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ABSTRACT: The purpose of the present study was 
to evaluate the effect of diets containing Lactobacil-
lus plantarum CJLP243 on the growth and cytokine 
response of weaning pigs (Sus scrofa) challenged with 
enterotoxigenic Escherichia coli (ETEC). In a 28-d ex-
periment (14 d before and 14 d after challenge), a total 
of 108 pigs at 20 ± 1 d of age were allotted to 1 of 6 di-
ets. These were a control diet without ETEC challenge 
(CON) and 5 treatment diets with ETEC challenge, in-
cluding a control diet with ETEC challenge (negative 
control, NC); a positive control diet containing antibiot-
ics (PC); control diet plus (108, 109, or 1010) cfu/kg L. 
plantarum CJLP243 (T1, T2, and T3, respectively). Af-
ter challenge, NC showed the least ADFI, whereas PC 
and T3 had the greatest ADFI (P = 0.002). The ADG 
of PC, T2, and T3 were greater (P = 0.001) than that of 
CON, NC, and T1 during wk 1 to wk 2. During wk 3 
to wk 4, a marked decline was seen in NC (P = 0.001) 
compared with CON, whereas PC and T3 showed in-
creased ADG (P = 0.001). The overall ADG of PC and 
T3 were greater (P < 0.001) than the remaining groups. 
The PC and T3 had the greatest G:F during the second 
2 wk (P = 0.002), and the overall 4-wk experimental 
period (P = 0.003). At 3 h after challenge, all groups 

except CON had greater rectal temperatures (RT; P < 
0.05). The RT decreased to prechallenge temperatures 
at 9 h (PC and T3), 24 h (T1 and T2), and remained in-
creased until d 7 in NC. At 7 and 14 d postinfection, the 
number of animals detected positive for ETEC by PCR 
assay was the greatest in NC; however, the PC group 
had the fewest ETEC-positive animals (P < 0.05), which 
was similar to T3. All challenged pigs, except T2, had 
greater concentrations of serum haptoglobin compared 
with CON, with the greatest concentration observed in 
NC (P < 0.001). Challenged pigs had increased serum 
concentrations of tumor necrosis factor alpha (TNF-α) 
3 to 48 h postinfection, with the greatest concentration 
of TNF-α at 48 h observed in NC (P < 0.05). Similarly, 
greater (P < 0.05) serum concentrations of interferon-γ 
were observed for 9 h (T1 and T3), 24 h (T2 and PC), 
and 48 h (NC) postinfection. The serum concentration of 
IL-6 increased (P < 0.05) for 3 h in T3 and 24 h in NC. 
In conclusion, our fi ndings suggest that L. plantarum 
CJLP243, at a concentration of 1010 cfu/kg, may serve 
as a potential alternative to antibiotic supplementation 
to improve the growth and health performance of wean-
ing pigs, especially during acute infl ammation of the gut 
after bacterial infections.
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INTRODUCTION

Enterotoxigenic Escherichia coli (ETEC) is a 
major problem in the swine industry and results in 
scouring, increased mortality, and poor performance 
in the postweaning period (Bhandari et al., 2008). As 
many countries have restricted the use of antibiotics 

Published January 20, 2015



Lee et al.3710

in food-producing animals, there has been an increasing 
need for alternative feed additives and ingredients that 
may improve the health and productive performance of 
pigs (Turner et al., 2002a,b; Pettigrew, 2006).

Several probiotic bacteria have been investigated 
for their preventive or curative effects on piglet diarrhea 
caused by E. coli (Bosi et al., 2004; Schroeder et al., 
2006; Konstantinov et al., 2008). Although the mecha-
nisms by which Lactobacilli modulate the immune func-
tion are not fully understood, several mechanisms have 
been proposed, including competitive exclusion, pro-
duction of antibacterial substances, and modulation of 
the immune response (Nava et al., 2005; Weber et al., 
2008). In the weaning period, the most promising effects 
of probiotics are related to their competitive exclusion 
of pathogenic bacteria. This effect could be a result of 
their positive infl uence on gut microbiota balance, intes-
tinal epithelial integrity, and appropriate maturation of 
the gut associated tissue (Metzler et al., 2005). Lactoba-
cillus strains could also modulate various local and sys-
temic immune responses (De Vrese and Schrezenmeir, 
2002; Perdigón et al., 2002; Chapat et al., 2004).

The objective of this study was to evaluate the ef-
fect of piglet diets containing various amounts of a com-
mercial probiotic preparation, L. plantarum CJLP243, 
on the growth and cytokine response of weaning pigs 
challenged with ETEC.

MATERIALS AND METHODS

The experimental protocol used in this study was ap-
proved by the bioethical committee of Chungnam Nation-
al University. The study was conducted at the experimen-
tal animal facility of the Department of Animal Repro-
duction and Physiology, Chungnam National University.

Bacterial Strains

A clinical strain of ETEC obtained from diarrheic 
piglets was used for challenge experiments in this study. 
The ETEC strain K88ac (kindly provided by Animal 
Plant and Fisheries Quarantine and Inspection Agency, 
Anyang, Korea) was grown in Tryptic soy agar (BD, 
Franklin Lakes, NJ). After overnight incubation at 37°C 
with shaking, bacteria were diluted 1:100 in fresh Tryptic 
Soy Broth. After incubation, the bacterial cells were har-
vested by centrifugation at 3,000 × g for 10 min at 4°C, 
washed in sterile physiological saline, and resuspended 
in saline. Bacterial concentrations of ETEC were deter-
mined by cfu counts after agar plating of bacterial serial 
dilutions. A standard curve of optical density (OD) ver-
sus cfu/mL was constructed and used to prepare a solu-
tion containing approximately 1 × 109 cfu/mL of ETEC. 
The identity of the strain was confi rmed with PCR-based 

approaches using a GeneChaser ETEC monotype PCR 
kit (RapiGEN, Gunpo, Korea). Briefl y, genomic DNA of 
ETEC was extracted using DNA extraction buffer. Poly-
merase chain reaction was performed in a thermal cy-
cler system (2720 Thermal cycler, Applied Bio-systems, 
Foster City, CA) using PCR Pre-Mix with the following 
protocol: 1 cycle of 3 min at 95°C; 40 cycles of 20 s at 
94°C, 20 s at 63°C, 45 s at 72°C; and at fi nal extension 
for 1 cycle of 5 min at 72°C. Polymerase chain reaction 
products were analyzed by gel electrophoresis through a 
1.5% (wt/vol) agarose gel and the amplicons at 452 bp 
(heat-labile gene) and 168 bp (heat-stable) were detected.

