Journal of Animal Science, 2022, 100, 1-11
https://doi.org/10.1093/jas/skac281
Advance access publication 27 August 2022

Companion Animal Nutrition

(& A0

AMERICAN SOCIETY OF ANIMAL SCIENCE

OXFORD

A proof of principle study investigating the effects of
supplemental concentrated brewer’s yeast on markers of
gut permeability, inflammation, and fecal metabolites in
healthy non-challenged adult sled dogs

Lindsey M. Rummell," Michael A. Steele,” James R. Templeman,’*
TaylorT. Yohe,"© Nadeem Akhtar,' Jocelyn G. Lambie," Pawanpreet,Singh ' Thomas,Asquith '
Adronie Verbrugghe,*(© Wendy Pearson,” and Anna K. Shoveller""

"Department of Animal Biosciences, Ontario Agricultural College, University of Guelph, Guelph, Ontario N1G 2W1, Canada
*Department of Clinical Studies, Ontario Veterinary College, University of Guelph, Guelph, Ontario, N1G 2W1 Canada

'F.L. Emmert Company, Cincinnati, OH, 45214 USA

SPrimal Pet Foods, Primal Pet Group, Fairfield, CA, 94534 USA

'Corresponding author: ashovell@uoguelph.ca

Abstract

Yeast-derived f-glucans impact immunity, though their effects on gut permeability and inflammation are less understood. Most research has
investigated other components of the yeast cell wall, such as the prebiotic mannan- and fructo-oligosaccharides. The objective of this study was
to assess the effects of feeding a concentrated yeast product on markers of inflammation (serum amyloid A [SAA] and haptoglobin [Hpl) and
oxidative status (malondialdehyde [MDA]), fecal products of fermentation, and gut permeability. Nineteen privately owned domestic Siberian
huskies, and one Alaskan husky (9 females: 5 intact, 4 spayed; 11 males: 3 intact, 8 neutered), with an average age of 4.8 + 2.6 yr and body
weight (BW) of 25.6 + 4.1 kg, were used in this study. Dogs were blocked and randomly allocated to one of two diet groups. Ten dogs received
a dry extruded diet. The other 10 received the same diet top dressed with yeast for a daily f—glucan dose of 7 mg/kg BW for 10 wk. Fecal col-
lection, for evaluation of fecal metabolites, and scoring occurred weekly. Gut permeability was assessed using the chromium-labeled ethylene-
diamine tetra-acetic acid (CrrEDTA) and iohexol markers prior to the initiation of dietary treatment and after 10 wk of treatment. Blood samples
were collected premarker administration and 0.5, 1, 2, 3, 4, 5, and 6 h postadministration. Fasting concentrations of SAA, Hp, and MDA were
measured on weeks -1, 2, 4, and 8. Incremental area under the curve (I-AUC) was calculated for serum iohexol and CFEDTA concentrations. All
data were analyzed using PROC GLIMMIX of SAS with dog as random effect, and week as fixed effect and repeated measure. Dogs receiving
treatment tended to have decreased I-AUC of lohexol (P = 0.10) and C-EDTA (P = 0.06) between baseline and cessation of treatment compared
to the change over time in I-AUC for control (Ctl) dogs. Treatment dogs had lower Hp concentrations (P < 0.05) than Ctl. There were no differ-
ences between treatments for SAA and MDA concentrations (P > 0.05). Fecal arabinose concentrations were greater in treatment (Trt) dogs
(P < 0.05) compared to Ctl, though no other fecal metabolites were affected by treatment. There was no difference in the relative frequency of
defecations scored at any fecal score between Trt and Ctl dogs, and mean score did not differ between groups (P > 0.10). These data suggest
that concentrated brewer’s yeast may have the potential to reduce gut permeability without impacting inflammatory status and markers of
health in adult dogs.

Lay Summary

This study evaluated the effects of concentrated brewer's yeast on gut health in dogs. Nineteen Siberian Huskies and one Alaskan husky were
blocked and randomly allocated to one of two groups. Treatment dogs received a yeast supplement for 10 wk, while control dogs received no
supplement. Dogs were administered two markers to assess intestinal permeability prior to start of treatment and following 10 wk of treatment.
Blood samples were collected and analyzed for markers of inflammatory status (serum amyloid A [SAA] and Haptoglobin [Hpl) and oxidative
status (serum malondialdehyde [IMDA]). Fecal samples were collected weekly to assess fecal score as well as fecal metabolite concentrations.
Intestinal permeability was reduced in treatment dogs following treatment, and no change was observed in the control group. Treatment dogs
had lower Hp concentrations than control (Ctl), but there were no differences between treatments for SAA and MDA. Fecal arabinose concen-
trations were significantly greater in the treatment group when compared to control. There were no differences in the relative frequency of
defecations scored at any fecal score between treatment and Ctl dogs, nor did mean score differ between the groups. This study suggests that
concentrated brewer’s yeast may reduce gut permeability and inflammation without detrimentally impacting markers of health in adult dogs.
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Introduction

