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Effects of konjac glucomannan intake patterns on
glucose and lipid metabolism of obese mice
induced by a high fat diet†
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Konjac glucomannan (KGM) is a dietary fiber supplement that exhibits multiple biological activities, includ-

ing weight control as well as regulation of glucose and lipid metabolism. Currently, KGM intake patterns in

practical applications include KGM sol, thermal irreversible gel, and frozen thermal irreversible gel. In this

study, four intake patterns of KGM, namely KGM sol (KS), deacetylated KGM (DK), KGM gel (KG), and

frozen KGM gel (FKG), were used as materials to explore the effects of different KGM intake patterns on

glucose and lipid metabolism and intestinal flora in obese mice induced by a high fat diet under the same

dose. The results showed that any type of KGM intake could reduce body weight, fat mass, lipid levels,

and insulin resistance in obese mice, and alleviate liver damage and inflammation caused by obesity.

However, KS has the most significant effect on controlling blood glucose and blood lipid in obese mice.

Additionally, it was found that KS, DK, KG and FKG can increase the α-diversity of intestinal microflora in

high-fat mice and improve the microflora disorder in high-fat mice. Finally, KS may increase the levels of

fasting appetite hormones GLP-1 and PYY in mice, up-regulate the expression of LDLR, GCK and G-6-

pase mRNA, and increase the production of short-chain fatty acids (SCFAs) in the intestinal flora of mice,

thus regulating glucose and lipid metabolism. This study systematically investigated the effects of different

intake forms of KGM on metabolism and intestinal flora in obese mice, which is of great significance for

further understanding the role of KGM in the prevention and treatment of obesity-related metabolic dis-

eases and for developing targeted dietary interventions.

1. Introduction

The global population of overweight and obese individuals is
increasing rapidly, with around one in three people globally
being diagnosed as overweight or obese.1 Obesity and being
overweight can lead to a dynamic increase in the incidence of
diseases such as hypertension, type 2 diabetes, and ischaemia
heart disease, with a 10–13% premature mortality rate directly
attributable to obesity in Europe.2 Obesity and being over-
weight not only bring serious physical and psychological
trauma to individuals but also produce a huge social and econ-
omic burden, and have become unavoidable public health pro-
blems in industrialized countries.3

The development of obesity enlarges the body’s fat cells
and releases excess free fatty acids in the body.4 When these
excess systemic free fatty acids enter the cells of non-fat organs
such as the liver, muscles and pancreas, they can cause ectopic
fat deposition in the body and then produce lipid toxicity,
further releasing excess reactive oxygen species and inflamma-
tory factors and eventually leading to systemic inflammation.5

Chronically low systemic inflammation blocks the action of
insulin signaling pathways, thereby disrupting glucose homeo-
stasis and leading to systemic dysregulation of glucose and
lipid metabolism. In a final analysis, obesity is mainly caused
by a long-term serious imbalance between the body’s energy
absorption and energy consumption. Therefore, it is crucial to
limit energy intake and absorption for the treatment of obesity
and being overweight. Increasing the intake of dietary fiber
can reduce the utilization of nutrients, decrease energy absorp-
tion, and ultimately control body weight.

In recent years, the gut microbiome-targeting diet has
attracted a lot of attention from researchers as a new way to
increase microbiome diversity to combat and prevent obesity.6

The gut microbiome encompasses a diverse array of symbiotic
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microorganisms consisting of trillions of bacteria, fungi, and
viruses. These microbes interact harmoniously with the host,
and their metabolites significantly influence overall health.
The gut microbiota plays a crucial role in overseeing meta-
bolic, endocrine, and immune functions.7 Diet is considered
to be a key environmental factor mediating gastrointestinal
microbiota composition and metabolic function.8 Dietary fiber
is not digested by host enzymes in the upper intestine but is
metabolized by microorganisms in the cecum and colon.
Short-chain fatty acids are the main products of this dietary
fiber fermentation in the gut. Short-chain fatty acids act as
mediators of various pathways, including local, immune and
endocrine effects, and microbiota–gut–brain communication.9

It is generally believed that dietary fiber improves glucose and
lipid metabolism and prevents related diseases by involving
the gut microbiota and increasing short-chain fatty acid
metabolism pathways.

KGM is a water-soluble dietary fiber (DF) extracted from the
tubers of the konjac plant. It consists of D-mannose and
D-glucose in a ratio of 1.6 : 1 or 1.4 : 1, connected by β-1,4-glu-
cosidic linkages, with a molecular weight ranging from 200 to
2000 kDa.10,11 KGM is a kind of natural polysaccharide with
unique structure and physicochemical properties, exhibiting
significant biological value and potential applications.
Pharmacological studies have shown that KGM possesses
various activities, including anti-diabetic, anti-obesity, laxative,
and prebiotic effects.12 Numerous human studies have demon-
strated that KGM can reduce postprandial glycemic fluctu-
ations, improve lipid profiles, and contribute to combating
obesity.13–15 Animal studies have also indicated that KGM inhi-
bits cholesterol synthesis in the liver and promotes the fecal
excretion of cholesterol and bile acids.16

As a dietary fiber supplement, low oral doses of KGM can
produce a great sense of satiety compared with other dietary
fibers, and its addition to the body is well tolerated, with only
mild gastrointestinal symptoms.17 The versatile nature of KGM
as a staple food in Asia is evident through its utilization in
various forms such as noodles, tofu, and vegetarian meat,
thereby presenting immense opportunities within the consumer
market and application domains. It was concluded that sol,
thermal irreversible gel, and frozen thermal irreversible gel were
the main forms of ingestion. However, at the same dose, which
KGM intake pattern is more effective for body health is
unknown. Based on this, this study prepared common KGM
products on the market; investigated their effects on appetite,
glucose and lipid metabolism and intestinal microbiota; and
evaluated their long-term anti-obesity effects to compare the
bioavailability of KGM with different intake patterns.

