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Naiara Simarro Fagundes?, Jaqueline Moreira Rafael? and
José Fernando Machado Menten?*

" Department of Poultry Science, University of Georgia, Athens, GA, United States, ? Department of Animal Science,
University of Sdo Paulo, Piracicaba, Brazil

The objective of this study was to evaluate the effects of dietary autolyzed yeast (AY;
Saccharomyces cerevisiae) supplementation on growth performance, immune system,
and intestinal bacterial count in broiler chickens. A total of 1,260 1-day-old male Ross
AP95 chicks were placed in a completely randomized design (4 treatments, 7 replicates
each, and 45 birds/replicate). The treatments were: basal diet—negative control (NC);
basal diet supplemented with 55 ppm of zinc bacitracin—positive control (PC); NC +
0.2% of AY; NC + 0.4% of AY. The diets were formulated based on corn-soybean meal
with 5% inclusion of wheat bran and 5% of poultry by-product meal. At 7 days of age, all
birds were eye drop-vaccinated with live vaccine against coccidiosis. At 8 and 21 days of
age, one chicken per pen was then euthanized by cervical dislocation to collect ileal and
cecal contents for enumeration of Enterococcus sp., Escherichia coli and Lactobacillus
sp. Yet, ileal samples were collected to analyze the gene expression of Claudin-1, IL-18,
IL-4, TLR-4, and MUC-2 through real time PCR. On d 21, it was observed that the
inclusion of 0.2% of AY improved FCR (P < 0.05) when compared to the NC treatment. In
the overall experimental period, the inclusion of zinc bacitracin and 0.4% of AY improved
FCR (P < 0.05) compared to the NC group. On d 8, supplementation of 0.2% of AY
increased Enterococcus and both concentrations of AY reduced Lactobacillus in the
ileal digesta compared to birds supplemented with zinc bacitracin. On d 21, 0.2% of
AY reduced E. coli in the cecal digesta. On d 8, AY supplementation downregulated
the expression of TLR-4 vs. the PC group (P = 0.04). On d 21, supplementation of AY
upregulated the expression of IL-18 (P < 0.05) vs. the NC group. Supplementation of
AY improved the growth performance of broiler chickens vaccinated against coccidiosis,
partially explained by the modulation of the intestinal microbiota and immune-system.
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INTRODUCTION

The search for antimicrobial replacements in the diets of
broiler chickens is of paramount importance due to the recent
restrictions in the use of antimicrobial growth promoters which
is driven primarily by the increased incidence of antimicrobial
resistance. In animal production systems, the restriction means
only using antibiotic when necessary to protect the health
of animals or humans (Hoelzer et al, 2018), and under a
veterinarian prescription. However, according to the report “UK
5 Years Antimicrobial Resistance Strategy 2013-2018” there is
scientific evidences showing that the increase of clinical issues
related to “superbugs” and antimicrobial resistance in humans is
aresult of the use of antimicrobial in humans, and not in animals.
Regardless of this fact, prevention of subclinical and clinical
diseases in poultry must rely on non-antibiotic alternatives and
good management conditions (Hoelzer et al., 2018).

The use of prebiotics, such as whole yeast (Saccharomyces
cerevisiae), as well as carbohydrates isolated from its cellular
wall (mannan-oligosaccharides-MOS, fructooligosaccharides-
FOS, and B-glucans) has been the focus of several studies in
poultry (Shanmugasundaram and Selvaraj, 2012; Shao et al,
2013; Shang et al., 2015, 2018; Adhikari et al., 2018). Nucleotides,
isolated from the cytoplasm of yeast, have also been tested
in broiler chickens (Uauy, 1994; Carver and Walker, 1995;
Mateo et al., 2004). Autolyzed yeast is the product of cellular
degradation, activated by its own enzymes, that solubilize cellular
components (Reed and Nagodawithana, 1991; Sommer, 1996)
and can be used in animal nutrition as well. Therefore, the use
of autolyzed yeast in the diets of broiler chickens would supply
the cellular components and the cell wall carbohydrates.

