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Abstract Probiotics are live microorganisms which are ben-
eficial for the host when ingested at high enough concentra-
tions. The methylotrophic yeast Pichia pastoris is widely used
as heterologous protein production platform. However, its use
as probiotic is poorly studied. The objective of this study was
to evaluate some probiotic properties of the P. pastoris strain
X-33 wild type. The resistance to in vitro and in vivo gastro-
intestinal conditions, stability in feed, safety, and antibacterial
activity against Salmonella Typhimuriumwere evaluated. The
yeast remained viable and persisted at appropriate concentra-
tion in the diet for at least 2 months, survived the stresses of
the gastrointestinal tract in vitro and in vivo, caused no behav-
ioral changes or lesions when administered to mice, inhibited
the growth of S. Typhimurium in culture media, and reduced
adhesion of the bacteria to the intestinal cells HCT-116. In the
challenge experiment with a LD50 of virulent S. Typhimurium
strain, mice supplemented with the yeast had a higher survival
rate (50 % when administered by gavage and 80 % via the
diet, compared with 20 and 50 %, respectively, in the control
group). In addition, the S. Typhimurium concentration in the
intestine of the surviving mice was lower; the score of

intestinal lesions, lower; and the pathogen, not detected in
the liver, spleen, and feces when compared to the control
group (p < 0.05). It was concluded that the yeast Pichia
pastoris X-33 has probiotic properties with remarkable anti-
bacterial activity against S. Typhimurium.

Keywords Probiotics . Yeast . Translocation . Intestinal
lesions . Adhesion inhibition . Salmonellosis

Introduction

Probiotics are defined by the World Health Organization
(WHO) as living microorganisms that ingested in adequate
concentrations, are beneficial for the host (FAO/WHO
2002), e.g., by the regulation of intestinal microbiota, im-
proved feed conversion, protection from pathogenic microor-
ganisms (Brandao et al. 1998; Czerucka et al. 1994; Czerucka
et al. 2000; Martins et al. 2009), and modulation of immune
response (Bron et al. 2012; Kaila et al. 1992). To have an
effect on the host, probiotics must survive the adversity of
the gastrointestinal (GI) tract, be safe for human and animal
use, resist the industrial processing, and remain viable for long
periods of storage and transportation (Saad 2006).

Probiotics have attracted attention in the prevention and
treatment of food-borne diseases and as an alternative to the
antibiotics used as growth promoters in animal production
(Bron et al. 2012; Fang et al. 2012; FAO/WHO 2002; Le
Blanc et al. 2010; Martins et al. 2009). Among the commonly
used probiotics in humans and animals, some species of lactic
acid bacteria of the genus Lactobacillus and Bifidobacterium
and the yeasts Saccharomyces boulardii and Saccharomyces
cerevisiae are particularly promising, in view of the advan-
tages over bacteria, for not being inhibited by the antibacteria.

* Fabricio Rochedo Conceição
fabricio.rochedo@ufpel.edu.br

1 Nucleo de Biotecnologia, Centro de Desenvolvimento Tecnológico,
Universidade Federal de Pelotas, Campus Universitário, Capão do
Leão, Caixa Postal 354, Pelotas, RS 96010-900, Brazil

2 Departamento de Ciência e Tecnologia de Agroindustrial, Faculdade
de Agronomia Eliseu Maciel, Universidade Federal de Pelotas,
Pelotas, RS, Brazil

3 Departamento de Nutrição, Faculdade de Nutrição, Universidade
Federal de Pelotas, Pelotas, RS, Brazil

Appl Microbiol Biotechnol (2015) 99:7953–7961
DOI 10.1007/s00253-015-6696-9



This property is interesting because some therapies associate
the administration of probiotics with antibacterials against
gastric infections, e.g., those caused by Helicobacter pylori
(Martins et al. 2005).Moreover, no transfer of genetic material
was detected between yeast and commensal bacteria
(Czerucka et al. 2007). Other advantages are the high multi-
plication from low-cost substrates and the fact that they can be
used as protein source in animal feeds (Blehaut et al. 1989;
Boddy et al. 1991).

