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Abstract:

Background: Obesity represents a global health challenge, linked to a variety of chronic diseases. The gut
microbiota plays a pivotal role in the onset and progression of obesity, and water-soluble dietary fibers are
thought to influence obesity by altering the gut microbial composition. This study investigates the effects of
water-soluble dietary fiber on the gut microbiota of obese mice.

Methods: Employing 16S rRNA gene sequencing and metabolomics analysis, this research established an
obese mouse model and administered a diet enriched with water-soluble dietary fiber. The composition
changes in the gut microbiota were analyzed using 16S rRNA gene sequencing techniques. Metabolomic
analysis was utilized to assess the impact of water-soluble dietary fiber on metabolic pathways in mice.
Results: The results demonstrated that water-soluble dietary fiber supplementation significantly altered the
gut microbiota composition in obese mice, notably increasing the abundance of beneficial bacteria such as
Bifidobacteria and Lactobacilli. Metabolomic analysis revealed that water-soluble dietary fiber affected the
metabolic activities of the gut microbiota, especially in lipid metabolism and the production of short-chain
fatty acids. These alterations were associated with the obesity status of the mice, suggesting that water-
soluble dietary fiber may alleviate obesity by modulating the gut microbiota.

Conclusion: This study confirms that water-soluble dietary fiber can effectively regulate the gut microbiota
composition in obese mice and positively influence their metabolic pathways. These findings provide
scientific evidence for the potential application of water-soluble dietary fiber in obesity treatment and pave
the way for future gut microbiota-mediated obesity intervention strategies.

Keywords : Obesity, Gut Microbiota, water-soluble dietary fiber, 16S rRNA Gene Sequencing,
Metabolomics.

1. Introduction

Obesity is a major global public health issue, non-alcoholic  fatty liver, hypertension, and

primarily caused by an excess of energy intake over
energy expenditure, leading to excessive or
abnormal fat accumulation. This condition can
trigger or exacerbate a range of related diseases
such as Type Il diabetes, cardiovascular diseases,

hyperlipidemia, thereby reducing quality of life and
increasing mortality risk[1] . With the economic
development of countries worldwide and the
continuous improvement in living standards, the
prevalence of obesity is showing an increasing
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trend year by year[2] . The gut microbiome, with its
vast array of cells and genes, provides numerous
enzymatic systems and metabolic pathways not
inherent to the host[3] . It directly or indirectly
influences many vital physiological functions, such
as digestion and metabolism, intestinal barrier
protection, defense against pathogen infection, and
regulation of host development and immunity[4] .

Water-soluble dietary fibers, known for their ability
to lower glycemic response to foods, can effectively
help obese individuals control blood sugar levels
through long-term intervention[5] Increasing
research indicates a close relationship between
obesity and the composition and function of the gut
microbiome[6] . The gut microbiota, as the most
complex microbial community in the human body,
not only participates in food digestion and nutrient
absorption but also affects the host's energy
metabolism and immune function[7] . For instance,
studies have shown significant differences in the
gut microbiota composition between obese
individuals and those of normal weight, which may
be related to increased efficiency in energy
harvesting[8] . Water-soluble dietary fiber, as an
important non-digestible food component, plays a
crucial role in regulating the gut microbiota. Not
digested in the small intestine, water-soluble dietary
fibers reach the colon where they are fermented by
gut microbes, producing metabolites such as short-
chain fatty acids.

These metabolites are believed to confer multiple
health benefits to the host, including improving
intestinal barrier function, modulating immune
responses, and influencing energy metabolism[9] .
Therefore, water-soluble dietary fibers, by
modulating the composition and activity of the gut
microbiota, may hold potential value in preventing
and treating obesity and its related diseases[10] .
Regarding the regulatory effect of water-soluble
dietary fibers on the gut microbiota, existing studies
have shown that specific types of water-soluble
dietary fibers can promote the growth of beneficial
bacterial groups such as Bifidobacteria and
Lactobacilli, while inhibiting certain harmful
groups[11] . However, the specific mechanisms by
which water-soluble dietary fibers modulate the gut
microbiota in obese mice are not yet fully
understood[12] Water-soluble dietary fiber,
warrant particular attention for their potential
regulatory effects on the gut microbiota[13]
.Moreover, literature suggests that dietary

interventions can directly act on the gut microbiota,
mediating the host's physiological metabolism by
altering the composition and function of the
microbiota, which in turn profoundly affects the
dietary intervention's impact on metabolic functions
and internal balance[14] .Water-soluble dietary
fiber water-soluble dietary fibers can improve
diabetes by modulating the gut microbiota.
However, the regulatory mechanisms of water-
soluble dietary fibers on the gut microbiota in obese
mice are not yet clear.