The composition of autolyzed yeast varies depending on
the process used for its production. Usually, autolyzed yeast
of Saccharomyces cerevisiae contains 29-64% of p-glucans, 31%
mannan-oligosaccharides, 13% of protein, and 9% of lipids
(Jaehrig et al., 2008). The benefits of supplementing yeast in
diets of ruminants relies on the increase of cellulolytic bacteria
in the rumen, increasing the energy extracted from the diets,
and consequently the performance of the animals (Wallace, 1994;
Newbold et al., 1995). In broiler chickens, the effects of prebiotics
partially rely on blocking receptor sites of pathogen adhesion,
immunomodulation, production of antimicrobial molecules by
the intestinal microbiota, and shifts in the intestinal microbial
structure (Shang et al, 2015, 2018; Adhikari et al, 2018;
Suresh et al., 2018). For instance, supplementation of FOS to
diets of broilers reduced the amount of potential pathogenic
microorganisms, such as Helicobacter and Desulfovibrio, in the
ileal mucosa, and increased beneficial members of the family
Lachnospiraceae (Shang et al., 2018). Additionally, FOS and MOS
leads to proliferation of beneficial groups of bacteria, such as
Lactobacillus and Bifidobacterium, and reduction of Salmonella
and Escherichia coli (Sims et al., 2004; Briimmer et al., 2010).
Gram-negative bacteria, such as Salmonella and E. coli, bind to
MOS through the fimbriae instead of binding to epithelial cells,
which carries the bacteria with the excreta (Adhikari and Kim,
2017; Adhikari et al., 2018).

On the other hand, FOS and MOS are cited in the literature
as feed additives able to improve gut health by their action
on the immune-response in the gut-associated lymphoid tissue
(GALT). Part of this action is mediated directly by the interaction
between prebiotics and immune cells as well as due to the effect
of prebiotics on the microbiota (Adhikari and Kim, 2017). MOS
can modulate the intestinal immune system by the stimulation
of the mucosal immunity as they may act as non-pathogenic
microbial antigens (Davis et al., 2004), and act as adjuvants due
to the presence of mannose receptors on the epithelial surface,
and therefore involved in the antigenic recognition (Engering
etal., 1997; Ferket et al., 2002). Adhikari et al. (2018) conducted a
broad study looking at the effects of FOS in layers challenged with
Salmonella Enteritidis and observed that FOS reduced Salmonella
in the fecal excreta and lowered the colonization in the ovaries.
Yet, FOS upregulated TLR-4, and increased IgA positive cells in
the ileal mucosa (Adhikari et al., 2018).

Therefore, it was hypothesized that AY supplementation
would improve growth performance of broiler chickens by
modulating the immune system of broiler chickens vaccinated
against coccidiosis and modulating specific populations of
bacteria in the gut. The aim of this study was to investigate
the effects of supplementing diets with AY of Saccharomyces
cerevisiae on the performance, intestinal microbiota, immune
cells profile, and expression of intestinal immune-related genes
of broiler chickens vaccinated against coccidiosis.

MATERIALS AND METHODS

Birds, Housing, and Feeding
All the procedures used in this study were approved by
the institutional animal care and use committee of the Luiz
de Queiroz College of Agriculture, University of Sao Paulo.
One-day-old male Ross 308 AP95 (1,260 birds) were used
in the experiment. Chicks were weighed by pen for equal
weight distribution and placed into 28 pens (45 birds/pen and
7 replicates/treatment), from 1 to 35 days, in a completely
randomized design. The treatments were: basal diet—negative
control (NC); basal diet supplemented with 55 ppm of
zinc bacitracin—positive control (PC); NC + 0.2% of AY
(SINERGIS®, Aleris, Jundiai, SP, Brazil); NC + 0.4% of AY.
The nutritional program consisted of 3 diets: pre-starter (1-7
days), starter (7-21 days), and grower (21-35 days). For each
phase a basal diet was formulated with corn, soybean meal,
and the inclusion of 5% poultry by-products meal and 5%
wheat bran (Table 1). The latter 2 ingredients were used with
the purpose of imposing a challenge to the intestinal health.
Ingredient composition and nutritional specifications followed
Brazilian Tables (2011). Chickens had ad libitum access to water
and feed in mash form during the entire experimental period.
On d 7, all the birds were eye-drop vaccinated with a
coccidiosis vaccine (Bio-Coccivet R/Biovet) containing 7 Eimeria
species: E. acervulina; E. brunetti; E. maxima; E. necatrix; E.
praecox; E. tenella; and E. mitis using the dose recommended
by the manufacturer. Chickens and feed were weighed weekly to
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TABLE 1 | Composition of the experimental diets and calculated nutrient
composition.

