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Simple Summary: Dogs often experience stress, which can lead to a range of health
problems such as anxiety, digestive issues, and weakened immunity. While there are medi-
cations to help manage stress, these drugs often come with side effects. We administered
Enterococcus faecium Kimate-X at a concentration of 2 × 109 CFU per day, given once each
morning for 49 consecutive days. This study explores the potential of a new probiotic,
Enterococcus faecium Kimate-X, as a solution to reduce stress and improve gut health in
dogs. The research showed that this probiotic helps reduce stress hormones in dogs during
transport and improves the balance of microbial communities in their intestines. This study
offers new insight into how probiotics can support the well-being of dogs, providing an
alternative to traditional treatments that focus only on symptoms. By promoting gut health,
this approach can help dogs feel better and be more comfortable during stressful situations,
improving their overall health and quality of life.

Abstract: Stress in dog breeding leads to significant physiological and psychological bur-
dens, including anxiety, reduced appetite, weakened immune function, gut microbiota
imbalance, and even death. Currently, there are various pharmacological interventions for
stress management, but few focus on gut health. This study evaluates the potential of a
novel strain, Enterococcus faecium Kimate-X, in alleviating transport stress and improving
gut health in dogs, providing an alternative to traditional pharmacological treatments.
In vitro experiments showed that Kimate-X significantly enhanced the activities of super-
oxide dismutase (SOD) and catalase (CAT) while reducing the levels of malondialdehyde
(MDA) and tumor necrosis factor-α (TNF-α) in RAW 264.7 macrophage cells. In vivo, dogs
supplemented with Kimate-X exhibited significantly lower cortisol levels after transport,
indicating reduced stress. Metagenomic analysis revealed increased gut microbiota diver-
sity and higher concentrations of short-chain fatty acids (acetate, propionate, and butyrate)
in fecal samples. This study systematically uncovers the mechanism by which Enterococcus
faecium Kimate-X alleviates transport stress through modulation of the gut microbiota.
These findings provide new scientific evidence supporting the use of probiotics as a novel
approach to stress management in animals.
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1. Introduction
In contemporary society, pets have become integral members of many households.

However, with the rapid pace of urbanization and evolving lifestyles, the stressors that
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pets encounter have grown increasingly diverse and complex [1]. As a non-specific phys-
iological response, stress can trigger abnormal behaviors in pets and may also lead to a
range of physiological disorders, including immune suppression, metabolic imbalances,
and neuroendocrine alterations [2,3]. Unfortunately, there are still limited effective strate-
gies for the prevention and management of pet stress. In household settings, pet owners
often lack the scientific knowledge and effective methods needed to address stress-related
issues. Among these stressors, transport-related stress is especially common in dogs, as
frequent travel—whether for veterinary visits, grooming, or relocation—can significantly
elevate anxiety and physiological stress responses [4]. Pharmacological interventions,
such as Gamma-Aminobutyric Acid (GABA) agonists (which enhance inhibitory neuro-
transmission) and Trazodone (a serotonin antagonist), are commonly prescribed for stress
management in dogs. While these treatments can effectively reduce anxiety and other
stress symptoms, they may have side effects such as sedation, changes in behavior, and
potential dependence [5]. Consequently, there is a growing need for non-pharmacological
strategies to manage stress in pets more safely and sustainably.

Recent research has increasingly highlighted the crucial role of gut microbiota in
the stress response [6]. Stress can increase intestinal permeability, trigger the release
of inflammatory mediators, and disrupt gut microbiota by activating the hypothalamic–
pituitary–adrenal (HPA) axis and the autonomic nervous system [7]. The diversity and
stability of the gut microbiota play a vital role in maintaining host health. Specifically,
diversity refers to the richness and abundance of microbial species within the community,
while stability denotes the ability of the microbial ecosystem to maintain its structure and
function over time or under external disturbances. Diversity contributes to functional
redundancy and ecological buffering capacity, whereas stability ensures the continuity of
microbial functions and resilience against perturbations. The disruption of gut microbial
homeostasis has been widely observed not only in humans but also in dogs. Maintaining
gut microbiota diversity and stability is considered an effective strategy for mitigating
stress responses, and the use of probiotics has shown potential benefits in restoring gut
microbial balance, reducing inflammation, and modulating the immune system [8–10].

Probiotics are defined as live microorganisms that confer health benefits to the host
when administered in adequate amounts [11]. In pets, probiotics have been widely used to
improve digestive function and regulate immune responses [12–14]. However, research
on the relationship between pet stress and gut microbiota remains limited, especially with
regard to systematic studies on the role of probiotics. Given that the core mechanisms
of the stress response involve hormone secretion and inflammatory processes, this study
uses transportation as a model to induce stress in dogs, with Enterococcus faecium Kimate-X
selected as the probiotic intervention (Kimate-X was isolated from the feces of healthy
police dogs). The study aims to explore the role of Kimate-X in regulating stress-related
hormone levels, alleviating inflammatory responses, and restoring gut microbiota balance,
thereby elucidating its potential mechanisms in mitigating transportation stress in dogs.

2. Methods
2.1. Study on the Alleviation of Oxidative Stress by Enterococcus faecium Kimate-X In Vitro

Mouse monocyte macrophage leukemia cells (RAW 264.7 cells) were cultured in Dul-
becco’s Modified Eagle Medium (DMEM) medium containing 10% Fetal Bovine Serum (FBS)
and 1% antibiotics, and incubated at 37 ◦C in a humidified incubator with 5% CO2. Oxida-
tive stress was induced in well-grown RAW 264.7 cells (cell concentration of 5 × 105/mL)
using 500 ng/mL LPS. Simultaneously with the induction of oxidative stress, Kimate-X
was added to the culture medium containing RAW 264.7 cells at an inoculation amount
of 1 × 105 CFU. It is important to note that the 1 × 105 CFU refers to the total bacterial
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count per well, rather than a concentration expressed in CFU/mL. We established three
groups for the in vitro experiment using RAW 264.7 cells. (1) Control group (Control): cells
were cultured under standard conditions without LPS or probiotic treatment. (2) Oxidative
stress model group (LPS): cells were exposed to LPS to induce oxidative stress. (3) Probiotic
treatment group (LPS + Kimate-X): cells were co-treated with LPS and Enterococcus fae-
cium Kimate-X to evaluate the potential protective effects of the probiotic under oxidative
stress. Each group had three replicates, which were included to enhance the reliability
and reproducibility of the experimental results. After 12 h of incubation, the cell super-
natants were collected, and changes in the levels of superoxide dismutase (SOD), catalase
(CAT), Glutathione (GSH), malondialdehyde (MDA), Glutathione Peroxidase (GSH-Px),
and TNF-α were measured using commercial ELISA kits (Meilian Biotechnology Co., Ltd.,
Shanghai, China).

