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ABSTRACT

Nursing is a major critical period in the life oiggets. On one hand maternal antibodies
are not able to cross the placenta, thus pigletdam without circulating antibodies and
consequently lack maternal passive protection. kb dther hand, creep-feeding and
weaning increase susceptibility to gut disordergedtions and diarrhealherefore
clarification of the composition and function ofetmormal gut microbiota of piglets is
pivotal as a knowledge base for the design of iafieg nutritional strategies based on
pre- and probiotics to keep piglets healthy. Thedives of this study were to describe
the composition and function of the intestinal molipta of piglets during the nursing
period through creep feeding and weaninginteivo andin vitro evaluate the effect of
daidzein on composition and function of intestimatrobiota of nursing piglets in order
to evaluate its prebiotic function, and to inveateythe probiotic effect dfactobacillus
sobriusS1 on composition and function of intestinal miata of nursing piglets.

The porcine intestinal microbiota development amermdity, thein vivo andin vitro
evaluation of prebiotic effect of daidzein and tineestigation of probiotic effect of
Lactobacillus sobriusS1 on composition and function of intestinal miota of piglets
during nursing period through creep feeding andnivepwas described using real-time
PCR, and PCR analysis of 16S ribosomal RNA genedbégaturing gradient gel
electrophoresis (DGGE) and cloning, in combinatwith analysis of gas production,
lactate and VFA yield. The data obtained duringdberse of the study indicated that 1)
Early creep-feeding stabilizes the microbiota aflgtis around the weaning period. 2)
Lactobacilluscommunities follow a successional change assatiaith piglet growth
and diet shifting. Creep feeding stabilizes ltlaetobacilluscommunity of weaning piglets.
Within the Lactobacilluscommunity, some members like reuteriandL. amylovorus / L.
sobrius might be permanent colonizers, while delbruckii, L. acidophilus and L.
crispatusare more likely to be transient members oflthetobacilluscommunities in the
piglet’s Gl tract. 3) Bothin vitro andin vivo evaluations indicated that daidzein has the
potential for use as a prebiotic additive in anifeald. 4)LactobacillussobriusS1 has the
potential of promoting beneficial bacteria and biting pathogens.

Keywords: creep feeding, weaning, intestinal microbiotaactobacillus sobrius
prebiotics, daidzein, probiotics, 16S rRNA, DGGIbning, real-time PCR
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CHAPTER 1

General Introduction



The objective of this introduction is to provideestbackground information and the aim
for the studies described in the following chaptedsich is followed by the outline of this
thesis.

1. Gastrointestinal microbiota of nursing piglets

The composition of the microbiota that populates ¢jastrointestinal tract of newborn
piglets develops with age, and is strongly affecbydthe change of sow's milk to
formulated feed until an adult-type pattern is agkd (Inoue et al. 2005; Konstantinov et
al. 2006a). The adult-type commensal microbiotalpees short chain fatty acids (SCFA)
from indigestible carbohydrates by fermentatione3édensure a low pH and are used by
other microbes and the host. This process proteetsiost from pathogens by forming a
front line of mucosal defence (Zoetendal et al.00n contrast to adults, the nursing
piglet is highly susceptible to enteric diseasesabee the piglet is immuno-deficient at
birth and the commensal microbiota is not yet fekyablished (Bauat al, 2006a).

It is recognised that microbial fermentation witkine GIT is very important for gut health
of the pig (Williams et al. 2001). The main produot fermentation include volatile fatty
acids (VFA), which are known to play an importaokerin water (and Na+) absorption,
pH control and the inhibition of pathogens. The position of the diet is crucial in
determining the composition and activity of theesttnal microbiota. For example, there
is an important difference between the fermentatadncarbohydrates and protein.
Fermentation of carbohydrates leads to the prooluaif mainly straight-chain VFA (e.qg.
acetic, propionic and butyric acids) and the usH48 and other nitrogenous compounds,
which are required for microbial growth. When cdrpdrates are in short supply relative
to the available protein of non-degradable and gadous origin, protein will be used as
an energy source for fermentation, resulting in ¢nel products NH3, branched chain
VFAs, and potentially toxic end products (Williamsal. 2001). Thus, to benefit the host,
a balanced commensal microbiota must be organizedfood web that aids in breaking
down nutrients, provides the host with energetiestiates, and aid in feeding each other
to form a fairly stable community. Weaning, the iedrate change of diet, can easily tip
the balance of developing commensal microbiota tdsv@ne which is associated with
disease. Therefore, the development of new stegdgr helping piglets towards a rapid
development of a balanced and healthy commensahgubbiota is significant to prevent



the onset of enteric diseases.

2. Managing gastrointestinal microbiota of nursing pidets
through the diet
2.1. Creep feed
Creep feeding is a commonly used management faimgpiglets. A solid formulated
feed which meets the requirements of nursing Bgigetgiven to suckling piglets in a
creep. In most Chinese swine farm, creep feediagsstrom piglets at one week of age
(Huang, 2003). Intake of a sufficient amount ofefrdeed during lactation creates a
gradual transition at weaning and can reduce tloeiroence of post-weaning disorders.
However, creep feed consumption during lactatiorussally low and is also highly
variable among piglets in a litter and betweereigt(Barnett et al., 1989; Pajor et al.,
1991; Kuller et al., 2004b). English (1981) has gasied that adequate creep intake
before weaning confers protection against dise@iis. notion is supported by a recent
study showing links between creep intake beforenimgpand post weaning occurrence of
collibacillosis (Carstensen et al. 200E). coli infection is lower after weaning in piglets
which had consumed an optimal amount of creep &secbmpared with those consuming
no creep feed before weaning. These studies #ligstthe importance of creep feed to
protect post weaning disorders, however, the dirdgtience of creep feed on suckling
piglets is much less clear.

2.2. Probiotics

The concept of probiotics, which are considerecebeial to the Gl tract as an alternative
to antibiotics, attracts increasing interests afreh nutritionists and livestock producers.
It is defined as a live microbial feed supplemératt is beneficial to health (Salminen and
others 1998). Feeding trials reported in literatmt@ch are aimed at improvements of
performance gave significant results in some casfs There is a high variation between
individual animals in the response to probioticen@, 2005). In addition they are rather
costly. With probiotic treatment the incidencesdadrrhea were reduced significantly in
most feeding trials after weaning. For example, ghebiotic effect ofL. sobrius001T
against ETEC K88 has been examined usingvitro and in vivo approaches.
Supplementation of a diet based on fermentablee fibith L. sobrius improved the
body-weight gain and immunity of weaned pigs oralhallenged with ETEC K88 and



reduced ileal ETEC abundance (Konstantinov, 20@seh, 2007).

Although considerable efforts have been made veisipect to the efficiency and the mode
of action of probiotics, our understanding is $all from complete. The major principle is

that probiotics act mainly via modification of istaal bacterial populations, but also
through direct interaction with the host. The patigi effect could be a result of their

positive influence on gut microbiota balance (Metat al. 2005).

2.3. Prebiotics

A prebiotic has been defined as a nondigestible fiogredient that beneficially affects
the host by selectively stimulating the growth @andictivity of one or a limited number
of bacteria in the colon that can improve host the@bibson, 2004). The commonly used
prebiotics are fermentable carbohydrates. The iaddaf fermentable carbohydrates to
the diet of weaning piglets is regarded as a coatpaly straightforward way to improve
microbiota composition and functionality in botretemall and large intestines of piglets
(Williams et al. 2001; Bauer et al. 2006b). The position of the bacterial community in
the gut of weaning piglets was shown to be affetigdhe dietary addition of sugarbeet
pulp, inulin, lactulose and wheat starch, a dietctrally designed to stimulate the
fermentation along the entire GIT (Konstantinov @t 2003, 2004). Fermentable
carbohydrates could enhance colonic microbial btaland diversity, with concomitant
stimulation of the growth otactobacillus sobriusa newly identified and beneficial
member of the porcine commensal microbiota (Koristan et al. 2004, 2006b).

Daidzein is a phytoestrogenic compound which isiradly present in soy bean at levels
of about 1 to 5 mg/g (Eldridget al, 1983; Wanget al, 1994). Many studies in our
laboratory have demonstrated that daidzein hasodinadfects on animal metabolism and
can affect performance (Han, 2006). They may affettonly the neuroendocrine system,
but also the gut microbiota of animals. Daidzeis hecently been introduced as a feed
additive in farm animal nutrition in China. Compagito the fermentable carbohydrates,
daidzein is not a preference substrate of intestmerobiota. The underlying mechanism
of the effect of daidzein on gut microbiota remainsolved so far.

The studies in this thesis focus on a number oéetspof microbiota presence and activity
in young piglets. These aspects deal with age,adlsas with oral administration of either
daidzein orLactobacillus sobrius S1. A cultivation-independent 16S ribosomal RNA
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(rRNA)-targeted approach has been used to destrdmicrobiota.

In vitro and in vivg Conventionally Probiotic
supplementation of : : management of gut
daidzein to piglets raised piglets microbiota
A
~ v
16S rRNA S
approach Oral a(.jmml.stratlm
< to nursing piglets
l l A
Prebiotic effect of Development of gu Novel probiotic
daidzein on gut microbiota affected bacteria:
microbiota of piglets by age, creep feedif— | L. sobrius S1
and weaning

Figure 1.1.Schematic overview of the aspects in this thesis.

3. Outline of this thesis

Chapter 2 provides an extensive review of the research pssyron metabolism of
isoflavones in the intestinal tract atite research progress of the effect of isoflavonic
compounds including metabolites on the physiolagy, microbiology and performance
of farm animals in China.

Chapter 3 and 4 mainly focus on molecular characteristics of itited microbiota of
piglets during the nursing period through creepifeg and weaning. Chapter 3 studies
the development of the fecal bacterial communitiiergas Chapter 4 focuses on the
Lactobacillus community specially. Molecular diversity and demwhent of the
Lactobacilluscommunity in the intestinal tract, as influenceddyge, diet and different
compartment are studied.

Chapter 5 and 6are designed foin vitro andin vivo evaluation of prebiotic effects of
daidzein. Chapter 5 investigates the impact of theytoestrogen daidzein on
compositional and functional aspects of the pordieal and colonicLactobacillus
community during the nursing period throughvitro fermentation. Chapter 6 studies the
in vivo effect of daidzein on the intestinal bacterial coumities of piglets by 16S
rRNA-based techniques.

Chapter 7 monitors changes in the composition of microbiotahe hindgut of piglets
after oral administration of an isolate obtaineanir piglets used in Chapter 4,
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LactobacillussobriusS1, using molecular techniques based on 16S rRieg
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Abstract

Isoflavones are a certain class of estrogenic comg® that are often associated with a
reduced risk of cancers. The estrogenic activity lma enhanced after metabolization into
more active compounds such as equol by gut micemisgns. The direct use of these
metabolites has been investigated in laboratosyaatl farm animals over the last decade.
The present paper reviews the research progressiatabolism of isoflavone in the
intestinal tract. This includes the role of intaatimicrobiota on its metabolism, isolation
of isoflavone-degrading bacteria and the relatigndfetween equol-producing capacity
and the composition of individual microbiota, ath@ research progress of the effect of
isoflavonic compounds including metabolites on fgsiology, gut microbiology and
performance of farm animals in China.
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Introduction

Phytoestrogens are plant-derived substances tleaalale to activate the mammalian
estrogen receptors. Most of these plant substaased0 some extent similar to the
mammalian estrogen either in structure or functiBesides their estrogenic activity
phytoestrogens also exert a lot of non-hormonabastsuch as assumed cancer protection
or antioxidant effects (Beck et al., 2005). Isofiaes are a group of phytoestrogens, and
they can be found in many plants, particularlyha tegume family. Isoflavones are often
associated with a reduced risk of breast-, colod-@rostate cancer from various reviews
(Han and Wang, 1994; Han, 1999; Setchell, 199§ Ha#itand Cassidy, 1999; Cassidy et
al., 2000) and more recently reviewed by Magee Rovland (2004). It is widely
believed that the relatively low incidence of bteasd prostate cancer in China, Japan
and Korea is mainly associated with the large dtyanf consumption of soy products
(Adlercreutz, 1990; Messina et al., 1994). Extemgiesearches have been conducted to
investigate the effect of isoflavones on human thedlhe underlying mechanisms have
been studied in animal models and also by in v#nadies (King and Bursill, 1998;
Setchell, 1998).

It has been established very well that the conear®f isoflavone is advantageous
because of the higher estrogenic potency of thetabolites and also that the intestinal
microbiota play a key role on isoflavone metabolisiihe discovery of individual
differences in equol producing capacity in receatli®s focused attention on isolation of
isoflavone degrading bacteria, and identificatiori microorganisms that have
equol-producing capacity. The first aim of this pawas to summarize research progress
in this regard.

Clinical studies have also demonstrated the patkeofi isoflavones in clinic nutrition
(Setchell and Cassidy, 1999). In China, many isof@s and their original plant extracts
have been used as main components of the tradif@itiaese medicine for thousands of
years (Han and Shen, 1991). Over the last decduea®as also made extensive efforts
to identify and understand the effects of isoflaa®on farm animals due to the impact of
the successful application of isoflavonic compouirdslinical human medicines. Many
studies in our laboratory have demonstrated tludlassones do have anabolic effects on
animal metabolism and can affect performance. Thegy affect not only the
neuroendocrine system, but also the gut microbodtanimals. Of all the isoflabonic
phytoestrogens, daidzein has been most extensisteigied and has recently been

16



introduced as a feed additive in farm animal niatitin China. The second aim of this
paper was therefore to summarize research progréisis regard in China.

1 Metabolism of isoflavons in the intestinal tract
1.1 The forms and chemical structure of isoflavones

Isoflavones are a group of phytoestrogens (Figud,2hat can be found in many plants,
particularly in the legume family. Soybeans and pogducts are the most significant
dietary sources of isoflavones (Cowaetl al, 1993; Wanget al, 1994). All soybean
proteins and foods currently available for humanstmnption contain significant amounts
of the isoflavones. They contain mainly three i@efines, and each is found in four
chemical forms (Figure 2. 2). The aglycones (unegajed forms) are daidzein, genistein,
and glycitein. Each of these isoflavones can behe form of a glucoside (daidzin,
genistin, and glycitin), acetylglucoside and malghycoside (Kudotet al, 1991).

l,m\ ‘ l'k o 0 N em,
e, S N e
L] g
T T g HO " Ly ]
Oestradiol Biochanin A
Hﬂ\ff\rn‘ HU\(‘ A0
x"}r"{ ) }ﬁ %JLJ\'
\iﬂ |x LU W -
oH GH
Daidzein Genistein
=~ ~OCHy - ]a--GH
:_‘l =
o~ M A AV Ve
T T .
HO~ A0~ HO™ 07
Formononetin Equol

Figure 2. 1.Chemical structures of isoflavonic phytoestrogens.

17



aglycone OH,OR, glucoside

HO 0

R ‘ HO
R, © OH -
Class Isoflavone
aglycones Daidzein H H -
(unconjugated Genistein OH H -
forms) Glycitein H OH -
i Daidzin H H H
glucoside .
Genistin OH H H
Glycitin H OH; H
6"-O-acetyldaidzin H H COCHS3
acetylglucosides  6”-O-acetylgenistin OH H COCHS3

6"-O-acetylglycitin H OHK COCH3
6"-O-malonyldaidzin H H COCH2COOH
malonylglucosides 6”-O-malonylgenistn  OH H  COCH2COOH
6"-O-malonylglycitin H OH COCH2COOH

Figure 2. 2.The four chemical forms of the soy isoflavones. ri¢&n and Xu, 1997; Kudoet al,
1991).

The content of isoflavones in soy-foods shows gdeadrsity. For most of the soy flours and
concentrates, isoflavone concentrations are relgtihigh (0.5-3.0 mg/g), whereas the
soymilks and soy infant formulas have relativelwlooncentrations of isoflavones (0.2-1.0
mg/g). Tofu has significant amounts of isoflavoné3.2-0.5 mg/g), however, the
concentrations are highly variable between typestaands of tofu. Soy oils have only traces
of isoflavones. Soy sauce also has low isoflavadent. Fermented soybean products have
a predominance of the aglycones, because manyedfabteria used in their preparation are
capable of hydrolyzing the glycosidic conjugatest¢8ell, 1998). These implicate that the
daily ingestion of isoflavones varies individua#lgsociated with individual diet compositions
and sources. Up to now, physiological levels oflsmnes have not been reported in human
and animal studies, despite the fact that plentynedstigations have been conducted in last
few decades. An early study showed that the daihsamption of 45 mg of isoflavones from
60 g of textured vegetable protein led to a sigaiit increase in menstrual cycle length
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(Cassidy et al., 1995). A summary on results ofsfiflies shows that the used isoflavone
doses varied from 0.12 to 1u®nol/kg BW or from 0.9 to 56.5 mg/kg BW (Nielsen al,
2007).

1.2 The metabolic pathways of soy isoflavones
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# 5 9Y X )
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H . 0‘ Hn‘-\.[_:-':"T-’O'-.
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= /D32 N\pap
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| | J
O A ! e e N N N T St
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6-Hydroxy-O-desmethylangolensin = 0H N

Figure 2. 3. The metabolic pathways of daidzein and genisteimumans (Setchekt al, 2002;
Setchellet al, 1988; Joannoet al, 1995). They both include three steps, markeGa® G3 for
genistin and D1 to D3a and D3b for deidzin.

Soy isoflavones are present predominantly as gidesgdaidzin and genistin especially)
in most commercially available soy products, witle texception of fermented soy
products (Hollman and Katan, 1998). Setchell et (@D02a) clearly showed that
isoflavone glucosides are not absorbed intact adfesenterocyte of healthy adults. Their
bioavailability requires initial hydrolysis of theigar moiety by intestingl-glucosidases

before uptake into the peripheral circulation. Theydrolyzed products, aglycones
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(daidzein and genistein mainly), can undergo fetaten by animal and human intestinal
bacteria. The metabolic pathways of daidzein anustgn in humans were originally
proposed by Setchell & Adlercreutz (1988) and hbeen expanded by Joannou et al
(1995), based on the isoflavone metabolites foanguman urine (Figure 2. 3). Daidzein
is metabolized into dihydrodaidzein (DHD), whichfisther metabolized into both equol
and O-desmethylangolensin (O-DMA). Genistein isig¢farmed to DHD and is further
metabolized to 6’-hydroxy-O-DMA.

The metabolism of isoflavones in animals, includsiggep, domestic fowl, laying hens,
goats and cows has been well reviewed by Setadtedll. (2002). In sheep, formononetin
and biochanin A are biotransformed by ruminal b@ate® the demethylated intermediates,
daidzein and genistein, and then to the estrogematabolite equol and the inactive
metabolitep-ethylphenol, respectively.

It has been well known that the hydrolyzation affisvone glycosides can stimulate their
absorption, and their further conversion (espee@uol-production) can enhance their
estrogenic potencin vivo (reviewed by Setchelt al, 2002b). The binding affinity of
equol with estrogenic receptor (ER) is higher tkizet of daidzein while it is similar to
that of genistein, but equol induces transcriptimore strongly than any other isoflavone,
especially with ER. More equol, 49.7% of equol comparing to 18.7%dafdzein or
4.6% of estradiol, circulates in the free or unlbdarm in human serum, suggesting
more equol is available for receptor occupancysTimplicates that biotransformation of
isoflavones is needed to release their potentaa\ailability.

1.3 The role of intestinal microbiota in soy isoflavont metabolism

The crucial importance of the gut microbiota in degflavonic metabolism has been
convincingly demonstrated both vitro andin vivo. Early studies suggested intestinal
microbial enzymesptglucosidases) needed for hydrolysis are presesgveral groups of
bacteria including lactobacilli, bifidobacteria abdcteroides (Xwet al 1995). Huret al
(2000) confirmed that daidzin and genistin can leglytosylated to daidzein and
genistein, respectively, l+glucosidase derived from human intestinal bactend pure
culture isolates (see below). Dayal (1998) reported that cell-free extracts from homa
small intestine contair-glucosidase activity, which can hydrolyze varionatural
isoflavonic glycosides. Furthermore they purifiadthse phlorizin hydrolase (LPH) from
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sheep small intestine. This preparation was capablgdrolyzing a range of isoflavone
glycosides. LPH is a membrane-bound, family 1 lggyaesidase found on the brush
border of the mammalian small intestine (Detyal, 2000). These results suggest that
B-glucosidase present in the gut mucosa is capdlhigdsolyzing some, although not all,
isoflavonic glycosides in foods. This was also aoméd by a result from germ-free rats,
which excreted large quantities of daidzein andsjeim in urine after the consumption of
intact glucoside isoflavones in soya protein (Rowllat al 1999). These results show that
that thep-glucosidase from the gut mucosa and the gut migesosms both can be
involved in the deglycosylation of isoflavonic gbgides. Isoflavonic glycosides may be
rapidly hydrolyzed by mucos@glucosidase and may be further hydrolysed by biatte
B-glucosidase. This can be a reason that the blewdl lof genistein and daidzein
increases after only 15 min of ingestion, with #sdter a short period of peak
concentration of daidzein and genistein (Rowlandl 1999).

For the further conversion of genistein and daitizehe necessity of intestinal bacteria
has been well provel€hang & Nair (1995) have shown that conversionaéizein into
DHD, benzopyran-4, 7-diol, 3-(4-hydroxyphenyl) aaduol by human faecal bacteria
occurs and also the conversion of genistein to DRBsults from antibiotic-treated and
germ-free subjects confirmed the role of the imbastmicrobiota in isoflavonic aglycone
metabolism. Setchedit al (1981) reported reduced excretion of isoflavoregainolites in
antibiotic-treated human subjects. The absenceqableand O-DMA in the urine of
germ-free rats fed a soy-isoflavone containing,diatl the detection of them in the urine
of these germ-free rats colonized with human faetafobiota provides further evidence
that equol and O-desmethylangolensin are proddagsitomicrobiota activity (Bowet
al., 2003).

1.4 The isolation and identification of isoflavone-degading bacteria

Among the gut microbiota, only a few intestinal teaim have so far been identified,
which are able to metabolize isoflavones, and mbghem are from the human intestine
(Table 2. 1).

Hur et al (2000) isolated two strains of bacteria from filages of a healthy individuak(
coli strains HGH21 and HGHG6), which are capable of blyding the natural isoflavone
glycosides daidzin and genistin to their respectagdycones daidzein and genistein.
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Under anoxic conditions, strain HGH6 further metatsal daidzein and genistein to DHD
and dihydrogenistein (DHG), respectively, but dad further metabolize DHD and DHG.
Hur et al (2002) further reported that a human intestirgadtérium,Clostridiumsp strain
HGH 136, could cleave the C-ring of daidzein andDté produce O-DMA. The other
strain isolated from human feces $ghneider (2000)(ubacterium ramuluswas shown

to be able to cleave C-ring of both daidzein andigein (Schoeferet al, 2002).
Genistein was completely degraded Wy, ramulus via 6’-hydroxy-O-DMA to
2-(4-hydroxyphenyl)-propionic acid. Daidzein wastjaly degraded to O-DMA. A strain
from the bovine rumen, named as Niu-O16, has tpalihty of anaerobically converting
daidzein and genistein to DHD and DHG, respectiyéanget al, 2005, JB). For equol
production, Wanget al (2005) isolated a straikggerthellasp. Julong 732 with the
capability of converting only DHD to the unique mieblite S-equol under anaerobic
conditions. These series of studies implicate thatbiotransformation of the isoflavones
daidzin and genistin occurs by sequential actiora @roup of bacteria. Decroes al.
(2005) have confirmed this hypothesis. From humaecdl samples, they obtained a
mixed bacterial culture that can transform daidzeto equol, and four bacterial species
involved were identified by further molecular fimgenting analysis (denaturing gradient
gel electrophoresis, DGGE). Three of them couldbbeught into pure culture and
identified asLactobacillusmucosaeEP12, Enterococcus faeciurkPIl1 andFinegoldia
magnaEPI3 and could not produce equol from daidzeipure culture. This suggests that
a combination of some bacterial strains is of @udémportance for the complete
degradation of soy isoflavone to equol in humanghé same report, it was also revealed
that colonic fermentation products from poorly dilele carbohydrates, such as hydrogen
gas in particularly but also butyrate and propienatimulated equol production in this
mixed culture. This suggests that there is crosdifgy between soy isoflavone-degrading
bacteria and other groups of bacteria, which magl&e one of the reasons why there was
lack of equol production in pure cultureBurthermore, recent research with using a
combination of two pure cultured bacterial straiiEggerthella sp. Julong 732 and
Lactobacillussp. Niu-O16, which have been known to transformCDté S-equol and
daidzein to DHD, respectively, confirms their r@§i&ang, et al, 2007). This anaerobic
incubation mixture produced S-equol from daidzéiroagh DHD, and the production of
S-equol from daidzein was significantly enhancedngared to that from DHD by
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Eggerthellasp. Julong 732 alone.

On the other hand, efforts for getting some purerohial isolates which can completely
convert soy isoflavone glycosides and/or aglycotteshe end product equol are still
ongoing. For the first time, Minamidat al (2006) isolated an anaerobic gram-positive
rod-shaped strain do03 from rat intestine, whiclcapable of producing equol from
daidzein. Our laboratory isolated two strains zarsl zx-7 from porcine feces, which are
able to degrade daidzein to equol as well (Zhatgal, 2007). However, whether the
equol-producing capacity of these pure culturedirsér can be transferred stalahyvivo
andin vitro needs to be further confirmed.

Table 2. 1. Pure culture isolates of intestinal microorganiswith proved activity of converting

daidzin and its intermediate metabolites

Metabolic pathways :
P y Reported isolates SourcesReferences

of daidzein
L L E. coliHGH21, Human feces Hur, 2000
Daidzin—Daidzein (D1)
HGH6
Daidzein—Dihydrodaidzei HGHB®, Human feces Hur, 2000;
n (D2) Lactobacillussp. Niu-O1gbovine rumehWang. 2005JB

Dihydrodaidzeir~Equol
(D3b)
Daidzein—~0O-demethylang Clostridiumsp. HGH 136Human feces Hur, 2002;

Eggerthellasp.Julong 73PHuman feces Wang, 2005

olensin (D2+D3a) Eubacterium ramulus |Human fecegsSchneider, 2000
EP12, EPI1, EPI3 and|Human fecegsDecroos, 2005
Mixtuere| unculturedveillonellasp.
Julong-732 and Niu-O16 See above| Wang, 2007
Pure do03 Ratcaecum|Minamida, 2006;

Daidzein~Equo
| (D2+D3b)

isolates zx-5 and zx-7 Porcine feces Zhang, 2007

1.5 Equol production is linked to the intestinal microbiota

The metabolic fate of isoflavones has been showbetdlifferent among individuals in
humans and monkeys, due to individual differencegut microbiota composition (Rafii
et al, 2003, 2004; Atkinsoset al, 2004). Daidzein can be metabolized to equol, Ca#i0
O-DMA, and about one third of human individuals camvert dietary daidzein into equol,
others into DHD and/or O-DMA. Setchell (2002) désed these two distinct populations
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as an “equol-producer” or “non-equol producer”, dth®n a definition, where subjects
who have plasma equol concentrations of <40 nm@A pg/L) are characterized as
“nonequol producers”; whereas those with conceptmat >83 nmol/L (20ug/L) are
“equol producers”.

Whereas germ-free rats do not excrete equol (Aredsl Setchell 1981), those colonised
with human faecal microbiota (HFM) from an “equabgducer” have equol in the urine.
In contrast, germ-free rats with HFM from a “nonelproducer” do not have equol in the
urine (Boweyet al 2003). Furthermore, the equol-producing capaoitya microbial
culture isolated from “equol producer” feces colld transformed to a fecal culture
originating from a “nonequol producerh vitro (Decrooset al 2005). These results
indicate that eqoul formation is exclusively depemd on intestinal microbiota.
Consequently the inability of “nonequol produceisproduce equol is a consequence of
the lack of specific gut microbiota. On the othand, the possibility of human “nonequol
producer” subjects to obtain the equol-producingaciy in vivo still remains unclear so
far, and is the focus of current and future redeaftie equol-producing strains isolated
from human and animal intestine (see above) magfliemonequol producer” to get
equol-producing capacity.

The separation between “equol-producer” and “nonkeguoducer” is generally used to
describe the equol formation capacity in humanhdlgh the majority of previous results
with respect to the equol-producing capacity innais did not show any individual
differences, Ywet al. (2007) could demonstrate inter-individual variatia pigs. For the
first time, our laboratory evaluated the equol-p@dg capacity of three litters (A, B, C)
of Erhualian pigsn vitro, using each litter with a sow and three pigletssijts showed
that microbiota of 8 pigs from the total of 12 pigsuld transform daidzein into equol.
Fecal microbiota of two piglets from litter A, scand one piglet from litter B, and sow
and three piglets from litter C could convert daidzto equol. DGGE profiles revealed
that in each litter, those equol-producing pigsvetm high similarities, while they had
lower similarities to the microbiota profiles of mequol-producing pigs (Yat al, 2007).

