ABmeans in the same row with different superscripts signifi-

cantly differ (P < 0.05)

ducks, and between the L, , group and L, group of
male ducks, and moreover between the L, group
and L, 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 (L, ), the
counts of E.coli were the lowest. In the caeca of broiler
chickens, lactobacilli counts were significantly higher
in the L, , group than in the L., and L,  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 L, group.

Considerably higher bacterial diversity was ob-
served in the faecal microbiota of ducks than that
of chickens (Table 7). Bifidobacteria and lactobacilli

Table 5. Live weight (kg) before slaughter of ducks fed
diets based on soybean meal (SBM) and/or white lupin
seed meal (WLM)

L, Ls Lisi SEM
Meal Amount of RSO Male 3.96% 3.14% 2.94" 0.31
SBM 6.96 +0.214 Female 3.117P 3.19% 2.98° 0.25
WLM 8.26 £ 0.14° L, = diet with SBM, L., = diet containing 50% of WLM as a
SEM 1.73 +0.26 substitute for SBM, L, = diet with WLM, SEM = standard
ROM 1.79 £ 0.14° error of the means
A-C AB

means with different superscripts significantly differ
(P < 0.05)
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means in the same row with different superscripts signifi-
cantly differ (P < 0.05)
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Table 6. Bacterial counts (log CFU/g + SD, n = 6) in caecal samples and crop chyme of broiler chickens fed diets based

on different amounts of white lupin seed meal (WLM)

Total anaerobes Bifidobacteria Lactobacilli E. coli
Ly 9.33 + 0.38% 8.34 + 1.344 8.76 + 0.684 7.99 + 0.394
Caecum Lig 9.56 + 0.274 9.14 +0.274 8.21 + 0.68" 8.57 + 0.65"
L 9.77 £ 0.294 8.95 + 0.46" 9.55 + 0.49° 8.22 + 0.234
L, 8.72 + 0.54* 5.66 + 0.374 8.28 + 0.514 6.20 + 1.14%
Crop Ly 8.31 + 0.544 5.42 + 0.56* 8.04 + 0.694 6.29 + 1.384
Liso 9.21 + 0.56* 6.29 +1.24* 8.93 + 0.694 5.44 + 0.50*

L, = diet with soybean meal (SBM), L, = diet containing 50% of white lupin seed meal (WLM) as a substitute for SBM,

L, = diet with WLM

AB

counts were significantly higher in both experi-
mental groups in which soya was replaced with
lupin (L., and L,,,), as compared to the control
(L,) group. The numbers of bifidobacteria in the
L.,and L, groups were higher by at least one
order of magnitude. The number of lactobacilli in
the L., group was higher by two orders of magni-
tude. No statistically significant differences were
found among counts of total anaerobic bacteria,
and the amounts of E. coli were approximately
equal in all three groups.

DISCUSSION

Members of the raffinose family of oligosaccha-
rides are present in various plant sources (Andersen
etal. 2005). High amounts of RSOs are mainly found
in legumes, and their levels in seeds vary by species
and based on environmental factors (Martiinez-
Villaluenga et al. 2005). The aforementioned oli-
gosaccharides are not digested by the monogastric
animals, and are therefore available for bacterial
fermentation to produce short-chain fatty acids
and gas (Guillon and Champ 2002). High levels of

means with different superscripts in columns from the same type of sample significantly differ (P < 0.05)

oligosaccharides, in particular a-galactosides, can
by certain means be even considered as antinutri-
tional factors, as their fermentation in monogastric
animals can lead to the increased fluid retention,
hydrogen production, and can impair the utilization
of nutrients (Saini and Gladstones 1986). Therefore,
the particular source and concentration of these
compounds should always be tested in vivo.

Generally, all lupin species are good sources of
RSOs and can be used for the isolation of oligosac-
charides. According to Martiinez-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;
Svejstil et al. 2015). According to Zdunczyk et al.
(2014), the inclusion of blue lupin seeds (20%) to
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.

Table 7. Bacterial counts (log CFU/g + SD, n = 6) in caecal samples of ducks fed diets based on different amounts of

white lupin seed meal (WLM)

Total anaerobes Bifidobacteria Lactobacilli E. coli
L, 9.54 + 0.45% 6.93 £ 0.74% 4,53 + 0.40" 7.21 £ 0.294
Caecum L., 9.96 + 0.42* 8.55 + 0.44° 6.55 + 0.98° 6.97 + 0.86*
Lt 9.93 + 0.324 8.15 + 0.538 6.06 + 0.46" 7.13 + 0.284

L, = diet with SBM, L, = diet containing 50% of WLM as a substitute for SBM, L

AB

100 = diet with WLM

means with different superscripts in columns significantly differ (P < 0.05)
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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 lit-
erature 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 barriers of the crop against pathogens is an
acidic pH. A lower pH can be promoted by lactic
acid fermentation performed by lactobacilli. Lac-
tobacilli are the dominant bacterial group in the
crops of broiler chickens (Kieronczyk et al. 2016),
as shown also in our results. The numbers of lac-
tobacilli in crops were similar to the numbers of
total anaerobic bacteria in all three groups (L, L.,
and L, ). Besides lactobacilli, among the health-
promoting bacteria belong also bifidobacteria. In our
study, bifidobacteria were found at approximately
10° CFU/g in poultry crops, which was a lower
order of magnitude than described by Petr and
Rada (2001). The highest numbers of lactobacilli
and bifidobacteria were found in the L, , group,
relative to those in the L. and L, 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 popula-
tions (Jozefiak et al. 2004). Higher counts of total
anaerobes in the caeca of broiler chickens and
ducks were found in the L, group, relative to that
in the L group. However, these differences were
not significant because both diets contained some
RSO. Dietary RSO has been shown to increase the
numbers oflactic acid bacteria, as well as to 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; how-
ever, the other investigated bacterial groups were
not affected. Similarly, differences in the compo-
sition 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
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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 faecal samples of
both types of poultry were not affected by differ-
ences 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, the
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.

CONCLUSION

The present study shows that WLM contains
higher levels of RSO than SBM, and supplementa-
tion of diets had a positive influence on the intes-
tinal 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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Abstract

The mode of delivery plays a crucial role in infant gastrointestinal tract colonisation, which in the case of caesarean
section is characterised by the presence of clostridia and low bifidobacterial counts. Gut colonisation can be
modified by probiotics, prebiotics or synbiotics. Human milk oligosaccharides (HMOs) are infant prebiotics that
show a bifidogenic effect. Moreover, genome sequencing of Bifidobacterium longum subsp. infantis within the
infant microbiome revealed adaptations for milk utilisation. This study aimed to evaluate the synbiotic effect of B.
longum subsp. infantis, HMOs and human milk (HM) both in vitro and in vive (in a humanised mouse model) in the
presence of faecal microbiota from infants born by caesarean section. The combination of B. lengum and HMOs or
HM reduced the clostridia and G-bacteria counts both in vitreo and in vivo. The bifidobacterial population in vitro
significantly increased and produce high concentrations of acetate and lactate. In vitro competition assays confirmed
that the tested bifidobacterial strain is a potential probiotic for infants and, together with HMOs or HM, acts as
a synbiotic. It is also able to inhibit potentially pathogenic bacteria. The synbiotic effects identified in vitro were
not observed in vivo. However, there was a significant reduction in clostridia counts in both experimental animal
groups (HMOs + B. longum and HM + B. longum), and a specific immune response via increased interleukin (IL)-
10 and IL-6 production. Animal models do not perfectly mimic human conditions; however, they are essential for
testing the safety of functional foods.

Keywords: human milk, bifidobacteria, synbiotics, short chain fatty acids, cytokine

1. Introduction

Breast milk is a complex source of nutrients for infants
due to a balanced composition of proteins, fats and
carbohydrates, particularly oligosaccharides. This is a result
of millions of years of evolution and not only supplies the
nutritional needs of new-borns, but also protects them
from disease while their own immune system matures
(Kramer et al., 2008; Lawrence and Pane, 2007; McVea
et al., 2000; Reilly et al., 2005; Smith et al., 2003). This
protective effect is most frequently associated with human
milk oligosaccharides (HMOs), which are the first prebiotics
for infants (Kunz et al., 2000). These molecules guide the

development of the infant immune system and shape
the intestinal microbiota towards a health-promoting
community enriched with bifidobacteria, which are the
predominant gut bacteria in healthy breast-fed infants and
are often used as probiotics (Euler et al., 2005; Haarman
and Knol, 2006). Bifidobacterium longum subsp. infantis
is one of the most abundant species within the genus
Bifidobacterium present in the gut microbiota of healthy
breast-fed infants, and is one of the best utilisers of HMOs
(Sela et al., 2008).

The present study aimed to examine how the synbiotic
properties of HMOs and B. longum subsp. infantis affect
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the composition of the new-born gut microbiota both in
vitro and in vive (in a mouse model). We hypothesised that
the synbiotic mixture would replace clostridia and shift the
composition of the gut microbiota towards a more health-
promoting community enriched with bifidobacteria. To test
this, mice were fed with HMOs or human milk (HM) ad
libitum for 14 days. Stool samples were collected at three
time points and intestinal contents were collected at the
end of the study to characterise and compare the bacterial
composition using the plate technique and fluorescence
in situ hybridisation (FISH). Targeted metabolomic and
cytokine analyses were conducted to determine the impact
of the synbiotics on the production of inflammatory
markers.

2. Material and methods
In vitro competition experiments
Preparation of rifampicin-resistant bifidobacterial mutant

Probiotic strain B. longumi subsp. infantis was isolated
from the probiotic product Infloran (Societa’ Laboratorio
Farmaceutico S.L'T. Srl, Mede, Italy) by culture on modified
TPY agar (Sharlau, Spain) and identified by subspecies-
specific PCR (Rada and Petr, 2000; Sakata et al., 2002).
A rifampicin-resistant bifidobacterial mutant (RRBM)
was prepared using the gradient-plate technique (highest
antibiotic concentrations: rifampicin, 100 mg/l; mupirocin,
100 mg/l). Antibiotic resistance enabled the administered
microorganisms to be distinguished from the wild-type
strains because resistance to rifampicin is rare among
bifidobacteria (Marounek et al., 1995; Rada et al., 1995).

Growth of rifampicin-resistant bifidobacterial mutant on
human milk oligosaccharides

The ability of RRBM to utilise various fractions of HMOs,
including sialyllactose and fucose as monomers of HMOs,
which were added to the medium as the sole carbon source
at concentrations of 2 g/l, was tested. The HMOs were
isolated and purified from HM samples obtained from
volunteer mothers, as described by Rockova et al. (2011).
Sialyllactose and fucose were purchased from Sigma-
Aldrich (St. Louis, MO, USA). RRBM were cultivated on
the selective medium (Wilkins-Chalgren anaerobe broth;
Oxoid, Basingstoke, UK) supplemented with rifampicin
(100 mg/l), mupirocin (100 mg/l) and glacial acetic acid
(1 ml/l) under anaerobic conditions at 37 °C for 24 h. The
initial bacterial concentration was 4 log cfu/ml. After
incubation, bacteria were plated on Wilkins-Chalgren
anaerobe agar (Oxoid) supplemented with rifampicin (100
mg/1), mupirocin (100 mg/l) and glacial acetic acid (1 ml/1)
and counted.

Faecal samples

Eight fresh faecal samples were collected from fully breast-
fed infants of both sexes [5 male and 3 female; 33.25+7.89
days (4-6 weeks) old] born by caesarean section and
receiving no antibiotic or probiotic treatment. Immediately
after collection, the samples were transferred to a tube with
an anaerobic atmosphere and subsequently analysed using
the plate technique (Vlkova et al., 2005) and a biochemical
assay (API & ID 32; BioMérieux, Craponne, France) to
confirm that they were bifidobacteria-free.

Testing of synbiotic: bifidobacteria and human milk
oligosaccharides presence in infant faeces

Simultaneously with the reanalysis of infant stools, faecal
samples were diluted to a concentration of 6 log cfu/g
bacteria, and 2 pl was inoculated into a microtiter plate
containing 88 pl of medium [HMOs; HM-pasteurised at
62.5 °C/30 min (lysozyme content of HM = 90.11+9.06 pg/
ml); Control = Wilkins-Chalgren anaerobe broth] along
with 5 log cfu/ml RRBM. The microtiter plate was then
incubated under anaerobic conditions at 37 °C for 24 h
before samples were analysed by the plate technique and
by FISH, as described previously (Musilova et al., 2015).
Bacteria were isolated from the RRBM-selective medium
and subsequently re-identified for the confirmation of
RRBM by a biochemical assay and by PCR. The isolates
were identified at the genus level by detecting fructose-6-
phosphate phosphoketolase activity (Orban and Patterson,
2000) and at the subspecies level by PCR (Sakata et al.,
2002).

Measurement of short chain fatty acid and lactate levels

After the in vitro competition experiments, primary
metabolites in all samples were determined by ion-exchange
chromatography with suppressed conductivity using an
ion chromatograph ICS 1600 (Dionex, Sunnyvale, CA,
USA) equipped with an IonPac AS11-HC (Dionex) guard
and analytical columns. The eluent comprised 1-37.5 mM
KOH, with a gradient of 1-50 min and a flow rate of 1 ml/
min. The ASRS 300-4 mm suppressor (Dionex) and the
Carbonate Removal Device 200 (Dionex) were used to
suppress eluent conductivity.

In vivo competition experiments
Faecal samples

Two bifidobacteria-free faecal samples from infants born by
caesarean section (4-6 weeks old) were analysed using the
plate technique and the API & ID 32 assay (BioMérieux).
After analysis, both samples were collected again, mixed and
used to prepare a faecal mixture (bacterial concentration,
9 log cfu/g), which was then used to humanise the gut
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Assessment of human milk oligosaccharides and bifidobacteria as synbiotics

of germ-free (GF) mice and for reanalysis to confirm
the absence of bifidobacteria. This faecal mixture was
transferred to the Laboratory of Gnotobiology in Novy
Hradek and again analysed to confirm that the samples
were still bifidobacteria-free,

Humanisation of germ-free mice

GF immunocompetent Balb/c mice were reared in plastic
isolators and fed the 1414 diet (Altromin Spezialfutter
GmbH, Lage, Germany). The mice were colonised by oral
gavage (9 log cfu/g infant faecal mixture). Subsequently
(after 14 days), the bacterial communities in freshly
collected faeces were determined using the selective plate
method after serial dilution on selective media and by
FISH. Appropriate sample dilutions were transferred to
sterile Petri dishes, which were immediately filled with
selective media to detect the following: total anaerobes
(Wilkins-Chalgren anaerobe agar); RRBM (Wilkins-
Chalgren anaerobe agar), modified by addition of mupirocin
(100 mg/1), rifampicin (100 mg/l) and acetic acid (1 ml/1);
G-bacteria [Wilkins-Chalgren anaerobe agar supplemented
with G-N Anaerobe Selective Supplement (Oxoid)];
Enterococcus spp. (Slanetz-Bartley medium; Oxoid); and
Escherichia coli (TBX medium; Oxoid). FISH kits specific
for the Clostridium butyricum group — specific probe
(RiboTechnologies, The Netherlands) were used to detect
and count clostridia. Total anaerobes, G-bacteria and RRBM
were incubated in anaerobic jars (Anaerobic Plus System;
Oxoid) at 37 °C for 48 h. Enterococcus spp. and E. coli were
cultivated aerobically at 37 °C for 48 h and 24 h, respectively.
Sample analysis was performed to confirm colonisation of
GF mice by the infant faecal microbiota.

Assay of synbiotic mixture in humanised mice

The ability of RRBM to compete with bacteria in
faecal samples from bifidobacteria-free infants born by
caesarean section was tested in three different media:
medium containing HMOs, medium containing HM
and a Control medium (Control). Survival of RRBM was
monitored by cultivation on Wilkins-Chalgren anaerobe
agar supplemented with mupirocin, rifampicin and acetic
acid. RRBM was then re-identified by species-specific PCR.

Two weeks after colonisation, the humanised mice were
divided into three groups (each group contained four
mice, 2 male + 2 female). The first group (HMOs+RRBM)
received water supplemented with HMOs (7 g/l) and
RRBM as described by Mielcarek ef al. (2011), whereas
the second group (HM+RRBM) received HM instead of
water and RRBM. The third group was used as the Control
(no HMOs, HM or RRBM). HM was obtained from The
Institute for the Care of Mother and Child, Prague, and was
donated by volunteer mothers. The milk was treated using
the Holder method (heated to 62.5 °C for 30 min), which

has minimal impact on lactoferrin, sIgA and lysozyme
levels. The bifidobacterial probiotic strain was grown in
Wilkins-Chalgren anaerobe broth supplemented with 5 g/l
soya peptone and centrifuged at 14,100xg for 5 min. The
supernatant was discarded, and the bacterial cells were
flushed with saline and resuspended in saline to prepare
the bacterial suspension (approximately 107 cfu/ml). The
first (HMOs+RRBM) and the second (HM+RRBM) group
received the bifidobacterial probiotic strain, RRBM, on
every third or fourth day via oral gavage (200 pl; 2x10° cfu/
ml RRBM). On every third day, fresh faecal samples were
aseptically collected from the mice, transferred to tubes
containing Wilkins-Chalgren anaerobe broth and analysed
within 2 h. The samples were serially diluted in Wilkin-
Chalgren anaerobe broth under anaerobic conditions.
Media were prepared in an oxygen-free CO, environment.
Faecal bacteria were detected on selective media and by
FISH (clostridia) as mentioned above. After 14 days, mice
were anesthetised 3-4 h after the removal of the drinking
solution. Organs were aseptically removed in the following
order to avoid cross bacterial contamination: peripheral
blood, mesenteric lymph nodes, spleen and intestine.

Measurement of short chain fatty acid and lactate levels

In all faecal samples, primary metabolites were determined
by ion-exchange chromatography with suppressed
conductivity.

Cytokine analysis

Spleens were removed aseptically, and single cell suspensions
were prepared. Spleen cells (6x10%/well) were cultured in
medium (RPMI 1640 medium supplemented with 10%
heat-inactivated FBS, 10 mM HEPES, 100 U/ml penicillin
and 100 pg/ml streptomycin) (all Sigma-Aldrich) at 37 °C in
CO, for 48 h. The concentrations of interleukin (IL)-4, IL-6,
IL-10 and interferon (IFN)-y in the cell supernatants were
measured using the MILLIPLEX MAP Mouse Cytokine/
Chemokine Panel (Millipore Corporation, Bedford, MA,
USA). Tumour necrosis factor (TNF)-a was measured using
an ELISA kit (Ready-Set-Go!; eBioscience, San Diego, CA,
USA), as per the manufacturer’s instructions.

Statistical analyses

Differences in log bacterial counts were evaluated using
a two-tailed ¢-test with equal variance and by multiple
range comparisons using Duncan’s multiple range test (this
procedure was used as a precaution against the known type
I error inflation problem that arises when many (necessarily
interdependent) comparisons are tested). Significance was
set at P<0.05. All statistical analyses were performed using
STATGRAPHICS Centurion XV.II (Manugistics, Rockville,
MD, USA).
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3. Results
In vitro competition experiments

Growth of rifampicin-resistant bifidobacterial mutant on
human milk oligosaccharides

The growth of RRBM was tested in the presence of three
mixtures containing HMOs isolated from pooled samples
of HM. RRBM was able to utilise all the test mixtures.
However, weak growth was observed on sugar substrates
such as sialyllactose and fucose. We found that, even if
the data for the three mixtures were significantly different
at P<0.01 (8.17+0.04; 8.27+0.04; 8.65+0.02 log cfu/ml),
the order was very similar, suggesting that there was
slight statistical difference in growth between mixtures
1 to 3 because RRBM was able to grow by four orders of
magnitude. However, RRBM growth on medium containing
sialyllactose (6.58+0.02 log cfu/ml) and fucose (6.43+0.16
log cfu/ml) was weaker than that in the presence of a
mixture of HMOs (Table 1).

Competition

The combination of RRBM and HMOs reduced the
clostridia counts to below the detection limit (3 log cfu/g)
when compared with the Control (7.43+1.02 log cfu/g),
resulting in replacement of these bacteria by probiotic
bifidobacteria at counts of 8.27+0.57 log cfu/g. The results
for the remaining groups of detected bacteria were non-
significant. The best synbiotic effect was exhibited by a
combination of HM and probiotics. The combination of
RRBM and HM also reduced the counts of clostridia to
below the detection limit (3 log cfu/g) when compared
with the Control (7.73+£1.76 log cfu/g), resulting in the
replacement of these bacteria by RRBM at counts of
8.23+1.40 log cfu/g. Moreover, we detected reduced E.

Table 1. Growth of rifampicin-resistant bifidobacterial mutant
(RRBM) on human milk oligosaccharides (HMOs).!

Carbon source Log cfu/ml
Mixture of HMOs 1 8.17+0.04°
Mixture of HMOs 2 8.27+0.04°
Mixture of HMOs 3 8.65+0.02¢
Fucose 6.58+0.022
Sialyllactose 6.43+0.16°

" Initial concentration of RRBM = 4 log cfu/ml. Data are expressed as the
mean + standard deviation of three independent measurements. Values
denoted by different superscripts are significantly different (P<0.05). The
differences among log bacterial counts were evaluated by multiple range
comparison using multiple range tests.

coli (7.13+1.71 log cfu/g) counts when compared with the
Control (8.72+0.36 log cfu/g) in all infant faecal samples
in the presence of HM. We observed significantly lower
counts of G-bacteria and E. coli after incubation of faecal
samples with HM+RRBM (in vitro competition) when
compared with Control samples, and after incubation with
HMOs+RRBM (Table 2).

Significant differences were observed between the HMOs
group and HMOs+RRBM group with respect to lactate
concentration (HMOs, 4.31 mmol/l; HMOs+RRBM, 7.96
mmol/l). There were also significant differences between
the HM and HM+RRBM groups in terms of lactate (22.34
mmol/l and 45.78 mmol/l, respectively), acetate (27.37
mmol/l and 45.66 mmol/l, respectively) and butyrate (0.93
mmol/l and 0.26 mmol/l, respectively) concentrations
(Figure 1). There were also significant differences in lactate
concentrations between the HM+RRBM and Control (45.78

Table 2. Bacterial counts after in vitro incubation of infant faeces on different substrates with/without rifampicin-resistant

bifidobacterial mutant (RRBM) (log cfu/ml).!

Microbiota Human milk oligosaccharides

Human milk Control

Infant faeces Infant faeces + RRBM Infant faeces Infant faeces + RRBM Infant faeces Infant faeces + RRBM

Total bacteria 9.00+0.23? 9.04+0.342 8.97+0.25° 9.16+0.3720 9.48+0,29° 9.36+0.29°
G-bacteria 7.27+0.90%  7.54+0.86b° 6.52+1.26P 5.18+0.778 8.11+£0.57¢ 7.91+0.74°
Clostridium spp. 7431022 ND? 7.73+1.762  ND 7.24+119%  ND
Bifidobacterium spp. ND 8.27+0.572 ND 8.23+1.40° ND 8.16+0.36°
Escherichia coli 9.28+1.05°  9.010.89° 8.72+0.36°  7.13+1.712 9.41£0.725  9.13+0.48°
Enterococcus spp.  871+0.420¢  8,15+1.20%° 7.33+1.312°  £,69+1.662 8.99+0.28° 8.69+0.63%

1 Data are expressed as means + standard deviation (SD) of three independent measurements. Values denoted by different superscripts are significantly
different (P<0.05). The differences between log bacterial counts were evaluated by multiple range comparison using multiple range tests.

2ND = not detected.
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Olactate DOAcetate mPropionate mButyrate

Figure 1. Lactate and short chain fatty acid concentrations were
analysed after 24 h of incubation in the presence of infant faecal
samples with synbiotic mixture HMOs with/without RRBM, HM
with/without RRBM and Control with/without RRBM (mmol/l).
Error bars indicate standard deviations (*P<0.05). HM = human
milk; HMOs = human milk oligosaccharides; RRBM = rifampicin-
resistant bifidobacterial mutant.

mmol/l and 5.85 mmol/l, respectively) and also between
HM+RRBM and Control+RRBM (45.78 mmol/l and 8.12
mmol/], respectively). The results for short chain fatty acids
(SCFA) correlated with the bacterial counts obtained using
the plate technique.

Re-identification of isolates

Biochemical and molecular genetic tests were used to
validate the presence of RRBM after the competitive growth
assays. Samples confirmed as microscopically pure cultures
(12/12, 25/25, 18/21, 13/13, 13/13, 8/13, 14/15, 15/15)
were examined at the genus level (F6PPK); a positive result
was obtained for all samples subjected to this biochemical
assay. Subsequently, the isolates were identified at the
subspecies level (PCR). The result for all isolates was the
same, indicating that all positive samples were rifampicin-
resistant mutants of B. longum subsp. infantis. From these
results (Supplementary Table S1), we were able to confirm
the efficacy of the selective media from which the purified
isolates originated.

In vivo competition experiments
After the 14 days of the experiment, total counts for

anaerobic bacteria in mice after humanisation (9.99+0.78 log
cfu/g) were similar to those in the mixed infant stool used

for colonisation (8.95+0.17 log cfu/g) in all experimental
groups. The E. coli counts (9.43+0.73 log cfu/g) were not
different between the experimental groups throughout the
entire experiment (Figure 2). After 15 days, the counts for
G-bacteria were unchanged in the second experimental
(HM+RRBM) and Control groups (8.50+1.52 log cfu/g),
whereas those in HM+RRBM decreased from 8.48 to 5.60
log cfu/g.

- Total bacteria-=-G- bacteria -« Clostridium
-+-RRBM -E. coli -o-Enterococcus

A 12

10

Log cfulg
()]

Log cfufg

Log cfufg
()]

Days

Figure 2. Bacterial counts (log cfu/g) in faeces from humanised
Balb/c mice. (A) human milk oligosaccharides (HMOs) and
rifampicin-resistant bifidobacterial mutant (RRBM); (B) human
milk and RRBM; (C) Control group.
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In both experimental groups (HMOs+RRBM and
HM+RRBM), Enterococcus spp. counts decreased from
10.36 log cfu/g to 5.58 log cfu/g when compared with the
Control group. The counts in the Control group (8.74+0.40
log cfu/g) did not change during the experiment. RRBM was
able to colonise the intestinal tract of mice in just 4 days
in the presence of HMOs and in 8 days in the presence of
HM (Figures 2A and 2B), after which it disappeared. RRBM
was not detected in the HMOs+RRBM group (limit of
detection, 3 log cfu/g) even after the second administration
of probiotics (8 days after the first) (Figure 2A). RRBM
counts in the HM+RRBM group decreased from 9.30 to
5.31 log cfu/g, and disappeared completely 11 days after
the first administration (Figure 2B).

The mouse faeces contained high clostridia counts after
humanisation (9.15 log cfu/g). The clostridia counts
decreased across all experimental groups (Figure 2A and
2B) when compared with the Control group. There were
significant differences in the clostridia counts for the first
(HMOs+RRBM) and second (HM+RRBM) groups when
compared with those for the Control group. Administration
of HMOs reduced the clostridia counts from 7.39 to 5.52 log
cfu/g over 15 days (first group HMOs+RRBM; Figure 2A).
No clostridia were detected after 15 days in the presence
of HM; they disappeared when RRBM was administered.
Clostridia counts decreased from 7.12 log cfu/g (on the
first day of the experiment) to below the limit of detection
(<5 log cfu/g). By contrast, counts in the Control decreased
slightly, from 7.84 to 7.65 log cfu/g (Figure 2C).

Significant differences were observed between the groups
in terms of the concentration of butyrate: HMOs+RRBM,
4.07 mmol/kg and Control group, 7.80 mmol/kg; and
HM+RRBM, 3.68 mmol/kg and Control group, 7.80 mmol/
kg (Figure 3). These reductions correlated with decreased
clostridia counts. Production of the anti-inflammatory
cytokine IL-10 is associated with a protective effect against
intestinal inflammatory diseases (Kole and Maloy, 2014). We
found that the HMOs+RRBM group had significantly higher
IL-10 levels in the supernatant of cultured spleen cells
than the Control group. Treatment with RRBM increased
IL-10 levels. In addition, the HMOs+RRBM group also
showed significantly higher levels of IL-6, TNF-a and IFN-y
in the supernatant of spleen cells than the other groups,
even though increased levels were also detected in the
HM+RRBM group (Figure 4).

4. Discussion

This study aimed to evaluate the impact of the synbiotic
properties of HMOs and bifidobacteria compared to HM
and bifidobacteria in the gut microbiome of new-borns
delivered by caesarean section. We found no significant
differences were observed in the starting values on day
1. The duration of treatment was based on previously

Olactate DAcetate mPropionate mButyrate

*

*

HMOs+RRBM HM+RRBM Control

Figure 3. Lactate and short chain fatty acid concentrations in
faecal samples from humanised mice after in vivo competition
with a synbiotic mixture of human milk oligosaccharides (HMOs)
and rifampicin-resistant bifidobacterial mutant (RRBM), human
milk (HM) and RRBM, or Control (mmol/kg). Error bars indicate
standard deviations (*P<0.05).

published reports of experiments performed in humans
and mice: treatment ranged from 7 days (Nakayama and
QOishi, 2013) to 14 days (Monteagudo-Mera et al., 2016).
We observed colonisation by RRBM and reduced numbers
of clostridia in HM+RRBM mice by day 8, which is in
agreement with previous studies (Monteagudo-Mera et
al., 2016; Nakayama and Oishi, 2013) reporting that a 1
week treatment was sufficient to induce changes in the
gut microbiota of mice, resulting in decreased clostridia
and G-bacteria counts. After administration of HMOs, we
observed flatulence or abdominal bloating at autopsy. Most
studies of prebiotics in humans used a recommended dose
of 8 to 15 g/day (0.11 to 0.21 g/kg weight/day) (Macfarlane
et al., 2008), although a bifidogenic effect was observed at
doses as low as 5 g/day (Anthony et al., 2006; Callaway and
Ricke, 2011). Here, we used HMOs at concentrations that
approximate those in HM (i.e. 7 g/1). Increased abundance
of bifidobacteria and lactobacilli has been reported in
mice fed with 1 g galactooligosacharides (GOS)/kg body
weight (Pan et al., 2009). Pan et al. (2009) also examined
the influence of prebiotic oligosaccharides on changes in
SCFA concentrations, which we confirmed in our in vitro
and in vivo experiments. It was recently shown that some
Bifidobacterium spp. have a significant immunomodulatory
effect (Srutkova et al., 2015). Here, we found increased
levels of both IL-6 and IL-10 antagonistic cytokines, in the
HMOs+RRBM mouse group.