2.2. Animals and Experimental Design

Sixteen Beagle dogs (male, aged 4–5 months) were grouped by body weight (BW) (n = 8
per group) into the basal diet (Control) group. Enterococcus faecium Kimate-X was prepared
as a freeze-dried powder using skim milk powder as a protective agent (cryoprotectant).
Each dog in the treatment group received a total of 1 g of this freeze-dried product per day,
containing 2 × 109 CFU of the probiotic. The Control group was fed an equivalent of 1 g of
freeze-dried skim milk powder (without probiotic) under the same feeding schedule. In
this study, we chose a relatively homogeneous population (juvenile male Beagle dogs) and
maintained consistent dietary and housing conditions to reduce inter-individual variability.
The body weight of the Control group was 5 ± 0.72 kg, and that of the Kimate-X group was
5 ± 1.21 kg, with no significant difference between the groups (p > 0.05). The use of juvenile
male Beagle dogs was chosen to reduce variability due to age and sex, as young dogs have
a more consistent immune response, which helps to minimize experimental variations.
This design also limits the potential influence of sex-related differences in immune and
stress responses, ensuring more consistent results.

The animal experiment consisted of two periods: the feeding period and the transport
period. During the feeding period, each Beagle dog was housed in an identical dog cage
(2.5 × 1.5 × 1.5 m) for 49 days, fed at 6:00 AM and 5:00 PM daily, with free access to water.
No medications (e.g., antibiotics) were administered from 1 month before the study until
the end of the experiment. On the 50th day, each dog was transferred to a separate cage and
transported in the same vehicle. The transport route included both highways and urban
roads, with a total duration of 3 h and an average speed of 60 km/h. The temperature
inside the truck compartment was maintained at 25 ◦C with a relative humidity of 60%.
Transportation began at 8:00 AM.

All experimental procedures were approved by the Animal Ethics Committee of
Nanjing Agricultural University (Approval Number: NJAU. NO20231229197).

2.3. Blood Sample Collection and Analysis

Blood samples were collected immediately after transportation. During blood col-
lection, one veterinarian gently restrained the dog with one arm and lightly gripped the
proximal forelimb to enhance venous filling, while another veterinarian collected the blood
sample. A total of 3 mL of blood was drawn from the forelimb vein using vacuum blood
collection tubes without anticoagulants. The blood samples were centrifuged at 3000× g
for 10 min at room temperature to collect serum, which was then stored at −80 ◦C for the
subsequent measurement of stress and inflammation-related indicators. Commercial ELISA
kits (Meilian Bio, Shanghai Meilian Biotechnology Co., Ltd., Shanghai, China) were used to
measure cortisol, SOD, MDA and TNF-α, according to the manufacturer’s instructions.
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2.4. Fecal Sample Collection and Analysis

After blood collection, the dogs were returned to their respective cages. Fresh fecal
samples were collected from the dogs within 15 min of defecation. The samples were
aliquoted and stored at −80 ◦C for subsequent analysis of fecal short-chain fatty acids
(SCFAs) and microbiota composition.

2.5. DNA Extraction and Shotgun Metagenomic Sequencing

Genomic DNA was isolated from fecal samples using the QIAamp PowerFecal Pro
DNA Kit (QIAGEN, Hilden, Germany) according to the manufacturer’s instructions. Two
methods of QC used for DNA samples: (1) DNA degradation degree and potential con-
tamination were monitored on 1% agarose gels; (2) DNA purity was first evaluated by
measuring the 260/280 nm absorbance ratio (OD value) on a spectrophotometer to ensure it
was within 1.8–2.0. The DNA concentration was then quantified using the Qubit™ dsDNA
Assay Kit (Thermo Fisher Scientific, Waltham, MA, USA). Samples with a 260/280 ratio of
1.8–2.0 and a total DNA mass above 1 µg were deemed suitable for library construction.

A total amount of 1 µg DNA per sample was used as input material for library prepa-
rations. Sequencing libraries were generated using NEBNext® Ultra™ DNA Library Prep
Kit for Illumina (NEB, Ipswich, MA, USA) following the manufacturer’s recommendations,
and index codes were added to attribute sequences to each sample. Briefly, the DNA
sample was fragmented by sonication to a size of 350 bp, and then DNA fragments were
end-polished, A-tailed, and ligated with the full-length adaptor for Illumina sequencing
with further PCR amplification. Finally, PCR products were purified using AMPure XP
beads (Beckman Coulter, Brea, CA, USA), and the resulting libraries were assessed for size
distribution on an Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA)
and quantified by real-time PCR.

The clustering of the index-coded samples was performed on a cBot Cluster Generation
System according to the manufacturer’s instructions. After cluster generation, the library
preparations were sequenced on an Illumina Novaseq 6000 platform, and paired-end reads
were generated.

2.6. Sequencing Data Processing

Briefly, Fastp (https://github.com/OpenGene/fastp (accessed on 16 June 2024), ver-
sion 0.23.4) was utilized to remove the adapters and low-quality reads. Host reads were
removed after alignment, reference genome database was created using bowtie2-build
(https://github.com/BenLangmead/bowtie2 (accessed on 16 June 2024), version 2.5.1), in-
cluding (1) dog reference genome database (Dog10K-Boxer-Tasha, NCBI accession number
GCA-000002285.5); (2) human reference genome database (GRCh38.p13, NCBI accession
number NC-000001.11), and obtained sequencing reads that not mapped to the reference
genome using samtools (https://github.com/samtools/samtools (accessed on 16 June
2024), version 1.17). The high-quality and non-host reads were assembled using MEGAHIT
(https://github.com/voutcn/megahit (accessed on 16 June 2024), version 1.2.9), and con-
tigs with lengths greater than 500 bp were used for gene (Open Reading Frames, ORFs)
prediction by Prodigal (https://github.com/hyattpd/Prodigal (accessed on 16 June 2024),
version 2.6.3). Gene sequences were clustered into a non-redundant gene catalog using
CD-HIT (https://github.com/weizhongli/cdhit (accessed on 16 June 2024), version 4.8.1)
at 95% identity and 90% coverage. Moreover, gene abundance was estimated with BWA
(https://github.com/lh3/bwa (accessed on 16 June 2024), version 0.7.17-r1198-dirty) by
mapping high-quality and non-host reads to the non-redundant gene catalog.

