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ABSTRACT

This study was designed to evaluate the effects of a gluco-oligosaccharide (GOS), as an alternative to
growth promoters in piglets, on: growth performance, blood parameters and morphological characteristics
of the intestinal tract. Four week old weaned piglets (n=128) (7.2 £ 1.04 kg l.w.) were divided into four
groups and fed for 77 days on different diets as follows: 1.- Basal diet (CTR); 2.- Basal diet supplemented
with a 2% GOS; 3.- Basal diet supplemented with chlortetracycline and spiramicine at 1000 and 400 mg/
kg, respectively, for 14 days and then fed the CTR basal diet (CTRM); or 4.-a GOS diet supplemented and
administered as in group 3 (GOSM). Animals were individually weighed 5 times, on days 0, 14, 35, 56 and
77. At the same time, the feed intake and average daily gains (ADG) were recorded and the feed conver-
sion ratio (FCR) was calculated. On days 0 and 77, plasma was sampled from 6 piglets/treatment group,
whereas on 77™ day, 4 piglets/treatment were slaughtered to assess the morphological characteristics of
parts of their gastro-intestinal tracts (ileum and caecum). The results showed no effects of the medica-
tions on the ADG in all the experimental periods. However, from days 57 to 77 of the trial period, the ADG
was found to be higher in the GOS-fed animals (P=0.0747). During the first 14 days of the trial, the piglets
on the medicated diets showed a higher intake than the animals in the normal diet groups, but no differ-
ences were detectable in the FCR. The globulin concentration and the albumin/globulin ratio was found to
be reduced by GOS treatment (P <0.01). The urea concentration in the blood was decreased (P<0.05),
whereas the plasma concentration of phosphorous was increased (P<0.01), by GOS supplementation. We
found that the heights of the villi in the ileum was higher in the piglets on the GOSM diet compared to
CTRM diet: (188.66 mm vs 255.74 mm; P<0.01). We also observed that supplementing these diets with
GOS lead to a higher caecum epithelial cell height (11.7 pm vs 14.7 ym; P 0.068) compared with animals
on the non-supplemented diets.
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Our current data indicate that the growth performance did not differ between piglets fed on control, an-
tibiotic-supplemented or GOS-supplemented diets. A dietary supplementation of GOS does increase the
villus length, but only in animals previously fed with medicated feeds. The use of GOS seems to exert
anti-inflammatory effects upon these animals.

Key words: Piglets, Gluco-oligosaccharide, Growth, Blood parameters, Gut morphology.

RIASSUNTO

EFFETTO DI UN GLUCO-OLIGOSACCARIDE SULLE PERFORMANCE E LE CARAT-
TERISTICHE MORFOLOGICHE INTESTINALI DI SUINETTI SVEZZATI

Questo lavoro ha avuto la finalita di verificare gli effetti dell’integrazione alimentare con gluco-oligosacca-
ride (GOS) sulle performance e la morfologia intestinale di suinetti svezzati. E’stata utilizzata questa mo-
lecola in quanto é una potenziale alternativa agli antibiotici promotori di crescita. A tale scopo 128 incroci
Duroc svezzati, dell’eta di 4 settimane e del peso di 7,2 + 1,04 kg, sono stati suddivisi in 4 trattamenti
di 32 animali ciascuno e alimentati con uno dei seguenti regimi alimentari: 1.- Dieta controllo (CTR); 2.-
Dieta controllo addizionata con gluco-oligosaccaride ad una concentrazione finale del 2% (GOS); 3.- Dieta
controllo addizionata con clorotetraciclina e spiramicina, a dosaggi di 1000 e 400 mg/kg rispettivamente,
nei primi 14 giorni di prova e poi alimentati con la dieta controllo non additivata (CTRM). oppure 4.-con
la dieta GOS sino alla fine della sperimentazione GOSM). Gli animali sono stati pesati 5 volte: al giorno 0,
14, 35, 56 e 77; negli stessi periodi é stato registrato il consumo di alimento e calcolati I'accrescimento
medio giornaliero (ADG) e l'indice di conversione (FCR). Allinizio e alla fine della prova é stato eseguito
un prelievo di sangue da 6 animali/trattamento, mentre alla fine della prova 4 suinetti/trattamento sono
stati macellati per procedere all’esame microscopico degli epiteli intestinali (cieco e ileo). In entrambi i
periodi i risultati mostrano I'assenza di effetto del trattamento sugli accrescimenti, tuttavia dal 57° al 77°
giorno I’ADG é risultato tendenzialmente superiore negli animali alimentati con la dieta GOS (P 0,0747).
Nei primi 14 giorni l'integrazione con antibiotici ha determinato maggiori ingestioni, mentre nessun effetto
é stato visto su FCR. La concentrazione plasmatica di globulina é stata ridotta dal trattamento con gluco-
oligosaccaride (P< 0,01) e di riflesso anche il rapporto albumine/globulina (P< 0,01). L’urea ematica e
stata diminuita dal trattamento con GOS (P< 0,05) che ha invece aumentato il fosforo plasmatico (P<
0,01). L’integrazione alimentare con GOS ha accresciuto la lunghezza dei villi intestinali ma unicamente
nelle diete medicate (188,66 mm vs 255,74 mm; P< 0,01). L’integrazione alimentare con GOS ha de-
terminato una tendenza verso una maggior altezza delle cellule epiteliali ciecali (11,7 um vs 14,7 um; P
0,068) rispetto al controllo negativo.

