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Résumé

Le sevrage est une des périodes les plus critignggoduction porcine a cause d'une
plus forte sensibilité des animaux aux probléméssiinaux et aux infections suite aux
stress psychologique, social, environnemental @nealtaire interférant avec le
développement du tube digestif. Cette période diilia été maitrisée durant des
décennies par lincorporation d'antibiotiques ddiaBment. Cependant, depuis le
1%" Janvier 2006, cette pratique est totalement iiteegthns I'Union Européenne. Dans
ce contexte, de nombreuses alternatives sont ésiddous avons choisi le colostrum
bovin pour sa richesse en éléments essentielsrmusien peptides bioactifs connus
pour leurs propriétés promotrices de croissan@ntmicrobiennes chez le bovin mais
eégalement chez d'autres espéces (poulet, porc, Bpniina également été retenu pour
sa grande disponibilité (banque de colostrum, Q#&&]oie, Belgique).

L'objectif de cette thése est d'évaluer lintéréttilcser du colostrum bovin dans
I'alimentation du porcelet au sevrage et d'étusli@rmécanisme d'action.

La thése se compose de deux parties :

Dans la premiéere partie, les effets d'une suppléatien en colostrum bovin sur les
performances, l'ingestion et certains parameétrgsiplogiques ont été étudiés au cours
de deux expériences.

Au cours d'une premiére expérience, un alimentisapgnté quotidiennement avec 0, 1
ou 5 g de colostrum bovin dégraissé a été testdivaau immunitaire, nos mesures ont
montré une influence du colostrum bovin sur le tygement de la réponse en IgA en
induisant une réponse de type Th2 au niveau datpe de Peyer iléale. Dans le tube
digestif, aucun effet n'a été observé sur la mdggie de la paroi intestinale, mais une
immunisation locale anti-colostrale a été mise\edence.

Une seconde expérience a démontrée I'efficacitéedsupplémentation de 2 % de sérum
de colostrum dans l'aliment pour réduire la perepoids et la sous-alimentation
provoquées par le sevrage. Les paramétres sanguiimaontré une augmentation des
IgA, confirmant nos résultats précédents, et ux & IGF-I plus important chez les
porcelets recevant le colostrum. Par contre, aefiet n'a été observé sur la population
d'’Escherichia colifécale.

Dans la seconde partie de la thése, différents nsoyke réduire le colt de la
supplémentation en colostrum bovin ont été étudli@sété démontré qu'il était possible
de maintenir I'efficacité du colostrum tout en réduat la dose (de 2 % a 1 %) et la
durée de supplémentation (de 28 a 10 jours) eemplacant le sérum de colostrum par
du colostrum dégraissé, un produit 50 % moins cher.
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Summary

Weaning is one of the most critical periods in jpigduction due to a high susceptibility
to gut disorders and infections induced by psyoyickl, social, environmental and
dietary stresses interfering with gut developmend @daptation. This period was
managed for decades by incorporating antibioticthendiet. However, the European
Union implemented a full ban on in-feed antibiot&sce 1 January 2006. In this
context, many alternatives are studied. We chosstudy bovine colostrum for its
richness in essential nutrients but also in bieacpeptides known for their growth
promoting and antimicrobial properties in the dalf also in other species (poultry, pig,
human). It was also selected for its high dispdityb(Banque de colostrum, CER,
Marloie, Belgium).

The objective of this thesis is to investigate pl¢ential of the use of bovine colostrum
in the newly-weaned piglet diet and its mechani$mction.

This thesis is composed of two parts:

In the first part, the effects of bovine colostram growth performances, feed intake
and physiological parameters were studied in twzedrents.

In the first experiment, 24 newly weaned pigletsevied daily a diet supplemented
with 0, 1 or 5 g of defatted bovine colostrum. @oeasures on the immune system
showed that bovine colostrum could influence theettgpment of the IgA response by
potentiating a Th2 response in the ileal Peyertpadit the digestive tract, no effects
were shown on the morphology of the intestinal waillt a local anti-colostral
Immunisation was observed.

In a second experiment, we demonstrated the effigiof a 2 % bovine colostrum
whey supplementation in weaning piglet diet to medthe post-weaning growth check
and undernutrition. The blood parameters showegsemic IgA response, confirming
previous results, and a higher IGF-I level in tlmbostrum-fed piglets the first week
post-weaning. No effects on the faeEatherichia colpopulation were recorded.

In the second part of this thesis, different waysnake the use of bovine colostrum
more cost-effective for pig production were studikavas shown that it was possible to
maintain the same efficiency while reducing theedotsupplementation from 2 to 1 %
and the period of administration from 28 to 10 daysl replacing bovine colostrum
whey by defatted bovine colostrum, a product 5@&8s kexpensive to produce.
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ABBREVIATIONS

ADFI: average daily feed intake
ADG: average daily gain

BW: body weight

EGF: epidermal growth factor
FCR: feed conversion ratio
FITC: fluorescein isothiocyanate
GALT: gut associated lymphoid tissue
Ig: immunoglobulin

IGF: insulin-like growth factor
IGFBP: IGF binding protein

IL: interleukine

iIPP: ileal Peyer's patch

LPS: lipopolysaccharide

ME: metabolisable energy

MLN: menseteric lymph node
PE: phycoerythrin

PW: post-weaning

Sl: stimulation index

Ts: 5.3'-trilodothyronine

T4: thyroxine

TGF: transforming growth factor.
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INTRODUCTION

The objective of this thesis is to investigate plo¢ential of the use of bovine colostrum
in the newly-weaned piglet diet and its mechani$m@ction.

Weaning is one of the most critical periods in jpigduction due to a high susceptibility
to gut disorders and infections induced by psyadffickd, social, environmental and
dietary stresses interfering with gut developmend @daptation. This period was
managed for decades by incorporating antibioticthendiet. However, the European
Union implemented a full ban on in-feed antibiot®isce 1 January 2006. In this
context, many alternatives are studied. We chosstudy bovine colostrum for its
richness in essential nutrients but also in bieacpeptides known for their growth
promoting and antimicrobial properties in the dalt also in other species (poultry, pig,
human). It was also selected for its high dispditybi{Banque de colostrum, CER,
Marloie, Belgium).

This work was subsidized by the "Direction génédde Technologies de la Recherche
et de I'Energie" (DGTRE) of the Walloon Region Mimy (Namur, Belgium) (Research
project "Valorisation du colostrum bovin", VACOBM2002-2005) and by the
"Direction générale de I'Agriculture” (DGA) of tiWgalloon Region Ministry (Research
project "Valorisation du colostrum bovin en prodactporcine comme alternative aux
additifs alimentaires antibiotiques”, 2002-2008).

The "Banque de Colostrum” from the Animal Immungldgepartment of the "Centre
d'Economie Rurale" (Marloie, Belgium) was assodidte both projects to collect and

prepare the bovine colostrum fractions neededifereésearch.

The interest of the use of bovine colostrum wheyeaned piglet diet to reduce the
"growth check” post-weaning was first highlightedhen we investigated the
mechanism of action of the colostrum on the digesand immune system of the
piglets in relation to its richness in growth fastammuno-modulatory components and
antimicrobial factors. Finally, considering the Higrice of the bovine colostrum
powders used in our studies, we tested differerysi@reduce the price of its use (dose

and duration of administration, other fractionslegpensive).




This manuscript is a compilation of published anldrsitted articles and is structured as
follows: after a review of the literature on theeusf bovine colostrum as a natural
growth factor in the newly weaned piglet (Chapterelview), the research strategy
followed in this thesis is described (Chapter Tihe third chapter (Chapter 1ll) presents
two studies on the effects of bovine colostrum lo& growth performance, the faecal
microflora and physiological parameters (articlesrid 2) of newly weaned piglets.
Two studies carried out to reduce the costs reletede use of bovine colostrum in the
weaning diet are described in the fourth chaptdraf@er IV, article 3). Finally, a

general conclusion and future prospects are dr&hagter V).
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REVIEW OF THE LITERATURE

BOVINE COLOSTRUM AS A NATURAL GROWTH PROMOTER FOR NEWLY WEANED

PIGLETS: A REVIEW

The aim of this review is to present the potential of the supplementation with bovine

colostrum in the piglet-weaner diet.

In the first part of this review, the consequences of weaning on the piglet are described: the
main consequence of weaning is a critical period of underfeeding of which results in the so-
called "weaning growth check". Near this reduction in feed intake and growth
performance, the gastro-intestinal tract is also negatively affected (morphological, digestive
and absorptive capacity, microflora and immunological modifications) and metabolic and

endocrinal changes are related mainly during the first week post-weaning.

The second part is dedicated to the bovine colostrum, with a description of the actions of
to its main bioactive peptides. They may be classified in two classes: the growth factors,
which promote the growth and development of the newborn, and the antimicrobial factors,
which provide passive immunity and protects against infections. The growth promoters are
mainly represented by IGF-I and II and their binding proteins, the epidermal growth factor
(EGF) and the transforming growth factor Beta (TGF-$). The antimicrobial factors group
contains principally the lactoferrin, the lactoperoxidase, the lysozyme, the immunoglobulins

and the cytokines.

In the third and final part of this review, the reported effects of bovine specific
components or colostrum fractions on the growth performance and on the structure and
function of the gastro-intestinal tract of piglets in the early postweaning period are
presented. It appears clearly from the collected informations that bovine colostrum
supplementation improves the growth performance and the sanitary status of piglets during
the early postweaning period. But they show also the lack of information about the

mechanism of action of bovine colostrum.
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Abstract

The aim of this review is to present the potenti&lbovine colostrum as growth
promoter in piglet-weaner diet. The consequenceswehning on the growth
performance, on the gastro-intestinal tract andhenmetabolic and endocrine systems
of the piglet are described in the first part aé tleview. The second part is dedicated to
the bovine colostrum, with a description of thd@td due to its main growth promoters
and antimicrobial factors. Finally, the reporteteets of bovine specific components or
colostrum fractions on the growth performance andhe structure and function of the
gastro-intestinal tract of piglets in the early fwemaning period are presented. They
show clearly the potential of bovine colostrumeduce the growth-check related to the
weaning of the piglet.

Keywords: weaned pig, bovine colostrum, growth promotetinaicrobial factor

Abbreviations: ADFI: average daily feed intake; ADG: averageydgain; BW: body
weight; EGF: epidermal growth factor; FCR: feed \amsion ratio; GALT:
gut associated lymphoid tissue; Ig: immunoglobul@F: insulin-like growth factor;
IGFBP: IGF binding protein; IL: interleukine; LPSlipopolysaccharide; ME:
metabolisable energy; PW: post-weaning; 3.3'-triiodothyronine; T: thyroxine; TGF:

transforming growth factor.
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1. Introduction

Weaning can be regarded as one of the most crppeabds in the modern-day pork
production cycle. In addition to mother-young sapian, weaning involves abrupt and
profound modifications of the environment, feedirabits and social interactions when
litters of piglets are mixed. These changes coutilto the post-weaning (PW) "growth
check”, intimately associated with a range of ies and immunological alterations
(Pluskeet al, 1997).

Over the last decades, antibiotic growth promoherge been used in weaner diets to
reduce the production penalty associated to wearttoyvever, increased bacterial

resistance to antibiotics led the European Unionitplement a full ban on in-feed

antibiotics from January 2006. Efficient alternaBy therefore, have to be found to
conform to this policy change. One possible alitwe could be bovine colostrum

powder.

Bovine colostrum is a commercially available coéaret of the dairy industry. More
than a source of nutrients, colostrum also conts@éveral biologically active molecules
which are essential for specific functions (Pakkarsd Aalto, 1997). The most
important bioactive components in colostrum inclgdewth and antimicrobial factors.
Growth factors promote the growth and developmefttlee newborn, while
antimicrobial factors provide passive immunity gordtect against infections during the
first weeks of life. Growth factors include insulike growth factors-1 and -1l (IGF-I
and IGF-Il), transforming growth fact@ and B2 (TGFf1 and TGF2) and
epidermal growth factor (EGF). Antimicrobial factomclude lactoferrin, lysozyme,
lactoperoxidase, immunoglobulins (Igs) and cytokifk-18, IL-6, TNF-a, IFN-y and
IL-1ra).

The aim of this review is to present the potentiédlbovine colostrum as growth
promoter in piglet-weaner diet. The review is deddnto three sections. A first section
describes the consequences of weaning on the grperiormance, on thgastro-
intestinal tract and on the metabolic and endocrine systeimtbeo piglet. A second

section is dedicated to the bovine colostrum, &ittescription of the actions due to its
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main growth promoters and antimicrobial factorsthid section presents the reported
effects of bovine specific components or bovinetioms on the growth performance
and on the structure and function of testro-intestinakract of piglets in the early PW

period.

2. Piglet weaning

In natural or semi-natural conditions weaning ipragressive process taking place
around 12 to 17 weeks of age in pig (Stolba and dM@ash, 1989 ; Boe, 1991). In
modern pig husbandry, weaning occurs abruptly etatpe of 3 to 4 weeks (Morméde
and Hay, 2003), inducing numerous stressors t@sighll these factors contribute to a

range of intestinal and immunological alterations.

2.1. Consequences of weaning on growth

Behavioural studies reported by Brooks (1999) iatdicthat, although the majority of
pigs starts to eat solid feed within 5 h after wegnsome of them take up to 54 h
before eating their first meal. Thereafter, meteable energy (ME) intake gradually
increases at a rate of 100-120 kJ ME&gper day. Regardless of the age of weaning,
the level of ME intake attained at the end of tfePIWW week ranges between 700 and
800 kJ.kd™, which accounts for 60-70 % of the pre-weaningknMIE intake. This
reduction of ME intake is due to the transitionnfranilk to a less digestible solid feed,
resulting in a critical period of underfeeding (RDevidich and Seve, 2000). This abrupt
reduction in voluntary feed intake immediately P@éults in the so-called "weaning
growth check" and its severity has a major impacswbsequent performance (Tockach
et al, 1992 ; Azain, 1993). On the first day PW, pigleisse from 100 to 250 g of body
weight (BW) (Le Dividich and Seve, 2000). This lafsBW is dependent of the age of
weaning. Carrolet al. (1998) measured a reduction of average daily BW (aDG)

of 0.09 kg.d" for piglets weaned at 2 weeks of age while theicgdn of the ADG for
piglets weaned at 3 weeks was of 0.06 Rg@rowth rate subsequently returned to pre-
weaning levels within 9 and 6 days for the pigetaned at 2 and 3 weeks of age,

respectively.
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2.2. Gastro-intestinal modifications induced by weaning

2.2.1. Morphological changes

The small intestine and its mucosa lose 20-30 %haif relative weight during the first
2 days PW (Lallest al, 2004). This reduction is associated with a vilatrophy
followed by a crypt hyperplasia described by adbtauthors (figure 1jsee Plusket

al., 1997 for a review). These changes are more comsps when weaning occurs
earlier at 14 days rather than later at 28 daysagd. Ceraet al. (1988) reported
additionally to those changes, a reduction in #gregilh of microvilli 3 to 7 days after
weaning. Villous atrophy at weaning is caused bynaneased rate of cell loss which
induces an increase in crypt-cell production armghcle, an increase in crypt depth. As a
result of these changes in villous height and cigpth after weaning, the villous
height.crypt depth ratio in weaned pig is markettguced compared to unweaned
animals. These structural changes are variablegatbe small intestine. Hampson
(1986) reported that the change in villous heiglais vgreater at the proximal small
intestine in piglets weaned on day 21, but the ghan crypt depth was greatest at the
distal small intestine. Guet al. (2002) confirmed a greater change in duodenum

morphology compared to the other parts of the smektine.

1000 350
900 3 #-- 300
800 |- \ // 250
700

600 - -+ 200
500 -+ T 150
400 I I I I I I I 100

12345678

Days post-weaning

Villus height
(Hm)
(wrl)

tpdap 1dAiD

—o— Villus

—e—Crypt

Figure 1. Villus height and crypt depth (um) evolution atige of 25 % along the small
intestine in pigs weaned at 21 days (adapted frampson, 1986).

Associated with the reduction in villous height athe increase in crypt depth, the
morphology of the villi also changes from long famgshaped before weaning to leaf- or
tongue-like structures after weaning (Cetal, 1988 ; Wieset al, 2003) (Figure 2).
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Figure 2. Duodenal villi morphology in pigs: finger-shapdy {ongue-shape (t) and
leaf-like (1) villi (adapted from Wieset al, 2003).

2.2.2. Digestive and absorptive capacity modifications

* Enzymatic activity

Concomitant to the structural changes, there arekedaalterations in intestinal
functions following weaning. According to Gat al. (2002), the villous atrophy and the
crypt hyperplasia reduce the number of mature eoyges and lead to a reduction in the
activity of the brush-border enzymes, which is tedato the limited digestive and
absorptive area or specific digestive and absaptiapacity of the small intestine,
respectively. Hampson and Kidder (1986) and PBiéal. (2004) reported rapid
reductions in the specific activities of lactase ancrase during the first 4-5 days after
weaning, with a greater loss in lactase than imasgcactivity, probably due to the more
apical distribution of lactase activity along thidlous (Tsuboiet al, 1981 and 1985,
cited by Pluskeet al, 1997). Milleret al. (1986) reported that the specific activities of
sucrase, lactase and isomaltase fell by at lea®%58f during the first 5 days after
weaning in pigs weaned at 28 or 42 days of ageth®@rother hand, the activities of
maltase and glucoamylase doubled from the daytBealay 7 PWHRigure 3) (Kelly
etal, 1991). Increases in these polysaccharidasesilaly the result of substrate

induction.
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Figure 3. Evolution of lactase, sucrase, maltase and glugtzs®a (umol.mit.g of
mucos&) activities of piglets after weaning (% of activineasured the day
of weaning) (adapted from Kelbt al, 1991).

» Absorptive activity

In several studies, the decrease in villous hetpltjncrease in crypt depth, and the loss
of digestive enzyme activity after weaning, coirsddvith a reduced ability in intestinal
absorption of sugar (D-xylose: Hampson and Kidd€86), amino acids (alanine:
Miller et al, 1986) and glucose and electrolytes (Nabuwiral, 1994). Nevertheless,
some other studies failed to detect a significaduction in the ability of sugar
absorption (Kellyet al, 1991).

2.2.3. Microflora modifications

Whilst the piglet is suckling, the dominant baaewithin the stomach and small
intestine tend to bé&actobacilli and Streptococci which are well adapted to utilise
substrate from the milk diet. Following weaninge tberiod of starvation and then the
consumption of the new solid diet result in alteeagilability of specific microbial

substrate all along the digestive tract. The imaststructural and functional changes
may also be responsible for modifications to thesspnaomposition and complexity of
the intestinal microflora, leaving the pig more @ible to overgrowth with

potentially disease-causing pathogenic bacterigop@dod and Hampson, 2003). But
these modifications may also be responsible farcttral and functional changes. For
example, Mrozt al. (2003) showed that enteric infections after weguiurther depress

intestinal enzyme activities.
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Jensen (1998) quantified changes in bacterial poipals that occur in the small and
large intestine of piglets weaned at 28 d of agethe small intestine, the previously
predominantLactobacilli decreased in number during the first week afteanire,
whilst the total number of bacteria and the prdparof coliforms,Escherichia coliin
particular, increased. Following this period of tpdpation of the intestinal microflora,

it subsequently re-stabilises. Frankdihal. (2002) observed also an effect of the age of
weaning of the piglets on the microflora modifica$, younger piglets having a higher

variation of their microflora than older (1Ad.24 d of age).

2.2.4. Immunological modifications

The intestinal epithelium provides an extensive aondhplex interface between the
piglet's immune system and its environment, whialsthfunction simultaneously to
absorb digested nutrients and provide a barrieinaga vast array of ingested antigens.
In addition to its barrier function, the epithelitadso functions in surveillance. It can
signal the onset of the host innate and acquirethune response through the
production of cytokines and chemokines that arecialufor the recruitment and
activation of neutrophils, macrophages, T and Bsceind dendritic cells (Kingt al,
2003 ; Piéet al, 2004).

* Immune cells

McCrackenet al. (1999) observed that piglets weaned at 21 daggefhad an increase
in jejunal lamina propria CD4and CD8 T lymphocytes within 2 and 7 days,
respectively, after weaning. They reported alsaraneased expression of the active
form of the matrix metalloproteinase stromelysinjeéjunal explants during the initial
7 days after weaning and a decrease in jejunaksgfmm of MHC class | and Il mMRNA.
Vega-Lopezet al. (1995) measured, 4 days after weaning at 21 diaggey an increase
in the CDZ and macrophage cells population in proximal simadistinal villi and only

in the CDZ cells population in crypts, but no changes werseoked in cells populating
the distal small intestine. Similar results wenparted by Solano-Aguilagt al. (2001),
who observed gradual changes in Cad CD8 T cells, monocytes, granulocytes and
macrophages in the month after weaning.
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» Cytokines

The first observations on cytokine responses tonmgawere reported by McCracken
et al. (1995). They observed a transient increase ofndalt-1 during the first 2 days
PW.

More recently, with the development of the RT-PGRlgsis, it was demonstrated that
weaning in piglets is associated with an early l&gn of inflammatory cytokines in
the gut. Piéet al. (2004) reported an intestinal up-regulation of ghe-inflammatory
cytokines IL-B, IL-6 and TNFe during the first 2 days after weaning. While bedwe
day 2 and day 8 PW, gene expression returned tav@aming levels, except for TNdk-
in the colon. This early gene up-regulation of prilammatory cytokines probably

contributes to early functional disorders favouritigrrhoea (Lallégt al, 2004).

2.3. Metabolic changes around weaning

Due to the weaning stressors and the low feed entad&wly weaned piglets are often in
negative energy balance until 3 to 5 days PW (Ladiih and Séve, 2000). However,
the nitrogen balance remains positive (Bruingtxal, 2002). It follows that the energy
required for maintenance, physical activity andt@rodeposition implies necessary a
loss of body fat. The body fat catabolism condwuca transient increase in plasma free
fatty acids concentrations, whereas lipogenesimagginal (Fentoret al, 1985). This
catabolism continues until an ADG of 2004.id reached and it takes 3 to 6 weeks until
the initial body fat content is recovered, depegdin body weight and age at weaning.
This decrease in body fat induces a reduced baglyndl insulation which, associated
to low feed intake, results in a transient increasthe lower critical temperature of the
piglets from 22-23°C at weaning to 26-28°C durihg first week PW (Le Dividich and
Herpin, 1994).

2.4. Effects of weaning on the hormonal status

The onset of weaning results in some quite profdumanonal changes, although it is
difficult to separate causes and effects. Manyhef thanges are in response to the
social and nutritional stress associated to weanimg there are also overlying
developmental changes that likely occur indepergent the weaning process
(Dunshea, 2003).
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2.4.1. Somatotropic hormones

Weaning results in an increase in the level of #IG&H and a decrease of blood IGF-I
concentrations (Carrokt al, 1998 ; Matteriet al, 2000 ; Whiteet al, 1991). These
observations may be related to the transient ueddniig period at weaning as fasting
for 36 h resulted in the same response of the smropic axis (Kasseet al, 1981).
Moreover, Carrollet al. (1998) showed that circulating IGF-I did not reepyo pre-
weaning value until 7 to 10 days PW, a period rdyglorresponding with the time
required by the piglets to attain their pre-weanfig intake.

2.4.2. Hypothalamic-pituitary axis hormones

Regardless of the age of weaning, a transientaserén plasma cortical concentration
and in urinary cortisol excretion is observed dgrihe 2 first days PW (Carradit al,
1998 ; Colsonet al, 2006). This increased cortisol secretion coulitece both the
weaning stress and stimulation of gluconeogenesssciated with the low PW feed
intake (Le Dividich and Seve, 2000).

The actual role of the catecholamine system in rédgulation of the weaned pig
metabolism is still unclear Colsat al. (2006) and Hat al. (2001) studied the effect
of weaning on catecholamine production and obsedecteased levels of urinary
adrenaline and noradrenaline. Hatyal. (2001) interpreted this as a consequence of
food intake deficit. However, according to Dunsk2@03), underfeeding would lead to
an increase in circulating catecholamine to favih@ mobilisation of energy stores

during the early PW period.