TABLE 2 | Specific monoclonal antibodies used in the flow cytometry analysis
with their target cell population.

Ingredients, % Pre-starter Starter Grower Cells Antibody

Corn 49.0 57.8 62.1 Helper T lymphocytes (CD4*+ TCRvg1~) CD4/TCRv1/CD45
Soybean meal 34.5 26.8 23.3 Mucosal helper T lymphocytes (CD4TTCRvp1t) CD4/TCRvp1/CD45
Wheat bran 5.00 5.00 5.00 Mucosal cytotoxic T lymphocytes (CD4~TCRvp1T) CD4/TCRvp1/CD45
Poultry by-product meal 5.00 5.00 5.00 Non-activated helper T lymphocytes (CD8~CD287) CD8w/CD28/CD45
Soybean oil 2.40 1.64 1.69 Cytotoxic T lymphocytes (CD8+CD281) CD8w/CD28/CD45
Dicalcium phosphate 1.51 1.11 0.87 Activated cytotoxic T lymphocytes (CD8+CD28™) CD8w/CD28/CD45
Limestone 0.84 0.98 0.86 Monocytes (Kult MHCIIT) Kul-1/MHCII/CD45
Salt 0.46 0.44 0.41 Antigen presenting cells (APCs) (Kul~MHCIIT) Kul-1/MHCII/CD45
DL-Methionine 0.31 0.26 0.23 Suppressors monocytes (Kul™ MHCIIT) Kul-1/MHCII/CD45
L-Lysine. HCI 0.27 0.29 0.28 B lymphocytes (But) Bu-1/CD45
L-Threonine 0.06 0.06 0.04

Vitamin premix@ 0.15 0.15 0.12

Mineral premix® 0.05 0.05 0.05

Choline chioride (60%) 0.08 0.06 0.05 Lactobacillus sp. were enumerated using Mueller-Hinton, Levine
Filler 0.40 0.40 0.40 EMB, and MRS agar, respectively.

Total (kg) 100 100 100

ME (kcal/kg) 2,925 2,980 3,050 Flow Cytometry Analysis

Crude protein (%) 23.20 20.30 19.20 Blood (2mL) was collected from one bird per pen on d 8
Digestible Lys (%) 1.304 1.141 1.045 and 21 using heparinized syringes (Blausiegel, SP, Brazil), and
Digestibel Met +Cys (%) 0.939 0.822 0.763 placed into heparinized tubes (Becton, Dickinson and Company,
Digestible methionine (%) 0.613 0.529 0.496 NJ, USA). The samples were then stored at 4°C until analysis.
Digestible Threonine (%) 0.848 0.742 0.679 The antibodies were acquired from Southern Biotechnology
Calcium (%) 0.920 0.860 0.750 Associates (USA). The mouse anti-chicken CD45 antibody was
Available phosphorus (%) 0.470 0.384 0.335 used to separate the leukocytes from the total blood. The
Potassium (%) 0.841 0.726 0.764 antibodies used to identify the superficial molecules are described
Sodium (%) 0.220 0.210 0.200 in Table 2. Blood samples were treated according to Stabel et al.

aDSM Nutritional Products, provided per kilogram of product: Vit. A—9,000,000 UI; Vit.
D3-2,500,000 Ul; Vit. E—20,000 Ul; Vit. K3-2,500 mg; Vit. B1-2,000 mg; Vit. B2-6,000 mg;
Vit. Bg-3,000mg; Vit. B12-15,000 ng; Niacin—35 g; Pantothenate—12 g; Biotin—100mg;
Folic acid—1,500 mg; Se—250 mg.

bDSM  Nutritional Products, provided per kilogram of product: Mn—160,000mg;
Fe—100,000 mg; Zn—100,000 mg,; Cu—20,000 mg; Co—2,000 mg; I—2,000 mg.

determine body weight gain (BW gain), feed intake (FI), and feed
conversion ratio (FCR).

