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Continuous intake of galacto-oligosaccharides containing
syrup contributes to maintaining the health of household dogs
by modulating their gut microbiota
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Interest is growing in the relationship of the microbiota and intestinal environment with health in companion
animals. Galacto-oligosaccharides (GOS), typical prebiotics, are expected to provide benefits in dogs. Previous
studies of GOS in dogs have involved dogs with similar rearing conditions and diets, which may have biased the
results. We conducted an open study of 26 healthy dogs kept in households with diverse rearing environments in
order to evaluate how the intake of a GOS-containing syrup affects the intestinal microbiota and its metabolites.
Each dog was fed 1.2—4.8 g of the GOS-containing syrup (GOS 0.5-2.0 g equivalent) for 8 weeks. Fecal microbiota,
fecal concentrations of organic acids and putrefactive products, fecal odor, and serum uremic toxin concentrations
were evaluated before intake (0 weeks), during the 8-week intake period (4 and 8 weeks), and 4 weeks after
intake (12 weeks). The activity of N-benzoyl-DL-arginine peptidase in dental plaque, which may be associated
with periodontal disease, was evaluated at 0 and 8 weeks. Continuous intake of GOS resulted in changes in fecal
microbiota, with a particularly marked increase in the abundance of Megamonas, which produces propionic acid.
Other findings included a significant increase in the fecal acetic, propionic, and n-butyric acid concentrations.
Additionally, significant decreases in fecal odor, fecal phenol concentration, and serum indoxyl sulfate
concentration. Intake of GOS was also associated with a significant decrease in N-benzoyl-DL-arginine peptidase
activity in dental plaques. These results suggest that continuous intake of GOS may contribute to canine health.
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INTRODUCTION

Recent advances in genome analysis technology have revealed
that bacterial populations in various parts of the body (i.e.,
the microbiome) affect digestion, immunity, and other bodily
functions and also play a role in the health and diseases of their
hosts [1]. Microbiome research is also attracting attention in the
veterinary field, where associations between the microbiome
and various diseases, including canine atopic dermatitis [2]
and gastrointestinal diseases [3], have been reported. In dogs,
as in humans, probiotics, prebiotics, and synbiotics are utilized
to regulate the intestinal microbiome [4]. Prebiotics are food
materials that are selectively metabolized by beneficial intestinal
bacteria, such as bifidobacteria and lactic acid bacteria, and that

regulate the intestinal microbiota by increasing or activating
these beneficial bacteria, thereby contributing to maintenance of
the host’s health [5]. Oligosaccharides are typical prebiotics and
are often added to dog food not only because of their functional
properties but also because they are heat-resistant and easily
processed. They reach the large intestine undigested and are
metabolized by intestinal bacteria into organic acids such as acetic
acid, butyric acid, and propionic acid [6]. These organic acids
have been shown to contribute to the maintenance of intestinal
homeostasis by inhibiting the abnormal growth of pathogenic
bacteria, preventing infectious diseases, maintaining the intestinal
mucosa, and regulating the immune system [7].

Although carbohydrate-derived enterobacterial metabolites
have beneficial effects on host health, as described above,
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protein-derived enterobacterial metabolites such as ammonia,
phenol, and hydrogen sulfide have been implicated in the
etiology of intestinal diseases, especially inflammatory bowel
disease (IBD) and colorectal cancer [8—10]. Phenol, indole, and
p-cresol are also known to form sulfate conjugates in the liver
and colonic mucosa; these conjugates can enter the bloodstream
and damage the kidneys, thereby causing chronic kidney disease
[11-13]. Thus, a wide range of evidence has indicated close
relationships of the intestinal microbiota and its metabolites with
diseases, suggesting that balancing the intestinal microbiota and
maintaining a favorable intestinal environment are important for
health maintenance and disease prevention.

Galacto-oligosaccharides (GOS) are isomerized sugars
consisting of a glucose terminal and multiple galactose molecules
linked together and are found in human breast milk and cow’s
milk [14]. In human clinical trials, GOS have been shown to be
useful prebiotics that increase the number of bifidobacteria in
the intestine and improve defecation frequency [15, 16]. GOS
are expected to provide similar benefits in dogs and have been
investigated in several canine clinical studies. However, these
studies all involved dogs that were kept in research facilities and
had similar backgrounds in terms of rearing conditions and diet
[17-19]. Dogs within the same facility are likely to have similar
microbiota compositions because the microbiota is strongly
influenced by diet and can easily be transmitted among individual
dogs due to their coprophagic behavior [20, 21]. Therefore, it
cannot be excluded that there was bias in the initial microbiota
compositions in these studies, which might have also affected the
outcomes. Moreover, although there have been reports evaluating
the effects of GOS intake on the canine intestinal microbiota and
its metabolites, such as organic acids, separately, no study to date
has comprehensively evaluated these effects [17-19].

The aim of this study was to evaluate the effects of continuous
intake of GOS on the intestinal microbiota and its metabolites in
healthy household dogs with diverse rearing environments. The
effects of GOS on the oral environment were also evaluated.

METHODS

Animals

This study involved healthy dogs kept in households and
was conducted with the cooperation of the Kawasaki Veterinary
Medical Association. The study protocol was approved by the
Kawasaki Veterinary Medical Association. The inclusion criteria

were as follows: no antibiotic use for at least 2 weeks prior to
beginning the study, no disease requiring medical treatment
during the study period, no health risks associated with fecal or
blood collection, age 1 year or older, owner’s consent to sample
collection, availability of medical history and other information
deemed necessary for the study, and no use of probiotics or
prebiotic supplements or discontinued use of them prior to
beginning the study. Owners were instructed not to change their
dogs’ diets or lifestyles during the study period and not to give
them supplements containing probiotics, prebiotics, or antibiotics.
Written informed consent was obtained from the owners of all
dogs prior to enrollment.