2. Materials and methods
2.1. Preparation of various intake patterns of KGM

KGM (purity: 90%, Mw: 6.215 × 105 Da) was purchased from
Hubei Konson Konjac Gum Co., Ltd (Wuhan, China). Other
chemicals were purchased from Sinopharm Group Chemical

Reagent Co., unless otherwise stated. The water used in this
study was distilled water. The ELISA kit used in this study was
purchased from Jiangsu Meimian Industrial Co., Ltd, and the
biological kit was purchased from Nanjing Jiancheng
Bioengineering Research Institute.

KGM sol (KS). A 4 g sample of konjac powder was added
into 96 g of water, stirred well, and left to stand until it fully
expanded to form konjac sol.

Deacetylated KGM (DK). DK was prepared according to Du
et al.’s method.18 A 30 g sample of KGM and 3.6 g of Na2CO3

were mixed with 150 ml of 50% ethanol in a conical bottle and
reacted at constant temperature and with a shock at 40 °C for
24 h. At the end of the reaction, the crude product was
immersed in twice the volume of 50% ethanol and then
vacuum filtered. The sample was soaked and filtered several
times until the pH was neutral. The samples were then de-
hydrated with 75% and 95% ethanol, respectively. Finally, the
DK powder was obtained by vacuum drying at 40 °C for 6 h.
Then, 4 g of DK powder was dispersed in 96 g of distilled water
to make it fully swollen to form DK.

KGM gel (KG). A 2.4 g sample of Na2CO3 was added into
477.6 g of water. After Na2CO3 was completely dissolved, 20 g
of KGM was added to the solution, which was then left to rest
after stirring for about 2 min. The next day, the overnight
sample was heated in a constant temperature water bath at
90 °C for 2 h. After heating, the sample was cooled at room
temperature, and a KG gel block was formed when cooled to
room temperature. In order to facilitate gavage and simulate
the state after chewing, the prepared gel blocks were divided
into small blocks of about 0.5 cm × 0.5 cm × 0.5 cm. To
remove Na2CO3 in the gel, the gel was soaked in 0.2% citric
acid solution for 10 min and fully rinsed with distilled water.
The gel was repeatedly soaked in citric acid solution and
rinsed with distilled water until the pH was neutral. The
rinsed gel blocks were then crushed in a homogenizer for
5 min and then ground with a colloid mill for 20 min to
obtain the finished konjac glucomannan gel.

Frozen konjac glucomannan gel (FKG). After the KG gel
block was prepared, the KG gel was frozen at −20 °C for 12 h
and thawed overnight at room temperature to obtain the FKG
gel block. The following steps are the same as those for the
preparation of KG, which are dividing into small pieces, acid
soaking, washing, crushing and grinding.

2.2. Infrared spectroscopic analysis

The fully dried samples were mixed with potassium bromide
at a mass ratio of about 1 : 100, ground in an agate mortar,
and pressed into tablets. Before testing, potassium bromide
without the samples was scanned and used to determine the
background, which was subtracted from the sample during
testing. An ATR accessory was used with a wave number range
of 4000 to 400 cm−1, a resolution of 4 cm−1, and 32 scans.

2.3. Rheological properties analysis

A parallel aluminum plate with a diameter of 6 cm was
selected, and the flow sweep program was used to detect the
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flow behavior of the sol. The gap space was set to 500 μm, the
shear rate scan range was 0.1–100 s−1, and the temperature
was 37 °C. In addition, the peak hold procedure was used to
measure the apparent viscosity of the sol at a shear rate of 50
s−1. To prevent evaporation of water, an insulation cover was
used and methicone oil was applied to the cracks. TRIOS soft-
ware (version 4.4041128) was used to obtain the data, and the
built-in Williamson model of the software was used to fit and
quantify the flow behavior of the sol.

2.4. Animal experiment design

All experimental procedures were carried out in accordance
with the Chinese regulations on the management of laboratory
animal affairs and confirmed by the Hubei Provincial
Laboratory Animal Research Center and the Ethics Committee
of Huazhong Agricultural University. Approval number:
HZAUMO-2023-0171.

Seven-week-old male C57BL/6J mice (n = 60, weight =
18–20 g) were purchased from the Laboratory Animal Center of
Huazhong Agricultural University and kept in the specific
pathogen free (SPF)-rated animal house of the Laboratory
Animal Center of Huazhong Agricultural University. The
feeding environment temperature was 24–26 °C, the relative
humidity was 60%, and the light and dark cycle was 12/12 h
(light time 8:00–20:00). After changing the feeding environ-
ment, the mice were fed adaptively for one week. During the
adaptation period, all the mice ate and drank freely. The food
intake, drinking amount, and activity behavior of the mice
were observed to detect whether abnormalities occurred.

After one week of adaptive feeding, all mice were randomly
divided into six groups (10 mice per group, 5 mice per cage)
based on their body weight, which were named as blank
control group (recorded as C), high-fat diet control group
(recorded as HF), konjac glucomannan sol group (recorded as

KS), deacetylated konjac glucomannan group (recorded as DK),
konjac glucomannan gel group (recorded as KG), and frozen
konjac glucomannan gel group (recorded as FKG) (Fig. 1). The
intragastric volume of the mice in this experiment was 1 mL
per 100 g; the intragastric dose of the KS, DK, KG and FKG
groups was 400 mg dry matter per kg body weight; and the
mice in group C and HF were intragastrically administered
with the same volume of distilled water.

After the end of the adaptation period, the mice in different
groups were fed D12450J (low fat diet, group C diet) and
D12492 (high fat diet, HF, KS, DK, KG and FKG diets) for inter-
vention treatment. Both diets were purchased from
ReadyDietech Company in China, and the diet formula is
shown in Table S1.†

2.5. Sample collection

The bedding and feed were changed every two days, and the
daily food intake and weekly body weight of the mice were
recorded. During the last week of the experiment, fresh feces
from each mouse were collected into sterile tubes. After 12
weeks of intervention feeding, all mice were anesthetized after
12 h of fasting. Blood samples were collected from the eyes of
each mouse and allowed to stand at room temperature until
the whole blood coagulated, followed by centrifugation at 3000
rpm for 10 min at 4 °C to rapidly separate serum. The mice
were sacrificed by cervical dislocation, and the liver and
adipose tissue were dissected. The liver and adipose tissues
were washed in frozen saline, dried with filter paper, and
weighed. Part of the liver and adipose tissue was locally fixed
with 4% paraformaldehyde solution for histological obser-
vation. Serum samples and the remaining liver and adipose
tissue were packaged, rapidly frozen in liquid nitrogen, and
transferred to a freezer at −80 °C for storage.

