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Dietary fiber affects canine physiology in many ways, such as increasing colonic

absorption of water and improving gut health, both of which may positively impact

exercise performance. The objectives of this study were to investigate the effects of

increased dietary soluble fiber and incremental training on respiratory rate (RR), internal

body temperature (BT), body composition, and fecal metabolites in mid-distance training

sled dogs. Fourteen dogs (12 Siberian and 2 Alaskan Huskies) were blocked by age, sex,

and body weight (BW) and then randomly allocated into one of two diet groups. Seven

dogs were fed a dry extruded control diet (Ctl) with an insoluble:soluble fiber ratio of 4:1

(0.74% soluble fiber on a dry-matter basis), and seven dogs were fed a dry extruded

treatment diet (Trt) with an insoluble:soluble fiber ratio of 3:1 (2.12% soluble fiber on a

dry-matter basis). Fecal samples were taken once a week. All dogs underwent 9 weeks of

incremental exercise conditioning where the running distance was designed to increase

each week. Every 3 weeks, external telemetry equipment was used to non-invasively

measure and record RR and internal BT at resting, working, and post-exercise recovery

states. Body composition wasmeasured on weeks−1 and 9 using quantitative magnetic

resonance. Body composition, RR, BT, and fecal metabolites were analyzed using a

mixed model with dog as a random effect and week and diet group as fixed effects. Dogs

on Trt had lower working and post-exercise BT than Ctl (P < 0.05). In addition, Trt dogs

had lower recovery BT at weeks 2 and 5 than Ctl dogs (P < 0.05). Treatment dogs had

greater fecal short-chain fatty acid concentrations than Ctl (P < 0.05). Diet had no effect

on RR or body composition (P > 0.10), but exercise resulted in an overall 7% increase

in lean and 3.5% decrease in fat mass (P < 0.05). These data suggest that increasing

dietary soluble fiber may positively influence BT and gut health; however, it has no effect

on RR or body composition. Soluble fiber did not negatively impact any measures of

overall health and performance and should be considered for use in performance dogs.
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INTRODUCTION

Exercise has the capacity to affect whole-body physiology;
however, high-intensity endurance training, such as that
experienced by sled dogs, can lead to gastrointestinal (GI)
disturbances, heat stress, and possible dehydration (1, 2).
Nutritional solutions, such as increased dietary soluble fiber
inclusion, may support exercise performance through mitigation
of these deleterious effects (3–6).

Dietary fiber can be divided into two categories based on
its solubility in water [i.e., soluble and insoluble fiber; (7, 8)].
Soluble fibers typically have an increased extent of fermentation
by GI microbes yielding short-chain fatty acids [SCFAs: mainly
acetate, propionate, and butyrate; (7)]. SCFAs play a variety of
physiological roles, including serving as an energy source for
epithelial cells, regulating epithelial barrier integrity, supporting
the immune system, and modulating inflammatory responses
(9–11). In addition, SCFAs increase water absorption in the
GI tract (12). As sled dogs primarily thermoregulate via
respiratory evaporation (i.e., panting), water loss by way of
salivation increases considerably during exercise leading to signs
of hypertonic dehydration (13). Hypertonic dehydration can
affect a variety of physiological outcomes, including lowering
respiratory rate (RR) and increasing internal body temperature
(BT) in dogs (14–16). As a BT exceeding 42◦C can have serious
physiological consequences in dogs (17), the ability to dissipate
heat during exercise is key to minimizing deleterious outcomes
and maintaining performance. Therefore, as SCFAs can increase
water absorption in the colon of dogs, providing a diet with
optimized soluble fiber may prevent dehydration and aid in heat
dissipation that could influence RR and BT during exercise (18).

Soluble fiber may also impact body composition of actively
training sled dogs. For example, sedentary humans who increased
their soluble fiber intake had lower body weights (BWs), body
mass index, and fat mass (FM) than those ingesting maltodextrin
as a control (19). FM and lean body mass (LBM) are common
measurements of body composition and have been reported
to change with exercise (13, 20, 21). However, the effects of
increased dietary soluble fiber on body composition in an
exercising dog model have not yet been directly studied.

Therefore, the objective of this study was to investigate the
effects of an increased soluble fiber diet and an incremental
training regimen on the outcomes of RR, BT, body composition,
and fecal metabolites in mid-distance training huskies. We
hypothesized that increased soluble fiber supplementation would
decrease exercise-induced internal BT and FM, increase LBM
and fecal SCFAs, and have no effect on RR in actively training
sled dogs.

MATERIALS AND METHODS

Animals and Housing
The study was approved by the University of Guelph’s Animal
Care Committee (Animal Use Protocol #4008). Twelve client-
owned domestic Siberian Huskies (8 females: 8 intact; 4 males:
1 intact and 3 neutered) and 2 Alaskan Huskies (2 neutered
males) with an average age of 3.75 ± 2.7 years (mean ± SD)

and BW of 21.54 ± 2.83 kg were used in the study. Dogs resided
and trained at an off-site facility (Rajenn Siberian Huskies, Ayr,
ON) that had been previously visited and approved by the
University of Guelph’s Animal Care Services. During the study,
dogs were group-housed in free-run, outdoor kennels (3.5–80
m2) containing anywhere from 2 to 10 dogs each.

Diets and Study Design
Dogs were blocked for age, sex, and BW before being randomly
allocated into one of two diet groups: control (Ctl; n = 7; 3
females: 3 intact; 4 males: 1 intact and 3 neutered) or treatment
(Trt; n = 7; 5 females: 5 intact; 2 males: 2 neutered). For 2
weeks prior to the study period, all dogs were acclimated to a dry
extruded Ctl diet [Champion Petfoods Ltd., Morinville, AB; for
ingredient and nutrient composition refer to (22)] that met or
exceeded all National Research Council (23) and Association of
American Feed Control Officials (24) nutrient recommendations
for adult dogs at maintenance. During both the acclimation
and study periods, dogs were consistently fed once daily at
15:00 h. Feed allowance was first determined using historical
feeding records and the calculated metabolizable energy (ME)
content of the diet. Body weight was measured at baseline
and each week after, and diet intake was adjusted to maintain
baseline BW. Dogs in the Ctl group were fed the Ctl diet with
an insoluble:soluble fiber ratio of 4:1 [dry-matter basis: 4,074
kcal/kg ME, 94% dry matter (on an as-fed basis), 47% crude
protein, 25% fat, and 0.74% soluble fiber], while Trt dogs were
fed a dry extruded diet with an insoluble:soluble fiber ratio
of 3:1 [dry-matter basis: 4,120 kcal/kg ME, 94% dry matter
(on an as-fed basis), 47% crude protein, 26% fat, and 2.12%
soluble fiber; Champion Petfoods Ltd., Morinville, AB; Table 1].
BioMOS R©, a mannan-oligosaccharide (MOS)-derived strain of
Saccharomyces cerevisiae, oat soluble fiber, flaxseed meal, Yucca
schidigera extract, and chicory root were included as soluble fiber
sources in the Trt diet, in place of pea starch in the Ctl diet. These
ingredients were chosen and added with the objective of reaching
an inclusion level previously reported to positively influence
canine GI metabolites (9, 25–27), while yucca was added in the
Trt diet to control fecal odor (28). Daily rations were mixed
with 1 cup of water before feeding; diets were mixed for 10min
to allow for a homogenous mixture. At feeding, all dogs were
tethered and individually fed to allow for monitoring of food
consumption. Dogs were allowed 30min to eat their allotted
food, and any orts were weighed and recorded daily. Throughout
the entirety of the study, dogs had ad libitum access to fresh water.