Based on this, our study aims to verify whether
water-soluble dietary fiber dietary fibers can
positively impact the obesity condition in mice by
modulating their gut microbiota composition. We
will employ 16S rRNA gene sequencing and
metabolomics methods to deeply explore the effects
of water-soluble dietary fiber on the gut microbiota
of obese mice and their potential mechanisms. This
research will not only aid in understanding the
mechanisms of dietary fiber in regulating the gut
microbiota but also provide new perspectives and
strategies for nutritional intervention in obesity.

2.Methods
2.1 Construction of the Obese Mouse Model

Animal modeling and materials: Thirty inbred SPF-
grade C57BL/6L mice, aged 3 weeks with a body
mass of (17.25 + 2.56) g, were provided by Hunan
SJA Laboratory Animal Co., Ltd. The mice were
genetically homogeneous, with stable heredity and
uniform responses. They were free of zoonotic
pathogens, virulent infectious disease agents, and
common infectious pathogens, excluding those that
could significantly interfere with this experiment.
The mice were kept in excellent living conditions
with a relative humidity of 40% and a temperature
of 21-23°C, with free access to water and food. The
water-soluble dietary fiber (inulin 83.3%, Xxylo-
oligosaccharides 16.7%) of Nutrasumma. The
experimental groups included: Control group
(normal diet) fed with high-fat diet for 2 months.
Non-obese (N) group, showing no significant
weight gain after high-fat feeding. Obese (F) group.
Water-soluble dietary fiber (FS) group, given 0.1g
of water-soluble dietary fiber plus 0.1 mL of saline,
gavage for 6 weeks. For the FC group, 0.1 mL of
saline per animal, gavage for 6 weeks[15] .Groups
of mice were fed either a high-fat purified diet or a
regular diet. Mouse feces were collected for 16S
rRNA Analysis and Metabolomics.
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2.2 16S rRNA Analysis of Gut Microbiota

RNA quantification was performed using a
NanoDrop2000 UV-Vis spectrophotometer. The
heat block was preheated to 85°C for denaturation.
After denaturation, the samples were placed in the
heat block for 10 minutes, followed by cooling on
ice for 10 minutes. 1uL of 0.1% EB was added to
the tissue RNA denaturation system, mixed, and
then loaded into the gel wells. 1xMOPS buffer
solution was used as the electrophoresis medium,
with a voltage of 60V. Electrophoresis was stopped
when the bromophenol blue indicator band in each
sample reached 2/3 of the gel. Images were
captured using the Bio-Rad Gel Doc200 gel
imaging system. Roche RNA reverse transcription
kit and Gene Amp2400 PCR instrument were used
for the reaction. cDNA quantification was also
performed using the NanoDrop 2000 UV-Vis
spectrophotometer. Universal bacterial primers 27-
F-AGAGTTTGATCCTGGCTCAG and 1492-R-
GGTTACCTTGTTACGACTT were used for the
full-gene amplification of bacterial 16S rRNA. The
PCR products of the gut microbiota from each
group of mice were ligated into vectors,
transformed into E. coli, and positive clones were
screened. Recombinant plasmids were extracted to
construct a 16S rRNA gene library. The positive
clone plasmid DNA was amplified for the 16S
rRNA fragment by PCR, and the PCR products
were subjected to single enzyme digestion. The
digestion products were detected by 4.0% agarose
gel electrophoresis. By analyzing the polymorphism
of the restriction fragments of each clone obtained
by electrophoresis, clones with a similarity of >98%
in their restriction patterns were classified into the
same operational taxonomic unit (OTU). Thus, the
types and numbers of gut microbiota corresponding
to each group of mice were statistically analyzed.