2.4.3. Thyroid hormones

Plasma concentration of thyroid hormones (3.5i®dothyronine, T and
thyroxine T,4) are reported to respond to feeding level, deargasith the reduction in
feed intake or with malnourishment (Le Dividich aéve, 2000). Carroét al. (1998)
observed unaltered levels of @nd T, after weaning, but measured a decline of those

two hormones after a change in the diets.
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3. Bovine colostrum

3.1. Definition and composition

Colostrum is the lacteal secretion directly aftartprition common to all mammals and
essential for development and immune status foboew(Scammell, 2001). More than
a source of nutrients such as proteins, carbohgsirdt, vitamins and minerals,
colostrum also contains several biologically actmelecules which are essential for
specific functions (Pakkanen and Aalto, 1997). Timest important bioactive

components in colostrum include growth factors antimicrobial factors. Some of
these factors are also present in regular milk, ibumuch lower concentrations
(e.g., typically 1:100 to 1:1000 of what is founddolostrum (Maher, 2000)). Table 1
compares the concentrations of the main comporan®vine colostrum and regular

milk.
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Table 1. Main components of bovine colostrum and bovine&mil

Bovine colostrum Bovine milk
) _ References
(/Nitre) (/Nitre)
DM 153-245 g 122 g Blum and Hammon, 2000
Crude protein 41-140 g 349 Gopal and Gill, 2000
Lactose 27-46 g 46 g Gopal and Gill, 2000
Crude fat 39-44 g 379 Gopal and Gill, 2000
Crude ash 5-20 g 749 Gopal and Gill, 2000
IgG1 50-90 g 0.30-0.40 ¢ Elfstrandet al, 2002
lgG2 15-2¢g 0.03-0.08 g Elfstrandet al, 2002
IgA 3.0-6.5¢9 0.04-0.06 g Elfstrandet al, 2002
IgM 3.8-6¢9 0.03-0.06 g Elfstrandet al, 2002
Lactoferrin 15-5¢g 0.1-0.3¢g Korhonen, 1977
Lactoperoxydase 30 mg 20 mg Korhonen, 1977
Lysozyme 0.14-0.7 mg 0.07-0.6 mg Korhonen, 1977
IL-1p 840 ug 3 ug Hagiwaraet al, 2000
IL-1ra 5.2 mg 27 ug Hagiwaraet al, 2000
IL-6 77 ug 0.15 ug Hagiwaraet al, 2000
TNF-a 926 ug 3.3 g Hagiwaraet al, 2000
IFN-vy 260 ug 0.21 pg Hagiwaraet al, 2000
IGF-1 100-2000 pg <25 ug Elfstrandet al, 2002
IGF-2 200-600 ug <10 ug Pakkanen and Aalto, 1997
GH <1 ug <0.03 pg Scammell, 2001
EGF 4-8 mg 2 Uug Scammell, 2001
TGF-p2 100-300 pg 1-2 ug Elfstrandet al, 2002
DM = dry matter ; Ilg = immunoglobulin ; IL = intenlkin ; TNF = tumor necrosis factor ; INF =

interferon ;

IGF = insulin-like growth factor ;

factor ; TGF = transforming growth factor.

GH growth hormone ;

EGF = epidermal growth
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3.2. Growth promoters

3.2.1. IGF-I and -1l and their binding proteins (BP)

The most abundant growth factors of bovine colostare IGF-I and -Il. Both IGF-I
and -1l are single chain polypeptides with 70 aiidaéino acid residues and molecular
weights of about 7.6 and 7.5 kDa, respectively. phmary structures of IGF-I and -l
are highly conserved across species and have ¢désgquences in pigs, humans and
cattle (Xuet al, 2000). They stimulate cell growth and differetiia and are proposed
to act both as endocrine hormones through the bkad locally, as paracrine and
autocrine growth factors. IGF-1 is biologically neopotent than IGF-Il (Jones and
Clemmons, 1995).

Six IGFBP have been identified and cloned. The adabde level and rank of specific
IGFBP in bovine mammary secretions are IGFBP-3 FBB-2~ IGFBP-4 > IGFBP-5
(Blum and Baumrucker, 2002). Those binding proteirs involved in the regulation
and the coordination of biological activities oéttGF-I1 and -Il (Hweet al, 1999).

In biological fluids, IGF-I is usually bound to ilsnding proteins (IGFBP), which have
also been detected in bovine milk. IGF-1 appearmature milk mainly in the bound
form (85-90 %), but in the first milkings postpartuthe free form of IGF-I
predominates (73 %). The slightly acidic pH (6.8} colostral secretion is correlated

with an increased proportion of the free IGF-I @&anier and Schams, 1991).

3.2.2. Epidermal Growth Factor (EGF) receptor ligand family

The polypeptides of this family have the commonperty of binding to the EGF
receptor (a 175 kDa cell surface glycoprotein viitosine kinase activity). The most
important members of this family are EGF itself aralF-o (Barnardet al,, 1995).

EGF is a 6 kDa peptide, composed of 53 amino acide peptide is highly
homologous among species and elicits similar effactoss species (Odd¢ al, 1996).
Colostral EGF may play a role (i) in the preventadrbacterial translocation and (ii) in
the stimulation of gut growth in suckling neonabsgsplaying an important role in cell
differentiation rather than cell proliferation and stimulating mucus secretion
(Schweigeret al, 2003).
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TGF-u is a 6 kDa peptide, composed of 50 amino acidsshades about 30 % sequence
identity with EGF. It may play a complementary rédethat of TGH (see below) in
controlling the balance between cell proliferatiand differentiation in the intestinal
epithelium (Playforcet al, 2000).

3.2.3. Transforming growth factor Beta (TGF- )

Three isoforms of TGB- (TGF$1, p2 and p3) are known. Those forma are
homodimeric proteins with a molecular weight of apgpmately 25 kDa (Jiret al,
1991). TGFB1 andp2 have been isolated from bovine colostrum, wigiredominance
of thep2 form (85-95 %) (Elfstrandt al, 2002).

TGF is a highly pleiotropic growth factor with seveudifferent types of function. It
stimulates proliferation of some cells, especiallgonnective tissue, whereas it acts as
a growth inhibitor of some other cells, such asphecytes and epithelial cells. TGF-
plays an important role in embryogenesis, tisspaireformation of bone cartilage, and
in the control of the immune system (Tripathi anakskishtha, 2006). During injury or
disease, it acts in concert with EGF to stimulak roliferation (Border and Noble,
1995).

3.3. Antimicrobial factors

The colostral antimicrobial factors contribute tee tprotection of the neonate against
infectious diseases, which is crucial for its suali These factors may be classified in
three groups according to their action: (i) specifantimicrobial factors
(immunoglobulins), (ii) non-specific antimicrobidctors (lactoferrin, lactoperoxidase
and lysozyme) and finally (iii) factors which hawmth specific and non-specific
activities (cytokines).

3.3.1. Lactoferrin

Lactoferrin is an 80 kDa iron-binding glycoprotgresent in colostrum, milk, and to a
lesser extent in other exocrine fluids such asstdaris a member of the transferring
family of non-heme iron-binding protein, characted by their unigque anion

requirement for binding of iron (Viljoen, 1995).
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Lactoferrin has been shown to inhibit the growth saveral microbes, including
Escherichia coli, Salmonella typhimurium, Shigelissenteria, Listeria monocytogenes,
Streptococcus mutans, Bacillus subt{fakkanen and Aalto, 1997). In fact, lactoferrin
exhibits both bacteriostatic and bactericidal agtimgainst a range of microorganisms.
The bacteriostatic activity is related to the higin binding affinity of the protein that
deprives iron-requiring bacteria of this essengabwth nutrient. The bactericidal
mechanism is related to its ability to cause ralea$ lipopolysaccharide (LPS)
molecules from the outer membrane of the Gram-negdiacteria. Recent results
suggest that a cationic domain at the N-terminugactoferrin is responsible for its
bactericidal properties. This domain is distinanfr the amino acids involved in iron-
binding, indicating that the bactericidal activity lactoferrin is distinct from metal
chelation (Conneely, 2001).

In addition to its antimicrobial activity, it hasén proposed that lactoferrin plays an
important role in iron uptake in the intestine andhe activation of phagocytes and
immune responses. Receptors for lactoferrin aradan intestinal tissues, monocytes,
macrophages, neutrophils, lymphocytes, plateletiscemsome bacteria (Viljoen, 1995;
Hoek et al, 1997). By its function of binding free iron, latrrin may act as an
antioxidant, protecting the immune cells againsé fradicals produced by themselves in
areas of inflammation or infection (Britigast al, 1994). Moreover, by its ability to
bind and neutralize LPS, lactoferrin will reducedguiction of cytokines in response to

inflammation or infection (Coheet al, 1992).
3.3.2. Lactoperoxidase

Lactoperoxidase is a basic glycoprotein of 78 kbataining a heme-group with Felt
catalyses the oxidation of thiocyanate (SICM the presence of hydrogen peroxide
(H20,), producing a toxic intermediary oxidation produthis product inhibit bacterial
metabolism via the oxidation of essential sulphydinpups in microbial enzymes and
other proteins (Pruitt and Reiter, 1985).

According to Kussendrager and van Hooijdonk (200@)toperoxidase has a
bactericidal activity against Gram-negative andaatériostatic activity against Gram-
positive bacteria. This difference in sensitivitanc probably be explained by the
difference in cell wall structure and their diffateproperties. Additionally, some

viruses, including polio viruses, appear to be #eesto the toxic effects of
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lactoperoxidase. Next to that antimicrobial andvarratl activity, degradation of various
carcinogens and protection of animal cells agapefoxidative effects have been

reported (Kussendrager and van Hooijdonk, 2000).
3.3.3. Lysozyme

Lysozyme, originally described by Alexander Flemiimg 1922, is a lytic enzyme
of 14.3 kDa. The natural substrate of this enzymehe peptidoglycan layer of the
bacterial cell wall and its degradation result$ysis of the bacteria (Reiter, 1978). Due
to the difference of the outer membrane structw®veen Gram-negative and Gram-
positive bacteria, the lysozyme action is moreristee on Gram-positive bacteria,
leading to the death of the bacteria, while it does adversely affect the viability of
Gram-negative bacteria (Ibrahiet al, 1994). Over the last 15 years, several authors
have proposed a novel antibacterial mechanism twdraof lysozyme, independent of
its enzymatic activity. The precise mechanism remainknown, but it seems evident
that bactericidal activity depends on the passdgeugh the outer membrane
(Masschalclet al, 2001).

A particularity of the lysozyme is its interactiomith other factors present in the
colostrum. It activates partly lactoperoxidase dmyrfing a complex with it (Huleat al,
1989). In presence of lactoferrin, the antimicrolaietivity of lysozyme againdk. coli

Is also enhanced as lactoferrin damages the owerbmane of Gram-negative bacteria
and the organism becomes susceptible to lysozyram@yichiet al, 1993). Finally, it
works also in synergy with IgA and complement fastagainsg. coli (Hill and Porter,
1974).

3.3.4. Immunoglobulins (Igs)

Igs are glycoproteins constituted by four aminadatiains: two identical light chains

(23 kD) and two identical heavy chains (50-70 kBgcording to the structure of their

heavy chains, they can be divided into five claskgs, IgA, IgM, IgE and IgD.

Igs are present in very high concentrations in stolon. They represent 70-80 % of the
total protein contents in colostrum (up to 100'gh bovine colostrum, Elfstranet al,

2002), whereas in mature milk Igs account for dnly % of the protein (see table 1).
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Three classes of Igs are present in bovine colwstigG, IgA and IgM. The major Igs

present in bovine colostrum are IgG, among whicl#®b6elong to the subclasse IgG1
and 5 % to the 1gG2. Table 2 shows the evolutiorthef Igs concentrations during
the 80 first hours postpartum in colostrum and iature milk. It shows that the

concentrations of the individual Igs decline afeafiént rates over the time it takes to
reach the concentration in mature milk (Elfstranal, 2002).

Table 2. Mean concentrations (standard deviation) of Ig@&2, IgA and IgM in
bovine colostrum at various time intervalsstpartum(Elfstrandet al, 2002),
compared to bovine mature milk (Lindmark-Manssoal, 2000).

Time interval lgG1 1gG2 IgA IgM

postpartum(h) (91 (a/l) (a/l) CID)
0-6 90 (7.2) 2.8 0.89 1.6 0.12 4.5 0.20
7-10 79 (28) 1.9 0.09 1.7 0.0) 4.0 0.50
11-20 65 (12) 1.8 0.50 0.9 0.09 2.3 0.09
21-30 24 (1.2) 1.1 0.14 0.7 0.02 1.8 0.00)
31-40 31 4.2 0.5 0.03 0.3 0.02 1.0 0.00)
41-50 17 0.9 0.4 0.03 0.2 0.0) 0.8 0.12
51-80 12 0.2 0.2 0.0) 0.1 0.0) 0.7 0.09
Mature milk 0.51 0.2 0.03 0.02 0.02 0.0)) 0.10 0.07)

In the neonate the colostral Igs are transferredhfthe lumen of the intestine into the
circulation through a non-selective macromolectitansport system across the small
intestinal epithelium. This non-selective absonptmccurs only within about 24-36 h
after birth and provides the transmission of passmmunity from the cow to its calf
(Pakkanen and Aalto, 1997). However, it has beemshhat older animals can absorb
Igs, but larger quantities of these antibodies racuired for an effective transport
(Maher, 2000).

All Igs exhibit one or more effector function inditlon to antigen binding. Whereas
one part of an antibody binds to antigen, othetspateract with other elements. The
immunological function mediated by the Igs depemus the Ig class. The most

important action of 1gG antibodies is the activatimf complement-mediated
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bacteriolytic reactions. Another vital functiontieeir ability to increase the recognition
and phagocytosis of bacteria by leucocytes. IgMbadies are considerably more
efficient than 1gG in regards of the above actigti especially complement-mediated
lysis. IgA, in contrast, does not fix complementopposing bacteria, but agglutinates
antigens, neutralises viruses and bacterial toxars]y prevents the adhesion of
enteropathogenic bacteria to mucosal epithelids.c®oreover, this Ig is present in
bovine colostrum under a secretory form (slgA) wmcakes it resistant to the activities

of proteolytic digestive enzymes (Korhoneral, 2000).

3.3.5. Cytokines

Colostrum and milk contain many cytokines, includih-1p, IL-6, TNF-a, IFN-y and
IL-1ra (Hagiwaraet al, 2000). The concentrations of these cytokinesealy low, but
they are active from picomolar to nanomolar conegians.

Cytokines are small peptide molecules that are mapb mediators in the regulation of
the immune and inflammatory responses. In geneyabkines do not regulate normal
cellular homeostasis, but alter cellular metabolduming times of perturbation, e.g. in
response to inflammation. In the newborn, theseofacplay an important role in
combination with the ingested maternal Ig and then-specific antibacterial
components in colostrum (Playfoet al, 2000). Of particular interest is the role of
cytokines as major regulators of epithelial celbwth and development, including
intestinal inflammation and epithelial restitutitmllowing mucosal damage (Elson and
Beagley, 1994).

4. Use of bovine colostrum in pig production at wea ning

Bovine colostrum and its main components have direlaeen largely studied on
neonates anth vitro. In this review, we will focus on the results ab&d on weaned or
adult pigs when they are existent. Their particgtyacompared to neonates, is the gut
closure, suggesting that absorption of moleculesb@fine colostrum is no more
possible. Nevertheless, according to Jereteal. (2001), the presence of bioreactive
components in colostrum may be responsible forrdmarced uptake of molecules after

closure by inducing changes in brush border enzychgities. Moreover, in the case of
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Igs, Stirling et al. (2005) demonstrated that the absorption of bown@orcine IgG
colostrum is possible in adult animals (more thamegks-old animals).

4.1. Effects of specific components

4.1.1. Growth promoters

According to Pluskeet al. (1997), an opportunity may exist to enhance groath

development through supplementation of the newlgsveel pig with exogenous growth
factors. As argued by Dunshea and Walton (199%9,ishparticularly pertinent in the
case of the weaned piglet since (a) its gut igively "immature” at weaning, (b) the
pig suffers a growth check, and (c) the gut of leevly-weaned pig is often colonised

by enteropathogenic bacteria.

e IGF-I

Oral IGF-I and IGF-II at pharmacologic doses camglate cellular proliferation in the
gastro-intestinal tract in newborn pigs (Bureihal, 1996 ; Xuet al, 1996). Intestinal
tissues in porcine neonates apparently do not btavecapacity to absorb significant
amounts of ingested IGF-I and transport this pepirdact to the circulation (Xu and
Wang, 1996; Donovaret al., 1997). Insulin-like growth factors are anabolicdan
possible differentiation-inducing factors for iniesal epithelium of newborns,
suggesting possible applications of recombinant #88 IGF analogues for repair of
damagedjastro-intestinatissues (Simmeat al, 1998). However, Marioet al. (2002)
showed that a weaning diet supplemented with IGkduced an increase in plasma
concentrations in IGF-1, but had no effect on theestinal structure of 7 days old

weaned piglets. These controversial observatioad iilgther investigations.

« EGF

Exogenous EGF administered either orally or systeltyl stimulatesggastro-intestinal
tissue growth in weaned animals. Reaal. (1986) reported that inclusion of EGF (200
ng.kgh) in the diet significantly accelerated intestingtowth in weaning rats
following 50 % removal of the small intestine. Hoxge, no studies on the effects of

EGF on the growth of the intestinal tissues of veggpiglets were found.
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In addition to its growth-promoting effect, EGF apps to be able to modulate the
enterocyte differentiation during the transitiorapé from maternal milk to solid food in
weaned piglets (Schweiget al, 2003). In 21-day old newly-weaned piglets, orally
administered EGF (372 pgH increased jejunal lactase (by 77 %) and sucrase
(by 97 %) specific activities measured after 3 dafdeeding (Jaegeet al, 1990).
Moreover, Kingsnortret al. (1990) also reported increased tensile strengtbastric
wounds in 20-kg pigs after 5 daysibfra-peritonealinfusion of EGF (0.5 pg.kgd™?).
These results suggest that supplementation with B@ly aid in the recovery of
traumatised gastric and intestinal tissues. Playébral. (2000) proposed that EGF acts
as a "luminal surveillance peptide" in the adult, geadily available to stimulate the

repair process at sites of injury.
4.1.2. Antimicrobial factors

* Immunoglobulins

Effects of bovine milk Igs on weaned piglets' pariance have been demonstrated.
Leibbrantet al. (1987) showed that milk-derived Igs added to mékglacers increase
growth performance following gut closure in earlgamed pigs. Piercet al. (2005)
attributed this improvement to the continuous sewt Igs until the pig is capable of
synthesising its own Igs. Moreover, Stirlieg al. (2005) demonstrated the presence of
porcine Fc receptors that transferred orally dedide(bovine or porcine) IgG into the
blood supply and, concluded that this receptor thas potential to deliver protein

antigens to the pig immune system.

In the gastro-intestinal tract, immuno-supplemeatatvith bovine immunoglobulin in
the form of specific antibody has been shown toeffective against various enteric
diseases. Although bovine colostrum contains Igadotralise enteric pathogens, the
titer of Igs present is considered by some reseascthoo low to afford protection
against specific infectious organisms. This limdtatis overcome by the production of
hyperimmune bovine colostrum. In trials on infartt$ias been successfully shown that
specific antibodies in bovine milk are effectiveaagt both enteropathogenic and
enterotoxigenidescherichia coli, cryptosporidium, Helicobacter gy] Rotavirusand

Shigella flexner{See Tripathi and Vashishtha, 2006 for a review).
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No studies with hyperimmune colostrum in weaninglgis have been found. However
Schalleret al. (1992) demonstrated in a gnotobiotic piglet motet both viral

shedding and diarrhoea were effectively reducectloninated in a dose-dependent
manner, as a result of feeding Igs preparationsagtng antibodies specific for human
rotavirus strains. Moreover, Mroet al. (1999) showed that passive protection of
piglets against PW collibacillosis can be provideyl egg IgG immunised against

enterotoxigenic strains &scherichia coli

» Lactoferrin

Wang et al. (2007) studied the effects of lactoferrin (1g‘kbasal diet) on growth
performance, intestinal microflora and morpholodgyvweaning pigs. They observed an
increase in growth performance (increase in ADG#Y% and in ADFI by 17 %), a
better feed efficiency (decrease in F/G by 12.8 Effects on the intestinal microflora
were a reduction of the total viable countsEstcherichia coliand Salmonella and an
enrichment of thd.actobacillusandBifidobacterium The villus height was increased
and crypt depth decreased at the small intestinadosa, as compared with the basal
diet. They concluded that the use of lactoferrirmasadditive would be a good method

of defending weaned pigs from infections and weanditress.
4.2. Effects of colostrum supplementation

The administration of bovine colostrum presents tma&n advantages due to its specific
components: (i) it allows the synergic effects dfedlent component such as described
above for the lysozyme for example and (ii) it Heeen reported that porcine milk

contains potent inhibitory activity against trypsamd chymotrypsin, and prevents
growth factors, such as EGF and IGF-I, hydrolysis)\¢onatal and newly-weaned pig
intestinal fluids (Shen and Xu, 1996, 2000) sugggdhat colostrum, the natural carrier
of milk-borne growth factors, may protect the pdes from gastro-intestinal luminal

digestion.

Studies of the effects of bovine colostrum fracsioon growth performance, feed
ingestion and feed conversion ratio of newly-weapigtets are presented in Table 3.
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Table 3. Effects of bovine colostrum (BC) supplementationgpowth performance,

feed ingestion and feed conversion ratio of newbamed piglets.

BC supplementation Piglets Effects of BOVs. control
References Weaning
Description g.kg feed n treatment
age
2 ADG Week 1 and 2 PW
Pluskeet al, | BC powder | 0,50 and 100
o ) 131 28d ~ ADFIl and FCR
1999 rich in IgG during 10 d
~ Days to slaughter
Kingetal, | Spray-dried 0 and 60 ~ADG and FCR
) 110 28d
2001 BC during 7.d -~ ADFI Week 1 PW
Dunsheeet al, | Freeze-dried 0 and 60
) 24 14d ~ ADG, ADFI and FCR
2002 BC during 7d
0 and 40 2 ADG Week 1 and 2 PW
during 11 d
150 28d ~ ADFI Week 1 PW
Le Huérou- ) In uncleaned
Freeze-dried
Luronet al, BC pens ~ FCR Week 1 PW
2004 0, 20 and 40
7~ ADG d5-d7 PW
during 14 d 12 21d
In clean pens ~ ADFIl and FCR

7 increasex reductionz no effect

BC = bovine colostrum, ADG = average daily gain, AD= average daily feed intake, FCR = feed

conversion ratio, PW = post-weaning.

Except for Dunsheat al. (2002), the three other studies presented inathile 8 showed

an increase in ADG during the first week PW. Pluskal. (1999) observed an increase
of 40 % and 80 % of the ADG with a starter diet@amented with 50 and 100 g of a

bovine colostrum extract.Kgof feed, respectively. Kingt al. (2001) observed an

increase of 20 %M > 0.05) with 60 g of bovine colostrum:kdeed and Le Huérou-

Luron et al. (2004) showed an increase of the ADG up to 110 ith w starter diet

supplemented with 40 g of bovine colostruni-kgf feed. In all these studies, the
authors explained the increase in ADG by an ina@ashe ADFI (+ 10 and + 25 % for

Pluskeet al. 1999, + 25 % for Kingt al, 2001 and Le Huérou-Luraet al, 2004).
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Interestingly, Le Huérou-Lurort al. (2004) observed, in an "unclean" environment a
reduction of 10 % of the FCR, which was not obseinwethe other studies performed in
cleaned rooms. They concluded that bovine colosthed more effects in bad
environmental conditions (uncleaned pens) than iclean environment, as it was
observed with plasmatic proteins (van Dgkal, 2001). This suggests that the positive
response of bovine colostrum might result fromraprovement in the sanitary status of

the colostrum-treated piglets by a direct effedihef colostrum on gut health.

Effects of bovine colostrum observed on testro-intestinaltract of newly weaned
piglets are presented in Table 4. Bovine colosthetped to preserve intestinal integrity
after weaning, especially in the duodenum wherdrngogolostrum maintained higher
villi (+ 10 to 20 %) (Le Huérou-Luroet al, 2003 ; Hugueet al, 2007 and Kinget al,
2007) and reduced crypt depth (- 6 %) (Ketgal, 2007) the first week PW compared
to a control treatment. Moreover, Le Huérou-Lusebral, 2003 showed also an increase
in the duodenal protein synthesis. All these olae@ns show the beneficial effect of

bovine colostrum to preserve the intestinal mudotyrity.
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Table 4. Effects of bovine colostrum (BC) supplementatiorttve gastro-intestinal tract

of newly-weaned piglets.

