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fotHJ ttpp 'Irluwns, th~ mm'l..w potmtial for pnbioticr il IlUge. 
H~ Irk tm'getJ ilrt! sh~r!dr I!O tDOS't1 ·ifhurno1M. Is.f'U('eS i,t.eludt 
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1997). WhiLe pmbiorlcs have: boca ingesta!. by hlmW1/l fu!f 
SBte,.J hw d.red ~s. rhelt d.eve1opmelu, rogre:!8e.& 
ma.r.kally 'l;IiVCf the wr decades woddmd.c.robiotk.s Rrc 

defined :IS LIve micr b~ food ~;[lppkm.en[S, Yo' 'chbave 31. 

l}aJehci' dfect n e 'r t JU! BOJ1i Q thi: hu t, mu~b· 

leading ro h.ealth impcmoC1D.ent5 (Fuller. 1989). Probioti(;S must 
be e Le. G~ne Iy R.eg~rd " Saf~ GRAS), die s£ 
be :lm~nable: ttl nduscrial I?ro~ necessary for OJmmerd' 
pfodm:riol1. they muSt remam viable in me: ood I'rOdUCl and 
during s:mrage, they mlm per.sisr In the gastral Ilrestinal INa: 

C(Jmspt)n.d~"71g Aldl.Wr. Dr. GR Gib50 iI. Dep~ rtm t 0 

Food and urndanaJ cknCl!5 Th Vruvasiry of Reading, 
ireknighq, R~. UK; Tel.lIS.57 8715; &mn.Hl 

g.r.glbsoD@rcad'inl}iK.uk 



Pc:ctin:sareaherero neousgroupQ oompL 
frequendy n ining relarivd unusu 

b irucm.s (SUa e:r . 2 (}I). The 5t 

prc:se t in any gi [1 pa:rln will depend an j OUKC and rb 
m th u d to cxmu:t iL Give i mucrunl complexity, 

hcrwiIh their UtH1ana:: and a.vaih.bili fJ m bioIIWS, 
pccr.i.w :Il'e t fa cvdopml:.Dt uD OQ\ I 
p 

Onump2i e:r"' ,(2 II) ser our [Q c:lu 
(We D Sutc r and felIDeD . d n od 'vi:ry in ascr ofpectins 

and cni -dc:riv 0 des. High olecuhr weigh[ 
parc:n r pol ac .bod (polyga.lac[urunic 'd, mcmyl red 
dtrUS pecti.n, rhamnogala.crurona.n r backbo.ne, Ql' bin n 

d were sp "lidl)' dlgc:st:c.d usin el1zymatk 
and I;'cal mr:duxu to mll.kc derivative oilS! 3ccharldcs 
(oUgoga.!ilc:rucollld 'w ;Ivc:ragc tip Y3.lucs f 5 and 9, 

crhytH d uligog;lllccuroni ,o~igorruunno tU!O[l:m, 

ou olfoll -ides and oHgrn inosidcs). 'lb.eit r. rmemation 
propcnics were 0 pared us1n: a mi c pH-conti" lied 

cal refill fit lL I ysre • All 0 the ~ ted tarboh lira 
" ere _e populations ofbaeroides bur only me la and 
, 1'=1 irnrn de "'fed oli 'Us:u;dJ 'dc.s inc-reased pop I :adam of 

i domacria. 

f7ebwtic furu:tim. and Ilf1piIrationJ 1I] 

o bl'3.uc:hlng fi:r:mcnrauo s th ( any systtmadc 
nne:. One smdy (S bini 1:[ aI•• 2.011 c::uminrd ~rie., 0 

cnzym.a 'cally libo:ured oUgodl1X.Ir.lJll i - ,6 r g 
and . -1 "' b ching. 100 ( r arcrlals had molecular 
avcragcwcighBof'ltDA ,16and32% br:l1l i g)J 6kDa(O 
aDd % ching) and 7 a 15 and 3 % brancbin • 

i of&[:1 mowed:l Colt p renee b}' bilidoh .cttrill fOf 

the 1 and 70 kDA ligosao:harlde! over ~bc: 6 kDa. molccul 
"lh as 'gbr dccr branchia in e d. [her 

saccharolytic gmu s such:lS bacrcroi es dJd !lOt how lIJIf such. 
prefc:n:nces. 1his is cansi rent it i6dobarteria po. . in 
a wide ran ce of ella g gtymsidases (Lee d 0' ul1lwn, 

10). 

[ molecul:rr w' [of a 

l:lfh 

anisros in . 

There: aft rdarlve.ly few mdics mve.s ct ting t lnfIuen.c 

~pcci6city r roe anumC:r1C ronE 
meg! 'co i' 'nkagcs in til boh 

I posi ional isom.cn of n 



c:xample, lIo.rch 'Pj,calJy rcswr in [he p dLlctlon ofbmyIa: 
bf the gill m1L:loblma whU :t po.:tlm are IlIKro fo pIling 
~ quaml f ;l.warC', ::endy, 11. r"~!lrt 0 o[igodexHws 

Cd' cU5SCd above) hilV~ been shown to pmdu£r vari:uiQn i.n 
dn: r.aoo 0 acetate to propxonatedependillg 011 the: molecular 
wdg t and degree of bl13.JH:h ing tSilIbini eE aJ 20 11). A 
molccular' eigh increased, Ic:vets of propion to a.CC:l3! 

increaBed, £alio of approximatcl 1; 1, 'Ihis is of intereSt 

" propionate is anracrlflg itllc:rCSl due: m iOi poLenU lrolJ:' in 
r~:!On lipi rnesis and ~arl (H dl1,1 ct ,2011. 

sing 11" IDUS lOr bi!JQmvity 

Bio~ U ddined th;l~ n::daJ frnJlaining afi~r 

paper :uld mJcmbhil p tc5Sing. It can wo' elL! c m ap 
Q,lid lCo and. tel' trc;tlmcn sludge. Bioma.~ 

.llUtertili: urrenaJ, Wicd as IiOIll'CeS ,of prehiQliCS 0 PQ£c' 

pre i cl Im:Jlldc rom tob~ ybe;I d dairy wh~' "USaft 

beet pUlp and d ptcl (CrIttenden and Phyne, Ig9G). It 15 
estim: red timE 1 billion WI!> ofbiQrfl '''I~ill. be prodLlced each 
yell in du: United. 1'lUc;j; 'f 2illJO wilh inc=lng t: 0 ne:rgy 
i;[0IU cas ~dnucb for blofuel produ.ctio (U" Department 
o EI'Il::lg}> 2011 . In a biclldincry modd, p iODa cculdi b<: 

valuable ,o-p duct that would lowe rost IIf biofuel 
p a1en from bioIru!S.f 1:1 e~-c£ re, biomass represent! -n 

Ilbund.mt source of r.1W mOl edal fur pr1!biodc: d ,r VI: 

oUgosacch3 de producdo d "t Itr;ty become more OOS{~ 

c£fcl:tl'i't: in ilie fill ~. 

Ho to tat for ;L prebiObc dfect 
0. [est: whethcr a pOT .,1 

in Ittm of mlldulation [) }fnp 'i~i n ;md/or :u::tivi , 
{] Lhe gut miaobiOla. 011_ . "II:il1 ),6 SCccw (a Sl!ri of) 
potcnti:d pre'hiODCS ing ill vitro m eh. anhti 
insight, [Dmlwad n a[ld msdn 0 I pot:ksa om be: ,don 

In u mod I . However, a:Iili Idp.lifl:1i moods .mimI 
ph 'ological oondidc In bu:JrulJl5. Animal mod CUI 

cd fa ely eY3!lill 'an. In addidon, _~1T.31 rtim disease 
mo~ \Xl Jd be used in me p~-djnl~ srag m II!SI eff'e:crs of 

prebiotk.~ in wse mPd.c:L ' owe'VCC. the: de Ji[",~ pWI} • 

burna vol ntc:c:r trial. especially if me In· tl II' to caIT}' a 
"Ill on the produC[ 00 Cl.i og c: prcoiotic. 