2.2.1 OTU Analysis

The original sequencing data were assembled and
filtered to obtain valid data. Based on these data,
OTUs (Operational Taxonomic Units) clustering,
species annotation, and abundance analysis were
performed, followed by a T-test to identify
differences in community structure between
samples. 16S rDNA gut microbiota structure
spectrum sequencing analysis was based on the
Illumina HiSeq sequencing platform, using the
Paired-End method to construct small fragment
libraries for sequencing. The original sequencing

sequences were filtered and paired-end assembled
to obtain optimized sequences (Tags). These
sequences were clustered into OTUs, and their
species classification was determined based on the
composition of OTU sequences.

2.2.2 Alpha and Beta Diversity of Mouse Gut
Microbiota

Based on the OTU analysis results, further analyses
were conducted, including alpha diversity (Alpha
diversity), beta diversity (Beta diversity), and
significant species difference analysis, to explore
differences between samples. Rarefaction curves,
one of the methods in Alpha and Beta diversity
analysis, measure whether the data volume of the
tested samples is sufficient to reflect the species
diversity in the samples. Beta diversity analysis was
performed using QIIME software, comparing the
degree of similarity in species diversity among
different samples. ANOSIM analysis, a type of
Beta diversity analysis, calculates the distance of
Beta diversity between samples using four different
algorithms. Unweighted unifrac and Jaccard are
unweighted algorithms, while Weighted unifrac and
Bray-Curtis are weighted algorithms. Unweighted
algorithms reflect the presence or absence of
species, while weighted algorithms consider not
only the presence or absence of species but also
their abundance. RDP classifier Bayesian algorithm
was used for taxonomic analysis of OTUs at 97%
similarity level, and the community composition of
each sample was statistically analyzed at various
classification levels. Each set of experimental data
was represented as mean + standard deviation (x),
with P<0.05 indicating statistical significance.

2.2.3 Lefse (Linear Discriminant Analysis (LDA)
Effect Size) Analysis

Lefse (Linear Discriminant Analysis (LDA) Effect
Size) analysis was used to identify statistically
significant marker species between different
groups, with an LDA score >4 set as the screening
criterion. KEGG analysis was completed using
PICRUSt software. Primers used for amplification
targeted the bacterial 16S rDNA (V3+ V4) region:
338 F: 5 - ACTCCTACGGGAGGCAGCA - 3,
806 R: 5' - GGACTACHVGGGTWTCTAAT - 3.
DNA extraction, PCR amplification, and
sequencing were collaboratively completed by
Biomarker Technologies Company."

2.2.4 Metabolomics
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In the on-site fecal collection method, fresh feces
were collected by lifting the mice out of the cage by
grasping the end of their tails with one hand. The
feces were collected into 1.5 mL Eppendorf tubes.
Mice that did not defecate were placed individually
in an empty cage for 30 minutes, followed by a
second attempt at on-site collection. In all three
cases, fecal collection was successful on the second
attempt. The collection of feces accumulated over
24 hours was conducted daily between 10:00 and
11:00 AM. Feces were directly collected from the
cage floor using small tweezers, pooled by cage,
and placed on ice. Once thawed, metabolites from
the stored samples were extracted and labeled for
LC-MS analysis[16] . For the extraction of fecal
metabolites, the feces were solvent-extracted with
water and acetonitrile, as previously described.
Analysis was performed using an Agilent 1290
UPLC connected to an Agilent electrospray
ionization time-of-flight mass spectrometer. The
resulting LC-MS data were processed using ISOMS
data analysis[17] .

2.2.5 Statistics

Statistical calculations were undertaken utilizing
SPSS software (IBM, USA). The measurement data
were represented as the definition of mean *
standard deviation. Multiple groups were done
through a one-way analysis of variance followed by
Tukey’s post hoc test. A P-value<0.05 was
considered significant.

3.Results

3.1The Impact of Water-soluble dietary fiber on
the Gut Microbiota Species Composition in Obese

Mice

At the phylum level, the abundance of microbial
communities showed minimal variation across all
groups, with Firmicutes being the predominant
phylum. However, at the genus level, significant
alterations in microbial abundance were observed.
Compared to the control group, the Obese (F) group
exhibited a marked increase in the abundance of the
pathogenic bacterium Helicobacter. In the Non-
obese (N) group, which did not exhibit significant
weight gain following a high-fat diet, there was an
increase in Helicobacter abundance, although not to
the extent observed in the Obese (F) group, and an
elevation in the abundance of Lachnospiraceae was
also noted. In the group fed with water-soluble
dietary fiber water-soluble dietary fiber (FS group),
a decrease in the abundance of the pathogenic
Helicobacter was observed, alongside a significant
increase  in  beneficial  genera, including
Lachnospiraceae,