Study protocol

The study was conducted as an open study. A sugar
syrup with at least 55% GOS, with 4’-galactosyllactose
(galactosef1-4galactosef1-4glucose; Galfl1-4Galf1-4Glc) as
the main component in solids [22], was obtained from Yakult
Pharmaceutical Industry Co., Ltd. and used as the test food.
Parameters were compared at prescribed time points before,
during, and after intake of the test food (Fig. 1). Twenty-seven
dogs were fed the GOS-containing syrup in amounts according to
their body weights for 8 weeks: 1.2 g (equivalent to 0.5 g GOS)
per day for those weighing <5 kg, 2.4 g (1.0 g GOS) per day for
those weighing >5 to <10 kg, and 4.8 g (2.0 g GOS) per day for
those weighing >10 kg. Fresh feces and blood were collected
before (0 weeks [w]), during (4 w and 8 w), and after (12 w)
intake of the GOS-containing syrup. Feces were stored at —20°C
immediately after collection and then transferred to a storage unit
kept at —80°C within 3 days. Blood was immediately processed
after collection to separate the serum, which was then stored at
—80°C. At weeks 0 and 8, in addition to feces and blood, dental
plaque samples were collected by swabbing the maxillary canine
or molar teeth in the vicinity of the gingiva. Blood and dental
plaque samples were collected after at least 8 hr of fasting.

Fecal processing and DNA extraction

Zirconia beads were added to fecal samples diluted 10-fold
in RNAlater™ Stabilization Solution (Thermo Fisher Scientific
Inc., Waltham, MA, USA) and homogenized (1,048 rpm, 10 min)
using a bead homogenizer (ShakeMaster Auto BMS-A20TP, Bio
Medical Science, Tokyo, Japan). Then, 200 pL of the suspension
was collected, mixed with 1 mL of PBS(-), and centrifuged
(13,000 G x 5 min, 4°C), and the supernatant was subsequently
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discarded. The same procedure was repeated, and the resulting
fecal pellet was used for DNA extraction. DNA was extracted as
previously described and dissolved in 0.2 mL of Tris-EDTA (TE)
buffer (pH 8.0) [23]. The concentration of the obtained DNA was
measured with a trace spectrophotometer (DS-11, DeNovix Inc.,
Wilmington, DE, USA), adjusted with TE buffer (pH 8.0) to a
concentration of 5 ng/uL, and used for amplicon analysis of the
16S rRNA gene.

Amplicon analysis of the 16S rRNA gene

The composition of the fecal microbiota was determined by
amplicon sequencing of the 16S rRNA gene. Specifically, 10 ng
of the DNA extracted from feces was amplified using a KAPA
HiFi HotStart Ready Mix PCR kit (KAPA Biosystems, Woburn,
MA, USA) and purified using AMPure XP beads (Beckman
Coulter, Brea, CA, USA). The following primers were used to
amplify the V4 region of the 16S rRNA gene: forward (515F),
5'-GTGCCAGCMGCCGCGGGTAA-3', and reverse (806R)
5'-GGACTACHVGGGGTWTCTAAT-3’ [24]. Library quality
was assessed using an Agilent 2200 TapeStation (Agilent
Technologies Inc., Santa Clara, CA, USA), and library pools
were subjected to 300 cycles of single-end sequencing using
a MiniSeq sequencing system and MiniSeq Mid Output Kit
(Illumina, San Diego, CA, USA). The reads were imported into
QIIME 2 (ver. 2022.2) for processing of the sequencing data and
then assigned to taxonomic groups, using the SILVA 138 database
[25]. The weighted UniFrac distance and a-diversity indices
(Faith’s phylogenic diversity [PD], Chaol index, and Shannon
index) were calculated using the minimum number of reads in the
analyzed samples (depth, 11,863).

Measurement of fecal organic acid concentrations

The fecal concentrations of organic acids (formic acid, acetic
acid, propionic acid, isobutyric acid, n-butyric acid, isovaleric
acid, n-valeric acid, succinic acid, and lactic acid) were
determined as described by Zhang et al. [26], using fecal samples
pre-processed according to the method described by Asahara et al.
[27]. A high-performance liquid chromatography (HPLC) system
(LC-20AD, Shimadzu Corp., Kyoto, Japan) was used, with two
Shim-pack SCR-102H columns (300 mm length x 8.0 mm inner
diameter [i.d.]; Shimadzu Corp.) connected to SCR-102H guard
columns (50 mm length X 6.0 mm i.d.; Shimadzu Corp.). A
CDD-10Avp conductivity detector (Shimadzu Corp.) was used.
The LabSolutions software (ver. 5.90; Shimadzu Corp.) was
used for data analysis. The total organic acid concentration was
determined as the combined concentration of the nine organic
acids listed above.

Measurement of fecal putrefactive product concentrations

The fecal concentrations of putrefactive products (phenol,
indole, and p-cresol) were determined by HPLC. Approximately
0.1 g of feces was taken and suspended in a 9-fold volume of
100 mM PIPES buffer (pH 6.7). After adding 3.6 uL of 70%
perchloric acid to 250 pL of the fecal diluent, the mixture was
allowed to stand overnight and then processed by salting-out-
assisted liquid-liquid extraction. Then, 2 pL of the resulting
sample was applied to an HPLC system (ACQUITY UPLC
I-Class system, Waters Corp., Milford, MA, USA), and detection
was performed using an ACQUITY UPLC PDA detector (Waters
Corp.). Atlantis Premier BEH C18 AX VanGuard FIT columns

(2.1 mm i.d. x 100 mm, 1.7 pm; Waters Corp.) were used, with
the temperature set at 30°C. The mobile phase was composed
of 10 mM ammonium acetate (AA)-acetonitrile (ACN; 90:10)
as solvent A and 20 mM AA-ACN (50:50) as solvent B, and a
gradient was run from 100% to 0% solvent A over 7 min at a flow
rate of 0.35 mL/min. The MassLynx software (ver. 4.1; Waters
Corp.) was used for data analysis.

