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1. Introduction

The use of antibiotics in food-producing animals has 
significantly improved animal health by decreasing 
mortality and diseases. In addition to their therapeutic 
use, antibiotics are also deployed in animals for prophylaxis 
and growth promotion. Livestock is closely associated with 
microorganisms since the gut microbiota of the animals 
plays an important role in their overall health, productivity 
and well-being (Callaway et al., 2008; Ley et al., 2008). 
The legislation of the European Union banned antibiotics 
as growth promoters in food animals because bacterial 
pathogens of humans and animals have developed and 
shared a diversity of antibiotic resistance mechanisms which 

can be easily spread within microbial populations (Cogliani 
et al., 2011). In recent years, different alternatives, such as 
probiotics, have been explored. They represent a potentially 
significant therapeutic or preventive safe advance in animal 
production. However, the mechanisms responsible for 
probiotic effects have not been completely revealed yet. 
According to the Food and Agriculture Organization of the 
United Nations/World Health Organization (FAO/WHO, 
2001), probiotics are defined as live microorganisms which, 
when administered in adequate amounts, confer a health 
benefit to the host.

Major mechanisms of action for probiotics consist in 
epithelial barrier improvement, inhibition of pathogen 
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The aim was to evaluate the effect of Saccharomyces cerevisiae RC016 on immune parameters and gut microbiota 
in healthy mice. Animals received S. cerevisiae RC016 for 10 days. Microbial translocation to liver and changes in 
some bacterial populations in caecum were determined. Immune stimulation was assessed at gut level (measure of 
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adhesion, competitive exclusion of pathogenic 
microorganisms, production of antimicrobial substances 
and host immune system modulation (Bermudez-Brito et 
al., 2012). The genera most frequently used as probiotics 
in livestock include Bacillus and Enterococcus among 
bacteria and Saccharomyces among yeasts (Simon et al., 
2001). However, it is important to note that many beneficial 
microorganisms have not been substantiated as probiotics 
by experimental evidence yet. In addition, probiotic 
properties are dependent of each strain and they cannot 
be extrapolated to other similar microorganisms (same 
genera and species).

In previous works, the strain Saccharomyces cerevisiae 
RC016 was isolated from the gut of healthy pig. The 
mycotoxin-binding ability under gastrointestinal conditions 
and its beneficial properties like co-aggregation and 
inhibition of pathogenic bacteria as well as the improvement 
of ruminal fermentation have been reported using in vitro 
assays (Armando et al., 2011, 2012; Dogi et al., 2011). 
Furthermore, this yeast strain did not induce genotoxicity 
or cytotoxicity in in vivo assays (González Pereyra et al., 
2014). To evaluate the potential probiotic properties of this 
strain, in vivo experiments were conducted in mice. The 
aim of this study was to evaluate the effect of S. cerevisiae 
RC016 on some immune parameters and gut microbiota 
when orally administered in an experimental model of 
healthy BALB/c mice. The present work was conducted 
for the further development of a biological additive with 
both probiotic and mycotoxin-adsorbent properties to be 
included in animal feed.

2. Materials and methods

Animals

Male BALB/c mice were obtained from the inbred closed 
colony maintained at CERELA (Centro de Referencia para 
Lactobacilos, San Miguel de Tucumán, Argentina). Mice 
5 to 6 weeks old, weighing 33±3 g, were housed in groups 
of five mice per cage under conventional conditions. All 
animals were maintained in a room with a regular 12-h 
light/dark cycle at 20±2 °C over the course of the experiment 
(10 days). Animals received a conventional balanced diet 
(23% proteins, 6% raw fibre, 10% total minerals, 1.3% Ca, 
0.8% P, 12% moisture and vitamins) and water ad libitum. 
The animal protocols were according to the Guide for the 
Care and Use of Laboratory Animals – National Research 
Council, 2011. All animal protocols were approved by 
the Animal Protection Committee of CERELA, and all 
experiments complied with the current laws of Argentina.

Experimental groups

Mice were randomly divided into two experimental 
groups: the control mice received oral phosphate-buffered 
saline (PBS), while the yeast group mice received an oral 
suspension of the potentially probiotic S. cerevisiae RC016. 
Each experimental group consisted of five animals and all 
mice received balanced diet and water ad libitum. The 
experimental protocols were repeated 2 independent times 
and the samples obtained for the analysis of different data 
corresponded to 10 mice for each group.