Exercise Regimen
A 9-week exercise regimen was implemented with exercise
distance increasing incrementally throughout the trial period.
The dogs were anticipated to run 6 km a day (4 days a week)
at week 0 and reach 56 km a day (4 days a week) by week
8, but ambient conditions played a role in determining the
actual daily run distance (RD; Table 2). Training consisted of
all dogs running on a 14-dog gangline with staggered, pairwise
groupings of Trt and Ctl dogs. The gangline was attached to an
all-terrain vehicle with one rider who controlled the machine in
its lowest gear. A pace of ∼20 km/h was maintained throughout
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TABLE 1 | Nutrient content and ingredient compositiona of the control and

treatment diet on a dry-matter basis.

Nutrient contents Trt Ctl

Metabolizable energy, kcal/kg (calculated)b 4,120.15 4,074.35

DMc, % 94.15 94.15

CP, % 47.46 47.92

EE, % 25.82 24.61

TDF, % 8.28 5.52

SDF, % 2.12 0.74

IDF, % 6.16 4.67

Ash, % 8.52 9.08

a Ingredient composition: pork meal, pea starch, low ash herring meal, fresh chicken,

chicken fat, dried chicken, chicken meal, fresh pork, fresh pork organ blend, flaxseed

meal, chicken and turkey giblets, oat soluble fiber, spray dried pork liver, pork pal (liquid),

hydrolyzed poultry protein, herring oil, pork pal (dry), sodium chloride, dried kelp, choline

chloride, chicory root, enticer, alpha-tocopherol, BioMOS®, natural antioxidant (liquid),

thiamine, pantothenic acid, pyridoxine, potassium chloride, taurine, Yucca schidigera

extract, Sel-Plex, zinc proteinate, natural antioxidant (dry), and copper proteinate. Adapted

from Templeman et al. (22); ingredients in bold were only included in the Trt diet.
bCalculated metabolizable energy based on modified Atwater values.
cDM, dry matter; CP, crude protein; EE, ether extract; TDF, total dietary fiber; SDF, soluble

dietary fiber; IDF, insoluble dietary fiber.

the training period. Running speed and distance were measured
using a speedometer and odometer, respectively, on the all-
terrain vehicle.

Exercise Challenges
On weeks −1, 2, 5, and 8, one off-day in the dogs’ training
schedule (no running) was replaced by an exercise challenge.
During each exercise challenge, dogs were run for 3 km at
a pace of 20 km/h in either a three- or four-dog team. The
distance run during exercise challenges was based on a previous
study from our laboratory (29) as well as trail access and
availability. Each group contained at least one Trt and one Ctl
dog. Following the 3-km run, dogs were watered immediately.
During each exercise challenge, all dogs were equipped with
external telemetry jackets to non-invasively record both RR and
BT (emka TECHNOLOGIES, Sterling, VA, USA).

Telemetry Jackets
Collection of RR data was based on a previous study by Thornton
et al. (29).

A novel pilot procedure to take non-invasive BT
measurements was executed by modifying a commercial
resistance temperature detector (RTD)-based skin temperature
probe (emka TECHNOLOGIES, Inc.) into a hermetically
sealed RTD-based rectal temperature sensor. The probes were
lubricated and inserted ∼2 in. into the rectum of two dogs
per group. The probes were fixed to the base of the tail using
adhesive tape and vet wrap. To validate the manufacturers’
calibration, each probe was individually calibrated in water baths
at 0 and 40◦C. A standard laboratory-grade glass thermometer
was used as a reference standard. Calibration was performed
just prior to placement of the sensor. Internal BT was measured

every second at resting (rBT), working (wBT), and post-
exercise state (post-BT). Once the challenge ceased, dogs were
immediately watered and remained on the gangline for 30min to
continue gathering RR and BT data until post-RR and post-BT
were obtained.

Blood Sample Collection and Analysis
Blood samples were collected and analyzed as described by
Templeman et al. (22). In brief, fasting blood samples were
collected on weeks −1, 2, 5, and 8 to assess standard serum
veterinary diagnostic measurements and markers of nutritional
and health status (Supplementary Tables 1, 2). Dogs were fasted
for 12 h overnight, and 5-ml samples were collected by way of
cephalic venipuncture with a serumVacutainer R© system (Becton,
Dickinson and Company, Franklin Lakes, NJ, USA). Whole
blood samples (1ml) were kept on ice prior to being analyzed
for hematological indices [e.g., complete blood cell count (CBC)]
using a Siemens ADVIA 2120 hematology analyzer (Siemens
Healthcare Ltd., Oakville, ON). Separate samples (4ml) were
centrifuged at 2,000× g for 20min at 4◦C using a Beckman J6-MI
centrifuge (Beckman Coulter, Indianapolis, IN). Serum aliquots
were collected and analyzed for serum biochemical components
using a Roche Cobas 6000 c501 biochemistry analyzer (Roche
Diagnostics, Indianapolis, IN).

Body Composition Assessment
Body composition [FM, LBM, and total body water (TBW)]
were measured using quantitative magnetic resonance (QMR)
technology (CanCog Tech, Fergus, ON) on weeks−1 and 9.With
the use of QMR technology, dogs were able to be imaged while
avoiding anesthetization (30).

Fecal Collection and Analysis
During fecal collection, whole samples were collected within
15min of being voided, and all visible contaminants (e.g., grass
and hair) and portions of samples that were in contact with
the ground were removed. Samples were transferred into a
Whirl-pak bag (Thermo Fisher Scientific, Waltham, MA) to be
homogenized. Homogenized samples were then stored in 50-
ml sterile centrifuge tubes (Thermo Fisher Scientific, Waltham,
MA), frozen, and kept at −20◦C until further analysis. Samples
were analyzed for SCFAs (acetic acid, propionic acid, and butyric
acid), branched-chain fatty acids (BCFAs; isobutyric acid and
isovaleric acid), lactic acid, formic acid, and monosaccharides
using an Agilent HP1000 series high-performance liquid
chromatography (HPLC; Agilent Technologies, Santa Clara, CA).