At '1 core, in rr1tro gut ferm -nr:alioll n: odel each 
,h:ua.cral7.e by in<:lc:u!ation Q a de 1_ or' 1oreaa:or widl 
Hal mk'-f biota and . CU 5:uiml under a ser of colUmUed 

con dons sdcorcd aaoro.wg to ttl I c:omplcxity; phpiolo 
of the: rargu hO.ll GJlQ - ch questions being dd. -_ed. G 
frorme l3.rlo mcdd~ c:nab1c culrl",ado n. _•~ testin l rniC:~(lbiora 

r ,[1 d.dinc:d pwoo and lncl deped.fic: time al r:;rn"'~ 'wm 
fours [Q weeks ur C="'l:1II months, d 'on of JI~ -prmpriat~ 

model l'equln:s arcful evaluation of, dy objccthres given e' 
, d"'afltagQi and l.im.irado11s l:l:hlbitl:d by each qrpe 0 !lf~m 

i:ldUlane d M " 3nt:, 2007: Pay c[ l.. 2 12). Due 
to dte t.h:ilt 1I.CCC5s ID the h man ~'OIQn 15 limited. mosr 

dini a.l die5 (CS[ mf: mie.robio~ comp05itioIl and. fiInclion 
In &c:cal 5;1I'l1{lh::s. Howc\'l:'.i' dut=. mms:i[ dm~ dlfOu,gli d!C~ 

rge in "Ile, whi is up to ho aocm samples only 
ar best reflecl dlf Jj uti efld of the colon. ' klee lermenuu 0 

of ptebiotil:S mostly takes place i me pI ximal coLon. scvmd 
re-search. groups 1 '-e developed il1 r;itro models whidt m.imic 
lh.i pro· -.ll region 0 the colof.l, r Ine complete: rolan 
(dJ-vidcd. inm proxlm3l tr 11' rn:: and disCll a.reaJK), TIl _ 
ill de! may Vi f'{ &om simple he.r.ch. ultwe Inc:u rion in 

-tubes to m lti-cDmp ullenul 11 it: mod 15 t1m1 

~dl&;[ dl1fe.renl p ,~i lag! 'GO di OIlS In the gur. the 
I Ie r 'l~p ry. du:u am a eau 5 systemli t t aye: Dccn used 
frcqu~dy in P biQ rc:.'iearth~ me thrcc'''Eag Fetl!l~uiLJ 

(Gl an aL J99' : l\ilacfiarla1leer' -<, 1989<1,b) thesimularor 
ofD.Um211 1111 'tla! m cr _\,i;d ceo ogJ' (S Hn ({GUy e al" 
1993:; 19 4. thc rno in vitro modd 0 the l'lrgc in c:sdm: 

2) (Min aL 1999}. a muld"s~ fe em.or 
[ D is Q [no: Du nr] {Emeromixl tiki 0 ct 

:d.• 20tJ5} and me ,mood dc:vdoped b)· me group of Lacroi 
with im to iJj, d kwblata. inquin e'l • 2{)l)4j 0 6 , 
&d::I model has its specill varlmgcs and disadv:lJltages., 
bUI e.adl )!Stcm b, ceo shown [ be 'btftdc g,c:ni • when 
-f!eb[ot:i~ -0 or GaS were eJ ( e mkrobiota. (M Bain 
,ct at. 1997; G en cf '. 20091 ,oanNeu 'm et ., 200 , 
Thc Ii1 O'S 1i'llDUd models a1s c: Lill ~ if anifici21 dlge;cive 
S}"SltIns, AO!ir dve Ilc:t:iODS hI rJi:ro oupl d t:h 
mnlrlsuge crllnp rnn~il to :simulate tire blllJl t, e:. g. 

mllC. lumen and SID huestiilC:S. Including bile sa; DOll, 

mlJrill ~ pH ;m~ ab.sQrption pm:i.dcs of W pe.l' in! tiIle:. 
~~dma agical pladDrm em.bl.es ~'t Uy unllm.ite 

cxpcrimt!/}ta.d 31 under highly controllcd en...ir l:j'tt 

l:ondiflol1 • to ns= or example single Oil' mul pic diCla.ry 
mp nCllts e.g. prmiOl:ics or did r ltnP'I QTI i ndlYid .a.I gut 
.~Qbial pu.laciollS all B bseque t angcs [0 metabolism 

, a fimcDO! ,f"1; modulation. 
'&: hap, Ill: Ill;l.Jor disodminarins .aCI.Ur [ween e: 

d.'~ n in 111m condnuo fe.rmeD'W_[itm ~S1rn:Ji5 is c 
teclmlque used. fOf~l iJ]ocWation. Operadon. Q m'C 

i ui#V 5Y,\itcm~ u 'CS a liquid faecal su.sp~o :Iii lnOC:lillu , 
rc:suJ ling in seV0J'aI llir UlliOlU d.ue: 0 the: ce-«l1 s,a:[e of 
bacre.dal pop Luion bcm e: 5)'stc:ms with such in ~ 

geneml dpcrknre a I.'a Id ur of It:Slii competitive 
bacn:ria and are (olls~tleml), limited In ope ,['on dlIl~ ro 

less dun weeks ( ;lne lUld Macfarlane, 2007: P3. ne 

eE 31., 2 U}. These systems also ~mJggle' ~o rtproduce both 
the: planktonic (fTCC-cell) and scs j'~ (biolilm-a.ssoda[C 
$tItcs of baete:rM popuJaoon [n!:he colon cf.n-Iane and 

lOon. 20(7)" To ad re5S mac p!!Obk.ms a p or the 
lmmob'"' 'on of faecal 'u"bimil and ph i I ~Oj( 

of immobillsed fucal in culm in ml: scc:ding rca.clor has 
been' dop .. ( ·nqllfn ral, 00(0) and u.s fa testing 
prroiotic dfcctli {Cinquln eral,. -0 ; I.e Bl:J.f ct al, 2{l09 . 
The CIlIr.lpped fu.t.olj IIUOU Iota coloooo beam [If, polO 

POt d~ mabh'. wh .1: mposJriou has befi1 fully 
-'d~t r long ciml! - emlcallUld mecblUli . illty unde1r 
co i tium of gut fcrme.n lion. 0;,0 nuo 5 Inowlarion 0 

c c:ircnla: ch.im.e ~ium I . by ~[Is g:ruwmg dos H:I rhe 



I Dpe.l'3riwn 

ls to ~ P anenr h 

MOLECULAR ',fEe ANIS..\\OfS Of EFFECT 

Prebi.otic ll.illizatioD in la(:tobaclUj, a,. 6pedal f-oe:us 00 

U:cJohddllw il-c;,iopbilUJ. 
ecoNe enridHnc, r of bih< baaed IU1 Ill.ttobadl' hy 

pr biotic li' .. halides, SII.1t ;}' FaS :mJ GOS., I:>e~n 

[+r.bioti functi f"lS andappliarrnmJ I13 

e t:x"r;cly how I"lilly l;.lJ"b a-aIO m a I ·lebel 
" ratl: end u.p i.n'i(> m'crobb..lJ:,· lla:d SCFA, (be: exact 

amOUJlr of ellergy ~xuac[ed rom dieur-;v cumpooents '! 
I .I:: mi.crobim"3 ,n dc[ermined (Ve ema. 20l2; Bloeman 
C{ , '. 20 9). It has bee hov>'Tl rha.r:. varies for di errot 
prell-iodes, and hence rhe CODtlih 'r) of(;Cf[:llU p lones to 

o y.li :He cnemaOlO). 
," 'V;lIKCS in in vitro odelin 

lIee and canno be n~ph n1. 
as a sl.lbsdtme ro hum tuwes. r rd~ ~ of dat 
ob . e through ani.m: II studies . '1" n qu.es ,nea due 
to physiologidiffc[ffi bc:twt:en ani ~!l md hllL1'l, 
me'ranQI'sm. Uhim tdy runclional stu I '.1\ best in 
I m.ms, but th' mIlam d.if6culI to perror" wing to . I, 
safety ethical II 'iderntions go". rning in\' i\le medical 
prnc~ ~3ry in . ng the: hllnMUI large imestil e 
rcnderin hwn:an srudies primarily limited eea..I sample 
anal An wrlma.~ app£Ollch m iflve.'itiga:ring mkrobiot2 
fun Q[lwty must wo in: l Ide a. co bill_'o of in vitro 

d in vivo m .- ,}iclding Co p cmem .' fesults Mdt 'f :> 

only tteogthen the. overall validir;- ofeach appr f; but also 
distinguisb h 'CCIl the fun 'onaJi of gu'c obj· nd 
hllln p ~, 

J 1 ummary, in vitro models of 'geni systems ;i1 

dt'lU plat _ m s dy nutritional elTea:s an e rlisID.S 
c.. a cdin. of t rlvc comfXj nds s h"· prc:blotia. 

l.n ,:= comext: 0 c:garivc public: pcroepdOfl de' 
Ii.m.irn.tio s {}. aj imal exp rimem~tion, j iJi't'ff} models ill 

become L- easingly important d possibl, the: sdcnrifi. 
refi efil;Cfur gur [u Ii 'n me lure. In thiS'. ~e«. .here' 

need t de op neW ;TTlIiwo [odds ibi' cnh n 
a uraq d pCJc:cica.lll)' lmd (0 dcvel p t;mdardj Li for 