Some studies have investigated the influence of pro- or
prebiotics in vivo, but data from synbiotic studies are
limited. Recent studies assessed the effect of synbiotic
supplementation, and found promising results for
three types of synbiotics (B. longum BL999 plus GOS/
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Figure 4. Cytokine levels in spleen cell supernatants from Balb/c mice after in vivo administration of human milk oligosaccharides
(HMOs) + rifampicin-resistant bifidobacterial mutant (RRBM), human milk (HM) + RRBM or Control. Values are expressed as pg/ml.
Error bars indicate standard deviations (*P<0.05). (A) Interleukin 10; (B) interleukin 6; (C) tumour necrosis factor a; (D) interferon y.

fructooligosaccharides (FOS), B. longum BL999 plus
Lactobacillus rhamnosus LPR plus GOS/FOS, and
Lactobacillus paracasei subsp. paracasei) in terms of
increased stool frequency (Mugambi et al.,, 2012); however,
data regarding the effect of synbiotics on the composition
of the gut microbiota are lacking. Some in vitro studies
identified potential candidates [Bifidobacterium breve in
combination with Vivinal” (GOS) and Actilight*950P (FOS)]
for use in a synbiotic product targeted to infants (Mazzola et
al., 2015); however, their in vivo effects are unknown. Here,
we obtained promising i# vitro results with the synbiotics
HMOs and RRBM; therefore, this combination was tested
in vivo in an animal model. RRBM was able to colonise
the intestinal tract of mice in just 4 days in the presence
of HMOs and in 8 days in the presence of HM, even after
a second administration of probiotics. The in vitro tests
suggested that the probiotic bifidobacterial strains used
herein were the best utilisers of HMOs. Unfortunately, this
characteristic was not sufficient to enable colonisation of the
gastrointestinal tract. Grmanova et al. (2010) examined the
survival of nine bifidobacterial strains in the gastrointestinal
tract, where one of the nine strains also disappeared after
7 days. In a previous study, we found that infants had
bifidobacteria in the faeces after delivery; however, the
bifidobacteria disappeared within 4-24 days (Rockova et
al., 2012).

We only observed the synbiotic effects in vitro. The greatest
synbiotic effect was exhibited by HM (as a prebiotic) along
with RRBM (as a probiotic). A reduced synbiotic effect was
exhibited when RRBM was combined with HMOs. The
maximum reduction in G-bacteria counts was recorded
in medium containing HM and RRBM. RRBM counts
increased in all media, which were initially inoculated with
almost equal numbers of bacteria. The bifidogenic effect
of HMOs was not as high as that of HM because HMOs
(when provided as the sole carbon source) are complex
sugars (oligosaccharides), whereas breast milk also contains
simpler and easily fermentable sugars (glucose, galactose
and lactose). It also contains antimicrobial factors such as
lactoferrin, lactoferricin, and lysozyme, and antimicrobial
peptides that inhibit the growth of potentially pathogenic
microorganisms (Field, 2005). An in vivo study showed
that HM protects suckling mice from the diarrhoeagenic
effects of a heat-stabile enterotoxin produced by E. coli
(Newburg et al., 1990).

The synbiotic effect of HMOs and probiotics was
demonstrated only in the in vitro assay. In vivo mouse
models have several limitations and are the subject of
much criticism. Although in vivo models may provide
accurate results, these do not always agree with those from
humans. For example, adult humans are not the equivalent
of 70 kg mice (Leist and Hartung, 2013; Seok et al., 2013)

Beneficial Microbes

Please cite this article as 'in press'

-54-



http://www.wageningenacademic.com/doi/pdf/10.3920/BM2016.0138 - Wednesday, April 19, 2017 6:35:23 AM - National Library of Medicine IP Address:130.14.143.19

S. Musilova et al.

or 3.5 kg new-borns. However, mouse models can still
provide important information. Modification of the gut
microbiota is possible via the use of prebiotics, probiotics
and synbiotics. Animal models have been used to test the
safety of some HMOs and to clarify their functions in the
new-born gut, along with lacto-N-tetraose (Coulet et al.,
2013, 2014).

5. Conclusions

In vitro competition assays confirmed that the RRBM strain
isolated from the probiotic Infloran is suitable for babies and
can be used in combination with HM or HMOs; therefore,
it might be a potential synbiotic that can inhibit potentially
pathogenic bacteria in infants. The synbiotic effect was not
confirmed in vivo. However, we did observe significantly
decreased counts of clostridia in both experimental groups
(HMOs+RRBM and HM+RRBM), and of G-bacteria in
the HMOs+RRBM group. However, there remains a lack
of in vivo studies. Unfortunately, not all animal models are
suitable for testing HMOs. Animal models cannot perfectly
mimic human conditions, but are necessary for testing the
safety of functional foods such as prebiotics, probiotics and
synbiotics. In vivo testing of HMOs and probiotic bacteria
such as bifidobacteria seems to be a challenge for the future.
Based on this study, we conclude that the probiotic RRBM
has an immunostimulatory effect on the host immune
system, which is more pronounced when using HMOs
as a prebiotic than when using HM. A specific cytokine
response is evoked, as evidenced by increased levels of
IL-10 and IL-6 in the group of mice treated with RRBM.
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Table S1. Re-identification of rifampicin-resistant
bifidobacterial mutants using biochemical and molecular
tests.
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Adhesion of gut bacteria to the intestinal epithelium is the first step in their
colonization of the neonatal immature gut. Bacterial colonization of the infant gut is
influenced by several factors, of which the most important are the mode of delivery
and breast-feeding. Breast-fed infants ingest several grams of human milk oligosac-
charides (HMOs) per day, which can become receptor decoys for intestinal bacteria.
The most abundant intestinal bacteria in vaginally delivered infants are bifidobacteria,
whereas infants born by cesarean section are colonized by clostridia. The influence of
HMOs on the adhesion of five strains of intestinal bacteria (three bifidobacterial strains
and two clostridial strains) to mucus-secreting and non-mucus-secreting human
epithelial cells was investigated. Bifidobacterium bifidum 1 and Bifidobacterium
longum displayed almost the same level of adhesion in the presence and absence
of HMOs. By contrast, adhesion of Clostridium butyricum 1 and 2 decreased from
14.41% to 6.72% and from 41.54% to 30.91%, respectively, in the presence of HMOs.
The results of this study indicate that HMOs affect bacterial adhesion and are an
important factor influencing bacterial colonization of the gut. Adhesion of the tested
bacteria correlates with their ability to autoaggregate.

Keywords: human milk oligosaccharides, bifidobacteria, clostridia, cell lines,
autoaggregation

Introduction

Bacterial colonization of the infant gut is influenced by several factors, of
which the most important are the mode of delivery and breast-feeding. Breast milk
is a complex source of nutrients for infants and has protective effects against
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diseases while their immune system matures [1-3]. This defensive function is
attributed to antimicrobial peptides and proteins and human milk oligosaccharides
(HMOs). Infants ingest several grams of HMOs daily and these are the first
prebiotics they are exposed to [4]. These carbohydrates guide the development of
the neonatal gut and shape the intestinal microbiota toward a health-promoting
community of bifidobacteria, which are the predominant gut bacteria of vaginally
delivered and breast-fed infants [5]. However, the predominant bacteria in infants
delivered by cesarean section are clostridia, which can be gradually replaced by
bifidobacteria during the breast-feeding period [6]. HMOs assist implantation of
bifidobacteria into the intestines of infants. Microbial adhesion is the first step in
colonization of the neonatal intestinal tract. It has been explored whether auto-
aggregation of bacteria increases their ability to adhere. Del Re et al. [7]
investigated the relationship between autoaggregation and the adhesion ability
of Bifidobacterium longum. The aim of this study was to evaluate the influence of
HMOs on the adhesion of bifidobacteria and clostridia to mucus-secreting HT29-
MTX and non-mucus-secreting Caco-2 cell lines. We hypothesized that bifido-
bacteria would adhere better than clostridia in the presence of HMOs and that their
ability to adhere would correlate with their autoaggregation properties.

Materials and Methods

Bacterial strains

Bifidobacterium longum subsp. infantis was isolated from the probiotic
product Infloran (Laboratory Pharmaceutical S.I.T., S.r.L., ltaly). Bifidobacterium
bifidum 1 and 2 were isolated from fecal samples of 3-month-old vaginally
delivered breast-fed infants. Bifidobacteria were isolated using selective TPY agar
(Scharlau, Spain) modified by the addition of mupirocin (100 mg/L) and acetic
acid (1 mL/L) according to the method described by Rada and Petr [8] and
identified by subspecies-specific polymerase chain reaction [9, 10]. Clostridium
butyricum 1 and 2 were isolated from fecal samples of 2-month-old breast-fed
infants born by cesarean section using reinforced clostridial medium agar
(Oxoid, UK) according to Vlkova et al. [10]. Fresh fecal samples of infants were
aseptically transferred to tubes containing Wilkins—Chalgren broth (Oxoid),
transported to the laboratory, and analyzed within 2 h. The samples were serially
diluted in the Wilkins—Chalgren broth under anaerobic conditions and analyzed
using selective media. All strains were identified by fluorescence in situ hybrid-
ization kits with specific probes (C. butyricum group and Bifidobacterium spp.;
Ribo Technologies, the Netherlands). They were further characterized by the API
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50 CHL biochemical test (bioMérieux, Marcy I’Etoile, France) and their auto-
aggregation properties were determined according to Vlkova et al. [10].

Aggregation assay

Bacteria were cultivated in Wilkins—Chalgren broth at 37 °C for 24 h. The
tubes were shaken and absorbance at 600 nm (Agy,) was measured in the upper
part of the suspension at 0, 0.5, 1, 2, 3, 4, and 5 h [10]. Aggregation ability (Agg)
was expressed as the Agg percentage after 5 h of incubation, which was calculated
using the following formula: Agg % =[1 — (Agoo of upper suspension at time
t/Agno of total bacterial suspension at time 0)] X 100 at different time points [7].

Cell culture

The human colorectal adenocarcinoma cell line Caco-2 and the mucus-
secreting cell line HT29-MTX-E12 were obtained from Sigma-Aldrich (Prague,
Czech Republic). The cell lines were cultured in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 20% fetal bovine serum, 1% non-essential
amino acids, 100 pg/mL penicillin, and 100 pg/mL streptomycin. Cultures were
incubated at 37 °C in a humidified atmosphere of 5% (v/v) CO, and 95% air. The
medium was changed every 2 days, and the cells were subcultured at 80%
confluency every week. All solutions were purchased from Sigma-Aldrich.

HMQOs preparation

HMOs were isolated and purified from breast milk samples obtained from
volunteer mothers as described by Rockova et al. [11]. Stock solution of HMOs
(¢=23.5 g/L) were prepared using phosphate-buffered saline (PBS) and syringe
microfilters (pore size 0.2 pm; Whatman® Anotop™ IC and LC; Whatman GmbH,
Germany) and used immediately after preparation.

Adhesion assays

The adhesion assay was performed using a previously described method
[12] with slight modifications. Caco-2 and HT29-MTX cells were seeded in
NUNC 24-well culture plates at a density of 3.6 X 10% and 0.4 x 10 cells per well,
respectively, and grown for 14 + 1 days until confluent at 37 °C in a humidified
atmosphere of 5% (v/v) CO, and 95% air. The culture medium was changed
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every 2 days. Before adding the bacterial suspension, the cell monolayers were
washed with PBS to remove antibiotics. Thereafter, 900 pL of HMO solution
was added to the washed cell monolayers, whereas 900 pL of DMEM (without
supplements) was added to the control wells. The final concentration (¢ =21.5 g/L)
of HMOs was the same as in the human colostrum. Subsequently, 100 pL of
the bacterial suspension was added. For each strain, controls and treated wells were
prepared in triplicate. Then, the plates were incubated at 37 °C for 1 h in an
atmosphere of 5% CO,. After incubation, the cell layers were gently washed three
times with PBS to remove non-adherent bacteria. Finally, the cell layers were lysed
by the addition of 300 pL of 1% Triton X-100 (Sigma-Aldrich) per well for 1 min,
followed by the addition of 700 pL of PBS. The lysed suspension of cells with viable
adhered bacteria was diluted to a bacterial concentration of 1 x 107 cfu/mL.

The bacterial counts of the collected samples were determined using the
plate method after serial dilution on cultivation media (Wilkins—Chalgren anaer-
obe agar, Oxoid). All plates were anaerobically incubated at 37 °C for 48 h and
then bacteria were counted.

Adhesion of bacteria was evaluated according to the following formula:

Adhesion = (bacterial count of sample/bacterial count of control) x 100

where the control represents 100% adhesion.

Statistical analyses

Differences in adherence and autoaggregation of bacteria were evaluated by
performing multiple range comparisons using Duncan’s multiple range test [this
procedure was used as a precaution against the known type I error inflation
problem that arises when many (necessarily interdependent) comparisons are
tested]. Significance was set at P <0.05. All statistical analyses were performed
using STATGRAPHICS Centurion XVII (Manugistics, Rockville, MD, USA).

Results

Autoaggregation of bacteria was examined on the basis of their sedimenta-
tion characteristics (Table I). The tested strains either autoaggregated (Agg+) or
did not autoaggregate (Agg—) according to the phenotypes described by Del Re
et al. [7]. B. bifidum 1 autoaggregated, had a high Agg percentage of nearly 50%
(49.90%) after 4 h and formed a precipitate, resulting in a clear solution, which
correlated with its ability to adhere to cell lines in the presence of HMOs.
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Table 1. Autoaggregation (Agg %) of the tested strains (measured after 5 h)

Strain Ageg %

Bifidobacterium bifidum 1 49.90 +1.33
Bifidobacterium bifidum 2 8.55+1.18
Bifidobacterium longum subsp. infantis 1.51 £0.09
Clostridium butvricum | 11.90 £ 1.64
Clostridium butyricum 2 570 £0.34

Note: Values are means of triplicates + standard deviations.

419

C. butyricum 1 demonstrated weak aggregation (Agg+, 11.90%). The other tested
strains (two bifidobacterial strains and one clostridial strain) were unable to
aggregate (Agg—, <10%) and constant turbidity was observed in the tubes. The
adhesion of all five strains to human Caco-2/HT29-MTX cells was examined. The
ability of B. bifidum 1 and B. longum to adhere did not differ significantly between
medium containing HMOs and medium lacking of HMOs (Figure 1). B. bifidum 1
and B. longum displayed almost the same level of adhesion in the presence
of HMOs (32.59% +4.81% and 37.59% + 4.97%, respectively) and the absence
of HMOs (38.91% +6.83% and 39.43% + 5.47%, respectively) (Figure 1).
B. bifidum 2 was not able to autoaggregate (8.55 + 1.18) and its ability to adhere

Figure 1. Ability of the tested strains to adhere to cell lines with HMOs and without HMOs. *Values

Adhesion ability (%)

A 30.91£0.71 |
C. butyricum 2 41.54£5.76 )—l !

i 722049
C. butyricum 1 B_llm ¥

37.5924.97 |
B. longum 39.43£5.47
: 22.50+1.32 |
B. bifidum 2 44.39£5.45 IJ *
; 32.59+4.82 |
B. bifidum 1 38.016.83 ]
0 10 20 30 40

Owith HMOs Owithout HMOs

are significantly different (P < 0.05)

50
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to cell lines was similar as to B. bifidum 1 without HMOs and lower with HMOs.
By contrast, C. butyricum 1 and 2 and B. bifidum 2 adhered better in medium
lacking of HMOs than in medium containing HMOs.

Discussion

The Agg test is often used for preliminary screening to identify potentially
adherent bacteria [13]. One of the tested strains (5. bifidum 1) had a high Agg and
was able to adhere equally well in the presence and absence of HMOs. On the
other hand, B. longum did not aggregate and its adhesion ability was similar in the
presence and absence of HMOs, as in the case of B. bifidum 1. Bacterial adhesion
to the intestinal mucosa 1s mmportant for colonization of the infant gut. The
bacterial adhesion to intestinal mucosa is one of the most important properties for
colonization of the infant gut. It belongs to many health benefits of probiotic
bacteria [14]. Oligosaccharides can influence the adhesion of bacteria. Inconsistent
results have been reported between tested oligosaccharides and bacterial strains. In
general, oligosaccharides have antiadhesive effects on gut bacteria. Chitooligo-
saccharides inhibit the adhesion of pathogenic Escherichia coli [15].

Kadlec and Jakubec [16] also tested several prebiotic oligosaccharides
and reported that fructooligosaccharides and galactooligosaccharides generally
decrease adhesion of the tested probiotic strains (Lactobacillus, Lactococcus,
Enterococcus, and Bifidobacterium spp.). It is well known that bifidobacteria are
also able to utilize different carbon source such are raffinose-series oligosacchar-
ides present in soya beans and other legumes oligosaccharides [17]. Altamimi
et al. [18] first investigated the antiadhesive effect of oligosaccharides on mixed
bacteria imitating the gut microbiota in vitro. They reported that clostridial strains
are the most strongly influenced bacteria in mixed cultures. In this study,
clostridial strains were most mfluenced by HMOs.

In addition to their prebiotic effect, HMOs also have inhibitory effects on
adhesion of pathogens, such as Campylobacter jejuni, enteropathogenic £. coli,
Salmonella enterica serovar Fyris, and Pseudomonas aeruginosa to the intestinal
human cell line Caco-2 [19]. Some HMOs act as molecular decoys by inhibiting
the potential pathogens.

Therefore, we tested the influence of HMOs on common bacteria of the
infant gut microbiota. Adhesion of some bifidobacterial strains was not influenced
by prebiotic HMOs, while other bacteria were less able to adhere in the presence of
HMOs. The ability of four of the five tested strains to adhere to epithelial cells
correlated with their ability to autoaggregate, similar to the findings of a previous
study [7].
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Conclusions

HMOs may act as antiadhesive molecules and therefore prevent adhesion
not only of potential pathogens but also of potential probiotic microorganisms.
The ability to adhere to the epithelial surface of the gut seems to be strain-specific.
The impact of HMOs is also strain-specific, but bacteria that can autoaggregate
probably adhere better. Aggregation is an advantage, but not a requirement, for
bacterial adhesion to the mucus layer.

Acknowledgements

This study was supported by a grant from the Czech Science Foundation
(14-31501P and CIGA 20142049).

Conflict of Interest

The authors declare that there 1s no conflict of interest regarding the
publication of this paper.

References

1. Kramer, M. 8., Aboud, F., Mironova, E., Vanilovich, L., Platt, R. W., Matush, L., [gumnov,
5., Fombonne, E., Bogdanovich, N., Ducruet, T.: Breastfeeding and child cognitive
development: New evidence from a large randomized trial. Arch Gen Psychiatry 65,
578 (2008).

2. Lawrence, R. M., Pane, C. A.: Human breast milk: Current concepts of immunology and
infectious diseases. Curr Probl Pediatr Adolesc Health Care 37, 7 (2007).

3. Reilly, J. 1., Armstrong, J., Dorosty, A. R., Emmett, P. M., Ness, A., Rogers, L., Steer, C.,
Sherriff, A.: Early life risk factors for obesity in childhood: Cohort study. BMJ 330, 1357
(2005).

4. Chamrvedi, P., Warren, C. D., Buescher, C. R., Pickering, L. K., Newburg, D. 8.: Survival
of human milk oligosaccharides in the intestine of infants. In Newburg, D. 8. (ed)
Bioactive Components of Human Milk. Springer, New York, 2001, pp. 315-323.

5. Fallani, M., Young, D., Scott, J., Norin, E., Amarri, S., Adam, R., Aguilera, M., Khanna, S.,
Gil, A., Edwards, C. A., Doré, J.: Intestinal microbiota of 6-week-old infants across Europe:
Geographic influence beyond delivery mode, breast-feeding, and antibiotics. J Pediatr
Gastroenterol Nutr 51, 77-84 (2010).

6. Musilova, S., Rada, V., Vlkova, E., Bunesova, V., Nevoral, J.: Colonisation of the gut by
bifidobacteria is much more common in vaginal deliveries than caesarean sections. Acta
Paediatr 104, 184186 (2015).

Acta Microbiologica et Immunologica Hungarica 64, 2017

-64 -



422

10.

115

12.

13.

14.

15.

16.

I

MUSILOVA ET AL.

Del Re, B., Sgorbati, B., Miglioli, M., Palenzona, D.: Adhesion, autoaggregation and
hydrophobicity of 13 strains of Bifidobacterium longum. Lett Appl Microbiol 31, 438442
(2000).

Rada, V., Petr, J.: A new selective medium for the isolation of glucose non-fermenting
bifidobacteria from hen caeca. J Microbiol Methods 43, 127132 (2000).

. Sakata, S., Kitahara, M., Sakamoto, M., Hayashi, H., Fukuyama, M., Benno, Y.: Unifica-

tion of Bifidobacterium infantis and Bifidobacterium suis as Bifidobacterivm longum. Int ]
Syst Evol Microbiol 52, 1945-1951 (2002).

Vlkova, E., Rada, V., Smehilova, M., Killer, J.: Auto-aggregation and co-aggregation
ability in bifidobacteria and clostridia. Folia Microbiol 53, 263-269 (2008).

Rockova, S., Nevoral, J., Rada, V., Marsik, P., Sklenar, J., Hinkova, A., Vlkova, E.,
Marounek, M.: Factors affecting the growth of bifidobacteria in human milk. Int Dairy J 21,
504-508 (2011).

Jensen, H., Grimmer, S., Naterstad, K., Axelsson, L.: In vitro testing of commercial and
potential probiotic lactic acid bacteria. Int J Food Microbiol 153, 216-222 (2012).
Collado, M. C., Meriluoto, J., Salminen, S.: Measurement of aggregation properties
between probiotics and pathogens: In vitro evaluation of different methods. J Microbiol
Methods 71, 71-74 (2007).

Collado, M. C., Gueimonde, M., Sanz, Y., Salminen, S.: Adhesion of selected Bifido-
bacterium strains to human intestinal mucus and the role of adhesion in enteropathogen
exclusion. J Food Prot 68, 2672-2678 (2005).

Quintero-Villegas, M. 1., Aam, B. B., Rupnow, J., Serlie, M., Eijsink, V. G., Hutkins,
R. W.: Adherence inhibition of enteropathogenic Escherichia coli by chitooligosaccharides
with specific degrees of acetylation and polymerization. J Agric Food Chem 61, 2748-2754
(2013).

Kadlec, R., Jakubec, M.: The effect of prebiotics on adherence of probiotics. J Dairy Sci 97,
1983-1990 (2014).

Havas, P., Kun, S., Perger-Mészaros, 1., Rezessy-Szabo, J. M., Nguyen, Q. D.: Perfor-
mances of new isolates of Bifidobacterium on fermentation of soymilk. Acta Microbiol
Immunol Hung 62, 643-675 (2015).

. Altamimi, M., Abdelhay, O., Rastall, R.: Effect of oligosaccharides on the adhesion of gut

bacteria to human HT-29 cells. Anaerobe 39, 136142 (20106).

. Weichert, S., Jennewein, S., Hiifner, E., Weiss, C., Borkowski, J., Putze, ., Schroten, H.:

Bioengineered 2'-fucosyllactose and 3-fucosyllactose inhibit the adhesion of Pseudomonas
aeruginosa and enteric pathogens to human intestinal and respiratory cell lines. Nutr Res
33, 831-838 (2013).

Acta Microbiologica et Immunologica Hungarica 64, 2017

-65-



5.7
Impact of purified human milk oligosaccharides as a sole carbon source
on the growth of lactobacilli in in vitro model

Krausova G., Rada V., Marsik P., Musilova S., Svejstil R., Drab V., Hyr§lova
., VIkova E. (2015). African Journal of Microbiology Research. 9(9), 565-571.

Podil autora na publikaci: I1zolace oligosacharidid materského mléka.

O D

© o
(o J e

-66 -



academic]ournals

Vol 9(9), pp. 565-571, 4 Mawch, 2015

DOL 10.5897/ AJMR2014.7163

Atticle Number ABIFICE51008

153N 1996-0808

Copynght © 2015

Autho1(s) retain the copynghtof thisarticke
http:// www.academijoumals.org/AJMR

African Journal of Microbiology Research

Full Length Research Paper

Impact of purified human milk oligosaccharides as a
sole carbon source on the growth of lactobacilli in in
vitro model

Gabriela KRAUSOVA™, Vojtech RADA?, Petr MARSIK?®, Sarka MUSILOVA?, Roman SVEJSTIL?,
Vladimir DRAB', Ivana HYRSLOVA"' and Eva VLKOVA?

1Dairy Research Institute, Ltd., Ke Dvoru 12a, 16000 Prague, Czech Republic.
2Department of Microbiology, Nutrition and Dietetics, Faculty of Agrobiology, Food and Natural Resources, Czech
University of Life Sciences Prague, Kamycka 129, 16521 Prague, Czech Republic.
3Labn::ratr:.\ry of Plant Biotechnologies, Joint Laboratory of Institute of Experimental Botany Acad. Sci. CR, v.v.i. and
Research Institute of Crop Production, v.v.i., Rozvojova 263, 16502 Prague, Czech Republic.

Received 1 October, 2014; Accepted 19 January, 2015

Recently, there is a growing interest in the use of oligosaccharides as prebiotics in order to modulate
the growth of beneficial gut microbiota. It is known that human milk is a rich source of complex
oligosaccharides. This paper reports the in vifro growth of six strains of lactobacilli in media containing
purified human milk oligosaccharides (HMOs) obtained from breast milk. Based on the evaluation of
bacterial densities in the growth media, together with the evaluation of pH values and bacterial
metabolite detection, we concluded that the lactobacilli tested did not appear to be active HMO
consumers. In the case of four strains (Lbc. fermentum, Lbc. animalis and tw o strains of Lbc. delbrueckii
subsp. bulgaricus), no increase in bacterial density was detected. Two strains (Lbc. acidophilus and
Lbc. casei subsp. paracasei) showed a slight, but insignificant increase in bacterial densities during 24

h of incubation.

Key words: Bifidobacteria, human milk oligosaccharides, lactobacilli, utilization.

INTRODUCTION

Human milk is a dynamic biological system (Bertino et al.,
2009) containing nutrients such as proteins, lactose, fatty
acids, and others, aswell asbiomolecules having prebiotic,
immunomodulatory, or antimicrobial effects. From this
group, human milk cligosaccharides (HMOs) are thought
to have an important role, especially in infant nutrition.

HMOs represent the third most abundant component in
human milk (Casado et al., 2009), after lactose and lipids.
The content of HMOs is estimated to make between 5 to
23 gfl (Ninonuevo and Lebrilla, 2009) depending on the
lactation phase, genetic factors, dietary, geographical
factors, and individual determinants (German et al., 2008).
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Maximum concentrations are present in colostrums, while
in mature milk, contents of approximately 12 to 14 g/l are
detected (Coppa et al.,, 2006). HMOs are composed by
the following monosaccharides: glucose, galactose, sialic
acid, fucose and N-acetylglucosamine (Garrido et al.,
2012). Many diverse combinations and compositions of
these monosaccharides, as well as several combinations
of glycosidic bonds, contribute to the complexity of HMO
structures (Ninonuevo and Lebrilla, 2009).

Various functions of HMOs are described in literature.
They seem to have important functions in the development
of the intestinal epithelium of infants (Lara-Villoslada et
al., 2006), in establishing a healthy microbiota (Ninonuevo
and Lebrilla, 2009), in acting as pathogen receptors
(Barileand Rastall, 201 3), andinhavingimmunomodulatory
properties (Venema, 2012). They are also an important
source of monosaccharides, — as they provide glucose as
an energy source (Venema, 2012), and sialic acid for
neural tissue and brain development. One of the most
important functions of HMOs is the prebiotic (bifidogenic)
effect. They seem to play a key role in promoting a
bifidobacteria-dominant microbiota in newborns (Coppa
et al., 2006). Prebictics influence the host by stimulating
the growth and/or activity of beneficial microbiota already
established in the colon (Roberfroid, 2007). The potential
bifidogenic effect of breast milk was already observed
and published by Gyérgy et al., in 1954 (Ward et al.,
2007). Since then, many other works have supported this
hypothesis, and further specified that this bifidogenic
effect is linked especially to oligosaccharides present in
human milk (Han et al., 2012). HMOs have been proved
to selectively stimulate the growth of specific
bifidobacterial strains, preferentially Bif. longum biovar
infantis and Bif. bifidum, which grew successfully on
purified HMOs as the sole carbon source (Ward et al.,
2006, 2007; LoCascio et al., 2007; Marcobal et al., 2010;
Rockova et al.,, 2011a,b). It is generally accepted that
HMOs have prebictic effects, selectively serving as a
source of energy for desired bacteria in the infant
intestine (Bode, 2009). However, research on the
capability of utilizihg HMOs is mainly focused on
bifidobacteria — as the predominant bacterial group in the
infants' gut. Data on the utilization of HMOs by other
intestinal microorganisms, among others also lactobacilli,
as beneficial bacteria is scarce. As demonstrated by
Marcobal et al. (2010), aside from bifidobacteria, some
other intestinal bacteria are able to metabolize HMOs,
including Bacteroides fragilis and Bacteroides vulgatus.
These strains were proved to metabolize HMOs with high
efficiency in in vitro conditions.

From the genus Lactobacillus, only strains Lbc. gasseri
ATCC33323 (Ward et al., 2006) and Lbc. acidophilus
NCFM (Marcobal et al., 2010) were tested for their ability
to grow on HMOs. In the case of Lbc. gasseri, no growth
was observed, whereas Lbc. acidophilus showed weak,
but noticeable growth. No more information on the ability
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of lactobacilli to utilize HMOs is available according to our
knowledge. The aim of this study was to investigate the
ability of several strains of lactobacilli to ferment HMOs
as a sole carbon source in in vitro conditions, thus
furthering our knowledge regarding the selectivity of
HMOs.

MATERIALS AND METHODS
Bacterial strains

The list of strains (six strains of lactobacilli and one strain of
bifidobacteria) used in this work is shown in Tables 1 and 2. The
strains were procured from the Cufture Collection of Dairy
Microorganisms Laktoflora® - CCDM (Prague, Czech Republic),
from the Department of Microbiology, MNutrition and Dietetics,
Faculty of Agrobiology, Food and Natural Resources of the Czech
University of Life Sciences in Prague. Human isolates of lactobacilli
were obtained from biopsy samples (Dairy Research Institute
Tabor, Czech Republic).

Isolation and purification of HMOs

Human milk samples obtained from three different donors, kindly
provided by the Gynecology and Obstetrics Clinic of Charles
University and the General Faculty Hospital in Prague, were used
for the isolation and purification of HiViOs. Oligosaccharides were
extracted according to the methodology described by Gnoth et al.
(2000), with a few modifications. In the first step, milk (100 ml) was
centrifuged at 1800 g for 30 min at 4°C, thus, lipids, proteins and
cells were partialy removed. Subsequently, proteins were
precipitated by the addition of ethanol (2:1, viv). The solution was
stored at 4°C for 24 h. After centrifugation (under above mentioned
conditions), the solvent was removed by rotatory evaporation, and
the remainder of the solution was dissolved in deionized water. The
whole process of precipitation was repeated twice. Gel filtration
chromatography on a column filled with Toyopearl HVW40F in 1%
acetic acid (flow rate 0.1 ml/min) was used. The eluate was
collected in 2.5 ml fractions and screened for the presence of
oligosaccharides by thin-layer chromatogramy using isopropanol :
water : 25% ammonia solution (5:1:2, by volume) as a mobile
phase, and was then visualized by spraying with 10% sulphuric acid
in ethanol and heating. Carbohydrate containing fractions (a total
volume of 50 ml) were dispensed into vials and cooled at a
temperature of 4-8°C for 30 min., and frozen at — 70°C for 90 min.
Samples were subsequently lyophilized using Cryodos device
(Telstar, Spain). The yield from 100 ml of mik made 0.5 g of
purified oligosaccharides.