HPLC analysis was based on a previous study from our
laboratory by Templeman et al. (22). In brief, samples were
prepared by combining 0.1 g of sample with 1ml of 0.005N
sulfuric acid (concentrated sulfuric acid in Milli-Q water; Sigma
Aldrich, Oakville, ON). Samples were vortexed until the fecal
sample had completely dissolved and were then centrifuged using
a Fisherbrand accuSpin Micro 17 (Thermo Fisher Scientific,
Waltham, MA) at 13,300 rpm for 15min. Four hundred
microliters of supernatant was then drawn into an HPLC vial,
and 400 µl of 0.005M sulfuric acid was added to achieve a 2×
dilution. For the HPLC system, the mobile phase was 0.005M
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TABLE 2 | Mean daily run distance, feed intake, and BW data for all dogs from weeks −1 (exercise challenge distance) to 8, body composition data (lean body mass, fat

mass, and total body water) at weeks −1 and week 8, and anticipated run distance for the proposed exercise regimen with mean temperature and humidity for each

week.

Week P-value

−1 0 1 2 3 4 5 6 7 8 SEM DG1 Wk DG × Wk2

RD, km/day3 3.0f 5.8de 11.2c 17.0de 23.8e 30.1d 25.4c 20.4b 27.0a 37.1a 1.08 0.99 <0.01 1.00

ARD, km/day4 3 6 12 18 24 30 36 42 48 54

FI, g/d 273.4c 325.9d 367.5d 427.3c 480.6b 570.9a 563.9a 560.4a 560.4a 560.4a 30.9 0.44 <0.01 0.93

BW, kg 21.7abc 21.3bc 21.3bc 21.1c 21.0c 21.7abc 22.1ab 22.1ab 22.3a 22.5a 0.34 0.34 <0.01 0.57

LBM, % 73.1b 80.1a 2.80 0.97 <0.01 0.92

FM, % 16.2a 12.7b 1.90 0.85 <0.01 0.15

TBW, % 54.7b 60.0a 2.02 0.96 <0.01 0.69

T, ◦C −3.8dc 2.2a 2.4a −2.0cd 0.1b −7.8f −0.6bc 2.3a −6.0cf −3.5d 0.6 0.82 <0.01 1.00

H, % 81.4e 95.0a 89.7abc 86.2bcde 84.8cde 89.3abc 87.4bcd 91.0ab 80.7de 81.3e 1.6 0.89 <0.01 1.00

FI, feed intake; BW, body weight; LBM, lean body mass; FM, fat mass; TBW, total body water; T, ambient temperature; H, humidity.
1DG, diet group; Trt, treatment (2.12% soluble fiber); Ctl, control (0.74% soluble fiber).
2 Interaction effect between DG and Wk (week).
3RD, mean daily run distance determined as an average of the 4 days of each week the dogs trained.
4ARD, anticipated run distance for proposed incremental exercise regimen (distance proposed to be run 4 days/week of training).
a−fValues in a row with different superscripts differ (P < 0.05).

of sulfuric acid in Milli-Q water that was then filtered through
a 0.2-µm filter. The column temperature was kept at 60◦C,
the refractive index detector temperature was kept at 40◦C,
and the injection volume was 20 µl. The flow rate was 0.5
ml/min, and the cycle time was 45min. A standard curve was
developed for each SCFAs, BCFAs, and monosaccharide with
the following serial dilutions: 0.25, 0.50, 1.00, 2.00, and 4.00
mmol/L. OpenLAB CDS ChemStation software was used for
system control and data acquisition (Agilent Technologies, Santa
Clara, CA).

Statistical Analyses
Statistical analyses were performed with Statistical Analysis
System (SAS) (v. 9.4; SAS Institute Inc., Cary, NC). RR and
BT data were analyzed for outliers by removing the data points
that exceeded an RR <200 breaths/min and lower than 5
breaths/min. For BT, data points higher than 42◦C and lower
than 36◦C were also considered outliers. Also, the periods
during the exercise challenges when a four-dog team was
stopped were removed, as these interruptions reduced the dogs’
ability to maintain a wRR. These stops included instances of
defecation and urination. Following data cleanup, a TRANSREG
procedure was used to optimally transform the RR data. BT
was calculated using the means of each 1-min interval from
the start of each exercise challenge until 30min post-exercise.
Variances in RR, BT, fecal metabolites, fasted blood analytes
(CBC and serum biochemistry), feed intake, BW, and body
composition data were analyzed using PROC GLIMMIX of SAS
(v. 9.4; SAS Institute Inc., Cary, NC). Dog was treated as a
random effect; and activity level (resting, working, and post-
exercise), week, and diet group (DG; Trt, or Ctl) were treated
as fixed effects. Activity level was analyzed against diet group
and week, as well as week against diet group. RR and fecal
metabolite means were compared using the Tukey honestly

significant difference (HSD), whereas BT means were compared
using a Fishers least significant difference (LSD). Statistical
significance was declared at P ≤ 0.05 and trends at 0.05 < P
≤ 0.10.

RESULTS

During data analysis, 18% (27/153) of the RR observations
and 31% (433/1,378) of BT observations were removed due
to either software malfunctions, which caused missing data, or
movement of rectal probes during the challenge run. Two dogs
were removed from the trial (one on week 2, Ctl; one on week
4, Ctl) due to exercise-related injuries; all data collected from
these dogs until their removal were included in the results. Due
to receiver limitations, only eight dogs were monitored for BT
throughout the study (3 males; Trt= 1, Ctl= 2, 5 females; Trt=
3, Ctl= 2).

Mean Daily Food Intake, Body Weight, and
Body Composition
No differences were observed between mean daily feed intake,
BW, and RD with diet (P > 0.10), but all variables differed by
week (P < 0.05; Table 2). Feed intake was greatest at weeks 4–8
(P < 0.05; Table 2) with no differences between weeks 4 and 8 (P
> 0.10; Table 2). Body weight decreased from baseline at weeks
2 and 3 (P < 0.05); however, BW did not differ from week −1 to
weeks 0–1 (P > 0.10) and weeks 4–8 (P > 0.10; Table 2).

Body composition (FM, LBM, and TBW) at weeks −1 and 9
did not differ between diet groups (P > 0.10); however, when
data were pooled to evaluate the effects of exercise, all variables
differed by week (P < 0.05; Table 2). LBM increased by 7%, TBW
increased by 5.3%, and FM decreased by 3.5% from week−1 to 9
(P < 0.05; Table 2).
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TABLE 3 | Mean internal body temperature (◦C) at resting, working, and post-exercise state for control (0.74% soluble fiber on a dry-matter basis) and treatment groups

(2.12% soluble fiber on a dry-matter basis) in sled dogs running at a pace of 20 km/h for 3 km.

