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Abstract: With food safety continuing to be a concern for both consumers and producers, especially when considering
Salmonella, alternative control methods must be studied intensively to fully understand their effects in live poultry. To further
understand the abilities of parietal yeast fractions and bacillus probiotics to each impact food safety, a study on mature laying
hens was undertaken. 48 hens were obtained from a commercial production flock at 75 weeks of age and were transferred to the
USDA ARS facility in College Station, TX. The hens were randomly divided into 3 treatment groups, and fed either a mash corn
soy control diet (CON), a corn soy mash diet plus parietal yeast fration composed of a minimum of 20% mannan and 20% beta
1,3 1,6 glucans (YF), or a corn soy mash diet plus a three-strain bacillus probiotic (3B). After 3 weeks of receiving dietary
treatment, all birds were orally challenged with 6.6 x 10’ CFU of Salmonella Enteritidis. One week after being challenged with
Salmonella Enteritidis, birds were humanely euthanized, and ovary and cecal contents were removed and direct plated for both
prevalence and enumeration. After plating cecal contents, a significant reduction of 1.26 log10 was observed from the CON to
YF (p=0.03) and a 1.08 log10 reduction was observed from CON to 3B (p=0.04). Prevalence of ovaries was not significantly
different, but numerically CON samples were 50% positive, while YF and 3B were 25% and 13% positive respectively.
Prevalence in the ceca was not significantly different, but numerically CON samples were 75% positive, while YF and 3B were
44% and 53% respectively. While neither ovary or ceca prevalence were significantly reduced in this experiment with the
inclusion of either treatment, both the YF and 3B treatment significantly reduced colonization of Salmonella Enteritidis in the
ceca, indicating that both treatments possess excellent potential as food safety interventions against S. Enteritidis in the egg
supply chain.
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diarrhea, and stomach cramps. While most people recover
within 4-7 days, those who are particularly at risk for more
severe illness are people with compromised immune systems,
elderly patients (over 65 years), or infants under 12 months.
Infection usually occurs from consumption of food or water
contaminated by animals and their feces [2]. According to
Foodnet in 2019 Salmonella was the second leading cause of

1. Introduction

Salmonellosis is one of the leading causes of food poisoning
in the United States and is responsible for over 26,500
hospitalizations & over 400 deaths annually [1]. The illness is
caused by Salmonella spp. and usually is accompanied by fever,
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foodborne illness at 17% behind only Campylobacter [3].
Salmonella is a gram negative facultative anaerobe, of which
there are over 2500 known serovars and around 100 that cause
disease in humans [4]. The bacteria are flagellated, containing
O, H, or Vi antigens which can be detected by the immune
system. Their ability to pass through the acidic environment of
the GI tract allows them to invade both mucosa and epithelial
cells. Their uptake to macrophages & direct invasion of
epithelial cells can trigger inflammation through the release of
proinflammatory cytokines [5]. As most Salmonella is ingested
orally, the defenses in place to mitigate colonization can include
the peristalsis motility of the intestine, the gastric acid level of
the stomach, and the competing microflora of the intestine. It is
when an environment such as the microflora becomes disrupted
that infection occurs through proliferation and increased
colonization [6, 7].

Since 2007, S. Enteritidis has been the most commonly
isolated serovar from reported illnesses without decreasing [1].
Salmonellosis cases where this organism is identified have been
associated with consumption of poultry products, and
significant associations have been made between this serovar to
eggs and egg containing foods [8]. Due to the virulence genes it
possesses, S. Enteritidis can survive the intestinal tract, multiply
within the intestine through the macrophages, liver, and migrate
to colonize the ovaries & preovulatory follicles of hens [9, 10].
To combat the prevalence of this organism in the food supply,
the FDA issued the egg safety rule mandating pullet sourcing
protocols, disinfection, environmental monitoring, and
fly/rodent control. FDA also advises producers to utilize
biosecurity on the farm, as well as vaccination protocols
involving attenuated live strains & killed bacterins. It has been
suggested that utilization of feed & water additives known to
impact the population of S. Enteritidis in the hen &
environment is part of a successful plan [11].