Bacterial growth on HMOs

Basal medium (tryptone, 10 g; peptone, 10 g; yeast extract, 5 g;
Tween 80° 1 ml, distilled water 1 L) was autoclaved (121°C, 15
min). Purified oligosaccharides (1 % wi/w) were added as a sole
carbon source to the cooled medium atter sterile fitration (Puradisc
FP 30 filter 0.2 ym, Whatman, Germany). As a negative control, a
medium devoid of carbohydrate was used. As a positive control,
Wilkins Chalgren broth (Oxoid, Basingstoke, UK) was used.
Overnight bacterial cultures were centrifuged (5000 g, 7 min) and
re-suspended in saline. Bacterial suspensions were inoculated into



Table 1. Utilization of human milk oligosaccharides.

Krausova et al. 567

Density of lactobacilli (change in As4o)

Strain HMO BM WCH

Lbc. fermentum RL 25 0.13 + 0.06% 017 +012° 5.20 +0.20°
Lbe. delbrueckii subsp. bulgaricus CCDM 66 0.07 +0.06° 0.03 + 0.06 503+ 0.21°°
Lbe. acidophilus CCDM 151 0.53 + 0.06° 0.07 +0.06™ 4.87 £ 0.06°
Lbe. delbrueckii subsp . bulgaricus GCDM 767 0.03 +0.06° 0.03 + 0.06 477 +021°
Lbe. casei subsp. paracasei PE1TB-P 0.43 £ 0.06"™ 0.17 £ 0.06" 497 + 015"
Lbe. animalis CCDM 382 0.17 + 0.06™ 0.07 £0.06% 517 £0.15°
Average 0.23 +0.20° 0.09 + 0.08" 5.00 +0.21"
Bif. bifidum JKM 2.01 £0.47° 0.07 +0.02® 3.01+011°

Data are expressed as increase in turbidity of bacterial suspension estimated from increase in A540 during 24 h
of incubation; values are means from triplicate determination * standard deviation (SD). HMO, medium
containing purified human milk oligosaccharides as a carbon source; WCH, Wilkins Chalgren broth (control
medium); BM, basal medium without carbohydrate source (negative control). a-d data in columns with different
superscripts differ (P < 0.05). afy data in lines with different superscripts differ (P < 0.05).

Table 2. pH values of media.

Final pH values after 24 h of incubation

Strain Origin LMo WCH

Lbc. fermentum RL 25 human faeces 6.20 £0.03° 4.86 £0.04'
Lbc. delbrueckii subsp. bulgaricus CCDM 66  yogurt, Turkey 6.50 % 0.04% 4.56 +0.04°
Lbe. acidophilus CCDM 151 pill Bioclacta 6.14 £ 0.02° 4.66 +0.05°
Lbe. delbrueckii subsp. bulgaricus CCDM 767  yogurt, Switzerland 6.55 + 0.03° 4.86 +0.04'
Lbc. casei subsp. paracasei PE1TB-P biopsy sample (colon) 6.20 + 0.05° 4.54 +0.05°
Lbc. animalis CCDM 382 raw goat milk 6.45 + 0.05° 468 +0.05°
Average 6.34 £0.17" 4.69 +0.14°
Bif. bifidum JKM infant faeces 5.00 +0.20° 465 +0.15°

Values are means + standard deviation (SD) of three measurements. *' data in columns with different superscripts differ (P < 0.05).
“® data in lines with different superscripts differ (P < 0.05). HMO — medium containing purified human milk oligosaccharides as
a carbon source. WCH, Wilkins Chalgren broth (control medium). Initial pH values of HMO and WCH media were 6.60 and 6.40,

respectively.

a medium containing HMOs and then incubated at 37°C for 24 h
under anaerobic conditions. All strains were grown in triplicate. The
growth of lactobacilli was evaluated as the change in absorbance
Asso during 24 h of incubation by measuring transmitted light using
densitometer DEN-1 (Dynex, Czech Republic). Results were
expressed as increase in turbidity of the bacterial suspension
estimated from increase in Asy4 For the determination of pH values,
pH meter HACH sension 1 (HACH, USA) was used. The results
were evaluated using MS Excel 2007 (Microsoft, Redmond, USA).

Determination of bacterial metabolites

To determine organic acids concentration, the isotachophoretic
(ITP) method was used. The samples after fermentation by
lactobacilli were subjected to isotachophoretic separations using
IONOSEP 2003 device (Recman, Czech Republic). The change in
the content of lactic acid as the major metabolite of lactobacilli as
well as the content of acetic, butyric, propionic, formic and succinic
acids was monitored. Prior to analysis, the samples were diluted
with 150 volumes of deionized water, and then purified using the

Puradisc FP 30 filter with a pore size of 0.2 pym (Whatman,
Germany). Solution containing 10 mM HCI, 22 mM e-aminocaproic
acid and 0.1 % 2-hydroxy-ethylcellulose (pH 4.5) as leading
electrolyte (LE) was used. As trailing electrolyte (TE), 5 mM caproic
acid was used. All chemicals were obtained from Sigma-Aldrich
(Czech Republic). The values of the initial and final stream used
were 80 and 30 pA, respectively.

Statistical analyses
For evaluation of the results Statgraphics” Centurion XV (StatPoint,
Inc., Warrenton, USA), the multiple range comparison - LSD test

was used. A significant difference was statistically considered at the
level of P < 0.05.

RESULTS AND DISCUSSION

In this work, 6 strains of lactobacilli of different origin
were tested for their ability to ferment HMOs as a sole
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carbohydrate source. The growth of strains tested is
summarised in Table 1. In the case of the four strains
(Lbe. fermentum RL25, Lbe. animalis CCDM 382 and two
strains of Lbc. delbrueckii subsp. bulgaricus CCDM 66
and CCDM 767), no increase in bacterial density in the
medium with HVIOs was observed. The change in the
absorbance Asy after 24 h of incubation in these groups
of strains ranged from 0.03 to 0.17. In the rest of the
strains tested (Lbc. acidophiius CCDM 151 and Lbc.
casei subsp. paracasei PE1TB-P), aslight increase in
bacterial densities in HMO-containing medium was
observed (0.53 for Lbc. acidophilus, 0.43 for Lbc. casei
subsp. paracasei). As a positive control, Wilkins Chalgren
(WCH) broth was used. In this medium, high cell
densities (from 4.77 to 5.20) in all strains were obtained
(Table 1). The strain Bif. bifidum JKM was used as a
positive control, too. This strain is able to effectively
utilize HMOs, as demonstrated previously (Rockova et
al., 2011a). As a negative control, a basal medium without
any added sugar was used. A marginal increase in absor-
bance As4y, even in the absence of sugar, was seen
(Table 1). Increased cell numbers for bacterial species like
Lactobaciilus, Enterococcus, Enterobacteriaceae or
Staphylococcusin media without carbohydrate supplemen-
tation were also observed by other authors (Marcobal et
al 201N Satnah at Al 2013)

The strain PE1TB-P began to grow in WCH broth after
the first hour of incubation (Figure 1), while growth in the
HMO-containing medium was noticeable after three
hours. Instead of exponential growth, a slight steady
growth during 24 h of incubation was observed. A very
similar trend was noticed for the strain Lbc. acidophlilus
(data not shown).

To precisely evaluate the fermentation ability, besides
measuring the bacterial density, it is important to analyse
the changes in pH of growth media, and possibly to
analyse metabolite concentration produced by bacteria.
Final pH values (Table 2) are consistent with the change
in Asyp measured after 24 h of incubation. The pH of the
medium containing purified HMOs decreased from the
initial value of 6.60 to 6.34 on average, while in the
control medium (WCH), the pH decrease was much more
apparent (from 6.40 to 4.69 on average). Anaerobic
intestinal microbiota convert carbohydrates to lactic acid
and short-chain fatty acids (Loo et al., 1999) such as
acetic, propionic and butyric acids. Lactic acid has a role
in maintaining lower intestinal pH (Satoh et al., 2013),
while butyric acid, sometimes produced by heterofermen-
tative lactic acid bacteria, provides nutrition of the colonic
epithelium and has an important role in gut maintenance
(Venema, 2012). The results of bacterial metabolite
analysis are presented in Figures 2 and 3. The medium
with HMOs produced significantly lower concentrations of
lactic acid compared to the control medium (WCH broth)
after 24 h of fermentation. The production of lactic acid in
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WCH broth rose to 225 mg/100 ml (in the strain PE1TB-
P), while the maximum concentration of lactic acid
detected in the medium with HVMIOs made no more than
40 mg/100 ml (in the strain CCDM 151). To a somewhat
lower extent also in the strain PE1TB-P a slight increase
in lactic and acetic acids was visible, which indicates
some bacterial growth. Concentrations of succinic and
formic acids rose marginally (up to 16 and 11 mg/100 ml,
respectively), and in the case of propionic and butyric
acids, non-detectable concentrations, even lower than 2
mg/100 ml (data not shown), were obtained.

The strain Bif. bifidum JKM, used as a positive control,
showed very good growth in the medium with HMOs
compared to the growth of lactobacill. The increase in
the absorbance Assy made 2.01 (Table 1). The growth
was accompanied by a decrease in pH values (Table 2)
and by an increase of acids produced (Figure 2).

Direct fermentation of HMOs by intestinal microbiota
has not yet been well described and there is alack of
information regarding their utilization by specific bacterial
species (lactobacilli). The majority of information, that
exists on HMO fermentation refers to bifidobacteria as
the predominant bacterial group in a healthy infants’s gut.
Many in vitro studies were conducted on the capability of
bifidobacteria to ferment HMOs with positive results

AMlard af 2l 20NE 2N07: | aCacnin at ol 2007 Marnahal
\vvaid €L di., £uu0, cuui, LOWAastio St di., cuu i, wiai GCoual

et al., 2010; Satoh et al., 2013), but growth inthe presence
of HMOs is not a property of all representatives of the
genus Bifidobacterium. Preferential growth of Bif. longum
subsp. infantis, a species often occurring in infants, was
noticed in the aforementioned studies. This strain
preferentially utilized oligosaccharides with a degree of
polymerization (DP) £ 7. These oligosaccharides form a
significant part of breastmilk (LoCascio et al., 2007). In
the study conducted by Rockova et al. (2011a), bifido-
bacterial strains of human origin (Bif. bifidum and Bif.
longum) were proved to utilize HMOs with high efficiency
in comparison with bifidobacteria of animal origin (Bif.
animalis). Utilization capability is closely related to the
enzymatic equipment that specific bacteria possess.
Enzyme lacto-N-biose | phosphorylase was recently
proved to be responsible for the cleavage of lacto-N-
biose |, which is an important component of HMOs
(Satoh et al.,, 2013). The presence of this enzyme was
detected in species Bifidobacterium bifidum and
Bifidobacterium longum occuring in infants’ gut (Wada et
al.,, 2008). Conversely, in other bacterial groups like
lactobacilli, clostridia or bacteroides, this enzyme was not
observed (Wada et al,, 2008). The strain Bif. longum
subsp. infantis also possesses other enzymes involved in
the cleavage of HVIOs, such as fucosidase or sialidase
(LoCacio et al., 2007). Additionally, between certain
bifidobacterial strains, commensal activities were
described, where strains able to cleave long-chain HMOs
(Bif. bifidum) can provide monosaccharides for other strains
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Figure 1. Growth of Lbc. casei subsp. paracasei PE1TB-P in the medium containing
HMOs as a sole carbon source. WCH, Wilkins Chalgren medium as a positive control;
BM, basal medium without any carbohydrate as a negative control.

=
B 250
w
=l
§ 200 B formic acid
c
§§ 150 — o lactic acid
8o
= E 100 succinic acid
2 o
[+
‘g__E, 50 M acetic acid
8 o |mm=l =&TH =07 i z z = I
£ <. - %
o
S & o > N & 2
2 S & & & &S
¢ & & s & &
C & & &
strains

Figure 2. Concentrations of microbial metabolites in the medium containing purified human milk
oligosaccharides after 24-h fermentation by lactobacilli. Concentrations of butyric acid and propionic acid
made less than 2 mg/100 mL of the media (data not shown). Bars present mean + SD.

(Bif. breve, Ward et al., 2007). Marcchal et al. (2010)
demonstrated that HMO fermentation is not an exclusive
property of specific strains of bifidobacteria. In the study
conducted by this group, apart from Bif. longum subsp.
infantis, for the first time, Bacteroides fragilis and
Bacteroides wulgatus were proved to be able to
metabolize HVIOs with high efficiency. Either weak or no
fermentation was exhibited by genera Clostridium,
Eubacterium, Enterococcus, Streptococcus, Veillonella
and E. coli strains. From the group of lactobacilli, a strain
Lbe. acidophilus NCFM was tested which showed some

growth ability on this substrate (Marcobal et al., 2010). In
another in vitro study (Ward et al., 2006), a strain Lbc.
gasseri ATCC33323 was tested in which the ability to
ferment HMOs was not proved.

The major part of HMIOs reach the colon in unhydro-
lyzed form, where they may be utilized by intestinal
microbiota into short chain fatty acids (Lasrado and
Gudipati, 2013) and thus serve as nutrients — prebictics
(Loo et al.,, 1999; Ninonuevo and Lebrlla, 2009). A
prebiotic effect is proven when the growth of beneficial
bacteria is stimulated, while potentially harmful bacteria
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Figure 3. Concentrations of microbial metabolites in the medium containing Wilkins Chalgren broth after 24-h
fermentation by lactobacilli. Concentrations of butyric acid and propionic acid made less than 2 mg/100 mL of the

media (data not shown). Bars present mean + SD

are inhibited (Boehm et al., 2004). In this study we
conducted an in vitro testing on direct fermentation of
purified HMOs by lactobacilli. The results of this work
support the hypothesis that utilisation of HMOs may be
species- and strain specific. Based on the evaluation of
the results obtained by absorbance Asy measured
together with bacterial metabolite detection and the
evaluation of pH values, we concluded that the lactobacilli
tested did not appear to be active HMO consumers. This
fact supports the hypothesis that HMOs may selectively
enhance the growth of specific bacterial groups
(particularly bifidobacteria) present in the colon of
newborns.
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Abstract: Non-typhoid Salmonellae are worldwide spread food-borne pathogens that cause diarrhea
in humans and animals. Their multi-drug resistances require alternative ways to combat this enteric
pathogen. Mono-colonization of a gnotobiotic piglet gastrointestinal tract with commensal lactobacilli
Lactobacillus amylovorus and Lactobacillus mucosae and with probiotic E. coli Nissle 1917 and their
interference with S. Typhimurium infection was compared. The impact of bacteria and possible
protection against infection with Salmonella were evaluated by clinical signs, bacterial translocation,
intestinal histology, mRNA expression of villin, claudin-1, claudin-2, and occludin in the ileum and
colon, and local intestinal and systemic levels of inflammatory cytokines IL-8, TNF-«, and IL-10.
Both lactobacilli colonized the gastrointestinal tract in approximately 100x lower density compare to
E. coli Nissle and S. Typhimurium. Neither L. amylovorus nor L. mucosae suppressed the inflammatory
reaction caused by the 24 h infection with S. Typhimurium. In contrast, probiotic E. coli Nissle 1917
was able to suppress clinical signs, histopathological changes, the transcriptions of the proteins,
and the inductions of the inflammatory cytokines. Future studies are needed to determine whether
prebiotic support of the growth of lactobacilli and multistrain lactobacilli inoculum could show higher
protective effects.

Keywords: Lactobacillis amylovorus; Lactobacillus mucosae; E. coli Nissle 1917; Salmonella Typhimurium;
food-borne pathogen; intestine; cytokine; gnotobiotic piglet

1. Introduction

A microbiota consists of a pool of microorganisms that harbor a host body. The vast majority of these
microorganisms colonize the gastrointestinal tract (GIT) [1]. This resident microbiota shapes physiology
of the host via digestion and assimilation of nutrients, stimulation, and maturation of host tissues,
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regulation of the host immune response, and keeps status quo to prevent a deleterious appearance
of opportunistic and obligatory pathogens [2]. The colonization of the GIT and establishment of the
balanced microbiota is sequential. In newborns, it is influenced by the mode of delivery, nutrition, and
exposition to antibiotics [3]. Low concentrations of antibiotic supplements used as growth promoters
in feed for livestock cause antibiotic resistance of microorganisms. Alternative supplements of the
feed as acidifiers, zinc, copper, and tungsten, yeast products, nucleotides, plant extracts, prebiotics,
and probiotics replace antibiotics and increase the growth of animals and feed utilization, reduce
mortality and morbidity, and improve reproduction parameters without development of the antibiotic
resistance [4,5].

Pioneer strains that first settled the GIT are facultative anaerobes that consume oxygen and create
conditions in this environment suitable for strictly anaerobic bacteria [6]. The interactions between
different members of microbial consortia and the host can extend from mutualism to pathogenesis;
the interactions between different members of microbial consortia and the host can extend from
mutualism to pathogenesis in dependence on the balanced microbiota composition that prevents to
dysbiosis is a basic prerequisite of the host health [7].

The genus Lactobacillus comprises more than 200 species of Gram-positive facultative anaerobic
bacteria that occupy nutrient-rich niches in humans, animals, plants, and food [8]. They are a frequent
component of probiotic preparations for humans, fish, livestock, and pets [9]. E. coli Nissle 1917
belongs to the most used and studied probiotic bacteria. It has several siderofores and other iron
acquisition systems, produce colicins and microcins, induce defensins in the host, and modulates its
intestinal barrier [10,11]. In contrast to lactobacilli and probiotic E. coli Nissle 1917 that are considered
beneficial microbes, the genus Salmonella comprises obligatory enteric pathogens [12]. Non-typhoid
Salmonellae (NTS) are major agents of food-born infectious diarrhea and cause 200,000 deaths annually
worldwide [13]. The infection with NTS commonly causes self-limiting enterocolitis (salmonellosis).
However, it can cause life-threatening invasive diseases such as meningitis, osteomyelitis, septicarthritis,
deep soft-tissue infection, and pneumonia in immunocompromised individuals [14,15]. The serovar
Typhimurium belongs to the most commonly spread Salmonella serovars in human and pigs [16,17].
Due to its genetics, physiology, and anatomy, the pig is commonly used in biomedical research and it
is a suitable model of human gastrointestinal [18] and infectious diseases [19]. Gnotobiotic animals,
with their simple and defined microbiota, enable investigations of interactions among different bacterial
species and strains and interactions between microbiota and its host [20-22].

The aim of this research was to evaluate the ability of the commensal Lactobaccilus strains,
L. amylovorus or L. mucosae, to colonize the GIT of newborn germ-free piglets, their impact to the host,
and their ability to suppress infection with S. Typhimurium. The probiotic E. coli Nissle 1917, which
has been previously shown to reduce diarrhea in different host species, served as a positive control for
protective effects against S. Typhimurium infection.

2. Materials and Methods

2.1. Ethics Statement

All animal experiments were reviewed and approved by the Animal Care and Use Committee of
the Czech Academy of Sciences, protocol #117/2012.

2.2. Isolation, Characterization, and Identification of Commensal Lactobacilli

Two commensal lactobacilli were isolated from a fresh pig fecal sample using Rogosa Agar (Oxoid,
Basingstoke, UK) and cultivated in enriched Wilkins-Chalgren broth (Oxoid), characterized by function
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tests, and identified by MALDI-TOF MS and 165 rRNA gene sequencing as described in detail in
Appendix A.

2.3. Bacterial Strains and Bacterial Suspensions

Lactobacillus amylovorus, strain P1 (LA), and Lactobacillus mucosae, strain P5 (LB), were isolated
from pig feces, characterized by function tests, identified by MALDI-TOF MS and 16S rRNA gene
sequencing, and used in the experiments. A probiotic E. coli Nissle 1917 (EcN) is a biologically active
compound of a probiotic preparation Mutaflor® (Ardeypharm, Herdecke, Germany). Salmonella enterica
subsp. enterica serovar Typhimurium, strain LT2 (5. Typhimurium, ST) was from a collection of the
microorganisms of the Institute of Microbiology of the Czech Academy of Sciences (Novy Hradek,
Czech Republic).

Fresh bacterial cultures were prepared for each experiment by cultivation for 16 h at 37 °C.
Lactobacilli were cultivated in 10 mL MRS broth (Oxoid). The cells were harvested by centrifugation
at 4000 x g for 10 min. The pellet was washed twice with 0.05 M phosphate buffer and resuspended
to an approximate density of 8.5 log colony forming units (CFU)/mL. EcN and ST were cultivated
overnight on meat-peptone agar slopes (blood agar base; Oxoid), and both resuspended to 8.5 log
CFU/mL. The number of CFU was verified by cultivation methods.

2.4. Gnotobiotic Piglets

Miniature Minnesota-derived germ-free piglets were obtained by hysterectomy under inhalation
isoflurane anesthesia (Isoflurane; Piramal Healthcare UK, Morpeth, UK) on the 112th day of gestation as
described in details elsewhere [23]. The gnotobiotic piglets were reared in positive-pressure fiberglass
isolators with heated floor. They were fed to satiety 6-7 times per day with an autoclave-sterilized
cow’s milk-based formula (Mlekarna Hlinsko, Hlinsko, Czech Republic) by a nipple. Specimens
taken at hysterectomy (amniotic membranes, umbilical cords, meconium, mouth, and isolator surface
smears) and twice a week during rearing of the piglets (mouth, surface body and isolator smears,
and stool) were cultivated for the presence of aerobic and anaerobic bacteria, and mold. Additionally,
Gram-stained rectal swabs were inspected under a light microscope.

2.5. Experimental Design

Each piglet group was created from three hysterectomies (Figure 1). A total of 55 gnotobiotic
piglets were assigned to eight groups: i) Germ-free for the whole experimental period (GF, n = 6);
ii) one-week-old GF piglets orally infected with 6.0 log CFU of S. Typhimurium for 24 h (ST, n = 7);
iii) orally colonized with 8.0 log CFU of L. amylovorus 4 h after hysterectomy (LA, n =7);iv) one-week-old
piglets LA-colonized (since 4 h after hysterectomy) and orally infected with 6.0 log CFU of
S. Typhimurium for 24 h (LA+ST, n = 7); v) orally colonized with 8.0 log CFU of L. mucesae 4 h
after hysterectomy (LM, n = 7); vi) one-week-old piglets LM-colonized (since 4 h after hysterectomy)
and orally infected with 6.0 log CFU of S. Typhimurium for 24 h (LM+5T, 1 = 7); vii) orally colonized
with 8.0log CFU of E. coli Nissle 1917 4 h after hysterectomy (EcN, n = 7); and viii) one-week-old piglets
EcN-colonized (since 4 h after hysterectomy) and orally infected with 6.0 log CFU of S. Typhimurium
for 24 h (EcN+ST, n = 7). The bacterial inoculums were applied in 5 mL of a milk diet, and the
control GF piglets obtained 5 mL of milk without any bacteria. Twenty-four hours after the challenge
with Salmonella (ST, LA+ST, LM+ST, and EcN+ST), the piglets were euthanized by exsanguination
via cardiac puncture under isoflurane anesthesia, and samples were collected. Their non-infected
counterparts (GF, LA, LM, and EcN) were proceeded in the same way at the same age.
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Figure 1. Schema of the experiment. The gnotobiotic piglets (1 = 55) were assigned into eight groups:
(i) Germ-free (GF, n = 6); (ii) infected with S. Typhimurium for 24 h (ST, n = 7); (iii) colonized with
L. amylovorus (LA, n = 7); (iv) LA-colonized and infected with 5. Typhimurium for 24 h (LA+ST, n = 7);
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24 h (LM+S5T, n = 7); (vii) colonized with E. coli Nissle 1917 (EcN, n = 7); and (viii) EcN-colonized and
infected with S. Typhimurium for 24 h (EcN+ST, n = 7).

2.6. Clinical Signs
The piglets were observed for fever, anorexia, somnolence, and diarrhea during each feeding.
2.7. Bacterial Colonization of the GIT and Translocation

Samples of peripheral blood were cultivated log 10 and diluted by PBS. Jejunum (40 cm of the
proximal part of the jejunum) and ileum (40 cm segment of a terminal part of the small intestine
containing the ileum and part of the distal jejunum) lavages were cut off, filled with 2 mL of Dulbecco’s
PBS (DPBS; Life Technologies, Carlsbad, CA), gently kneaded, and rinsed. Colon lavage was obtained
by placing the whole colon in a 90 mm Petri dish, cut into small pieces in 4 mL of DPBS. All lavages were
vigorously vortexed. Further, 0.2 g of mesenteric lymph nodes, liver, and spleen were homogenized
in 0.8 mL deionized water in a 2 mL Eppendorf tube containing two 3.2 mm stainless-steel beads in
a TissueLyser LT beadbeater (Qiagen, Hilden, Germany) shaken for 3 min at 50 Hz. The intestinal
lavages, tissue homogenates, and blood were serially diluted in PBS and cultivated in 90 mm Petri
dishes with MRS agar for lactobacilli (Oxoid), MacConkey agar (Merck, Darmstadt, Germany) for
E. coli or Brilliant green agar (Oxoid) for 5. Typhimurium. The plates were incubated aerobically at
37 °C for 48 h for lactobacilli or 24 h for E. coli or S. Typhimurium. The CFU were counted from dishes
optimally containing 20-200 colonies.
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2.8. Blood Plasma and Intestinal Lavage Supernatants

A citrated blood was spun at 1200 x g for 10 min at 8 °C, and protease inhibitor cocktail
(Roche Diagnostics, Manheim, Germany) was added to the collected plasma. The intestinal lavages
were spun at 2500 X g for 30 min at 8 °C, supernatants were filtered through 0.2 pum nitrocellulose filter
(Sartorius, Goettingen, Germany), and protease inhibitor cocktail (Roche Diagnostics) was added. Both
the plasma and the lavage supernatants were immediately frozen and stored at ~45 *C until cytokines
were measured.

2.9. Histologic Assessment

Terminal ileum specimens were fixed in Carnoy’s fluid for 30 min, dehydrated and embedded in
paraffin. Cross-sections of tissue (5 pm) were stained with hematoxylin-eosin and examined under
blinded conditions under an Olympus BX 40 microscope with an Olympus Camedia C-2000 digital
camera (Olympus, Tokyo, Japan). Ten measurements for each parameter were taken per piglet to
assess ileal villus length and crypt depth. Thirty evenly spaced radial lamina mucosalis propria
widths per each piglet were measured. Histological scoring was evaluated as described elsewhere [21].
Briefly: i) Submucosal edema (0-2); ii) PMNs (polymorphonuclear neutrophils) infiltration into the
lamina propria (0-2); iii) villus atrophy (0-3); iv) exudate in lumen (0-2); v) vessels dilatation (0-2);
vi) inflammatory cellularity in lymphatic vessel lumen (0-2); vii) hyperemia (0-2); viii) hemorrhage
(0-2); ix) peritonitis (0-1); or x) erosion of the epithelial layer (0-3). The total score of 0-21 points
was obtained.

2.10. Total RNA Isolation and Reverse Transcription

Cross-sections (1-2 mm) of terminal ileum and transversal colon were stored in RNAlater (Qiagen,
Hilden, Germany) at —20 °C until RNA purification. Slices of the intestine were moved from RNAlater
to 600 uL RLT buffer of the RNeasy Plus Mini kit (Qiagen) containing an antifoaming reagent DX
(Qiagen) and 2 mm zirconia beads (BioSpec Products, Bartlesville, OK) in 2 mL Eppendorf tube.
The tissue was homogenized in TissueLyser LT beadbeater (Qiagen) at 50 Hz for 5 min at RT. The next
steps of the total RNA purification followed the manufacturer’s instructions. Total RNA (500 ng)
with ratio absorbances Azgg—A30/A280—a30 = 2.0 measured in 10 mM Tris-HCl buffer pH 7.5 were
reverse transcribed by QuantiTect Reverse Transcription kit (Qiagen) with initial 2 min genomic DNA
wipeout at 42 °C, 20 min reverse transcription at 42 °C, and 3 min terminating step at 95 °C according
to manufacturer’s instructions. Then, 180 uL of PCR quality water (Life Technologies, Carlsbad, CA)
was added to 20 pL of the synthesized cDNA, and these 1/10 diluted PCR templates were stored at
—25 °C until the following real-time PCR.

2.11. Real-Time PCR

First, 2 uL of the PCR template was added to 18 uL of the FastStart Universal Probe Master
(Roche Diagnostics) containing 100 nM LNA (locked nucleic acid) probe (Universal ProbeLibrary; Roche
Diagnostics) and 500 nM each of the forward and reverse primers (Generi-Biotech, Hradec Kralove,
Czech Republic) (Table 1). Ten minutes initial heating at 95 °C followed 45 cycles at 95 °C for 15 s and
60 °C for 60 s. The mixtures were incubated and measured in duplicates on an iQ cycler with iQ5 Optical
System Software 1.0 (Bio-Rad, Hercules, CA, USA). Cq for villin, claudin-1, claudin-2, and occludin
were normalized to 3-actin and cyclophilin A and their relative mRNA fold change expressions were
calculated by 27AC, method [24] by GenEx 6.1 software (MultiD Analyses AB, Gothenburg, Sweden).
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Table 1. LNA probe-based real-Time PCR systems.

Gene 5'-forward primer-3’ 5'-reverse primer-3’ #LNA Probe
BACT ! TCCCTGGAGAAGAGCTACGA AAGAGCGCCTCTGGACAC 9
CYPA? CCTGAAGCATACGGGTCCT AAACGACCACATGTTTGCCATC 48
VILLIN GCATGAAGAAGGTGGAGACC ACGTTCCTCITGCCCTIGA 42
CLD-13 CACCACTTTGCAAGCAACC TGGCCACAAAGATGGCTATT 3
CLD-24 CTCGCGCCAAAGACAGAG ATGAAGATTCCACGCAACG 77
OCLN? AAACAGCTCTCTCGACTGGATAAA  AGCAGCAGCCATGTACTCTTC 42

1 B-actin, 2 cyclophylin A, 3 claudin-1, * claudin-2, 5 pecludin.

2.12. Luminex xMAP Technology

Intestinal lavage and plasma levels of IL-8, TNF-a, and IL-10 were measured by a paramagnetic
sphere-based xMAP technology (Luminex Corporation, Austin, TX, USA) with a Porcine ProcartaPlex
kit (Affymetrix, Santa Clara, CA, USA). The frozen samples were slowly melted at 6 °C, centrifuged at
10,000 x g for 5 min at 6 °C, and 25 uL of the samples were incubated with the beads according to the
manufacturer’s instructions. The cytokine levels were measured on the Bio-Plex Array System and
were evaluated by Bio-Plex Manager 4.01 software (Bio-Rad).

2.13. Statistical Analysis

Differences among the groups in parameters with normal distribution according to the
Kolmogorov-Smirnov test were evaluated with one-way analysis of variance (ANOVA) with Sidak’s
multiple comparisons post-hoc test or one-way ANOVA with Tukey’s multiple comparisons post-hoc
test. Values that did not meet the normal distribution were evaluated with Kruskal-Wallis with
Dunn’s multiple comparisons post-hoc test. The statistical comparisons were performed at P < 0.05 by
GraphPad 6 software (GraphPad Software, La Jolla, CA, USA) and differences depicted in figures by a
letter system.

