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Immunomodulation by probiotic lactobacilli in layer- and
meat-type chickens

M.E. KOENEN, J. KRAMER, R. VAN DER HULST, L. HERES, S.H.M. JEURISSEN
AND W.J.A. BOERSMA

Animal Sciences Group, Wageningen UR, Division of Animal Resources Development, Lelystad, the Netherlands

Abstract 1. The aim of the experiments was to evaluate whether selected probiotic lactobacillus
strains have different immunomodulating effects in layer- and meat-type strain chickens.
2. Humoral and cellular specific and non-specific immune responses were studied by experiments
on cellular proliferation, entry and survival of Salmonella bacteria in gut and spleen leukocytes,
immunoglobulin isotypes and specific immunoglobulin titres.
3. The effects of two different feeding regimes (short and continuous feeding) and doses for
administration of lactobacilli were studied.
4. The lactobacillus strains that were evaluated showed modulating effects on the immune system of
layer- and meat-type chickens.
5. In meat-type strain chickens the lactobacilli had a stimulating effect when the chickens were young
(up to 3 weeks) and the dose was relatively high, whereas in layer-type chickens a lower effective dose
and discontinuous administration was also effective.
6. Immunoprobiotic lactobacilli can have a positive effect on humoral and cellular immune responses
in layer- and meat-type strain chickens, but the lactobacillus strain to be used, the age of the animals
and effective dose of lactobacilli to be administered need to be optimised.

INTRODUCTION

Lactobacilli are normal components of the
healthy intestinal microflora. Selected lactoba-
cillus strains are used as probiotics with sup-
posedhealth-promoting activities.Theseprobiotic
properties come in various categories and
include beneficial influence on: intestinal balance
(Salminen et al., 1998), gut mucosal barrier
(Salminen et al., 1996) and mucosal immune
response (Perdigon et al., 1995). Some probiotics
have a competitive exclusion effect for specific
pathogens (Fedorka-Cray et al., 1999) and help
reduce duration of diarrhoea (Marteau et al.,
2001). In addition, beneficial effects have been
observed on lactose intolerance (Gilliland, 1989),
blood cholesterol concentrations (De Roos and
Katan, 2000) and cancer (Matsuzaki, 1998).

Probiotics are used to develop and maintain
a healthy intestinal microflora in young animals,
like newly hatched chicks (Nuotio et al., 1992).
In regular poultry housing chickens are raised
under hygienic conditions in the absence of the
mother hen. As a consequence, the young chicks

do not acquire a maternal microflora matched
to the natural antibodies transfused with the yolk,
thereby leaving them vulnerable to colonisation
by pathogenic bacteria.

Chickens have been selected genetically
either for improved feed conversion and rapid
growth or for production of eggs. This selection
for economically important production traits has
led to two physiologically quite different types of
chickens: meat- and layer-type strains which dif-
fer in body weight gain, maximum lifespan and
in a negative relationship between performance
traits of chickens and immunological responses
(Boa-Amponsem et al., 1991; O’Sullivan et al.,
1991; Kreukniet et al., 1994; Praharaj et al., 1995;
Yunis et al., 2000). Layer- and meat-type strains
differ in their immune response to infectious
disease and to model antigens such as TNP-KLH
(trinitrophenyl-conjugated keyhole limpet hemo-
cyanin) and sheep red blood cell (SRBC)
(Kreukniet et al., 1994; Koenen et al., 2002a).
In turkeys a direct relationship between a lower
mitogenic leukocyte response to Concanavalin A
and higher antibody response to SRBCs was
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observed in turkeys selected for high body weight
(Li et al., 1999, 2000). These results indicate that
selection for high body weight (as in meat-type
strains) can affect immunological variables for
disease resistance like antibody production or
mitogenic responses.

Various effects of probiotic lactic acid bac-
teria have been described in animals and man,
which depend on strain, host, dose, timing and
viability of the strain (Perdigon and Alvarez, 1992;
Perdigon et al., 1999; Maassen et al., 2000; Isolauri
et al., 2001; DeWaard et al., 2003). Some probiotic
strains have been selected in rodents or pigs for
application in humans (Perdigon et al., 1991;
Dunne et al., 2001; Kos et al., 2003). This indicates
that it is possible for probiotics to act over several
species. Although meat- and layer-type strains
belong to the same species there are considerable
phenotypic differences between them. As well
as the enormous difference in growth and life
expectancy, the development of the immune
system may also be quite different. Because anti-
body responses (IgG) and non-specific prolifera-
tive responses in meat-type strains are reduced
compared to layer-type strains under the same
conditions (Koenen et al., 2002a), meat-type
strains in particular might need stimulation to
develop immune responses comparable to layer-
type strains. We hypothesised that the interaction
of lactobacilli with the chicken gut and immune
system and therefore their immunomodulating
effect might differ qualitatively and/or quantita-
tively between chicken strains. Recently we
selected immunoprobiotics in LSL chickens
(Koenen et al., 2002b, 2003). L. paracasei LW
122 had a positive effect on specific antibody titre
and non-specific cell proliferation. L. plantarum
LW 143 had no effect on antibody titre, but
contributed to resistance to Salmonella enteritidis
(Heres et al., 2003). Layer-type strains were used
because their lifespan was more appropriate
for the duration of the experiments necessary to
evaluate the immunoprobiotic effects modula-
ting responses to priming and booster immu-
nisation.

