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ABSTRACT Dietary prebiotics are thought to be
potentially important alternatives to antibiotic growth
promoters in poultry production because of their ben-
eficial performance and health effects. The adminis-
tration of dietary prebiotics has been demonstrated to
improve animal health, growth performance, and mi-
crobial food safety in poultry production. In this study,
we evaluated the effects of Saccharomyces-derived pre-
biotic refined functional carbohydrates (RFC) with
yeast culture on growth performance and gastrointesti-
nal and environmental microbiota when administered
in-feed and through drinking water to broiler chickens.
Broilers were administered 2 doses of prebiotic in-feed
through 42 d of production and prebiotic-treated water
in the final 72 h. Administration of prebiotic RFC

improved ADG and decreased cecal Campylobacter
counts, while the high dose also increased final BW.
Additionally, significant main effects of prebiotic RFC
dose were observed with the high dose improving ADG
and ADFI over the finisher phase and final BW. Al-
though the effects were not significant, the prevalence
of Campylobacter in the cecum after feed withdrawal
was 17% lower when broilers were administered the
high prebiotic dose, and recovery of Campylobacter
from litter was up to 50% lower when broilers were
administered prebiotic RFC. Our results suggest that
co-administration of RFC with yeast culture as a pre-
biotic can be used to improve growth performance and
reduce human foodborne pathogens in poultry.
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INTRODUCTION

Antibiotics have been used widely in poultry pro-
duction because of their ability to increase weight
gain (Moore et al., 1946), reduce the gastrointestinal
(GI) colonization of pathogens (Lev et al., 1957; Stutz
et al., 1983), and improve feed efficiency (Emborg
et al., 2002). However, the use of antibiotic growth pro-
moters (AGP) has declined due to increased concerns
regarding the development of antibiotic-resistant bac-
teria with consequences to human and animal health
(Silbergeld et al., 2008) and growing consumer demand
for antibiotic-free (ABF) food production (Hume,
2011). In response, AGP use has been banned by the
European Union (Cogliani et al., 2011) and limited
in the United States by the Veterinary Feed Directive
(Department of Health and Human Services, 2015).
Therefore, the development of alternatives to AGP is
of significant interest to the poultry industry. Because
growth promotion by antibiotics is attributed to their
effects on GI microorganisms (Visek, 1978; Gaskins
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et al., 2002), the GI microbiota is an important target
for the development of alternatives to AGP.

Defined by expert consensus from the International
Scientific Association for Probiotics and Prebiotics, a
prebiotic is “a substrate that is selectively utilized
by host microorganisms conferring a health benefit
(Gibson et al., 2017)”, and, when administered orally,
prebiotics are referred to specifically as dietary prebi-
otics (Bindels et al., 2015). The administration of di-
etary prebiotics has been shown to enhance digestive
functionality of the poultry GI tract (Nahashon et al.,
1994) and positively affect animal performance by in-
creasing BW (Torres-Rodriguez et al., 2007) and im-
proving feed efficiency (Salianeh et al., 2011). Addition-
ally, the administration of prebiotics has been shown
to promote populations of Lactic Acid Bacteria (LAB)
and other beneficial microorganisms in the GI tract
that are thought to compete with pathogenic bacteria
for mucosal binding sites (Patterson and Burkholder,
2003; Askelson and Duong, 2015; Broderick and Duong,
2016). The administration of prebiotics has been shown
to reduce pathogens of poultry, such as Clostridium per-
fringens (Yang et al., 2008; Allaart et al., 2013). Fur-
ther, the administration of prebiotics has been shown to
reduce human foodborne pathogenic bacteria, includ-
ing Salmonella (Xu et al., 2003; Chung and Day, 2004)
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and Campylobacter (Fernandez et al., 2000; Baurhoo
et al., 2009), thus improving the microbial food safety
of poultry products.

Indigestible carbohydrates are often administered as
dietary prebiotics because they pass through the prox-
imal portion of the GI tract with minimal digestion
and reach the distal portion intact with the ability
to interact with intestinal microbiota (Grizard and
Barthomeuf, 1999; Vandeplas et al., 2010). Refined
functional carbohydrates (RFC), including mannan-
oligosaccharides (MOS), β-glucan, and D-mannose
which account for 20 to 30% of the cell dry mass, de-
rived from the cell wall of Saccharomyces cerevisiae,
are a readily available source of prebiotics for human
and animal use (Dallies et al., 1998). In previous stud-
ies, the administration of RFC as dietary prebiotics
has been demonstrated to increased BW of broilers
(Walker et al., 2018) and decrease the colonization of
foodborne human bacterial pathogens in broiler chick-
ens (Walker et al., 2018), broiler breeder hens and their
progeny(Walker et al., 2017), and turkeys during trans-
port stress (Huff et al., 2013).