Fig. 1 Animal experiment scheme and design.
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2.6. Oral glucose tolerance test (OGTT)

An oral glucose tolerance test was performed one week before
the end of the intervention. Before testing, the mice were
fasted overnight. The next day, after excision of about 1 mm of
the tail tip of the mice using a scalpel, the fasting (t = 0 min)
blood glucose concentration of the mice was detected by a
handheld blood glucose meter (One Touch Ultra). This was fol-
lowed by gavage of 20 wt% glucose solution at a dose of 2 g
glucose per kg body weight, and the mouse blood glucose
levels were detected at t = 15 min, 30 min, 60 min, 90 min, and
120 min after the end of gavage.19 The OGTT curve was drawn
according to the blood glucose values at different times, and
the area under the blood glucose response curve (AUC) was
calculated.

2.7. Biochemical analysis of serum

The total triglycerides (TG), total cholesterol (TC), low-density
lipoprotein cholesterol (LDL-C) and high-density lipoprotein
cholesterol (HDL-C) levels in the serum were determined using
biochemical kit assays.

Fasting blood glucose (FBG) was measured using a hand-
held glucose meter, and fasting insulin (FINS) was measured
using an ELISA kit. According to the FBG and FINS detection
results, the steady-state assessment model was used to quan-
tify the insulin resistance of the mice. For the homeostasis
assessment model of insulin resistance index (HOMA-IR), the
calculation formula is HOMA-IR = FBG (mmol−1) × FINS (mU
L−1)/22.5.

Appetite-related hormones glucagon-likepeptide-1 (GLP-1),
peptide YY (PYY) and leptin were determined by ELISA accord-
ing to the operating instructions.

Serum inflammatory factors TNF-α, IL-6 and IL-1β were
determined by ELISA kits according to the operating
instructions.

2.8. Biochemical analysis of the liver

Liver tissue of no less than 50 mg was weighed and added to
PBS homogenate with pH = 7.3 at a ratio of 1 g : 9 mL and then
ground in a liquid nitrogen environment. Then, it was trans-
ferred to a centrifugal tube, centrifuged at 5000 rpm at 4 °C for
15 min, and the supernatant was taken to be measured. The
activities of malondialdehyde (MDA), alanine aminotransfer-
ase (ALT) and aspartate aminotransferase (AST) in the livers of
the mice were detected by biochemical kits.

2.9. Histological observation of the liver and fat

The epididymal fat and liver tissues were fixed with 4% paraf-
ormaldehyde, washed with tap water and ethanol, dehydrated,
cleared, infiltrated with paraffin, then embedded in paraffin,
cut into 4 μm sections, and stained with hematoxylin–eosin
(HE) for morphological observation. The morphology was
observed under an Olympus light microscope (Japan).

2.10. Genetic testing for glucose and lipid metabolism in the
liver

Total RNA was extracted from the liver tissue using the Trizol
method, its integrity was detected by agarose gel electrophor-
esis, and its purity was detected by a Nano-200 nucleic acid
quantifier. According to the instructions for the reverse tran-
scription kit (Takara PrimeScript RT Master Mix, Dalian,
China), 1 mg of RNA was reversed to cDNA with a 9600 gene
thermal cycler PCR machine. To detect target gene mRNA
levels, real-time quantitative PCR was performed using the
CFX 384 real-time system (Bio-Rad, Hercules, CA). The mouse-
derived primers are shown in Table S2.† β-Actin was used as
an internal control and 2−ΔΔCt was used to calculate the rela-
tive gene expression.

2.11. Determination of fecal short-chain fatty acids

A Shimadzu GC-2010 Plus (Shimadzu, Japan) gas chromato-
graph was used to detect the content of short-chain fatty acids
(SCFAs) in mouse feces. The determination method was
described in a previous study.20 The chromatographic column
was an Agilent J&W DB-FFAP capillary column (30 m ×
0.25 mm × 0.25 μm). The injection volume was 1 μL and the
split ratio was 10 : 1. The initial temperature was 105 °C, which
was raised to 170 °C at a rate of 10 °C min−1 and then raised
to 230 °C at a rate of 20 °C min−1 and held for 2 min. Helium
was used as the carrier gas at a flow rate of 1.0 mL min−1.
About 0.2 g of mouse feces was weighed, 1000 μL of ultrapure
water was added, the sample was vortexed for 5 min and cen-
trifuged at 14 000 rpm and 4 °C for 10 min, and the upper
layer was filtered through a filter membrane to obtain 300 μL
of supernatant. Then, 100 μL of 50% (v/v) concentrated sulfuric
acid was added and mixed well. 300 μL diethyl ether was then
added, and the sample was vortexed for 5 min, placed on ice
for 5 min, and centrifuged at 14 000 rpm for 5 min at 4 °C.
200 μL of supernatant was taken into the inner cannula,
sealed, and analyzed by the machine. The external standard
method was used to quantify SCFAs. Table S3† shows the stan-
dard curve of mixed acids and the precision of instrument
detection. The unit of SCFA in feces was μmol g−1.
Chromatographic grade SCFA standards were purchased from
Shanghai Aladdin Biochemical Technology Co., Ltd (Shanghai,
China).

2.12. Microbiota analysis

Total genomic DNA was extracted from stool samples using a
DNA extraction kit (Omega Bio-tek, Norcross, GA, USA). The
extracted DNA was subsequently quality-checked for concen-
tration, purity, and integrity. Initial PCR amplification of the
highly variable region V3–V4 of the bacterial 16S rRNA gene
was performed, and amplicon PCR products were purified
using the AxyPrep DNA Gel Extraction kit (AxyPrep
Biosciences, Union City, CA, USA). Quantification was also per-
formed using a Quantus fluorometer (Promega, Madison, WI,
USA). Finally, amplicon sequencing was performed on an
Illumina MiSeq PE300 platform (Illumina, San Diego, CA,
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USA). The Majorbio cloud platform (https://cloud.majorbio.
com) was used for bioinformatics analysis of intestinal flora.