2 Effect of isoflavones in farm animals in China
2.1 Rumen microbiota and metabolism
Natural isoflavones from plants can be easily matabd by rumen microorganisms to
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various compounds with genistein and daidzein as of the major intermediate
metabolites (Van Soest, 1994). Early research & 1880’'s showed that long term
consumption of large amounts of legumes could caletemental effects on fertility of
ruminants, the so called “clover disease”, duehw isoflavones released from legumes
(reviewed by Van Soest, 1994). Later studies witifidal rumen models showed that
formononetin (the isoflavone from red clover) coutdrease ruminal cellulase activity,
but significantly inhibited ruminal protease adiyvand total dehydrogenase activity (Han
and Wang, 1999). In water buffalos fitted with pamant rumen- and intestine fistulas, it
was demonstrated that injection of daidzein (500dn@2d) via a duodenum cannula
could increase serum testosterone, rumen bacf@o#éin, ammonia nitrogen and total
volatile fatty acids (VFA), while no apparent effemn the ratio of individual VFAs was
observed (Chest al, 1999). Research demonstrated that the extemietdbolism in the
rumen varied between individual cows. The levelat®s on the fluctuation of blood
testosterone levels, which could enter the rumeh galiva or via the rumen epithelium
(Yanget al, 1998). Thus, isoflavonic compounds may affeatrobial activity and their
metabolism by increasing the blood and rumen testmse levels.

Cultivation independent approaches were used teesasshe effect of daidzein
supplementation on microbial composition in thetgoanen. By 16S rRNA gene-targeted
PCR-DGGE, Yacet al (2004a) were able to detect shifts in rumen nhici@a after the
supplementation with daidzein in traditional Chiedseed goats. Although most of the
DGGE bands were common to rumen samples of coatrdldaidzein treated, animals,
some bands were enriched while others disappedtedthe daidzein supplementation.
16S rRNA gene sequence analysis further showedntioat of the predominant clones
either enriched or disappeared after daidzein rtreat showed highest similarities to
environmental sequences that in most cases hadregeved from rumen samples. The
results suggest that daidzein could indeed affectdmen microbial composition.

The direct effect of daidzein on rumen microbiai\aty was also demonstrated usiirg
vitro techniques (Zhet al, 2002). Our research showed that daidzein atd518mg/L
could significantly increase the proportion of pmyate in total VFA when rumen
samples from native goats were used as the inoculowever, this effect disappeared
when the concentration of daidzein was above 20LmA/time-course study with 10
mg/L of daidzein showed that the effect on VFA pesf became evident after one hour
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incubation. A similar pattern was observed with etixumen or faecal anaerobic fungi in
gas production and substrate degradation. Usingira pulture of a rumen anaerobic
fungus, Neocallimastixsp., daidzein at 10 mg/L and 20 mg/L significanitgreased
cumulative gas production and dry matter (DM) |&&gh mixed rumen fungi, daidzein at
10 mg/L also significantly affected gas productialhough no significant difference was
observed for DM loss. In the same experiment, h@welaidzein at higher concentrations
did not show significant effects on rumen microld&imentation. This may be due to the
biphasic response, which shows estrogenic effedbvatdosage, while anti-estrogenic
effect is observed at high dosage. These resuttenstrated for the first time the effect of
daidzein on rumen microbial activitg vitro. As it is widely reviewed, many isoflavones
and their metabolites can be absorbed and then ientgculatory blood (Detchell, 1998;
Detchell and Cassidy, 1999). Thus, it can be reasotihat isoflavones and their
metabolites after absorption can also affect timeeru microorganisms in addition to their
initial direct effect in the rumen. Nevertheleskri¢ication of the mechanism underlying
the biphasic effect of daidzein on microorganismgitro requires further studies.

Thesein vivo andin vitro results have revealed clear effects of isoflavoorapounds on
rumen microbial activity and composition. Isoflaeomompounds may affect rumen
microbial activity and composition by increasing thlood and rumen testosterone levels.
Alternatively, entering the rumen via saliva andnan epithelium after absorption and
affecting microbes directly might be the other pliespathway to affect rumen microbial
activity and composition.

2.2 Effect on gut microbiota in piglets

Similarly to studies with rumen microorganisms,dé#s in our laboratory usinig vitro
fermentation approaches demonstrated that daideeuld directly affect intestinal
microorganisms of the piglet gut. This was thetfieport of its kind about isoflavones in
monogastric animals (Yaet al, 2004b). To investigate the effect of daidzeintha
Lactobacilluscommunity in the piglet gut, an vitro fermentation was conducted using
gut contents as inocula. Digesta from 12 conveatlgrraised piglets of the same litter
(each three slaughtered on 7, 14, 21 and 28 dagge)f were used in three differant
vitro fermentation treatments: (a) medium with 5g/I hficgse and 50 mg/l of daidzein; (b)
medium with 5g/l of glucose; (c) medium only. ByingsLactobacillusspecific primers
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for amplifying the V1-V3 region of 16S rRNA geneCR-DGGE revealed that all
samples showed similar changes in the communityefiorints after fermentation; some
dominant bands disappeared, while the density derodominant bands obviously
increased, suggesting that some species may behedrwhile others may not be able to
grow under the culture conditions applied. AlthouDIGGE patterns were different
between digesta from different GI compartmentsegithefore or after fermentation, no
apparent difference was observed between treatnf@nésach digesta sample. However,
further studies using dilution PCR for the semitfitative detection of lactobacilli
demonstrated that daidzein treatment significaimtyeased the number of lactobacilli in
batches inoculated with digesta samples from mdésthe gut compartments. Thus,
daidzein may have the potential for use as a ptietsabstance in animal feed.

2.3 Immune effects

Genistein has been recognized as an inhibitor rafstye kinases (Setchell and Cassidy,
1999). In vitro studies have demonstrated that high levels of sggini could reduce
macrophage and natural killer cell numbers and ptygsis rates by inhibiting tyrosine
kinases (Steele and Brahmi, 1988), and decreasedTBalymphocyte production by
inhibiting topoisomerase |l (Chareg al, 1995). Low levels of genistein, however, could
elicit natural killer cell activity (Zhangt al, 1999) and antiviral replication (Yura et al.,
1993). In pigs challenged with porcine reproductarel respiratory syndrome (PRRS),
Greineret al (2001a) demonstrated that soy genistein couldwsr#r serum PRRS virus
elimination, decrease interferon activity in theuse, and increase;—acylglycoprotein
(AGP). Pig’s growth performance was also improvEde authors concluded from these
results that soy genistein at 200 to 400 mg/kgbmaan orally active immune modulator.
With daidzein, similar experiments were conductadpigs by the above mentioned
authors, but different effects were observed (Great al, 2001b). Four supplementary
concentrates (0, 200, 400, and 800 mg/kg) wereydediby using 93.7% of pure daidzein
extract and the analyzed concentrations of daidpeiine experimental diets were 33, 232,
432 and 805 mg/kg due to 28.85% of soy protein entrate used in basic diet formula.
Although daidzein could improve growth performameeperiods of high viremia, it did
not affect growth during periods in which systemiitis concentrations were minimized.
Furthermore, daidzein additions of 200 mg/kg and d@/kg were effective, but not 800
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mg/kg. Unlike genistein, dietary daidzein did neithdecrease serum PRRS virus
concentrations nor AGP activity. Our research witps, however, demonstrated that oral
administration of daidzein in pregnant sows couftec immune function in the
mammary organ as well in the neonate piglet (Zhetre.,, 1995a). The concentrations of
antibody to swine fever vaccine in serum and calostwere significantly increased by
41% and 44%, respectively (Figure 2. 4). This sstgge that both the systemic and
mammary gland humoral immune functions in sows welearly enhanced. The
concentration of antibodies in neonate piglets frosated sows markedly increased
through colostrum absorption. With daidzein adntraison, growth hormone (GH) and
prolactin (PRL) levels of sow serum and colostrurerav strikingly enhanced. GH
increased 155% and 54%, and PRL increased 86% 20fb,2respectively. Meanwhile,
the serum somatostatin (SS) level was apparentlgrithan that of the control animals. It
appears that the immune-regulatory effect of dandm®ay be involved in the decrease of
the SS level and in the increase in both GH and IBRR&ls.
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Figure 2. 4. Effect of daidzein on antibody levels of the swifewer vaccine in sow serum and
colostrums. Antibody levels in daidzein treatmaajtdnd controlscf) were expressed by OD values at
540nm as determined by spectrophotometer. Barsstmedard errors. **represents significant

difference between treatment and its corresponciimgrol. (From Zhangt al, 1995a)

Daidzein could also improve the immune functiorbofls. Daidzein supplementation to
diets in male chickens of 7-21 days of age couhtly increase body weight gain and
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feed efficiency. The relative organ weight of thysmand bursa, and the T-lymphocyte
transformation were all elevated in daidzein tréaeimals (Gaet al, 2000).

In rats, daidzein was shown to increase B and Pphauoyte activity and phagocytosis rate
of macrophage cells (Zhang et al., 1997). Our mebeim mice showed that daidzein and
formononetin markedly enhanced the thymus weighkit the phagocytosis of peritoneal
macrophages. The hemolytic ability of plaque fomgnicells and the T-lymphocyte
percentage in peripheral blood exhibited a sigairficincrease. Either formononetin or
daidzein at a dose of 5@/mL resulted in more lymphocyte transformationrekiced by
plant hemoagglutinin (PHA). That transformation wasreased by 90% and 210%,
respectively (Zhang and Han, 1993). Thus, isoflavonompounds could affect
non-specific, humoral and cellular immune functiard thus could be a plant origin
immune modulator.

Isoflavonic compounds also showed anti-aging effaat mice (Wang et al.,, 1999).
Daidzein supplementation to the diets of mice atlags of age for one month increased
the SOD levels in brain, liver and red blood cdlls 22%, 23% and 4%, respectively,
while the LPO levels decreased in brain and liweB6% and 13%, respectively. However,
daidzein showed no effects on the SOD and LPO deivelemale mice compared to that
of control group.

2.4 Effects on mammary gland development and lactation

Formononetin clearly effected the development ofnmary glands in ovariectomized
mice (Wanget al, 1993). Formononetin, which was injected subcemasly at a daily
dose of 0.4 mg/kg for 5 days, significantly incredshe relative weight and RNA content
of mammary glands. The mammary ducts were well ldpeel, and more secretion
granules appeared in acinus. Radio receptor assayysés further showed that
formononetin competed with estradiol for the estldeceptor of mammary gland
cytosol. The maximum binding capacity of estrogesteptors and the prolactin
concentration of plasma were markedly elevated aftieninistration of formononetin. It
seems that formononetin could enhance the develapoienammary glands by directly
binding to estrogen receptors of mammary glandsoftand by promoting the secretion
of prolactin from the pituitary.

Similar effects were observed with daidzein, of etlhihe estrogenic activity is about
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10-fold higher than that of formononetin. Eithemadistrated orally or subcutaneously,
both ovariectomized and conventional young ratsweltba marked increase in the
development of the mammary gland (Zha&a@l, 1995).

Radio receptor assays revealed that daidzein gigoeatly increased the cytosol binding
sites of estradiol in mammary, pituitary and hydéimus of rats, but also the binding
sites of progesterone (Zhargg al, 1995). Studies withn vitro receptor competitive
assays showed an apparent competitive bindingitsffof daidzein to the mammary,
pituitary and hypothalamus. Thus, the up-regulaéfigcts of daidzein on the receptors of
estradiol and progesterone and its positive effectpituitary GH and PRL secretion may
be involved in the mechanisms of daidzein in prongpmammary development.

Further experiments showed that daidzein could ifsigntly affect lactation.
Administration of daidzein in rats during late pnegcy could significantly increase milk
yield, neonate rat weight gain and mammary glanetld@ment pre lactation (Zhang and
Han, 1994). With sows, milk yields increased greathen the late pregnancy sows were
fed the diets containing a low dose of pure daieaitract at 5 mg/kg (Liet al, 1999).
On the 18 and 26' day of the nursing period after parturition, thiékrgields were 11%
(P<0.05, 313.7+17.4 vs. 283.7+10.6 grfand 15% P<0.05, 371.2+22.2 vs. 333.7+15.1
g-h?) higher than those of the control group. Moreotee, GH, TSH and IGF-1 levels in
colostrum were markedly enhanced in daidzein treatsy(Table 2. 2).

Table 2. 2.Effect of daidzein on metabolic hormone levelsdmv colostrum (n=8)

GH .

Insulin TSH IGF-1
Group ('ng/ml) (wU/mi) (WIU/ml) (ng/ml)
Control 7.442.5 319.7+13.8 8.5+2.8 684.0+95.0

Daidzein 10.6+1.4* 305.15+11.6 12.1+3.7* 897.0+115.

Values with * significantly differ from the correspding control valuesP<0.05)

It is generally recognized that dose and duratiointake are two of the important factors
that influence the biological effects of isoflavenéSetchell and Cassidy, 1999). The

30



timing of administration may be another importaadtér. When daidzein was added to the
diet of sows during the lactation period, a différpattern was observed compared to the
above-mentioned study conducted on rats. As expedtee milk yield in daidzein
treatments was notably higher than that of cordromals P<0.01) at the 5th day after
parturition, and maintained stable until day 2@mfiarturition (Liuet al, 1997). Twenty
days after parturition, however, the milk yieldscimsed in daidzein-treated animals as
compared with the control. This may be due to &g effect of daidzein. As it is well
known, PRL plays an important role in the initiatiand maintenance of lactation though
many hormones that are involved in regulating #otdtion of sows. At the initial stage of
lactation when the mammary gland is not completddyveloped, minute dosage of
daidzein acts as a weak estrogen and enhancestprdivels, consequently increasing
the milk yield. As sows ingested daidzein from thet daily, the accumulated estrogenic
effects became greater, the prolactin levels deedtaand even estrus occurred in some
sows. Thus, the estrogenic effects of isoflavonas be different depending on the
endogenous level of estrogens in the animal.

25 Growth

Although widely investigated, the effect of isoftanic phytoestrogens on growth varied
between experiments and between animals. With cdior&al weaning piglets, soy
daidzein or soy genistein did not have significaffiécts on weight gain and feed intake
(Greiner et al., 2001), though daidzein could sligimprove the gain/feed ratio. After
challenge with PRRS virus, however, daidzein at @800 mg/kg is a weak enhancer of
body growth and genistein at 200 or 400 mg/kg shibwaesignificant effect on growth
performance (see also above in the section on Imnfktffects). This may suggest that
isoflavonic phytoestrogens may primarily work asmone-modulators rather than
conventional growth promoters.

In China, investigations showed positive effects adidzein on animal growth
performance. In studies with growing castrated npads, daidzein supplemented to diets
at 5 mg/kg significantly increased weight gain 99%P<0.01), and the blood IGF-1 and
testosterone levels were elevated by 51% and 1&88pectively (Guet al, 2002).

With Redbro male broilers, crude isoflavonic extsaadded to the diets significantly
increased the serum testosterone levels, whilarsemc acids and abdominal fat were
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decreased (Wangt al, 1994). Daidzein supplemented to the diets ag&gisignificantly
enhanced the daily weight gain by 10%, breast neusct hind leg muscle weight by 6%
and 7%, respectively. The ratio of RNA to DNA of scle cells was greater in daidzein
treated animals than that of control group. Thiggaests that daidzein could promote the
muscle protein accretion of male broilers. With &enbroilers, however, the same dose of
daidzein did not produce clear effects on dailyybagight gain or serum estrogen levels.
A similar effect was found in growing male rats (Weet al, 1995). Compared to the
control group, dietary daidzein supplementatiorBohg/kg increased daily weight gain
and feed intake by 15%P£0.01) and 18% R<0.05), the weights of carcass,
gastrocnemius muscle and femur bone increased %y(B<£0.05), 9% and 14%4<0.05),
respectively. The femur bone density and bloodigalcconcentration increased, while
alkaline phosphatase activity was lowered by 15%0(05). The blood concentration of
IGF-1 and testosterone were elevated by 3P%0(05%) and 17%HR<0.05), whereas
estradiol level was reduced by 24®%<(0.01). These results suggest that daidzein could
improve bone metabolism and growth performance witheffect possibly related with
the secretion of the related hormones in growintemats (Gucet al, 2001).

While the effects of daidzein on animal growth iiffedtent experiments are not very
unanimous, it appears that the effectiveness owtgres more evident for male animals.
This is not surprising when considering that dailnlzeas estrogenic activity. This may
also remind us that animal gender should be coresidior experimental design. With
immune challenged animals, the isoflavonic phytoggns seem more effective than with
conventional healthy animals. In China, the prouncénvironment is less well controlled
compared to that in the European Union. The animaldd be exposed to many diseases.
Indeed, many of our studies demonstrated the pesfifect of isoflavonic phytoestrogens
on animal growth. Although solid evidence is sldtking, it may be speculated that
environmental factors such as disease exposuretied stresses to the animal, can be
involved in the amplitude of the isoflavonic effieeiness on growth.

Limited research also showed that daidzein hactisffen the fetus growth. The doses of
five and 100 mg/kg of daidzein supplemented to pa&g sows and rats respectively,
could greatly increase the offspring’s birth weigBhanget al, 1993; Liu et al., 1996).
Nevertheless, more research is needed to investigatmechanism.
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2.6 Egg laying performance of birds

Recent studies have demonstrated that isoflavorigtopstrogens could improve
egg-laying performance in birds. Experiments wi#2 2and 330 day old layers showed
that daidzein supplemented to the diets at 3 mgiugificantly increased the laying rate
of old laying hens. In addition, average egg wemid feed efficiency increased to some
extent (Liuet al, 1998). This effect was also observed with 174 ald first time laying
hens (Menget al, 2001, 2002). Daidzein supplementation signifitamcreased the egg
laying rate and feed efficiency by 9% and 7% in ¢aely laying period, 11% and 14%
during the high laying periodand 14% and 17% during the late laying period,
respectively.

Similar effects were observed with laying ducks apghils. Daidzein supplementation
significantly increased the egg laying rate by @%cldaying Shaoxing ducks, with an
overall increase in egg yield increasing by 8% carad to that of the control group
during an experimental period of 30 days (Zhewal, 2002). Daidzein treatment
markedly prevented body weight loss of Shaoxingkduand increased ovary weight
compared with the control. The number of largeidtdbs, however, did not change.
Daidzein supplementation at 3 mg/kg significantigreased laying rates in quails, with
values increasing by 79#<€0.05) in the early and in the middle stage, anib 18<0.01)

in the late stage as compared to the control (Veéhad, 1999).

Research has also shown that dietary daidzein ¢ocidase the feed intake of egg laying
hens (Zouet al, 2003). By using a Feed Intake Data Acquiringt&ysto monitor the
behaviour of the laying hens, Zoet al (2003) were able to demonstrate that
supplementation with daidzein at 6 mg/kg increafsstl intake during high and late
laying periods by 18% and 20% compared to the ognespectively. Meal frequency in
a day also significantly increased. Obviously, itheease in feed intake could contribute
to the improvement in laying performance of layirens.

In the meantime, daidzein supplementation couldcafthe endocrine functions. Daidzein
at 3 mg/kg significantly increased blood T3 andgesterone levels of 330 days old
laying hens (Mengt al, 2001). In Shaoxing ducks, daidzein supplemeoriadi 3 mg/kg
significantly increased serum levels of GH, but mGF-1, while 5 mg/kg daidzein
supplementation significantly increased both GH KBE-1, suggesting a dose-dependent
effect (Zhouet al, 2002). With laying quails, serum T3 levels irrlgamiddle and late
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laying stages were all significantly elevated. &bl (2003) showed that while daidzein
supplementation increased the feed intake, it adsceased insulin and 1fF—estradiol
levels in the blood.

Interestingly, the daidzein effect could be differdepending on the laying stage (&
al., 2002; Meng et al., 2001). With 35 day old quaillsidzein supplementation at 3 mg/kg
could greatly increased the laying rate and ser@rteVel by 7% and 23% as compared to
the control. A similar effect was observed with @nths old quails with daidzein at the
same dosage. However, daidzein supplementationnag/Bg led to a decrease in laying
rate of the 7 months old quails, while a significentrease was found for 12 months old
laying quails. Thus, the doses of daidzein suppigat®n should be applied in relation to
the laying stage of the birds. Similarly, the effet daidzein on blood PBfestradiol was
also related with the laying stage. The bloodB3-&%tradiol level of laying hens
significantly increased compared with the contbolt varied with different laying stages,
with higher levels during the late laying stage (iget al, 2001). For laying quails, the
daidzein effect was different, as the blood estial@vels increased by 63%<0.01) in
the early laying stage, but decreased by 17% inatleclaying stage as compared with the
control, suggesting a biphasic effect of daidzaeireigulation of estradiol levels.

Dietary daidzein could also affect egg content loblesterol and its oxide (Yiet al,
2004). Daidzein supplemented at 40 mg/kg couldifsogmtly decrease egg cholesterol
content by 19% and egg yolk cholesterol concemtnatly 11% as compared to the control.
While supplementation at 10 and 20 mg/kg showedndlas effect, this effect was not
observed with 5 mg/kg of supplementation of purelziEn extract. The same study also
demonstrated that daidzein could also inhibit tbemktion of cholesterol oxides in
cooked egg yolk, with 7-keto cholesterol and tatadlesterol oxides content reduced by
27% and 35% respectively, compared to the conkofther studies showed that both
daidzein and dietary tea polyphenols exhibitedoaadant effects on laying hens (Yet
al., 2003). Lipid peroxidation (LPO) contents in eggk, liver and plasma significantly
decreased with daidzein or tea polyphenols treatnjeoth at 40 mg/kg), while the
superoxide D~mutase (SOD) and glutathione-perogidgSSH-Px) levels remained
relatively stable. Thus, dietary tea polyphenold daidzein could directly improve the
bird’s antioxidant levels irrespective of SOD an8H5Px activities.

The results suggested that dietary isoflavonoids pttoper dosage could have beneficial
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effects on laying performance in birds, probablydrated by the regulation of endocrine
functions. In addition, the resultant eggs fronflaamnoid supplemented birds could be
beneficial to human health.

3 Conclusions

Isoflavonic phytoestrogens can exhibit weak estnagactivity on reproduction. They can
also promote male animal growth, and induce fenmaEmmary development and
lactation, and improve laying performance of layinigds. These effects were usually
coupled with their influence on immunity and metiabdormones. Thus, the observed
effects of isoflavonic phytoestrogens may be medidiy their modulation of immunity
and endocrine. Furthermore, environmental factbeg tan challenge animal immune
status could affect the extent to which isoflavopieytoestrogens influence animal
performance.

Intestinal microorganisms play an important rolasoflavone metabolism in the animal
gut and consequently influence the metabolic fdtéhe isoflavones. Humans can be
divided into two groups, “equol-producer” and “ngnel-producer”. This may be one of
reasons of the disagreement of isoflavone treasnenht return, the isoflavonic
phytoestrogens or their metabolites could affed¢trgierobial activity. This effect can be
caused by the circulating isoflavonic metabolitese absorbed by the animal body.
However, then vitro effect on microbial activity may also suggest eedi relationship
between isoflavonic phytoestrogens and gut micramiggns. Prebiotic effects of
isoflavonic phytoestrogens may be involved in tiestionship. Clearly, researches have
suggested that isoflavonic phytoestrogens havet gretential for use in animal feed
supplementation in the future.
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CHAPTER 3

Diversity of the Fecal Bacterial Community
of Newborn Diarrhea Piglets as Revealed by
16S rRNA Gene-targeted Techniques

This chapter has been published in a modified fiorm

W Yao, WY Zhu and SY Mao. 2006. Tracking of the elepment of fecal bacterial
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community of diarrhea piglets by 16S rDNA technisjudcta. Microbiologica Sinica
46: 150-154.

Abstract

PCR and denaturing gradient gel electrophoresisGBfGwere used to monitor the
development and diversity of the fecal bacteriahownity of 5 newborn diarrhea piglets,
which were observed with yellow soft feces at 2gdafage. A clone library was created
from 16S rRNA gene fragments amplified from fecainples of 3 piglets of 42 days of
age. From the library, clones that matched predantitbands in corresponding DGGE
fingerprints were sequenced and subjected to aneosimilarity search. Results showed
that DGGE profiles of 5 piglets changed from simfday 2) to complex (day 10), and
then from simple (day 16) to complex (day 27) againd finally remained relatively
stable and diverse after weaning. DGGE profilesnfriay 2 and 16 fecal samples were
highly simple and similar, witlE. coli as the most predominant band. DGGE profiles
from day 10 fecal samples were more complex, aad#nd corresponding E coliwas
still present, albeit not predominantly. DGGE pledifrom day 35 and 42 fecal samples
became complex again, while their predominant baedsained similar and stable. 16S
rRNA gene sequence analysis revealed that thea2@slfrom the library generated from
fecal samples of day 42 health piglets were mossety related to species of
Enterococcus Streptococcus Clostridium Peptostreptococcus, Lactobacillugand
Bacillus

Key words: Denaturing gradient gel electrophoresis (DGGE} tBRNA gene sequence
analysis, Shannon index, Piglet, Fecal bacteriadraanity
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Introduction

The composition of the microbiota that populates glastrointestinal tract of newborn
piglets develops with age, and is strongly affedigdhe conversion from sow’s milk
to formulated feed at weaning. This commensal gag#stinal microbiota plays a
fundamental role in host health and disease. Odenstanding of its composition and
dynamics, however, is still far from complete (Ktamdinovet al, 2006). Because of
the insensitivity of cultivation, molecular fingempting methods (such as Denaturing
Gradient Gel Electrophoresis, DGGE) and sequenedysia of the 16S ribosomal
RNA (rRNA) and the corresponding gene have beereasingly used in revealing
mammalian gastrointestinal microbiota (Simpsdral, 1999; Zoetendatt al, 1998
and 2004). Using DGGE and 16S rRNA gene sequeneidgnology, Konstantinov
and Zhu (2003) investigated the changes of the ogsitipn of fecal microbiota of
piglets and the effects of selected dietary intetie@s during the weaning period. In
the first week after weaning the composition ofalemicrobiota of piglets changes
quickly. Fermentable carbohydrates (fructooligokacicles and sugar beet pulp) can
selectively enhance the growth of certain bacterad accelerate the stabilization of
fecal microbiota (Zhet al, 2003a and 2003b; Konstantinetval, 2003).

In Chinese swine production, a commonly used fegdinategy includes suckling of
piglets with sow’s milk only in the first week, antlden sow’s milk with creep feed in
weeks 2 or 3. Weaning occurs at 21 or 28 days efaagl solely feeding of a solid diet
afterwards (Huang 2003). This feeding strategylyeaeep feeding and weaning can
greatly increase the reproductive productivity afvs. However, it also puts piglets at
high risk of diarrhea with a severe growth checll awen the death of piglets. This
causes large economic losses in the pig industsgngaring to the diarrhea occurrence
of non-creep-fed piglets, where diarrhea mostlyettgys in the first 2 weeks after
weaning (so-called post-weaning diarrhea syndrgiinajes et al, 2004), the diarrhea
in creep-fed piglets mostly occurs before weanifMgathew (1994) observed an
increase of hemolyti&. coli in creep-fed piglets at 19 days of age. The ainthisf
study was to investigate the effect of creep fegdom the succession of fecal
microbiota and the occurrence of diarrhea in pgglasing DGGE fingerprinting, and
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cloning and sequence analysis of PCR-amplified rEG$A gene fragments.

1 Materials and Methods

1.1 Animals, feeding strategy and sampling

Five newborn diarrhea piglets of one litter (P15) Rith yellow soft feces at 2 days of

age were selected and ear-marked for monitoringdhelopment and diversity of the

fecal bacterial community from birth to 42 daysagfe. Creep feeding was started at 7
days of age. Piglets were weaned at 28 days of Hge.fresh feces of piglets were

sampled from the rectum at 2, 10, 16, 27, 35 anday® of age, and kept at -20°C until

further processing.

1.2 DNAisolation and PCR amplification
The total DNA of fecal samples was extracted fraddf &g of feces using the Fast DNA
Spin Kit (Qbiogene, Inc, Carlsbad. CA). Electropd®s in 1.2% (wt/vol) agarose gels
containing ethidium bromide was used to check theunt of DNA visually.
To investigate the fecal bacterial community by DE;®CR with primers U0968f-GC
and L1401r was performed as described previousty €€ al, 2003b).

1.3 DGGE of PCR amplicons and analysis of the DGGE gels

PCR products generated with primers U0968f-GC abdiOLr (Nubelet al, 1996) were
separated by DGGE according to the specificatioMalzer et al (1993), using the
Dcode system (Bio-Rad Laboratories, Hercules, Cje gels were poured from the
bottom by using a gradient maker and a pump (Ecomgp Bio-Rad) set at a speed of
4.5ml/min, and gradients of 30% to 60% were usedHe separation of the amplicons.
Electrophoresis was performed for 16h at 85 V i®.5x TAE buffer at a constant
temperature of 60°C.

All DGGE gels were scanned at 400 dpi. The Peassuitarity and the Shannon index of
diversity (Shannon, 1963) of the DGGE profiles wea&ulated based on image analyses
of gels by using the Molecular Analyst softwareréien 1.12, BioRad).

1.4  Cloning and sequence analysis of 16S rRNA genes
A clone library was created from almost complet& IBNA genes amplified from fecal
samples of 3 piglets at 42 days of age. PCR ampdiobtained with primers 8f and 1510r

45



(Lane,1991) were purified using the Qiaquick PCR purtiiea kit (Westburg, Leusden,
the Netherlands) according to the manufacturesguctions. Purified PCR products were
further cloned irk. coliJM109 cells using the Promega pGEM-T vector sygeromega,
Madison, Wis.). To confirm the size of inserts, P@Rh pGEM-T specific primers T7
and Sp6 (Zoetendaét al, 1998)was performed on lysates of ampicillin-resistant
transformants. Amplicons of the correct size wengiexted to restriction fragment length
polymorphism analysis by using restriction enzymgpM Plasmids containing a unique
insert of the appropriate size were compared with driginal samples on DGGE gels.
Plasmids corresponding to predominant bands ofDi&&E profiles of fecal samples
were purified by using the QIAprep spin miniprep (Riagen, Hilden, Germany), and
were subjected to DNA sequence analysis.
Sequencing reactions were performed with the Sexpgeen(T7) sequencing kit
(Amersham Life Sciences, Slough, United Kingdomjoading to the manufacturer’s
specifications by using the primer T7 end-labelethWwRD-800. Sequences were
automatically analyzed on a LI-COR DNA sequencef(O (Lincoln, NE) and
corrected manually.

