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Simple Summary: The present study evaluated the effectiveness of a synbiotic preparation containing
L. gasseri BNR17 on body fat in obese dogs. Body weight and the body condition score showed a
significant reduction after 10 weeks of synbiotic preparation administration compared with those
at baseline (0-week). The subcutaneous fat mass at the level of the third lumbar vertebra and
its proportion, compared with the body mass, reduced significantly after 10 weeks of synbiotic
preparation administration, compared with those at baseline. Following synbiotic supplementation,
microbiome analysis revealed increased microbial diversity, and functional analysis of the microbiota
showed an increased abundance of carbohydrate and lipid metabolism. Based on these results, we
consider that synbiotic preparation containing L. gasseri BNR17 may play a role in reducing body fat
and resolving obesity.

Abstract: Obesity is an important health concern in humans and dogs. It can cause a variety of
secondary problems, including low bacterial diversity. Several approaches have been tried to solve
this problem; one of them is probiotic supplementation. Lactobacillus gasseri BNR17 is derived from
breast milk and has been proven to be effective for obesity in humans. However, there have been no
studies using a synbiotic preparation containing L. gasseri BNR17 for obesity management in dogs.
Therefore, the present study evaluated the effectiveness of a synbiotic preparation containing L. gasseri
BNR17 in reducing body fat in obese dogs. A group of obese dogs were fed a synbiotic preparation for
10 weeks. Obesity variables included body weight, body condition score, subcutaneous fat thickness,
subcutaneous fat mass and proportion of the fat mass. In addition, feces collected at 0-week and
10-week time points were analyzed for the intestinal microbiome. Results showed a significant
decrease in body weight, body condition score, and subcutaneous fat mass and proportion at the
level of the third lumbar vertebra. Diversity and functional analysis of the microbiota in obese dogs
showed increased microbial diversity, and increased abundance of metabolism of carbohydrate, and
lipid after supplementation with a synbiotic preparation. This study was conducted as a pilot study,
and the results demonstrated that a synbiotic preparation containing L. gasseri BNR17 may play a
role in reducing body fat and resolving the obesity in dogs.

Keywords: obesity; body fat; Lactobacillus gasseri BNR17; radiography; computed tomography;
microbiome
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1. Introduction

Obesity is a growing global health issue in dogs and is found in 34-63% of the popula-
tion, depending on the location [1,2]. Obesity is defined as chronic excessive body weight
causing health problems [1,3]. It results from excessive fat accumulation from high energy
intake with low expenditure along with complex interactions of numerous factors including
genetic, metabolic, behavioral and nutritional factors [1,3-5].

The body condition score (BCS) is a useful evaluation tool that is routinely used to
evaluate obesity and body fat distribution in dogs [6,7]. A 9-point scale BCS is usually
used; the scoring is performed by visual observation and by palpating the dog [7,8].
Abdominal radiography and computed tomography (CT) can also be used to evaluate
body fat distribution in humans and dogs [9-12]. Subcutaneous fat thickness (ST) can be
measured using a lateral abdominal radiograph [10]. For computed tomography, body area
(BA), total fat area (TA), and visceral fat area (VA) are measured, and the subcutaneous
fat area (SA) is calculated by subtracting VA from TA [10]. Abdominal radiography and
computed tomography are well correlated with BCS [10].

The consequences of obesity can be diverse, causing various abnormalities such
as chronic inflammatory conditions, increased risk of diabetes mellitus, hypertension,
degenerative orthopedic disease, and impaired cardiopulmonary function [1-3,13]. Obesity
also affects gastrointestinal health by reducing the diversity of the intestinal microbiome [2].
Dogs with obesity have lower levels of serotonin (5-hydroxytryptamine[5SHT]) which acts
as a neurotransmitter in response to food in the lumen [3,14]. Lower serotonin levels can
induce slower colonic transit, which may be followed by an increase in the time taken for
fermentation of undigested carbohydrates and lipids and alterations in the microbiome of
the intestines [2]. There is a significant difference in microbiomes between obese and lean
animals and obese animals have shown a lower bacterial diversity [14,15].

As the awareness of obesity has increased, efforts to treat obesity as a disease have
also increased. In human medicine, solutions for obesity are under constant development;
these include therapeutic treatments, surgical interventions, and dietary management
plans [5,13]. However, these approaches are often associated with side effects and remain
ineffective without permanent change to eating and exercise habits [5]. Therefore, there is an
increasing interest in safe and effective dietary supplements for body fat management [5].

Lactobacillus is a well-known probiotic microorganism and a critical constituent of the
intestinal microbiome that is beneficial to human health [5,16,17]. Studies conducted in hu-
mans have reported the effect of Lactobacillus gasseri BNR17, a probiotic strain isolated from
breast milk of healthy females [17]. This strain is characterized by acid and bile resistance,
binding to colonic cells, antibacterial properties against food-borne pathogens (Staphylo-
coccus aureus, Escherichia coli O157:H7, Listeria monocytogenes, Salmonella typhimurium, and
Bacillus cereus), and production of antibacterial substances such as bacteriocin [17]. L. gasseri
BNR17 was found to be effective against obesity and body fat in mice, rats and humans
despite there being no change in diet and exercise habits [5,16,17].

However, there have been no studies using a synbiotic preparation containing L. gasseri
BNR17 for obesity management in dogs. Since L. gasseri BNR17 showed its potential
effectiveness in reducing fat in other species including human, it may provide an efficient
way of managing obesity in dogs. The aim of this study was to determine the effectiveness
of a synbiotic preparation containing L. gasseri BNR17 on body fat in naturally obese dogs.

