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ABSTRACT: Yeast products may serve as functional
ingredients due to their benefits on host health but
vary greatly in source, composition, and functional-
ity, justifying research in host species of interest. In
this study, a Saccharomyces cerevisiae fermentation
product (SCFP) was investigated as a dietary sup-
plement for adult dogs. Adult female beagles (n = 12;
mean age = 3.3 £ 0.8 yr; mean BW = 10.3 = 0.68 kg)
were fed the same diet, but supplemented with three
levels of SCFP (125, 250, and 500 mg/d) or a pla-
cebo (sucrose) via gelatin capsules in a replicated 4 X
4 Latin square design. Fecal samples for nutrient
digestibility, fecal characteristics and microbial pop-
ulations as well as blood samples for immune indices
were collected after a 21-d adaptation phase in each
period. A separate palatability test was conducted
to examine palatability of an SCFP-containing diet
(0.2% of diet). All data, except for palatability data,
were analyzed by Mixed Models procedure of SAS
(version 9.4). A paired r-test was conducted to ana-
lyze data from the palatability test. Supplementation
of SCFP did not affect total tract apparent macro-
nutrient and energy digestibilities or fecal charac-
teristics. Fecal phenol and total phenol + indole
concentrations decreased linearly with SCFP dosage

(P < 0.05). Relative abundance of Bifidobacterium
was greater (P < 0.05), while Fusobacterium was
lower (P < 0.05) in SCFP-supplemented dogs. Total
white blood cell counts were decreased by SCFP
(P <0.05). The percentage of natural killer cells and
antigen-presenting cells were not altered by SCFP.
However, when comparing control vs. all SCFP
treatments, SCFP-supplemented dogs had greater
(P < 0.05) major histocompatibility complex class 11
presenting B cell and monocyte populations than
control dogs. IFN-y secreting helper and cytotoxic
T cells increased linearly with SCFP consump-
tion (P < 0.05). Immune cells derived from SCFP-
supplemented dogs produced less (P < 0.05) TNF-a
than those from control dogs when cells were stim-
ulated with agonists of toll-like receptors 2, 3, 4,
and 7/8. A linear increase (P < 0.05) in serum IgE
with SCFP dosage was noted. In the palatability
test, a 1.9:1 consumption ratio was observed for the
SCFP-containing diet vs. control diet, demonstrat-
ing a preference (P < 0.05) for SCFP. Results of this
study suggest that SCFP supplementation may be
beneficial to adult dogs by positively altering gut
microbiota, enhancing immune capacity and reduc-
ing inflammation.
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INTRODUCTION

With the recent trend of pet humanization, the
demand for functional ingredients that provide
health benefits beyond basic nutrition has been
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increasing in the pet food industry. Saccharomyces
cerevisiae fermentation product (SCFP) is a dry
product produced via S. cerevisiae fermentation
and includes residual yeast cells, yeast cell wall frag-
ments, fermentation metabolites, and media used
during fermentation, and may serve as a functional
ingredient due to its benefits to animals. Research
in various animal species has demonstrated the
effectiveness of SCFP to improve health and per-
formance. In humans, supplementation of SCFP
has been shown to improve immune responses to flu
and allergy (Moyad et al., 2008, 2009, 2010) as well
as modulate gut microbiota (Pinheiro et al., 2017).
SCFP has been reported to increase ADG in grow-
ing piglets (Shen et al., 2009) and enhance repro-
ductive performance in sows (Kim and Brandherm,
2008; Kim et al., 2010; Shen et al., 2011). In broiler
chickens, SCFP has been shown to improve ADG
(Gao et al.,, 2008) and intestinal morphology,
including greater villus height to crypt ratio (Gao
et al., 2008) as well as modulated T-cell popula-
tions (Gao et al., 2009). Supplementation of SCFP
in weaning calves led to less Salmonella intestinal
colonization and enhanced rumen development
(Magalhaes et al., 2008; Brewer et al., 2014). In
addition, SCFP was shown to reduce inflammatory
response in dairy cows with subacute ruminal acid-
osis (Liet al., 2016).

While there is no research specifically studying
the effects of SCFP in dogs, there have been stud-
ies investigating yeast and yeast-related products in
dogs. Results of those studies have demonstrated
beneficial effects of supplementation. Middelbos
et al. (2007) and Stercova et al. (2016) supple-
mented dogs with S. cerevisiae yeast cell walls and
live S. cerevisiae, respectively. Both studies reported
reduced fecal Escherichia coli counts in yeast-sup-
plemented dogs. Effects of yeast-derived manna-
noligosaccharides (MOS) have also been studied
in dogs (Swanson et al., 2002a; Swanson et al.,
2002b; Grieshop et al., 2004; Pawar et al., 2017).
Those studies suggested that MOS could increase
fecal Bifidobacterium and Lactobacillus, elevate
ileal IgA concentrations, and modulate white blood
cell (WBC) populations. Even though some of
those studies have evaluated immune responses to
yeast products in dogs, the measured indices were
limited. For example, only serum and ileal Ig were
measured due to the lack of available techniques at
the time. Blood cell counts were also studied using
a hematology analyzer or flow cytometry. However,
data of some immune cells such as B cell and nat-
ural killer (NK) cell are not available. In addition,
to our knowledge, functional tests for immune cell
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responsiveness have not been conducted in dogs fed
yeast products.

Therefore, considering the lack of information
available, the objective of the present study was to
investigate the effects of a SCFP (Diamond V Mills,
Inc., Cedar Rapids, TA) in adult dogs. The effects
of SCFP on fecal characteristics, apparent total
tract macronutrient digestibility (ATTD), fecal fer-
mentative end-products, fecal microbiota, immune
responses, and diet palatability were tested. We hy-
pothesized that SCFP would positively shift fecal
microbiota and improve immune responses in dogs
as well as increase diet palatability. Finally, we hy-
pothesized that there would be no adverse effects
on fecal characteristics, ATTD, and fecal fermen-
tative end-products. Due to the lack of SCFP data
in companion animals, the current study was con-
ducted with dogs so that the results could be ap-
plied to pet foods.