Saccharomyces cerevisiae RC016 administration and 
experimental design

The yeast strain was previously isolated from pig gut 
(Armando et al., 2011) and obtained from the Collection 
Centre at the Universidad Nacional de Rio Cuarto, 
Argentina. Stock cultures were maintained at -80 °C in 
30% (v/v) glycerol. Working cultures were prepared daily 
from frozen stocks by transfer in yeast extract-peptone-
dextrose broth (YPD – 5 g yeast extract, 5 g peptone, 40 g 
dextrose, 1000 ml water) followed by incubation at 37 °C 
during 24 h with agitation. After that, cells were harvested 
by centrifugation at 5,000×g for 10 min and washed twice 
with sterile 0.01 M PBS (pH=7.2).

Daily, each animal was orally administered 0.1 ml of S. 
cerevisiae RC016 suspension in PBS (1×107 cfu/ml) using a 
gavage syringe. The control group received 0.1 ml of sterile 
PBS. Live body weight was measured at the beginning 
(day 1) and at the end of the experiment (day 10). The 
percentage of body weight gain during the experiment 
was calculated for each mouse. At day 10, mice from 
each group were euthanized by cervical dislocation. After 
obtaining peritoneal macrophages, liver and caecum of each 
mouse were removed aseptically for analysing microbial 
translocation and intestinal microbiota, respectively. 
Small intestine and colon and rectum (large intestine) 
were washed with the appropriate volume to obtain the 
intestinal contents and washed again before cutting into 
small pieces for histological procedures.

Microbial translocation

In order to determine possible sides effects of S. cerevisiae 
RC016 administration, microbial translocation to liver 
was analysed following the protocols previously described 
(LeBlanc et al., 2004; Rodriguez et al., 2001). After the 
assayed period, the livers were aseptically removed, weighed 
and homogenised in 5 ml of 0.1% peptone solution. Serial 
dilutions of the homogenate were plated in triplicate in 
the following agarised media: Mann-Rogosa-Sharp (MRS) 
for enumeration of Lactobacilli, MacConkey for analysis 
of Enterobacteriaceae, and brain-heart infusion (BHI) for 
enumeration of anaerobic and aerobic microorganisms, 
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including possible translocation of the yeast. All these 
culture media were obtained from Britania (Buenos Aires, 
Argentina). Bacterial growth was evaluated after incubation 
of the plates at 37 °C for 24 to 72 h in aerobic and anaerobic 
(using anaerobic jars and anaerobic gas generating sachets, 
AnaeroPack® Mitsubishi Gas Chemical Co Inc., Tokyo, 
Japan) conditions.

Ex vivo phagocytosis assay of peritoneal macrophages

Peritoneal macrophages were obtained according to Valdez 
et al. (2001). Macrophages were aseptically extracted 
from peritoneal cavity with 5 ml of sterile PBS pH 7.4 
containing 100 µg/ml of gentamicin (Gm). Macrophages 
were washed by centrifugation and resuspended in RPMI 
1640 medium (Sigma, St Louis, MO, USA). Phagocytosis 
assay was performed using a commercial yeast as antigen 
(Saccharomyces boulardii Hansen CBS 5926 from 
Floratil, MERCK Química, Buenos Aires, Argentina) at a 
concentration of 107 cells/ml. Equal volumes of opsonised 
commercial yeast (incubated previously with normal mouse 
serum) were mixed with 106 cells/ml of macrophage 
suspensions. The mixture was incubated for 30 min at 
37 °C. The assay was performed in duplicate. Phagocytosis 
was expressed as the percentage of phagocytic macrophages 
in 200 cells counted using an optical microscope.

Histological samples

After obtaining the intestinal contents, small and large 
intestine (colon and rectum) were again washed, cut into 
small pieces (unopened) and fixed in 10% formaldehyde 
solution in PBS, pH 7. From the small intestine, three 
portions (2 cm length each) were selected; one near the 
stomach, the other from the middle and the last one at the 
end (before the cecum). From the large intestine, colon and 
rectum were removed and cut into pieces of approximately 
2 cm of length. After fixation (48 h), the tissues were 
dehydrated and embedded in paraffin following standard 
methodology (Sainte-Marie, 1962). Serial sections (4 µm) 
were cut from all the samples using a rotation microtome.