2.13. Data analysis

All data are presented as mean ± SD unless otherwise stated.
Origin 2023b was used for drawing, and IBM SPSS Statistics 26
was used for statistical analysis. After testing the data for nor-
mality and homogeneity of variance, one-way ANOVA was used
to evaluate the treatment effect of each outcome, and Tukey’s
method was selected for post hoc analysis, with comparisons of
means between groups and differences considered significant
at p < 0.05.

3. Results and discussion
3.1. Infrared analysis

Infrared spectroscopy serves as an effective tool for analyzing
molecular structure by detecting vibrations between atoms and
molecular rotations.21 The infrared absorption spectra of the
KS, DK, KG and FKG samples exhibited similar characteristic
peaks. All samples displayed an O–H stretching vibration peak
at 3385 cm−1, a C–H stretching vibration peak at 2902 cm−1,22

and mannose characteristic absorption peaks at 879 cm−1 and
807 cm−1 (Fig. 2).23 Notably, the KS sample showed a distinct
absorption peak near 1735 cm−1, indicative of a carbonyl
group, suggesting the presence of acetyl groups in its mole-
cular structure.24 In contrast, the infrared spectra of DK, KG,
and FKG lacked a peak near 1733 cm−1, signifying the absence
of acetyl groups in these samples. The presence of acetyl
groups in the KGM molecules hinders the formation of intra-
molecular hydrogen bonds, facilitating interaction with water.

Consequently, the hydration property of KGM is inversely
related to the acetyl group content.25

3.2. Rheological analysis

The rheological properties of dietary fiber, particularly its vis-
cosity, significantly influence its biochemical activity.26

Consequently, the steady-state shear flow behavior of KS, DK,
KG, and FKG (4 wt%) at 37 °C was examined. The findings
demonstrated that all samples were pseudoplastic fluids exhi-
biting shear thinning, with KS showing the most pronounced
effect due to its highest initial viscosity (Fig. 3). These obser-
vations are consistent with prior research on KGM sol and
KGM gel.27,28

To more accurately investigate the flow behavior of KS, DK,
KG and FKG, this study referred to other methods and fitted
the steady-state shear data of the samples with the Williamson
model.29 The Williamson model expression is as follows:

ηa
η0

¼ 1

1þ ðλwγÞN ffi 1
1þ ðλwγÞn

ηa is the apparent viscosity (Pa s) of the fluid at any shear rate
of γ (s−1). η0 is zero shear viscosity (Pa s), which is the theore-
tical apparent viscosity of the fluid at rest. λW is Williamson’s
time constant, expressed in s; λW = 1/γc, where γc (s−1) is the
critical shear rate of the sample; and n is the flow index.

Table 1 demonstrates that the fitting coefficients, R2, for the
Williamson equation all exceed 0.99, suggesting that this
model is suitable for analyzing the steady-state flow behavior
of KS, DK, KG, and FKG. Analyzing the zero-shear viscosity
(η0), KS exhibits a significantly higher η0 compared to KG, with
KG’s η0 being higher than FKG’s, and FKG’s higher than DK’s.
A shear rate of 50 s−1, commonly associated with the forces
generated by gastrointestinal peristalsis or oral chewing, is
considered in evaluating the samples’ behavior in vivo.30 At
this rate, the apparent viscosities (η50) are as follows: KS

Fig. 2 FTIR spectra of KS, DK, KG, and FKG. Fig. 3 Steady flow of KS, DK, KG, and FKG.
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demonstrates the highest η50 at 18.9401 Pa s; KG and FKG
show similar values of 3.9957 Pa s and 3.9208 Pa s, respect-
ively; and DK exhibits the lowest, almost negligible, at approxi-
mately 0 Pa s. Given that high viscosity can enhance satiety by
increasing the viscosity of the food substrate,31 KS, with its
higher η0 and η50, may be more effective in promoting satiety.

3.3. Macrophysiological evaluation

During the 12-week experiment, the mice consistently gained
weight and maintained good mental health, suggesting no
adverse effects from the experiment (Table S4†). Table 2 shows
that there were no significant differences in body weight
among the groups prior to dietary intervention. However, post-
intervention, significant disparities in body weight emerged
among the groups. By the experiment’s conclusion, the
average body weight in the high-fat diet group (HF) was
32.84 g, significantly exceeding that of the low-fat control
group (C) (p < 0.05). Compared to the HF group, the KS, DK,
KG, and FKG groups, which had the same energy density as
HF, exhibited significantly reduced body weight and weight
gain (p < 0.05). This indicates that the intake of KS, DK, KG,
and FKG effectively mitigated rapid weight gain induced by a
high-fat diet. Nonetheless, no significant differences were
noted between the KS, DK, KG, and FKG groups.

Dietary fiber can boost satiety, suppress hunger, regulate
energy intake, and ultimately aid in weight management.32 In
this study, the daily feed intake of the HF, KS, DK, KG, and
FKG groups was significantly lower than that of the control
group C, yet the average daily energy intake exhibited the oppo-
site trend. No significant differences were observed in daily
feed intake and energy intake between the KS, DK, KG, FKG,

and HF groups (p > 0.05). This indicates that the resistance of
KGM to rapid weight gain is not due to a reduction in food
intake, but rather through decreased energy absorption and
utilization and increased energy expenditure.33,34 Similar find-
ings were observed in some animal experiments, where
KGM intake did not lessen food consumption in mice on a
high-fat diet but increased the excretion of fats and bile acids
in feces.