MATERIALS AND METHODS

Animals, Diets, and Treatments

Twelve healthy adult female beagles (age: 3.3
0.8 yr, BW: 10.3 * 0.68 kg) were used in this study.
All animal care and experimental procedures were
approved by the University of Illinois Institutional
Animal Care and Use committee before experimen-
tation (protocol no. 16092). All dogs were evalu-
ated and shown to be healthy based on the serum
chemistry results and a physical examination by a
veterinarian before and after the study. Dogs were
housed individually in pens (1.22 m wide X 1.85 m
long) in an environmentally controlled room on a
12 h light: 12 h dark cycle. Dogs had access to fresh
water ad libitum at all times and were fed once a day
to maintain BW throughout the study. Dogs were
weighed and body condition scores were assessed
using a nine-point scale (Laflamme, 1997) weekly.
Dogs consumed the same premium-style extruded
kibble diet formulated to meet all Association of
American Feed Control Officials (AAFCO, 2015)
nutrient recommendations for adult dogs at main-
tenance (Table 1).

The SCFP treatment is a dried product pro-
duced via S. cerevisiae fermentation that contains
fermentation metabolites and some residual yeast
cells. Nutrient analysis of the SCFP revealed
that it contained 94.6% DM, 20.0% ash, 27.7%
CP, 4.2% crude fat, and 20.3% total dietary fiber.
Treatments were given via gelatin capsules daily
prior to the diet, and included a placebo (125 mg
sucrose/d), 125 mg SCFP/d, 250 mg SCFP/d, and
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Table 1. Ingredient and chemical composition of
the experimental diet

Ingredient Amount
%, as-is
Brewer’s rice 45.26
Chicken byproduct meal 32.00
Chicken fat 9.00
Corn 6.00
Cellulose 6.00
Salt 0.50
Potassium chloride 0.45
Taurine 0.30
Mineral premix' 0.18
Vitamin premix’ 0.18
Choline chloride 0.13
Analyzed composition
DM, % 93.3
%, DM
Ash 5.1
CP 26.9
Acid hydrolyzed fat 14.6
Total dietary fiber 10.3
ME, kcal/g? 3.7

'"Provided per kilogram diet: Mn (as MnSO,), 66.0 mg; Fe (as
FeSO,), 120.0 mg; Cu (as CuSO,), 18.0 mg; Co (as CoSO,), 1.20 mg;
Zn (as ZnSO,), 240.0 mg; I (as KI), 1.80 mg; Se as (Na,SeO,), 0.24 mg.

*Provided per kilogram diet: vitamin A, 5.28 mg; vitamin D,
0.04 mg; vitamin E, 120.0 mg; vitamin K, 0.88 mg; thiamine, 4.40 mg;
riboflavin, 5.72 mg; pantothenic acid, 22.0 mg; niacin, 39.6 mg; pyri-
doxine, 3.52 mg; biotin, 0.13 mg; folic acid, 0.44 mg; vitamin B ;
0.11 mg.

SMetabolizable energy (ME, kcal/g) = (3.5 kcal/g x CP %) + (8.5
kcal/g % acid hydrolyzed fat %) + (3.5 kcal/g X nitrogen-free extract
%); nitrogen-free extract (%) = 100% — (CP % + acid hydrolyzed fat %
+ total dietary fiber % + ash %).

500 mg SCFP/d. A replicated 4 x 4 Latin square
design was used. Each 28-d period consisted of an
adaptation phase (days 1 to 21), a fecal collection
phase (days 22 to 26), and a blood collection phase
(days 27 to 28).

Fecal Sample Collection and Fecal Characteristics

During the fecal collection phase of each
period, all feces were collected from the pen floor,
weighed, scored and frozen at —20 °C until ana-
lyses. Fecal samples were scored according to a
five-point scale with 1 = hard, dry pellets; small
hard mass; 2 = hard formed, dry stool; remains
firm and soft; 3 = soft, formed and moist stool,
retains shape; 4 = soft, unformed stool; assumes
shape of container; 5 = watery, liquid that can be
poured. One fresh fecal sample from each dog in
each period was collected within 15 min of defe-
cation for measurement of pH, DM, fermenta-
tive end-product concentrations [short-chain fatty
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acids (SCFA), branched-chain fatty acids (BCFA),
ammonia, phenol, and indole] and microbiota
composition. Fecal pH was measured immediately
using a pH meter (Denver Instrument, Bohemia,
NY) equipped with an electrode (Beckman
Instruments Inc., Fullerton, CA). Four aliquots
were collected for further analyses: (i) for DM de-
termination, the aliquot was dried at 105 °C for 2 d;
(1) for SCFA, BCFA, and ammonia measurements,
the aliquot was mixed with 2 N hydrochloric acid
in a 1:1 (weight:weight) ratio and stored at —20 °C
until analyses; (iii) for phenol and indole measure-
ments, the aliquot was stored at —20 °C until ana-
lyses; and (iv) for microbial analyses, the aliquot
was frozen at —80 °C until analyses.

Apparent Total Tract Macronutrient and Energy
Digestibility

Diet subsamples were collected. Total fecal
samples were composited and dried at 57 °C for
a week. Both diet and fecal samples were ground
through a 2-mm screen using a Wiley Mill (model
4, Thomas Scientific, Swedesboro, NJ). DM
and OM contents were analyzed according to
the Association of Official Analytical Chemists
(AOAC, 2006; DM: method 934.01; OM: method
942.05). Fat content was measured using acid hy-
drolysis methods of the American Association of
Cereal Chemists (AACC, 1983) and Budde (1952).
CP content was calculated from Leco total ni-
trogen values (TruMac N, Leco Corporation, St.
Joseph, MI; AOAC, 2006). Gross energy was meas-
ured using an oxygen bomb calorimeter (model
1261, Parr Instruments, Moline, IL). Total dietary
fiber content was determined for diet samples ac-
cording to (Prosky et al., 1985). ATTD of nutri-
ents and energy was calculated using the following
equation: digestibility (%) = [nutrient intake (g/d)
— fecal output (g/d)]/mutrient intake (g/d) X 100%.

Fecal Fermentative End-Products

Fecal SCFA (acetate, propionate, and butyrate)
and BCFA (valerate, isovalerate, and isobutyrate)
concentrations were determined by gas chromatog-
raphy according to Erwin et al. (1961). During ana-
lyses, a gas chromatograph (Hewlett-Packard 5890A
seriesII, Palo Alto, CA)and a glasscolumn (180 cm X
4 mm i.d.) packed with 10% SP to 1200/1% H,PO,
on 80/100 mesh Chromosorb WAW (Supelco Inc.,
Bellefonte, PA) were used. Nitrogen was the carrier
gas with a flow rate of 75 mL/min. Temperatures
of the oven, detector, and injector were 125, 175,



S. cerevisiae fermentation product in dogs

and 180 °C, respectively. Fecal ammonia concen-
trations were determined according to the method
of Chaney and Marbach (1962). Fecal phenol and
indole concentrations were evaluated by gas chro-
matography according to Flickinger et al. (2003).