1.5 Nucleotide sequence accession numbers

The partial 16S rRNA gene sequences from the lbcagated from fecal samples of 3
piglets at 42 days of age were subjected to amermgimilarity search, and then submitted
to the GenBank database. The accession numbele afubmitted partial sequences of
piglet P1 were as follows: XSHA39 (AY601712), XSHALAY601713), XSHA24
(AY601714), XSHA8 (AY601715), XSHA1ll (AY601716), XB\15 (AY601717),
XSHA34 (AY601718), XSHA35 (AY601719), and XSHAS (&A01720).

2 Results
2.1  The succession of the fecal bacterial community dfiarrhea piglets associated
with age and shifting of the feeding strategy

Five newborn diarrhea piglets were from the sartter]iwith normal initial body
weight and healthy suckling behavior. The yellovt $eces could be squeezed out of
the anus while sampling at 2 days of age. Therewerremains of yellow feces, and
samples had to be taken from the rectum of pidlgtasing a sterile cotton rod at 10
days of age. At 16 days of age, piglets P2 and &% wbserved with yellow soft feces
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again. At 27, 35, and 42 days of age, no yellow feaies were observed for any of the
5 piglets included in this study.

DGGE profiles of all 5 piglets changed from simfday 2) to complex (day 10), and
then from simple (day 16) to complex (day 27) agéamally remaining fairly stable
and diverse after weaning (Figure 3. 1). All DGGibfiees from day 2 feces were
highly similar and shared the same predominant bahith corresponded to a clone
migrating to the same position in the DGGE gel viitbholi IM109. Partial sequencing
confirmed the identity ak.coli (data not shown). This suggests tBatoli constituted

a predominant population in the intestine of theviben diarrhea piglets. DGGE
profiles from day 10 feces, i.e. 3 days after atitig creep feeding, were more complex
with more than 10 bands. The band correspondirg) tmli was still visible, but not as
the predominant band. DGGE profiles from day 16ewagain highly similar with
those from day 2, witle. coli as the predominant band again. DGGE profiles of
samples taken after weaning (day 35 and 42) beczongplex again, while their
predominant bands remained similar and stable. \Wbewrpared to the DGGE profiles
obtained from samples taken before weaning, the B@iBfiles after weaning showed
obvious differences.

D10 D16
P1P2 P3P4 PSM P] P2 P3P4P5 MP1P2 P3 PS5 P1 P2 P3P4P§ M P1P2 P3P4 PS M P1P2 P3 P4 P5

IR

' |“s‘
QQD{H -
(Rl |

Figure 3.1.Bacterial DGGE profiles generated from V6-V8 168NA gene fragments amplified

from piglets fecal samples. Dx: the age of pigh; the number of piglet; M: the marker.

Pearson similarity coefficients were calculatednfrd GGE profiles to assess the
dynamics of fecal bacterial community compositidrpiglets at different age (Figure 3.
2). The profiles obtained from samples taken on dagnd day 16 showed highest
similarity with an average similarity coefficient 81.9%. The similarity coefficients of
the DGGE profiles of day 10 with those of day 2y A& and day 27 were 24.7%, 18.5%
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and 29.9%, respectively. Comparing the profilesl@y 10 to those of day 35 and 42, the
similarity coefficients were higher, with values 8fL.6%, and 44.3%, respectively.

Comparison of DGGE profiles obtained from sampé®n directly before weaning (day

27) with those after weaning (day 35 and 42) reackalmilarity coefficients of 26.3% and

39.2%, respectively. These values for comparisqurafiles of day 27 with day 35 and 42

were higher than those of day 10 with day 2 and Igyalthough the difference was not
significant. Finally, a much higher similarity cdiefent (62.3%) was observed between
the DGGE profiles of day 35 and day 42, indicatngtabilization of the fecal microbiota

two weeks after weaning.

DGGE profile similarity coefficient (%)

--R--- D D DDDDDDDD
10 16 27 35 42 10- 10- 10- 10- 16- 16- 16- 27- 27- 35
16 27 35 42 27 35 42 35 42 42

Figure 3.2. Pearson similarity coefficients for the pairwisemparison of fecal bacterial DGGE

profiles of piglets at different age. Dx: the adeiglet. Error bars indicate standard deviation.

2.2 Dynamics of fecal bacterial community diversity meaured by the Shannon
index
For samples taken from day 2 to day 42, the Sharindites were 1.38+0.55,
2.12+0.24, 1.97+0.26, 2.19+0.29, 2.20+0.17 and £012D, respectively (Figure 3. 3).
During this 42 days period, the diversity was corapke for days 10 and from day 27,
whereas samples taken at day 2 and 16 had a lovezsidy.
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Figure 3.3. Shannon diversity indices of piglet fecal bactedammunity. Error bars indicate

standard deviation.

2.3 lIdentification of the dominant bands on DGGE profiles using 16S rRA
gene sequencing

To identify the composition of the fecal bactemammunity of piglets, a clone library
was prepared from PCR-amplified almost complete tRNA genes of 42-day fecal
samples of piglet 1, 2 and 5. From the library,c3es of which the V6-V8 regions
matched dominant bands on the DGGE gel were dgriatjuenced, and sequences were
subjected to an online similarity search. Threthete 23 clones had their sequences most
closely related td.actobacillusspp. Twelve clones were closest €@ostridium, four to
Enterococcustwo to Streptococcusand the remaining two clones were most closely
related to species &feptostreptococcumndBacillus respectively (Figure 3. 4).

i Clone Closest relatives Sequence

similarity (%)

Peptostreptococcus sp. oral clone AJ062 94
1 XSHA34 p p p
XSHA15 Clostridium longisporum 98
XSHAS8 Clostridium bifermentans 93
T T—XSHA11 Clostridium disporicum 96
- _
) XSHA12 Streptococcus alactolyticus 96
i XSHA35  Clostridium quinii 95
' |E XSHA5  Lactobacillus delbrueckii subsp. bulgaricus 96
XSHA39

Lactobacillus sp. KC35b 97

Figure 3.4.Identification of dominant bands in the DGGE pattef the V6 to V8 regions of rRNA

gene amplicons obtained from fecal samples frorepigy

3. Discussion
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Just before birth the guts of all animals are fofebacteria. The gut microbiota
develops very rapidly after birth, and microbesspre in the vagina of the mother are a
major source of primary inoculum to the piglets.eTlarge populations of microbes
which are present in the feces of the mother antiinvithe new environment are
additional sources (Bauet al, 2006a).E.coli and Streptococuspp may be the first
colonizers. Within 2 hours of birth these two baelespecies can be detected in the
feces of newborn piglets, and by 5-6 hours theinibers are very high (1@nd 16%g
feces, respectively) (Ewing and Cole, 1994). In pigg maternal antibodies are not
able to cross the placenta and piglets are borhowit circulating antibodies, and
consequently lack maternal passive protection (Batal, 2006b). Some newborns
suffer from neonataE. coli diarrhea (the yellow or white diarrhea). Most ddrchea
newborns can recover quickly after suckling matecoéostrum, which is very high in
bacteriostatic and anti-adhesive factors (e.g. Igpecifically directed against
pathogenicE. coli (Ewing and Cole, 1994). As a result the predoneasf lactobacilli

is further enhanced. This predominance is fairlgbkt during the period where
newborns are suckled by their mothers (Matletval, 1998). It is suggested that the
higher the L:C-ratio (lactobacilli to coliform ra)i is, the better is the microbial
contribution to growth performance of the host (Rgviand Cole, 1994). The rapid
changes of environmental conditions that pigletpeelence during the weaning
transition, including separation from the mothéet dhange, transportation and change
in housing, can induce a decrease of the abundaintactobacilli and an increased
population sizes of coliforms (Tannock and Svad#4). It has to be noted that the
above-mentioned studies are based on cultivatibichumay have been biased against
the detection of strict anaerobes. Hence the fonctif the gut microbiota and the
mechanism of neonate diarrhea of piglets arersiillfully understood. The aim of this
study was therefore to describe the successioraafl imicrobiota of neonate diarrhea
piglets using cultivation-independent approaches.

Although DGGE fingerprinting of PCR-amplified fragmts of the 16S rRNA gene has
its own restrictions, it is now well accepted afast and reliable method to provide
insight into gut microbiota without the limitatioof cultivability. In this study the
DGGE profiles retrieved from piglets’ feces visyalhowed the succession of fecal
microbiota of 5 newborn diarrhea piglets in timeb#@nd corresponding . coli was
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observed in all DGGE profiles, irrespective of tbmrrhea status of the piglets.
Nevertheless, this band wpsedominant in samples taken at day 2 and 16 ofoage
piglets associated with diarrhea. These resultgesighatE. coliis a normal bacterial
inhabitant of earlier colonized piglets. Its rapmltiplication may directly relate to the
occurrence of diarrhea in piglets in this studyhiB8man (1973) reported similar
changes by cultivation (Ewing and Cole, 1994). Ay d0 of age (3 days after creep
feeding started), DGGE profiles became obviousiyngiex with more than 10 clear
bands. Some of these bands still appeared in tifdepof weaned piglets, while others
disappeared after weaning. This and the high siityilaoefficients between samples
from day 10 and after weaning (day35 and 42) sugdehat creep feed can steer the
development and composition of intestinal micradiof piglets. Diet is one of main
factors to influence unestablished microbiota ofsmg piglets (Konstantinoet al,
2006). The gut of piglets of 7 days of age is ndjusted to solid feeds, and lacks
several enzymes needed for digestion of solid .dAgsa result chyme from creep-fed
piglets contains more nutrients and thus, creef feay accelerate the growth Bf
coli and the appearance of diarrhea. Mathew (1994)rebden increase of hemolytic
E. coli of creep-fed piglets at 19 days of age. It havipusly been postulated that
hypersensitivity to feed antigens may also contabto a decreased absorption of
nutrients and thus the induction of diarrhea. Btiratal. (1989) observed increased
antibody titers in the blood of weaned pigs andficored that feed antigens can induce
an immune reaction in creep-fed pigs. Thus, althatngre is no conclusive evidence
available, the observations summarized above ¢otesseveral potential reasons that
E. coli became the predominant band of DGGE profiles aghii6 days of age.
Comparative analysis of DGGE profiles also indidatdhanges in fecal community
composition before and after weaning, in line wother studies (Konstantincst al,
2006). Nevertheless, these differences were natramatic as those observed when
comparing profiles of samples taken before and afteep-feeding. This indicated that
creep feeding is a big challenge for suckling pgylenducing an unbalance of the
yet-unstable developing bacterial community. On aébiger hand, our results suggest
that creep feeding tends to reduce the effect efdiness of weaning on the fecal
bacterial community. The Shannon indices before aftet weaning didn’t show large
differences, which was in agreement with the oket@ym of Konstantinov (2006).
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Creep feeding could positively affect microbiotavelepment by stabilization of fecal

bacterial community composition before and aftelamieg, and could decrease the
diarrhea appearance caused by weaning. This isgieement with observations

reported from previous and current studies. Intafksufficient amounts of creep feed
during lactation creates a more gradual transitrweaning and can reduce the
occurrence of post-weaning disorders. However, pcrésed consumption during

lactation is usually low and is also highly varalimong piglets in a litter and between
litters (Barnettet al, 1989; Pajoret al, 1991; Kulleret al, 2007). Stable diversity

indices and a high similarity index between DGGBfigs of samples taken from

weaned piglets 35 and 42 days of age demonstiadéa tstable commensal microbiota
in the gut of healthy piglets is building over tiraer weaning.

In this study, several microbial groups that havevipusly been described by using
cultivation methods as normal inhabitants of théstine of healthy adult pigs,
Eubacterium BacteroidesandPrevotella,were not identified (Stewadt al, 1997). It

is possible thaEubacteriumBacteroidesandPrevotellaspecies only represent a small
proportion of the microbiota in feces of nursinglpts studied here and could not be
detected with universal primers. Similarubacteriumand Ruminococcusvere not
identified in fecal samples of weaned piglets thate fed a diet with FOS and SBP for
13 days (Konstantinowt al, 2003). This reinforces the notion that diets can
significantly affect the composition of commensatrbiota of the host pig. On the
other hand, it is possible that some bacterial ggoare preferentially amplified with
universal bacterial primers and vice versa. In @amidli it can not be excluded that the
size of the clone library analyzed in this studyswat sufficient to detect less abundant
populations. Similarly, it has been reported th&&E analysis with universal bacterial
primers is sensitive enough to visualize populaithrat constitute as little as 1% of the
total bacterial community (Zoetendat al, 1998 and 2001). To unambiguously
confirm the absence of these organisms, or ratbcttheir presence, application of
other, complementary molecular approaches would rdeguired, such as
PCR-amplification or in situ hybridization with grp-specific primers or probes.

Our investigations were intended to study micrabiot creep fed piglets before and
after weaning. We aimed at the fecal microbiotdheise piglets which suffered from
diarrhea directly after birth. We were able to shinat early creep-feeding stabilizes
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the microbiota of piglets around the weaning peri@h the other hand, early
creep-feeding can increase the instability of mbata of suckling piglets. Therefore,
the development of new strategies for helping snogklpiglets towards a rapid
development of a balanced and healthy commensalngatobiota is required to
prevent the diarrhea of suckling piglets, and needs addressed in future research.
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Abstract

Molecular diversity and development of thactobacilluscommunity in the intestinal
tract, as influenced by age, diet and intestinahgartment, were studied in one litter of
12 conventionally raised piglets. Piglets were anibed at 1, 2, 3 (weaning) and 4 weeks
of age (3 animals at each day). Digesta and tissmeples from stomach, duodenum,
jejunum, ileum, caecum, colon and rectum were ctd® and analysed by using 16S
ribosomal RNA-based methods. DGGE profiles reveatbdt the Lactobacillus
communities throughout the Gl tract from duodenomectum showed good stability at
same age. This indicates that fetaktobacilluscommunities can effectively represent
the intestinal community. Two dominant bands wenenfl in tissue samples of the small
intestine, suggesting that thactobacilli can adhere to the small intestinal lwdhe
Lactobacilluscommunities in different Gl tract compartments eleped over time. A
successional change tfactobacillus communities was observed from birth, through
creep feeding to one week after weaning, showirigerad from simple to complex and
back to simple. Furthermore, a clone library ladctobacillus spp. 16S rRNA gene
sequencesvas generated from jejunal and colonic chymes.ddminant DGGE bands
generated from jejunal chymes were matched witheseces that show 94-98% similarity
to the bands derived fror. reuteri, L. delbrueckiiand L. crispatus Seven dominant
DGGE bands generated from colon chymes were matehiéd sequences that show
88-99% similarity to those derived fron. reuteri, L. delbrueckii, L. amylovorus/L.
sobrius, and L. acidophilus Amplicons related td.. reuteri were found in all DGGE
fingerprints from jejunal digesta of age of week3land 4. Amplicons related to.
amylovorus/L. sobriugvere present in all DGGE fingerprints from colodigesta of age
of week 1, 3 and 4. Amplicons relatedltodelbrueckiiwere found before weaning,
crispatus after creep feeding before weaning, dndacidophilusafter weaning. This
indicates that. reuteriandL. amylovorus/L. sobriuprobably belong to the permanent
composition, whileL. delbruckii,L. acidophilusandL. crispatusprobably belong to the
temporal groups dfactobacilluscommunities in the Gl tract of piglets.

Keywords: Molecular diversity; 16S rRNA gene; Denaturingdjeat gel electrophoresis
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(DGGE); Lactobacilluscommunity; piglets
1. Introduction

Mammals are born without microorganisms (Mac&teal, 1999). Starting at birth, the
microbiota must develop from a simple unstable comity into a complex community.
This process can be influenced by diet, environalefactors, and by the host itself
(Konstantinovet al, 2004a). All the members of the gastrointestimatrobiota are
needed for the gut to develop its specific intedtianctions (Hooper and Gordon, 2001).
Lactobacilli are considered beneficial because #reyimportant for maintaining a healthy,
balanced microbial community in Gl-tract. It is smtered that they directly affect the
host’s health. It has been postulated thedtobacillusspp. has several health-promoting
effects. These include 1) immuno-stimulation byoagsion with intestinal mucosa, 2)
alleviation of food intolerance and allergy by pwotion of hydrolytic enzymes, 3)
prevention of diarrhea and intestinal infectionsgdmgduction of Lactic acid, acetic acid
and antimicrobials (Servin, 2004, Bengmaek al, 2000; Ouwehancet al, 1999;
Salminenet al, 1998). Consequently,actobacillusspp. have been the most frequently
used probiotic strains for disease treatment aeggmtion as well as health restoration
and maintenance in humans.

Nursing is a major critical period of pig rearinGreep-feeding in nursing period is
commonly used in Chinese swine production (Huan@3200ver the last decades, the
preventive use of antibiotics and metals (coppet amc) in creep-feeds are used in
nursing management in China. These practices, henvevave increased bacterial
resistance to antibiotics and environmental probldincan be expected that in future also
China will follow the European Union to considerfudl ban on the use of in-feed
antibiotics and a drastic reduction in the levdlsigage of copper and zinc in the future.
The concept of probiotic, which is defined as @ lwicrobial feed supplement that is
beneficial to health (Salminen and others 1998) @ndonsidered as an alternative to
antibiotics, attracts increasing interests of ahindritionists and livestock producers also
in China. In swine the most frequently used stransEnterococcus faeciurfnatural
habitant: digestive tract) because of its readiljticatable ability andBacillus spp.
(natural habitat: soil) because of its high surtkaing feed processing. Recently, the use
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of species and strains of lactobacilli, suchLageuteri (Simpsonet al., 2000) andL.
plantarum(van Winseret al, 2001; Demeckovat al, 2002), is increasing. This is due to
the possible benefits of lactobacilli for porcinet dunction and health. With probiotic
treatment the incidences of diarrhea were reduiggdfisantly in the most feeding trials
after weaning. Trials in literature which are aimed improvements of growth
performance showed significant results in some ifegedrials only. There is a high
variation between individual animals in the resgotesprobiotics (Simon, 2005).

Although considerable efforts have been made vetfard to the efficiency and the mode
of action of probiotics, our understanding is stdr from complete. Whereas it is
generally assumed that there is more than one midetion, one of the major principles
is the modification of intestinal bacterial popudats by probiotics. Probiotics inhibit the
growth of pathogen bacteria, reduce the translocaif bacteria (Meier and Lochs, 2007).
Their effectiveness depends on the microbial stafua flock of animals and of the
individual animal. Abbott (2004) characterized tlituation in Nature as follow “even
when probiotics seem to work, we know too littleoabthe normal gut ecosystem to
understand why.Lactobacillusspp. should be one of microbial groups of interastit
has possible benefits for gut function and heditihe host.

Our current understanding of the porcine Gl tradtrabiota largely depends on
cultivation (Moore et al, 1987; Robinsonet al, 1988; Salanitroet al, 1977).
Culture-based methods only provide information @atéria that are readily cultivated,
and can give a biased view of microbial diversitgctobacillus was found to be a
predominant genus by plate count, but the analykisitestinal microbial diversity by
oligonucleotide probe hybridization revealed thneyt constitute less than 1% of the total
bacteria community (Sghiet al, 2000). DGGE fingerprinting of PCR-amplified 16S
rRNA gene fragments, however, provide a powerfol to visualize the gut microbial
community. It has been reported that DGGE is seesénough to visualize populations
that constitute at least 1% of the total bactec@inmunity. Therefore, using universal
bacterial primers, it is nearly impossible to monithis group. Helliget al (2002)
consequently developed laactobacillusspecific PCR in combination with DGGE to
monitor the molecular diversity of this group. Téathors concluded that this strategy is
widely applicable and allows for the charactermatof bacteria present in low numbers
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in the human gut. Konstantinat al. (2004b) then used this approach to investigate th
effect of a fermentable carbohydrates-containingt @in the ileumLactobacilluslike
community of weaned piglets.

The primary aim of the present investigation wasléscribe the intestinalactobacillus
microbiota composition in piglets. It is also aimtx study their succession by using
Lactobacillusgroup-specific PCR primers with DGGE when pigletifowed the actual
Chinese feeding strategy during the neonatal arahing period.

2. Materials and methods

2.1 Experimental approach

To describe the development and diversity of lthetobacilluscommunity in the piglet
Gl tract, total DNA was isolated from digesta andsue samples from different
gastrointestinal compartments, and used as a t&mplaPCR amplification. Nested PCR
amplicons of the V2-V3 regions dfactobacillus16S rRNA genes were analyzed using
DGGE (Muyzeret al, 1993). Clone libraries of V1-V3 regions bactobacillus16S
rRNA gene amplicons were generated from jejunum @dn digesta samples. Cloned
amplicons that showed the same mobility on DGGEagebpecific bands of intestinal
samples were further characterized by nucleotidgiesece analysis. All the procedures
involving animals were conducted in accordance \lign Chinese law on experimental
animals.

2.2 Animals, diets and sampling

The trial was done with 12 healthy crossbred pgg(&brkshire x Erhualian) of one litter.

It started at birth and lasted to 4 weeks of agedék after weaning). Creep feeding was
done with Agribrands Purina Nanjing Feedmill Cotd feed. The composition of creep
feed was as follows: 70.5 percent of maize, 20 godrof soybean meal, 5.5 percent of
fishmeal and 4 percent of premix. The creep feediag started at 1 week of age. Piglets
were weaned at 3 weeks of age. Three piglets wehaeized at 1, 2, 3 (pre-weaning) and
4 weeks of age, respectively. For biomolecular yses, digesta and tissue samples were
collected immediately after sacrifice from duodenyejunum, ileum, caecum, colon and
rectum of each piglet. Samples were kept atC20ntil further processing.
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2.3 DNA isolation

The DNA of digesta samples was extracted from 3@Oeindigesta using the Fast DNA
Spin Kit (Qbiogene, Inc, Carlsbad. CA). The tissamples were ground, and DNA
isolation was performed by a bead-beating methopregously described (Zoetendzt
al., 1998). Electrophoresis in agarose gels 1.2%v@Nttontaining ethidium bromide was
used to check the amount of DNA visually.

2.4 PCR amplification

To investigate théactobacilluslike intestine bacterial community by DGGE, PCRhwi
primers Bact0011f (5-AGA GTT TGA TCC TGG CTC AG)3and Lab0677r (5-CAC

CGC TAC ACA TGG AG-3’), and the nested PCR withnpers Lab159f (5-GGA AAC

AGG TGC TAA TAC CG-3’) and Univ0515rGC (5'-ATC GTATA CCG CGG CTG

CTG GCA -3') by using 100-fold diluted products mmoprevious amplification with
Bact0011f and Lab0677r as template, were perforraedording to the protocols
described previously ( Heliligt al, 2002).

2.5 DGGE analysis of PCR amplicons

PCR products generated with Lab159f and Univ0515n&&e separated by DGGE
according to the specification of Muyzet al. (1993), using the Dcode system (Bio-Rad
Laboratories, Hercules, CA). The gels were pourethfthe bottom by using a gradient
maker and a pump (Econopump, Bio-Rad) set at adspie¢.5ml/min. A gradient of 30%
to 50% was used for the separation of the generateplicons. Electrophoresis was
performed for 16h at 85 V in a 0.5%x TAE buffer at@anstant temperature of 60°C. Gels
were then stained with AQNO

All DGGE gels were scanned at 400 dpi. The Dicalanity coefficient and the Shannon
index of diversity (Shannon, 1963) of the DGGE pesfwere calculated based on image
analyses of gels by using the Molecular Analystvgafe (version 1.12, BioRad).

2.6 Cloning and Sequencing of thé actobacillus-specific PCR-amplified products
PCR amplicons with BactO011f and Lab0677r were fatriusing the Qiaquick PCR
purification kit (Westburg, Leusden, the Netherlgh@ccording to the manufacturer’s
instructions. Purified PCR products were furtheoneld in E. coli JIM109 using the
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Promega pGEM-T vector system (Promega, Madison, Yélconfirm the size of inserts,
PCR with pGEM-T specific primers T7 (5-TAA TAC FATCA CTA TAG G-3’) and Sp6
(5’-GAT TTA GGT GAC ACT ATA G-3’) was performed dysates of ampicillin-resistant
transformants. Amplicons of the correct size wengjexted to restriction fragment length
polymorphism analysis by using restriction enzymgpM Plasmids containing a unique
insert of the appropriate size were compared with driginal samples on DGGE gels.
Plasmids corresponding to dominant bands of the BG@file were purified by the
QIAprep spin miniprep kit (Qiagen, Hilden, Germargnd were subjected to DNA
sequence analysis.

Purified pGEM plasmid was used for sequence arsmlysithe cloned 16S rRNA gene
fragments. Sequencing reactions were performed thélSequenase (T7) sequencing kit
(Amersham Life Sciences, Slough, United Kingdomgoading to the manufacturer’s
specifications by using the IRD-800 5-primer eathdled primer T7. Sequences were
automatically analyzed on a LI-COR DNA sequenceOOO (Lincoln, Nebr.) and
corrected manually.

2.7 Sequencing of DGGE bands

Representative bands were excised from DGGE getg asQIAEXII Gel extraction kit
(Westburg) according to the instructions in the oanAfter re-amplification using the
original Lab159f and Univ0O515rGC primer set, theRP@roducts were subjected to
sequence analysis.

2.8 Nucleotide sequence accession numbers
14 partial 16S rRNA gene sequences determined i study were deposited at the
GenBank database under accession numbers AY66251662532.

2.9 Statistical analysis

The data of Shannon diversity index and the Dioglarity coefficient were expressed as
the meanzSE. The Student‘test was used to determine the statistical sicaniice of the
differences between mean values of Shannon indices.

3. Results
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3.1. DGGE analysis for description of intestinalLactobacillus composition of piglets
and identification of cloned 16S rRNA gene sequensén DGGE profiles.
DGGE profiles were generated from intestinal digestmples taken from neonatal piglets
during the first 4 weeks of life (Figure 4.1A). Thands in DGGE profile represent the
majority of the dominantLactobacillus populations in the community, and their
appearance and disappearance reflect approximaéaged in thelactobacillus
community composition. The intensity of a band pideg a rough estimate of the
proportion of the corresponding population in a geemThelLactobacilluscommunities in
each compartment changed from simple to complexrahdned to simple during this
four weeks period. The most complex banding pattgpeared at week 3. There were
several new bands (or new lactobacilli) only obedrat this time, and disappeared again
at week 4.

In order to identify the species correspondingedain bands observed in the DGGE gels,
16S rRNA gene fragment clone libraries were prep@iem a number of digesta samples
obtained at various ages. The mobility of the ctbrimgments was compared to the
mobility of fragments amplified from the originahmples by DGGE, and the DNA
sequences of clones that corresponded to domirardsbwere determined. Clone ID,
accession number and their closest relative amngiv Figure 4.1B. Six dominant DGGE
bands generated from jejunal digesta were match#dd sequences that show 94-98%
similarity to those derived froniL. reuteri, L. delbrueckii,and L. crispatus Seven
dominant DGGE bands generated from colon digesta watched with sequences that
show 88-99% similarity to those derived frdmreuteri, L. delbrueckii, L. amylovorus,
andL. acidophilus Amplicons related td. reuteri (clone ID: YRJ37) were found in all
DGGE fingerprints from jejunal digesta of age ofekd, 3 and 4. Amplicons relatedlto
amylovorus(clone ID: YRC86) were presented in all DGGE fingéents from colon
digesta of age of week 1, 3 and 4. Amplicons rdlabe.. delbrueckiiwere found before
weaning L. crispatusin the stage of creep feeding, dndacidophilusafter weaning.
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A .lcjunum Heum Caccum Colon Rectum

week 1 4 1
.]23456789101112123456789]l]lll2I23456‘?89"}]112123456789]0]1I21234567891“]]]2

M

creep feeding weaning creep Ieedmg weamng creep feeding weanmg creep leedmg weaning creep feedmg we amng

B

N | Closest Relative Identity % Clone ID Accession N Closest Relative Identity 9 Clone |DAccession
1 | Lactobacillus delbrueckii subsp. lactis | 98 YRJ9 AY662527 | 7 Lactobacillus delbrueckii subsp. lactis 96 YRC4 AY662519
2 | Lactobacillus sp. oral clon€X036 95 YRJ28 AY662528| 8 | Lactobacillus delbrueckii subsp.bulgaricus 97 YRC89 AY662523
3 | Lactobacillus crispatustrain TSK V38-1| 99 YRJ39 AY662530 9 Lactobacillus delbrueckii 92 YRC69 AY662521
4 | Lactobacillus delbrueckii 94 YRJ58 AY662531| 10 | Lactobacillus amylovorus 98 YRC86 AY662522
5 | Lactobacillus reuteDSM20016T) 97 YRJ100| AY6625320 11| Lactobacillus acidophilus johnsonii 95 YRC100 | AY662525
6 | Lactobacillus reuteDSM20016T) 98 YRJ37 AY662529| 12| Lactobacillus spG35 88 YRC95 AY662524
13 Lactobacillus reute(DSM20016T) 97 YRC37 AY662520

Figure 4.1 (A) Succession of the Lactobacillus community of digediring the first month in the piglet intestineddt. Changes of feeding strategy are
indicated by arrows. The bands identified from &S rDNA clone libraries are numbered and are aidit by arrowhead¢B) Closest relative as

determined by comparative sequence analysis, tglemith this relative, clone ID, and accession nemtor each band identified in panel A.
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3.2. Effects of age and feeding strategy on the successiof the piglets’Lactobacillus
community.
During this four-week period, there was a shiffeeding strategy. This involved sow’s
milk only in week 1, sow’s milk with creep-fed inegk 2 and 3, weaning at day 21 and
solid diet after weaning in week 4. This is a gahéeeding strategy used in China. At
sacrifice we observed that the duodenum, jejunilenyri, caecum and colon had only a
small amount of digesta at week 1. Afterwards thér&ct continuously enlarged in each
intestinal compartment for both the length and themeter. The amount of digesta
increased definitely with age except in the foregf? week old piglets.
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Figure 4.2 Diversity index of DGGE banding pattern creatednfr digesta sample of different

intestinal compartments in time week 1, 2, 3, 4.