We investigated whether the immunopro-
biotic properties of lactobacilli that were observed
in layer-type strains expressed similar effects in
meat-type strains. The immunoprobiotic effect
may depend on the amount of lactobacilli
administered (Perdigon et al., 1991; Balevi et al.,
2001; Gill and Rutherfurd, 2001), therefore we
studied two different lactobacilli feeding regimes.
High doses were administered for a long period
with fermented liquid feed (Heres, 2003). In
other experiments the chickens received lactoba-
cilli for only 5 d before immunological challenge.
As exemplar for layer-type strains we have chosen
LSL White Leghorn and as a meat-type strain
Ross 208.

MATERIALS AND METHODS

Chickens

Eggs of LSL White Leghorn (Charles River) were
obtained and hatched under routine specific
pathogen free (SPF) conditions (no preventive
vaccinations, no antibiotics and no coccidio-
statics). One-day-old Ross 208 meat-type chicks
were obtained from a parent flock with a
Salmonella-free history. Fluff and paper pads
from the hatching cabin were examined for the
presence of Salmonella. When all samples were
negative for Salmonella, the chickens were used
in the experiments.

Housing

At the start of the in vivo experiments the animals
were divided equally into groups on the basis of
weight and gender (experiment II, in experiment
I only female chicks were used). The animals were
numbered individually and housed in groups
that received the same treatment. The pens were
enclosed with plates at the sides and between two
pens a space as big as one pen was kept empty
to avoid undesired spreading of the bacteria.
The pens were placed on a concrete floor with
about 5 cm of sawdust bedding. Housing condi-
tions were as follows: temperature 33�C gradually
declining to 18�C while humidity was 55%
throughout. In experiment I the light:dark peri-
ods were 23h:1 h and in experiment II 16 h:8 h.

Experimental design

All animal experiments complied with Dutch
regulations on animal experimentation.

Experiment I: continuous feeding of L. paracasei
LW 122 in fermented liquid feed: the effects of immu-
noprobiotics selected in layer-type strains on meat-type
strains

One-day-old chickens were divided into three
groups of 20 animals each. Group 1 received
fermented liquid feed fermented with L. plan-
tarum, group 2 received fermented liquid feed
fermented with L. plantarum and L. paracasei, and
group 3 received dry control feed. The chickens
received the feed from d1. On d 5 and 33 the
animals were immunised with TNP-KLH. On
d6 and 7 after second immunisations, chickens
were killed for lymphocyte proliferation assay
(LPA) on spleen cells. At d 7, 10 and 14 after both
immunisations, serum samples were taken from
all chickens for total and specific IgM and IgG
anti-TNP-titre analysis in ELISA.

356 M.E. KOENEN ET AL.



Experiment II: temporary oral administration of
L. paracasei LW 122: comparison of response to
immunoprobiotics in layer- and meat-type strains

The 2� 15 LSL chickens (groups 1 and 2) and
2� 15 Ross chickens (groups 3 and 4) aged
3 weeks were given either L. paracasei (groups 1
and 3) or buffer (groups 2 and 4). The chickens
received lactobacilli on 5 consecutive days one
week before immunisation (d 8 to 12). On d 15, 17
and 19, 5 animals of each group were immunised
with TNP-KLH. Seven days after immunisation
animals were killed and blood, spleen and samples
from caecum and ileum were collected.

Lactic acid bacteria

Lactic acid bacteria strains were identified by
BCCM/LMS (Ghent, Belgium) using fatty acid
and SDS-PAGE analysis and L. paracasei LW 122
was also identified by 16S rDNA sequence
analysis. The lactic acid bacteria were cultured
overnight (18 h) in MRS broth (de Man, Rogosa
and Sharpe, Oxoid b.v., Haarlem, the
Netherlands) after inoculation of MRS with 1%
of a fresh full-grown culture. Lactic acid bacteria
were cultured at the optimal growth temperature
for each strain, 30�C (L. plantarum) and 37�C (L.
paracasei). To accurately count the bacteria,
cultures were diluted in Pepton Physiological
Salt solution (BioTrading, Mijdrecht, the
Netherlands) and plated out in double layered
pour-plates with MRS agar. The plates were
incubated for 2 d at the same temperature as the
growing conditions of the culture (30 or 37�C).

Feed preparation and administration of
lactobacilli to the chickens

In experiment I fermented liquid feed was
used. The fermented liquid feed was prepared
as described by Heres (2003): 200 g dry feed
(pelleted feed, sterilised by gamma radiation
(0.9 Mrad)) (starter diet for pullets, Arkervaart,
Leusden, the Netherlands) was mixed with 280 g
water and 1ml of a fresh overnight culture of
L. plantarum LW 143 (Urlings et al., 1993) or 1ml
L. plantarumþ 1ml L. paracasei LW 122 (Maassen
et al., 2000; Koenen et al., 2003). The mixes
were incubated for 2 d at 30�C. After fermentation
the pH was about 4 (4.0 when fermented
with L. plantarum only and 4.2 with both strains).
The fermented liquid feed contained 109 to 1010

colony forming units (cfu) L. plantarum per gram
or about 4� 109 cfu L. plantarum and about
2� 109 L. paracasei per gram mixed fermented
liquid feed and was stored at 4�C until use (max.
2 d). Seeds (maize, peeled barley and wheat,
all coarsely ground) were added to make the
feed more crumbly during the first days (fer-
mented liquid feed:seeds¼ 3:2). On d5 and 6 the

seeds were added to comprise 10% (w/w) and
after d 6 no seeds were added. The same
quantities of seeds were added to the dry feed of
the control group. Water and feed were available
ad libitum in both experiments.