Le performance dei suinetti alimentati con una dieta integrata con GOS sono risultate analoghe a quelle
delle diete medicate. L’integrazione alimentare con GOS aumenta la lunghezza dei villi intestinali ma solo
negli animali che avevano ricevuto il mangime medicato nel primo periodo. L’impiego di GOS sembra
esercitare un effetto anti-infiammatorio negli animali.

Parole chiave: Suinetti, Gluco-oligosaccaride, Accrescimenti, Parametri ematici, Morfologia intestinale.

Introduction

The intestinal tract harbours a large, ac-
tive and complex community of microorgan-
isms. The intestinal microbiota plays sever-
al roles in the ingestion of food, in addition
to its function in immunoprotection and the
prevention of colonisation by pathogenic
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bacteria in the gastro-intestinal tract. For
these reasons, the microbiota is centrally
involved in maintaining animal health and
performance. After the EU-ban on the use
of antibiotics as growth-promoters, the in-
terest in the development of alternatives to
these agents has increased.

The use of oligosaccharides as “feed addi-
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tives” could play a prebiotic role, promote the
development of certain microbial groups and
be considered as alternatives to previously
used drugs. In this regard, microorganisms
are different amongst themselves for energy
and protein sources, micronutrients and vi-
tamins requirements are also different. It is
therefore possible to stimulate the growth of
some intestinal species of microbes through
the supply of substrates such as fructo-oli-
gosaccharides (FOS) (Houdijk et al., 2002;
Mikkelsen et al., 2003), gluco-oligosaccha-
rides (GOS) (Djouzi et al., 1995; Gabert et
al., 1995), mannan-oligosaccharides (MOS)
(Zhou et al., 2002), galacto-oligosaccharides
(GAS), xilo-oligosaccharides (XOS) and
transgalacto—oligosaccharides (TOS) (Hida-
ka et al., 1986; Katta et al., 1993). The ex-
tent of the effects of these compounds is de-
termined by numerous factors including the
type of additive itself, the age and species
of the animal, and the breeding conditions.
The mechanism of action of these products
is most likely a selective stimulation of spe-
cial positive microbial clusters in the gut,
such as Bifidobacterium (Unno et al., 1993;
Hirayama et al., 1994; Howard et al., 1995),
Bacteroides and Lactobacillus (Takahashi et
al., 1996), Pediococcus spp. or Enterococcus
faecium, but not Salmonella typhimurium
(Oyarzabal and Conner, 1995).

The efficacy of the dietary integration of
oligosaccharides is also modulated by the
type of diet, and is for example greater in
hamsters fed with a diet containing large
amounts of bran versus those receiving feed
with a larger meat component (Hirayama et
al., 1994). It is also not only the type of diet
which affects the response to FOS admin-
istration and it has been shown that three
different strains of Bifidobacterium (B. in-
fantis ATCC 15697, B. adolescentis ATCC
15703, B. longum ATCC 15707) have differ-
ent growth patterns in culture medium con-
taining different types of fructane. Galacto-
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oligosaccharides are not as effective as FOS
but can also promote the growth of Bifido-
bacterium and Lactobacillus (Morishita et
al., 1992). By administering GOS to axenic
rats, Valette et al. (1993) have established
previously that such molecules are resistant
to intestinal digestion. However, if the same
animals are inoculated with human intesti-
nal microflora, the subsequent administra-
tion of GOS does not change the caecal pH,
volatile fatty acids (VFA) production or lac-
tic acid levels. Changes are in fact observed
in terms of the VFA profile (reduced molar
percentages of butyric, isobutyric, isovaleri-
anic acids and an increased molar percent-
age of caproic acid) with the increased pro-
duction of Hy, and CH, observed. A reduced
production of branched chain VFAs may
point to a decrease in the proteolytic activ-
ity of the large intestine. No effects on dry
matter or protein digestibility were found in
a study by Gabert et al. (1995) of piglets fed
a dietary supplement of GOS, whereas the
availability of alanine, a non-essential ami-
no acid with a higher gluco-genetic capacity,
was reduced. The gut morphology was also
found to be affected by oligosaccharide sup-
plementation in reports by Xu et al. (2002)
and Van Nevel et al. (2003), which demon-
strated that the villus length in piglets is
increased by FOS supplementation.