Exercise challenge SEM (Wk) Mean SEM (mean) P-value

Week −1 Week 2 Week 5 Week 8 DG1 Wk DG × Wk2

rBT3, ◦C Trt 38.4 38.7 38.7 38.7 1.53 38.6 0.16 0.556 0.830 0.992

Ctl 38.6 38.9 38.9 38.8 0.39 38.8 0.17

wBT, ◦C Trt 39.7# 39.2 39.7 39.3# 0.20 39.4* 0.14 0.006 0.159 0.108

Ctl 39.8 39.9 39.8 39.6 0.19 39.8* 0.13

post-BT, ◦C Trt 39.6b 38.9* 39.3ab* 39.1ab 0.23 39.2* 0.13 0.009 0.055 0.012

Ctl 39.3b 39.7ab* 40.1a* 39.3b 0.24 39.6* 0.13

1DG, diet group; Trt, treatment dogs; Ctl, control dogs; SEM, standard error of the mean, n = 3 for rBT (Trt: n = 2; Ctl: n = 1, weeks −1 and 2), n = 7 for rBT (Trt: n = 4; Ctl: n = 3,

week 5), and n = 4 for rBT (Trt: n = 3; Ctl: n = 1, week 8); n = 5 for wBT (Trt: n = 2; Ctl: n = 3, week −1), n = 7 for wBT (Trt: n = 3; Ctl: n = 4, week 2), n = 7 for wBT (Trt: n = 4; Ctl:

n = 3, week 5), and n = 6 for wBT (Trt: n = 3; Ctl: n = 3, week 8); n = 5 for post-BT (Trt: n = 2,; Ctl: n = 3, week −1), n = 7 for post-BT (Trt: n = 3: Ctl: n = 4, week 2), n = 7 for

post-BT (Trt: n = 4: Ctl: n = 3, week 5), and n = 6 for post-BT (Trt: n = 3: Ctl: n = 3, week 8).
2 Interaction effect between DG and Wk (week).
3rBT, resting body temperature; wBT, working body temperature; post-BT, post-exercise body temperature.
a,bValues in a row with different superscripts differ (P < 0.05; within treatment).
#Mean values for body temperature tended to differ from week −1 within the same row (P < 0.10).

*Values for body temperature different between diet groups within the same column (P < 0.05).

TABLE 4 | Mean respiratory rate (breaths per minute) at rest, work, and post-exercise during weeks −1, 2, 5, and 8 for control (0.74% soluble fiber on a dry-matter basis)

and treatment groups (2.12% soluble fiber on a dry-matter basis) in sled dogs running at a pace of 20 km/h for 3 km.

Exercise challenge SEM (Wk) Meana SEM (mean) P-value

Wk −1 Wk 2 Wk 5 Wk 8 Wk DG DG × Wkb

rRRc, bfd Trt 18 16 17 18 1.53 17 0.60 0.481 0.262 0.790

Ctl 19 18 17 18 1.71 18 0.67

wRR, bf Trt 173 171 170 172 2.89 172 2.69 0.934 0.143 0.354

Ctl 165 166 166 165 3.39 165 2.96

post-RR, bf Trt 22 28 26 26 2.43 26 1.93 0.723 0.809 0.382

Ctl 25 25 24 25 3.18 25 2.06

aTrt, treatment dogs; Ctl, control dogs; SEM, standard error of the mean, n = 11 for rRR (week −1), n = 13 for rRR (week 2), and n = 10 for rRR (weeks 5 and 8); n = 13 for wRR (week

−1), n = 11 for wRR (week 2), and n = 10 for wRR (weeks 5 and 8); n = 9 for post-RR (weeks −1, 2, and 5), and n = 11 for post-RR (week 8).
b Interaction effect between DG and Wk (week).
crRR, resting respiratory rate; wRR, working respiratory rate; post-RR, post-exercise respiratory rate.
dbf, breathing frequency (breaths per minute).

Body Temperature
No differences in rBT were observed between dietary treatments
(P > 0.10; Table 3); however, Trt dogs presented with a lower
mean wBT and post-BT than Ctl (P < 0.05, Table 3). Post-
exercise BT was lower at weeks 2 and 5 for Trt vs. Ctl (P <

0.05; Table 3). No other differences were observed between DG;
therefore, internal BTwas pooled to evaluate the effect of exercise.
No differences were observed between rBT over weeks (P> 0.10).
Working BT tended to be lower at week 8 compared with week
−1 (P < 0.10). Post-exercise BT was greater at week 5 compared
with weeks 2 and 8 (P < 0.05) but was not different than week−1
(P > 0.10).

Respiratory Rate
No differences in rRR, wRR, and post-RR were observed between
dietary treatments (P > 0.10; Table 4); therefore, these data were
pooled to evaluate the effect of exercise. No differences in activity

level (rRR, wRR, and post-RR) were observed between weeks
throughout the study duration (P > 0.10; Table 4).

Fecal Short-Chain Fatty Acids,
Branched-Chain Fatty Acids, Lactic Acid,
and Monosaccharides
Overall, dogs receiving the Trt diet had greater concentrations
of fecal propionic acid (P < 0.05) and butyric acid (P < 0.05;
Table 5) than Ctl. Concentrations of fecal acetic acid tended
to be greater in Trt compared with Ctl (P = 0.06; Table 5).
Treatment dogs had greater fecal isobutyric acid concentrations
than Ctl (P < 0.05; Table 5). In addition, Trt dogs had greater
fecal concentrations of lactose, glucose, xylose, and arabinose
than Ctl (P < 0.05; Table 5). Diet had no effect on fecal formic
acid, isovaleric acid, or lactic acid (P > 0.10; Table 5); therefore,
all remaining data were pooled for effect of exercise. For all
dogs, fecal propionic acid concentrations were greater during
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weeks 0–8 than week −1 (P < 0.05; Table 5). Fecal butyric acid
concentrations were greater during weeks 7 and 8 compared with
week −1 (P < 0.05; Table 5). Fecal acetic acid concentrations
were greater during weeks 2–8 compared with week −1 and
greater at week 8 compared with week 0 (P < 0.05; Table 5).
Week had no effect on fecal formic acid concentrations (P >

0.10; Table 5). Fecal isobutyric acid was greater at week −1
compared with weeks 0–2 (P < 0.05; Table 5) but did not differ
thereafter (P > 0.10; Table 5). Week had no effect on fecal
isovaleric acid concentrations (P > 0.10; Table 5). Fecal lactic
acid concentration was greater during weeks 3 and 5 compared
with week 7 (P < 0.05), but no other weeks differed (P >

0.10; Table 5). Fecal lactose concentrations were greater in week
−1 than weeks 5, 7, and 8 (P < 0.05; Table 5). Fecal glucose
concentrations were greater in week 0 compared with week 2 (P
< 0.05;Table 5).Week had no effect on fecal xylose and arabinose
concentrations (P > 0.10; Table 5).