2. Materials and Methods
2.1. Ethics Statement

Blood sample collection for the screening test and anesthesia for computed tomogra-
phy were performed for dogs owned by private individuals. The experimental protocol
was approved by the Laboratory Animals Committee of Chungnam National University
(approved No. 202003-CNU-024), and the investigators adhered to the Guide for the Care
and Use of Laboratory Animals of Chungnam National University.
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2.2. Animals

This study was designed as a single-center, non-randomized, open clinical trial to
examine the effect of L. gasseri BNR17 synbiotics on body fat in obese dogs. A total of five
privately-owned obese dogs were recruited to the Veterinary Medicine Teaching Hospital
of Chungnam National University. Clients were informed of the aim and protocol of
the experiment on the first visit, and written informed consent was obtained from each
client. The dogs were fasted for 12 hours before the screening tests. The screening tests
included history taking, physical examination, complete blood count (CBC), electrolyte
analyses, serum biochemistry, total thyroxine (tT4), and adrenocorticotropic hormone
(ACTH) stimulation test. These tests were intended to examine the general health condition
of the subjects and to exclude subjects with underlying diseases, and all test results were
within normal range. Therefore, all subjects were regarded as clear of diseases that are
associated with obesity. The specific data of the dogs including age, sex, and breed, are
presented in Table 1.

Table 1. Age, sex, and breed of the obese dogs in this study.

Group Age (Year) Sex Breed
Spayed Female (3) Beagle (3)
Obese Dogs 8.59 + 3.81 Female (1) Spitz (1)

Castrated male (1) Yorkshire Terrier (1)

2.3. Test Substance

The synbiotic preparation used for this experiment was composed of over 2 x 10° CFU/g
of L. gasseri BNR17, over 1 x 10° CFU/g of Lactobacillus plantarum and other filler powder in-
cluding non-digestible maltodextrin, galacto-oligosaccharides (GOS), fructo-oligosaccharides
(FOS), and polydextrose, and was produced by SNH Biotech Co., Ltd. (Daejeon, South
Korea) (Table 2). The pet owners were instructed to administer 1 g of the manufactured
product following the provided instructions and not to change the diet of the dogs.

Table 2. Composition and proportions of symbiotic preparation in this study.

Item Percentage
L. gasseri BNR17 6.00%
L. plantarum 3.40%
Galacto-oligosaccharides 6.00%
Fructo-oligosaccharides 6.00%
Non-digestible maltodextrin 18.30%
Polydextrose 60.00%
GOX 0.30%
Total 100%

2.4. Body Weight and BCS

Each obese dog had body weight measured on the first day (hereafter referred to as the
0-week time point) and 10 weeks after initiating synbiotic preparation containing L. gasseri
BNR17 supplementation (hereafter referred to as the 10-week time point). The same digital
weighing scale (DB-150, CAS, Gyeonggi-do, Korea) was used for every measurement. BCS
was measured using the 9-point scale at the 0-week and 10-week time points by the same
investigator based on illustrations and descriptions provided by the World Small Animal
Veterinary Association.

2.5. Abdominal Radiography

Each obese dog had an abdominal radiograph with a right lateral view at the 0-week
and 10-week time point. A digital system was used to obtain radiographs (MDXP-40TG,
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Medien International Co., Gyeonggi-do, Korea). The subcutaneous fat of each dog was
measured using a radiograph viewing software (ZeTTa PACS Viewer, TY Soft, Gyeonggi-do,
Korea). Subcutaneous fat thickness (ST) was measured at the level of the third and sixth
lumbar vertebrae on a lateral abdominal radiograph for each subject by drawing a straight
line from the highest level of the spinous process of the vertebra to the skin—air interface [10].
To account for variations in body size, the ratio of ST to the length of the midbody of sixth
vertebrae (rfST3, rST6) was calculated [10]. All measurements were performed by the same
investigator.

2.6. Computed Tomography

Each obese dog underwent a CT scan at the 0-week and 10-week time point. Images
were obtained with a CT scanner (Alexion Advance Edition Model TSX-034A, TOSHIBA,
Tokyo, Japan), and the software used for viewing the CT images was identical to that
used for radiography. On the transverse plane, the region of interest was drawn manually
at the level of the third and sixth lumbar vertebrae around the body for body area (BA),
total fat area (TA), and surrounding the peritoneal cavity for visceral fat area (VA); the
subcutaneous fat area (SA) was calculated by subtracting VA from TA [10]. The ratios of
BA to SA (proportion of SA or pSA) were also calculated [10]. All measurements were
performed by the same investigator.

2.7. Sample Collection and Total DNA Extraction

A total of 10 fecal samples were collected directly from the rectums of the five obese
dogs at the 0-week and 10-week time point. By using the QIAamp Fast DNA Stool Mini
Kit (QIAGEN, Hilden, Germany), the total DNA was extracted from a total of 200 mg
of each dog fecal sample. With the 2 cycles using taco™ Prep Bead Beater (GeneReach,
Taichung, Taiwan), the total DNA from fecal samples were extracted by bead-beating,
including heating in a water bath (5 min incubation at 70 °C between beatings). For
measuring the concentrations of DNA, the Colibri Microvolume Spectrometer (Titertek
Berthold, Pforzheim, Germany) was used with OD260/280 ratios of 1.80-2.15 in each DNA
sample.

2.8. 165 rRNA Gene PCR

For the amplification of the 16S rRNA genes, V3 (5'- TCGTCGG-CAGCGTCAGATGTG
TATAAGAGACAGCC-TACGGGNGGCWGCAG-3') to V4 (5'-GTCTCGTGGGCTCGGAGA
TGTGTATAAGAGACAGGACTACHVGGGTATCTAATCC-3') hypervariable regions were
used as the PCR primers. Total reaction volume of the PCR amplification was set as 25 puL,
containing 1 uM of each primer, 12.5 ng of DNA, and 2 x KAPA HiFI HotStart ReadyMix
(Roche, Schaffhausen, Switzerland). The PCR conditions were 3 min of initial denaturation
at 95 °C, 25 cycles of 95 °C for 30 s, 55 °C for 30 s as annealing, and 72 °C for 30 s of exten-
sion, and a final 5 min extension at 72 °C. AMPure XP (Beckman Coulter, Brea, CA, USA)
was used to conduct PCR purification.