BC supplementation Piglets Effects of BOVS. control
References Weaning
Description g.kg feed n treatment
age
2 plasma IGF-I
BC provided § ~ duodenal VH
Le Huérou- png IGF-1 and ) )
o ~ duodenal protein synthesis
Luronet al, | Defatted BC| 21 mU insulin| 6 7d
2003 kgl BW d* ~ S| mucosa weight and protein
during 5d content
~ Sl lactase and aminopeptidase N
activities
~ plasma insulin and IGF-I
“ gastric pH on d7 and d14
Huguetet al, | Freeze-dried 50 12 21 d ~ duodenalactobacilli:coliform
2006 defatted BC| during 14d
~ duodenal mucosal structure, crypt
cell proliferation, migration index,
digestive enzyme activities
~ duodenal mucosa/muscularis ratio
Huguetet al, | Freeze-dried 50 1 o1 d ~ duodenal villi perimeter
2007 defatted BC| during 14 d ~ duodenal crypt size and crypt cell
proliferation
2 proximal and mid jejunal VH
~ proximal and mid jejunal and
King et al, Spray-dried 75 ; 1 d distal ileal CD
2007 BC during 19 d # VH:CD in distal ileum
7 epithelial cell height in mid
jejunum

7 increase)x reductionz no effect

BC = bovine colostrum, BW = body weight, S| = smatestine, VH = villi height, CD = crypts depth.
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An effect of bovine colostrum-supplemented diets &0 observed on the intestinal
microflora by Huguetet al. (2006), who showed an improvedctobacilli:Coliform
ratio in bovine colostrum treated weaned pigletsngared to weaned piglets receiving
a control diet without colostrum (1.63 1.19). This effect was mainly caused by lower
coliformscounts whereakactobacilli counts were identical between colostrum treated
and control piglets. This observation confirms thgher effects of bovine colostrum
reported by Le Huérou-Luroet al. (2004) in an "unclean” environment and indicates
the positive contribution of bovine colostrum irettmprovement of gut health around

weaning in piglets.

Another effect of importance observed by Hugekeal. (2006) in the gastro-intestinal
tract is the lower gastric pH in bovine colostrumated piglets. This strengthened the
effects of colostral antibacterial components analy mlso be at the origin of the
Coliform population reduction, the later being less restsi@low pH tharLactobacilli
Finaly, Le Huérou-Luroret al. (2003) reported an increase in plasma IGF-I (#33n
weaned piglets receiving bovine colostrum. Theylarpd this observation by an
increase of the synthesis and secretion of IGFdeurthe action of growth promoters
contained in bovine colostrum, but they couldntedaine which one.

5. Conclusion and perspectives

According to the results presented on the use winleocolostrum in piglets diet PW, it
appears clearly that bovine colostrum supplementatimproves the growth
performance and the sanitary status of pigletsnduthe early PW period. These
beneficial effects are explained by both an inczeasfeed intake level the first days
and a likely direct effect on gut health (preseorabf gut integrity and reduction of the

coliform population).

Those results are really encouraging but much wsstill necessary to understand the
mechanism of action of the bovine colostrum andntake this natural product
technically and economically competitive comparedother alternatives (probiotics,

prebiotics, enzymes, organic acids, plant extragts the weaner diet.
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Firstly, the action of bovine colostrum on the stwie of the gut has been studied but
no information is available on its local action the gut associated lymphoid tissue
(GALT) of newly-weaning piglets. This is of firstportance to evaluate its effect on

the local immune system of the piglet.

Secondly, the effects on the systemic immune systeonld also be studied to evaluate
the effect of bovine colostrum to extend our knalgle about the action of bovine

colostrum to the other organs of the weaned pig.

Finally, future investigations on lower doses oWibe colostrum supplementation in
the weaner diet are necessary to reduce the cbitsuse. Indeed, except the study of
Le Huérou-Luroret al. (2004) where 20 and 40 g of bovine colostrurit.kffeed were
used, all the other cited authors incorporated féotm 10 % of colostrum in their starter
diets, thereby increasing to excessively the po€ehe diet in our modern pork

production systems.

References

Azain MJ. (1993). Impact of starter diet on nurspeyformanceUniversity of Georgia, Swine Rep@&b
p. 49-54.

Barnard JA., Beauchamp RD., Russell WE., Dubois, RMffey RJ. (1995). Epidermal growth factor-
related peptides and their relevancegsstro-intestinalpathophysiologyGastroenterologyl 08 p.
564-580.

Blum JW., Hammon H. (2000). Colostrum effects oe gastro-intestinaltract, and on nutritional,
endocrine and metabolic parameters in neonatag¢salivest. Prod. Sci66 p. 151-159.

Blum JW., Baumrucker CR. (2002). Colostral and mifisulin-like growth factors and related
substances: Mammary gland and neonatal (intestimhkystemic) targetBomest. Anim. Endocrin.
23p. 101-110.

Boe K. (1991). The process of weaning in pigs: wtiensow decide#\ppl. Anim. Behav. Sc30 p. 47-
59.

Border WA., Noble NA. (1995). Targeting TGQFfor treatment of diseashat. Med.1 p. 1000-1001.

Britigan BE., Serody JS., Cohen MS. (1994). The wdllactoferrin as an anti-inflammatory molecure.
Hutchens TW., Rumball SV., Lonnerdal B. Lactoferftructure and Function, Advances in
Experimental Medicine and BiologMew York, Plenum Press, p. 143-156.

Brooks PH. (1999). Strategies and methods for tleeation of food and water in the post-weaning
period. In:EAAP, 58' Annual Meeting of the European Association forndali Production, 22-26
August 1999Zurich, Switzerland.

36



Bruininx EMAM., Heetkamp MJW., van den Bogaart Ban der Peet-Schwering CMC., Beynen AC.,
Everts H., den Hartog LA., Schrama JW. (2002). dlgnged photoperiod improves feed intake and
energy metabolism of weanling pigs.Anim. Sci80 p. 1736-1745.

Burrin DG., Wester TJ., Davis TA., Amick S., HeatR. (1996). Orally administered IGF-I increases
intestinal mucosal growth in formula-fed neonaigkpAm. J. Physiol270p. R1085-R1091.

Carroll JA., Veum TL., Matteri RL. (1998). Endocginesponses to weaning and changes in post-weaning
diet in the young pigdomest. Anim. Endocrid5 p. 183-194.

Cera KR., Mahan DC., Cross RF., Reinhart GA., Whiter RE. (1988). Effect of age, weaning and
postweaning diet on small intestinal growth andipej morphology in young swind. Anim. Sci.
66 p. 574-584.

Cohen MS., Mao J., Rasmussen GT., Serody JSig@ritBB. (1992). Interaction of lactoferrin and
lipopolysaccharide (LPS): effects on the antioxidaoperty of lactoferrin and the ability of LPS to
prime human neutrophils for enhanced superoxidadtion.J. Infect. Dis166p. 1375-1378.

Colson V., Orgeur P., Foury A., Morméde P. (20@)nsequences of weaning piglets at 21 and 28 days
on growth, behaviour and hormonal responéegl. Anim. Behav. S@8 p. 70-88.

Conneely OM. (2001). Antiinflammatory activities lattoferrin: ReviewJ. Am. Coll. Nutr.20 p. 389S-
395S.

Donovan SM., Chao JC., Zijlstra RT., Odle J. (19%9ally administered iodinated recombinant human
insulin-like growth factor-1 ¥3-rhIGF-1) is poorly absorbed by the newborn pigldt Pediatr.
Gastroenterol. Nutr24 p. 174-182.

Dunshea FR. (2003). Metabolic and endocrine chaagasnd weaningin: Pluske JR., Le Dividich J.,
Verstegen MWA. Weaning the pig. Concepts and caepsegsWageningen Academic Publishers,
p. 61-80.

Dunshea FR., Walton PE. (1995). Potential of exogemmetabolic modifiers for the pig industig:
Hennessy DP., Cranwell PD. Manipulating pig prodoctV, Australasian Pig Science Association,
Werribee, Victoria, Australia, p. 42-51.

Dunshea FR., Kerton DK., Eason PJ., Pluske JR.ggldy (2002). Diets containing high-quality animal
proteins increase growth of early-weaned pigsst. J. Agric. Re&3 p. 779-784.

Einspanier R., Schams D. (1991). Changes in coratétis of insulin-like growth factors 1 and 2 and
their binding proteins in human milk: effect of hdeeatment on IGF and IGF binding protein
stability. J. Dairy Res.58 p. 171-178.

Elfstrand L., Lindmark-Mansson H., Paulsson M., B L., Akesson B. (2002). Immunoglobulins,
growth factors and growth hormone in bovine colastiand the effects of processirigt. Dairy J.
12 p. 879-887.

Elson CO., Beagley KW. (1994). Cytokines and immuamediatorsin: Johnson LR. Physiology of the
Gastro-intestinal TractThird Edition, Raven, New York, USA, p. 243-266.

Fenton JP., Roehrig KL., Mahan DC., Corley JR. B)9&ffect of swine weaning age on body fat and
lipogenic activity in liver and adipose tissue Anim. Sci60 p. 190-199.

Franklin MA., Mathew AG., Vickers JR., Clift RA. (®2). Characterization of microbial populations and
volatile fatty acid concentrations in the jejunutaum, and cecum of pigs weaned at 17 vs 24 days
of age.J. Anim. Sci80p. 2904-2910.

Gopal PK., Gill HS. (2000). Oligosaccharides angcgtonjugates in bovine milk and colostruir. J.
Nutr. 84 (S1) p. 69-74.

37



Gu X., Li D., She R. (2002). Effect of weaning andl intestinal structure and function in the ptgle
Arch. Anim. Nutr56 p. 275-286.

Hagiwara K., Kataoka S., Yamanaka H., Kirisawal®ai H. (2000). Detection of cytokines in bovine
colostrumVet. Immunol. Immunof@6 p. 183-190.

Hampson DJ. (1986). Alteration in piglet small Btiee structure at weaninBes. Vet. Sci40 p. 32-40.

Hampson DJ., Kidder DE. (1986). Influence of crdepding and weaning on brush border enzyme
activities in the piglet small intestinBes. Vet. Sc#lO p. 24-31.

Hay MP., Orgeur P., Levy F., Le Dividich J., Contdetr D., Nowak R., Schaal B., Morméede P. (2001).
Neuroendocrine consequences of very early weanisgine.Physiol. Behav.72 p. 263-269.

Hill IR., Porter P. (1974). Studies of bactericidadtivity to Escherichia coli of porcine serum and
colostral immunoglobulins and the role of lysozymi¢h secretory IgAlmmunology26 p. 1239-
1250.

Hoek K., Milne JM., Grieve PA., Dionysius DA., SmiR. (1997). Antibacterial activity of bovine
lactoferrin-derived peptideéntimicrob. Agents Chendllp. 54-59.

Hopwood DE., Hampson DJ. (2003). Interactions betwthe intestinal microflora, diet and diarrhoea,
and their influences on piglet health in the imnagelipost-weaning periodn: Pluske JR., Le
Dividich J., Verstegen MWA. Weaning the pig. Cotsapd consequencéslageningen Academic
Publishers, p. 199-218.

Huguet A., Seve B., Le Dividich J., Le Huérou-Lurdn (2006). Effects of a bovine colostrum-
supplemented diet on some gut parameters in wazigkds.Reprod. Nutr. De6 p. 167-178.

Huguet A., Le Normand L., Fauquant J., Kaeffer B2, Huérou-Luron |. (2007). Influence of bovine
colostrum on restoration of intestinal mucosa immed pigletsLivest. Sci108 p. 20-22.

Hulea SA., Mogos S., Matei L. (1989). Interactiorf tactoperoxidase with enzymes and
immunoglobulins in bovine milkBiochemistry International9 p. 1173-1181.

Hwa V., Oh Y., Rosenfeld G. (1999). The insulinelikgrowth factor-binding protein (IGFBP)
superfamily Endocr. Rev.20p. 761-787.

Ibrahim HR., Yamada M., Matsushita K., Kobayashi Kato A. (1994). Enhanced bactericidal action of
lysozyme to Escherichia coli by inserting a hydrolple pentapeptide into its C terminus. Biol.
Chem. 269p. 5059-5063.

Jaeger LA., Lamar CH., Cline TR., Cardona CJ. (}9Effect of orally administered epidermal growth
factor on the jejunal mucosa of weaned piglats. J. Vet. Re&1p. 471-474.

Jensen BB. (1998). The impact of feed additiveshenmicrobial ecology of the gut in young pids.
Anim. Feed Sci7 p. 45-64.

Jensen AR., Elnif J., Burrin DG., Sangild PT. (2p0ODevelopment of intestinal immunoglobulin
absorption and enzyme activities in neonatal @gtiet dependeni. Nutr.131p. 3259-3265.

Jin Y., Cox DA., Knecht R., Raschdorf F., Cerlétti (1991). Separation, purification, and sequence
identification of TGFB1 and TGH32 from bovine milk.J. Prot. Chem.10 p. 3411-3416.

Jones Jl., Clemmons ER. (1995). Insulin-like grovdletors and their binding proteins: Biological
actions Endocr. Rev.16 p. 3-34.

Kasser TR., Martin RJ., Gahagan JH., WangnesslB81J. Fasting plasma hormones and metabolites in
feral and domestic newborn pigs.Anim. Sci53 p. 420-426.

38



Kelly BYD., Smyth JA., McCracken KJ. (1991). Digest development of the early-weaned pig. 1.
Effect of continuous nutrient supply on the devehemt of the digestive tract and on changes in
digestive enzyme activity during the first week ipaganing Br. J. Nutr.65 p. 169-180.

King MR., Morel PCH., James EAC., Hendriks WH., $da JR., Skilton R., Skilton G. (2001). Inclusion
of colostrum powder and bovine plasma in startetsdincreases voluntary feed intake:
Manipulating Pig Production VIII, Australasian Pi§cience AssociationVerribee, Australia, p.
213.

King MR., Kelly D., Morel PCH., Pluske JR. (2003spects of intestinal immunity in the pig around
weaning. In: Pluske JR., Le Dividich J., Verstegen MWA. Vileanthe pig. Concepts and
consequence®Vageningen Academic Publishers, p. 219-257.

King MR., Wester TJ., Morel PCH. (2007). The effedtdietary spray-dried bovine colostrum and
plasma on the response of pigs to enterotoxigénaoli challenge after weaningivest. Scil08p.
292-294,

Kingsnorth AN., Vowles R., Nash JRG. (1990). Epidal growth factor increases tensile strength in
intestinal wounds in pig®8r. J. Surg.77 p. 409-412.

Korhonen H. (1977). Antimicrobial factors in bovinelostrum.J Sci. Agric. Soc. Fin#9 p. 434-447.

Korhonen H., Marnila P., Gill HS. (2000). Milk immaglobulins and complement factoB. J. Nutr.
84 (S1) p. S75-S80.

Kussendrager KD., van Hooijdonk ACM. (2000). Laaopxidase: physico-chemical properties,
occurrence, mechanism of action and applicatiBnsJ. Nutr.84 (S1) p. S19-S25.

Lalles JP., Boudry G., Favier C., Le Floc'h N., &u., Montagne L., Oswald IP., Pié S., Piel Cye&B.
(2004). Gut function and dysfunction in young pigbysiology.Anim. Res53 p. 301-316.

Le Dividich J., Herpin P. (1994). Effects of clinaiconditions on the performance, metabolism and
health status of weaned piglettsvest. Prod. Sci38 p. 79-90.

Le Dividich J., Séve B. (2000). Effects of undedig during the weaning period on growth,
metabolism, and hormonal adjustments in the pi§lemest. Anim. Endocrii9 p. 63-74.

Le Huérou-Luron I., Marion J., Bebin K., Thomas Banier P., Thibault JN., Le Dividich J. (2003).
Supplementation of a weaning diet with a bovine@strlm extract minimise post-weaning duodenal
structural, but not functional, alterations in 7ettl piglet. In: 9" International Symposium on
Digestive Physiology in Pigs, 14-17 May 20Banff, AB, Canada? p. 238-240.

Le Huérou-Luron I., Huguet A., Callarec J., Lerolix Le Dividich J. (2004). La supplémentation de
l'aliment de sevrage en colostrum bovin amélidngd'stion et les performances zootechniques chez
les porcelets au sevraglmurnéeRech. Porcin&6 p. 33-38.

Leibbrant VD., Kemp RA., Crenshaw TD. (1987). Effesf liquid milk replacer supplementation
immediately postweaning on nursery pig performadc@nim. Sci65 (S1) p. 129 (Abstr.).

Lindmark-Mansson H., Svensson U., Paulsson M., Al@e, Frank B., Jhonsson G. (2000). Influence of
milk components, somatic cells and supplementad nim milk processabilitylnt. Dairy J. 10 p.
423-433.

Maher TJ. (2000). Bovine colostrum, continuing eation moduleNew hope institute of retailin®. p.

Marion J., Bebin K., Thomas F., Piot M., Fauquant.duveau I., Ganier P., Thibault JN., Maubois JL.
(2002). La supplementation de l'aliment de sevegeain extrait de colostrum bovin augmente la
hauteur des villosités dans le duodenum chez leefeirsevréJournées Rech. Porcir@ p. 103-
108.

39



Masschalck B., Van Houdt R., Van Haver EGR., Mighi€W. (2001). Inactivation of Gram-negative
bacteria by lysozyme, denaturated lysozyme, anoziyme-derived peptides under high hydrostatic
pressureAppl. Environ. Microb.67 p. 339-344.

Matteri RL., Dyer CJ., Touchette KJ., Carroll JAllee GL. (2000). Effects of weaning on somatotopi
gene expression and circulating levels of insule-lgrowth factor-1 (IGF-1) and IGF-2 in pigs.
Domest. Anim. Endocrii9 p. 247-259.

McCracken BA., Gaskins HR., Ruwe-Kaiser PJ., KlgsKC., Jewell DE. (1995). Diet-dependent and
diet-independent metabolic responses underlie grastasis of pigs at weaningd. Nutr. 125 p.
2838-2845.

McCracken BA., Spurlock ME., Roos MA., ZuckermanA. FGaskins HR. (1999). Weaning anorexia
may contribute to local inflammation in the pigéebhall intestineJ. Nutr.129 p. 613-619.

Miller BG., James PS., Smith MW., Bourne FJ. (19&3ject of weaning on the capacity of pig inteatin
villi to digest and absorb nutrients. Agric. Sci. Camhl07 p. 579-589.

Mroz Z., Dekker RA., Koopmans SJ., Le Huérou-Lutoi2003). Performance, functional features on
the digestive tract and haematological indiceséamed piglets fed antibiotic-free diets and exposed
to a vitro-bacterial infectionln: Ball RO. Proceedings of the™9international Symposium on
Digestive Physiology in Pigs, 14-17 May 20B3nff, AB, Canada? p. 180-182.

Mroz Z, Grela ER., Matras J., Krasucki W., Kichdra Shipp TE. (1999). Passive protection of piglets
against diarrhoea with specialized egg immunogiokulProtima). In: Cranwell PD. Manipulating
Pig Production VIl Australasian Pig Science Association, Werribee238.

Mormeéde P., Hay M. (2003). Behavourial changes adfeptations associated with weanihg. Pluske
JR., Le Dividich J., Verstegen MWA. Weaning the @igncepts and consequenc¥gageningen
Academic Publishers, p. 53-60.

Nabuurs MJA., Hoogendoorn A., Van Zijderveld FG994). Effects of weaning and enterotoxigenic
Escherichia coli on net absorption in the smakgtine of pigsRes. Vet. Sch6 p. 379-385.

Odle J., Zijlstra RT., Donovam SM. (1996). Inteatieffects of milkborne growth factors in neonabdés
agricultural importancel. Anim. Sci74 p. 2509-2522.

Pakkanen R., Aalto J. (1997). Growth factors artéh@crobial factors of bovine colostrurint. Dairy J.
7 p. 285-297.

Pié S., Lalles JP., Blazy F., Laffitte J., Séve Bswald IP. (2004). Weaning is associated with an
upregulation of expression of inflammatory cytoldre the intestine of piglets. Nutr.134 p. 641-
647.

Pierce JL., Cromwell GL., Lindemann MD., Russell.L ®/eaver EM. (2005). Effects of spray-dried
animal plasma and immunoglobulins on performancesoly weaned pigd. Anim. Sci83 p. 2876-
2885.

Playford RJ., Macdonald CE., Johnson WS. (2000)Jostaum and milk-derived peptide growth factors
for the treatment afastro-intestinadisordersAm. J. Clin. Nutr72 p. 5-14.

Pluske JR., Hampson DJ., Williams IH. (1997). Fetmfluencing the structure and function of the
small intestine in the weaned pig: a reviéwest. Prod. Sci51 p. 215-236.

Pluske JR., Pearson G., Morel PCH., King MR., 8kilG., Skilton R. (1999). A bovine colostrum
product in a weaner diet increases growth and eslaiays to slaughtetn: Manipulating Pig
Production VIl.Australasian Pig Science Association, Werribeestfalia, p. 256.

40



Pruitt KM., Reiter B. (1985). Biochemistry of peidise system.n: Pruitt KM., Tenovuo J. The
Lactoperoxidase system: Chemistry and Biology 8Sagmice Marcel Dekker, New York. p. 143-
178

Read LC., Ford WDA., Filsell O., McNeil J., Ballafel. (1986). Is orally-derived epidermal growth
beneficial following premature birth or intestin@section?Endocrinologia Experimentali0 p.
199-207.

Reiter B. (1978). Reviews of the progress of datience: Antimicrobial systems in mill. Dairy Res.
45p. 131-147.

Scammell AW. (2001). Production and uses of colmstAust. J. Dairy Technol56 (2) p. 74-82.

Schaller JP., Saif LJ., Cordle CT., Candler E. WipsTR., Smith KL. (1992). Prevention of human
rotavirus-induced diarrhea in gnotobiotic pigleting bovine antibodyJ. Infect. Dis.165 (4) p.
623-630.

Schweiger M., Steffl M., Amselgruber WM. (2003).figrential expression of EGF receptor in the pig
duodenum during the transition phase from matemilk to solid food.J. Gastroenterol38 p. 636-
642.

Shen WH., Xu RJ. (1996). Stability of epidermalwtio factor in thegastro-intestinalumen of suckling
and weaned pigs.ife Sci.59 p. 197-208.

Shen WH., Xu RJ. (2000). Stability of insulin-liigrowth factor | in thegastro-intestinallumen in
neonatal pigs]). Pediatr. Gastroenterol. NutBO p. 299-304.

Simmen FA., Badinga L., Green ML., Kwak I., Song Simmen RCM. (1998). The porcine insulin-like
growth factor system: at the interface of nutrifignowth and reproductiod. Nutr.128 p. 315S-
320sS.

Solano-Aguilar Gl., Vengroski KG., Beshah E., Dagi LW., Lunney JK. (2001). Characterization of
lymphocyte subsets from mucosal tissues in neosatale.Dev. Comp. ImmunolR5 p. 245-263.

Stirling CMA., Charleston B., Takamatsu H., Clayp&, Lencer W., Blumberg RS., Wileman TE.
(2005). Characterization of the porcine neonatal&g@ptor-potential use for trans-epithelial protei
delivery.Immunologyl14p. 542-553.

Stolba A., Wood-Gush DGM. (1989). The behavioupigfs in a semi-natural environmeatnim. Prod.
48 p. 419-425.

Tokach MD., Goodbank RD., Nelssen JL., Kats LJ.9@)9 Influence of weaning weight and growth
during the first week post-weaning on subsequegitpgirformanceKansas University Swine Day,
Report Progres$667p. 15-17.

Tripathi V., Vashishtha B. (2006). Bioactive compds of bovine colostruntood Rev. Int22 p. 225-
244,

Van Dijk AJ., Everts H., Nabuurs MJA., Margry RICBeynen AC. (2001). Growth performance of
weanling pigs fed spray-dried animal plasma: aaeviivest. Prod. Sci68 p. 263-274.

Vega-Lopez MA., Bailey M., Telemo E., Stokes CRO44%). Effect of early weaning on the development
of immune cells in the pig small intestinget. Immunol. Immunog4 p. 319-327.

Viljoen M. (1995). Lactoferrin: A general reviellaematologice80 p. 252-267.