Determination of immunogloblin A+ cells in the small and 
large intestine tissues

The number of immunoglobulin A (IgA)+ cells was 
determined on histological slices from small and large (colon 
and rectum) intestine using a direct immunofluorescence 
assay. After paraffin removal using xylene substitute 
(Alclara, Alwik, Buenos Aires, Argentina) and rehydration 
in a decreasing gradient of ethanol, paraffin sections (4 μm) 
were incubated with a 1:100 dilution in PBS of anti-mouse 
IgA (α-chain) monospecific antibody (developed in goat) 
conjugated with fluorescein isothiocyanate (FITC), Sigma, 
St Louis, MO, USA) for 30 min at 37 °C. After incubation, 
the tissues were washed twice with PBS and mounted with 

mounting medium (glycerol:PBS, 9:1). The samples were 
observed with an epifluorescence microscope (Axiostar 
Plus FL, Carl Zeiss GmbH, Oberkochen, Germany). The 
assay was performed in duplicate and the control slides 
were incubated without any antibody (PBS) or with normal 
goat serum (diluted 1:100 in PBS) to confirm the absence of 
non-specific fluorescence. Fluorescent cells in the mucosa 
of small and large intestine (colon and rectum) samples 
were counted by blind counts. Thirty fields of view at 1000× 
magnification were evaluated in the small as well as in the 
large intestine samples by covering at least 10 random fields 
in each portion of the intestine. Areas with big organised 
lymphoid aggregates were excluded. Results were expressed 
as the number of positive fluorescent cells per ten fields 
of vision.

Determination of cytokines in the intestinal fluid

Intestinal contents were collected from the small and large 
(colon and rectum) intestines of mice with 500 µl of cold 
PBS, maintained on ice and then centrifuged at 5,000×g 
for 15 min at 4 °C. The supernatants were recovered and 
stored at -80 °C until cytokine determinations. These 
samples were analysed with the Cytometric Bead Array 
Mouse Inflammation Kit (CBA, BD Bioscience, San Diego, 
CA, USA) to measure interleukin (IL)-6, IL-10, monocyte 
chemoattractant protein-1 (MCP-1), interferon gamma 
(IFN-γ), tumour necrosis factor alpha (TNF-a), and IL-
12p70 levels in a single sample, following the manufacturer’s 
instructions. Cytokine quantification was performed using 
a FACS Calibur flow cytometer (BD Bioscience), and data 
acquired for each sample and standard (provided by the 
manufacture) were analysed using the FCAP Array V1.0.1 
software (BD Bioscience). The assay was performed in 
duplicate. The results were expressed as concentration of 
each cytokine in the intestinal fluid (pg/ml).

Analysis of the intestinal microbiota

The caecum from mice in control and yeast groups were 
aseptically removed, weighed and placed in sterile tubes 
containing 5 ml of 0.1% peptone solution. The samples were 
immediately homogenised under sterile conditions. Serial 
dilutions of the homogenised samples were performed and 
aliquots (0.1 ml) of dilutions were plated in duplicate in the 
following agarised media obtained from Britania (Buenos 
Aires, Argentina): Reinforced Clostridial Agar (RCA) for 
total anaerobic bacteria, MRS for total Lactobacilli, and 
MacConkey for total Enterobacteriaceae. MacConkey and 
MRS agar plates were aerobically incubated at 37 °C for 
24 and 48 h, respectively. RCA plates were anaerobically 
incubated at 37 °C for 72-96 h using anaerobic jars and 
anaerobic gas generating sachets (AnaeroPack® Mitsubishi 
Gas Chemical Co Inc.). After incubation, the number of cfu 
was manually counted on the plate with the appropriate 
dilution of the sample (plates with 30-300 colonies).
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Statistical analysis

Results were expressed as the mean values of independent 
results ± standard deviation. Ten mice of each group were 
sacrificed and samples were collected (n=10). The results 
were analysed by test of mean differences. The analysis 
was conducted using PROC GLM in SAS (SAS Institute, 
Cary, NC, USA).

3. Results

Evaluation of side effects associated with 
Saccharomyces cerevisiae administration

No significant differences were observed in the gain of body 
weights of mice receiving the S. cerevisiae RC016 compared 
to the control group at 10 days of experiment (Table 1). The 
results obtained from microbial translocation assay showed 
that 10 days of S. cerevisiae RC016 oral administration did 
not correlate with either the passage of gut microorganisms 
or the assayed yeast from the intestinal lumen to distant 
organs such as liver. Microbial growth was not observed 
in the samples obtained from the liver of control mice or 
mice given S. cerevisiae RC016 (data not shown).

Effect of Saccharomyces cerevisiae RC016 
administration on peritoneal macrophages phagocytic 
activity

The results obtained from phagocytic activity of peritoneal 
macrophage are shown in Figure 1. The administration of S. 
cerevisiae RC016 to healthy mice during 10 days significantly 
increased (P<0.001) the peritoneal macrophages phagocytic 
activity (33±6%) compared to the control group (17±2%).

Determination of immunoglobulin A+ cells in the small 
and large intestine tissues

When analysing the effect of S. cerevisiae RC016 
administration on the intestinal IgA producing cells, it was 
observed that this yeast strain induced significant increases 
in the number of IgA+ cells (P<0.05) in both the small and 

large (colon and rectum) intestine of mice after 10 days of 
administration, compared to the control group (Figure 2).