Measurement of serum uremic toxin concentrations

The serum concentrations of uremic toxins (phenyl sulfate,
indoxyl sulfate, and p-cresyl sulfate) were determined by HPLC
mass spectrometry, using the method described by Kawase et al.
[28]. The measurement of these substancses was outsourced to
the Kyoto Institute of Nutrition & Pathology, Inc. (Kyoto, Japan)

Questionnaire survey on fecal odor

A questionnaire survey of owners was conducted to evaluate
the fecal odor experienced during fecal collection on a 5-point
scale, with 5 indicating “very smelly” and 1 indicating “not
smelly”.

Evaluating N-benzoyl-DL-arginine peptidase activity in dental
plaque

N-Benzoyl-DL-arginine peptidase activity in dental plaque
samples was measured with an ADplit® kit (Kyoritsu Seiyaku
Corp., Tokyo, Japan) and evaluated on a 5-point scale, in
accordance with the provided protocol.

Subgroup analysis

To evaluate the response of the dogs to the GOS-containing
syrup based on their backgrounds, a subgroup analysis was
performed. Age was divided into two groups based on the median
value (<9.5 years, n=13; >9.5 years, n=13), and sex was divided
into three groups (intact males, n=3; desexed males, n=14;
expectant females, n=9). Body weight was also divided into three
groups based on the initial values according to the category of
GOS dosage (<5 kg, n=12; >5 to <10 kg, n=9; and >10 kg, n=5).

Statistical analysis

All statistical analyses were performed using EZR (ver. 1.61)
or R (ver. 4.2.2) software. Changes in the abundance of each
bacterial genus (average abundance >0.01%) were analyzed
using the ALDEx2 package [29]. Alpha diversity indices (Faith’s
PD, Chaol index, and Shannon index), fecal concentrations of
organic acids and putrefactive products, serum uremic toxin
concentrations, fecal odor, and ADpliZ® scores were analyzed
using the Wilcoxon signed-rank test. The composition of the
microbiota was determined using principal coordinate analysis
based on the weighted UniFrac distance and was compared
using permutational multivariate analysis of variance. All of
these analyses were pre- and post-intake comparisons using
pre-intake data (0 w) as the baseline, with multiplicity correction
using the Benjamini—-Hochberg method for the weighted UniFrac
distance and ALDEx2 analysis and using the Bonferroni
method for the other analyses, except for the ADplit® scores.
A p-value with multiplicity correction or we.eBH (the expected
Benjamini-Hochberg corrected p-value of Welch’s t-test) of
<0.05 was considered to indicate statistical significance, and a
p-value with multiplicity correction or we.eBH of >0.05 but <0.1
was considered to indicate marginal significance. For ADplit®
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scores, a p-value of <0.05 was considered to indicate statistical
significance.

In the subgroup analysis, comparisons of age and body weight
among two subgroups were performed using Welch’s t-test,
and those among three subgroups were performed by one-way
analysis of variance Sex was analyzed using Fisher’s exact
test. Comparisons of fecal concentrations of organic acids and
putrefactive products, serum uremic toxin concentrations, fecal
odor, and ADpli® scores among two subgroups were performed
using the Mann—Whitney U test, and those among three
subgroups were performed using the Kruskal-Wallis test. For all
variables, a p-value of <0.05 was considered to indicate statistical
significance.

RESULTS

Animals

A total of 27 dogs were enrolled in the study. During the second
week of the study, one dog was withdrawn by its owner due to a
disease unrelated to intake of the test food, and the remaining 26
dogs completed the study and were included in the analysis. Their
background information is shown in Supplementary Table 1. The
GOS-containing syrup intake rate of the 26 dogs included in the
analysis was 99.0% + 2.7%. During the study period, all dogs
were found to be in good health based on the results of blood
biochemistry tests and veterinary examinations, and no adverse
events related to the consumption of the GOS-containing syrup,
such as diarrhea, were observed.

Effects on fecal microbiota

There was a significant decrease in the Shannon index during
the intake period (8 w) compared with baseline (0 w), whereas
no significant changes were found in Faith’s PD or the Chaol
index (Fig. 2A). Figure 2B shows the changes in the microbiota
as represented by the weighted UniFrac distance from baseline (0
w) to 4 and 8 w during the intake period and then to 4 weeks after
the end of intake (12 w) and indicates that the composition during
the intake period (8 w) showed marginally significant differences
from baseline. Figure 2C shows the changes in the abundance of
the top bacterial genera. Megamonas showed a marked increase
in abundance. To examine the effect of the GOS-containing syrup
on the microbiota in more detail, a compositional differential
abundance analysis of each genus was performed using ALDEx2,
and the results revealed a significant increase in Megamonas
during the intake period (4 w and 8 w) compared with baseline
(0 w; Table 1). Although multiplicity-corrected results showed
no significant differences, an increase in Corynebacterium
and Actinomyces and decrease in Terrisporobacter were
observed during the intake period. In addition, an increase in
Lachnoclostridium as well as a decrease in Lachnoclostridium,
Escherichia-Shigella, and Erysipelatoclostridium were observed
4 weeks after the end of intake (12 w).

Effects on fecal metabolites

Changes in the concentrations of the three major organic acids
in feces (acetic acid, propionic acid, and n-butyric acid) are
shown in Fig. 3A. Significant increases in the concentrations of
acetic acid and n-butyric acid were observed at 4 w during the
intake period and in the concentrations of propionic acid at 4 w
and 8 w during the intake period compared with baseline (0 w).

