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RESUMO.- [Probióticos comerciais de culturas definidas 
e indefinidas na prevenção de Salmonella Enteritidis 
em frangos de corte.] O objetivo deste trabalho foi avaliar 
a eficácia dos probióticos de diferentes constituições: de 
culturas definidas e de culturas indefinidas no controle de 
Salmonella Enteritidis em frangos de corte, identificando qual a 
constituição e qual ou quais probióticos testados é mais eficaz. 
Foram inoculados 390 frangos de corte com 1ml de Salmonella 
Enteritidis, via oral, na concentração de 1,2 x 109 UFC (Unidades 
Formadoras de Colônia). O delineamento experimental 
utilizado foi o de blocos casualizados com 5 tratamentos e 
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This study aimed to evaluate the efficacy of probiotics from different formations, 
defined and undefined cultures, applied in the control of Salmonella Enteritidis in broilers, 
identifying the compositions and states for which the probiotics are more effective. For that, 
390 broilers were inoculated orally with 1.00 ml of Salmonella Enteritidis at a concentration 
of 1.2x109 CFU (Colony Forming Units). The experimental design used was randomized blocks 
with 5 treatments and 6 replications, totaling 30 boxes with 13 birds/box (13 birds/m2). 
The treatments were provided via drinking water 1 hour after inoculation, keeping a daily 
treatment of 12 hours with probiotics, for 3 consecutive days (birds at 1, 2 and 3 days of age). 
In general, the five treatments conducted were: T1 - Control without probiotic, T2 - Probiotic 
A (defined culture - lyophilized form, strain 7), T3 - Probiotic B (defined culture - lyophilized 
form, strain 11), T4 - Probiotic C (undefined culture liquid form), T5 - Probiotic D (undefined 
culture - liquid form). After treatments, performance was evaluated through average body 
weight, feed conversion and mortality counting. Microbiological analysis and Salmonella 
isolation were performed using MPN (Most Probable Number) and selective enrichment 
technique methods, respectively. Samples of ileum and liver pool, cecal tonsils, cecum, heart 
and spleen pool were collected at 5 and 31 days of age. No differences were observed on 
growth performance and isolation of Salmonella Enteritidis (p≥0.05). All probiotics applied 
were effective on reducing Salmonella Enteritidis colonization in the ileum, cecal tonsils, and 
cecum at 5 days of life. Probiotics T2 and T5 has shown effectiveness in reducing colonization 
at 31 days, being considered the most efficient on Salmonella Enteritidis control, for the 
intestines segments evaluated. It was not possible to affirm which probiotics formation, 
defined or undefined, is more efficient for Salmonella Enteritidis control.
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6 repetições cada, totalizando 30 boxes com 13 aves/boxe 
(13 aves/m2). Os tratamentos foram fornecidos via água de 
bebida 1 hora após a inoculação, com 12 horas de tratamento 
com probióticos por dia, durante 3 dias consecutivos 
(1º, 2º e 3º dia de idade das aves). Os cinco tratamentos 
foram: T1 - Controle sem probiótico, T2 - Probiótico A (cultura 
definida - forma liofilizada, 7 cepas), T3 - Probiótico B (cultura 
definida - forma liofilizada, 11 cepas), T4 - Probiótico C (cultura 
indefinida - forma líquida), T5 - Probiótico D (cultura indefinida 
- forma liofilizada). O desempenho zootécnico foi avaliado 
usando o peso médio, a conversão alimentar e a mortalidade. 
Análises microbiológicas foram realizadas utilizando o método 
NMP (NMP/g)e isolamento de Salmonella através técnica de 
enriquecimento seletivo. Amostras de pool de íleo, tonsilas 
cecais e cecos e pool de fígado, coração e baço foram coletadas 
aos 5 dias e aos 31 dias de idade. Para desempenho zootécnico 
e isolamento de Salmonella Enteritidis não foram observadas 
diferenças (p≥0,05). Todos os probióticos utilizados foram 
eficazes na redução da colonização de Salmonella Enteritidis 
no íleo, tonsilas cecais e cecos aos 5 dias de idade e somente os 
probióticos do T2 (cultura definida) e T5 (cultura indefinida) 
reduziram a colonização aos 31 dias sendo considerados os 
mais eficazes no controle de Salmonella Enteritidis nestes 
segmentos intestinais avaliados. Não se pode afirmar quais das 
constituições de probióticos, culturas definidas ou indefinidas, 
são mais eficazes no controle de Salmonella Enteritidis.