2.9. 16S rRNA Gene Library Preparation and MiSeq Sequencing

To sequence the 165 rRNA gene amplicons, the Illumina MiSeq platform was used
through the following steps. First, the random fragmentation of the DNA samples which
was followed by 5’ and 3’ adapter ligation, was conducted to prepare the sequencing library.
When preparing the library, dual indices and Illumina sequencing adapters were attached
to the 165 rRNA gene amplicons, using the Nextera XT Index Kit (Illumina, San Diego,
CA, USA). On the final step, the products were normalized and pooled to measure the
concentrations of DNA using PicroGreen (Turner BioSystems, Inc., Sunnyvale, CA, USA);
the verification of the library size was conducted using the TapeStation DNA ScreenTape
D1000 (Agilent Technologies, Inc., Santa Clara, CA, USA). Conditions of PCR cycling were
as follows: 3 min initial denaturation at 95 °C, 8 amplification cycles (95 °C for 30 s, 55 °C
for 30 s, and 72 °C for 30 s, and a 5 min final elongation at 72 °C.
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2.10. 165 rRNA Gene Analysis

Once the raw sequence data were generated from the [llumina MiSeq platform, the
quality control was performed. rRNA gene data with a length of less than 200 bp sequences
and calls containing ambiguous bases were eliminated from the demultiplexed sequence
reads to minimize the effects of random sequencing errors. The UCHIME algorithm in
Mothur was used to identify chimeric sequences, which were excluded from downstream
analysis. Then, the operational taxonomic unit (OTU) picking was conducted using the
SortMeRNA and SUMACLUST employed by QIIME (Quantitative Insights into Microbial
Ecology) pipeline (version 1.9.1) [18]. Taxonomic assignment of sequence reads was con-
ducted by the naive Bayesian Ribosomal Database Project (RDP) classifier based on the
GreenGenes taxonomy reference database version 13_8. For the downstream analysis, low
abundance OTUs and singletons were eliminated from the OTU table with a minimum
count of 4 and a low count filter based on a 20% prevalence in the samples. To conduct the
data normalization, data were rarefied to the minimum library size. To address the sparsity
of the data and the variability in the sampling depth, total sum scaling (TSS) was used
before any statistical comparison. Based on the assigned taxa of the OTU, the investigation
of the relative abundance of functional categories was conducted using PICRUSt, which
was used to interpret the 165 amplicon sequencing data in terms of biological pathways [19].
PICRUSt was utilized to predict the abundance of gene categories (COGs) and metabolic
pathways (KEGG). For visualization of investigated gene functions, GraphPad Prism v7.00
(GraphPad Software, San Diego, CA, USA) for relative abundance was used.

2.11. Statistical Analysis

Statistical analysis was performed using a commercial software program (IBM SPSS
Statistics 23.0, SPSS Inc., Chicago, IL, USA). Data for rST3, rST6, SA3, pSA3, and SA6 were
normally distributed and represented as means with standard error of the means; data for
the 0-week and 10-week time points were compared using a paired t-test. Body weight,
BCS, and pSA6 were not distributed normally and were represented as the median; data for
the 0-week and 10-week time points were compared using the Wilcoxon signed-rank test.
For statistical microbiome analysis, GraphPad Prism v7.00 (La Jolla, CA, USA) was used to
visualize the data. The GraphPad Prism v7.00 was used to compute alpha diversity indices,
including Observed OTUs, Chaol, Shannon, and Simpson. A non-parametric Kruskal—-
Wallis test was conducted to compare the alpha diversity among the groups. Principal
coordinate analysis (PCoA) plots at the OTU level at 97% identity were generated using
weighted and unweighted UniFrac distances. Analysis of similarities (ANOSIM) based
on the unweighted and weighted UniFrac distances was performed to compare the beta
diversity among the groups. A p value < 0.05 was considered to be statistically significant.

3. Results
3.1. Differences in Body Fat Status before and after Synbiotic Preparation Containing L. gasseri
BNR17 Administration

Differences in body fat status before and after synbiotic preparation containing
L. gasseri BNR17 administration were analyzed (Table 3). Results showed significant effects
on body weight, BCS, SA3, and pSA3. The median of body weight declined significantly
from 14.0 kg at the O-week time point to 13.5 kg at the 10-week time point (p < 0.05). The
median BCS significantly decreased from 9.0 at the 0-week time point to 7.5 at the 10-week
time point (p < 0.05). In addition, significant decreases were observed in the mean SA at
the level of the third lumbar vertebra from 99.86 + 15.57 cm? at the O-week time point
to 82.70 4 13.92 cm? at the 10-week time point (p < 0.05), and in the proportion of SA at
the level of the third lumbar vertebra from 36.14 £ 2.44 % at the 0-week time point to
31.05 & 3.24 % at the 10-week time point (p < 0.05) (Table 3). Other variables, including
rST3, rST6, SA6, and pSA6, showed no significant differences.
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Table 3. Comparison of obesity variables between 0-week and 10-week.
Time Point
Variables Yz p
0-Week 10-Week
. 14.0 135 .
Body weight (kg) (9.15-21.38) (8.60-19.00) —2.023 0.043
Body condition score 9.0(7.75-9.00) 7.5 (7.00-8.25) —2.041 0.041 *
Ratio of subcutaneous fat
thickness at L3 1.61 £ 0.09 1.51 £ 0.08 1.466 0.216
Ratio of subcutaneous fat
thickness at L6 246 £+ 0.25 233 +£0.17 1.569 0.192
S“bcuta“e‘z‘:;g";t areaatld  gq004 1557 8270+ 13.92 3.244 0.032 *
Proportion of subcutaneous fat 3¢ 14 1 544 3105+ 324 4355 0.012 *
area at L3 (%)
S“bcuta“e‘zzl;gjt areaatlé 1309140508  111.27 + 1820 1.612 0.182
Proportion of subcutaneous fat 48.03 44.10 _1.753 0.080

area at L6 (%) (45.75-59.64)  (40.15—53.33)

* p <0.05, Normally distributed data are presented as the mean + SEM. Data that were not normally distributed
are presented as the median.