'e appli Cl •on of dilll: r'~m model fT:tbl e 1 , b' lio. 
o [;1.1." moddins wih holisdc '-Qfnic5 rech JDgJCli will h Ip 
u.nu,,.d romplex mkrobi'll d osr govcmil1g u 
guT mierob'otnfun i :l!ity, 

l.iilll.E J. lmportallt Qpects for dcvdoping in vi~ mo<ld& of intestinal £c:rmentarioD 

po a:: ofanaerub LO sis and inot:u1 urn ha lId1IDg for qw Ji -b·odh'e~i;' 

How long [Q ow fot cLJpmdon? 1s $f' ". 't)' neees. '. 
lmpomn I difficulty 1.0 i plcn eD.[ ~ :;ampllng 
1 i [j • de 0 e t tit;!, ,,'tro m cis 'v Le tical m.i ro iota-metabolism" '] 
in biliry to model Ito - 'cro e {hildie.al} intetacioIl.s 
E handng modd throllgb.putlhmugh m.iJl· mi 300 ,_ulom::aclon and ami 

• 10l~ rk needed to oombine fr! vitro fcnnen or model.. d c.e - m 
Neal. to carefull 'da.te lode! with in tJillo 
A-. , [0 studying m ds for dIe e of e odds. 

- w1at die _ um of ~nergy provided to me ho~l i trnn 

of CF . The microbio h2s been if plicared in [I cziry an 
dlah~ type 2. On mc' i III might be by the pliO it>!". 
r CFA, wb.i w en {akin u by the I r c.an be 

SOLJ:l'a' of energy e, ,b Ie: if 'cd by em CRocdige 
198_ j while (Jfl1it~ ;md propjooa .H'e en ~c by the liver 
"d cd. [ . g,luamrogenesj, li. oge 

'ur of b , A campI ut .crobiota of high di"crsj[ 

akin to me donor eta em .reetrabllihccl 'Nith'n bead 
matrix. Furthermore:. very high-a:ll derni' d population 
rability h "bc:c:n teilffl f, r:le lon opm· rud time of emli 

sever: mond (P e, C 1.. 12, 
Man, e" of 0" 011 oomrnoolt}' modulado , e.g, 

or ddeosin.s, an: 00 simulared in gm 
e'men lion mo . ThH use of in rntro h man' t tina! cell 

models, ~ that di' :lpplicarlon uld be ex.r.ended to 

ind n -gUl m.i robe fuLLCriOaal . tudL Illbi rion 
of in 'fT(} .:m in~tin! U mode 5', kh rc VI'idely 
aaxpted or e Ulling . r: ma:h a.J isa L: efll 5 of probtot" ~ oc 
drug :a.hrorprio ,;Ui.d trampor!:, with r1 uUTOgut fermt!lUariol1. 

:1 dds wou.!d crcaran Il-dvanco:l m I 5y-5ttID., :H1lpl 
obtainM rrom bos[ n -lacking ill in Iii "gut models c 
be: direc:dr app led [0 m.onola)'-er cd.I mO<ld~ f, l' 1i fi 'mm.1 
d Sml:nIS (Bahrami CI a1., 2 1 ; Zihle et ,.20] 1). 

Slar.ed ;tbo\'~, in vitro mode.! lIIC freque 'Jy ld. [0 

genen e and tesf yporh e carl}. definition of p~bioli 

. tat.ed the speci6. stimu.buion of beneficisJ mi(;IOO[~' 5. 

However: inc<: not all . bcs in th e gut can yet OJ! rured, 
sp«i£i' of d ocimulacion b di.ffi . f to derumiac:. 
Rcccntl ' It.~,\' ver. IDls a:n add.reYod by using substr 

!Cbi ric) aI were bbded th the sub!r: isoope C 
enetrul 2012 , Upon fermen tion. the J Jis inrorpol1ltcd 
to bu dl 'cmbial hi mass of th miaob tha.t fum t 

rh sub traT< as well ". their meraboU , Uslngt:his ~ L , , 
it hown that GOS a primmly used by blfidoba.creri;j 

1a.athuis ;I], 2012, ::aDd t at th rmjor Jnetlioolites 
prod ced :l-!"C lactate d die 51 orN;cbain fanycids: (SCFA) 
il.cerare, propionate ad butyra . Sillce bifido l'~a:· 0 1 
produce att:= '.Uld latt.at 1 dlC oa:u.r n eO' label inl.O 0' eL 

C ~ mdi I:C5"ITOiY. ecding bctweel.1 di fferem mkrooo j 

the gur, h" a.1s1ll een hown for I1:rme.flCl on of'.JC. bel~ 

s I, (Kov.l[ch~-D:H.cha.ry et ;d" 209). oth~ benefit of 
f,c'ng able [ t a: the b I inm mi ubial mctabo 'tel> is to 



] 1 Pre/JjotirfimaitJrls and applicatifJl'1S 

ll-dQCU ~n ~d be 'i, tri". d m (Ii '(I 

Hm...·m'cr. ILK r m!llerulia.r smdies na.v b~gun m dm:idiace 
dle III ~ llJlisms 0 rebiutic me-mhol tsm III dH~ m'ern b 

ar m3f play an fmPilJrtallt ml~ ill thc:ir pc:m.stl:fl.Ol: ,.d 
enrichme: in the: ~jn tina! (GI) tract, '. k.Tlowblgc 
is fundamenral in [ermS' of unders andlng how prcbioti c 
compound... as c:aIiboJ:l 50UKC, infIUC'Da: [hI:. composition ami 
acr:ivlties of me G microblorll. and ~ sele riOH of probjDdc~ 

preblO'uc candidatcs at am CHen maximum brneficia!. c'tk:rn. 
GOll n~t4"l'Jli. piithW i aoba4i ,·'tkpbi!w. 

J though GOS au: cst:Ih, i:sh~d pr~hiod compounds, 
the mQleculil.r m:cch ism an how GOS arc merobolisC'd 
by problolje microbes hal; onl tece.lldy heen esmblkhed 

in r baci/1 adr/JJphiim NCFM. Using microarr:p 
tramc PO(lIu.I w.dt • AJ,dc et .• t 0 1) 1,0 dUll: 
COS .sped:lically induced clJ gai-EA.. opemn mar .noodes a. 

gal ctl,6!1e-pell s~-h rcmIde: (GPH) permCilSC (ud), fWa 
yrroplasmic ~~ga1 Hlsi~ (l..acA. and .l..ad.ly1) as wen as 
eo~rmc:s- the ldoirp thway for gal.actOst: metabolism. The 
specific induction of It op€fQn b 0 was similarly obool"Vt'd 

1:11: 't:-~' ct:lls (Bm-s;mgc:l er at 2006), !i~liI1g 

:It the ku: operon In L. adekJpbiJus was 51' Ie ur 1 

m boLis or bcr t:1O$e and GO, • 3,nd pOl mi· J oth 
galactQ -des iU ::t - amons {) hum. m' k olig 'llCt;h:lrfde:. 

:-IMOs). La addido [0 laLms • dli~ em clusrcJ' was so 
upregul le:d by bile ~l1nlIe (pfdle:r 1., 2007). rC'r'l:<lli g 
an adaptive combination of -'Uti volvoo ITaits fOf nutrient 
~ 1 isi diHl and bile ttll-et:tnl:t:, 
Imcd....mom of the: lacS permeasc gc:nc in L. llt:idfl}hj'~1.I 

NCH.1. abolWJ irs ahillry W . [lOW oJ:!. GOS, la.cm!ie Of 

tacum 38 sole carbon sourr . These mrs. e.Rahlishe-J LacS i!lS 

tht tl":lJupDrt~r for G , rlf1ci ,\J.gg~ t thaI La. S 11;3;!l di rl!I; enr 
and: bro:ad. subsrmre specifid£}' Em; ~-galact:{ls' dc~. The Ltd... 
::lJ.ul Laa\ ~.ga.La.e:t,asi as belong to me give. i e btl" a5l: 

TIl'ly 2 (GH . nd 2 (GH4 ). 'vd '. ot;llbl , GH2 
and G -:2,~ .galanosid.a>?s W tt pR:ViousJ.y j::!roposcdllJ' be: 
j ulved in (It degm.da!:ion of hu. an milk: oligmaciharl I?S 

far ohal et ;It. 2 0). llu-cher ind.iC;!.l:1hg til ~ pr:H.c=nu.J 
invalvc:mcnt of this opaon in HMO urtiliza iOIl, c gh L 
tt WQph-ilu; CFM w:t pre'IIio 1)1' shown [0 'bi[ ~ eak:. bur 
notkcab'Ie:, growrb on HM 5 under in it!, ~ dido ~. 