TERMOS DE INDEXAÇÃO: Probióticos comerciais, Salmonella 
Enteritidis, frangos de corte, saúde das aves, segurança alimentar, 
bacterioses.

INTRODUCTION
In public health, Salmonella emerges with great influence due 
to its wide occurrence in humans and animals, being birds 
considered the central agent in the epidemiology of enteric 
Salmonellosis, representing a reservoir of sanitary importance 
and considerably hard to control (Borsoi et al. 2010).

The genus Salmonella belongs to the Enterobacteriaceae 
family and comprises the species Salmonella enterica and 
Salmonella bongori, being the species Salmonella enterica 
divided into six subspecies: enterica, salamae, arizonae, 
diarizonae, houtenae and indica (Bopp et al. 2003), which 
includes Salmonella enterica subspecie enterica serovar 
Enteritidis (Pickler et al. 2011). Salmonella Enteritidis and 
Salmonella Typhimurium are the major serovars found in 
birds that are connected to cases of Salmonellosis in humans 
(Borsoi et al. 2011).

Serovars prevalent in humans, such as Enteritidis and 
Typhimurium, are common in broiler chickens (Gast et al. 
2007). Currently, the genus Salmonella spp. is consisted 
by 2,610 serovars (Guibourdenche et al. 2010) from which 
approximately 10% have been isolated from birds and only 
a small portion is frequent in broiler chicken farms.

In recent years, the use of antimicrobials, attenuated and 
inactivated vaccines for preventing or limiting infection from 
Salmonella spp., has been questioned due to the development 
of antibiotic resistance, as well as its potential risks of residues 
and adjuvants from vaccines in animal-derived food products 
for human consumption (Hasenstein et al. 2006). For this 
reason, its use has been gradually restricted, and other 
tools for disease control has been tested, from which can be 

highlighted: competitive exclusion, controlled probiotics, and 
prebiotics (Rahimi et al. 2007).

Probiotic cultures, consisting of live and viable microorganisms, 
generally found in the gastrointestinal tract or outer life 
(e.g., Bacillus subtilis and Bacillus licheniforms), have been 
evaluated successful for this purpose. These probiotics may 
be classified as undefined cultures, in which not all of its 
microorganisms are known, or defined cultures with known 
composition (Schrezenmeir & Devrese 2001).

As a general definition, probiotics are additives composed 
by microorganisms that, when administrated on adequate 
quantities, are beneficial to the host’s health, modulating 
the immune system (Gaggía et al. 2010). Regarding to birds 
feeding, species receiving probiotics shows favorable effect on 
the zootechnic performance, intestinal microbiota modulating, 
and inhibition of pathogens, Intestinal histologic changes, 
immunomodulation, hematological and biochemical parameters 
and sensory characteristics of meat (Lutful Kabir 2009).

In this scope, this work evaluates the effectiveness of 
commercial probiotics from defined and undefined cultures 
in control of Salmonella Enteritidis in broilers, identifying 
the most effective probiotic and its respective composition.

MATERIALS AND METHODS
The experiment was conducted in the experimental poultry 
house Laboratório de Inovações Avícolas (Poultry Innovations 
Lab)/LINAV UTFPR - Campus Dois Vizinhos. A total number 
of 390 female broilers with average initial weight of 47.37 ± 
0.31g were used. The animals were from the lineage Cobb 500, 
vaccinated in the hatchery against Marek’s disease, Fowl pox, 
and Infectious Bronchitis. The birds were kept from the 1st 
to the 31st day of life in ideal temperature comfort according 
to the age, with water and feed supply at will, the diets 
were formulated according to the nutritional requirements 
developed by Rostagno et al. (2005).