3. Results

3.1. Characterization and Identification of Lactobacilli

The lactobacilli suitable for the experiment were chosen according to their resistance to low pH
and bile extract and strain affiliation. Strains, later identified as L. amylovorus, strain P1 (LA), and
L. mucosae, strain P5 (LM), did not decrease in counts after 3 h of incubation in oxygen-free phosphate
buffered saline (OF-PBS) supplemented with bile extract even at the concentration of 3% of bile extract.
Strain LA was also fully resistant to pH 3, and strain LM to pH 2. LM showed a slight decrease in
viability about 0.5 log CFU/mL. MALDI-TOF MS identification determined the first strain as the species
L. amylovorus (LA) and the second one as L. mucosae (LM) and they were marked P1 and P5 strains
for storing purposes, respectively. The identity of the selected strains was confirmed based on the
165 rRNA gene sequencing. The assigned GenBank/EMBL/DDB] accession numbers of the 165 rRNA
gene sequences are MK377165 (L. amylovorus, P1 strain) with 99.78% of 165 rRNA gene similarity to L.
amylovorus DSM 205317 and MK377166 (L mucosae, strain P5) to L. mucosae DSM 133457 with 100%.

3.2. Clinical Signs

All monocolonized non-infected gnotobiotic piglets (LA, LM, and EcN) thrived and were
comparable with the GF controls. The Salmonella-infected ST piglets suffered from fever, anorexia,
somnolence, and non-bloody diarrhea. In the piglets previously colonized with LA, LM, or EcN,
the infection with Salmonella provoked clinical signs similar to the ST group in the LA+ST and LM+ST
only, but not in the EcN+ST group. The EcN+ST piglets thrived as non-infected ones.
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3.3. Colonization of the Intestine and Translocation of L. amylovorus, L. mucosae, E. coli Nissle 1917, and Their
Interference with S. Typhimurium in the Gnotobiotic Piglets

The influence of S. Typhimurium on the growth of L. amylovorus, L. mucosae, and E. coli Nissle
1917 was studied by comparison of the groups LA vs. LA+ST, LM vs. LM+S5T, and EcN vs. EcN+ST
(Figure 2). No differences between LA, LM, or EcN alone and LA, LM or EcN in the presence of S.
Typhimurium were found in the jejunum (Figure 2A) and ileum (Figure 2B). In the colon (Figure 2C),
the presence of S. Typhimurium decreased numbers of LA and LM but not EcN. Lactobacilli were not
cultivated, or in some cases, seldom with relatively low numbers from MLN (Figure 2D). However,
EcN translocated to MLN in all cases up to log 4 CFU/g, but Salmonella diminished these counts. Neither
commensal lactobacilli nor probiotic E. coli were found in the liver (Figure 2E), spleen (not shown here),
and blood (Figure 2F).

L. amylovorus, L. mucosae and E. coli Nissle 1917
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Figure 2. Colonization and translocation of L. amylovorus, L. mucosae, and E. coli Nissle 1917 in the
gnotobiotic piglets. L. amylovorus (LA), L. mucosae (LM), and E. coli Nissle 1917 (EcN) colony forming
units (CFU) were counted in the jejunum (A), ileum (B), colon (C), mesenteric lymph nodes (MLN; (D))
the liver (E), and blood (F) in monocolonized piglets (LA, LM, and EcN) and monocolonized piglets
infected with S. Typhimurium (LA+ST, LM+5T, and EcN+ST). Interferences between LA, LM, EcN, and
ST as LA vs. LA+ST, LM vs. LM+S5T, and EcN vs. EcN+ST, respectively were evaluated by one-way
ANOVA with Sidak’s multiple comparisons post-hoc test. Statistical differences were marked by a
letter system at P < 0.05. The same letter means no statistical significance. Log CFU are depicted as
individual spots with mean as a horizontal line and n = 7 for all groups.

3.4. S. Typhimuriwm in the Intestine, Its Translocation, and Interference with L. amylovorus, L. mucesae, and
E. coli Nissle 1917

Salmonella was completely suppressed in the jejunum in the piglets previously colonized with EcN
(Figure 3A). This suppression was much lower but still statistically significant in the ileum (Figure 3B),
but it did not occur in the colon (Figure 3C). Lower numbers of Salmonella CFU were found in MLN
(Figure 3D) of the EcN+ST piglets (approximately 3 log CFU/g) but not in the cases of LA+ST or LM+5T
(approximately 5 log CFU/g) that were comparable with the ST group. EcN also lowered Salmonella
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translocation into the liver (Figure 3E), but neither previous colonization with LA nor with LM did it.
The lower number of bacteremia occurrence was found in LM+ST and EcN+ST groups (both in two of
seven cases), but this lowering was not statistically significant (Figure 3F).

Salmoneila Typhimurium

A JEJUNUM B ILEUM e COLON
12 12 5 4 12 a a a a
10 10 L b 10 o £o
mg W b o & oy _,';}_ - ‘q'-‘gun ot o
5 1o Soe® 5 L
5 s -%gl EUE ) 5 s e L o6
g2 4 o ov Z 4 g
4 =] 2 A
2 o 2 2
a So— a il . ' T T
g P ey o & & o & 2t = gt )
F o < W 3 ot N o q,o“
B MLN E LIVER F ELOGD
12 12
10 10
g 8 a a a é! 8 %
T [
G 6 o -} [ER a a a a
g 45 430 SeE b g 4 g
5 4 S Nk %F afe b 2
2 % 2 oP =
0 . . . T o y y r .
A 5 5 ¢ “ £3 s z sh 3 =y
RN & N R A SN A

Figure 3. 5. Typhimurium counts in the intestine, mesenteric lymph nodes, liver, and blood. 5. Typhimurium
(ST) colony forming units (CFU) were counted in the jejunum (A, proximal jejunum), the ileum (B), the
colon (C), mesenteric lymph nodes (MLN; (D)), the liver (E), and blood (F). 5. Ty phimurium (ST) and its
interferences with L. amylovorus (LA+ST), L. mucosae (LM+ST), and Escherichia coli Nissle 1917 (EcN+5T)
were evaluated by one-way ANOVA with Tukey’s multiple comparisons post-hoc test. Statistical differences
were marked by a letter system at P < 0.05. The same letter means no statistical significance. Log CFU are
depicted as individual spots with mean as a horizontal line and n = 7 for all groups.

3.5. Histological Assessment in the Ileum of the Gnotobiotic Piglets

Histological assessment was performed on hematoxylin- and eosin-stained ileum slices. The villus
height and muscular thickness were comparable among GF, LA, LM, and EcN groups (Table 2). Crypts
were statistically significantly deeper and the ratio of villus height/crypt depth was lower in the EcN
group compare to GF piglets.

Table 2. Villus height, crypt depth, ratio of villus height/crypt depth, and muscularis thickness in the
terminal ileum in the gnotobiotic piglets.

GF LA LM EcN
Villus height (um) 705247623  610.0+289.0%  679.7+829% 4502+ 1465°
Crypt depth (um) 741+£3432 745+922 78.8+6.6 2 945+50P
Height/Depth (ratio) 102+232 8.6 =533 8.7 +142b 48+ 16"
Muscularis thickness (um) 542+ 1212 54.2+17.9° 47.6 +10.12 712+ 27.32

Differences among villus height, crypt depth, ratio of villus height/crypt depth, and muscularis thickness in the terminal
ileum in the germ-free (GF) piglets and the piglets mono colonized with L. amylovorus (LA), L. mucosae (LM), and E. coli
Nissle 1917 (EcN) were evaluated by one-way analyses of variance (ANOVA) with Tukey’s multicomparison post-hoc test.
The results are presented as mean + 5.D. The values with different letters significantly differ (P < 0.05). Six piglets in each
group were compared.
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The ileum showed villi with the presence of vacuolated enterocytes along the whole length
of the villus from the villus tips to the top of crypts in the GE LA, and LM piglets (Figure 4A,B).
The representative picture of the LA group is shown only because no obvious differences among the
GE LA, and LM groups were found. The vacuolated enterocytes were found on the apical half of villus
in the EcN piglets (Figure 4E,F). Lamina propria cellularity in the EcN group was higher, and Peyer’s
patches were 2-3-fold larger than in the GF, LA, and LM groups (Figure 4A,B). No inflammation was
found in the ileum of the non-infected piglets. In contrast, the ileal sections in the piglets infected
with Salmonella (ST, LA+ST, and LM+ST) represented by the LA+ST group (Figure 4C,D) showed
signs of acute inflammation such as submucosal edema, PMN infiltration into the lamina propria, villus
atrophy, exudate in the lumen, vessel dilatation, inflammatory cellularity in the lymphatic vessel
lumen, hyperemia, hemorrhage, and multiple erosion. Using our scoring system (Figure 41), the total
histological score was between 10-12 and was comparable among infected groups except the EcN+ST
group, which was without the inflammation (Figure 4G,H).
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Figure 4. Representative hematoxylin- and eosin-stained cross sections of the ileum in the gnotobiotic
piglets and a histological score. The piglet colonized with L. amylovorus (LA; A,B), the piglet colonized
with L. anylovorus and infected with 5. Typhimurium for 24 h (LA+ST; C,D), the piglet colonized with
E. coli Nissle 1917 (EcN; EF), and the piglet colonized with E. coli and infected with S. Typhimurium
for 24 h (EcN+ST; G,H). No obvious differences were observed between the GF, LA, and LM groups;
thus, LA represents these three groups. Bars represent 1 mm (A,CE,G) and 500 um (B,D F,H) cross
sections, respectively. Histological scores from the ileum of six piglets per group are depicted (I).

3.6. Transcriptions of Villin, Claudin-1, Claudin-2, and Occludin in the Intestine of the Gnotobiotic Piglets

Relative transcriptions of villin (5A,E), claudin-1 (5B,F), claudin-2 (5C,G), and occludin (5D,H) in
the ileum (5A~-D) and colon (5E-H) are depicted on Figure 5. Villin mRNA in the ileum was significantly
downregulated by Salmonella (Figure 5A), but in the case of the piglets colonized with E. coli Nissle 1917
and infected with 5. Typhimurium (EcN+ST), this decrease was not statistically significant. All bacteria

-83-



Microorganisms 2019, 7, 273 100f 18

downregulated villin transcription in the colon, and the presence of L. mucosae and Salmonella made
this downregulation statistically significant (Figure 5E). In contrast, claudin-1 transcription (Figure 5B)
was statistically significantly upregulated in the ileum in all Salmonella-infected piglets (ST, LA+ST,
LM+ST) except the piglets colonized with EcN and later infected with ST (EcN+5T). In the colon
(Figure 5F), the infection with Salmonella (ST, LA+ST, LM+ST) showed a similar trend as in the ileum
and again with the exception of EcN of little increase transcription in comparison with GE, LA, and LM
groups, but this transcription was not statistically significantly upregulated by the following infection
with Salmonella (EcN+ST). Claudin-2 did not show any obvious trend in the ileum (Figure 5C), but in
the colon (Figure 5G), Salmonella significantly downregulated it in the majority of Salmonella-infected
piglets (ST, LA+ST, and LM+ST) except EcN colonized piglets (EcN+ST). In this group, the decrease
was not statistically significant. As in the case of claudin-2, the down/upregulation of occludin in the
ileum (Figure 5D) was not obvious and usually not statistically significant. However, in the colon
(Figure 5H) the downregulation by Salmonella in all Salmonella-infected groups was observed.
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Figure 5. Transcriptions of villin, claudin-1, claudin-2, and occludin in the intestine of the gnotobiotic
piglets. The relative mRNA expressions (fold change) were evaluated in the germ-free piglets (GF) and
the piglets colonized/infected with L. amylovorus (LA and LA+ST), L. mucosae (LM and LM+ST), E. coli
Nissle 1917 (EcN and EcN+ST), and S. Typhimurium (ST, LA+5T, LM+ST, and EcN+ST). Villin (A,E),
claudin-1 (B,F), claudin-2 (C,G), and occludin (D, H) mRNA in the ileum (A-D) and colon (E-H) of
the gnotobiotic piglets were normalized to B-actin and cyclophilin A. One-way analysis of variance
(ANOVA) with Tukey’s multiple comparisons post-hoc test was used to compare differences among
the groups. The values are presented as mean + SEM. Statistical differences P < 0.05 are denoted
with different letters above the columns, and the same letter shown above the column indicates no
statistically significant differences. Six samples in each group were analyzed.

3.7. Local and Systemic Levels of IL-8, TNF-ct, and 1L-10 in the Gnotobiotic Piglets

The levels of IL-8, TNF-«, and IL-10 were measured in the ileum and colon lavages and plasma of
the gnotobiotic piglets. IL-8 in the ileum and colon were comparable in the GF, LA, and LM groups
and they were statistically different from the groups infected with Salmonella (ST, LA+ST, and LM+ST)
except the EcN+ST group (Figure 6A,D). The colonization with EcN slightly increased IL-8 values
in both parts of the intestine, but this increase was not significantly different from GF or from the
Salmonella-infected piglets. A similar situation was in the cases of TNF-« levels in the ileum (Figure 5B)
and colon (Figure 5E). However, TNF-« in the GF, LA, LM, and EcN groups were under the detection
limit of the method. The previous colonization with EcN in the EcN+ST group was able to completely
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suppress TNF-o levels that were also under detection limit as in the case of the GF and other the
groups mentioned above. While in the ileum the levels in the groups ST, LA+S5T, and LM+ST increased
significantly from the GF group (Figure 6B), in the colon, the increase in the LM+ST group was not
significant (Figure 6E). The local levels of IL-10 in the intestine (Figure 6C,F) reached much lower
levels than in the case of IL-8 and TNF-a, but it was again possible to observe an induced increase in
the ST, LA+ST, and LM+ST groups. Additionally, in the ileum (Figure 6C), EcN induced 1L-10 levels,
and its previous colonization kept this level on the comparable values. However, these values were
non-significant increases from the GF and other piglets infected with Salnonella. This increase was not
observed in the colon (Figure 6F).

IL-8 in plasma was detected and significantly differed from other groups in the ST group only
(Figure 6G). TNF-a was increased in ST, LA+ST, and LM+ST groups and this increase in the groups ST
and LA+ST was statistically significant (Figure 6H). IL-10 showed similar results as TNF-« (Figure 61).
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Figure 6. Local and systemic levels of IL-8, TNF-w, and IL-10 in the gnotobiotic piglets. The levels of
IL-8 (A,D,G), TNF-« (B,E H), and IL-10 (CEI)) in the ileum (A-C), colon (D-F), and plasma (G-I) in
the germ-free piglets (GF) and the piglets colonized/infected with L. amylovorus (LA and LA+ST), L.
mucosae (LM and LM+S5T), E. coli Nissle 1917 (EcN and EcN+5T), and 5. Typhimurium (ST, LA+ST,
LM+ST, and EcN+ST) are depicted. Kruskal-Wallis test with Dunn’s multiple comparison post-hoc
test was used to compare differences among the groups. The cytokine levels were measured in six
piglets per group. The values are presented as median and range. Statistical differences P < 0.05 are
denoted with different letters above the columns and the same letter shown above the column indicates
no statistically significant differences.

4. Discussion

This study aimed to evaluate the growth of L. amylovorus or L. mucosae isolated from pig feces
and their ability to interfere with infection by S. Typhimurium LT2 strain, which is virulent for
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gnotobiotic piglets [25]. Lactobacillus spp. are facultative anaerobes that are the most abundant
bacteria in conventional pigs, reaching approximately 40% of the bacterial population in the small
intestine [26,27]. Their percentage decreases in the colon despite increased bacterial density and species
variability [26,28].

L. amylovorus is the most abundant species among Lactobacillus spp. as determined by 165 rDNA
amplification and cloning, followed by L. johnsonii, L. reuteri, L. vaginalis, and L. mucosae [29,30].
It positively influenced the growth of lactobacilli in the ileum and colon of weaned piglets [30] and
prevents membrane damage of an epithelial cell line infected with enterotoxigenic E. coli K88 [31].
L. mucosne is another frequent inhabitant of the swine GIT that has been tested for its possible probiotic
properties [28]. It expresses a mucus-binding protein (Mub) that is typical for this species, which
meditates its binding to mucus in vitro [32]. We expected that the ability of L. mucosae to adhere to
the mucus increases the ability of this strain to colonize the intestine and create a biofilm, which
limits the growth of the enteric pathogens. The commonly used probiotic E. coli Nissle 1917 showed
a protective effect against diarrhea in infants and toddlers [33] and pigs [34]. We and others have
shown that E. coli Nissle 1917 reduced the invasion rate of enteric pathogens in vitro [35] and alleviated
signs of experimental enteric infections in the gnotobiotic piglets [20,36-38], including of infections
with §. Typhimurium [25]. In the present work, E. coli Nissle 1917 was used for comparison of the
effects of lactobacilli in the Salmonella-infected gnotobiotic piglets. At the same time, both L. amylovorus
and L. mucosae vs. E. coli Nissle 1917 served for comparison of the effect of Gram-positive and
Gram-negative bacteria on the host [39]. E. coli Nissle 1917 colonized the ileum and colon in the
cell density 8 to 10 log CFU/mL. In contrast, both lactobacilli only reached 6 to 8 log CFU/mL in the
ileum and colon, which appeared to be too low to effectively combat the Salmonella infection. While
E. coli Nissle 1917 counts were comparable to Salmonella counts, Salmonella outnumbered lactobacilli
by 100-fold. Thus, colonization with one Lactobacillus strain showed lower lactobacilli cell density
than that found in conventional pigs, where multistrain Lactobacillus settlement exceeded counts
of Enterobacteriaceae [40,41]. Infection with Salmonella diminished lactobacilli populations in a few
gnotobiotic piglets. E. coli Nissle 1917 was able to suppress the growth Salmonella in the jejunum and
ileum and suppress its translocation to the mesenteric lymph nodes and the liver; whereas neither
L. amylovorus nor L. mucosae suppressed the growth of the Salinonella in any observed organ. In the
monocolonized piglets, both lactobacilli translocated to the MLN, where they were likely trapped and
eliminated. In contrast, E. coli Nissle 1917 showed higher ability to translocate to the MLN. However,
this E. coli strain has semi-rough chemotype LPS that makes it complement-sensitive [42] and cannot
be spread via the blood to the liver or other organs.

To investigate potential mechanisms of epithelial damage, we investigated the abundance on
villin, a cytoskeletal protein that associates with the microvillar actin filaments localized in the apical
border of the intestinal epithelial cells [43]. Villin also participates in the epithelial restitution after
damage through its actin-severing activity [44]. Herein, transcription of villin was downregulated in
Salmonella-infected groups with the exception of EcN+5T group, which was in accordance with the
erosion of the epithelial layer in the ileum evidenced by histopathological assessment. In contrast to
previous findings [37], we did not observe upregulated transcription of the villin in the intestine in the
piglets colonized with E. coli Nissle 1917. Villin participates in the balance between actin polymerization
and actin severing and facilitates the initial steps of Salmonella invasion [44], and Salmonella can spread
via lymph vessels to the liver, spleen, and other organs, or it can reach these sites via blood [45].

5. Typhimurium causes enterocolitis (salmonellosis) in the human and pig manifested by
diarrhea [16]. In this case, a movement of ions through the intestinal barrier either transporters
or the lateral spaces among cells via tight junctions is altered [46]. Mammalian claudins consist of
a large group of tight junction proteins. Some claudins are barrier-forming and prevent against the
loss of electrolytes (e.g., claudins 1 and 4), whereas claudins 2 and 10 are pore-forming and transmit
electrolytes from the intestine [47]. Therefore, we evaluated claudin-1 and claudin-2 expression with
Salmonella to evaluate changes in the intestinal barrier. Transcription of claudin-1 was upregulated in
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the ileum and colon of Salmonella-infected piglets. Neither previous colonization with L. amylovorus
nor L. mucosae prevented these increased levels of mRNA in the infected piglets.

In contrast, the previous colonization with E. coli Nissle 1917 prevented increased claudin-1
expression. These findings were closely correlated with diarrhea in piglets in the ST, LA+ST, and
LM+ST groups, but not in the EEN+ST group. We propose that upregulated transcription of claudin-1
is an attempt to reconstitute the disrupted intestinal barrier and prevent loss of electrolytes [47].
A similar trend was found in the colon, but not in the ileum. While the small intestine is the main
site of the nutrient transport, water and electrolyte transport occurs primarily in the colon [48].
The downregulated transcription of claudin-2 may be an attempt to restore the physiological function
of the intestine. In contrast to claudins, much less is known about occluding [49]. While claudins
participate in the transfer of low molecular compounds, occludin participate in the transport of
large molecules and cells [50] and requires the proper function of the intestinal barrier. Decreased
transcription of occludin in Salmonella-infected piglets likely reflects disrupted intestinal epithelial
barrier function. This disruption was potentially to prevent ileal colonization with E. coli Nissle 1917,
but not by the commensal lactobacilli.

Cytokines mediate communication among cell populations. They fulfill various physiological
activities, but excessive secretion (‘cytokine storm’) can cause multiple organ dysfunction syndrome [51].
We focused on chemotactic cytokine (chemokine) IL-8, pro-inflammatory cytokine TNF-o, and
regulatory cytokine IL-10, which are suitable diagnostic markers in enteric infections in the pig [52].
S. Typhimurium can facilitate its bacterial translocation either by disruption of tight junctions by
direct contact with epithelium or via cytokine induction [53]. Physiologically, cytokines mainly
act locally, and upregulated mRNA levels in the pig intestine infected with S. Typhimurium have
been reported [25,54,55]. IL-8 mRNA expression in the ileum and colon of the gnotobiotic piglets
were not statistically significant, however, previous colonization with E. coli Nissle 1917 prevented
Salmonella-induced IL-8 mRNA in the ileum and the colon. In contrast, neither L. amylovorus,
nor L. mucosae increased IL-8 mRNA expression, and their previous colonization did not prevent the
increase of IL-8 mRNA in the intestine of 5. Typhimurium-infected piglets. IL-8 induction in the
ileum of the gnotobiotic piglets colonized with rough S. Infantis 1326/28 or S. Typhimurium 1591 was
believed to be responsible for the protection against subsequent infection with virulent S. Typhimurium
strains 98 [56] or LT2 [57], respectively. Intestinal expression of TNF-« in non-infected piglets or
piglets previously colonized with E. coli Nissle 1917 (EcN+ST) was below the detection limit. While
induction of TNF-ox with Salmonella infection in the ileum was significant, expression in the colon of the
piglets previously colonized with both lactobacilli was reduced, suggesting that lactobacilli partially
suppressed local expression of TNF-e in the colon. We believe that increased expression of IL-8 and
TNF-« in the intestine of ST, LA+ST, and LM+ST piglets exceed their physiological functions and
indicate a detrimental cytokine storm [51]. The Salmonella-induced levels of IL-10 were much lower
than IL-8 and TNF-« and probably fulfilled their regulatory functions.

IL-8 in plasma was detected in the ST group only, but values were very low. Concordantly, IL-8
levels in plasma was found in the experiment with preterm less mature gnotobiotic piglets infected
with S. Typhimurium [21]. Lower levels of plasma TNF-o compared with our previous results [58]
were found. The dose of Salnonella CFU used in the present experiments was two orders lower than
in our former study. It may be the reason for the prolonged innate immune response and lower
cytokine levels, because the maximal counts of the Salmonella CFU were probably reached several
hours later in the piglets infected with a lower dose of S. Typhimurium and so these piglets were
exposed to the maximal number of Salmonella shorter time. Increased plasma IL-10 was observed
in the ST, LA+LM, and LM+ST groups. Increased sytemic levels of TNF-a and IL-10 indicated the
severity of infection and poor prognosis for survival in preterm infants [59] and adults [60]. Similar
prediction validity of these cytokines was reported from experiments with gnotobiotic piglets infected
with necrotoxigenic E. coli O55 [61], in which piglets with lower clinical symptoms had significantly
lower plasma TNF-o and IL-10 concentrations compared to their counterparts that suffered from a
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severe infection. We hypothesize that the lack of measurable systemic TNF-oo and IL-10 in blood
plasma in the present experiments might be due to time delayed infection, which made it possible to
mobilize the innate immune response to combat to infection.

5. Conclusions

In the present experiments, we compared mono-colonization of the gnotobiotic piglet GIT with
commensal lactobacilli, L. amylovorus and L. mucosae, and with probiotic E. coli Nissle 1917 and their
interference with S. Typhimurium. Neither lactobacillus strains suppressed the inflammatory reaction
caused by infection with S. Typhimurium, whereas, probiotic E. coli Nissle 1917 suppressed reduced
the clinical signs and inflammatory response. Future studies are needed to determine whether higher
beneficial bacteria counts could by achieved in the GIT by supporting of their growth by administering
prebiotics and multistrain/species inoculum, which may more effectively inhibit enteric infections.
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Appendix A

Methods of Isolation, Characterization, and Identification of Lactobacilli

Two different lactobacilli species were isolated from a fresh fecal sample of a one-year-old
Peitrain female pig (Sus scrofa f. domestic) using Rogosa Agar (Oxoid, Basingstoke, UK) supplemented
with 1.32 mL/L acetic acid (Sigma-Aldrich, St. Louis, MO, USA). Cultivation was performed in
microaerophilic conditions at 37 °C for 48 h. The Wilkins—-Chalgren broth (Oxoid) supplemented with
5 g/L soya peptone (Oxoid), 0.5 g/L L-cysteine (Sigma-Aldrich), and 1 mL/L Tween 80 (Sigma-Aldrich)
was used for isolation of the strains and routinely sub-cultivation.

Properties predicting survival of lactobacilli during passage through the gastrointestinal tract
(acid and bile tolerance) were tested as described elsewhere [62]. Briefly, overnight bacterial suspension
free of cultivation media was mixed with oxygen-free phosphate buffered saline (OF-PBS) of pH 2
or 3 (pH adjusted with HCl), with OF-PBS buffer (pH 7.2) containing 1%, 2%, or 3% bile extract,
or with OF-PBS buffer (pH 7.2) for control. The bacterial suspensions were incubated at 37 °C for2 h
(acid tolerance) or 3 h (bile tolerance). After the incubation, viable counts were determined by the
standard plate counts methods and decrease in counts was calculated.

Both lactobacilli species were identified using MALDI-TOF MS (ethanol-formic acid extraction
procedure and mixed with HCCA matrix) according to the manufacturer’s instructions (Bruker Daltonik,
Bremen, Germany). Analysis of protein spectra was processed by Microflex LT MALDI-TOF MS
(Bruker Daltonics) using FlexControl 3.4 software (Bruker Daltonics). Obtained spectra were analyzed
using MALDI Biotyper OC version 3.1, and flexAnalysis version 3.4 (both Bruker Daltonics).

The identities of the lactobacilli strains were confirmed by 165 rRNA gene sequencing. Briefly,
genomic DNA was extracted using the PrepMan® Ultra Sample Preparation Reagent protocol (Thermo
Fisher Scientific, Waltham, MA, USA). Fragments of the 165 rRNA gene were amplified using primers
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285F (5'-GAGGGTTCGATTCTGGCTCAG-3') and 261R (5'-AAGGAGGTGATCCAGCCGCA-3") with
PCR conditions as described elsewhere [63]. Concentrations of template DNA for PCRs ranged
from 10 to 100 ng. All PCR amplifications consisted of DreamTaq Green PCR Master Mix (Thermo
Fisher Scientific) and primers (Eurofins Genomics, Ebersberg, Germany) at 0.5 mol concentrations.
Amplicons were purified using an E.Z.N.A Cycle Pure Kit (Omega Bio-tek, Norcross, GA, USA) and
then sequenced by the company Eurofins Genomics (Eurofins Genomics). Amplicons were sequenced
in both directions to achieve almost complete 165 rDNA coverage. The resulting sequences (~1450 bp)
have been aligned in the Geneious version 7.1.7 software (Biomatters, Auckland, New Zealand)
using Geneious Alignment. The EzBioCloud database was used to find the closest species based
on pairwise similarities (%) and then deposited at GenBank database through the NCBI Banklt tool
(https://www.ncbinlm.nih.gov/WebSub/?tool=genbank).
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6 Souhrnna diskuze

S pfihlédnutim k publikacnim vystuplm je diskuse rozdélena na tfi ¢asti:

e Prebiotické vlastnosti oligosacharidd rafinosové rady
e Prebiotické vlastnosti oligosacharidi materského mléka
e Testovani potencialné probiotickych bakterii

6.1 Prebiotické vlastnosti oligosacharidd rafinosové fady (RSO)

Fruktany a GOS jsou nejvice probadanymi prebiotiky, existuje celd fada studii
podporujici jejich vliv na rist bifidobakterii at uz samostatné (Gibson et al. 1995; Menne et al.
2000; Kleessen et al. 1997; Bouhnik et al. 1997; Vulevic et al. 2013), nebo ve vzajemné
kombinaci GOS 9:1 FOS, ktera je pfidavana do umélych kojeneckych vyziv (Boehm et al. 2005;
Haarman and Knol 2005). Existuji ale i prace, které poukazuji na nedostate¢nou selektivitu
komercné pouzivanych fruktan a GOS (Euler et al. 2005; Alles et al. 1999). Rada et al. (2008)
tvrdi, Ze na komercéné dostupnych oligosacharidech vcéetné fruktani a GOS rostou
bifidobakterie a klostridie, a je tudiz diskutabilni poddavat prebiotika détem, které nemaji ve
stfevech bifidobakterie. Bouhnik et al. (2004) pozorovali pozitivni podporu bifidobakterii u
RSO ve stejné mife jako u GOS a FOS a i dalsi studie naznacuji skutec¢nost, Ze RSO podporuji
rast bifidobakterii (Saito et al. 1992; Hayakawa et al. 1990). Ve ¢lanku 5.3 byla stanovena
mnozstvi RSO v séjovych moukdach a v sdjovych vyrobcich dostupnych na ceském trhu.
Testované typy séjovych mouk obsahovaly v priméru 4,83 g RSO/100 g, texturovany sojovy
protein 3,36 g RSO/100 g a sojové tyCinky primérné 2,47 g RSO/100 g. Vzhledem
k nedostate¢nému piijmu vldkniny v Cesku (Stephen et al. 2017) by bylo dobré, kdyby se
sojové vyrobky vice zaradily do stravy Cechdl. P¥idavkem séjové mouky do pediva a obéasnou
konzumaci séjovych vyrobkd, jako tfeba texturovaného séjového proteinu jako nahrazky masa
nebo sdjové tycinky ve formé dezertu by mohl byt zvysen ptijem vilakniny i RSO u populace,
coz by se mohlo pfiznivé podepsat na jejim zdravotnim stavu. Konzumace vlakniny ma totiz
jednoznacné ptiznivy dopad na lidské zdravi a zvysSeni pfijmu séjovych vyrobkd, které obsahuji
relativné vysoké mnozstvi vlakniny i RSO by mohlo zvysit pocty bifidobakterii a producent(
butyratu v travici soustavé konzument (Holscher 2017; Bouhnik et al. 2004; Hayakawa et al.
1990). RSO tak Ize povaZovat za ucinnou a zaroven levnou alternativu komercéné dostupnych
prebiotik.