To objectively describe the succession of the mgleactobacilluscommunity in different
compartments along the entire intestinal tractcaleulated Shannon indices (Figure 4.2)
of DGGE profiles presented in Figure 4.1. This d#ty index analysis showed
differences in the banding patterns and in reldbaed intensities between samples. There
is a low diversity in microbiota during the first@ weeks, a high diversity in the third
week, and low diversity in the fourth week agam.week 1, the diversity indices from
foregut DGGE profiles (1.14+0.11 of jejunal digeatad 1.14+0.04 of ileal digesta) were
higher than those from hindgut DGGE profiles (0988 of caecum digesta, 0.99£0.12
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of colon digesta and 1.01+0.05 of feces). The rhfiees between ileal and each
compartment of the large intestine are significakfter creep feeding, the situation
reversed quickly. High diversity values were cadetl from hindgut DGGE profiles in

week 4 (1.13+0.04 of caecum digesta, 1.11+0.03tdrcdigesta and 1.18+0.05 of feces
comparing with 1.09£0.13 of jejunal digest and @65 of ileal digesta). Significant

differences were observed within ileum, colon agxtum.

Clustering UPGMA
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Figure 4.3 Similarity dendrogram of the DGGE profiles fronté samples of piglets. 12 piglets of
one litter slaughtered at the age of 1, 2, 3, anegdks, three piglets euthanized at one time pdime.

DGGE profiles of these fecal samples were presentéd) 4.1 (labeled as Rectum).

To assess the effect of feeding strategy on thiemsion of pigletsLactobacillus
community, the DGGE profiles from feces as presemeFigure 4.1 were submitted to a
numerical analysis based on the Dice similarityffa@ent followed by cluster analysis.
The similarity was visualized using the UPGMA algfum (Figure 4.3). Cluster analysis
revealed 9 fecal samples of piglets after creedifigeformed a coherent cluster with
similarity above 60.7%, while 3 fecal samples aoflg@is before creep-feeding formed
another cluster with similarity above 73.5%. A l@inilarity of 57.7% was observed
between these two groups, indicating that creeg-febanges the composition of
Lactobacilluscommunity of piglets. Within the cluster after epefeeding, 6 pre-weaning
piglets formed a subgroup with similarity above8%, 3 weaned piglets formed another
subgroup with similarity above 78.2%, indicatingathweaning could also change the
composition ofLactobacilluscommunity of piglets. Theses results confirmedviseally

66



observed succession of pigletsactobacillus community in their DGGE fingerprints
(Figure 4.1) and suggested that the feeding syatege week age creep feeding, three
weeks age weaning) was the main source of thisessmmn.

3.3. Effects of sampling site within the gut ornLactobacillus-specific DGGE profiles,
and adherence of lactobacilli to the small intestial mucosa.

To objectively evaluate the effect of sampling sie Lactobacillus composition, we
calculated the similarity indices of the DGGE pledi from jejunum, ileum, caecum,
colon and rectum digesta samples (Figure 4.4). Ahd 4 weeks of age, high similarity
indices (over 90%) were found between adjacent estments, and between foregut and
hindgut. This indicated that fecahctobacilluscomposition can represent those within the
intestine properly. At 2 weeks of age, 71.8% ofikirity was observed between jejunum
and ileum, 73.4% of similarity between jejunum amdon, 83.3% of similarity between
ileum and colon, and 89.9% of similarity betweetonocand rectum. At 3 weeks of age,
83% of similarity was observed between jejunum emidn, 88.8% of similarity between
jejunum and colon, 97% of similarity between ileamd colon, and 88.8% of similarity
between colon and rectum. Thus, creep-feeding aedning mildly decreased the

similarity.
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Figure 4.4 Comparison of the DGGE profiles of the digesta @as from different intestinal

compartments.
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In addition, we also calculated the similarity foGGE profiles obtained from samples of
gastrointestinal mucosa and corresponding digdgialets at 1 week of age (Figure 4.5).
Except for the small intestine (duodenum, jejunumd #eum), high similarity indices
(over 97%) were found between mucosa and digedteeimther gut compartments. Two
dominant bands were found in profiles obtained froocosa samples of duodenum and
jejunum that were not observed in the correspondiggsta-derived profiles, suggesting
that theselactobacilluspopulations can adhere to the small intestinal rsac@-igure
4.6A). To confirm this observation, piglets fromodémer litter, which followed same
feeding strategy, were euthanized at 7, 14, 21arfth 35 days of age in a separate trial
(detail animal experimental design see in chapteBa@mples from mucosa and digesta of
jejunum and ileum were subjectedLltactobacillusspecific PCR/DGGE analysis (Figure
4.6B). Profiles also revealed the presence of tweosa-specific bands. Bands were
excised from the gel, re-amplified and subjecteddquence analysis. One band showed
88% of similarity toLactobacillus caseithe other band was failed to have its sequence,
indicating that they are uncultured and uniderdifeectobacilli.
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Fig 4.5 Comparison of the DGGE profiles of the samples figastrointestinal mucosa and lumenal

digesta, piglets slaughtered at 1 week of age.
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Figure 4.6 (A) Comparison of the Lactobacillus community derived from digaslanaucosa of duodenum and jejunum, piglets slaughteredyat.82 and
P3 were the number of piglets which were same witkehn Figure 4.1 (A)(B) Succession of the Lactobacillus community derived from digasth
mucosa of jejunum and ileum, piglets slaughtered at day,721, 24 and 35. Creepfeeding was from 7 days of age, amingevas from 21 days of age.

These samples were from piglets used in chapter 7.
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4. Discussion and Conclusion

Weaning is a major critical period of pig rearingchuse of increased susceptibility to gut
disorders, infections and diarrhea. It has beeprteg that intake of a sufficient amount
of creep feed during suckling creates a more giadamssition at weaning and can reduce
the occurrence of postweaning disorders. Howeverepe feed consumption during
lactation is usually low and is also highly varml@mong piglets within and between
litters (Barnettet al, 1989; Pajoet al, 1991; Kulleret al, 2007). Research so far mostly
focused on growth performance, while Mathetval (1994) reported that creep feeding
did not affect lactobacilli oE. coli concentrations after weaning. Shigh al (2005)
observed the effects of antibiotic-free creep fegith oligofructose (OF), probiotics or
synbiotics on the composition of intestinal micathi of suckling piglets, using
culture-based methods. This showed that pigletdHedOF, probiotics or synbiotics diet
had a significantly decreased number of total ooiif bacteria in the colon. Feeding OF,
probiotics or synbiotics significantly increaseck tpopulation of bifidobacteria in the
ileum compared to control animals. In the colong throbiotics and synbiotics diet
significantly increased the number of bifidobacecompared with the control diet. To
our knowledge, the present study is the first aagilon of aLactobacillusspecific PCR in
combination with DGGE to monitor the successiorthaf Lactobacilluslke community

of nursing piglets and the effect of creep-feedton

In our study, DGGE profiles generated from digesamples of weeks 1 and 4 shared
several pre-dominant bands, and had an overallagitgiof 57.7 %. This indicates that
the first colonizers, which the piglets most likegceived from their mother, were able to
become the general members of the fairly mature astdble commensal
Lactobacilluslike community after weaning. It is known that ddy old piglets consume
0-25 g of creep-feed in addition to 25 g of sovdedes daily (Ewing and Cole, 1994).
Hence, it can be assumed that sow’s feces mosablyplis one of the main sources for
inoculation, and that diets and sow’s feces areomant in the establishment of the gut
microbiota. This may explain why a highly diversactobacilluslike community was
observed in each intestinal site of piglets at &kgeof age, and the highest diversity
indices of each intestinal site were calculatetthiatage.



DGGE analysis revealed distinct total bacterial oamities in different gut
compartments of one 5-month-old pig (Simpsenal 1999). In our study, a high
similarity (with over 90% of similarity indices stived in Fig 4) was found in all intestinal
sites of piglets at 1 and 4 weeks of age. A modedacrease was observed at 2 and 3
weeks of age when piglets were exposed to creaprigeand weaning. Only moderate
differences were observed between the lactobdigdlicommunities present in the fore-
and the hindgut. The characteristics of the gutigtets during the nursing period, and the
property ofLactobacillusspp. may be the main reason for this similarityr Rursing
piglets, there are no big differences with respet¢he chemical conditions of the foregut
and hindgut because of the fairly high pH valu¢ghim foregut and less fermentation in the
hindgut. Volatile fatty acids are toxic to gram-aége bacteria (Ewing and Cole, 1994).
Lactobacilli are gram-positive bacteria, and haweirecreased tolerance to low pH and
bile, although there is a wide variation in bilensi@vity (Mishra, 2005). Our results
showed that thd.actobacilluslike communities from the duodenum to the rectuin o
piglets at the same sampling time were fairly samil indicating that fecal
Lactobacilluslike communities could effectively represent tholsat are present at more
upstream intestinal locations. Thus, usingactobacillusspecific PCR in combination
with DGGE to monitor fecal microbiota is an appbta and effective method for the
description of inner-intestinal changes withoutiglatering piglets.

Culture-based studies showed that bacteria rematinei gut in two ways: by attachment
to the epithelial cells lining the intestine, angl drowing at a rate faster than the rate at
which they are being removed by peristalsis (Evand Cole, 1994). Through the ability
to adhere to and to colonize intestinal tissuespiptic microorganisms can prevent
pathogen access by steric interactions or speduifickage of cell receptors, and stimulate
their removal from the infected intestinal trace@et al. 2000). This phenomenon has
been known as “bacterial interference”. In thisdgtuve observed two dominant bands
specifically in small intestinal mucosal samplesiggesting firm adherence of the
corresponding populations to the mucosa. No firfmeatbn, however, was found in case
of the large intestine, as evidenced by the absehttee specific bands in DGGE profiles
derived from colonic mucosa samples. One of theipéands showed 88% of sequence
similarity to the 16S rRNA gene ofactobacillus caseil. casei has been used
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successfully as a probiotic in traditional milk guzts, as well as in cheeses and a number
of commercial fermented food products, but it has been reported as a dominant
resident of the porcine gut microbiota. The idgntit the mucosa-associated populations
observed in this study, as well as their ecophggiland the mechanism of their adhesion
will be addressed in future research efforts.

Konstantinovet al (2006a) generated clone libraries from ileal lansamples of two
newborn (2 days old), two weaned and two unweangiétp (23 days old). All piglets
had no creep feed during the nursing period. Thayais revealed that in the samples
from neonatal and unweaned piglets, approximatéhe ®f all clones matched®98%)
with the 16S rRNA of L. reuteri, L. amylovoruske, and L. acidophilus,
L.amylovorudike 16S rRNA gene amplicons, however, were noéected in the weaned
group samples. Comparing to this research, we tetéc reuteri, L. delbrueckiiandL.
crispatus from jejunal digesta,L. reuteri, L. delbrueckii, L. amylovorusand L.
acidophilusfrom colon digesta. Different diet composition dedding strategy might be
a reason for the observed discrepancies. In Clurmareplaces wheat and barley grains in
swine diets for energy. Creep feeding from 1 weleige and weaning at 3 weeks of age
are the main elements of the currently applied gegrfeeding strategy in China. Creep
feeding provides the piglets with the opportundyritake solid diets during the same time
of suckling. In our study, bands correspondingLtoreuteri were found in all DGGE
fingerprints from jejunal digesta at 1, 3 and 4 kseef ageL. amylovorusvas present in
all DGGE fingerprints from colon digesta at 1, Jlahweeks of agd.. delbrueckiiwas
found before weanind,. crispatusafter creep feeding before weaning, an@cidophilus
after weaning. This indicated thiat reuteriandL. amylovorusare fairly stable members
of the porcine intestinal lactobacilli-like commutyniwhile other populations might be
more transient members. In this respect, it iswotthy that we and others were able to
obtain a pure culture isolate bf amylovoruqthe strain named dsactobacillus sobrius
S1), allowing the study of eco-physiology as wsllpaobiotic properties of this important
early colonizer of the pig intestine in further dits (Chapter 7, Konstantinov, 2005;
Konstantinowet al, 2006b).

In conclusion,Lactobacilluscommunities follow a successional change assatiaith
piglet growth and diet shifting. Creep feeding #ia#s thelLactobacilluscommunity of
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weaning piglets. Within théactobacilluscommunity, some members likereuteri and
L.amylovorus/L.sobrius might be permanent colonizers, whild..delbrueckii,
L.acidophilus and L.crispatus might be transient members of theactobacillus
communities in the piglet’s Gl tract.
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Abstract

Four separatdn vitro fermentation batches paralleled with slaughterimge were
conducted to investigate the impact of the phytogsin daidzein on compositional and
functional aspects of the porcine ileal and coldmactobacilluscommunity during the
nursing period. One litter of 12 conventionallysead piglets was used and euthanized at 1,
2, 3 (weaning) and 4 weeks of age (3 animals edlela). and colonic chymes were used
as inocula inn vitro treatments, respectively: Van Soest medium wijl0(ag of glucose
and 5mg of daidzein, (b) 0.5g of glucose, and @) Yoest medium only. After 48 h of
fermentation, volatile fatty acid (VFA) profile,dac acid concentration and MRS plate
count of lactic acid bacteria (LAB) were analyzedni the culture liquid. Culture DNA
was analyzed bylLactobacillus specific 16S ribosomal RNA gene-targeted PCR in
combination with denaturing gradient gel electragises (DGGE). Dilution PCR with
primers Lab0677r and Bact0O011f was used to asstative abundance of lactobacilli.
Within each intestinal compartment, i.e. ileum amwdon, respectively, DGGE patterns
became more complex as piglets grew from 1 to Xwéleefore weaning) and then less
diverse in week 4. On week 1, the ileal microbjmtaduced more gas, more total volatile
fatty acid (TVFA) and more lactic acid than theamolmicrobiota. On week 4, more gas
and TVFA were produced in the colonic fermentatidaidzein did not affect DGGE
patterns ofLactobacillus community. Dilution PCR, however, indicated thatidtein
increased the relative abundancelattobacillusirrespective of intestinal compartment
and piglet age. This was confirmed by MRS platent®@and lactic acid production, and
the results suggest that daidzein may have thenppaltéor use as a prebiotic substance in
animal feed.

Keywords: Denaturing gradient gel electrophoresis (DGQEgtobacilluscommunity,
Daidzein, Dilution PCR, Plate-counting
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1. Introduction

As piglets grow from birth to adult, their gut notial community develops from simple
to diverse and becomes established (Konstanttal, 2004). Thus during growth the
piglet gut is suitable for manipulation. On one darreep-feed can influence gut
microbiota during suckling (Mathewt al, 1994). Also weaning stresses can impair
microbiota and increase susceptibility to gut diseos like infections and diarrhea (Lalles
et al 2004). On the other hand, some currently usestraltives to in-feed antibiotics,
such as probiotics and prebiotics, can modulate uhtestablished microbiota to prevent
gut disorders and infections (Roseitial, 2005).

Daidzein, a phytoestrogenic compound, is produceglants of the legume family,
especially in soybean. It has been concluded fronecgnt review that daidzein can
promote male animal growth, induce female mammayetbpment and lactation, and
improve laying performance of laying birds (Hainal, 2006). According to the metabolic
pathway of daidzein proposed in humans, based enstiflavone metabolites found in
human urine, daidzein is converted via dihydrodainlzto both equol and
O-desmethylangolensin (O-DMA) by intestinal micrganisms (Setchelket al, 1988;
Joannotet al, 1995). The metabolic fate of daidzein, howedédfers among individuals
in humans and monkeys due to individual differengcegut microbiota composition
(Rafii et al, 2003, 2004; Atkinsoret al, 2004). This can be seen as a reason for
individual variation in the effects of daidzein drumans. Similar inter-individual
differences have been observed in animal trialgl differences in basic levels of
metabolic hormones of individual animals have bpsposed as the underlying reason
(Hanet al, 2006). It is not clear whether the variationrtestinal microbiota is involved
in this individual variation. Moreover, the direeffect of daidzein on the pig intestinal
microbiota is largely unknown.

De Boeveret al (2000) studied the effect of a soygerm powdeh it 3-glycosidic
isoflavones on the fermentation pattern of the ralsicrobiota of healthy humans by
using the Simulator of the Human Intestinal MicalbEcosystem (SHIME). The
supplement of 2.5 g/d of soygerm powder which piedi 62.5 mg/d of isoflavone
promoted an overall increase of populations Bhterobacteriaceae coliforms,
Lactobacillusspp.,Staphylococcuspp. andClostridiumspp., with a significant increase
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of the Lactobacillusspp. population. The short-chain fatty acid (SCEAncentration
increased 30% during the supplementation periodgciwivas due mainly to a significant
increase of acetic and propionic acids. This studlicated that the consumption of
soygerm powder may beneficially influence the gutrobiota, however, this beneficial
effect could not be completely attributed to iseflaes due to its low content in soygerm
powder.

The aim of this study, therefore, is to evaluatarians of an in vitro system the impact
of dadzein on compositional and functional aspetthe ileal and colonitactobacillus
community of piglets of different ages.

2 Methods and materials

2.1 Experimental design

This study was conducted as four sepamatatro fermentation batches. Each batch is a
euthanization age of piglets. lleal and colonic mbyof 12 piglets euthanized, with 3
piglets at 1, 2, 3 and 4 weeks of age, respectivedye used as inocula. Three treatments
for each inoculum (ileum digesta and rectum faewe#)in each fermentation batch, (a)
Van Soest medium + 0.5g of glucose + 5 mg of dam4e) medium + 0.5g of glucose
and (c) medium only (blank), were designed in gtigly. Daidzein was provided by the
Key Laboratory of Animal Physiology and BiochenmystMinistry of Agriculture of the
People’s Republic of China. Each inoculum has thmegicate bottles. Each bottle
contained 90 ml of Van Soest medium and subst@erding to treatment design, 0.5g of
glucose or 0.5g of glucose with 5mg of daidzeine @mount of daidzein we used in each
fermentation bottle is normally present in abowd 5 g of soybean (Eldridgst al, 1983;
Wanget al, 1994).

The cumulative gas production, the end concentraifdactate and VFA were detected to
evaluate the effect of daidzein as well as agehenférmentative activity of intestinal
microbiota. ALactobacillusspecific PCR in combination with DGGE and a cidtbiased
plate count method selective for lactic acid baaterere used to investigate the effect of
daidzein and age on thactobacilluscommunity in the ileum and colon at different ages
All the procedures involving animals were condudtedccordance with the Chinese law
on experimental animals.
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2.2 Animals, inocula and incubation

Twelve healthy conventionally raised crossbred giggl(Yorkshire x Erhualian) of one
litter were used as inocula donors. From neonatd tweeks of age (one week after
weaning), piglets followed the general feedingtegg in China. This strategy involves
creep feeding, (with in our study the creep feednftAgribrands Purina Nanjing Feedmill
Co., Ltd). The main composition of creep feed iswtl/0.5 percent of maize, 20 percent
of soybean meal, 5.5 percent of fishmeal and 4gperaf premix. This was supplied from
1 week of age until weaning at 3 weeks of age.

After euthanization at 1, 2, 3 and 4 weeks of dge,gastrointestinal tracts of individual
animals were ligated at the portal and rectal asitig immediately taken to the laboratory
for further sampling. At the laboratory, chyme vwsasgically collected from ileum and
colon of three piglets. To prepare ileal and catanocula for in vitro fermentation assays,
respectively, digesta from three piglets from thspective intestinal compartment were
immediately transferred into one container filledwCO,, mixed and diluted with sterile
Van Soest medium (1/10)(w/v) which had been prenveal to 39°C.

Five ml of inoculum was injected into each ferméntabottle. Each bottle contained 90
ml of Van Soest medium and substrate accordinge&irhent design, and was incubated
at 39°C for 48h. All material and media used weegilized for 20 min at 121°C.

2.3 Sampling and analysis

After 48h fermentation, the pH value of each bottkes recorded, and approximate 10 ml
of end liquids were sampled and divided into aliguor downstream analyses, including
total DNA extraction followed by 16S rRNA gene targd PCR-DGGE and dilution PCR
analysis, determination of the lactic acid (Zhaal, 1997), VFA (acetate, propionate,
and butyrate) (Qin, 1982) production, and platentaf lactic acid bacteria (LAB). For
cultivation, 100ul of the end liquid of each fermentation bottle wserially tenfold
diluted in sterile water. Hundrad of 10°, 10 and 16 — fold dilutions were spread on de
Man, Rogosa and Sharpe (MRS, Tidegene, China)@gess, respectively, and incubated
at 37 °C for 48h to determine colony forming uri@$U) of LAB.

The cumulative gas production was calculated basedhe pressure and volume of
head-space gases in a fermentation bottle recdrgesing a manual pressure transducer
during the entire fermentation period (Theodoebal, 1994).
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2.4 DNA isolation

Total DNA was extracted from digesta samples amohdatation liquids after 48 hrs by
using the Fast DNA Spin Kit (Qbiogene, Inc, Cartsb&A). Electrophoresis in agarose
gels 1.2% (w/v) containing ethidium bromide wasduge check the quality and yield of
DNA visually.

2.5 PCR amplification

To investigate thelLactobacilluslike community by DGGE, PCR with primers
Bact0011f (5-AGA GTT TGA TCC TGG CTC AG-3’) and ba677r (5-CAC CGC
TAC ACATGG AG-3'), and nested PCR with primers [1&88f (5-GGA AAC AGG TGC
TAA TAC CG-3’) and Univ0515rGC (5-ATC GTATTA CCE&GG CTG CTG GCA -3)
by using 100-fold diluted products from previous pification with Bact0011f and
Lab0677r as template, were performed as descritdguisly (Heiliget al, 2002).

By using serially diluted culture DNA isolated frasulture fluid after 48h of fermentation
as templates, dilution PCR with primers Lab0677d @act0011f was applied to
semi-quantify lactobacill{Koike et al, 2003).

2.6 DGGE analysis of PCR amplicons and analysis of tieGGE gels

PCR products generated with Lab159f and UnivO515né&€e separated by DGGE
according to the specification of Muyzet al, using the Dcode system (Bio-Rad
Laboratories, Hercules, Calif.). The gels were pdurom the bottom by using a gradient
maker and a pump (Econopump; Bio-Rad) set at adsped.5ml/min, and gradients of
30% to 50% were used for the separation of thergéeek amplicons. Electrophoresis was
performed during 16h at 85 V in a 0.5x TAE buffeaaonstant temperature of 60°C. All
AgNO;stained DGGE gels were scanned at 400 dpi. Theasitpi(Dice coefficients) of
the DGGE profiles was calculated based on gel insagdysis by using the software of
Molecular Analyst (version 1.12, Bio-Rad).

2.7 Statistics

Differences between the treatments, intestinal @impent (inocula) and the interactions
between them were tested for significance using way ANOVA by SPSS system
(V12.0). The statistical model used per age groap as follows:
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Y=p + Si +lj + (S*)ij + sijk

Where Y is the parameter to be testeds the overall mean, Si effect of the substratg I,
effect of the inoculum j. (S*1)ij denotes the irdetion between substrate and inoculum.
eijk is the error term.

3 Results

3.1 Spatio-temporal dynamics of thel actobacillus community and the in vitro effect

of daidzein
Week : Week?2 Week3 Week4
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Figure 5.1 DGGE pattern otactobacillusspecific PCR amplicons derived from inocula anttura
DNA after 48h fermentation. lleal and colonic chyfram each three piglets euthanized at 1, 2, 3 and
4 weeks of age were used as inocula. I: InoculumBIBnk, Van Soest medium only; G: Glucose,

medium with 0.5g of glucose; D: Daidzein, mediunthwd.5g of glucose and 5mg of daidzein.

Table 5.1 Dice similarity coefficients (%) for comparison @factobacilluscommunity profiles as
affected by treatments and inocula. B: Blank, Vaes$ medium only; G: Glucose, medium with 0.5g

of glucose; D: Daidzein, medium with 0.5g of glue@sd 50mg-t of daidzein.

Ino lleum Colon
week
lle/Col B/G B/D G/D B/G B/D G/D
1 95.8 92.3 96.1 92.3 96.4 96.4 97.8
2 95.5 97.2 97.9 97.2 97.1 96.0 96.0
3 97.0 94.8 94.8 98.9 99.0 98.7 98.7
4 92.6 95.8 95.8 95.8 97.9 96.0 96.0
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For the same intestinal compartment (inoculum), B@®GE patterns became more
complex as piglets developed from 1 to 3 weeks wgptime). After weaning, however,
diversity decreased (Figure 5.1). Several new bénelsnew populations of lactobacilli)
were observed at 3 weeks of age only, and disapgeayain at week 4. For the same age
of piglets, chyme from ileum and colon showed asilght differences in DGGE patterns
(Figure 5.1) with similarity coefficients over 90@bable 5.1). For each chyme, the three
treatments showed similar DGGE patterns (Fig Swli)h high similarity coefficients
(Table 5.1). This suggests no apparent effect afzeéan on overall composition of the
developingLactobacilluscommunity.

3.2 In vitro effects of daidzein on the number ofactobacilli and lactic acid bacteria

0" w1 W2 w3 W4 w2 w3 w4

lle (G+D)/G Rec (G+D)/G

Figure 5.2 Ratio of the amount dfactobacillus16S rRNA gene copies (a) and ratio of the popartati
of LAB (b) after 48h fermentation in glucose andagise with 5mg of daidzein per bottle. (a) Results
from dilution PCR with primers Lab0677r and BactDf)l(b) Results from LAB plate count. G:
Glucose, medium with 0.5g of glucose; D: Daidzemedium with 0.5g of glucose and 50mg of

daidzein.

Dilution PCR showed that daidzein increased thatiked abundance of lactobacilli for

most chymes irrespective of intestinal compartneend piglet age (Figure 5.2a), except
for the colonic inoculum at 4 weeks of age. LABtplaount confirmed this effect of

daidzein, except for the colonic inoculum at 2 weeekage (Figure 5.2b).

CFU of LAB in ileal chyme increased as piglets grieam 1 to 3 weeks (weaning time)

and then decreased slightly at week 4 (1.1E+09EH09, 7.2E+09 and 4.3E+09

respectively). CFU in colonic chyme showed a simit@rease from 1 to 3 weeks, but no
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obvious decrease in week 4 (1.2E+09, 3.9E+09, 2L.6E2.4E+10 respectively). Whereas
CFUs of LAB in ileal and colonic chyme were at g@@ne level in the first two weeks of
life, CFU of LAB was tenfold higher in colonic chytompared to ileal chyme in weeks
3 and 4.

3.3 Change of microbial gas production with age and thé vitro effect of daidzein
Except at week 1, there was no significant efféctaadzein on cumulative gas production.
For week 1, daidzein decreased gas production. @Exime week 3 chyme, the gut
compartment of piglets significantly affected migialy produced gas yield (Table 5.2).
More gas was produced with ileal inoculum compaoedolonic inoculum in week 1. In
week 2 and 4, however, significantly more gas waslypced with colonic inoculum. The
cumulative gas production by ileal inoculum deceghsind that by colonic inoculum
increased with age.

3.4 Effect of chyme source and age of piglets on condeations of VFA and lactic
acid and the in vitro effect of daidzein.

Daidzein significantly increased the concentrattdmVFA after fermentation with week
3 chyme (P<0.05) (Table 5. 2). Propionate and facteere increased irrespective of time,
but there was no significant effect on acetatelartgirate. Significant effects of inoculum
source, i.e. ileum vs. colon, were observed forceotrations of acetate and lactate
(P<0.05 and P<0.001). For acetate, remarkably laameounts were produced by ileal
inocula from 1 to 4 weeks of age. For lactate, lowelds were obtained by colonic
inocula. For propionate, higher yields were detktig ileal inocula from 1 to 3 weeks of
age, however, lower on week 4. For TVFA, signifitamigher yields were observed by
ileal inocula at 1 week of age (P<0.01), and remalsk higher yields were obtained by
colonic inocula at 3 weeks of age. Clear effectsagé were observed for TVFA,
individual VFA and lactate production. For ileaboula, the concentration of TVFA and
acetate decreased from 1 to 3 weeks of age anelas®ed again at 4 weeks of age, while
the concentration of propionate and lactate deeckas succession from 1 to 4 weeks of
age. For colonic inocula, a similar change of tbecentration of TVFA and acetate were
also observed from 1 to 4 weeks of age. The coret®m of propionate increased and
lactate decreased with age
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Table 5. 2.Cumulative gas production, VFA profile and lactateduction after 48h of fermentation of
glucose and glucose with daidzein using ileal apoldric chyme of piglets at different euthanizing

time as inocula.