The experimental design used was randomized blocks 
with 5 treatments and 6 repetitions each, totaling 30 boxes 
with 13 birds/box (density of 13 birds/m2). After the 
experimental design defined, birds were distributed 
randomly in the experimental units. The five treatments 
applied were: T1 - Control without probiotic, T2 - Probiotic 
A (defined culture, lyophilized form, 7 strains: Lactobacillus 
plantarum, Lactobacillus bulgarincus, Lactobacillus acidophilus, 
Lactobacillus rhamnosus, Bifidobacterium bifidum, Streptococcus 
thermophilus, Enterococcus faecium), T3 - Probiotic B (defined 
culture, lyophilized form, 11 strains: Lactobacillus bulgaricus 
(3 strains), Lactobacillus casei (2 strains), Lactobacillus 
cellobiosus (2 strains), Lactobacillus fermentum (3 strains) 
and Lactobacillus helveticus (1 strains), T4 - Probiotic C 
(undefined culture, liquid form, intestinal microflora of 
poultry SPF (Specific Pathogen Free) anaerobic bacteria, 
bacteria from genus Enterococcus and lactic acid producing 
bacteria), T5 - Probiotic D (undefined culture, lyophilized 
form, intestinal microflora of poultry SPF. All probiotics 
used in this work are commercial products available in the 
Brazilian market and registered in Ministry of Agriculture, 
Livestock and Supply and the dosage used was recommended 
by the manufacturer. All treatments were provided via 
drinking water, starting 1 hour after inoculating Salmonella 
Enteritidis, and lasting for 12 hours a day, for 3 consecutive 
days (days 1, 2 and 3 of life). The necessity of water to be 
supplied was calculated to guarantee complete ingestion of the 
solution. The experimental design is summarized in Table 1.
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The strain of Salmonella Enteritidis, isolated from a field 
sample resistant to nalidixic acid (100μg/ml medium), was 
recovered from lyophilized cultures. Upon accommodation, 
all birds were inoculated with 1 ml of a solution containing 
1.2 x 109 CFU Salmonella Enteritidis/ml using a 3 ml sterile 
pipette via gavage.

In order to evaluate the zootechnical performance, the 
variable to be assessed were defined: average weight at 1stt, 
5th, 7th, 14th, 21st, 28th and 31st days of age, mortality 
and Total feed conversion according to the methodology 
proposed by Miragliotta (2005). At 5 days of age (120 hours 
after inoculation) and at 31 days of age (slaughter of birds), 
12 birds per treatment per age (2 birds randomly chosen 
of each repetition) were euthanized by cervical dislocation 
and autopsied to collect organs aseptically. At 12 days of 
age, swab collection was held in all 30 boxes for isolation of 
Salmonella Enteritidis.

To evaluate the effectiveness of treatments related to 
Salmonella Enteritidis colonization in the gastrointestinal 
tract culture, samples from ileum pool, cecum and cecal tonsils 
were obtained. Regarding the invasion of internal organs, 
culture samples were taken from liver, heart and spleen pool. 
On the evaluation of colonization of the gastrointestinal tract 
and invasion of internal organs, the most probable number 
(MPN) methodof bacterial cells per gram was performed, 
expressed in MPN/g, to bacterial cell counting and the selective 
enrichment technique of the semi-solid Modified Rappaport 
Vassiliadis (MSRV) for the isolation of Salmonella Enteritidis, 
expressed in % positive. The MPN method of bacterial cells 
per gram was adapted from the protocol recommended by the 
MAPA (2003). The microbiological analyses were performed 
on an Animal Health Laboratory recognized by the Ministry 
of Agriculture, Livestock and Supply (MAPA) of a poultry 
company in Brazil.

After confirming the growth of Salmonella spp. the number 
of positive, indicating evidence of Salmonella Growth, for 
the series of five tubes was reported, along with the results 
for the 6th tube. The final composition of reading series was 
compared with the table of DeMan (1983) in which the MPN 
per gram is established with different confidence intervals. 
The isolation of Salmonella Enteritidis was conducted by 
the technique of selective enrichment in semi-solid medium 
Modified Rappaport Vassiliadis (MSRV) (Koerich 2007).