Com WSOIL of gene dusus 1;011 il11ng k!cS among; 
sequenOttd Lacrobadlli nnd rei .red Ja de add bac(l~:ria (lAB} 
show thA the gol-Im: du~ . , co r ~ amull a - 0 Jlikus 
cornpIa I I;W!J 'iii - ·fl :iI - [c106i1.cillta IJt!I~~tlO'S. 

wtllbadliw mJfHlIUS and Laetcbad.!lw johm(mii, 5 

$Ug,gc:sts :l h~ gpJ-lAt: '~ne dlJ.s er I r also conE r, ro melle 
sp1:dc:s, t e t:<lpability 0' sp r 'Ind u~Ul:'l,e GOS as a bo. 
SOli • Meanwl' e, the &r ~n~ ;<;leI'S cl..ilfc:r markedly in 
othc.r lAB sud! IAmJbm;;iltw p .,' ,ti.rorn. I.AJ:mbtKillus 
mam. J...arwbadllm ftrmmmm •nd lacoblicC. '/ius d~lbnm: Ii 
'sp. Imlgnriws. lnterestLl1g' rardl s of lEhe dHfe:rence in 
struc:ru.ral 0 rg;urizatiOIl, lite. g',rn.- ~ £. pr~~~m J II ng w1 dl 

LJt:A GH42 . Y ~-ga.lacIDl)gdas.eS for all 1 ctobadill except 
L.. bulsttn InJ.icadng c:o-evolmlo f Lac.':i and (.;1£t 

'ty·' tosid . L b iga.rinu posseSS-e5 -a /crZ GHa 
fumil'y ~., ac osid'a5lC <lad in ape:ron share l:tigh dcgrc~ 

0' lm1Ladt}1 to ilia. 0: mpslXOl'f"llJ tkmlWphilrH. likcly duc 
[D gc:n~ '0;:. excllaDge o-c 'ug in their ~ -~ d:tlry r,[ e. 

i!feferl eJ In ~m rnll£<!men[ 2lld mE types of ellooded 
~galilCtosldases rdlc:ct specific adaptation among mesc L;6Jl 

~owa.rds ' c: membolis. Cl ~,. ;Jri ;' (I I3--gahl ~os de mb~ rra:res. 
o ~'e , bod!. in nliro and funcdona.l analyses sup pOf[ a[ i.D 

L ,~ci~pIJilui and J.ikdy ethcr I o:obacilli with ,ll hom og U5 

ga ·ltKgene e1l!:. f, GO, is u:amporred via dle GPH-rype La 
permease, hydrol~ b LJ lm :LM: ~~al;w· as 
i t'O~ul;b~e 1;';11 se hich aresuh~gu.endyme[aholizOO 

. ilie "l}"tolyric and. Ldah pathways, rcspcl:ii..-rly. c: 00

ence of fa S d I4cA in U.~r\'eJ;' lhin dle tnH~sdna.l-
ociared ac:idophilLK c mplex sperl (all :mains 0 C3ch 

P i aile lac ) funner indJam:s !acmsc and ga:J:loosidc.s as 
importmlt cne:xgy , u. 1 GI tl".1 f r e:ie I t cill', 

hich po[emially provid!!sekaivc.arl.wuu.WS a~ microbe 

:able C memool' e: co pl x g:;;1 mide$, 

,M.t't.1hol;c ptttbuUJys fin' other pOllf1.llid prebitJlic mh. trates in 
addIJpht/siJ. 
1. aridophilus is c-apahlc of grffil<i.og on other potcrnial 

pre. io i 'lJbst, ,es wi til • e.rern: glym ide linkages 
and. molDOsa(cha.ri<l~ constiments. A rc:cc:nt crcnti . 

, ~cri pm I. snldy 011 1 addopJJUus C M identified 
pma.tive al olk pa ways or the: urilintil;lQ IJr d 
prebi tk ·dldar' comisdng of a aJla j3-g/JJaJ5bks {md 
~(J.Jidt (I ,,11 der:l.efl el i., 10L. In general. ill- and 
msaccharidcs of ,o.-glucO'sjdes (i5-om !OSCt i~oJJ1altuh I 

panos:c: ml PQJydc:rmo~c :l.nd fl-gll!co.~jdes {r::eUoblose, 
- m:iob to and ~ u.Cfl.n oligOIDfi5} ind cal the cxpl"C55:ion of 
pbo.spho Ilpym "l~depe l t:flt phD )h.oumsf~~ sysrcms 
(P' 5-: W e~ H-g. L,cm~idc:s r.J.ffino~c ~..tacbVQ.Se: inti· ed 

.e expressiD. .> an ATP·bindin c.:a.m:ac (ABC) fi.''-pO er. 
e wi h 3 prc... iOL15 'Hul, (A .Jersen ~[ "' OU). WI! 
-galac;cosidt's GOS la' lfidLy induced dle fa:S

t!llood.ed GPH pe!Jllcas rranspom:r. YWOUS genes rnooding 
gl idt:. b· rol es r:b [ compl(!fitf:D.rmt> 1;r.IID~m:rrn 

, pc:rons were afso c:: -indut=cd fi r mcmholi51li1 (1 the p ..'~ 

orr co ides an .ac~mi 3. 

Int.rrsti.ngJ),. up'ceguladol1 of 2. previoll51y esmblishcd 
o C t:rnmpom:r (B gou "tIL. 7003) h. ai, bt:en 

b e ed..ln poll.dextrose-grown cdls. suggesrlnf; tlpotemitll 
bw" r dlJU1 pr,edlcc:ed specificity of me AI3 rraasporrci'S In 

, ar;iJQpbJ~us. n th~ other hand, ce obiose and enriobiosc 

't:h art:. regie-isomers rhat dilfcr only by e ....P~ or 
~-g!ucos.id1c Linkages (fi~ ..' and ~-l,(5, r~peciV"CJy) wcre 
fOLllld to . r~ t· }' p.reg;LIJ..r.e ~o dt~cillCr. 1'1' sy.m~ms as 

ell as d: mm CHI. IUlspho-.j3 glucusida:loCs. aUecllldy, 
these llridin!l~ ~how-e.d lIla,[ L aridophiJur P(l:l'Scs.s~ mc gcnc:d 
repertoire to n 'lize l1. w _ t; nge of prebi li cwdidaces, 
aild ttl boll 'd, are merabolic Ii Yersiry is differentia cd 
by typc:s 0r LrJ rls. a Mel'S and specifi i[l es of cile' glyoosyl 
h drola:s.es, 
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~inlbLina.l ~[f=tt of p~ iouts Ollgb. gut mL aD 
fe:rmeutatioD. 

It i wdl-e:mthlished thar e.g. FO' 
nd 0 can dmul re 1.11 rru\\ch 0 p • c rnkrob' 

organisms in and animal b.r~~ lmeuin IT 

pc moting c:alth bcndirs Gu.arne-r, 2007). 'This . 
taught 0 be Il cdiaI bY' selective fament;[ ion of the 

prebiod by L! baoc.riotl groups. which ov; th 
[0 grow pr::J:=r~r ri y. Ho-w cr, rh l:Ons.equen uc:u 
eh gt: Ollt·d the ilrtcs '.n.al t:rlI.cr J ell u dCfS1ood, 

gamoimcsu aLi in c:on :am wotacr . rh 
rbL· . uLS.ide en",lmnmr;flI. [) HTacrion mu mr ug 0 j 

eo.: I rlOI1 h(i~ tr:m.rfoancd me alim~ tn!\;l' 0 Il 

he;l\d)' ImmunoJDgic:illr-guarded bod, i e (CerF cnsussan 

-mc.estinal effectS (J pr .;0 (;5 

rhougl reb uti - oel rod hc:a.l bene6 [S are of, e 
rn we inmsdnal [tac[ (e,g. .m.enundng tnte;5tinal 

tnfl:am.madon). g.r in evidence lIggests that they may also 
en he-aim I:.e e1iu QUI:5"I c t e gut, th bendiu IlUy 

1e mcdlllted indireaiy br coffiJXlsiliofial r mt bolie chang 
in the: huge inrest:irul mkt biom, or dircaly b . durn", in the 
native mlcrobiot:ll in reas outsid of me inti 'nal ml t. ar 