Gl Site  Substrs CVv TVFA Acel Prog But Lacl
G 225.35 3.5¢ 1.7¢5 1.5C 0.3¢4 0.2¢4

lleum
G+D 215.3¢ 4.6€ 2.5¢€ 1.82 0.2¢ 0.4¢
Colon G 172.7: 2.9C 1.7F 0.97 0.1¢€ 0.0z
W1 G+D 168.0¢ 2.67 1.44 1.0¢ 0.1¢ 0.17
SEM 7.72 0.2¢ 0.1¢ 0.12 0.0z 0.0¢
Main Suk 0.C3C 0.30¢ 0.267 0.21( 0.25¢ <0.001
offect Site <0.001 0.00¢ 0.02¢ 0.00¢ 0.00: <0.001
Sub*Sit  0.36F 0.131 0.02¢ 0.53( 0.60¢ <0.001
lleum G 202.1¢ 2.3C 0.9¢ 1.22 0.0¢ 0.1¢
G+D 205.3¢ 2.64 0.9¢ 1.5¢ 0.0¢ 0.3:
Colon G 207.1( 2.7¢ 1.8F 0.6¢ 0.21 0.01¢
W2 G+D 223.8¢ 2.8¢ 1.52 1.13 0.17 0.01¢
SEM 3.22 0.1¢ 0.1¢ 0.12 0.0z 0.0¢4
Main Suhb 0.06¢ 0.62: 0.552 0.03: 0.19¢ 0.02¢
offect Site 0.03¢ 0.457 0.02: 0.01¢ 0.00z <0.001
Sub*Sit  0.181 0.75¢ 0.52¢ 0.83¢ 0.94¢ 0.03¢
lleum G 190.9¢ 2.07 0.9¢ 0.87 0.2C 0.037
G+D 181.27 3.1¢ 1.37 1.4¢ 0.2¢ 0.061
Colon G 184.0¢ 2.1C 1.3¢ 0.5¢ 0.1¢ 0.00¢
W3 G+D 189.9¢ 3.1¢ 1.62 1.3C 0.21 0.00¢
SEM 2.9¢€ 0.22 0.0¢ 0.1z 0.0z 0.01
Main Suhb 0.77¢ 0.02(C 0.06( 0.00¢ 0.171 0.11¢
offect Site 0.89: 0.9¢€9 0.09: 0.22¢ 0.28( <0.001
Sub*Sit  0.25(C 0.947 0.79:2 0.81: 0.53i 0.15¢
lleum G 188.8¢ 2.52 1.67 0.62 0.22 0.071
G+D 195.7¢ 3.2¢ 1.6¢€ 1.4C 0.17 0.09¢
Colon G 204.0( 4,84 2.7¢ 1.7¢ 0.3z 0.001
W4 G+D 207.28 5.2¢ 2.41 2.6( 0.27 0.00¢
SEM 3.07 0.4C 0.1t 0.24 0.0z 0.01
Main Suhb 0.34¢ 0.121 0.21: 0.01: 0.16: 0.00:
offect Site 0.03( <0.001 <0.001 0.00z 0.01¢ <0.001

Sub*Sit _ 0.72¢ 0.68i 0.23¢ 0.90¢ 0.96¢ 0.01¢

SEM = Standard error mean; CV=Cumulative gas volgml&L00OmI incubated liquid); Acet = Acetic
acid (mmol/200ml); Prop = Propionic acid (mmol/109rBut = Butyric acid (mmol/100ml); TVFA =

Total volatile acid (mmol/100ml); lact = lactic dogjmmol/100ml); G: glucose; D: daidzein; W: week.
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4 Discussion

The current study primarily aimed to investigate tim vitro impact of daidzein on
compositional and functional aspects of the poramestinalLactobacilluscommunity
during the nursing period. In addition, the diffeces in compositional and functional
characteristics of lactobacilli between the foreguid hindgut of piglets at different
euthanizing times during the first 4 weeks of Were assessed.

Group-specific PCR in combination with DGGE showddr the same intestinal
compartment, thakactobacilluscommunity patterns became more complex during the
first 3 weeks (before weaning) and then less devafter 4 weeks of age. For the same
age of piglets, digesta from ileum and colon shosiedlar DGGE patterns. These results
agree with our paralleled in vivo study (see cha@e In that study, théactobacillus
communities in different Gl tract compartments deped over time, showing a trend
from simple to complex and return to simple afteeawing. TheLactobacilluslike
communities in the whole Gl tract from duodenunré¢otum remained relatively stable.
No significant differences were observed betweenftinegut and the hindgut. In another
study, comparative analysis of DGGE profiles witmiversal bacterial primers
(Bact0968GC and Bact1401) also indicated change#eal and colonic community
composition before and after weaning, in line vatlr study (Konstantinoet al, 2006).

It is well known now that the gut microbial commiynin monogastrics develops from
simple to diverse and becomes established (Betual:, 2006). In response to the shift of
diet, health and the environment, microbiota contjmws of piglets transiently changes
(Mackie et al, 1999; Konstantinoet al, 2004 and 2006). This property of the piglet
microbiota probably makes it amenable to manipaitally probiotics and prebiotics.

In line with the development of the microbial commity of piglets, apparent spatial and
age differences with respect to the fermentatidiviac were also observed in this study.
During the first week of life, the ileal microbiofoduced more gas, more TVFA and
more lactic acid than the colon microbiota. In thigek, piglets only suckled maternal
milk with lactose as primary carbohydrate. Lactose a very well fermentable
carbohydrate, and is primarily used by the foregpitrobiota before it can reach the
hindgut microbiota. For example, lactic acid baeteounts in the ileal content of broiler
were significantly increased by dietary supplem&n8.5% of dried whey (80% lactose)
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(Samliet al, 2007). At slaughtering, we observed a relatia#igrt and thin caecum and
colon with only a very small amount of digesta prasat week 1. This indicates the lack
of sufficient substrate for hindgut microbiota ehrnent. As piglets grow, the large
intestine continuously becomes enlarged in lengthdiameter during week 2, 3 and after
weaning at week 4. This is associated with ingastibsolid feed. The long transit time
and abundant substrate make the large intestimtter miche of microbiota and becomes
a heavily colonized region of the gastrointestinatt (Williams,et al, 2001). This is in
line with our observation that more gas and TVFAreveroduced in the colonic
fermentations at 4 weeks of age.

The nature of bacterial interaction can be eitmagonistic or synergistic. Head-to-head
competition for limiting resources results in corifpee exclusion between microbes.
Only the more competitive populations remain areldbmmunity becomes less variable.
Diversification can avoid this antagonistic competi and create positive feedback for
some microbiota which would otherwise disappedrseomarginalized. Microbes establish
chemical food webs where the product of one micledsomes the substrate for another
(Ley et al, 2006). The production and utilization of lacticid in the large intestine is
such a synergistic relation between two groups attdria, lactate-producing and
lactate-utilizing bacteria. Lactate-producing baetdlactic acid bacteria, LAB), mainly
include lactobacilli, bifidobacteria, enterococadastreptococci. In the human and animal
gut, they produce more than 50% of lactic acid loé total end products from
carbohydrate fermentation (Ewing and Cole, 199)thie rumen, it is well established
that members of genera suchMsgasphaeraSelenomonasandVeillonellaare capable
of utilizing lactate and converting it largely tcedate and propionate, and in the case of
Megasphaeraalso butyrate (Counottet al, 1981). Lactate-utilizing bacteria, isolated
from human feces, can use lactate to produdgrate as a major fermentation product
(Duncan SHet al, 2004). A lactate-utilizing bacterium LBO1, istdd from porcine feces,
can use lactate to produce propionate and butytateet al, 2007). Thus, lactate is
seldomly detected in rumen or in human and anie@#$ under normal conditions. When
high levels of lactate are found, it can be regards an indication for an unbalanced
colonic microbiota. Lactate accumulates in colooltyme from individuals who are
suffering from ulcerative colitis, at concentragoop to 100 mM (Hovest al, 1994).
Lactate has also been reported to accumulate iasfémm individuals who have
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undergone gut resections (short bowel syndromepéKaet al, 1997). In individuals
with no apparent disease, however, colonic ladstesually less than 5 mM. Similar
results were observed also in this in vitro stullye final lactate concentration in colonic
fermentation liquid was very low (0.1 mM). In coendt ileal fermentation liquid contained
about 1.9 mM, about 20fold more than colonic chyRue. the piglet foregut, acidification
by lactic acid bacteria can decrease the pH vditleeoforegut and gives protection to the
host against most pathogens (Ewing and Cole, 1994).

Daidzein has been proven to exert beneficial effect farm animals (Haat al, 2006).
The gut microbiota plays a very important role e tmetabolism of daidzein. Its end
metabolite equol has a higher estrogenic potenayvim (Setchellet al, 1988 and 2002;
Joannouet al, 1995). It has been suggested that one reasatmdoobserved individual
variation of the effect of daidzein on humans i da individual differences in gut
microbiota composition (Rafiet al, 2003, 2004; Atkinsoret al, 2004). Similar
individual variations have also been observed imahtrials. This variation was mainly
explained with the dependency of the estrogeniamirestrogenic effect of daidzein on
animals on the hormone levels of the animal (ldaral, 2006). It is not clear to what
extend the intestinal microbiota is involved instimdividual variation, and in the direct
effect of daidzein on the gut microbiota in pigs.this study, for both chymes, the three
treatments showed similar DGGE patterns. This sstggethat daidzein had no apparent
effect on the composition of theactobacilluscommunity. Plate count of LAB, however,
showed an increase in the number of lactic acidepiacwith daidzein, and dilution PCR
showed an increase of the relative abundance odHacilli, irrespective of intestinal
compartment and piglet age. As a consequence didzereased lactate production
significantly. Propionate production was also ised with daidzein. Lactate can be the
substrate for lactate-utilizing bacteria to prodymepionate (Liuet al, 2007). These
results suggested that daidzein at 5Qrifghas a positive effect on the fermentation
activity, and on the lactate and propionate praagcactivity of porcine intestinal
microbiota. Our previous research on rumen bactaisa revealed a direct effect of
daidzein on their fermentation activity usimg vitro techniques (Zhwet al, 2002).
Daidzein at 5 and 10 mg" could significantly increase the proportion of pianate in
total VFA when rumen samples from native goats wesed as the inoculum. A similar
pattern was observed with mixed rumen or faecaémaimc fungi in gas production and
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substrate degradation. Using a pure culture ofm@eruanaerobic fungusleocallimastix
sp., daidzein at 10 rrig*and 20 meL" significantly increased cumulative gas production
and dry matter (DM) loss. With mixed rumen fungjdrein at 10 mg/L also significantly
affected gas production, although no significaritedence was observed for DM loss.
Daidzein can be metabolized by microorganisms,daidzein and its metabolites which
have estrogen-like activity are not a preferablaagn substrate for microorganisms. The
mechanism of the direct effect of daidzein on mbabgrowth and activity, however, is
still unclear. Estrogenic receptor-like domains mayist on the cell walls of
microorganisms. Tarrgt al (2005) confirmed that a yeast isolateCofalbicanscontained

a high-affinity estrogen-binding protein (EBP). \a@ colonization byC. albicanswas
8.6-fold greater in response ito vivo treatment with estradiol than with the comparable
dose of diethylstilbestrol (DES), an efficacious mmaalian estrogen receptor agonist.
Although there is no direct evidence for intestimailcrobiota, indirect evidence was
obtained in studies with ruminants. In water buffafitted with permanent rumen- and
intestine fistulas, it was demonstrated that ingectof daidzein (500 mg/d, 12d) via a
duodenum cannula could increase serum testostemamen bacterial protein, ammonia
nitrogen and total volatile fatty acids (VFA) (Chenal, 1999). The level depends on the
fluctuation of blood testosterone concentrationisictv could enter the rumen with saliva
or via the rumen epithelium (Yarg al, 1998). Daidzein may affect microbial activity
and their metabolism by increasing the blood andem testosterone levels. It's also
possible that daidzein and its metabolites enterrthmen and affect microbes directly
after absorption into blood and in consequenceri@agteeumen via saliva and rumen
epithelium, but the concentration of daidzein atslmetabolites in saliva and rumen
liquid were not detected in these studies.

In conclusion, thd.actobacilluscommunity of ileal and colonic chyme develops over
time. Lactobacillusdiversity increases as piglets grow from 1 to &kee(before weaning),
but decreases after weaning. The fermentationtyalaifi the ileal and colonic mictobiota
are not the same. Daidzein does not affedtobacilluscommunity composition in ileal
and colonic chyme of pigletsn vitro, but it significantly increased overall relative
abundance of lactobacilli. The proportion of prowte in TVFA by all inocula, and
lactate production by foregut inocula were incrdasemarkably by daidzein. These
findings suggest that daidzein may have the pakfdr use as a prebiotic substance in
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animal feed.
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CHAPTER 6

Modulation of the Gastrointestinal
Bacterial Community of Weaning Piglets by
Daidzeiln

This chapter has in part been published in:
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Abstract

The effect of daidzein on the intestinal bactecammunities of piglets was studied by
16S ribosomal RNA (rRNA)-based techniques. Threeters of piglets
(Landrace-Yorkshire-Duroc) were selected. WithinliBers, piglets were randomly
allocated in two groups: control and treatment grothe piglets of the treatment group
were fed 1 mg of daidzein as pure extract orallyday 7, 9 and 11. All piglets were
weaned on day 21. One piglet from every litteratregroup was randomly euthanized on
day 14, 21, 24 and 35, respectively. The digestduodenum, jejunum, ileum, caecum,
colon and rectum were collected, used for DNA etiom and subjected to microbiota
fingerprinting by denaturing gradient gel electromsis (DGGE) analysis of
PCR-amplified 16S rRNA gene fragments. The diversif intestinal microbial
communities of the piglets was assessed baseceddhthnnon’s index as calculated based
on number and relative intensity of DGGE bands. T&8 rRNA sequences of intestinal
bacterial populations were analyzed. Piglets of tileatment group showed a higher
bacterial diversity and more DGGE bands compared animals of the control group on
days 24, 35. Three DGGE bands observed in the alowire absent in the treatment
group profiles. Cloning and sequence analysis tedghat the corresponding populations
were most closely related t€lostridium thermocellum Lactobacillus pontisand
Streptococcussp., respectively. Three other DGGE bands wereeptesnly in the
treatment group, and their corresponding sequeexabited highest similarity to that of
Butyrate-producing bacterium SL7/Clostridium butyricumandRuminococcus obeym
respectively. In conclusion, daidzein could inceettse diversity of the piglets’ intestinal
bacterial communities, and change their composéaiter weaning.

Key words: daidzein; piglet; PCR-DGGE; intestinal microbiahemunity
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1. Introduction

Daidzein is naturally present in soybean and saylyets. It is widely believed that the
relatively low incidence of breast and prostateceanin humans in China is mainly
associated with the large quantity of consumptibeay products. The positive effects of
daidzein on e.g. growth performance, immune systamd, intestinal microbiota of farm
animals in China have been recently reviewed (étaal, 2006). The gut microbiota plays
an important role in the metabolism of daidzeiremaihgestion by the host. Daidzein can
be converted into dihydrodaidzein (DHO),desmethylangolensim{DMA) and equol.
About one third to one half of human individual$ ) @@nvert dietary daidzein into equol,
others into DHD and/oo-DMA. Devoid of any gut microbiota, germ-free raisuld not
degrade daidzein (Schoeferal, 2002; Setchell 2002a, 2002b; Bowetyal, 2003; Wang
et al, 2005). Importantly, the estrogenic activity ckea enhanced after daidzein is
converted into more active metobolites by the gutrabiota (Rowlandet al, 1999).
Individual characteristics of gut microbiota compiost may drive the fate of daidzein
metabolism, and consequently could be the reasotnéoobserved individual differences
with respect to the effectiveness of daidzein meait (Haret al, 2006).

On the other hand, seveialvitro studies showed the direct effect of daidzein enght
microbiota of human or pig. De Boevet al (2000) studied the effect of a soygerm
powder rich in B-glycosidic isoflavones on the fermentation patterh the colon
microbiota of healthy humans by using the Simulatothe Human Intestinal Microbial
Ecosystem (SHIME). The supplement of 2.5 g/d ofgeosn powder, which provided 62.5
mg/d of isoflavone, promoted an overall increaseapulations ofEnterobacteriaceae
coliforms, Lactobacillus spp., Staphylococcusspp. and Clostridium spp., with a
significant increase of theactobacillusspp. population. This study indicated that the
consumption of soygerm powder may beneficially uafice the gut microbiota. This
beneficial effect could, however, not be completatyibuted to isoflavones due to their
low content in soygerm powder. We previously obednsimilar results inn vitro
fermentation studies by using porcine intestinainsls as inocula. 50 mg/L of daidzein
significantly increased the number of lactoba¢ito et al., 2004).

To assess, whether daidzein beneficially affects domposition of the intestinal
microbiota in vivo, this study aimed to investigate the effect ofddain on the
gastrointestinal bacterial community of piglets Ilnging denaturing gradient gel
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electrophoresis (DGGE) community fingerprinting @@mbination with cloning and
sequence analysis of PCR-amplified 16S rRNA geagnfients.

2. Materials and methods

2.1.Animals and sampling

Three litters of piglets (Landrace-Yorkshire-Duraggre selected. Piglets in each litter
were randomly divided into two groups: control atrdatment. Each piglet in the
treatment group received 1 ml of pure daidzeinaett{(1000mg/L) in 1% of skimmed
milk solution through oral administration at 7, 1®dall days of age. Daidzein (more than
97% of purity) was provided by the Key Laboratory Animal Physiology and
Biochemistry, Ministry of Agriculture of the PeofdeRepublic of China. The amount of
daidzein we used, 1 mg for each piglet per dayyasnally present in about 1 g of
soybean (Eldridget al, 1983; Wanget al, 1994). Piglets in the control group received 1
ml of skimmed milk solution at the same age. Pgyleere weaned on day 21 and had no
creep feed during lactation. On the day of weansagys were removed from the piglets,
while piglets remained in the pens. Piglets werkdd libitum with free access to water.

The composition of the diet is shown in Table 6.1.
Table 6.1Composition of the diet used for the animal trial

Ingredients o/kg
Corn 525.0
Soybean meal 304.0
Wheat middlings 50.0
Fish meal(70.6% crude protein) 35.0
Whey meal 30.0
Soybean oll 15.0
Limestone 11.7
Dicalcium phosphate 15.0
Vitamin and mineral premix 10.0
Salt 25

L-Lysine 1.8
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On day 7, 14, 21, 24 and 35, one piglet from eaghicate was sacrificed, respectively.
The digesta of stomach, duodenum, jejunum, ileuagcem, colon and rectum were
collected. The digesta samples were kept at -281Ghe procedures involving animals
were conducted in accordance with the Chinese faexperimental animals.

2.2.DNA isolation

Total genomic DNA was extracted from piglet digesaaples by a bead-beating method
using a mini-bead beater (Biospec Products, Bailles OK, USA) and followed by
phenol-chloroform extraction as previously desatibéZoetendal et al, 1998).
Electrophoresis in agarose gels 1.2% (w/v) comagirethidium bromide was used to
check the amounts of DNA visually.

2.3. PCR amplification

Bacterial specific primers U0968f-GC(5'-CGC CCG G@&&C GCC CCG GGC GGG
GCG GGG GCA CGG GGG GAA CGC GAA GAA CCT TAC-3') ahd401r (5-CGG
TGT GTA CAA GAC CC-3’) (Nubelet al, 1996) were used to amplify the V6-V8
regions of 16S rRNA genes. PCR was performed usi@gaqg DNA polymerase kit from
Promega (Madison WI, USA). The samples were aneplifin a thermocycler T1
Whatman Biometra (Goéttingen, Germany) using thdovahg program as described
previously (Zhuet al, 2003): 94C for 5 min, and 35 cycles of 92 for 30 s, 56C for 20

s, 68C for 40 s, and 6& for 7 min last extension. Aliquots ofuibwere analyzed by
electrophoresis on 1.2% agarose gels (w/v) to chbek sizes and amounts of the
amplicons.

2.4. DGGE

The amplicons obtained from the digesta DNA wepassted by DGGE according to the
specifications of Muyzeet al (1993), using a Dcode TM system (Bio-Rad Labarasp
Hercules, CA, USA). Electrophoresis was performed% polyacrylamide gel 37.5:1
acrylamidebisacrylamide (dimensions 160x160x1 mmjngs a 38-48% denaturing
gradient (Muyzer et al., 1998). The electrophoress initiated by pre-running for 5 min
at a voltage of 200 V, and subsequently run atedfvoltage of 85V for 12 h at 80. The

gel was stained with AgNQ and developed after completion of electrophoresis
(Sanguinettet al, 1994).



2.5. Analysis of the DGGE gels

DGGE analysis of all samples was repeated twicé. gils were scanned using a
calibrated densitometer (GS 800, Bio-Rad), andyaeal using the software of Molecular
Analyst/PC (version 1.61, Bio-Rad) to obtain desrsiétric curves. As a parameter for the
structural diversity of the microbial communityetishannon index of general diversity,
H (Shannoret al, 1963), was calculated according to methods afigtantinovet al
(2003).

2.6. Cloning of the PCR-amplified products and sequencanalysis

PCR was performed with a Tag DNA polymerase kinfrhife Technologies using
primers 8f and 1510r (Lane, 1991), which amplife thimost complete bacterial 16S
rRNA gene. Amplification was carried out as desetilpreviously (Zoetendat al., 1998).
The PCR product was purified with the QIAquick P@Rrification kit (Invitrogen,
Shanghai, China) and clonedEscherichia coliJM10, using the pMD18-T vector system
(TaKaRa, Dalian, China). The colonies of ampicili@sistant transformants were picked
after overnight growth, transferred to Luria brattedium, and incubated at &7
overnight. One hundred microlitres of the abovduwek were centrifuged and suspended
in 100 ul TE buffer. The solutions were then boiled for Inrto lyse the cells. The cell
lysates were used as templates in PCR reactiong usctor-specific primers Sp6 and T7
to check the size of the DNA inserts. The plasmidth appropriately sized inserts
(approximately 1.5 kb) were used to amplify the ¥&-regions by PCR as described
above. The amplicons were then compared with im@sDNA-derived PCR products
from the same samples in DGGE profiles. Ampliconghwdistinct bands on DGGE
profiles were selected and sent for sequencingitbgen). Similarity searches of the
GenBank DNA database were performed with the BLARRrch tool (Altschuét al,
1990).

2.7. Nucleotide sequence accession numbers

The sequences of the cloned 16S rRNA gene fragnaempsified from pig rectal digesta
samples were deposited in the GenBank database.n&he sequences, with their
accession numbers in parentheses, are: P1 (DQ2B8818DQ238609), P3 (DQ238610),
P4 (DQ238611), P5 (DQ238612), P6 (DQ238613), P7288814), P8 (DQ238608), P9
(DQ238615), P10 (DQ238616), Y2 (DQ288680), Y5 (D&&), SC (DQ256404).
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2.8. Statistical analysis

For statistical analysis calculations were maddei@rmine number of DGGE bands, and
the Shannon index of general diversity as descrieye. The data were expressed as the

meantSE. The Studentistest was used to determine the statistical sicpniite of the
differences between mean values.

3. Results

3.1. Effect of daidzein on the diversity of the baerial community of the
gastrointestinal tract of piglets

( A) St onach Duodenurr
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Figure 6.1. Analysis of diversity of DGGE profiles in time: yka 14, 21, 24, 35. A: Stomach. B:
Duodenum. C: Jejunum. D: lleum.

Analysis of PCR-DGGE banding patterns using then8ba’s index of diversityH’) was
performed to measure the richness and evennesswbotestinal microbial communities
based on band number and relative band intenditys,H’ was used as a parameter that
reflects the diversity of the whole microbial commity. Diversity was higher in the
stomach of the control group compared with thettneat group before day 21. With time,
however, the bacterial community in the stomachhef treatment group became more
diverse, and the diversity of the treatment gradjz=1.26+0.13) was significantly higher
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than that in the control groupl=1.03+0.11) on day 393<0.05) (Figure 6.1A.).

Before day 21, the bacterial community in the srrastine of the treatment group was
less diverse than in the control group, albeit gighificantly. After day 24, the bacterial
community of the piglets in the treatment groupame more diverse. The diversity of the
bacterial community of duodenum and ileum of pglef the treatment group was
significantly higher than those observed for thatoa on day 24 R<0.05) (Figure 6.1B,
C, D).

The bacterial community in the caecum of the tresiingroup K’'=) was more diverse
than the control on day 24HE1.31+0.04 vs. 1.20+0.06) P0.05) and day
35.H'=1.37+0.16 vs. 1.08+0.1P0.05) (Figure 6.2A.).

The colonic bacterial community diversity of pigletfrom the treatment group
(H’'=1.34+0.05) was significantly higher than the coht(H'=1.15+0.03) on day 35
(P<0.05) (Figure 6.2B.). The bacterial community dsiy of rectal populations from the
treatment group was higher than in piglets feddbetrol group after day 21, albeit not
significantly (Figure 6.2C.).

Caecum (B) Colon
1.6

1.2

Diversity index,H'

Diversity index,H'

0.8

14 21 24 35 14 21 24 35
Time(days) Ti ne( days)
(C) Rectum

control treatment

Diversity index, H'

14 21 24 35
Time(days)

Figure 6.2.Analysis of DGGE banding patterns in time: days2#,24, 35. A: Caecum. B: Colon. C:
Rectum.
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3.2. Identification of dominant bacteria

Caecum Colon Rectum
M CTCTUZ CT

Figure 6.3. DGGE of PCR products of V6-V8 regions of 16S rRiénes of piglet digesta samples
from day 35. C: piglets on a control diet; T: pigl®n diet with daidzein. Identity of populations

represented by bands is indicated, using the mostly related sequences. 1: Butyrate-producing

bacterium SL7/1; 2Clostridium.butyricum(NCIMB8082); 3: Ruminococcus obeynit Clostridium
thermocellumATCC 27405 ctg206; llLactobacillus.pontigLTH 2587); IlI: Streptococcusp.

Table 6.2Clones retrieved from the control group, with patege of similarity to known sequences

in GenBank and sequence length.

similarity
Clone Closest relatives length (bp)
(%)
Y2 Clostridium thermocelluPATCC 27405 ctg206  87% 1309
Y5 Lactobacillus.pontigLTH 2587) 89% 1026
SC Streptococcusp. 99% 1519
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Clone Closest relatives Similarity (%) Length (bp)

P1 Butyrate-producing bacterium SL7/1 95% 1399
> . _
P2 Clostridium glycolicum 97% 1458
. /

P3 Ruminococcus callidus 93% 857

. P4 Clostridium disporicum 95% 1372
P5 Bacteroides capillosus 93% 967
P6 Clostridiumsp. 95% 1477
% P8 Clostridium butyricum(NCIMB8082) 95% 1481
r
P/
T — P7 Clostridium viride 94% 1477
> .
j P9 Ruminococcus obeuatone 1-4 96% 1501
P P10 Lactobacillus johnsoniNCC 533 99% 1538

Figure 6.4.dentification of dominant bands in DGGE pattefrthee V6-V8 region of rectal contents
of piglets on day 35.

To study the effect of daidzein on the phylogendiwersity of the predominant bacteria,
the 16S rRNA gene pool from rectal samples of thetrol and treatment group was
amplified, cloned and sequenced. The majority (0 af 14) of the dominant bands
showed less than 97% similarity with known sequenodhe database (Figure 6.4). This
indicates that most of the sequences were deriegd hew, as yet undescribed bacterial
phylotypes.

Based on identical mobility within the gel, thremmamon DGGE bands were present only
in the large intestine of the control group, butevabsent in the treatment group samples.
These bands, indicated with |, I, and 1l in Figus.3, matched with clones Y2, Y5 and
SC and were related lostridium thermocelluni87%), Lactobacillus pontig89%) and
Streptococcusp. (99%), respectively. In addition, another thceenmon DGGE bands
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were enriched in the caecum, colon and rectumeofratment group on day 35 (Figure 6.
3, bands indicated with 1, 2, 3). These bands redte¥ith clones P1, P8 and P9 and were
related to Butyrate-producing bacterium SL7/1 (95%lostridium butyricum
(NCIMB8082) (95%), andRuminococcus obeut{®6%). These results suggest that the
predominant bacteria appeared in the large inesifrthe treatment group probably due
to the presence of daidzein in the diet.

4. Discussion

Weaning is a major critical period of pig rearingchuse of increased susceptibility to gut
disorders, infections and diarrhea (Lalletsal, 2004). Antibiotics have been used as
animal growth promoter for decades, but many bectare becoming resistant to
antibiotics (Smitret al, 2002). Thus there is an urgent need to findradittves to in-feed
antibiotics, especially after the full ban of amttic use as growth promoters within the
European Union in 2006. Investigations over thet pasade showed positive effects of
the phytoestrogen daidzein on pigs. In studies gitwing castrated male pigs, daidzein
supplemented to diets at 5 mg/kg significantly @ased weight gain by 59%<0.01),
and the blood IGF-1 and testosterone levels werneattd by 51% and 18%, respectively
(Guo et al, 2002). The doses of five mg/kg of daidzein sapmnted to pregnant sows’
diet could greatly increase the offspring’s birtkeight (Liu et al, 1996). By using the
Simulator of the Human Intestinal Microbial Ecogyst(SHIME), the supplementation of
2.5 g/d of soygerm powder, which provided 62.5 naf/ésoflavone, promoted an overall
increase of populations ofEnterobacteriaceae coliforms, Lactobacillus spp.,
Staphylococcuspp. andClostridiumspp. (De Boeveet al, 2000). By using a manual
pressure transducen vitro fermentation system, the supplementation with SfiLnof
daidzein significantly increased the number ofdaecilli within piglet intestinal chymes
(Yao et al, 2004). After incubation of daidzein vitro with the feces from mice fed soy
protein or casein diets, Tamued al (2002) found that the number of fusiform-shaped
bacteria was significantly lower in the soy-isoftae diet group than the control, whereas
the number of lactobacilli was significantly highé&rogether, thesen vitro studies
provided direct evidence for potential benefitsdaiidzein on the gut microbiota, and
indicate the prebiotic potential of daidzein. THere, the primary aim of this study was to
evaluate then vivo effect of daidzein on intestinal microbiota of simg piglets through
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weaning.