The results for growth performance were subjected to 
analysis of variance (ANOVA) using software R Development 
Core Team (2005). The averages of MPN counting of Salmonella 
Enteritidis were transformed by applying box-cox (lambda) 
transforming, held ANOVA and compared by Duncan test 
at 5% probability for treatments with the same number of 

portions and Scheffé test of averages at 5% to treatments 
with a different number of parts. The results of Salmonella 
Enteritidis isolation were compared using the chi-square test 
(χ2) to 5%. All analyses were performed using the statistical 
program R Development Core Team.

RESULTS AND DISCUSSION
During the experiments, it was not observed significantly 
differences on the zootechnic performance for food 
conversion, % mortality and average weight through the 
different ages assessed. Our zootechnic performance results 
are similar to results obtained by Rossi et al. (2007), which 
states that the greatest part of current publications related 
to Salmonella challenge do not show any differences in the 
zootechnic performance of animals, and the papers that 
presented differences did not submit the animals to a sanitary 
challenge. This dichotomy between zootechnic and sanitary 
data increases the difficulty of comparison of the results 
obtained by different authors. Fact that also occurs in other 
studies involving control of Salmonella, such as the use of 
organic acids that, according to Pickler et al. (2012), when 
evaluating the performance o this acid in broilers, has found 
controversial results, probably due to different experimental 
design, environmental designs, quantities, type of products 
utilized and parameter of evaluation.

Opposite to the results found for zootechnic performance, 
authors report the influence of various probiotics on the 
productivity of the animals, checking a positive effect, particularly 
those using probiotics of defined cultures (Mountzouris et al. 
2010). According to Tellez et al. (2012) trials in commercial 
scale indicated that the proper administration of probiotic 
cultures defined for turkeys and chickens, improved growth 
performance and reduced production costs. According to 
these authors, the data clearly demonstrate that the selection 
of probiotic cultures for therapeutic efficacy promotes 
outstanding benefits in the performance of the birds and that 
the defined cultures can provide an attractive alternative to 
conventional antimicrobial therapy.

Regarding the probiotics from undefined cultures, the literature 
does not indicate any improvement in growth performance 
(Al-Zenki et al. 2009), which agrees with the results found in this 
study, using probiotics of indefined culture. Bittencourt et al. 
(2011), when evaluating the addition of probiotic product 
containing Lactobacillus acidophilus, Streptococcus faecium, 
and Bifidobacterium bifidum from 1 to 42 days of age for broiler 
chickens, found no influence on the growth performance of 
birds. Silva et al. (2011) used the same probiotic product with 

Table 1. Summary of the experimental delineation with the respective analyzes and frequencies

Treatment Repetitions Birds/treatment
MPN/g Ileum, Cecum, and Cecal Tonsils Pool /

MPN/g Heart, Liver and Spleen Pool Litter Swabs
Zootechnic Performance 

(Average Weight, Feed 
Conversion and Mortality)

5 days 31 days 12 days 1 - 31 days
T1 6 78 12 birds 12 birds - -
T2 6 78 12 birds 12 birds - -
T3 6 78 12 birds 12 birds - -
T4 6 78 12 birds 12 birds - -
T5 6 78 12 birds 12 birds - -
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same concentrations but found better growth performance in 
the period from 0 to 21 day in chickens fed with probiotics.

Moreover, this variability of performance results in 
thi investigation and other experiments described in the 
literature may be due to factors related to the product and 
its manufacturing process, the type of organism, the method 
of production of probiotic and viability after preparation, 
management factors, route of administration, form of presentation 
(liquid or lyophilized), precocity of the Administration, use 
of antibiotics, the combination with Prebiotics Since some 
have a synergistic effect (Vicente et al. 2007).

Regarding the isolation of Salmonella Enteritidis, it was 
found that all challenged groups presented some presence of 
Salmonella Enteritidis evaluated at different ages (5 and 31 days) 
and analyzed material (organs pool and little swabs). (Table 2)

No significant differences for the isolation of Salmonella 
Enteritidis in relation to the colonization of the gastrointestinal 
tract were found (ileum pool, cecum and cecal tonsils) and in 
relation to invasion of internal organs (liver, heart and spleen 
pool) at 5 and 31 days of age in any of the probiotics used in 
the control group.