Fecal Microbiota

Fecal DNA extraction, amplification, and
sequencing. Total DNA from fresh fecal samples
was extracted using Mo-Bio PowerSoil Kits (MO
BIO Laboratories, Inc., Carlsbad, CA), followed
by quantification of extracted DNA using a Qubit
3.0 Fluorometer (Life Technologies, Grand Island,
NY). Quality of extracted DNA was assessed by
electrophoresis using agarose gels (E-Gel EX Gel
1%; Invitrogen, Carlsbad, CA). Bacterial 16S
rRNA gene amplicons of 252 bp from the V4 re-
gion were generated using a Fluidigm Access Array
(Fluidigm Corporation, South San Francisco,
CA) with Roche High Fidelity Fast Start Kit
(Roche, Indianapolis, IN). The primers 515 F
(5-GTGCCAGCMGCCGCGGTAA-3") and
806R  (5-GGACTACHVGGGTWTCTAAT-3")
that target the 252 bp-fragment of V4 region were
used for amplification (primers synthesized by
IDT Corporation, Coralville, IA; Caporaso et al.,
2012). Quality of the amplicons was assessed
using a Fragment Analyzer (Advanced Analytics,
Ames, [A) followed by amplicon size selection
using electrophoresis and a Qiagen gel purifica-
tion kit (Qiagen, Valencia, CA). The appropriate
profile and average size of purified amplicons
were then confirmed using a Bioanalyzer (Agilent
Technologies, Santa Clara, CA). Amplicons were
sequenced using Illumina sequencing on MiSeq
using v3 reagents (Illumina Inc., San Diego, CA)
at the W. M. Keck Center for Biotechnology at the
University of Illinois.

Bioinformatics.  Quantitative Insights Into
Microbial Ecology (QIIME 1.9.1; Caporaso et al.,
2010) was used to process the sequence data.
Sequence data with quality value >20 derived
from the sequencing process were demultiplexed.
Sequences were clustered into operational taxo-
nomic units (OTUs) using UCLUST (Edgar, 2010)
through an open-reference OTU picking strategy
against the Greengenes 13_8 reference data-
base (DeSantis et al., 2006) with a 97% similarity
threshold. Singletons and OTUs that had <0.01%
of the total observation were discarded. A total of
1,608,461 16S rRNA-based amplicon sequences
were obtained, with an average of 34,222 reads
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per sample. An even sampling depth of 20,935
sequences per sample was used for assessing o- and
p-diversity measures. a-diversity was estimated
using chaol, observed OTU, phylogenetic diver-
sity whole tree, Shannon and Simpson metrices.
B-diversity was calculated using weighted and un-
weighted UniFrac (Lozupone and Knight, 2005)
distance measures and presented with principal
coordinates analysis plots. Statistical analysis was
conducted via Statistical Analyses of Metagenomic
Profiles software 2.1.3 (Parks et al., 2014) using
ANOVA and Tukey—Kramer multiple comparison
tests. All tests were corrected for multiple inferences
using the Benjamini-Hochberg method (Benjamini
and Hochberg, 1995) to control for false discovery
rate. Statistical significance was set at P < 0.05.

Blood Sample Collection

During the blood collection phase of each
period, a total of 30 mL of blood was collected via
jugular puncture. Samples were immediately trans-
ferred to appropriate vacutainer tubes: (i) 20 mL
in plasma tubes containing heparin (no. 366480,
Becton Dickinson, Franklin Lakes, NJ) for per-
ipheral blood mononuclear cell (PBMC) collec-
tion; (ii) 2 mL in whole blood tubes containing
K,EDTA additive (no. 367842, Becton Dickinson)
for complete blood count analyses; and (iii) 8 mL in
serum tubes containing a clot activator and gel for
serum separation (no. 367974, Becton Dickinson)
for serum chemistry profile, Ig, and oxidative stress
marker analyses. Serum was isolated by centrifuging
at 1,300 X g at 4 °C for 10 min (Beckman CS-6R
centrifuge; Beckman Coulter Inc., Brea, CA).

Immune Function

Serum chemistry and complete blood count.
Serum chemistry profile and complete blood count
were analyzed using a Hitachi 911 clinical chemistry
analyzer (Roche Diagnostics, Indianapolis, IN)
at the University of Illinois Veterinary Medicine
Diagnostics Laboratory.

Serum Igs and oxidative stress markers. The
concentrations of serum IgA, IgG, IgM, and IgE
and oxidative stress markers [superoxide dismutase
(SOD) and malondialdehyde (MDA)] were meas-
ured using commercial enzyme-linked immuno-
sorbent assay (ELISA) kits (Igs: Immunology
Consultants Laboratory, Inc., Portland, OR; SOD:
US Biological, Salem, MA; MDA: MyBioSource,
San Diego, CA).
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Immune cell populations. Ficoll (Sigma, St. Louis,
MO) was added to blood in a 1:1 volume ratio and
centrifuged at 300 X g at 4 °C for 30 min to separate
PBMC from blood. The percentage of T cells, NK
cells, and antigen-presenting (AP) cells was evaluated
by flow cytometry. For T-cell populations, PBMC was
distributed into two tubes (1 x 10° cells/tube) with one
tube as control and the other stimulated with a cell
stimulation cocktail (phorbol 12-myristate 13-acetate,
ionomycin, brefeldin A, and monensin; eBioscience,
San Diego, CA). Both tubes were incubated at 37 °C
in 5% CO, for 4 h followed by surface marker labeling
with antibodies including anti-CD3-fluorescein iso-
thiocyanate (FITC), anti-CD4-allophycocyanin
(APC), and anti-CD8-pacific blue (Serotec, Raleigh,
NC). After labeling, cells were fixed and permeabil-
ized with fixation buffer and permeabilization buffer
(eBioscience). Intracellular marker staining was then
performed with anti-IFN-y-phycoerythrin (PE)
(Serotec). For NK cell populations, one aliquot of
cells (1x10° cells/tube) was labeled with anti-CD5-
APC antibody (Serotec). For AP cells, the cells of
interest included B cells and monocytes presenting
major histocompatibility complex class 1T (MHC-II)
on the cell surface. One aliquot of PBMC (1 X 10°
cells/tube) was stained with anti-CD14-APC, anti-
CD21-PE, and anti-MHC-II-FITC antibodies
(Serotec). Populations of T cells, NK cells, and AP
cells were then determined by a BD LSR flow cytom-
eter (Becton Dickinson). Flow cytometry data were
analyzed using FCS Express 6 Flow Cytometry
Software (De Novo Software, Glendale, CA). Gating
strategy used to determine immune cell populations
are shown in Supplementary Figure 1. For NK cells,
the population was determined according to Huang
et al. (2008).