Sample Collection

At 8 and 21 days of age, one bird per pen (7 per treatment) was
selected for blood collection and was then euthanized by cervical
dislocation to collect ileal and cecal digesta for microbial analysis.
Additionally, a sample of ileum was collected for gene expression
analysis.

Bacterial Enumeration of the lleal and
Cecal Digesta

Samples of the contents of the proximal ileum and cecum were
aseptically collected and stored into 15 mL tubes and kept under
4°C for 24 h until analysis. One gram of sample was used and
submitted to serial dilutions with saline solution (0.85%) and
plated on a medium specific for each bacterial group. The plates
were then incubated at 37°C for 24 h. Enterococcus sp., E. coli, and

(2000) with a slight modification. In short, 50 wL of blood was
incubated for 30 min at 37°C with the specific antibody and
fixed with paraformaldehyde for 30 min at 4°C, and then put
into the cytometry tubes. The flow cytometry analysis was done
using FACSCalibur® flow (Becton, Dickinson and Company, NJ,
USA).

Gene Expression Analysis

Ileal samples from one bird per pen were collected to analyze
the expression of IL-1p, IL-4, TLR-4, Claudin-1, and MUC2
genes. The sample preparation for real time PCR was done in
accordance with Horn et al. (2014). RNA was isolated using
TRIzol® reagent (Invitrogen, Carlsbad, CA, USA). The quantity
and quality of RNA was assessed using spectrophotometry.
The complementary DNA (cDNA) was synthesized from 5 pL
of total RNA using oligodT primers and reverse transcriptase
(Invitrogen, China). The cDNA was then diluted in distilled water
and stored at —20°C for further analysis. The primers used are
shown in Table 3. The PCR analysis was performed with a total
solution of 25 pL, containing 5 WL of cDNA, 12.5 uL of SYBR
Green PCR Master Mix (Roche, Switzerland), 2.5 wL of each
primer, and 3 pL of molecular water. The PCR reaction consisted
of 95°C for 10 m, followed by 40 cycles of 95°C for 155, and 55,
48, 50, 51, and 52°C for IL-1B, IL-4, TLR-4, Claudin-1 e MUC-2,
respectively. The relative expression was calculated according to
Pfaftl (2001). B-actin was used as the endogenous control gene.
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TABLE 3 | Primer sequences used in the real time PCR analysis.

IL-18 Forward AGAAGAAGCCTCGCCTGGAT
Reverse CCGCAGCAGTTTGGTCAT

IL-4 Forward GAGAGGTTTCCTGCGTCAAG
Reverse TGACGCATGTTGAGGAAGAG

TLR-4 Forward AGTCTGAAATTGCTGAGCTCAAAT
Reverse GCGACGTTAAGCCATGGAAG

Claudin-1 Forward TGGAGGATGACCAGGTGAAGA
Reverse CGAGCCACTCTGTTGCCATA

MUC2 Forward TTCATGATGCCTGCTCTTGTG
Reverse CCTGAGCCTTGGTACATTCTTGT

B-Actin Forward CAACACAGTGCTGTCTGGTGGTA
Reverse TCGTACTCCTGCTTGCTGATCC

Sequences obtained from Cox et al. (2010), Shao et al. (2013), and Alizadeh et al. (2016).

Statistical Analysis

The data were tested for normality and homogeneity of variances
using PROC UNIVARIATE and Bartlett test of SAS (2012).
The bacterial enumeration data were transformed to log;o and
converted from CFU/LL to CFU/mL. The flow cytometry data
were submitted to inverse or logarithmic transformation when
necessary. For performance data, the pen was considered as
the experimental unit, and for bacterial count, gene expression,
and flow cytometry analysis the single birds from each pen was
considered the experimental unit. The model included the effects
of the four dietary treatments. All the data were submitted to one-
way ANOVA (P < 0.05) and in case of significance the means
were separated using Tukey’s test using SAS (2012).