Lachnospiraceae_ NK4A136_group, and
lleibacterium (Figure 1). These findings indicate
that a high-fat diet can enhance the abundance of
harmful bacteria in the gut microbiota of mice,
albeit with individual variations. Mice that did not
become obese despite a high-fat diet exhibited
some degree of regulation over their gut microbiota.
Feeding water-soluble dietary fiber reduced the
abundance of harmful bacteria and increased that of
beneficial bacteria in obese mice. Notably, the
abundance of Lachnospiraceae was high in both
groups, suggesting that Lachnospiraceae may play a
key role in the regulation of obesity.
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Figure 1. The Impact of water-soluble dietary fiber on the Gut Microbiota Species Composition in
Obese Mice (A-B). Relative abundance statistics of microbial groups in each group (A: at the phylum
level; B: at the genus level). These bar graphs represent the relative abundance of species at different
taxonomic levels. The larger the proportion of a color/category in the graph, the higher the richness;

(C). Genus-level phylogenetic tree, starting from the central point, each branch represents an
evolutionary event, with species further from the center being more closely related in evolutionary
terms.

3.2The Effect of Water-soluble dietary fiber on the
Diversity of Gut Microbiota in Obese Mice

Subsequently, we compared the microbial diversity
between the two groups and found that when
compared to the control group, both the Non-obese

(N) group, which did not exhibit significant weight
gain after a high-fat diet, and the Obese (F) group
showed reduced levels of Chaol, ACE, Simpson,
and Shannon indices, with the reduction being more
pronounced in the Obese (F) group. In contrast, the
group fed with water-soluble dietary fiber (FS
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group) demonstrated an increase in microbial a-
diversity indices (Figure 2. A, B, C, D). Principal
Coordinates  Analysis (PCoA) and Metric
Multidimensional Scaling (MMDS) revealed that
the composition of the gut microbiota in the Non-
obese (N) and Obese (F) groups was not
significantly  different. However, a notable
alteration in the gut microbiota composition was

Kruskal-Walks H test for chao index
00 ‘
650
3 ] - i
550+ | - -
2 o ‘ =
8] -
-
O 480 I
» | '
,§’ 400 + .
- 35/1‘
§ |
O 253%
200 4
o < O & -
< <
Kruskal-Wallis H test for shannon index
44
ol |
E 42 1 — 8c
2 4 ; = BF
E 384 BFC
154 — mFs
O 3584 |
-1 oN
ey g - L ==
S EET :
3 1
S G . °
c 28 I
.§ 26
5 o) |
7, 22—“
[ < & & >
PCoA on OTU level
R*=0 5087 P=0.001000
1
eC
OF
®FC
051 oFs
-~ @nN
N '
w a | i e el
o~
3] o
& -~

PC1 {33.66%)

observed in obese mice after being fed water-
soluble dietary fiber (Figure 2. E, F). These results
indicate that a high-fat diet can disrupt the a-
diversity of the microbiota, but this disruption can
be ameliorated by feeding water-soluble dietary

fiber, suggesting its potential in rectifying gut
microbiota dysbiosis in obese mice.
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Figure 2. The Effect of water-soluble dietary fiber on the Diversity of Gut Microbiota in Obese Mice
(A-D). Microbial a-diversity indices statistics among groups (A: Chaol; B: ACE; C: Shannon; D:
Simpson) (E). B-diversity of gut microbiota among groups based on PCoA analysis (left: based on
Weighted Unifrac distance; right: based on Unweighted Unifrac distance); (F). p-diversity of gut

microbiota among groups based on MMDS analysis (left: based on Weighted Unifrac distance; right:

based on Unweighted Unifrac distance).