Responsiveness of leukocytes to toll-like re-
ceptor (TLR) agonists. PBMC (1 x 10° cells/well)
was seeded into 96-well plates. Agonists of TLR2
(100 pg/mL zymosan; Invivogen, San Diego, CA),
TLR3 (50 pg/mL polyinosinic—polycytidylic acid
sodium salt, poly(I:C); Sigma), TLR4 (100 ng/mL
LPS; Sigma), and TLR7/8 (5 pg/mL resiquimod,
Invivogen) were added into assigned wells separ-
ately. After 24 h of incubation, supernatants were
collected for measurements of TNF-a concentra-
tion using a commercial ELISA kit (R&D systems,
Minneapolis, MN).

Palatability Test

A standard 2-d palatability test was conducted
at Kennelwood Inc. (Champaign, IL) to compare
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the control diet containing no SCFP and a diet con-
taining 0.2% SCFP, which represented the highest
dose tested in the first study. Twenty beagle dogs
(BW: 13.9 £ 3.9) were used. Two bowls, each con-
taining 500 g of diet, were offered once daily for
2 d. Bowl placement was reversed daily to prevent
left-right bias and both bowls were presented for
30 min. If one diet was completely consumed prior
to the end of the 30 min, both bowls were removed.
Food consumption and first choice preference were
recorded for each dog.

Statistical Analyses

All data, except that for the palatability test,
were analyzed using the Mixed Models pro-
cedure of SAS (version 9.4; SAS Institute, Cary,
NC) with treatment as a fixed effect and dog as a
random effect. Linear, quadratic, and control vs.
yeast effects were tested using contrasts. A paired
t-test was conducted to analyze data from the pal-
atability test. Data are reported as means + pooled
SEMs with statistical significance set as P < 0.05
and trend set as P < 0.10.

RESULTS

Food Intake, BW, and Apparent Total Tract
Macronutrient and Energy Digestibility

Average daily food intake was 176.6 g/d
and was not affected by SCFP supplementation
(Table 2). Dog BW (average: 10.7 kg) and body
condition scores (average: 5.3 on nine-point scale)
were not different among treatment groups over the
course of the study. Supplementation of SCFP did
not influence ATTD of DM (86.9%), OM (88.9%),
CP (87.6%), fat (96.7%), or energy (89.2%).

Fecal Characteristics and Fecal Fermentative
End-Products

Fecal characteristics, including pH, fecal score,
fecal DM, and wet fecal output, were not affected
by treatment when each was analyzed against one
another individually (Table 3). Fecal score, however,
was linearly increased (P < 0.05) with increasing
SCFP consumption. When comparing control vs. all
SCFP treatments, fecal score was greater (P < 0.05)
in SCFP-supplemented dogs. With the exception of
phenol and total phenols + indoles, fecal fermen-
tative end-products were not altered by treatment
(Table 3). Dogs supplemented with 500 mg SCFP
had lower (P < 0.05) fecal phenol concentrations
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Table 2. Daily intake, BW, body condition score, and apparent total tract macronutrient and energy digest-
ibility of dogs supplemented with a yeast fermentation product

Saccharomyces cerevisiae fermentation product, mg/d P-value
Item 0 125 250 500 SEM Linear Quadratic 0 vs. yeast
Daily intake, g/day 175.2 176.0 176.6 178.4 7.11 0.40 0.86 0.56
BW, kg 10.7 10.7 10.7 10.7 0.38 0.37 0.28 0.80
Body condition score! 5.4 5.4 5.3 5.3 0.36 0.46 0.93 0.65
Digestibility, %
DM 87.4 87.0 86.5 86.5 0.02 0.43 0.83 0.48
oM 89.3 89.0 88.7 88.6 0.01 0.43 0.87 0.50
CP 88.1 87.7 87.7 86.8 0.02 0.31 0.80 0.45
Crude fat 96.8 96.8 96.5 96.6 0.00 0.33 0.72 0.42
Energy 89.6 89.3 88.9 88.9 0.01 0.40 0.82 0.45

'A nine-point scale body condition system was used (Laflamme, 1997).

Table 3. Fecal characteristics and fermentative end-products of dogs supplemented with a yeast fermenta-

tion product

Saccharomyces cerevisiae fermentation product, mg/d P-value

Item 0 125 250 500 SEM Linear Quadratic 0 vs. yeast

Fecal characteristics
pH 7.06 6.95 7.30 7.02 0.31 0.72 0.50 0.89
Fecal score! 2.73 2.80 2.83 2.83 0.08 0.04 0.38 0.04
Fecal DM, % 40.72 41.20 41.68 42.05 3.01 0.37 0.90 0.46
Fecal output (days 22 to 26), g 59.78 60.81 59.64 59.37 6.06 0.89 0.70 0.89

Fecal metabolites, pmol/g DM
Acetate 160.51 164.71 162.19 151.76 22.29 0.37 0.51 0.81
Propionate 73.28 79.10 78.43 72.23 12.24 0.79 0.23 0.57
Butyrate 38.61 48.22 35.59 42.83 17.44 0.98 0.80 0.63
Total SCFA? 27240  292.03 276.21 266.82 39.45 0.47 0.44 0.84
Isobutyrate 6.59 6.79 6.54 6.20 1.09 0.41 0.66 0.79
Isovalerate 9.93 9.79 9.36 8.90 1.67 0.19 0.95 0.37
Valerate 0.58 0.83 0.64 0.73 0.32 0.55 0.63 0.24
Total BCFA? 17.10 17.41 16.54 15.83 2.87 0.29 0.80 0.60
Phenol 0.822 0.59% 0.47® 0.38° 0.50 <0.01 0.29 <0.01
Indole 1.98 2.17 2.09 1.83 0.40 0.38 0.10 0.74
Total P/ 2.80 2.76 2.56 2.21 0.76 0.03 0.49 0.18
Ammonia 133.04 143.37 127.47 128.39 20.61 0.38 0.65 0.94

'Fecal scores: 1 = hard, dry pellets; small hard mass; 2 = hard formed, dry stool; remains firm and soft; 3 = soft, formed and moist stool, retains
shape; 4 = soft, unformed stool; assumes shape of container; 5 = watery, liquid that can be poured.