A newly isolated probiotic strain, L. plantarum 
CJLP243, was obtained from a commercial company 
(CJ CheilJedang Co., Seoul, Korea). Common probiotic 
properties of the strain, including its acid and bile toler-
ance, adhesion to intestinal epithelial cells, and the in vi-
tro antagonistic activity against a panel of bacteria were 
reported elsewhere (Lee et al., 2011).

Animals, Diets, and Experimental Design

A total of 108 crossbred Duroc × (Yorkshire × Land-
race) piglets weaned at 20 ± 1 d were obtained from 
Chungnam Livestock Research Institute. The animals 
were housed in a biohazard Level 2 animal facilities that 
restricted access to unauthorized personnel, and all in-
dividuals using the facility were trained in procedures 
related to biohazard containment. Piglets were housed in 
animal rooms within pens (1.5 m × 1.2 m) with a plas-
tic-covered expanded plastic fl oor. The animals were 
housed in 3 well-ventilated and light-controlled rooms 
with the room temperatures maintained at 32 ± 2°C, and 
with unlimited access to feed and water throughout the 
4-wk study period. To ensure piglets began the study 
free of ETEC infection, fecal samples were collected 
and checked with the above PCR method before the start 
of the experiment.

In a 28-d study, animals were blocked by initial BW, 
equalized for sex, and randomly allotted to 1 of 6 dietary 
treatments. There were 18 pigs per treatment, which were 
allocated: 3 pigs × 3 pens × 2 replicates. The 6 treatments 
were as follows: 1) a control diet (Table 1) formulated to 
meet the NRC (1998) requirements (CON); 2) control diet 
and ETEC challenge (negative control, NC); 3) a positive 
control diet with antibiotics (50 mg/kg of apramycin, 39 
mg/kg of tiamulin, 100 mg/kg of sulfathiazole, 30 mg/kg of 
bacitracin methylene disalicylate; PC); 4) control diet plus 
108 cfu/kg L. plantarum CJLP243 (T1); 5) control diet plus 
109 cfu/kg L. plantarum CJLP243 (T2); and 6) control diet 
plus 1010 cfu/kg L. plantarum CJLP243 (T3). Piglets were 
fed 1 of the 6 test diets for 14 d. On d 14 of the experimental 
period, all groups except CON were orally administered 5 
× 109 cfu of ETEC. The rationale for dividing the study 
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period into 2-wk pre- and postchallenge periods was to 
compare the effects of probiotic supplementation in piglets 
during health and pathogenic insult to the gut.

An initial BW was taken at d 0, with subsequent BW 
and feed disappearance measurements obtained on d 7, 
14, 21, and 28. Body weights and feed intake were used 
to calculate the ADG, ADFI, and G:F.

Rectal Temperature and Serum Analyses

Rectal temperature (RT) was measured on each pig-
let using a rapid-response digital electric thermometer 
before (0 h) and at 3, 9, 24, 48, 168, and 336 h after 
ETEC challenge. Blood samples were collected from 
all piglets by jugular puncture into 10-mL plain tubes. 
Then samples were allowed to clot for 30 min at room 
temperature and then stored at 4°C overnight before har-
vesting serum by centrifugation at 2,000 × g for 10 min 
at 4°C. Sera collected at 0, 3, 9, 24, 48, 168, and 336 
h after ETEC challenge were analyzed using commer-

cial ELISA kits for IL-1β, IL-6 , tumor necrosis factor 
alpha (TNF-α), and interferon gamma (INF-γ; Invitro-
gen, Camarillo, CA). The decision to investigate some 
representative pro-infl ammatory cytokines in this study 
was based on previous reports that ETEC infections 
cause pro-infl ammatory responses in intestinal epithe-
lial cells (Zanello et al., 2011). In our previous study us-
ing Salmonella-challenged pigs (Gebru et al., 2010) and 
also in other reports (Balaji et al., 2000; Turner et al., 
2002a), no differences in serum concentrations of those 
cytokines between challenged and control pigs were ob-
served after 1 to 2 d postchallenge. Therefore, a more 
frequent sampling interval for sera analysis was chosen 
in the present study. Sera collected at 24, 48, 168, and 
336 h after ETEC challenge were used to determine hap-
toglobin with a commercial pig haptoglobin ELISA (Im-
munology Consultants Laboratory, Inc., Newberg, OR). 
Haptoglobin concentrations in sera were measured to 
evaluate the acute phase immune response after ETEC 
challenge, as increased serum haptoglobin concentra-
tions are associated with increased immune function 
(Johnson, 1997).

Analysis of Bacterial Shedding and Clinical 
Scoring of Diarrhea

Fecal samples for ETEC detection were collected 
from all pigs using the culture swab transport system 
(BD, Franklin Lakes, NJ) at d 2, 7, and 14 after ETEC 
challenge. The presence of ETEC in fecal samples was 
confi rmed by using a GeneChaser ETEC monotype PCR 
kit as described above. Severity of diarrhea was deter-
mined by using the fecal consistency (FC) score system 
described by Marquardt et al. (1999). Fecal consistency 
scoring (0, normal; 1, soft feces; 2, mild diarrhea; 3, se-
vere diarrhea) was performed by 2 trained personnel with 
no prior knowledge of the dietary treatment allotments.

Statistical Analysis

Data were analyzed as a completely randomized de-
sign by using the GLM and PROC MIXED procedures 
(SAS Inst. Inc., Cary, NC). For performance analyses, a 
generalized randomized block design with repeated mea-
sures over time on each experimental unit (individual 
pens) was followed. Bacterial shedding was also analyzed 
by pen, including the effect of sampling day in the model. 
The models included terms for the fi xed effects of treat-
ment, time, and the appropriate interactions, and block 
and pen were considered random effects. Comparisons 
between dietary treatments or sampling times were made 
only when a signifi cant (P < 0.05) F-test for the main ef-
fect or interaction was found using the LSD procedure. 
All means presented are least squares means.