Daidzein is a phytoestrogen, and is able to adithe mammalian estrogen receptor.
Daidzein consequently exhibits estrogenic and esttiegenic activityn vivo based on the
animal’s estrogenic level. This may be one of neagbat the effectiveness of daidzein on
growth is more evident for male animals (Hzral, 2006), and reinforces the notion that
the hormonal background of treated animals anditisage of daidzein should be equally
considered for experimental design. Compared tdtgdpiglets have a low level of
endogenous estrogen. The umbilical cord serum destréevels of infants are about
six-fold lower than the maternal serum estradigkle at delivery and most of umbilical
cord serum estradiol is of maternal origin (Naggital, 2006). A 14 mg/L supplement of
genistein for 10 days to piglets within 48 h oftlbiwas shown to inhibit cell proliferation
in the jejunal crypts, with a concomitant tenderfoy reducing jejunal enterocyte
migration in piglets. The ingested amount of gemmsfor each piglet per day during the
experimental period ranged from 5 to 14 mg (Ckéml, 2005). In the same study, 1
mg/L supplement of genistein led to a slight inseeaf the average weight gain of piglets
and jejunal disaccharidase activity, but no deadascell proliferation in the jejunal
crypts. The ingested amount of genistein for edagtepper day in this experiment was
from 0.36 to 1 mg. Considering these earlier ssjde supplementation of 1mg of
daidzein per day was used in this study.

In this study, we applied cultivation-independentnmbial community profiling to assess
the effect of daidzein on intestinal microbiota qasition. Indeed, comparison of the
DGGE profiles of samples from animals of the tremitmand control groups revealed
significant differences after weaning. After weapithe bacterial diversity in the piglets
of the treatment group was higher than in the cbmtiglets, especially in the caecal and
colonic digesta of piglets. Most probably, this caxt only be the direct effect of daidzein
on gut microbiota. It can be assumed that at tinaé,tthe ingested daidzein has been
completely eliminated from haemo-circulation foms® days. Most of the daidzein and
genistein is excreted within the first 24 h afteztary intake in human (Setchell, 2000).
Ecological principles predict that host-driven séten for intestinal microbiota favors a
stable community. Each microbial cell is under sb& pressure in the gut. It is the
current view that the immune system and the miatabshould be viewed as a co-evolved
system. A driving force for evolution of the immusygstem is the need to accommodate a
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diverse microbiota. In reverse, the immune systenme host’s first line of contact with
the microbiota in the gut and can be expecteddy alrole in shaping the microbiota (Ley
et al, 2006). Zhanget al (1995) reported that oral administration of daidzn pregnant
sows could affect immune function in the mammaxgeoras well as in the neonate piglet.
Therefore, it is tempting to speculate that theeobsd differences in microbiota
composition after weaning, long after daidzein tireent has been stopped, are based on
the effect of daidzein on host piglet immune fumetiwhich then drives the development
of the intestinal microbiota.

Decrooset al (2005) obtained a mixed bacterial culture fronmian faecal samples that
can transform daidzein into equol. DGGE fingerpnigtanalysis revealed that the culture
consisted of four distinct phylotypes. Three ofsind populations could be cultured, and
they were identified asactobacillus mucosa&P12, Enterococcus faeciurgPI1 and
Finegoldia magn&PI13. Huret al. (2002) identified &lostridiumsp. strain from human
intestinal microbiota that converted daidzeinot®MA. Interestingly, in this study, two
predominant bands were observed exclusively inilpsoin the treatment group, of which
the corresponding clones showed 95% and 95% sityiléw their closest relatives
Clostridium butyricum, and a butyrate-producing bacterium, respectiveBoth
Butyrate-producing bacterium a@lostridium butyricuncould produce butyrate (Zigova
et al, 1999). Decroost al (2005) found that colonic fermentation produg@tticularly
butyrate and propionate, stimulated equol produactidhis indicated that these
predominant bacteria may be related to the daidoeitabolism. However, further studies
are needed to evaluate the potential.

Konstantinovet al (2003) found thaRuminococcussp. was common in all DGGE
profiles from pigs on a diet containing sugar lqmdp and fructooligosaccharides, but not
in pigs that were fed a control diet lacking th@sgredients. In this study, a dominant
band was also found in the DGGE profile of pigshe treatment group that was related
to Ruminococcus obeu(®6%). The genuRuminococcusonsists of anaerobic cocci, and
the members of this group have been isolated puslyidrom both human (Finegokt al,
1983) and pig faeces (Mooet al, 1987). These bacteria may play a role in thiezation

of dietary fibres and have beneficial effect on liealth of the host.

A predominant band in the DGGE profiles of the contvas related t&treptococcusp.
(99%). This population only appeared in the largistine of the control group, but
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disappeared in the treatment group. Verdreeghal (2004) examined the potential
antibacterial activities of daidzein, and the resshowed that the growth Sfreptococcus
aureuswas clearly inhibited by daidzein. Hence, our gtadnfirms that that daidzein can
exert potent antibacterial properties.

In conclusion, thisgn vivo study has demonstrated the effect of daidzeinntesiinal
microbiota of weaning piglets, including the stilin, but also suppression of specific
microorganisms after weaning. Populations with higgimilarity to known
butyrate-producing bacteria were enriched, indigpathe prebiotic potential of daidzein.
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Abstract

Changes in the composition of microbiota in thedgurt of piglets were studied after oral
administration ofLactobacillus sobrius S1, using molecular techniqgues based on 16S
ribosomal RNA (rRNA) genes. Six litters of neonagtajlets were divided randomly into
control group and treatment group. At 7, 9, anddags of age, piglets in the treatment
group orally received a preparatioh L. sobriusS1. At 7, 14, 21(weaning), 24 and 35
days of age, one piglet from each litter was s@exf and digesta samples of hindgut were
collected. V6-V8 and V2-V3 variable regions of thetal bacterial and
Lactobacillusspecific 16S rRNA gene pool, respectively, wereplifred by PCR and
analyzed by denaturing gradient gel electrophorédSiSGE). DGGE analysis for all
bacteria showed that several populations presetiteirnindgut of piglets, represented by
far-migrating bands, disappeared after weaningu&ecg analysis indicated that most of
these bands corresponded ltactobacillus spp. This trend was also confirmed by
quantitative real-time PCR. Drastic changesLofamylovorusand L. sobriusin total
Lactobacilluspopulations were also observed in the colon ofgpéghround weaning, as
monitored byLactobacillusspecific PCR-DGGE. Comparison of DGGE profilesnestn
control and treatment groups revealed a specifid balated taClostridium disporicum
that was found in treatment group on day 14. On3gya specific band appeared only in
the control group, representing a population méssety related tdStreptococcus suis
(99%). Species-specific real-time PCR revealed ttiafpopulation of.. sobriusdeclined
apparently in the colon of piglets after weaningjlevit tended to backer-establish earlier
after oral administration of strain S1.

Key words: DGGE;Lactobacillus piglet; hindgut; bacterial community
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1. Introduction

The hindgut of the pig harbors a dense and metailyli active microbiota. This is
comprised primarily of bacteria, which have a purfd influence on nutritional,
immunological, and physiological processes in thet hRecently, more attention has been
paid to studies of the intestinal bacterial comrtyymiotably because of the urgent need to
replace antibiotics as growth promoters in animadpction (Konstaninoet al, 2003).

In the past, the microbial ecology of gastrointestitract ecosystems was not well
understood due to the inadequacy of classicaly@iiependent microbiological methods.
Recently, cultivation-independent approaches, swuh DGGE fingerprinting of
PCR-amplified 16S rRNA gene fragments have beereasingly employed in the study
of complex bacterial ecosystems as found in the malmn intestine (Simpsoat al,
1999; Zhuet al, 2000; Favieet al, 2003; Planet al, 2003; Konstantinoet al, 2004)
and have been demonstrated to be a powerful t@omfmitoring bacterial community
shifts following environmental changes (Zoeteneéalal, 2004). Moreover, recently
introduced real-time PCR assays allow quantitaginalysis of specific microbial groups
and species in complex ecosystems (Suetikl, 2000; Konstantinoet al, 2006a).
Classical methods used to study bacterial populatio the cecum, colon, and feces of
pigs have revealed a wide range of characteriséine, includingLactobacillus
StreptococcusPeptococcusEubacterium Clostridium BifidobacteriumandBacteroides
(Stewart 1997). Particular interest is focused o Liactobacillusand Bifidobacterium
populations within the gastrointestinal tract o ghiglet, due to their proved benefits for
gut function and health (Vaughast al, 1999). Some studies have investigated the
changes in the fecal bacterial community of pigédter introduction of a probiotic strain
by using molecular techniques based on the 16S rBé&i (Simpsoet al, 2000; Walter

et al, 2000). However, fecal samples can not refleetsikuation in the intestinal tracts of
animals completely (Zoetendet al, 2002).

Lactobacillussobrius S1was isolated from piglet’s jejunal digesta in cabdratory and
was shown to have properties of an effective pitabmrganism (Wwet al, 1999). Strain
S1 is considered a rapidly growing strain which &¢arproduce large amounts of lactic
acid, 2) secrete bacteriocin-like products, andx&rts a strong inhibitory effect & coli
andStaphylococcus aureu8 feeding trial also demonstrated that oral adstiation of a
preparation made from this strain could reduce itfegdence of diarrhea in suckling

130



piglets (unpublished data). To gain insight inte tmderlying mechanism of this effect,
the present study investigated the changes of t@ctmmunity composition in the
hindgut of piglets during the sucking and weanieggd and how these were affected by
oral administration of strain S1.

2. Materials and methods

2. 1. Bacterial strain culture

Lactobacillus sobriusS1, isolated from piglet’s jejunal digesta, wagwgn in MRS
medium (Mannet al, 1960) at 37C for 12 h (late-logarithmic phase). Cultures of th
strain were centrifuged at 300§* 10 min / 4C, re-suspended with 10% skimmed milk
solution, and then stored at <20 This preparation was diluted 10-fold with seenvater
after dissolved, and used for the animal experimést count was determined by
incubating on agar MRS medium for 24 h.

2. 2. Piglet experimental design

Table 7.1.Composition of the diet used for weaned pigletiedsbasis

Ingredients g/kg Nutrients parameters
Corn 525.0 ME(MJ/Kg) 13.37
Soybean meal 304.0 CP(%) 22.09
Wheat middlings 50.0 Ca(%) 0.97
Fish meal 35.0 Available P(%) 0.51
Whey powder 30.0 Lysine(%) 1.31
Soybean ail 15.0

Limestone 11.7

Calcium hydrogen phosphate 15.0

Vitamin and mineral premfx 10.0

Salt 2.5

L-Lysine 1.8

*This mineral and vitamin premix (1%) supplies peg Hiet as follow: VA 11 000 IU, VD3
(cholecalciferol) 1 000 IU, VE (tocopherol) 16 IVK1 (phylloquinone) 1mg, VB1 (thiamin) 0.6 mg,
VB2 (riboflavin) 0.6 mg, d-pantothenic acid 6 mg3¥ (nicotinic acid) 10 mg, VB12 (cyanocobalamin)
0.03 mg, folic acid (folacin 0.8 mg, VB6 (pyridoxnl1.5 mg, choline 800 mg, Fe 165 mg, Zn 165 mg,
Cu 16.5 mg, Mn 30 mg, Co 0.15 mg, |1 0.25 mg, S& 3.
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Six litters of neonatal piglets (8-11 piglets irclkeditter) from a commercial maternal-line

herd (Landrace-Yorkshire-Duroc) were randomly daddinto two groups: control and

treatment, each with three litters (replicatesctEpiglet in the treatment group received
one ml of strain S1 preparation (5XXDFU-mi*) through oral administration at 7 days of
age, 2 ml at 9 days, and 3 ml at 11 days. Eacletpiglthe control group received the
same volumes as skimmed milk at the same age. @Geeepwvas not provided to piglets

during the sucking period. Piglets were weanedlad&/s of age. On the day of weaning,
sows were removed from the piglets, while pigleismained in the nursing pens. Piglets
were fed ad libitum with free access to water. Tiet (Table 7. 1) did not contain any

antibiotics or acidifiers. All the procedures inviolg animals were conducted in

accordance with the Chinese law on experimentahalsi

2. 3. Sampling

Two diarrhoeal animals were registered in the abrgroup during the course of animal
experiment, while no unhealthy piglets were foumdhie treatment group. The diarrhoeal
piglets were then not used for gut microbiota asialyOn day 7, 14, 21, 24 and 35, one
piglet from each replicate was sacrificed, respetti For molecular analysis, samples of
homogenized cecal and colonic digesta (2-3 g) welected and stored at —ZD until
analysis.

2. 4. DNA isolation and PCR amplification

Total bacterial DNA was extracted from each san(plé g) according to a bead-beating
method using a mini-bead beater (Biospec ProdBeig|esville, OK, USA) and followed
by phenol-chloroform extraction (Zoetendslal, 1998). DNA was then precipitated with
ethanol and pellets were dissolved inb@f TE.

All PCR primers used in this study are listed irbl€a7. 2. Primers U968-GC and L1401
were used to amplify the V6-V8 variable regionsha bacterial 16S rRNA gene (NUlsdl
al., 1996). PCR was performed with the Ta§A polymerase kit from Promega (Madison,
WI, USA). The samples were amplified in a T1 WhatnBaometra (Gttingen, Germany)
using the following program: 9€ for 5 min, and 35 cycles of 92 for 30 s, 56C for 20 s,
68°C for 40 s, and 6& for a final 7 min extension. To investigate the
Lactobacillusspecific colonic bacterial community by DGGE, aesfic nested-PCR
approach was chosen (Heikg al, 2002). For the initial amplification, BactO02%aheet
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al., 1993) and Lab0677 (Heiligt al, 2002) primers were employed, using the following
cycling conditions: predenaturation at 94°C for ;085 cycles of 94°C for 30 s, 66°C for
20 s, and 68°C for 40 s; and a final extension84C6for 7 min. The PCR products were
then used as templates to amplify the V2-V3 regoin$6S rRNA gene in a nested PCR
with Lab0159 (Heiliget al, 2002) and Uni0515-GC (Lane 1991). The cyclinggpam
was identical to the one used for the amplificatadrthe V6 to V8 regions of the 16S
rRNA gene. Aliquots of 5ul PCR products were analyzed by electrophoresid.gf0
agarose gel (w/v) containing ethidium bromide teahsize and amount of the amplicons.

Table 72. List of primers used in this study

Primer Sequence3' Reference
CGCCCGGGGCGCGCCCCGGGCGGGGCGGGGGCAC

U968-GC Nibel 1996
GGGGGGAACGCGAAGAACCTTAC

L1401 CGGTGTGTACAAGACCC Nibel 1996

8F CACGGATCCAGAGTTTGAT(CI/T)(A/IC)TGGCTCAG Lane 1991

1510R GTGAAGCTTACGGCTACCTTGTTACGACTT Lane 1991

T7 TAATACGACTCACTATAGG Promega

Sp6 GATTTAGGTGACACTATAG Promega

Bact0027 GTTTGATCCTGGCTCAG Kane 1993

Lab0677 CACCGCTACACATGGAG Heilig 2002

Lab0159 CGGTATTAGCACCTGTTTCC Heilig 2002

] CGCCCGGGGCGCGCCCCGGGCGGGGCGGGGGCAC

Uni0515-GC Lane 1991
GGGGGGATCGTATTACCGCGGCTGCTGGCA

LAC1 AGCAGTAGGGAATCTTCCA Walter 2000

L-*-OTU171-00 Konstantinov
ACTTCGGTAATGACGTTG

77-a-S-2 2005

Bact1369 CGGTGAATACGTTCYCGG Suauki 2000

Prok1492 GGWTACCTTGTTACGACTT Suauki 2000

2. 5. DGGE analysis

DGGE was employed to separate the amplicons acwptdithe specifications of Muyzer
et al (1993), using a Dcode TM system (Bio-Rad, Hercufes, USA). DGGE was
performed in 8% polyacrylamide gels containing 3 &crylamide-bisacrylamide using a
38 to 51% denaturing gradient for separation of RE&ducts obtained with primers
U968-GC and L1401, whereas gradients of 30 to 45fevwemployed for the separation
of the Lab0159 and Uni0515-GC generated amplicdhs. electrophoresis was initiated
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by pre-running for 10 min at a voltage of 200 Vdaubsequently performed at a fixed
voltage of 85 V for 12 h at 86C. The gel was stained with 0.2% Agi&fter completion
of electrophoresis (Sanguinegtial, 1994).

2. 6. Analysis of DGGE gels

DGGE gels were scanned using GS-800 Calibratediemster (Bio-Rad) and analyzed
using the software of Molecular Analyst 1.61 (BiaeR. Similarities between DGGE
profiles were determined by calculating a band Isinty (Dice) coefficient,SD. SD =
2n,g | (Na + Nng), wheren, is the number of DGGE bands in laneng,represents the
number of DGGE bands in lane 2, ang s the number of common DGGE bands. The
Shannon index of general diversity, was calculated as a parameter for the structural
diversity of the bacterial community (Konstantinet/ al, 2003; Shannon and Weaver
1963). S was calculated using the following functid®:= -> P; log P;, whereP; is the
importance probability of the bands in a lane. Tihgortance probability,P,, was
calculated asP;, = n;/ H’, wheren; is the height of a peak amd is the sum of all peak
heights in the densitometric curve.

2. 7. Cloning of the PCR amplified products and sagence analysis

Almost complete bacterial 16S rRNA genes from pigiedgut samples (cecal sample of
piglet in litter 6 on day 21; colonic sample of leigin litter 1 on day 35) were amplified
by PCR with primers 8F and 1510R (Lane 1991). P@&dyxcts were purified using
Invitrogen PCR product purification kit (Invitroge®hanghai, China) and cloned En
coli JM109 using the pGEM-T vector system (Invitroger§lonal colonies of
ampicillin-resistant transformants were picked rafteernight growth, transferred to Luria
broth medium, and incubated at°87overnight. One hundred microlitres of the above
cultures were centrifuged and suspended in [IODE buffer. The solutions were then
boiled for 5 min to lyze the cells. The cell lysateere used as templates in PCR reactions
using pGEM-T specific primers Sp6 and T7 to chduk size of the DNA inserts. The
plasmids with appropriately sized inserts (appratety 1.6 kb) were used to amplify the
V6-V8 regions by PCR as described above. The ammiovere then compared with
intestinal DNA-derived PCR products from the sanangles in DGGE profiles.
Amplicons corresponding to interestin bands on DGu&tiles were selected and sent for
sequencing (Invitrogen, Shanghai). Homology searaifethe GenBank DNA database
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were performed with the BLAST Search tool (Altscaubl, 1990).

2. 8. Real-time PCR assay for quantification of tatl bacteria, lactobacilli and L.
sobriusin the colon of piglets

Real-time PCR was performed on an iCycler 1Q reamétdetection system associated
with the iCycler optical system interface softwaersion 2.3 (Bio-Rad, Veenendaal, the
Netherlands) as described previously (Konstantetoal, 2005a). A reaction mixture (25
pl) consisted of 12.%1 of IQ SYBR Green Supermix (Bio-Rad), Qu&/1 of each primer
set and qul of the template DNA. The amount of DNA in eacimpde was determined in
triplicate, and the mean values were calculatedtafndard curve was generated by using
the serially diluted 16S rRNA gene amplicons ol#difromL. sobrius Universal primers,
Bact1369 and Prok1492 (Suzwi al, 2000), were used to estimate the total number of
copies of the bacterial 16S rRNA gene in each sanifCR was performed with an initial
denaturation step of 95°C for 3 min, followed byd@les of 95°C for 15 s, 56°C for 30 s
and 72°C for 30 s. Species-specific primer L-*-OT10077-a-S-2 (Konstantinaat al,
2005a) combined with primer Lab0159 was used ferghantification otf.. sobriuswith

the following conditions: an initial DNA denaturaii step at 98C for 3 min, followed by
40 cycles of denaturation at 96 for 15 s, and primer annealing and extensior2& &

for 45 s. Total lactobacilli were quantified usitige combination of forward, LAC1
(Walter et al, 2000), and reverse primer, Lab0677, in a cycpnggramme where after
the initial denaturation 98C for 3 min, 40 cycles were applied at 95 for 30 s, and
binding and extension at 8C for 1 min.

2. 9. Nucleotide sequence accession numbers

Thirteen sequences of hindgut bacterial 16S rRNAegedones were obtained, and have
been deposited in the GenBank database under smtessmbers: DQ238609,
DQ238611, DQ238615, DQ238616, DQ256404, DQ318869, DQ318870,
DQ318871, DQ318873, DQ318875, DQ480422, DQ487214 andDQ487215.

2. 10. Statistical analysis

Differences between the treatment and control ggougre tested for significance with an
ANOVA program using the statistical software SPS81@ll values are expressed as
means of replicates (three litters), treating oiggep from one litter as a single replicate
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for each day. The statistical model used per agewas as follows:
Y=p + Ti +Aj + (T*A)ij + eijk
Where Y is the parameter to be testeds the overall mean, Ti effect of the treatment I,

Aj effect of the age j. (T*A)ij denotes the intetmn between treatment and aggk is
the error term.

3. Results
3. 1. Analysis of bacterial diversity in hindgut sanples using PCR-DGGE
day 7 day 14
M S1M1M2M3M4M5M6C1C2C3C4C5C6S1M MS1IM1IM2M3M4M5M6C1C2C3C4C5C6S1M
i |
! i ii i ' EEEEHEEN
day 21 day 24 day 35

M S1 M1 M2 M3 M4 M5 M6 C1 C2 C3 C4 C5C6 S1 MM S1 M1 M2 M3 M4 M5 M6 C1 C2C3C4C5C6S1M M S1M1M2M3M4M5M6C1C2C3C4C5C6S1M
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Figure 7.1. DGGE profiles from far-migrating bands corresporgdbacteria in hindgut of piglet. M,

Marker; S1Lactobacillussp. strain S1; M1-3 and M4-6, caecal samples frontrol (Litter 1-3) and
treatment (Litter 4-6) groups, respectively, C1r@l &£4-6, colonic samples in control and treatment
groups, respectively. Bands indicated with numbeaadws in gels of day 21 were identified as

shown in table 3. Frame |, bands correspondingr&insS1.

DGGE profiles of PCR products of V6-V8 regions d3SLrRNA genes from piglet
hindgut samples revealed remarkable differencesvemat pre and post-weaning.
Especially, amplicons migrating to the lower pafttloe gel were predominant in the
hindgut of pre-weaning piglets, but did no longeldng to the abundant microbiota after
weaning, and were even not restored until day 3§u¢E 7. 1). To identify the initially
pre-dominant populations, the 16S rRNA genes fronddut samples on day 21 were
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amplified, cloned and sequenced, indicating thastnod these populations belonged to
Lactobacillusspp. (Figure 7. 1, arrows 1-10; Table 7. 3). We &&ind that the band that
shared the same migration position with strain &the gel corresponded to a population
most closely related to. sobrius.

Table 7.3.ldentification of bacterial phylotypes corresporglio far-migrating bands observed in the

hindgut of piglets
Closest known species found in Sequence Similarity
No. Length (bp) )
the GenBank database accession numbers (%)
1 Lactobacillus vaginalis 1502 DQ318870 99%
2 Lactobacillus sobrius 1528 DQ487214 99%
3 Lactobacillus johnsonii 1538 DQ238616 99%
4 Lactobacillus amylovorus 1501 DQ318869 99%
5 Lactobacillus delbrueckii subsp. 1522 DQ318871 98%
6 Lactobacillus pontis 1521 DQ318875 99%
7 Lactobacillus delbrueckii subsp. 1290 DQ480422 97%
8 Lactobacillus amylovorus 1501 DQ318873 97%
9 Ruminococcus obeum 1501 DQ238615 96%
10 Lactobacillus reuteri 1525 DQ487215 99%
O Control M Treatment
100 r
90 r

Band similarity coefficient
SD (%)
\‘
o
I

7 14 21 24 35
Days of age (d)

Figure 7.2.Dice coefficients for comparison between cecal emldnic samples of piglets in control
and treatment groups. Bars indicate the standanatiten between the DGGE profiles from piglets in

the same group.
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To obtain an objective interpretation of the elegtroretic patterns of the control and
treatment groups, the samples were subjected taremcal analysis based on the Dice
similarity coefficient, followed by cluster analgsiCluster analysis revealed that there
were no major changes between the two groups. Extagp35, other samples from the
same age formed a cluster with similarity indiceswe 70%. Dice coefficient between
cecal and colonic samples was also compared asnshowigure 2. Statistical analysis
showed that the similarity coefficient between ¢ecal colonic samples of piglets on day
35 either in control or in treatment groups wasiigantly lower than those in other ages
(P <0.05).

Shannon diversity indices were calculated to comphe diversity of the dominant
bacterial microbiota in the hindgut of piglets fraontrol (skim milk) and treatment (S1
preparation) groups. Statistical analysis showeat the index was not significantly
different between the two groups neither in cecuon m colon P = 0.597, 0.302
respectively, date not shown). However, for botbugs, bacterial diversity in the colon
tended to decline abruptly three days after weanrigle this effect was not observed in
cecum. Statistical analysis also showed that tihvere no difference in bacterial diversity
between cecal and colonic samples in each age ridathown).

3. 2. Identification of specific bands in DGGE profes from control and treatment
groups

A more detailed comparison of DGGE profiles betwdaen groups revealed that a
specific band was found on day 14 in the treatrgeop, clearly visible in M5, M6, C4,
C6, and faintly visible in M4 and C5, but not vigilin the control group (Figure 7. 3,
indicated with 1). Sequence analysis showed 95%lamiity to Clostridium disporicum
(GenBank accession number DQ238611). On day 3pgeeaifc band, indicated with Il
(Figure 7. 3), appeared exclusively in the congralup, and was identified to correspond
to a population most closely relatedStreptococcus su{®Q256404, 99%). Also on day
35, bands corresponding to the probiotic straim®fe visible for treatment samples M6
and C6 and faintly visible in M5 and C5 sampleg, fnt visible in controls (Figure 7.1
frame 1).
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day 14 day 35
M S1 M1 M2 M3 M4 M5 M6 C1 C2 C3C4C5C6S1M M S1 M1 M2 M3 M4M5M6C1C2C3C4C5C6S1M

M

Figure 7.3. Identification of bands exclusively detected in GE profiles of control or treatment

samples, respectively. Sample identifiers as in Fidy.

3. 3. Analysis of Lactobacillus diversity in coloré samples using PCR-DGGE

day 7 day 14 day2l1 day24 day35

Lm C1C2C3C1C2C3C1C2C3 C1C2C3 C1C2C3Lm

_— L. johnsonii

L. vaginalis
L. reuteri
L. pontis

L. delbrueckii subsg
L. amylovorus
L. sobriu¢/ Strain S:

Figure 7.4.DGGE analysis of amplicons obtained from colonimgkes by nested PCR with primers
Lab-0159 and Uni0515-GC. The dominant fragmentsaictobacilluslike patterns were identified by
the clones corresponding ko johnsonij L. vaginalis L. reuteri L. pontis L. delbrueckiisubsp, L.

amylovorusandL. sobrius Lm, mixture of nind_actobacilluslike clones.

Although the amplification of the V6 to V8 regionsing bacterial universal primers
allowed the visualization of the major differentetween pre- and post-weaning samples,
it yielded poor resolution dfactobacilluspopulations. Therefore, specific amplification
of the 16S rRNA gene pool corresponding to the micldactobacilluscommunity, in
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combination with DGGE analysis usirigactobacilluslike clones from the hindgut of
piglets as markers, were employed to monitor theadyics ofLactobacilluspopulations
(Fig. 7. 4). Bands related to reuteriandL. delbrueckiisubsp were consistently found in
the samples from most piglets during the age af 35 days, whild.. amylovorusandL.
sobrius disappeared from the predomindractobacillus community in the colon of
weaned piglets.

3. 4. Quantitative real-time PCR analysis of the pgdominant microbiota in colonic
samples of piglets

Table 7.4. Quantitative real-time PCR analysisotéltbacteria, lactobacilli anid. sobriusin porcine
colonic samples [Lg (copies/g wet weight)]

tem Bacteria Lactobacilli L. sobrius
Control Treatment Control Treatment Control Treatment
Day7 10.94 10.98 9.43 9.52 8.44 8.59
Dayl14 11.09 11.32 9.51 9.68 8.42 8.74
Day21 10.81 11.20 9.52 9.57 8.49 8.41
Day24 10.65 10.92 6.93 7.09 6.10 6.58
Day35 10.65 11.05 8.28 8.95 6.83 8.45
SEM 0.24 0.22 1.17 1.21 1.19 1.08
Age 0.13 < 0.001 <0.001
S1 treatment 0.02 0.376 0.089
Age*S1 treatment 0.592 0.945 0.424

Counts are expressed as mean of replicates (litieys)| treating one piglet from on litter as agie

replicate for each day.