https://github.com/OpenGene/fastp
https://github.com/BenLangmead/bowtie2
https://github.com/samtools/samtools
https://github.com/voutcn/megahit
https://github.com/hyattpd/Prodigal
https://github.com/weizhongli/cdhit
https://github.com/lh3/bwa
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2.7. Microbial Taxonomic and Functional Profiles and Analysis

Taxonomic classification was assigned to metagenomic high-quality and non-host
reads with MetaPhlAn4 (https://github.com/biobakery/MetaPhlAn (accessed on 16 June
2024)) with default parameters. The read counts of species were converted into relative
abundance for further analysis. The non-redundant gene was annotated with EggNOG
mapper (https://github.com/eggnogdb/eggnog-mapper (accessed on 16 June 2024), ver-
sion 2.1.10) based on EggNOG orthology data. The relative abundances of EggNOG genes,
KEGG KO groups, or pathways were estimated by summing the relative abundances of
genes annotated to belong to the same KOs or pathways.

The microbiota diversity analyses (including alpha and beta diversity) were conducted
and visualized using the vegan and ggplot2 packages in R (version 4.2.1). Specifically,
alpha diversity metrics, such as Shannon and Simpson indices, were calculated with the
vegan package. The differences in alpha diversity indices between groups were tested
by the Wilcoxon rank sum test. Principal Coordinates Analysis (PCoA) based on Bray–
Curtis distances to examine the differences in the structures of the microbial communities.
Differences in PCoA ordination between groups were tested by Permutational Multivariate
Analysis of Variance (PERMANOVA). The discriminative microbial taxonomy between the
groups was identified using linear discriminant analysis effect size (LEfSe) with a linear
discriminant analysis (LDA) score > 2.0. Differential EggNOG gene KOs and pathways
were identified as the same pipeline.

2.8. Fecal Short-Chain Fatty Acid Analysis

Fecal samples were sent to Zhongke New Life Biotechnology Co., Ltd. (Shanghai,
China) for SCFA analysis. The specific method was as follows: samples were thawed on
ice, and an appropriate amount was placed in a 2 mL centrifuge tube. Then, 50 µL of 20%
phosphoric acid was added for resuspension, followed by the addition of 4-methylvaleric
acid at a final concentration of 500 µM as an internal standard, and mixed thoroughly for
2 min. The mixture was centrifuged at 14,000× g for 20 min, and the supernatant was
transferred to an injection vial for GC-MS analysis. A 1 µL aliquot was injected with a
split ratio of 10:1. Samples were separated using an Agilent DB-FFAP capillary column
(30 m × 250 µm × 0.25 µm) gas chromatography system. The temperature program was as
follows: initial temperature of 90 ◦C; increased at 10 ◦C/min to 160 ◦C; then increased at
40 ◦C/min to 240 ◦C and held for 5 min. Helium was used as the carrier gas at a flow rate
of 1.0 mL/min. A QC sample was set for every certain number of experimental samples in
the sample queue to detect and evaluate the system’s stability and reproducibility.

2.9. Statistical Analysis

First, the Shapiro–Wilk test and Levene’s test were, respectively, used to assess the
normality and homogeneity of variance of the data. For the in vitro experiments, one-way
ANOVA was employed to compare differences among treatment groups; if the ANOVA
result was significant, Tukey’s HSD test was used for multiple comparisons. If the data
did not meet normality or homogeneity of variance, the Kruskal–Wallis test and Dunn’s
test were applied. For the in vivo experiments, the primary comparison was between the
Kimate-X group and the Control group. Variables meeting the assumptions of normal
distribution and homogeneity of variance were analyzed using an independent-sample
t-test, while non-normal data were analyzed using the Mann–Whitney U test. Differences in
microbial diversity indices and community composition were assessed using the Wilcoxon
test and PERMANOVA based on Bray–Curtis distances. All statistical analyses were
performed in SPSS 26.0, figures were generated using GraphPad Prism 8.0, and microbiome

https://github.com/biobakery/MetaPhlAn
https://github.com/eggnogdb/eggnog-mapper
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analyses were conducted in R 4.2.1. All tests were two-sided, with p < 0.05 considered
statistically significant.

3. Results
3.1. Effects of Enterococcus faecium Kimate-X on Alleviating Oxidative Stress In Vitro

We used the RAW 264.7 cell model to study the effect of Enterococcus faecium Kimate-X
on alleviating LPS-induced oxidative stress. The SOD activity in the LPS + Kimate-X
treatment group was significantly higher than that in the LPS group (p < 0.01), but lower
than that in the Control group (Figure 1A). The results showed that the CAT activity in
the LPS + Kimate-X treatment group was significantly higher than that in the LPS group
(p < 0.05) (Figure 1B). The MDA content in the LPS + Kimate-X treatment group was
significantly lower than that in the LPS group (p < 0.01), approaching the level of the
Control group (Figure 1C). The TNF-α level in the LPS + Kimate-X treatment group was
significantly lower than that in the LPS group (p < 0.001), approaching the level of the
Control group (Figure 1D).
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264.7 cells. (A) superoxide dismutase (SOD), (B) catalase (CAT), (C) malondialdehyde (MDA), and
(D) tumor necrosis factor-α (TNF-α) in the culture supernatants. Bars represent the mean ± SD of
three independent experiments (n = 3). Statistical significance was determined by Tukey’s HSD test
(* p < 0.05, ** p < 0.01, *** p < 0.001).