Body fat percentage and fat weight are often utilized as
direct indicators to assess body obesity.35 After 12 weeks of
dietary intervention, the fat weights for the control, high-fat,
KS, DK, KG, and FKG groups were 0.75 g, 2.74 g, 1.57 g, 1.83 g,
1.88 g, and 1.86 g, respectively. This data indicates that a long-
term high-fat diet significantly increases the total adipose
tissue in mice. Consumption of KS, DK, KG, and FKG reduced
the total adipose tissue weight in mice fed a high-fat diet,
although these reductions were not significantly different
between the KS, DK, KG, and FKG groups. The trend in body
fat percentage paralleled that of fat weight. Additionally, ana-
lysis of the liver weights in each group revealed that despite
the increase in body weight from the high-fat diet, there was
no significant increase in liver weight, suggesting that the level
of obesity induced by the high-fat diet in this study was insuffi-
cient to affect liver mass in mice.

Lee’s index is widely used for assessing obesity in mice,
analogous to the body mass index (BMI) used in human
studies.36 Generally, a higher Lee’s index suggests greater
obesity. According to Table 2, the Lee’s index for the HF group
was significantly higher than that of other groups (p < 0.05).
However, no significant differences were observed between the
KS, DK, KG, FKG, and C groups (p > 0.05).

Table 1 Rheological properties of KS, DK, KG, and FKG

Group η0 (Pa s) γc (s
−1) n R2 η50 (Pa s)

KS 10 488 ± 112d 191.940 ± 10.225d 0.910 ± 0.008c 0.9977 18.940 ± 1.122c

DK 132 ± 8a 1.555 ± 0.543a 0.915 ± 0.005c 0.9984 0.008 ± 0.001a

KG 2246 ± 105c 39.658 ± 2.116b 0.780 ± 0.010b 0.9946 3.996 ± 0.032b

FKG 1137 ± 87b 131.004 ± 8.450c 0.695 ± 0.006a 0.9990 3.921 ± 0.047b

Means with different lower-case letters within one column differed significantly between groups at p < 0.05.

Table 2 Effects of KS, DK, KG, and FKG on basic indicators of mice (n = 8)

Item C HF KS DK KG FKG

Initial body weight (g) 19.67 ± 1.07a 19.63 ± 0.99a 19.63 ± 0.90a 19.63 ± 0.78a 19.64 ± 0.72a 19.63 ± 0.64a

Final body weight (g) 26.25 ± 1.15a 32.84 ± 1.63c 28.96 ± 1.00b 29.86 ± 1.89b 29.86 ± 1.39b 28.30 ± 1.73ab

Body weight gain (g) 6.65 ± 1.10a 13.49 ± 1.51c 9.26 ± 1.05b 10.23 ± 2.24b 10.51 ± 1.44b 8.69 ± 1.14ab

Food intake (g per day) 2.33 ± 0.13a 1.87 ± 0.11b 1.91 ± 0.14b 1.83 ± 0.12b 1.90 ± 0.20b 1.85 ± 0.18b

Energy intake (kcal per day) 8.97 ± 0.50a 10.29 ± 0.61b 10.51 ± 0.67b 10.07 ± 0.66b 10.45 ± 0.50b 10.18 ± 0.59b

Liver weight (g) 0.82 ± 0.04a 0.84 ± 0.06a 0.84 ± 0.08a 0.84 ± 0.06a 0.88 ± 0.09a 0.87 ± 0.11a

Total fat (g) 0.75 ± 0.14a 2.74 ± 0.73d 1.57 ± 0.45c 1.83 ± 0.53b 1.88 ± 0.93b 1.86 ± 0.97b

Total fat g per 100 g BW 3.07 ± 0.42a 8.31 ± 0.80d 5.42 ± 0.82c 6.10 ± 1.22b 6.02 ± 2.40b 6.3 ± 3.38b

Hepatosomatic index 3.40 ± 0.16a 2.76 ± 0.30c 2.98 ± 0.24bc 3.02 ± 0.28b 2.94 ± 0.34b 2.73 ± 1.05b

Lee’s index 3.21 ± 0.16a 3.52 ± 0.21b 3.17 ± 0.17a 3.29 ± 0.18a 3.24 ± 0.18a 3.17 ± 0.09a

Means with different lower-case letter within one row differed significantly between groups at p < 0.05.

Paper Food & Function

Food Funct. This journal is © The Royal Society of Chemistry 2024

Pu
bl

is
he

d 
on

 2
0 

A
ug

us
t 2

02
4.

 D
ow

nl
oa

de
d 

on
 9

/5
/2

02
4 

9:
14

:3
8 

A
M

. 
View Article Online

https://doi.org/10.1039/d4fo02442g


3.4. Histological observation of liver and fat

Pathological examination of the mouse liver revealed that hep-
atocytes in group C were typically polygonal and neatly
arranged, and displayed a regular, radial configuration around
the veins. In contrast, hepatocytes in the HF group appeared
swollen, with numerous large adipose vacuoles. This suggests
that a long-term high-fat diet significantly disrupts normal
lipid metabolism in the mouse liver, leading to excessive lipid
accumulation within hepatocytes. In the liver tissues of the KS,
DK, KG, and FKG groups, while some fat vacuoles and cellular
enlargement and proliferation were evident, the overall cellular
structure remained relatively normal. This indicates that the
ingestion of four typical konjac dietary fibers may mitigate fat
accumulation, ameliorate liver fat deformation, and thus
maintain stable liver cell morphology, as shown in Fig. 4.

The cell morphology of adipose tissue reflects the impact of
treatments with KS, DK, KG, and FKG on obesity. Adipose tissue
cells in the control group (C) were small, uniformly shaped,
structurally intact, and densely packed.37 In contrast, cells in the
high-fat (HF) group were larger and irregular in shape. However,
the adipocyte morphology in the KS, DK, KG, and FKG groups
showed significant improvements compared to the HF group.
Although some cells remained enlarged, the adipocytes in these
treatment groups were uniform, regular, and densely arranged,
akin to those in the control group. This suggests that dietary
intake of KS, DK, KG, and FKG can partially inhibit fat accumu-
lation in the adipose tissue of mouse epididymis, with KS, KG,
and FKG showing a greater inhibitory effect than DK (Fig. 5).