Wang YZ., Shan TZ., Xu ZR., Feng J., Wang ZQ. (J0&ffects of the lactoferrin (LF) on the growth
performance, intestinal microflora and morphologyweanling pigsAnim. Feed Sci. Techndl35
p. 263-272.

41



White ME., Ramsay TG., Osborne JM., Kampman KA.aman DW. (1991). Effect of weaning at
different ages on serum insulin-like growth fadt@iGF-I), IGF binding proteins and serum in vitro
mitogenic activity in swinel. Anim. Sci69 p. 134-145.

Wiese F., Simon O., Weyrauch KD. (2003). Morpholagdythe small intestine of weaned piglets and a
novel method for morphometric evaluatiémat. Histol. Embryol32 p. 102-109.

Xu RJ., Mellor DJ., Birtles MJ., Reynolds GW., Sisom HV., Breier BH., Gluckman PD. (1996).
Morphological changes in the oesophagus of newpst effects of age, diet and oral insulin-like
growth factor-1 (IGF-1) or IGF-lIIReprod. Fertil. Dev8 p. 903-909.

Xu RJ., Wang T (1996)Gastro-intestinalabsorption of insulin-like growth factor-1 in neatal pigs.J.
Pediatr. Gastroenterol. Nut23 p. 430-437.

Xu RJ., Wang F., Zhang SH. (2000). Postnatal adiaptaf thegastro-intestinakract in neonatal pigs: a
possible role of milk-borne growth factotsvest. Prod. Sci66 p. 95-107.

Yamauchi K., Toimita M., Giehl TJ., Ellison RT. @3%). Antibacterial activity of lactoferrin and a
pepsin-derived lactoferrin peptide fragmdntect. Immun.61p. 719-728.

42



CHAPTER ||

RESEARCH STAGES

43



44



RESEARCH STAGES

The aim of this thesis was to investigate the @geof bovine colostrum on the growth

performance and on biological and immunologicalapaaters of the newly-weaned

piglet.

1. Context of the research

This work was initiated in the context of the Eugap Union decree for a full ban of in-
feed antibiotics by 1 January 2006, which intentiegreserve the effectiveness of
antibiotics for human use. Many studies on altéveat to in-feed antibiotics were
already conducted. The most studied alternativese vpee- and probiotics, organic
acids, enzymes, etc. but it is often reported thase products produce inconsistent

results, or that benefits are inferior to thosedt by antibiotics (Mathew, 2002).

The alternative we choose is the bovine colostramit$ richness in bioactive peptides
known for their growth promoting or antimicrobiaiteon (Pakkanen and Aalto, 1997).
Bovine colostrum presents also the advantage @ metural product and its collection
is already organised in our country by the "BangeeColostrum” (CER, Marloie,

Belgium, 80 000 l/year), the only one in Europe.

We tested it immediately after weaning as it camdgmarded as one of the most critical
period in the modern-day pig production (Edward¥)2 Pluskeet al, 1997), during

which the use of antibiotics is the most effective.

2. Effects of bovine colostrum on the growth perfor mance, feed
intake and physiological parameters of newly weaned piglets

A first study was achieved in collaboration withofésssor Dehoux (Experimental
Chirurgical Unit, Faculty of Medicine, UCL) to ingBgate the effect of bovine
colostrum on the immune system of newly weanedefsglin this study, 0, 1 gand 5 g
of defatted bovine colostrum powder were admingstettaily for 3 weeks to 3 groups
of 5 newly weaned-piglets housed in an off-sitellitgc As well in vivo asin vitro

measures were performed as follows:
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* invivo:
- the growth performance;
- the feed intake;
- the haematological parameters (WBC, RBC, Plgtelet
- blood, splenic and GALT lymphocyte classes (BTfi,and Tc);
- seric and local total and anti-colostrum immumbglliins (IgA, IgM and IgG);
- and the cytokine expression in the spleen an@HET tissues.
* invitro:
- the ability of blood, spleen and GALT tissues lyrapyies to produce
cytokines,
- and their stimulation index (Sl) after colostralneitogenic stimulation.

This study was published in the journRiésearch in Veterinary Scierice

In this experiment, the morphology of the intedtwall was also studied (villi height
and crypt depth). However, due to the numerous unea<ited before and the absence
of differences between the treatments for thesanpaiers, these results were not

presented in the publication.

A second study was achieved to investigate thecteféé bovine colostrum whey
supplementation in weaned diet (20 g/kg) on thevgigoerformance, the feed intake,
the systemic immune and endocrinal responses andatcalE. coli populations of

96 newly weaned piglets housed in a conventionalaom nursery. In this study, we

measured:

- the growth performance;

- the feed intake;

- the haematological parameters (WBC, RBC, Plgtelet

- blood lymphocyte classes (B, T, Th and Tc);

- the serum immunoglobulins (IgA, IgM and IgG);

- circulating hormones (IGF-I1, IGF binding proteid8 and T4);

- and the faecdt. coli population.
All the results of this study were published in jbernal "Animal’, except the results of
the endocrinal response which were briefly presere the 28 International Pig

Veterinary Society Congress (Durban, South Afrina)une 2008.
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3. Reduction of the costs of to the use of bovine ¢ olostrum in weaned
piglet diet

This last part of our work is essential for the elepment of the use of bovine
colostrum in pig production. Our previous resulisady show the growth promoting
activity of bovine colostrum whey the first week PWowever, the price per piglet
with 2 % of bovine colostrum whey supplementation28 days is about 19 € which is
not cost-effective in conventional pig productidio. reduce the costs, two studies were
achieved; the first studied three levels of bovowostrum whey supplementation
(0, 1 and 2 %) in the diet and the second compboethe colostrum whey to defatted
bovine colostrum, a 50 % less expensive fractiomenvly-weaned piglets.

In the first experiment, the growth performance &l intake were measured. In the
second one, these parameters were completed vatd arameters (haematological
analyse, lymphocyte subclasses (B, T, Th and TEtyns immunoglobulin (IgA, IgM
and IgG) concentrations) and faecal bacterial pamiis Lactobacilli spp.andE. coli)

to investigate the effect of the withdrawal of aasen the effects of bovine colostrum.

These two experiments are presented in a publicatibmitted to the journaRhimal'.
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ARTICLE 1

EFFECTS OF ORAL SUPPLEMENTATION WITH BOVINE COLOSTRUM ON THE IMMUNE

SYSTEM OF WEANED PIGLETS

The aim of this first experiment is to investigate the effect of bovine colostrum on the

immune system of newly-weaned piglets.

In this study, 0, 1 g and 5 g of defatted bovine colostrum powder were administered daily
for 3 weeks to 3 groups of 5 newly weaned-piglets housed in an off-site facility.
Haematological parameters and anti-colostrum immunoglobulin levels were examined.
Lymphocytes from the blood, spleen and gut-associated lymphoid tissues were analysed for
phenotype as well as for their ability to produce cytokines. Finally, the stimulation index
(SI) of mononuclear cells from different organs was obtained after colostral or mitogenic

stimulation.

The haematological parameters were not significantly affected by colostrum. However,
total serum IgA levels were increased after colostrum supplementation, with a transient
decrease in total IgG. Local anti-colostrum immunization was observed in colostrum-fed
piglets. The CD21+/CD3+ cells populations of the ileal Peyet’s patch (iPP) were markedly
affected. The SI of lymphocyte populations changed significantly whereas, naive blood
lymphocytes were not stimulated 7z vitro in the presence of bovine colostrum, suggesting
local anti-colostrum immunisation and an absence of direct mitogenic effects of the
colostrum. Both Th1 and Th2 cytokine production was present in the different organs of

colostrum-fed piglets. Bovine colostrum especially stimulated iPP cells.
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Abstract

The aim of this study was to evaluate the influenack bovine colostrum

supplementation on the immune system of weaneetpigh a context of a full ban on
in-feed antibiotics. After weaning at 21 days, 2#boed piglets were fed with a diet
supplemented daily for three weeks with 0, 1 or & golostrum. Feed intake, growth
performance, haematological parameters, and sermth lacal anti-colostrum

immunoglobulin levels were examined. Lymphocytesrirthe blood, spleen and gut-
associated lymphoid tissues were analysed for gigpaas well as for their ability to
produce cytokines. The stimulation index (SI) of maouclear cells from different

organs was obtained after colostral or mitogenmudation.

Feed intake, growth and haematological parameters wot significantly affected by
colostrum. Total serum IgA levels were increasddrafolostrum supplementation, with
a transient decrease in total 1gG. Local anti-dolms immunization was observed in
colostrum-fed piglets. The CD21+/CD3+ cells popola of the ileal Peyer’s
patch (iPP) were markedly affected. The SI of lyople populations changed
significantly whereas, naive blood lymphocytes wer stimulatedin vitro in the

presence of bovine colostrum, suggesting local-@itstrum immunization and an
absence of direct mitogenic effects of the colestriBoth Thl and Th2 cytokine
production was present in the different organs ofostrum-fed piglets. Bovine

colostrum especially stimulated iPP cells.

Keywords: Piglet, Colostrum, Immune system, Immunoglobul@gtokine
Abbreviations: iPP: ileal Peyer's patch, MLN: mesenteric lympldes Sl: stimulation

index.
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1. Introduction

Bovine colostrum is a milk secreted during thetfiesv days after calving, which has a
critical role in post-neonatal health as an immboester. In addition to nutrients such
as proteins, carbohydrates, fat, vitamins and ralegrbovine colostrum contains
various bioactive components, such as growth arndndorobial factors. Growth
factors promote the growth and development of #&horn calf, while anti-microbial
factors provide passive immunity and protect agamnfsctions during the first weeks of
life (Mero et al, 1997; Pakkanen and Aalto, 1997).

The most abundant and well-characterized growthofacin bovine colostrum are
insulin-like growth factors, insulin, transformirggowth factors and epidermal growth
factors (Pakkanen and Aalto, 1997). Anti-microlbgadtors in bovine colostrum include
immunoglobulins, lactoferrin, lysozyme and lactapedase. Bovine colostrum is also
an extremely important source of immunoglobulifge toncentrations of 1gG, IgM,
and IgA are 100-fold higher than in normal milk (ke and Bland, 2002; Uruakmh
al., 2002).

After birth and the neonatal period, weaning isoadscritical period of pig growth
because of increased susceptibility to gut diserdefections and diarrhoea due to
psychological, social, environmental and dietaryesses interfering with gut
development and adaptation. The immediate effe€tsveaning are gut structural
changes, essentially villous atrophy and crypt hylesia, with a decrease in the
digestive and absorptive capacity of the smallsime and a dramatic reduction in food
intake leading to undernutrition, transient growtieck and infection sensitivity (Pluske
et al, 1997). The weaning period in young pigs is alssoaiated with inflammation of
the gut, involving alteration in intestinal immuniand in the intestinal immune

responses to dietary and bacterial antigens (Hang@o2).

These post-weaning problems are currently manageiddorporating antibiotics and
metals into weaning diets. However, increased batteesistance to antibiotics and
environmental problems led the European Union tplement a full ban on in-feed
antibiotics from January 2006 and a drastic redacin the levels of copper and zinc
supplementation; efficient alternatives, therefdraye to be found to conform to this

policy change.
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Although the classical role of colostrum is prowiglikey nutrients as well as passive
protection to the neonate is well known and desdilits use in the weaning and post-
weaning period is less well defined and, the abiit the newborn animal to absorb
these substances for only a limited period of tipreor to gut closure must be
appreciated. Nevertheless, bovine colostrum cowddob interest in view of its
protective effects against various infectious dsesa(Tackeet al, 1988; Ebineet al,
1992). Bovine colostrum has been used as a headith $upplement for humans. It
improves diarrhoea in patients suffering from immodeficiency syndromes, non anti-
inflammatory steroidal drugs-induced inflammatoojitts and acute phase-responses to
surgery (Heet al, 2001; Moreinet al, 2002; Yoshiokaet al, 2005). The mechanisms
by which bovine colostrum protects the host frofiedtions have been attributed to the
anti-microbial action of its functional componepts infective agents and toxins and/or
on host immune responses which may be benefictahdst health. Nevertheless, the
data available on the immuno-modulatory effectb@fine colostrum in non-ruminants

(as well as in human subjects) are still limited.

The aim of this study was to determine the effettthree weeks oral administration of
bovine colostrum (0, 1 and 5 g daily) on the immsgstem of newly weaned, healthy
piglets.

2. Materials and methods

2.1. Animals, diet and experimental design

Twenty-four 21-days-old newly weaned outbred Beidiandrace male piglets coming
from 5 litters (Rattlerow Seghers, Buggenhout, Betg and weighing 7.4 0.4 kg
were used in this study. Piglets were randomistal timree groups (groups 0, 1 and 5)
according to the amount of oral bovine colostrumppdementation. Each group was fed
ad libitum with the same diet (Table 1) and had free acceswater. The piglets
received orally 0 g (group 0), 1 g (group 1) or &ggoup 5) daily of bovine colostrum
(Centre d’Economie Rurale, Marloie, Belgium) foret weeks, prepared by dissolving
colostrum powder (pooled from three batches) imilsted water at a concentration
of 10 % (w/v). Group 0 was considered as the cognaup. All animals were kept in a

temperature and humidity-controlled environmerd it2 h light-dark cycle.

56



Table 1.Composition of the experimental diet (Exp. diet)l dhe freeze-dried bovine

colostrum

Composition (% FM) Exp. diet
Wheat 20
Pea 13.16
Soybean meal (48 % CP) 30
Maize 30
Soybean oil 1.99
Vitamin/mineral premi% 1
Synthetic amino acids and minefals 3.85

Chemical composition Exp. diet Colostrum
DM (% FM) 88.13 90.80
Crude protein (% DM) 22.78 67.50
Ether extract (% DM) 4.21 0.16
Crude fibre (% DM) 3.30 /
Starch (% DM) 36.34 /
Ash (% DM) 3.4 5.34
Net energy (kcal/kg DM) 2330 5190

FM = Fresh matter, DM = Dry matter, CP = Crude et

& Trouw Nutrition, Nutreco, Gent, Belgium

®Methionine, lysine, threonine, tryptophane, phosph@aCQ, NaCl

Dried colostrum powder was obtained by freeze dryat a maximal temperature
of 40°C during the vacuum-warming up. The processihermal effects on the
immunoglobulin  titers were evaluated by seroneis@iibn. The in vivo
immunoglobulin  resorption was also checked by maagu total serum
immunoglobulin levels in calves 48 h after orabk# according to the guidelines of the

Centre d'Economie Rirale (Marloie, Belgium).

2.2. Surgical procedures

Three naive animals were operated on day 0 an@xhemaining piglets on day 21.
Before surgery, the animals were anaesthetisedtilétamine/zolazepam (Zoletil 180
6 mg/kg, Virbac) and xylazine (Rompur2 %, 2 mg/kg, Bayer) for induction and
enflurane (Ethrarfe0.8 %)/nitrous oxide (0.2 I/min) for maintenanMesenteric lymph
nodes (MLN); pieces of the jejunum wall (100 cmeafpylorus) and biopsies of the

ileal Peyer’s patch (iPP) were taken by enterotamtgstinal fluids were collected from
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the ileum and, finally, spleen biopsies were takifier surgery, the animals were
sacrificed by lethal iv injection of embutramideime@zonium/tetracaine hydrochloride
(T61%, Intervet). All procedures were conducted accaydinthe guidelines established
by the ethical committee of the Catholic UniversitfyLouvain and according to the

Belgian legislation on care and use of laboratorynals.

All the samples removed were analysed immediatelfrazen in liquid nitrogen and
stored at —80°C.

2.3. Haematology analyses

Blood samples were taken from each animal on da@s1b and 21 into heparin-treated
tubes and analysed with a blood counter (MS9 veteMScloesing Lab, France). The
total numbers of red and white blood cells wereawmti®d as well as haemoglobin
concentration and haematocrit percentage. Thesplesamwere also prepared for flow

cytometry analysis.

At the same time, blood was also collected in diyes and the serum, separated by

centrifugation at 1000 g for 15 min, was stored at —20°C until analysis.

2.4. Cell preparation

Ten milliliters of heparinised blood was diluted 25 ml of RPMI (Gibco, Paisley,

Scotland, UK) and the peripheral blood mononucleglls (PBMC) were recovered
after centrifugation (400 x g, 30 min) across a sitgngradient on lymphocyte
separation medium (LSM; International Medical, Bwis, Belgium). The isolated
PBMC were blended in culture medium (RPMI mediuraluding 20 % foetal calf

serum, 2 mM L-glutamine, 100 pg/ml penicillin and01 pg/ml streptomycin).

Mononuclear cells from spleen, MLN, iPP and jejunwall were obtained by cutting
each organ sample into pieces of less than 1 mm aftet gently crushing, passing
them through a gauze to remove debris. The passédwere centrifuged using the
same density gradient as previously describedi®ibtood. The number of viable cells
was counted after staining with trypan blue ancregal per mg of tissue.
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2.5. Peripheral blood, lymph node, Peyer’s patch, jejunum and spleen
lymphocyte monitoring

The phenotypes of lymphocyte subpopulations fromipperal blood, MLN, iPP,
jejunum wall and spleen were monitored by a FAC&Qalflow cytometer (Becton
Dickinson, San Jose, CA, USA) using a panel ofrigoein (FITC) or Phycoerythrin
(PE)-labeled mAbs including mouse anti-pig CD3 (E)TClone B323-8E6-8C8),
mouse anti-pig CD4 (FITC or PE, Clone 74-12-4), swuanti-pig CD8
(PE, Clone 76-2-11) and mouse anti-human CD21 (fk&he B-ly4) markers purchased
from BD Biosciences (San Jose, USA). A panel ofG-I'ind PE-labeled mouse 1gG
(Simultest control, BD, San Jose, USA) was usedheggtive control. Five hundred
thousand cells per tube were incubated for 30 mth w0 pl of each mAb and after
three washes, the percentage of single- or doulddie cells was then assessed by
flow cytometry and the relative number of CD celbpopulations was determined in

each sample.

2.6. Mitogenic cell stimulation

A total of 2 x 16/ml porcine mononuclear cells from blood, MLN, iRRd spleen of
piglets fed with 0 or 5 g of bovine colostrum fom@&eks (nan vitro stimulation was
done with 1 g of bovine colostrum), were plated®&iwell microtitre plates (Falcon,
Nunc Brand Products, Denmark) in a final volume260 pl culture medium (RPMI
medium including 20 % foetal calf serum, 2 mM L4glwmine, 100 pg/ml penicillin
and 100 pg/ml streptomycin) for 96 h at 37°C unfe¥% CQ. Either 20 ul PHA
(80 pug/ml), 20 pl of ConA (25 pg/ml), 20 ul of LK30 pg/ml) or 20 ul of bovine
colostrum (Col; 200 pg/ml) were added on day 0.elirsix hours after the initiation of
the mitogenic stimulation, the plates were incubbdta 4 h with tritiated thymidine
(2 mCi/ml; Amersham Life Sciences, Belgium), thearvested (Filtermate 196;
Packard, The Netherlands) and counted (Top couidtopiate scintillator counter;
Packard, Australia). A stimulation index (SI) wdstaned from the ratio of counts per
minute (cpm) from the wells with mitogens to thercpf the wells with medium alone.
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2.7. Immunoglobulin concentrations

2.7.1. Total serum Ig and serum anti-colostrum Ig levels

» Total serum Ig levels

Total IgM: The ELISA method was used. Briefly, 96 well midret plates (Falcon,
U.S.A.) were coated overnight (4°C) with goat gng-IgM (10pg/ml) (Bethyl, Inc.,
Montgomery, Texas, USA) in 0.05 M borate buffer (Bt3). After saturation of non-
specific antigenic sites (1h, 37°C) with 5 % skinthmeilk in PBS 0.1 % Tween 20
(Sigma, U.S.A.), microtitre plates were incubatathv00 ul of twofold serial dilutions
of pig serum starting at 1/1000 and IgM were deiddty peroxidase-labeled goat anti-
pig IgM (100 pl of 1/100,000 recommended dilutioneiach well; Bethyl, Inc., USA).
Peroxidase activity was revealed by Orthophenyldia@PD, Sigma), 0.03 % 40,
(Merck) in citrate buffer (pH 5.5) solution. Opticdensity was measured at 450 nm
using an optical reader (PR 5000, Dynatech). Rarifiig IgM (Bethyl, Inc., USA) was
used as the control and standard to create a sthadeve for the calculation of results.
Total 1gG: A similar technique was used to determine the tafatulating 1gG
antibodies. Goat anti-pig IgG (Bethyl, Inc., Montgery, Texas, USA) was used for
coating and goat anti-pig IgG-peroxidase-labeled0Q,000 recommended dilution;
Bethyl, Inc., USA) for detection. Purified pig Ig@Bethyl, Inc., USA) was used as
control and standard. The serial dilutions of mgusn started at 1/10,000.

Total 1gA: A similar technique was used to determine the taiatulating IgA
antibodies. Goat anti-pig IgA (Bethyl, Inc., Montgery, Texas, USA) was used for
coating and goat anti-pig IgA-peroxidase-labeled8@000 recommended starting
dilution; Bethyl, Inc., USA) for detection. Puritiepig IgA (Bethyl, Inc., USA) was

used as control and standard. The serial dilutddqsg serum started at 1/800.

* Anti-bovine colostrum serum Ig

The ELISA method was used. Briefly, 96 well michatiplates (Falcon, U.S.A.) were
coated overnight (4°C) with bovine colostrum (25mlg pooled from three batches,
Centre d’Economie Rurale, Marloie, Belgium) in Old5Sborate buffer (pH 9.5). After
saturation of non-specific antigenic sites (1h, GQ7with 5 % skimmed milk in
PBS 0.1 % Tween 20 (Sigma, U.S.A.), microtitre ggatvere incubated with 100 pl of
twofold serial dilutions of pig serum started atdd and peroxidase-labeled goat anti-
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IgG, -IlgM and -IgA mAb (100 ul of each recommendkidition as described; Bethyl,
Inc., Montgomery, Texas, USA) were used for detectiAll the samples were tested in
the same test and on the same day under identaditmns. Peroxidase activity was
revealed by Orthophenyldiamin (OPD, Sigma), 0.0819@, (Merck) in citrate buffer

(pH 5.5) solution. Optical density was measurediz® nm using an optical reader
(PR 5000, Dynatech). Serum from three week-oldepsgimmunized or not with bovine
colostrum (three subcutaneous injections of 100ofmdried bovine colostrum powder

suspended in PBS buffer — 10 % (w/v) — at two wieekvals) was used as control.

2.7.2. Local total Ig and local anti-colostrum Ig

For local total Ig and local anti-colostrum Ig lésjeintestinal fluids (2 ml of mucus)
were freshly collected from the ileal part of theestine on days 0 and 21. These
samples were mixed with the same volume of PBS aamdrifuged. Twofold serial
dilutions of supernatant starting at ¥4 were testedgM, IgG and IgA (total Ig and
anti-colostrum Ig) by ELISA, as described earli@oat anti-pig IgM, anti-pig IgG or
anti-pig IgA (Bethyl, Inc., Montgomery, Texas, USAjere used for coating and
porcine Igs from diluted supernatants were detebtederoxidase-labeled goat anti-pig
IgM, anti-pig IgG or anti-pig IgA (Bethyl, Inc. USA Serum from three week-old

piglets immunized or not with bovine colostrum @@scribed) was used as control.

