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ABSTRACT The effect of continuously feeding the pro-
biotic microorganism Toyocerin to birds inoculated with
Salmonella Enteritidis field-isolated strains on Salmo-
nella Enteritidis prevalence, and performance variables
were studied in 2 experiments. The experiments were
performed with 1) broiler chickens in floor pens until
slaughter 42 d of age, challenge was performed on d 3,
7, or 14 with 2 x 10° cfu per chick, and 2) Single Comb
White Leghorn chickens in cages until 28 d of age, chal-
lenge was performed on d 7 with 10° cfu per chick.
The inclusion of Toyocerin in feed of inoculated broiler
chickens did significantly (P < 0.05) improve ADG (by
3.4 g), BW (by 141 g), and feed conversion ratio (by
—0.060 kg/kg) at the end of the trial at 42 d compared

with inoculated and untreated birds. At the end of the
trial at 42 d, the slaughter age, 42% of untreated birds
were still positive for Salmonella, whereas Salmonella
was not detected in Toyocerin-treated birds. In Leg-
horn chickens, at 3 wk after inoculation (the end of the
trial), only 38% of birds from the Toyocerin-treated
groups were Salmonella-positive, whereas 63% of birds
were still Salmonella-positive in the untreated control
treatment. No significant differences were detected in
performance variables in Leghorn chickens. The results
of the present experiments indicate that feeding Toyo-
cerin reduced the prevalence of Salmonella in poultry
and in the case of broiler chickens also significantly im-
proved performance variables at slaughter age.
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INTRODUCTION

Salmonella enterica var. Enteritidis is an important
pathogen for the poultry industry because of its ability
to infect chickens and hens, which increases the risk of
Salmonella reaching the food chain by contaminated
products (Humphrey, 2006). Gross pathological ob-
servations on naturally or experimentally Salmonella
Enteritidis-infected poultry revealed that this microor-
ganism may cause systemic infection in both chicks and
laying hens, accompanied by prolonged fecal shedding
(Suzuki, 1994).

Poultry products may pose a risk if contaminated
with pathogenic microorganisms such as Salmonella
and Campylobacter. To improve food safety, the indus-
try is requested to decrease the level of contamination
to zero or at least to acceptable levels (EFSA, 2007).
Several intervention strategies have been applied start-
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ing at the breeding and production farm level through
to the final product. Part of these intervention strate-
gies are the use of probiotic microorganisms for prophy-
lactic purposes.

Competitive exclusion by well-balanced native micro-
flora can decrease the presence of Salmonella in optimal
conditions. However, this balance within the gastroin-
testinal tract is challenged under commercial produc-
tion when animals are subjected to stressful conditions
such as hot weather and humidity, feed changes or
imbalances, mycotoxin contamination, transportation,
pathogens, molting, etc., thus increasing the risk of final
product contamination. Feeding probiotic microorgan-
isms continuously to animals has been found to main-
tain the beneficial intestinal microflora; this microflora
regulation may serve 3 purposes: improve feed conver-
sion and weight gain, improve the intestinal health and
immune competence of the animals, and suppress food-
borne pathogens such as Salmonella and Campylobacter
species, which is important for the production of safe
meat and meat products. Since Nurmi and Rantala
(1973) first applied the concept of competitive exclu-
sion in poultry to protect chickens against Salmonella
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infection by inoculating them with microflora from
adult birds, numerous studies have been performed on
competitive exclusion (Weinack et al., 1982; Schneitz
et al., 1998; Seo et al., 2000; Tellez et al., 2001; Nis-
bet, 2002). However, only a minority of microbes found
in the chicken ceca have been isolated and identified
to species level (Schneitz, 1998; Nisbet, 2002). Regula-
tory restrictions for probiotic microorganisms (SCAN,
2000) make this kind of product difficult to authorize.
However, well-characterized microbial strains can also
be successfully used to protect chickens or hens from
foodborne pathogens (Kamata et al., 1990; Fritts et al.,
2000; La Ragione and Woodward, 2003; Higgins et al.,
2008). The present study examined the effect of contin-
uously feeding the probiotic microorganism Toyocerin
in broiler and Leghorn chickens inoculated with Salmo-
nella Enteritidis field-isolated strains on postchallenge
Salmonella Enteritidis prevalence in birds and perfor-
mance variables.