The concentrations of these organic acids were also significantly
higher 4 weeks after the end of intake (12 w) compared with
baseline (0 w). There were also significant increases in the
concentrations of succinic acid, lactic acid, formic acid, isobutyric
acid, and isovaleric acid during the intake period (Supplementary
Table 2). In contrast, phenol, a putrefactive product, showed a
significant decrease in concentration during the intake period (4 w
and 8 w) compared with baseline (0 w) and a decreasing trend for
4 weeks after the end of intake (12 w; Fig. 3B). A decreasing trend
in indole concentration was observed during the intake period (8
w), whereas no significant change in p-cresol concentration was
observed during the study period.

Effects on serum uremic toxin concentrations

There was a significant decrease in serum indoxyl sulfate
concentration during the intake period (4 w and 8 w) compared
with baseline (0 w), whereas no significant changes were observed
in phenyl sulfate or p-cresyl sulfate concentrations during the
study period (Fig. 4).

Effects on fecal odor

A significant decrease in fecal odor score was observed after 8
weeks of intake (8 w, 2.27 £ 1.04; 12 w, 2.38 + 1.10) compared
with baseline (0 w, 3.12 £ 0.99; Fig. 5).

Effects on N-benzoyl-DL-arginine peptidase enzyme activity in
dental plaque

There was a significant decrease in the score for N-benzoyl-
DL-arginine peptidase activity in dental plaque samples (ADp/it®
scores) after GOS-containing syrup intake compared with
baseline (0 w, 3.58 + 1.45; 8 w, 3.12 + 1.18; Fig. 6).

Subgroup analysis

There were no significant differences in the effects of GOS-
containing syrup intake, except for the fecal phenol concentration,
in relation to the background factors of age, sex, and body weight
(Supplementary Table 3). The decrease in phenol concentration
in the >5 to <10 kg subgroup was significantly greater than in
the other two subgroups (<5 kg and >10 kg subgroups) during
the intake period (4 w and 8 w) and at 4 weeks after the end of
intake (12 w).

DISCUSSION

This study evaluated the effects of continuous intake of
a GOS-containing syrup on the intestinal microbiota and its
metabolites in healthy dogs kept in households. The results
showed that continuous intake of the GOS-containing syrup for
8 weeks altered the intestinal microbiota, thereby contributing
to an increase in fecal organic acid concentrations as well as a
decrease in fecal putrefactive product concentrations and serum
uremic toxin concentrations. Similar to the present study, several
studies have investigated the functionality of GOS in dogs.
However, those studies involved dogs with similar backgrounds
in terms of rearing conditions and diet and thus were likely to
have been conducted with a biased microbiota composition
[17-19]. Furthermore, those studies did not capture changes in
the microbiota or organic acids and seldom evaluated the effects
of GOS on intestinal toxic metabolites, such as putrefactive
products and serum uremic toxins. Therefore, the present study
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is meaningful in that it has demonstrated the efficacy of GOS, in a decrease in N-benzoyl-DL-arginine peptidase activity, which
terms of the changes in these parameters, in healthy household  has been suggested to be associated with periodontal disease, in
dogs with diverse rearing environments. This study also found  dental plaque samples during the GOS-containing syrup intake
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Table 1. Centered log-ratio transformation values of the occupancy of intestinal microbiota (Clr) that showed significant changes before and after
galacto-oligosaccharides (GOS)-containing syrup intake

Genus Clr (median [Q1,Q3]) we.ep! value for 0w we.eBH? value for 0 w
0w 4w 8w 12w 4w 8Sw 12w 4w 8w 12w
Megamonas —1.53 [-1.74,5.15] 3.15711.83,7.69] 4.31[3.10,8.86] 2.89[-1.72,6.14] <0.001 <0.001 0.098 0.005 0.001 0.382
Corynebacterium —-1.76 [-2.33,-1.58] 1.98[-1.87,2.70] —-1.68[-1.99,1.82] -0.05[-1.72,1.66] 0.012 0.273 0.059 0.123 0.626 0.264
Actinomyces ~1.72 [-2.19,-1.50]  1.15 [-2.00,1.68] —1.25[2.01,1.28] —1.68[-2.20,1.09] 0.031 0.202 0.482 0201 0.554 0.729

Terrisporobacter 2.93 [-1.73,5.71] 0.22[-2.18,3.82] —-1.70[-1.95,2.12] 0.10[-2.33,3.61] 0.204 0.039 0.086 0.524 0.285 0.365
Escherichia-Shigella 6.00 [3.18,6.84] 5.33[-0.85,6.67] 5.29[-0.24,6.52] 4.49[-2.21,6.32] 0.125 0.098 0.016 0.448 0.461 0.193
Erysipelatoclostridium ~ 3.43 [2.62,4.22] 2.70 [1.69,4.42] 3.06 [2.30,4.27] 4.04 [3.30,5.24] 0.678 0.464 0.019 0.864 0.464 0.206

[
[
[
Lachnoclostridium 5.05[3.52,6.62] 5.49 [4.61,6.58] 6.01 [4.42,6.70] 6.51[4.90,7.17] 0.057 0.091 0.018 0.331 0.484 0.192
[
[
[