Mnozstvi RSO bylo stanoveno i v lupiné v ¢lanku 5.4, a zaroven byl proveden i in vivo
pokus na brojlerovych kuratech a kachnach. Lupina je krmna plodina, ktera je povazovana za
alternativu séji vzhledem k tomu, Ze EU ro¢né dovazi kolem 14 milion0 tun séji ze statd mimo
EU (European Commission 2018) a také proto, Ze v porovnani se séjou obsahuje podobné
vysoké mnoizstvi Zivin dlleZitych ve vyZivé zvifat (Sedlakova et al. 2016; Froidmont and
Bartiaux-Thill 2004). Ve studii byla porovnana mouka lupiny bilé (Lupinus albus) se sdjovou
moukou a v lupiné bylo dokonce naméreno vyznamné vyssi mnozstvi RSO, nez v sdji. Nasledny
krmny pokus na brojlerovych kuratech a kachnach pak ukazal vyznamné vysSi pocty
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laktobacil(i v céku kurat krmenych vyhradné lupinou a vyznamné vyssi pocty bifidobakterii
v céku kachen krmenych 50 % i 100 % lupiny v dieté. K podobnym vysledk{im dosli i Zdunczyk
et al. (2014), kteri zjistili vyssi pocty laktobacill a bifidobakterii ve stfevé nosnic prijimajicich
krmivo s pridavkem 20 % lupiny modré. Je tedy mozné, Ze zastoupeni lupiny v dieté mize mit
priznivy vliv na mnoistvi bifidobakterii i laktobacil( v travicim traktu nékterych zvirat, stejné
jako bylo vypozorovano u lidi. Uplné nahrazeni séji lupinou v diet& nicméné mélo nepfiznivy
vliv na pfirGstky, kachny (samci i samice) krmené vyhradné lupinou mély vyznamné nizsi
porazkovou hmotnost, u kurat byl stejny efekt pozorovan jen u samic. K podobnym vysledkdim
dosli i pfi nizsich ptidavcich lupiny do diety Smulikowska et al. (2014) a Olkowski et al. (2005)
u brojlerovych kurat. Naopak, u prasat (Zraly et al. 2008) nebo kralik( (Volek and Marounek
2009) tento negativni efekt pozorovdn nebyl, stejné jako pfi pridavani lupiny Zluté do krmiva
pro krocany (Zdunczyk et al. 2016), u kterych doslo dokonce k naristu SCFA ve stfevech.
Stabilni a vysoké pocty bakterii produkujicich SCFA jako acetdat a laktat zabranuji proliferaci
patogennich bakterii ve stfevé (Buclaw 2016; Zdunczyk et al. 2014), RSO nejsou u monogastri
rozkladany travicimi enzymy a tudiZz se dostavaji do dolnich ¢asti traviciho traktu, kde jsou
k dispozici bakteriim, které jejich rozkladem dovedou produkovat SCFA a plyn, z tohoto
hlediska je mozné povazovat RSO v lusténinach jako probiotické, nicméné je tfeba brat na
zietel i antinutri¢ni vlastnosti RSO u nékterych monogastrd, jako tfeba u selat po odstavu
(Choct et al. 2010). Vezmeme-li v potaz vliv lupiny na stfevni mikrobiotu a na prirtstky,
povaZujeme za optimalni pouze ¢astecny pridavek lupiny do diety a to pouze pro nékteré
druhy a kategorie monogastra.

6.2 Prebiotické vlastnosti oligosacharidti materského mléka (HMO)

Oligosacharidy jsou vyznamnou soucasti matefského mléka, vtéto praci jsou jim
vénovany hned tfi publikace. Je znamo, Zze HMO podporuji rlst bifidobakterii, zejména B.
longum ssp. infantis (Marcobal et al. 2010; Locascio et al. 2009), proto se také bifidobakterie
pravidelné vyskytuji ve vysokych poctech u kojenych déti, stejné jako laktobacily (Guaraldi and
Salvatori 2012; Haarman and Knol 2005). Ndmi provedené studie mély za cil prohloubit
informace ohledné vyuzivani HMO cistymi kulturami bifidobakterii a laktobacil(i a dale byl
rovnéz zkouman synbioticky efekt HMO s B. longum ssp. infantis in vivo.

K izolaci HMO byla pouzita upravena metoda podle Finke et al. (1999) a Rockové et al.
(2011), kdy bylo mléko nejprve zbaveno tuku pomoci centrifugace a nasledné byl odstranén
protein v nékolika krocich za pomoci etanolu a dichlormetanu. Vysledny roztok obsahoval
smés laktosy a HMO, které byly rozdéleny na jednotlivé frakce pomoci gelové permeacni
chromatografie. Identita frakci byla poté analyzovana tenkovrstvou chromatografii. Frakce
obsahujici pouze HMO byly poté vyuzZity pro nasledujici pokusy, jejichz design byl mimo jiné
postaven na predchozich vysledcich Rockové et al. (2011a) a (2011b), ktefti zjistili, ze HMO
podporuji in vitro rlst bifidobakterii lidského plvodu, zejména B. bifidum a nepodporuji rust
klostridii a bifidobakterii plivodu zvifeciho (B. animalis ssp. lactis).
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Clanek 5.7 se zaméf¥il na rist laktobacil na HMO. A¢koli vétina dosavadnich publikaci
dokazuje vyuziti HMO predevsim bifidobakteriemi (Ward et al. 2006; Locascio et al. 2009),
bylo popsano, Ze i bakterie rodu Bacteroides dovedou metabolizovat HMO (Marcobal et al.
2010). Z vybranych kmenu laktobacilG dokazaly vyuzivat HMO jako zdroj uhliku pouze L. casei
ssp. paracasei a L. acidophilus, avSak pouze v omezené mife v porovnani s kontrolnim médiem
s glukosou. L. fermentum, L. delbrueckii ssp. bulgaricus a L. animalis nevyuZivaly HMO vlbec.
Rozklad HMO byl odecitan nejen ze schopnosti bakterii mnoZit se v médiu obsahujicim HMO
(méreno densitometricky pfi 540 nm), ale také schopnosti snizovat pH produkci SCFA, ktera je
v anaerobnim prostiedi charakteristicka pro sacharolytické bakterie (Van Loo et al. 1999).
Vzhledem k tomu, Ze HMO jsou komplexni skupina oligosacharidi (Wu et al. 2011b; Jeong et
al. 2012), tak vysledky naznacuji, Ze L. casei ssp. paracasei a L. acidophilus vyuzivaji pouze
nékteré z obsazenych HMO. Thongaram et al. (2017) pozorovali schopnost laktobacilt
vyuzivat rizné HMO a prokazali, Ze L. acidophilus rostl na lakto-N-neotetraose. Lakto-N-
neotetraosa je dobre popsana frakce HMO. Vzhledem k tomu, Ze v dnesni dobé je mozné ji
v urcitém mnozstvi syntetizovat a jiz se pomalu zavadi jeji pridavani do umélych kojeneckych
vyziv (Hegar et al. 2019; Vandenplas et al. 2018), je nasnadé, Ze umélé kojenecké vyzivy
obsahujici tento HMO budou mimo jiné podporovat rlst L. acidophilus, ktery je povazovan za
¢lovéku prirozenou a probiotickou bakterii (Liévin-Le Moal and Servin 2014).

Cldnek 5.5 je zaméfen na analyzu synbiotického efektu HMO a B. longum subsp. infantis,
coz je dobre popsany konzument HMO (Marcobal et al. 2010; Locascio et al. 2009). Ve studii
byl sledovan synbioticky efekt in vitro za 24 h a in vivo v humanizovanych mysich po dobu 15
dnl. Synbioticky efekt se podafilo prokdzat in vitro, kdyz kombinace HMO a pokusné
bifidobakterie potlacovala klostridie ve stolici kojenct porozenych cisafskym rfezem. Stejného
vysledku bylo dosazeno v kombinaci pokusné bifidobakterie a materského mléka, tato
kombinace navic vyznamné potlacovala i gramnegativni bakterie, a tudiz prokazala nejsilngjsi
synbioticky efekt, coz bylo pravdépodobné dlsledkem toho, Ze matefské mléko obsahuje
celou fadu antimikrobidlnich faktord, jako laktoferin, lysozym a antimikrobidlni peptidy, které
potlacuji rlist potencialnich patogend (Field 2005). Synbioticky efekt se bohuZel nepodafilo
potvrdit v in vivo experimentu, po podani sice postupné vymizely klostridie, avSak ani pokusné
bifidobakterie po par dnech nebyly detekovany. | tak byl ale ziejmy castecné pozitivni dopad
HMO a predevsim materského mléka na stfevni mikrobiotu i vin vivo pokusu. HMO byly
rovnéz schopny ovlivnit imunitni odpoved, konkrétné byly u pokusnych mysi zvysené hladiny
indukovat produkci cytokin(i pozorovali u nékterych kmen( B. longum i Sriitkova et al. (2015).
Lane et al. (2013) pozorovali schopnost HMO zvysit produkci IL-17. Zajimavym zjisténim byl
nalez plynatosti u mysi, které pfijimaly HMO, to by naznacovalo, Ze ani HMO, stejné jako treba
fruktany, nejsou zcela selektivni a ve stfevé je vyuzivaly i jiné rody bakterii vzhledem k tomu,
ze bifidobakterie plyny neprodukuji (De Vuyst and Leroy 2011). Synbioticky efekt probiotik a
prebiotik neni in vivo pfilis prozkouman. Byly testovany predevsim GOS nebo FOS v kombinaci
s bifidobackteriemi nebo laktobacily a tato kombinace neprokazala synbioticky efekt
(Krumbeck et al. 2018). Jena et al. (2018) pozorovali u mysi synbioticky efekt kombinace B.
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longum ssp. infantis a HMO, mysi mély ve vykalech vyssi mnozstvi SCFA a nizsi poCty Biophilia
spp. Skutecnost, Zze pokusny kmen B. longum ssp. infantis prezival u mysi pouze 4 dny pfi
suplementaci HMO a 8 dni pfi suplementaci materskym mlékem, je porovnatelna s vysledky
Grmanové et al. (2010), kde pokusné bifidobakterie vymizely u lidi po 14 dnech. Vzhledem
k tomu, Ze vztahy mezi bakteriemi ve stfevé jsou komplikované a Ze byl popsan cross-feeding
mezi jednotlivymi bifidobakteriemi i jinymi rody bakterii pfitomnymi ve stfevé (Belenguer et
al. 2006; Turroni et al. 2018), je mozné, Ze kratkd Zivotnost bifidobakterii ve stfevé v nasem
v porovnani sin vitro modely, stale obsahuje urcité limitace, napfiklad skutecnost, Ze
v podavané vzorky stolice byly prosté dalSich druht bifidobakterii, které se ale jinak ve strevé
kojence pfirozené vyskytuji. Mysi model je rovnéz nepresny i z celkem logického hlediska, Ze
metabolismus mysi je v nékterych ohledech jiny, nez metabolismus lidsky (Leist and Hartung
2013; Seok et al. 2013).

Jednou ze zajimavych vlastnosti stfevnich bakterii je adhezivita k bunikam stfevniho
epitelu. Schopnost adherovat na strevni epitel je daleZitd pro setrvani ve stfevé a tim i jeho
kolonizaci, jde o vyznamnou vlastnost probiotickych bakterii (Collado et al. 2009). Bernet et
al. (1993) prokazali schopnost lidskych bifidobakterii inhibovat adherenci patogennich E. coli
a salmonel, coZ je povazovdno za jeden z probiotickych ukazateld. Podobné vlastnosti maji i
HMO, nékteré z nich mohou pfipominat bunécny povrch a tim na sebe navazat bakterialni
bunku, ¢imzZz zabrdni patogenni bakterii k navazani na epitel (Newburg et al. 2005). Tyto
vlastnosti byly u HMO pozorovany v pfipadé adherence Campylobacter jejuni (Morrow et al.
2005) nebo E. coli (Martin-Sosa et al. 2002). V ¢lanku 5.6 byla sledovana antiadhezivni
schopnost HMO v(ci bifidobakteriim a klostridiim. Z vysledk( vyplyva, Ze HMO jsou schopny
snizovat adhezivitu klostridii, avsak i nékterych kmenu bifidobakterii. Schopnost adherovat na
bunécné linie Caco-2 a HT29-MTX byla v pozitivni korelaci se schopnosti autoagregace, coz je
ve shodé s poznatky Del Re et al. (2000). Antiadhezivni schopnost HMO v(céi testovanym
klostridiim muUZe byt dalSim ukazatelem jejich selektivity a tim i prebiotické aktivity, vysledky
jsou v souladu s poznatky Bezirtzoglou et al. (2011), ktefi pozorovali nizsi pocty klostridii u
kojenych déti. Weichert et al. (2013) testovali antiadhezivni vlastnosti u dvou ridznych HMO a
zjistili, Ze tyto byly schopny snizovat adhezivitu Campylobacter jejuni, enteropatogenni E. coli,
Salmonella enterica serovar fyris a Pseudomonas aeruginosa k Caco—2 bunécnym liniim.
Costalos et al. (2008) zaznamenali nizsi vyskyt klostridii u déti Zivenych umélou vyZivou se
smési GOS:FOS, je tedy moziné, Ze antiadhezivnimi vlastnostmi disponuji i jiné prebiotické
oligosacharidy, nicméné Kadlec a Jakubec (2014), zjistili, Ze GOS a FOS snizuji adherenci
probiotickych bakterii.

Z nami ziskanych vysledk( usuzujeme, Ze podpora ristu bakterii HMO je komplexné
provazana s dalSimi slozkami matefského mléka. Zaroven HMO podporuji jen nékteré druhy
bakterii, zejména ty, které se vyskytuji u kojencli. Rozklad HMO stfevnimi bakteriemi je
provazen tvorbou SCFA, které maji jednoznacné pozitivni vliv na stfevo hostitele (Van Loo et
al. 1999), diky ¢emuz se daji HMO povazovat za prebiotika. Byla pozorovana schopnost HMO
spolecné s bifidobakteriemi potlacovat klostridie a gramnegativni bakterie ve stolici in vitro,
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synbioticky efekt pokusného kmene bifidobakteriia HMO nebyl prokazan in vivo, v této oblasti
je nicméné zapotrebi dalSich vyzkum, idealné in vivo u lidi. HMO rovnéz mohou pUsobit jako
antiadhezivni molekuly, které zabranuji pfichyceni potencialné patogennich, ale i
probiotickych bakterii. Schopnost HMO zabrarfiovat adherenci na strevni sténu je
pravdépodobné druhové i kmenové specificka, pficemz autoagregace je vyhodu, nikoli vSak
podminkou pro bakterie, které chtéji ve strfevé setrvavat i v pfitomnosti antiadhezivnich
molekul. Je pravdépodobné, Ze vyskyt nékterych kmen bifidobakterii u kojenych déti je dan
nejen jejich schopnosti vyuzivat HMO jako prebiotikum, ale rovnéz i jejich rezistenci vUuci
antiadhezivnim ucinkllm HMO. Ty naopak navazovanim jinych bakterii vytvareji témto
bifidobakteriim lepsi prostredi pro rlst, cozZ Ize popsat jako synbioticky efekt.

6.3 Testovani potencialné probiotickych bakterii

Bylo napsano mnoho praci o probiotickych vlastnostech bifidobakterii nebo laktobacil(
pro ¢lovéka, méné pozornosti se vSak vénuje netradi¢nim druhlm probiotickych bakterii, jako
jsou klostridie. Bylo jiz zminéno, Ze butyrat produkujici bakterie jsou nesmirné dllezité pro
spravnou proliferaci stfevnich bunék (Riviere et al. 2016; Pryde et al. 2002), avsak klostridie
jsou nékdy i pres tuto svou vlastnost opomijeny, ackoli zahrnuji mnohé komensalni druhy
(Lopetuso et al. 2013) a existuji studie, které naznacuji jejich pozitivni vyznam pro zdravi
hostitele (Kuroiwa et al. 1990; Seki et al. 2003) napfiklad pti zmirfiovani dysbiosy pfi 1écbé
antibiotiky. Clanek 5.2 se zabyva vlivem C. butyricum CBM 588, japonského kmene
izolovanyého z pudy (EFSA 2009), na stfevni mikrobiotu a uZitkovost brojlerovych kurat. Pfi
krmném pokusu bylo podavanim CBM 588 dosazeno vyznamného snizeni poctl E. coli, které
u dribeZe predstavuji potencidlné patogenni bakterie a mohou predstavovat i riziko pro
spotiebitele (Dho-Moulin and Fairbrother 1999; Manges 2016). Navic podavané klostridie byly
v céku i metabolicky aktivni, coz dokazuje zvySené mnozstvi butyratu. Pocty bifidobakterii
nebyly suplementaci C. butyricum pozménény, jejich pocty byly stabilné vyssi nez pocty
klostridii. ZvySena produkce butyratu ve stfevé mohla mit za nasledek vyznamné wvyssi
prirtstky pokusnych kufat, coZ je v souladu s jinymi studiemi podavani probiotik, vétSinou ale
byly pouzity laktobacily (Jin et al. 1998; Kalavathy et al. 2003; Apata 2008) nebo Enterococcus
faecium (Owings et al. 1990), pripadné Bacillus subtilis (Khaksefidi and Ghoorchi 2006). Jiny
kmen C. butyricum byl pouzit ve studiich Yang et al. (2012) a Zhang et al. (2016) a tito zjistili,
Ze pokusna kurata méla nejen vyssi prirlistky, ale také byly podavané klostridie schopny snizit
pocty E. coli, salmonel a C. perfringens (Yang et al. 2012) nebo podpofit imunitni odpovéd' a
zlepsit funkci stfevni propustnosti (Zhang et al. 2016). Klicovou roli butyratu pfi zvyseni
pfirGstkd naznacuje studie Zhang et al. (2011), ktefi podavali brojlerovym kufatim butyrat
samotny a taktéZ pozorovali jeho pozitivni vliv na pfirGstky. CBM 588 bylo testovano i u lidi,
Seki et al. (2003) zjistili, Ze CBM 588 snizilo vyskyt prijm0 zplGsobenych antibiotiky u déti,
Kuroiwa et al. (1990) pozorovali schopnost CBM 588 potlacit produkci toxinG C. difficile u
pacient(, ktefi podstoupili antimikrobialni terapii. PocCty E. coli nebyly u lidi, ktefi pfijimali CBM
588 pred |écbou antibiotiky, nijak ovlivnény. Naopak, jejich pocty byly zachovany oproti
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skupiné bez suplementace CBM 588. Tento jev mUze byt dlisledkem toho, Ze vyskyt E. coli ve
stfevni mikrobioté je druhové specificky (McLellan et al. 2003; Zhi et al. 2015), to znamen3, zZe
¢lovék je hostitelem jinych kmen( E. coli, nez dribez a tyto kmeny nejsou na CBM 588 citlivé.
Zaroven je tfeba podotknout, Ze dribeZ hosti potencialné patogenni kmeny E. coli (Dho-
Moulin and Fairbrother 1999; Manges 2016). Takahashi et al. (2004) pozorovali antiadhezivni
efekt CBM 588 vici enterohemorhagické E. coli na Caco—2 bunécné linie.

Vezmeme-li v ivahu relativné nizky zajem o C. butyricum jak ve vyzivé lidi, tak zvirat,
predstavuje tato bakterie velky potencidl pro budouci vyuZiti jako probioticka bakterie.
Prednosti C. butyricum CBM 588 bezesporu je, Ze je podavana ve formé spor, coz usnadiuje
jak manipulaci, tak to vede k vyssi odolnosti pfi prichodu travicim traktem a teoreticky i k vyssi
odolnosti v pripadé nepfiznivych podminek ve stfevé, kde testované C. butyricum dokaze byt
metabolicky aktivni.

Vybér novych probiotik je zvlasté ve vyzivé zvirat aktualni problematika, zejména diky
prechodu na alternativni zpUsoby lécby a zvyseni preventivnich opatifeni po zdkazu uZivani
antibiotik pro krmné ucely. Néktefi vyzkumnici doporucuji, aby podavany probioticky kmen
pochazel ze stejného zivocisSného druhu vzhledem k tomu, Ze ucinky probiotik mohou byt
hostitelsky specifické (Gardiner et al. 2004; Vemuri et al. 2018). Cldnek 5.8 porovnava
kolonizaci bezmikrobnich selat komensalnimi kmeny laktobacil( L. amylovorus a L. mucosae
ziskanymi z vykalll prasete domaciho s probiotickym kmenem E. coli Nissle 1917 (EcN) a jejich
schopnost potlacit infekci patogenni bakterii Salmonella typhimurium LT2, ktera u lidi i selat
zpUsobuje enterokolitidu projevujici se prajmy (Kim and Isaacson 2017). EcN je dobre
prozkoumanym probiotickym druhem, ktery ma protektivni efekt proti vyskytu prijma u
kojencl i prasat (Schroeder et al. 2006; Henker et al. 2007) a byly u néj prokdzany i
antiinvazivni vlastnosti proti patogennim bakteriim (Altenhoefer et al. 2004). Laktobacily jsou
hojné se vyskytujicim rodem bakterii u prasat, pficemzZ u nich byly popsany i probiotické
vlastnosti, jako tfeba schopnost L. sobrius ochranit buriky stfevni sliznice pred plsobenim
patogenni E. coli K88 (Roselli et al. 2007), L. rhamnosus GG byl schopen u selat napadenych
E. coli K88 zmirnit prGjmy (Zhang et al. 2010), podobnych vysledkll dosahl u selat i
L. fermentum 15007 (Liu et al. 2014). Pfedpokladali jsme podobné vlastnosti u ndmi ziskanych
kmen( laktobacild. Vysledky monokolonizaci potvrdily schopnost EcN potlacovat
S. typhimurium a zabranovat ji ve vyvolani zanétu, zatimco oba komensalni laktobacily byly
v potlaceni neuspésné a kolonizovana selata prodélala infekci zplsobenou S. typhimurium.
Pouzité kmeny L. amylovorus a L. mucosae nepUsobily protektivné v{ci patogenni bakterii,
naopak, vysledky naznacuji, Zze jde o bézné komensalni druhy, které nejsou schopny chranit
hostitele pred infekci salmonelou. EcN je znama svou ucinnosti proti prajmam jak u kojenct
(Henker et al. 2007), tak u selat (Schroeder et al. 2006) a i v této studii dokazala potlacit
salmonelovou invazi, coZ je v souladu s dfive ziskanymi vysledky (Splichalova et al. 2011).
Jednim z divod(, proc testované laktobacily nedokazaly potlacit nastdvajici invazi, by mohla
byt skutec¢nost, Ze byly schopny osidlit stfeva selat jen v poctech 6 aZ 8 log KTJ/ml, zatimco
pocty EcN dosahovaly 8 aZz 10 log KTJ/ml. Po kolonizaci tak byly pocty EcN vici protivnikovi
vyrovnané, zatimco salmonela precislila laktobacily zhruba stonasobné. Nami stanovené pocty
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laktobacil(i tak byly nizké i v porovnani s bézné namérenymi pocty laktobacil( u prasat (Pieper
et al. 2008), coz mlze byt nasledkem toho, Ze za normdlnich okolnosti se ve stfevé prasete
vyskytuji v komunité dalSich druhd laktobacild i jinych bakterii, coz mGze podporovat jejich
rast a celkoveé rezistenci celé bakterialni komunity vici invazivnim patogentm.

Nami ziskané vysledky naznacuji, ze C. butyricum CBM 588 je schopné ovlivnit stievni
mikrobiotu i uZitkovost brojlerovych kurat, coz potvrzuji i udaje z védecké literatury jak
z pokusu na kuratech, tak na lidech (u lidi nebyla uZitkovost sledovdna). Tento netradi¢ni kmen
je tedy potencialné probioticky a méla by mu byt vénovana pozornost i v budoucich
vyzkumech. Naopak, ndmi testované komensalni druhy laktobacild neprokazaly protektivni
efekt vaci invazi patogenni S. typhimurium a na rozdil od jinych kmenU laktobacill tak
neprokazaly probioticky efekt.

Zaroven se nepodafrilo prokazat, Zze by druhova specifita hrdla roli v probiotickém efektu
testovanych bakterii. Je nutno podotknout, Ze pro prokazani této hypotézy by bylo potfeba
vzit v Uvahu vice vysledk( z riznych studii, nicméné testované C. butyricum CBM 588, které
v nasi studii i studiich jinych autor( vykazuje probiotické vlastnosti je izolovano z pady (EFSA
2009), tudiz neni vibec jisté, zda je tato bakterie pfirozend travicimu traktu lidi nebo zvirat.
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7 Zaveér

Oligosacharidy rafinosové fady jsou schopné pozitivné ovlivnit strevni
mikrobiotu konzumenta. Vzhledem k jejich pfirozenému vyskytu v lusténinach
skytaji potencial dostupného prebiotika. Hypotéza prebiotického efektu byla
potvrzena.

Oligosacharidy matefského mléka podporuji rist urcitych druh bifidobakterii a
v omezeni mire i laktobacill. Jejich selektivita ovsem neni stoprocentni, ¢imz se
podobaji jinym prebiotickym oligosacharididm. Jejich synergie s dalSimi latkami
materského mléka pravdépodobné hraje podstatnou roli pti podpore zdravé
mikrobioty kojence. Hypotéza prebiotického efektu byla potvrzena jen ¢astecné.

Clostridium butyricum je potencidlné probiotickou bakterii, ktera by se mohla
stat alternativou béZnych probiotik. Hypotéza probiotického efektu byla
potvrzena.

Nami testované komensalni druhy laktobacild pochazejici ze stejného
ZivocCiSného druhu neukazaly protektivni efekt proti kolonizaci patogenem.
Bifidobacterium longum ssp. infantis nebylo schopné dlouhodobé pretrvavat ve
stfevé humanizované mysi. Naopak, klostridie izolované zpudy ukazuji
probioticky efekt u rliznych Zivocisnych druh( i ¢lovéka. Hypotéza hostitelské
specifi¢nosti jednotlivych probiotik nebyla potvrzena.

Schopnost probiotik prezivat vtravicim traktu rovnéZz nebyla potvrzena.
Podavané bifidobakterie a laktobacily ¢asem vymizely ztraviciho traktu,
klostridie sice ve stfevé brojleri pretrvavat mohly, avsak tyto byly kazdy den
doplnovany spolecné s krmivem.

Podavanim probiotik je vétSinou obtiZzné ovlivnit stfevni mikrobiotu zdravého
dospélého jedince. LepSsi vysledky jsou zpravidla dosazeny poddvanim prebiotik
ve stravé. Ztohoto divodu doporucuji zvysit mnoZstvi prebiotik ve stravé,
pfipadné je kombinovat s probiotiky ve formé synbiotik. Doporuceni by méla byt
personalizovana nejen pro jednotlivé druhy zvifat a ¢lovéka, ale i pro jednotlivé
skupiny v ramci druhu.

-100 -



8 Seznam pouzité literatury

(EFSA), European Food Safety Authority, 2009. Safety and efficacy of Miya-Gold®S (Clostridium butyricum)
as feed additive for chickens for fattening. EFSA Journal [online]. B.m.: John Wiley & Sons, Ltd, 7(4), 1039.
ISSN 1831-4732. Available at: doi:10.2903/j.efsa.2009.1039

(NDA), EFSA Panel on Dietetic Products Nutrition and Allergies, 2010. Scientific Opinion on the
substantiation of health claims related to isomalto-oligosaccharides and reduction of post-prandial glycaemic
responses (ID 798), and increase in the frequency of daily bowel movements (ID 800) pursuant to Article 13(1)
of Regulation (EC) No 1924/2006. EFSA Journal [online]. B.m.: Wiley Online Library, 8(10). ISSN 1831-4732.
Available at: doi:10.2903/j.efsa.2010.1801

ALLES, M S, R HARTEMINK, S MEYBOOM, J L HARRYVAN, K M VAN LAERE, F M NAGENGAST and J G
HAUTVAST, 1999. Effect of transgalactooligosaccharides on the composition of the human intestinal microflora
and on putative risk markers for colon cancer. The American journal of clinical nutrition [online]. 69(5), 980-991.
ISSN 0002-9165 (Print). Available at: doi:10.1093/ajcn/69.5.980

ALTAMIMI, M, O ABDELHAY and R A RASTALL, 2016. Effect of oligosaccharides on the adhesion of gut
bacteria to human HT-29 cells. Anaerobe [online]. 39, 136-142. ISSN 1095-8274 (Electronic). Available
at: doi:10.1016/j.anaerobe.2016.03.010

ALTENHOEFER, Artur, Sibylle OSWALD, Ulrich SONNENBORN, Corinne ENDERS, Juergen SCHULZE, Joerg
HACKER and Tobias A OELSCHLAEGER, 2004. The probiotic Escherichia coli strain Nissle 1917 interferes with
invasion of human intestinal epithelial cells by different enteroinvasive bacterial pathogens. FEMS immunology
and medical microbiology [online]. 40(3), 223-229. ISSN 0928-8244 (Print). Available at: d0i:10.1016/50928-
8244(03)00368-7

AMARETTI, Alberto, Tatiana BERNARDI, Elena TAMBURINI, Simona ZANONI, Mariella LOMMA, Diego
MATTEUZZI and Maddalena ROSSI, 2007. Kinetics and metabolism of Bifidobacterium adolescentis MB 239
growing on glucose, galactose, lactose, and galactooligosaccharides. Applied and environmental microbiology
[online]. 73(11), 3637-3644. ISSN 0099-2240 (Print). Available at: doi:10.1128/AEM.02914-06

ANADON, Arturo, Maria Rosa MARTINEZ-LARRANAGA and Maria ARANZAZU MARTINEZ, 2006. Probiotics
for animal nutrition in the European Union. Regulation and safety assessment. Regulatory toxicology and
pharmacology : RTP [online]. 45(1), 91-95. ISSN 0273-2300 (Print). Available at: doi:10.1016/j.yrtph.2006.02.004

APATA, D F, 2008. Growth performance, nutrient digestibility and immune response of broiler chicks fed
diets supplemented with a culture of Lactobacillus bulgaricus. Journal of the Science of Food and Agriculture
[online]. 88(7), 1253—1258. Available at: doi:10.1002/jsfa.3214

ARUMUGAM, Manimozhiyan, Jeroen RAES, Eric PELLETIER, Denis LE PASLIER, Takuji YAMADA, Daniel R
MENDE, Gabriel R FERNANDES, Julien TAP, Thomas BRULS, Jean-Michel BATTO, Marcelo BERTALAN, Natalia
BORRUEL, Francesc CASELLAS, Leyden FERNANDEZ, Laurent GAUTIER, Torben HANSEN, Masahira HATTORI,
Tetsuya HAYASHI, Michiel KLEEREBEZEM, Ken KUROKAWA, Marion LECLERC, Florence LEVENEZ, Chaysavanh
MANICHANH, H Bjgrn NIELSEN, Trine NIELSEN, Nicolas PONS, Julie POULAIN, Junjie QIN, Thomas SICHERITZ-
PONTEN, Sebastian TIMS, David TORRENTS, Edgardo UGARTE, Erwin G ZOETENDAL, Jun WANG, Francisco
GUARNER, Oluf PEDERSEN, Willem M DE VOS, Sgren BRUNAK, Joel DORE, MetaHIT CONSORTIUM, Maria
ANTOLIN, Francois ARTIGUENAVE, Hervé M BLOTTIERE, Mathieu ALMEIDA, Christian BRECHOT, Carlos CARA,
Christian CHERVAUX, Antonella CULTRONE, Christine DELORME, Gérard DENARIAZ, Rozenn DERVYN, Konrad U
FOERSTNER, Carsten FRISS, Maarten VAN DE GUCHTE, Eric GUEDON, Florence HAIMET, Wolfgang HUBER, Johan
VAN HYLCKAMA-VLIEG, Alexandre JAMET, Catherine JUSTE, Ghalia KACI, Jan KNOL, Omar LAKHDARI, Severine
LAYEC, Karine LE ROUX, Emmanuelle MAGUIN, Alexandre MERIEUX, Raquel MELO MINARDI, Christine M’RINI,
Jean MULLER, Raish OOZEER, Julian PARKHILL, Pierre RENAULT, Maria RESCIGNO, Nicolas SANCHEZ, Shinichi
SUNAGAWA, Antonio TORREJON, Keith TURNER, Gaetana VANDEMEULEBROUCK, Encarna VARELA, Yohanan
WINOGRADSKY, Georg ZELLER, Jean WEISSENBACH, S Dusko EHRLICH and Peer BORK, 2011. Enterotypes of the
human gut microbiome. Nature [online]. 2011/04/20. 473(7346), 174-180. ISSN 1476-4687. Available
at: doi:10.1038/nature09944

BACH, Jean-Francois, 2002. The effect of infections on susceptibility to autoimmune and allergic diseases.
The New England journal of medicine [online]. 347(12), 911-920. ISSN 1533-4406 (Electronic). Available
at: doi:10.1056/NEJMra020100

BAI, J, Y HU and D W BRUNER, 2019. Composition of gut microbiota and its association with body mass
index and lifestyle factors in a cohort of 7-18 years old children from the American Gut Project. Pediatric obesity
[online]. 14(4), e12480. ISSN 2047-6310 (Electronic). Available at: doi:10.1111/ijpo.12480

BAJAGAI, Y S, A V KLIEVE, P J DART and W L BRYDEN, 2016. Probiotics in animal nutrition: production,
impact and regulation. 2016. B.m.: FAO.