*Total short-chain fatty acids (SCFA) = acetate + propionate + butyrate; total branched-chain fatty acids (BCFA) = valerate + isovalerate +

isobutyrate; Total P/I = phenol + indole

+b Mean values within a row with unlike superscript letters differ (P < 0.05).

than dogs in the control group. When comparing
the control vs. all SCFP treatments, fecal phe-
nol concentration was lower (P < 0.05) in SCFP-
supplemented dogs. A significant linear effect was
also observed for fecal phenol and total fecal phe-
nol + indole concentrations, with higher SCFP dos-
ages leading to lower (P < 0.05) fecal phenol and
total phenol + indole concentrations.

Fecal Microbiota

o diversity of the fecal microbial community,
which represents species richness and evenness

within a sample, was not altered by SCFP supple-
mentation according to the rarefaction curves and
values obtained from different diversity metrics
(Figure 1A). p-diversity, which represents species
richness among samples, was not different among
treatment groups in both unweighted and weighted
UniFrac distance measures (Figures 1B and C).
For all dogs, the predominant bacterial phyla were
Fusobacteria (31.31% to 38.37%), Firmicutes
(25.33% to 32.59%), Bacteroidetes (23.74% to
26.30%), Proteobacteria (8.26% to 8.71%), and
Actinobacteria (1.59% to 4.79%). The predomi-
nant bacterial genera were Fusobacterium (29.6%
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Figure 1. Fecal microbiota communities of dogs supplemented
with 0, 125, 250, and 500 mg yeast fermentation product/d. (A) Alpha
diversity measures, including phylogenetic diversity (PD) whole tree
(shown), suggested that species richness within a sample was not af-
fected by treatment (P > 0.05). Principal coordinates analysis plots of
unweighted (B) and weighted (C) UniFrac distances of fecal microbial
communities were not altered by treatment (P > 0.05).

to 38.5%), Bacteroides (14.9% to 15.9%), and
Allobaculum (4.8% to 11.7%) (Table 4). At the phyla
level, relative abundance of Firmicutes tended to
increase linearly (P < 0.10) with SCFP supple-
mentation. When comparing control vs. all SCFP
treatments, relative abundance of Actinobacteria
was higher (P < 0.05) and Firmicutes tended
to be higher (P < 0.10) in SCFP-supplemented
dogs. A linear effect (P < 0.05) was observed in
Fusobacteria, with higher SCFP doses leading to
lower relative abundance of Fusobacteria. In addi-
tion, relative abundance of Fusobacteria overall
were lower (P < 0.05) in SCFP-supplemented dogs
when comparing control vs. all SCFP treatments.
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At the genera level, linear increases (P < 0.05) were
noted in relative abundance of Bifidobacterium
and Prevotella as SCFP increased. When compar-
ing control vs. all SCFP treatments, relative abun-
dance of Bifidobacterium was higher (P < 0.05)
and Prevotella tended to be higher (P < 0.10) in
SCFP-supplemented dogs. Relative abundance
of Fusobacterium decreased linearly (P < 0.05)
with SCFP supplementation. When comparing
control vs. all SCFP treatments, relative abun-
dance of Fusobacterium was lower (P < 0.05) in
SCFP-supplemented dogs.

Immune Function

Serum chemistry profile and blood cell counts.
Serum metabolites were within reference ranges
for all dogs, except for globulin, and albumin:
globulin ratio (Supplementary Table 1). Globulin
was slightly lower and albumin: globulin ratio was
slightly higher than the reference range for dogs in
all treatment groups. None of the serum metabo-
lites were altered by treatment when analyzed indi-
vidually. A quadratic effect (P < 0.05) was noted for
total bilirubin and a linear increase (P < 0.05) with
increasing SCFP was observed for corticosteroid-in-
duced alkaline phosphatase. Most of the blood
cell counts were within reference ranges for dogs
supplemented with all treatments (Supplementary
Table 2). Dogs treated with 250 and 500 mg SCFP
had slightly lower WBC counts than the reference
range. Significant linear and control vs. all SCFP
treatment effects were observed for WBC counts,
with dogs having lower (P < 0.05) total WBC with
increasing SCFP dose. Also, dogs supplemented
with 250 mg SCFP had lower (P < 0.05) WBC
counts than dogs in the control group.

Serum oxidative stress markers and Igs. Serum
oxidative stress markers (SOD and MDA) as well as
IgA, IgE, 1gG, and IgM were not altered by treat-
ment when analyzed individually (Table 5). For
IgE, a linear effect was observed, with higher SCFP
dosages leading to higher (P < 0.05) circulating IgE
concentrations.

Immune cell populations. NK cell and AP cell
(B-cell and monocyte) populations were not al-
tered when individual treatments were compared
(Table 6). However, an overall effect was observed
when comparing controls vs. all SCFP treatments
for the populations of B cells and monocytes pre-
senting MHC-II, with dogs supplemented with
SCFP having greater (P < 0.05) MHC-I1+ B cell
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Table 4. Predominant bacterial phyla and genera (% of total sequences) in the feces of dogs supplemented
with a yeast fermentation product

Saccharomyces cerevisiae fermentation

product, mg/d P-value
Phylum Genus! 0 125 250 500 SEM Linear Quadratic 0 vs. yeast
Actinobacteria 1.59 4.79 3.24 2.99 3.87 0.16 0.16 0.03
Bifidobacterium 1.33 4.54 2.96 2.64 3.92 0.05 0.08 0.01
Bacteroidetes 26.30 23.74 23.91 24.75 5.12 0.60 0.43 0.33
Bacteroides 15.83 14.45 14.92 15.21 3.53 0.78 0.56 0.52
Prevotella 0.69 1.57 0.99 0.95 0.98 0.04 0.73 0.06
Firmicutes 25.33 30.93 32.19 32.59 9.31 0.08 0.40 0.06
Allobaculum 4.49 10.26 9.22 10.93 9.58 0.13 0.69 0.10
Blautia 1.56 1.63 1.80 1.85 0.60 0.41 0.98 0.54
Clostridium 5.94 4.98 5.52 5.50 1.80 0.83 0.58 0.54
Faecalibacterium 1.63 1.23 1.03 1.53 0.72 0.63 0.43 0.38
Lactobacillus 2.80 3.73 4.08 3.06 3.98 0.67 0.54 0.80
Phascolarctobacterium 0.60 0.58 0.74 0.68 0.18 0.21 0.70 0.41
Fusobacteria 38.37 31.84 31.86 31.31 7.54 0.03 0.18 0.01
Fusobacterium 38.32 31.81 31.82 31.28 7.53 0.03 0.18 0.01
Proteobacteria 8.31 8.58 8.71 8.26 2.14 0.91 0.72 0.96
Anaerobiospirillum 1.55 1.88 1.91 2.25 0.98 0.65 0.33 0.34
Sutterella 6.40 6.57 6.18 591 1.52 0.57 0.76 0.83

'All genera with relative abundance >0.5% of total sequences are presented.