Determination of cytokines in the intestinal fluids

Results for determination of IL-10, MCP-1, IL-12p70 
and TNF-α in the small intestine contents are shown in 
Figure 3. A decrease in TNF-α levels was observed in the 
samples obtained from small intestine of mice that received 
S. cerevisiae RC016 compared to the control group. In 
addition, the analysis of IL-10/TNF-α ratio in these samples 
showed that yeast administration resulted in an increase 
of the anti-inflammatory /pro-inflammatory cytokine 
ratio (P<0.05) compared to the control group (Figure 
3E) However, no significant differences were observed 
for IL-10/IL-12p70 ratio between the groups (Figure 3F). 
Results for cytokine determinations in the large intestine 
(colon and rectum) are shown in Figure 4. No significant 
modifications were observed for IL-12p70 and MCP-1 when 
compared test and control group (Figures 4A and 4B). IL-
10 concentrations showed a high variability between the 
mice (Figure 4C) which was reflected in the IL-10/IL-12p70 
ratio (Figure 4D), without significant differences between 
the groups. TNF-α levels were under the sensitivity of the 
assay for these samples and IFN γ and IL-6 for both small 
and large intestine samples.

Analysis of the intestinal microbiota

The results obtained demonstrated that administration of 
S. cerevisiae RC016 to healthy mice during 10 days resulted 
in a decrease of one logarithmic unit for Enterobacteriaceae 

Table 1. Changes in body weight in mice that received a 
suspension of Saccharomyces cerevisiae RC016 (RC016).1

Control (g) RC016 (g)

Day 1 33.08±2.81 33.54±3.72
Day 10 36.21±3.07 35.35±4.35
Change (%) 8.64±1.79 a 6.73±1.99 a

1 Results are mean ± standard deviation (n=10). Control mice received 
a phosphate buffered saline solution. The same letter for the obtained 
values indicates no significant differences (P<0.05) between the groups.
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Figure 1. Ex vivo phagocytic activity of peritoneal macrophages 
from mice that received daily a suspension of Saccharomyces 
cerevisiae RC016 or phosphate buffered saline (Control) 
during 10 days. The values are expressed as the percentage 
of phagocytic macrophages in 200 cells counted using an 
optical microscope. Each bar represents the mean ± standard 
deviation (n=10). * Statistically different compared to the control 
(P<0.001).
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cfu (5.53±0.31) compared to the control group (4.85±0.14) 
(Figure 5). No significant changes were observed for the 
other bacteria studied comparing the two groups (P<0.05).

4. Discussion

The ban by the legislation of the European Union for 
the use of antibiotics in food animals has put increasing 
pressure on animal producers to adopt alternative strategies 

to reduce or eliminate antibiotics in feeds. Among the 
proposed alternatives, probiotics are considered good 
candidates because they have the potential to improve 
the gut barrier properties (Madsen et al., 2001) and to 
stimulate systemic and intestinal immunity to defend the 
host against infections (Dugas et al., 1999).

S. cerevisiae has the GRAS (Generally Recognised As 
Safe) status from the US Food and Drug Administration. 
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Figure 2. Direct immunofluorescence assay for IgA+ cells. IgA+ cells were determined by direct immunofluorescence in slides 
from the small intestine (A) and large intestine (colon and rectum) (B) of mice that received a suspension of Saccharomyces 
cerevisiae RC016 or phosphate buffered saline (Control) during 10 days. Results are expressed as number of positive cells 
counted in 10 fields of vision at 1000× magnification. Each bar represents the mean ± standard deviation (n=10). * Mean values 
differ significantly with the control (P<0.05). Representative microphotographs (400×) from a mouse of each group are showed: 
(C) Small intestine of control mouse; (D) Small intestine of mouse given S. cerevisiae RC016; (E) Large intestine of control mouse; 
(F) Large intestine of mouse given S. cerevisiae RC016.
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However, in the selection of a probiotic microorganism 
the safety of each strain needs to be evaluated. In the 
present work it was demonstrated that S. cerevisiae RC016 
administration to healthy mice did not induce negative 
side effects such as intestinal microbiota translocation 
to the liver or loss of body weight. With respect to body 
weight, growth promotion is a desired quality for probiotics 
in livestock feed and poultry, as was reported in broiler 
chickens supplemented with a yeast probiotic preparation 
(Aluwong et al., 2013). In our study, the beneficial effects 
of S. cerevisiae RC016 administration to mice were not 
associated to body weight increase, similar to the results 
reported recently for yeast supplementation on the growth 
performance of lambs (Soren et al., 2013). However, with 
our study, we cannot discard that S. cerevisiae RC016 