3.5. Effects of KS, DK, KG and FKG on glucose regulation

The OGTT experiment was conducted in the 12th week of
dietary intervention to assess the impact of a long-term high-

fat diet on insulin sensitivity in mice. As depicted in Fig. 6A–E,
prolonged high-fat diet exposure appears to disrupt the
glucose regulatory balance in HF group. During the 2 h meta-
bolic assessment, blood glucose levels in the HF group
remained at a high level. Blood glucose peaked at 15 min post-
gavage in all groups, with the HF group exhibiting significantly
higher levels compared to the C and KS groups. Meanwhile,
the peak values in the DK, KG, and FKG groups were compar-
able to that of the HF group. After 2 h, blood glucose in the HF
group decreased slightly but remained substantially above
baseline, whereas levels in the KS, KG, and FKG groups
returned to normal, akin to the C group. However, levels in the
DK group continued to mirror those in the HF group through-
out the 2 h period. Fig. 6B illustrates that the AUC for the HF
group during this period was significantly greater than that of
the C group, showing a 20.92% increase (p < 0.05). After 12
weeks of KS dietary intervention, the AUC of the KS group
returned to the normal level. Although the blood glucose levels
of KG and FKG at 120 min were significantly lower than those
of the HF group, the blood glucose level in the first 90 min
during the OGTT process could not significantly reduce the
high blood glucose level induced by high-fat diet. Therefore,
the average AUC of the final OGTT area in KG and FKG was
slightly lower than that of the HF group with no significant
difference (p > 0.05).

The fasting blood glucose levels of mice in each group were
further analyzed as shown in Fig. 6C. The values for groups C,
HF, KS, DK, KG, and FKG were 6.2 mmol L−1, 7.3 mmol L−1,
6.4 mmol L−1, 7.0 mmol L−1, 6.8 mmol L−1, and 6.6 mmol L−1,
respectively. Compared to group C, fasting blood glucose
(FBG) in the HF group increased by 17.74%. The FBG levels in
the KS and FKG groups were significantly reduced by 12.33%
and 9.59%, respectively, compared to the HF group, whereas

Fig. 4 Histopathological observation of the liver tissue stained with H & E.
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the mean FBG values in the DK and KG groups were margin-
ally lower than those in the HF group but without a significant
difference (p > 0.05). Further analysis of the insulin levels is
presented in Fig. 6D. The fasting insulin levels in groups C,
HF, KS, DK, KG, and FKG were 10.30 mIU L−1, 13.06 mIU L−1,
9.98 mIU L−1, 10.41 mIU L−1, 11.25 mIU L−1, and 10.69 mIU
L−1, respectively. The fasting insulin level in the HF group was
26.80% higher compared to group C. Relative to the HF group,
the KS group showed a 23.58% decrease in fasting insulin
levels, while the DK, KG, and FKG groups exhibited reductions
of 20.29%, 13.86%, and 18.15%, respectively. The high-fat diet
led to reduced insulin sensitivity in the mice; however, this
effect was significantly ameliorated by the KS, DK, KG, and
FKG samples.

Fig. 6E presents the HOMA-IR of the mice in each group.
Mice in the HF group exhibited a significantly higher insulin
resistance index compared to those in the other groups,
although no significant differences were observed between the
KS group and the C group. The insulin resistance indices of
the mice in the DK, KG, and FKG groups were significantly
lower than that of the HF group, with no significant differ-
ences among these three groups.

3.6. Effects of KS, DK, KG and FKG on appetite regulation

A high-fat diet reduced the baseline levels of GLP-1 and PYY in
mice, which were significantly lower than those observed in
the control group (p < 0.05). Subsequent analysis indicated
that KS intake elevated the baseline GLP-1 and PYY levels in
mice fed a high-fat diet (Fig. 7). FKG consumption also
increased the serum GLP-1 levels in these mice but did not sig-
nificantly affect the serum PYY levels (p > 0.05). Conversely,
DK and KG intake did not enhance the serum GLP-1 or PYY
levels in the mice on a high-fat diet. The serum leptin levels

were not significantly different among the C, HF, KS, and KG
groups (p > 0.05); however, they were higher in the DK group
compared to the KS and KG groups, while the leptin levels in
the FKG group were significantly lower than those in the KS
and KG groups (p < 0.05).

3.7. Effects of KS, DK, KG and FKG on lipid metabolism

The role of KGM in maintaining lipid homeostasis has
attracted considerable attention.38–40 Accordingly, this study
evaluated the hypolipidemic effects of the four types of konjac
dietary fiber. As illustrated in Fig. 8, a high-fat diet elevated
the serum levels of TG, TC, and LDL-C while significantly redu-
cing HDL-C levels (p < 0.05). Compared to control group C, the
HF group exhibited increases of 85.37% in TG, 48.51% in TC,
and 166.67% in LDL-C, along with a 32.37% reduction in
HDL-C. Relative to the HF group, the intake of KS, DK, KG,
and FKG significantly ameliorated the blood lipid levels in
mice; the serum TG and TC levels in these groups were notably
lower than those in the HF group (p < 0.05). Further compari-
son of the hypolipidemic effects of KS, DK, KG, and FKG
revealed that all samples mitigated the rise in serum TG and
TC levels induced by a high-fat diet, although no significant
differences were observed in the TG and TC reduction capabili-
ties among the four samples (p > 0.05). Regarding the LDL-C
and HDL-C levels in serum, KS was more effective at improving
blood lipid profiles than DK, KG, and FKG, with no significant
differences noted between FKG, DK, and KG (p > 0.05).

3.8. Effects of KS, DK, KG and FKG on liver biomarkers

Oxidative stress is a critical indicator of obesity, with malon-
dialdehyde (MDA) serving as a biomarker for this condition.41

Thus, assessing MDA levels in the body can reflect the extent
of oxidative cell damage.42 Fig. 9A displays the MDA levels in

Fig. 5 Histopathological observation of the abdominal fat tissue stained with H & E.
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the liver of mice across groups. A high-fat diet exacerbated
lipid peroxidation, leading to increased MDA levels in the
liver. Compared to the high-fat (HF) group, the MDA levels in
the liver of the KS, DK, KG, and FKG groups were significantly
reduced (p < 0.05).