RESULTS AND DISCUSSION

In the present study, it was evaluated the effects of supplementing
AY as an alternative to zinc bacitracin in diets of broiler chickens
and their effects on the growth performance, immune system
and some specific groups of intestinal bacteria. In order to
impose a higher sanitary challenge, the diets were formulated
with 5% inclusion of poultry by-products meal and wheat bran,
and vaccination against coccidiosis. The cumulative performance
data is shown in Table4. No differences among treatments
was observed in the first 2 weeks of the trial. From d 1 to
21, however, it was observed that the FCR was improved in
chickens supplemented with 0.2% of AY when compared to the
birds in the negative control group (P = 0.02). Additionally,
in the period from 1 to 35 days it was observed that the FCR
was better in chickens supplemented with 0.4% of AY or zinc
bacitracin compared to birds in the negative control treatment
(P = 0.02). No differences were observed for BW gain or FI
among treatments. From d 21 to 35 (Table 4), it was observed
that BW gain of chickens supplemented with 0.4% of AY was
better (P = 0.03) than birds supplemented with 0.2% of AY. Yet,
FCR of birds fed 0.4% of AY was better (P = 0.04) than birds
supplemented with 0.2% of AY or the unsupplemented birds
(negative control).

TABLE 4 | Growth performance of broiler chickens supplemented with zinc
bacitracin or autolyzed yeast of Saccharomyces cerevisiae.

BW gain, g Fl, g FCR
1-21 DAYS
Negative control 949 1,303 1.3732
Positive control 949 1,289 1.35920
NC + 0.2% AY 960 1,291 1.344b
NC + 0.4% AY 950 1,300 1.36420
SEM 6.17 6.46 0.35
Probability NS NS 0.02
21-35 DAYS
Negative control 1,45080 2,525 1.7418b
Positive control 1,4682P 2,500 1.7030¢
NC + 0.2% AY 1,433P 2,499 1.7442
NC + 0.4% AY 1,497 2,541 1.697°¢
SEM 7.35 475 0.52
Probability 0.03 NS 0.04
1-35 DAYS
Negative control 2,399 3,838 1.5952
Positive control 2,417 3,789 1.568°
NC + 0.2% AY 2,394 3,790 1.5838P
NC + 0.4% AY 2,447 3,841 1.569°
SEM 10.2 13.5 0.33
Probability NS NS 0.02

abcj\feans within a column with no common superscripts are significantly different
(P<0.05). BW gain, Body Weight Gain, Fl, Feed Intake; FCR, Feed conversion ratio; NC,
Negative control; CV, Coefficient of variation; NS, not significant.

Studies have demonstrated the potential use of yeast cell
components in the diets of broiler chickens (Zhang et al., 2005;
Gao et al, 2008; Shang et al., 2015; Alizadeh et al., 2016).
Gao et al. (2008) supplemented AY to broiler chickens and
did not find difference in the growth performance from d 1
to 21. However, in the grower period (21-42 days) and in the
cumulative period (1-42 days), chickens supplemented with AY
had better BW gain and FCR compared to non-supplemented
birds. The findings in the present study agree with Gao et al.
(2008) as the supplementation of AY improved the growth
performance in the grower phase and consequently from 1 to 35
days. The effect of AY in improving performance in the grower
period only, suggests that the components of yeast (MOS, f-
glucans, and others) have their effects augmented during intense
immune activation or extended challenge exposition. Another
explanation may be related to the maturation of the intestinal
microbiota in older birds which would result in higher metabolic
activity and higher production of short-chain fatty acids (SCFA)
stimulated by prebiotics. Production of SCFA has been cited as
one of the mechanisms of action by which prebiotics improve
growth performance (Chapman et al, 1994), as it may be
used as energy source by the tissues and increase partition of
nutrients in the body of an animal (Lu et al., 2012; Ajuwon,
2015).