3.2. Alpha Diversity Analysis of the Microbiota in Obese Dogs

In the intestinal microbial diversity analysis, the alpha diversity (observed OTUs,
Chaol, Shannon, and Simpson) analysis of obese dogs following synbiotic preparation
containing L. gasseri BNR17 supplementation confirmed that the level of species diversity
showed increasing propensity of normalized abundance (Table 4).

Table 4. Analysis of changes in intestinal microbial diversity in obese dogs according to synbiotic
preparation containing L. gasseri BNR17 supplementation.

Obesity
Alpha Diversity p
0-Week 10-Week
Observed OTUs 824.40 £+ 176.07 1202.20 £ 141.07 0.52
Chaol 3155.85 + 1062.21 3397.39 £ 431.51 0.68
Shannon 297 +£0.49 3.92£0.35 0.99
Simpson 0.71+0.12 0.86 = 0.04 0.99

Observed OTUs: number of species distributed per sample. Chaol: estimates the richness of the species based on
the information of the species. Shannon: estimates the diversity of the species present in the sample. Simpson: the
concentration of the species found in the sample, which has a value of 0 to 1.

3.3. Beta Diversity Analysis of the Microbiota in Obese Dogs

Beta diversity (PCoA) analysis confirmed that the microbiota composition showed
significantly different clustering before and after synbiotic preparation containing L. gasseri
BNR17 supplementation (Figure 1). At the phylum level, the bacterial sequences from
the 0-week samples were composed predominantly of the phyla Firmicutes (80.07%), Pro-
teobacteria (13.48%), Bacteroidetes (3.93%) and other phyla of the total sequences analyzed
(Figure 2A). The 10-week samples consisted largely of the phyla Firmicutes (59.41%), Bac-
teroidetes (18.34%), Fusobacteria (10.73%) and other phyla of the total sequences analyzed
(Figure 2A). At the genus level, Enterococcus was the most enriched genus in the 0-week
samples (48.82%; Figure 2B), whereas Blautia was the most enriched genus in the 10-week
samples (24.35%; Figure 2B). The relative abundance of Enterococcus decreased signifi-
cantly from an average of 48.82% in the 0-week samples to 10.98% in the 10-week samples
(Figure 3A). The relative abundance of Bacteriodes, Collinsella and Prevotella showed in-
creased propensity from 6.81%, 0.90%, and 0.00% in the 0-week samples to 21.58%, 6.59%,
3.21% in the 10-week samples, respectively (Figure 3B-D).
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Axis2 [25.6%)

O Week 0
© Week 10

Axis.1 [31.8%)]

Figure 1. L. gasseri BNR17 intestinal microbiome beta diversity analysis according to synbiotic

prep-aration containing L. gasseri BNR17 supplementation (PCoA: Principle Coordinates Analysis,
un-weighted UniFrac Distance) (R: 0.552, p < 0.01).

A

Relative abundance %

Relative abundance %

1001

1001

7541

504

254

M Unclassified
W ™7

[ Fusobacteria
B Proteobacteria
B Bacteroidetes
M Actinobacteria
W Firmicutes

Megamonas
Turicibacter
M Streptococcus
Fusobacterium
W Prevotella
B Eubacterium
B Collinsella
M Lactobacillus
B Dorea
W Others
W Catenibacterium
M Bacteroides
B Bifidobacterium
B Enterococcus
B Blautia

Figure 2. Comparison of taxonomic composition between obese dogs according to synbiotic prepara-

tion containing L. gasseri BNR17 supplementation; (A): Phylum, (B): Genus.
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Figure 3. Comparison of microbiota between obese dogs according to synbiotic preparation con-
taining L. gasseri BNR17 supplementation. Genus: (A) Enterococcus, (B) Bacteriodes, (C) Collinsella,
(D) Prevotella. *** p < 0.001.

3.4. Functional Analysis of the Microbiota in Obese Dogs

Based on the KEGG pathway analysis, the functions of microbes present in the sam-
ples with synbiotic preparation containing L. gasseri BNR17 supplementation are shown
in Figure 4. Even though there were no significant differences, the metabolism of carbohy-
drates and lipids were enriched after administration.

A

Carbohydrate Metabolism

2,500,000
Il Week 0
2,000,000 Week 10
1,500,000

1,000,000

Normalized abundance

B Lipid Metabolism

1,000,000
800,000
600,000
400,000

200,000

Normalized abundance

Figure 4. Functional annotation of the gut microbiomes between week 0 and 10 with the administra-
tion of the synbiotic preparation containing L. gasseri BNR17. Normalized abundance of the level 2
KEGG subsystem classified reads associated with the metabolism of carbohydrate (A), and lipid (B).
The error bars show the calculated standard error of the means of five replicates of the samples.
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4. Discussion

This study was conducted to explore the effect of a synbiotic preparation containing
L. gasseri BNR17 on body fat in obese dogs. There are many strains of Lactobacillus, but
L. gasseri BNR17 has shown promising results in body fat reduction in other species and
has not been previously used in dogs.

Kang et al. [16] suggested that L. gasseri BNR17 administration reduced body weight
gain in mice with high-sucrose diet-induced obesity. Another study of Kang et al. [17] also
reported that the percent increase in weight and adipose tissue was significantly lower
in rats with diet-induced obesity following treatment with L. gasseri BNR17 than in the
control. In humans, Jung et al. [5] reported body weight reduction in the obese group
after 12 weeks of L. gasseri BNR17 administration and little change in the placebo group;
however, these results did not attain statistical significance. Our results were consistent
with these findings; there was a significant decrease in body weight in dogs after synbiotic
preparation containing L. gasseri BNR17 administration compared with that at baseline.