Table 1. Composition of basal diet (as fed-basis) fed to 
crossbred Duroc × (Yorkshire × Landrace) piglets
Item %
Ingredient

Yellow corn 52.1
Distillers dried grains 2
Soybean oil meal,CP:48% 10.3
Soybean oil meal,CP:45% 22.55
Ground limestone 1.2
Dicalcium phosphorous 1.6
Salt 0.25
Animal fat 5
Molasses 4
Lysin, 98% 0.19
Methionin, 98% 0.1
Cholin chloride, 50% 0.05
Antioxidant 0.02
Sweetener 0.04
Vitamin premix1 0.1
Mineral premix2 0.1

Calculated composition
DE, MJ/kg 14.56
CP, % 20.47
Crude fat, % 5.31
Isoleucine, % 0.61
Lysine, % 1.25
Methionine, % 0.34
Threonine, % 0.85
Valine, % 0.83
1Supplied vitamin A, 1,175 IU; vitamin D3, 1,500; vitamin E, 50 IU; vitamin 

K, 1.75 mg; choline chloride, 750 mg; niacin, 38 mg; calcium pantothenate, 
35.75 mg; ribofl avin, 10 mg; thiamin, 20 mg; vitamin B12, 27.5 g; biotin, 100 
g; folic acid, 0.5 mg.

2Supplied Ca, 0.9%; P, 0.425%; Mg, 0.0125%; Mn (MnO), 35 mg; Fe 
(FeSO4), 152.5 mg; Zn (ZnO), 137.5; Cu (CuSO4), 125; I (CaI2O6), 0.75 mg.
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RESULTS

Growth Performance

Table 2 shows the ADFI, ADG, and G:F data com-
puted for prechallenge (fi rst 2-wk period), postchal-
lenge (second 2-wk period), and the overall experi-
mental period (4-wk period). The ADFI of all treatment 
groups was similar in fi rst 2-wk period (P = 0.851). Af-
ter ETEC administration (second 2-wk period), the NC 
group showed decreased ADFI (P < 0.05) compared 
with other groups (P < 0.05). The ADG of PC and T3 
were greater (P < 0.05) than that of CON, NC, and T1 
during fi rst 2-wk period. After ETEC challenge (wk 3 
and wk 4), NC had the least and PC and T3 had the 
greatest ADG compared with other groups (P < 0.05). 
The overall ADG (4-wk period) of PC and T3 were 
greater (P < 0.05) than the remaining groups, whereas 
CON, T1, and T2 groups had comparable ADG. The 
G:F of all treatment groups was similar in the fi rst 2-wk 
period. During the second 2-wk period, and the overall 
experimental period, PC and T3 had similar G:F which 
was greater than that of NC (P < 0.05).

Rectal Temperature and Diarrhea Scores

Before ETEC challenge, all pigs were apparently 
healthy with RT between ~39 and 39.5°C. At 3 h after 
ETEC challenge, pigs in all groups except CON had 
greater RT (P < 0.05, Figure 1). The RT of PC and T3 

decreased to prechallenge temperatures at 9 h postchal-
lenge, whereas all groups except NC resumed normal RT 
at 24 h and thereafter. The RT of NC was still greater at 
168 h postchallenge.

All pigs had low fecal consistency scores before and 
during 3 h after ETEC challenge (Figure 2; P < 0.05). 
Very slight changes in fecal consistency were observed 
in CON and T3 throughout the postchallenge period (P < 
0.05). However, through 9 to 48 h after challenge, PC, T1, 
T2, and NC had scouring with the greatest diarrhea score 
observed in NC (P < 0.05). Until 48 h postchallenge, no 
differences were observed in the diarrhea scores between 
T2 and PC (P > 0.05), whereas T3 had a lower diarrhea 
score (P < 0.05) than PC. The T2, T3, and PC recovered 
before 168 h, whereas T1 recovered before 336 h and NC 
still had the greatest diarrhea score by 336 h (P < 0.05).

To determine the relationship between the diarrhea 
scores and ETEC shedding, we determined the presence of 
ETEC in the fecal samples of all animals using the species-
specifi c PCR method described above. As shown in Figure 
3, no differences were observed at d 2 postchallenge among 
T1, T2, T3, and NC (P > 0.05) in the number of animals 
detected positive for ETEC by the PCR assay, where as 
PC maintained the least number of animals detected posi-
tive for ETEC (P < 0.05). At d 7 and d 14 postinfection, 
the number of positive animals was greater in NC than all 
other treatments (P < 0.05), and PC and T3 maintained 
similar numbers of ETEC-positive animals, which was the 
least among the challenged groups (P < 0.05).

Table 2. Growth performance of weaning pigs fed 6 treatment diets for 2 wk before and 2 wk after enterotoxigenic 
Escherichia coli (ETEC) challenge1

Item2
Diet3

SEM P-valueCON NC PC T1 T2 T3
Initial BW, kg 8.744 9.130 8.423 8.583 8.694 9.066 0.195 0.831
Final BW, kg 18.925bc 17.572c 21.842a 18.653bc 20.192b 22.275a 1.554 0.004
Wk 1 to 2

ADFI, kg/d 0.438 0.445 0.517 0.441 0.472 0.492 0.046 0.851
ADG, kg/d 0.290b 0.300b 0.419a 0.304b 0.351ab 0.416 a 0.034 0.001
G:F, g/g 0.663 0.675 0.809 0.689 0.744 0.845 0.042 0.343

Wk 3 to 4
ADFI, kg/d 0.639ab 0.537b 0.697a 0.642a 0.665a 0.699a 0.083 0.002
ADG, kg/d 0.437b 0.303c 0.540a 0.416b 0.470b 0.528a 0.016 <0.001
G:F, g/g 0.684ab 0.564b 0.775a 0.647b 0.708ab 0.755a 0.036 0.002

Wk 1 to 4
ADFI, kg/d 0.539ab 0.491b 0.607a 0.542ab 0.568ab 0.595a 0.060 0.005
ADG, kg/d 0.364b 0.302c 0.479a 0.360b 0.411b 0.472a 0.019 <0.001
G:F, g/g 0.675ab 0.614b 0.790a 0.664ab 0.723ab 0.793a 0.034 0.003
a–cWithin a row, values without a common superscript differ (P < 0.05).
1Values are least squares means of 6 pens per dietary treatment.
2Values are calculated for 2 wk before ETEC challenge, 2 wk after challenge, and for the overall 4-wk period.
3CON = control diet not challenged; NC = negative control (control diet challenged with 5 × 109 cfu of ETEC); PC = positive control diet with antibiotics (50 mg/

kg of apramycin, 39 mg/kg of tiamulin, 100 mg/kg of sulfathiazole, 30 mg/kg of bacitracin methylene disalicylate; T1 = control diet plus 108 cfu/kg Lactobacillus 
plantarum CJLP243; T2 = control diet plus 109 cfu/kg L. plantarum CJLP243; and T3 = control diet plus 1010 cfu/kg L. plantarum CJLP243. Piglets were fed 1 of 
the 6 test diets for 14 d. On d 14 of the experimental period, all groups except CON were orally administered 5 × 109 cfu of ETEC.
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Analysis of Serum