3.2. Effects of Enterococcus faecium Kimate-X on Antioxidant and Inflammatory Markers in
Transport-Stressed Dogs

Given the demonstrated antioxidant and anti-inflammatory properties of Enterococcus
faecium Kimate-X in vitro, we evaluated its effects on oxidative stress and inflammatory
responses in dogs subjected to transportation stress (Figure 2A). The results showed that,
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after transportation stress, serum cortisol levels in the Kimate-X group were significantly
lower than those in the Control (p < 0.05) (Figure 2B). Additionally, SOD activity in the
Kimate-X group was significantly higher than in the Control (p < 0.05) (Figure 2C), while
there was no significant difference in CAT activity between the two groups (Figure 2D).
Furthermore, MDA levels in the Kimate-X group were significantly lower than those in the
Control (p < 0.05) (Figure 2E). These findings indicate that Kimate-X can alleviate the stress
response induced by transportation. In terms of inflammatory markers, serum TNF-α
levels in the Kimate-X group were significantly lower than those in the Control (p < 0.05)
(Figure 2F). Overall, these results suggest that Enterococcus faecium Kimate-X can effectively
mitigate the negative effects of transportation stress in dogs by enhancing antioxidant
capacity and reducing inflammatory responses.
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Figure 2. Effects of Enterococcus faecium Kimate-X on antioxidant and inflammatory markers in
transport-stressed dogs. (A) Schematic overview of the experimental design. (B) Cortisol levels,
(C) SOD activity, (D) CAT activity, (E) MDA content, and (F) TNF-α concentration are shown. Data
are presented as mean ± SD (n = 8 per group). Asterisks indicate significant differences between the
Control and Kimate-X groups (* p < 0.05), as determined by Student’s t-test.

3.3. Results of Fecal Microbiota Composition Analysis

We analyzed the fecal microbiota composition of dogs in the Control and the Kimate-X
treatment group using metagenomic data. The results showed that the Shannon index
and Simpson index of the Kimate-X group were significantly higher than those of the
Control (p < 0.05) (Figure 3A,B). The PCoA plot based on the Bray–Curtis distance matrix
(Figure 3C) showed clear differences in the gut microbiota structure between the Control
and the Kimate-X group, with the two groups distinctly separated on the PCoA plot,
indicating that Kimate-X treatment significantly altered the gut microbiota community
structure. Bray–Curtis distance analysis (Figure 3D) further confirmed this, as the Bray–
Curtis distance of the Control was significantly higher than that of the Kimate-X group
(p < 0.001), demonstrating that Kimate-X treatment significantly changed the gut microbiota
composition. At the phylum level, the bacterial taxa composition was similar between
the Control and the Kimate-X group, but the relative abundance of major phyla differed
(Figure 3E). Box plots (Figure 3F) further confirmed these observations. At the species level
(Figure 3G), the relative abundance of Prevotella copri clade A and Streptococcus lutetiensis
was higher in the Kimate-X group, whereas the relative abundance of Lactobacillus johnsonii
was higher in the Control. The heatmap of gut microbiota relative abundance at the species
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level (Figure 3H) showed that Prevotella copri clade A and Ligilactobacillus animalis were more
abundant in the Control, while Streptococcus lutetiensis and Streptococcus alactolyticus were
more abundant in the Kimate-X group, indicating that these species played an important
role in the Kimate-X group. Additionally, the relative abundance of Prevotella copri clade A
and Ligilactobacillus animalis was lower in the Kimate-X group. Detailed information on the
microbiota is provided in Supplementary Table S1.
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Figure 3. Composition of fecal microbiota in dogs based on metagenomic gene sequencing data.
(A) Shannon index and (B) Simpson index were used to assess alpha diversity; (C) Principal Co-
ordinates Analysis (PCoA) and (D) Bray–Curtis distance illustrate beta diversity. (E) Bar plot of
relative abundances at the phylum level; (F) box plot comparing phylum-level relative abundances;
(G) bar plot of selected species-level taxa; (H) heatmap of species-level relative abundances (rows
represent individual taxa, columns represent individual dogs). Warmer colors (red) indicate higher
abundance, while cooler colors (blue) indicate lower abundance. Statistical significance was evaluated
by Wilcoxon rank-sum tests and PERMANOVA (* p < 0.05, *** p < 0.001).
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3.4. Metabolic Pathways and Gene Expression in the Gut Microbiota

The KEGG functional database pathway analysis (Figure 4A,B) revealed that the
relative abundance of starch and sucrose metabolism was significantly higher in the Control
compared to the Kimate-X group, while the relative abundances of biotin metabolism and
phosphate and phosphonate metabolism were significantly higher in the Kimate-X group
compared to the Control. The KEGG functional database KO gene analysis (Figure 4C,D)
showed that the relative abundances of efrA and efrE were significantly higher in the
Kimate-X group compared to the Control, whereas glmS and GFPT had higher relative
abundances in the Control compared to the Kimate-X group. Additionally, the relative
abundances of vanSC, vanSE, and vanSG were significantly higher in the Kimate-X group
compared to the Control.
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nomic data from the same fecal samples as in Figure 3 were used for functional annotation. (A,C) show
LDA (linear discriminant analysis) scores from LEfSe indicating differentially abundant pathways
or gene functions, whereas (B,D) display their relative abundances. (E) Heatmap of correlations
between differential bacterial species and metabolic pathways; (F) heatmap of correlations between
species and functional genes. A positive correlation is represented in red, and a negative correlation in
blue, with deeper color intensity indicating a stronger correlation. Data were compared using the LEfSe
method (Kruskal–Wallis + Wilcoxon test, followed by LDA). Differences were considered significant
when the LDA score was greater than 2 and p < 0.05 (* indicates p < 0.05, and ** indicates p < 0.01).
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Correlation analysis between differential species and differential metabolic pathways
(Figure 4E) found that starch and sucrose metabolism were positively correlated with sev-
eral bacterial species, particularly Bifidobacterium pseudolongum and Lactobacillus gallinarum.
Biotin metabolism was significantly positively correlated with Faecalimonas umbilicata and
some unnamed bacterial species. Furthermore, pathways associated with non-alcoholic
fatty liver disease and Parkinson’s disease also showed significant correlations with differ-
ent bacterial species.

Correlation analysis between differential species and differential genes (Figure 4F)
revealed that biotin metabolism, related to functional pathways, showed significant positive
correlations with specific bacterial species, such as the significant positive correlation
between Faecalimonas umbilicata and biotin metabolism. Additionally, some unnamed
bacterial species, such as GGB3600, SGB4574, GGB3600, and SGB4859, were associated
with biotin metabolism and displayed significant correlations.