Complete Blood Count and Serum
Biochemistry
Treatment dogs had greater concentrations of white blood
cells, leukocytes (Supplementary Table 1), and alanine
aminotransferase (ALT; P < 0.05; Supplementary Table 2)
and lower concentrations of creatinine (P < 0.05;
Supplementary Table 2) than Ctl dogs; however, all mean
CBC and serum biochemistry values were within standard
reference range for dogs of both diet groups (as determined by
the Animal Health Laboratory, University of Guelph, Guelph,
ON). Except for five dogs that presented with high eosinophils at
weeks −1 and 2, all dogs remained healthy throughout the study
period (Supplementary Table 1).

DISCUSSION

This study was the first to evaluate the effects of increased
dietary soluble fiber on internal BT, RR, body composition, and
fecal metabolites in mid-distance training sled dogs. The data
presented herein indicate that for actively training sled dogs,
9 weeks of an increased soluble fiber diet may have contributed
to a decrease in the working and recovery state internal BT. In
addition, dogs receiving the soluble fiber-supplemented diet had
greater fecal concentrations of butyric and propionic acid than
had Ctl dogs; however, increased soluble fiber had no effect on
RR or body composition. Participation in 9 weeks of incremental
exercise resulted in an overall increase in LBM and decrease
in FM.

Body Temperature
Given that dogs primarily dissipate heat through evaporative
panting (31), water lost by way of salivation increases
considerably during exercise (32), contributing to an increased
risk of dehydration, which, in turn, may negatively impact
thermoregulatory capabilities (32). For example, sedentary dogs
dehydrated by way of water restriction or induced hypertonic
dehydration have been reported to have elevated BT when
compared to hydrated dogs (14, 16, 33). As the Trt dogs in the
current study presented with an overall reduction in internal
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temperature at both a working and post-exercise state when
compared to the Ctl dogs, this suggests that supplementation of
soluble fiber so as to achieve an inclusion level of 2.12%may have
contributed to a more efficient regulation of internal BT during
exercise. For example, exercising horses fed diets high in soluble
fiber were reported to have greater TBW and lower exercising BT
than horses fed insoluble fiber (34); however, it should be noted
that unlike dogs, horses dissipate heat primarily through active
sweating (35). As the diet in the current study had no impact
on changes in TBW content, and since no other measurements
of hydration status were reported, we cannot definitely say that
increased dietary soluble fiber improved hydration status; we can
only make inferences based on changes in BT. In addition, as
only eight dogs were evaluated for changes in BT, the authors
acknowledge this as a limitation. Therefore, future research is
warranted to investigate hydration status, exercise, and internal
BT using a greater sample size of actively training dogs to support
these pilot data.

Independent of diet, conditioning has been reported to reduce
exercising BT in both humans (36, 37) and dogs (38). In the
current study, wBT at week 8 tended to decrease from baseline,
suggesting a possible improvement in the thermoregulatory
ability as training progressed. As exercise training leads to an
increased cardiac output with increased blood volumes directed
toward respiratory muscles (39), the improved regulation of BT
is thought to be due to the increased blood flow to areas of heat
exchange supporting thermoregulation in dogs (40). Therefore,
as previous studies report improved cardiorespiratory capacity
with exercise (41, 42), the likelihood of such an event occurring
in the current study is high. However, as only RR was measured
in the current study, with no other cardiorespiratory variables,
the ability to relate thermoregulation to improved exercise
conditioning in exercising dogs requires further investigation.
However, as exercise usually takes place in colder environments,
this reduction in BT could also be attributed to ambient
temperature. However, as both BT and ambient temperature
were highly variable throughout the current training period,
future research should be conducted to investigate the association
between ambient temperature and internal BT in dogs exercising
in cold climates.

Respiratory Rate
Hydration status has been reported to influence RR, as
dehydrated dogs have lower RR (14) in an attempt to conserve
body water content while panting (15, 33). Although the current
study reported no changes in RR following an increased soluble
fiber diet, the level of dehydration during exercise may not have
been great enough to influence RR. For example, a previous study
from our laboratory reported that sled dogs running 5 km daily
led to signs of hypertonic dehydration (13), whereas the dogs
in the current study were running just over 3 km daily. This
suggests that unlike BT, RR may not be affected by slight changes
in hydration. Future research is warranted to investigate changes
in hydration status with a 2.12% soluble fiber diet in relation to
RR in both a sedentary and exercising dog model.

For all dogs, 9 weeks of endurance exercise training had no
effect on RR during any given activity level. Our laboratory
previously reported that 12 weeks of aerobic exercise training

resulted in a decreased RR at both a resting and post-exercise
state with changes starting at week 5 (29). As the dogs in the
current study were running 25.4 km/day during week 5 and the
previous study’s RD was 37.2 km/day at week 5, this 11.8 km/day
difference could be behind the lack of exercise effects. In addition,
the current study began descaling the training regimen at week
5, whereas Thornton et al. (29) began descaling at week 7. As
a result, the changes in duration could have influenced RR, as
our lab previously reported that RR may be sensitive to a training
regimen and requires a continuous incremental training regimen
to elicit changes (29).

Body Composition
Participation in regular aerobic exercise positively affects body
composition resulting in reductions in FM and increases in LBM
in humans (20, 43). In dogs, 12 weeks of endurance training
resulted in increased LBM of 11% and decreased FM of 4.5%
(22). The current study reported an increase in LBM of 7% and
FM decrease of 3.5%, with diet having no effect on changes in
body composition. As previous studies examined the effects of
fiber supplementation on body composition utilizing overweight,
sedentary subjects (19), the effects of exercise in the current study
may have been greater than those of increased soluble fiber. For
example, as BW was maintained and feed intake was adjusted to
maintain energy requirements for increased exercise, the changes
seen in LBM and reduction in FM can likely be attributed to the
exercise regimen itself.