can affect body weight in young animals, such as weaned 
piglets or even under longer periods of administration. 
Body weight was considered as a safety parameter to 
discard negative effects, such as diarrhoea, that can be 
associated with microbial supplementation and causes 
loss of body weight. Similarly, microbial translocation to 
liver was evaluated to investigate if the potential probiotic 
yeast causes an intestinal microbial imbalance and / or 
alterations of intestinal barrier associated with the passage 
of gut microorganisms to other organs such as liver. This 
study also showed that S. cerevisiae RC016 was not found 
in the liver of the mice that received this yeast. In addition, 
previous studies have reported absence of genotoxicity and 
cytotoxicity for this yeast strain in a rat experimental model 
(Gonzalez Pereyra et al., 2014).
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Figure 3. Determinations of cytokines in small intestine contents of mice that received a suspension of Saccharomyces cerevisiae 
RC016 or phosphate buffered saline (Control) during 10 days. Samples were analysed for IL-12p70 (A), TNF-α (B), IL-10 (C) and 
MCP-1 (D) using a cytometric bead array kit. Results are expressed as concentration of each cytokine (pg/ml) in the intestinal fluid. 
The ratio between IL-10 and the pro-inflammatory cytokines TNFα (E) or IL-12p70 (F) were also analysed. Each bar represents the 
mean ± standard deviation (n=10). * Mean values significantly differ from the control (P<0.05).



 Probiotic properties of Saccharomyces cerevisiae for animal feed

Beneficial Microbes 7(5) 665

The health-promoting properties attributed to probiotics 
are multiple and include their capacity to activate/modulate 
the host immune system (De Moreno de LeBlanc et al., 
2008; Dogi et al., 2008; Galdeano et al., 2007; Perdigón et 
al., 2000). In the present work it was demonstrated that 
the oral administration of S. cerevisiae RC016 was able 

to stimulate the mice´s immune system, not only in the 
intestine but also by increasing the phagocytic activity of 
peritoneal macrophages. Similar results were observed 
in mice that received commercial probiotic fermented 
milk which had increased phagocytic activity of peritoneal 
macrophages until day 14th of administration (De Moreno 
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Figure 4. Determinations of cytokines in large intestine contents of mice that received a suspension of Saccharomyces cerevisiae 
RC016 or phosphate buffered saline (Control) during 10 days. Samples were analysed for IL-12p70 (A), MCP-1 (B) and IL-10 (C) 
using a cytometric bead array kit. The results are expressed as concentration of each cytokine (pg/ml) in the intestinal fluid. The 
ratio between IL-10 and the pro-inflammatory cytokine IL-12p70 (D) was also analysed. Each bar represents the mean ± standard 
deviation (n=10).
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Figure 5. Enterobacteriaceae, lactobacilli and total anaerobes in samples from caecum of mice that received a suspension of 
Saccharomyces cerevisiae RC016 or phosphate buffered saline (Control) during 10 days. Determination was made by conventional 
culture techniques. Colony counts are expressed as log10 cfu/g caecum. Each bar represents the mean ± standard deviation 
(n=10). * Statistically different compared to the control (P<0.05).
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de Leblanc et al., 2008). The increased phagocytic activity 
of peritoneal macrophages can also be associated with the 
potential protection against pathogens, as was reported for 
the probiotic Lactobacillus casei CRL 431 in a mouse model 
of Salmonella enterica serovar Typhimurium infection (De 
Moreno de LeBlanc et al., 2010).

At the intestinal level, S. cerevisiae RC016 administration 
increased the number of IgA+ cells. This was observed 
in both, small and large (colon and rectum) intestine. 
The main mechanism of protection given by the GALT 
is humoral immune response mediated by secretory IgA 
(s-IgA), which prevents the entry of potentially harmful 
antigens and also interacts with mucosal pathogens 
without potentiating damages. In contrast to this humoral 
response, innate immune cells, including neutrophils and 
macrophages can also act against pathogens and induce 
protective but destructive responses (Lebeis et al., 2008). 
An increasing number of probiotic strains were shown 
to increase s-IgA (Delcenserie, et al., 2008; Thomas 
and Versalovick, 2010), therefore the stimulation of IgA 
producing cells is often considered a desirable property 
in the screening of probiotic microorganisms. Beneficial 
effect of probiotics is also associated with down regulation 
of excessive inflammatory response; therefore the analysis 
of some pro-inflammatory and regulatory cytokines was 
performed in intestinal fluids obtained from small and 
large intestine of mice. It is important to note that S. 
cerevisiae RC016 administration to healthy mice did not 
induce increases of the pro-inflammatory cytokines, such 
as TNF-α and IL-12p70. The overproduction of these 
cytokines may cause pathological inflammatory response 
and it is also desirable that probiotic administration can 
modulate the production of these cytokines in pathological 
conditions. In this sense, TNF-α is an important pro-
inflammatory molecule with pleiotropic functions in 
intestinal inflammation. In the present work, a significant 
decrease of TNF-α was observed after yeast administration. 
This is an important result since immunological responses 
that occur during the weaning process in pig involve up-
regulation of proinflammatory cytokines, mainly TNF-α 
(Pié et al., 2004). Pro-inflammatory cytokines have an 
influence on intestinal integrity and epithelial function 
which are related to permeability and nutrient transport 
(McKay and Baird, 1999).