3.5. Results of Fecal SCFA Analysis

Figure 5 shows the differences in SCFA content between the Control and Kimate-X
group. The study found that Kimate-X treatment significantly increased the levels of acetate
compared to the Control (p < 0.05). Propionate levels were also significantly higher in the
Kimate-X group than in the Control (p < 0.05). Additionally, as an important indicator of
gut health, butyrate content was significantly increased in the Kimate-X group (p < 0.05).
However, there were no significant differences in the contents of valerate, caproate, and
heptanoate between the two groups.
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4. Discussion
Recent studies have increasingly shown that stress can impair the intestinal barrier,

disrupt gut microbiota balance, and exacerbate inflammation, thereby intensifying the
overall stress response [15–18]. At the same time, accumulating evidence indicates that the
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gut microbiota plays a crucial role in regulating stress responses [19,20]. The bidirectional
gut–brain axis provides communication between the gut and the central nervous system
via neural (especially the vagus nerve), endocrine, and immune pathways [21]. Through
this axis, gut microbes can influence brain function by transmitting signals (e.g., micro-
bial metabolites and neurotransmitters) that modulate the host’s stress-related physiology.
Indeed, certain probiotics can fortify the gut barrier, reduce inflammatory responses, pro-
duce beneficial metabolites such as short-chain fatty acids (SCFAs), and even influence
neurotransmitter production (for example, increasing GABA or serotonin levels), thereby
mitigating stress effects [22,23]. Probiotic-based interventions have thus gained attention
as a promising strategy for managing stress in animals [24]. In this study, we evaluated the
efficacy of the novel probiotic Enterococcus faecium Kimate-X in alleviating transportation
stress in dogs and explored its underlying mechanisms.

Our findings demonstrate that Kimate-X exerts significant antioxidant and anti-
inflammatory effects in vitro. In LPS-challenged RAW 264.7 macrophages, Kimate-X
treatment markedly increased the activities of antioxidant enzymes (SOD, CAT, GSH-
PX) and lowered levels of the oxidative stress marker MDA and the inflammatory cytokine
TNF-α compared to untreated cells. These results indicate that Kimate-X can counteract
oxidative and inflammatory stress by bolstering the cellular antioxidant defense system and
inhibiting pro-inflammatory pathways. This is consistent with previous reports that probi-
otics ameliorate host oxidative stress and inflammation; for example, YiTing et al. showed
that probiotic supplementation attenuated inflammatory responses by suppressing NF-κB
and MAPK signaling [25]. The antioxidant effects of Kimate-X may also be partly due to
its metabolites (such as SCFAs), which have known antioxidant and anti-inflammatory
properties [26,27].

In vivo, Kimate-X supplementation similarly alleviated physiological stress markers
in dogs subjected to transport. Dogs receiving Kimate-X showed enhanced antioxidant
status (significantly higher SOD and GSH-PX activities) and reduced oxidative damage and
inflammation (significantly lower MDA and TNF-α levels) after transport compared to Con-
trol dogs. These outcomes suggest that Kimate-X effectively attenuated transport-induced
oxidative stress and inflammatory responses by strengthening the host’s antioxidant de-
fenses and modulating immune activation. Notably, our results align with other studies
supporting probiotics as modulators of stress: for instance, a Lactobacillus-based probi-
otic was reported to reduce stress-induced cortisol levels by influencing the gut–brain
axis [28]. Consistently, we observed that Kimate-X-treated dogs had significantly lower
serum cortisol post-transport than Controls. Cortisol is a crucial stress indicator (its level
typically correlates with stress intensity) [29], and the reduction in cortisol further confirms
the anxiety-attenuating effect of Kimate-X. This effect is likely mediated by Kimate-X’s
influence on the hypothalamic–pituitary–adrenal (HPA) axis via gut–brain signaling, as
seen in other probiotic interventions [30].

Kimate-X supplementation also induced pronounced changes in the gut microbiota
of the dogs. Treated dogs exhibited significantly higher microbial diversity (Shannon and
Simpson indices) than Controls, indicating that Kimate-X enriched the gut microbiota’s
richness and evenness. Greater microbial diversity is generally associated with improved
gut health and resilience to stress [31]. Community composition analyses (PCoA) showed
a clear separation between the Kimate-X and Control groups, confirming that Kimate-X
substantially remodeled the gut microbiome structure [32]. At the taxonomic level, certain
commensals were differentially affected: for example, fiber-fermenting genera such as
Prevotella (copri clade A) and Streptococcus (S. lutetiensis) had higher relative abundance
in the Kimate-X group, whereas a Lactobacillus species (L. johnsonii) was more abundant
in Controls [33]. These shifts suggest that Kimate-X creates a gut environment favoring
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SCFA-producing and potentially beneficial microbes, even if some typical probiotic bacteria
(e.g., lactobacilli) do not increase in abundance. Such changes in microbiota composition
are in line with the theory that probiotics improve host well-being by restoring a healthy
microbial balance [34].

Metagenomic functional analyses further revealed that Kimate-X influenced the
metabolic capacity of the gut microbiome. Dogs in the Kimate-X group showed higher
enrichment of pathways related to biotin metabolism, whereas Control dogs had a greater
representation of starch and sucrose metabolism. Biotin is an essential cofactor in various
metabolic processes, and increased microbial biotin metabolism may benefit the host by
enhancing nutrient synthesis and gut mucosal health [35]. In contrast, the lower emphasis
on simple carbohydrate metabolism in Kimate-X-treated dogs could reflect a shift in the
microbiota toward more complex fiber utilization and efficient energy use. Consistently,
we found that fecal SCFA levels (acetate, propionate, and butyrate) were significantly
elevated in the Kimate-X group compared to Controls. SCFAs serve as energy sources
for colonocytes and have broad anti-inflammatory and immunomodulatory effects; for
example, butyrate can inhibit NF-κB signaling to reduce intestinal inflammation [36,37].
Thus, Kimate-X’s ability to boost SCFA production and key metabolic pathways is likely an
important contributor to its protective effect against stress.