The results of many studies of oligosac-
charide-fed piglets were often conflicting.
Results showing an improvement in the
growth performance and reduction in the
levels of post-weaning diarrhoea upon FOS
and TOS administration were obtained by
Hidaka et al. (1986), Katta et al. (1993) and
Che et al. (2003). However, other studies
have reported no such effects of a FOS diet
(Mikkelsen et al., 2003), FOS and TOS diets
(Houdijk et al., 1998) or a GOS diet (Gabert
et al., 1995).

To further the development of alterna-
tives to the use of antibiotics as growth pro-
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moters, the aim of our current study was to
evaluate the effects of GOS as a prebiotic
feed supplement in weaned piglets. We as-
sessed the impact of GOS supplements in
the diets of these animals on their growth
performance, the blood parameters ob-
served to be linked to oligosaccharide action
such as caecum protein fermentation (blood
urea), their inflammatory status or mineral
nutrition, and the morphological character-
istics of their intestinal tracts.

Material and methods

Animals, diets and housing

This study was carried out in accordance
with the guidelines of Good Laboratory
Practice. Commercial hybrid pigs that were
28 day old half-breed offspring of a Duroc
boar (n= 128) were randomly distributed
into four homogeneous groups each con-
taining 32 animals (females and castrated
males at a 1:1 ratio in each cohort). These
piglets were born and weaned in the same
farrowing house. The animals were weighed
(7.2 = 1.04 kg live weight; 1.w.) and identi-
fied using an ear tag the day after their ar-
rival in our facility (CERZOO). The animals
were reared during the first 35 days of the
current trial period in flat-deck cages and
subsequently on slatted floors until the 77
day timepoint. Each pen contained four pig-
lets of the same sex and 16 castrated males
(M) and 16 females (F) were used for each
of the four dietary treatments to obtain
eight replicates in each case. All animals
were reared according to Italian laws (D.L.
116/92) concerning animal welfare (care of
experimental animals), as also set out by
European Directive 86/609/CEE.

The piglets were housed in rooms under a
controlled climate (set temperature: 25.9°C;
set humidity: 67%) and natural daylight.
The experimental trial period was 77 days
and the experimental design comprised four
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test diets as follows: 1.- Basal diet (CTR); 2.-
Basal diet supplemented with 20 g/kg (in-
clusion over 100% of the volume of the basal
diet) of gluco-oligosaccharide (GOS); 3.- Ba-
sal diet supplemented with chlortetracy-
cline and spiramicine at 1000 and 400 mg/
kg feed, respectively (CTRM), which were
administered during the first 14 days of the
trial only, and replaced with the CTR or 4.-
GOS diet from 15 to 77 days (GOSM from
0 to 14 d). The GOS preparation used dur-
ing the current trial (Nutriose®, Roquette
Freres, France) was in a white powder form
characterised by 6.0% moisture, 4.1% reduc-
ing sugars and less than 0.5% protein and
ash residue. The monosaccharide and disac-
charide contents of the GOS were 0.9% and
0.1% respectively, whilst the total dietary
fibre was 88%.