Although the ability of prebiotics to increase per-
formance and reduce foodborne pathogens has been
widely reported, their overall effectiveness when ad-
ministered to poultry is mixed. The beneficial effects
of their administration are often inappropriately at-
tributed broadly across all prebiotic products as a gen-
eral class of functional feed additives. However, the
ability to confer specific benefits is dependent upon the
individual constituent components of a prebiotic prod-
uct (Askelson and Duong, 2015). Thus, research inves-
tigating the functionality of specific prebiotic products
is required. In this study, we evaluated the effects of a
dietary prebiotic product composed of RFC with yeast
culture on growth performance and GI and environmen-
tal microbiota when administered in-feed and through
water to broiler chickens as a potential alternative to
AGP.

MATERIALS AND METHODS

Experimental Animals and Husbandry

Male broiler chicks (Cobb) were obtained from a
commercial hatchery on day of hatch, vaccinated for
Eimeria (Advent, Huvepharma Inc, Peachtree City,
GA), weighed, wing banded, and assigned randomly
to pens to ensure statistically similar starting pen
weights. Experimental animals were raised in 3.35 m2

floor pens on built-up litter; provided age appropri-
ate heat and ventilation; and given access to potable
water and experimental rations ad libitum. Broil-
ers were placed at an initial stocking density of
0.075 m2 per broiler; temperature was monitored,
recorded daily, and adjusted in response to bird com-
fort; and the lighting program followed the stan-
dard operating procedure for broilers raised at the
Texas A&M University Poultry Science Research Cen-

ter (Flores et al., 2019) according to the breeder’s
recommendations (Cobb-Vantress, 2018). All experi-
mental procedures were performed as approved by the
Texas A&M University Institutional Animal Care and
Use Committee.

Experimental Design and Diets

The effects of dietary prebiotic administration on
growth performance and GI colonization of Campy-
lobacter spp., Clostridium perfringens, and total LAB
were evaluated in comparison to an AGP. Broiler chicks
(n = 1720) were allocated to 6 experimental treatment
groups with a total of 40 pens of 43 birds arranged,
due to housing constraints, as a randomized incomplete
block design and fed experimental rations with dietary
prebiotic administered in-feed (Celmanax SCP, Arm
and Hammer Animal and Food Production, Prince-
ton, NJ) or through drinking water (Celmanax Liq-
uid NC, Arm and Hammer) using the manufacturer’s
recommended dosages. The 6 experimental treatment
groups were as follows: bacitracin methylene disalicy-
late (BMD)-treated (50 g t−1) feed (7 pens); untreated
feed (7 pens); low-dose (50 g t−1) of prebiotic RFC
in-feed (7 pens); high-dose (100 g t−1) of prebiotic
RFC in-feed (7 pens); low-dose prebiotic RFC in-feed
and prebiotic RFC administered via drinking water
(500 ppm) beginning at 39 d post-hatch (6 pens); and
high-dose prebiotic RFC in-feed and prebiotic RFC ad-
ministered via drinking water (500 ppm) beginning at
39 d post-hatch (6 pens).

Broilers were fed experimental rations beginning at
0 d through 41 d post-hatch. After collecting final BW
at 42 d post-hatch, feed was withdrawn for 8 h, and
the study was terminated. Prebiotic-treated water was
administered to the appropriate groups beginning at
39 d post-hatch (72 h prior to feed withdrawal) through
study termination, while the remaining groups received
untreated water over the same period. Water was pro-
vided to all treatment pens using individual hanging
bucket drinkers during the water treatment period.

Experimental treatment diets (Table 1) were fed for
the duration of the trial using a 3-phase feed plan:
starter phase (0 to 14 d, crumble), grower phase (14
to 28 d, pellet), and finisher phase (28 to 42 d, pel-
let). For each phase, feed was manufactured as a sin-
gle commercial-type corn/soybean meal basal diet with
added phytase and 5% distiller’s dried grains with sol-
ubles and divided for inclusion of dietary treatments as
appropriate. Full matrix values for phytase contribution
of aP, Ca, Na, digestible AA, and ME as recommended
by the manufacturer were used.

Performance Data

Experimental animals and feed were weighed by
pen at 0, 14, 28, and 42 d post-hatch for determina-
tion of body weight and feed consumption. Mortalities
and post-mortem weight were recorded daily for the
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Table 1. Ingredient composition and nutrient content of the basal
control diets.