Compared to more commonly used probiotics such as Lactobacillus and Bifidobacterium
spp., Kimate-X exhibits both similar and distinct anti-stress mechanisms. Lactobacillus and Bi-
fidobacterium strains are well known to alleviate stress-related symptoms by strengthening
the gut barrier, modulating immune responses, and even producing calming neurotrans-
mitters like GABA [38]. Kimate-X appears to share these general pathways—evidenced
by its reduction in inflammation and cortisol—while uniquely reshaping the gut micro-
biota composition. Notably, Kimate-X increased beneficial fermentative bacteria and SCFA
output without necessarily increasing the abundance of Lactobacillus or Bifidobacterium in
the gut. This suggests that different probiotic species can achieve stress relief through
convergent physiological outcomes (e.g., HPA axis modulation and reduced inflammation)
but via distinct interactions with the host microbiome. Further comparative studies would
be valuable to determine how Kimate-X’s efficacy stacks up against traditional probiotics
and whether their effects could be complementary.

It is also important to recognize the biological variability in gut microbiota responses
among individual hosts. In our study, using juvenile male Beagle dogs helped minimize
variability due to age, sex, and baseline microbiota differences, thereby isolating the effects
of Kimate-X [39,40]. However, in broader populations of dogs, differences in breed, diet,
and environment could influence the degree of response to this probiotic. Future research
should consider such variability and evaluate Kimate-X in diverse groups and real-world
settings to ensure consistency and generalizability of its anti-stress benefits. Nonetheless,
the robust effects observed here suggest promising practical applications for Kimate-X in
canine health. For example, this strain could be incorporated into pet foods or supplements
as a natural strategy to help dogs cope with common stressors (e.g., transportation, ken-
neling, or veterinary visits). Veterinary clinics and pet caretakers might use Kimate-X as
a probiotic intervention to reduce stress-related gastrointestinal upset or anxiety in dogs,
offering an alternative or adjunct to pharmacological treatments. In environments like
animal hospitals or boarding kennels, routine Kimate-X supplementation may improve
animal welfare by diminishing stress-induced health issues.

Overall, our findings provide a foundation for translating Kimate-X into clinical
practice as a novel probiotic approach for stress management in dogs, though further field
trials are warranted to confirm its efficacy and safety in various settings.
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Supplementary Materials: Table S1. Taxonomic classification and relative abundance of bacterial
species identified from canine fecal samples. Taxonomic ranks include Kingdom, Phylum, Class,
Order, Family, Genus, and Species. Relative abundance values are provided for each individual
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Kmiate-X8), along with the overall average abundance. The following supporting information can be
downloaded at https://www.mdpi.com/article/10.3390/vetsci12050412/s1.

Author Contributions: Q.Y., M.C. and R.Z. completed the experimental design, R.Z. and W.C.
completed the in vitro experiments and animal experiments, W.H. completed the metagenomic
analysis, and R.Z. and S.Z. wrote the manuscript. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by Diprobio (Shanghai) Co., Limited. No specific grant number is
associated with this funding. The funding body had no role in the design of the study, data collection,
analysis, interpretation of data, or in writing the manuscript.

Institutional Review Board Statement: All experimental procedures were approved by the Animal
Ethics Committee of Nanjing Agricultural University (Approval Number: NJAU. NO20231229197).

Informed Consent Statement: Not applicable.

Data Availability Statement: The datasets generated and/or analyzed during the current study are
available from the corresponding author upon reasonable request.

Conflicts of Interest: All authors were employed by Diprobio (Shanghai) Co., Limited. The 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 sponsor had no role in the design,
execution, interpretation, or writing of the study.

References
1. Riemer, S. Therapy and Prevention of Noise Fears in Dogs—A Review of the Current Evidence for Practitioners. Animals 2023, 13,

3664. [CrossRef] [PubMed]
2. Ferreira, C.S.; Vasconcellos, R.S.; Pedreira, R.S.; Silva, F.L.; Sá, F.C.; Kroll, F.S.A.; Maria, A.P.J.; Venturini, K.S.; Carciofi, A.C.

Alterations to Oxidative Stress Markers in Dogs after a Short-Term Stress during Transport. J. Nutr. Sci. 2014, 3, e27. [CrossRef]
3. Wang, L.; Ling, Y.Z.; Chuan, X.Y.; Gao, X.X.; Fu, L.D.; Wang, X. Effect of Flight Transport Stress on Blood Parameters in Beagles

and the Anti-Stress Effect of Dangshen. Anim. Models Exp. Med. 2018, 1, 162–168.
4. Mariti, C.; Raspanti, E.; Zilocchi, M.; Carlone, B.; Gazzano, A. The assessment of dog welfare in the waiting room of a veterinary

clinic. Anim. Welf. 2015, 24, 299–305. [CrossRef]
5. Gilbert-Gregory, S.E.; Stull, J.W.; Rice, M.R.; Herron, M.E. Effects of Trazodone on Behavioral Signs of Stress in Hospitalized Dogs.

J. Am. Vet. Med. Assoc. 2016, 249, 1281–1291. [CrossRef]
6. Hong, C.; Huang, Y.; Cao, S.; Wang, L.; Yang, X.; Hu, S.; Gao, K.; Jiang, Z.; Xiao, H. Accurate Models and Nutritional Strategies for

Specific Oxidative Stress Factors: Does the Dose Matter in Swine Production? J. Anim. Sci. Biotechnol. 2024, 15, 11. [CrossRef]
7. Wu, W.L.; Adame, M.D.; Liou, C.W.; Barlow, J.T.; Lai, T.T.; Sharon, G.; Schretter, C.E.; Needham, B.D.; Wang, M.I.; Tang, W.; et al.

Microbiota Regulate Social Behaviour via Stress Response Neurons in the Brain. Nature. 2021, 595, 409–414. [CrossRef]
8. Tristan, D.C.; Diana, L.; Nathalie, F.L.; Tesseraud, S.; Lambert, W.; Bosi, P.; Trevisi, P.; Beaumont, M.; Corrent, E. Functional Amino

Acids in Pigs and Chickens: Implication for Gut Health. Front. Vet. Sci. 2021, 8, 663727.
9. Wilson, M.S.; Oba, M.P.; Applegate, C.C.; Samantha, A.K.; Matthew, R.P.; Sharon, A.N.; Swanson, K.S. Effects of a Saccharomyces

cerevisiae Fermentation Product-Supplemented Diet on Fecal Characteristics, Oxidative Stress, and Blood Gene Expression of
Adult Dogs Undergoing Transport Stress. J. Anim. Sci. 2023, 101, skac378. [CrossRef]

10. Kang, Y.; Shiyan, J.; Chaoyu, W.; Guo, D.; Liao, P.F.; Wen, J.W.; Kuang, T.; Han, S.; Liu, Q.; Deng, B. Gallnut Tannic Acid Exerts
Anti-Stress Effects on Stress-Induced Inflammatory Response, Dysbiotic Gut Microbiota, and Alterations of Serum Metabolic
Profile in Beagle Dogs. Front. Nutr. 2022, 9, 847966.