Since drastic changes were observed in bactermimmity composition between pre-
and post-weaning piglets, real-time PCR was usegutmtify total bacteria, lactobacilli
andL. sobriusin colonic samples of piglets in treatment andtc@rgroups (Table 7. 4).
The assay showed that the number of thtdtobacilus sppandL. sobrius16S rRNA
gene copies both in the control and treatment gralmowed an apparent fluctuation from
day 7 to 35 although there were no obvious changeise density of total bacteria. In
general, the numbers of tolahctobacilus sppandL. sobriusdeclined significantly after
weaning P < 0.05). Except total bacteria on day 21, no $icgmt difference was found
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between treatment and control groups. Howelersobrius16S rRNA gene copies in
treatment group tended to be higher than in comrolip (16*° vs 163 on day 35. In

particular, this number in samples from litter 6swagh to 18 which was consistent
with the results of DGGE profiles (Figure 7.1 fraihe

4. Discussion

Weaning stress can destroy the balance of intéstir@obiota. It is generally accepted
that lactobacilli are important to maintain gootestinal health because of their ability to
control potentially pathogenic groups, suchEascoli (Blomberget al, 1993). Some
studies investigating the microbiota of weaned qifgyl showed that lactobacilli
concentrations decreased after weaning (Konstanghal, 2006b; Mathevet al, 1993;
Canh and Stutton, 1998). The data presented hexeesha similar pattern in lactobacilli
16S rRNA gene copies, which was also consisterit thi¢ results obtained by DGGE and
sequencing analysis. Moreover, drastic changds afmylovorusandL. sobriusin total
Lactobacilluspopulations were also observed in the colon ofgpéghround weaning, as
monitored byLactobacillusspecific PCR-DGGE (Fig. 7. 4). Recently, populasoof
lactobacilli related toL. amylovorusor L. sobrius have been identified as common
inhabitants of the piglet intestine (Konstantireival, 2004; 2006b; Janzycyk, 2007), and
addition of fermentable carbohydrates can suppergrowth of these specific lactobacilli
in the ileum and colon of weaning piglets (Konsitaox et al, 2004).

Generally, periods of intestinal microbiota instiépishould be the optimal time to feed
probiotics to the animal. Due to relatively poormagement, piglets from around 10 days
of age until after weaning can easily suffer diaerchn China. It is common practice for
most farms in China to provide piglets with creeed (feed given to young suckling
animal in creep) on day 7. Therefore, the presemtyswas designed as such that piglets
were orally administrated with strain S1 on day8 @nd 11.

Probiotics can beneficially affect the host anirbgl improving its intestinal microbial
balance (Fuller, 1989). It has been assumed thidut wcreasing diversity (i.e.a higher
Shannon index), disruption of this balance is markkely. Compared with this index of
other studies on piglets (Konstantinewval, 2003; 2004), we found in this study that a
comparatively complex bacterial community had alyedeveloped in hindgut of piglets
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on day 7, which may also explain that the effectsohin S1 administration on total
bacterial diversity was not significant. On theesthand the comparatively high similarity
coefficient between hindgut samples from the sage @ day 7, 14, 21 and 24 also
confirmed that there were no remarkable changethenoverall microbial community
between the two groups. Similar results were alseored in a previous study when fed
L reuteri MM53 to weaned piglets (Simpsat al, 2000). The present study also found
that the similarity coefficient between cecal amdonic samples from the same piglet
remained high (> 80%) on day 7, 14, 21 and 24,deareased significantly on day 35.
these results indicated that after weaning, unidpaeterial community developed
gradually in cecum or colon of the individual pigle

In order to produce the desirable effect, the ohiced bacteria must be able to survive
gastro-intestinal passage, and be metabolicallyeast the host’s intestine. Several recent
studies have indicated that it is common for ini@ed bacteria to be undetectable 3 to 5
days after termination of treatment (Simpsaral, 2000; Waltert al, 2000; Jacobseet

al.,, 1999). In line with these findings, we also destoated bylLactobacillusspecific
PCR-DGGE analysis that populations related_tosobrius had already colonized the
colon of piglets before being introduced, but disgred from the predominant
Lactobacillus community after weaning (Figure 7. 4). Species:gjgereal-time PCR
assay also showed the same tendency in the numiblersobriuscopies as the results of
DGGE profiles. These results indicated that it $thdoe the optimal time to feed.
sobriusto these piglets during weaning transition, altiffouhis bacterium appeared on
day 35 in some of treatments as shown by the highber ofL. sobriusin our study.
Indeed, a previous study showed that feeding ohegaiglets with_. sobriusresulted in

a marked increase in abundance of this populatiamast, albeit not all treated animals
(Konstantinov, 2005b).

Our study also found thatactobacillusspecific PCR products obtained from clones most
closely related to different species migrated ® ithentical position in the gel and those
corresponding to the same species had differentatog positions (Figure 7. 4). This
indicated that Shannon index obtained from DGGHilproan not fully reflect the actual
diversity of the bacterial community (Nubel al, 1996; Jaspers and Overmann, 2004).
To explain this phenomenon, we compared the V2-¥§ions of 16S rRNA gene
sequencesH. coli positions 159 to 515) of differertactobacillus spp., showing that
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several species shared the same sequences (dashavat). Thus, the V2-V3 region
might not allow for full resolution ofactobacillusspp. diversity due to limited sequence
heterogeneity. To improve this specificity, theengenic region between 16 and 23S
rRNA genes has been investigated for potentialgtlest strain-specific primers (Walter
et al, 2000; Tannockt al, 1999; Haarman and Knol, 2006).

Clostridiumspp.are among the dominant bacteria in the hindgutgiéfs (Konstantinov
et al, 2003; Prydeet al, 1999). Some species can use glucose to produgedoacid,
which is the preferred energy source for the calonucosa and has been implicated in
protection against colitis and colorectal canceclreet al, 1993; Wachtershauser and
Stein, 2000). In the present study, we found that. adisporicumrelated band only
appeared in DGGE profiles from piglets after adstmaition of strain S1. However, to
understand the role of this species, bathitro andin vivo studies are needed for further
investigation.

S. suisis an important cause of a wide variety of infeesion pigs, such as meningitis,
pneumonia, septicaemia, and arthritis (Clifton-tégdl1983; Vechet al, 1992).S suis
has also been described as a pathogen for humaamsd®\and Zanen, 1988; Trottedral.,
1991). In 2005, the pathogen caused a large olthoéduman infection in Sichuan
province in China. Of several hundreds of casegentitan 60 were fatal. The present
study demonstrated the existencé&oguisn the gastrointestinal tract of normal piglets. |
seemed that oral administration of strain S1 waes @binhibit the colonization o&. suis

in the hindgut of piglets after weaning indicatititat probiotic treatment can indeed
positively affect intestinal microbiota compositjoncluding the competitive exclusion of
potential pathogens.

In conclusion, the present study reinforced thadnirgy can cause a dramatic reduction in
the abundance of several microbial populations ftbe piglet hindgut, most of which
belonged toLactobacillus spp. The probiotic strain S1 may have the potenifa
promotingC. disporicumand inhibitingS. suis but further study is still needed to know
the relationships between these bacteria and armieadih.

Acknowledgements

This work was supported by a grant (2004CB1175G82n the National Basic Science
Program of China (973 Program), a grant from théddal Natural Science Foundation of
China (30025034), and the European Union through Ehropean project “Feed for Pig

143



Health” (FOOD-CT-2004-506144).

References

Altschul SF, Gish W, Miller W, Myers EW, Lipman DD990. Basic local alignment search tool. J Mol
Biol 215:403-410.

Arends JP, Zanen HC. 1988. Meningitis causedShyptococcus sui;y humans. Rev Infect Dis
10:131-137.

Blomberg L, Henriksson A, Conway PL. 1993. Inhititiof adhesion oEscherichia coliK88 to
piglet ileal mucus by actobacillusspp. Appl Environ Microbiol 59:34-39.

Canh TT, Stutton AL. 1998. Dietary carbohydrateterathe fecal composition and pH and the
ammonia emission from slurry of growing pigs. Jirfsci 76:1887-1895.

Clifton-Hadley FA. 1983Streptococcus sutgpe 2 infections. Br Vet J 139:1-5.

Favier CF, de Vos WM, Akkermans ADL. 2003. Devel@wmn of bacterial and bifidobacterial
communities in feces of newborn babies. AnaeroB@®229.

Fuller R. 1989. A review: probiotics in man andraals. J Appl Bacteridh6:365-378.

Haarman M, Knol J. 2006. Quantitative real-time P@&malysis of fecalLactobacillusspecies in
infants receiving a prebiotic infant formula. Agphviorn Microbiol 72:2359-2365.

Heilig HG, Zoetendal EG, Vaughan EE, Marteau P, ékkkans ADL, de Vos WM. 2002. Molecular
diversity of Lactobacillusspp. and other lactic acid bacteria in the humaestine as
determined by specific amplification of 16 S ribosd DNA. Appl Environ Microbiol
68:114-123.

Jacobsen CN, Nielsen VR, Hayford AE, Moller PL, Nhelsen KF, Paerregaard A, et al. 1999.
Screening of probiotic activities of forty-sevemasts of Lactobacillusspp. by in vitro
techniques and evaluation of the colonization gbdf five selected strains in humans. Appl
Environ Microbiol 65:4949-4956.

Janzcyk P, Pieper R, Smidt H & Souffrant WB. 200anges in the diversity of pig ileal lactobacilli
around weaning determined by means of 16S rRNA genplification and denaturing
gradient gel electrophoresis. FEMS Microbiol Ecbi 632-140.

Jaspers E, Overmann J. 2004. Ecological signifieamfcmicrodiversity: identical 16S rRNA gene
sequences can be found in bacteria with highly rgemet genomes and ecophysiologies.
Appl Environ Microbiol 70:4831-4839.

Kane MD, Poulsen LK, Stahl D. 1993. Monitoring terichment and isolation of sulfate reducing
bacteria by using oligonucleotide hybridization lpge designed from environmentally
derived 16S rRNA sequencespl Environ Microbiol 59:682-686.

Konstantinov SR, Zhu W-Y, Williams BA, Tammingad Vos WM, Akkermans ADL. 2003. Effect
of fermentable carbohydrates on piglet faecal bedteccommunities as revealed by

144



denaturing gradient gel electrophoresis analysi$&8 ribosomal DNA. FEMS Microbiol
Ecol 43:225-235.

Konstantinov SR, Awati A, Smidt H, Willians BA, Akkmans ADL, de Vos WM. 2004. Specific
response of a novel and abundamictobacillus amylovoruke phylotype to dietary
prebiotics in the guts of weaning piglets. Appl Emx Microbiol 70:3821-3830.

Konstantinov SR, Smidt H, de Vos WM. 2005a. Repregeve difference analysis and real-time PCR
for strain-specific quantification dfactobacillus sobriusp. nov. Appl Environ Microbiol
71:7578-7581.

Konstantinov SR. 2005b. From composition to funwiity of the porcine intestinal microbiota. PhD
thesis. Wageningen University, Wageningen, The &idhds.

Konstantinov SR, Awati A, Williams BA, Miller BG,ahes P, Stokes CR, et al. 2006a. Post-natal
development of the porcine microbiota compositiord aactivities. Environ Microbiol
8:1191-1199.

Konstantinov SR, Poznanski E, Fuentes S, Akkermab&, Smidt H, de Vos WM. 2006b.
Lactobacillus sobriusp. nov., a novel isolate abundant in the intestingeaning piglets.
Int J Syst Evol Micr 56:29-32.

Lane DJ. 1991. 16S/23S rRNA sequencing, p. 115-t7k. Stackebrandt and M. Goodfellow (ed.),
Nucleic acid techniques in bacterial systematichinJWiley & Sons, Chichester, United
Kingdom.

Mann DE, Rogosa JCM, Sharpe ME. 1960. A mediuntHercultivation of lactobacilli. J Appl Bact
23:130-135.

Mathew AG., Sutton AL, Scheidt AB, Patterson JA,INKeDT, Meyerholtz KA. 1993. Effect of
galactan on selected microbial populations and p#i\latile fatty acids in the ileum on
the weanling pig. J Anim S@il:1503-1509.

Mcintyre A, Gibson PR, Young GP. 1993. Butyrate duction from dietary fiber and protection
against large bowel cancer in a rat model. Gut&g+391.

Muyzer G, de Waal EC, Uitterlinden AG. 1993. Piiafil of complex microbial populations by
denaturing gradient gel electrophoresis analysigafmerase chain reaction amplified
genes encoding for 16S rRNA. Appl Enviorn Microls®:695-700.

Nubel U, Engelen B, Felske A, Snaidr J, Wieshuber AMnann RI, et al. 1996. Sequence
heterogeneities of genes encoding 16S rRNAsPaenibacillus polymyxadetected by
temperature gradient gel electrophoresis. J Batteri8:5636-5643.

Plant L, Lam C, Conway PL, O'Riordan K. 2003. Gattestinal microbial community shifts
observed following oral administration ofLactobacillus fermenturstrain to mice. FEMS
Microbiol Ecol 43:133-140.

Pryde SE, Richardson AJ, Stewart CS, Flint HJ. 1888lecular analysis of the microbial diversity

145



present in the colonic wall, colonic lumen, and atelumen of a pig. Appl Enviorn
Microbiol 65:5372-5377.

Sanguinetti CJ, Dias Neto D, Simpson AJG. 1994.idRsitver staining and recovery of PCR products
separated on polyacrylamide gels. Biotechniqued16£919.

Shannon CE, Weaver W. 1963. The mathematical thebrgommunication. University of lllinois
Press, Urbana, Il

Simpson JM, McCracken VJ, White BA, GaskinsH.R, MacRl. 1999. Application of denaturing
gradient gel electrophoresis for the analysis & plorcine gastrointestinal microbiota. J
Microbiol Meth 36:167-179.

Simpson JM, McCracken VJ, GaskinsH.R, Mackie RD@MDenaturing gradient gel electrophoresis
analysis of 16S ribosomal DNA amplicons to monitbanges in fecal bacterial populations
of weaning pigs after introduction of Lactobacillosuteri strain MM53. Appl Environ
Microbiol 66:4705-4714.

Suzuki MT, Beja O, Taylor LT, Delong EF. 2000. Qtitative analysis of small-subunit rRNA genes
in mixed microbial populations via 5-nuclease gssaAppl Environ Microbiol
66:4605-4614.

Stewart CS. 1997. Microorganisms in hindgut ferroentin: Mackie RI., White BA, Isaacson RE
(Eds.). Gastrointestinal microbiology, Chapman Hiadl, New York; p. 142-186.

Tannock GW, Tilsala-Timisjarvi A, Rodtong S, Munko Ng J, Alatossava T. 1999. Identification of
Lactobacillusisolates from the gastrointestinal tract, silage] goghurt by 16S-23S rRNA
gene intergenic spacer region sequence comparisdgpl Environ Microbiol
65:4264-4267.

Trottier S, Higgins R, Brochu G, Gottschalk M. 199 case of human endocarditis due to
Streptococcus suia North America. Rev Infect Dis 13:1251-1252.

Vaughan E, Mollet B, de Vos W. 1999. Functionatifyprobiotics and intestinal lactobacilli: light in
the intestinal tract tunnel. Curr Opin Biotechn6305-510.

Vecht U, Wisselink HJ, van Dijk JE, Smith HE. 19%2rulence ofStreptococcus sutgpe 2 strains in
newborn germfree pigs depends on phenotype. Iifeoun 60:550-556.

Walter J, Tannock GW, Tilsala-Timisjarvi A, Rodto8g Loach DM, Munro K, et al. 2000. Detection
and identification of gastrointestineactobacillusspecies by using denaturing gradient gel
electrophoresis and species-specific PCR primgrpl Bnviron Microbiol 66:297-303.

Wachtershauser A, Stein J. 2000. Rationale fotuh@nal provision of butyrate in intestinal disease
Eur J Nutr 39:164-171.

Wu HF, M SY, Yao W, Zhu WY. 2005. Lactic acid pradion and antagonistic effect of lactic acid
bacteria from piglet intestine. Microbiol (China}:39-84.

Zhu W-Y, William BA, Akkermans ADL. 2000. Developmiof the microbial community in weaning

146



piglets. Reprod Nutr Dev 40:180.

Zoetendal EG, Akkermans ADL, de Vos WM. 1998. Terapge gradient gel electrophoresis
analysis from human fecal samples reveals staldehast specific communities of active
bacteria. Appl Environ Microbiol 64:3854-3859.

Zoetendal EG, von Wright A, Vilponnen-Salmela Ben-Amor K, Akkrmans ADL, de Vos WM.
2002. Mucosa-associated bacteria in the human ajatststinal tract are uniformly
distributed along the colon and differ from the coumity recovered from feces. Appl
Environ Microbiol 68:3401-3407.

Zoetendal EG, Collier CT, Koike S, Mackie RI, GaskHR. 2004. Molecular ecological analysis of
the gastrointestinal microbiota: a review. J N84 #65-472.

147



CHAPTER 8

General Discussion

148



Motivation of this study

Porcine meat is the most important source of anpnatieins in China. According to the
Ministry of Agriculture of the People’s Republic 6hina, the porcine meat production in
2006 was 51.97 million tons, which is more than 60f4he total meat production of
China and 50.1% of global porcine meat productibtip(//www.info-cma.org). The
volume and safety of porcine meat is not only aimaheconomic issue, but also can
affect the social stability in China. The fluctwati of the price of porcine meat relates
directly with the quality of life of the Chinese que. Although a full ban on the use of
in-feed antibiotics hasn’t been in operation sarachina, probiotics and prebiotics as the
alternative to antibiotics have attracted incregsimterest of animal nutritionists and
livestock producers in China. Nevertheless, ther high variation in the response of the
individual animal to probiotics (Simon, 2005). Thenited knowledge of diversity and
functionality of the normal gut ecosystem providesufficient clarification of the
mechanism of probiotics and prebiotics (Abbott 200¢ursing is a major critical period
in the life of piglets. On one hand maternal ardibe are not able to cross the placenta.
Thus, piglets are born without circulating antikesliand consequently lack maternal
passive protection (Bauer et al., 2006b). On tleerohand, creep-feeding and weaning
increase susceptibility to gut disorders, infeci@nd diarrhea (Carstensenal, 2005;
Lallés, et al, 2004). Therefore a better understandf the composition and function of
the normal gut microbiota of piglets is pivotal aknowledge base for the design of
innovative nutritional strategies based on preanadbiotics to keep piglets healthy.

Aim of this study

The objectives of this study were:

+ To describe the composition and function of thestihal microbiota of piglets during
the nursing period through creep feeding and wegnin

¢+ Toin vivoandin vitro evaluate the effect of daidzein on composition fumdtion of
intestinal microbiota of nursing piglets in orderevaluate its prebiotic function

+ To investigate the probiotic effect dhctobacillus sobriusS1 on composition and
function of intestinal microbiota of nursing pigiet
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Composition and function of the intestinal microbida of nursing
piglets

For nursing piglets, weaning is a major criticatipeé because of increased susceptibility
to gut disorders, infections and diarrhea. It hasnbreported that intake of a sufficient
amount of creep feed during lactation creates a&rmgmdual transition at weaning and can
reduce the occurrence of postweaning disorders.edexy creep feed consumption during
lactation is usually low and is also highly varel@mong piglets within and between
litters (Barnett et al., 1989; Pajor et al., 1981jler et al., 2007). It is now well accepted
that the animal host largely benefits by carryingligerse and dense microbiota. This
includes an improved development of intestinaltegitim, lymphoid tissue, contributions
to host nutrition, and the colonization resistatecpathogens (Hooper and Gordon, 2001;
Backhed et al., 2005). The structure and compwosidfdhe gut microbiota reflects natural
selection at two levels: at the microbial level,emh lifestyle strategies (e.g., growth rate
and substrate utilization patterns) affect theest of individual bacteria in a competitive
ensemble; and at the host level, where suboptiomattionality of the microbiota can
reduce host fitness (Backhed et al., 2005). Theingrperiod is a critical period for the
establishment of the gastrointestinal microbiotgigfets. On one hand the microbiota is
yet un-established. On the other hand, the ho&tpigre rapidly growing, and their diet
shifts from maternal milk to solid formula. At thmicrobial level, to benefit the host,
bacteria from mother, diet and environment musbitganized in astablefood web that
aids in breaking down nutrients, provides the haigh energetic substrates, and aid in
feeding each other to form a fairly stable communit the host level, multiple levels of
selection occur according to host development ofsihogical function and immune
system associated with its rapid growth and digtisy. Early creep-feeding increases
the diversity of the microbiota and stabilizes thierobiota of piglets around the weaning
period (chapter 3). High diversity is generally ugbt to be desirable for ecosystem
stability (McCann, 2000). One important mechanisyn vihich diversity can confer
resilience is through providing of a wide reperoof responses to stress (Yachi and
Loreau, 1999). That implies that creep feeding esdificial to reduce the pressure of
weaning on the intestinal microbiota of piglets. tha other hand, experiments described
in this thesis also provided evidence that eagprfeeding can increase the instability of
microbiota of suckling piglets (chapter 3). Sometadiomponents of creep feed, such as
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soy protein, may act as feed antigansican induce an immune reaction in creep-fed pigs
(Barnettet al. 1989). The immune system is the host's first lofiecontact with the
microbiota in the gut and can be expected to plegleain shaping the microbiota (Ley

al., 2006).

Lactobacilli are important members of a healthyjabeed microbial community in the
Gl-tract. It is considered that they directly atféte host’s health. It has been postulated
that Lactobacillus spp. has several health-promoting effects. Thesdude 1)
immuno-stimulation by association with intestinalucosa, 2) alleviation of food
intolerance and allergy by production of hydrolyéinzymes, 3) prevention of diarrhea
and intestinal infections by production of lacticida acetic acid and antimicrobials
(Servin, 2004; Bengmart al, 2000; Ouwehandt al, 1999; Salmineet al, 1998).
Lactobacilli are among the early colonizers of pwcine intestine and go through a
succession over time associated with host growthtlaa drastic shifts in diet (chapter 4).
Within the Lactobacillus community, some members like.. reuteri and L.
amylovorus/sobriugunction as entrenched residents, while othert sist.. delbrueckii,

L. acidophilusand L. crispatuscan be regarded more as allochthonous and transien
members derived from ingested feed, water, and ehneironment (chapter 4;
Konstantinov et al., 2006). Creep feed can chahgepattern of diversity fluctuation of
the Lactobacilluscommunity. For piglets with creep feeding, the taisvious fluctuation

of diversity could be observed between creep fepdimd weaning (chapter 4), whereas
for piglets without creep feeding, it happened witbne week after weaning (chapter 7,
Fig 7. 4).

Daidzein as a potential prebiotic to support porcie growth and
health

A prebiotic has been defined as a nondigestible fiogredient that beneficially affects
the host by selectively stimulating the growth andictivity of one or a limited number
of bacteria in the colon that can improve host the@bibson, 2004). In order for a food
ingredient to be classified as a prebiotic, it mljsbe neither hydrolyzed nor absorbed in
the upper part of the gastrointestinal tract; 2galselective substrate for one or a limited
number of beneficial bacteria commensal to the rgolehich are stimulated to grow
and/or are metabolically activated; 3) consequebtyable to alter the colonic microbiota

151



in favor of a healthier composition; and 4) indwystemic effects that are beneficial to
the host health (Gibson, 1995).

Soybeans and soy products are the most signifidietary sources of daidzein and its
glycoside daidzin (Cowaret al, 1993; Wanget al, 1994). All soybean proteins and
foods currently available for human and animal aonsignificant amounts of daidzein
and/or daidzin. Daidzein and other isoflavonespimgoestrogens, and their bioactivity in
humans and animals has been well reviewed (Kunzeér<a, 1997; Murkie®t al, 1998;
Setchell, 1998; Hawet al, 2006). Setchell et al. (2002a) clearly showeat thoflavone
glucosides (daidzin) are not absorbed intact acttesenterocytes of healthy adults. Its
bioavailability requires initial hydrolysis of theugar moiety by intestingd-glycosidase
activity before uptake into the peripheral circidat It is generally accepted that this does
not occur until the compounds reach the coloniaohiota, which producg-glycosidase
(King and Bursill 1998). Day et al. (2000) foundathlactase phlorizin hydrolase, a
B-glycosidase present in the brush border of the mairan small intestine, is capable of
hydrolyzing isoflavone glycosides. Neverthelesssubstantial amount of isoflavone
glycosides degradation in the large intestine canekpected because of the limited
residence time of food compounds in the small tmesand a possible decrease of lactase
phlorizin hydrolase levels into adulthood (Harvéyak 1995). Its aglycone (daidzein) can
further undergo the fermentation by human and anintastinal bacteria. It has been
convincingly shown that colonic microbiota play iamportant role in the metabolism of
daidzin and daidzein. The hydrolyzation of isoflagoglycosides can stimulate their
absorption, and their further conversion (espee@lol-production) can enhance their
estrogenic potencyn vivo (review by Setchelet al, 2002b). Up to now eight strains
involved in the conversion of daidzin and daidZeave been isolated from human feces,
and single isolates have been obtained from ratucaeand the rumen, respectively.
Besides the degradation of daidzin and daidzeiguiymicrobiota, the multiplication of
some bacterial species promoted by daidzin andzdmichas been also observed clearly.
De Boeveret al (2000) studied the effect of a soygerm powdeh fit 3-glycosidic
isoflavones (daidzin and genistin) on the fermeomapattern of the colon microbiota of
healthy humans by using the Simulator of the Hurirdastinal Microbial Ecosystem
(SHIME). The supplement of 2.5 g/d of soygerm powaich provided 62.5 mg/d of
isoflavone promoted an overall increase of popaitetiof Enterobacteriaceaecoliforms,
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Lactobacillusspp.,Staphylococcuspp. andClostridiumspp., with a significant increase
of the Lactobacillusspp. population. The short-chain fatty acid (SCEaAnhcentration
increased with 30% during the supplementation periwhich was due mainly to a
significant increase of acetic and propionic acidss is in line with the results of our
vitro evaluation (chapter 5), which showed that 50 mgflLdaidzein does not affect
Lactobacillus community composition in ileal and colonic chyme piglets in batch
incubations, but it significantly increased ovenalative abundance of lactobacilli. The
proportion of propionate in TVFA by all inocula,dtactate production by foregut inocula
were increased remarkably by daidzein. Theseitwatro studies have provided direct
evidence that daidzein and its glycoside can esaldctive growth promoting effects on
members of the human and porcine intestinal miotabiespecially lactobacilli (Fig. 8.1).
Furthermore, research described in chapter 6 shawed vivo effect of daidzein on the
colonic microbiota composition of piglets. One mgalosupplement of daidzein to
suckling piglets at 7, 9 and 11 days of life indiidke appearance of three populations
that were most closely related tG@lostridium butyricum a yet uncharacterized
butyrate-producing bacterium within the clostridind Ruminococcus obeym
respectively, and the disappearance of some bacespecially within the genus
Streptococcusfter weaning.

Furthermore, daidzein can increase the survivalaitobacillusspp. in bile salt. De
Boeveret al (2001) investigated the survival bactobacillus reuteriwhen challenged
with glycodeoxycholic acid (GDCA), deoxycholic ac{®CA) and soygerm powder.
When 4 g /L soygerm powder (including 44.9+ 8bl/L and 12.4 +2.9umol/L for
daidzein and genistein, respectively) was addezl, @lectobacillusstrain survived the bile
salt burden better (P < 0.05) and the membrane ganmathe haemolysis test decreased
(P <0.05). Suet al (2005) confirmed this observation using the pgigheit isolate
LactobacillussobriusS1. With 50 mg/ L supplement of daidzein, the 8dvisal counts
increased significantly under bile salt conditioiifie antioxidant property of daidzein
should be the reason that it can decrease the dagnaffect that bile salt have on
lactobacilli. Zavodnik (2003) reported that ratatiraent with genistein-8-C-glicoside (75
mg/kg) had a clear protective effect, stabilizedmbeane structure and improved the
parameters of the monooxygenase function.

In conclusion, daidzein has prebiotic potential doss improved porcine growth and
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health, however, the mechanisms of the beneficitdces of daidzein are various
comparing to commonly used prebiotics, such aséigcharides.

-

Degradation by microbiot Microbiota Growth promotion by sidzir
daidzi > and daidzein:

aidzir

Enterobacteriaceae
coliforms,

daidze
Staphylococcuspp.

l Clostridium butyricum
dihydrodaidzein Ruminococcus obet
(DHD)l

equol and Improvement of growth|
O-desmethylangolensin performance and health
(O-DMA) of human and animal

Fig 8.1. the possible relationship between intestinicrobiota, daidzein and host health.

Lactobacillus sobrius S1: a member of the porcine resident
microbiota and its probiotic potential

A recent formal definition of probiotics was agragibn by a working group of European
scientists and given as a live microbial feed seimant that is beneficial to health
(Salminen and others 1998). The following critaniast be met before a probiotic can be
described as useful (Fuller 1991 and 1992): 1) pitmdiotic must be capable of being
prepared in a viable manner and on a large scaje {er industrial purposes). 2) During
use, and under storage, the probiotic should remialie and stable. 3) It should be able
to survive in the intestinal ecosystem. 4) The fawstnal should benefit from harboring
the probiotic.