MATERIALS AND METHODS
Birds

The experiments followed the European Union prin-
cipals for animal care and experimentation. Experimen-
tal procedures were in agreement and approved by the
Ethical Committee for Animal Care and Experimenta-
tion. Animals were obtained from commercial hatcher-
ies. In experiment 1, four hundred 1-d-old Ross 308
sexed broiler chickens were used. Experiment 2 was car-
ried out on 192 one-day-old Single Comb White Leg-
horn (SCWL) Hy-Line W98 male chickens.

A single basal diet, based on corn-soybean, was for-
mulated to meet or exceed birds’ requirements (NRC,
1994). Feed and water were offered for ad libitum con-
sumption.

Challenge Microorganisms and Procedures

In experiment 1, the birds were inoculated at d 3,
7, or 14; an uninoculated group was also included. In
experiment 2, birds were inoculated at d 7. Chickens
were orally challenged with 1 mL of PBS suspension
containing 2 x 10° (experiment 1) or 10° (experiment
2) cfu Salmonella enterica var. Enteritidis per milliliter
(Salmonella Enteritidis, phage type 4, nalidixic acid-
resistant strain, field isolate, CReSA S3146: experiment
1 or CReSA GN825: experiment 2).

Salmonella Recovery and Detection

Birds were killed by cervical dislocation and the ceca
were collected aseptically. Salmonella Enteritidis recov-
ery was conducted in accordance with the modified In-
ternational Organization for Standardization standard.
Briefly, tissue samples (approximately 20 g) were col-
lected in a sterile plastic container with buffered pep-
tone water (1.07228, Merck, Darmstadt, Germany) at a

1:10 ratio and homogenized. After an incubation period
of 18 h at 37°C, 3 drops of the preenrichment broth,
with a total volume of 0.1 mL, were inoculated on
Rappaport-Vassiliadis (4649590922, Panreac Quimica
SAU, Castellar del Valles, Spain) semisolid media; the
inoculated Rappaport-Vassiliadis plates were incubated
at 42°C for 48 h. The GNI Vitek system (bioMérieux,
Madrid, Spain) and PCR with specific primers were
used to confirm the presence of Salmonella.

Probiotic Microorganism

The probiotic microorganism used was the product
Toyocerin (powder feed additive EC no. 1701, contain-
ing 10" viable spores of Bacillus cereus var. toyoi NCI-
MB 40112/CNCM 1-1012 per gram, Rubinum Animal
Health). The product was included at 0 or 100 mg/kg
of feed in experiment 1 and at 0, 20, or 100 mg/kg of
feed in experiment 2.

Experimental Designs

Experiment 1. Birds were raised in floor pens with
supplemental heat until 42 d of age. Birds were dis-
tributed into 7 pens of males and 7 pens of females,
at 29 chicks per pen. Design was a factorial one, being
the factors studied the day of inoculation of Salmonella
Enteritidis (3, 7, and 14 d, inoculated birds) and the
inclusion of Toyocerin in the feed (levels: 0 mg/kg of
feed = untreated birds and 100 mg/kg feed = treated
birds), plus a negative control [uninoculated-untreated
birds (UU)]. One pen of males and 1 pen of females
were assigned to each treatment. Analysis for Salmo-
nella presence was performed on 2 birds per pen at
different days of trial. Body weight and feed consump-
tion by replicate were checked at 10, 17, 28, and 42 d
on trial; ADG, ADFI, and feed conversion ratio (FCR)
were calculated thereafter. The European Production
Efficiency Factor (EPEF) at 42 d was also calculated
by replicate according to: EPEF = {[ADG (g)]/(FCR
x 10)} x (100 — % mortality).