A number of feed additives have shown efficacy in the GI
tract of production poultry against S. Enteritidis, such as
butyrate, yeast & probiotics which have established repeated
successes [12-15]. Yeast components included as fractions and
fermentations often contain high levels of mannans and beta 1-3,
1-6 glucans. These particular prebiotic components have shown
to be particularly effective against some Salmonella Enteritidis
colonization in chicks, broilers, pullets, and mature laying hens
[16-20]. Yeast and bacillus probiotics are often utilized in the
commercial poultry industry for other health & production
benefits, and many different bacillus strains have shown
effective impact on S. Enteritidis [21-23]. These organisms
which sporulate in a protective state are often sought for their
stability in the volatile poultry feed delivery system. They have
been known to secrete enzymes that can aid in the digestion of
non starch polysaccharides, & hydrolyze bacterial toxins,
possibly improving the microflora profile of the gut [24, 25]. In
addition to their efficacy against intestinal challenges such as
coccidiosis induced necrotic enteritis, bacillus probiotics have
been used for their antimicrobial compound secretion and
suppression of S. Enteritidis growth [26, 27]. Due to previously
published efficacy in pullets, a commercially available
premium yeast fraction (SafMannan) and a commercially

available bacillus probiotic blend (MicroSaf) were utilized in
this study to evaluate ability to inhibit S. Enteritidis in mature
laying hens [28, 29].

2. Materials and Methods
2.1. Bird Husbandry and Management

All procedures of this study were approved and are in
accordance with local Institutional Animal Care and Use
Committee (IACUC) guidelines. A total of 48 Lohmann
brown laying hens were obtained from a commercial facility
and transported to the USDA — ARS facilities in College
Station, TX. A basal laying hen diet was formulated to meet or
exceed birds needs according to nutritional recommendations
for Lohmann brown laying hens (Table 1). The basal diet was
divided into 3 batches to serve as treatment groups. The first
batch remained as a basal diet to serve as the control group
(CON). The second batch was supplemented with a parietal
yeast fraction (YF) composed of a minimum 20% mannan and
20% beta 1,3 1,6 glucans at 500ppm. The third batch was
supplemented with a three-strain bacillus probiotic (3B)
composed of Bacillus amyloliquefaciens, Bacillus
licheniformis, and Bacillus pumilus at 500ppm.

Table 1. Laying Hen Diet.

Ingredients Percentage
Corn 63.62
Soybean meal 20.59
DL-Methionine 0.17
Soybean Oil 1.86
Limestone 11.66
Biofos 1.33
Salt 0.24
Sodium Bicarbonate 0.23
Trace Minerals' 0.05
Trace Vitamins® 0.25

'Per pound of premix; Cu: Copper minimum 1.40%, I: Todine minimum
800.0ppm, FE: Iron minimum 12.00%, Mm: Manganese minimum 12.00%,
Zn: Zinc minimum 12.00%, “Per pound of premix; Vitamin A: 4,000,000 IU,
Vitamin D3: 1,400,000 IU, Vitamin E: 16,666 IU, Vitamin B12: 6mg,
Riboflavin (B2): 2166mg, Niacin (B3): 16,666mg, d-pantothenic acid (B5):
7334mg, Choline: 47383mg, Menadione: 534mg, Folic acid (B9): 634mg,
Pyridoxine (B6): 2,600mg, Thiamine (B1): 1,066mg, d-Biotin (B7): 200mg.

Birds were randomly divided into control (CON) or
treatment (YF or 3B) treatment groups (16 birds in each group)
and allocated into stainless steel A-frame laying hen cages (2
birds per cage). Birds were housed in an environmentally
controlled rearing room equipped with feeders and nipple
drinkers. Birds were observed daily regarding temperature,
feed, water, egg production, and general flock condition. Egg
production factors were recorded at the end of each day.

2.2. Data Collection: Prevalence and Enumeration

Prior to challenging the birds with Salmonella Enteritidis, all
hens were tested for Salmonella prevalence via a cloacal swab.
Swabs were placed into conical tubes containing RV broth,
homogenized by shaking, and incubated for 24 hours. After 24
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hours of incubation a 10puL sterile loop was used to streak plate
a sample onto Xylose-Lysine-Tergitol 4 (XLT-4) Agar (Hardy
Diagnostics, Santa Maria, CA). Samples were deemed positive
after 24 hours of incubation. Any bird found to be positive prior
to the challenge was removed from the study.

After a 3-week acclimation period, birds were challenged
with 2.2 X 10° CFU/mL of Salmonella Entertitidis by oral
gavage (3mL gavage per bird). Three days after challenging
with Salmonella Enteritidis, a cloacal swab was taken from
each bird and direct plated onto XLT-4 agar treated with
Novobiocin (20mg/mL) and Nalidixic acid (25mg/mL) to
ensure that the challenge was successful. The challenge was
deemed successful if at least 25% positive prevalence was
found through direct plating of cloacal swabs 3 days post
challenge. One week after the initial Salmonella challenge, the
hens were humanely euthanized, and samples of the ceca and
ovary were taken for further analysis.