In experiment II the lactobacilli were admin-
istered orally using a syringe mounted with a
gavage. This allowed the lactobacilli to be admin-
istered in the upper part of the throat. For
5 consecutive days the groups received 109 cfu
freshly cultured L. paracasei in 0.2ml Na2CO3

buffer and the control group 0.2ml Na2CO3

buffer.

Gut content analysis

On d 3, 7, 14 and 35, 5 chickens per group were
randomly selected for necropsy. The intestines
were removed aseptically. The contents of the
crop, ileum and caecum were emptied in separate
sterile stomacher bags and immediately diluted
with cold Buffered Peptone Water (BPW, Oxoid,
Haarlem, the Netherlands). These samples were
macerated for 2min and serially diluted in saline.
Enterococci were enumerated on Kanamycine
Aesculine Azide (KAA) agar, Enterobacteriaceae
on Violet Red Bile Glucose (VRBG) agar and
lactobacilli on Rogosa-agar (all three agars from
Oxoid). The plates were counted after 20 to 24 h
incubation at 37�C (KAA and VRBG) and after 3 d
at 30�C (Rogosa). The pH was measured immedi-
ately after gathering of the contents by inserting
an electrode (Ingold electrode, Mettler Toledo,
Tiel, the Netherlands) into the lumen of crop,
ileum and caecum.

Antigen

2,4,6-Trinitrophenyl (TNP; Eastman Kodak,
Rochester, NY, USA) was conjugated to KLH
(Sigma, St Louis, MO, USA) as described
(Claassen et al., 1986). In animal experiment I
chickens were intravenously immunised with
200 mg TNP-KLH in 0.2ml 0.9% NaCl and in
experiment II intravenously with 50 mg TNP-KLH
in 0.5ml 0.9% NaCl. The lower concentration of
TNP-KLH was selected in experiment II because
we had found earlier (Koenen et al., 2002a)
that in layer-type chickens a lower concentration
of TNP-KLH induced a suboptimal specific IgM
response as compared to meat-type chickens.
In experiment II, to avoid two different anti-
gen concentrations in a direct comparison, we
selected a TNP-KLH concentration that induced
a response in both types of chickens.

Elisa

Total antibody concentrations of IgM and IgG
were measured in serum using a double antibody
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sandwich ELISA as described by Kramer et al.
(2001). An external standard (ITK diagnostics
B.V., Uithoorn, the Netherlands) with known
IgM and IgG concentrations was used to indicate
total antibody concentrations of the samples
(IgG titre 1000¼ 5.6mg/ml and IgM titre
1000¼ 0.1mg/ml).

Anti-TNP antibody titres were determined
by means of a direct ELISA as described (Koenen
et al., 2002a). TNP-bovine serum albumin
(BSA, Sigma) was coated and sera were serially
diluted twofold. Responses were determined
using mouse monoclonal antibodies CVI-ChIgM-
59.7 and CVI-ChIgG-47.3, specific for chicken
IgM and IgG (Jeurissen et al., 1988; Bianchi et al.,
1990).

In both ELISAs detection was performed
with horseradish-peroxidase conjugated rabbit-
anti-mouse (DAKO A/S, Glostrup, Denmark)
and the substrate tetramethylbenzidine (0.1mg/
ml) and H2O2 (0.005% v/v). Extinction was
measured at 450 nm.

Antibody titres were calculated as the dilution
of the sample giving an extinction value of 1
above the background. Geometric mean titres
of individual 2-log titres, SEM and antilog
(2Geometricmean titre) values were calculated.

Antigen specific restimulation assay in vitro

Cellular responses were determined by LPA as
described (Koenen et al., 2002a). Spleens were
removed aseptically and single cell suspen-
sions were prepared. The mononuclear cells of
the spleen were enriched over a Ficoll-Paque
gradient (AmershamPharmacia Biotech, Uppsala,
Sweden) and washed in phosphate buffered
saline (PBS). A total of 106 viable cells per well
were incubated in 0.2ml RPMI 1640 Dutch mod-
ification (developed by Moore et al. at Roswell
Park Memorial Institute) containing 1% normal
chicken serum, glutamin, �-mecaptoethanol
and antibiotics for 68 h in a humidified incu-
bator at 41�C with 5% CO2. Spleen cells were
incubated with the antigen to be tested (10 mg/ml
ConA or 15mg/ml TNP-KLH). After 92 h 0.4mCi
per well 3H-thymidine (Amersham Pharmacia
Biotech, Buckinghamshire, UK) was added and
4h later the plates were harvested on to fibreglass
filters and counted by liquid scintillation spectro-
scopy (Betaplate, Wallac Oy, Turku, Finland). All
assays were performed in triplicate cultures.