-101-



BAKHSHINEJAD, Babak and Saeedeh GHIASVAND, 2017. Bacteriophages in the human gut: Our fellow
travelers throughout life and potential biomarkers of heath or disease. Virus research [online]. 240, 47-55.
ISSN 1872-7492 (Electronic). Available at: doi:10.1016/j.virusres.2017.07.013

BEDNARCZYK, MAREK, MARIUSZ URBANOWSKI, PIOTR GULEWICZ, KATARZYNA KASPERCZYK, Giuseppe
MAIORANO and Tomasz SZWACZKOWSKI, 2011. Field and in vitro study on prebiotic effect of raffinose family
oligosaccharides in chickens. Bull Vet Inst Pulawy. 55, 465—469.

BELENGUER, Alvaro, Sylvia H DUNCAN, A Graham CALDER, Grietje HOLTROP, Petra LOUIS, Gerald E LOBLEY
and Harry J FLINT, 2006. Two routes of metabolic cross-feeding between Bifidobacterium adolescentis and
butyrate-producing anaerobes from the human gut. Applied and environmental microbiology [online]. B.m.:
American Society for Microbiology, 72(5), 3593-3599. ISSN 0099-2240. Available
at: doi:10.1128/AEM.72.5.3593-3599.2006

BERGSTROM, Anders, Thomas Hjort SKOV, Martin lain BAHL, Henrik Munch ROAGER, Line Brinch
CHRISTENSEN, Katrine Tschentscher EJLERSKOV, Christian MOLGAARD, Kim F MICHAELSEN and Tine Rask LICHT,
2014. Establishment of intestinal microbiota during early life: a longitudinal, explorative study of a large cohort
of Danish infants. Applied and environmental microbiology [online]. 80(9), 2889-2900. ISSN 1098-5336
(Electronic). Available at: doi:10.1128/AEM.00342-14

BERMUDEZ-BRITO, M, J PLAZA-DIAZ, S MUNOZ-QUEZADA, C GOMEZ-LLORENTE and A GIL, 2012. Probiotic
Mechanisms of Action. Annals of Nutrition and Metabolism [online]. 61(2), 160-174. ISSN 0250-6807. Available
at: doi:10.1159/000342079

BERNET, M F, D BRASSART, J R NEESER and A L SERVIN, 1993. Adhesion of human bifidobacterial strains
to cultured human intestinal epithelial cells and inhibition of enteropathogen-cell interactions. Applied and
Environmental Microbiology [online]. 59(12), 4121 LP - 4128. Available
at: http://aem.asm.org/content/59/12/4121.abstract

BEZIRTZOGLOU, Eugenia, Arsenis TSIOTSIAS and Gjalt W WELLING, 2011. Microbiota profile in feces of
breast- and formula-fed newborns by using fluorescence in situ hybridization (FISH). Anaerobe [online]. 17(6),
478-482. ISSN 1095-8274 (Electronic). Available at: doi:10.1016/j.anaerobe.2011.03.009

BHATTARAI, Yogesh, David A MUNIZ PEDROGO and Purna C KASHYAP, 2017. Irritable bowel syndrome: a
gut microbiota-related disorder? American journal of physiology. Gastrointestinal and liver physiology [online].
2016/11/23. B.m.: American Physiological Society, 312(1), G52-G62. ISSN 1522-1547. Available
at: doi:10.1152/ajpgi.00338.2016

BIASUCCI, Giacomo, Monica RUBINI, Sara RIBONI, Lorenzo MORELLI, Elena BESSI and Cristiana
RETETANGOS, 2010. Mode of delivery affects the bacterial community in the newborn gut. Early human
development [online]. 86 Suppl 1, 13-15. ISSN 1872-6232 (Electronic). Available
at: doi:10.1016/j.earlhumdev.2010.01.004

BIERBAUM, G and H-G SAHL, 2009. Lantibiotics: mode of action, biosynthesis and bioengineering. Current
pharmaceutical biotechnology. 10(1), 2—18. ISSN 1873-4316 (Electronic).

BOEHM, Gunther, Bernd STAHL, Jurgen JELINEK, Jan KNOL, Vito MINIELLO and Guido E MORO, 2005.
Prebiotic carbohydrates in human milk and formulas. Acta paediatrica (Oslo, Norway : 1992). Supplement
[online]. 94(449), 18-21. ISSN 0803-5326 (Print). Available at: doi:10.1111/j.1651-2227.2005.tb02149.x

BORGO, Francesca, Alessandra RIVA, Alberto BENETTI, Maria Cristina CASIRAGHI, Sara BERTELLI, Stefania
GARBOSSA, Simona ANSELMETTI, Silvio SCARONE, Antonio E PONTIROLI, Giulia MORACE and Elisa BORGHI, 2017.
Microbiota in anorexia nervosa: The triangle between bacterial species, metabolites and psychological tests. PloS
one [online]. B.m.: Public Library of Science, 12(6), e€0179739-e0179739. ISSN 1932-6203. Available
at: doi:10.1371/journal.pone.0179739

BOUHNIK, Y, B FLOURIE, L D’AGAY-ABENSOUR, P POCHART, G GRAMET, M DURAND and J C RAMBAUD,
1997. Administration of transgalacto-oligosaccharides increases fecal bifidobacteria and modifies colonic
fermentation metabolism in healthy humans. The Journal of nutrition [online]. 127(3), 444—448. ISSN 0022-3166
(Print). Available at: doi:10.1093/jn/127.3.444

BOUHNIK, Yoram, Laurent RASKINE, Guy SIMONEAU, Eric VICAUT, Christel NEUT, Bernard FLOURIE, Fred
BROUNS and Francis R BORNET, 2004. The capacity of nondigestible carbohydrates to stimulate fecal
bifidobacteria in healthy humans: a double-blind, randomized, placebo-controlled, parallel-group, dose-
response relation study. The American journal of clinical nutrition. 80(6), 1658—1664. ISSN 0002-9165 (Print).

BUCLAW, M, 2016. The use of inulin in poultry feeding: a review. Journal of animal physiology and animal
nutrition [online]. 100(6), 1015—-1022. ISSN 1439-0396 (Electronic). Available at: d0i:10.1111/jpn.12484

CANFORA, Emanuel E, Johan W JOCKEN and Ellen E BLAAK, 2015. Short-chain fatty acids in control of body
weight and insulin sensitivity. Nature Reviews Endocrinology [online]. B.m.: Nature Publishing Group, a division
of Macmillan Publishers Limited. All Rights Reserved., 11, 577. Available

-102 -



at: https://doi.org/10.1038/nrendo.2015.128

CARLSON, Justin L, Jennifer M ERICKSON, Beate B LLOYD and Joanne L SLAVIN, 2018. Health Effects and
Sources of Prebiotic Dietary Fiber. Current developments in nutrition [online]. B.m.: Oxford University Press, 2(3),
nzy005—nzy005. ISSN 2475-2991. Available at: doi:10.1093/cdn/nzy005

CHENOLL, E, B CASINOS, E BATALLER, P ASTALS, J ECHEVARRIA, J R IGLESIAS, P BALBARIE, D RAMON and
S GENOVES, 2011. Novel Probiotic &It;em&agt;Bifidobacterium bifiduma&alt;/em&gt; CECT 7366 Strain Active
against the Pathogenic Bacterium &lt;em&gt;Helicobacter pylori&lt;/em&gt; Applied and Environmental
Microbiology [online]. 77(4), 1335 LP — 1343. Available at: doi:10.1128/AEM.01820-10

CHERBUT, Christine, Catherine MICHEL, Virginie RAISON, Thierry KRAVTCHENKO and Meance SEVERINE,
2003. Acacia Gum is a Bifidogenic Dietary Fibre with High Digestive Tolerance in Healthy Humans. Microbial
Ecology in Health and Disease [online]l. B.m.: Taylor & Francis, 15(1), 43-50. ISSN null. Available
at: doi:10.1080/08910600310014377

CHOCT, M, Y DERSJANT-LI, J MCLEISH and M PEISKER, 2010. Soy Oligosaccharides and Soluble Non-starch
Polysaccharides: A Review of Digestion, Nutritive and Anti-nutritive Effects in Pigs and Poultry. Asian-Australas J
Anim Sci [online]. B.m.: Asian-Australasian Association of Animal Production Societies, 23(10), 1386—1398.
ISSN 1011-2367. Available at: doi:10.5713/ajas.2010.90222

COLLADO, M C, E DONAT, C RIBES-KONINCKX, M CALABUIG and Y SANZ, 2009. Specific duodenal and faecal
bacterial groups associated with paediatric coeliac disease. Journal of clinical pathology [online]. 62(3), 264—-269.
ISSN 1472-4146 (Electronic). Available at: doi:10.1136/jcp.2008.061366

COPPA, G V, P PIERANI, L ZAMPINI, | CARLONI, A CARLUCCI and O GABRIELLI, 1999. Oligosaccharides in
human milk during different phases of lactation. Acta Paediatrica [online]. B.m.: John Wiley & Sons, Ltd (10.1111),
88(s430), 89-94. ISSN 0803-5253. Available at: doi:10.1111/j.1651-2227.1999.tb01307.x

COSTALQS, C, A KAPIKI, M APOSTOLOU and E PAPATHOMA, 2008. The effect of a prebiotic supplemented
formula on growth and stool microbiology of term infants. Early Human Development [online]. 84(1), 45-49.
Available at: doi:10.1016/j.earlhumdev.2007.03.001

CRESPO-PIAZUELO, Daniel, Jordi ESTELLE, Manuel REVILLA, Lourdes CRIADO-MESAS, Yuliaxis RAMAYO-
CALDAS, Cristina OVILO, Ana | FERNANDEZ, Maria BALLESTER and Josep M FOLCH, 2018. Characterization of
bacterial microbiota compositions along the intestinal tract in pigs and their interactions and functions. Scientific
Reports [online]. 8(1), 12727. ISSN 2045-2322. Available at: doi:10.1038/s41598-018-30932-6

CRITTENDEN, R G and M J PLAYNE, 1996. Production, properties and applications of food-grade
oligosaccharides. Trends in Food Science & Technology [online]. 7(11), 353—361. ISSN 0924-2244. Available
at: doi:https://doi.org/10.1016/50924-2244(96)10038-8

CUMMINGS, J.H. and G.T. MACFARLANE, 1997. Role of intestinal bacteria in nutrient metabolism. Clinical
Nutrition [online]. B.m.: Churchill Livingstone, 16(1), 3—11. ISSN 02615614. Available at: d0i:10.1016/50261-
5614(97)80252-X

DE ANGELIS, Maria, Maria PICCOLO, Lucia VANNINI, Sonya SIRAGUSA, Andrea DE GIACOMO, Diana
Isabella SERRAZZANETTI, Fernanda CRISTOFORI, Maria Elisabetta GUERZONI, Marco GOBBETTI and Ruggiero
FRANCAVILLA, 2013. Fecal microbiota and metabolome of children with autism and pervasive developmental
disorder not otherwise specified. PloS one. B.m.: Public Library of Science, 8(10), e76993. ISSN 1932-6203.

DE VUYST, Luc and Frederic LERQY, 2011. Cross-feeding between bifidobacteria and butyrate-producing
colon bacteria explains bifdobacterial competitiveness, butyrate production, and gas production. International
journal of food microbiology [online]l. 149(1), 73-80. ISSN 1879-3460 (Electronic). Available
at: doi:10.1016/j.ijffoodmicro.2011.03.003

DEL CHIERICO, Federica, Pamela VERNOCCHI, Andrea PETRUCCA, Paola PACI, Susana FUENTES, Giulia
PRATICO, Giorgio CAPUANI, Andrea MASOTTI, Sofia REDDEL, Alessandra RUSSO, Cristina VALLONE, Guglielmo
SALVATORI, Elsa BUFFONE, Fabrizio SIGNORE, Giuliano RIGON, Andrea DOTTA, Alfredo MICCHELI, Willem M DE
VOS, Bruno DALLAPICCOLA and Lorenza PUTIGNANI, 2015. Phylogenetic and Metabolic Tracking of Gut
Microbiota during Perinatal Development. PloS one [online]. B.m.: Public Library of Science, 10(9), e0137347—
e0137347. ISSN 1932-6203. Available at: doi:10.1371/journal.pone.0137347

DEL RE, B, B SGORBATI, M MIGLIOLI and D PALENZONA, 2000. Adhesion, autoaggregation and
hydrophobicity of 13 strains of Bifidobacterium longum. Letters in applied microbiology. 31(6), 438—442.
ISSN 0266-8254 (Print).

DESHPANDE, Girish, Shripada RAO, Sanjay PATOLE and Max BULSARA, 2010. Updated meta-analysis of
probiotics for preventing necrotizing enterocolitis in preterm neonates. Pediatrics [online]. 125(5), 921-930.
ISSN 1098-4275 (Electronic). Available at: doi:10.1542/peds.2009-1301

DHO-MOULIN, M and J M FAIRBROTHER, 1999. Avian pathogenic Escherichia coli (APEC). Veterinary
Research. 30(2—3), 299-316.

-103 -



DOMINGUEZ-BELLO, Maria G, Elizabeth K COSTELLO, Monica CONTRERAS, Magda MAGRIS, Glida
HIDALGO, Noah FIERER and Rob KNIGHT, 2010. Delivery mode shapes the acquisition and structure of the initial
microbiota across multiple body habitats in newborns. Proceedings of the National Academy of Sciences of the
United States of America [online]. 107(26), 11971-11975. ISSN 1091-6490 (Electronic). Available
at: doi:10.1073/pnas.1002601107

DONALDSON, Gregory P, S Melanie LEE and Sarkis K MAZMANIAN, 2016. Gut biogeography of the bacterial
microbiota. Nature reviews. Microbiology [online]. 2015/10/26. 14(1), 20-32. ISSN 1740-1534. Available
at: doi:10.1038/nrmicro3552

DUDGEON, Leonard S, 1926. A Study of the Intestinal Flora under normal and abnormal Conditions.
Journal of Hygiene [online]. 2009/05/15. B.m.: Cambridge University Press, 25(2), 119-141. ISSN 0022-1724.
Available at: doi:DOI: 10.1017/50022172400017265

EULER, Arthur R, Douglas K MITCHELL, Randi KLINE and Larry K PICKERING, 2005. Prebiotic effect of fructo-
oligosaccharide supplemented term infant formula at two concentrations compared with unsupplemented
formula and human milk. Journal of pediatric gastroenterology and nutrition [online]. 40(2), 157-164. ISSN 0277-
2116 (Print). Available at: doi:10.1097/00005176-200502000-00014

EUROPEAN COMMISSION, 2018. U.S. is now the EU’s main supplier of soya beans with a share of 52%
[online]. Available at: https://europa.eu/rapid/press-release_IP-18-5823_en.htm

FIELD, Catherine J, 2005. The immunological components of human milk and their effect on immune
development in infants. The Journal of nutrition [online]. 135(1), 1-4. ISSN 0022-3166 (Print). Available
at: doi:10.1093/jn/135.1.1

FIJAN, Sabina, 2014. Microorganisms with claimed probiotic properties: an overview of recent literature.
International journal of environmental research and public health [online]. B.m.: MDPI, 11(5), 4745-4767.
ISSN 1660-4601. Available at: doi:10.3390/ijerph110504745

FINKE, Berndt, Bernd STAHL, Anja PFENNINGER, Michael KARAS, Hannelore DANIEL and Ginther
SAWATZKI, 1999. Analysis of High-Molecular-Weight Oligosaccharides from Human Milk by Liquid
Chromatography and MALDI-MS. Analytical Chemistry [online]. B.m.: American Chemical Society, 71(17), 3755—
3762. ISSN 0003-2700. Available at: doi:10.1021/ac990094z

FLINT, Harry J, Karen P SCOTT, Petra LOUIS and Sylvia H DUNCAN, 2012. The role of the gut microbiota in
nutrition and health. Nature reviews. Gastroenterology & hepatology [online]. 9(10), 577-589. ISSN 1759-5053
(Electronic). Available at: doi:10.1038/nrgastro.2012.156

FROIDMONT, Eric and Nicole BARTIAUX-THILL, 2004. Suitability of lupin and pea seeds as a substitute for
soybean meal in high-producing dairy cow feed. Anim. Res. [online]. 53(6), 475-487. Available
at: https://doi.org/10.1051/animres:2004034

FUJIWARA, Shigeru, Honoo HASHIBA, Tetsuji HIROTA and Janet F FORSTNER, 2001. Inhibition of the
binding of enterotoxigenic Escherichia coli Pb176 to human intestinal epithelial cell line HCT-8 by an extracellular
protein fraction containing BIF of Bifidobacterium longum SBT2928: suggestive evidence of blocking of the
binding recept. International Journal of Food Microbiology [online]. 67(1), 97—-106. ISSN 0168-1605. Available
at: doi:https://doi.org/10.1016/50168-1605(01)00432-9

GAGGIA, Francesca, Paola MATTARELLI and Bruno BIAVATI, 2010. Probiotics and prebiotics in animal
feeding for safe food production. International journal of food microbiology [online]. 141 Suppl, S15-28.
ISSN 1879-3460 (Electronic). Available at: doi:10.1016/j.ijffoodmicro.2010.02.031

GARDINER, Gillian E, Pat G CASEY, Garrett CASEY, P Brendan LYNCH, Peadar G LAWLOR, Colin HILL, Gerald
F FITZGERALD, Catherine STANTON and R Paul ROSS, 2004. Relative ability of orally administered Lactobacillus
murinus to predominate and persist in the porcine gastrointestinal tract. Applied and environmental
microbiology [online]. B.m.: American Society for Microbiology, 70(4), 1895-1906. ISSN 0099-2240. Available
at: doi:10.1128/aem.70.4.1895-1906.2004

GIBSON, G R, E R BEATTY, X WANG and J H CUMMINGS, 1995. Selective stimulation of bifidobacteria in
the human colon by oligofructose and inulin. Gastroenterology [online]. 108(4), 975-982. ISSN 0016-5085 (Print).
Available at: doi:10.1016/0016-5085(95)90192-2

GIBSON, Glenn R, Robert HUTKINS, Mary Ellen SANDERS, Susan L PRESCOTT, Raylene A REIMER, Seppo J
SALMINEN, Karen SCOTT, Catherine STANTON, Kelly S SWANSON, Patrice D CANI, Kristin VERBEKE and Gregor
REID, 2017. Expert consensus document: The International Scientific Association for Probiotics and Prebiotics
(ISAPP) consensus statement on the definition and scope of prebiotics. Nature Reviews Gastroenterology &Amp;
Hepatology [online]. B.m.: The Author(s), 14, 491. Available at: https://doi.org/10.1038/nrgastro.2017.75

GRMANOVA, M, E VLKOVA, V RADA and | HOMUTOVA, 2010. Survival of bifidobacteria in adult intestinal
tract. Folia microbiologica  [online]. 55(3), 281-285. ISSN 1874-9356 (Electronic). Available
at: doi:10.1007/s12223-010-0042-5

- 104 -



GRONLUND, M M, O P LEHTONEN, E EEROLA and P KERO, 1999. Fecal microflora in healthy infants born
by different methods of delivery: permanent changes in intestinal flora after cesarean delivery. Journal of
pediatric gastroenterology and nutrition [online]. 28(1), 19-25. ISSN 0277-2116 (Print). Available
at: doi:10.1097/00005176-199901000-00007

GUARALDI, Federica and Guglielmo SALVATORI, 2012. Effect of breast and formula feeding on gut
microbiota shaping in newborns. Frontiers in cellular and infection microbiology [online]. 2, 94. ISSN 2235-2988
(Electronic). Available at: doi:10.3389/fcimb.2012.00094

GUARNER, Francisco and Juan-R MALAGELADA, 2003. Gut flora in health and disease. The Lancet [online].
361(9356), 512-519. ISSN 01406736. Available at: doi:10.1016/50140-6736(03)12489-0

HAARMAN, Monique and Jan KNOL, 2005. Quantitative real-time PCR assays to identify and quantify fecal
Bifidobacterium species in infants receiving a prebiotic infant formula. Applied and environmental microbiology
[online]. 71(5), 2318-2324. ISSN 0099-2240 (Print). Available at: doi:10.1128/AEM.71.5.2318-2324.2005

HAYAKAWA, K, J MIZUTANI, K WADA, T MASAI, | YOSHIHARA and T MITSUOKA, 1990. Effects of Soybean
Oligosaccharides on Human Faecal Flora. Microbial Ecology in Health and Disease [online]. 3(6), 293-303.
Available at: doi:10.3109/08910609009140252

HEGAR, Badriul, Yulianti WIBOWO, Ray Wagiu BASROWI, Reza Gunadi RANUH, Subianto Marto
SUDARMO, Zakiudin MUNASIR, Alpha Fardah ATTHIYAH, Ariani Dewi WIDODO, SUPRIATMO, Muzal KADIM,
Ahmad SURYAWAN, Ninung Rose DIANA, Christy MANOPPO and Yvan VANDENPLAS, 2019. The Role of Two
Human Milk Oligosaccharides, 2’-Fucosyllactose and Lacto-N-Neotetraose, in Infant Nutrition. Pediatric
gastroenterology, hepatology & nutrition [online]. 2019/06/25. B.m.: The Korean Society of Pediatric
Gastroenterology, Hepatology  and Nutrition,  22(4),  330-340. ISSN 2234-8646.  Available
at: doi:10.5223/pghn.2019.22.4.330

HENKER, Jobst, Martin LAASS, Boris M BLOKHIN, Yuriy K BOLBOT, Vitaliy G MAYDANNIK, Martina ELZE,
Corinna WOLFF and Jurgen SCHULZE, 2007. The probiotic Escherichia coli strain Nissle 1917 (EcN) stops acute
diarrhoea in infants and toddlers. European journal of pediatrics [online]. 166(4), 311-318. ISSN 0340-6199
(Print). Available at: doi:10.1007/s00431-007-0419-x

HILL, Colin, Francisco GUARNER, Gregor REID, Glenn R GIBSON, Daniel ] MERENSTEIN, Bruno POT, Lorenzo
MORELLI, Roberto Berni CANANI, Harry J FLINT, Seppo SALMINEN, Philip C CALDER and Mary Ellen SANDERS,
2014. Expert consensus document. The International Scientific Association for Probiotics and Prebiotics
consensus statement on the scope and appropriate use of the term probiotic. Nature reviews. Gastroenterology
& hepatology [online]. 11(8), 506—514. ISSN 1759-5053 (Electronic). Available at: doi:10.1038/nrgastro.2014.66

HOLSCHER, Hannah D, 2017. Dietary fiber and prebiotics and the gastrointestinal microbiota. Gut
microbes [online]. 8(2), 172-184. ISSN 1949-0984 (Electronic). Available
at: doi:10.1080/19490976.2017.1290756

HOOPER, LV and J 1 GORDON, 2001. Commensal host-bacterial relationships in the gut. Science (New York,
N.Y.) [online]. 292(5519), 1115-1118. ISSN 0036-8075 (Print). Available at: doi:10.1126/science.1058709

1JI, P Aand D RTIVEY, 1998. Natural and synthetic oligosaccharides in broiler chicken diets. World’s Poultry
Science Journal [online]. 2007/09/18. B.m.: Cambridge University Press on behalf of World&#x0027;s Poultry
Science Association, 54(2), 129-143. ISSN 0043-9339. Available at: doi:DOI: 10.1079/WPS19980010

ISOLAURI, Erika, Samuli RAUTAVA and Seppo SALMINEN, 2012. Probiotics in the development and
treatment of allergic disease. Gastroenterology clinics of North America [online]. 41(4), 747-762. I1SSN 1558-1942
(Electronic). Available at: doi:10.1016/j.gtc.2012.08.007

JENA, Prasant Kumar, Lili SHENG, Nidhi NAGAR, Chao WU, Daniela BARILE, David A MILLS and Yui-Jui
Yvonne WAN, 2018. The effect of synbiotics Bifidobacterium infantis and milk oligosaccharides on shaping gut
microbiota community structure and NASH treatment. Data in brief [online]. B.m.: Elsevier, 19, 1025-1029.
ISSN 2352-3409. Available at: doi:10.1016/j.dib.2018.05.127

JEONG, Kyunghun, Vi NGUYEN and Jaehan KIM, 2012. Human milk oligosaccharides: the novel modulator
of intestinal microbiota. BMB reports [online]. 45(8), 433-441. ISSN 1976-670X (Electronic). Available
at: doi:10.5483/BMBRep.2012.45.8.168

JIN, LZ, YW HO, N ABDULLAH and S JALALUDIN, 1998. Growth performance, intestinal microbial
populations, and serum cholesterol of broilers fed diets containing Lactobacillus cultures. Poultry science
[online]. 77(9), 1259-1265. ISSN 0032-5791 (Print). Available at: doi:10.1093/ps/77.9.1259

KADLEC, Robert and Martin JAKUBEC, 2014. The effect of prebiotics on adherence of probiotics. Journal
of dairy science [online]. 97(4), 1983—-1990. ISSN 1525-3198 (Electronic). Available at: doi:10.3168/jds.2013-7448

KALAVATHY, R, N ABDULLAH, S JALALUDIN and Y W HO, 2003. Effects of Lactobacillus cultures on growth
performance, abdominal fat deposition, serum lipids and weight of organs of broiler chickens. British poultry
science [online]. 44(1), 139-144. ISSN 0007-1668 (Print). Available at: doi:10.1080/0007166031000085445

-105 -



KANEKO, Toshiyuki, Takanobu KOHMOTO, Hiroe KIKUCHI, Masao SHIOTA, Hisakazu IINO and Tomotari
MITSUOKA, 1994. Effects of Isomaltooligosaccharides with Different Degrees of Polymerization on Human Fecal
Bifidobactcria. Bioscience, Biotechnology, and Biochemistry [online]. B.m.: Taylor & Francis, 58(12), 2288-2290.
ISSN 0916-8451. Available at: doi:10.1271/bbb.58.2288

KARLSSON, Caroline L J, Jenny ONNERFALT, Jie XU, Goran MOLIN, Siv AHRNE and Kristina THORNGREN-
JERNECK, 2012. The microbiota of the gut in preschool children with normal and excessive body weight. Obesity
(Silver ~ Spring, Md.) [online]. 20(11), 2257-2261. ISSN 1930-739X  (Electronic).  Available
at: doi:10.1038/0by.2012.110

KELLY, Greg, 2008. Inulin-type prebiotics--a review: part 1. Alternative medicine review : a journal of
clinical therapeutic. 13(4), 315-329. ISSN 1089-5159 (Print).