The use of yeast components as functional ingredients in
canine diets has garnered interest due to potential immune
modulatory and gut health enhancing effects (Pillemer and
Ecker, 1941; Novak and Vetvicka, 2009). Yeast is a fer-
mentable source of carbohydrates and protein that, when
supplemented in the diet, may increase nutrient digestibility
in dogs (Beloshapka et al., 2013). Beyond its role in diges-
tion, the gut acts as a physical barrier against invading patho-
gens, helping to maintain host health (McKay and Perdue,
1993). Supplemental yeast has a protective effect against
factors negatively impacting gut permeability, such as main-
taining the integrity of the intestinal barrier and stimulating
the immune system, both critical to the prevention of luminal
bacteria and endotoxins from translocating into portal and
systemic circulation (Generoso et al., 2011). These outcomes
are believed to be the result of B-vitamins, antioxidants, and
the cell-membrane-derived mannan-, fructo-oligosaccharides,
and B-glucans found in yeast products, the last of which has
been reported to reduce gut inflammation, while improving
gut and overall health in animal and human models (Martins
et al., 2013).

B-Glucans are naturally occurring polysaccharides found
in the cell walls of yeast as well as other fungi, cereal grains,
algae, lichens, and some bacteria (Novak and Vetvicka,
2009). Yeast-derived -glucans have been reported to directly
augment innate antimicrobial defense mechanisms and act as
immunostimulants in mice and dogs (Lee et al., 2001; Stuyven
et al., 2010), stimulating the release of nitric oxide, arachi-
donic acid metabolites, and cytokines (Jung et al., 2003;
Suram et al., 2006; Chen and Seviour, 2007). Yeast-derived
B-glucans function by binding to specific receptors on mac-
rophages, neutrophils, monocytes, dendritic cells, and natural
killer cells to exert their immune-modulatory effects (Stuyven
et al., 2010). Further, yeast $-glucans have protective effects
against immune challenges caused by bacteria, viruses, and
parasites in humans (Willment et al., 2001; Gantner et al.,
2003; Brown and Gordon, 2005) and mice (Brown et al.,
2003; Generoso et al., 2011). Dectin-1 has been identified as
the major f-glucan receptor, and is found in large quantities
on macrophages and neutrophils (Brown and Gordon, 2001).

Serum amyloid A (SAA) and haptoglobin (Hp) are positive
acute phase proteins (APPs) produced following activation of
the innate immune system that act as nonspecific markers of
inflammation in dogs (Cerén et al., 2005). Dectin-1 acts col-
laboratively with toll-like receptor 2 (TLR2) to produce the
major proinflammatory cytokines, triggering the production
of APPs (Gantner et al., 2003; Cer6n et al., 2005). Dogs sup-
plemented with a yeast-derived B-glucan had reduced serum
concentrations of proinflammatory interleukin (IL)-6, and
increased concentrations of anti-inflammatory IL-10, further
substantiating the immune-modulatory effects of $-glucan in
dogs (Rychlik et al., 2013). While yeast and B-glucans have
a well-established role in supporting immune function, their
effects on the gut in dogs are largely unknown.

Intestinal barrier function refers to the ability of the gut
epithelium to separate harmful bacteria and endotoxins
from the body (MacFie et al., 2005; Generoso et al., 2011).
When the gut is injured or suffers a barrier failure, caused by
changes in the diet, stressors, or medications (Soeters, 2008),
this facilitates the transport of harmful substances from the
lumen into portal and systemic circulation (Generoso et al.,
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2011). This increase in pathogenic bacteria in systemic circu-
lation activates the immune system, triggering the production
of various immune cells, and can lead to systemic inflam-
mation (Generoso et al., 2011). While yeast contains many
active components, 3-glucans are thought to exert numerous
beneficial effects on intestinal permeability (Generoso et al.,
2011; Che et al., 2017; Han et al., 2017). Intestinal permea-
bility has historically been evaluated in dogs and other species
using *'Chromium-labeled ethylenediamine tetra-acetic acid
(*!Cr-EDTA) and a combination of two sugars (Klenner et al.,
2009; Frias et al., 2012). Iohexol, a water-soluble nonionic
contrast medium, has also been evaluated as a comparable
marker of intestinal permeability to *'Cr-EDTA in dogs (Frias
et al., 2012). Both iohexol and *'Cr-EDTA permeate the intes-
tinal membrane via paracellular transport and have been used
to detect early stages of intestinal diseases in humans and
dogs (Klenner et al., 2009; Frias et al., 2012). When iohexol
and °'Cr-EDTA were administered concurrently to dogs,
the percent recovery of both markers in serum was linearly
associated, though the lower molecular weight of *'Cr-EDTA
resulted in greater recovery (Frias et al., 2012). The use of a
radiolabeled marker increases health risks and requires addi-
tional training and caution to work with, particularly when
using these radioactive compounds in the field. A non-radio-
labeled form of Cr-EDTA has been successfully utilized in
human (Ten Bruggencate et al., 2006) and calf (Amado et al.,
2019) subjects to evaluate intestinal permeability, eliminating
the complexities associated with the radioactive form. To the
authors’ knowledge, Cr-EDTA has not been utilized in dogs.