The methylotrophic yeast Pichia pastoris is widely used as
a production platform for heterologous proteins (Cregg et al.
1985; Cregg et al. 2000; Love et al. 2012; Torres and Moraes
2000), also distinguished by being able to grow from low-cost
substrates, including industrial wastes and effluents (Çelik
et al. 2008; Santos et al. 2012), a characteristic that caused
some groups to test it as probiotic in animal production. How-
ever, this application has been little exploited, addressed by
only one study on broilers (Gil de los Santos et al. 2012). In
this study, chickens fed with a diet supplemented with
P. pastoris gained more weight. However, other important
properties of a probiotic, such as harmlessness and ability to
survive the mammalian GI tract conditions, stability in the
feed, and antimicrobial action against enteropathogens, have
not yet been evaluated. The objective of this study was to
evaluate some probiotic properties of P. pastoris, strain
X-33, emphasizing the antibacterial action against S.
Typhimurium.

Methodology

Microorganisms and culture conditions

The microorganisms Salmonella enterica serovar
Typhimurium strain 29630 was obtained from ATCC,
S. boulardiiwas isolated from a commercial lyophilized prod-
uct (Floratil®, Merck, Brazil), and P. pastoris strain X-33
(wild type) was purchased from Invitrogen (CA, USA).
Salmonella Typhimurium ATCC 29630 was grown in Luria-
Bertaine broth (LB) for 16 to 18 h at 37 °C, under shaking at
200 rpm in an orbital shaker. The bacteria were quantified in a
Petroff-Hausser chamber by plating on agar Xylose lysine
deoxycholate (XLD) (37 °C for 18 h) to determine colony-
forming units per milliliter (CFU.mL−1). The yeastsP. pastoris
X-33 and S. boulardii Cenbiot were cultured in yeast peptone
dextrose (YPD) broth for 16 to 18 h at 28 °C, under shaking at
200 rpm in an orbital shaker. Five hundred milliliters of inoc-
ulum were added to 7 L of YPD broth and incubated in a
bioreactor (Bioflo 110, New Brunswick) at 28 °C, 500 rpm,
1 vvm air for 24 h. Antifoam 204 (Sigma) was used during
fermentation. After fermentation, the cells were centrifuged at
5000×g for 15 min, washed in 0.9 % saline solution at 4 °C,
concentrated 10 times, and quantified. Viable counts were

determined by plating decimal yeast dilutions on YPD agar
after incubation at 28 °C for 48 h.

Feed preparation and stability

Approximately 7 log CFU.g−1 of P. pastoris X-33 or
S. boulardii were added to the rodent-specific, antibiotic-free,
pre-ground diet. These formulations were pelleted and main-
tained in an oven with forced air circulation for 18 h at 40 °C.
The feeds were stored at 4 °C until use and every 7 days, the
yeast was quantified (CFU.g−1) to assess viability and
stability.

Animals

Male BALB/c mice, 6 to 8 weeks old, weighing between 15
and 20 g, were placed in micro-isolators with five animals
each and maintained on a ventilated rack at an average tem-
perature of 22 °C and light cycle of 12 h. Rodent-specific,
antibiotic-free feed was provided, and water ad libitum.

Animal welfare

Animal welfare and experimental procedures were carried out
according to the ethical regulations of the Brazilian College of
Animal Experimentation (COBEA), and the project was ap-
proved by the Committee for Ethics in Animal Experimenta-
tion (EAEC) of the UFPel.

Resistance of P. pastoris X-33 to simulated gastrointestinal
conditions (in vitro)