Ceca samples taken at termination were divided in half. One
cecum was placed into conical tube containing Rappaport
Vassiliadis (RV) (Difco, Franklin Lakes, NJ) broth for use as an
enrichment method in prevalence determination. For ovary
samples, a small sample of ovaries were obtained and placed into
a conical tube containing RV broth. Samples were homogenized
by shaking and incubated for 24 hours. After 24 hours of
incubation, samples were again homogenized by shaking and a
10uL sterile loop was used to plate a sample onto XL T-4 agar.
Samples were identified as positive by visual identification of

80 75
70
60
50
40

30

Percentage Prevalence (%)

20

10

colonies on the plates after 24 hours of incubation.

For ceca counts, the other cecum was diluted using a 10x
dilution series and plated onto XLT-4 Agar treated with
Novobiocin (20mg/mL) and Nalidixic acid (25mg/mL) for use
as a selective growth media. Counts were determined by
visual inspection of colonies after 48 hours of incubation.

2.3. Data Analysis

Data obtained during this trial were analyzed using a one
way analysis of variance (ANOVA) and means separated
using students t-test were considered statistically significantly
difference at p<0.05. The ANOVA was used to compare
observations between treatment groups for each of the factors
(ceca and ovary prevalence, ceca enumeration) observed
during this study as noted in the data collection section. Mean
and standard deviation values were used in the determination
of outliers as well as for comparisons between treatment
groups. All data were analyzed using STATA v. 16.1
(StataCorp, College Station, TX).

3. Results

For cecal content analysis, Control Salmonella results
prevalence (Figure 1) showed 12 of 16 birds (75%) positive.
Safmannan treatment showed 7 of 16 birds positive (44%),
and MicroSaf showed 8 of 15 birds positive (53%).

Ceca Prevalence

m Control

m Safmannan

®m MicroSaf

Figure 1. Ceca Percentage Prevalence.

The results in Figure 2 show Ovary prevalence following
the trend observed of treatments reducing prevalence as they
did in ceca, with control birds 8 of 16 positive (50%),

Safmannan birds 4 of 16 positive (25%), and MicroSaf birds 2
of 15 positive (13%). None of these results were significant at
the p=.05 level.
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Figure 2. Ovary Percentage Prevalence.

However, results observed for enumeration of cecal culture ~ 2). When log converted the difference was over a log between
showed significant reduction of S. E. for Saf Mannan (762.5  SafMannan & Control (Logl.26) and MicroSaf & Control
CFU/g, p=.0374) and MicroSaf (1156.7 CFU/g, p=.0466) (Logl.08) (Table 2, Figure 3).
when each was compared to Control (13762.5CFU/g) (Table

Table 2. CFU/g and Logl0 CFU/g of Ceca Content.

TRT Control SafMannan MicroSaf
CFU/g 1.38x10* 7.62x10? 1.16x10°
Logl0 CFU/g 4.14 Logl0 2.88 Logl0 3.06 Logl0
Control Safmannan MicroSaf
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Figure 3. Logl0 CFU/g of Ceca Content.
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4. Discussion

Yeast fractions and yeast cell wall including SafMannan have
also shown binding affinity with a wide range of pathogens,
including varying binding affinity with a range of Salmonella
serotypes. This binding affinity promotes adhesion through direct
agglutination of the pathogenic microbes to the mannose in yeast
fractions or yeast cell wall via the type-1 fimbriae, thus resulting
in the ultimate removal of the pathogen from the gastrointestinal
tract (GIT) [32, 33]. Bacillus products have been shown as well
to have promising activity in the intestinal tract through
competitive exclusion, as well as the facilitation of cross-talk
between the gut microbes and the immune system, resulting in
decreased gut inflammation [34-36].

It has been observed that most S. Enteritidis contaminated
eggs contain less than 10 CFU [30, 31]. With such a low level
of infection in flocks a reduction in the GI tract of 1 log would
indicate a high level of biological significance in impacting S.
Enteritidis colonization. As yeast & bacillus probiotics are
known to reduce colonization sites in the microvilli of the
small intestine, and decrease leaky gut conditions that allow
Salmonella to enter the macrophages or blood stream &
eventually reproductive tract, it would make sense that a
reduction in cecal population of S. Enteritidis. should lead to
lower positive samples in the ovary [37-39].

SafMannan premium yeast fraction has previously shown
reductions of S. Enteritidis prevalence in the ceca, as well as
reduction against S. Typhimurium by a log [28, 29]. MicroSaf
has been observed to reduce S. Enteritidis in layer ceca to
levels approaching a log [28].

5. Conclusion

While reductions in cecal and ovary prevalence were not
statistically significant, both SafMannan (YF) and MicroSaf
(3B) showed reductions in prevalence in both categories. Both
SafMannan and MicroSaf showed statistically significant
reductions in cecal CFU/g, indicating that both SafMannan
and MicroSaf have excellent potential as food safety
interventions against S. Enteritidis in the egg supply chain.
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