Feed intake and growth performance

The piglets were provided continuous ac-
cess to feed and water ad libitum. The isoni-
trogenous and isoenergetic pellet diets were
formulated according to the INRA (1989)
requirements and given for 77 consecutive
days. The composition and the analytical
characteristics of the diets used in the first
(0-14 d) and second (15-77 d) growing pe-
riods are shown in Tables 1 and 2, respec-
tively. Animals were individually weighed
without the removal of food or water on
days 0, 14, 35, 56 from the start of the study.
On day 77,the feed was withdrawn 12 hours
before the end of the trial period. At the
same time, the feed intake per pen was re-
corded (net weight without the unconsumed
feed) to calculate the feed conversion ratio
(FCR) and the average daily gain (ADG) for
each replicate analysis. The adjusted FCR
was then calculated by the total feed intake
per pen divided by the sum of the animals’
live weight gain, and the body weight of the
animals that died during the two periods for
each replicate experiment. For these evalu-
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Table 1. Ingredients (g/kg as fed) of the experimental basal diets.
Post-weaning periods
0-35d 36 -77d

Corn meal 362.7 417.5
Soybean meal 44% 255.0 200.0
Barley flakes 100.0 100.0
Barley meal 90.0 90.0
Wheat bran 50.0 50.0
Whey acid dry 50.0 50.0
Soybean oil 30.0 30.0
Potato protein 20.0 20.0
Dicalcium phosphate 21.2 21.2
Calcium carbonate 6.7 6.7
Sodium chloride 3.4 3.4
L-Lysine 4.0 4.0
L- Threonine 1.0 1.2
DL- Methionine 1.0 1.0
Premix!? 5.0 5.0

The premix provided (kg™ feed) in the first growing period: Vit. A: 15,500 U, Vit. D3: 1200 U, Vit. E: 25 mg; Vit. B;:
1.5mg; Vit. B,: 3 mg, Vit. Bg: 1.80 mg; Vit. B;,: 0.03 mg; Vit. H: 0.13 mg, Vit. K3: 3.5 mg; Vit. PP: 17 mg; Choline
chloride: 300 mg; Mn: 42 mg; Fe: 250 mg; Cu: 95 mg; Zn: 105 mg; I: 1.2 mg; Se: 0.17 mg; Co: 0.33 mg.

The premix provided (kg™ feed) in the second growing period: Vit. A: 10,500 U, Vit. D3: 1200 U, Vit. E: 25 mg; Vit.
B;: 1.5mg; Vit. By: 3 mg; Vit. Bg: 1.80 mg; Vit. B;»: 0.03 mg; Vit. H: 0.13 mg; Vit. K3: 3.5 mg; Vit. PP: 17 mg; Cho-
line chloride: 300 mg; Mn: 42 mg; Fe: 250 mg; Cu: 95 mg,; Zn: 105 mg; I: 1.2 mg; Se: 0.17 mg; Co: 0.33 mg.

ations, all of the piglets that died during the
course of the study were weighed within 24
hours of their death.

Chemical analysis

About 500 g of each experimental diet
used in the two growing periods were sam-
pled and then analysed for dry matter,
crude protein, ether extract, crude fibre, ash
and starch contents at the beginning of the
study (AOAC, 1980).

Blood sampling procedure and analysis
Blood was collected from the same six ani-
mals/treatment (3 M and 3 F) on two occasions
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(0 and 77 d) during the course of this study
via a jugular vein puncture using heparinised
(lithium heparin) sterile tubes according to
the Vacutainer method (Becton and Dickin-
son, Franklin Lakes, NJ, USA). An average of
5 to 9 ml of the total blood obtained from each
animal was centrifuged for 15 min at 3000 x
g at room temperature to obtain plasma for
haematological analysis. The plasma sam-
ples were subsequently frozen at -22°C prior
to analysis. Glucose, urea, albumin, globulin,
Ca, and P were measured using a Syncron
CX-5 analyzer (Beckman Coulter, Fullerton,
CA, USA) and kits provided by Beckman.
Serum was analyzed for haptoglobin using
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Table 2. Proxymate analysis (g/kg as fed) of the experimental diets: control
without antibiotics (CTR); GOS-supplemented without antibiotics (GOS);
control with antibiotics in the first 14 d (CTRM); Nutriose-supplemented
with antibiotics in the first 14 d (GOSM).

Growing periods
0-35d 36-77d
CTR GOS Medicated CTR  GOS
feed!

Dry matter 908.0 916.3

Crude protein 194.8 176.1

Ether extract 64.8 54.7

Crude fibre 33.6 27.6

Ash 62.3 60.3

Starch 383.2 418.5 418.5 395.4 406.0

Net energy? MJ kgt 10.85 10.96

Lys 14.1 13.0

Thr 9.3 8.8

Met 4.2 3.9

IEmployed only in the first 14 days from the start of the study for the subsequent diets: CTRM and GOSM.