The chemokine MCP-1 was analysed because it is 
responsible for the recruitment of monocytes, basophils, 
natural killer cells, T lymphocytes and also dendritic 
cells and memory T lymphocytes (Rydstrom and Wick, 
2009). An increase of MCP-1 can be associated with pro-
inflammatory response (Reinecker et al., 1995). The analysis 
of this chemokine showed that even while S. cerevisiae 
RC016 administration increased the phagocytic activity of 
peritoneal macrophages, it did not increase the recruitment 
of these cells by MCP-1 at the intestinal level. However, the 

recruitment via other ways is still possible and should be 
evaluated in future studies. IL-10 is a pluripotent cytokine 
and the most important anti-inflammatory cytokine found 
within the mammalian immune response. All the activities 
of IL-10 lead to the inhibition of the production of pro-
inflammatory mediators while enhancing the production 
of anti-inflammatory mediators (De Moreno de LeBlanc 
et al., 2011). While IL-10 concentration did not increase 
significantly in the intestinal fluids of mice given S. 
cerevisiae RC016, compared to the control, an increased 
IL-10/TNFα ratio was observed in small intestine fluid 
from the mice receiving yeast. Although these results were 
obtained in healthy mice, they allow suggesting the use of S. 
cerevisiae RC016 as a probiotic strain that could successfully 
modify the mucosal immune response by modulating gut 
inflammation. Nevertheless, this should be corroborated 
using models of intestinal inflammation.

Yeast has been used for decades and its use has resulted 
in improved animal production, health and increased 
growth. S. cerevisiae has been administered as preventive or 
therapeutic agent for diarrhoea and other gastro-intestinal 
disturbances in both, ruminant and nonruminant species 
(Chaucheyras-Durand et al., 2008; Czerucka et al., 2007). 
Previous studies have demonstrated that S. cerevisiae 
RC016 has been able to co-aggregate and inhibit enteric 
pathogenic bacteria in vitro (Armando et al., 2011) and 
to modulate ruminal microbiota (Dogi et al., 2011). In 
the present work, S. cerevisiae RC016 administration was 
associated with the diminution of one logarithmic unit 
for Enterobacteriaceae in the mouse model. This result 
can be due to the presence of live yeast in the intestinal 
environment or to some components of the yeast that 
can act by favouring or decreasing the growth of certain 
microorganisms. Future studies should be done to figure 
out the mechanisms implicated. This ability (even if it was a 
small decrease of certain bacteria in the model) to modulate 
intestinal microbiota in healthy animals, reducing potential 
pathogens is a desirable property for a probiotic strain used 
in animal production and it should be evaluated in the 
host for which it is proposed. Weaned piglets are highly 
vulnerable to pathogenic enteric conditions such as post-
weaning diarrhoea caused by serotypes of enterotoxigenic 
Escherichia coli (Pluske, 2013; Rist et al., 2013).

5. Conclusions

The present study describes the results of an in vivo trial 
for a potential probiotic S. cerevisiae strain isolated from 
the pig intestine, which previously demonstrated beneficial 
and mycotoxin-binding properties in vitro. The beneficial 
in vivo effects observed on the host immune response 
after the intake of S. cerevisiae RC016 are promising 
since this strain could be suitable for the formulation of 
feed additives to improve animal productivity with both, 
probiotic and mycotoxin-binding properties. The use of 
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microbial additives with beneficial properties to the host, 
instead of chemical products, is a safer and eco-friendly 
option to increase animal productivity with a minimised 
environmental impact.

Acknowledgements

This work was carried out thanks to grants from SECYT-
UNRC, ANPCYT-PICT and CONICET (PIP).

References

Aluwong, T., Hassan, F., Dzenda, T., Kawu, M. and Ayo, J.J., 2013. Effect 
of different levels of supplemental yeast on body weight, thyroid 
hormone metabolism and lipid profile of broiler chickens. Journal 
of Veterinary Medical Science 75: 291-298.