2.8. RNA extraction and analysis by real-time PCR (RT-PCR )

Biopsies taken from the iPP, jejunum, MLN and splere day 21 were analysed in each
group. Total RNA was extracted from frozen (-80%Ssue samples (400 mg) with
TriPure Isolation Reagent (Roche Diagnostics Cafan, Indianapolis, IN, USA),
according to the instructions of the manufactur®&NA was quantified by
spectrophotometryA£260 nm) and its concentration adjusted to 0.25uugking
RNase free water. Reverse transcription (RT) wafopeed on 1 pg of total RNA in a
reaction volume of 20 pl involving 7.5 uM randomxamers, RT buffer 5X, 9 mM
dithiothreitol, 220 uM of each deoxyribonucleotiipphosphate (ANTP) and 200 U of
M-MLV (Invitrogen, California, USA). The final RT npduct was adjusted to 50 pl
using RNase free water. The cDNA product was ameglifon a GeneAmp 5700
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Sequence Detection System and software (AppliedsyBiems, Den ljssel, the
Netherlands) using SYBR Green detection (AppliedsBstems, Foster City, CA,
USA). RT-PCR was carried out using the followingleyparameters: 10 min at 95°C,
followed by 50 cycles of 1 min at 60°C and 15 9%ftC. The following primers for pig
cytokines were obtained using software (Applied sggiems, Den ljssel, The
Netherlands) after editing pig cytokines sequendesn the NCBI web site
(www.ncbi.nlm.nih.gov):
» for IL-2 sense primer: cagttgctithggaagttaagaa;
antisepsiner: gcctgcttgggcatgtaaa;
» forlIL-12 sense primer: cgtgcctcggmtataa,;
antisepsiner: caggtgaggtcgctagtttgg;
> for IFN-y sense primer: ttcaaagataaccaggecattc
antisense prineactgatggctttgcgctg;
> forIL-4 sense primer: cacagcgagaaatcgt;
antisense pringgccgctcaggaggctcttc;
» for IL-10 sense primer: cttgttgctgaggtctct;
antisense printeggcattacgtcttccaggt.
The ribosomal protein L19 (RPL19) RNA was choseramsnternal standard reporter
gene with the sense primer, caagcggattctcatggaand, the antisense primer,
tggtcagccaggagcttctt. Standardisation of the RT-P@Redure was performed for each
primer, on total RNA extracted from peripheral moudear cells (coming from a naive
three week-old piglet) stimulatad vitro concomitantly with 20 pl PHA (80 pg/ml),
LPS (25 pg/ml) and ConA (20 pg/ml) at 4 x*Xlls/ml. The primers were tested at
different sample concentrations (20 %, 4 %, 0.8Mb @16 %). Results were expressed
using the comparative cycle threshold (Ct) meth®described in the User Bulletin #2
(Applied Biosystems). Briefly, thACt values were calculated in every sample for each
gene of interest as follows: Géne of interest— Ct reporter gene With RPL19 gene as the
reporter gene. The calculation of the relative gesnin the expression level of one
specific gene AACt) was performed by subtracting the control grdigpoup O0)
ACt from the correspondin§Cts of the treated groups (groups 1 and 5). Theegahnd
ranges given in the different figures were detegdims follows: 2“ with AACt +
SEM andAACt — SEM, where SEM is the standard error of tham& theAACt value
(User Bulletin #2, Applied Biosystems).

62



2. 9. Statistical analysis

Results are expressed as mearS8EM. The statistical differences between the gsoup
were tested using the one-way analysis of varigAdOVA), followed by Student's

t-test. Statistical significance was consideredafBrvalue < 0.05.

3. Results

3.1. Growth performances

During the experimental period, the piglet bodyvweigncreased from 7.4 0.4 kg
(day 0) to 10.% 0.7 kg (day 21). There was no significant effeict@ostrum on feed
intake or piglet growthR > 0.05; data not shown).

3.2. Haematological and flow-cytometric analysis

There were no significant differences among pigletups within the same day for all
the parameters measured, indicating a lack of feignt effect of colostrum

supplementationR > 0.05, Table 2). However, there was a significaotease in white

blood cell count on day 21 days in each group, liimg mainly the granulocyte

population in all groups and, additionally, the pmocyte population in the control
group P <0.05).
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Table 2. Haematological parametéien days 0 and 21 of piglets supplemented with 0 g
(Group 0), 1 g (Group 1) or 5 g (Group 5) of bavoolostrum for three weeks
(n =7 piglets per group).

Group O Group 1 Group 5
Parameters
Day 0 Day 21 Day 0 Day 21 Day 0 Day 21
RBC® 52+06 56+07 50+07 60+06 50+05 59+05
(M/mms)
wBC” 6.7+15a 145+3.4b 6.7+07a 11.4+3.4b 6.7+19a 14.4+4.9b
(m/mmg)

Monocytes 05+0.1 0.3+0.0 04+0.1 0.2+0.0 0.3+0.1 0.3+0.1
(m/mmg)

Granulocytes 29+04a 88+27b 3.1+06a 6.8+32b 31+19a 9.7+50b
(m/mmg)

Lymphocytes  34+10a 54+1.7b 3.2+0.6 43+0.3 3.3+0.6 42+0.4
(m/mmg)

Haezg/a)tocrit 35.6+29 342+28 342+38 36.1+25 33.7+24 362+3.1
0

Hae(m;)dkf)lobin 11.3+0.4 105+0.6 11.1+10 10.6+04 11.0+0.9 10.9+1.0
g

Means in the same line with different letters, \witthe same group, differ significantli? & 0.05).

2RBC: cells x 1&mm?3 + SEM; WBC, Monocytes, Granulocytes and Lymphtes: cells x 103/mm3 *
SEM; Haematocrit: % + SEM; Haemoglobin: g/dl + SEM.

PRBC: red blood cells; WBC: white blood celid;= 1¢ cells,m = 103 cells.

After extraction of the tissues cells for analylsisflow cytometry, mononuclear cells
were quantified per milligram of tissue. There veadose-related decrease in the total
number of mononuclear cells per milligram of tisseeovered from iPP samples on
days 0 and 21: from 625,454 + 185,000 to 324,64%5%#000 cells/mg for group 1 and
from 764,000 + 104,000 to 189,000 + 78,000 cellsforggroup 5 (botHP < 0.01); no
difference was observed in the control group: 560,8 109,000 to 492,000 + 87,000
(P > 0.095. For the other organs, no differences were olesein the number of

mononuclear cells among groups or over time (dataimown;P > 0.05).
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Phenotyping of the iPP cells (Figure 1) showedrg gegnificant dose-related decrease
in the CD21+ cell count on day 2P € 0.01), concomitant with an important increase
in the CD3+ cell population during the same perimdhe same groups(< 0.01),
involving the CD4+ cell subpopulations (from 4.36 en DO to 11.6 + 1.9 on D21 in
the group 1 and from 3.7 £ 0.7 % on day O to 23889 % on day 21 in the group 5,
P < 0.01, data not shown). There were no changéseilCD21+, CD3+ or CD4+ cells
populations in group 0 between days 0 and?22 (.05 data not shown

In the blood, the MLN, the jejunum wall and the espi, there were no significant
differences in any of the mononuclear cell popalai among groups or over time
(P < 0.05), (data not shown).

CD3-/CD21+ *k CD3+/CD21- %

100 - | 100 -

*k

80 -

% of cells

% of cells

Figure 1. Relative percentage of CD3-/CD21+, CD3+/CD21-ratimuble staining of
cells from ileal Peyer’s patch, on days 0 and 21He different treatments
(Groups 0, 1 and 5). Results are expressed in &élisf (Means + SEM ;

*P < 0.05; **P < 0.01, n =7 piglets per group).

3.3. Mitogenic stimulation

When stimulating piglet mononuclear cells from theand 5 g colostrum groups
(sacrificed on day 21) with PHA, ConA and LPS méng (Table 3), we observed a
significant increase in the Sl of group 5 cells gamed to cells from the control group

for each tissue. The Sl was significantly highetha iPP compared to the other tissues
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(P < 0.01). When stimulating the cells with bovindostrum, we observed a significant
increase in the Sl in iPP cells from colostrum+begiets compared to cells from control
animals P < 0.01). No significant differences were observethie SI from other organ

cells in the presence of colostrumx 0.05).

Table 3. Stimulation index (mean £ SEM) of mononuclearsé&ibm different immune
organs of 6 week-old piglets supplemented with(Gigpup 0) or 5 g (Group 5)
of bovine colostrum for three weeks. The harvestdid were stimulated for 4

days with PHA, ConA, LPS or colostrum (Col) (n piglets per group in

triplicate).
Mito- Cell y Sttm.]UIatlﬁn ||ngex ’
gens origin Blood esenteric eal Peyer’s Spleen

lymph node patch

Group 0 42.6+29.8a 40+0.2a 39+0.2a 28+0.01a

PHA
Group 5 493+30b 502+14.7b 113+20.6b42.2+69b
Group 0 25.2+26a 27+0.3a 23+0.4a 20+0.7 a
ConA
Group 5 142 +146b 63.1+32.7b 145+23.6b23.2+3.4Db
Group 0 47+1.2a 27204 a 98+1.7a 24+05a
LPS
Group 5 89+03b 7.3+x15b 62.6+43b 74+0.7Db
Group 0 6.4+1.2 47 +1.3 25+0.6a 36+x14
Col
Group 5 55+0.3 3.2+0.6 632+ 156 b 40+1.3

For each mitogen, means in the same column wifardifit letters, differ significantly(< 0.05)

Cells + medium alone: 179.4 £ 63.9 cpm

3.4. Immunoglobulin concentration

3.4.1. Total serum Ig levels (Table 4)

For total IgM levels, no significant differences r&eobserved among the treatment

groups or over timeR> 0.05).
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For total 1gG levels, no significant differences reveobserved among the different
treatment groups at any timé& (> 0.05). However, in the colostrum-fed groups
(groups 1 and 5), a significant decreaBe<(0.05) in IgG concentration was observed
during the first week (Day 8) following by a sigo#nt increase (Day 21pP(< 0.01).

The profile in group 0 was very similar, with a degse in 1gG levels (Day 8 and 15)
followed by an increase on Day 21, although thelsenges were not statistically

significant.

For total IgA levels, there was a significant irase in levels in the colostrum-fed

groups from day O to day 21, and a significanteddéhce between colostrums-fed
groups and the control group on day P1<0.01). In the control group, no significant

differences were observed over tinife( 0.05).

Table 4. Total serum immunoglobulin concentrations (ug/mheeart: SEM) in piglets
supplemented with 0 g (group 0), 1 g (groupl) gr(§roup 5) of bovine

colostrum for three weeks (n = 7 piglets per group)

Groups Day 0 Day 8 Day 15 Day 21

0 1263+ 47.2 1457 £ 125 1211 + 262 1680 + 91.4
IgM 4 1261+ 176 1306 + 256 1463 + 125 1949+ 91.8

5 1302 + 97.3 1370 + 138 1965 + 244 1673 + 181

0 6237 £ 602 4588 + 539 4086 + 764 5237 + 339
I9G 1 5812 + 574 3498 + 728 4681 + 390, 5749 + 39},

5 6525 + 319 3793 + 729 4926 + 19Q. 5966 + 349,

0 215.9+29.2 1989+ 1838 286.7+23.0  318.1+50.4
IgA 1 205.5+11.8 260.4 + 51.6 307.2 £ 21.3 Y430.9 + 31.6

5 206.8 + 35.7 206.1 + 36.5 242.9 +53.8a Y409.1 £ 24.8

For each group, means in the same line with diffiesabscript case letters, differ significant/< 0,05)

For each Ig class, means in the same column, vfféreht superscript case letters, differ signifitig

(P <0.01)

3.4.2. Serum anti-bovine colostrum Ig levels

No anti-bovine colostrum Ig was detected in thewation in any of the groups after

three weeks of treatment (data not shown).
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3.4.3. Local total Ig levels

No significant differences were observed from dag @ay 21 within or among groups

for local total IgM, IgG and IgA in the intestintilid samples (data not shown).

3.4.4. Local anti-colostrum Ig levels

After three weeks of treatment, the levels of thee Ig classes, especially IgG, were
higher for the two groups of piglets receiving bwicolostrum compared to the values
measured in the control group on day 21 and thaegameasured in the colostrum
groups on day O (Table 5). However, for the thigelasses, the values obtained for

groups 1 and 5 after three weeks of treatment wetrsignificantly different.

Table 5. Local intestinal anti-colostrum immunoglobulinsufgpled in intestinal fluids)
(optical density at dilution 8 as mean + SEM) igleis supplemented with 0 g
(Group 0), 1 g (Group 1) or 5 g (Group 5) of bovaodostrum for three weeks
(n =7 piglets per group).

Groups Day 0(n =3) Day 21(n=7)

0 0.109 + 0.020 0.152 + 0.085
IgM 1 0.115 + 0.025 0.391 + 0.05¢
5 0.125 + 0.019 0.331 + 0.048

0 0.048 £ 0.012 0.111 + 0.052
19G 1 0.045 + 0.015 0.426 + 0.097
5 0.043 + 0.018 0.355 + 0.087

0 0.051 + 0.008 0.048 + 0.005
IgA 1 0.044 + 0.006 0.154 + 0.017
5 0.050 + 0.008 0.167 + 0.026

For each group, means in the same line with diffiesabscript case letters, differ significant®< 0.05).

For each Ig class, means in the same column witbreint superscript case letters, differ signifityan

(P <0.01).
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3.5. Cytokine mRNA expression

The levels of cytokine expression in tissues fraostrum-fed animals (group 1 and 5)
after three weeks of bovine colostrum supplemeaatvere compared (Figure 2) to

levels measured in the control group (group 0).

Daily supplementation with 5 g of colostrum wasoassted with a significant decrease
in IFN-y mRNA expression in iPPP(< 0.01), but had no significant effect on IfN-
MRNA expression in the other orgai®sX 0.05).

Daily supplementation with 1 and 5 g colostrum veasociated with a significant
increase in IL-2 mMRNA expression in ML¥ € 0.01), but had no significant effect on
IL-2 mRNA expression in the other orgafsX 0.05).

Daily supplementation with 5 g colostrum was assecl with a significant increase in
IL-12 mRNA expression in MLN, intestine and iPIP € 0.05,P < 0.01 andP < 0.01,
respectively). Daily supplementation with 1 g cotos induced a significant increase
in IL.-12 mRNA expression in the intestine and iFP € 0.05). In the spleen, no
significant effect of colostrum supplementation drl12 mRNA expression was
observedP > 0.05).

Daily colostrum supplementation (1 g and 5 g) wasoaiated with a significant
increase in IL-4 mRNA expression in iPP<€ 0.01 and® < 0.001, respectively) but had
no significant effect on IL-4 mMRNA expression iretbther organs(> 0.05).

Finally, daily supplementation with 1 g colostrumduced a significant increase in
IL-10 mRNA expression in MLN and in iPRP(< 0.01). No significant effect of
colostrum supplementation on IL-10 mMRNA expresswas observed in the other
organs P > 0.05).
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Figure 2. Cytokine gene expression levels in different &ssfrom animals

supplemented with 0 g (group 0), 1 g (group 1) gr(§roup 5) of bovine

colostrum for three weeks. Results are expressatRA¢A relative

expression (cytokine of interest/RPL19 reporterején = 5 piglets per group
and per cytokine; Means + SEMPx 0.05; **P < 0.01; ***P < 0.001).
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4. Discussion

Traditionally, bovine colostrum is known to providsesential food for newborn calves.
Since it is relatively easy to collect large amauoit bovine colostrum, it has also been
used as a material for other applications. Sevamslles need to be faced when
considering using bovine colostrum as a supplemenpiglets feed to alleviate

infectious problems during the post-weaning perinda context of full ban on in-feed

antibiotics: (i) the absorption of molecules thrbuthe gut three weeks after birth
despite gut closure, (ii) the bio-activity of bogimolecules in weaned piglets; and (iii)

the dose of bovine colostrum to be administeretlyora

Since the ability of the newborn piglet to transigé from the gut to the bloodstream
disappears in the first 24-36 h of life, molecubédovine colostrum may not be taken
up during the post-weaning period due to this ¢pgure. The specificity of absorption
of 1IgG (and other molecules) has been debated bediere is no good evidence for
the receptor-mediated uptake that occurs in manrarat (Rooke and Bland, 2002) and
because the absorption of various growth factorsmged according to their local
actions (Xuet al, 1992). Nevertheless, it is more evident thatabgorption of bovine
or porcine 1IgG from colostrum is possible, not omyneonatal pigs but also in adult
animals (more than four-week-old animals). Stirliegal. (2005) demonstrated the
presence of porcine Fc receptors that transferraliyadelivered (bovine or porcine)
IgG into the blood supply and, concluded that tkeiseptor has the potential to deliver
protein antigens to the pig immune system. Accaydim Jenseret al. (2001), the
presence of bioreactive components in colostrum gy be responsible for the
enhanced uptake of molecules from bovine colostlym2-20 day-old piglets by

inducing changes in brush border enzyme activities.

Many authors (Kiriyama, 1992; Gomet al, 1998) have shown, by feeding newborn
piglets with bovine colostrum that this product cha satisfactorily used as an
immunoglobulins source in the artificial rearing aflostrum-deprived neonatal pigs.
Although there are some differences between cattlg pigs in the major isotypes
present in their colostrum (Salmon, 1999), bovia®strum, through specific and non-
specific factors, retains biological activity inethuman gastrointestinal tract (Pakkanen

and Aalto, 1997), newborn piglets (Xat al, 1992), and in newborn calves
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(Baumruckeret al, 1994), suggesting a bioactivity of the bovineostium through a

trans-species barrier.

The dose of bovine colostrum supplementation usednferior to the estimated
colostrum intake of healthy suckling piglets ovke tfirst days of life. Blanckt al.

(1999) estimated an intake of 348 + 46 g/ kg bodsight/day of fresh porcine
colostrum (with 20 % of dry matter) by newborn pigl A daily supplement of 5 g of
bovine colostrum is a maximum due to the relativegh price of the bovine colostrum
powder (70 euros per kg). The aim of this study asising bovine colostrum during
the post-weaning period, to appreciate its immumahnatory effect, not only by
assessing the concentrations of immunoglobulinsaed by evaluating the role of

some other bio-active proteins on the immune sysiktie piglets.

The feed intake and body weight parameters measuarear trial were related, in each
group, to the age of the piglets and not to a ®wolostrum effect. However, several
authors (Pluskeet al, 1999; Kinget al, 2001; Le Huérou-Luroret al, 2004) have
reported an increase in growth from 19 % to 1168d & feed intake from 12 %
to 29 % with a post-weaning diet containing 2 %86 4r 10 % bovine colostrum in
comparison to a control group. These concentraidre®lostrum were far greater than
those used in our trial. According to Le Huérou-met al. (2004), the piglet response
to dietary bovine colostrum supplementation is alsarly far more important when the
rearing environment is “unclean”, involving moddion of intestinal microflora, not
necessarily with pronounced digestive diseaseslewim “clean” conditions, as

observed in our study, these effects are absent.

Our data show that colostrum feeding mainly redubesnumber of cells in the iPP,
especially the B-cell population, in an isotype mam without any impact on local
immune responses, since we observed a local avitiddaolostrum response. These
results are consistent with the changes in IgGtpescells observed by Aldridget al.
(1998) in newborn calves separated from their danbidh, but fed with bovine
colostrum within six hours. These authors statedt tthese modifications were
associated with a decrease in some IgG isotypel, vai effect on total IgM and IgA
concentrations. The use of rapid freeze-thaw cyodeze-drier (colostrum powder) or

gammae-irradiation processing, excludes colostriis @nd indicates that the colostral
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element is an absorbable factor such as immunolyhsbor a cytokine (Sordill@t al,
1991, Sundblacekt al, 1994; Sambasivaraet al, 1996). The decrease in total serum
IgG could also be related to an age-effect or tie@ay in passively acquired maternal
antibodies since we observed the same, althougtsigaotficant, IgG profile in the

control group.

If we compare the results of colostrum and differeritogens on mononuclear cells
coming from colostrum-fed or naive animals, then@k clearly higher in cells coming
from colostrum treated animals, suggestingnavivo intestinal sensitization to colostral
factors leading to a more stimulated or excitatdéus of the mononuclear cells, even in
the presence of classical mitogens such as PHA,AConLPS. The increase in the Sl
was particularly impressive for the iPP cells ofostrum-fed piglets whereas it was
weak or absent in the presence of mononuclear fcefts the other immune organs. The
lack of stimulation of naive PBMC in the presenéeaostrum was confirmed by the
low levels of IL-2 and IFN¢ production observed after colostrum supplementaiio
comparison to the levels of the same cytokines ywed after classical mitogenic
stimulations (data not published). The anti-collstnmunization was confirmed by the
presence of anti-colostrum Igs, especially IgGthia intestinal fluid of colostrum-fed
piglets. These data suggest that bovine colosttsgif ihas no mitogenic effects on

naive mononuclear cells.

Several studies have also investigated the potewofiamilk proteins to affect
lymphocyte function aftem vivo exposure and have suggested a degree of immuno-
enhancement of lymphocyte function (Cross and &i0Q0) due to various components,
including some non-specific products (casein), iftammatory cytokines (ILfi, IL-6,
TNF-o and IFNy) or growth factors (EGF and T@Jpresent in bovine colostrum (Carr
et al, 1990; Wonget al, 1996; Playforcet al, 1999). However, other components, such
as lactoferrin, whey proteins or lactoperoxidaseyrhave the opposite effect (Torre
and Oliver, 1989; Otani and Hata, 1995; Waetgal, 1997; Sfeiret al, 2004) by
inhibiting the induction of IL-2 (Sambasivarab al, 1996) or by the presence of the
colostrum inhibitory factor, which inhibits the iaction of IL-2 in human

T lymphocytes (Mandalapet al, 1995). These reports provide strong evidence that
bovine colostrum, with its multiple components, ecaadulate lymphocyte function in

different ways.
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The role of cytokines in the regulation and modalabf the immune response has been
studied extensively since the Th1/Th2 paradigm fwas postulated. IL-2, IL-12 and
IFN-y are considered to be key cytokines in the Thlmesp and serve as indicators of
a predominance of cell-mediated responses, whéiredsand IL-10 participate in Th2
polarisation and secretion and suggest a predommgnainhumoral responses (Mosmann
and Coffman, 1989; Reiner and Seder, 1995; RaynaoildWilkie, 2004). In the iPP,
the increase in Th2 mRNA expression, associateth &it impaired Thl profile,
suggests that bovine colostrum supplementationcaage a more marked Th2 immune
response. In contrast in the jejunum, an increadé-iL2 (significant) and IFN- (not
significant) production, with no modification of 42, IL-4 and IL-10 production,
indicates a Th1l profile. These data confirm resuittsained by Yoshiokat al. (2005) in
four week-old C57BI/6 mice, where 35 mg of bovir@ostrum administered daily
for 1-6 months directly stimulated intestinal irgpgthelial lymphocytes to polarise Thl
type. In the MLN, IL-2, IL-10 and IL-12 were sigmaantly increased with no
modification of IL-4 and IFNy expression, suggesting a well balanced Th1/Thllgro

The spleen was not affected by colostrum suppleatient

Bovine colostrum also contains high levels of cytek (1I-13, IL-6, TNF-o and IFNy)
that can influence the immune response (Hagivearal, 2000). Pecquett al. (1999)
reported that oral administration of bovine whegtpin in adult mice was followed by
increased IL-10 production. Taken together, theesults suggest an immuno-
modulatory effect of bovine colostrum targeting nhgithe gut-associated lymphoid
tissues, which respond by producing both Thl an#8 @ytokines. This bipolarity is
important in the context of exposure to a wide eamg antigens associated with
pathogens, with commensal bacteria and with fobdchcludes the ability to generate
tolerance to food and commensal bacterial antigsnaell as to activate the immune
response to pathogens.

We observed (i) in the local intestinal fluid sapglan increase in anti-colostrum IgM,
IgA and especially IgG after colostrum supplemeatatand (ii) in the serum, an

increase only in the total serum IgA in the colostffed group. These data suggest
local anti-colostrum immunization. Pathogen-spediind other antibodies, particularly
of the IgA isotype, are found commonly in gut séores of healthy and diseased

piglets. This antibody supply is mainly regulatedrbucosal CD4+ lymphocytes and
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mucosal epithelial cells, which produce many cyteki including those critical for B
cells maturation and IgA secretion, such as IL-4 dn10 (Hannant, 2002). Swine
Peyer’s patch is considered to be involved in #edion of the swine B-cell repertoire
and can be considered as a primary immune orgam¢Biet al, 1999). It can be

speculated, from these porcine differences, thainkocolostrum may influence the
development of the IgA response by potentiating2 fesponse in the iPP.
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ARTICLE 2

EFFECT OF A BOVINE COLOSTRUM WHEY SUPPLEMENTATION ON GROWTH
PERFORMANCE, FAECAL ESCHERICHIA COLIPOPULATION AND SYSTEMIC IMMUNE

RESPONSE OF PIGLETS AT WEANING

This second study was achieved to investigate the effect of bovine colostrum whey
supplementation in weaned diet (20 g/kg) on the growth performance, the feed intake, the
systemic immune response and the faecal E. ¢/ populations of 96 newly weaned piglets

housed in a conventional on-farm nursery.