Regarding the bacteria enumeration analysis (Table 5), it was
observed that the supplementation of 0.4% of AY decreased
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the number of Enterococcus in the ileum of chickens at d 8
vs. birds receiving 0.2% of AY, and both groups fed AY had
decreased Lactobacillus vs. birds fed zinc bacitracin. In the cecum,
it was observed that birds fed 0.2% of AY had lower E. coli
count compared to birds fed zinc bacitracin. On d 21, however,
the only difference was observed in the ileum wherein zinc
bacitracin supplementation reduced Enterococcus compared to
non-supplemented birds (negative control). Prebiotics cannot
be digested or absorbed by the GIT but rather used as food
source by the beneficial bacteria such as Lactobacillus and
Bifidobacterium in the lower intestine (Adhikari and Kim,
2017). Therefore, one can presume that Lactobacillus counts
would increase with dietary supplementation of prebiotics;
however, the AY used herein led to a decrease in the counts
of Lactobacillus in the ileum. Even though this result may
suggest that AY may have reduced Lactobacillus species that are
linked with poor performance in chickens (Torok et al., 2011),
one should keep in mind that enumeration techniques only
take into consideration the bacterial group under study. Next-
generation sequencing analysis would be more reliable to study
the changes in the intestinal microbial populations of chickens
supplemented with different feed additives and under challenge
conditions.

There are numerous GIT bacteria that can metabolize
prebiotics (Ricke, 2018). Due to their chemical nature, prebiotics
with FOS are more likely to be fermented by the bacteria
in the gut, while MOS can reduce pathogen colonization by
binding to the flagella of the microorganism such as E. coli
and Salmonella (Ricke, 2018). This action would reduce their
attachment to the epithelial cells of the intestine (Adhikari
et al.,, 2018) and therefore, promote their elimination through
excreta. Adhikari et al. (2018) showed that FOS supplemented to
layers challenged with Salmonella Enteritidis reduced Salmonella
shedding and lowered ovary colonization by the bacteria. As
FOS are fermented by beneficial bacteria in the intestine the
production of SCFA and lactate increases (Ricke, 2018). A
hypothesis has been proposed that lactic acid bacteria can tolerate
lower pH values, but pathogens such as E. coli cannot (Russell,
1992).

In order to stimulate the immune system, the chickens
were vaccinated against coccidiosis on d 7, besides being fed a
diet with 5% inclusion of poultry by-product meal and wheat
bran. This challenge model has been used before by our group
(Bortoluzzi et al., 2014). The development of immunity was not
evaluated in this previous study, even though the model was
beneficial in causing impairment in the growth performance
of the birds. In the present study, flow cytometry analysis and
expression of immune-related genes was conducted to assist
in the understanding of the mechanisms of action performed
by AY. No statistical difference was observed in the flow
cytometry analysis (Table 6). However, on d 8a trend (P = 0.12)
toward lower number of B lymphocytes with supplementation
of 0.2% of AY, and lower number (P = 0.16) of helper T
cells with both concentrations of AY was verified. On d 21,
a trend (P = 0.19) toward decreased number of activated T
cytotoxic lymphocytes was observed in chickens supplemented
with both concentrations of AY. The tendency of lower number

TABLE 5 | Bacterial enumeration (log1g CFU/g) from the ileal and cecal digesta of
broiler chickens supplemented with zinc bacitracin or autolyzed yeast of
Saccharomyces cerevisiae.

Treatments Enterococcus sp. Escherichia coli Lactobacillus sp.
ILEUM-8 DAYS

Negative control 8.220 7.9 8.1
Positive control 8.180 7.8 8.52
NG + 0.2% AY 8.52 8.1 7.8°
NC + 0.4% AY 7.60 7.8 7.8°
SEM 13.9 10.5 7.0
Probability 0.04 NS 0.03
CECUM-8 DAYS

Negative control 8.8 8.5 8.7
Positive control 8.9 8.78 8.4
NG + 0.2% AY 85 8.0° 8.4
NG + 0.4% AY 8.3 8.430 8.6
SEM 10.7 7.5 7.9
Probability NS 0.05 NS
ILEUM-21 DAYS