The resistance of the yeast P. pastoris X-33 to simulated gas-
trointestinal conditions was assessed using the methodology
described by Duc et al. (2004), with modifications. Approxi-
mately 8 log CFU.mL−1 yeast were suspended in 10 mL of a
solution that simulates gastric fluid (acidified YPD broth at pH
2 with 0.1 N HCl and supplemented with 1 mg.mL−1 pepsin).
The tubes, in triplicate, were incubated at 37 °C under con-
stant shaking to simulate peristalsis. Tubes containing YPD
broth adjusted to pH 7.2 were included as controls. After 1 h
of incubation, the suspensions were centrifuged at 7000×g for
10 min and 10 mL of the solution which simulates the intes-
tinal fluid (YPD broth supplemented with 1 mg.mL−1 pancre-
atin, 0.2 % bile salts, and pH adjusted 8 with 0.1 N NaOH)
were added to the cells collected by centrifugation. After in-
cubation for 5 h, aliquots of 0.1 ml were collected, decimal
diluted in 0.9 % saline (pH 7.2), and viable yeast cells counted
as described above. The survival rate was calculated as the
percentage of the log CFU number grown on the plates after
exposure to simulated gastrointestinal conditions in relation to
the initial yeast concentration. The experiment was performed
in triplicate.
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P. pastoris X-33 resistance of the gastrointestinal tract
of mice and persistence

An oral dose containing approximately 7 log CFU of
P. pastoris X-33 was administered to mice fed an
antibiotic-free diet by gavage. Feces were collected 24,
48, and 72 h after administration of the yeast and decimal
diluted in 0.9 % saline. To evaluate the resistance of the
yeast P. pastoris X-33 to the GI mouse tract and its per-
sistence, counts were determined by plating decimal dilu-
tions of feces on YPD agar. Mice not inoculated with
yeast served as controls.

Growth inhibition capacity of P. pastoris X-33 on S.
Typhimurium in culture media

The inhibitory effect of P. pastoris X-33 on growth of
S. Typhimurium was assessed by a methodology described
by Drago et al. (1997) with modifications. About 6 log
CFU of S. Typhimurium and yeast were incubated in one
tube containing 10 mL of YPD broth and 10 mL of LB
broth in another. Pure cultures of each microorganism
were used as controls. The tubes were incubated at
37 °C under shaking at 200 rpm, in an orbital shaker.
After 0, 4, 8, and 24 h, aliquots were taken, decimal
diluted, and plated in duplicate to determine the number
of viable cells of each microorganism. For the yeast count,
potato dextrose agar (PDA) pH 5.2 was used and XLD
agar to count S. Typhimurium. The growth time of S.
Typhimurium was also determined in the presence and
absence of P. pastoris X-33.

Inhibition capacity of P. pastoris X-33 of adhesion of S.
Typhimurium to intestinal cells HCT-116

Human colorectal HCT-116 cells were grown in Roswell Park
Memorial Institute (RPMI) medium supplemented with 10 %
fetal bovine serum (FBS) in 12-well plates at a concentration
of 6 log cells/well, and incubated at 37 °C with 5 % CO2 until
confluence reached 90 %. S. Typhimurium and the yeasts
P. pastoris X-33 and S. boulardii were washed twice
(8000×g for 15 min) in phosphate-buffered saline (PBS) and
suspended in RPMI medium with 10 % FBS. About 6 log
CFU/well of S. Typhimurium were added to three wells, pure
or in combination with about 5 log CFU/well of P. pastorisX-
33 or S. boulardii (positive control). After 1 h incubation with
the cells, the culture medium was removed, the wells were
washed three times with PBS containing 137 mMNaCl, 5.4
mMKCl, 3.5 mM Na2HPO4, 4.4 mM NaH2PO4, and 11 mM
glucose (cell-PBS, pH 7.2), and the plates incubated with
100 μL of cell-PBS containing 0.1 % Triton X-100 for
5 min at 37 °C. Finally, 100 μL were removed, decimal

diluted and plated on XLD agar. The results were expressed
as percentage of adhesion to intestinal cells HCT-116.

Antibacterial action of P. pastoris X-33 in vivo
and harmlessness

The lethal dose of S. Typhimurium for 50 % of the mice
population (LD50) was determined by the method de-
scribed by Reed and Muench (1938). Briefly, BALB/c
mice were divided into groups of five animals and treated
by gavage with 300 μL of each of the decimal dilutions,
containing from 1 to 6 log CFU of S. Typhimurium. The
animals were monitored daily and deaths recorded to deter-
mine the LD50.