Though SAA and Hp are well-established markers of
inflammatory status, no studies to the authors’ knowledge
have evaluated the effects of a concentrated yeast product on
SAA and Hp concentration as markers of inflammatory status
in dogs. In addition, there is a dearth of research investigating
the role played by yeast products on gut permeability in dogs.
As such, the objectives of this study were to assess the effects
of feeding a concentrated yeast product on gut permeability
as measured with Cr-EDTA and iohexol, serum markers of
gut inflammation (SAA, Hp), fecal products of fermentation
(short-chain fatty acids [SCFA], branched-chain fatty acids
[BCFA]), and antioxidant status measured via serum malond-
ialdehyde (MDA) concentrations in adult dogs. We hypoth-
esized that dogs receiving the concentrated brewer’s yeast
would have lower concentrations of circulating inflammatory
markers, lower gut permeability, and lower serum concentra-
tions of MDA than dogs receiving the control diet only. In
addition, we hypothesized that fecal score would be improved
in the dogs receiving the concentrated brewer’s yeast com-
pared to dogs receiving only the control diet.

Materials and Methods

Animals and housing

This study was approved by the University of Guelph’s Ani-
mal Care Committee (Animal Use Protocol #4412). Nineteen
privately owned domestic Siberian huskies, and one Alaskan
husky (9 females: 5 intact, 4 spayed; 11 males: 3 intact, 8
neutered), with a mean (= SD) age of 4.8 + 2.6 yr and body
weight (BW; = SD) of 25.6 = 4.1 kg, were used in this study
from August 2020 to November 2020. Dogs were housed at
an off-site facility (Rajenn Siberian Huskies, Ayr, ON, Can-
ada) that was previously visited and approved by the Univer-
sity of Guelph’s Animal Care Services. Throughout the study,
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dogs were housed in free-range, outdoor kennels ranging in
size from 3.5 to 80 m?. Each kennel contained between 2 and
9 dogs. Dogs had ad libitum access to fresh water, constant
access to shelter, received daily socialization, and the same
amount of weekly exercise.

Diet and study design

Dogs were blocked by age, sex, and BW prior to being ran-
domly allocated to one of two diet groups: control (Ctl) (n
= 10; 5 males, 4 neutered, 1 intact; 5 females, 3 spayed, 2
intact; average age (+ SD) = 4.80 = 2.82 yr, average BW =
25.43 = 3.65 kg) or treatment (Trt; 7 = 10; 6 males, 4 neu-
tered, 2 intact; 4 females, 1 spayed, 3 intact; average age =
4.80 + 2.62 yr, average BW = 25.40 = 4.47 kg).

All dogs were acclimated to a Ctl diet (Acana Adult Large
Breed, Champion Petfoods LT, Morinville, AB, Canada;
Table 1) for 4 wk prior to the study start. The Ctl diet met
or exceeded all National Research Council (NRC, 2006) and
Association of American Feed Control Officials (AAFCO,
2016) nutrient recommendations for adult dogs. Follow-
ing the 4-wk diet acclimation period, Ctl dogs continued to
receive the Ctl diet for the remainder of the study, while dogs
on Trt were fed the Ctl diet top-dressed with a concentrated
yeast product (EL. Emmert Company, Cincinnati, OH, USA;
Table 2). The yeast product was supplemented to provide a
B-glucan dose of 7 mg/kg BW per day (Rychlik et al., 2013).
Throughout both the acclimation and study period, dogs
were fed once daily at 1700 h to maintain their typical feed-
ing regimen. All dogs were fed individually, which allowed
for monitoring of food consumption and proper allocation of
dietary treatments. Any orts (offered, refused, and treatment)
were weighed and recorded daily. Dogs had access to ad libi-
tum fresh water throughout the entire study period, except
for 12 h prior to each gut permeability assessment to encour-
age voluntary consumption of the markers. Feed intake was
initially determined based on historical feeding records and
reassessed throughout the study to ensure all dogs maintained
their initial BW throughout the study.

Blood sample collection and analysis

Fasting blood samples were collected on weeks -3, 0, 5, and
7 to assess whole blood hematology (complete blood count;
CBC; 1 mL) and on weeks -3 and 7 to assess serum bio-
chemistry parameters as markers of health and nutritional
status (4 mL). Blood samples were collected via cephalic
venipuncture with a Vacutainer system (Becton, Dickinson
and Company, Franklin Lakes, NJ, USA) after an overnight,
12 h fast. Whole blood samples were kept on ice before
being submitted to Animal Health Laboratories (University
of Guelph, Guelph, ON, Canada) for hematology analysis
using an Advia 2120 hematology analyzer (Siemens Global,
Munich, Germany). Blood samples were centrifuged at 2,000
x g for 20 min at 4 °C using a Beckman J6-MI centrifuge
(Beckman Coulter, Indianapolis, IN, USA), and serum was
aliquoted and submitted to Animal Health Laboratories
(University of Guelph) for serum biochemistry analysis using
a cobas 6000 c501 analyzer (Roche Diagnostics Interna-
tional AG, Rotkreuz, Switzerland). Hematological samples
were analyzed for blood leukocyte count, erythrocyte count
(RBC), hemoglobin (Hb), hematocrit (Hct) (RBC x MCV),
mean cell volume (MCV), mean cell hemoglobin (Hb/RBC),
mean corpuscular hemoglobin concentration (Hb/Hct), red
cell distribution width, platelet count, mean platelet volume,

Table 1. Diet nutrient content' on an as-fed basis and ingredient
composition? of the control diet as reported on the commercial product

Nutrient contents Analyzed content

Metabolizable energy, kcal/kg (calculated)? 3651.85
Moisture, % 9.02
Protein, % 33.37
Fat, % 14.44
Ash, % 7.29

Typical analysis of nutrient content of the kibble. All kibble utilized in this
study was sourced from the same lot.