Serum samples collected during the 28-d study pe-
riod (both before and after ETEC challenge) were exam-
ined for haptoglobin and cytokine concentrations. There 
was an effect of dietary treatment (P < 0.001) and time 
(P = 0.006) on the serum concentrations of haptoglobin. 
However, no effect was observed for the diet × time in-
teraction (P = 0.12, Table 3). Before ETEC challenge (d 
0), and at d 1 after challenge, all groups had similar se-
rum haptoglobin concentrations (P > 0.05). No changes 
in serum haptoglobin concentrations were observed in 
CON throughout the fi rst 2-wk period (P > 0.05). Two 
days after ETEC challenge, haptoglobin concentrations 
increased (P < 0.05) in all groups except T2, and the 
greatest increase was observed in NC. The T1, T3, and 
NC maintained increased haptoglobin concentrations 
through d 7 (P < 0.05), the greatest concentration being 
for NC. However, haptoglobin concentrations markedly 
decreased to the prechallenge concentration in the T2 and 
PC groups at d 7 and in all groups at d 14 postchallenge 
(P = 0.36).

There was an effect of dietary treatment (P < 0.001), 
time postinfection (P = 0.001), and diet × time interaction 
(P = 0.001) on the serum concentrations of IL-6 in this 
study (Table 4). Before ETEC challenge (d 0), all groups 

had similar IL-6 concentrations (P = 0.06). After ETEC 
challenge, IL-6 concentrations were greater in NC than 
all other groups from 3 h to 7 d postinfection (P < 0.05). 
At 3 h postchallenge, the IL-6 concentration of PC was 
less than that of T1, T2, and T3 (P < 0.05). However, no 
differences were observed in the IL-6 concentration of PC 
compared with T2 and T3 from 9 to 336 h postchallenge 
(P > 0.05). In all groups, IL-6 concentrations were similar 
to d 0 concentrations by d 14.

There was an effect of dietary treatment (P < 0.001), 
time postinfection (P < 0.001), and diet × time interac-
tion (P = 0.001) on the serum concentrations of TNF-α 
(Table 5). The TNF-α concentration increased from d 0 
concentrations from 3 to 48 h after ETEC challenge (P < 
0.05), decreased at d 7, and returned to d 0 concentrations 
by d 14. A biphasic increase in TNF-α concentration was 
observed in NC, PC, and T2 at 9 h and 48 h postinfection 
(P < 0.05). The NC had the greatest TNF-α concentration 
at 48 h postinfection compared with all other groups (P < 
0.05). No differences were observed in the TNF-α con-
centration among T1, T2, T3, and PC at 48 h postinfection 
and thereafter (P > 0.05).

Similar to other cytokines, there was also an effect 
of dietary treatment (P < 0.001), time postinfection (P 

Figure 1. Rectal temperature of pigs on 1 of 6 dietary treatments 
measured during 2 wk after orally challenged with enterotoxigenic 
Escherichia coli (ETEC; 109 cfu/mL). CON = Control diet not challenged; 
NC = negative control (control diet challenged with 5 × 109 cfu of ETEC); 
PC = positive control diet with antibiotics (50 mg/kg of apramycin, 39 mg/
kg of tiamulin, 100 mg/kg of sulfathiazole, 30 mg/kg of bacitracin methylene 
disalicylate; T1 = control diet plus 108 cfu/kg Lactobacillus plantarum 
CJLP243; T2 = control diet plus 109 cfu/kg L. plantarum CJLP243; and T3 
= control diet plus 1010 cfu/kg L. plantarum CJLP243. Piglets were fed 1 of 
the 6 test diets for 14 d. On d 14 of the experimental period, all groups except 
CON were orally administered 5 × 109 cfu of ETEC. Values are least squares 
means ± SEM of 6 pens per dietary treatment. Letters denote temperatures 
greater than those on d 0 (P < 0.05).

Figure 2. Fecal consistency scoring of pigs on 1 of 6 dietary treatments 
measured during 2 wk after orally challenged with enterotoxigenic Escherichia 
coli (ETEC; 109 cfu/mL). CON = Control diet not challenged; NC = negative 
control (control diet challenged with 5 × 109 cfu of ETEC); PC = positive 
control diet with antibiotics (50 mg/kg of apramycin, 39 mg/kg of tiamulin, 
100 mg/kg of sulfathiazole, 30 mg/kg of bacitracin methylene disalicylate; 
T1 = control diet plus 108 cfu/kg Lactobacillus plantarum CJLP243; T2 = 
control diet plus 109 cfu/kg L. plantarum CJLP243; and T3 = control diet plus 
1010 cfu/kg L. plantarum CJLP243. Piglets were fed 1 of the 6 test diets for 
14 d. On d 14 of the experimental period, all groups except CON were orally 
administered 5 × 109 cfu of ETEC. Fecal consistency scoring (0 = normal; 1 = 
soft feces; 2 = mild diarrhea; 3 = severe diarrhea) was performed by 2 trained 
personnel with no prior knowledge of the dietary treatment allotments. Values 
are least squares means ± SEM of 6 pens per dietary treatment. Letters denote 
fecal consistency scoring greater than those on d 0 (P < 0.05).
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= 0.001), and diet × time interaction (P = 0.001) on the 
serum concentrations of INF-γ (Table 6). Before ETEC 
challenge, all groups had similar INF-γ concentrations (P 
= 0.06). In T1 and T3, increased (P < 0.05) INF-γ concen-
trations were observed at 3 h and 9 h postinfection, which 
decreased to prechallenge concentrations thereafter. In 
T2 and PC, increased INF-γ concentrations lasted longer, 
from 3 to 24 h, and decreased to prechallenge concen-
trations after 24 h. In NC, the concentrations increased 
(P < 0.05) from 3 to 48 h and decreased to prechallenge 
concentrations after 48 h (P > 0.05). At 3 and 48 h postch-
allenge, the concentrations of INF-γ in NC were the great-
est compared with all other groups (P < 0.05).