The antibacterial activity of P. pastoris X-33 on S.
Typhimurium was evaluated in two ways. A first group
consisting of 15 BALB/c mice received daily oral doses of
1 mL of a 0.9 % saline suspension containing 7 log CFU
P. pastoris X-33 per animal via gavage for 20 days and the
control group received the same volume of 0.9 % saline solu-
tion. In the other experiment, a group of 10 BALB/c mice was
treated with antibiotic-free diet ad libitum containing 7 log
CFU.g−1 of P. pastoris X-33, for the same period. The nega-
tive control group received only the diet, and the positive
control group was treated with a diet supplemented with 7
log CFU.g−1of S. boulardii.

On the 20th day after initiating gavage administration of
the yeast, five mice per group were euthanized to assess its
harmlessness. Samples of different tissues and organs were
collected and subjected to histopathological analysis. The an-
imals were observed daily to assess the behavior. The remain-
ing 10 mice of both experiments were challenged by gavage
with 1 LD50 (5 log CFU/mouse) of S. Typhimurium and
10 days later, survival rates were calculated. On the 13th day
after challenge, fresh feces of the surviving animals were col-
lected, the animals euthanized, and intestines, livers, and
spleens collected aseptically. The protection against intestinal
colonization of S. Typhimurium was measured by viable cell
counts in the feces and small intestine. To evaluate the trans-
location, two thirds of the liver and spleen were ground,
suspended in 1 ml of 0.9 % sterile saline, decimal diluted in
0.9 % saline, and plated on XLD agar. The results were
expressed in log CFU per organ and in percentage of animals
per group with pathogen symptoms in the organs. Samples of
spleen, liver, and intestine were fixed in 10 % formalin and
paraffin-embedded. Fragments of 5–6 μm were stained with
hematoxylin-eosin. The samples were prepared at the Depart-
ment of Histology of the UFPel and examined by pathologists
for the presence of lesions. Leukocyte infiltration in the mu-
cosa and submucosa lumen and the presence of isolated folli-
cles were evaluated by histological analyses. The presence or
absence of morphological changes in the villi was assessed in
the absence of the coating epithelium and with a reduced
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number of villi. In the mucosa and submucosa, the infiltrated
leukocytes were classified as mild (+), moderate 2 (+), and
severe 3 (+) lesions.

Statistical analysis

A survival test was applied to find significant differences
(p < 0.05) between the survival rates in the challenge
experiment with S. Typhimurium. Analysis of variance
(ANOVA) and Tukey’s test were used to determine signif-
icance levels (p < 0.05) between treatment means. All
statistical analyses were performed using software Statistic
9.

Results

Stability of P. pastoris X-33 in the feed

The concentration of viable P. pastoris X-33 cells remained
stable in the feed for at least 2 months (7 log CFU.g−1). It was
not possible to assess its stability for longer since the feed was
antibiotic-free and contaminated by molds shortly after the
study period.

Resistance of P. pastorisX-33 to gastrointestinal conditions
in vitro and in vivo

P. pastoris X-33 survived the simulated GI tract condi-
tions at a sufficiently large number to have beneficial
effects in situ because their survival rate to consecutive
exposure to gastric and intestinal conditions was 76.8 %
(results not shown).

P. pastoris X-33 TGI also survived the simulated mouse
GI tract conditions and after 24 h of administration, about
6.84 log CFU.g−1 was found in fresh feces. Then, 48 h
after treatment application, 2.87 log CFU.g−1 was obtained,
and no growth was observed after 72 h (Fig. 1).

Safety of P. pastoris X-33

No behavioral changes were observed in the mice supple-
mented with P. pastoris X-33. In the histopathological analy-
sis, no injury was observed. No changes were observed either
in intestinal microvilli and lamina propria.