Armando, M.R., Dogi, C.A., Pizzolitto, R.P., Escobar, F., Peirano, 
M.S., Salvano, M.A., Sabini, L.I., Combina, M., Dalcero, A.M. and 
Cavaglieri, L.R., 2011. Saccharomyces cerevisiae strains from animal 
environmental with aflatoxin B1 binding ability and antipathogenic 
bacteria influence. World Mycotoxin Journal 1: 59-68.

Armando, M.R., Dogi, C.A., Rosa, C.A.R., Dalcero, A.M. and Cavaglieri, 
L.R., 2012. Saccharomyces cerevisiae strains and the reduction 
of Aspergillus parasiticus growth and aflatoxin B1 production 
at different interacting environmental conditions, in vitro. Food 
Additives and Contaminants Part A 29: 1443-1449.

Bermudez-Brito, M., Plaza-Díaz, J., Muñoz-Quezada, S., Gómez-
Llorente, C. and Gil, A., 2012. Probiotic mechanisms of action. 
Annals of Nutrition and Metabolism 61: 160-174.

Callaway, T.R., Edrington, T.S., Anderson, R.C., Byrd, J.A. and Nisbet, 
D.J., 2008. Gastrointestinal microbial ecology and the safety of our 
food supply as related to Salmonella. Journal of Animal Science 
86: E163-E172.

Chaucheyras-Durand, F., Walker, N.D. and Bach, A., 2008. Effects of 
active dry yeasts on the rumen microbial ecosystem: past, present 
and future. Animal Feed Science and Technology 145: 5-26.

Cogliani, C., Goossens, H. and Greko, C., 2011. Restricting 
antimicrobial use in food animals: lessons from Europe. Microbe 
6: 274-279.

Czerucka, D., Piche, T. and Rampal, P., 2007. Yeast as probiotics 
– Saccharomyces boulardii. Alimentary Pharmacology and 
Therapeutics 26: 767-778.

De Moreno de LeBlanc, A., Castillo, N.A. and Perdigon, G., 2010. 
Anti-infective mechanisms induced by a probiotic Lactobacillus 
strain against Salmonella enteric serovar Typhimurium infection. 
International Journal of Food Microbiology 138: 223-231.

De Moreno de LeBlanc, A., Chaves, S., Carmuega, E., Weill, R., 
Antóine, J. and Perdigón, G., 2008. Effect of long-term continuous 
consumption of fermented milk containing probiotic bacteria on 
mucosal immunity and the activity of peritoneal macrophages. 
Immunobiology 213: 97-108.

De Moreno de LeBlanc, A., Del Carmen, S., Zurita-Turk, M., Santos 
Rocha, C., Van de Guchte, M., Azevedo, V., Miyoshi, A. and 
LeBlanc, J.G., 2011. Importance of IL-10 modulation by probiotic 
microorganisms in gastrointestinal inflammatory diseases. ISRN 
Gastroenterology article ID 892971.

Delcenserie, V.D., Martel, M.D., Lamoureux, J.M., Amiot, Y., Boutin, 
Y. and Roy, D., 2008. Immunomodulatory effects of probiotics in 
the intestinal tract. Current Issues in Molecular Biology 10: 37-54.

Dogi, C.A., Armando, R., Ludueña, R., De Moreno de LeBlanc, A., 
Dalcero, A. and Cavaglieri, L., 2011. Saccharomyces cerevisiae strains 
retain their viability and AFB1 binding ability under gastrointestinal 
conditions and improve ruminal fermentation. Food Additives and 
Contaminants Part A 28: 1705-1711.

Dogi, C.A., Maldonado Galdeano, C. and Perdigón, G., 2008. Gut 
immune stimulation by non pathogenic Gram (+) and Gram (-) 
bacteria. Comparison with a probiotic strain. Cytokine 41: 223-231.

Dugas, B., Mercenier, A., Lenoir-Wijnkoop, I., Arnaud, C., Dugas, 
N. and Postaire, E., 1999. Immunity and probiotics. Immunology 
Today 20: 387-390.

Food and Agriculture Organization of the United Nations/World 
Health Organization (FAO/WHO), 2001. Evaluation of health and 
nutritional properties of powder milk and live lactic acid bacteria. 
Available at: http://tinyurl.com/8bccc3r.

Galdeano, C.M., De Moreno de LeBlanc, A., Vinderola, G., Bonet, 
M.E. and Perdigón, G., 2007. Proposed model: mechanisms of 
immunomodulation induced by probiotic bacteria. Clinical and 
Vaccine Immunology 14: 485-492.