YIngredient composition: Fresh chicken meat, chicken meal, turkey meal,
red lentils, whole green peas, field beans, fresh chicken giblets (liver, heart,
and kidney), herring meal, fresh cage-free eggs, fresh whole flounder,
herring oil, chicken fat, sun-cured alfalfa, green lentils, whole yellow peas,
pea fiber, fresh chicken cartilage, dried brown kelp, fresh whole pumpkin,
fresh whole butternut squash, fresh whole parsnips, fresh kale, fresh
spinach, fresh mustard greens, fresh turnip greens, fresh whole carrots,
fresh apples, fresh pears, freeze-dried chicken liver, freeze-dried turkey liver,
fresh whole cranberries, fresh whole blueberries, chicory root, turmeric,
milk thistle, burdock root, lavender, marshmallow root, and rosehips.
3Calculated metabolizable energy based on modified Atwater values and
presented on an as-fed basis.

Table 2. Nutrient content’ on an as-fed basis of the yeast supplement

Nutrient contents Analyzed content

Metabolizable energy, kcal/kg (calculated) 2820.00
Moisture, % 7.00
Crude protein, % 45.00
Crude fat, % 0.75
Crude fiber, % 6.00
Ash, % 7.50
Carbohydrates, % 33.75
NDF 9.40
Beta glucans, % 3.20
Mannan oligosaccharides, % >1.00

!Typical analysis of nutrient content of the yeast supplement. All yeast
supplement utilized in this study was sourced from the same lot.
Calculated metabolizable energy based on modified Atwater values and
presented on an as-fed basis.

plateletecrit, and total solid protein as well as segmented
neutrophil, lymphocyte, monocyte, and eosinophil counts.
Serum samples were analyzed for calcium, phosphorus, mag-
nesium, sodium, potassium, chloride, carbon dioxide, anion
gap, sodium:potassium (Na:K) ratio, total protein, albumin,
globulin, albumin:globulin ratio, urea, creatine, glucose,
cholesterol, total bilirubin, conjugated bilirubin, free biliru-
bin, alkaline phosphatase (ALP), steroid-induced ALP, gam-
ma-glutamyl transferase, alanine aminotransferase, creatine
kinase, amylase, lipase, and calculated osmolarity using a
cobas 6000 ¢501 analyzer (Roche Diagnostics International
AG).

Concentrations of SAA, Hp, and MDA were evaluated on
weeks -1, 2, 4, and 8. A 5 mL fasted blood sample was col-
lected via cephalic venipuncture from each dog into a serum
Vacutainer (Becton, Dickinson and Company) using a winged
infusion set (Terumo Surflo Winged Infusion Set, 21 G x
0.75, Terumo Medical Corporation, Vaughn, ON, Canada).
Samples were centrifuged and serum aliquoted as described
above. SAA was analyzed using a multispecies sandwich



enzyme-linked immunosorbent assay (ELISA) (Phase SAA,
Tridelta Development Ltd, Maynooth, County Kildare, Ire-
land), Hp with a Phase Haptoglobin colorimetric Assay (Tri-
delta Development Ltd), and MDA via a Canine MDA ELISA
(MyBioSource Inc., San Diego, CA, USA). All kits were used
following the manufacturer’s instructions, and had previously
been validated for use in dogs (Eckersall et al., 1999, Hp;
Martinez-Subiela et al., 2003, SAA; Phungviwatnikul et al.,
2020, MDA).

Gut permeability was assessed on weeks -2 and 9 using
Cr-EDTA and Iohexol markers. The Cr-EDTA solution was
prepared similarly to the methods of Binnerts et al. (1968).
Briefly, the solution was prepared by dissolving 95.4 g of chro-
mium chloride in 600 mL of double-distilled water (DDH,O).
Next, 133.4 g of disodium ethylenediamine tetra-acetate
(EDTA) was dissolved in 1,000 mL of DDH,O. The two solu-
tions were combined and boiled at 60 °C for 1 h. Following
boiling, 3.874 g of calcium chloride was added to neutralize
excess EDTA, pH was adjusted to 6.0, and the volume was
adjusted to 2 liter. Iohexol was dosed at 2.0 mL iohexol/kg
BW (Omnipaque-240, Bayer Schering Pharma, Berlin, Ger-
many; Klenner et al., 2009) and Cr-EDTA at 0.1 g Cr/kg BW
(Amado et al., 2019).