Item (%) Starter Grower Finisher

Ingredients
Corn 57.95 63.65 68.45
SBM (45.6% CP) 29.10 23.70 18.95
DL-Met 0.29 0.25 0.20
Lys HCL 0.25 0.23 0.20
L-Thr 0.09 0.08 0.07
Soy Oil 2.47 2.38 2.83
Limestone 0.87 0.69 0.66
CaH4PO4 0.30 0.00 0.00
NaCl 0.32 0.33 0.22
NaHCO3 0.14 0.12 0.27
Trace Minerals1 0.05 0.05 0.05
Vitamins2 0.25 0.25 0.25
LO- DGGS 5.00 5.00 5.00
Pork MBM 3.00 3.35 2.99
Phytase3 0.01 0.01 0.01

Calculated nutrient
Protein 22.00 19.95 17.82
Crude Fat 5.30 5.41 5.95
Crude Fiber 2.50 2.53 2.55
Ca 0.92 0.82 0.75
aP 0.46 0.41 0.38
ME (kcal kg−1) 3047 3102 3168
dig Met 0.59 0.53 0.46
dig TSAA 0.87 0.79 0.69
dig Lys 1.18 1.04 0.89
dig Trp 0.21 0.18 0.16
dig Thr 0.77 0.69 0.60
Na 0.046 0.043 0.039

Analyzed nutrients4

Moisture 12.60 10.84 15.38
Dry Matter 87.40 89.16 84.62
Crude Protein 20.40 20.20 19.50
Crude Fat 5.27 5.07 2.57
Fiber 3.30 3.70 3.40
Ash 4.53 4.04 3.75
1Trace mineral premix added at this rate yields 60.0 mg manganese,

60 mg zinc, 60 mg iron, 7 mg copper, 0.4 mg iodine, a minimum of
6.27 mg calcium, and a maximum of 8.69 mg calcium per kg of diet.
The carrier is calcium carbonate and the premix contains less than 1%
mineral oil.

2Vitamin premix added at this rate yields 22,045 IU vitamin A, 7,716
IU vitamin D3, 91 IU vitamin E, 0.04 mg B12, 11.9 mg riboflavin, 91.8 mg
niacin, 40.4 mg d-pantothenic acid, 261.1 mg choline, 2.9 mg menadione,
3.50 mg folic acid, 14.3 mg pyroxidine, 5.87 mg thiamine, 1.10 mg biotin
per kg diet. The carrier is ground rice hulls.

3OptiPhosPF, Huvepharma. Peachtree City, GA.
4Performed by Midwest Laboratories, Inc., Omaha, NE.
ME, metabolizable energy.

calculation of percent mortality, body weight gain, and
mortality corrected FCR.

Recovery of GI Microbes

Two representative (median weight ± 5%) birds were
selected from each pen, euthanized, and dissected asep-
tically for the collection of GI tissues at 42 d post-hatch
and 8 h post-feed withdrawal. An approximately 3 cm
section of the ileum proximal to the midpoint between
the ileocecal junction and Meckel’s diverticulum and
the ceca were collected from each bird at 42 d post-
hatch, while, at 8 h post-feed withdrawal, only the ceca
were collected from each bird. Total LAB and Clostrid-
ium perfringens were enumerated from the ileum us-
ing cylcoheximide (100 μg mL−1, Amresco, Solon, OH)
supplemented de Mann, Rogosa, and Sharpe (BD,

Franklin Lakes, NJ) agar incubated in 10% CO2 at
37°C for 24 h and Tryptose Sulfite Cycloserine-Egg
Yolk (BD) agar incubated at 37°C for 48 h anaer-
obically (Coy Laboratory Products Inc., Grass Lake,
MI), respectively. Campylobacter spp. were enumer-
ated from the cecum using Campy Cefex agar (CCA;
Hardy Diagnostics, Santa Maria, CA) incubated in 10%
CO2 at 37°C for 24 h. Clostridium perfringens was
selectively enriched from the ileum using Fluid Thio-
glycollate Medium (BD) and Iron Milk Medium (Hi-
Media Laboratories; Mumbai, India), while Campy-
lobacter was selectively enriched from the cecum using
Bolton’s Enrichment Broth (BEB; Hardy) and CCA.
Specimens for which no colonies appeared on enumer-
ation plates but were positive by selective enrichment
were assigned the limit of detection for enumeration
(100 cfu g−1).