DISCUSSION

The results of this study indicated that weaning pigs 
fed the greatest amount of the probiotic L. plantarum 
CJLP243 (T3) had similar ADFI, ADG, and G:F to the 
PC, which were ~16, 23, and 19 (T3) or 21% (PC) greater, 
respectively, than that of the NC. Consistently, previous 
studies have established improved ADFI and ADG of 
piglets fed various strains of probiotic bacteria. For ex-
ample, dietary supplementation of lactobacillus complex, 
including L. gasseri, L. reuteri, L. acidophilus, and L. 
fermentum, to piglets during the fi rst 2 wk after wean-
ing resulted in ~28% greater ADFI and 31% greater ADG 
compared with diets containing the antibacterial agent 

carbadox (Huang et al, 2004). Furthermore, 27 to 45% 
greater ADG was reported in piglets fed with strains of L. 
reuteri compared with piglets fed a control diet (Chang 
et al., 2001). Despite the various reports on the benefi cial 
effects of probiotics in piglet performance, investigations 
on the specifi c dose-response effects are relatively scarce. 
In most feeding trials, the dose of probiotic supplementa-
tion has been based on a concentration of 109 cfu, which 
corresponds to approximately 10 to 100 g of digesta for 
the adult pig, and is comparable with the number of lac-
tic acid bacteria in the same amount of gastric contents 
from piglets (Mikkelsen and Jensen, 2004; Mikkelsen 
et al., 2004; Modesto et al., 2009). In various previous 
studies, probiotic bacteria have been supplemented at a 
concentration range of 109 to 1010 cfu per animal per day, 
which corresponds to a dietary amount of 106 to 107 cfu 
per gram of feed. Hence, we chose 3 different concentra-
tions of L. plantarum CJLP243 in this study, and found 
the greatest growth performance with the greatest con-
centration of probiotics (i.e., in T3). The dose-dependent 
response of piglet growth performance in this study was 
consistent with a previous report using bifi dobacterium 
species (Modesto et al., 2009).

Acute febrile and feed intake responses have proven 
to be useful measures of the clinical manifestations in 
pigs with enteric disease (Balaji et al., 2000; Turner et al., 
2002a,b). Enterotoxigenic E. coli challenge of piglets in 
this study was associated with an increased RT that de-
creased to the prechallenge temperature before 9 h (PC 
and T3) and before 24 h (T1 and T2). The NC did not 

Figure 3. Detection of enterotoxigenic Escherichia coli (ETEC) in fecal 
samples of pigs on 1 of 6 dietary treatments measured on d 2, 7, and 14 
after orally challenged with ETEC (109 cfu/mL). CON = Control diet not 
challenged; NC = negative control (control diet challenged with 5 × 109 cfu of 
ETEC); PC = positive control diet with antibiotics (50 mg/kg of apramycin, 
39 mg/kg of tiamulin, 100 mg/kg of sulfathiazole, 30 mg/kg of bacitracin 
methylene disalicylate; T1 = control diet plus 108 cfu/kg Lactobacillus 
plantarum CJLP243; T2 = control diet plus 109 cfu/kg L. plantarum 
CJLP243; and T3 = control diet plus 1010 cfu/kg L. plantarum CJLP243. 
Piglets were fed 1 of the 6 test diets for 14 d. On d 14 of the experimental 
period, all groups except CON were orally administered 5 × 109 cfu of ETEC. 
The identity of ETEC in feces was confi rmed by PCR-based approaches using 
a GeneChaser ETEC monotype PCR kit. Values are least squares means ± 
SEM of 6 pens per dietary treatment. Within a given period, bars without a 
common superscript differ (P < 0.05).

Table 3. Serum haptoglobin (mg/mL, least squares 
mean) in weaning pigs fed 6 treatment diets during 2 wk 
after being orally challenged with enterotoxigenic Esch-
erichia coli (ETEC)1

Diet2
Time, d

SEM P-value0 1 2 7 14
CON 1.4 1.6 1.4z 1.6y 1.4 0.226 0.693
NC 1.5b 1.6b 2.7a* 2.5ax 1.5b 0.472 <0.001
PC 1.2b 1.6a 1.8ay 1.1bz 0.9b 0.461 0.001
T1 1.0b 1.5a 2.0ay 1.9ay 1.0b 0.275 <0.001
T2 1.4a 1.6a 1.6ay 0.9bz 1.4a 0.243 0.001
T3 1.2b 1.3b 2.1ay 1.7aby 1.2b 0.357 0.001
SEM 0.186 0.354 0.431 0.440 0.295
P-value 0.190 0.904 0.001 0.001 0.361

a,bWithin a row, values without a common superscript differ (P < 0.05).
x–zWithin a column, values without a common superscript differ (P < 0.05).
1Effects of diet, time, and diet × time interaction, P < 0.001.
2CON = Control diet not challenged; NC = negative control (control diet 

challenged with 5 × 109 cfu of ETEC); PC = positive control diet with antibiot-
ics (50 mg/kg of apramycin, 39 mg/kg of tiamulin, 100 mg/kg of sulfathiazole, 
30 mg/kg of bacitracin methylene disalicylate; T1 = control diet plus 108 cfu/kg 
Lactobacillus plantarum CJLP243; T2 = control diet plus 109 cfu/kg L. planta-
rum CJLP243; and T3 = control diet plus 1010 cfu/kg L. plantarum CJLP243. 
Piglets were fed 1 of the 6 test diets for 14 d. On d 14 of the experimental 
period, all groups except CON were orally administered 5 × 109 cfu of ETEC.
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resume normal RT until 168 h postinfection. The longer 
febrile state in NC is consistent with previous reports in 
Salmonella-challenged pigs (Balaji et al., 2000; Gebru et 
al., 2010).

Consistent with our previous observation in Salmo-
nella-challenged pigs (Gebru et al., 2010), the transient 
increase in RT of probiotic- or antibiotic-supplemented 
pigs in this study did not affect the overall ADFI, ADG, 
and G:F of these animals during the overall postchallenge 
period. However, the longer febrile state in the NC was 
in agreement with the reduced growth performance in 
these pigs compared with pigs on other treatment diets 
observed after bacterial challenge.