3.3Water-soluble dietary fiber's Influence on Gut
Microbiota Biomarkers and Functional Analysis
in Obese Mice

Following this, further analysis of the dominant
bacterial groups revealed that LEfSe analysis (LDA

>4) revealed that at the genus level, the dominant
species within the gut microbiota of the five groups
predominantly comprised Lactobacillus,
Faecalibaculum, Lachnospiraceae, lleibacterium,
and Bacteroides (Figure 3). Compared to the
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control group, both the Non-obese (N) group and
the Obese (F) group exhibited a notable reduction
in the diversity and abundance of dominant
bacterial species. This reduction was more
pronounced in the Obese (F) group than in the Non-
obese (N) group. In the water-soluble dietary fiber
group (FS), there was a significant rebound in the
diversity and abundance of dominant bacterial
species. Notably, the Non-obese (N) group showed
the highest abundance of Bacteroides, while the
water-soluble dietary fiber group (FS) exhibited the
highest abundance of Ileibacterium, indicating
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distinct dominant bacterial species in these two
groups. These results suggest the presence of
individual variations among mice, with those not
gaining significant weight after a high-fat diet being
able to regulate their gut microbiota differently
from the effects observed post water-soluble dietary
fiber intervention. Bacteroides plays a significant
role in the gut microbiota of mice resistant to
obesity, while lleibacterium may play a crucial role
in the improvement of gut microbiota in obese mice
following water-soluble dietary fiber
supplementation.
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Figure 3. Water-soluble dietary fiber 's Influence on Gut Microbiota Biomarkers and Functional
Analysis in Obese Mice Microbial biomarkers selected based on LEfSe, Anosim validation of
community differences between groups, T-test analysis of species differences between groups (at the
genus level), microbial biomarkers selected based on LEfSe.
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3.4The Effect of Water-soluble dietary fiber on
Differential Fecal Metabolites in Obese Mice

In comparing the metabolomic profiles between the
two groups, we observed significant differences in
fecal metabolome composition between the Non-
obese (N) group and the Obese (F) group, in
comparison to the control group (C). Despite
certain similarities between these two groups, the
differences were more pronounced. Additionally,
the water-soluble dietary fiber group (FS) displayed
distinct  differences in comparison to the
Physiological saline group (FC) (Figure 4.A). This
indicates that non-obese mice, despite not gaining
significant weight post high-fat diet, can regulate
their overall metabolism to a certain extent, and
water-soluble dietary fiber has a significant impact
on the overall metabolism of obese mice. Compared
to the control group (C), both the Non-obese (N)
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and Obese (F) groups showed substantial changes
in fecal metabolites, with marked differences
between them. Similarly, there were significant
differences in fecal metabolites between the
Physiological saline group (FC) and the water-
soluble dietary fiber group (FS) (Figure 4.B).
Supplementation with water-soluble dietary fiber
led to an increase in the metabolism of compounds
such as 6-keto PGE1, 20-carboxy-LTB4, 20-
Carboxy-leukotriene B4, Ganoderic acid J, 16-
alpha-Hydroxyandrosterone, N-Acetyllactosamine,
and a decrease in the metabolism of Lacto-N-biose
I, Butralin, Urobilin, Taurocholic acid 3-sulfate,
Guanine. These findings demonstrate that both the
inherent metabolic regulation in non-obese mice
following a high-fat diet and the supplementation
with water-soluble dietary fiber can effectively
reverse the metabolic dysregulation induced by a
high-fat diet in obese mice.

Sdcumeas (A phal

Figure 4. The Effect of water-soluble dietary fiber on Differential Fecal Metabolites in Obese Mice
(A). Principal component analysis (PCA) scoring of fecal metabolomic characteristics in each group,
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(B). clustering analysis of differential metabolites, with red indicating high levels and blue indicating
low levels.

3.5Analysis of Differential Metabolic Pathways in
Obese Mice Influenced by Water-soluble dietary
fiber

Comparative analysis of the metabolomic KEGG
pathways between the groups revealed distinct
differences. Compared to the control group (C), the
Obese (F) group showed an enrichment of
differential metabolites in pathways such as
glycerophospholipid metabolism, the biosynthesis
of propyl, piperidine, and pyridine alkaloids, lysine
degradation, and histidine metabolism. In contrast,
the Non-obese (N) group, which did not exhibit
significant weight gain after a high-fat diet, showed
an enrichment in different pathways including
protein digestion and absorption, sphingolipid
signaling, arachidonic acid metabolism, and the
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biosynthesis of plant secondary metabolites,
compared to the Obese (F) group. Furthermore,
compared to the Physiological saline group (FC),
the water-soluble dietary fiber group (FS)
demonstrated an enrichment in the biosynthesis of
propyl, piperidine, and pyridine alkaloids, carbon
metabolism, arachidonic acid metabolism, and
glycerophospholipid metabolism (Figure 5). The
metabolic pathways enriched in each group were
distinct, indicating that non-obese mice post high-
fat diet can regulate metabolic imbalances, and
supplementation with water-soluble dietary fiber
can reverse metabolic pathway dysregulation
caused by obesity. The similarities in the metabolic
regulation pathways between these two groups
suggest that the mechanisms underlying their
ameliorative effects on obesity may be similar.
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Figure 5. Analysis of Differential Metabolic Pathways in Obese Mice Influenbéd by watersoluble dietary f
iber