=unple lhr; me mor vagin.al ITaCL 

nking p:n:bioti ta.bolism to the pmbiod gMt me: a 
llidob mal pen 
The: b obatte' ~nom i.. BiJitWb mrl1011 '" gum 

mbsp. Iongum N C 2705. puhli hcd ova :en years ago 
by ld.I ~I • 2002, im: en more cInD. fi different 
blfidobaacrial mom uen been dcpNlt1 

CBr, of wh.i ty eight represent completed mom 
e h faecU isolates Biftdob mrm Inn't: 

UCC2003. BijidohJtctrrium lorrgum s bsP<!QCf infimtil 
and Bifid. lMlttrium bifitlum PRL2010 dll~ in eel j • te 
Biji'dob 'l:mTum flJIl'l'oitks P l];a.n the ernl avity isolatc 
Bifidobartui! m tknrlum Bd1 or dni et al., 2012: Turroni 

t ,,20] 01 'Conncll-Mothcrway C[ 31.• 20) I ,h; d~ et al.. 
200 ' Vern:ur./i cr al... 2 09). 

rom me funcdo. . notll Cil of me [bifidabacreri I 
. ~IOI1Il:. ad 5U sequeml~' confirme.d by addition 

C llIp;u,tdvc: genome srurlits, it has Ix: e dear that IDOSr 

bificlobac[ecia dedite rubmwtial proporrion 0 cir 
ing capacity to me etaholi f \;arboliydr~rC5., O11l:ho \ 

ill the: ~ orily of c:ases gene< or gene dustCl'S could nO[ 
be assignro. to the membcl' m of any pardcul rbo' e 
( enruf<1 Cl '. 200 ; Borr:adni et al., 01 0). S~ research 
gtOUps have: addressed dii& k 0 ·ledge gap through on I 
anal aime:d to g;in insights illto me: gme:ti~ rcqu.ircme:nrs 
fur the: utilmuion of uno- Jligo and poJ}'~:accllar.i .. 
that PRSCllt in milk. mucin. and pLuus an 
whlch rna: rhus reprc:sc t potenu i tic COlnpoUD 
for brhdob =rhl (for me: r«c:D cxampl • 

012;. cJ.1l. et aL. 20U; Wi inw e:t ai" 20Bi Klyoh· e 
• £012; Yo hTdiI ct ~ .• 2012; U nil-Me crway er ai, 

1011 i P ~e:t aL, WiG; Pow (: e al,.2011a), e 
d t;J vc: provided. a eall.h 0 kn wlodge: on the carbohydrate 
merabolizing capllbiUtiC:S 0 ifido crer.ia:l.l] h e $bown 
dl1l15 .ch nu:tab 11- abilhies lI.M " Ydiv!::[ and are srmn 
lind spl:cic:\; spcdfic (As w, et aJ .... 'u~ 'okmacViI. N aI., 
20Ub; W'i uon ~t :aI., 2013, in prcss , e}T e .Jsu how 
mr p. cui ifidobacrcr a. are sped Ilzcd. utilJ:zc ocnaln 
car hydr.i.tcs, which Il.l Y provide: IDem wiclI a. se1ect.i·e 
adwnragc a higMy· pc:tirivc: cnVtIoruneor. For example, 
11 bifitk.m POlO p0SSC5Se5. e.I;n.i ely .m.;dl number of 
cuboh r.rn:-UIi.Imng gene .te.r~, b lt the: majority of th e 
ppcar [0 be dallcm:a to or hydra[cs tb ic obtain &0 

mucin d hlJ.fll Q milk oUgosaccharide H1I.fO) u" Ii 
k.um1l. e:t aI., 20ll; urroni t ai, 20121, 
other tcllin ple: oHow eli rent srr.uns of me 5 e 

bifidobacret" pe. bIt varWJl carboh dr:He lldli~ lion 

ahHirl ~ ~ r publishcO and rl!J tt:.'> to the differential 
tili· 'on of me prebiOli GO b vuiOl st.!"oIins ofB. Omlt 
(O'ConneIl-Modle~ et •• 2013, papa th 
mal. B, bmtt: be da.ssifi '0 grou ba.sc:d 
un thclr growth ab' 'rics on GOS, I en: onc gro preached 
11 much higher (; J I' i de: fly than m~ om . The: 
bwvt:d higb growth p try 011 G . >'. tI B. 6"1[//7 
tml dcmollStra o. due ( tbc: p na: of a gene. 
lA. coding an eel ul endog;rl.ac[ asc" irllich h d 



116 Prebjqti~ ,mitms tim! applicatiD if 

and Grooriall-Rou' im, OW}. BCClU.sC lheinresrlnlll 
microhiota plays an imPO~"Il~ .role in protc:c:ti g and 
mainui1lj ng (1-1 lnn"Oi'U: and adapLi e 1m Wlc mGdlanisms 

o pcr and Ma ph~~ Ii, OH .. it '_ be 11 ypo oizcd 
(prefuentll!l ro;..,th of bene.n ';i] b;, [.e:ria in i[he T 

ouJd lead [0 hraI Ilcfito ,not only' irl~ but bD -Me 
of me ill rt=, llal tract. Se:\'era! :l.l'ticles ;JV~ ,how-c. IDar [ 
d inisoation cf pre io{ may ~ duce lh.e in 'dencc 0 

atopic lier attti oro et al. 2.0(6). pre ro~ piramry 
in£' (Arslanolll et aI. OOS. rlIl7.l:l!lS~ cor Ill, -0 9). 

1:1 im:rease b r cion of ~dl!J.m (C J, ~ esium ( g) 
and lh~ m'neraJs (Ohm, dilL. I 95). Thcsem.l.dies propo t 

a chronreu heald; benefit5 ar' reJare(! 0 the ~dccdvc 

incre~ CI bCl'ldldID bacteria in the argc k1tcstioc; hO'l,';'ever" 
th is nct ways 5 pp reed by a puallel ch r e:terlza ion of 
ilie mlcrubio . 

Tm:reascd mind':il bsorption is ol'le me most wIdely 
inve.suga.[eJ effects of pl'eb loti. d ;It mar produce a he I 

c-l'Icm omside dle iIlleSdll:ll tracr. 11l.is e ee[ i dJ,()uglu lO' bli! 
med.i~utJ by etmcntation olfhe prebjoti·· oompooclldn [ ~ 

. ol [J and a su bseqIleillt n r~t, c in SC 1\ (Robel' mi er _I" 
2010 .. Al.iliough d,~ e m mcclctnism is IlOI wdJ u dcrsnx>d 
aild onf un Hlsu.!a hvc: b 11 published (p:cuy et I,. 

(12); ir has eell ugg ttd ilia-lit if dt dec~ ~ dn l'umInal 
pH lit uhimatdy Jm tl) 1110 e dlidcnl d.tlfu.sjQll ",f 

and big. tbloLlgh dlc wfesww ....'2.1! (O!lra cf nl... 1 95J. 
lmpor -II y, the dt;C'c ase pH rna no only- be dne 10 

incn::ascls ill spe'6: hac I:'ria bnr ro C:OD1plo crO,r ediog 
ilOlong dilf.erent rncmbc:n of he mkro lD OL tn =mpie, 

ne \Tr In of lJifidob t'Urillm Il}11gJJm was sbown [Q prutect 
aglllm CIltCIop:lIt:hogen.i InFecti 0nilimugb produ.etlu n 
o i!.(;'C'CItl: (Puku ei Id.. 2f.1l }. and F. tCI1J;bamfOium 
pm :zii il! 3.~UJ1 dam and en dOl. pmdllcer 
In me: Ii! c:s:t min of hi 'Inll!fl', akol cf ai,,, 008)
vim rcq~merH f . 'tty :;[(lid in .vitrb nC n ct I.. 
2002. A run:h~ smdy showed that:a.d .il'~ mon of on 

rai of L &tIJMcill' ! P TI _Tltm (not commo ' 0' ted 
wim produ don 0 C A) enhanced the occnnatiom of 

a.e	 Cf. I.D patienr.s wid rr~ iJrtent Cu,n:ridium diffi I't 
·ociared dlarrhoel1 (WuJJ c[ 1il~ 2007 . lhe.s~ obs~~ tic, 

have ie s-d nl.ins to believe mat he ,Itn-rd led effects of 
ptehiotia may r:, ue 110(0111:,. 'l!;Iiner ~ in tctdhionaHaJ li 

•d bac:rc:Lia L.Id~ J; lActot,aciJt'w and BifidohIJdLrlum p.• 
• Ii[' also 0 milt! lllore bundan fKll'l La. 'on 0 beneficial 
,) FA pro leers (Looo ami FIlm 20 ." [ndccd. oompJ 
me bolite cm.ss.fe'ed1ng iltllong dl~ mt}l:'Sdn:al micfobi 
llkdy [0 pla... an lmportllDt role dlulng 't,; d di e 
(Plinr I!t 1.,200 . 