'Welch’s t-test p-value.
2Benjamini-Hochberg corrected p-values for we.ep.
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Fig. 3. Changes in the concentrations of fecal organic acids and putrefaction products during the study period. (A) Organic acid concentrations. (B)
Putrefaction product concentrations. Data are expressed as box plots. n=26. Significant differences were determined using the Wilcoxon signed-rank
test with Bonferroni correction (vs. 0 w). 1p<0.10; *p<0.05; **p<0.01; ***p<0.001.
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Fig. 4. Changes in serum levels of uremic toxins during the study period. Data are expressed as box plots. n=26. Significant differences were
determined using the Wilcoxon signed-rank test with Bonferroni correction (vs. 0 w). *p<0.05; **p<0.01.
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Fig. 5. Changes in fecal odor score during the study period. Data
are expressed as means £ SD. n=26. Significant differences were
determined using the Wilcoxon signed-rank test with Bonferroni
correction (vs. 0 w). p<0.10; *p<0.05. SD: standard deviation.

period. To our knowledge, this effect of continuous intake of GOS
has not previously been reported and is thus a new finding.
Continuous intake of the GOS-containing syrup decreased the
alpha diversity (Shannon index) of the fecal microbiota during
the intake period, affecting the composition of the microbiota
(Fig. 2A). An increase or decrease in abundance was also
observed in multiple genera of bacteria (Table 1). In particular,
Megamonas was most affected by GOS-containing syrup intake,
showing a marked increase in abundance (Fig. 2C). Megamonas
are the major propionic acid-producing bacteria in the intestine
and have been reported to exhibit B-galactosidase activity
[30, 31]. The significant increase in Megamonas abundance
and fecal propionic acid concentration observed in this study
suggest that Megamonas bacteria proliferated and produced
propionic acid through the utilization of GOS. Previous studies
have reported that, compared with the abundance in healthy
dogs, the abundance of Megamonas is decreased in dogs with
atopic dermatitis or myxomatous mitral regurgitation [2, 32].
Continuous intake of GOS may contribute to the prevention of
these diseases and the improvement of their symptoms. In atopic
dermatitis, immune imbalance has been implicated in the onset
or worsening of the disease. The present study showed not only
an increase in the production of propionic acid, which has an
anti-inflammatory effect, via the proliferation of Megamonas but
also a significant increase in n-butyric acid, which is involved
in the induction of regulatory T cell differentiation, suggesting
the potential efficacy of GOS against atopic dermatitis (Fig. 3A)
[7]. In addition to acetic acid, propionic acid, and n-butyric
acid mentioned above, several other organic acids were also
significantly increased during the GOS-containing syrup intake
period (Supplementary Table 2). These results suggest that GOS
can be utilized by multiple species of bacteria with different
organic acid-producing systems in the intestine. Furthermore,
some organic acids remained at high levels for 4 weeks after the
end of intake (12 w) compared with baseline (0 w). For propionic
acid, the involvement of Megamonas, a propionic acid-producing
bacteria that was highly, albeit not significantly, abundant even
at 12 weeks, is considered noteworthy. In contrast, no significant
changes were observed in the bacteria responsible for the
production of the other organic acids, suggesting that multiple

ADplit® score

0w 8w

Fig. 6. Changes in ADplit® score during the trial period. Data are
expressed as means + SD. n=26. Significant differences were
determined using the Wilcoxon signed-rank test (vs. 0 w). *p<0.05.
SD: standard deviation.

bacteria may be involved in a complex manner. Further studies
are needed to elucidate these mechanisms.

As mentioned earlier, a decrease in fecal alpha diversity was
observed during the GOS-containing syrup intake period. This
finding may be attributable to a decrease in intestinal pH due
to the increase in organic acids, resulting in a decrease in the
number of susceptible bacterial species. This study also showed a
significant decrease in the fecal phenol and indole concentrations
and the serum indoxyl sulfate concentration with GOS-containing
syrup intake (Figs. 3B and 4). These are intestinal bacterial
metabolites derived from tyrosine and tryptophan in proteins
[33]. Phenol, which has been implicated in colorectal cancer, has
been reported to increase colorectal epithelial cell permeability in
a concentration-dependent manner, while a positive correlation
has been observed between DNA damage in colon tissue and the
fecal phenol concentration [10, 33]. Indole is reported to be a
causative agent of fecal odor [34]. In the present study, GOS-
containing syrup intake also improved fecal odor, presumably due
to a decrease in indole concentration (Fig. 5). Indole molecules
absorbed from the intestinal tract are undergo sulfate conjugation
in the liver and are released into the blood as indoxyl sulfate.
Indoxyl sulfate has been shown to be associated with chronic
kidney disease, and a decreased concentration of this substance
through continuous intake of GOS is expected to contribute to the
prevention of chronic kidney disease and to suppress the decline
in renal function [13, 35]. Meanwhile, the present study did not
clarify the relationships of the decreases in these putrefactive
products and uremic toxins with the changes in the microbiota.
Given the increases in various organic acids, this finding may be
attributable to changes across multiple bacterial species rather
than in a specific species, although the mechanism remains
unclear. Further analyses, such as RNA-seq, are needed to clarify
the underlying mechanisms.

N-Benzoyl-DL-arginine peptidase is an enzyme specifically
produced by Porphyromonas glae, which is frequently detected
in periodontal lesions in dogs, as well as Porphyromonas
gingivalis, Treponema denticola, and Tannerella forsythia,
which are grouped as red-complex bacteria in human periodontal
diseases. The activity of N-benzoyl-DL-arginine peptidase has
been correlated not only with the number of the abovementioned
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bacteria but also with the severity parameters of periodontal
disease, including the number and depth of periodontal pockets,
as well as with halitosis [36-38&]. In the present study, continuous
intake of the GOS-containing syrup resulted in a decrease in
the activity of the enzyme in dental plaque samples (Fig. 0).
These results indicate the potential contribution of GOS to the
prevention and improvement of periodontal disease and oral
malodor. However, the mechanism underlying this effect remains
unclear, warranting further investigation.