González Pereyra, M.L., Dogi, C., Torres Lisa, A., Wittouck, P., 
Ortíz, M., Escobar, F., Bagnis, G., Yaciuk, R., Poloni, L., Torres, 
A., Dalcero, A.M. and Cavaglieri, L.R., 2014. Genotoxicity and 
cytotoxicity evaluation of probiotic Saccharomyces cerevisiae RC016: 
a 60-day subchronic oral toxicity study in rats. Journal of Applied 
Microbiology 117: 824-833.

Lebeis, S.L., Sherman, M.A. and Kalman, D., 2008. Protective 
and destructive innate immune responses to enteropathogenic 
Escherichia coli and related A/E pathogens. Future Microbiology 
3: 315-328.

LeBlanc, J.G., Garro, M.S., Savoy de Giori, G. and Font de Valdez, 
G.A., 2004. Novel functional soy-based food fermented by lactic 
acid bacteria: effect of heat treatment. Journal of Food Science 69: 
M246-M250.

Ley, R.E., Hamady, M., Lozupone, C., Turnbaugh, P.J., Ramey, R.R., 
Bircher, J.S., Schlegel, M.L., Tucker, T.A., Schrenzel, M.D., Knight, 
R. and Gordon, J.I., 2008. Evolution of mammals and their gut 
microbes. Science 320: 1647-1651.

Madsen, K., Cornish, A., Soper, P., Mckaigney, C., Jijon, H., Yachimec, 
C., Doyle, J., Jewell, L. and De Simone, C., 2001. Probiotic bacteria 
enhance murine and human intestinal epithelial barrier function. 
Gastroenterology 121: 580-591.

McKay, D.M. and Baird, A.W., 1999. Cytokine regulation of epithelial 
permeability and ion transport. Gut 44: 282-289.

Perdigón, G., Medina, M., Vintini, E. and Valdez, J.C., 2000. Intestinal 
pathway of internalization of lactic acid bacteria and gut mucosal 
immunostimulation. International Journal of Immunopathology 
and Pharmacology 13: 141-150.

Pié, S., Lallès, J.P., Blazy, F., Laffitte, J., Sève, B. and Oswald I.P., 
2004. Weaning is associated with an upregulation of expression 
of inflammatory cytokines in the intestine of piglets. Journal of 
Nutrition 134: 641-647.

http://tinyurl.com/8bccc3r


G. García et al.

668 Beneficial Microbes 7(5)

Pluske, J.R., 2013. Feed- and feed additives-related aspects of gut health 
and development in weanling pigs. Journal of Animal Science and 
Biotechnology 4: 1-7.

Reinecker, H.C., Loh, E.Y., Ringler, D.J., Mehta, A., Rombeau, J.L. 
and MacDermott, R.P., 1995. Monocyte-chemoattractant protein 
1 gene expression in intestinal epithelial cells and inflammatory 
bowel disease mucosa. Gastroenterology 108: 40-50.

Rist, V.T., Weiss, E., Eklund, M. and Mosenthin, R., 2013. Impact 
of dietary protein on microbiota composition and activity in the 
gastrointestinal tract of piglets in relation to gut health: a review. 
Animal 7: 1067-1078.

Rodriguez, A.V., Baigori, M.D., Alvarez, S., Castro, G.R. and Oliver, 
C., 2001. Phosphatidylinositol-specific phospholipase C activity 
in Lactobacillus rhamnosus with capacity to translocate. FEMS 
Microbiology Letters 204: 33-38.

Rydström, A. and Wick, M.J., 2009. Monocyte and neutrophil 
recruitment during oral Salmonella infection is driven by 
MyD88-derived chemokines. European Journal of Immunology 
39: 3019-3030.

Sainte-Marie, G., 1962. A paraffin embedding technique for studies 
employing immunofluorescence. Journal of Histochemistry and 
Cytochemistry 10: 250-256.

Simon, O., Jadamus, A. and Vahjen, W., 2001. Probiotic feed additives 
effectiveness and expected modes of action. Journal of Animal and 
Feed Sciences 10: 51-67.

Soren, N.M., Tripathi, M.K., Bhatt, R.S. and Karim, S.A., 2013. Effect 
of yeast supplementation on the growth performance of Malpura 
lambs. Tropical Animal Health and Production 45(2): 547-554.

Thomas, C.M. and Versalovic, J., 2010. Probiotics-host communication: 
modulation of signaling pathways in the intestine. Gut Microbes 
1: 148-163.

Valdez, J., Rachid, M., Gobbato, N. and Perdigon, G., 2001. Lactic acid 
bacteria induce apoptosis inhibition in Salmonella typhimurium 
infected macrophages. Food and Agricultural Immunology 13: 
189-197.