The PIl.rpOrttd b~ ci I effect of prebio 'cs 
l:nn,l[his m:r p' to - trat::l infedom h el:n 1 s 

res~(hed. It i iJ wn t.b:l c,W:am r.:blo (i.c. giI:lI:tallS) 

ld lead (Q increased lul- aroma or)' C}"'to 'n. d 

phagocyro~' alULJ c cliang 00 Ik.te wi Incrc2scd. 
Ilumb of bi do acci (Vll1evi et at. 2(08) 1his (Inc! 

Lhr:.r dies gges:[ mar preMo iQ may lead (0 beneli 

dfcc.tsoursi e me in tililm t~c;.t by improving Qvc no
tt. m ali ry pKity of m~i.m.m.un~ l'J=m, It imporumr 

no C, however; [ht mese ben cia! cffem m y Il ~ m 
Ot b in qcr:d by p-cblo[je; in all r.yp~ ill llmm tory or 

lI-lltlgc- I: challenges BllDo t et 33. 2a .2), 

....intestinal ejr~clS of p oues wrou.gh gmlJil'tL 
stim-m.iuion of ative microbiotca 

The U5l:: of pl'iwiouC! Icctivdy grow benefichl b !::ria 
out~id.e lht:' in ,_tiDal tr.1,t has ltOl been eU owmcnted. in 
p CC3lliC'W nowooD.1, ar;l vdylittleahomotheJ:microhial 
ccosysrell.1s in me body. A dc~ in com 0 sequencing:md 

il hiliEy of comptl13uomJ tooL arc: being well placl: [0 

tart amtlrzi omer body I t:i sudt me oral cavity Dewhi , 
et _+,' 'IOJ. r-cspimtory met E.,.b-Downwaro. et at. 201 J) 
and vag'm Cribhy c:t .a1., 2008 Oakley et: _, 2 {l ),.1: .o.5t of 
those stu.d1cs m.ve been desolp i c 10 n rurc, 

·c us c ptP--..u1d prcbloctcs in it preventlon md 
trel1 fir of oral diseases b:ll ten TC""l,=",--ea (Devinr and. 
M:ll'5h. 2 09), Whi e the u hor-s disc:lW the siblli1ty :J[ 

(~prell ti could prnmOli!l 'me growth oral acria, 

hey SD pointed om Jack ons.e 5UHOOU[ wb21 a.he J 
om mic:robioOl, I d llJsg thc fic[ mu rr.mtoQI'I41 bendlt:Ud 
b c:d ch a5 LW(JHdll aDd Bifi.tkbaaerit,lrtl' spp. have. 
sometimes ee Ii d 10 th~ aetiology 0 0. diseases 

UJ1Ic et aL, 2005). A.~ llh:my omer microhi 
c:cosysrem in me bod)';. m rc research is ne-edcd m rH h1mri 
the mcm!J!:'.~ proffiotiog andJor m taimng a hdp.fu11 

lcss cnvirollluem f, r Lhe • wbidJ oould me-n be 
sclccull Iy r::ugt'le.d to tmp rove health. 

The a,IUnOl'S of ilii - review co Id niX find well-tk:ii,gn , 
colUrol!cd h m lin or 'mal moocvelHioh wi 1 preble C5 r.o 

promote the prefe~e: rial ,gr ~ ,of be c:5cl~ microbiol2 in 
the l'l:'ipiratory or me g tt~tt, a.lmough an i p~ d 
en p r, i tlpnx=sfonheprl!patario ofpl'o- dpl1 bimks. 
Ir.ril : bioadh~iv mi r pl' 11=.9 fi r v;l>girml delivery has been 
p blish d (P.lin :akctuJ,.2011). 

Adiposity and U"!ocia:~ __ n 

The . 'ing inddcnc.c ofm£t300lk i ease. indudi.ng ob~il}'; 

type 2 diabc d f tty II Cl dlscuc:., 1m: pm 51 nifi L( 

maiw- .e.:illh c;u-c system ,'orldwide (WaI I:t" ,,2011). 
Ghren dt~ keel]dy dcscribed link benvee the gu mia biame 
;md obesity (TumbaagtJ ,et 0 6; HCifb IT 1:[ aL, 2011), 
there is \) itltereic-· dietary mampuladoll tilt: gut 

laobto,t=I,i" ravPf fir l 1 . phcmotl'pe', While prebio ic.s 
dl-r gnized [0 haw: Iemadc!:ble effi:az; at the level of me 

• lh~~- Rbll aerr I!l.':m·jntes.t' a.l dfetts mar are uJarly 
'ngful n the I:OmEXT of ob iJty and!.ne olit: disease. 

1111: _r' of these is a Ierlucdon i.n ;Ic!ipusc ci&mc mass iliatlus 
been COfl.'iis I nl shJJW auoss <I varkty of lip~i d modds.. 

Ntlrm'· weight rars (Calli r 31. -00$; 2. Oh. 2009; ReUner 
cr at" 20'12; r urer e al •• 2 '09), genetically obese mL~ 
,Canni ,et ai,,, 009'). d ~ -ind ccd olx:sl! mJce and IS (Clui 
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I:nul 
% of .Am~ri households 

u1ring ill pet popul rion 

c:.ut:Ul;;'·'llil b acrla. cle ndj ng 
als m;lY 
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Currcndy; FOS. 0 an 
p b·oD .• However, ther 
p tcnria.I prroioric m 

or lirnimi to, SO)-ne. J olif'~os-." ~cdl;u'I:d.e$ 

i mall' , xyllr, and mannan-o' os d. . es (MO), 
lactose, lacrosucro • cydod ui ,~Lj oli .I;;tri 
pol . ~r aha, resiSr:lllI S < ch. and human milk 
oligo Mides. 1n~mmcrdal pafoods, so Icesofp iJio 
otten U5Cd lndudt: fruet::lD.S 0', i win de.rived tl th 
clrlCDry [Oor) , MOS (yea.n te.lI wuH. brew dr rl. 
beer pul . B . ~c: e ~nt;Cp" ofprcbioD.cs is rd:mvcly new 
II 9 ,few .nudies have Dccn per IDled evaluating the eff'ecL~ 

of prc:biodcs in me canln ' d eVei1 e. cr ill II ,Milne. 
on.lln. s.eare.b ([lllbMedl i the c:y wofds"preb1otic lID.& 

nIne Of dog~ or "prcbioric and. fclin or C3r~ res 'red in 0 
and 15 research:In re i . IJirtid f-

A me -a.nal 1 C't':1.luaf 19 me effi of p~ lOtI 

nlpplemcmarion from 15 rudies In 0 • p- bli . eel be: en 
the )' _ of 199 0 00, ncludaI that fceding I'f Modes 
lo d 195 d 00 clfcC[ on food intake. ITer (D 1) or t 

di riblliries, and serum . munaglnbulin [Ja:nmuioll5 
(PJ ,2 11). Crude pmtdn (C») di !!Schill ren 0 

ecrease quadr:u:i LJ, •[] 1 w t ;[ prc:bi1Jtic dcs:cs of 
2. % ofdl (P<;O.Ol). Pr ione d~e predl CFA 
concentration (r=O.9) and i creased =d hLo:obadlll and 
bifid acri:l. whi was also Jl..!ttcred by inirlal b3crerl 
popnlation cotIDr Ie . Ho' cr. do ;trldj:t ,nd £ ro/i 
population were:. nQ a. cd by p iocic 5upplcmcnradon. 
OVI::.rnlJ, r1 meta-analysis s med reeding prebioti up 
ro L. 0 D int:lke W;ui e cx;tive in increasing bcnc:n 'a1 
baaeri and CPA pruduJ:tio i me wdgm. 1lI~ i dic:m:d 
IDllf P QticiUpplcmcmation WilS mOSI efttcEive, en initi 
num rs of the r ben . 1bacteri. were dcplel1 (parra. 
011). 
The eEfcas of increasing e1>neenrrarions of polyrlexrro 

(0, 0.5, 1, and 1.5 ). a lentia:] ptc:biotlt.: $0 a:, Ofl fa 
ch teri.!· d mil;!" hi popul dom in ~d II dogs 
d-morn ted that . l,d. osc Sllpp en en[a 'on dJd ,or 
impact 0 food lmake or DM dipl1bili . A lem e.1lt;;.y to 1 r 
pp:lren CP dlgc:stibl1i .' observed, b I m~ dlgcstib 

value ~ . wo"'!: 8 '. er Pp2l' r .r dig dbilil)" 
often obRrved as an i tofprcbiodc ppf me: clue: to 
in~ b;l~ bioma bclngctCfCt: d' faeces. in 
conccnr 'om of polydcnro5 dec 'd pH in 
f»hio (P<:O.Ol), rended 10 leI fae dole. co en tL 
P 0.06), i rc [; S FA nncn . 11 (P< 1. I). nd 

d ~d f: C paftinf?1U counts (P- .al). A linear 
po!ydc:mose ~ observed in fac~ se re. (P<:o.Oll. wi 

dOg! fed me hi hes n U;;.I i n 0 po )' laving 
e hig est fuc:c.a.l SCCIEC !ld, til more, inclwian l ' O\li! 