Growth inhibition capacity of P. pastoris X-33 on S.
Typhimurium in culture media

P. pastoris X-33 inhibited S. Typhimurium growth in both
culture media after 24 h of incubation. The S. Typhimurium
population was reduced by approximately 43 % (from
2.1 × 108 to 1.2 × 08 CFU.mL−1) in LB broth and 86 % (from

1.0 × 109 to 1.4 × 108 CFU.mL−1) in YPD broth when the
bacteria were co-cultivated with yeast, compared to the
growth of the control group (bacteria only). The time of
generation of bacteria increased also when grown in the
presence of P. pastoris X-33. S. Typhimurium grew fast
when cultured alone (24 min) in both broths, but in the
presence of P. pastoris X-33, this period was extended
to 36 min (results not shown).

Fig. 1 Count of viable P. pastoris X-33 cells (in log CFU.g−1 of feces)
after passing through the mouse GI tract. The counts were performed 24,
48, and 72 h after administration of an oral dose containing approximately
7 log CFU of yeast

Fig. 2 Percentage of adhesion of S. Typhimurium to the intestinal cells
HCT-116 after 1 h of incubation at 37 °C (approximately 6 log CFU per
well), with P. pastorisX-33 or S. boulardii separately (both approximate-
ly 5 log CFU per well). Different letters represent significant differences
(p < 0.05) by analysis of variance (ANOVA) and Tukey’s test (St.: S.
Typhimurium)
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Inhibition capacity of P. pastoris X-33 of adhesion of S.
Typhimurium to intestinal cells HCT-116

In the experiment with HCT-116 cells, the percentage of S.
Typhimurium adhesion to intestinal cells was reduced by ap-
proximately 47 % (7.6–4.0 %), when incubated for 1 h with
P. pastoris X − 33, compared with bacteria incubated alone
(p < 0.05). A similar reduction (37 %) in the adhesion

percentage was observed when bacteria were incubated with
S. boulardii (7.6–4.8 %) (Fig. 2).

Fig. 3 Percentage of survivingmice supplemented for 20 days with 7 log
CFU of P. pastoris X-33 by gavage (a) or in the diet (b) and challenged
with 1 LD50 of S. Typhimurium. The animals of the negative control
groups received 0.9 % saline by gavage and standard diet without
probiotics, respectively. The animals in the positive control group re-
ceived a diet with 7 log CFU of S. boulardii g−1 feed. Different letters
represent significant differences (p < 0.05) by the survival test.

�Fig. 4 Percentage of mice supplemented for 20 days with 7 log CFU of
P. pastoris X-33 per gram of diet, which survived the challenge with 1
LD50 of S. Typhimurium and exhibited S. Typhimurium in the intestine
(a), liver (b), and spleen (c). The animals in the negative control group
received a standard diet without probiotics. The animals in the positive
control group received diet with 7 log CFU of S. boulardii. Different
letters represent significant differences (p < 0.05) by analysis of
variance (ANOVA) and the Tukey test. (St S. Typhimurium)
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Antibacterial action of P. pastoris X-33 in vivo

The survival rate of the group supplemented with P. pastorisX-
33 by gavage was 50 % (5/10) and significantly higher
(p < 0.05) than that of the control group, where 20 % (2/10)
of the animals survived (Fig. 3). In the experiment where
P. pastoris X-33 was added to the mice diet, the survival rate
of the group supplemented with yeast was 80% (8/10) and also
significantly higher (p < 0.05) than that of the control group,
with 50 % (5/10) surviving animals. In the positive control
group, supplemented with S. boulardii, the survival rate was
60 % (6/10) (Fig. 3b). Interestingly, the survival rates were
lower in all groups in the gavage supplementation experiments
than in the experiment where the yeast was added to the feed,
probably due to the higher stress level caused by gavage.

No S. Typhimurium was detected in the feces of surviving
animals supplemented with P. pastoris X-33 13 days after
challenge. In animals supplemented with S. boulardii, the re-
sult was the same. However, in the group not supplemented
with the yeasts, approximately 8.78 log CFU of S.
Typhimurium were recovered per gram of feces (not shown).

In the intestine of mice surviving the challenge, results
were similar to those in the feces. Low levels of S.
Typhimurium were observed in the intestine of animals fed
with P. pastoris X-33 (0.78 log CFU) and S. boulardii (1.36
log CFU), and higher levels in the intestines of animals that
received diet without probiotics (3.17 log CFU) (results not
shown). The percentage of surviving animals with

S. Typhimurium in the intestine also differed significantly:
12.5 % in the P. pastoris X-33 group, 33 % in the S. boulardii
group, and 80 % in the control group (Fig. 4a).