The oral challenge of pigs with pathogenic E. coli 
has been used widely as a model of postweaning diarrhea 

(Wellock et al., 2008). Similarly, our challenge experi-
ments using a clinical strain of ETEC revealed various 
degrees of piglet scouring depending on the dietary treat-
ment and time postchallenge. Pigs in most dietary treat-
ments had decreased fecal consistency scoring for 2 d 
postchallenge, which was also associated with shedding 
of ETEC in the feces. Compared with other treatments, 
NC had a longer duration of scouring and fecal shedding 
of ETEC, which may suggest the benefi t of the supple-
mented diets in reducing the bacterial loads in the intes-
tines through different mechanisms, thereby improving 
the ADG and G:F of these pigs. From the 3 concentrations 
applied, only T3 had normal feces comparable with the 
unchallenged group (CON) throughout the study period, 
suggesting the potential of controlling ETEC-induced di-

Table 4. Serum IL-6 (ng/mL, least squares mean) in weaning pigs fed 6 treatment diets during 2 wk after being orally 
challenged with enterotoxigenic Escherichia coli (ETEC)1

Diet2
Time, h

SEM P-value0 3 9 24 48 168 336
CON 14.7 14.7z 15.2 15.5 15.5 16y 16.2 0.025 <0.001
NC 15.5b 20.6ax 22.1ax 18.2abx 17.6abx 18.1abx 16b 0.756 <0.001
PC 14.5 13.9z 14.5 15.7 15 14.6yz 13.9 0.256 0.001
T1 15 16.9y 16.4 14 14.2 17.3x 16.2 1.817 0.447
T2 15.2 16.5y 13.9 13.7 15.3 15.2yz 15.8 1.123 0.275
T3 14.8ab 16.9ay 14.7ab 13.2b 15.6ab 14.3abz 14.1ab 0.025 0.001
SEM 0.258 1.298 1.043 0.305 0.462 1.491 0.761
P-value 0.055 0.021 0.002 0.001 0.005 0.019 0.063

a,bWithin a row, values without a common superscript differ (P < 0.05).
x–zWithin a column, values without a common superscript differ (P < 0.05).
1Effects of diet, time, and diet × time interaction, P < 0.001.
2CON = Control diet not challenged; NC = negative control (control diet challenged with 5 × 109 cfu of ETEC); PC = positive control diet with antibiotics (50 mg/

kg of apramycin, 39 mg/kg of tiamulin, 100 mg/kg of sulfathiazole, 30 mg/kg of bacitracin methylene disalicylate; T1 = control diet plus 108 cfu/kg Lactobacillus 
plantarum CJLP243; T2 = control diet plus 109 cfu/kg L. plantarum CJLP243; and T3 = control diet plus 1010 cfu/kg L. plantarum CJLP243. Piglets were fed 1 of 
the 6 test diets for 14 d. On d 14 of the experimental period, all groups except CON were orally administered 5 × 109 cfu of ETEC.

Table 5. Serum TNF-α (ng/mL, least squares mean) in weaning pigs fed 6 treatment diets during 2 wk after being 
orally challenged with enterotoxigenic Escherichia coli (ETEC)1

Diet2
Time, h

SEM P-value0 3 9 24 48 168 336
CON 106.5a 106.5az 107.7az 105.5az 98.7bz 109.5ay 105.9a 2.461 0.030
NC 106d 149.1cy 186.2bx 150.2cy 237.3ax 107.1dy 98.7d 26.993 0.001
PC 98.6e 171.1bx 201.5ax 142.9cy 173.9by 124.2dx 99.6e 21.212 0.001
T1 110.1d 178.9ax 154.4by 186.3ax 182.3ay 139.5cx 109.9d 17.601 0.001
T2 104.9d 176bx 206ax 169.1bx 178.1by 133.5cx 102.9d 20.972 0.001
T3 111.4d 166.2ax 132.9cy 147.5by 175.5ay 138.1bcx 110.1d 13.261 0.001
SEM 3.738 2.749 3.224 2.221 3.602 2.149 3.777
P-value 0.1133 0.001 0.001 0.001 0.001 0.001 0.101

a–eWithin a row, values without a common superscript differ (P < 0.05).
x–zWithin a column, values without a common superscript differ (P < 0.05).
1Effects of diet, time, and diet × time interaction, P < 0.001.
2CON = Control diet not challenged; NC = negative control (control diet challenged with 5 × 109 cfu of ETEC); PC = positive control diet with antibiotics (50 mg/

kg of apramycin, 39 mg/kg of tiamulin, 100 mg/kg of sulfathiazole, 30 mg/kg of bacitracin methylene disalicylate; T1 = control diet plus 108 cfu/kg Lactobacillus 
plantarum CJLP243; T2 = control diet plus 109 cfu/kg L. plantarum CJLP243; and T3 = control diet plus 1010 cfu/kg L. plantarum CJLP243. Piglets were fed 1 of 
the 6 test diets for 14 d. On d 14 of the experimental period, all groups except CON were orally administered 5 × 109 cfu of ETEC.
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arrhea using the greatest concentration of the probiotic 
strain, L. plantarum CJLP243.

The increase in serum concentrations of acute phase 
proteins after infection, infl ammation, or trauma is typical 
of a nonspecifi c, acute phase immune response. Increased 
serum haptoglobin concentrations are associated with 
increased immune function as IL-6 stimulates increased 
hepatic acute phase protein synthesis (Johnson, 1997). 
Several studies have demonstrated an increase in serum 
haptoglobin concentrations in pigs challenged with both 
infectious agents, such as Salmonella typhimurium (Ba-
laji et al., 2000; Gebru et al., 2010), and noninfectious 
endotoxin compared with nonchallenged counterparts 
(Dritz et al., 2002). Similarly, ETEC-challenged piglets 
in the present study had increased concentrations of se-
rum haptoglobin compared with CON, and the greatest 
concentration of serum haptoglobin was observed in NC. 
The latter is an indication of the protective effect of pro-
biotic- or antibiotic-supplemented diets compared with 
NC during acute gut challenge. The serum haptoglobin 
concentration of T2 was relatively constant throughout 
the postchallenge period. This could not be explained in 
light of the observation that all other indications of acute 
infection, such as increased RT and scouring, were also 
apparent in this group of piglets.