L % wcre nor recomme d d.. 0 'c:xall ppl f1lo;!lUl 0,1 wi 
l)'dt=j,lfUiil:' sa:En.~ pmmising a pre'blotic source in diets 

for adlll dogs, du [Q irs bene:£icial fumemarlon. pli p~es, 

dcul!aSCd cal pandn C1 olit!: co C'n, tilln' d~e. cd 
p:uhogen.lc: bacre:rill! numbCf~ and na-ea..'iCd eoIl eM 
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:ll t four nmdomisGd. ronuolled 00 CT) 
of Jiferc:nt prcbio 'cs m differenr doses, 11: demmmrar d 
mac gh doses 2d) f S iacre:a.sro. s.;'JIlpm '0 til 
morH.er " weeks), whidJ were d- led to in longer 
term llwweck.s). dlOl1gb a 00 'mc: poim were S p ITI~ 

improVi ) dH~ pribioti(; (Olesen e( al, 0 small 

• over rrial of a. mucil sm lIer des (6 gld) of FOS ill~ I 

po cd lIO d.Uf~.= ;;: tn symprom be [he pn=hioric and 
conrrol (Hunter it ., 1999). 0 t, a larger rud}' of 
similacl • lew dQ C (5 gle!) of in p' nen with funetioiW 

Qwd diwrdcLS reporr d irn r'Ovemc:nrs in gio al syrnpllf,IllU 
{Palenc:au (:r 31.,008). The m r cc:crn.r 1 ReT of 
dm orB-GOS w 0c:h reponed 51 i£c.m 1mprov~enr in 
global sympron bl ling and flaroltruJ in e I . d 

roup 3.5 gld). b t a worsening fbi OIring in rb~ • 
roup g/d (S1lk. er aI., 2 , lmpon:uuly; dili I Y ah 

dcmoJUtmte i"cr=s in luminal hi d b aJ riiL fa owin 
pIebl Ik 5UP lcm~m:au n (:u f:t ,2 9), 

'Ihese d;\I:l 5Ugg~r h the proPfid 
the prch'oo im nrtam in dc:te.rm..inifi 
sympro _Any n garin~ duCT on p I is likdy [0 be 
mdiil rhrough. mm impact 0 luminal gas prodll i n 

11 ¥dog t1:rm r.atlun. with prc:biotks,.or os tkt p od ~c 

most gas like! imp... ring on blo ring ,'mp ms. Indeoo, 
rh i! 'id tb r rc:dncin.g di~tIIry In . f fecmemahl~ 

arhohy ratcs, In. lud.ing pn: 10 i(; rructans: d gpbCblU, 
m )' acmally 1m rOVI;: ;ymptoms in lB (laud dler c:t aI., 
20 1), a.lrhough a r lI[tiOO in Iwuin I [llobactcriahas beell 
reporml wiID is approa.ch ( (.3 d~dl.l:r ct aI•• _012). 

Anomcr citro 1 . Qr e 0 cil gasl.roin~t.in (rna 

is ronn' • which is 3. reb 'rtg d rc:mirrlng 
• fhunmarory bO'e1 j dJ ac·sed. b: 0 mum.! 
i Ilam.marion. The t:; rolmeuin m- r hi (Me own 

to pI y pi role in dl case p; thogtoc:sls wiIh ve 
i ente mar mi robia.l c:olo - con iniriare.s d.i.sc.uc 'n 

generiailly sus :eptib ~ ni mod is. D hios±!; of me 
'crobiora' erol n' disease has 0 ~ n d ribal and in 

particular du immunorcgulato Fi Jif;.twu' n prtnJmitzii 
is I wet' people ",1m inJJammatory bOVi-d dis 01 
aI., 009). 

o g,eRCfs ave U} been pubfuhaibo illrn 'n 
m.:\ prebj'cs w re Abl~ IT marmge CraM' . Cl.~c:.. The 
6.m repor War FO (l 5 gI did notl~ulr 0 • ny diffe-em: 
in cti' in parle! IS 'rh . d ttl modc13.re.!y act" 

dL~ c:, -d Indeed in d bloadng in rom~ palil:1l 
Bcnj er ~l." 2011'. tcresringly II Wjj al.$o nd nor 

to have . :let an lum.lnal bifid btl e-rb d rncrefm we 

of foIlowin game rlt" unci eb c:d JuminaL 
pro UcOo _N r-ldU ffildies reporduminal d bio is i m 
nd iure tingly mcre i5 eviden 0;) h~tivc rorrdado 

bcrwcen me num g;lSUoimcstiI12l bifufob ~ria :m ( 

in IJen ofiihdomiJill pain in b Lh healLhy ubjcaJi G2lmh· 
uovinen r[ aI., _ 1) d padcnc wiili m (Park c=t 1., 

201 ). Cat1gql.l~nd 0 prcbiodcs are an :rn:ra.cdve thc~ 

multi llct rial and include..' 

micrubiom, wim 'lfgh iI 

CJ ini pplicui.o 
Through. their el;U on nmc 'oJ), 

im.mu 0 o~· ~nd mineral ahs I"p1i 11, pn:blodcs cow b ~. 

a r.:I.rIgc: of applic3cion In ~ clinical rr1o, tncl di g 
in me man gement of g ro nre nal, nfIammam , 
jnttc' LU, pa diatric and ob ~ir -re a cd disorders. e 
is n cxtl:11Sive Jj ren( re rcLuing 0 rb e.s tha ha 'C b n 
mor 11 cc=vkwcd cis ere (Ruberfrold c:t al.• 101 
He • die: imp l;t of prebioli in limite.<! number 
di 'Q m will be d.i ed. 

lrrirable. bowel srndrome (IDS) l!i 3f crerised b 
lIbdomin p3.i. lO'lUng and c:h ge.~ in stool fr ut'ncyl 
co i tenq in c abSeil eon org nie ca s . It i. II 

ommon dimrdu, i :I pre" cnce of 10% - ?Q% in 
dev op d lllltfi~, resulrin in r ueed €I . 0 "life d 

em (\ nsidc:rablc: ~onomi burdc:n due [0 in re • d 
1I nteeism and utili :t' D 0 hcalthca-.r; ervi es. fu such. 
ppro:! be [0 m;lJlQging mar re eff~ah·e. pa.delll-)ed 

d a\'l,Iid the usc: of medic:tli would hay consid Ie 
dv nt ga. 

h pam seo , f IB 
rol for tJ, c: g:l5ooinres dn 



prc:bionc pcm~f1ti1:! ud a mi:l:nl~ in chis di i ~ Ollte:x:t 
can 1)[ be rmcd BenJan,ill <:t aL, lOll). HowC'l<'el', as y 

I.b~ ' ~ {Ilig fruw sdlnwlin ar higher doc (20 gld) 
l:Iu in jl ticnt5 w:im ma.cclv-e {'J,r ITlil Iy~ve dis~as_ also f(lUll 

no dlffere 1~f:S hi UV , di~ aC{L • , (JO(~·C.Jl c[., 1 l, 
:1 thougb wi:dlln-group iJlcr-ea.~~ ill ~. /cmg">4 o(~"Ur . I dt~ 

prtbiodc mup.] n loe] t , - u(Hes" mom pa.tJ.en __,1m (rom 
dH~ prelYiQd~ groups. 