Recovery of Litter Campylobacter

Immediately prior to placement and at 42 d post-
hatch, litter was collected from 5 locations in each
treatment pen, pooled by pen, and homogenized using
Buffered Peptone Water (HiMedia) for selective enrich-
ment of Campylobacter using BEB and CCA.

Statistical Analysis

Bacterial count and mortality data were log10 and
arcsine square root transformed, respectively, for anal-
ysis. Growth performance results and bacterial counts
were analyzed using ANOVA. Significantly different
means were separated using Duncan’s Multiple Range
Test post hoc. Bacterial incidence was analyzed us-
ing Pearson’s χ2 Test. Because prebiotic treatment via
drinking water did not occur until the finisher phase,
the relevant treatment groups, e.g., low dose prebiotic
treated feed with and without water treatment, were
combined for analysis during the starter and grower
phases. Additionally, growth performance results and
bacterial counts for treatment groups receiving the pre-
biotic feed supplement with or without prebiotic water
treatment were analyzed using a 2 (dose) × 2 (water
treatment) factorial ANOVA with main effects for in-
feed dose, water treatment, and in-feed dose × water
treatment, while the effects of dose and water treatment
on bacterial incidence were analyzed using binomial lo-
gistic regression. Statistical significance was considered
at P ≤ 0.05.

RESULTS

Growth Performance

The effects of prebiotic administration in-feed
and treated water were evaluated in comparison to
antibiotic-treated and untreated controls. A significant
treatment effect was observed for d 42 BW (P = 0.002)
and ADG over d 0 to 42 (P = 0.033) (Table 2). Body
weight and ADG was greatest when broilers were fed
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Table 2. Body weight and average daily gain of broiler chickens.

Treatments BW (kg) ADG (g bird-day−1)

Feed1 Water2 d 0 d 14 d 28 d 42 Starter Grower Finisher d 0–42

BMD – 0.038 0.527 1.489 2.664b 34.2 69.3 89.6 61.8b

UNT – 0.039 0.527 1.436 2.705b 34.6 65.7 94.7 61.8b

RFC-Lo – 0.039 0.525 1.552 2.722b 33.7 74.1 86.5 61.2b

RFC-Hi – 0.039 0.538 1.562 2.962a 34.7 73.8 105.6 67.0a

RFC-Lo + 2.848a,b 98.9 64.0a,b

RFC-Hi + 3.040a 110.2 66.6a

P-value 0.143 0.443 0.132 0.002 0.510 0.116 0.062 0.033
Pooled SEM 0.000 0.003 0.020 0.034 0.263 1.339 2.598 0.687

a,bMeans within a column not sharing a common superscript are significantly different (P ≤ 0.05).
1In-feed treatments: BMD, 50 g t−1 bacitracin methylene disalicylate; UNT, untreated; RFC-Lo, 50 g t−1 RFC;

RFC-Hi, 100 g t−1 RFC.
2Drinking water treatment: RFC at 500 ppm beginning at 39 d post-hatch.

Table 3. Mortality corrected feed conversion ratio and average daily feed intake of broiler chickens.

Treatments FCR feed:gain ADFI (g bird-day−1)

Feed1 Water2 Starter Grower Finisher d 0–42 Starter Grower Finisher d 0–42

BMD – 1.040 1.845 2.167 1.753 38.4 126.8 181.0c 112.0b

UNT – 1.057 1.887 2.111 1.683 39.6 115.3 180.2c 108.0b

RFC-Lo – 1.032 1.586 2.442 1.698 37.8 115.3 189.2b,c 109.2b

RFC-Hi – 1.220 1.741 1.970 1.636 45.8 124.2 196.6a,b 114.3a,b

RFC-Lo + 2.055 1.614 187.6b,c 108.4b

RFC-Hi + 2.011 1.700 204.4a 121.0a

P-value 0.374 0.158 0.315 0.359 0.270 0.158 0.010 0.022
Pooled SEM 0.046 0.052 0.064 0.019 0.000 1.743 2.189 2.267

a–cMeans within a column not sharing a common superscript are significantly different (P ≤ 0.05).
1In-feed treatments: BMD, 50 g t−1 bacitracin methylene disalicylate; UNT, untreated; RFC-Lo, 50 g t−1 RFC; RFC-Hi, 100 g t−1 RFC.
2Drinking water treatment: RFC at 500 ppm beginning at 39 d post-hatch.

the high prebiotic diets as compared to the low prebiotic
and control diets. Although they were not significantly
greater than the controls or non-water treated low pre-
biotic treatments, administration of the low prebiotic
dose by feed with prebiotic-treated water improved BW
and ADG to a level similar to the treatments admin-
istered the high prebiotic dose with or without treated
water. No significant treatment effects were observed
for BW on d 14 or 28 or ADG over d 0 to 14, d 14 to
28, or d 28 to 42.