2According to the equation of Noblet et al. (1994).

the Haptoglobin-assay supplied by Tridelta
Development Ltd, (Maynooth, Ireland). Pro-
tein electrophoresis was performed using the
semi-automated agarose gel electrophoresis
system “Hydrasys” manufactured by Sebia
Inc. (Norcross, GA, USA).

Morphological examinations

At the end of the growing phase, four
animals/treatment (2 CM and 2 F) selected
from the same group of animals used for
blood sampling were slaughtered in the
CERZOO facilities to sample the gastro-
intestinal tracts (ileum and caecum) for
morphological examinations (villi length,
crypt depth and gut thickness). Scanning
Electron Microscopy (SEM) was used to
evaluate the gut morphologies of these pigs.
The specimen preparation methods can be
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divided in four phases: (1) fixation, where
well-cleaned specimens were placed in fixa-
tive solution (1 to 2.5% glutaraldehyde) for
more than 2 hours. After fixation, the speci-
mens were washed with a buffer solution to
remove reagent that has not reacted with
the tissue; (2) a dehydration step in which
the specimens were placed sequentially into
50, 60, 70, 80, 90, and 95% ethanol-water
solutions in the ascending order of concen-
tration. The time of immersion was 10 min
for each solution and the specimens were
eventually immersed in a 100% ethanol so-
lution for 30 min. This step was repeated
twice; (3) a drying step, in which the 100%
ethanol was removed by placing the speci-
mens into a sealed high pressure container
filled with liquid CO4 at room temperature.
This container was heated at a temperature
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above the critical point. Consequently the
pressure rose, the solution entered a gase-
ous phase, and gas was then released; and
(4) microscopic examination where the spec-
imens were put on a slab, and air dried. The
resulting dehydrated samples were then
analysed by SEM.

Statistics
The data collected during this study (1.w.,
feed intake, ADG, FCR, blood parameters
and morphological measurements) were
statistically analysed to determine whether
significant differences existed between the
results obtained for each treatment. A pen
containing four animals was designated as
the experimental unit except when measur-
ing blood parameters and gut morphologies
where the single piglet was taken as the
experimental unit. Statistical analysis was
performed according to the GLM (General
Linear Model) procedure of SAS Institute
software package (1999-2001) release 8.2.
The initial 1.w. and initial blood parameter
values were used as the co-variables. Sex ef-
fects were found not to be significant. The
following model was adopted:
Y=p+oa+p+a*p+e
where:
Y = items
1 = overall mean
a = GOS effect
B = antibiotic effect
¢ = experimental error

Results and discussion

Growth performance

During the first 14 days of the experimen-
tal period, no significant effects of GOS upon
the ADGs of the piglets were observed (Ta-
ble 3). The medicated diets, when compared
with the control diets, lead to a higher in-
take of food in the first 14 days (Table 4),
which was not accompanied by a change in
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the feed to weight gain ratio or the aver-
age daily gain. This is consistent with the
results of a study by Houdijk et al. (1998),
which compared the effects of FOS and TOS
or antibiotics in the diets also of piglets and
demonstrated an improved intake of feed in
the medicated diet groups.

At the end of the antibiotic treatments in
our current experiments, during days 15 to
35, no differences in the ADG were detected.
There were statistically significant differ-
ences observed between the effects of GOS
and antibiotics upon the ADG during the
periods from days 0-77 and 35-56. However,
when these data were disaggregated on the
basis of the use of medicated feed, no sig-
nificant effect of GOS could be observed. In
the 57-77 day period, the ADG was found to
be reduced in all of the treatment groups,
whilst at the same time a trend (P= 0.0747)
towards an improved growth in animals fed
on the GOS supplemented diets was evident
(Table 3). It is not easy justify this reduc-
tion in animal growth. In the last period of
the current trial, the feed intake dropped
by about 15% in comparison with the 36-
56 day period, but the ADG was found to
be reduced by about 55%. Since our current
experiment ended in the summer, we specu-
late that the higher temperatures reduced
the feed consumption and consequently the
animal growth. Although the temperatures
in the piggery were controlled, the average
temperature exceeded the threshold of dis-
comfort for piglets (26°C) during the last
experimental period for two days. However,
at other times, the temperature exceeded
26°C for several hours (from 3 to 10 hours
per day) which may explain the reduction
in feed intake and the drop in the ADG and
FCR. No mortality or disease was observed
in the animals during the last 21 days of the
experimental period, so these poor growth
performances are unlikely to be attributable
to health problems.
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Table 3. Growth performance of the groups of piglets fed on the four different
diets.
Without medicated ) .
feed in the first Wl.th med!cated feed SE P value for the effects of :
in the first 14 d
14 d
_— GOS*
CTR GOS CTRM GOSM GOS  Antibiotic o
Antibiotic
Initial live
weight (kg) 7.09 7.19 7.25 7.14 0.222
Average daily
gain (g/d):
0-14 201.4 173.2 202.2 200.6 11.135 0.1923  0.2151 0.2441
0-35 298.1 269.6 321.4 303.4 17.618 0.1983  0.1165 0.7663
0-56 348.1 316.1 346.5 361.4 13.740 0.5477 0.1376 0.1135
0-77 299.4 284.8 293.4 318.0 8.571 0.5685 0.1397 0.0415
15-35 362.6 333.5 401.0 372.0 23.200 0.2207 0.1087 0.9979
36 - 56 431.3 393.9 388.1 458.0 23.375 0.4992 0.6631 0.0405
57 -77 169.6 201.5 151.8 202.1 21.056 0.0747 0.6886 0.6695