Prior to assessing intestinal permeability, water was with-
held for 12 h overnight to encourage voluntary consumption
of the Cr-EDTA and iohexol markers. Dogs were catheter-
ized for the sampling period. Briefly, dogs’ forearms were
shaved and a topical anesthetic (EMLA cream [2.5% lido-
caine and 2.5% prilocaine], Astra Pharmaceuticals, L.P.
Wayne, PA, USA) was applied. 20 minutes were allocated to
allow activation of the anesthetic, at which point the front
legs were cleaned with 4% chlorhexidine, 70% alcohol, and
0.5% chlorhexidine in that order. A 20 G cephalic catheter
(Insyte-W 20 G x 1.1, Becton Dickinson Canada Inc., Mis-
sissauga, ON, Canada) was placed and a 5-mL blood sample
was taken immediately after placement. A three-way stop-
cock (Cardinal Health Canada, Vaughan, ON, Canada) was
affixed to each catheter and flushed with 0.5 mL of 125 United
States Pharmacopeia (USP) heparinized saline and locked
with 0.5 mL of 495 USP heparinized saline (Sandoz Canada
Inc., Boucherville, QC, Canada). Following placement of the
cephalic catheters, the Cr-EDTA and Iohexol markers were
administered. Dogs were provided the opportunity to con-
sume the markers independently, and any remaining marker
was administered orally via syringe. Samples were collected
30 min, 1, 2, 3, 4, 5, and 6 h post-marker administration.
For all samples, 5 mL of blood was collected into a 10 mL
serum Vacutainer (Becton, Dickinson and Company). After
every sample collection, catheters were flushed with 0.5 mL
of 125 USP heparinized saline and locked with 0.5 mL of
495 USP heparinized saline (Sandoz Canada Inc.). Heparin
was administered and blood was drawn through separate
ports of the three-way stopcock (Cardinal Health Canada).
Sampling ports were kept consistent for each stopcock to pre-
vent heparin contamination. Samples were kept on ice until
they were centrifuged, and serum was aliquoted as described
above. Serum iohexol concentrations were analyzed using a
multispecies FIT-GFR ELISA (BioPAL Inc., Worcester, MA,
USA), following the manufacturer’s instructions previously
validated for use in dogs (Ortin-Piqueras et al., 2018). Serum
samples were diluted 10-fold with a diluent consisting of
4% (w/v) 1-butanol, 0.01% (w/v) EDTA, 0.01% (w/v) Tri-
ton X-100, and 1% (w/v) tetramethylammonium hydroxide,
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before analysis of Cr-EDTA concentration via Inductively
Coupled Plasma Mass Spectrometry (Trent University Water
Quality Centre, Peterborough, ON, Canada).

Fecal sample collection and analysis

Fecal collection and scoring were conducted over 2 d weekly.
Fecal scores were assessed using a 5-point visual scoring sys-
tem where 1 = hard/dry and 5 = watery/diarrhea (Moxham,
2001); a score of 2.5 was considered ideal. Defecations were
identified, scored, photographed, and collected within 15 min
of being voided. For fecal scoring, a secondary evaluator
re-scored all defecations using photographs. The average of
the two scores was used for all analyses. The primary (on-site)
and secondary evaluators remained consistent throughout the
study.

For all fecal samples, whole samples were collected, and
all visible contaminants were removed. Samples were then
transferred to a Whirl-pak bag (Thermo Fisher Scientific,
Waltham, MA, USA) to be manually homogenized. Following
homogenization, samples were stored in sterile 50 mL centri-
fuge tubes (Thermo Fisher Scientific) and kept on ice before
being stored at -20 °C until further analysis. Samples were
analyzed for fecal metabolites, including SCFA (acetic acid,
propionic acid, and butyric acid), BCFA (isobutyric acid and
isovaleric acid), lactic acid, lactose, glucose, xylose, and arabi-
nose using an Agilent HP1000 series high-performance liquid
chromatography system (HPLC; Agilent Technologies, Santa
Clara, CA, USA). Samples were prepared and analyzed using
the methods described in Neijat et al. (2019) and Templeman
et al. (2020).

Statistical analysis

Data were analyzed using statistical software SAS (v. 9.4; SAS
Institute Inc., Cary, NC, USA). Complete blood count and
biochemistry data, as well as mean daily feed intake, mean
BW, SAA, Hp, MDA, and fecal metabolite data were analyzed
using a mixed model via PROC GLIMMIX of SAS where dog
was treated as a random effect, and week as a fixed effect and
repeated measure. A Tukey’s HSD test was used to separate
means. Incremental area under the curve (I-AUC) was first
calculated from serum iohexol and Cr-EDTA concentrations
in Microsoft excel (Excel 2018, Microsoft Corp., Redmond,
WA, USA) and the resulting values for each week, as well
as the difference between the weeks, were analyzed using a
mixed model via PROC GLIMMIX of SAS, where dog was
treated as a random effect, and week as a fixed effect and
repeated measure. Assumptions of residuals for all parame-
ters were assessed using the Shapiro—Wilk to test normality. A
Tukey’s HSD test was used to separate means. Interobserver
reliability on fecal scoring was conducted by calculating
Kappa statistics using the PROC FREQ procedure in SAS.
Fecal score data were analyzed using PROC FREQ of SAS
with a Chi-square test to compare fecal scores and groups.
Significance was declared when P < 0.05 and a trend when
0.05 < P <0.10.