No significant treatment effect on FCR was observed
for any period of the study (Table 3). However, a sig-
nificant treatment effect was observed for ADFI for
d 28 to 42, (P = 0.010) and d 0 to 42 (P = 0.022)
(Table 3). Over both periods, ADFI was greatest when
broilers were fed the high prebiotic dose and adminis-
tered treated water when compared to the other treat-
ments. Additionally, ADFI of broilers administered high
prebiotic dose alone was similar to those administered
the high prebiotic dose and treated water over the fin-
isher phase and d 0 to 42.

A significant treatment effect was observed for mor-
tality for the grower period, d 14 to 28, (P = 0.026)
and d 0 to 42 (P = 0.016) (Table 4). Although mortal-
ity was lowest when broilers were administered BMD,
BMD administration did not significantly reduce mor-
tality when compared to untreated broilers over either

Table 4. Mortality of broiler chickens.

Treatments Mortality (%)

Feed1 Water2 Starter Grower Finisher d 0-42

BMD – 3.99 0.35b 1.10 5.32b

UNT – 4.65 1.74a,b 0.00 6.31b

RFC-Lo – 6.31 3.25a 0.00 8.97a,b

RFC-Hi – 7.75 3.15a 0.45 8.53a,b

RFC-Lo + 0.75 10.30a,b

RFC-Hi + 0.46 13.18a

P-value 0.264 0.026 0.495 0.016
Pooled SEM 0.53 0.41 0.19 0.68

a,bMeans within a column not sharing a common superscript are sig-
nificantly different (P ≤ 0.05).

1In-feed treatments: BMD, 50 g t−1 bacitracin methylene disalicylate;
UNT, untreated; RFC-Lo, 50 g t−1 RFC; RFC-Hi, 100 g t−1 RFC.

2Drinking water treatment: RFC at 500 ppm beginning at 39 d post-
hatch.

period. Over the grower period, mortality of broilers fed
either prebiotic dose was also not different than that
of the untreated group. Similarly for d 0 to 42, mor-
tality of broilers administered the high prebiotic dose
alone or the low prebiotic dose with or without treated
water was not significantly different than the BMD-
treated or untreated controls. However, mortality of
broilers receiving the high prebiotic dose and prebiotic-
treated water was greater than the antibiotic-treated
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Table 5. Recovery of Campylobacter from cecum and litter.

Treatments Cecum (%)1 Litter (%)2

Feed3 Water4 Pre Post d 0 d 42

BMD – 92.9 100.0 100.0 71.4
UNT – 100.0 100.0 100.0 100.0
RFC-Lo – 85.7 100.0 100.0 71.4
RFC-Hi – 75.0 83.3 100.0 50.0
RFC-Lo + 85.7 100.0 100.0 42.9
RFC-Hi + 100.0 83.3 100.0 66.7

P-value 0.253 0.080 0.283
1Campylobacter positive ceca pre- and post-feed withdrawal.
2Campylobacter positive pens a 0 and 42 d post-hatch.
3In-feed treatment: BMD, 50 g t−1 bacitracin methylene disalicylate;

UNT, untreated; RFC-Lo, 50 g t−1; RFC-Hi, 100 g t−1.
4Drinking water treatment: RFC at 500 ppm.

and untreated broilers. No significant treatment effects
on mortality were observed over the remaining periods.

Gastrointestinal Microbiota

Cecal Bacteria A significant treatment effect was
observed on counts of Campylobacter spp. in the ce-
cum at d 42 (P = 0.012) (Figure 1A). Administra-
tion of prebiotic reduced Campylobacter up to 1.0 log10
cfu g−1 cecal contents when compared to broilers
fed BMD-treated or untreated feed, with the fewest
Campylobacter being recovered from broilers adminis-
tered the high prebiotic dose and treated water. Al-
though a significant treatment effect was not observed
on incidence in the cecum prior to (P = 0.253) or after
(P = 0.080) feed withdrawal (Table 5), Campylobacter
tended to be detected in fewer ceca from broilers ad-
ministered prebiotic-treated water during the feed with-
drawal period as compared to the other treatments.