Negative control 8.52 8.3 8.3
Positive control 8.0° 7.7 7.9
NC + 0.2% AY 8.120 7.9 8.3
NC + 0.4% AY g8.2a0 7.9 8.2
SEM 5.4 8.6 7.9
Probability 0.03 NS 0.36
CECUM-21 DAYS

Negative control 9.7 9.7 9.6
Positive control 9.7 9.5 9.7
NC + 0.2% AY 9.4 9.4 7.4
NC + 0.4% AY 9.5 9.4 7.5
SEM 8.3 9.7 10.0
Probability NS NS NS

ab\eans within a column with no common superscripts are significantly different (P <
0.05). Values are means of 1 bird/pen (7 birds/treatment). NC, Negative control; CV,
Coefficient of variation; NS, not significant.

of these cells in the blood due to the supplementation of AY
may be a reflect of their movement to the lamina propria
of the intestine (Beirdo et al., 2012) and an improved local
immunity.

In fact, MOS and B-glucans can increase the movement of
cytotoxic T lymphocytes to the intestine which will be the main
group of cells responsible for the last phase of coccidia oocysts
replication in the intestine. Shanmugasundaram and Selvaraj
(2012) looked at the effects of prebiotics supplementation in
broiler chickens in the absence of challenge and verified that
the total T CD4" and T CD8™ cells in the cecal tonsils did not
change according to the treatments. On the other hand, Gao
etal. (2009) challenged broilers with E. tenella and observed that
the supplementation with AY increased T CD4™ and T CD8*
cells in the peripheral blood, and intraepithelial lymphocytes
and IgA in the cecal tonsils. Therefore, supplementation of
prebiotics shows to be beneficial in modulating the intestinal
immune-system and helping the animal to cope with an
infection.
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TABLE 6 | Percentages of identified subpopulations of circulating blood cells of broiler chickens supplemented with zinc bacitracin or autolyzed yeast of Saccharomyces

cerevisiae.
Antibody Percentage of positive cells + SE

Negative control Positive control NC + 0.2% AY NC + 0.4% AY Probability
8 DAYS OF AGE
CD4TTCRvB1~ 1.63 + 0.34 1.41 £ 0.21 1.32 +£ 0.26 1.24 £ 0.08 0.16
CD4+TCRvp1+ 0.75 + 0.20 0.66 + 0.08 0.60 £ 0.14 0.75 £ 0.12 NS
CD4~TCRvp1t 212 £0.87 1.95 + 0.51 1.67 £ 0.50 2.03 £ 0.46 NS
CD8~—CD28* 7.83 £ 4.01 5.77 £ 3.65 6.14 £ 2.70 6.76 £ 1.90 NS
CcDhs*+CD2st 4.30 + 2.47 4.28 £ 2.71 2.95 + 2.56 4.60 + 1.80 NS
CchstcD28~ —0.38 £ 0.29 —0.22 £ 0.20 —0.50 +£ 0.34 —0.35 +£0.34 NS
Kul*MHCII+ 273 £1.19 2.85 + 0.55 2.05 + 0.58 2.87 +1.09 NS
Kul~MHCII* 117 £0.48 1.19 £ 0.38 1.16 + 0.51 1.26 + 0.41 NS
Kul*MHCII+ 273 £1.19 2.85 + 0.55 2.05 + 0.58 2.87 +1.09 NS
But 511 +1.96 4.03 + 1.46 3.12 £ 1.10 4.83 £ 1.49 0.12
21 DAYS OF AGE
CD4+TCRvp1~ 1.87 £ 0.34 1.54 £ 0.37 1.91 +£0.35 1.72 £ 0.54 NS
CD4TTCRvp1t 0.94 £ 0.16 0.83 £ 0.16 0.88 + 0.10 0.84 + 0.14 NS
CD4~TCRvp1t 3.56 £ 1.22 3.02 £ 1.21 3.33 £ 1.18 2.70 £ 0.95 NS
CD8~CD2s* 156.38 + 2.86 11.85 £ 3.75 13.82 + 1.83 12.94 £ 4.79 NS
CcDhs*+CD2st 2583 +£1.07 233+ 1.16 259 + 0.81 2.01 £ 0.67 NS
CDhs*+CD28~ 0.35 + 0.20 0.28 £ 0.16 0.20 £ 0.24 0.13 £ 0.15 0.19
Kul*MHCII+ 3.23 £ 0.76 3.76 £ 2.14 3.85 + 1.69 3.88 £ 1.79 NS
Kul~MHCII* 3.72 +£1.63 3.09 +£1.78 4.48 £ 2.02 3.15 £ 1.19 NS
Kul*MHCII* 3.23 +£0.76 3.76 £ 2.14 3.85 + 1.69 3.88 £ 1.79 NS
But 2.03 + 0.97 2.63 +£1.28 2.55 + 1.63 2.40 + 0.69 NS
Values are means of 1 bird/pen + SD (7 birds/treatment). NC, Negative control; CV, Coefficient of variation;, NS, not significant.