This study involved healthy household dogs with diverse
rearing environments to avoid the situation in which dogs kept in
the same facility potentially have similar microbiota. As a result,
GOS intake was shown to provide benefits to a wide-ranging
population with diverse rearing environments. In addition,
the subgroup analysis based on the background factors of age,
sex, and body weight showed that the effects of GOS were not
influenced by those factors, except for the effect of body weight
on the fecal phenol concentration (Supplementary Table 3).
However, the baseline level of the fecal phenol concentration
in the >5 to <10 kg subgroup, in which the reduction effect
was particularly strong, was notably higher than those in the
other subgroups (Supplementary Fig. 1). However, the other
subgroups also showed a reduction, implying that the effect was
not attributable to body weight. These findings indicate that GOS
intake in dogs is beneficial regardless of the rearing environment
and background factors.

This study has several limitations. First, it was a single-arm
open study, and thus a double-blind, parallel-group study with
a placebo would be needed to obtain data with a higher level
of evidence regarding the effectiveness of the GOS-containing
syrup. Second, the GOS-containing syrup used in this study was
a sugar syrup produced industrially using enzymatic reactions,
and 45% of its solid component consisted of the monosaccharides
Glc and Gal, as well as the disaccharide Galf1-4Glc [22].
Monosaccharides are digested and absorbed in the upper
gastrointestinal tract, suggesting that they have little impact
on the microbiota. The disaccharide Galp1-4Glc also has little
influence [39]. Consequently, the effects observed in this study
are assumed to be attributable to GOS. However, evaluation using
a test food with a higher GOS purity would be useful in clarifying
the effects of GOS.

In conclusion, this study demonstrated that continuous intake
of a GOS-containing syrup for 8 weeks in healthy dogs kept in
households with diverse rearing environments in terms of diet
and other factors altered the intestinal microbiota, improved the
intestinal environment, and reduced oral N-benzoyl-DL-arginine
peptidase activity. These results suggest that continuous intake
of GOS may contribute to health maintenance and disease
prevention in dogs.

ACKNOWLEDGEMENTS

The authors would like to express their gratitude to Dr.
Mitsuyoshi Kano, Mr. Ryousuke Kamiya, Mr. Yasuhiro Iwasa,
and Ms. Nao Shiojima for assistance with the administrative
procedures involved in this study. Additionally, we would like to
extend our appreciation to Mr. Katsuya Suzuki for his invaluable
insights and guidance in the analysis of blood biochemistry data.
We would also like to acknowledge the technical support provided
by Ms. Yuki Morita and Ms. Erika Suzuki in conducting this study.

20.

21.

22.

23.

24.

25.

REFERENCES

. De Salle R, Perkins SL. 2015. Welcome to the Microbiome: Getting to Know the

Trillions of Bacteria and Other Microbes in, on, and Around You, Yale University
Press, New Haven.

Thomsen M, Kiinstner A, Wohlers I, Olbrich M, Lenfers T, Osumi T, Shimazaki Y,
Nishifuji K, Ibrahim SM, Watson A, et al. 2023. A comprehensive analysis of gut and
skin microbiota in canine atopic dermatitis in Shiba Inu dogs. Microbiome 11: 232.
[Medline] [CrossRef]

Pilla R, Suchodolski JS. 2020. The role of the canine gut microbiome and metabolome
in health and gastrointestinal disease. Front Vet Sci 6: 498. [Medline] [CrossRef]
Schmitz S, Suchodolski J. 2016. Understanding the canine intestinal microbiota and its
modification by pro-, pre- and synbiotics—what is the evidence? Vet Med Sci 2: 71-94.
[Medline] [CrossRef]

Mountzouris KC, Tsirtsikos P. 2009. Prebiotics. Handbook of Dairy Foods Analysis,
CRC Press, Boca Raton, pp. 485-501.

Hirayama M. 2002. Novel physiological functions of oligosaccharides. Pure Appl
Chem 74: 1271-1279. [CrossRef]

Markowiak-Kope¢ P, Slizewska K. 2020. The effect of probiotics on the production of
short-chain fatty acids by human intestinal microbiome. Nutrients 12: 1107. [Medline]
[CrossRef]

Yao CK, Muir JG, Gibson PR. 2016. Review article: insights into colonic protein
fermentation, its modulation and potential health implications. Aliment Pharmacol
Ther 43: 181-196. [Medline] [CrossRef]

Carbonero F, Benefiel AC, Alizadeh-Ghamsari AH, Gaskins HR. 2012. Microbial
pathways in colonic sulfur metabolism and links with health and disease. Front Physiol
3NOV.

Toden S, Bird AR, Topping DL, Conlon MA. 2005. Resistant starch attenuates colonic
DNA damage induced by higher dietary protein in rats. Nutr Cancer 51: 45-51.
[Medline] [CrossRef]

. Shiba T, Kawakami K, Sasaki T, Makino I, Kato I, Kobayashi T, Uchida K, Kaneko

K. 2014. Effects of intestinal bacteria-derived p-cresyl sulfate on Thl-type immune
response in vivo and in vitro. Toxicol Appl Pharmacol 274: 191-199. [Medline]
[CrossRef]

Evenepoel P, Meijers BKI, Bammens BRM, Verbeke K. 2009. Uremic toxins
originating from colonic microbial metabolism. Kidney International.

Chen CN, Chou CC, Tsai PSJ, Lee YJ. 2018. Plasma indoxyl sulfate concentration
predicts progression of chronic kidney disease in dogs and cats. Vet J 232: 33-39.
[Medline] [CrossRef]

Ben XM, Zhou XY, Zhao WH, Yu WL, Pan W, Zhang WL, Wu SM, Van Beusekom CM,
Schaafsma A. 2004. Supplementation of milk formula with galacto-oligosaccharides
improves intestinal micro-flora and fermentation in term infants. Chin Med J (Engl)
117: 927-931. [Medline]

Ito M, Deguchi Y, Miyamori A, Matsumoto K, Kikuchi H, Matsumoto K, Kobayashi
Y, Yajima T, Kan T. 1990. Effects of administration of galactooligosaccharides on the
human faecal microflora, stool weight and abdominal sensation. Microb Ecol Health
Dis 3: 285-292.