Ileal Bacteria Although a significant treatment ef-
fect was not observed on counts of C. perfringens (P =
0.057) or total LAB (P = 0.331) in the ileum of broil-
ers at d 42 (Figure 1B-C), fewer C. perfringens tended
to be recovered from broilers fed the BMD-treated diet
and the low prebiotic-treated diet with prebiotic water
administration compared to broilers fed the untreated
control or other prebiotic diets.

Litter Campylobacter

A significant treatment effect was not observed on
Campylobacter prevalence in the litter at d 0 or 42
(Table 5). Campylobacter was detected in all pens prior
to placement of the study. Although a significant effect
was not observed on day 42 (P = 0.283), Campylobacter
was detected in litter from fewer pens in which broilers
were administered prebiotic or BMD-treated feed than
for the untreated control.

Main Effects Analyses

The main effects of prebiotic dose in-feed and ad-
ministration of prebiotic-treated water on growth per-
formance (Table 6) and GI microbiota (not shown) were

Figure 1. Enumeration of bacteria from broiler chickens. At 42 d
post-hatch (A) Campylobacter was enumerated from the cecum of
broiler chickens, and (B) C. perfringens and (C) total LAB were enu-
merated from the ileum. Counts are reported as the mean ± SEM log10
cfu g−1 digestive contents. Different letters above bars indicate means
are significantly different (P ≤ 0.05).

also evaluated. No significant dose × water interactions
were observed for any growth performance measure. A
significant main effect of prebiotic dose was observed
on d 42 BW (P = 0.002), d 28 to 42 ADG (P = 0.004),
and d 28 to 42 ADFI (P = 0.012), with the high dose
increasing each performance measure. Although the ef-
fect was not significant (P = 0.059), FCR of broilers
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Table 6. Main effects of feed and water additives on growth
performance of broiler chickens.

Finisher (28–42 d)

BW ADG ADFI FCR
Main effects 42 d (kg) (g bird-day−1) (g bird-day−1) (feed:gain)

Dose1

RFC-Lo 2.785 92.7 188.4 2.248
RFC-Hi 3.001 107.9 200.5 1.991

Water2

Untreated 2.842 96.0 192.9 2.206
Treated 2.944 104.6 196.0 2.033

P-value
Feed 0.022 0.004 0.012 0.059
Water 0.123 0.082 0.486 0.193
Feed × Water 0.707 0.408 0.292 0.113

Pooled SEM 0.038 2.823 2.483 0.072

1In-feed RFC dose: RFC-Lo, 50 g t−1; RFC-Hi, 100 g t−1.
2Drinking water treatment: Treated, RFC at 500 ppm.

administered the high dose tended to be lower when
compared to the low dose. However, a significant main
effect of the administration of prebiotic-treated water
over the final 72 h of production was not observed for
any of the growth performance measures.

No significant main effects or interactions on counts
of Campylobacter, total LAB, or C. perfringens were
observed (not shown). Additionally, no significant asso-
ciation of dose or water treatment was observed on the
incidence of Campylobacter in the cecum or litter.

DISCUSSION

Sub-therapeutic antibiotics have been administered
widely in livestock production because of their abil-
ity to increase growth and manage infections by bac-
terial pathogens. However, limitations on their use in
animal production have increased need for the develop-
ment of potential alternatives to AGP. Growth promo-
tion by antibiotics is attributed to their effect on the
GI microbiota (Dibner and Richards, 2005). Admin-
istration of dietary prebiotics has been demonstrated
to promote populations of beneficial bacteria and de-
crease populations of pathogens in the GI tract in
poultry (Patterson and Burkholder, 2003), and prebi-
otics have been suggested as potential alternatives to
AGP because of their ability to improve growth per-
formance similarly to antibiotics (Huyghebaert et al.,
2011). Although their benefits are often inappropriately
attributed broadly across all prebiotics as a class of
functional additives, the ability to confer specific bene-
fits is dependent upon the individual constituents of a
prebiotic product (Askelson and Duong, 2015). Refined
functional carbohydrates derived from the cell wall of
Saccharomyces cerevisiae, including mannan oligosac-
charides, β-glucan, and D-mannose, are widely used
as prebiotics, and although some improvement to an-
imal growth has been reported (Walker et al., 2018),
most research related to their effects in poultry have fo-
cused on pathogen reduction (Huff et al., 2013; Walker
et al., 2017). In this study, we evaluated the effect of
a prebiotic, composed of RFC with yeast culture, on

growth performance and GI and environmental micro-
biota when administered in-feed and through water to
broiler chickens as a potential alternative to AGP.