During the first week of the trial, the piglets from the colostrum treatment showed
improved growth performances, feed intake and a better feed efficiency. Over the same
period, the piglets fed the colostrum treatment had also a 25 %-increase in circulating IgA

compared to the control treatment.

This shows that bovine colostrum whey may be used in piglet weaning diet at a level of 20
g/kg during the first week post-weaning to reduce under-feeding and weight losses.
However, further work is required to confirm the mechanism and minimum level of dietary

inclusion of bovine colostrum to obtain performance enhancement.
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Abstract

This study examined the effect of a bovine colostmihey supplementation on growth
performance, feed intake, faedakcherichia colipopulation and systemic immune
response of piglets at weaning. A total of 96 fggjleeaned at 26 2 days of age were
assigned for four weeks to one of the two treatsieht the control (commercial diet
with bovine milk whey powder) and 2) the colostroommercial diet with freeze-
dried bovine colostrum whey) treatments. The twppsements were incorporated in
the diet at a level of 20 g/kg during the first 2eks after weaning and lowered to a
level of 10 g/kg for the next 2 weeks. BW and feethke were measured weekly.
FaecalE. coli counts were determined weekly on specific cultuaeglia. Blood samples
were collected weekly and submitted to a cell ceurdnalyser for their main
components (red and white blood cells, platelets] #ow cytometry was used to
determine the lymphocyte population (B, T, Th and).TFinally, total seric
immunoglobulin (IgM, 1gG and IgA) concentrations needetermined by the ELISA
method. During the first week of the trial, thelptg from the colostrum treatment had
improved average daily gain (170 g/des. 81 g/day,P < 0.001), average daily feed
intake (346 g/days. 256 g/day,P = 0.03) and feed efficiency (BW gain/feed intake)
(0.48vs.0.31,P = 0.04). The pigs fed the colostrum treatmentdlad a 25 %-increase
in circulating IgA @ = 0.03) compared to the control treatment the fiveek. It is
concluded that a distribution of bovine colostrurhey (20 g/kg diet) during the first
week post-weaning induces a systemic IgA responsehas a beneficial action on

growth performances and feed efficiency.

Keywords: bovine colostrumEscherichia coliimmunoglobulin, pigs, weaning
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1. Introduction

At weaning, the piglet is exposed to nutritionatl @nvironmental stressors inducing
marked structural and immunological changes ingtite Structural changes, essentially
villi atrophy and crypt hyperplasia, reduce theediiyve and absorptive capacity of the
small intestine and increase its sensitivity toeations (Pluskeet al, 1997). The
immunological changes include an alteration of th&estinal immunity and the
intestinal immune responses against dietary antebalcantigens (Kingt al, 2003).
Moreover, composition and stability of the micraflaundergo disruption in this period,
leaving the piglet more susceptible to overgrowth potentially disease-causing
pathogenic bacteria, principally. coli (Hopwood and Hampson, 2003 ; Mek al,
2004). This critical period has been controlledralecades by using in-feed antibiotics
showing growth promoter properties. However, theial ban in the EU since January

2006 requires alternative solutions.

Active components of bovine colostrum may be ofamignce in this context. The most
interesting include (i) growth promoters which pamthe growth and development of
the new-born and (ii) antimicrobial factors whiclmoyide passive immunity and
protection against infections during the first weékife (Pakkanen and Aalto, 1997).
Beneficial effects of high level bovine colostrumpplementations (40 to 100 g/kg of
diet) on growth performances and feed intake irepsgat weaning have already been
described (Plusket al, 1999; Kinget al, 2001; Le Huérou-Luroret al, 2004).
Observed effects were explained by both an increaseed intake level (Le Huérou-
Luron et al, 2004) and a direct stimulation of the gut (Hugeteal, 2006 and 2007).
Nevertheless, action of bovine colostrum may aksodbated to its immuno-modulatory
effects as some proteins isolated and purified frdmy have been shown to be potent
modulators of cellular immunfenctions in ruminant as well as in non ruminarges.
Several studies have also shown finativo administration of bovine milk proteins to
heterologous species can affect lymphocyte functon antibody responses (see
review of Cross and Gill, 2000). In the weaned gtigh previous study (Boudst al,
2007) suggested an influence of bovine colostrunthendevelopment of the systemic

IgA response by potentiating a Th2 response inl¢laé Peyer's patch.
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The objective of this study was to study furthex #ction of bovine colostrum on the
immune response in the piglet through the investgaof the effect of bovine

colostrum whey supplementation in weaning diet Q) on growth performances,
feed intake and the systemic immune response détpigt weaning. Faecd. coli

counts were also performed to follow the sanitéayus of the piglets.

2. Materials and Methods

The experimental protocol used in this study wagg@ged by the Animal Care and Use
Committee (protocol No. 02/05) of Gembloux Agricutil University.

2.1. Animals

Ninety-six Belgian Piétrairx (Large Whitex Landrace) piglets weaned at 28 days

of age with an average BW of 83).8 kg were selected from 15 litters.

2.2. Treatments

Two treatments were compared: i) a control dietmjeercial diet with bovine milk
whey powder) and ii) a colostrum diet (commerciat dvith bovine colostrum whey
powder). The commercial diet (SCAR, Herve, Belgiungs a starter diet free of any
growth promoters. This diet was distributed the kvbefore weaning to the 15 litters
from which the piglets were selected for the trihe two supplements were mixed
with the commercial diet at a rate of 20 g/kg toe first 2 weeks of the trial and 10 g/kg
for the next 2 weeks. The compositions of the erpemtal diets are given in the
Table 1. The bovine colostrum whey used in thiggtwas prepared from bovine
colostrum standardised at 75 g of Ig per litre (@em'Economie Rurale, Marloie,
Belgium). This colostrum was defatted by centritima Whey was obtained after
rennet coagulation at 37°C for 24 h and separdtmm curds by a mechanical press.
The whey was then freeze-dried. The milk whey used a commercial spray-dried
powder (Euroserum, Port-sur-Soane, France). Ak jigdad libitum access to a four-
hole feeding trough and a nipple drinker.
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Table 1.Composition of the milk and colostrum diets

Ingredients Control diets Colostrum diets

(g/kg feed) @bg 10 g/kg 20 g/kg 10 g/kg
Barley 247 249.5 247 2495
Wheat 189 191 189 191
Soybean meal (49 % CP) 175.5 177 175.5 177
Nutribig premixX 147 148.5 147 148.5
Maize 98 99 98 99
Heat treated maize 49 49.5 49 49.5
Toasted Soybeans 41.5 42 41.5 42
Chicory pulp 24.5 24.2 24.5 24.2
Soybean oil 5 5 5 5
Synthetic amino acids and minefals 4.5 4.5 4.5 4.5
Milk whey powder 20 10 0 0
Colostrum whey powder 0 0 20 10
Chemical composition

(9/kg DM)

DM (g/kg feed) 869 871 867 870
Crude protein 182 183 194 189
Ether extract 35 34 34 34
Crude fiber 36 36 36 36
Starch 365 385 377 381
Ash 60 60 60 60
Lysine 9.7 9.3 10.1 9.3

" The premix (Roche Vitamins, Deinze, Belgium) isnpmsed by 60 % of milk products, 12 % of
oleaginous seeds, 10 % of cereal seeds by-produés,of tuber and roots by-products and 12 % of
minerals and vitamins (vitamins, minerals and ana@oims supplied per kilogram of premix : Vitamin A,
100,000 IU; vitamin D3, 13,000 IU; vitamin E, 335gmvitamin K3, 9 mg; vitamin B1, 13 mg;
vitamin B2, 34 mg; vitamin B3, 100 mg; vitamin BB&) mg; vitamin C, 302 mg, vitamin PP, 200 mg;
folic acid, 2 mg; choline, 2,163 mg; iron (as FeBEQ,332 mg; copper (as CugOl1,100 mg; manganese
(as MnSQ), 400 mg; cobalt (as CoQfY 7 mg; Zinc (as ZnSK), 1,583 mg; lodine (as G&k), 14 mg;
selenium (as N&®eQ), 3 mg; Ca, 39,586 mg; P, 8,584 mg; Na, 8,100 mlysine HCI, 16,240 mg;
DL-methionine, 6,630 mg; L-threonine, 2,990 mg; ryptophan, 260 mg; lysine, 22,740 mg;
methionine, 8,994 mg; threonine, 10,217 mg; tryptop 2,352 mg).

¥ Providing the following per kilogram of the comgediet (g): methionine, 0.25; lysine, 0.5;

threonine, 0.5; tryptophan, 0.25; monocalcique phate, 3 g.
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2.3. Experimental design

The animals were blocked according to BW and geaddrassigned to one of the two
treatments. For each treatment, the piglets weresdw in four pens of 12 piglets
(6 males, 6 females). Piglets from the same litteese distributed between the two
treatments.

BW and feed consumption were evaluated weekly terdene the average daily gain
(ADG), the average daily feed intake (ADFI) and feed efficiency (G/F) which is
obtained by the ratio: BW gain/feed intake. Pigletse weighed in the early morning

without feed or water restriction.

2.4. Diet and whey analyses

The diets distributed during the trial were groumol pass a 1-mm screen
(Cyclotec 1.093, Foss Tecator AB) before dry matéher extract, Kjeldahl N, crude
fibre and ash analyses (AOAC, 1990) were condu@eadhples from the 4 diets were
also ground to pass a 0.5 mm screen for analybsioke (AccQ-Tag, Waters, Milford,
MS, USA) and starch (adapted from Faisantal, 1995). The same analyses were
performed on the milk and bovine colostrum wheysidifional analyses were
conducted on both milk and colostrum wheys. IGKSE-II and Insulin concentrations
were determined with sandwich ELISA quantitationtski(Diagnostics Systems
Laboratories, Assendelft, The Netherlands) accgrdinthe manufacturer's procedure.
Total IgG and lactoferrin concentrations were meaguby Sandwich ELISA and
reverse-phase HPLC (Shodex Asahipak C4P-50 4D cglumspectively (Biopole, Les
Isnes, Belgium). The results of the analysis onetkigerimental diets and the wheys are

presented in Tables 1 and 2, respectively.
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Table 2. Composition of the milk and colostrum wheys

Composition Milk Colostrum
(g9/kg DM) whey whey
DM (g/kg powder) 923 956
Crude protein 83.7 627
Ether extract 15 10
Ash 120 105
Lysine 4.9 434
IgG 2 496
Lactoferrin <0,1 10,6
IGF-I 33 ng/g 2500 ng/g
IGF-II 12 ngl/g 25 ng/g
Insulin <1 ng/g <1 ng/g

2.5. Faecal E. coli counts

Fresh faeces were collected on one piglet in edcthe 15 litters the day before
weaning (day -1) as Katouét al. (1995) showed a similarity i&. coli populations
between littermates during suckling. After weanifige piglets were randomly chosen
in each pen and faeces were collected weekly osetpglets from the " day after
weaning until the end of the study (days 4, 11ahfl 25). Faeces were collected by
rectal massage. On the day of collection, 10 gaetés were diluted to a concentration
of 1/10 (weight/weight) using peptone water, thed-fdld serial dilutions were
achieved. Finally, 100 ul of three successive dihg of each sample were applied in
duplicate to plates containing the culture medigy§ione Bile X-glucuronide, Biokar
Diagnostics, Beauvais, France) (6 plates by mealiabyy sample). The dilutions varied
from 10° to 107 g of faeces/ml, according to the results of thegdent week. Plates
were incubated at 44° C for 24 h, in aerobic coods, according to the manufacturer's
procedure to determine the concentration€ofcoli. Only the plates containing 10

to 300 colonies were counted.
2.6. Blood collection

Blood samples from the jugular vein were collectetb EDTA (Ethylene Diamine

Tetra Acetic acid) and dry tubes. The day of wegiiday 0), blood was collected from
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one piglet of each litter. These animals were teecluded from the experiment. On

days 7 and 21, half of the experimental pigleteach pen were blood sampled. The
other half was sampled on the days 14 and 28. ifiethod of sampling was used to
minimise the effect of blood sampling on measurathmeters. On day 0, blood was
taken on pigs that never entered the study totlgttimit the stress to that of weaning,

which was the object of the study.

2.7. Blood analysis

Fresh blood collected with EDTA was analysed by el counter (MS4.5, MS
Laboratoires, Cergy-pontoise, France) for red artutevblood cells, hematocrit,
haemoglobin and platelet concentrations.

The blood phenotype was analysed by flow cytom@ACSCalibur flow cytometer,
Becton Dickinson, San Jose, CA, US) for lymphosdbpopulations (B, T, Th and Tc
cells). Blood peripheral lymphocytes were isolatemin fresh blood collected with
EDTA by density centrifugation on Ficoll PM 400 ¢8ia-Aldrich, Bornem, Belgium).
The cells were then labelled with mouse antibodiescted against porcine leukocyte-
differentiation antigens: anti-C@3 anti-CD4a, anti-CD8a and anti-CD21 (BD
Pharmingen, San Diego, CA, US). The anti-CD3 aulikb® were labelled with
fluorescein isothiocyanate (FITC) and the threeerthwith phycoerythrin (PE).
Relative percentages of lymphocyte subpopulation§CD3+, CD21-), B (CD3-,
CD21+), Th (CD3+, CD4+) and Tc (CD3+, CD8+) wergedmined. A panel of FITC-
and PE-labelled mouse IgG (Simultest control, B@n Sose, USA) was used as

negative control.

2.8. Total immunoglobulins

Blood serum was separated from cells by centrifagatL000x g, 10 min) after clotting
at 2°C for 24 h. Serum was then frozen at -20°Gl use. Total serum IgM, IgG and
IgA concentrations were determined with sandwicHSAL quantitation kits (Bethyl
Laboratories, Montgomery, TX, US), according to thenufacturer's procedure, except
for the solutions used to wash and dilute samplastwwere the solutions usually used
in our lab and tested previously with the kits.dfsi, the analyses were carried out
on 96-well ELISA microplates (Nunc 439454, VWR, ken, Belgium). Wells were
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coated with 1 pg of capture antibody diluted in 10@f PBS and incubated for 60 min
at room temperature. After three washes with PB&T% (PBS containing 0.05 % of
Tween-20), a blocking solution (PBS/BSA 2 %) waslextl to block non-specific
antigenic sites. Three new washes were performaupfs and standards were diluted
in a PBST 4 % solution, according to the expectedcentrations of the studied
antibody (serum dilutions 1/800 and 1/1600 for lgAd IgM, and 1/3200 and 1/6400
for IgG), and 100 pul of the preparation were indetdan the assigned wells for 60 min
at room temperature. After five washes, the detactintibodies were added in each
well for 60 min at room temperature. Wells werenthgashed five times with the
washing solution and 100 pl of the enzyme subs{fEW#B) was added for 30 min at
room temperature. Finally the reaction was stoppikd 100 pul of HSO, of 2N. The
absorbance at 450 nm was determined in a micropéstder PR 5000 (Labsystems
Multiskan RC, Helsinki, Finland), and the values éach standard were plotted against
the concentration to produce a standard curve for three antibodies. The

concentration of the target samples were extrapolbm those curves.

2.9. Statistical analysis

For all the parameters, there were four repeatedsures. However, for the blood
parameters, analysis was separated in two groupsgjlets with two replicates for each
(day 7 and day 21 for the first half of the piglated day 14 and day 28 for the second
half of the piglets). Modelling of repeated recordss done using the MIXED
procedure of SAS (SAS Inst., Inc., Cary, NC). Asaédyof variance tested treatment
(control - colostrum)x time (days post-weaning) interactions. Effectseveompared
using the CONTRAST statement in the repeated MD@dRlysis. The pen was used as
the experimental unit for ADFI and G/F. For all tbhther parameters, the pigs were
used as experimental unit. To fulfil the requiretsenof normality, a
log10 transformation of th&. coli counts was performed. The values presented are

Ismeans 1s.e. The differences were declared significaiit @t0.05.
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3. Results

3.1. Growth performance

The ADG, ADFI and G/F for the 4-week trial are meted in Table 3. The ADG was
higher for the colostrum whey supplemented pigs pamed to the control piglets
(P < 0.001) during the first week. The next 3 weeks, ADG were similar. Finally, the
ADG calculated on the total experimental period wagher for the piglets

supplemented with bovine colostrum whd¥y £ 0.02). The ADFI and G/F per pen
(n = 4) were greater in the first week of the tifiad pigs fed the colostrum treatment
compared to pigs fed the control diet (respectiviely 0.03 andP = 0.04). For the

next 3 weeks and the entire 4-week trial, feed gomgion and G/F were not affected

by the colostrum treatment.
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Table 3.BW, average daily gain (ADG), average daily festdke (ADFI) and feed
efficiency (G/F) of piglets fed a commercial dieintaining milk (Control) or
bovine colostrum whey powder for 4 weeks

Treatments
Measurements and days Control Colostrum s.e. Significance
BW, kg (n=48)
0 8.34 8.33 0.19 NS
7 8.89 9.51 0.24 *
14 11.0 11.5 0.29 NS
21 14.0 14.5 0.35 NS
28 17.6 18.4 0.45 NS
Significance Time*Treatment *** | Time ***, Treatment NS
ADG, g/day (n=48)
Oto7 81 170 15.6 ok
7to 14 297 280 14.4 NS
14to0 21 430 434 17.6 NS
21 to 28 516 548 18.9 NS
0to 28 330 361 11.3 *
Significance Time*Treatment *** | Time ***, Treatment *
ADFI, g/day (n=4)
Oto7 256 346 38.5 *
7to 14 497 495 35.8 NS
14to 21 791 822 46.5 NS
21 to 28 974 992 76.2 NS
0to 28 623 665 43.2 NS
Significance Time*Treatment *** | Time ***, Treatment NS
G/F,glg (n=4)
Oto7 0.31 0.48 0.078 *
7to 14 0.56 0.61 0.023 NS
14to 21 0.55 0.52 0.038 NS
21to 28 0.56 0.54 0.032 NS
0to 28 0.53 0.54 0.029 NS
Significance Time*Treatment NS , Time ***, Treatment NS
"NS:P>0.05
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3.2. Faecal microflora

Results ofE. coli counts are presented in Table 4. No differencésdmn treatments
were shown. A high variability was observed betwaeimals and over the time, but no

diarrhoea was observed on piglets during the expsarial period.

Table 4.FaecaE. coli sp.populations (log10 cfu/g of faeces) in piglets &d

commercial diet containing milk (Control) or bovioelostrum whey powder

for 4 weeks
Treatments
Days Control Colostrum s.e. Significance

-1 (n=15) 8.12 +0.59
4 (n=20) 7.11 6.72 0.29 NS
11 (n=20) 6.26 6.02 0.30 NS
18 (n=20) 6.01 5.49 0.35 NS
25 (n=20) 7.44 7.71 0.14 NS
Significance Time*Treatment NS , Time ***, Treatment NS

" The values on day -1 (mean + s.d.) were measurathive piglets coming from the litters in whicteth
piglets were selected for the trial
¥NS:P > 0.05

3.3. Blood parameters

There was no differenc® (> 0.05) between the dietary treatments in thearedl white
blood cells, hematocrit and haemoglobin conceminatidata not shown). Phenotyping
of the blood lymphocytes, as presented in TabEhbwed a reduction in B cells on day
21 in the control treatment and a reduction of &dscon day 7 in the colostrum treated
piglets. Moreover, whereas Th population decreasied weaning, Tc increased.

Total IgM, IgG and IgA concentrations are givenTiable 6. The total IgM and IgG
levels were not influenced by dietary treatméht>(0.05), but IgA concentrations were
higher on day 7 (+25 %, = 0.03) for pigs fed the colostrum diet.
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Table 5. Relative percent of lymphocyte subpopulationsTBrh and Tc) in the blood
serum of piglets fed a commercial diet containintik fControl) or bovine

colostrum whey powder for 4 weeks

Treatments

Measurement and days Control Colostrum s.e. Significance

B cells (CD3-,CD21+)
0 (n=15) 19.5 + 689
7 (n=24) 12.3 14.6 1.80 NS
14 (n=24) 16.7 15.8 1.71 NS
21 (n=24) 12.9 15.8 1.27 *
28 (n=24) 14.7 15.4 2.37 NS
Significance Time*Treatment NS , Time NS, Treatment NS

T cells (CD3+,CD21-)
0 (n=15) 51.0+7.82
7 (n=24) 58.4 53.2 3.32 NS
14 (n=24) 57.8 52.8 4.64 NS
21 (n=24) 56.4 52.9 2.23 NS
28 (n=24) 53.2 53.7 4.71 NS
Significance Time*Treatment NS , Time NS, Treatment NS

Th cells (CD3+,CD4+)
0 (n=15) 28.2+405
7 (n=24) 33.6 31.1 2.73 NS
14 (n=24) 29.8 27.9 2.28 NS
21 (n=24) 27.0 28.1 1.97 NS
28 (n=24) 24.6 25.0 1.99 NS
Significance Time*Treatment NS , Time **, Treatment NS

Tc cells (CD3+,CD8+)
0 (n=15) 19.96 + 758
7 (n=24) 21.2 16.1 2.01 *
14 (n=24) 21.0 21.6 2.40 NS
21 (n=24) 23.5 21.7 4.67 NS
28 (n=24) 30.4 28.4 4.01 NS
Significance Time*Treatment NS , Time **, Treatment NS

" The values on day 0 (mean + s.d.) were measureaige piglets coming from the litters in which the
piglets were selected for the trial
*NS:P>0.05
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Table 6. Immunoglobulins (IgM, 1gG and IgA) concentratianghe blood serum of
piglets fed a commercial diet containing milk (Qohtor bovine colostrum

whey powder for 4 weeks

Treatments

Measurement and days Control Colostrum s.e. Significance

IgM (mg/ml)
0 (n=15) 1.13+071
7 (n=24) 1.28 1.31 0.069 NS
14 (n=24) 1.56 1.59 0.097 NS
21 (n=24) 2.65 2.90 0.194 NS
28 (n=24) 2.61 2.56 0.131 NS
Significance Time*Treatment NS , Time ***, Treatment NS

IgG (mg/ml)
0 (n=15) 7.07 £1.03
7 (n=24) 8.00 8.22 0.30 NS
14 (n=24) 11.4 11.2 0.76 NS
21 (n=24) 10.3 10.6 0.67 NS
28 (n=24) 12.1 11.2 0.64 NS
Significance Time*Treatment NS , Time ***, Treatment NS

IgA (mg/ml)
0 (n=15) 0.18 +0.03
7 (n=24) 0.22 0.28 0.027 *
14 (n=24) 0.38 0.35 0.029 NS
21 (n=24) 0.40 0.45 0.027 NS
28 (n=24) 0.71 0.71 0.035 NS
Significance Time*Treatment NS , Time ***, Treatment NS

" The values on day 0 (mean + s.d.) were measureaige piglets coming from the litters in which the
piglets were selected for the trial
¥NS:P > 0.05
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4. Discussion

4.1. Composition of both supplements

The analyses of both supplements stemwimportant difference in the concentration of
crude proteins between the two wheys (8.37 % fdk mheyvs.62.7 % for colostrum
whey) which could be mainly explained by the coniion in IgG (2 g/kg in milk
wheyvs. 496 g/kg in colostrum whey). Higher concentragiam lactoferrin and IGF-I
were also measured in the colostrum whey. Thesaltsesdicated that the latter
contains higher concentrations in growth promogerd antimicrobial factors than milk

whey.

4.2. Growth promoting activity of bovine colostrum

The inclusion of bovine colostrum whey in the weanidiet improved growth
performances, feed intake and G/F (respectivelf @y, 30 and 50 %) the first week
after weaning. These results corroborate observatinade by Plusket al. (1999),
King et al. (2001) and Le Huérou-Luroet al. (2004) who measured, on weaning
piglets fed with diets containing 40 to 100 g/kgbofvine colostrum extracts, increases
in ADG from 20 to 115 % and for ADFI from 10 to 30 during the first 10 days post-
weaning. However in our study, a lower supply ofihe colostrum (20 g/kg feed)
increased growth performances and improved feedkéenat comparable levels to those
reported by the previous authors. These obsenssaggest that the effects of bovine
colostrum on performance and feed intake of pigietweaning may be obtained with a
lower level of supplementation. Nevertheless, tifier@nces in the results may also be
explained by the composition of the bovine colastrused, as little information is
given about the preparation and the compositiaim@icolostrum extracts experimented
in the above cited studies. Indeed, the actionhef dolostrum may be related to its
composition in growth factors (e.g. epidermal gfiowtactors (EGF), IGF-I,
transforming growth factorB{TGF-p)). Xu et al. (2002) reported in newborn piglets a
regulatory role for the colostrum growth factorssiimulating intestinal tissue growth.
In the newly-weaned piglet, Le Huérou-Lurehal. (2003) and Huguedt al. (2006 and
2007) showed an effect of bovine colostrum on tigestive and absorptive capacity of
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the small intestine which may explain the improvetF observed in the colostrum

treatment.