Results

Mean daily feed intake and bodyweight

Mean daily food intake (FI) did not differ between Trt and Ctl
(P > 0.10) but differed by week (P < 0.05, data not shown).
Feed intake at week 6 was greater than weeks 0 and 1 (P <
0.05) for the pooled data (data not shown). Mean weekly BW
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did not differ between Trt or Ctl (P > 0.10) but differed by
week with a group by week interaction effect (P < 0.05, data
not shown). BW at week 1 was greater than at weeks 2 to 6,
at week 0 was greater than weeks 4 to 6, and at week 7 was
greater than week 6 (P < 0.05, data not shown). The mean
weekly BW of Ctl dogs was significantly lower at weeks 4, 5,
and 6 when compared to week 0 (P < 0.05, data not shown).
No differences were observed in the Trt group (P > 0.10, data
not shown).

CBC and biochemistry

Data related to the standard serum veterinary diagnostic
measurements and markers of nutritional and health status
are presented in Supplementary Tables S1 and S2. All dogs
remained healthy throughout the study period, and all mean
CBC and serum biochemistry values were within the stan-
dard reference range (Animal Health Laboratory, University
of Guelph) aside from eosinophil counts which were above
reference values, and Na:K ratio and cholesterol, which were
below reference values. When compared to Ctl, Trt dogs had
lower mean blood cell volume (P < 0.05; Supplementary
Table S1) and phosphorus levels ( 0.05) and tended to
have lower cholesterol and lipase (P < 0.10; Supplementary

Table S2).

P<
P<

Intestinal permeability

At week -2, I-AUC was greater in Trt dogs for Iohexol (P
< 0.05) and tended to be greater for Cr-EDTA (P < 0.10)
when compared to Ctl dogs (Table 3). There were no differ-
ences in [-AUC between Trt and Ctl dogs for either Iohexol
or Cr-EDTA markers at week 9 (P > 0.10, Table 3). Treat-
ment dogs tended to have reduced I-AUC in both Iohexol and
Cr-EDTA between weeks -2 and 9 when compared to the
change in I-AUC for the Ctl dogs (P < 0.10, Table 3).

Fecal scores and fecal metabolites

There was no difference in the relative frequency of defeca-
tions scored at any fecal score (1 to 5) between Trt and Ctl
dogs (¥* = 6.04, P > 0.10; data not shown). When pooled

across all dogs, the mean fecal scores at weeks 0 and 3 were
greater than week 7 (P < 0.05; data not shown), but no other
weeks differed from each other. The mean fecal score over the
entire study period for Trt (2.8 = 0.10) and Ctl (2.7 = 0.10)
were not different (P > 0.10; data not shown) and there
was no group by week interaction effect (P > 0.10; data not
shown).

Fecal metabolite data is reported in Table 4. No differ-
ences were observed between Trt and Ctl dogs for any fecal
SCFA (acetic acid, propionic acid, and butyric acid), BCFA
(isobutyric acid and isovaleric acid), or for lactose, glucose,
and xylose (P > 0.10). Treatment dogs had greater arabinose
concentrations than Ctl dogs (P < 0.05). There were no group
by week interaction effects (P > 0.10). When data for the two
diet groups was pooled, week had no effect on propionic or
lactic acids (P > 0.10); however, all other metabolites differed
by week (P < 0.05). Fecal lactose concentrations were greater
at week 0 than week 7, but no other weeks differed from each
other (P < 0.05). Fecal glucose concentration at weeks 0, 1, 3,
and 4 were greater than week 8 (P < 0.05). Fecal xylose con-
centration at week 4 was greater than week 8 (P < 0.05). Fecal
arabinose concentration at week 3 was greater than weeks 6,
7,and 8. Fecal acetic acid concentration at weeks 0 to 5 were
greater than week 8 (P < 0.05). Fecal propionic acid concen-
tration did not differ between week (P > 0.05). Fecal butyric
acid concentration was greater at week 1 than weeks 0, 7, and
8 (P < 0.05). Fecal isobutyric acid concentration was greater
at weeks 0 and 1 than week 8 (P < 0.05). Fecal isovaleric acid
concentration was greater at week 1 than week 8 (P < 0.05).
Total SCFA concentrations were lower at week 8 than weeks
1 to 4 (P < 0.05). There were no differences in total BCFA
concentrations over time (P > 0.10).

Inflammatory markers and marker of antioxidant
status

The results for the inflammatory markers SAA and Hp, as
well as MDA, the marker of antioxidant status, are reported
in Table 5. Serum Hp concentrations were greater for Trt than
Ctl over the duration of the study (P < 0.05). Serum Hp con-
centrations were lower in Trt at week 8 compared to week -1

Table 3. Treatment least square means for lohexol and Chromium-EDTA |-AUC at week -2 and 9 for control and yeast-supplemented treatment dogs.

Measurement Treatment! P-value?
Trt Ctl SEM Treatment
Week -2
I-AUC?
Iohexol, pg/mL*h 32.822 12.17° 7.29 0.05
Cr-EDTA, ppb/h 45.84 23.83 9.40 0.10
Week 9
I-AUC
Iohexol, pg/mL*h 16.23 16.33 2.47 0.98
Cr-EDTA, ppb/h 18.60 22.94 2.10 0.15
Difference week -2 and 9°
Iohexol, pg/mL*h -14.55 1.48 6.92 0.10
Cr-EDTA, ppb/h -23.68 -0.55 8.60 0.06

Trt, treatment dogs; Ctl, control dogs; SEM 7 = 10 for treatment and 7 = 8 for control.
2Significantly different when P < 0.05 and a tendency declared when 0.05 < P < 0.10.