Fecal Metabolites
Soluble fiber is known to increase microbial fermentation and
production of SCFAs, which can have a variety of physiological
effects. For example, SCFAs can stimulate an increase in water
absorption, as these major anions have been reported to be
responsible for osmotic water absorption in the colon of the dogs
(12). As Trt dogs in the current study had greater concentrations
of both propionic and butyric acid than had Ctl dogs, there is
an increased likelihood of greater water retention in the dogs
consuming the higher soluble fiber diet. As such, this could
lead to possible secondary effects in the dogs, resulting in lower
internal BT, which could in turn help with exercise performance.
Additionally, as exercise duration increased over time, the dogs’
energy requirements also increased, leading to greater feed
intake and subsequently protein intake. Fecal isobutyric acid
concentration was greater in Trt dogs and has been reported in
dogs consuming greater levels of dietary protein (44). However,
as protein contents of both diets were similar and overall feed
intake did not differ between treatment groups, it is possible
that the inclusion of soluble fiber reduced the digestibility of
protein, thereby increasing its availability for fermentation in
the colon (45). Together, because SCFAs, BCFAs, and other fecal
metabolites increased over time, it is likely that the environment
of the hindgut microbiota was altered. As sled dogs are at risk of
impaired gut health (i.e., increased gut permeability) leading to
instances of diarrhea and other deleterious outcomes, provision
of soluble fiber can support inflammatory responses and reduce
exercise-induced diarrhea (46, 47). As diarrhea is the leading
cause of exercise discontinuation in exercising sled dogs (1, 2),
minimizing pathogenic microbes could have beneficial outcomes
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related to performance. For example, sled dogs running in a
400-km race in Norway presenting with low levels of dysbiosis-
associated bacteria (i.e., Fusobacterium, Clostridium hiranonis,
and Blautia) prior to a race performed better than dogs with a
greater level of these bacteria (48). As such, the fecal metabolite
data in the current study suggest a shift toward an improved
gut microbial environment. However, due to restrictions of
laboratory analysis during 2020, the effects of both exercise and
dietary soluble fiber on the gut microbiota were not able to be
assessed. Therefore, future research should be directed toward
evaluating microbial diversity and stool quality during exercise
and nutritional interventions in training sled dogs.

CONCLUSION

The findings in the current study suggest that the addition of
1.38% soluble fiber to achieve an insoluble:soluble fiber ratio
of 3:1 may have contributed to a reduction in internal BT at
both working and recovery post-exercise states and resulted in
greater fecal SCFA concentrations. Supplemental soluble fiber
had no effect on RR or body composition; however, a 9-week
training regimen resulted in increased LBM and decreased
FM. Future research is warranted to investigate how a diet
with a soluble fiber inclusion of 2.12% influences hydration
status, and various cardiorespiratory measurements (i.e., heart
rate and VO2max) in exercising dogs. Overall, these results
can be used to improve training regimens and diets that
may influence exercise physiology, health, and performance of
sled dogs.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author/s.

ETHICS STATEMENT

The animal study was reviewed and approved by University of
Guelph’s Animal Care Committee.Written informed consent was
obtained from the owners for the participation of their animals in
this study.

AUTHOR CONTRIBUTIONS

ET, JT, KS, and AS designed the experiment. ET, ER, and JT
conducted the research. ET and LB analyzed the data. AS had
primary responsibility for the final content. All authors read and
approved the final manuscript. All authors contributed to the
writing of the manuscript.

FUNDING

This research was funded by Champion Petfoods Ltd.
(Morinville, AB, Canada), 460735.

ACKNOWLEDGMENTS

We would like to thank emka TECHNOLOGIES for their
support and provision of the telemetry equipment, Ralph Schade
and Jen Gastmeier for allowing us to use their dogs for the
duration of the study, Janelle Kelly from Champion Petfoods for
making the diets, and Trouw Nutrition for providing technical
guidance on the insoluble:soluble fiber ratio and what ingredients
could help achieve that.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fvets.
2021.639335/full#supplementary-material

REFERENCES

1. McKenzie E, Riehl J, Banse H, Kass PH, Nelson S, Marks SL. Prevalence

of diarrhea and enteropathogens in racing sled dogs. J Vet Int Med. (2010)

24:97–103. doi: 10.1111/j.1939-1676.2009.0418.x

2. Gagné J, Wakshlag J, Simpson K, Dowd S, Latchman S, Brown D,

et al. Effects of a synbiotic on fecal quality, short-chain fatty acid

concentrations, and themicrobiome of healthy sled dogs. BMCVet Res. (2013)

9:246. doi: 10.1186/1746-6148-9-246

3. Gibson GR, Wang X. Regulatory effects of bifidobacterial on

the growth of other colonic bacteria. J Appl Bacteriol. (1994)

77:412–20. doi: 10.1111/j.1365-2672.1994.tb03443.x

4. Araya-Kojima T, Yaeshima T, Ishibashi N, Shimamura S, Hayasawa

H. Inhibitory effects of Bifidobacterium longum BB536 on

harmful intestinal bacteria. Bifidobacteria Microflora. (1995)

14:59–66. doi: 10.12938/bifidus1982.14.2_59

5. Wu I-C, Chang H-Y, Hsu C-C, Chiu Y-F, Yu S-H, Tsai Y-F, et

al. Association between dietary fiber intake and physical performance

in older adults: a nationwide study in Taiwan. PLoS ONE. (2013)

8:e80209. doi: 10.1371/journal.pone.0080209

6. Okamoto T, Morino K, Ugi S, Nakagawa F, Lemecha M, Ida

S, et al. Microbiome potentiates endurance exercise through

intestinal acetate production. Am J Physiol. (2019) 316:E956–

66. doi: 10.1152/ajpendo.00510.2018

7. Howarth N, Saltzman E, Roberts S. Dietary fiber and weight regulation. Nutr

Rev. (2001) 59:129–39. doi: 10.1111/j.1753-4887.2001.tb07001.x

8. Bronkowska M, Konsediak A, Orzeł D. Assessment of the frequency

of intake of selected sources of dietary fibre among persons competing

in marathons. Roczniki Panstwowego Zakladu Higieny. (2018) 69:347–

51. doi: 10.32394/rpzh.2018.0039

9. Swanson KS, Grieshop CM, Flickinger EA, Bauer LL, Healy HP, Dawson

KA, et al. Supplemental fructooligosaccharides and mannanoligosaccharides

influence immune function, ileal and total tract nutrient digestibilities,

microbial populations and concentrations of protein catabolites in the

large bowel of dogs. J Nutr. (2002) 132:980–9. doi: 10.1093/jn/132.

5.980

10. Wong JMW, de Souza R, Kendall CWC, Emam A, Jenkins DJA.

Colonic health: fermentation and short chain fatty acids. J Clin

Gastroenterol. (2006) 40:235–43. doi: 10.1097/00004836-200603000-

00015

11. Mondo E, Barone M, Soverini M, D’Amico F, Cocchi M, Petrulli

C, et al. Gut microbiome structure and adrenocortical activity in

dogs with aggressive and phobic behavioral disorders. Heliyon. (2020)

6:e03311. doi: 10.1016/j.heliyon.2020.e03311

Frontiers in Veterinary Science | www.frontiersin.org 8 April 2021 | Volume 8 | Article 639335

https://www.frontiersin.org/articles/10.3389/fvets.2021.639335/full#supplementary-material
https://doi.org/10.1111/j.1939-1676.2009.0418.x
https://doi.org/10.1186/1746-6148-9-246
https://doi.org/10.1111/j.1365-2672.1994.tb03443.x
https://doi.org/10.12938/bifidus1982.14.2_59
https://doi.org/10.1371/journal.pone.0080209
https://doi.org/10.1152/ajpendo.00510.2018
https://doi.org/10.1111/j.1753-4887.2001.tb07001.x
https://doi.org/10.32394/rpzh.2018.0039
https://doi.org/10.1093/jn/132.5.980
https://doi.org/10.1097/00004836-200603000-00015
https://doi.org/10.1016/j.heliyon.2020.e03311
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Thornton et al. Soluble Fiber and Exercise Performance

12. Herschel DA, Argenzio RA, SouthworthM, Stevens CE. Absorption of volatile

fatty acid, Na, and H20 by the colon of the dog. Am J Vet Res. (1981)

42:1118–24.