11. Girault, C.; Priymenko, N.; Helsly, M.; Duranton, C.; Gaunet, F. Dog Behaviours in Veterinary Consultations: Part 1. Effect of the
Owner’s Presence or Absence. Vet. J. 2022, 280, 105788. [CrossRef] [PubMed]

12. Xu, L.; Liu, B.; Huang, L.; Li, Z.; Cheng, Y.; Tian, Y.; Xie, L. Probiotic Consortia and Their Metabolites Ameliorate the Symptoms
of Inflammatory Bowel Diseases in a Colitis Mouse Model. Microbiol. Spectr. 2022, 10, e0065722. [CrossRef]

https://www.mdpi.com/article/10.3390/vetsci12050412/s1
https://doi.org/10.3390/ani13233664
https://www.ncbi.nlm.nih.gov/pubmed/38067015
https://doi.org/10.1017/jns.2014.47
https://doi.org/10.7120/09627286.24.3.299
https://doi.org/10.2460/javma.249.11.1281
https://doi.org/10.1186/s40104-023-00964-8
https://doi.org/10.1038/s41586-021-03669-y
https://doi.org/10.1093/jas/skac378
https://doi.org/10.1016/j.tvjl.2022.105788
https://www.ncbi.nlm.nih.gov/pubmed/35091048
https://doi.org/10.1128/spectrum.00657-22


Vet. Sci. 2025, 12, 412 14 of 15

13. Plaza-Díaz, J.; Ruiz-Ojeda, J.F.; Vilchez-Padial, M.L.; Angel, G. Evidence of the Anti-Inflammatory Effects of Probiotics and
Synbiotics in Intestinal Chronic Diseases. Nutrients 2017, 9, 555. [CrossRef]

14. Huang, J.; Xu, Y.; Wang, M.; Yu, S.; Li, Y.; Tian, H.; Zhang, C.; Li, H. Enterococcus faecium R-026 Combined with Bacillus subtilis
R-179 Alleviate Hypercholesterolemia and Modulate the Gut Microbiota in C57BL/6 Mice. FEMS Microbiol. Lett. 2023, 370,
fnad118. [CrossRef] [PubMed]

15. Shansong, H.; Kang, Y.; Jiawei, W.; Tao, K.; Zhihao, C. Antimicrobial Peptides Relieve Transportation Stress in Ragdoll Cats by
Regulating the Gut Microbiota. Metabolites 2023, 13, 326. [CrossRef]

16. Jay, S.J.; Matthew, A.A.; Alan, W.D.; Kouassi, R.K. Early Life Thermal Stress: Impact on Future Thermotolerance, Stress Response,
Behavior, and Intestinal Morphology in Piglets Exposed to a Heat Stress Challenge during Simulated Transport. J. Anim. Sci.
2018, 96, 1640–1653.

17. Johannes, H.; Jörg, A.; Camille, G.; Maria, M.; Christine, A. Stress Response of Beagle Dogs to Repeated Short-Distance Road
Transport. Animals 2020, 10, 11. [CrossRef] [PubMed]

18. Qiuye, L.; Jinjiang, D.; Hu, X.; Mingkui, L.; Le, X. Effects of Fecal Microbial Transplantation on Police Performance and
Transportation Stress in Kunming Police Dogs. Appl. Microbiol. Biotechnol. 2024, 108, 11–13.

19. Lee, C.; Kim, W.S.; Verma, R.; Noh, J.; Parket, C.J.; Park, S.; Lee, H.; Park, H.E.; Kim, C.J.; Byun, S.; et al. Probiotic Consortium
Confers Synergistic Anti-Inflammatory Effects in Inflammatory Disorders. Nutrients 2024, 16, 790. [CrossRef]

20. Behzad, Z.; Ali, S.; Nazli, N.; Bagher, L.; Leila, A. The Effects of Supplementation with Probiotic on Biomarkers of Oxidative Stress
in Adult Subjects: A Systematic Review and Meta-Analysis of Randomized Trials. Probiotics Antimicrob. Proteins 2020, 12, 102–111.

21. Staudacher, H.M.; Black, C.J.; Teasdale, S.B.; Mikocka-Walus, A.; Keefer, L. Irritable Bowel Syndrome and Mental Health
Comorbidity—Approach to Multidisciplinary Management. Nat. Rev. Gastroenterol. Hepatol. 2023, 20, 582–596. [CrossRef]
[PubMed]

22. Lijin, S.; Qinghua, S.; Haonan, Z.; Yiming, Z.; Yujing, W. Roseburia hominis Alleviates Neuroinflammation via Short-Chain Fatty
Acids through Histone Deacetylase Inhibition. Mol. Nutr. Food Res. 2022, 66, e2200164.

23. Villena, J.; Villena, J.; Villena, J.; Kitazawa, H.; Kitazawa, H. Editorial: Immunobiotics—Interactions of Beneficial Microbes with
the Immune System. Front. Immunol. 2017, 8, 1580. [CrossRef] [PubMed]

24. Xinzhou, W.; Peng, Z.; Xin, Z. Probiotics Regulate Gut Microbiota: An Effective Method to Improve Immunity. Molecules 2021, 26,
6076. [CrossRef]

25. Yiting, Y.; Yu, L.; Ying, Q.; Ting, Z. Bacteroides uniformis-Induced Perturbations in Colonic Microbiota and Bile Acid Levels
Inhibit TH17 Differentiation and Ameliorate Colitis Developments. npj Biofilms Microbiomes 2023, 9, 56.