Experiment 2. Birds were raised until 28 d of age in
a Petersime brooder battery with supplemental heat.
The design was randomized to study the inclusion of
Toyocerin in the feed at levels 0, 20, and 100 mg/kg
of feed. Each treatment was assigned to 8 cages of 8
birds. Analysis for Salmonella presence was performed
on 1 bird per cage at weekly intervals. Body weight and
feed consumption by replicate were checked at the end
of the trial at 28 d; ADG, ADFI, and FCR were calcu-
lated thereafter.

Statistical Analysis

Data were analyzed according the design of each ex-
periment. For performance variables, 1 cage or pen was
considered the experimental unit, whereas for microbio-
logical analysis, 1 bird was considered the experimen-
tal unit. Analysis was performed using the appropriate
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Table 1. Summary results of performance variables (replicate = pen) for the whole trial period (1 to 42 d) from combining inoculat-
ed'-treated” (IT) or inoculated'-untreated (IU) groups of birds (Ross 308 broiler chickens) from experiment 1

Ttem n BW (g) ADG (g) FCR? (kg/kg) EPEF® Dead (%)
1T 6 2,164 + 38.0 50.6 + 0.91 1.831 + 0.01352 256 + 11.8 8.9 + 3.51
U 6 2,023 + 39.1 47.3 +£ 0.93 1.891 4+ 0.01389 225 + 12.2 11.7 + 3.61
uut 2 2,113 + 65.9 49.4 4+ 1.57 1.864 + 0.02342 221 + 20.5 18.5 + 6.09
Estimated differences

IT — 1U 140.8 + 54.51 3.35 + 1.298 —0.06023 £ 0.01939 31.2 + 16.97 —2.80 + 5.039
P-value * * * 0.116 0.599

IT — UU 51.5 + 76.04 1.23 + 1.811 —0.03327 £ 0.02704 34.6 + 23.68 —9.59 + 7.029
P-value 0.523 0.523 0.265 0.195 0.222

U — UU —89.3 + 76.57 —2.13 + 1.823 0.02696 + 0.02723 3.4 + 23.84 —6.79 + 7.078
P-value 0.288 0.288 0.360 0.892 0.375

noculated birds were given by gavage 1 mL of PBS suspension containing 2 x 10° cfu Salmonella enterica var. Enteritidis per milliliter (phage type

4, nalidixic acid-resistant strain, field isolate, CReSA S3146) at d 3, 7, or 14.

*Treated feeds included 100 mg of Toyocerin (feed additive EC no. 1701, containing 10" viable spores of Bacillus cereus var. toyoi NCIMB 40112/
CNCM 1-1012 per gram) per kilogram of feed, providing 1 x 10° viable spores of Bacillus cereus var. toyoi per gram of feed.

SFCR = feed conversion ratio; EPEF = European Production Efficiency Factor = {{ADG (g)]/(FCR x 10)} x (100 — % mortality).

'UU = uninoculated, untreated.
*P < 0.05.

procedures of SAS System for Windows V8.02 (SAS,
2001). A significance level of o = 0.05 was used.

RESULTS

Experiment 1

No significant interactions were detected between
the main factors of the experiment (inoculation and
feeding treatment) for any of the performance variables
studied, except for global FCR. In this case, the in-
clusion of Toyocerin in feed significantly (P < 0.05)
improved FCR (by 0.145 kg/kg) at the end of the trial
at 42 d only when birds were inoculated at 3 d, but no
significant differences were detected when birds were
inoculated at 7 or 14 d (data not shown). The sum-
mary results of performance variables (replicate = pen)
from combining inoculated-treated (IT) or inoculated-
untreated (IU) groups are presented in Table 1. Per-
formances variables of TU birds were not significantly

different from UU birds, and therefore, differences in
performance variables by challenge with Salmonella at
the conditions of the experiment did not reach signifi-
cance. However, the inclusion of Toyocerin in feed (IT)
did significantly (P < 0.05) improve ADG (by 3.4 g),
BW (by 141 g), and FCR (by —0.060 kg/kg) at the end
of the trial at 42 d compared with TU birds.