13. Templeman J, McCarthy N, Lindinger M, Shoveller A. Changes in

salivary electrolyte concentrations in mid-distance trained sled dogs

during 12 weeks of incremental conditioning. Physiol Rep. (2020)

8:e14493. doi: 10.14814/phy2.14493

14. Kozlowski S, Greenleaf JJ, Turlejska E, Nazar K. Extracellular hyperosmolality

and body temperature during physical exercise in dogs. Am J Physiol. (1980)

239:R180–3. doi: 10.1152/ajpregu.1980.239.1.R180

15. Horowitz M, Nadel E. Effect of plasma volume on thermoregulation in the

dog. Pflügers Archiv. (1984) 400:211–3. doi: 10.1007/BF00585045

16. Baker M, Turlejska E. Thermal panting in dehydrated dogs- effects of plasma-

volume expansion and drinking. Pflugers Archiv Eur J Physiol. (1989) 413:511–

5. doi: 10.1007/BF00594182

17. Lewis ST, Foster RC. Effect of heat on canines and felines. ISU Vet.

(1976) 38:117–21.

18. Zanghi B, Robbins P, Ramos M, Otto C. Working dogs drinking

a nutrient-enriched water maintain cooler body temperature and

improved pulse rate recovery after exercise. Front Vet Sci. (2018)

5:202. doi: 10.3389/fvets.2018.00202

19. Guerin-Deremaux L, Li S, Pochat M, Wils D, Mubasher M, Reifer C, et al.

Effects of NUTRIOSE R© dietary fiber supplementation on body weight, body

composition, energy intake, and hunger in overweight men. Int. J. Food Sci.

Nutr. (2011) 62:628–35. doi: 10.3109/09637486.2011.569492

20. Evans P. Effects of HRT and exercise training on insulin action, glucose

tolerance, and body composition in older women. J Appl Physiol. (2001)

90:2033–40. doi: 10.1152/jappl.2001.90.6.2033

21. Allen J, Mailing L, Niemiro G,Moore R, CookM,White B, et al. Exercise alters

gut microbiota composition and function in lean and obese humans.Med Sci

Sports Exerc. (2018) 50:747–57. doi: 10.1249/MSS.0000000000001495

22. Templeman J, Thornton E, Cargo-Froom C, Squires E, Swanson K, Shoveller

A. Effects of incremental exercise and dietary tryptophan supplementation on

the amino acid metabolism, serotonin status, stool quality, fecal metabolites,

and body composition of mid-distance training sled dogs. J Anim Sci. (2020)

98:skaa128. doi: 10.1093/jas/skaa128

23. National Research Council. Nutrient Requirements of Dogs and Cats. 2nd rev.

ed. Washington, DC: The National Academies Press (2006).

24. Association of American Feed Control Officials. AAFCO Manual. West

Lafayette, IN: AAFCO Inc. (2016).

25. Grieshop CM, Flickinger EA, Bruce KJ, Patil AR, Czarnecki-Maulden GL,

Fahey GC. Gastrointestinal and immunological responses of senior dogs to

chicory and mannan-oligosaccharides. Archiv Anim Nutr. (2004) 58:483–

93. doi: 10.1080/00039420400019977

26. Barry KA, Hernot DC, Middelbos IS, Francis C, Dunsford B, Swanson

KS, et al. Low-level fructan supplementation of dogs enhances

nutrient digestion and modifies stool metabolite concentrations,

but does not alter fecal microbiota populations. J Anim Sci. (2009)

87:3244–52. doi: 10.2527/jas.2008-1659

27. Ferreira LG, Endrighi M, Lisenko KG, Oliveira MRD, de Damasceno MR,

Claudino JA, et al. Oat beta-glucan as a dietary supplement for dogs. PLoS

ONE. (2018) 13:e0201133. doi: 10.1371/journal.pone.0201133

28. Cheeke PR. Actual and potential applications of Yucca Schidigera andQuillaja

Saponaria Saponins in human and animal nutrition. In: Oleszek W, Marston

A, editors. Saponins in Food, Feedstuffs and Medicinal Plants. Dordrecht:

Springer (2000). p. 241–54. doi: 10.1007/978-94-015-9339-7_25

29. Thornton E, Templeman JR, Bower M, Cant JP, Holloway GP, Shoveller AK.

Exercise but not supplemental dietary tryptophan influences heart rate and

respiratory rate in sled dogs. Vet Sci. (2020) 7:97. doi: 10.3390/vetsci7030097

30. Mitchell AD, Rosebrough RW, Taicher GZ, Kovner I. In vivo measurement of

body composition of chickens using quantitative magnetic resonance. Poult

Sci. (2011) 90:1712–9. doi: 10.3382/ps.2010-01156

31. Sharp F, Smith D, Thompson M, Hammel H. Thermoregulatory salivation

proportional to hypothalamic temperature above threshold in the dog. Life

Sci. (1969) 8:1069–76. doi: 10.1016/0024-3205(69)90159-3

32. Hardy J, Hellon R, Sutherland K. Temperature-sensitive

neurones in the dog’s hypothalamus. J Physiol. (1964) 175:242–

53. doi: 10.1113/jphysiol.1964.sp007515

33. Baker M, Doris P, Hawkins M. Effect of dehydration and

hyperosmolality on thermoregulatory water losses in exercising dogs.

Am J Physiol. (1983) 244:R516–21. doi: 10.1152/ajpregu.1983.244.

4.R516

34. Spooner H, Nielsen B, Schott H. Hydration Status of Endurance Horses as

Affected by Dietary Fiber Type with and without Supplemental Fat. ProQuest

Dissertations Publishing. (2008) Retrieved from: http://search.proquest.com/

docview/304575867/ (accessed November 17, 2020).

35. McConaghy F. Thermoregulation. In: Hodgson DR, Rose RJ, editors. The

Athletic Horse: Principles and Practice of Equine Sports Medicine. Philadelphia,

PA: WB Saunders (1994). p. 181.