Although there is a numerical reduction in the isolation 
of Salmonella Enteritidis at 5 days of age in ileum pool, 
cecum and cecal tonsils by all probiotics used compared to 
the control, and T5 (lyophilized undefined culture) reduced 
50%, T2, and T3 (defined cultures) decreased 42% and T4 
(liquid undefined culture) declined 25%, showed no statistical 
difference (p≥0.05).

These results can be based on the fact of Salmonella 
Enteritidis have high invasiveness and enter the cecal mucosa 
(Berndt et al. 2006). Borsoi et al. (2011) analyzing the behavior 
of Salmonella Enteritidis after inoculation of 105 CFU/ml in 
broiler chickens with a day of age demonstrated its presence 
in the liver and cecum 6 hours after inoculation. Also the 
fact that pre-exposure to Salmonella before treatment with 
probiotics of undefined cultures can substantially reduce the 
protection (Revolledo et al. 2006).

The high bacterial concentration used in the challenge 
of birds (1.2x106 CFU/ml) and the use of probiotics in an 
individualized way may also have contributed to this minor 
reduction of intestinal colonization and invasion of organs. 
Revolledo et al. (2009), using 107 CFU/ml of Salmonella 
Typhimurium, evaluated the effect of a defined probiotic 

culture (12 strains) a β-glucan abiotic (Goldcell-Biorigin) and 
a probiotic of an undefined culture (Aviguard) administered 
alone or in association. Such evaluations showed that the 
probiotic of an undefined culture, probiotic of a defined culture 
and glucans were not effective in preventing colonization and 
invasion of organs in birds with a high challenge, but were 
effective when treatments were associated with probiotics 
of undefined cultures, probiotic of defined culture and 
glucan. Estrada et al. (2010), when evaluating the effects of 
a probiotic of a defined culture (Broilact) and a probiotic of 
an undefined culture (Aviguard), both supplied at 1 day of 
age, on the invasion and colonization of Salmonella Enteritidis 
(1x108 CFU/ml), did not find significant differences at 12 days 
of age on the Salmonella Enteritidis invasion in the liver and 
spleen and cecal tonsils colonization. Only at 20 days of age, 
the probiotic of a defined culture presented a reduction of 
15% more in the liver and spleen invasion by Salmonella than 
the probiotic of an undefined flora.

Vincente et al. (2008) evaluated a probiotic of defined culture 
(FloramaxB11) in liquid and lyophilized form via drinking 
water for three consecutive days (1 to 3 days of age). The birds 
challenged with 104 CFU/bird of Salmonella Enteritidis 1 hour 
before the start of treatment, showed significant reduction in 
Salmonella Enteritidis colonization in young birds.

Our results did not show significantly differences regarding 
invasion of internal organs (liver, hearth and spleen pool) 
at day 5th in any treated group, similar to results obtained 
by Revolledo et al. (2009), that evaluated the effect of a 
probiotic in a defined culture (12 strains), a β-glucan abiotic 
(Goldcell-Biorigin) and a probiotic in an undefined culture 
(Aviguard) administered alone or in combination and 
showed that the invasion of spleen in the groups treated 
with probiotics alone was higher than the control group, and 
that also did not prevent the invasion in the liver. At day 31th 
significantly differences were found between the control and 
other probiotics, where control group had the lowest score. 
These results do not characterize effectiveness in controlling 
Salmonella Enteritidis by probiotics used against the invasion 
of internal organs at day 5th and day 31th.