A local or systemic up-regulation of pro-infl ammato-
ry cytokines is a hallmark of the response of the host to 
bacterial infections. Circulating cytokine concentrations 
can be diffi cult to use as markers of local gut infl ammation 
and infection. This is because some infections may lead to 
a local increase in cytokine production and sequestration 
in infl amed gut tissue, whereas in other cases, systemic 
cytokine concentrations may increase initially during the 
acute febrile state and return rapidly to baseline concen-
trations (Balaji et al., 2000; Gebru et al., 2010). To address 

the possibility of an initial increase and rapid decline in 
serum cytokine concentrations after ETEC challenge, a 
more frequent blood sampling regimen, starting as early 
as 3 h postchallenge, was chosen in the present study. 
Enterotoxigenic E. coli challenge in our study resulted 
in greater serum concentrations of various cytokines, in-
cluding TNF-α, IL-6, and INF-γ, compared with CON. 
This is in agreement with previous reports that showed 
an increased production of pro-infl ammatory cytokines, 
such as TNF-α and IL-6 in ETEC-challenged pigs (Bosi 
et al., 2004; Zanello et al., 2011). The degree and duration 
of these effects were dependent on dietary treatment and 
time postinfection. Generally, T3 had the least concentra-
tion of cytokines comparable with PC, which persisted for 
shorter time compared with other treatment groups. These 
results may suggest a comparable health-promoting effect 
of feeds supplemented with a greater concentration of the 
probiotic strain, L. plantarum CJLP243, to antibiotic-sup-
plemented diets, by down-regulating the production of 
pro-infl ammatory cytokines after acute ETEC challenge 
in piglets.

The results of the present study demonstrated the 
growth and health-promoting effects of the probiotic-
supplemented diet, especially T3, in piglets. The mech-
anisms for the observed effects of probiotics were not 
investigated here. However, various modes of action of 
probiotics have been proposed, including host microfl ora 
modulation, modifi cations of the structure and function 
of the intestinal epithelium, as well as modifi cation of 
the immune response (Stein and Kil, 2006; Boirivant and 
Strober, 2007). The reduced fecal shedding of ETEC ob-
served in T3 may suggest colonization of the gut mucosa 
by the probiotic bacteria, thereby inhibiting the adhesion 
of ETEC to the gastrointestinal mucosa. In addition to 
forming a biological barrier to the adhesion of pathogenic 

Table 6. Serum interferon-γ (ng/mL, least squares mean) in weaning pigs fed 6 treatment diets during 2 wk after 
being orally challenged with enterotoxigenic Escherichia coli1

Diet2
Time, h

SEM P-value0 3 9 24 48 168 336
CON 16.9 19.4z 14.4z 16.9z 16.4yz 16.9 17.1 0.761 0.831
NC 14.4c 44.7ax 32.6bx 30.7bx 33.3bx 11.3c 13.7c 6.753 0.001
PC 10.4b 23.5ay 23.1ay 28.5ax 11.5bz 10.4b 11.4b 4.222 0.001
T1 10.7b 24.5ay 23.1ay 13.3b,y 13.3bz 11.1b 11.7b 3.215 0.001
T2 14.6b 26.7ay 35.9ax 33ax 9.6bz 12.9b 15.1b 5.674 0.001
T3 13.8b 28.9ay 32.4ax 18.5bz 22.5aby 13.8b 14.8b 4.112 0.003
SEM 1.463 5.102 4.693 4.761 5.112 1.445 1.461
P-value 0.058 0.003 0.001 0.005 0.002 0.246 0.055
a–cValues within a row without a common superscript differ (P < 0.05).
x–zWithin a column, values without a common superscript differ (P < 0.05).
1Effects of diet, time, and diet × time interaction, P < 0.001.
2CON = Control diet not challenged; NC = negative control (control diet challenged with 5 × 109 cfu of ETEC); PC = positive control diet with antibiotics 
(50 mg/kg of apramycin, 39 mg/kg of tiamulin, 100 mg/kg of sulfathiazole, 30 mg/kg of bacitracin methylene disalicylate; T1 = control diet plus 108 cfu/kg 
Lactobacillus plantarum CJLP243; T2 = control diet plus 109 cfu/kg Lactobacillus plantarum CJLP243; and T3 = control diet plus 1010 cfu/kg Lactobacillus 
plantarum CJLP243. Piglets were fed 1 of the 6 test diets for 14 d. On d 14 of the experimental period, all groups except CON were orally administered 5 × 109 
cfu of ETEC.
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microbes, the benefi cial effect of probiotic bacteria also 
has been associated with their metabolites, which stimu-
late the colonization and reproduction of Lactobacilli and 
other anaerobic bacteria in the mucosa, and suppress the 
enterobacterial numbers in the intestines (Chang et al., 
2001; Huang et al, 2004).

In conclusion, the results of the current study sug-
gest that the probiotic strain, L. plantarum CJLP243, at 
a concentration of 1010 cfu/kg, may serve as a potential 
alternative to antibiotic supplementation to improve the 
growth and health performance of weaning pigs, espe-
cially during acute infl ammation of the gut in response to 
bacterial infection.

LITERATURE CITED
Balaji, R., K. J. Wright, C. M. Hill, S. S. Dritz, E. L. Knoppel, and J. 

E. Minton. 2000. Acute phase responses of pigs challenged orally 
with Salmonella typhimurium. J. Anim. Sci. 78:1885–1891.

Bhandari, S. K., B. Xu, C. M. Nyachoti, D. W. Giesting, and D. O. 
Krause. 2008. Evaluation of alternatives to antibiotics using an 
Escherichia coli K88+ model of piglet diarrhea: effects on gut 
microbial ecology. J. Anim. Sci. 86:836–847.

Boirivant, M., and W. Strober. 2007. The mechanism of action of pro-
biotics. Curr. Opin. Gastroenterol. 23:679–692.

Bosi P., L. Casini, A. Finamore, C. Cremokolini, G. Merialdi, P. 
Trevisi, F. Nobili, and E. Mengheri. 2004. Spray-dried plasma 
improves growth performance and reduces infl ammatory status 
of weaned pigs challenged with enterotoxigenic Escherichia coli 
K88. J. Anim. Sci. 82:1764–1772.

Chang, Y. H., J. K. Kim, H. J. Kim, W. Y. Kim, Y. B. Kim, and Y. 
H. Park. 2001. Selection of a potential probiotic Lactobacillus 
strain and subsequent in vivo studies. Antonie Van Leeuwenhoek. 
80:193–199.

Chapat, L., K. Chemin, B. Dubois, R. Bourdet-Sicard, and D. Kai-
serlian. 2004. Lactobacillus casei reduces CD8+ T cell-mediated 
skin infl ammation. Eur. J. Immunol. 34:2520–2528.

De Vrese, M., and J. Schrezenmeir. 2002. Probiotics and non-intestinal 
infectious conditions. Br. J. Nutr. 88 (Suppl 1): S59–S66.