Entry and survival assay

The assay to determine entry and survival of
the naladixic acid resistant strain of Salmonella
enterica serotype enteritidis PT4 (S. enteritidis,
Van Zijderveld et al., 1992) in leukocytes was used
to measure the probiotic effect on the leukocytes

and was slightly modified from the method
described by Kramer et al. (2001, 2003b). The
intestine (ileum and caecum) was isolated, opened
longitudinally, rinsed thoroughly with PBS and
cut into 0.5 to 1 cm pieces. All tissue pieces were
incubated for 10 to 15min in PBS containing
0.145mg/ml dithiotreithol (DTT) and 0.37mg/
ml EDTA in a shaking water bath (110 strokes/
min, 37�C). The pieces of small intestine were
rinsed once with RPMI 1640 Dutch modification
containing 5% FCS and incubated in RPMI 1640
Dutch modification supplemented with 5% FCS,
0.15mg/ml collagenase and 0.1mg/ml DNase
in a shaking water bath (200 strokes/min, 37�C)
during 75 to 90min. The supernatant and the
pieces of intestine were subsequently squeezed
through 70mm nylon gauze (Cell strainer Falcon
2350, BectonDickinson, Leiden, theNetherlands)
using RPMI 1640 Dutch modification containing
5% FCS and 0.1mg/ml DNase. The spleen was cut
in small pieces, incubated in RPMI 1640 Dutch
modification with 1mg/ml collagenase for 10min
at 37�C, and squeezed through a 70mm nylon
gauze. The single cell suspensions of ileum,
caecum or spleen leukocytes were incubated
in triplicates with 100 ml of a S. enteritidis suspen-
sion. Adding gentamicin 30min later (200 mg/ml
in order to the kill extracellular bacteria) finished
the entry phase in all cultures. The number of
bacteria that entered the cells during 30min
was determined by washing the cells and one of
the three identical cultures was resuspended in
PBS with 1% saponin to lyse the cells. Appropriate
dilutions of the Salmonellas released from the
cells were plated on to Brilliant Green Agar
plates enriched with naladixic acid (100 ppm).
To determine the survival of S. enteritidis after
entering the leukocytes two remaining cell sus-
pensions were washed and resuspended in RPMI
1640 with FCS and gentamicin (20 mg/ml). These
cultures were incubated for another 14 or 24 h
in a humidified incubator at 37�C with 5% CO2.
Thereafter, the chicken cells were lysed and
the frequency of surviving bacteria in leukocytes
was determined by plating on Brilliant Green
Agar.

Statistics/data analysis

The significance of differences between groups
at the same time point were analysed with the
t-test (two-tailed and two sample with unequal
variance).

RESULTS

Two lactobacillus strains have been tested in layer-
and meat-type chickens in two different appli-
cation regimes, a temporary and a continuous
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application model and different doses. The
effect of the administration of lactic acid bacteria
on pH and microflora in the gastrointestinal
(GI) tract of chickens as well as the effect on
non-specific and specific humoral and cellular
responses were evaluated.

Effects on pH

After feeding fermented liquid feed (experiment
I) the pH in the crop was lower than was observed
in the control group (P < 0.05, Table 1). This
difference was probably attributable to the fer-
mentation products like lactic and acetic acid.
Unexpectedly, feeding fermented liquid feed
led to a slight, non-significant, increase of the
pH in caecum and jejunum as compared to the
pH in the same gut sections as in the chickens
that received control feed.

Effects on microflora

Following fermented liquid feed feeding (experi-
ment I) the number of Enterococci was higher in
crop, jejunum and caecum of the control group
than in the chickens in the fermented liquid feed
groups, especially in the first week of feeding
(P¼ 0.001, Table 1). The control group showed
larger day-to-day variation in frequency of lacto-
bacilli in crop, caecum and jejunum. The
frequency of lactobacilli in the control group
was about one-tenth of that in the fermented
liquid feed groups (P¼ 0.05) in all segments of
the GI tract tested. To estimate the relative
frequency of the strains of lactobacilli that were
fed to the chickens, gut samples were investi-
gated. Some (n¼ 10) typical colonies were
analysed with the API-CH50-test (BioMérieux)
to verify the identity of the colony. All colonies
tested had exactly the same API-pattern as the
strains in the starter culture. It was concluded
that the majority of the lactobacilli in the caeca of
the fermented liquid feed fed groups consisted of
L. plantarum or L. plantarumþL. paracasei from
the starter cultures.

Effect of feeding putative immunoprobiotic
bacteria on the humoral immune response

Non-specific immunoglobulins (experiment I)

After primary immunisation the chickens that
received fermented liquid feed fermented with
L. paracaseiþL. plantarum had higher total IgM
titres than the control group (P¼ 0.02). The
group fed with L. plantarum fermented liquid
feed showed a similar trend after priming. After
secondary immunisation the group that received
L. paracaseiþL. plantarum had a higher total IgG
titre in serum than the control group (P¼ 0.05)

and the group that received fermented liquid
feed fermented with L. plantarum only
(P¼ 0.009). This L. plantarum group also had
a higher total IgM titre than the control group
(P¼ 0.005, Table 2).