However, significantly differences were found for the 
Salmonella Enteritidis count concerning the colonization of 
the gastrointestinal tract (ileum pool, cecum, and cecal tonsils) 
at 5 and 31 days of age. The difference between the levels of 

Table 2. Mean and standard deviation of Salmonella Enteritidis cell count (MPN/g) in ileum, cecum, and cecal tonsils pool 
and liver, heart and spleen pool, at 5 and 31 days of age in different treatments

Treatment
MPN/g Ileum, Cecum, and Cecal Tonsils Pool MPN/g Heart, Liver and spleen Pool

5 days 31 days 5 days 31 days
T1 219.2 ± 102.8 a 100.0 ± 138.2 ab 100.0 ± 162.5 45.0 ± 102.3 b
T2 85.8 ± 98. b 17.5 ± 37.2 b 151.7 ± 164.4 126.7 ± 133.8 a
T3 110.0 ± 141.6 b 143.3 ± 147.8 ab 165.8 ± 157.3 165.8 ± 126.0 a
T4 122.5b ± 133.8 b 220.0 ± 162.5 a 248.3 ± 131.1 145.0 ± 126.6 a
T5 54.2 ± 61.3 b 30.8 ± 94.9 b 137.5 ± 169.9 98.3 ± 129.5 ab

Anova:
p-value 0.001** 0.024* 0.016*

lâmbda 0.22 -0.10 0.03 0.12
** Significant at 1% probability, * significant at 5% probability. Averages followed by different letters in the same column differ statistically by 5% in the 
Duncan Test.
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cecal colonization and invasion of liver may be due to factors 
of virulence of Salmonella colonization that are based on two 
Salmonella pathogenicity islands (SPI 1 and 2), responsible 
for intestinal infection (SPI 1) and systemic infection of the 
host (RLS 2) (Borsoi et al. 2011).

In Salmonella Enteritidis count related to the colonization of 
the gastrointestinal tract (ileum pool, cecal tonsils and cecum) 
at 5 days of age differences were found (p≤0.01) between 
treatment 1 (no probiotics) to the other treatments with 
probiotics (T2, T3, T4 and T5), but no differences (p≥0.05) 
between treatments with probiotics. Sn average decrease of 
126 MPN/g (57.5%) of Salmonella Enteritidis was obtained 
using probiotics, proving the effectiveness of all probiotics 
used to reduce the colonization of gastrointestinal tract by 
Salmonella Enteritidis.

Differences between treatments (p≤0.05) were found in the 
Salmonella Enteritidis colonization counting in the digestive 
tract (ileum pool, cecal tonsils, and cecum) at 31 days of age. 
The treatment T2 with counting of 17.5 MPN/g and T5 with 
30.8 MPN/g were statistically different (p≤0.05) from control 
T1 and the probiotic T3 and T4, being the most effective 
probiotics in control of the colonization of the gastrointestinal 
tract by Salmonella Enteritidis. Moreover, T2 (defined probiotic 
culture) and T5 (undefined probiotic culture) decreased on 
average 82.5 MPN/g and 69.2 MPN/g, respectively, compared 
to treatment without probiotic. Borsoi et al. (2010) verifying 
the presence and estima the MPN in Salmonella cells using 
the MPNmethod (MPN/carcasses) in 180 chicken carcasses 
cooled from three different brands purchased from retailers 
found 64.7% of the samples between 11-100 cells and 
35.3% between 101-1100 cells.

In Table 3 are shown the results from comparison of different 
probiotic compositions. Differences (p≤0.01) were found at 
5 days of age among the probiotics groups of defined culture 
and undefined culture and treatment without probiotic, but no 
difference (p≥0.05) between the constitutions of probiotics. 
The results demonstrate that there is no difference in the 
structure of probiotics on defined and undefined cultures, 
but both are useful in the control of Salmonella Enteritidis. 
Different results found by Estrada et al. (2010) showed that 
defined culture probiotics have greater effectiveness than 
the undefined culture of probiotics.

CONCLUSIONS
All probiotics used were effective in reducing Salmonella 

Enteritidis colonization in the ileum, tonsil cecais and 
cecos to 5 days of age and only the probiotics of T2 (culture 
defined-lyophilized form, 7 strains) and T5 (indefinite-lyophilized 
culture) reduced the settlement to the 31 days of age being 
considered the most useful in the control of Salmonella 
Enteritidis in these intestinal segments evaluated.

Our results did not found significantly differences regarding 
zootechnic performance and it can not be said which of the 
constitutions of probiotics evaluated in this work, defined 
or undefined cultures, are more efficient in controlling 
Salmonella Enteritidis.
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