The intake of feed in the other periods,
and also the FCR, were unaffected by our di-
etary treatments (Table 4). However in the
diets not supplemented with drugs, the use
of GOS lead to a higher feed intake trend
(P=0.0975).

Blood analysis

GOS supplementation was further found
to lead to a reduction in the globulin content
with consequent changes in the albumin/
globulin ratio (Table 5). The use of GOS in-
creased the P plasma concentration but no
effects were observed upon the Ca levels.
Analysis of the plasma from piglets fed on
the GOS-supplemented diets showed a low-
er urea content compared with the control
animals. Other differences were also found
for:

B-1 globulin: lower in piglets on the
GOS diets. This protein is an inflammatory
marker and an increment in its synthesis
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can indicate the presence of an inflamma-
tory process;

Haptoglobin: lowered by GOS supple-
ments in animals fed with the non medi-
cated diets (P< 0.01). The synthesis of this
protein is increased by inflammation.

Glucose: the supplementation of the pig-
let diets with GOS lead to a higher glucose
level but only in animals who had not re-
ceived the drug supplements (P< 0.01).

An improvement in the P absorption rate
as a consequence of oligosaccharide supple-
mentation, similar to that observed in our
current analyses, was previously reported
by Perez-Conesa et al. (2006) who fed rats
with galacto-oligosaccharides, and by Ko
et al. (2000) who studied piglets fed on B-
glucan-supplemented diets. The hydrolysis
of chemical bonds that entrap P into phytic
acid, which is synthesised by GOS-ferment-
ing bacteria, could explain these findings.

The plasma levels of urea in the piglets

ItaL.J.ANIM.Sct. voL. 7, 185-198, 2008




ErFecTs oF GOS ON THE GROWTH OF PIGLETS

T06£°0 L¥9%°0 LO8T0 096€°0 12783 17 9r'e L9°E LL- LS
¥¢0T'0 L¥88°0 8€EC0 28900 89°'T 68'T 18T 8L'T 9§ - 9¢
¢01S°0 0S6¢°0 LSEL°0 €¥80°0 &1 or'T 9p'T ST GE-4GT
T0ST'0 €169°0 6TEY 0 ¥8€0°0 €81 6T 06T 88T LL-0
0¢8T'0 L2Ty'0 €890 28€0°0 st 6S'T 09'T LS'T 96 -0
08080 6€85°0 9/16°0 GE90°0 or'T 8¢€'T [4740 b1 S€E-0
PSYT°0 G80%°0 €0¢r0 8850°0 6C'T €eT €T 61T P -0
:oned uieb/pas4
868%°0 8€TL0 95¢T°0 €L 0E ¥'699 6965 6'9€9 €209 LL- LS
6590°0 0¢69°0 65980 L6E°CC 1'89L L9CL LETL 6°C9L 9§ - 9¢
¢TL6°0 €TLT0 €¥9T°0 SYAAT4 T'ves 0°09S 0°/8% L¥CS GE-GT
0€8T°0 L8ST°0 1€86°0 6£6°ET 8'18S ¥'C9S T'TvS T°199 LL-0
808¢°0 L89T°0 £89C°0 PIL 9T 0'6%S §'6vS 9°'S0S 6°EPS 96 -0
18980 $0£0°0 S0CT'0 €16'LT A%% T'€vy 8°'08¢€ 1 A4%% GE-0
96t.L'0 1¢10°0 652’0 1A A4 6'£9¢ y'1ee §'6€¢ $1-0
:(p/B) @xejul pas4
21301qIUY4S0D Jnoiqhuy S09 WS09 WY1 S09 ¥
: J0 1aLB 341 J0j NeA - P T 354U U} P ¥T 3544 Y3 Ul