Individuals who are overweight or obese are at an elevated
risk of developing steatosis, potentially leading to impaired
liver function.43 Liver enzymes, alanine aminotransferase
(ALT), and aspartate aminotransferase (AST), are commonly
utilized as biomarkers of liver injury due to their high speci-
ficity and sensitivity.44 This study aimed to examine the direct
effects of a prolonged high-fat diet on mouse liver by analyzing
AST and ALT levels. Fig. 9B and C illustrate that a long-term
high-fat diet inflicted considerable liver damage, as evidenced
by the significant increase in AST and ALT levels in the liver of

the high-fat (HF) group. Conversely, the addition of konjac glu-
comannan (KGM) markedly ameliorated the liver damage
induced by the high-fat diet. The experimental results revealed
that the AST and ALT levels in the livers of the konjac-sup-
plemented (KS), diacylglycerol-enriched (DK), konjac glucoman-
nan (KG), and fiber-enriched konjac glucomannan (FKG) groups
were significantly lower than those in the HF group (p < 0.05).
This protective effect is primarily attributed to the reduction in
excessive lipid absorption and the consequent alleviation of the
metabolic burden on the liver by these interventions.

3.9. Effects of KS, DK, KG and FKG on serum inflammatory
cytokines

As illustrated in Fig. 10, a high-fat diet significantly elevated the
serum levels of TNF-α, IL-1β, and IL-6. However, the consumption

Fig. 6 Analysis of the OGTT (A), AUC (B), FBG (C), FINS (D) and HOMA-IR (E) of the mice (n = 8).
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of four types of konjac dietary fiber—KS, DK, KG, and FKG—
effectively attenuated the inflammatory response. There were no
significant differences in the levels of inflammatory markers
among the KS, DK, KG, and FKG groups (p > 0.05).

3.10. Effects KS, DK, KG and FKG on the genes of glucose
and lipid metabolism

Compared to the HF group, the expression level of the GCK
gene in the C group was reduced to 0.31 times, while the

expression level of the GSK-3β gene remained consistent with
that in the HF group. Moreover, the expression levels of the G-
6-pase gene and PEPCK mRNA were increased by 0.97 and 1.22
times, respectively. The expression level of Glut4 mRNA in the
C group was elevated to 2.01 times. This study indicates that a
high-fat diet reduces the expression levels of G-6-pase, PEPCK,
and Glut4 mRNA while increasing the expression of GCK
mRNA. Compared to the HF group, the expression level of GCK
mRNA in the KS, DK, KG, and FKG groups was decreased, and
the expression levels of GSK-3β mRNA, G-6-pase mRNA, PEPCK
mRNA, and Glut4 mRNA were elevated. The influence of DK,
KG, and FKG on the expression of genes related to glucose
metabolism was similar; however, KG and FKG, unlike KS,
could significantly increase the expression levels of GCK and
G-6-pase mRNA compared to DK (Fig. 11).

In terms of liver lipid metabolism, KS, DK, KG, and FKG
influenced several lipid metabolism-related genes similarly to
those in the HF group. They all up-regulated the expression of
LDLR, SR-B1, CYP7A1, and PPARα mRNA while down-regulating
the expression of FXR mRNA. There were no significant differ-
ences in the expression of SR-B1, CYP7A1, FXR, and PPARα
among KS, DK, KG, and FKG (p > 0.05), except that LDLR
exhibited a higher expression level in KS (Fig. 12).

3.11. Effects of KS, DK, KG and FKG on SCFA determination

There was no significant difference in the acetic acid content
in the feces of all groups except the KS group, which exhibited
a significantly higher acetic acid content compared to the
other groups. Analysis of the propionic acid content among
the groups revealed that a high-fat diet notably decreased fecal
propionic acid levels in comparison to group C. However,
dietary intervention with KS ameliorated this effect, as evi-
denced by the significantly higher fecal propionic acid content
in the KS group compared to the HF group. The levels of pro-
pionic acid in the DK, KG, and FKG groups were similar to
those in the HF group. Additionally, the contents of isobutyric
acid and butyric acid across all groups mirrored the trends
observed in propionic acid. Examination of the isovaleric and
valeric acid contents in each group indicated that KS and DK
significantly elevated these acids in high-fat diet mice.
Regarding total acid content, KS and DK interventions mark-
edly increased the total fecal SCFA content. Notably, the total
SCFA content in the DK group returned to normal levels,
whereas in the KS group, it surpassed that of the normal
control group. The total fecal SCFA levels in the KG and FKG
groups were slightly higher than that in the HF group, albeit
without significant difference. This suggests that a high-fat
diet primarily reduces the fecal content of propionic acid, iso-
butyric acid, and butyric acid. Further analysis of the SCFA
content in mice fed four types of konjac dietary fiber revealed
that the KS group experienced the greatest increase in SCFA
content, while DK predominantly augmented the isovaleric
acid content. KG and FKG did not significantly alter the SCFA
levels in the feces of high-fat diet mice (Fig. 13).

Fig. 7 The content of appetite hormones GLP-1 (A), PYY (B) and leptin
(C) in mice during the fasting state (n = 8).
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3.12 Effects of KS, DK, KG and FKG on intestinal flora

There were 132 operational taxonomic units (OTUs) across the
C, HF, KS, DK, KG, and FKG groups. Specifically, the unique
OTUs in the C, HF, KS, DK, KG, and FKG groups numbered 47,
9, 17, 40, 19, and 20, respectively, suggesting that a high-fat
diet reduced the number of unique OTUs in the intestinal
flora of mice. Intervention with KS, DK, KG, and FKG
increased the count of unique OTUs. Further analysis revealed
that the KG, FKG, and DK groups exhibited a higher number
of unique OTUs and shared more OTUs with group C com-
pared to the KS group (Fig. 14A). α-Diversity analysis corrobo-
rated these findings.