KHAKSEFIDI, Ahmad and Taghi GHOORCHI, 2006. Effect of Probiotic on Performance and
Immunocompetence in Broiler Chicks. The Journal of Poultry Science [online]. 43(3), 296—300. Available
at: doi:10.2141/jpsa.43.296

KIM, Hyeun Bum and Richard E ISAACSON, 2017. Salmonella in Swine: Microbiota Interactions. Annual
review of animal biosciences [online]. 5, 43—63. ISSN 2165-8110 (Electronic). Available at: doi:10.1146/annurev-
animal-022516-022834

KIM, S and S M JAZWINSKI, 2018. The Gut Microbiota and Healthy Aging: A Mini-Review. Gerontology
[online]. 64(6), 513-520. ISSN 0304-324X. Available at: doi:10.1159/000490615

KLEESSEN, B, B SYKURA, H J ZUNFT and M BLAUT, 1997. Effects of inulin and lactose on fecal microflora,
microbial activity, and bowel habit in elderly constipated persons. The American journal of clinical nutrition
[online]. 65(5), 1397—-1402. ISSN 0002-9165 (Print). Available at: doi:10.1093/ajcn/65.5.1397

KNIGHTS, Dan, Tonya L WARD, Christopher E MCKINLAY, Hannah MILLER, Antonio GONZALEZ, Daniel
MCDONALD and Rob KNIGHT, 2014. Rethinking ‘enterotypes’. Cell host & microbe [online]. 16(4), 433—-437.
ISSN 1934-6069. Available at: doi:10.1016/j.chom.2014.09.013

KOENIG, Jeremy E, Aymé SPOR, Nicholas SCALFONE, Ashwana D FRICKER, Jesse STOMBAUGH, Rob
KNIGHT, Largus T ANGENENT and Ruth E LEY, 2011. Succession of microbial consortia in the developing infant
gut microbiome. Proceedings of the National Academy of Sciences of the United States of America [online].
2010/07/28. B.m.: National Academy of Sciences, 108 Suppl(Suppl 1), 4578-4585. ISSN 1091-6490. Available
at: doi:10.1073/pnas.1000081107

KOHMOTO, Takanobu, Fumio FUKUI, Hajime TAKAKU, Yoshiaki MACHIDA, Masaaki ARAI and Tomotari
MITSUOKA, 1988. Effect of Isomalto-oligosaccharides on Human Fecal Flora. Bifidobacteria and Microflora
[online]. 7(2), 61-69. ISSN 0286-9306. Available at: doi:10.12938/bifidus1982.7.2_61

KOOPMAN, Joop P, 1998. Germ-Free Animals. In: Peter J B T - Encyclopedia of Immunology (Second
Edition) DELVES, ed. [online]l. Oxford: Elsevier, p.990-992. ISBN 978-0-12-226765-9. Available
at: doi:https://doi.org/10.1006/rwei.1999.0256

KOSTIC, Aleksandar D, Dirk GEVERS, Chandra Sekhar PEDAMALLU, Monia MICHAUD, Fujiko DUKE, Ashlee
M EARL, Akinyemi | OJESINA, Joonil JUNG, Adam J BASS, Josep TABERNERO, José BASELGA, Chen LIU, Ramesh A
SHIVDASANI, Shuji OGINO, Bruce W BIRREN, Curtis HUTTENHOWER, Wendy S GARRETT and Matthew
MEYERSON, 2012. Genomic analysis identifies association of Fusobacterium with colorectal carcinoma. Genome
research [online]. 2011/10/18. B.m.: Cold Spring Harbor Laboratory Press, 22(2), 292-298. ISSN 1549-5469.
Available at: doi:10.1101/gr.126573.111

KROGIUS-KURIKKA, Lotta, Anna LYRA, Erja MALINEN, Johannes AARNIKUNNAS, Jarno TUIMALA, Lars
PAULIN, Harri MAKIVUOKKO, Kajsa KAJANDER and Airi PALVA, 2009. Microbial community analysis reveals high
level phylogenetic alterations in the overall gastrointestinal microbiota of diarrhoea-predominant irritable bowel
syndrome sufferers. BMC gastroenterology [online]l. 9, 95. ISSN 1471-230X (Electronic). Available
at: doi:10.1186/1471-230X-9-95

KRUMBECK, Janina A, Heather E RASMUSSEN, Robert W HUTKINS, Jennifer CLARKE, Krista SHAWRON, Ali
KESHAVARZIAN and Jens WALTER, 2018. Probiotic Bifidobacterium strains and galactooligosaccharides improve
intestinal barrier function in obese adults but show no synergism when used together as synbiotics. Microbiome
[online]. 6(1), 121. ISSN 2049-2618 (Electronic). Available at: doi:10.1186/s40168-018-0494-4

KUNTZ, Sabine, Silvia RUDLOFF and Clemens KUNZ, 2008. Oligosaccharides from human milk influence
growth-related characteristics of intestinally transformed and non-transformed intestinal cells. The British
journal of nutrition [online]. 99(3), 462-471. ISSN 0007-1145 (Print). Available
at: doi:10.1017/50007114507824068

KUROIWA, T, M IWANAGA, K KOBARI, A HIGASHIONNA, F KINJYO and A SAITO, 1990. [Preventive effect of
Clostridium butyricum M588 against the proliferation of Clostridium difficile during antimicrobial therapy].
Kansenshogaku zasshi. The Journal of the Japanese Association for Infectious Diseases. 64(11), 1425-1432.

-106 -



ISSN 0387-5911 (Print).

LAGIER, Jean-Christophe, Saber KHELAIFIA, Maryam Tidjani ALOU, Sokhna NDONGO, Niokhor DIONE,
Perrine HUGON, Aurelia CAPUTO, Frederic CADORET, Sory Ibrahima TRAORE, El Hadji SECK, Gregory DUBOURG,
Guillaume DURAND, Gael MOUREMBOU, Elodie GUILHOT, Amadou TOGO, Sara BELLALI, Dipankar BACHAR,
Nadim CASSIR, Fadi BITTAR, Jeremy DELERCE, Morgane MAILHE, Davide RICABONI, Melhem BILEN, Nicole Prisca
Makaya DANGUI NIEKO, Ndeye Mery DIA BADIANE, Camille VALLES, Donia MOUELHI, Khoudia DIOP, Matthieu
MILLION, Didier MUSSO, Jonatas ABRAHAO, Esam Ibraheem AZHAR, Fehmida BIBI, Muhammad YASIR, Aldiouma
DIALLO, Cheikh SOKHNA, Felix DJOSSOU, Veronique VITTON, Catherine ROBERT, Jean Marc ROLAIN, Bernard LA
SCOLA, Pierre-Edouard FOURNIER, Anthony LEVASSEUR and Didier RAOULT, 2016. Culture of previously
uncultured members of the human gut microbiota by culturomics. Nature microbiology [online]. 1, 16203.
ISSN 2058-5276 (Electronic). Available at: doi:10.1038/nmicrobiol.2016.203

LANE, Jonathan A, John O’CALLAGHAN, Stephen D CARRINGTON and Rita M HICKEY, 2013. Transcriptional
response of HT-29 intestinal epithelial cells to human and bovine milk oligosaccharides. The British journal of
nutrition [online]. 110(12), 2127-2137. ISSN 1475-2662 (Electronic). Available
at: doi:10.1017/S0007114513001591

LANGE, Méaximo E, Richard R E UWIERA and G Douglas INGLIS, 2019. Housing Gnotobiotic Mice in
Conventional Animal Facilities. Current Protocols in Mouse Biology [online]. B.m.: John Wiley & Sons, Ltd, 9(1),
e59. ISSN 2161-2617. Available at: d0i:10.1002/cpmo.59

LEBEER, Sarah, Jos VANDERLEYDEN and Sigrid C J DE KEERSMAECKER, 2010. Host interactions of probiotic
bacterial surface molecules: comparison with commensals and pathogens. Nature reviews. Microbiology [online].
8(3), 171-184. ISSN 1740-1534 (Electronic). Available at: doi:10.1038/nrmicro2297

LEIST, Marcel and Thomas HARTUNG, 2013. Inflammatory findings on species extrapolations: humans are
definitely no 70-kg mice. Archives of toxicology [online]. 2013/03/19. B.m.: Springer-Verlag, 87(4), 563-567.
ISSN 1432-0738. Available at: doi:10.1007/s00204-013-1038-0

LEPAGE, Patricia, Marion C LECLERC, Marie JOOSSENS, Stanislas MONDOT, Hervé M BLOTTIERE, Jeroen
RAES, Dusko EHRLICH and Joel DORE, 2013. A metagenomic insight into our gut’s microbiome. Gut [online]. 62(1),
146 LP — 158. Available at: doi:10.1136/gutjnl-2011-301805

LIEBL, W, B WAGNER and J SCHELLHASE, 1998. Properties of an alpha-galactosidase, and structure of its
gene galA, within an alpha-and beta-galactoside utilization gene cluster of the hyperthermophilic bacterium
Thermotoga maritima. Systematic and applied microbiology. 21(1), 1-11. ISSN 0723-2020 (Print).

LIENER, | E, 2003. PLANT ANTINUTRITIONAL FACTORS | Detoxification. In: Benjamin B T - Encyclopedia of
Food Sciences and Nutrition (Second Edition) CABALLERO, ed. [online]. Oxford: Academic Press, p. 4587—-4593.
ISBN 978-0-12-227055-0. Available at: doi:https://doi.org/10.1016/B0-12-227055-X/00936-6

LIEVIN-LE MOAL, Vanessa and Alain L SERVIN, 2014. Anti-infective activities of lactobacillus strains in the
human intestinal microbiota: from probiotics to gastrointestinal anti-infectious biotherapeutic agents. Clinical
microbiology reviews [online]. B.m.: American Society for Microbiology, 27(2), 167-199. ISSN 1098-6618.
Available at: doi:10.1128/CMR.00080-13

LIEVIN, V, | PEIFFER, S HUDAULT, F ROCHAT, D BRASSART, J R NEESER and A L SERVIN, 2000.
Bifidobacterium strains from resident infant human gastrointestinal microflora exert antimicrobial activity. Gut
[online]. 47(5), 646—652. ISSN 0017-5749 (Print). Available at: doi:10.1136/gut.47.5.646

LIU, Hong, Jiang ZHANG, Shihai ZHANG, Fengjuan YANG, Phil A THACKER, Guolong ZHANG, Shiyan QIAO
and Xi MA, 2014. Oral administration of Lactobacillus fermentum I5007 favors intestinal development and alters
the intestinal microbiota in formula-fed piglets. Journal of agricultural and food chemistry [online]. 62(4), 860—
866. ISSN 1520-5118 (Electronic). Available at: doi:10.1021/jf403288r

LOCASCIO, Riccardo G, Milady R NINONUEVO, Scott R KRONEWITTER, Samara L FREEMAN, J Bruce
GERMAN, Carlito B LEBRILLA and David A MILLS, 2009. A versatile and scalable strategy for glycoprofiling
bifidobacterial consumption of human milk oligosaccharides. Microbial biotechnology [online]. 2(3), 333—342.
ISSN 1751-7915 (Electronic). Available at: do0i:10.1111/j.1751-7915.2008.00072.x

LOPETUSO, Loris R, Franco SCALDAFERRI, Valentina PETITO and Antonio GASBARRINI, 2013. Commensal
Clostridia: leading players in the maintenance of gut homeostasis. Gut pathogens [online]. 5(1), 23. ISSN 1757-
4749 (Print). Available at: doi:10.1186/1757-4749-5-23

LOZUPONE, Catherine A, Jesse | STOMBAUGH, Jeffrey | GORDON, Janet KJANSSON and Rob KNIGHT, 2012.
Diversity, stability and resilience of the human gut microbiota. Nature [online]. 489(7415), 220-230. ISSN 1476-
4687 (Electronic). Available at: doi:10.1038/nature11550

LU, Jiangrang, Umelaalim IDRIS, Barry HARMON, Charles HOFACRE, John J MAURER and Margie D LEE,
2003. Diversity and succession of the intestinal bacterial community of the maturing broiler chicken. Applied and
environmental  microbiology  [online]. 69(11), 6816-6824. ISSN 0099-2240  (Print).  Available

-107 -



at: doi:10.1128/aem.69.11.6816-6824.2003

MACHIELS, Kathleen, Marie JOOSSENS, Joao SABINO, Vicky DE PRETER, Ingrid ARIJS, Venessa EECKHAUT,
Vera BALLET, Karolien CLAES, Filip VAN IMMERSEEL, Kristin VERBEKE, Marc FERRANTE, Jan VERHAEGEN, Paul
RUTGEERTS and Severine VERMEIRE, 2014. A decrease of the butyrate-producing species Roseburia hominis and
Faecalibacterium prausnitzii defines dysbiosis in patients with ulcerative colitis. Gut [online]. 63(8), 1275-1283.
ISSN 1468-3288 (Electronic). Available at: doi:10.1136/gutjnl-2013-304833

MANGES, A R, 2016. Escherichia coli and urinary tract infections: the role of poultry-meat. Clinical
Microbiology and Infection [online]. 22(2), 122-129. ISSN 1198-743X. Available
at: doi:https://doi.org/10.1016/j.cmi.2015.11.010

MARCOBAL, Angela, Mariana BARBOZA, John W FROEHLICH, David E BLOCK, J Bruce GERMAN, Carlito B
LEBRILLA and David A MILLS, 2010. Consumption of human milk oligosaccharides by gut-related microbes.
Journal of agricultural and food chemistry [online]. 58(9), 5334-5340. ISSN 1520-5118. Available
at: doi:10.1021/jf9044205

MARTIN-SOSA, Samuel, Maria-Jesus MARTIN and Pablo HUESO, 2002. The sialylated fraction of milk
oligosaccharides is partially responsible for binding to enterotoxigenic and uropathogenic Escherichia coli human
strains. The Journal of nutrition [online]. 132(10), 3067-3072. ISSN 0022-3166 (Print). Available
at: doi:10.1093/jn/131.10.3067

MARTIN, Rebeca, Celia CHAMIGNON, Nadia MHEDBI-HAJRI, Florian CHAIN, Muriel DERRIEN, Unai
ESCRIBANO-VAZQUEZ, Peggy GARAULT, Aurélie COTILLARD, Hang Phuong PHAM, Christian CHERVAUX, Luis G
BERMUDEZ-HUMARAN, Tamara SMOKVINA and Philippe LANGELLA, 2019. The potential probiotic Lactobacillus
rhamnosus CNCM [-3690 strain protects the intestinal barrier by stimulating both mucus production and
cytoprotective  response.  Scientific  Reports [online]. 9(1), 5398. ISSN 2045-2322. Available
at: doi:10.1038/s41598-019-41738-5

MAYER, Emeran A, Kirsten TILLISCH and Arpana GUPTA, 2015. Gut/brain axis and the microbiota. The
Journal of clinical investigation [online]. 2015/02/17. B.m.: American Society for Clinical Investigation, 125(3),
926-938. ISSN 1558-8238. Available at: doi:10.1172/JCI76304

MCLELLAN, Sandra L, Annette D DANIELS and Alissa K SALMORE, 2003. Genetic Characterization of
Escherichia coli Populations from Host Sources of Fecal Pollution by Using DNA Fingerprinting. Applied and
Environmental Microbiology [online]. 69(5), 2587 LP — 2594. Available at: doi:10.1128/AEM.69.5.2587-2594.2003

MENNE, E, N GUGGENBUHL and M ROBERFROID, 2000. Fn-type chicory inulin hydrolysate has a prebiotic
effect in humans. The Journal of nutrition [online]. 130(5), 1197-1199. ISSN 0022-3166 (Print). Available
at: doi:10.1093/jn/130.5.1197

MILANI, Christian, Sabrina DURANTI, Francesca BOTTACINI, Eoghan CASEY, Francesca TURRONI, Jennifer
MAHONY, Clara BELZER, Susana DELGADO PALACIO, Silvia ARBOLEYA MONTES, Leonardo MANCABELLI, Gabriele
Andrea LUGLI, Juan Miguel RODRIGUEZ, Lars BODE, Willem DE VOS, Miguel GUEIMONDE, Abelardo MARGOLLES,
Douwe VAN SINDEREN and Marco VENTURA, 2017. The First Microbial Colonizers of the Human Gut:
Composition, Activities, and Health Implications of the Infant Gut Microbiota. Microbiology and molecular
biology reviews : MMBR [online]. 81(4). ISSN 1098-5557 (Electronic). Available at: doi:10.1128/MMBR.00036-17

MORENO MURNOZ, José Antonio, Empar CHENOLL, Beatriz CASINOS, Esther BATALLER, Daniel RAMON,
Salvador GENOVES, Rebeca MONTAVA, Juan Manuel RIBES, Javier BUESA, Joan FABREGA and Montserrat
RIVERO, 2011. Novel Probiotic &lt;span class=&quot;named-content genus-species&quot; id=&quot;named-
content-1&quot;&gt;Bifidobacterium longum&lt;/span&gt; subsp. &It;span class=&quot;named-content genus-
species&quot; id=&quot;named-content-2&quot;&gt;infantis&lt;/span&. Applied and Environmental
Microbiology [online]. 77(24), 8775 LP — 8783. Available at: doi:10.1128/AEM.05548-11

MORROW, Ardythe L, Guillermo M RUIZ-PALACIOS, Xi JIANG and David S NEWBURG, 2005. Human-milk
glycans that inhibit pathogen binding protect breast-feeding infants against infectious diarrhea. The Journal of
nutrition [online]. 135(5), 1304-1307. ISSN 0022-3166 (Print). Available at: doi:10.1093/jn/135.5.1304

MUNYAKA, Peris Mumbi, Ehsan KHAFIPOUR and Jean-Eric GHIA, 2014. External influence of early
childhood establishment of gut microbiota and subsequent health implications. Frontiers in pediatrics [online].
2, 109. ISSN 2296-2360 (Print). Available at: doi:10.3389/fped.2014.00109

MUSILOVA, Sarka, Vojtech RADA, Milan MAROUNEK, Jiri NEVORAL, Dagmar DUSKOVA, Vera BUNESOVA,
Eva VLKOVA and Richard ZELENKA, 2015a. Prebiotic effects of a novel combination of galactooligosaccharides
and maltodextrins. Journal of medicinal food [online]. 18(6), 685—-689. ISSN 1557-7600 (Electronic). Available
at: doi:10.1089/jmf.2013.0187

MUSILOVA, Sarka, Vojtech RADA, Eva VLKOVA, Vera BUNESOVA and Jiri NEVORAL, 2015b. Colonisation of
the gut by bifidobacteria is much more common in vaginal deliveries than Caesarean sections. Acta paediatrica
(Oslo, Norway : 1992) [online]. 104(4), e184-6. ISSN 1651-2227 (Electronic). Available at: doi:10.1111/apa.12931

-108 -



NADAL, Inmaculada, Ester DONAT, Carmen RIBES-KONINCKX, Miguel CALABUIG and Yolanda SANZ, 2007.
Imbalance in the composition of the duodenal microbiota of children with coeliac disease. Journal of medical
microbiology [online]. 56(Pt 12), 1669—1674. ISSN 0022-2615 (Print). Available at: d0i:10.1099/jmm.0.47410-0

NAGENDRA, R, S VISWANATHA, S.Arun KUMAR, B.Krishna MURTHY and S.Venkat RAO, 1995. Effect of
feeding milk formula containing lactulose to infants on faecal bifidobacterial flora. Nutrition Research [online].
15(1), 15-24. ISSN 0271-5317. Available at: doi:https://doi.org/10.1016/0271-5317(95)91649-W

NEUMANN, E, L Q VIEIRA and J R NICOLI, 2019. Chapter 1 - Germ-Free Animals as a Tool to Study
Indigenous Microbiota. In: Joel FAINTUCH and Salomao B T - Microbiome and Metabolome in Diagnosis
FAINTUCH THERAPY, AND OTHER STRATEGIC APPLICATIONS, eds. [online]. B.m.: Academic Press, p.3-11.
ISBN 978-0-12-815249-2. Available at: doi:https://doi.org/10.1016/B978-0-12-815249-2.00001-4

NEWBURG, David S, Guillermo M RUIZ-PALACIOS and Ardythe L MORROW, 2005. Human milk glycans
protect infants against enteric pathogens. Annual review of nutrition [online]. 25, 37-58. ISSN 0199-9885 (Print).
Available at: doi:10.1146/annurev.nutr.25.050304.092553

NICHOLSON, Jeremy K, Elaine HOLMES, James KINROSS, Remy BURCELIN, Glenn GIBSON, Wei JIA and Sven
PETTERSSON, 2012. Host-gut microbiota metabolic interactions. Science (New York, N.Y.) [online]. 336(6086),
1262-1267. ISSN 1095-9203 (Electronic). Available at: doi:10.1126/science.1223813

NINESS, Kathy R, 1999. Inulin and Oligofructose: What Are They? The Journal of Nutrition [online]. 129(7),
14025-1406S. ISSN 0022-3166. Available at: doi:10.1093/jn/129.7.1402S

NURMI, E, LNUOTIO and C SCHNEITZ, 1992. The competitive exclusion concept: development and future.
International journal of food microbiology. 15(3—4), 237-240. ISSN 0168-1605 (Print).

NURMI, E and M RANTALA, 1973. New Aspects of Salmonella Infection in Broiler Production. Nature
[online]. 241(5386), 210-211. Available at: http://dx.doi.org/10.1038/241210a0

O’HARA, Ann M and Fergus SHANAHAN, 2006. The gut flora as a forgotten organ. EMBO reports [online].
7(7), 688—693. ISSN 1469-221X (Print). Available at: doi:10.1038/sj.embor.7400731

O’MAHONY, Liam, Jane MCCARTHY, Peter KELLY, George HURLEY, Fangyi LUO, Kersang CHEN, Gerald C
O’SULLIVAN, Barry KIELY, J Kevin COLLINS, Fergus SHANAHAN and Eamonn M M QUIGLEY, 2005. Lactobacillus
and bifidobacterium in irritable bowel syndrome: symptom responses and relationship to cytokine profiles.
Gastroenterology [online]. 128(3), 541-551. ISSN 0016-5085 (Print). Available
at: doi:10.1053/j.gastro.2004.11.050

O’SHEA, Eileen F, Paul D COTTER, Catherine STANTON, R Paul ROSS and Colin HILL, 2012. Production of
bioactive substances by intestinal bacteria as a basis for explaining probiotic mechanisms: Bacteriocins and
conjugated linoleic acid. International Journal of Food Microbiology [online]. 152(3), 189-205. ISSN 0168-1605.
Available at: doi:https://doi.org/10.1016/j.ijffoodmicro.2011.05.025

O’SULLIVAN, Aifric, Marie FARVER and Jennifer T SMILOWITZ, 2015. The Influence of Early Infant-Feeding
Practices on the Intestinal Microbiome and Body Composition in Infants. Nutrition and metabolic insights
[online]. 8(Suppl 1), 1-9. ISSN 1178-6388 (Print). Available at: doi:10.4137/NMI.529530

OAKLEY, Brian B, Hyun S LILLEHOJ, Michael H KOGUT, Woo K KIM, John J MAURER, Adriana PEDROSO,
Margie D LEE, Stephen R COLLETT, Timothy J JOHNSON and Nelson A COX, 2014. The chicken gastrointestinal
microbiome. FEMS Microbiology Letters [online]. B.m.: John Wiley & Sons, Ltd (10.1111), 360(2), 100-112.
ISSN 0378-1097. Available at: do0i:10.1111/1574-6968.12608

ODAMAKI, Toshitaka, Kumiko KATO, Hirosuke SUGAHARA, Nanami HASHIKURA, Sachiko TAKAHASHI, Jin-
Zhong XIAO, Fumiaki ABE and Ro OSAWA, 2016. Age-related changes in gut microbiota composition from
newborn to centenarian: a cross-sectional study. BMC microbiology [online]. B.m.: BioMed Central, 16, 90.
ISSN 1471-2180. Available at: doi:10.1186/s12866-016-0708-5

OKADA, H, C KUHN, H FEILLET and J-F BACH, 2010. The ‘hygiene hypothesis’ for autoimmune and allergic
diseases: an update. Clinical and experimental immunology [online]. 160(1), 1-9. ISSN 1365-2249 (Electronic).
Available at: doi:10.1111/j.1365-2249.2010.04139.x

OLIVARES, Monica, Ma PAZ DIAZ-ROPERO, Nuria GOMEZ, Saleta SIERRA, Federico LARA-VILLOSLADA,
Rocio MARTIN, Juan MIGUEL RODRIGUEZ and Jordi XAUS, 2006. Dietary deprivation of fermented foods causes
afallininnate immune response. Lactic acid bacteria can counteract the immunological effect of this deprivation.
The Journal of dairy research [online]. 73(4), 492-498. ISSN 0022-0299 (Print). Available
at: doi:10.1017/50022029906002068

OLKOWSKI, B I, H L CLASSEN, C WOJNAROWICZ and A A OLKOWSKI, 2005. Feeding high levels of lupine
seeds to broiler chickens: plasma micronutrient status in the context of digesta viscosity and morphometric and
ultrastructural changes in the gastrointestinal tract. Poultry science [online]. 84(11), 1707-1715. ISSN 0032-5791
(Print). Available at: doi:10.1093/ps/84.11.1707

OWINGS, W. J., D. L. REYNOLDS, R. J. HASIAK and P. R. FERKET, 1990. Influence of dietary supplementation

-109 -



with Streptococcus faecium M-74 on broiler body weight, feed conversion, carcass characteristics, and intestinal
microbial  colonization. Poultry science [online]. 69(8), 1257-1264. ISSN 00325791. Available
at: doi:10.3382/ps.0691257

PEARCE, Sarah C, Heidi G COIA, J P KARL, Ida G PANTOJA-FELICIANO, Nicholas C ZACHOS and Kenneth
RACICOT, 2018. Intestinal in vitro and ex vivo Models to Study Host-Microbiome Interactions and Acute Stressors.
Frontiers in physiology [online]. B.m.: Frontiers Media S.A., 9, 1584. ISSN 1664-042X. Available
at: doi:10.3389/fphys.2018.01584

PERRIN, S, C FOUGNIES, J P GRILL, H JACOBS and F SCHNEIDER, 2002. Fermentation of chicory fructo-
oligosaccharides in mixtures of different degrees of polymerization by three strains of bifidobacteria. Canadian
journal of microbiology [online]. 48(8), 759—763. ISSN 0008-4166 (Print). Available at: doi:10.1139/w02-065

PIEPER, Robert, Pawel JANCZYK, Annette ZEYNER, Hauke SMIDT, Volker GUIARD and Wolfgang Bernhard
SOUFFRANT, 2008. Ecophysiology of the developing total bacterial and lactobacillus communities in the terminal
small intestine of weaning piglets. Microbial ecology [online]. 56(3), 474—483. ISSN 0095-3628 (Print). Available
at: doi:10.1007/s00248-008-9366-y

PRYDE, Susan E, Sylvia H DUNCAN, Georgina L HOLD, Colin S STEWART and Harry J FLINT, 2002. The
microbiology of butyrate formation in the human colon. FEMS microbiology letters [online]. 217(2), 133—-139.
ISSN 0378-1097 (Print). Available at: doi:10.1111/j.1574-6968.2002.tb11467.x

QIN, Junjie, Ruigiang LI, Jeroen RAES, Manimozhiyan ARUMUGAM, Kristoffer Solvsten BURGDORF,
Chaysavanh MANICHANH, Trine NIELSEN, Nicolas PONS, Florence LEVENEZ, Takuji YAMADA, Daniel R MENDE,
Junhua LI, Junming XU, Shaochuan LI, Dongfang LI, Jianjun CAO, Bo WANG, Huiging LIANG, Huisong ZHENG,
Yinlong XIE, Julien TAP, Patricia LEPAGE, Marcelo BERTALAN, Jean-Michel BATTO, Torben HANSEN, Denis LE
PASLIER, Allan LINNEBERG, H Bjgrn NIELSEN, Eric PELLETIER, Pierre RENAULT, Thomas SICHERITZ-PONTEN, Keith
TURNER, Hongmei ZHU, Chang YU, Shengting LI, Min JIAN, Yan ZHOU, Yingrui LI, Xiuging ZHANG, Songgang LI,
Nan QIN, Huanming YANG, Jian WANG, Sgren BRUNAK, Joel DORE, Francisco GUARNER, Karsten KRISTIANSEN,
Oluf PEDERSEN, Julian PARKHILL, Jean WEISSENBACH, MetaHIT CONSORTIUM, Maria ANTOLIN, Francois
ARTIGUENAVE, Hervé BLOTTIERE, Natalia BORRUEL, Thomas BRULS, Francesc CASELLAS, Christian CHERVAUX,
Antonella CULTRONE, Christine DELORME, Gérard DENARIAZ, Rozenn DERVYN, Miguel FORTE, Carsten FRISS,
Maarten VAN DE GUCHTE, Eric GUEDON, Florence HAIMET, Alexandre JAMET, Catherine JUSTE, Ghalia KACI,
Michiel KLEEREBEZEM, Jan KNOL, Michel KRISTENSEN, Severine LAYEC, Karine LE ROUX, Marion LECLERC,
Emmanuelle MAGUIN, Raquel MELO MINARDI, Raish OOZEER, Maria RESCIGNO, Nicolas SANCHEZ, Sebastian
TIMS, Toni TORREJON, Encarna VARELA, Willem DE VOS, Yohanan WINOGRADSKY, Erwin ZOETENDAL, Peer
BORK, S Dusko EHRLICH and Jun WANG, 2010. A human gut microbial gene catalogue established by
metagenomic  sequencing. Nature [online]. B.m.: The Author(s), 464, 59. Available
at: https://doi.org/10.1038/nature08821

RADA, Vojtech, Jiri NEVORAL, Iva TROJANOVA, Eva TOMANKOVA, Martina SMEHILOVA and Jiri KILLER,
2008. Growth of infant faecal bifidobacteria and clostridia on prebiotic oligosaccharides in in vitro conditions.
Anaerobe [online]. 14(4), 205-208. ISSN 1095-8274 (Electronic). Available
at: doi:10.1016/j.anaerobe.2008.05.003

RADA, Voijtech, Eva VLKOVA, Jiri NEVORAL and lva TROJANOVA, 2006. Comparison of bacterial flora and
enzymatic activity in faeces of infants and calves. FEMS microbiology letters [online]. 258(1), 25—28. ISSN 0378-
1097 (Print). Available at: doi:10.1111/j.1574-6968.2006.00207.x

RESTA-LENERT, S and K E BARRETT, 2003. Live probiotics protect intestinal epithelial cells from the effects
of infection with enteroinvasive Escherichia coli (EIEC). Gut [online]. 52(7), 988—997. ISSN 0017-5749 (Print).
Available at: doi:10.1136/gut.52.7.988

RETTGER, Leo F, 1915. THE INFLUENCE OF MILK FEEDING ON MORTALITY AND GROWTH, AND ON THE
CHARACTER OF THE INTESTINAL FLORA. The Journal of Experimental Medicine [online]. 21(4), 365 LP — 388.
Available at: doi:10.1084/jem.21.4.365

REYES, Alejandro, Matthew HAYNES, Nicole HANSON, Florent E ANGLY, Andrew C HEATH, Forest ROHWER
and Jeffrey | GORDON, 2010. Viruses in the faecal microbiota of monozygotic twins and their mothers. Nature
[online]. 466(7304), 334—-338. ISSN 1476-4687 (Electronic). Available at: doi:10.1038/nature09199

RINNINELLA, Emanuele, Pauline RAOUL, Marco CINTONI, Francesco FRANCESCHI, Giacinto Abele Donato
MIGGIANO, Antonio GASBARRINI and Maria Cristina MELE, 2019. What is the Healthy Gut Microbiota
Composition? A Changing Ecosystem across Age, Environment, Diet, and Diseases. Microorganisms [online].
B.m.: MDPI, 7(1), 14. ISSN 2076-2607. Available at: doi:10.3390/microorganisms7010014

RIVIERE, Audrey, Marija SELAK, David LANTIN, Frédéric LEROY and Luc DE VUYST, 2016. Bifidobacteria and
Butyrate-Producing Colon Bacteria: Importance and Strategies for Their Stimulation in the Human Gut. Frontiers
in  microbiology [online]. B.m.: Frontiers Media S.A., 7, 979. ISSN 1664-302X. Available

-110-



at: doi:10.3389/fmicb.2016.00979

ROCKOVA, Sarka, Jiri NEVORAL, Vojtech RADA, Petr MARSIK, Jan SKLENAR, Andrea HINKOVA, Eva VLKOVA
and Milan MAROUNEK, 2011a. Factors affecting the growth of bifidobacteria in human milk. International Dairy
Journal [online]. 21(7), 504-508. ISSN 0958-6946. Available at: doi:https://doi.org/10.1016/].idairyj.2011.02.005

ROCKOVA, Sarka, Vojtech RADA, Petr MARSIK, Eva VLKOVA, Vera BUNESOVA, Jan SKLENAR and Igor
SPLICHAL, 2011b. Growth of bifidobacteria and clostridia on human and cow milk saccharides. Anaerobe [online].
17(5), 223-225. ISSN 1095-8274 (Electronic). Available at: doi:10.1016/j.anaerobe.2011.07.009

ROSELLI, Marianna, Alberto FINAMORE, Maria Serena BRITTI, Sergey R KONSTANTINOV, Hauke SMIDT,
Willem M DE VOS and Elena MENGHERI, 2007. The novel porcine Lactobacillus sobrius strain protects intestinal
cells from enterotoxigenic Escherichia coli K88 infection and prevents membrane barrier damage. The Journal of
nutrition [online]. 137(12), 2709-2716. ISSN 1541-6100 (Electronic). Available at: doi:10.1093/jn/137.12.2709

ROTHMAN, K J, 2008. BMlI-related errors in the measurement of obesity. International Journal Of Obesity
[online]. B.m.: Macmillan Publishers Limited, 32, S56. Available at: https://doi.org/10.1038/ij0.2008.87

RUHAAK, L Renee and Carlito B LEBRILLA, 2012. Advances in analysis of human milk oligosaccharides.
Advances in nutrition (Bethesda, Md.) [online]. 3(3), 406S—-14S. ISSN 2156-5376 (Electronic). Available
at: doi:10.3945/an.112.001883

RUSSELL, J B and F DIEZ-GONZALEZ, 1998. The effects of fermentation acids on bacterial growth. Advances
in microbial physiology. 39, 205-234. ISSN 0065-2911 (Print).