Deguchi Y, Matsumoto K, Ito T, Watanuki M. 1997. Effects of bl-4
galactooligosaccharides administration on defecation of healthy volunteers with
constipation tendency. Japanese J Nutr 55: 22. [CrossRef]

Rentas MF, Pedreira RS, Perini MP, Risolia LW, Zafalon RVA, Alvarenga IC, Vendramini
THA, Balieiro JCC, Pontieri CFF, Brunetto MA. 2020. Galactoligosaccharide and a
prebiotic blend improve colonic health and immunity of adult dogs. PLoS One 15:
€0238006. [Medline] [CrossRef]

Perini MP, Rentas MF, Pedreira R, Amaral AR, Zafalon RVA, Rodrigues RBA,
Henriquez LBF, Zanini L, Vendramini THA, Balieiro JCC, Pontieri CFF, Brunetto
MA. 2020. Duration of prebiotic intake is a key-factor for diet-induced modulation
of immunity and fecal fermentation products in dogs. 8: 1-13.

Ootuka R, Iwasa A IM. 1995. Effect of Administration of Galactooligosaccarides on
Fecal Character in Dogs and Cats. Bulletin of the Facuity of Agriculture 48: 145-149.
Pilla R, Suchodolski JS. 2021. The gut microbiome of dogs and cats, and the influence
of diet. Vet Clin North Am Small Anim Pract 51: 605-621. [Medline] [CrossRef]
Chaitman J, Gaschen F. 2021. Fecal microbiota transplantation in dogs. Vet Clin North
Am Small Anim Pract 51: 219-233. [Medline] [CrossRef]

Kaneko K, Watanabe Y, Kimura K, Matsumoto K, Mizobuchi T, Onoue M. 2014.
Development of hypoallergenic galacto-oligosaccharides on the basis of allergen
analysis. Biosci Biotechnol Biochem 78: 100-108. [Medline] [CrossRef]

Fujimoto J, Matsuki T, Sasamoto M, Tomii Y, Watanabe K. 2008. Identification and
quantification of Lactobacillus casei strain Shirota in human feces with strain-specific
primers derived from randomly amplified polymorphic DNA. Int J Food Microbiol
126: 210-215. [Medline] [CrossRef]

Caporaso JG, Lauber CL, Walters WA, Berg-Lyons D, Lozupone CA, Turnbaugh PJ,
Fierer N, Knight R. 2011. Global patterns of 16S rRNA diversity at a depth of millions
of sequences per sample. Proc Natl Acad Sci USA 108 Suppl 1: 4516-4522. [Medline]
[CrossRef]

Bolyen E, Rideout JR, Dillon MR, Bokulich NA, Abnet CC, Al-Ghalith GA, Alexander
H, Alm EJ, Arumugam M, Asnicar F, et al. 2019. Reproducible, interactive, scalable

doi: 10.12938/bmth.2023-062

©2024 BMFH Press


http://www.ncbi.nlm.nih.gov/pubmed/37864204?dopt=Abstract
http://dx.doi.org/10.1186/s40168-023-01671-2
http://www.ncbi.nlm.nih.gov/pubmed/31993446?dopt=Abstract
http://dx.doi.org/10.3389/fvets.2019.00498
http://www.ncbi.nlm.nih.gov/pubmed/29067182?dopt=Abstract
http://dx.doi.org/10.1002/vms3.17
http://dx.doi.org/10.1351/pac200274071271
http://www.ncbi.nlm.nih.gov/pubmed/32316181?dopt=Abstract
http://dx.doi.org/10.3390/nu12041107
http://www.ncbi.nlm.nih.gov/pubmed/26527169?dopt=Abstract
http://dx.doi.org/10.1111/apt.13456
http://www.ncbi.nlm.nih.gov/pubmed/15749629?dopt=Abstract
http://dx.doi.org/10.1207/s15327914nc5101_7
http://www.ncbi.nlm.nih.gov/pubmed/24161588?dopt=Abstract
http://dx.doi.org/10.1016/j.taap.2013.10.016
http://www.ncbi.nlm.nih.gov/pubmed/29428089?dopt=Abstract
http://dx.doi.org/10.1016/j.tvjl.2017.12.011
http://www.ncbi.nlm.nih.gov/pubmed/15198901?dopt=Abstract
http://dx.doi.org/10.5264/eiyogakuzashi.55.13
http://www.ncbi.nlm.nih.gov/pubmed/32857814?dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0238006
http://www.ncbi.nlm.nih.gov/pubmed/33653538?dopt=Abstract
http://dx.doi.org/10.1016/j.cvsm.2021.01.002
http://www.ncbi.nlm.nih.gov/pubmed/33131919?dopt=Abstract
http://dx.doi.org/10.1016/j.cvsm.2020.09.012
http://www.ncbi.nlm.nih.gov/pubmed/25036491?dopt=Abstract
http://dx.doi.org/10.1080/09168451.2014.877819
http://www.ncbi.nlm.nih.gov/pubmed/18573558?dopt=Abstract
http://dx.doi.org/10.1016/j.ijfoodmicro.2008.05.022
http://www.ncbi.nlm.nih.gov/pubmed/20534432?dopt=Abstract
http://dx.doi.org/10.1073/pnas.1000080107

26.

27.

28.

29.

30.