26. Matsumoto, M.; Inoue, R.; Tsukahara, T.; Ushida, K.; Chiji, H. Voluntary Running Exercise Alters Microbiota Composition and
Increases n-Butyrate Concentration in the Rat Cecum. Biosci. Biotechnol. Biochem. 2008, 72, 572–576. [CrossRef]

27. Kang, S.S.; Jeraldo, P.R.; Kurti, A.; Miller, M.E.B.; Cook, M.D.; Whitlock, K.; Goldenfeld, N.; Woods, J.A.; White, B.A.; Chia,
N.; et al. Diet and Exercise Orthogonally Alter the Gut Microbiome and Reveal Independent Associations with Anxiety and
Cognition. Mol. Neurodegener. 2014, 9, 36. [CrossRef]

28. Kazemi, A.; Noorbala, A.A.; Azam, K.; Djafarian, K. Effect of Prebiotic and Probiotic Supplementation on Circulating Pro-
Inflammatory Cytokines and Urinary Cortisol Levels in Patients with Major Depressive Disorder: A Double-Blind, Placebo-
Controlled Randomized Clinical Trial. J. Funct. Foods 2019, 52, 596–602. [CrossRef]

29. Sapolsky, R.M.; Romero, L.M.; Munck, A.U. How Do Glucocorticoids Influence Stress Responses? Integrating Permissive,
Suppressive, Stimulatory, and Preparative Actions. Endocr. Rev. 2000, 21, 55–89.

30. Zhicong, F.; Zhaowei, B.; Hongcan, H.; Tingting, L.; Ruiti, R. Dietary Strategies for Relieving Stress in Pet Dogs and Cats.
Antioxidants 2023, 12, 545. [CrossRef]

31. Muhammad, A.; Farhan, S.; Abbas, Y.S.; Muzzamal, H.; Roshina, R. Human Gut Microbiota in Health and Disease: Unveiling the
Relationship. Front. Microbiol. 2022, 13, 999001.

32. Zakaria, E.G. Human Gut Microbiota/Microbiome in Health and Diseases: A Review. Antonie Van Leeuwenhoek 2020, 113,
2019–2040.

33. Chen, P.; Xu, H.; Tang, H.; Zhao, F.; Yang, C.; Kwok, L.; Cong, C.; Wu, Y.; Zhang, W.; Zhou, X.; et al. Modulation of Gut Mucosal
Microbiota as a Mechanism of Probiotics-Based Adjunctive Therapy for Ulcerative Colitis. Microb. Biotechnol. 2020, 13, 2032–2043.
[CrossRef]

34. Evans, C.C.; LePard, J.K.; Kwak, W.J.; Stancukas, M.C.; Laskowski, S.; Dougherty, J.; Moulton, L.; Glawe, A.; Wang, Y.; Leone, V.;
et al. Exercise Prevents Weight Gain and Alters the Gut Microbiota in a Mouse Model of High Fat Diet-Induced Obesity. PLoS
ONE 2017, 9, e92193. [CrossRef]

35. Facchin, S.; Bertin, L.; Bonazzi, E.; Lorenzon, G.; Barba, C.; Barberio, B.; Zingone, F.; Maniero, D.; Scarpa, M.; Ruffolo, C.; et al.
Short-Chain Fatty Acids and Human Health: From Metabolic Pathways to Current Therapeutic Implications. Life 2024, 14, 559.
[CrossRef]

36. Virginie, A.M.; Yann, R. Short Chain Fatty Acids: The Messengers from Down Below. Front. Neurosci. 2023, 17, 197759.

https://doi.org/10.3390/nu9060555
https://doi.org/10.1093/femsle/fnad118
https://www.ncbi.nlm.nih.gov/pubmed/37960899
https://doi.org/10.3390/metabo13030326
https://doi.org/10.3390/ani10112114
https://www.ncbi.nlm.nih.gov/pubmed/33202655
https://doi.org/10.3390/nu16060790
https://doi.org/10.1038/s41575-023-00794-z
https://www.ncbi.nlm.nih.gov/pubmed/37268741
https://doi.org/10.3389/fimmu.2017.01580
https://www.ncbi.nlm.nih.gov/pubmed/29250061
https://doi.org/10.3390/molecules26196076
https://doi.org/10.1271/bbb.70474
https://doi.org/10.1186/1750-1326-9-36
https://doi.org/10.1016/j.jff.2018.11.041
https://doi.org/10.3390/antiox12030545
https://doi.org/10.1111/1751-7915.13661
https://doi.org/10.1371/journal.pone.0092193
https://doi.org/10.3390/life14050559


Vet. Sci. 2025, 12, 412 15 of 15

37. Dan, Z.; Ping, Y.J.; Ning, Y.Z.; Yao, L.; Ting, G.L. Short-Chain Fatty Acids in Diseases. Cell Commun. Signal. 2023, 21, 212.
38. Chaima, E.; Léa, L.; Nadine, M.; Christine, B.; Pierre, D. Fatty Acids Produced by the Gut Microbiota Dampens Host Inflammatory

Responses by Modulating Intestinal SUMOylation. Gut Microbes 2022, 14, 2108280.
39. Haro, C.; Rangel-Zúñiga, O.A.; Alcalá-Díaz, J.F.; Gómez-Delgado, F.; Pérez-Martínez, P.; Delgado-Lista, J.; Quintana-Navarro,

G.M.; Landa, B.B.; Navas-Cortés, J.A.; Tena-Sempere, M.; et al. Intestinal Microbiota Is Influenced by Gender and Body Mass
Index. PLoS ONE 2016, 11, e0154090. [CrossRef]

40. O’Toole, W.P.; Claesson, J.M. Gut microbiota: Changes throughout the lifespan from infancy to elderly. Int. Dairy J. 2010, 20,
281–291. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1371/journal.pone.0154090
https://doi.org/10.1016/j.idairyj.2009.11.010

	Introduction 
	Methods 
	Study on the Alleviation of Oxidative Stress by Enterococcus faecium Kimate-X In Vitro 
	Animals and Experimental Design 
	Blood Sample Collection and Analysis 
	Fecal Sample Collection and Analysis 
	DNA Extraction and Shotgun Metagenomic Sequencing 
	Sequencing Data Processing 
	Microbial Taxonomic and Functional Profiles and Analysis 
	Fecal Short-Chain Fatty Acid Analysis 
	Statistical Analysis 

	Results 
	Effects of Enterococcus faecium Kimate-X on Alleviating Oxidative Stress In Vitro 
	Effects of Enterococcus faecium Kimate-X on Antioxidant and Inflammatory Markers in Transport-Stressed Dogs 
	Results of Fecal Microbiota Composition Analysis 
	Metabolic Pathways and Gene Expression in the Gut Microbiota 
	Results of Fecal SCFA Analysis 

	Discussion 
	References