TLR% Mucz Claudin-1

61 a b a a 61

5

N w
p—

Relative expression
o g N e
-

— |
-

Relative expression
N
4
H‘
Relative expression
9
H
H
"

-

L4

| b

T T

m Negative control
mn Positive control
= 0.2%AY

0.4% AY

>

Relative expression
)
e E
—_
U P
Relative expression
N

ay

FIGURE 1 | Relative gene expression of TLR-4, MUC2, Claudin-1, IL-18, and IL-4 in the ileum of broiler chickens supplemented with zinc bacitracin or autolyzed yeast
of Saccharomyces cerevisiae. Values are means = SEM (1 bird/pen; 7 birds/treatment). ab\eans with different superscripts in a column differ significantly (P < 0.05).
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Although histology and mechanisms of migration of cells
from blood to the intestine were not evaluated in the present
study, the changes in the cellular profile in the lamina propria
of the intestine can lead to changes in the production of
cytokines and other molecules. Studies have confirmed that
yeast products can stimulate the innate immune-system by

modulating the expression of Toll Like Receptors (TLR) and
cytokines (Yitbarek et al, 2013). In the present study, there
was an effect on the expression of TLR-4 (P = 0.04) on d 8,
wherein the supplementation of zinc bacitracin upregulated its
expression in 4-folds when compared to the other treatments
(Figure 1). Also, the expression of MUC2 tended to be higher
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(P = 0.09) in birds supplemented with 0.4% of AY compared
to the other groups. The expression of Claudin-1, IL-1f, and
IL-4 did not differ among treatments on day 8. Similar to the
finding observed herein, Munyaka et al. (2012) reported that
the supplementation of MOS downregulated the expression of
TLR-4 in the ileum of broilers. Yeast cell products may act
downregulating the TLR-4 which will avoid the overstimulation
of the immune system through the production of pro-
inflammatory cytokines as shown by Munyaka et al. (2012). Yet,
Tan et al. (2014) have demonstrated that the anti-inflammatory
effect of some nutrients relies on downregulating the expression
of TLR-4.

On d 21, supplementation of zinc bacitracin and 0.4% of
AY upregulated (P = 0.01) the expression of IL-1p compared
to the negative control group, and the supplementation of zinc
bacitracin tended to upregulate the expression of IL-4 compared
to the other treatments. No differences were observed for the
expression of TLR-4, MUC2, and Claudin-1. The upregulation of
IL-1B by AY may be responsible for the intestinal recruitment of
lymphocytes as it can be correlated with the lower T cytotoxic
cells in the blood. Nevertheless, previous studies have shown
that products derived from yeast cell wall downregulate the
transcription of pro-inflammatory cytokines such as IL-1f, IFN-
y, and IL-12 (Shanmugasundaram and Selvaraj, 2012; Alizadeh
et al., 2016).

CONCLUSION

Supplementation of 0.4% of AY of Saccharomyces cerevisiae
in the diets of broiler chickens improved FCR in the grower
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show that AY molecules work through different pathways, but in
general have beneficial effects on the host.
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