In the assessment of bacterial translocation 13 days after
challenge, no S. Typhimurium was detected in the liver and
spleen of animals supplemented with P. pastoris X-33, while
in the control group, 3.3 log CFU were detected in both or-
gans. In the group supplemented with S. boulardii, 0.3 and
0.84 log CFUwere observed, respectively (results not shown).
The percentage of surviving animals with S. Typhimurium in
the liver and spleen supplemented with P. pastorisX-33 in the
diet (0 % in both organs) was significantly lower (p < 0.05) in
the control group (60 and 80%, respectively) and in the group
supplemented with S. boulardii (33 % in both organs)
(Fig. 4b, c).

The percentage of surviving animals in which S.
Typhimurium was detected in the intestine, liver, and spleen,
which had been supplemented with S. boulardii, was significant-
ly lower (p < 0.05) than in the control group (80, 60, and 80 %,
respectively), but higher than in the group supplemented with
P. pastoris X-33 (12.5, 0, and 0 %, respectively) (Fig. 4a–c).

With regard to the intestinal injuries, mild to moderate le-
sions were observed in the intestinal microvilli of the surviv-
ing animals of all groups (Fig. 5). The percentage of surviving
animals with moderate as well as light intestinal lesions,
13 days after the challenge, and supplemented with P. pastoris
X-33 in diet (25 and 12.5 %, respectively) was also lower
(P < 0.05) in the control group (60 and 40 %, respectively)

Fig. 5 Histopathological aspects
of intestines of mice
supplemented for 20 days with 7
log CFU of P. pastoris X-33 per
gram of diet, which survived the
challenge with 1 LD50 of S.
Typhimurium. a, c Changes in the
morphology of microvilli of the
negative control group. b, d No
changes in the morphology of
microvilli of animals
supplemented with P. pastoris
X-33. Images a and b (×20
magnification). Images c and d
(×40 magnification)
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and the group treated with S. boulardii (42 and 28 %, respec-
tively). In relation to the animals supplemented with
S. boulardii, no significant difference was observed in the
percentage of mice with injuries, compared with the control
group (Fig. 6a, b).

Discussion

This study shows for the first time that the yeast P. pastoris
X-33, widely used as a heterologous protein production plat-
form, has probiotic properties with outstanding antibacterial

activity against S. Typhimurium. The yeast remained viable
and at appropriate concentration in the diet for at least
2 months, survived the stresses of the gastrointestinal tract
in vitro and in vivo, caused no behavioral changes or lesions
when administered to mice, inhibited the growth of S.
Typhimurium in culture media, reduced adhesion of the bac-
teria to intestinal cells HCT-116, and decreased the mortality
of experimentally challenged animals. These results comple-
ment studies on broiler chicken, showing that P. pastoris sup-
plementation is safe and beneficial, increasing the weight gain
of these animals (Gil de los Santos et al. 2012).

Probiotics are challenged by chemical barriers until they
reach their site of action, barriers as the gastric juice, digestive
enzymes, bile salts, and the alkaline pH of the intestine (Con-
way 1996; Erkkila and Petaja 2000). In this study, the yeast
P. pastoris X-33 withstood the simulated conditions of the GI
tract, with a survival rate of approximately 77 %, a lower
result than by the bacterium Rhodopseudomonas palustris
(Fang et al. 2012) and the yeast Wicherhamomyces anomalus
(Garcia-Hernandez et al. 2012), by which survival rates ex-
ceeding 90 % were obtained. However, these microorganisms
were not challenged with such adverse and reality-near con-
ditions as those in this study, since the GI tract simulation
experiments were not performed in sequence, to simulate gas-
tric conditions, and thereafter, intestinal conditions, nor were
they challenged with the digestive enzymes pepsin and pan-
creatic in the experiments. P. pastoris X-33 also survived the
TGI conditions of mice. Twenty-four hours after administra-
tion (7 log), a population of approximately 6 log10 yeast per
gram of fresh feces was isolated. This concentration dropped
drastically after 48 h, indicating that the supply to the animal
must be performed every 24 h, to ensure appropriate concen-
trations in the host intestine, since the probiotic effect is dose
dependent (FAO/WHO 2002). Yeasts are generally eliminated
by the host due to competition with the GI tract microbiota.
Therefore, they have to be administered regularly (Fuller
1989). Two to 5 days after intake stop of S. boulardii, the yeast
was no longer found in the feces of the host (Blehaut et al.
1989). Among the 103 candidate yeasts, the probiotics evalu-
ated by Tiago et al. (2009), including 48 of the genus Pichia,
only three (Pichia kluyveri, Metschnikowia reukaufii, and
Zygosaccharomyces fermentati) were found in the feces 4 days
after interrupting the supply (Vieira et al. 1998).