*Difference = Week 9 — Week 2.
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advantages and disadvantages (Klenner et al., 2009; Frias et
al.,2012). The two-sugar test utilizes saccharides—such as lac-
tulose, rhamnose, sucrose, and mannitol—and quantifies their
subsequent recovery in plasma or urine as a ratio of the admin-
istered mono- and disaccharide (Frias et al., 2004; Klenner et
al.,2009). The sugars are difficult to quantify in plasma, requir-
ing extensive and complex sample preparation, and to quantify
their recovery in urine, urinary catheterization and metabolic
chambers are required for total urine collection over 6 or 24 h
(Frias et al.,2004; Allenspach et al., 2006; Klenner et al., 2009).
In addition, these sugars may be degraded by intestinal bacte-
ria, leading to inaccurate assessments of intestinal permeability
(Frias et al.,2004; Allenspach et al.,2006; Klenner et al., 2009).
Radiolabeled markers, such as the gold standard *'Cr-EDTA,
are effective for both urine and blood quantification, and pass
through the intestines undegraded (Frias et al., 2004; Frias
et al., 2012). However, working with a radioactive marker
restricts accessibility as they require additional training prior to
use (Frias et al., 2012). While the soluble Cr indicator has been
used in intestinal permeability studies in other species, such
as rats (Ten Bruggencate et al., 2005), to the knowledge of the
authors, this was the first study assessing the use of Cr-EDTA
in dogs. Since the use of iohexol is well-validated in dogs (Frias
et al., 2012), it was administered concurrently to evaluate the
validity of Cr-EDTA as an intestinal marker. Previous evalu-
ation of iohexol and *!Cr-EDTA as markers of intestinal per-
meability reported that both were equally sensitive to changes
in intestinal permeability in dogs, agreeing with the results of
this study (Frias et al., 2012). As both iohexol and Cr-EDTA
were able to quantify a difference in gut permeability between
the Trt and Ctl groups at week -2, and a tendency for a differ-
ence at week 9, they can be considered comparable markers of
intestinal permeability and either could be considered for future
permeability studies, though more than one marker should be
utilized to ensure accuracy.

Dogs in the Trt group had significantly greater fecal arab-
inose concentrations compared to Ctl; however, no dif-
ferences were observed between diet groups for any other
fecal metabolite, or for relative frequency of fecal score. The
increased production of arabinose in the present study sug-
gests an increase in saccharolytic fermentation. Saccharolytic
metabolism is the breakdown of sugars to produce energy,
and is preferred to proteolytic metabolism, the breakdown
of proteins in the colon which results in the production of
BCFAs and putrefactive compounds (Jackson and Jewell,
2019; Jewell et al., 2020). However, as only arabinose was
increased, further study is warranted, such as evaluation of
colonic microbiota, to determine if there were indeed any
positive effects on the colonic microbiome. Fecal score was
not affected by yeast supplementation, as all dogs, regardless
of treatment, maintained an ideal fecal score throughout the
study period. Strompfova et al. (2021) found no changes in
fecal score in dogs treated with hydrolyzed brewer’s yeast.
Traughber et al. (2020) supplemented dogs with a yeast-de-
rived B-glucan and found no differences in fecal SCFA, BCFA,
or other products of fermentation following a vaccination
challenge. It is important to note that as there are a variety
of forms of yeast supplements, including isolated yeast cell
wall extracts, live and heat-killed yeast, as well as several
different preparations, there may be different components in
these supplements that elicit beneficial outcomes. The lack
of differences seen in all other fecal metabolites, as well as
in fecal score and frequency, suggest no detrimental effect of
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the yeast supplement on overall dog health. A lack of unfa-
vorable effects on a healthy population of adult dogs, espe-
cially when supplemented at a greater level than previously
reported, is an encouraging result to continue investigating
canine populations that could benefit from yeast inclusion,
such as dogs experiencing chronic inflammatory conditions
like irritable bowel syndrome, cancer, or obesity to determine
if yeast would have a notable impact on inflammation in a
chronically inflamed population.