Dritz, S. S., M. D. Tokach, R. D. Goodband, and J. L. Nelssen. 2002. 
An Evaluation of in-feed antimicrobial regimens in multi-site pig 
production systems. J. Am. Vet. Med. Assoc. 220:1690–1695.

Gebru, E., J. S. Lee, J. C. Son, S. Y. Yang, S. A. Shin, B. Kim, M. K. 
Kim, and S. C. Park. 2010. Effect of probiotic-, bacteriophage-, 
or organic acid-supplemented feeds or fermented soybean meal 
on the growth performance, acute-phase response, and bacterial 
shedding of grower pigs challenged with Salmonella enterica se-
rotype Typhimurium. J. Anim. Sci. 88:3880–3886.

Huang, C., S. Qiao, D. Li, X. Piao, and J. Ren. 2004. Effects of Lacto-
bacillus on the performance, diarrhea incidence, VFA concentra-
tion and gastrointestinal microbial fl ora of weaning pigs. Asian-
Austr. J. Anim. Sci. 17:401–409.

Johnson, R. W. 1997. Inhibition of growth by proinfl ammatory cyto-
kines: an integrated view. J. Anim. Sci. 75:1244–1255.

Konstantinov, S. R., H. Smidt, A. D. Akkermans, L. Casini, P. Trevi-
si, M. Mazzoni, S. De Filippi, P. Bosi, and W. M. de Vos. 2008. 
Feeding of Lactobacillus sobrius reduces Escherichia coli F4 
levels in the gut and promotes growth of infected piglets, FEMS 
Microbiol. Ecol. 66:599–607.

Lee, J., H. S. Yun, K. W. Cho, S. Oh, S. H. Kim, T. Chun, B. Kim, 
and K. Y. Whang. 2011. Evaluation of probiotic characteristics of 

newly isolated Lactobacillus spp. Immune modulation and lon-
gevity. Int. J. Food Microbiol. 148:80–86.

Marquardt, R. R., L. Z. Jin, J. W. Kim, L. Fang, A. A. Frohlich, and S. 
K. Baidoo. 1999. Passive protective effect of egg-yolk antibodies 
against enterotoxigenic Escherichia coli K88+ infection in neo-
natal and early-weaned piglets. FEMS. Immunol. Med. Micro-
biol. 23:283–288.

Metzler, B., and E. Bauer, R. Mosenthin. 2005. Microfl ora manage-
ment in the gastrointestinal tract of piglets. Asian-Aust. J. Anim. 
Sci. 18:1353–1362.

Mikkelsen, L. L., and B. B. Jensen. 2004. Effect of fructo-oligosac-
charides and transgalacto-oligosaccharide on microbial popula-
tions and microbial activity in the gastrointestinal tract of piglets. 
Anim. Feed Sci. Technol. 117:107–119.

Mikkelsen, L. L., P. J. Naughton, M. S. Hedemann, and B. B.Jensen. 
2004. Effects of physical properties of feed on microbial ecology 
and survival of Salmonella enterica serovar Typhimurium in the 
pig gastrointestinal tract. Appl. Environ. Microbiol. 70:3485–
3492.

Modesto, M., M. R. D’Aimmo, I. Stefanini, P. Trevisi, S. D. Filippi, 
L. Casini, M. Mazzoni, P. Bosi, and B. Biavati. 2009. A novel 
strategy to select Bifi dobacterium strains and prebiotics as nat-
ural growth promoters in newly weaned pigs. Livestock Sci. 
122:248−258.

Nava, G. M., L. R. Bielke, T. R. Callaway, and M. P. Castaneda. 2005. 
Probiotic alternatives to reduce gastrointestinal infections: The 
poultry experience. Anim. Health Res. Rev. 6:105–118.

NRC. 1998. Nutrient requirements of swine. 10th ed. Natl. Acad. 
Press, Washington, DC.

Perdigón, G., C. Maldonado Galdeano, J. C. Valdez, and M. Medici. 
2002. Interaction of lactic acid bacteria with the gut immune sys-
tem. Eur. J. Clin. Nutr. 56 (Suppl 4):S21–S26.

Pettigrew, J. E. 2006. Reduced use of antibiotic growth promoters in 
diets fed to weanling pigs: Dietary tools, Part 1. Anim. Biotech-
nol. 17:207–215.

Schroeder, B., S. Duncker, S. Barth, R. Bauerfeind, A. D. Gruber, S. 
Deppenmeier, and G. Breves. 2006. Preventive effects of the 
probiotic Escherichia coli strain Nissle 1917 on acute secreto-
ry diarrhea in a pig model of intestinal infection. Dig. Dis. Sci. 
51:724–731.

Stein, H. H., and D. Y. Kil. 2006. Reduced use of antibiotic growth 
promoters in diets fed to weanling pigs: Dietary tools, part 2. 
Anim. Biotechnol. 17:217–231.

Turner, J. L., S. S. Dritz, J. J. Higgins, K. L. Herkelman, and J. E. 
Minton. 2002b. Effects of a Quillaja saponaria extract on growth 
performance and immune function of weanling pigs challenged 
with Salmonella typhimurium. J. Anim. Sci. 80:1939–1946.

Turner, J. L., S. S. Dritz, J. J. Higgins, and J. E. Minton. 2002a. Ef-
fects of Ascophyllum nodosum extract on growth performance 
and immune function of young pigs challenged with Salmonella. 
J. Anim. Sci. 80:1947–1953.

Weber, T. E., C. J. Ziemer, and B. J. Kerr. 2008. Effects of adding 
fi brous feedstuffs to the diet of young pigs on growth perfor-
mance, intestinal cytokines, and circulating acute-phase proteins. 
J. Anim. Sci. 86:871−881.

Wellock, I. J., P. D. Fortomaris, J. G. Houdijk, and I. Kyriazakis. 2008. 
Effects of dietary protein supply, weaning age and experimental 
enterotoxigenic Escherichia coli infection on newly weaned pigs. 
Animal. 2:834–842.

Zanello, G., M. Berri, J. Dupont, P. Y. Sizaret, R. D’Inca, H. Salmon, 
and F. Meurens. 2011. Saccharomyces cerevisiae modulates im-
mune gene expressions and inhibits ETEC-mediated ERK1/2 and 
p38 signaling pathways in intestinal epithelial cells. PLoS One. 
4:e18573.