Table 5. Serum oxidative stress markers and Igs of dogs supplemented with a yeast fermentation product

Saccharomyces cerevisiae fermentation

product, mg/d P-value
Item 0 125 250 500 SEM Linear Quadratic 0 vs. yeast
Oxidative stress markers
Superoxide dismutase, pg/mL 1.26 1.46 1.85 1.84 0.88 0.17 0.45 0.16
Malondialdehyde, nmol/mL 6.52 6.62 6.88 7.61 4.12 0.57 0.93 0.58
Igs
IgA, mg/mL 3.41 3.77 3.10 4.27 1.50 0.66 0.56 0.65
IgG, mg/mL 21.47 21.85 21.39 22.09 2.82 0.61 0.75 0.60
IgM, mg/mL 2.67 2.78 2.82 2.80 8.41 0.83 0.98 0.98
IgE, pg/mL 19.39 18.49 23.19 23.36 0.67 0.05 0.49 0.34

Table 6. Natural killer cell and antigen-presenting cell populations of dogs supplemented with a yeast fer-
mentation product

Saccharomyces cerevisiae fermentation

product, mg/d P-value

Item 0 125 250 500 SEM Linear Quadratic 0 vs. yeast
Natural killer cell, % of lymphocyte 14.34 10.52 10.27 12.55 3.07 0.39 0.12 0.11
Antigen-presenting cells

B cell, % of lymphocyte 8.08 7.35 9.37 7.96 2.51 0.44 0.86 0.85

B cell, MHC II+, % of B cell! 96.26 97.20 97.44 97.25 1.56 0.12 0.29 0.05

Monocyte, % of white blood cell 4.16 4.29 4.77 3.99 2.37 0.81 0.95 0.73

Monocyte, MHC 11+, % of monocyte! 55.90 51.18 59.04 61.33 7.63 0.86 0.68 0.05

'B cells or monocytes that present major histocompatibility complex class II (MHC 1I).

and monocyte populations than control dogs.  IFNy-secreting helper T cells and IFNy-secreting
T-cell populations were not affected by SCFP  cytotoxic T cells, with higher SCFP dosages lead-
when analyzed individually (Table 7). When cells  ing to higher (P < 0.05) IFNy-secreting cell
were stimulated, a linear effect was observed in  populations.
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Table 7. T-cell populations of dogs supplemented with a yeast fermentation product

Saccharomyces cerevisiae fermentation

product, mg/d P-value

Item 0 125 250 500 SEM Linear Quadratic 0 vs. yeast

Control
Lymphocyte, % of PBMC! 21.28 16.63 18.92 18.84 11.45 0.76 0.37 0.23
T cell, % of lymphocyte 83.32 80.11 78.77 77.54 5.10 0.07 0.74 0.42
Helper T cell, % of lymphocyte 37.84 36.97 34.54 34.59 4.58 0.07 0.76 0.28
Cytotoxic T cell, % of lymphocyte 32.23 31.80 32.74 31.34 4.55 0.62 0.63 0.80
Helper: cytotoxic T-cell ratio 1.31 1.23 1.13 1.16 0.26 0.29 0.40 0.23
IFN-y secreting T cell, % of lymphocyte 0.06 0.11 0.08 0.11 0.02 0.73 0.83 0.99
IFN-y secreting helper cell, % of lymphocyte 0.01 0.01 0.01 0.02 0.00 0.38 0.13 0.95
IFN-y secreting cytotoxic cell, % of lymphocyte 0.01 0.03 0.03 0.04 0.01 0.02 0.67 0.03

Stimulation?
Lymphocyte, % of PBMC! 63.71 60.78 65.08 61.57 7.73 0.90 0.64 0.81
T cell, % of lymphocyte 76.05 76.74 75.16 71.82 7.43 0.12 0.89 0.57
Helper T cell, % of lymphocyte 40.12 429 37.46 38.25 391 0.21 0.29 0.86
Cytotoxic T cell, % of lymphocyte 22.58 23.9 24.09 23.75 3.84 0.65 0.50 0.74
Helper: cytotoxic T-cell ratio 1.90 1.93 1.70 1.72 0.35 0.72 0.39 0.56
IFN-y secreting T cell, % of lymphocyte 7.56 7.20 8.76 9.29 1.11 0.22 0.41 0.72
IFN-y secreting helper cell, % of lymphocyte 3.18 3.53 4.62 4.64 0.47 0.02 0.81 0.14
IFN-y secreting cytotoxic cell, % of lymphocyte 2.75 2.72 3.43 3.24 0.50 0.05 0.45 0.33

'PBMC = peripheral blood mononuclear cells.

2Cells were stimulated with cell stimulation cocktail (phorbol 12-myristate 13-acetate, ionomycin, brefeldin A, and monensin) for 4 h.

Responsiveness of toll-like receptors. The
responsiveness of TLR to agonists was evalu-
ated by measurement of TNF-a concentrations
(Table 8). TNF-a concentrations of control wells
were not different among treatment groups. In cells
stimulated with TLR2, TLR3, TLR4, and TLR7/8
agonists, an overall effect of controls vs. all SCFP
treatments was observed, with cells obtained from
dogs supplemented with SCFP having a lower
(P < 0.05) TNF-a secretion than cells collected
from control dogs. For cells stimulated with TLR2
and TLR7/8 agonists, dogs supplemented with
125 or 500 mg SCFP had lower (P < 0.05) TNF-
o concentrations than control dogs. A linear effect
was observed for cells stimulated with TLR2 and
TLR7/8 agonists, with TNF-a concentrations
being reduced with increasing SCFP dosage. For
cells stimulated with TLR3 agonist, SCFP did
not affect TNF-a concentrations when treatment
groups were compared individually. For cells stim-
ulated with TLR4 agonist, dogs supplemented with
125 mg SCFP had lower (P < 0.05) TNF-a con-
centrations than control dogs. A quadratic effect
(P < 0.05) was also observed for cells stimulated
with TLR7/8 agonist. Control dogs had the
highest TNF-a concentrations, which was greatly
reduced in dogs supplemented with 125 mg SCFP,
and increased to an intermediate concentration for
those supplemented with 250 and 500 mg.