TNP-specific immunoglobulins (experiments I and II)

After priming fermented liquid feed prepared
with L. plantarum and fermented liquid feed
prepared with L. plantarumþL. paracasei both
had a positive effect on the IgM titre (both
P¼ 0.07) in the meat-type chickens, but after
boost no stimulation of the TNP-specific IgM
response was detected (Table 3).

The serum IgM response to TNP-KLH in
layer-type strains was slightly lower than was
observed in meat-type strains. In contrast, the
IgG response of meat-type strains was lower
than was observed for layers (not significant).
In experiment II temporary administration of
L. paracasei for 5 d prior to immunisation with
TNP-KLH enhanced the serum IgM and IgG
titres in layer-type strains after priming, but not
in meat-type strains under the same conditions
(Table 4). However, stimulated IgM titres in
layer-type strains reached similar levels as
observed in meat-type strain controls. For IgG
titres in layer-type strains surpassed those in
meat-type strains.

Modulation of the cellular immune response

Lymphocyte proliferation (experiment II)

Under identical test conditions the non-specific
proliferative response to ConA was higher in
spleen cells of layer-type strains than in spleen
cells of meat-type strains, but temporary feeding
L. paracasei had no effect on this response in
both types of chickens (Table 5).

The specific proliferative response to TNP-
KLH was enhanced in spleen cells of both layer-
and meat-type strains that received L. paracasei
orally as compared to the control groups receiving
no lactobacilli. However, the immune-enhancing
effect was more pronounced in spleen cells
of meat-type strains (P¼ 0.023) than was obser-
ved in spleen cells of layer-type strains (not
significant).

Modulation of the innate immune response: entry
and survival (experiment II)

The effect of temporary feeding of L. paracasei
was measured as the effect on entry, survival
and replication of S. enteritidis in leukocytes of
spleen, ileum and caecum one week after the
last feeding of L. paracasei. Both entry (measured
after 30min) and survival/replication (measured
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Table 1. Effects of continuous feeding of probiotics in fermented liquid feed on GI tract pH and microflora

Day of feeding Group Crop Jejunum Caecum

3 7 14 35 3 7 14 35 3 7 14 35

pH Control 5.4 (0.7)a 4.8 (0.3)a 4.8 (0.3)a 5.0 (0.5)a 6.9 (0.6)a 6.7 (0.5) 6.7 (0.6) 6.4 (0.5) 6.4 (0.5) 6.1 (0.4)a 6.1 (0.4) 6.2 (0.4)
L. plantarum 4.2 (0.1)d 4.1 (0.2)d 4.0 (0.2)d 4.2 (0.1)b 7.3 (0.4)c 7.2 (0.3) 7.1 (0.3) 6.7 (0.2) 6.5 (0.3) 6.5 (0.4)b 6.4 (0.3) 6.6 (0.3)
L. plantarumþL. paracasei 4.3 (0.2)d 4.0 (0.1)d 4.0 (0.1)d 4.5 (0.1)b 7.0 (0.6) 7.1 (0.3) 6.9 (0.1) 7.0 (0.2) 6.5 (0.3) 6.4 (0.4) 6.3 (0.2) 6.7 (0.2)

Enterococci Control 5.8 (0.5)a 5.7 (0.9)a 4.4 (0.6) 5.6 (0.9) 7.4 (1.5)a 8.3 (0.6)a 5.1 (0.2)a 6.6 (0.9) 10.0 (0.6)a 9.3 (0.7)a 6.8 (0.9) 7.4 (0.8)
L. plantarum 4.5 (0.5)d 4.2 (1.2)c 4.2 (1.2) 5.8 (1.0) 4.7 (0.9)d 6.5 (2.0)c 5.9 (1.2)b 6.7 (1.2) 8.2 (0.9)d 7.9 (1.8)b 6.6 (0.9) 7.2 (0.6)
L. plantarumþL. paracasei 4.5 (0.4)d 4.7 (1.4)c 4.4 (0.6) 6.2 (0.5) 4.8 (0.4)d 6.3 (1.5)c 5.6 (0.9)b 7.1 (0.9) 7.9 (1.0)d 7.4 (1.1)c 7.2 (0.4) 7.5 (1.0)

Lactobacilli Control 7.9 (1.3)a 8.7 (0.9)a 8.3 (0.5) 8.3 (0.8)a 7.6 (1.8)a 9.0 (0.5) 7.9 (0.4)a 7.7 (0.9)a 9.3 (0.7)a 9.5 (0.6) 8.8 (0.6) 7.6 (1.0)a

L. plantarum 9.2 (0.5)d 9.2 (0.7)d 9.2 (0.9) 9.5 (0.2)b 8.5 (0.7)b 8.9 (0.4) 9.1 (0.5)d 9.5 (0.5)b 9.8 (0.8)b 9.7 (0.6) 9.4 (0.9) 9.9 (0.6)b

L. plantarumþL. paracasei 9.3 (0.3)d 9.1 (0.9)d 9.2 (0.2) 8.7 (0.5) 9.2 (0.2)c 9.3 (0.3) 9.1 (0.4)d 9.7 (0.3)c 10.2 (0.3)c 10.4 (0.3) 9.8 (0.2) 10.1 (0.3)c

The table shows mean pH (SD) and 10 log cfu (SD) at d 3, 7, 14 and 35 of feeding.
a—cDifferent letters in the same column stand for significant differences within the column (one letter difference P < 0.1; two letters difference P < 0.05; three letters difference P < 0.01; four letters difference P < 0.001).