Within a given intestinal habitat, some microbiakmbers function as entrenched
“residents” (autochthonous components), while ahect more like hitchhikers
(allochthonous members) from ingested food, waderd various components of our
environment (Leyet al, 2006). This has also recently been shown forhimman gut
microbiota, where high throughput analysis of fezainples of healthy volunteers taken
over a period of 10 years using a comprehensive DiNéoarray platform, the Human
Intestinal Tract Chip (HITChip), has provided ewide for a subject-specific core
microbiota stable in time (Raj#iStojanové, 2007). These core residents can be inherited
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vertically from the mother, can maintain and resttiremselves through self-replication,
and can be the mutualists to the host. Consequémtlyhealthy gut ecosystem is in a
dynamic stable situation (Backhetlal, 2005; Leyet al, 2006). This may be the reason
why the probiotics are likely to function when thest is in some sort of stressed state,
such as weaning and diarrhea. Furthermore, a grolstrain derived from the resident
members of the intestinal microbiota of a spedifast may be able to survive in the
intestinal ecosystem easily. In contrast, Bouhnik a& (1992) indicated that a
Bifidobacterium spingested from fermented milkas rapidly washed out of the colon
when it was no longer consumed.

Lactobacillussobrius S1 is anL. amylovoruslike isolate derived from piglet intestine
(chapter 4), which is stably present in the colois closely related to the type straln,
sobriusOTU171-001, previously isolated from the intestrigiglets (Konstantinoet al,
2006). S1 can rapidly produce lactate and decriisaseH value of medium. Consequently,
it could also be shown to inhibit growth &. coli K88, K99, 987P and O141. The
production of lactate should be the main reasothaif effect, because heat treatment and
protease treatment only slightly decreased thébitiin, whereas it was reduced by 47%
to 78% after excluding the effect of lactate (Wwakt 2005a). S1can survive in medium
with pH 1.5 for 30 min, and can survive in mediunthvwa low concentration of bile salts
below 0.2%. S1 was also shown to tolerate heattntiesat for 5-15 minutes at
temperatures below 80°C (Wu et al., 2005b). Thesailts indicate that S1 can be
industrially processed during feed manufacturimgl @an remain viable and stable during
storage. During use, it can survive the presencgastric acid and bile salt, and thus
survive in the intestinal ecosystem.

The probiotic function of a S1 preparation was eatdd by a limited number of animal
trials. 32 litters of newborn piglets were dividedo four groups, control, and three S1
treatment groups that received’ I0FU-ml*, 10 CFU-mi*or 10" CFU-mi* of the S1
preparation, respectively, through oral adminigtraat 7, 9 and 11 days of age. Results
showed that all S1 oral administrations signifitamtecreased the occurrence of piglet
diarrhea, with the most remarkable effectiveness®CFU-mi*administration, namely a
reduction to 4.4% from 9.1% of the diarrhea levelsserved in the control group
(unpublished data). Such dose-dependent differemcedficacy of probiotic treatment
have also been recently described for treatmemtoshen suffering from irritable bowel
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syndrome with a bifidobacterial preparation (Whdivet al., 2006). The other trial used
120 litters of piglets from three different farnzsdvaluate the effect of an S1 preparation
on growth performance and the occurrence of diartheough 18 CFU-mi*of S1 oral
administration at 7, 9 and 11 days of age. Reshitsved that the average body weight
gain of the treatment group increased 9.5% comgadarthe control group. This is in line
with previous observations from a trial, where ttesely related probiotic straihb.
sobriusOTU171-001 was given to weaned piglets challengigd ETEC (Konstantinov,
2005). The occurrence of diarrhea in the treatrgemiip was apparently less than control
group, 3.1% and 19.7% respectively (unpublishe@d)ddthese results showed that the
host piglets gain benefits from oral administratidr&1 preparation.

The underlying mechanism has been partly investgat studies described in chapter 7.
Weaning can cause a dramatic reduction in the amno®ed of several microbial
populations from the piglet hindgut, most of whiélonged td_actobacillusspp. S1 had
the potential of promoting beneficial bacteria amubiting potential pathogens. S1 could
also increase the VFA concentration in the colompigfets, with an increase of butyrate
concentration (Swet al, 2006). The improvement of gastrointestinal depgient has
been observed in the same piglet trial as well éLwal., 2006). S1 could increase the
number of oxyntic cells in the fundic gland of @t after weaning (P <0.01) and could
increase the height of duodenal villi.

Thus, oral administration dfactobacillussobrius S1 can positively affect host piglet
health and its intestinal microbiota. S1 is a ptétmprobiotic strain for porcine growth
and health, reinforcing previous findings obtainexing L. sobriusOTU171-001 as a
probiotic in weaning piglets challenged wicoli K88(Konstantinov, 2005).

Conclusion and perspective

This thesis leads to several general conclusiopsEatly creep-feeding stabilizes the
microbiota of piglets around the weaning periodLagtobacilluscommunities follow a
successional change associated with piglet growith diet shifting. Creep feeding
stabilizes thelLactobacillus community of weaning piglets. Within theactobacillus
community, some members likereuteriandL.amylovorus/L.sobriusight be permanent
colonizers, whild_.delbrueckii,L.acidophilusandL.crispatusmight be transient members
of the Lactobacilluscommunities in the piglet's Gl tract. 3) Baih vitro andin vivo
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evaluations indicated that daidzein has the pakftr use as a prebiotic substance in
animal feed. 4) actobacillussobriusS1 has the potential of promoting beneficial baate
and inhibiting potential pathogens.

The prebiotic effect of daidzein and the probiatftect of LactobacillussobriusS1 have
been observed in this thesis, and the protectiofloby daidzein has been reported (De
Boeveret al 2001; Suet al, 2005). The combined use of daidzein &mattobacillus
sobriusS1 will be of interest for future research. Torifjathe function of the intestinal
microbiota, the integration of research areas heccombination of cultivation-dependent
and molecular methods, including functional gen@naipproaches, will require additional
attention.
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Although a full ban on the use of in-feed antilisthasn’t been in operation so far in
China, probiotics and prebiotics as the alternatoventibiotics has attracted increasing
interest of animal nutritionists and livestock puodrs in China. Nevertheless, there is a
high variation in the response of the individuainaals to probiotics (Simon, 2005). The
limited knowledge of diversity and functionality tfie normal gut ecosystem provides
insufficient clarification of the mechanism of protics and prebiotics (Abbott 2004).
Nursing is a major critical period in the life oigfets. On one hand maternal antibodies
are not able to cross the placenta. Thus, pigtetbarn without circulating antibodies and
consequently lack maternal passive protection (Bati@l., 2006b). On the other hand,
creep-feeding and weaning increase susceptibdityut disorders, infections and diarrhea
(Carstenseret al, 2005; Lalles, et al, 2004). Therefore clarifioatiof the composition
and function of the normal gut microbiota of piglét pivotal as a knowledge base for the
design of innovative nutritional strategies bas&dpoe-and probiotics to keep piglets
healthy.

The objectives of this study were to describe tramosition and function of the intestinal
microbiota of piglets during the nursing periodidgrcreep feeding and weaning, ito
vivo andin vitro evaluate the effect of daidzein on composition fmattion of intestinal
microbiota of nursing piglets in order to evaluaseprebiotic function, and to investigate
the probiotic effect of.actobacillus sobriuss1 on composition and function of intestinal
microbiota of nursing piglets.

Isoflavones are a certain class of estrogenic comg® that are often associated with a
reduced risk of cancers. Their estrogenic acticay be enhanced after metabolization
into more active compounds such as equol by gutamiganisms. The direct use of these
metabolites has been investigated in laboratosyaatl farm animals over the last decade.
Chapter 2 reviews the research progress on metabolism d@ifigmes in the intestinal
tract. This includes the role of intestinal micratai in its metabolism, isolation of
isoflavone-degrading bacteria and the relationsi@fwveen equol-producing capacity and
the composition of individual microbiota, arnlde research progress with respect to the
effect of isoflavonic compounds including metabedit on the physiology, gut
microbiology and performance of farm animals inr@hi
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Chapter 3 describes the monitoring of the development amdrdity of the fecal bacterial
community of 5 newborn diarrhea piglets, which webserved with yellow soft feces at
2 days of age using a 16S ribosomal RNA (rRNA) apph. DGGE profiles of 5 piglets
changed from simple (day 2) to complex (day 10)d #men from simple (day 16) to
complex (at weaning, day 28) again, and finally aerad relatively stable and diverse
after weaning. DGGE profiles from fecal samplesetalon day 2 and 16 were highly
simple and similar, and dominated by a single baodesponding t&E. coli DGGE
profiles from day 10 fecal samples were more comy@ed the band correspondingEo
coli was still present, albeit not predominantly. DG@&files from day 35 and 42 fecal
samples became complex again, while their predamhibands remained similar and
stable. 16S rRNA gene sequence analysis revea#dtlth 23 clones from the library
generated from fecal samples of day 42 health (gigiere most closely related to species
of Enterococcus Streptococcus Clostridium Peptostreptococcus, Lactobacillusnd
Bacillus

Molecular diversity and development of thactobacilluscommunity in the intestinal
tract of conventionally raised piglets, as influeddby age, diet and gut compartment were
studied inchapter 4 DGGE profiles revealed that theactobacilluslike communities
throughout the Gl tract from duodenum to rectumwskthgood stability at same age. Two
dominant bands were found for microbiota in thesues of the small intestine. This
indicates that thdactobacilli in chyme can adhere to the small it wall. The
Lactobacilluscommunities in different Gl tract compartments eleped over time. A
successional change afactobacillus communities was observed from birth, through
creep feeding to one week after weaning, with adrfeom simple to complex and again
to simple. Furthermore, a clone library bfctobacillusspecific PCR products was
generated from jejunal and colonic digesta. Thaedocorresponding to dominant DGGE
bands were matched with sequences derived fraeuteri, L.delbrueckii, L.crispatus,
L.amylovorus/L.sobriusandL.acidophilus Amplicons related td.reuteri were found in
all DGGE fingerprints from jejunal digesta of weé&k 3 and 4. Amplicons related to
L.amylovorusand L.sobriuswere detected in all DGGE fingerprints from colodigesta

of piglets of 1, 3 and 4 weeks of age. Ampliconsitezl toL.delbrueckiiwere found
before weaningl..crispatusafter creep feeding before weaning, dndcidophilusafter
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weaning. This indicates thhtreuteriandL.amylovorus / L.sobriuprobably belong to the
permanent colonizers, wherdaslelbruckii,L.acidophilusandL.crispatusmore likely are
transient inhabitants of the piglet Gl tract.

In vitro investigation of the impact of the phytoestrogemddein on compositional and
functional aspects of the porcine ileal and coldmctobacilluscommunity during the
nursing period was conductedahapter 5. lleal and colonic chymes from one litter of 12
conventionally raised piglets, which were euthadiiae 1, 2, 3 (weaning) and 4 weeks of
age (3 animals each), were used as inocuia witro treatments, respectively: Van Soest
medium with (a) 0.5g of glucose and 5mg of daidzém 0.5g of glucose, and (c) Van
Soest medium only. After 48 h of fermentation, tle@al microbiota produced more gas,
more total volatile fatty acid (TVFA) and more lactcid than the colon microbiota on
week 1. On week 4, more gas and TVFA were producetthe colonic fermentation.
Daidzein did not affect DGGE patterns of thactobacilluscommunity. Dilution PCR,
however, indicated that daidzein increased thetivelaabundance olactobacillus
irrespective of intestinal compartment and piglge.arhis was confirmed by MRS plate
counts and lactic acid production, and the ressitggest that daidzein may have the
potential for use as a prebiotic substance in arfieeal.

The in vivo effect of daidzein on the intestinal bacterial commities of piglets was
studied by 16S rRNA-based techniquescimapter 6 Within 3 litters, piglets were
randomly allocated to two groups: control and wesit group. The piglets of the
treatment group were fed 1 mg of daidzein as puteet orally on day 7, 9 and 11. All
piglets were weaned on day 21. One piglet fromeliter of each group was randomly
slaughtered on day 14, 21, 24 and 35, respectiajets of the treatment group showed
a higher bacterial diversity and more DGGE bandspared with those of the control
group on days 24 and 35. Three DGGE bands obsanvib@ control were absent in the
treatment group profiles. Cloning and sequenceyaisalevealed that the corresponding
populations were mostly closely related @ostridium thermocellumLactobacillus
pontisandStreptococcusp., respectively. Three other DGGE bands weresptemly in
the treatment group, and their corresponding sempseexhibited highest similarity to that
of Butyrate-producing bacterium SL7/Xlostridium butyricum and Ruminococcus
obeum respectively.
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Chapter 7 described changes in the composition of microbiotthe hindgut of piglets
after oral administration dfactobacillussobriusS1, using molecular techniques based on
16S rRNA genes. Six litters of neonatal piglets evdivided randomly into a control
group and a treatment group. At 7, 9, and 11 d&ymye, piglets in the treatment group
orally received a preparatiaf L. sobriusS1. At 7, 14, 21(weaning), 24 and 35 days of
age, one piglet from each litter was sacrificed diggsta samples from the hindgut were
collected. DGGE analysis for all bacteria showeat geveral populations present in the
hindgut of piglets, represented by far-migratingnd® disappeared after weaning.
Sequence analysis indicated that most of thesesbemrlesponded tbactobacillusspp.
This trend was also confirmed by quantitative teak PCR. Drastic changes &f
amylovorusandL. sobriusin total Lactobacilluspopulations were also observed in the
colon of piglets around weaning, as monitored Uactobacillusspecific PCR-DGGE
analysis. Comparison of DGGE profiles between @rand treatment groups revealed a
specific band related t€lostridium disporicumthat was found only in the treatment
group on day 14. On day 35, a specific band appeardy in the control group,
representing a population most closely related e potential porcine pathogen
Streptococcus sui®9%). Species-specific real-time PCR revealed ttatpopulation of

L. sobriusdeclined apparently in the colon of piglets aftexawing, while it tended to
re-establish earlier after oral administration tois S1.

Finally the main achievements of the current stady discussed. This thesis leads to
several general conclusions: 1) Early creep-feedtadpilizes the microbiota of piglets
around the weaning period. Ractobacilluscommunities follow a successional change
associated with piglet growth and diet shiftinge€p feeding stabilizes thectobacillus
community of weaning piglets. Within tHeactobacilluscommunity, some members like
L.reuteri and L.amylovorus/L.sobriusnight be permanent colonizers, whileelbruckii,
L.acidophilusandL.crispatusare more likely to be transient members oflthetobacillus
communities in the piglet’s Gl tract. 3) Bothvitro andin vivo evaluations indicated that
daidzein has the potential for use as a prebiattsitize in animal feed. 4)actobacillus
sobriusS1 has the potential of promoting beneficial baatend inhibiting pathogens.
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In tegenstelling tot de Europese Unie bestaat &hima nog geen volledig verbod op het
gebruik van antibiotica als groeibevorderaars. Mé&t elders wordt gezocht naar
alternatieven,.Men onderzoekt speciaal de mogelgkin van probiotica en prebiotica als
alternatieven voor dit soort antibiotica. Het krijgsteeds meer aandacht van
voedingsdeskundigen en veehouders in China. Egrizeer grote variatie in reacties van
individuele dieren op probiotica (Simon, 2005). @kennis van de diversiteit en functies
van het normale darm ecosysteem is nog beperkt enh@bben geen eenduidige
verklaring voor het werkingsmechanisme van prob#&#nd prebiotica (Abbott 2004).

De zoogperiode is een belangrijke en kritische faseet leven van biggen. Aan de ene
kant kunnen maternale antilichamen de placenta passeren. De biggen worden dus
geboren zonder circulerende antilichamen en zjsen de passieve bescherming “door
deze antilichamen (Bauer et al.,2006b). Aan de ranki@nt kunnen bijvoeding en spenen
de gevoeligheid voor darmstoornissen, infectiesliarree doen toenemen (Carstensen
al., 2005; Lalles, et al, 2004). Daarom is kennis aersamenstelling en functie van de
normale darm microflora van essentieel belang onovatieve voedingsstrategieén te
kunnen ontwerpen op basis van pre- en probiotict atee doel de biggen gezond te
houden rond de speenperiode.

De doelstelling van dit onderzoek was het omscanjwan enkele aspecten van
samenstelling en functie van darm microflora bgden gedurende de hele zoogperiode
en gedurende het deel van de zoogperiode waargembigijvoeding krijgen. De studie
omvatte ook de periode rond het spenen. Midutelsvo andin vitro methoden werd het
effect van daidzein (een isoflavoon uit soja) nagegop samenstelling en functie van
darm microflora van biggen gedurende de zoogperiddeel was de mogelijke
prebiotische functies van daidzein te onderzoek@marnaast werd een mogelijk
probotisch effect varLactobacillus sobriusS1 op samenstelling en functie van darm
microbiota van biggen gedurende deze levenspehediideerd.

Isoflavonen behoren tot een groep van oestrogempaoenten die geassocieerd worden
met verminderd risico voor bepaalde typen kanker.oBstrogene activiteit van Dadzein
kan nog verhoogd worden nadat de darm microfleta daidzein omgezet heeft in
componenten die meer actief zijn zoals equol. leergk van deze metabolieten in plaats
van daidzein zelf is gedurende de laatste 10 jader@ocht bij laboratorium ratten en bij
landbouwhuisdieren.
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Hoofdstuk 2 geeft middels een literatuurstudie een overzidr de voortgang in het
onderzoek naar het metabolisme van isoflavonersaja in het maagdarmkanaal. Het
beschrijft aspecten van (1)de rol van micro-orgaeis voor dit metabolisme (2) ,de
isolatie van isoflavoon-afbrekende bacterien inragagdarmkanaal (3) de relatie tussen
het vermogen om equol te produceren uit daidzeig4¢rde relatie van deze 3 met de
samenstelling van de microflora. Er wordt een oéitzgegeven van de vooruitgang in
het onderzoek met betrekking tot het effect vanflasone componenten en hun
metabolieten op dieren. Hierbij wordt gekeken ndgsiologische aspecten naar
darmmicrobiologie en naar productie van landbousgdiieren in China.

In Hoofdstuk 3 wordt beschreven hoe de ontwikkeling van de darrorafiora en de
diversiteit in fecale microflora verloopt in 5 biggy die vanaf een paar dagen na de
geboorte gevolgd werden. Deze 5 biggen werden gekamdat ze geboorte diarree
hadden. Deze diarree wordt gekarakteriseerd doer zgehte mest op een leeftijd van
twee dagen. De microflora werd bestudeerd met gahaking van de 16S ribosomale
RNA (rRNA) benadering. DGGE profielen van bacteriéghde mest van deze 5 biggen
veranderde van vrij eenvoudig (op dag 2) tot compde dag 10) en vervolgens weer van
vrij eenvoudig (op dag 16) tot complex bij spenep (lag 28). Na het spenen bleef de
darm microflora relatief stabiel en divers. DGGBf@len van mest monsters genomen
op dag 2 en dag 16 waren niet erg divers en lekenelgaar. Het profiel werd
gedomineerd door een enkele band die corresporelesgtide aanwezigheid vén coli.
DGGE profielen in mestmonsters vanaf dag 10 waesl meer complex. De band die
correspondeert mé. coli was bij de oudere dieren nog wel aanwezig madrmmezr zo
dominant. DGGE profielen in de mest van deze diesndag 35 en dag 42 werden veel
complexer met dezelfde dominante en stabiele bari& rRNA gen sequentie analyse
liet zien dat de 23 klonen van de bibliotheek degenereerd werden uit mest monsters
van gezonde biggen van dag 42 het meest overeamémvenet soorten vaanterococcus
StreptococcuLlostridium Peptostreptococcus, LactobacillaaBacillus

Moleculaire diversiteit en ontwikkeling van deactobacillus gemeenschap in het
maagdarmkanaal van biggen die op conventioneleenammrden gehouden is beschreven
in hoofdstuk 4. DGGE profielen gaven aan dat dectobacillusachtige microbiéle
gemeenschappen van duodenum tot rectum een goabiéitesit hadden bij dezelfde
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leeftijd. Twee dominante banden voor lactobacilkerden gevonden in monsters van
dunne darmweefsel. Dit laat zien datldetobacilli in de chymus ook aanwezig kunnen
zijn aan de wand van de dunne darm.. Dactobacillus gemeenschappen in de
verschillende compartimenten van het maagdarm kamaaikkelen zich in de tijd met
het veranderen van de leeftijd van de big. Er weeth soort opvolgingsverandering
waargenomen ihactobacillusgemeenschappen vanaf geboorte tot bijvoedingnsjaie
zoogperiode en later tot een week na spenen. Dd tvas van eenvoudig tot complex
en later opnieuw naar eenvoudig. Bovendien werd &®on bibliotheek van
Lactobacillusspecifieke PCR producten gegenereerd uit chymusjejanum en colon.
De klonen corresponderen met dominante DGGE baedesequentie analyse wees uit
dat ze afkomstig waren vdnreuteri, L.delbrueckii, L.crispatus, L.amylovofusobrius,
enL.acidophilus De amplicons die gerelateerd waren imetuteriwerden waargenomen
in alle DGGE fingerprints uit chymus van jejunurmvaiggen die 1, 3 en 4 weken oud
waren. Amplicons die gerelateerd waren haamylovorusen L.sobriuswerden ontdekt in
alle DGGE fingerprints uit chymus van colon afkoignstan al deze biggen. Amplicons
gerelateerd aah.delbrueckiiwerden gevonden in chymus van biggen voor hetespen
Verder werdL.crispatusgevonden na bijvoeren tijdens de zoogperiodé.anidophilus
na het spenen. Dit geeft aan dateuteri en L.amylovorus / L.sobriusvaarschijnlijk
behoren tot de permanente kolonisatoren, teridjtielbruckii, L.acidophilus en
L.crispatus waarschijnlijk meer de tijdelijke bewoners van hmaagdarmkanaal van
biggen zijn.

In vitro onderzoek naar de impact van het phytoestroge@reala op aspecten van
samenstelling en functie van tactobacillusgemeenschap in ileum en colon gedurende
de zoogperiode is beschreven hoofdstuk 5 Chymus uit ileum en colon van 12
conventioneel gehouden biggen van een toom werddmuidgt als inocula. Steeds
werden3 biggen geeuthaniseerd op een leeftijd waaek, 2 weken, 3 weken (bij spenen)
en 4 weken. De chymus inocula werden voor driechgitendein vitro behandelingen
gebruikt: Van Soest medium met (a) 0.5g glucoséreg daidzein, (b) 0.5g glucose, en (c)
alleen Van Soest medium. Na 48 uur fermentatie ymeerde de ileale microflora uit
biggen van 1 week oud meer gas, meer viuchtigauxenz(TVFA) en meer melkzuur dan
de colon microflora van dezelfde biggen. Echteocliia uit de colon van biggen van 4
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weken oud produceerde meer gas en meer TVFA damulen uit het ileum. Daidzein
had geen effect op DGGE patronen vanldetobacillus gemeenschap. Analyse met
Dilution PCR, liet echter zien dat daidzein zorgder relatief hogere aantallen van
Lactobacillus na incubatie met inoculum uit alle darmdelen emflbankelijk van de
leeftijd van de biggen. Dit werd bevestigd door MR&attellingen en melkzuur productie
cijfers. De resultaten suggereren dat daidzein atenpie heeft om als prebioticum in
diervoeder te worden gebruikt .

Het in vivo effect van daidzein op de microflora in de darm éggen werd bestudeerd
met kweek-onafhankelijke 16S rRNA-gebaseerde tedfem. Dit onderzoek is
beschreven imoofdstuk 6. In drie tomen werden de biggen ad random toegewean
een van twee behandelingen: controle of behandelibg biggen van de
behandelingsgroep kregen oraal 1 mg daidzein al®rzaxtract in ondermelk telkens op
dag 7, 9 en 11. De controle dieren kregen alleelenelk. Alle biggen werden gespeend
op dag 21. Telkens werd een big van elke toom W leehandeling ad random gekozen
en geeuthaniseerd op respectievelijk dag 14, 2k235. Biggen die behandeld waren
met daidzein toonden op dag 24 en ook op dag 35ge®Bre diversiteit in bacteriele
microflore. Er werden meer DGGE banden bij dezeetiavaargenomen in vergelijking
met de controle dieren. Drie DGGE banden die waemgen werden bij controle dieren
waren niet te zien in profielen van de met daidze@ihandelde dieren. Kloneren en
sequentie analyse lieten zien dat de corresponderpopulaties het meest gerelateerd
waren aanClostridium thermocellumLactobacillus pontisen Streptococcusp.. Drie
andere banden werden alleen gezien in de behandeden en correspondeerden met
sequenties die grote overeenkomst hebben met tespdigk die van
butyraat-producerend bacterium SL7AZIgstridium butyricumenRuminococcus obeum

Hoofdstuk 7 beschrijft de verandering in samenstelling vammilerobiota in de einddarm
van biggen na orale toediening viaactobacillussobriusS1, Hierbij werden moleculaire
technieken gebaseerd op 16S rRNA genen gebruilst.t@®men van pasgeboren biggen
werden gebruikt. Biggen van elke toom warden adioem ofwel aan de controle groep
ofwel aan de behandelingsgroep toegewezen. Oplesftid van 7, 9, enll dagen
kregen de biggen van de behandelings groep oragbreparaat mdt. sobriusS1 en de
controle dieren kregen alleen de drager. Telkensleveop dag 7, 14, 21 ( bij het spenen)
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en op dag 24 en 35 een big van elke behandelinglkartoom geeuthaniseerd en chymus
monsters verzameld uit het einde van de dikke d®@GE analyse voor alle bacterien
liet zien dat meerdere populaties die aanweziginijhet laatste deel van het maagdarm
kanaal van biggen verdwenen na het spenen. Sequaraiyse toonde aan dat de meesten
van deze banden, welke gevonden werden in het stedgedeelte van de DGGE |,
correspondeerden meactobacillusspp. Deze trend werd ook bevestigd met behulp van
guantitatieve real-time PCR techniek. Er werderr zigete veranderingen in populaties
van L. amylovorug L. sobriusen in totaleLactobacilluswaargenomen in het colon van
biggen rond het spenen. Dat werd geconcludeertagtobacillusspecific PCR-DGGE
analyse. \ergelijking van DGGE profielen van midoth uit controle- en
behandelingsdieren laat zien dat de specifieke bgacklateerd aarClostridium
disporicumalleen werd gevonden in dieren uit de behanddiiregp van 14 dagen oud.
Een andere specifieke band verscheen alleen inwhyan controle dieren van 35 dagen.
Deze is representatief voor een populatie die hetsingerelateerd is aan de potentieel
pathogeneStreptococcus sui§99% sequentie overeenkomst). Specifieke kwarditati
PCR liet zien dat de populatie vdn sobrius na het spenen van de biggen sterk
verminderd was in het colon, maar sneller hersteiddieren die behandeld waren met
stam S1.

In hoofstuk 8 worden de meest belangrijke bevindingen besprokende studies zoals
die beschreven zijn in dit proefschrift.. De melstangrijke conclusies zijn: 1) Vroeg
bijvoeren draagt bij aan een stabilisatie van derefiora van biggen rond het spenen. 2)
De Lactobacillus gemeenschap is onderworpen aan veranderingen irijdjedie
samenhangen met toenemende groei van dieren emdeeirsgen in de voeding.
Bijvoeding stabiliseert deactobacillusgemeenschap rond het spenen. Enkele populaties
zoalsL.reuteri en L.amylovorus/L.sobriugijn waarschijnlijk permanente koloniseerders,
daarentegen komet.delbruckii, L.acidophilus en L.crispatus waarschijnlijk alleen
gedurende korte tijd voor in de darm van de biggdnZowelin vitro als ookin vivo
metingen hebben uitgewezen dat daidzein potenteft heds prebiotisch additief in
diervoeding. 4)Lactobacillussobrius S1 kan mogelijkerwijs de goedaardige microflora
bevorderen en potentieel pathogene bacterién remmen
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REFEEMEREEIY ARSI LEEARLER  BERFEZNLERERXHHRN
EEERRELSIBTERESENNYERFENSEXNBNEN. AN , mEXHE
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INF3EE5. BERFEEM T EE(Carstensen et al, 2005; Lallés, et al, 2004), H it ,
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IWHEER , FIAENEE PCREREET 16Sr RNA BRI S FEVER AR RESE
Bk Lactobacillus sobrius S1 S {F B EMEYMX REHMEN B =M.
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PCR/DGGE HARN —E#MEREFBEEMEYXRWARIERE#IT T IRER , SUHF
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51¥# PCR/DGGE HARMZE T HRME BN FHEFEATEFHLEHFEENT N, &
EE  BAARXBEARLEEAITES RS YM PCRIDGGE HARAMRET KEXR
( daidzein ) N EIATERLEWNKEN TN, E/-E , PCRIDGGE H AWM
AARAZ X ( daidzein ) & , BEMEVXREARNE, FLE , FIAEREE PCR
ZET 16S (RNA ERM D FEYNFERRAART I EEFEBENZEEK
Lactobacillus sobrius S1 FEF3E O RIREF , WA ERFEMEY X RARN T,

ZRET NBEHARETREFEMDNNMENXR, )HEERBEHIERY
ZHNRETREDEITEFNEWENES. TREDTREMDTEAITERENSG
o L. reuteri F L. amylovorus / L. sobriuSTeE R FHEFEF KA FENIMTE , M
L. delbruckii,L. acidophilus# L. crispatus U AIgE 2 F3EMEFEHEENIITE. 3)
RN AR ITUEBA K E % ( daidzein) RN YARIE — AL FHERKIR. 4) =
A B#K LactobacillussobriusS1EEBE#H A RE., MHIHBREENER,
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