Salmonellosis is one of the major foodborne illnesses,
causing considerable losses in animal production and being
considered one of the world’s major zoonoses, affecting the
public health, with high endemicity and morbidity and partic-
ularly difficult to control. The WHO recommends the search
for alternative treatments for foodborne infections, and
probiotics have attracted attention in this sense (Jain et al.
2008). Although the effectiveness of probiotics against salmo-
nellosis in humans has not yet been confirmed, results have
been promising in experimental models (Fang et al. 2012;

Fig. 6 Percentage of mice supplemented for 20 days with 7 log CFU of
P. pastoris X-33 per gram of diet, which survived the challenge with 1
LD50 of S.Typhimurium and had moderate (a) and light intestinal lesions
(b). The animals in the negative control group received a standard diet
without probiotics. The animals in the positive control group received diet
with 7 log CFU of S. boulardii. Different letters represent significant
differences (p < 0.05), by analysis of variance (ANOVA) and the Tukey
test.
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Martins et al. 2010; Santos et al. 2001; Truusalu et al. 2008).
In this study,P. pastorisX-33 inhibited the growth and increased
the growth time of S. Typhimurium in vitro, being more effec-
tive than a blend of Lactobacillus acidophilus and Lactobacillus
casei (Milette et al. 2007). In the test with intestinal cells HCT-
116, P. pastoris X-33 reduced the adhesion of S. Typhimurium
by 47 %, comparable to the result with S. boulardii (control).
Similar results were reported by Martins et al. (2010) in an
evaluation of the ability of S. boulardii to inhibit the adhesion
and invasion of S. Typhimurium in intestinal T84 cells. Finally,
the protective potential of this strain was observed in the chal-
lenge experiments with S. Typhimurium in animals supplement-
ed with P. pastoris X-33 by gavage or in the diet, since the
survival rate increased by 30 %, whereas Salmonella concentra-
tion and lesions in the surviving animals were reduced. These
results corroborate findings of other studies, which showed a
protective effect of S. boulardii and other yeasts against infection
caused by S. Typhimurium in mice (Martins et al. 2009; Martins
et al. 2010; Martins et al. 2013; Rodrigues et al. 1996). The
mechanisms proposed to explain the antibacterial activity of
S. boulardii against S. Typhimurium are immunomodulation,
competition for nutrients, bacteria adsorption, and modulation
of signaling pathways involved in the activation of inflammation
(Martins et al. 2005; Martins et al. 2011; Martins et al. 2013).
Although these mechanisms may be associated with P. pastoris
X-33, further studies are required to determine the mechanisms
of action of this yeast against S. Typhimurium.

Thus, P. pastoris X-33, a yeast with the GRAS (generally
recognized as safe) status, is widely used in the production of
heterologous proteins, it can grow from industrial waste and
effluents (Celik et al. 2008, Gil de los Santos et al. 2012),
remain viable in animal feed for at least 2 months, and has
probiotic properties, making it a probiotic option with excellent
antibacterial activity against Salmonella Typhimurium. The
ease of genetic manipulation and the existence of several vec-
tors for the expression of heterologous proteins indicate this
yeast as a carrier of biofunctional molecules in animals feed.
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