3
6
0

M
.E
.
K
O
E
N
E
N

E
T

A
L
.



after 14 and 24h) of S. enteritidis in spleen
and caecal cells was similar in cells of layer- and
meat-type strains. However, entry and survival
of S. enteritidis were significantly higher in ileum
derived cells from meat-type strains than
observed in layer-type strains (Figure 1).

Feeding of L. paracasei LW 122 had an
enhancing effect on the entry of S. enteritidis in
isolated leukocytes of the caecum of layer-type
strains. With L. paracasei the entry was 1890 cfu/g
and without 633 cfu/g (P¼ 0.002). In ileum and
spleen cells of these chickens no effect of feed-
ing probiotic bacteria on uptake of S. enteritidis
was observed. Feeding L. paracasei had no effect
on bacterial entry in the gut and spleen cells of
meat-type strains.

In caecal cells of meat-type strains fed with
L. paracasei LW 122 the survival and intracellular
replication of S. enteritidis after 14 h incubation
was reduced as compared to caecum cells of

chickens that did not receive lactic acid bacteria
(P¼ 0.04). But in caecal cells from layer-type
strains the reverse was seen (P¼ 0.05).

For ileal cells the survival and intracellular
replication of S. enteritidis after 14 h incubation
was higher in cells from meat- than layer-type
strains (P¼ 0.04). Feeding of L. paracasei LW
122 reduced the survival and replication in ileal
cells of meat-type strains but had no effect on
S. enteritidis in ileal cells of layer-type strains.

Feeding of L. paracasei LW 122 enhanced
survival and replication of S. enteritidis in spleen
cells of meat-type strains, but in layer-type strains
no effect was observed. After 24 h of incubation
of isolated cells with S. enteritidis no differences
were found between the two chicken lines with
respect to survival in spleen or GI-tract cells
with or without prior application of L. paracasei.

Table 2. Total serum IgM and IgG titres (SEM) in meat-type strains (n¼ 15) at d 7 after priming
and booster immunisation with TNP-KLH and continuous feeding of fermented liquid

feed containing probiotics

IgM titre IgG titre

Standard sample 5698.2 (69.2) 1079.8 (15.9)
Priming Control 2320.7 (36.9)a 1303.7 (29.4)a

L. paracaseiþL. plantarum 3671.2 (59.2)c 2261.7 (71.3)b

L. plantarum 3692.1 (102.2)b/c 1789.7 (63.0)
Boost Control 3924.3 (62.6)a 4394 (67.2)a

L. paracaseiþL. plantarum 5378.2 (83.8)b 6800.5 (127.9)c/d

L. plantarum 7899.3 (169.3)d/b 3863 (34.0)a

a—cDifferent letters in the same column stand for significant differences within the column (one letter difference

P < 0.1; two letters difference P < 0.05; three letters difference P < 0.01; four letters difference P < 0.001).

Table 3. Specific serum IgM and IgG anti-TNP titres (SEM) in meat-type strains (n¼ 15) at d 7
after priming and boost immunisation with TNP-KLH during continuous feeding with fermented

liquid feed containing probiotics

IgM titre IgG titre

Priming No TNP-KLH 113.8 (5.3) 7.6 (2.1)
Control 270.6 (16.3)a 13.6 (1.1)
L. paracaseiþL. plantarum 694.6 (37.5)b 17.1 (1.3)
L. plantarum 781.4 (51.4)b 16.1 (2.2)

Boost Control 6793.8 (361.2) 117.8 (4.6)a

L. paracaseiþL. plantarum 4299.6 (224.2) 88.6 (7.3)
L. plantarum 6427.3 (321.3) 55.3 (3.8)c

a—cDifferent letters in the same column stand for significant differences within the column (1 letter difference P < 0.1;

2 letters difference P < 0.05; 3 letters difference P < 0.01).

Table 5. The effect of temporary feeding of L. paracasei LW
122 to layer- and meat-type strains (n¼ 15) on the proliferative
responses of spleen cells to ConA and TNP-KLH in vitro

TNP-KLH ConA

Layer 62 157 (7048) 27 489 (7322)
LayerþL. paracasei 73 083 (7837) 21 828 (6426)
Broiler 56 690 (9183)a 9069 (4709)
BroilerþL. paracasei 93 214 (12 004)c 12 423 (4967)

CPM (� SEM) are shown for assays performed at d 7 after primary

immunisation with TNP-KLH.
a—cDifferent letters in the same column stand for significant differences

within the column (one letter difference P < 0.1; two letters difference

P < 0.05; three letters difference P < 0.01).