4.3. Antimicrobial activity of bovine colostrum

Successful use of colostrum in the treatment offrldeeea caused bk. coli has been
reported in human patients (Carbonateal, 1997 ; Honorio-Francat al, 1997).
Colostrum and milk wheys contain antimicrobial caments effective againg&. coli
such as lactoferrin (Saitt al, 1991 ; Erdeet al, 1994), lactoperoxidase (Reiter, 1985)
and lysozyme (Yamaucket al, 1993). Despite the higher concentration of |aatwrf in
bovine colostrum whey compared to milk whey, nded@nce between the total coli
populations with the two treatments was observdils Tay be due to the absence of

post-weaning diseases during this study.

As the IgG may also act as an antimicrobial compbry preventing viruses and
bacterial from damaging the gut wall, thereby risglin a more functional intestinal
wall (Coffey and Cromwell, 2001), the far highemcentration of bovine colostrum
whey in IgG compared to milk whey can also haveroapd ADG, ADFI and G/F.
This is confirmed by Piercet al. (2005) who showed that the IgG fraction of bovine
plasma increased growth rate and feed intake détgigluring the early post-weaning

period.

4.4. Systemic immune response to bovine colostrum

The main effect of bovine colostrum observed irs thiudy on the systemic immune
response of the piglets is an increase in seric dgAcentrations the first week post-
weaning. In a previous study (Boudey al., 2007), an increase in seric IgA was also
observed after bovine colostrum distribution to mesh piglets, however this increase
occurred 3 weeks after weaning. Many differencds/éen this study and the previous
one may be responsible for this early immune respofi) the sanitary conditions of the
experiment (on-farm facility with continuous pigoW vs. university facility without
other pigs), (ii) the weaning age (28 days 21 days) and (iii) the piglet origin
(production farmvs. selection farm). In our previous study, resultsicated an

influence of bovine colostrum on the developmenthed systemic IgA response by
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potentiating a Th2 response in the ileal PeyertshpadgA is the mostly produced
isotype in the intestine, with more than 80 % oé¢ timtestinal Ig secreting-cells
producing IgA (Bianchiet al, 1999). The increase in blood IgA may be duero a
increase in intestinal IgA synthesis, as Vaernanal. (1997) demonstrated that

roughly 30 % of the total plasma IgA originatedlg&om local intestinal synthesis.

Gill and Rutherfurd (1998) reported that oral adstiation of bovine milk proteins to
heterologous species can enhance localised antitesbponses to heterologous orally
delivered antigens. Therefore, the administratibhavine colostrum which is enriched
in proteins can have reduced the sensitivity ofwkaned pig to post-weaning infection.
Among these proteins, Chugt al. (2004) showed that TGB2 is the most potent
cytokine in the induction of IgA isotype switchimig mesenteric lymph node cells of
BALB/c mices. Van Vlasselaat al. (1992) showed the same effect of porcine TRaF-
on the IgA production by human splenic B cells, Imat effect on IgG and IgM
production. Elfstrandet al. (2002) showed that this cytokine is present inhérg
concentrations in bovine colostrum than in milk 428g/ml 0-6 hpost partum
vs.66 ng/ml 51-80 Ipost partum and that 67 % of it is conserved in freeze-dvidey.

The difference in blood IgA between the two treatteedisappeared the second week
post-weaning, simultaneously with the difference feed intake and growth
performance. This suggests a relationship betweed intake and the stimulation of
systemic and gut IgA production in the first daysstpweaning, but no information

confirming this postulate was found in the literatu

The phenotyping of the blood lymphocytes showeddaiction of the Tc population on
day 7 in the colostrum-fed piglets, suggesting lage-profile related effect. The Tc
cells presence is commonly associated to a Thl memesponse whereas a Th2 profile
leads to a decrease in this population (McGee agdhwal, 2006). We previously
demonstrated a more marked Th2 immune profile ia ileal Peyer's patch of
colostrum-fed piglets with the enhanced productérnlL-4 and IL-10 (Boudryet al,
2007), this Th2 profile could be responsible of tthecrease of the Tc cells by
interfering on IFN and IL-12 production (Romagnani, 1991).
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Statistical analysis showed also an effect of tbéstrum treatment on B cells.
However in our study, the sampling protocol did radlow to conclude if this

observation is the consequence of the treatmentdloey are related to the variability
among the piglets. To clarify this point, in furthgtudies, blood samples should be

collected on the same animals throughout the exyse.

5. Conclusion

Our study demonstrated that bovine colostrum whay be used in piglet weaning diet
at a level of 20 g/kg during the first week postawieg to reduce under-feeding and
weight losses. The supplementation also inducednarease of the total seric IgA
level 7 days post-weaning. The performance resparee be in part mediated by an
increase in seric IgA. Further work is requireccémfirm the mechanism and minimum

level of dietary inclusion of bovine colostrum totain performance enhancement.
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CHAPTER IV

REDUCTION OF THE COSTS OF THE USE OF
BOVINE COLOSTRUM IN THE WEANED PIGLET DIET
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ARTICLE 3

WAYS TO LOWER THE COST OF BOVINE COLOSTRUM SUPPLEMENTATION

IN WEANED PIGLET DIET

To reduce the costs of the bovine colostrum supplementation in the weaning diet, two
studies were achieved; the first studied three levels of bovine colostrum whey
supplementation (0, 1 and 2 %) in the diet and the second compared bovine colostrum
whey to defatted bovine colostrum, a 50 % less expensive fraction, on newly-weaned

piglets.

Results of the first experiment confirmed the effects of bovine colostrum on the post-
weaning growth check and showed similar effects between 1 and 2 % of supplementation.
In the second experiment, the piglets receiving the defatted bovine colsotrum showed

better growth performance and feed intake than the whey-fed piglets.

We may conclude from both experiments that it is possible to reduce the costs of BC use
in weaning pig diet by reducing the dose of supplementation in the diet (1 % »s. 2 %), by
shortening the administration period (from 28 to 10 days) and by using defatted BC in
place of BC whey. By this way, the treatment costs were reduced from 19 € per piglet in the
first experiment (2 % of bovine colsotrum whey for 28 days) to 1.3 € in the second one (1

% of defatted bovine colostrum for 10 days).

103



104



WAYS TO LOWER THE COST OF BOVINE COLOSTRUM SUPPLEMENTATION | N WEANED
PIGLET DIET

C. Boudry, J-P. Dehouk J. Wavreillé D. Portetellé A. Théwis and A. Buldgeh

! Animal Science Unit, Gembloux Agricultural Univéysi
Passage des Déportés 2, 5030 Gembloux, Belgium

2Experimental Surgery Unit, Faculty of Medicine, Baltc University of Louvain,
Avenue Hippocrate 55/70, 1200 Brussels, Belgium

®Department of Animal Production and Nutrition, Agritural Research Centre,
Ministry of Walloon Region, rue de Liroux 8, 5036rbloux, Belgium

* Animal and Microbial Biology Unit, Gembloux Agritufal Unit,
Passage des Déportés 2, 5030 Gembloux, Belgium

Corresponding author

Christelle Boudry. E-mailboudry.c@fsagx.ac.be

Running head

Bovine colostrum in weaning diet

Acknowledgements

The research was subsidized by the "Direction Géeédte I'Agriculture” (DGA) and
the "Direction Générale des Technologies de la Betie et de I'Energie" (DGTRE) of
the Ministry of Walloon Region, Namur, Belgium.

Submitted for publication to the journafiimal’

105



Abstract

It has been shown that the use of bovine colos{B@) whey in piglet diet reduces the
post-weaning (PW) "growth check". Two experimenisrevconducted to reduce the
costs of BC use.

The first experiment evaluated the effect of thateses of BC whey supplementation (0
(Whey 0), 10 (Whey 1) and 20 (Whey 2) g'af diet) on the growth performance and
the feed ingestion of 117 newly weaned pigletsdays, 7.2 kg) for 28 days. The first
week PW, an increase of growth performance, fetgkénand feed efficiency in the
"Whey 1" and "Whey 2" treatments was observed coetpto the "Whey 0" treatment.
However, there were no differences between the Y\Mteand "Whey 2" treatments,
suggesting that the supplementation level canrbigeldl to 10 g.kd of diet. During the
next 3 weeks, no effect of the BC whey supplementatias observed.

In the second experiment, 96 piglets weaned at Zb days of age (8.1 kg) were
assigned for 10 days to three commercial treatmenpplemented with 10 g.Rg
of: i) milk ("Milk 1), ii) defatted colostrum ("Cb1") and iii) whey ("Whey 1"). BW
and feed intake were measured two times a weethfee weeks. Faechhctobacilli
spp. and E. coli counts were determined the day before weaningamdays 2, 5
and 8 PW by real time PCR. Compared to "Whey 1" dddk 1" treatments, the
"Col 1" treatment induced 25 % average daily g&ln<(0.10) and average daily feed
intake P < 0.05) increases from day 4 to 7 PW. It is coneltrdm these experiments
that the costs of BC incorporation in weaning diey be lowered by reducing the
period and the dose of supplementation and by wsef@tted BC (50 % less expensive)
in place of BC whey without lowering the effectstbie PW growth check.

Keywords: bovine colostrum, cost-efficiency, growth performe,piglet, weaning
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Implications

In a previous studyAnimal 2, 730-737), we demonstrated the efficiency of feedaed
bovine colostrum whey to reduce the piglet postmeg growth check. In this paper,
we show that it is possible to reduce the costh@fuse of colostrum in weaning piglet
diet, without affecting the effects on the post-niag growth check, by reducing the
dose and the duration of supplementation and byacewy whey with defatted

colostrum, which is 50 % less expensive to produce.
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1. Introduction

At weaning, the piglet is exposed to nutritionatl aanvironmental stressors inducing
marked structural and immunological changes ingie(Pluskeet al, 1997; Kinget
al., 2003). Composition and stability of the gut mitsca undergo disruption during
post-weaning (PW), leaving the piglet more susbéptio overgrowth of potentially
disease-causing pathogenic bacteria, princigallgoli (Hopwood and Hampson, 2003;
Melin et al, 2004). This critical period has been managed deeades by using in-feed
antibiotics as growth promoter. Increased bactemsistance to antibiotics led the
European Union to implement a full ban on in-feeditaotics from January 2006.
Efficient alternatives are therefore to be found@aaform to this policy change.

Active components of bovine colostrum (BC) may berportance in this context. The
most interesting include (i) growth factors whiathance the growth and development
of the new-born and (ii) antimicrobial factors whiprovide passive immunity and
protection against infections during the first week life (Pakkanen and Aalto, 1997).
Several studies showed the beneficial effect of @ Bupplementation on the
performance and feed ingestion of piglets at weaanmreviewed by Boudryet al,
2008a). In most of these studies, high incorponatettes of BC products in the diets
were tested (from 4 to 10 %). In a previous stglyudry et al. (2008b) showed that
with a 2 % supplementation of freeze-dried BC wimeyiglet diet, the PW growth
check was lowered. However, the price of BC whewqgber is so (100 €/kg, Banque de
colostrum, CER, Marloie, Belgium) that it limitsitise in pig production.

In this context, two experiments were conductegkthuce the costs of BC incorporation

in piglet weaning diet.
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2. Materials and Methods

The experimental protocols were approved by then@hiCare and Use Committee
(protocols No. 02/05 and 07/01) of the Gemblouxié&gtural University.

2.1. Experiment 1

This first experiment aimed to compare the effeaftsancreasing concentrations of
BC whey in weaning diet.

2.1.1. Animals

A total of 117 Belgian Piétrain x (Large White x ridrace) piglets, weaned
at 24 + 2 days of age (average BW of 7.2 + 0.8\kg)e selected from 18 litters from
the herd of the Walloon Agricultural Research Cei@@embloux, Belgium).

2.1.2. Treatments

Three treatments were prepared with a commerciadnimg diet and increasing
concentrations in BC whey (Table 1): i) 0 ("Whey),0fi)) 10 ("Whey 1") and

iii) 20 g.kg* ("Whey 2"). The treatments were distributed to piglets for four weeks
and all the litters used for the trial received tdoenmercial diet without BC whey one
week before weaning. All pigs hadl libitumaccess to a four-hole feeding trough and a

nipple drinker.

2.1.3. Experimental design

The animals were randomised according to BW andigreand assigned to one of the
three treatments. For each treatment, the piglet® Wwoused in 3 pens of 13 piglets
(7 males, 6 females) in a conventional on-farm emyrswith continuous pig flow
(Department of Animal Productions and Nutrition, Man Agricultural Research
Centre, Gembloux, BelgiumLittermates were distributed between the threattments
and the pens.

BW and feed intake were evaluated weekly (on day3,014, 21 and 28 PW) to
determine the average daily gain (ADG), the aveddayly feed intake (ADFI) and the

feed conversion ratio (FCR) calculated as the taioveen feed intake and body weight
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gain. Piglets were weighed in the early morninghaitt feed or water restriction.
During the first week of the trial, feed intake reges and visual controls of diarrhoea

were performed daily.

2.2. Experiment 2

This second experiment was conducted to evaluageeffect of a less expensive
BC fraction than the whey.

2.2.1. Animals
Ninety-six Belgian Piétraix (Large Whitex Landrace) piglets weaned at 2& days
of age (average BW of 8410.8 kg) were selected from 23 litters from the sdrard as

previously.

2.2.2. Treatments

Three experimental treatments were compared (Tablei) a control treatment
(commercial diet with 1 % of freeze-dried defattedvine milk, "Milk 1"), ii) a
colostrum treatment (commercial diet with 1 % ofadied BC, "Col 1) and iii) a whey
treatment (commercial diet with 1 % of BC whey pewd'Whey 1"). The commercial
diet (SCAR, Herve, Belgium) was the same as preslyoand was distributed the week
before weaning to the 23 litters from which thelgig were selected for the trial. The
supplements were mixed with the commercial died aite of 10 g/kg for the 10 first
days PW. Afterwards the commercial diet was disteld without any supplement. All

pigs hadad libitumaccess to a three-hole feeding trough and a nigpi&er.
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Table 1.Composition of the diets used in the two experitmen

Experiment 1 land?2 1 2 2

Ingredients (g/kg feed) Whey 0 Whey 1 Whey 2 Milk 1 Col1l
Wheat 299 296 293 296 296
Barley 250 247.5 245 247.5 247.5
Toasted Soybeans 150 148.5 147 148.5 148.5
Premix 10 % 100 99 98 99 99
Soybean meal (49 % CP) 80 79 78 79 79
Maize 50 49.5 49 49.5 49.5
Wheat feedmeal 34 33.6 33.3 33.6 33.6
Beat pulp 25 25 24.5 25 25
Soybean oil 8 8 8 8 8
Dicalcium phosphate 3 3 3
L-Lysine HCI 0.8 0.7 0.7 0.7 0.7
Fumaric acid 1 1 1 1 1
Tryptophan 0.05 0.05 0.05 0.05 0.05
Bovine colostrum whey powder 0 10 20 0 0
Defatted bovine colostrum powder 0 0 0 0 10
Defatted bovine milk powder 0 0 0 10 0

Chemical composition

(g/kg DM)

DM (g/kg feed) 860 862 863 864 860
Crude protein 185 188 190 183 189
Ether extract 55 53 54 54 53
Crude fibre 40 36 37 36 36
Starch 376 382 380 371 370
Ash 62 62 62 64 62
Lysine 12.4 13.1 13.3 12.4 13.1
Tryptophan 3.6 3.6 3.6 3.6 3.6

" The premix (INVE Belgié NV, Baasrode, Belgium)dsmposed by 33 % of milk products, 21 % of
cereal seeds by-products, 10 % of tuber and rbgtproducts and 35 % of minerals and vitamins
(vitamins, minerals and amino acids supplied pdogkam of premix : Vitamin A, 150,000 IU;
vitamin D3, 20,000 IU; vitamin E, 800 mg; vitamirBK20 mg; vitamin B1, 30 mg; vitamin B2, 75 mg;
vitamin B5, 250 mg; vitamin B3, 400 mg; vitamin B&) mg; vitamin B12, 0.4 mg; biotine, 2 mg;
folic acid, 5 mg; choline, 6,600 mg; iron (as Fe3HO), 0.11 %; copper (as Cug®,0)s), 0.16 %;
manganese (as MnO), 0.08 % mg; cobalt (as Gd€0), 0.001 %; Zinc (as ZnSM,0), 0.1 %; lodine
(as CajOg), 0.002 %; selenium (as bEeQ), 0/0004 %,; lysine (as L-lysine HCI), 3.35 %; nietiine
(as DL-methionine), 1.43 %; threonine (as L-threej 1.61 %; tryptophan (as L-tryptophan), 0.098 %.
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2.2.3. Experimental design

The animals were randomised according to BW andigreand assigned to one of the
three treatments. For each treatment, the piglet® waoused in 8 pens of 4 piglets
(2 males, 2 females) in an off-site facility of Gaoux Agricultural University.
Littermates were distributed between the two trestis1and the pens.

BW and feed consumption were evaluated on days @, 40, 14, 21 and 28 PW to
determine the ADG, the ADFI and the FCR. Pigletsengeighed in the early morning
without feed or water restriction. Moreover, eaey of the first week of the trial, the

feed intake was measured and a visual controlasflibea was performed

2.2.4. Faecal collection

Fresh faeces were collected by rectal massage orpiglets in each pen the day of
weaning and on days 2, 5, 8, 12, 15 and 22 PW (dagh the same piglets were
sampled). On the day of collection, 0.5 g of thecks of each piglet from the same pen
were pooled in a centrifuge tube of 15 ml and coreskat -20°C. The rest of the faeces

were dried at 60°C to determine their water content

2.3. Bovine colostrum and milk powders preparation

The BC powders used in these studies were prepamedBC standardised at 75 g of
immunoglobulins (Ig) per litre (Centre d'Economieir®e, Marloie, Belgium). This
colostrum was defatted by centrifugation and fredrzed to obtain defatted
BC powder. The BC whey was obtained after centafiogyn and rennet coagulation
at 37°C for 24 h, separation from curds by a meiclahpress, and finally freeze-dried.
The bovine milk powder was prepared from fresh rojkthe same process as for the
defatted BC powder. The processing costs and tpasition of the powders are given
in Table 2.
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Table 2. Composition and processing costs of the defatbethke milk (DBM) and
colostrum (DBC) and the bovine colostrum whey (BOQWvders

Composition

(g/kg DM) DBM DBC BCW
DM (g/kg powder) 914 935 899
Crude protein 374 765 688
Ether extract 31 23 11
Ash 78.2 56.5 72
Lactose 43 43 0.1
Lysine 28.6 56.1 43.7
Tryptophan 5.0 14.9 155
1gG 6 324 496
Lactoferrin 1.8 14.3 10.6
IGF-I 61 ng/g 2 750 ng/g 2 500 ng/g
IGF-1I 16 ng/g 23 ng/g 25 ng/g
Insulin 9.9 ng/g 54 ng/g <1 ng/g

Processing costs
(€/kg of powder) 50 50 100

2.4. Diet and supplement analyses

The diets distributed during the three experimevise ground to pass a 1-mm screen
(Cyclotec 1.093, Foss Tecator AB, Hillerod, Denmdr&fore dry matter, ether extract,
Kjeldahl N, crude fibre and ash analyses (AOAC, @9®@ere conducted. The diet
samples were also ground to pass a 0.5 mm screean&byse of lysine (AccQ-Tag,
Waters, Milford, MS, USA) and starch (Faisattal, 1995). The same analyses were
performed on the BC and milk supplements. Additicarealyses were realised on the
latter. IGF-I, IGF-1l and insulin concentrations iedetermined with sandwich ELISA
quantitation kits (Diagnostics Systems Laboratoridssendelft, The Netherlands)
according to the manufacturer's procedure. Tot@ &nd lactoferrin concentrations
were measured by Sandwich ELISA (Biopole, Les IsiBedgium) and reverse-phase
HPLC using a Shodex Asahipak C4P-50 4D column (ShDenko K.K., Kawasaki,
Japan).
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2.5. Microbiological analysis of faeces by real-time PCR

2.5.1. DNA extraction

DNA extraction was performed on the faecal sampkiag the QIAamp DNA stool
mini kit (Qiagen, Venlo, The Netherlands) accordioegthe procedure described by
Zoetendakt al. (2006), including a bead beating step (3 min, 3@®0). The DNA was
eluted in a final volume of 200 pl and stored &°.

2.5.2. Design of primers and probes

The primers and the probes fbactobacilli spp Delroisseet al., 2006)and E. coli
(Huijsdenset al, 2002) were based on 16S rDNA sequences, availalilee National
Center for Biotechnology Information databases {&sale 3). The two Tagman probes
were labelled at their 5' end with the reporter Byearboxyfluorescein (FAM). For the
Lactobacilli spp.,a MGB fluorescent probe with nonfluorescent quendhges was
used and th&. coli probe was labelled with 6-carboxytetramethylrhooten{TAMRA)

as the 3' quencher dye. The real-time quantitdlinescent Tagman assay used in this
study is similar as that described by Hetdl. (1996).

Table 3.Forward and Reverse primers and Tagman probes rseegiéor

Lactobacillispp.andE. coli

PCR
Target bacteria Primer Sequence (5'-3")
product
Lactobacilli spp!  Forward primer GAGGCAGCAGTAGGGAATCTTC 126 ob
p

Reverse primer GGCCAGTTACTACCTCTATCCTTCTTC
Tagman probe ATGGAGCAACGCCGC

E colit Forward primer CATGCCGCGTGTATGAAGAA 95 ob
. coli
Reverse primer CGGTATCGTCAATGAGCAAA P

Tagman probe TATTAACTTTACTCCCTTCCTTCCCCGCTGAA

T Bacterial target species L. acidophilus, L. amylolyticus, L. amylovorus, drispatus, L. fornicalis,
L. gallinarum, L. hamsteri, L. helveticus, L. irttealis, L. jensenii, L. kefiranofaciens subsp.
kefirgranum, L. kitasatonis, L. psittaci, L. sunteus, L. ultunensigDelroisseet al.,2006).

¥ Huijsdenset al, 2002.
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2.5.3. PCR conditions

The amplification reactions were carried out inogalt volume of 25 pl containing
1 x Tagman Gene Expression Master Mix (Applied Bstsms Foster City, Ca, USA)
both primers (each at 300 nM concentration), 200Trddman probe and 20 to 100 ng
of purified DNA. Amplification (2 min at 50°C, 10ima 95°C, followed by 45 cycles
of 15s at 95°C and 1 min at 60°C) and detectiorevearried out on an ABI Prism 7900
sequence detection system (Applied BiosystemsgF@&sty, Ca, USA).

Each essay was performed in duplicate in the sameThe cycle threshold {Cwas
calculated as the cycle number at which the readimcame exponential. The @as
then compared to a standard curve made by dillgemgpmic DNA from cultures of
L. acidophilusandE. coli. Cell counts before DNA extraction of the bactecaltures

were determined by culture on specific culture raedi

2.6. Statistical analysis

For all the parameters, there were repeated measMi@delling of repeated records
was done using the MIXED procedure of SAS (SAS.]nst., Cary, NC). Analysis of
variance tested treatment time interactions. Effects were compared using the
CONTRAST statement in the repeated MIXED analy3ise pen was used as the
experimental unit for ADFI, FCR and the faecal baet populations. For the BW and
the ADG, the pigs were used as experimental unit.fdlfil the requirements of
normality, a logl0 transformation of theactobacillus spp.and E. coli counts was
performed. The values presented are Ismearsse+ The differences were declared
significant atP < 0.05.