Number of birds with presence of Salmonella is pre-
sented in Table 2. From inoculated birds, only the birds
infected at 7 d and untreated had a delayed infection
rate of 100% at 28 and 42 d, whereas birds also infected
at 7 d but treated with Toyocerin had an infection rate
of 50% at d 28, and of 0% at d 42. Only at 28 and 42
d were all groups sampled to detect the presence or
absence of Salmonella; the Kruskal-Wallis test was per-
formed to compare IU and IT groups at these sampling
days. At 28 d, 58% of birds were positive for Salmonella
in TU groups, whereas only 25% of birds were positive
in IT birds. At the end of the trial at 42 d, that rep-
resented the slaughter age, 42% of TU birds were still

Table 2. Results of microbiological analysis from ceca for determination of the presence/absence of Salmonella enterica var. Enter-
itidis in experiment 1 (number of birds with presence of Salmonella/total number of birds sampled; replicate = bird; Kruskal-Wallis

test)

Treatment Day 3 Day 7 Day 10 Day 14 Day 17 Day 28 Day 42
Inoculated,,, 5' untreated (IU) — 1/4 0/4 — — 2/4 0/4
Inoculated,,, 5 treated” (IT) — 1/4 2/4 — — 1/4 0/4
Inoculated,y ; untreated (TU) — — 0/4 2/4 — 4/4 4/4
Inoculatedg,, 7 treated (IT) — — 1/4 1/4 — 2/4 0/4
Inoculatedg,, 14 untreated (IU) — — — — 0/4 1/4 1/4
Inoculatedg,y 14 treated (IT) — — — — 0/4 0/4 0/4
Uninoculated untreated 0/4 0/4 0/4 0/4 0/4 0/4 0/4
U 7/12 5/12
IT 3/12 0/12
P-value 0.105 *

Inoculated birds were given by gavage 1 mL of PBS suspension containing 2 x 10° cfu Salmonella enterica var. Enteritidis per milliliter (phage type

4, nalidixic acid-resistant strain, field isolate, CReSA S3146).

*Treated feeds included 100 mg of Toyocerin (feed additive EC no. 1701, containing 10" viable spores of Bacillus cereus var. toyoi NCIMB 40112/
CNCM 1-1012 per gram) per kilogram of feed, providing 1 x 10° viable spores of Bacillus cereus var. toyoi per gram of feed.

*P < 0.05.



978

positive for Salmonella, whereas Salmonella was not de-
tected in I'T birds.

These results suggest that Toyocerin-treated birds
can arrive to the slaughter age of 42 d free of Salmo-
nella, independently of the age of challenge, with sig-
nificantly improved ADG (by 3.4 g), BW (by 141 g),
and FCR (by —0.060 kg/kg), compared with birds TU,
that still presented almost half of the birds positive to
Salmonella.

Experiment 2

There were no significant differences among treat-
ments on performance variables. The results were
within expected ranges according to the trial condi-
tions (White Leghorn male birds raised in cages feeding
mash feeds): average values for the whole trial period
(1 to 28 d) were BW at 28 d 364 and 371 g, ADG 11
and 12 g, FCR 2.030 and 1.987, for IU and IT groups,
respectively, and 23 g of ADFI for both groups. Only 1
bird (from IU group) died during the trial.

Number of birds with presence of Salmonella is pre-
sented in Table 3. Salmonella was not detected before
inoculation of the birds. Treatments including Toyo-
cerin (IT) presented an earlier cleansing of Salmonella
than the IU, with only 3 positive out of 8 birds at 3
wk postinoculation when Toyocerin was included at 20
or 100 mg/kg of feed, whereas 5 out of 8 birds were
positive in the TU group. At 3 wk postinoculation (the
end of the trial), only 38% of IT birds were Salmonella-
positive, whereas 63% of TU birds were still Salmonella-
positive.