Table 4. Specific serum IgM and IgG anti-TNP titres (SEM)
in layer- and meat-type strains (n¼ 15) at d 7 after primary
immunisation with TNP-KLH and feeding 109 L. paracasei

LW 122 for 5 d prior to immunisation with TNP-KLH

IgM titre IgG titre

Layer 1351.9 (245.1) 716.5 (136.6)
LayerþL. paracasei 2227.2 (255.3) 1243.7 (186.8)
Broiler 2019.3 (419.3) 329.6 (112.4)
BroilerþL. paracasei 2188.7 (400.4) 242.7 (66.4)
No TNP-KLH 29.7 (0.7) 37.7 (1.3)
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DISCUSSION

This study clearly showed that feeding or
temporary oral administration of lactobacilli
could modulate physiological aspects of the GI
tract and various aspects of the chicken immune
response.

Microflora and fermented liquid feed

The feeding of fermented liquid feed in meat-
type strains modulated the composition of the
microflora in the crop, jejunum and caecum.
The frequency of lactobacilli was about 10-fold
higher in all three parts of the GI tract studied.
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Figure 1. The modulation of the innate immune response by feeding L. paracasei LW 122 in layer- and meat-type strains. Entry and
survival of S. enteritidis are shown in isolated leukocytes from caecum (a), ileum (b) and spleen (c) of layer- and meat-type strains
(�SEM) after in vitro exposure at one week after the last feeding of the lactobacilli (n¼ 15) in experiment II. (a) In caecum
L. paracasei had a significant enhancing effect on the entry of S. enteritidis (P¼ 0.002) in the layer-type strain. In meat-type strains
which had L. paracasei the survival of S. enteritidis after 14 h was significantly reduced as compared to cells of chickens not receiving
L. paracasei (P¼ 0.04). In caecum cells of layer-type strains the reverse was observed (P¼ 0.05). (b) For ileal cells the survival and
replication of S. enteritidis after 14 h was higher in cells of meat- than in cells of layer-type strains (P¼ 0.04). (c) No statistical
differences.
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In the first week in particular of fermented liquid
feed feeding the frequency of enterococci was
reduced. This might be explained by competition
for nutrition, space or adherence between lacto-
bacilli and enterococci (Schiemann and Olson,
1984; Savage, 1987). Lactobacilli are important
components for a balanced microflora. The
reduced day-to-day variation in frequencies of
lactobacilli in crop, ileum and caecum observed
during fermented liquid feed feeding was an
indication of a stabilising effect of lactobacilli on
the intestinal microbiota and consistent with
earlier findings of Heres et al. (2003). This stab-
ilising effect as well as the increased frequency
of lactobacilli together with a reduced frequency
of Enterobacteriaceae was also observed in pigs
(Van Winsen et al., 2001). From this we conclude
that the selected lactobacilli had beneficial effects
on the host flora composition.

Daily administration of fermented liquid
feed proved to be an effective vehicle in increas-
ing live lactobacilli in the GI tract. However, in
contrast to fermented liquid feed feeding in
pigs, a disadvantage of using it in chicken was
the relatively low food intake (Heres, 2003) and
therefore a variable intake of lactobacilli (1 g
fermented liquid feed �109 cfu lactobacilli).
Therefore, in the present experiment the number
of lactobacilli per day was probably not constant
and this might have influenced some of the
results. So, in the second experiment the chick-
ens were inoculated individually with a fixed
number of lactobacilli.

Immune function analysis

The phagocytosis of S. enteritidis in caecum
derived cells was enhanced by L. paracasei LW
122 in layer-type strains. Similarly probiotic
lactic acid bacteria enhanced phagocytosis in
mice (Bloksma et al., 1981, 1983; Perdigon et al.,
1986, 1991; Shu and Gill, 2002). These probiotic
properties were dose dependent (Gill and
Rutherfurd, 2001). Though in their experiments
phagocytosis was studied with inert/passive
materials, dose effects probably did play a role
in our experiments with live S. enteritidis.
Although the same number of lactobacilli was
administered to meat- and layer-type strains, the
gut of meat-type strains was relatively heavier and
longer and therefore the number of lactobacilli
may have differed between the chicken strains
with respect to the gut surface and volume. In
addition to intrinsic differences in immunity this
might explain part of the observed differences.

Our results indicated that feeding L. para-
casei to meat-type strains enhanced the phagocy-
tic and bacterial activity of the gut cells (caecum,
ileum). But in spleen cells the survival of
S. enteritidis was slightly enhanced in comparison

to the control group. In contrast, feeding of
L. paracasei did not influence the phagocytic
and bacterial activity in ileum and spleen cells
of the layer-type strain, although in the caecum of
the layer-type strain survival of S. enteritidis was
enhanced. These observations may be better
explained by intrinsic differences in the quality
of the innate immune system of layer- and meat-
type strains than by differences in relative doses
of lactobacilli. The enhanced activity in the gut
of meat-type strains may provide an advantage
in resistance and control of S. enteritidis or other
infections.

Simultaneous feeding of L. paracasei and
L. plantarum with fermented liquid feed
enhanced total IgM and IgG titres (Figure). It
appeared that the lactobacillus strains contribu-
ted differentially to the non-specific enhance-
ment of antibody titres. After priming, IgM titres
were enhanced by both the mixed fermented
liquid feed and with L. plantarum only. Following
booster immunisation L. plantarum alone had a
stronger stimulating effect on the IgM titre than
mixed fermented liquid feed. This indicated that
no fading of the stimulation of non-specific or
polyclonal stimulation had occurred. Total IgG
titre in meat-type strains was enhanced by mixed
fermented liquid feed feeding only after booster
immunisation, which included a longer duration
of administration. Fermented liquid feed with
L. plantarum alone did not enhance polyclonal
IgG. However, in experiment II after a feeding
period of only 5 d prior to immunisation a non-
specific enhancement was not observed. Both
dose differences and also the interval between
the last feeding of lactobacilli and the measure-
ment of the response may have biased these
results.