Palatability

In the palatability test, a 1.93:1 total consump-
tion ratio was observed for the SCFP-containing
diet vs. control diet, demonstrating a preference
(P < 0.05) for the diet containing yeast. Using
data from both days, the yeast-containing diet was
consumed first on 27/40 occasions (vs. 13/40 for
control diet).

DISCUSSION

The demand for functional ingredients in the
pet food industry continues to grow as pet owners
are more focused on pet health and wellness. Yeast
products may serve as functional ingredients in pet
foods, with interest in them due to the health benefits
shown in other animals. In the present study, we in-
vestigated the effects of SCFP on ATTD, fecal char-
acteristics, fecal fermentative end-products, fecal
microbiota, and immune indices in adult beagles.
Overall, ATTD and fecal characteristics were not
affected by SCFP. Supplementation of SCFP de-
creased fecal phenol concentrations and altered fecal
microbial composition. Our data also suggested that
supplementation of SCFP could modulate immune
cell populations, decrease TLR responsiveness and
increase serum IgE concentrations. Finally, diet pal-
atability was enhanced with inclusion of 0.2% SCFP.
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Table 8. TNF-a concentrations (pg/mL) in cell culture supernatant of dogs supplemented with a yeast
fermentation product

Saccharomyces cerevisiae fermentation product, mg/d P-value
Item 0 125 250 500 SEM Linear Quadratic 0 vs. yeast
Control 396.64 279.23 408.20 323.31 150.30 0.50 0.47 0.64
Zymosan (TLR2 agonist) 705.15% 492.72° 591.74% 518.74° 179.72 0.04 0.46 <0.01
Poly (I:C)' (TLR3 agonist) 455.75 353.67 414.94 360.36 104.82 0.16 0.43 0.05
Lipopolysaccharide (TLR4 agonist) 540.78% 372.15° 454.12%® 416.18* 128.96 0.08 0.09 <0.01
R848 (resiquimod) (TLR7/8 agonist) 2267.06 1432.79° 1628.43» 1581.30° 484.06 0.01 0.04 <0.01

Poly (I:C): polyinosinic:polycytidylic acid.

*®Mean values within a row with unlike superscript letters differ (P < 0.05).

All dogs remained healthy throughout the
study. Some parameters from serum chemistry pro-
file (globulin; albumin: globulin ratio) and WBC
counts were slightly out of the reference range.
However, no clinical signs were noted during the
study. A quadratic effect was observed for total bil-
irubin and a linear increase was noted for corticos-
teroid-induced alkaline phosphatase. Because both
changes were small and within reference ranges,
they are likely not physiologically relevant.

As expected, supplementation of SCFP did not
influence food intake, BW, and ATTD. Similar re-
sults were reported in dogs with various kinds of
yeast products (Swanson et al., 2002a; Grieshop
et al., 2004; Pawar et al., 2017). Another study,
however, observed a lower ATTD of DM and CP in
yeast-supplemented dogs (Middelbos et al., 2007).
The lower digestibility may have been due to in-
creased bacterial growth and excretion due to in-
creased fermentation. In that scenario, undigested
protein in the colon can be utilized by bacteria for
synthesis of bacterial proteins, which results in an
underestimation of CP digestibility (Cummings
et al., 1979). The unchanged ATTD in our study
could be explained by the highly digestible diet.

Most of the fecal characteristics were not
affected by SCFP, which is in line with other dog
studies (Swanson et al., 2002a; Pawar et al., 2017).
Only fecal score was increased with SCFP dosages.
Although higher fecal scores (wetter feces) were
observed, all feces remained in the ideal fecal score
range (2.5 to 3 on five-point scale). Supplementation
of SCFP did not alter fecal SCFA concentrations.
Because SCFA are rapidly absorbed by colono-
cytes, it is often difficult to detect alterations in fecal
SFCA (Von Engelhardt et al., 1989). These results
agree with other dog studies that have reported
unchanged fecal SCFA concentrations (Swanson
et al., 2002a; Stercova et al., 2016; Pawar et al.,
2017). Because SCFP is a fermentation product,
the components of SCFP may not be fermented,

but utilized by the bacteria or host directly. Similar
with Swanson et al. (2002a), dogs supplemented
with SCFP in the present study had decreased con-
centrations of fecal phenol and total fecal phenol
+ indole. The SCFP contains ~44% carbohydrates
and the decreased fecal phenol concentrations may
in part be due to an increased intake of undigested
carbohydrate in the SCFP-treated dogs. However,
it is questionable because it would translate to
only 220 mg of carbohydrate in the highest supple-
mented group (500 mg/d) and decreased concen-
trations of fecal protein fermentative end-products
by supplementation of oligosaccharides have only
been reported in dogs given higher dosages (Terada
et al., 1992; Zentek et al., 2002). Bacteria utilize
undigested nutrients for bacterial protein synthesis
in the colon. Increased carbohydrates from SCFP
may serve as an energy source for colonic bacteria,
which results in lower utilization of proteins and
therefore decreased protein catabolites. However,
we did not observe decreased BCFA and ammonia.