In the present study, serum Hp concentrations in the Trt
dogs decreased throughout the study period, suggesting that
dogs receiving the concentrated yeast experienced a decreased
acute phase response, which could be due to reduced systemic
inflammation. It is unclear why the Trt group had greater
inflammatory status at the beginning of the study. All dogs
were screened prior to study onset, as well as throughout the
study, and displayed no indicators of ill health, including no
changes in FI, BW, or fecal parameters. Hp concentrations in
dogs in other studies range from 0 to 3 g/L (Eckersall et al.,
1999; Martinez-Subiela et al., 2004), which agrees with the
findings of the present study. However, the Hp data were not
supported by the other inflammatory marker, SAA. Concen-
trations of SAA were nondetectable in any dog, regardless
of diet group, at week -1, and no differences were observed
between Trt and Ctl dogs at any week following. Inflamma-
tory stimuli trigger the acute phase response, a nonspecific
reaction that occurs shortly after tissue injury with the goal
of returning the animal to homeostasis (Ebersole and Cap-
pelli, 2000). It is a complex reaction that results in a variety
of systemic effects, including affecting the concentrations of
APPs (Kushner, 1988; Eckersall, 1995). Both SAA and Hp are
positive APPs, proteins that increase in response to inflam-
mation, that are produced by the proinflammatory cytokine
IL-6, with SAA additionally requiring IL-1 (Kushner, 1988).
During the acute phase response, concentrations of SAA and
Hp increase (Cerén et al., 20035). Other studies in dogs have
reported SAA concentrations ranging from nondetectable to
69.6 mg/L (Yamamoto et al., 1994; Martinez-Subiela et al.,
2004), which is in alignment with the concentrations in the
present study. While serum Hp concentrations were decreased
in the Trt group, indicating reduced inflammatory status in
these dogs at the end of study, SAA concentrations were only
detected in 20% of the samples evaluated. It is unclear why
SAA concentrations were not reliably detected in these dogs
as previous studies have validated its efficacy as a consistent
and sensitive marker of inflammation in both healthy and
diseased dogs (Martinez-Subiela et al., 2004; Christensen et
al., 2014; Jitpean et al., 2014). Jitpean et al. (2014) evaluated
SAA concentrations in healthy dogs, using the same assay
kit as in the present study, and found that healthy dogs SAA
concentrations were <10 mg/L, which agrees with the results
of the present study. The increased concentrations in some
dogs after week 2 could be attributed to exercise or seasonal
impacts on SAA concentrations (Ducharme et al., 2009),
though does not explain why most dogs had concentrations
below the detectable limit of the ELISA. No studies have eval-
uated if seasonal changes impact APP concentrations, a vari-
able which could have had an impact on SAA concentrations
in these dogs. Owing to the lack of agreement between these
two inflammatory markers, further evaluation of inflamma-
tory status in dogs supplemented with concentrated brewer’s
yeast is required. Analysis of additional markers of inflam-
mation, such as TNF-a, IL-1, IL-6, or IL-10, would further
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elucidate the effects of the concentrated yeast on inflamma-
tory status in healthy dogs.

Serum MDA concentrations, as a marker of lipid peroxida-
tion, increased in both Trt and Ctl groups over the course of
the study, and overall were greater in all dogs at week 4 than
week 2, regardless of treatment. Oxidative stress is caused
by an excess of reactive oxygen species (ROS), and can be
due to overproduction of ROS, a reduction in antioxidants
responsible for the degradation of ROS, or a combination of
both factors (McMichael, 2007; Macotpet et al., 2013). This
overproduction of ROS results in lipid peroxidation, which
causes potentially fatal damage to cells and tissues by chang-
ing the structure of proteins, lipids, and DNA (Khanna et al.,
2012). Serum MDA concentrations are commonly used as a
marker of oxidative stress in humans (Moore and Roberts,
1998), pigs (Nilzén et al., 2001), cats, (McMichael, 2007) and
dogs (McMichael, 2007; Crnogaj et al., 2010). Crnogaj et al.,
(2010) reported that dogs experiencing infection had a mean
MDA concentration of 36.90 = 13.95 pmol/L, while healthy
dogs had a mean concentration of 8.13 = 1.78 umol/L. These
elevated concentrations of MDA are in line with those in the
present study at all weeks, suggesting that the dogs in the pres-
ent study were likely experiencing higher levels of oxidative
stress than would be considered normal for clinically healthy
dogs. This could be attributed to their outdoor housing, as
pigs who were reared outdoors had greater serum concentra-
tions of MDA compared to those raised indoors (Nilzén et al.,
2001), though additional research is needed to substantiate
this effect. The increase in serum MDA concentration at week
4 could be attributed to changes in seasonal temperature and
coincided with a moderate increase in FI, suggesting that this
increase was a result of increasing oxidative processes asso-
ciated with increased production of heat from metabolism
(LeBlanc and Diamond, 1986).

In conclusion, supplementation of a concentrated brew-
er’s yeast product to achieve a 3-glucan dose of 7 mg/kg BW
was well accepted by the dogs, and had no effect on daily
FI, weekly BW, or relative frequency and mean fecal score.
Although SAA and MDA concentrations were not affected
by treatment, Hp decreased in the Trt group throughout the
study period, suggesting that inflammatory status may be
moderately reduced in this healthy population of dogs. In
agreement, Trt dogs tended to have reduced gut permeabil-
ity. The use of both markers in the present study allowed for
the evaluation of non-radiolabeled Cr-EDTA in contrast to
the validated marker iohexol, and the results presented herein
suggest that both performed in a similar manner, although
iohexol may be more accurate. As gut permeability tended to
be lower in Trt dogs’ post-supplementation, future research
in dogs experiencing either an acute or chronic inflammatory
condition where the intestinal barrier may be compromised
would further elucidate the effects of brewer’s yeast on gut
health in dogs.

Supplementary Data

Supplementary data are available at Journal of Animal Science
online.
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