In addition, Jung et al. [5] revealed that there was a significant decrease in body
mass index from the 0-week time point to the 12-week time point in the L. gasseri BNR17-
administered group of human subjects with obesity compared with that in the placebo
group. We used BCS, a standard measure of obesity in dogs, and found a significant
decrease in BCS after 10 weeks of synbiotic preparation containing L. gasseri BNR17 supple-
mentation.

Body fat can be assessed by measuring ST and calculating the ratio against the length
of the midbody of sixth lumbar vertebrae in lateral abdominal radiographs [10]. In this
study, the ratios of ST to the length of the vertebral midbody of sixth lumbar vertebrae
were compared between the 0-week time point and 10 weeks after synbiotic preparation
containing L. gasseri BNR17 administration; we found no significant difference. Kim
et al. [10] noted that when measuring ST, some muscles may be included, the amount of
which may vary due to sex or breed. This can influence the accuracy of subcutaneous fat
measurement, even when adjusted with a calculated ratio to the vertebral midbody. This is
a possible reason for the insignificance of these results. Therefore, additional studies on
subcutaneous fat measurement in abdominal radiographs, while considering the variations
due to sex and breed are needed.

A significant reduction in subcutaneous fat along with mesenteric and epididymal fat
volume was observed in CT scans of obese mice after L. gasseri BNR17 synbiotics adminis-
tration [16]. Additionally, there was a significant decrease in waist and hip circumferences
measured using a measuring tape 12 weeks after supplementation of L. gasseri BNR17
synbiotics, although CT scans were not performed in humans [5]. In the present study, the
subcutaneous fat mass and proportion of it showed significant reduction when measured
at the level of the third lumbar vertebra, but not at the level of the sixth lumbar vertebra.
In humans, CT scans are performed at the level of the umbilicus, which corresponds to
the third lumbar vertebra level in dogs [9,12]. This correspondence may explain why the
measured data at the third lumbar vertebra showed significance. In contrast, data from
the sixth lumbar vertebra had no significant difference due to variations in fat distribution,
depending on the breed and characteristics of the dog [11]. Additional studies measuring
body fat mass via CT scans in various dog breeds are needed. While there is a more reliable
method to assess body composition, including fat volume, via intravenous administration
of deuterium oxide dilution followed by CT scan, this method is not clinically practical, as
it requires considerable time and resources [20]. New methods are required for measuring
body fat volume with more efficiency.

Microbiome analysis showed that supplementation with a synbiotic preparation con-
taining L. gasseri BNR17 in obese dogs altered the predominant phyla (0-week: Firmicutes,
Proteobacteria, and Bacteroidetes; 10-week: Firmicutes, Bacteroidetes, and Fusobacteria). The
abundance of Firmicutes and Proteobacteria declined, whereas that of Bacteroidetes and Fu-
sobacteria increased. The composition of the microbiota at the genus level was also modified.
There was a decrease in the abundance of Enterococcus and an increase in the relative abun-
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dance of Bacteroides, Collinsella, and Prevotella in the 10-week group compared with that in
the 0-week group. The genus Enterococcus is the leading cause of bacteremia, endocarditis,
and urinary tract infections. Bacteremia is often preceded by dense colonization of the GI
tract, from which Enterococcus can translocate into the bloodstream [21]. The decrease in the
abundance of Enterococcus following synbiotic preparation containing L. gasseri BNR17 sup-
plementation suggests promising effects of the approach against these infections. However,
Enterococcus is also known to play a role as a beneficial probiotic (e.g., E. faecium, E. faecalis).
Therefore, further studies will help us to understand the exact roles of Enterococcus in dogs
in association with L. gasseri BNR17. Bacteroides, Collinsella, and Prevotella, which are known
to ferment carbohydrates, producing volatile fatty acids that are reabsorbed through the
large intestine and utilized by the host as an energy source [22], are correlated positively
with circulating insulin [23], and reduce intestinal inflammation [24]. In the present study,
an increase in the abundance of these genera in the 10-week group suggests the efficacy
of the synbiotic preparation containing L. gasseri BNR17 in promoting beneficial bacteria,
which may eventually contribute to improved gut performance and health.

Our KEGG pathway analysis showed that metabolism of carbohydrates and lipids
was enriched after the administration of the synbiotic preparation containing L. gasseri
BNR17. Pathways including “Fructose and mannose metabolism”, “Starch and sucrose
metabolism”, “Pentose phosphate pathway”, “Citrate cycle (TCA cycle)”, “Fatty acid
biosynthesis”, and “Biosynthesis of unsaturated fatty acids”, contribute to glycolysis, re-
sulting in production of ATPs, which helps to improve various metabolisms by providing
energy to living cells [25,26]. As ATP increases, the energy is used to generate heat, resulting
in dissipation of calories and fat loss [27]. “Butanoate (butyrate) metabolism” contributes
to short-chain fatty acid (SCFA) production [25], which can be closely correlated with the
increase in abundance of Prevotella, which helps to produce SCFAs. Both “Primary and
Secondary bile acid biosynthesis” may help obese groups to facilitate digestion of dietary
fats and oils [24,25,28]. In conclusion, following the consumption of a synbiotic preparation
containing L. gasseri BNR17, the increase in carbohydrate and lipid metabolism was benefi-
cial to the microbiome of dogs. In addition, studies have shown that the gut microbiome
has an effect on nutrient metabolism and energy expenditure. Treatment of obese people
with probiotics induced microbial shifts including the diversity and composition of the gut
microbiome [29,30]. As such the results observed from this study were similar to those of
previous human studies, which indicates that the gut microbiome has a strong relationship
with obesity. Nevertheless, further studies, such as shotgun metagenomics sequencing,
will be helpful to understand the exact mechanisms of obesity-related functions of the
microbiome.