In dcvdoperl col!lrmie&. pI. biotks:aJj wi ~Iy

'del)' ,w;~ ,Iii p;utkuIa.r by parienL i[1i. m, d olm's 
di~ ., as thq- Ble vitwc :IS ealvby, na ural additio 5 to 
drug lll.iUtligt:mcnt ( C'Ic~r ec aL, 2(12). H ·cv • clu: pkrure 
1Q pre ,lodes is coJ:lJidclaM·· d.if[c.r~n • 10 stud 0 p l"ieo 
wim inihrnfli uy bowel isease onl' % 0 paticnu wi'dl 
Cr 's di5CllSe, of p-auellts WI . u]anu] coiL'; tid 
1 of b~ pcgple had ever usoo r.ebiolic. IIp'plcmcm 
(H io c ;1., 20l . ndet5t:uldl g of (h lc' . rrehimk 
W:151 also vef)' poor. wi less than 5"'0 of people dng able 0 

.rreO:!· c:I"1lx: a pubio[ic...:. .eing a lUodJfiluc supplemen 
or mill:' lr s i.filtJ.. b IdClia 0[ 'm il had a heal h b eliI 

.:=din eor:Il,201O),1herl!' In:ijor furimpmvemnm i 
dcrsranding 0 prebiotia amollgsl bom h pie 

.....ho rna,' be able ro ben f:.~' tl-' om du:,Il.. 

ailti-adh 
a !e!~ Iy 

ga.o;uoinrestino 

. b.al " 
imrcsrl.garoVl ID rn 
inlt oj Oil . 

=[ions 

1I roJl~ 

IiIb 'tmcd 

- ar, Chitin oUgosat1dtujdc-s as iQI,ti-adhCKlilce ob 

ChiEOOUgosxb ridN (eHOS) appear [Q have gh 
adhere Cl: "nh..ibitlon "d"ity. ne p oio ."rudy 'he d 
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t non-defined CHO mixturt': 0 d e ofpolymeri don 

'P) 0 and 3,% acetyl Don i 1 ibiled adherence of 

tlua: di1f~elU .S"ual I,r mtcropa.thogenic Esrhtrichia 011 
EPEe n HT-19 cdls (Rho d ,~aI .• 2006'. Qunitcrll. 

Villegas I al (2013} report rlL1t CHO fracrians, pUri ed 
on me' b . of o:rylarcxl re.sid 2nd Dr, in 'bitcd adbrre::.n 
of e-ntuop=tthogenk EseMrlcbM coli (EP C), Almo b 
h 'droly la with. lawer tion "''tIe more 
r~dudng ereno:., CHO ranging fr III P -4 co DP 12 re 
~u3l1y dfi dvr. 

CaJJl.lJle applicatio lIS of oligo I;clJ andes in. an.ima.I 
i -

The romple~ 3.t1 oJ:l1l gl"'lJwth.promuUng an imkrobials 
in me Europr::uJ Union has lud milj r' uence on the 

d mallit ilfld ha.~ dr~rrulrlcally ~-d £r:S~ r,h 
d product ~ opment om el R< cardJ.com. 
orJdwide, companies producil g ccd a dirives ba e 

arT~Ivc:Iy embraced the pn:hiodc. con pI fld ;ve n 
supplying prebioti fo vine, pouluy nd ttle application. 

However, cit e = 'vd)' Ii mcchw.is·c srudi~ rn 
tit e producn and rb 'r In ';vo physiol i or bioch.eml 
acrlviri . 

COINCl.uSIO EXIM!'~S[ON OF TfJE P 
CO CEP'I 

The role of di t in the CI;Ology and unction f me l1l 
.crobiot i!i b amlng moR' widd gniscd asimpo r, 

pard rJ ill tcnm of do, fQJD. impact on ~llh wi 
cv=1l rtt.enl Ii'~ the pic;: Odfcrydnd O~ Ie, 2013; 

S 0 el aI., 2013; YtlM\-Ku ,20 3 ' 
We consumt! prdli dc:s in ili Ju=t fa di ami \Ii' • 

born mcron trlroIli and. nu "cnti all have d1e t tial 
mice ho5'[&[llierobc: lnt:e::rllcuon. . rb by rates and 
particulady pi t t& v;'ll1I CiI.rbohytlr:lte5 h 'co re [ed 
consld te atttmion in l e pOlS. (Flint 1.'[ cr 

al.. 20U , 
Our 11[ b aeria ha: 'C co-eva I I:d, 1lfI d are me.rAbolicallt 

I1lregra ed, with. u.s and . 11 also known [Q be. Ie. to en 
gut h madvers y (Perguson e[ al.., 2 0 or ben dall 
(B:urcu l .• [) , 'ho i$[h~e' mar vary quhe widel . 
berwe n indlvidu..Is, as might 'how they do it'. b(l[' hat 
£hey m:a.k.e:' m y be less Vall hIe. . y dinere r individu 

spe i. r ba.cteria. cn pe 0 em rh s '111 ' 'acduuolyric 
func.tions 1lnd so the (w-aJ1 biLity of substrate host or dIct· 
d nvt'd) alan wit the degrada.rive en~ymes they .e ~ 

m.ay hekc:r drivers of Ut ecoiD . 

S I bd -,/ortdnt. 

to under.'ltan me compla emical 

elUStU XlVi ( olll • er aL, 199 ), pIa:' 1 porw r It's 
r m iHrainin ac true .e :I d func;:tion of bawd 

conunl1 iri~. .~ I pponed by me ob.sc:rva ion thar 
membc S I) dosuldlal ll~ c: XTV" rm 40% of m 
mJcrobiota 11:1 I c:ahhy adults and ofm e, % be ong r 
the lac;: ospir.L~ (Frank ~:d., 0 7; Tannock et aL. 
1010), There are _r rl:'.S~l:> to demonstrate lb. plant 

carbohydra seJ,;:c ivdy increase membe 0 is F.uniI)' of 
b~l;teria' vitro Ro e.ndal.e taL, 2012), 

Cross-fieJi Ig and 'D·m ltIb{}/km 
Imeracrions between dietal)" carhoh d res, e gut 

m"crobiotll d resu.lrin: memh tic cnd-pi duc~ 

be 'viewed pre....iously uis ct aI., 2007 wim detsilcd 
l1ypo reg rding th undcrl ing fI1ech of 

ydmtc dlizarion (Flinr t=t ., 2. 08; Film et 

2012 , Essentially. i[ is nor. ffi.cj t to Just measure hat '. 
mere or the b, -p uets produced si YCI)' r;ornpl web 
. . lvlng m.ulti-smge fermen~tio[1 nd diffC:-l1!ndal u .. ion 

o me 0 'gin.aJ _ h~·dr.u:e source::., as'eU in erm.c:diarl' 
breakdo n productS from the original sonn; • emts, 
imHvid al's gut' orne to an array of car y l';i -degrading 

m -ni employed by sO- _ Ic.d prlnmry feede , m ~t;: 

members of th m~ rolJ,j 3ble 10 ft: m t ~. ubmare 
dir cdy. and mme uen . c;:ondary fi edu d m~ke usc of 
Il:' ca.sed ali a.:h;uides or fBm madon by-productS from 
Ll, primary feeders, 

Whoit foods ttnJ ,rmrplexity... or dit'ml ty? 
[t we ac;:a"p that divr: e metaboli c~p iry 1[1 

o c:'s mic:robiora is mtagc:ous men me lome 
weight [0 me argument h t microbial til edty IS -kel T 

to he ~ :lle.d wi Ii heaJth. etr ainly, some uudies 
h \'r: demo strared . i pa.rtkulrly [a eld.erly p tients 

(Lak.shmlna.ray It ~l ai,. 2013) at 0 It i i dJ u;uh 
to separare 0 t c;:on oundin lifesl1 Ie ·I;tors snch as diel 

ntlbio' r tID Dr'n orb envirOllme.n e £10'\ res. 
[t is also !lOt a hllt\ lCOlp offaith [0 sup OSe thIn leE rich 
in a'e 0 plant JJ a.l1 rbohydrnt soute o.!lJ 
ttmula c: a divers mi -obiora and healuL i u1 COliS 

measurcmc r of microbi ecolo U!inr, n gcnenrion 
t' bolism anal)'s' at ng wi a5Scssme.u [] 

c emi I ge [0 m. jf: it rbohydraE'S pr oM 

in r: fumema effccuv I)' lose5 r e circle::. 00. ub~tT:lre 

Imge/degradarivc el12 rl1<:5 possess.edll'1l1 rob pr 'en 
mic;robial hy-pr d cts produc:c:d. C rcainl, im::rcur In 
diversity h . he::I1 5ecn' res Ii e ro fcrmc::nt:uion of rue 
p I1t cell wall ca.rbo ydrates f1 un in ki 'uui in UN 

{Rosendale ~ 012 bur mote r ~e:.u is w1UI:lmed [Q 

rmer d d rh li.nh ben ee d.i ,mi a d 
heal 

co Fl.JCT OF J DISCLO 
Autho. dcd.are- no n.fIic. oftnltn:sHhat he' c:a:c:d. mi: 

con [It of dill ;tl\ crlp 
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