Ul pady pajedIpaW YIM  Pad) paledIpaw INOYIM

"S}DIp JUIBYIP JN0J BY3 UO p3y S39|61d Jo YD pue dxejul padd v 3|qeL

193

ItaL.J.ANIM.Scr. voL. 7, 185-198, 2008




Rosst et al.

vL¥0°0 L6€9°0 69500 8L°0 seY [Ty S0 8L'S w/bu uigojboydeH
GST8°0 7S8E€0 £909°0 L0 LT'TT LS°0T 9L'TT €9°TT N ungo|6-4
vSvL0 8¥0L°0 ¥88€°0 16°T 0€'6 ET'TT 8€'0T [qa! N uiinqolb z-¢
0L¥T°0 69€€°0 05000 68°0 €0, St'8 06t 06'8 W ulingojb 1-g
00ST'0 v611'0 6¢¢6°0 9¢'0 €9°CT €0t 89°CT ST'ET /6 uinqolb 1-»
9€05°0 vr19°0 80000 010 86'C 99°¢C 60°€ €9°C N snJoydsoyd
61020 L08T'0 61020 LE0 67'C 6C'¢C 0€'C 0t'C N wnidjey
SLE0°0 LETY'O 8STY'0 vr'0 TL'€ 9Ty 68t TLe N 9500N|9
Y90 8780 6€20°0 v°0 Sv'e 80P 80°¢ €Y I/loww eain
SvSt'0 60490 19000 S0°0 08°0 89°0 98°0 £9°0 oijed uljngo|b/uiwngly
6991°0 87/8°0 £900°0 60T 050 €8y 08¢ L9'YY W uiinqo|s
8887°0 L0EE0 ¥€TS0 97 €e'1e €8'8¢ 0T'1€ €8'1€ W ulwnqly
vLL0°0 S608°'0 ¢560°0 T €8'TL L9°TL 0v'69 €8'vL /6 ur301d
onolqiueLSOD  dholghuy S09 WS0D WY1D S09 -Tle)
40342 30 10 1 iy e ps, pisopa o
‘Apnis Japun sdnoJb Auejaip ay3 ul syjusuodwod ewse|d Jo Aessy ‘G 9|qelL

ItaL.J.ANIM.Sct. voL. 7, 185-198, 2008

194




ErFecTs oF GOS ON THE GROWTH OF PIGLETS

Table 6. Effect of the experimental diets on the piglet gut morphology.
Without medicated  With medicated
feed in the first feed in the first P value for effect of:
14 d of trial 14 d of trial
Items SE
L GOS*
CTR GOS CTRM GOSM GOS  Antibiotic o
antibiotic
Ileum:
Epithelium
thickness mm 1.57 1.97 2.13 1.91 0.156 0.5728  0.1345 0.0736
Villus length " 235.88 205.98 188.66 255.74 18.747 0.3410  0.9473 0.0238
Epithelial cells’
height pm  20.43 18.73 19.29 22.81 1.528 0.5633  0.3566 0.1131
Microvillus
length A 1.22 1.25 1.32 1.32 0.137 0.8952 0.5274 0.9192
Caecum:
Epithelium
thickness mm 1.22 1.20 1.01 1.31 0.151 0.3655 0.7288 0.3029
Crypt depth um  265.24 278.50 248.08 280.19 18.119 0.2345 0.6771 0.6123
Height of
epithelial cells " 11.77 16.67 11.58 12.72 1460 0.0608 0.1809 0.2215

on GOS-supplemented diets were lower
than the control animals, which was prob-
ably due to improved microbial growth in
the gross intestine via GOS fermentation
which leads to an increased level of NHj uti-
lization during microbial protein synthesis
and a reduction in the conversion of NHj to
urea. A similar reduction in the blood urea
content in piglets who were supplemented
with oligo-saccharides, although not GOS in
this case, was earlier reported by Liu et al.
(2003) and Tang et al. (2005).