There are other components including L. plantarum and prebiotics such as GOS and
FOS that contribute to intestinal health. L. plantarum plays an important role in enhancing
the innate immune system with antimicrobial activity and other properties [31]. Prebiotics
such as GOS and FOS are metabolized by Lactobacillus, which is one of the beneficial
bacteria, by decreasing the intestinal pathogens and providing health-related bacterial
metabolites [32]. The effects of increasing the growth of Lactobacillus are intensely debated.
There are several studies about the effects of different concentrations of FOS on Lactobacillus.
However, according to Chen et al. [33], FOS with proper concentration may help increase
the number of Lactobacillus. Endo et al. [34] showed utilization of FOS by Lactobacillus and
Sako et al. [35] showed utilization of GOS by Lactobacillus resulted in increased enzyme
activity. There could be diverse mechanisms of prebiotics depending on oligosaccharides,
so optimal combinations of prebiotics with L. gasseri BNR17 need to be studied.

This study had two limitations. First, a small number of dogs, diverse in species,
gender, and age, were utilized. Second, the probiotic was fed over a relatively short period
of time.
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5. Conclusions

Body weight, BCS and SA at the level of the third lumbar vertebra and its proportion
showed significant reduction after 10 weeks of synbiotic preparation containing L. gasseri
BNR17 administration compared with those at baseline. Diversity and functional analysis
of the microbiota in obese dogs showed increased microbial diversity, and increased
abundance of metabolism of carbohydrate and lipid. This pilot study indicates that feeding
a synbiotic preparation containing L. gasseri BNR17 may play a role in reducing body fat
and resolving obesity in dogs.

Author Contributions: Conceptualization, H.-J.L. and K.H.S.; methodology, H.-].L., S.-H.G., H.B.K.
and K.H.S,; validation, K.H.S.; formal analysis, H.-J.L.; investigation, H.-J.L., W.-].C. and K.H.S;
resources, H.-J.L., W.-].C,, S.-H.G., S.-H.P,, B.-].]. and K.H.S.; data curation, H.-J.L., J.H.C. and B.-].].;
writing—original draft preparation, H.-].L., H.B.K. and K.H.S.; writing—review and editing, H.-].L.,
JH.C,, HB.K. and K.-H.S,; supervision, K.H.S. All authors have read and agreed to the published
version of the manuscript.

Funding: This work was supported by the Technology Development Program (52709827) funded by
the Ministry of SMEs and Startups (MSS, South Korea).

Institutional Review Board Statement: Ethical review and approval were given by Chungnam
National University.

Informed Consent Statement: Informed consent was obtained from all owners involved in the study.
Data Availability Statement: The data presented in this study are available in this paper.
Acknowledgments: We thank all of our group members for fruitful comments and discussions.

Conflicts of Interest: The funders had no role in the design of the study; in the collection, analyses,
or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.

References

1. Zoran, D.L. Obesity in Dogs and Cats: A Metabolic and Endocrine Disorder. Vet. Clin. Small Anim. Pract. 2010, 40, 221-239.
[CrossRef] [PubMed]

2. Weeth, L.P. Other Risks/Possible Benefits of Obesity. Vet. Clin. Small Anim. 2016, 46, 843-853. [CrossRef] [PubMed]

3. Park, HJ.; Lee, S.E.; Oh, ].H.; Seo, KW.; Song, K.H. Leptin, Adiponectin and Serotonin Levels in Lean and Obese Dogs. BMC Vet.
Res. 2014, 10, 113. [CrossRef] [PubMed]

4. Backus, R.; Wara, A. Development of Obesity: Mechanism and Physiology. Vet. Clin. Small Anim. 2016, 46, 773-784. [CrossRef]

5. Jung, S.P; Lee, KM,; Kang, ].H.; Yun, S.I; Park, H.O.; Moon, Y.; Kim, J.Y. Effect of Lactobacillus gasseri BNR17 on Overweight
Obese Adults: A Randomized, Double-Blind Clinical Trial. Korean J. Farm Med. 2013, 34, 80-89. [CrossRef] [PubMed]

6. German, A.].; Holden, S.L.; Bissot, T.; Morris, PJ.; Biourge, V. Use of Starting Condition Score to Estimate Changes in Body Weight
and Composition during Weight Loss in Obese Dogs. Res. Vet. Sci. 2009, 87, 249-254. [CrossRef] [PubMed]

7. Chun, J.L,; Bang, H.T;; Ji, S.Y.; Jeong, ].Y,; Kim, M.; Kim, B.; Lee, S.D.; Lee, YK,; Reddy, K.E.; Kim, K.H. A Simple Method to
Evaluate Body Condition Score to Maintain the Optimal Body Weight in Dogs. J. Anim. Sci. Technol. 2019, 61, 366-370. [CrossRef]

8.  Laflamme, D. Development and Validation of a Body Condition Score System for Dogs. Canine Pract. 1997, 22, 10-15.

9. Nagao, I.; Ohno, K,; Nagahara, T.; Yokoyama, N.; Nakagawa, T.; Fujiwara, R.; Yamamoto, K.; Goto-Koshino, Y.; Tomiyasu, H.;
Tsujimoto, H. Evaluation of Visceral Fat Mass in Dogs by Computed Tomography. J. Vet. Med. Sci. 2019, 81, 1552-1557. [CrossRef]
[PubMed]

10. Kim, D.; Noh, D.; Oh, T.; Lee, K. Body Fat Assessment by Computed Tomography and Radiography in Normal Beagle Dogs. J.
Vet. Med. Sci. 2018, 80, 1380-1384. [CrossRef] [PubMed]

11. Ishioka, K.; Okumura, M.; Sagawa, M.; Nakadomo, F.; Kimura, K.; Saito, M. Computed Tomographic Assessment of Body Fat in
Beagles. Vet. Radiol. Ultrasound 2005, 46, 49-53. [CrossRef] [PubMed]