In agreement with other dog studies inves-
tigating yeast products (Grieshop et al., 2004;
Middelbos et al., 2007; Stercova et al., 2016),
SCFP slightly affected fecal microbiota. Although
species richness and evenness were not different
among treatment groups, relative abundances of
a few taxa were altered by SCFP. The predom-
inant phyla observed in this study were similar to
that reported previously (Suchodolski et al., 2008;
Handl et al., 2011; Swanson et al., 2011; Deng and
Swanson, 2015). However, the relative abundances
were different from other studies. For example,
Fusobacteria (31.31% to 38.37%) were higher and
Firmicutes (25.33% to 32.59%) were lower com-
pared with those in other studies (Fusobacteria:
0.3% to 25.0%; Firmicutes: 35.0% to 93.4%.)
(Handl et al., 2011; Suchodolski, 2011; Swanson
et al., 2011). These differences could be due to
many factors such as diet composition, dog breed
or sex, DNA extraction and amplification methods
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or sequencing methods (Deng and Swanson, 2015).
Firmicutes tended to increase while Fusobacteria
decreased with higher SCFP doses. Similar results
were reported in dogs fed a low level of dietary
fiber (Middelbos et al., 2010). However, limited
data are available to speculate whether this is bene-
ficial to dogs. Clinical studies have shown lower
Fusobacteria in dogs with inflammatory bowel dis-
eases (IBD) (Vazquez-Baeza et al., 2016). The diets
were not measured or controlled in those stud-
1es, however. Therefore, it 1s difficult to determine
whether lower abundances of Fusobacteria con-
tributed to or were caused by IBD. Bifidobacterium
increased in SCFP-supplemented dogs, which is in
agreement with previous dog studies testing yeast
products (Swanson et al., 2002b; Grieshop et al.,
2004). Increased abundance of Bifidobacterium is
often associated with a healthy gut in terms of re-
duced pathogenic bacteria (Araya-Kojima et al.,
1995; Fujiwara et al., 2001) and enhanced immune
function (Chiang et al., 2000; Wu et al., 2009). The
increased Bifidobacterium in the current study may
be due to fermentability of (3-glucan or MOS pre-
sent in SCFP (Swanson et al., 2002b; Zhao and
Cheung, 2011). By utilizing such compounds,
Bifidobacterium may have an advantage and grow
at a greater rate but exact reason is unknown.
Several studies have demonstrated that yeast
cell wall or yeast-derived MOS could affect im-
mune cell numbers in dogs (Swanson et al., 2002a;
Grieshop et al., 2004; Middelbos et al., 2007; Pawar
et al., 2017). In the present study, we observed
lower total WBC counts in SCFP-supplemented
dogs. This is consistent with other studies in dogs
and pigs (Middelbos et al., 2007; Shen et al., 2011;
Sanchez et al., 2018), where supplementation of
yeast cell wall or yeast fermentation product led
to lower WBC counts. Another study from Shen
et al. (2009) reported that pigs supplemented with
yeast culture had enhanced T helper-1 (Thl) re-
sponses in the gut. Increased mucosal immunity,
which serves as the first barrier, may prevent patho-
gens from migrating into the mucosa, thereby miti-
gating the need to generate an immune response.
However, this hypothesis cannot be confirmed in
the current study because mucosal immunity was
not evaluated. It is also possible that the immune
capacity is enhanced and thus fewer immune cells
are needed. This hypothesis is partially supported
by our immune cell population data. In our study,
the populations of AP cells, including B cells and
monocytes expressing surface MHC class I1 were
increased in SCFP-supplemented dogs. AP cells
process antigens and present antigen peptides
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to helper T cells in an MHC class II-dependent
manner. As such, MHC class Il expression is needed
to stimulate helper T cells. In addition, the popu-
lations of activated Th1 (IFN-y-secreting helper T
cells) were increased by SCFP. The enhanced Thl
response could be caused by p-glucan, one of the
yeast cell wall components that has been shown to
trigger Th1 responses (Suzuki et al., 2001; Plat and
Mensink, 2005). Our findings suggest that SCFP
may enhance the capacity of immune cells, espe-
cially Thl responses, to react to antigens entering
the body potentially requiring fewer immune cells
to maintain health.

Secretion of TNF-a, a pro-inflammatory cyto-
kine, from PMBC was decreased by SCFP, which
suggests a potential anti-inflammatory effect of
SCFP. This could be possibly explained by [-glu-
can. Soltys and Quinn (1999) observed a decreased
production of TNF-a and IL-6 in monocytes and
lymphocytes from mice treated with B-glucan. Li
et al. (2006) also reported that supplementation of
S. cerevisiae B-glucan resulted in lower concentra-
tions of plasma TNF-a and IL-6 during LPS chal-
lenge. An alternative hypothesis is that the cells are
activated by SCFP and are refractory to additional
TLR stimulation. This hypothesis is in agreement
with our data demonstrating increased percentages
of AP expressing MHC II. Finally, gut microbiota
may also play a role in the anti-inflammatory effects
(Cerf-Bensussan and Gaboriau-Routhiau, 2010;
Hooper et al., 2012). In our study, we observed
increased relative abundance of Bifidobacterium
in SCFP-supplemented dogs. Bifidobacterium has
been shown to decrease the expression of TLRs,
NFxB, and cytokines in vivo and in vitro (Riedel
et al., 2006; O’Mahony et al., 2008; Heuvelin et al.,
2009; Okada et al., 2009).

Supplementation of SCFP did not alter serum
Ig concentrations, with the exception of IgE.
Similar results of serum IgA, IgG, IgM were ob-
served in other studies where dogs were supple-
mented with MOS or yeast cell wall (Swanson
etal., 2002a; Grieshop et al., 2004; Middelbos et al.,
2007). Serum IgE concentration was not reported
in other dog studies. In our study, serum IgE con-
centrations elevated linearly with increasing SCFP
dosage, which may have been due to enhanced Th2
responses to SCFP. This finding warrants further
investigation into the effects of SCFP on other T
cell subsets such as Th2, Th17, and regulatory T
cells. In addition, there were no allergic symptoms
noticed during the study. More data about SCFP-
specific IgE need to be collected to understand this
outcome.
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Yeast products have been used as palatability
enhancers in pet food industry for many years
(Swanson and Fahey, 2006). In the current study,
inclusion of 0.2% SCFP in the diet increased pal-
atability as shown using a standard 2-d palatability
test. Similar results were reported when dogs were
offered 7.5% sugarcane yeast (Martins et al., 2014).
However, Pawar et al. (2017) did not observe in-
creased palatability when dogs were fed 1.5% MOS.
Although not fully researched, many factors in
yeast products such as the umami taste from nu-
cleotides (Ugawa and Kurihara, 1994) as well as
protein and fat content may contribute to enhanced
palatability.

In conclusion, SCFP may act as a functional
ingredient and have positive effects on gut health
and immune function in dogs. SCFP slightly
modulates fecal microbiota composition and ac-
tivity by increasing Bifidobacterium, decreasing
Fusobacterium, and decreasing phenol and indole
concentrations. Supplementation of SCFP en-
hances Th1 responses, but decreases TLR responses
and thus may decrease inflammation. Inclusion of
SCFP may also enhance diet palatability. Therefore,
SCFP may be used in dog food to improve gut
health by shifting gut microbiota positively, elevat-
ing immune capacity, and decreasing inflammation.
The application of SCFP may be most beneficial to
weaning puppies, geriatric dogs, or those with in-
flammatory conditions because these populations
may have unstable or undesirable gut microbiota
populations or compromised immune systems.
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