Overall, we observed results similar to those
that have reported prebiotic administration can im-
prove broiler growth performance parameters (Torres-
Rodriguez et al., 2007; Awad et al., 2009; Mookiah
et al., 2014). In our study, administration of the
high prebiotic RFC dose, with or without prebiotic-
treated water, increased final BW and cumulative ADG
(Table 2). In a previous study, RFC administration was
reported to increase BW at 28 d and 42 d of female
broilers (Walker et al., 2018), while a separate study re-
ported BWG of male broilers tended to be greater when
RFC were applied as a synbiotic in combination with a
direct-fed Bacillus subtilis culture (Gómez et al., 2012).
In our study, finisher phase and cumulative ADFI was
greater when broilers were administered the high dose
of prebiotic with prebiotic-treated water, whereas no
significant treatment effect was observed for FCR dur-
ing any phase of the study (Table 3). These data sug-
gest that the improvements in BW and ADG observed
in this study were the result of increased feed intake.
However, improved FCR has been reported previously
when broilers were administered RFC (Gómez et al.,
2012) and other dietary prebiotics (Hooge, 2004; Li
et al., 2008; Salianeh et al., 2011). Evaluation of the
effect of the dose of prebiotic RFC administered in-
feed determined that final BW and ADG and ADFI
over the finisher period was greater and FCR tended to
be lower when broilers were administered the high dose
when compared to the low dose (Table 6). However, ad-
ministration of prebiotic RFC via drinking water over
the final 3 d of production was not observed to have
a significant effect on growth performance. Further re-
search will be required to determine the most effective
dosage and timing of RFC administration in-feed or by
drinking water.

The improved growth performance observed in
prebiotic-treated poultry has been attributed to the ef-
fects on digestion, digestive function, and the GI micro-
biota reported when prebiotics are administered (Askel-
son and Duong, 2015). Indeed, increased ileal nutrient
digestibility, nitrogen retention, villus height (Gómez
et al., 2012), and colonization by Bifidobacterium spp.
and Lactobacillus spp. (Yang et al., 2009) and reduced
Salmonella prevalence (Walker et al., 2017; Walker
et al., 2018) have been observed when poultry were ad-
ministered RFC and other dietary prebiotics. Although
the ability of prebiotics to improve GI health and reduce
pathogen colonization through their modification of the
GI microbiota has been reported widely, the mecha-
nisms responsible are not well understood.

The selective utilization of dietary prebiotics has
been suggested to promote populations of beneficial
bacteria. Many LAB and other GI tract-associated bac-
teria secrete extracellular hydrolases which degrade pre-
biotic oligosaccharides including fructooligosaccharides
(FOS) and MOS (Goh and Klaenhammer, 2015). The
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mono- and disaccharide products of this hydrolysis are
available to be utilized by all microorganisms in the
GI tract which possess the appropriate phosphotrans-
ferase system transporters (Altermann et al., 2005;
Azcarate-Peril et al., 2008). However, some bacteria
including Lactobacillus acidophilus NCFM (Altermann
et al., 2005; Barrangou et al., 2006) produce FOS-
specific ATP-binding cassette transporters which en-
able them to import the prebiotic oligosaccharide for
hydrolysis by intracellular β-fructosidases (Barrangou
et al., 2003). Import and intracellular hydrolysis may
provide a selective advantage through the non-altruistic
utilization of FOS and other prebiotic oligosaccharides.
Whether any poultry GI tract-associated microorgan-
isms are capable of similar non-altruistic utilization of
MOS or other prebiotic oligosaccharides has not been
determined.

In our study, we observed reduced cecal colonization
by Campylobacter spp. in RFC-treated broilers prior
to feed withdrawal, with a reduction of greater than
1 log10 cfu g−1 of cecal contents in broilers receiving
the high dose in-feed and treated water as compared to
the untreated control. However, administration of the
prebiotic treatment via drinking water was not observed
to further reduce counts of Campylobacter in the cecum
prior to feed being withdrawn. A quantitative risk as-
sessment estimated that a 1 log10 decrease in the num-
ber of Campylobacter on a contaminated carcass would
result in an up to 80% reduction in the cases of human
foodborne illness (Rosenquist et al., 2003).

Although not a prebiotic functionality per se because
it does not involve selective utilization, agglutination of
bacteria by RFC has been suggested to inhibit adhesion
of pathogens to the GI mucosa resulting in their pas-
sage through the GI tract without the opportunity to
colonize (Oyofo et al., 1989; Spring et al., 2000; Walker
et al., 2017). Mannose binding of FimH-like adhesins
on type 1 fimbriae of E. coli and Salmonella has been
demonstrated to block their adhesion to the GI mu-
cosa (Oyofo et al., 1989; Spring et al., 2000). Although
Campylobacter spp. are not known to possess similar
adhesins, mannose-binding lectins have been observed
in Campylobacter jejuni (Day et al., 2009).