DISCUSSION

In the trial with broiler chickens at slaughter age,
IT birds had significantly better BW and ADG (7%
improvement) and FCR (3% improvement) than ITU
birds. Santoso et al. (1995), van Wambeke and Peeters
(1995), and Cavazzoni et al. (1998) found improvements
in FCR but not in BW using Bacillus subtilis, B. cereus
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CIP 5832, or Bacillus coagulans CNCM I-1061, respec-
tively. On the other hand, Fritts et al. (2000) concluded
that the inclusion of B. subtilis C-3102 to broiler diets
increased the final BW and FCR in the last half of
the growing period of chickens, in accordance with our
present work with Toyocerin. Fritts et al. (2000) did not
inoculate birds with Salmonella; however, they detected
100% positive prechilled carcasses in untreated birds,
whereas only 43% of the carcasses were positive for pro-
biotic microorganism-treated birds. In our experiment,
Salmonella was not detected at slaughter age in IT
birds, whereas 42% of TU birds were positive. Kamata
et al. (1990) also reported the absence of Salmonella at
the end of the trial in Salmonella Typhimurium-inocu-
lated broiler chickens when Toyocerin was continuously
fed to birds. These authors found that Toyocerin en-
couraged proliferation of Lactobacillus spp., improving
the balance of the intestinal microflora, digestion and
absorption of ingested feed, and, consequently, weight
gains and feed efficiency, improvements we also found
in our experiment.

The experiment with SCWL chickens finished at 28 d
of age, and although Salmonella was still present in I'T
birds at this time, only 38% of the birds were positive,
whereas 62% of the TU birds were positive. In the trial
with broiler chickens, the percentage of positive birds
at 28 d on trial was very similar to the trial with SCWL
chickens: 25 and 58% for IT and IU birds, respectively.
No significant differences were found for BW or FCR in
SCWL chickens by Toyocerin addition in feed; values
were 371 vs. 364 g for BW and 1.989 vs. 2.030 kg /kg for
FCR for IT and IU birds, respectively.

The benefits obtained by the inclusion of Toyocerin
in poultry feeds in the experiments presented herein
might be derived not only from the Nurmi concept but
also from immune stimulation. Higgins et al. (2007)
hypothesized that the innate immune system of chick-
ens, specifically macrophages, played a role in reduc-
tion of Salmonella Enteritidis colonization with probi-
otic treatment. Khajarern and Ratanasethakul (1998)
stated that when used continuously, Bacillus toyoi also

Table 3. Results of microbiological analysis from ceca for determination of the presence/absence of
Salmonella enterica var. Enteritidis in experiment 2 (number of birds with presence of Salmonella/
total number of birds sampled; replicate = bird; Kruskal-Wallis test)

Day 7
Treatment (before inoculation) Day 14 Day 21 Day 28
Inoculated' untreated (IU) 0/8 7/8 6/8 5/8
Inoculated treateds,” (IT) 0/8 8/8 7/8 3/8
Inoculated treated,p,” (IT) 0/8 7/8 7/8 3/8
U 0/8 7/8 6/8 5/8
IT 0/16 15/16 14/16 6/16
P-value 1 0.609 0.448 0.257

Tnoculated birds were given by gavage of 1 mL of PBS suspension containing 1 x 10° cfu Salmonella enterica
var. Enteritidis per milliliter (phage type 4, nalidixic acid-resistant strain, field isolate, CReSA GN825) at 7 d of

age.

*Treated feeds included 20 and 100 mg of Toyocerin (feed additive EC no. 1701, containing 10" viable spores of
Bacillus cereus var. toyoi NCIMB 40112/CNCM 1-1012 per gram) per kilogram of feed, providing 2 x 10” and 1
x 10° viable spores of Bacillus cereus var. toyoi per gram of feed.
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served to reinforce the nonspecific immune system of
birds. Khaksefidi and Ghoorchi (2006) found positive
effects on performance and the immune system of broil-
er chicks fed probiotic containing B. subtilis.

Adding a probiotic microorganism becomes a preven-
tive measure against any detrimental effect on perfor-
mance originated through the intestinal flora, and it
might also reduce the incidence of Salmonella-contam-
inated poultry products by decreasing the incidence
of the pathogen at the farm level. The results of the
present experiments indicate that feeding Toyocerin re-
duced the prevalence of Salmonella in poultry and, in
the case of broiler chickens, also significantly improved
the performance variables at slaughter age.
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