SAAVEDRA, ] M, N A BAUMAN, | OUNG, J A PERMAN and R H YOLKEN, 1994. Feeding of Bifidobacterium
bifidum and Streptococcus thermophilus to infants in hospital for prevention of diarrhoea and shedding of
rotavirus. Lancet (London, England) [online]. 344(8929), 1046-1049. ISSN 0140-6736 (Print). Available
at: doi:10.1016/s0140-6736(94)91708-6

SAITO, Yoshio, Toshiaki TAKANO and lan ROWLAND, 1992. Effects of Soybean Oligosaccharides on the
Human Gut Microflora in In vitro Culture. Microbial Ecology in Health and Disease [online]. B.m.: Taylor & Francis,
5(2), 105-110. ISSN null. Available at: d0i:10.3109/08910609209141296

SALMINEN, S, G R GIBSON, A L MCCARTNEY and E ISOLAURI, 2004. Influence of mode of delivery on gut
microbiota composition in seven year old children. [online]. September 2004. ISSN 0017-5749 (Print). Available
at: doi:10.1136/gut.2004.041640

SALMINEN, Seppo and Henk VAN LOVEREN, 2012. Probiotics and prebiotics: health claim substantiation.
Microbial ecology in health and disease [online]. B.m.: Co-Action Publishing, 23, 10.3402/mehd.v23i0.18568.
ISSN 0891-060X. Available at: doi:10.3402/mehd.v23i0.18568

SAMINATHAN, M, C C SIEO, R KALAVATHY, N ABDULLAH and Y W HO, 2011. Effect of prebiotic
oligosaccharides on growth of Lactobacillus strains used as a probiotic for chickens. African Journal of
Microbiology Research. B.m.: Academic Journals, 5(1), 57—64. ISSN 1996-0808.

SANCHEZ, M, 2010. No Title. El microbioma humano. Segunda sesion del Simposio Lilly [online]. Available
at: http://curiosidadesdelamicrobiologia.blogspot.cz/2010/11/el-microbioma-humano-segunda-
sesiondel.%0Ahtml

SANDERS, M E, D MERENSTEIN, C A MERRIFIELD and R HUTKINS, 2018. Probiotics for human use. Nutrition
Bulletin [online]. B.m.: John Wiley & Sons, Ltd (10.1111), 43(3), 212-225. ISSN 1471-9827. Available
at: doi:10.1111/nbu.12334

SAPAN, Heber Bombang, Idrus PATURUSI, Irawan JUSUF, llhamjaya PATELLONGI, Muh Nasrum MASSI,
Aryono Djuned PUSPONEGORO, Syafrie Kamsul ARIEF, Ibrahim LABEDA, Andi Asadul ISLAM, Leo RENDY and
Mochammad HATTA, 2016. Pattern of cytokine (IL-6 and IL-10) level as inflammation and anti-inflammation
mediator of multiple organ dysfunction syndrome (MODS) in polytrauma. International journal of burns and
trauma [online]. B.m.: e-Century Publishing Corporation, 6(2), 37-43. ISSN 2160-2026. Available
at: https://www.ncbi.nlm.nih.gov/pubmed/27335696

SARTOR, R Balfour, 2008. Microbial Influences in Inflammatory Bowel Diseases. Gastroenterology [online].
B.m.: Elsevier, 134(2), 577-594. ISSN 0016-5085. Available at: doi:10.1053/j.gastro.2007.11.059

SCHEPPER, Jonathan D, Fraser L COLLINS, Naiomy Deliz RIOS-ARCE, Sandi RAEHTZ, Laura SCHAEFER,
Joseph D GARDINIER, Robert A BRITTON, Narayanan PARAMESWARAN and Laura R MCCABE, 2019. Probiotic
Lactobacillus reuteri Prevents Postantibiotic Bone Loss by Reducing Intestinal Dysbiosis and Preventing Barrier
Disruption. Journal of bone and mineral research : the official journal of the American Society for Bone and
Mineral Research [online]. 34(4), 681-698. ISSN 1523-4681 (Electronic). Available at: doi:10.1002/jbmr.3635

SCHIFFRIN, E J and S BLUM, 2002. Interactions between the microbiota and the intestinal mucosa.
European journal of clinical nutrition [online]. 56 Suppl 3, S60-4. ISSN 0954-3007 (Print). Available
at: doi:10.1038/sj.ejcn.1601489

SCHLUTER, Jonas and Kevin R FOSTER, 2012. The evolution of mutualism in gut microbiota via host

-111-



epithelial selection. PLoS biology [online]. 10(11), e1001424. ISSN 1545-7885 (Electronic). Available
at: doi:10.1371/journal.pbio.1001424

SCHROEDER, B, S DUNCKER, S BARTH, R BAUERFEIND, A D GRUBER, S DEPPENMEIER and G BREVES, 2006.
Preventive effects of the probiotic Escherichia coli strain Nissle 1917 on acute secretory diarrhea in a pig model
of intestinal infection. Digestive diseases and sciences [online]. 51(4), 724-731. ISSN 0163-2116 (Print). Available
at: doi:10.1007/s10620-006-3198-8

SEDLAKOVA, K., E. STRAKOVA, P. SUCHY, J. KREJCAROVA and I. HERZIG, 2016. Lupin as a perspective
protein plant for animal and human nutrition — a review. Acta Veterinaria Brno [online]. 85, 165—175. Available
at: doi:https://doi.org/10.2754/avb201685020165

SEKI, Hiromi, Masaaki SHIOHARA, Tadao MATSUMURA, Natsuki MIYAGAWA, Mamoru TANAKA, Atsushi
KOMIYAMA and Susumu KURATA, 2003. Prevention of antibiotic-associated diarrhea in children by Clostridium
butyricum MIYAIRI. Pediatrics international : official journal of the Japan Pediatric Society. 45(1), 86—90.
ISSN 1328-8067 (Print).

SENDER, Ron, Shai FUCHS and Ron MILO, 2016. Revised Estimates for the Number of Human and Bacteria
Cells in the Body. PLOS Biology [online]. B.m.: Public Library of Science, 14(8), €1002533. Available
at: https://doi.org/10.1371/journal.pbio.1002533

SEOK, Junhee, H Shaw WARREN, Alex G CUENCA, Michael N MINDRINOS, Henry V BAKER, Weihong XU,
Daniel R RICHARDS, Grace P MCDONALD-SMITH, Hong GAO, Laura HENNESSY, Celeste C FINNERTY, Cecilia M
LOPEZ, Shari HONARI, Ernest E MOORE, Joseph P MINEI, Joseph CUSCHIERI, Paul E BANKEY, Jeffrey L JOHNSON,
Jason SPERRY, Avery B NATHENS, Timothy R BILLIAR, Michael A WEST, Marc G JESCHKE, Matthew B KLEIN,
Richard L GAMELLI, Nicole S GIBRAN, Bernard H BROWNSTEIN, Carol MILLER-GRAZIANO, Steve E CALVANO, Philip
H MASON, J Perren COBB, Laurence G RAHME, Stephen F LOWRY, Ronald V MAIER, Lyle L MOLDAWER, David N
HERNDON, Ronald W DAVIS, Wenzhong XIAO and Ronald G TOMPKINS, 2013. Genomic responses in mouse
models poorly mimic human inflammatory diseases. Proceedings of the National Academy of Sciences [online].
110(9), 3507 LP — 3512. Available at: doi:10.1073/pnas.1222878110

SHANG, Yue, Sanjay KUMAR, Brian OAKLEY and Woo Kyun KIM, 2018. Chicken Gut Microbiota: Importance
and Detection Technology. Frontiers in veterinary science [online]. B.m.: Frontiers Media S.A., 5, 254. ISSN 2297-
1769. Available at: doi:10.3389/fvets.2018.00254

SHIN, Na-Ri, Tae Woong WHON and Jin-Woo BAE, 2015. Proteobacteria: microbial signature of dysbiosis
in gut microbiota. Trends in biotechnology [online]. 33(9), 496-503. ISSN 1879-3096 (Electronic). Available
at: doi:10.1016/j.tibtech.2015.06.011

SMULIKOWSKA, S, P KONIECZKA, J] CZERWINSKI, A MIECZKOWSKA and J JANKOWIAK, 2014. Feeding
broiler chickens with practical diets containing lupin seeds (L. angustifolius or L. luteus): effects of incorporation
level and mannanase supplementation on growth performance, digesta viscosity, microbial fermentation and
gut morph. Journal of Animal and Feed Sciences [online]. 23(1), 64-72. ISSN 1230-1388. Available
at: doi:10.22358/jafs/65718/2014

SO, Daniel, Kevin WHELAN, Megan ROSSI, Mark MORRISON, Gerald HOLTMANN, Jaimon T KELLY, Erin R
SHANAHAN, Heidi M STAUDACHER and Katrina L CAMPBELL, 2018. Dietary fiber intervention on gut microbiota
composition in healthy adults: a systematic review and meta-analysis. The American Journal of Clinical Nutrition
[online]. 107(6), 965—983. ISSN 0002-9165. Available at: doi:10.1093/ajcn/nqy041

SOKOL, Harry, Benedicte PIGNEUR, Laurie WATTERLOT, Omar LAKHDARI, Luis G BERMUDEZ-HUMARAN,
Jean-Jacques GRATADOUX, Sebastien BLUGEON, Chantal BRIDONNEAU, Jean-Pierre FURET, Gerard CORTHIER,
Corinne GRANGETTE, Nadia VASQUEZ, Philippe POCHART, Germain TRUGNAN, Ginette THOMAS, Herve M
BLOTTIERE, Joel DORE, Philippe MARTEAU, Philippe SEKSIK and Philippe LANGELLA, 2008. Faecalibacterium
prausnitzii is an anti-inflammatory commensal bacterium identified by gut microbiota analysis of Crohn disease
patients. Proceedings of the National Academy of Sciences of the United States of America [online]. 105(43),
16731-16736. ISSN 1091-6490 (Electronic). Available at: doi:10.1073/pnas.0804812105

SPLICHALOVA, A, | TREBICHAVSKY, V RADA, E VLKOVA, U SONNENBORN and | SPLICHAL, 2011.
Interference of Bifidobacterium choerinum or Escherichia coli Nissle 1917 with Salmonella Typhimurium in
gnotobiotic piglets correlates with cytokine patterns in blood and intestine. Clinical and experimental
immunology [online]. 163(2), 242-249. ISSN 1365-2249 (Electronic). Available at:doi:10.1111/j.1365-
2249.2010.04283.x

SPRING, P, C WENK, K A DAWSON and K E NEWMAN, 2000. The effects of dietary mannaoligosaccharides
on cecal parameters and the concentrations of enteric bacteria in the ceca of salmonella-challenged broiler
chicks. Poultry science [online]. 79(2), 205-211. ISSN 0032-5791 (Print). Available at: doi:10.1093/ps/79.2.205

SRUTKOVA, Dagmar, Martin SCHWARZER, Tomas HUDCOVIC, Zuzana ZAKOSTELSKA, Vladimir DRAB, Alena
SPANOVA, Bohuslav RITTICH, Hana KOZAKOVA and Irma SCHABUSSOVA, 2015. Bifidobacterium longum CCM

-112 -



7952 Promotes Epithelial Barrier Function and Prevents Acute DSS-Induced Colitis in Strictly Strain-Specific
Manner. PloS one [online]. B.m.: Public Library of Science, 10(7), e€0134050—e0134050. ISSN 1932-6203. Available
at: doi:10.1371/journal.pone.0134050

STEPHEN, Alison M, Martine M-J CHAMP, Susan J CLORAN, Mathilde FLEITH, Lilou VAN LIESHOUT, Heddie
MEJBORN and Victoria J BURLEY, 2017. Dietary fibre in Europe: current state of knowledge on definitions,
sources, recommendations, intakes and relationships to health. Nutrition research reviews [online]. 30(2), 149—
190. ISSN 1475-2700 (Electronic). Available at: doi:10.1017/5095442241700004X

SUAREZ, F L, J SPRINGFIELD, J K FURNE, T T LOHRMANN, P S KERR and M D LEVITT, 1999. Gas production
in human ingesting a soybean flour derived from beans naturally low in oligosaccharides. The American journal
of clinical nutrition [online]. 69(1), 135—-139. ISSN 0002-9165 (Print). Available at: doi:10.1093/ajcn/69.1.135

TAKAHASHI, Motomichi, Haruhiko TAGUCHI, Hiroyuki YAMAGUCHI, Takako OSAKI, Akio KOMATSU and
Shigeru KAMIYA, 2004. The effect of probiotic treatment with Clostridium butyricum on enterohemorrhagic
Escherichia coli 0157:H7 infection in mice. FEMS immunology and medical microbiology [online]. 41(3), 219-226.
ISSN 0928-8244 (Print). Available at: doi:10.1016/j.femsim.2004.03.010

TENG, Po-Yun and Woo Kyun KIM, 2018. Review: Roles of Prebiotics in Intestinal Ecosystem of Broilers.
Frontiers in veterinary science [online]. B.m.: Frontiers Media S.A., 5, 245. ISSN 2297-1769. Available
at: doi:10.3389/fvets.2018.00245

THONGARAM, Taksawan, Jennifer LHOEFLINGER, JoMay CHOW and Michael J MILLER, 2017. Human milk
oligosaccharide consumption by probiotic and human-associated bifidobacteria and lactobacilli. Journal of dairy
science [online]. 100(10), 7825-7833. ISSN 1525-3198 (Electronic). Available at: doi:10.3168/jds.2017-12753

TIMMERMAN, H M, L MULDER, H EVERTS, D C VAN ESPEN, E VAN DER WAL, G KLAASSEN, SM G ROUWERS,
R HARTEMINK, F M ROMBOUTS and A C BEYNEN, 2005. Health and growth of veal calves fed milk replacers with
or without probiotics. Journal of dairy science [online]. 88(6), 2154—-2165. ISSN 1525-3198 (Electronic). Available
at: doi:10.3168/jds.S0022-0302(05)72891-5

TUOHY, Kieran M, Duncan T BROWN, Annett KLINDER, Adele COSTABILE and Francesca FAVA, 2015.
Chapter 5 - Shaping the Human Microbiome with Prebiotic Foods — Current Perspectives for Continued
Development**This is an update of: “Shaping the human microbiome with prebiotic foods — current perspectives
for continued development.” Food Science and Te. In: Kieran TUOHY and Daniele B T - Diet-Microbe Interactions
in the Gut DEL RIO, eds. [online]. San Diego: Academic Press, p. 53—71. ISBN 978-0-12-407825-3. Available
at: doi:https://doi.org/10.1016/B978-0-12-407825-3.00005-8

TUOHY, Kieran M, Cherie J ZIEMER, Annett KLINDER, Yvonne KNOBEL, Beatrice L POOL-ZOBEL and Glenn
R GIBSON, 2002. A Human Volunteer Study to Determine the Prebiotic Effects of Lactulose Powder on Human
Colonic Microbiota. Microbial Ecology in Health and Disease [online]. B.m.: Taylor & Francis, 14(3), 165-173.
ISSN null. Available at: doi:10.1080/089106002320644357

TURRONI, Francesca, Christian MILANI, Sabrina DURANT], Jennifer MAHONY, Douwe VAN SINDEREN and
Marco VENTURA, 2018. Glycan Utilization and Cross-Feeding Activities by Bifidobacteria. Trends in microbiology
[online]. 26(4), 339-350. ISSN 1878-4380 (Electronic). Available at: doi:10.1016/j.tim.2017.10.001

VALDES, Ana M, Jens WALTER, Eran SEGAL and Tim D SPECTOR, 2018. Role of the gut microbiota in
nutrition and health. BMJ (Clinical research ed.) [online]. B.m.: BMJ Publishing Group Ltd., 361, k2179-k2179.
ISSN 1756-1833. Available at: doi:10.1136/bmj.k2179

VAN DE WIELE, T, N BOON, S POSSEMIERS, H JACOBS and W VERSTRAETE, 2007. Inulin-type fructans of
longer degree of polymerization exert more pronounced in vitro prebiotic effects. Journal of applied
microbiology [online]. 102(2), 452-460. ISSN 1364-5072 (Print). Available at:doi:10.1111/j.1365-
2672.2006.03084.x

VAN DER RIET, W B, AW WIGHT, J J L CILLIERS and J M DATEL, 1989. Food chemical investigation of tofu
and its byproduct okara. Food Chemistry [online]. 34(3), 193-202. ISSN 0308-8146. Available
at: doi:https://doi.org/10.1016/0308-8146(89)90140-4

VAN LOO, J, ) CUMMINGS, N DELZENNE, H ENGLYST, A FRANCK, M HOPKINS, N KOK, G MACFARLANE, D
NEWTON, M QUIGLEY, M ROBERFROID, T VAN VLIET and E VAN DEN HEUVEL, 1999. Functional food properties
of non-digestible oligosaccharides: a consensus report from the ENDO project (DGXII AIRII-CT94-1095). The
British ~ journal of nutrition [online]. 81(2), 121-132. ISSN 0007-1145 (Print).  Available
at: doi:10.1017/s0007114599000252

VANDENPLAS, Yvan, Bernard BERGER, Virgilio Paolo CARNIELLI, Janusz KSIAZYK, Hanna LAGSTROM,
Manuel SANCHEZ LUNA, Nathalia MIGACHEVA, Jean-Marc MOSSELMANS, Jean-Charles PICAUD, Mike POSSNER,
Atul SINGHAL and Martin WABITSCH, 2018. Human Milk Oligosaccharides: 2’-Fucosyllactose (2’-FL) and Lacto-N-
Neotetraose (LNNT) in Infant Formula. Nutrients [online]. B.m.: MDPI, 10(9), 1161. ISSN 2072-6643. Available
at: doi:10.3390/nu10091161

-113 -



VEMURI, Ravichandra, Tanvi SHINDE, Madhur D SHASTRI, Agampodi Promoda PERERA, Stephen
TRISTRAM, Christopher ] MARTONI, Rohit GUNDAMARAIJU, Kiran D K AHUJA, Madeleine BALL and Rajaraman
ERI, 2018. A human origin strain Lactobacillus acidophilus DDS-1 exhibits superior in vitro probiotic efficacy in
comparison to plant or dairy origin probiotics. International journal of medical sciences [online]. B.m.: lvyspring
International Publisher, 15(9), 840-848. ISSN 1449-1907. Available at: doi:10.7150/ijms.25004

VENEMA, Koen, 2015. The TNO In Vitro Model of the Colon (TIM-2) BT - The Impact of Food Bioactives on
Health: in vitro and ex vivo models. In: Kitty VERHOECKX, Paul COTTER, Ivan LOPEZ-EXPOSITO, Charlotte
KLEIVELAND, Tor LEA, Alan MACKIE, Teresa REQUENA, Dominika SWIATECKA and Harry WICHERS, eds. [online].
Cham: Springer International Publishing, p. 293—-304. ISBN 978-3-319-16104-4. Available at: doi:10.1007/978-3-
319-16104-4_26

VENTURA, Marco, Carlos CANCHAYA, Gerald F FITZGERALD, Radhey S GUPTA and Douwe VAN SINDEREN,
2007. Genomics as a means to understand bacterial phylogeny and ecological adaptation: the case of
bifidobacteria. Antonie van Leeuwenhoek [online]. 91(4), 351-372. ISSN 0003-6072 (Print). Available
at: doi:10.1007/s10482-006-9122-6

VOGT, Nicholas M, Robert L KERBY, Kimberly A DILL-MCFARLAND, Sandra J HARDING, Andrew P
MERLUZZI, Sterling CJOHNSON, Cynthia M CARLSSON, Sanjay ASTHANA, Henrik ZETTERBERG and Kaj BLENNOW,
2017. Gut microbiome alterations in Alzheimer’s disease. Scientific reports. B.m.: Nature Publishing Group, 7(1),
13537. ISSN 2045-2322.

VOLEK, Z and M MAROUNEK, 2009. Whole white lupin (Lupinus albus cv. Amiga) seeds as a source of
protein for growing-fattening rabbits. Animal Feed Science and Technology [online]. 152(3), 322—329. ISSN 0377-
8401. Available at: doi:https://doi.org/10.1016/j.anifeedsci.2009.05.003

VOLSTATOVA, T, J HAVLIK, | DOSKOCIL, M GEIGEROVA and V RADA, 2015. Effect Of Hydrolyzed Milk On
The Adhesion Of Lactobacilli To Intestinal Cells. Scientia Agriculturae Bohemica [online]. 46(1), 21-25. Available
at: doi:https://doi.org/10.1515/sab-2015-0012

VULEVIC, Jelena, Aleksandra JURIC, George TZORTZIS and Glenn R GIBSON, 2013. A Mixture of trans-
Galactooligosaccharides Reduces Markers of Metabolic Syndrome and Modulates the Fecal Microbiota and
Immune Function of Overweight Adults. The Journal of Nutrition [online]. 143(3), 324—331. ISSN 0022-3166.
Available at: doi:10.3945/jn.112.166132

WALTON, Gemma E, Congyi LU, Isabel TROGH, Filip ARNAUT and Glenn R GIBSON, 2012. A randomised,
double-blind, placebo controlled cross-over study to determine the gastrointestinal effects of consumption of
arabinoxylan-oligosaccharides enriched bread in healthy volunteers. Nutrition journal [online]. 11, 36. ISSN 1475-
2891 (Electronic). Available at: doi:10.1186/1475-2891-11-36

WANG, Mei and Sharon M DONOVAN, 2015. Human microbiota-associated swine: current progress and
future opportunities. ILAR journal [online]l. 56(1), 63-73. ISSN 1930-6180 (Electronic). Available
at: doi:10.1093/ilar/ilv006

WANG, Tingting, Guoxiang CAl, Yunping QIU, Na FEl, Menghui ZHANG, Xiaoyan PANG, Wei JIA, Sanjun CAI
and Liping ZHAO, 2012. Structural segregation of gut microbiota between colorectal cancer patients and healthy
volunteers. The ISME journal [online]. 2011/08/18. B.m.: Nature Publishing Group, 6(2), 320-329. ISSN 1751-
7370. Available at: doi:10.1038/ismej.2011.109

WARD, Robert E, Milady NINONUEVO, David A MILLS, Carlito B LEBRILLA and J Bruce GERMAN, 2006. In
vitro fermentation of breast milk oligosaccharides by Bifidobacterium infantis and Lactobacillus gasseri. Applied
and environmental microbiology [online]. 72(6), 4497-4499. ISSN 0099-2240 (Print). Available
at: doi:10.1128/AEM.02515-05

WEICHERT, Stefan, Stefan JENNEWEIN, Eric HUFNER, Christel WEISS, Julia BORKOWSKI, Johannes PUTZE
and Horst SCHROTEN, 2013. Bioengineered 2’-fucosyllactose and 3-fucosyllactose inhibit the adhesion of
Pseudomonas aeruginosa and enteric pathogens to human intestinal and respiratory cell lines. Nutrition research
(New York, N.Y.) [online]. 33(10), 831-838. ISSN 1879-0739 (Electronic). Available
at: doi:10.1016/j.nutres.2013.07.009

WHORWELL, Peter J, Linda ALTRINGER, Jorge MOREL, Yvonne BOND, Duane CHARBONNEAU, Liam
O’MAHONY, Barry KIELY, Fergus SHANAHAN and Eamonn M M QUIGLEY, 2006. Efficacy of an encapsulated
probiotic Bifidobacterium infantis 35624 in women with irritable bowel syndrome. The American journal of
gastroenterology [online]. 101(7), 1581-1590. ISSN 0002-9270 (Print). Available at:doi:10.1111/j.1572-
0241.2006.00734.x

WU, Gary D, Jun CHEN, Christian HOFFMANN, Kyle BITTINGER, Ying-Yu CHEN, Sue A KEILBAUGH,
Meenakshi BEWTRA, Dan KNIGHTS, William A WALTERS, Rob KNIGHT, Rohini SINHA, Erin GILROY, Kernika GUPTA,
Robert BALDASSANO, Lisa NESSEL, Hongzhe LI, Frederic D BUSHMAN and James D LEWIS, 2011a. Linking long-
term dietary patterns with gut microbial enterotypes. Science (New York, N.Y.) [online]. 2011/09/01. 334(6052),

-114 -



105-108. ISSN 1095-9203. Available at: doi:10.1126/science.1208344

WU, Shuai, Rudolf GRIMM, J Bruce GERMAN and Carlito B LEBRILLA, 2011b. Annotation and structural
analysis of sialylated human milk oligosaccharides. Journal of proteome research [online]. 10(2), 856—868.
ISSN 1535-3907 (Electronic). Available at: doi:10.1021/pr101006u

YANG, C M, G T CAO, P R FERKET, T T LIU, L ZHOU, L ZHANG, Y P XIAO and A G CHEN, 2012. Effects of
probiotic, Clostridium butyricum, on growth performance, immune function, and cecal microflora in broiler
chickens. Poultry Science [online]. 91(9), 2121-2129. Available at: d0i:10.3382/ps.2011-02131

YANG, Zhenhua and Guang JI, 2019. Fusobacterium nucleatum-positive colorectal cancer. Oncology letters
[online]. 18(2), 975-982. ISSN 1792-1074 (Print). Available at: doi:10.3892/01.2019.10433

YATSUNENKO, Tanya, Federico E REY, Mark J MANARY, Indi TREHAN, Maria Gloria DOMINGUEZ-BELLO,
Monica CONTRERAS, Magda MAGRIS, Glida HIDALGO, Robert N BALDASSANO, Andrey P ANOKHIN, Andrew C
HEATH, Barbara WARNER, Jens REEDER, Justin KUCZYNSKI, J Gregory CAPORASO, Catherine A LOZUPONE,
Christian LAUBER, Jose Carlos CLEMENTE, Dan KNIGHTS, Rob KNIGHT and Jeffrey | GORDON, 2012. Human gut
microbiome viewed across age and geography. Nature [online]. 486(7402), 222-227. ISSN 1476-4687. Available
at: doi:10.1038/nature11053

ZDUNCZYK, Z, ) JANKOWSKI, A RUTKOWSKI, E SOSNOWSKA, A DRAZBO, P ZDUNCZYK and J JUSKIEWICZ,
2014. The composition and enzymatic activity of gut microbiota in laying hens fed diets supplemented with blue
lupine seeds. Animal Feed Science and Technology [online]. 191, 57-66. ISSN 0377-8401. Available
at: doi:https://doi.org/10.1016/j.anifeedsci.2014.01.016

ZDUNCZYK, Z, M KRAWCZYK, D MIKULSKI, J JANKOWSKI, B PRZYBYLSKA-GORNOWICZ and J JUSKIEWICZ,
2016. Beneficial effects of increasing dietary levels of yellow lupine (Lupinus luteus) seed meal on productivity
parameters and gastrointestinal tract physiology in eight-week-old turkeys. Animal Feed Science and Technology
[online]. 211, 189-198. ISSN 0377-8401. Available at: doi:https://doi.org/10.1016/j.anifeedsci.2015.11.015

ZHANG, Ling, Lingling ZHANG, Xiu’an ZHAN, Xinfu ZENG, Lin ZHOU, Guangtian CAO, An’guo CHEN and
Caimei YANG, 2016. Effects of dietary supplementation of probiotic, Clostridium butyricum, on growth
performance, immune response, intestinal barrier function, and digestive enzyme activity in broiler chickens
challenged with Escherichia coli K88. Journal of animal science and biotechnology [online]. 7, 3. ISSN 1674-9782
(Print). Available at: doi:10.1186/s40104-016-0061-4

ZHANG, Lu, Yong-Qian XU, Hao-Yu LIU, Ting LAI, Jin-Lei MA, Jiu-Feng WANG and Yao-Hong ZHU, 2010.
Evaluation of Lactobacillus rhamnosus GG using an Escherichia coli K88 model of piglet diarrhoea: Effects on
diarrhoea incidence, faecal microflora and immune responses. Veterinary microbiology [online]. 141(1-2), 142—
148. ISSN 1873-2542 (Electronic). Available at: doi:10.1016/j.vetmic.2009.09.003

ZHANG, W H, Y JIANG, Q F ZHU, F GAO, S F DAI, J CHEN and G H ZHOU, 2011. Sodium butyrate maintains
growth performance by regulating the immune response in broiler chickens. British Poultry Science [online]. B.m.:
Taylor & Francis, 52(3), 292—-301. ISSN 0007-1668. Available at: doi:10.1080/00071668.2011.578121

ZHI, Shuai, Qiaozhi LI, Yutaka YASUI, Thomas EDGE, Edward TOPP and Norman F NEUMANN, 2015.
Assessing host-specificity of Escherichia coli using a supervised learning logic-regression-based analysis of single
nucleotide polymorphisms in intergenic regions. Molecular phylogenetics and evolution [online]. 92, 72-81.
ISSN 1095-9513 (Electronic). Available at: doi:10.1016/j.ympev.2015.06.007

ZRALY, Z, B PISARIKOVA, Martina TRCKOVA, Marek DOLEZAL, J THIEMEL, J SSIMEONOVOVA and Miroslav
JUZL, 2008. Replacement of soya in pig diets with white lupine cv. Butan. Czech Journal of Animal Science [online].
53. Available at: d0i:10.17221/353-CJAS

-115-



9 Seznam pouzitych klipartt

1. https://www.pinclipart.com/pindetail/wRJhm_picture-freeuse-stock-free-chicken-
clipart-download-black/
http://clipart-library.com/clipart/n1694622.htm

3. http://clipartmag.com/duck-images-free#fduck-images-free-23.png
https://www.etsy.com/hk-en/listing/616180708/mouse-svg-mice-svg-mouse-
clipart-mouse

5. https://etc.usf.edu/clipart/43500/43569/epithelium_43569.htm

. http://clipartpost.com/bacteria-clipart_19065/
7. https://cz.pinterest.com/pin/207024914093137452

10 Seznam pouzitych zkratek a symbolu
BMI — Body Mass Index
CBM 588 — Clostridium butyricum CBM 588
DP — stupen polymerace
EcN — Escherichia coli Nissle 1917
FOS — fruktooligosacharidy
GOS — galaktooligosacharidy
HMO - oligosacharidy materského mléka
IMO — isomaltooligosacharidy
RSO - oligosacharidy rafinosové rady

SCFA — mastné kyseliny s kratkym retézcem
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