12.  Yoshizumi, T.; Nakamura, T.; Yamane, M.; Islam, A.M.; Menju, M.; Yamasaki, K.; Arai, T.; Kotani, K.; Funahashi, T.; Yamashita, S.;
et al. Abdominal Fat: Standardized Technique for Measurement at CT. Radiology 1999, 211, 283-286. [CrossRef] [PubMed]

13.  Gadde, K.M.; Martin, C.K.; Berthoud, H.R.; Heymsfield, S.B. Obesity: Pathophysiology and Management. J. Am. Coll. Cardiol.
2018, 71, 69-84. [CrossRef] [PubMed]

14. Park, HJ.; Lee, S.E.; Kim, H.B.; Isaacson, R.E.; Seo, K.W.; Song, K.H. Association of Obesity with Serum Leptin, Adiponectin, and
Serotonin and Gut Microflora in Beagle Dogs. J. Vet. Intern. Med. 2015, 29, 43-50. [CrossRef] [PubMed]

15. Kieler, LN.; Mglbak, L.; Hansen, L.L.; Hermann-Bank, M.L.; Bjornvad, C.R. Overweight and the Feline Gut Microbiome—A pilot

study. J. Anim. Physiol. Anim. Nutr. 2016, 100, 478-484. [CrossRef] [PubMed]


http://doi.org/10.1016/j.cvsm.2009.10.009
http://www.ncbi.nlm.nih.gov/pubmed/20219485
http://doi.org/10.1016/j.cvsm.2016.04.007
http://www.ncbi.nlm.nih.gov/pubmed/27267439
http://doi.org/10.1186/1746-6148-10-113
http://www.ncbi.nlm.nih.gov/pubmed/24886049
http://doi.org/10.1016/j.cvsm.2016.04.002
http://doi.org/10.4082/kjfm.2013.34.2.80
http://www.ncbi.nlm.nih.gov/pubmed/23560206
http://doi.org/10.1016/j.rvsc.2009.02.007
http://www.ncbi.nlm.nih.gov/pubmed/19303120
http://doi.org/10.5187/jast.2019.61.6.366
http://doi.org/10.1292/jvms.19-0254
http://www.ncbi.nlm.nih.gov/pubmed/31554745
http://doi.org/10.1292/jvms.18-0216
http://www.ncbi.nlm.nih.gov/pubmed/30089735
http://doi.org/10.1111/j.1740-8261.2005.00009.x
http://www.ncbi.nlm.nih.gov/pubmed/15693559
http://doi.org/10.1148/radiology.211.1.r99ap15283
http://www.ncbi.nlm.nih.gov/pubmed/10189485
http://doi.org/10.1016/j.jacc.2017.11.011
http://www.ncbi.nlm.nih.gov/pubmed/29301630
http://doi.org/10.1111/jvim.12455
http://www.ncbi.nlm.nih.gov/pubmed/25407880
http://doi.org/10.1111/jpn.12409
http://www.ncbi.nlm.nih.gov/pubmed/26452635

Animals 2022, 12, 642 12 of 12

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Kang, J.H.; Yun, S.I; Park, M.H.; Park, J.H.; Jeong, S.Y.; Park, H.O. Anti-Obesity Effect of Lactobacillus gasseri BNR17 in High-
Sucrose Diet-Induced Obese Mice. PLoS ONE 2013, 8, e54617. [CrossRef]

Kang, J.H.; Yun, S.I; Park, H.O. Effects of Lactobacillus gasseri BNR17 on Body Weight and Adipose Tissue Mass in Diet-Induced
Overweight Rats. ]. Microbiol. 2010, 48, 712-714. [CrossRef]

Kopylova, E.; Noé, L.; Touzet, H. SortMeRNA: Fast and Accurate Filtering of Ribosomal RNAs in Metatranscriptomic Data.
Bioinformatics 2012, 28, 3211-3217. [CrossRef] [PubMed]

Lagille, M.G.L,; Zaneveld, J.; Caporaso, J.G.; McDonald, D.; Knights, D.; Reyes, J.A.; Clemente, J.C.; Burkepile, D.; Thurber,
R.L.V;; Knight, R.; et al. Predictive Functional Profiling of Microbial Communities Using 165 rRNA Marker Gene Sequences. Nat.
Biotechnol. 2013, 31, 814-821. [CrossRef] [PubMed]

Burkholder, W.J.; Thatcher, C.D. Validation of Predictive Equations for Use of Deuterium Oxide Dilution to Determine Body
Composition of Dogs. Am. J. Vet. Res. 1998, 59, 927-937. [PubMed]

Dubin, K.; Pamer, E.G. Enterococci and Their Interactions with the Intestinal Microbiome. Microbio. Spectr. 2017, 5, 5-6. [CrossRef]
Hooper, L.V.; Midtvedt, T.; Gordon, ].I. How Host-Microbial Interactions Shape the Nutrient Environment of the Mammalian
Intestine. Annu. Rev. Nutr. 2002, 22, 283-307. [CrossRef] [PubMed]

Gomez-Arango, L.F; Barrett, H.L.; Wilkinson, S.A.; Callaway, L.K.; McIntyre, H.D.; Morrison, M.; Nitert, M.D. Low Dietary Fiber
Intake Increases Collinsella Abundance in the Gut Microbiota of Overweight and Obese Pregnant Women. Gut Microbes 2018, 9,
189-201. [CrossRef] [PubMed]

Iljazovic, A.; Roy, U.; Galvez, E.].C.; Lesker, T.R.; Zhao, B.; Gronow, A.; Amend, L.; Will, S.E.; Hofmann, J.D.; Pils, M.C.; et al.
Perturbation of the Gut Microbiome by Prevotella spp. Enhances Host Susceptibility to Mucosal Inflammation. Mucosal Immunol.
2021, 14, 113-124. [CrossRef] [PubMed]