3.6Joint Analysis of Gut Microbiota and
Metabolomics in Obese Mice Affected by Water-
soluble dietary fiber

Functional pathways of differential metabolites predict
ed by the KEGG database, with smaller p

values indicating greater differences.
In our final analysis, using heatmaps for joint
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analysis of the gut microbiota and metabolome, we
observed distinct correlations in the Non-obese (N)
group, which did not show significant weight gain
after a high-fat diet, compared to the control group
(C). Specifically, Erysipelotrichaceae showed a
strong positive correlation with PE (24:0/22:0), N-
Nervonoyl Glutamine, and Dihydro-3-coumaric
acid, and a strong negative correlation with
Phenylpyruvic acid, Oxyglutinosone, Valnemulin,
and Tryptophyl-Gamma-glutamate. In contrast, in
the water-soluble dietary fiber group (FS) compared
to the Physiological saline group (FC),
Lachnospiraceae exhibited a strong positive

correlation with Aplysiatoxin, 17-
debromoCadabicine, Taurocholic acid 3-sulfate,
and  (2S)-2-[[2-(5-methoxyindol-1-yl)  acetyl]
amino]-4-methylpentanoic  acid.  lleibacterium
showed a strong positive correlation with
Phenylalanylleucine and a strong negative
correlation with Penitrem A, Butralin, and PA
(20:3(6,8,11)-OH(5)/8:0) (Figure 6). These results
indicate that both the Non-obese (N) group and the
water-soluble dietary fiber group (FS) experienced
changes in the structure/composition of their gut
microbiota, significantly altering the fecal
metabolic phenotype, albeit in different ways.
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Figure 6. Joint Analysis of Gut Microbiota and Metabolomics in Obese Mice Affected by water-soluble dietary

fiber Correlations between disturbed gut microbiota genera and altered fecal metabolites in each group, with red

indicating high correlation and blue indicating low correlation.
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4. Discussion

Obesity is a global public health issue closely
linked to various chronic diseases. In recent years,
the gut microbiota has been recognized as a
significant factor influencing the host's energy
collection and storage[18] . Additionally, water-
soluble dietary fibers have shown potential in
modulating the structure and function of the gut
microbiota[19] . Oligosaccharides, a type of water-
soluble dietary fiber, may combat obesity by
altering the composition of the gut microbiota[20] .

This study investigated the impact of water-soluble
dietary fiber on the gut microbiota of obese mice
through feeding trials, utilizing 16S rRNA gene
sequencing and metabolomics approaches. It was
found that water-soluble dietary fiber significantly
altered the gut microbiota composition in obese
mice, increasing the abundance of beneficial
bacteria such as Bifidobacterium and Lactobacillus,
while reducing certain harmful bacteria associated
with obesity. Moreover, water-soluble dietary fiber
altered the metabolic activities of the gut
microbiota, affecting pathways related to energy
and lipid metabolism. These changes contribute to
alleviating obesity and improving metabolic health.
The relationship between gut microbiota and
obesity has been extensively studied. Research
indicates that the gut microbial composition is
closely related to the host's energy metabolism, fat
storage, and inflammatory responses[21]

Particularly, the ratio of Firmicutes to
Bacteroidetes has been associated with obesity[22]

In this study, Firmicutes were the most abundant in
all mouse groups, consistent with findings[23]
.which reported an increased proportion of
Firmicutes in obese individuals. For mice that did
not gain significant weight after a high-fat diet, this
might indicate individual differences in gut
microbiota's role in energy intake and storage[24] .
Some studies have shown that certain gut
microbiota can affect the host's energy balance,
thereby influencing weight[25] . In our experiment,
the Non-obese (N) and Obese (F) groups showed an
increase in Helicobacter abundance, though less so
in the Non-obese group. This suggests a potential
role of Helicobacter in obesity development, but its
exact mechanism requires further investigation. The
impact of water-soluble dietary fiber on gut
microbiota is also noteworthy. Water-soluble

dietary fibers are considered important factors in
modulating gut microbiota composition, promoting
the growth of beneficial bacteria such as
Lachnospiraceae[26] .