Clostridium perfringens and LAB have been sug-
gested to be potentially important markers of GI health
and mediators of performance in poultry. Indeed,
Askelson et al. (2018) reported greater counts of total
LAB to be correlated with reduced FCR and increased
counts of C. perfringens to be correlated with increased
FCR. Prebiotics have been demonstrated previously to
reduce C. perfringens counts in broilers (Biggs et al.,
2007) and promote populations of beneficial bacteria
including the LAB (Gibson and Roberfroid, 1995;
Teitelbaum and Walker, 2002; Patterson and
Burkholder, 2003). No significant differences in counts
of C. perfringens or total LAB were observed in
this study. However, fewer C. perfringens tended to
be recovered from broilers that were given low dose
prebiotic-treated feed and prebiotic-treated water.

Campylobacter has been widely considered to be a
commensal inhabitant of the GI tract of poultry and is
able to contaminate poultry products during process-
ing (Achen et al., 1998; Herman et al., 2003). Built-up
litter consumed by broilers has been suggested to be
a primary vector for the transfer of Campylobacter be-
tween birds within the same flock and from one flock to
the next (Montrose et al., 1985; Sahin et al., 2015). Ad-
ditionally, consumption of litter by broiler chickens has
been demonstrated to increase during feed withdrawal
prior to processing (Corrier et al., 1999), suggesting feed
withdrawal may be a potentially important critical con-
trol point at which a intervention may be applied to
reduce the incidence of human foodborne pathogens in
poultry. Thus, the effects of RFC administration in-feed
and through drinking water on Campylobacter preva-
lence in the ceca before and after an 8 h feed with-
drawal and in the litter were investigated in the current
study (Table 5). In our study, a significant treatment ef-
fect was not observed on Campylobacter prevalence pre-
or post-feed withdrawal. However, it is interesting to
note that the prevalence of Campylobacter after the feed
withdrawal period did tend to be lower when broilers
were administered prebiotic-treated water. These data
suggest administration of prebiotic RFC in drinking wa-
ter may potentially be useful for reducing the risks to
foodborne illness associated with increased consump-
tion of litter during feed withdrawal. Likewise, although
the effect was not statistically significant, Campylobac-
ter was detected in the litter from fewer pens housing
RFC-treated or BMD-treated broilers than when com-
pared to untreated control. Administration of RFC with
yeast culture has been demonstrated to reduce preva-
lence of Salmonella in the cecum (Walker et al., 2017)
and litter (Walker et al., 2018). However, the effects
of RFC and yeast culture on Campylobacter prevalence
have not been evaluated previously, and experiments
conducted using experimentally infected animals will be
required to understand the effectiveness and application
of RFC for reducing Campylobacter in poultry and as a
potential intervention to mitigate the increased risk of
GI contamination by foodborne pathogens during feed
withdrawal.

In addition to promoting growth, BMD has been
administered to poultry in order to reduce mortality
(Brennan et al., 2003). In this study, mortality of BMD-
treated broilers was not significantly lower than the un-
treated broilers, and, overall, mortality of RFC-treated
broilers was not observed to be significantly different
from the BMD-treated or untreated control. RFC ad-
ministration has not been previously reported to af-
fect mortality of broiler chickens (Gómez et al., 2012;
Walker et al., 2017; Walker et al., 2018).

In this study, we investigated the effects of prebiotic
RFC administration to broiler chickens on growth per-
formance and GI and litter microbiota. We have demon-
strated the administration of RFC as a dietary prebiotic
improved growth performance through increased BW,
ADG, and ADFI. Although the differences were not
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observed to be statistically significant, FCR tended
to be lower with administration of the high RFC
dose. Additionally, we have demonstrated that prebi-
otic RFC administration also reduced cecal coloniza-
tion by Campylobacter spp. and may potentially reduce
Campylobacter prevalence in litter, possibly improving
pre-harvest microbial food safety of poultry and poul-
try products. Our results suggest that administration
of RFC with yeast culture as a dietary prebiotic may
potentially be an important component of an antibiotic-
free production program and an intervention to improve
pre-harvest food safety. Because of the effectiveness
and reliability of antibiotics, it is unlikely that a sin-
gle alternative product will match their efficacy. Thus,
the continued development of entire ABF management
programs, including feed additives and improved hus-
bandry, will likely be required to truly replace AGP in
poultry production.
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