Temporary feeding of L. paracasei LW 122
(previously called L. reuteri-1 on functional
characteristics) preceding immunisation had an
adjuvant-like effect on the specific humoral
responses to TNP-KLH in layer-type strains
(Koenen et al., 2002b, 2003). When fermented
liquid feed was fed to meat-type strains (experi-
ment I) an adjuvant-like effect was observed,
but only for antigen-specific IgM response after
priming (Tables 2 and 3). However, in experi-
ment II, where layer- and meat-type strains
were compared under the same conditions an
adjuvant-like effect was not seen in meat-type
strains and only a weak adjuvant effect (IgM and
IgG) in layer-type strains (Table 4). Differences in
experimental conditions may have resulted in
different kinetics for the immunomodulation
effects. Also, an age effect may play a role. The
normal lifespan of meat-type strains is about 5 to
6 weeks. In experiment I (fermented liquid feed)
the meat-type strains were 5 weeks old at priming
but in the second experiment they were only
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5 d old, creating sufficient time for a secondary
immunisation. Host-dependent effectiveness of
lactobacilli in the gut-associated immune system
of layer-type strains was observed by Balevi et al.
(2001) based on competitive exclusion. One
might tentatively conclude that in very young
meat-type strains the adjuvant effect is absent
due to a lower state of immune maturation
that makes cells less susceptible to the effect of
immunoprobiotics. However, this still does not
explain the titres of specific anti-TNP Ig produc-
tion in meat-type strains in experiment II which
even without stimulation by lactobacilli were as
high as in layer-type strains after stimulation.
Although both layer- and meat-type strains were
5weeks old in experiment II their immune systems
may still differ in maturity. As a consequence of
the short maximum lifespan of meat-type strains
their immune system may develop (in part) faster
than in layer-type strains. Quantitative data on
B-cell development may support this hypothesis
( J.B. Cornelissen, personal communication).

In meat-type strains lactobacilli did not
influence the non-specific proliferative response
of isolated spleen cells, but the specific response
to (re)stimulation with antigen in vitro was
enhanced by L. paracasei. Thus for specific anti-
gens such as vaccines, immunoprobiotic lacto-
bacilli might enhance disease resistance
especially in meat-type strains.

Interaction strain/gut/immune system

The interaction of gut, immune system and
microflora may be influenced by various manage-
ment factors. As meat- and layer-type strains
differ enormously in growth and lifespan they
probably also differ in their interactions with the
actual bacterial microflora. L. paracasei enhanced
T-cell proliferation more in meat- than in layer-
type strains (Table 5), which could be caused by
intrinsic differences in the regulation of cellular
responses. Our experiments confirm that the
proliferative responses of layer-type spleen cells
could only be enhanced to a limited extent by
lactobacilli (Koenen et al., 2003).

As described by Kramer et al. (2003a) lighter
meat-type strains reacted to Salmonella bacteria
by innate immune mechanisms, whereas a
heavier strain responded to them via the adaptive
immune system. Layer and broiler differences
in this respect might be greater because of their
more pronounced weight differences.

Recently Clancy (2003) described a putative
mechanism for immunomodulation by probiotic
bacteria. According to this model probiotic
bacteria activate dendritic cells in Peyers’ patches
which in turn stimulate the mucosa circulating
pool of T-lymphocytes generated from within the
Peyers’ patch. In this way these T-cells might also

exert their immune modulation at distant muco-
sal sites. As more lactobacilli reached the Peyers’
patches they would activate more DCs and
indirectly increase the immune response.

Feeding large amounts of lactobacilli influ-
enced the microflora composition of young
chickens in a beneficial way. The number of
unwanted bacteria was lower and the number of
lactobacilli was higher in treated animals. The
microflora stabilised sooner in the treated than
in the untreated animals. The age of the chickens
and the dose of lactobacilli were important
variables in the experiments. These seemed to
be responsible for differences in stimulating
proliferation, entry into leukocytes and humoral
responses. The interplay of the lactobacillus
strain, dose of lactobacilli, age of the chicken,
interaction of the bacteria with the host gut
and immune system and other factors make this
a subtle but complex way of immunomodulation.
This implies that in order to obtain a desired
effect these variables should be investigated and
balanced in an optimal way.

Our experiments showed that lactobacillus
strains had different effects on the GI tract and
immune system depending on the type, genetic
make-up and age of the chicken. Though the
magnitude of the effects per animal is limited,
non-specific enhancement of the immune system
may support animal health of a flock in a very
inexpensive way. Under the chosen conditions
both humoral and proliferative responses were
enhanced (adjuvant-like effect). Furthermore,
the lactobacillus strain, dose and duration of
application played a role in modulation effects.
To draw firm conclusions further investigation
is needed.
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