In our study, feeding water-soluble dietary fiber
reduced the abundance of harmful Helicobacter and
increased beneficial genera, aligning with the
findings that water-soluble dietary fiber can
improve gut microbiota composition and promote
health[27] Regarding the similarities and
differences in gut microbiota between the Non-
obese group and the water-soluble dietary fiber
group, our results indicate that both groups had a
higher abundance of Lachnospiraceae. This might
suggest a significant role of Lachnospiraceae in
maintaining gut health and preventing obesity.
However, the main difference between the two
groups was in the abundance of lleibacterium,
which was more pronounced in the water-soluble
dietary fiber group. This indicates that water-
soluble dietary fibers may exert their effects
through specific changes in microbiota. In
summary, the composition and diversity of gut
microbiota are closely related to obesity, and water-
soluble dietary fibers can significantly improve the
health status of the gut microbiota. These findings
provide a basis for further research into the
complex relationship between gut microbiota and
obesity and potential strategies for developing gut
microbiota-based obesity treatments. The link
between differential metabolites and metabolic
pathways of gut microbiota and obesity is a
complex and evolving field of research. Recent
studies suggest that gut microbiota, through their
metabolic products, directly influence the host's
energy balance and metabolic health, playing a key
role in the development of obesity[28] . For
instance, short-chain fatty acids (SCFASs), produced
by the fermentation of water-soluble dietary fibers
by gut microbiota, have been shown to regulate
adipogenesis and inflammation in adipose tissue,
thereby influencing obesity development[29] .

In our study, the Obese (F) group and the Non-
obese (N) group displayed significant differences in
fecal metabolites, potentially reflecting metabolic
adjustments of gut microbiota under a high-fat diet.
Particularly, supplementation with water-soluble
dietary fiber (FS group) appeared to alter these
metabolites, suggesting that water-soluble dietary
fibers can influence metabolic health by altering the
composition and function of gut microbiota[30] .
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When analyzing differential metabolic pathways,
the differences observed in the Obese mice in
pathways such as glycerophospholipid metabolism
might be related to lipid metabolism dysregulation
and energy imbalance[31] In contrast, the
enrichment of differential metabolites in pathways
like protein digestion and absorption in the Non-
obese group (N) may reflect a more efficient energy
utilization mode[21] . These findings align with
recent studies suggesting that gut microbiota can
influence the host's energy metabolism through
various metabolic pathways[22] Furthermore,
joint analysis of gut microbiota and metabolomics
data can provide a more comprehensive
understanding of obesity mechanisms. For example,
the strong  positive  correlation  between
Erysipelotrichaceae and specific metabolites may
indicate a key role of this group in gut
metabolism[32] . The correlation of lleibacterium
with specific metabolites may reveal the specific
impact of water-soluble dietary fiber on gut
microbiota[26] .

These findings emphasize the multifaceted role of
gut microbiota in the development of obesity and
potential strategies for treating or preventing
obesity by modulating gut microbiota. In
conclusion, the metabolic activities of gut
microbiota are closely related to the development of
obesity. High-fat diets and water-soluble dietary
fiber significantly impact gut microbiota and
metabolism, potentially regulating obesity through
changes in metabolic pathways and microbiota
composition. These findings provide important
clues for further research into the relationship
between gut microbiota and obesity and offer new
perspectives for developing gut microbiota-based
obesity treatment strategies.

5. Conclusions

This study, through 16S rRNA gene sequencing and
metabolomics analysis, explored the impact of
water-soluble dietary fiber on the gut microbiota of
obese mice. The results showed that water-soluble
dietary fiber significantly altered the gut microbiota
composition of obese mice, increased the
abundance of beneficial bacteria, improved
metabolic pathways, and contributed to alleviating
obesity and improving metabolic health. These
findings reveal the potential value of water-soluble
dietary fiber as a dietary intervention in improving
obesity and metabolic disorders, providing new

insights into nutritional treatment for obesity.
microbiota-based obesity treatment strategies.
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