In our present study, supplementation
with GOS led to a lower concentration of pro-
teins involved in the inflammatory process,
such as B-1 globulin and haptoglobin (only in
piglets on the unmedicated feed; P= 0.0081).

ItaL.J.ANIM.Scr. voL. 7, 185-198, 2008

A higher glucose level in piglets on the FOS-
supplemented diets was observed also by Xu
et al., (2002) and could be the result of a re-
duction in inflammatory signals and lower
levels of the hypercatabolic metabolism that
is characteristic of inflammation.

Intestinal morphology

Small intestine. Our current dietary
treatments were found to have an impact
upon the gut morphology of the piglets (Ta-
ble 6). The villus lengths in piglets on medi-
cated diets were increased by GOS supple-
mentation (P= 0.0088), whereas no effects
were observed when non medicated diets
were given. In our present trial, we were
unable to detect any effects of our dietary
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treatments upon the ileum thickness.

As already reported by Xu et al. (2002) and
Van Nevel et al. (2003), the villus lengths in
piglets is increased by FOS supplementation.
The production of volatile fatty acids result-
ing from the fermentation of oligosaccha-
rides by bacteria may underlie this higher
development of the villus. As described earli-
er by McCracken et al. (1999) and Touchette
et al. (2002), the villus length is reduced by
inflammatory processes. Furthermore, there
is a negative correlation between a higher
expression of inflammatory markers such
as globulin and haptoglobin and the villus
length, whereas this correlation is positive
in the case of the ileum thickness (Eckersall
et al. 1996; Magnusson et al., 1999).

Inflammatory processes affect the gut
morphology by reducing the villus length
and increasing the ileum thickness. In our
current trial, we detected an increase in the
villus length but no effects upon the ileum
thickness as a result of the intake of our di-
etary supplements. The haptoglobin levels
were found to be reduced by GOS supple-
mentation in animals that never received
drug-supplements in their diet (P< 0.01),
but across whole group of animals, this ef-
fect was not significant.

These higher levels of inflammatory mark-
ers could have arisen from an imbalance in
the gut microflora which was prevented by
the GOS intake. In a previous report by Ko-
stantinov et al. (2003), piglets fed with fer-
mentable carbohydrates showed a higher
bacterial diversity and a more rapid stabilisa-
tion of the bacterial communities in the gut
compared with the control animals. In addi-
tion, the villus lengths, and consequently the
surfaces of the villi, could have been reduced
by alterations in the microbial profile of the
small intestine. As highlighted by Delzenne et
al. (2003), animal studies as well as data from
in vitro cell culture have underlined the po-
tential of oligosaccharides to protect against
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inflammatory processes in the gut.

Large intestine. No significant effects of
GOS on the caecum morphology in the sub-
ject piglets were observed (Table 6). Howev-
er a trend (P= 0.068) towards an increased
epithelial cell height following GOS intake
was evident, whilst the effects of antibiot-
ics alone, and the interaction of GOS and
these drugs, were not found to be significant
(Table 6). Our current findings are thus
more or less consistent with the hypothesis
previously formulated by Galfi and Bokori
(1990) that there are stimulating effects of
the VFAs (butyrate in particular) generated
by GOS fermentation upon the growth of
gut cells. Van Nevel et al. (2003) have also
observed a doubling of the acetate and bu-
tyrate concentration in the guts of piglets
receiving dietary supplements of GOS, and
an increase in butyrate production following
the administration of Nutriose in rats was
also observed by Bakker-Zierikzee (2004).
However, the opposite results were obtained
by Valette et al. (1993) who reported a de-
crease in the butyric acid content as a result
of feeding rats with a GOS-supplemented
diet. We did not determine the VFA levels
produced in the caecum in our current study,
so the existence of a GOS-positive effect on
caecum cells mediated by the butyrate that
results from GOS fermentation should still
be considered only as a working hypothesis.

Conclusions

We conclude from our current findings
that the growth performance of piglets is
not affected by antibiotic GOS dietary sup-
plements. The use of gluco-oligosaccharides
does appear to increase the villus length,
but only in animals that have been previ-
ously given medicated feeds. It is not clear
if this positive effect of GOS is due to an im-
balance in the intestinal microflora of these
animals as a result of antibiotic treatment.
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Furthermore, piglets that had been fed a
GOS-supplemented diet showed a tendency
towards a height increase in their colonic
epithelial cells. GOS thus seems to exert
anti-inflammatory effects in animals.
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