31

A. Hokkyo, et al.

and extensible microbiome data science using QIIME 2. Nat Biotechnol 37: 852-857.
[Medline] [CrossRef]

Zhang H, Zhou F, Ji B, Nout RMJ, Fang Q, Yang Z. 2008. Determination of organic
acids evolution during apple cider fermentation using an improved HPLC analysis
method. Eur Food Res Technol 227: 1183-1190. [CrossRef]

Asahara T, Takahashi A, Yuki N, Kaji R, Takahashi T, Nomoto K. 2016. Protective
effect of a synbiotic against multidrug-resistant Acinetobacter baumannii in a murine
infection model. Antimicrob Agents Chemother 60: 3041-3050. [Medline] [CrossRef]

Kawase T, Kawakami K, Harada K, Chonan O, Tsukahara T. 2019. Simultaneous
analysis of glucuronyl- and sulpho-conjugates of intestinal putrefactive compounds in
human urine by ultra-performance liquid chromatography tandem mass spectrometry.
Chromatography (Basel) 40: 9-18. [CrossRef]

Fernandes AD, Reid JN, Macklaim JM, McMurrough TA, Edgell DR, Gloor GB. 2014.
Unifying the analysis of high-throughput sequencing datasets: characterizing RNA-
seq, 16S rRNA gene sequencing and selective growth experiments by compositional
data analysis. Microbiome 2: 15. [Medline] [CrossRef]

Reilly LM, He F, Rodriguez-Zas SL, Southey BR, Hoke JM, Davenport GM, de Godoy
MRC. 2021. Use of legumes and yeast as novel dietary protein sources in extruded
canine diets. Front Vet Sci 8: 667642. [Medline] [CrossRef]

Sakon H, Nagai F, Morotomi M, Tanaka R. 2008. Sutterella parvirubra sp. nov. and
Megamonas funiformis sp. nov., isolated from human faeces. Int J Syst Evol Microbiol
58:970-975. [Medline] [CrossRef]

32.

33.

34.

35.

36.

37.

38.

39.

212

Li Q, Larouche-Lebel E, Loughran KA, Huh TP, Suchodolski JS, Oyama MA. 2021.
Gut dysbiosis and its associations with gut microbiota-derived metabolites in dogs with
myxomatous mitral valve disease. mSystems 6: €00111-e00121. [Medline] [CrossRef]
Kaur H, Das C, Mande SS. 2017. In Silico analysis of putrefaction pathways in bacteria
and its implication in colorectal cancer. Front Microbiol 8: 2166. [Medline] [CrossRef]
Starkenmann C. 2017. Analysis and Chemistry of Human Odors. Springer Handbooks,
Springer, Cham, pp. 121-122.

Leong SC, Sirich TL. 2016. Indoxyl sulfate-review of toxicity and therapeutic
strategies. Toxins (Basel) 8: 358. [Medline] [CrossRef]

Kozlovsky A, Gordon D, Gelernter I, Loesche WJ, Rosenberg M. 1994. Correlation
between the BANA test and oral malodor parameters. J Dent Res 73: 1036-1042.
[Medline] [CrossRef]

Dhalla N, Patil S, Chaubey KK, Narula IS. 2015. The detection of BANA micro-
organisms in adult periodontitis before and after scaling and root planing by BANA-
Enzymatic™ test kit: an in vivo study. J Indian Soc Periodontol 19: 401-405. [Medline]
[CrossRef]

Takaishi Y, Morii H, Miki T. 2003. The benzoyl-DL arginine-naphthylamide (BANA)
test and polymerase chain reaction measurement of pathogenic bacteria can assess the
severity of periodontal disease. Int J Tissue React 25: 19-24. [Medline]

Grandi M, Pinna C, Bonaldo A, Stefanelli C, Vecchiato CG, Zaghini G, Biagi G. 2018.
Effects of dietary supplementation with increasing doses of lactose on faecal bacterial
populations and metabolites and apparent total tract digestibility in adult dogs. Ital J
Anim Sci 17: 1021-1029. [CrossRef]

doi: 10.12938/bmth.2023-062

©2024 BMFH Press


http://www.ncbi.nlm.nih.gov/pubmed/31341288?dopt=Abstract
http://dx.doi.org/10.1038/s41587-019-0209-9
http://dx.doi.org/10.1007/s00217-008-0835-9
http://www.ncbi.nlm.nih.gov/pubmed/26953197?dopt=Abstract
http://dx.doi.org/10.1128/AAC.02928-15
http://dx.doi.org/10.15583/jpchrom.2018.017
http://www.ncbi.nlm.nih.gov/pubmed/24910773?dopt=Abstract
http://dx.doi.org/10.1186/2049-2618-2-15
http://www.ncbi.nlm.nih.gov/pubmed/34150888?dopt=Abstract
http://dx.doi.org/10.3389/fvets.2021.667642
http://www.ncbi.nlm.nih.gov/pubmed/18398204?dopt=Abstract
http://dx.doi.org/10.1099/ijs.0.65456-0
http://www.ncbi.nlm.nih.gov/pubmed/33879495?dopt=Abstract
http://dx.doi.org/10.1128/mSystems.00111-21
http://www.ncbi.nlm.nih.gov/pubmed/29163445?dopt=Abstract
http://dx.doi.org/10.3389/fmicb.2017.02166
http://www.ncbi.nlm.nih.gov/pubmed/27916890?dopt=Abstract
http://dx.doi.org/10.3390/toxins8120358
http://www.ncbi.nlm.nih.gov/pubmed/8006229?dopt=Abstract
http://dx.doi.org/10.1177/00220345940730050401
http://www.ncbi.nlm.nih.gov/pubmed/26392688?dopt=Abstract
http://dx.doi.org/10.4103/0972-124X.154167
http://www.ncbi.nlm.nih.gov/pubmed/12854883?dopt=Abstract
http://dx.doi.org/10.1080/1828051X.2018.1459210