36. Piwonka R, Robinson S, Gay V, Manalis R, Piwonka R.

Preacclimatization of men to heat by training. J Appl Physiol. (1965)

20:379–83. doi: 10.1152/jappl.1965.20.3.379

37. Shvartz E, Magazanik A, Glick Z. Thermal responses during

training in a temperate climate. J Appl Physiol. (1974) 36:572–

6. doi: 10.1152/jappl.1974.36.5.572

38. Young M. Body temperature and heat exchange during treadmill running in

dogs. J Appl Physiol. (1959) 14:839–43. doi: 10.1152/jappl.1959.14.5.839

39. Hales J, Dampney R. The redistribution of cardiac output in the dog

during heat stress. J Therm Biol. (1975) 1:29–34. doi: 10.1016/0306-4565(75)

90008-X

40. Robbins P, Ramos M, Zanghi B, Otto C. Environmental and physiological

factors associated with stamina in dogs exercising in high ambient

temperatures. Front Vet Sci. (2017) 4:144. doi: 10.3389/fvets.2017.00144

41. Sugawara J, Murakami H, Maeda S, Kuno S, Matsuda M. Change in post-

exercise vagal reactivation with exercise training and detraining in youngmen.

Eur J Appl Physiol. (2001) 85:259–63. doi: 10.1007/s004210100443

42. Huang G, Wang R, Chen P, Huang S, Donnelly J, Mehlferber J. Dose–

response relationship of cardiorespiratory fitness adaptation to controlled

endurance training in sedentary older adults. Eur J Prevent Cardiol. (2016)

23:518–29. doi: 10.1177/2047487315582322

43. Mosher P, Underwood S, Ferguson M, Arnold R. Effects of 12 wks of

aerobic circuit training on aerobic capacity, muscular strength, and body

composition in college-age women. J Strength Cond Res. (1994) 8:144–

8. doi: 10.1519/00124278-199408000-00004

44. Donadelli RA, Titgemeyer EC, Aldrich CG. Organic matter disappearance

and production of short- and branched-chain fatty acids from selected fiber

sources used in pet foods by a canine in vitro fermentation model. J Anim Sci.

(2019) 97:4532–9. doi: 10.1093/jas/skz302

45. Gao L, Chen L, Huang Q, Meng L, Zhong R, Liu C, et al. Effect

of dietary fiber type on intestinal nutrient digestibility and hindgut

fermentation of diets fed to finishing pigs. Livestock Sci. (2015) 174:53–

8. doi: 10.1016/j.livsci.2015.01.002

46. Leib MS. Treatment of chronic idiopathic large-bowel diarrhea in dogs with a

highly digestible diet and soluble fiber: a retrospective review of 37 cases. J Vet

Int Med. (2000) 14:27–32. doi: 10.1111/j.1939-1676.2000.tb01495.x

47. Minamoto M. Fecal short-chain fatty acid concentrations and dysbiosis

in dogs with chronic enteropathy. J Vet Int Med. (2019) 33:1608–

18. doi: 10.1111/jvim.15520

48. Tysnes KR, Angell IL, Fjellanger I, Larsen SD, Softeland SR, Robertson

LJ, et al. Pre- and Post-Race Intestinal microbiota in long-distance

sled dogs and associations with performance. Animals. (2020)

10:204. doi: 10.3390/ani10020204

Conflict of Interest: MB was employed by the company emka Technologies.

The remaining authors declare that the research was conducted in the absence of

any commercial or financial relationships that could be construed as a potential

conflict of interest.

The authors declare that this study received funding from Champion Petfoods

Ltd. The funder was not involved in the study design, collection, analysis,

interpretation of data, the writing of this article or the decision to submit it for

publication.

Copyright © 2021 Thornton, Robinson, Templeman, Bruggink, Bower, Cant,

Holloway, Swanson, Squires and Shoveller. This is an open-access article distributed

under the terms of the Creative Commons Attribution License (CC BY). The use,

distribution or reproduction in other forums is permitted, provided the original

author(s) and the copyright owner(s) are credited and that the original publication

in this journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Veterinary Science | www.frontiersin.org 9 April 2021 | Volume 8 | Article 639335

https://doi.org/10.14814/phy2.14493
https://doi.org/10.1152/ajpregu.1980.239.1.R180
https://doi.org/10.1007/BF00585045
https://doi.org/10.1007/BF00594182
https://doi.org/10.3389/fvets.2018.00202
https://doi.org/10.3109/09637486.2011.569492
https://doi.org/10.1152/jappl.2001.90.6.2033
https://doi.org/10.1249/MSS.0000000000001495
https://doi.org/10.1093/jas/skaa128
https://doi.org/10.1080/00039420400019977
https://doi.org/10.2527/jas.2008-1659
https://doi.org/10.1371/journal.pone.0201133
https://doi.org/10.1007/978-94-015-9339-7_25
https://doi.org/10.3390/vetsci7030097
https://doi.org/10.3382/ps.2010-01156
https://doi.org/10.1016/0024-3205(69)90159-3
https://doi.org/10.1113/jphysiol.1964.sp007515
https://doi.org/10.1152/ajpregu.1983.244.4.R516
http://search.proquest.com/docview/304575867/
http://search.proquest.com/docview/304575867/
https://doi.org/10.1152/jappl.1965.20.3.379
https://doi.org/10.1152/jappl.1974.36.5.572
https://doi.org/10.1152/jappl.1959.14.5.839
https://doi.org/10.1016/0306-4565(75)90008-X
https://doi.org/10.3389/fvets.2017.00144
https://doi.org/10.1007/s004210100443
https://doi.org/10.1177/2047487315582322
https://doi.org/10.1519/00124278-199408000-00004
https://doi.org/10.1093/jas/skz302
https://doi.org/10.1016/j.livsci.2015.01.002
https://doi.org/10.1111/j.1939-1676.2000.tb01495.x
https://doi.org/10.1111/jvim.15520
https://doi.org/10.3390/ani10020204
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

	Supplemental Fiber Affects Body Temperature and Fecal Metabolites but Not Respiratory Rate or Body Composition in Mid-Distance Training Sled Dogs
	Introduction
	Materials and Methods
	Animals and Housing
	Diets and Study Design
	Exercise Regimen
	Exercise Challenges
	Telemetry Jackets
	Blood Sample Collection and Analysis
	Body Composition Assessment
	Fecal Collection and Analysis
	Statistical Analyses

	Results
	Mean Daily Food Intake, Body Weight, and Body Composition
	Body Temperature
	Respiratory Rate
	Fecal Short-Chain Fatty Acids, Branched-Chain Fatty Acids, Lactic Acid, and Monosaccharides
	Complete Blood Count and Serum Biochemistry

	Discussion
	Body Temperature
	Respiratory Rate
	Body Composition
	Fecal Metabolites

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