3. Results

3.1. Experiment 1

In the first experiment, the supplementation with Bhey induced an increase in ADG
(+ 85 % for "Whey 1" and + 120 % for "Whey 2") aA®DFI (+ 23 % for "Whey 1"
and + 27 % for "Whey 2") and a lower FCR (- 42 % f@vhey 1" and — 46 % for
"Whey 2") the first week PW compared to the contrehtment ("Whey 0"P < 0.05)
(Table 4). No differences between the two supplaatems levels (1 and 2 % of BCW)
were observedH > 0.05) for all the weekly records.
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Table 4. BW, average daily gain (ADG), average daily feadke (ADFI) and feed
conversion ratio (FCR) of piglets fed for 28 daysoanmercial diet

containing 0, 1 or 2 % of bovine colostrum wheyyVfiey 0", "Whey 1" and

"Whey 2" respectively) in the experiment 1.

Treatments
Measurements and days Whey 0 Whey 1 Whey 2 s.e. Significance
BW, kg (n=39)
0 7.13 7.38 7.17 0.20 NS
7 7.44 7.96 7.84 0.21 NS
14 9.47 10.14 9.96 0.28 NS
21 12.61 13.43 13.06 0.34 NS
28 16.38 17.32 16.72 0.42 NS
Significance Time*Treatment * , Time ***, Treatment NS
ADG, g/day (n=39)
0to7 v 82 97 12.7 *
7to 14 287 312 301 16.0 NS
14to 21 447 469 442 17.0 NS
21 to 28 541 557 522 21.0 NS
Significance Time*Treatment NS , Time ***, Treatment NS
ADFI, g/day (n=3)
0to7 157 193 199 8.5 *k
7to 14 395 417 406 20.2 NS
14to 21 641 681 641 16.8 NS
21 to 28 870 933 805 40.8 NS
Significance Time*Treatment NS , Time ***, Treatment NS
FCR, g/g (n=3)
0to7 4.18 2.39 2.24 0.61 *
7to 14 1.35 1.34 1.34 0.04 NS
14to 21 1.42 1.49 1.45 0.03 NS
21 to 28 1.62 1.60 1.59 0.07 NS
Significance Time*Treatment NS , Time ***, Treatment NS

" For each parameter, values in the same line \iffereint superscripts are differer® € 0.05).

*NS:P >0.05
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The Figure 1 shows the daily feed intake of thégsgfrom the three treatments during
the first week of the trial. The ADFI of the BC wh&ed piglets ("Whey 1" and
"Whey 2") were higher or at least tended to be é&igR < 0.1) from day 3 to day 7
compared to the piglets receiving the control ¢igthey 0"). During this first week,

diarrhoea occurred in the three treatments (datahawn).
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Figure 1. Averagedaily feed intake (ADFI) of piglets fed a commefaat containing
0, 1 or 2 % of bovine colostrum whey, ("Whey 0",H&y 1" and "Whey 2")
in the first week of the experiment 1 (P:< 0.05, T: 0.05 <P < 0.10).

3.2. Experiment 2

3.2.1. Growth performance

The BW, ADG, ADFI and FCR of the second experimard presented in Table 6.
A difference in the ADFI between the "Whey 1" ai@b! 1" treatments was observed at
the end of the first week PW (from day 4 to 7). iDgrthis period, piglets receiving the
defatted BC showed a higher feed ingestion comptrquiglets from the "Whey 1"
treatment (+ 26 %P < 0.05). Concomitantly, the ADG tended also tohigher over
this period (+ 23 %P < 0.1) for the piglets receiving the defatted BGe third week of
the trial, the ADG of the "Col 1" treatment was lineg than the "Milk 1" and "Whey 1"
treatments. No effects of the supplementation vgéievn on the BW and the FCR at

any time of the experiment.
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Table 5.BW, average daily gain (ADG), average daily feedke (ADFI) and feed
conversion ratio (FCR) of piglets fed a commerdiat containing 1 % of
defatted bovine milk (Milk 1), defatted bovine cstaum (Col 1) or bovine

colostrum whey (Whey 1) powder in the experiment 2

Treatments
Measurements and days Milk 1 Col 1l Whey 1 s.e. ifiigmce
BW, kg (n=32)

0 8.05 8.01 8.12 0.12 NS
4 8.24 8.23 8.32 0.12 NS
7 8.99 9.14 9.06 0.15 NS
11 10.8 11.1 11.0 0.18 NS
14 12.1 12.4 12.4 0.19 NS
21 15.8 16.4 16.2 0.25 NS
Significance Time*Treatment NS , Time ***, Treatment NS

ADG, g/day (n=32)
Oto4 47.7 54.7 48.4 14.8 NS
4t07 253, 305, 247, 26.8 *
7to 11 453 480 508 17.9 NS
11to 14 423 454 426 16.4 NS
14to0 21 528, 573, 5504p 15.3 *
Significance Time*Treatment NS , Time ***, Treatment NS

ADFI, g/day (n=8)
Oto4 114 129 128 10.9 NS
4t07 277 3 330, 262, 23.1 *
7to 11 537 564 571 21.2 NS
11to 14 633, 693, 654, 19.1 *
14to 21 782 833 820 27.3 NS
Significance Time*Treatment NS , Time ***, Treatment NS

FCR, g/g (n=8)
Oto7 1.53 1.43 1.43 0.16 NS
7to 14 1.32 1.32 1.29 0.04 NS
14to 21 1.49 1.46 1.49 0.05 NS
Significance Time*Treatment NS , Time ***, Treatment NS

" For each period, values in the same line withedéffit subscripts are differerit € 0.05)
*NS:P > 0.05
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The Figure 2 illustrates the daily evolution of #BFI during the first week PW. The
feed intake of the piglets receiving the defatt€di\Bas higher® < 0.05) compared to
the "Milk 1" treatment on day 4 and the "Whey ¥aiment on day 6 PW.
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Figure 2. Averagedaily feed intake (ADFI) of piglets fed a commetasget
containing 1 % of defatted milk ("Milk 1"), defattdovine colostrum
("Col 1") or bovine colostrum whey ("Whey 1") ingtirst week of the
experiment 2 (P < 0.05).

3.2.2. Faecal analyses

No diarrhoea was observed on piglets during thpearent. The dry matter content of
the faeces decreased in the three treatments duerfgst week PWHR < 0.001) but no
differences between the treatmeris>(0.05, data not shown)) were recorded during the

four week-trial.

Results inE. coli andLactobacilli spp.counts are presented in Table 6. An evolution in
both populations was observed during the first wiegk thelLactobacilli spp counts
increased while thé&. coli populations decreased. An effect of the treatmevds
observed on day 5, with a lower level Bf coli population in the faeces of the BC
whey-fed piglets compared to the "Milk 1" treatmdpiglets from the "Col 1" treatment

had an intermediary count, similar to the otheatireents P > 0.05).
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Table 6.Faecal Lactobacilli spp. and E. coli populatioieg 10 cfu/g faeces) of piglets
fed a commercial diet containing 1 % of defattedibe milk (Milk 1),
defatted bovine colostrum (Col 1) or bovine colost.whey (Whey 1) powder

in the experimen?

Treatments

Days Milk 1 Col 1l Whey 1 s.e. Significance

Lactobacilli spp. (n=8)
-1 6.85 6.58 6.86 0.16 NS
2 6.58 6.657 6.63 0.16 NS
5 7.0% 7.07¢ 7.03Y 0.18 NS
8 7.38 7.38 7.38 0.07 NS
Significance Time*Treatment NS , Time ***, Treatment NS

E. coli (n=8)
-1 4.6% 4.54Y 4.60° 0.14 NS
2 5.08 4.95 4.96 0.16 NS
5 4.4% 4.07, 3.64, 0.21 *
8 3.35 3.05 3.34 0.26 NS
Significance Time*Treatment NS , Time ***, Treatment NS

" For the same bacterial population, values in firaescolumn with different superscripts (x, y, z¢ ar
different P < 0.05)

" For each day, values in the same line with diffeseibscripts (a, b) are differeit € 0.05)
*NS:P>0.05

4. Discussion

4.1. Cost reduction

In a previous study (Boudrgt al, 2008b), we demonstrated the efficiency of a bevin
colostrum whey supplementation in piglet weanirgg th reduce the PW growth check.
A supplementation of 20 g.Kgof diet induced significant increases in ADG (Ijfay
vs. 81 g/day,P < 0.001), ADFI (346 g/days. 256 g/day,P = 0.03) and reduced the
FCR (2.04vs. 3.16,P = 0.04) the first week PW compared to piglets naogithe diet
without colostrum. However, the high processingso$ BC whey (100 €/kg) limits its
use in pig production. Therefore, we investigatesl way to reduce the cost of BC use
in the weaning piglet diet without affecting thespitve effects of BC on the PW growth
check.
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In the experiment 1, the important increases in A&@ in ADFI and the reduction of
the FCR recorded during the first week PW in the tywoups of piglets receiving the
BC whey (1 or 2 % of incorporation) corroborate puevious results (Boudrgt al,
2008b) and confirm the efficiency of BC whey to wed the PW growth check. As
there were no differences in the performancesfabé intake and the FCR between the
"Whey 1" and "Whey 2" groups, we may conclude th& BC whey supplementation
in the diet, instead of 2 %, may be used in practlowering thereby the costs of
supplementation. Moreover as the effects were observed during the first week PW,
like in our previous study (Boudrgt al, 2008b), we may recommend stopping the
supplementation after 10 days, as done by othdmoemt(Pluskeet al; 1999; Le

Huérou-Luroret al, 2004).

In the second experiment, we explored the posibiib replace BC whey by
defatted BC as the rennet precipitation is an esipenprocess (50 €.Kg Banque de
colostrum, CER, Marloie, Belgium). By replacing Bf&hey by defatted BC, the
production costs are reduced by half (100 €/kg B€ whey vs. 50 €.kg" for
defatted BC). In this experiment, differences bemvperformances and feed intakes in
the "Col 1" and "Whey 1" groups of piglets were wottstanding (+ 23 % of ADG
(P<0.1) and + 26 % of ADFIR < 0.05) for "Col 1") and appeared only during the
second half of the first week PW. However, theyvghioat we may use defatted BC in
place of BC whey without affecting the effect oe AW growth check.

We may conclude from both experiments that it isgide to reduce the costs of BC
use in weaning pig diet by reducing the dose ofpRrpentation in the diet (1 %
vs.2 %), by shortening the administration period rffir@8 to 10 days) and by using
defatted BC in place of BC whey. By this way, theatment costs were reduced
from 19 € per piglet in the first experiment ("Wh2¥ytreatment) to 1.3 € in the second

one ("Col 1" treatment).

4.2. Infectious pressure

The lower effects of BC supplementation in the sécexperiment compared to the first
may be related to a lower infectious pressure.dddéhe first one was conducted in a
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conventional on-farm nursery with continuous pigwil while the second one was
carried out in an off-site facility of our univengi This induced different infectious
pressure which had consequences on the healtle piglets and their ADFI. In the first
experiment diarrhoea was observed during the Witk PW (days 4 and 5), which
coincided with a depression in feed intake. Howgeuwbe piglets fed with the
supplemented diets ("Whey 1" and "Whey 2") mairddira higher feed intake and
therefore better performances than the controkfsglkuggesting that the colostrum-fed
piglets were less affected. In the second expetinpégiets didn't show any problem of
diarrhoea or ADFI depression because of a "cleamlf@enment. This may explain why
the effects of the BC supplements were low. Therenment was probably too clean to
allow the BC to express its entire growth-promopatential as suggested by Le
Huérou-Luronet al. (2004). Pierceet al. (2005) also showed that IgG from bovine
spray-dried plasma had increased effects on ADG AD#&| of weaned piglets in

unclean conditions.

The low pathogen pressure in the second experimeargnfirmed by the results of the
faecal bacterial counts. The content B coli in the faeces is largely inferior
to 1€ cfu/g, reported by Wray and Woodward (1997) durimdjbacillary diarrhoea.
This means also that the difference between thantients observed on day 5 for the
E. coli counts cannot explain the differences in ADG andFA measured in this

experiment.

4.3. BC whey vs. defatted BC

The main differences between milk, BC whey and ttiedia BC powders is their

composition in proteins, quantitatively and alsalgatively.

4.3.1. Immunoglobulins

In the defatted milk powder, the content in prate(i87 %) is lower than in both
BC powders and its content in IgG is close to & 0@). In the BC whey powder, the
precipitation of casein induces a lower contentatal proteins than in defatted BC
(69 % vs. 77 %) but it concentrates the IgG in the final pew (50 %vs. 32 %).
According to Elfstrancet al. (2002), the 19G2, IgA and IgM are conserved iney
after rennet precipitation but IgG1 is reduced Dy2.
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Le Huérou-Luroret al. (2008) showed that the Ig fraction of BC is respble for the
enhancement in growth rate and feed intake PW. Woog to Wilson (1974) these
improvements are attributable to the continuouscaf Ig after the withdrawal of the
mother milk. Moreover, Leibbrardt al. (1997) showed that milk-derived Ig added to
milk replacers increase growth performance follayigut closure in early weaned
piglets. However in our case, it seems that otlsenponents are responsible for the
higher ADFI and ADG measured in the "Coll" treatineompared to the "Whey 1"
treatment because defatted BC contains less IgGthieaBC whey.

4.3.2. Casein

Caseins counts for about 80 % of the milk protgiRsanke et al, 1988), while it
represents 4 to 5% of BC proteins (Nardaeteal, 1997) and we may expect a
concentration close to 0 % in the BC whey. Contreiaé data were found about the
effect of casein on the activity of the bioactiveppdes in the digestive tract. Several
works reported a natural buffering effect of thesaia proteins that improve the
bioavailability of macromolecules such as IGF-Itie gut of adult rats (Xiaet al,
1995) and preserve the molecular size and bio&ctofi EGF in the adult human gut
(Playfordet al, 1993). This suggests that in the BC whey, the@acif the colostrum
growth factors could be reduced in the intestinmgared to the use of defatted BC.
However, Shen and Xu (1996, 2000) observed a higindoitory activity of the acid-
soluble fraction of porcine colostrum than the @adeaction on the EGF and IGF-I
degradation in the intestinal fluids of weaned gligl We can thus not conclude on the

effect of the casein on our observations.

4.3.3. Insulin

Our analyses revealed an absence of insulin (<d) my BC whey, which is related to
its precipitation with the casein (Aranéa al, 1991). According to Houpt (1984) in
many species, insulin injection causes a fall @spla glucose and initiates hunger.
However, no data were found on the effect of ahamteninistration of insulin.

4.3.4. Other proteins
The differences between the concentrations in fagio and IGF-I and —II between

both BC powders seems to be too low to be resplenfsibdifferences in their effects.
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5. Conclusion

Accordingly to this study, it is possible to redube costs of BC use in weaning pig
diet by reducing the dose of supplementation irdiee (1 %vs.2 %), by shortening the
administration period (from 28 to 10 days) and lsyng defatted BC in place of BC
whey. As the complex composition of BC makes thé&emeination of underlying
mechanisms difficult, further research, under ahitgfectious pressure, is needed to
determine the components responsible for the recoeffects and their mode of action.
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GENERAL DISCUSSION

At weaning, the piglet undergoes many stresseshwmhitt induce a critical period of
underfeeding and the so-called growth check dutimg first week postweaning
(Le Dividich and Seve, 2000). This will lead to alteration of the intestinal structure
and function, which may induce diarrhoea and inbest (Pluskeet al, 1997). Due to
its richness in growth promoters and antimicrofaators (Pakkanen and Aalto, 1997),
the bovine colostrum may represent a good feediaedd reduce these consequences
of weaning. Moreover, it may constitute a goodrakéve to in-feed antibiotic, banned

since January 2006 over all Europe.

All the colostrum powders used in this work weregared by the "Banque de
Colostrum" (CER, Marloie, Belgique) from bovine asirum of first milking,
standardised at a concentration of 75 g of immuwingin/l or 30 % of dry matter.
Before treatment, the colostrum was skimmed by rifagation (0.5 % of fat
remaining). The powders of defatted bovine colastmere then obtained by freeze-
drying, even if this is an expensive process (Ra2601) to maintain the biological
activity of the growth factors which are sensitteea temperature higher than 40°C.
Whey was obtained, after skimming, by rennet caatgant at 37°C for 24 h and

separation from curds by a mechanical press.

In our studies, the bovine colostrum supplementatinthe weaning diet induced an
increase in feed intake and growth performancefiis¢ week PW compared to a
control treatment without colostrum, suggesting thavine colostrum may reduce the
postweaning growth check. This corroborates obsens made by Plusket al.
(1999), Kinget al. (2001) and Le Huérou-Luroet al. (2004). However in our studies,
lower supplies of bovine colostrum (10 and 20 g.kgedvs. 40 to 100 g.kg feed)
increased growth performances and improved feedkéenat comparable levels to those
reported by the previous authors (+ 40 to 100 %ADG and +10 to 25 % of ADFI),
suggesting that the action of bovine colostrumatsdose-dependent. Nevertheless, the
differences in the results may also be explainedtH®gy composition of the bovine
colostrum extracts used in the different studiekeil concentrations in bioactive
peptides (growth and antimicrobial factors) arehpps very different, but too little
information is given about the preparation anddbmposition of the colostrum extracts

experimented to verify this suggestion.
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The effect of bovine colostrum on the feed intakby dast for one week but this may be
enough to improve subsequent growth performancthedength and severity of the
postweaning period of underfeeding has a major anpa subsequent performance
(Le Dividich and Séve, 2000).

In our work, near the increased feed intake, boewmlestrum also induced a better feed
efficiency the first week PW (+ 50 %). This may dige to an increase in the digestive
and absorptive capacity of the newly-weaned pigletall intestine after bovine
colostrum intake as described by Le Huérou-Luebral. (2003), Huguett al. (2006
and 2007) and Kingt al. (2008a and b). They showed increases in villughteand
reduction of crypt depth in different part of thenal intestine, suggesting that
colostrum may limit weaning-induced gut structua#terations. However, during our
studies, we didn't show any effect of bovine colost on the intestinal wall
morphology (villi height, crypt depth). This condiration may be explained by the
higher levels of bovine colostrum supplementatioseds in the other works
(20 g.kg' feedvs 50 to 75 g.kg feed) and probably also by the high intra andrinte
individual variability of these parameters. Moregwibe infectious pressure during the
experiments plays also an important role on thecggfof the bovine colostrum. Among
the studies cited before, only Le Huérou-Lugdral. (2004) showed an increase in feed
efficiency (+ 10 %), which was observed in bad &agiconditions (uncleaned pens).
This suggests a higher effect of the bovine calmston gut health under a high
infectious pressure, which may also explain why dign't measure effects on the
intestinal morphology as these measures were peefbiduring studies realised in off-

site facilities.

The only effect of bovine colostrum on the inteatiflora of weaned piglets was
reported by Huguetet al. (2006) who showed an increase in the duodenal
Lactobacilli:Coliform ratio. In our work, no effect of the bovine colosh
supplementation on tHactobacilliandE. coli faecal populations were observed. As for
the intestinal morphology, this may be related tim@ low infectious pressure during
our studies as, for example, successful use ofstolm in the treatment of diarrhoea
caused byE. coli has been reported in human patients (Carboeéral, 1997 ;

Honorio-Francat al, 1997).
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The different parameters studied from the bloo@& $pleen and the gut-associated
lymphoid tissues indicate a local immunisation tvibe colostrum with a marked

Th2 immune response.

In the ileal Peyer patch the bovine colostrum itigesinduces a reduction of the
number of cells, especially the B-cell, in an iggtymanner and the study of the
cytokine expression showed a more marked Th2 immasponse. Furthermore, we
observed an increase in systemic IgA concentratants a reduction of the Tc cells,
which may both be the consequence of a Th2 immesgonse (Romagnani, 1991).

The results of the cytokine expression suggestranuno-modulatory effect of bovine
colostrum targeting mainly the gut-associated lyoightissues, which respond by
producing both Thl and Th2 cytokines. This bipdjars important in the context of
exposure to a wide range of antigens associated pathogens, with commensal
bacteria and with food. It includes the ability generate tolerance to food and

commensal bacterial antigens as well as to actir@e&mmune response to pathogens.

King et al. (2008b) reported a moderate expansion of T lympiescsubsets in the
lamina propria of weaned piglets consuming a bowa®strum enriched diet. They
associated this expansion to an induction of thenumological tolerance to the

numerous novel proteins present in bovine colostrum

The effect of the bovine colostrum supplementatbionthe IGF-1, IGFBP-2 and -3,
and T3 and T4 concentrations in blood serum was @lsluated at weaning. Only the
seric IGF-I content was modified by the administmatof bovine colostrum, with an
increase of 15 % on day 7 post-weaning. This effiexg also observed by Le Huérou-
Luronet al.(2003). They attributed this increase to a stimaaof de novasynthesis of

IGF-I rather from an intestinal absorption of exoges IGF-1 (Donovan, 1997).

The higher feed intake of the piglets fed the dolos diet the first week post-weaning
may be at the origin of our higher IGF-I circulagitevels. Indeed, Clemmons and
Underwood (1991) showed that the nutritional statverts a direct influence on
circulating IGF-1, with blood IGF-I being closelglated to the energy intake. However,
Hathawayet al. (1999) demonstrated both effects of food ingestiod antimicrobial

factors on IGF-I levels. As bovine colostrum consamany growth factors, a study with
restricted consumption would be necessary to etaltte origin of the increase in

circulating IGF-1 levels.
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Finally, in the last part of this work we investigd possibilities to reduce the costs of
the use of bovine colostrum in the weaning piglet.dn our first studies, freeze-dried
bovine colostrum whey (100 €/kg) was added to tkanng diet at a level of 2 % and
distributed to the piglets for 28 days. This supmetation generated a cost of 19 € per

piglet, which represents nearly the commercial @afia weaned piglet.

Our investigations showed the possibility to redtitis cost to 1.3 € per piglet by
limiting the supplementation level to 1 % and theadion of the treatment to 10 days
and by using defatted bovine colostrum in place/ioéy (50 €/kgvs.100 €/kg, Banque
de colostrum, Marloie, Belgium) without affectint iefficiency in reducing the PW
growth check.
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PROSPECTS

Identification of the bio-active peptides responsib le for the observed

effects

The mechanism(s) of action of the bovine colostrmmthe physiological and bio-

immunological parameters remain to be clarified.

Several authors (Dunshed al, 2002 ; Kinget al, 2008a and b) compared bovine
colostrum to spray-dried plasma to try to explasimechanism of action because of
their similar Ig contents. In both protein supplense the high molecular weight Ig
fraction was shown to be responsible for the imptbyeed ingestion and growth
performance induced in the newly weaned piglet fi@aet al. (1995) and Weaver
et al. (1995) for plasma and Le Huérou-Lurenal. (2008) for colostrum). Given the
resistance of this protein to complete proteolysie small intestine of the young pig
(Morel et al, 1995), it likely affords some passive protecttorthe intestinal mucosa

through immune exclusion (Schollushal, 1997).

However, Kinget al. (2008a) showed differences between the effectspady-dried
bovine colostrum and plasma on the intestinal weadfphology. They attributed this to
the numerous non-specific antimicrobial and grofatttors found in colostrum. Further
research is needed to establish the role plaichéset factors. The advances realised in
the separation, fractionation and isolation in afad form of interesting proteins in
bovine colostrum (Korhonen and Pihlanto, 2007) witbbably be really interesting in
studying the effects of these bio-active peptidepasately and, of course, also in
association as there is much evidence of synergéfiects between the components.
This is illustrated, for example, by the interantidbetween lactoperoxidase,
immunoglobulins and lysozyme (Huleat al, 1989) or between the latter and
lactoferrin (Yamauchet al, 1993).

Experimental conditions

Many works reported that the ability of growth farst and antimicrobial substances to
enhance performance is directly affected by hustyacdnditions, with benefits being
more pronounced when sub optimal conditions oc€norfiwell, 2001). This was
confirmed during our investigations. Considering talean” off-site facility, the use of
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challenges on the animals is indispensable inmsitailations to study further the effects
of growth factors or antimicrobial substances. Tdest solution is of course the

realisation of the experiments in real rearing ctoks.

Pig production

Many advances were realised during our works taigedsignificantly the cost of the
use of bovine colostrum in the weaned piglet diébwever, the defatted bovine
colostrum as well as the whey used in our studiesedicated to calf production. New
products have thus to be investigated which will @ater in competition with the use
for the calves, such as the colostrum which issediuoy the "Banque de Colostrum" for
a too low level of Ig (< 50 g IG/l) and accounts &) % of the collected volume and
the colostrums of the"2and 3 milkings post-partumwhich are collected nor by the
dairy, nor by the "Banque de Colostrum". Moreovbke, valorisation of these products
would bring a new income to the dairy producers.
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