Peters, B.A.; Shapiro, J.A.; Church, T.R.; Miller, G.; Trinh-Shevrin, C.; Yuen, E.; Friedlander, C.; Hayes, R.B.; Ahn, J. A Taxonomic
Signature of Obesity in a Large Study of American Adults. Sci. Rep. 2018, 8, 9749. [CrossRef] [PubMed]

Satapati, S.; Sunny, N.E.; Kucejova, B.; Fu, X.; He, T.T.; Méndez-Lucas, A.; Shelton, ] M.; Perales, ].C.; Browning, J.D.; Burgess, S.C.
Elevated TCA Cycle Function in the Pathology of Diet-Induced Hepatic Insulin Resistance and Fatty Liver. J. Lipid Res. 2012, 8,
1080-1092. [CrossRef] [PubMed]

Hui, S.; Rabionowitz, ].D. An Unexpected Trigger for Calorie Burning in Brown Fat. Nature 2018, 560, 38-39. [CrossRef]
Nagahashi, M.; Yuza, K.; Hirose, Y.; Nakajima, M.; Ramanathan, R.; Hait, N.C.; Hylemon, P.B.; Zhou, H.; Takabe, K.; Wakai, T.
The Roles of Bile Acids and Sphingosine-I-phosphate Signaling in the Hepato-biliary Diseases. J. Lipid Res. 2016, 57, 1636-1643.
[CrossRef] [PubMed]

Aoun, A,; Darwish, F;; Hamod, N. The Influence of the Gut Microbiome on Obesity in Adults and the Role of Probiotics, Prebiotics,
and Synbiotics for Weight Loss. Prev. Nutr. Food Sci. 2020, 25, 113-123. [CrossRef]

Davis, C.D. The Gut Microbiome and Its Role in Obesity. Nutr. Today 2016, 51, 167-174. [CrossRef]

Kim, E.J.; Kang, Y.I.; Bang, T.I.; Lee, M.H.; Lee, S.W.; Choi, I.S.; Song, C.S.; Lee, ].B.; Park, S.Y. Characterization of Lactobacillus
reuteri BCLR-42 and Lactobacillus plantarum BCLP-51 as Novel Dog Probiotics with Innate Immune Enhancing Properties. Korean J.
Vet. Res. 2016, 56, 75-84. [CrossRef]

Ringg, E.; Olsen, R.E,; Gifstad, T.J.; Dalmo, R.A.; Amlund, H.; Hemre, G.I.; Bakke, A.M. Prebiotics in Aquaculture: A Review.
Aquac. Nutr. 2010, 16, 117-136. [CrossRef]

Chen, M.; Yong, X.; Nsor-Atindana, J.; Masamba, K.G.; Ma, ]J.; Zhong, F. Quantitative Optimization and Assessments of
Supplemented Fructooligosaccharides in Dry Dog Food. RSC Adv. 2016, 6, 110047-110052. [CrossRef]

Endo, H.; Tamura, K.; Fukasawa, T.; Kanegae, M.; Koga, ]. Comparison of Fructooligosaccharide Utilization by Lactobacillus and
Bacteroides Species. Biosci. Biotechnol. Biochem. 2012, 76, 176-179. [CrossRef] [PubMed]

Sako, T.; Matsumoto, K.; Tanaka, R. Recent Progress on Research and Applications of Non-digestible Galacto-oligosaccharides.
Int. Dairy J. 1999, 9, 69-80. [CrossRef]


http://doi.org/10.1371/journal.pone.0054617
http://doi.org/10.1007/s12275-010-0363-8
http://doi.org/10.1093/bioinformatics/bts611
http://www.ncbi.nlm.nih.gov/pubmed/23071270
http://doi.org/10.1038/nbt.2676
http://www.ncbi.nlm.nih.gov/pubmed/23975157
http://www.ncbi.nlm.nih.gov/pubmed/9706194
http://doi.org/10.1128/microbiolspec.BAD-0014-2016
http://doi.org/10.1146/annurev.nutr.22.011602.092259
http://www.ncbi.nlm.nih.gov/pubmed/12055347
http://doi.org/10.1080/19490976.2017.1406584
http://www.ncbi.nlm.nih.gov/pubmed/29144833
http://doi.org/10.1038/s41385-020-0296-4
http://www.ncbi.nlm.nih.gov/pubmed/32433514
http://doi.org/10.1038/s41598-018-28126-1
http://www.ncbi.nlm.nih.gov/pubmed/29950689
http://doi.org/10.1194/jlr.M023382
http://www.ncbi.nlm.nih.gov/pubmed/22493093
http://doi.org/10.1038/d41586-018-05619-7
http://doi.org/10.1194/jlr.R069286
http://www.ncbi.nlm.nih.gov/pubmed/27459945
http://doi.org/10.3746/pnf.2020.25.2.113
http://doi.org/10.1097/NT.0000000000000167
http://doi.org/10.14405/kjvr.2016.56.2.75
http://doi.org/10.1111/j.1365-2095.2009.00731.x
http://doi.org/10.1039/C6RA19721C
http://doi.org/10.1271/bbb.110496
http://www.ncbi.nlm.nih.gov/pubmed/22232259
http://doi.org/10.1016/S0958-6946(99)00046-1

	Introduction 
	Materials and Methods 
	Ethics Statement 
	Animals 
	Test Substance 
	Body Weight and BCS 
	Abdominal Radiography 
	Computed Tomography 
	Sample Collection and Total DNA Extraction 
	16S rRNA Gene PCR 
	16S rRNA Gene Library Preparation and MiSeq Sequencing 
	16S rRNA Gene Analysis 
	Statistical Analysis 

	Results 
	Differences in Body Fat Status before and after Synbiotic Preparation Containing L. gasseri BNR17 Administration 
	Alpha Diversity Analysis of the Microbiota in Obese Dogs 
	Beta Diversity Analysis of the Microbiota in Obese Dogs 
	Functional Analysis of the Microbiota in Obese Dogs 

	Discussion 
	Conclusions 
	References