Principal Component Analysis (PCoA) revealed that samples
from group C clustered together, while those from group HF
were distinctly separated along the PCoA axis. Samples from
the KS, DK, KG, and FKG groups were positioned on the left
side of the axis, closely grouped with C and distinctly separate
from samples from the HF group. In the non-metric multidi-
mensional scaling (NMDS) diagram (Fig. S1†), samples within
each group—C, HF, KS, DK, KG, and FKG—formed distinct
clusters. Notably, groups C, KS, DK, KG, and FKG were clearly
separated from group HF, corroborating the PCoA findings.

This separation indicates significant differences in intestinal
microbiota structure between the high-fat, low-fat, and four
types of konjac dietary fiber groups. The inclusion of KS, DK,
KG, and FKG in the diet countered the β diversity changes in
mouse microflora induced by a high-fat diet. The continuous
consumption of these four konjac diets improved the intesti-
nal flora of mice, leading to a new homeostasis (Fig. 14B).

Compared to group C, the Chao1 and Shannon indices in
the HF group were significantly decreased, while the Simpson
index was significantly increased (p < 0.05). These α-diversity
results suggest that HF diminishes intestinal microbial diver-
sity, leading to microbial flora disorder. Conversely, the Chao1
(Fig. 14C) and Shannon (Fig. 14D) indices in the KS, DK, KG,
and FKG groups were significantly higher than those in the HF
group, while the Simpson index (Fig. 14E) was lower. This
implies that the four types of konjac dietary fiber can effec-
tively counteract the reduction in intestinal flora diversity
caused by the HF and are beneficial for maintaining intestinal
flora homeostasis. However, there were no significant differ-
ences in intestinal flora α diversity between the KS, DK, KG,
and FKG groups.

The relative abundances of Firmicutes in the C, HF, KS, DK,
KG, and FKG groups were 85.33%, 77.10%, 89.93%, 87.92%,

Fig. 8 Effects of KS, DK, KG and FKG on the serum lipid levels of TG (A), TC (B), HDL-C (C) and HDL-C (D) in mice (n = 8).
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90.54%, and 91.65%, respectively. Correspondingly, the rela-
tive abundances of Bacteroidetes were 9.77%, 19.32%, 6.57%,
8.35%, 5.00%, and 3.97%, respectively. A high-fat diet notably
increased the abundance of Bacteroidetes while decreasing that
of Firmicutes. Both human and animal studies have indicated
that the ratio of Firmicutes to Bacteroidetes (F/B ratio) or
Bacteroidetes to Firmicutes (B/F ratio) serves as a measure of gut

microbiome health.45 In this study, a high-fat diet reduced the
F/B ratio of the intestinal flora. Conversely, the KS, DK, KG,
and FKG treatments all enhanced the F/B ratio, aligning with
findings from Duan et al.46

Species composition at the genus classification level revealed that
the HF diet increased the abundance of norank_f_Muribaculaceae,
Faecalibaculum, and Lactobacillus compared with group C, while it
reduced the abundance of Blautia, Romboutsia,

Fig. 9 Liver damage in mice. (A) AST, (B) ALT and (C) MDA levels.

Fig. 10 Serum levels of inflammatory cytokines TNF-α (A), IL-1β (B), and
IL-6 (C) in mice (n = 8).
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Lachnospiraceae_NK4A136_group, norank_f_Lachnospiraceae,
Colidextribacter, unclassified_f_Lachnospiraceae, and
norank_f_Oscillospiraceae. In contrast, the KS intake, when compared
with the HF group, decreased the abundance of Faecalibaculum,
Lactobacillus, and norank_f_Muribaculaceae but increased the abun-
dance of Blautia, Colidextribacter, unclassified_f_Lachnospiraceae,

norank_f_Lachnospiraceae, norank_f_Oscillospiraceae, and
Lachnospiraceae_NK4A136_group. Additionally, the inclusion of DK,
KG, and FKG in the diet, as compared to the HF group, elevated the
presence of unclassified_f_Lachnospiraceae, norank_f_Lachnospiraceae,
Blautia, Romboutsia, Colidextribacter, norank_f_Oscillospiraceae,
and Lachnospiraceae_NK4A136_group but diminished the abun-

Fig. 11 Effects of KS, DK, KG and FKG on the mRNA expression of liver glucose metabolism genes GCK (A), GSK-3β (B), G-6-pase (C), PEPCK (D)
and Glut4 (E) in mice (n = 8).
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dance of Faecalibaculum and norank_f_Muribaculaceae. Relative
to the HF and C groups, the abundance of
Lachnospiraceae_NK4A136_group in the KS, DK, KG and FKG
groups was notably higher. Romboutsia was more readily
enriched in the DK, KG, and FKG groups compared to the KS
group, while Blautia was more enriched in the KS group. The
bacterial composition in the KG and FKG groups was essen-
tially similar, suggesting that the freezing treatment had
minimal impact on the prebiotic activity of DK in this study;
however, the abundance of Lactobacillus in the KG group
exceeded that in the other five groups. Compared with KG, DK
more effectively supported the growth of Romboutsia and
unclassified_f_Lachnospiraceae, whereas KG favored the enrich-
ment of Faecalibaculum and Lactobacillus.

In a prior study involving HFD-fed mice, a marked decline
in the abundance of Faecalibaculum was observed,
accompanied by reduced serum levels of pro-inflammatory
cytokines and lipopolysaccharide-binding protein (LBP). This
suggests its involvement in a pro-inflammatory pathway within
the gut that is associated with metabolic disorders.47 Among
the KS, DK, KG, and FKG groups, the DK group exhibited the
lowest Faecalibaculum abundance, which may be attributed to
the low viscosity characteristic of the DK.

The genus Blautia has been identified as a symbiotic bacter-
ium negatively associated with obesity and type 2 diabetes.48

Oral administration of Blautia wexlerae in mice induced meta-
bolic changes and anti-inflammatory effects, which in turn
reduced obesity and diabetes caused by a high-fat diet. A

Fig. 12 Effects of KS, DK, KG and FKG on the mRNA expression of liver lipid metabolism genes LDLR (A), SR-B1 (B), CYP7A1 (C), FXR (D) and PPARα
(E) in mice (n = 8).
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similar phenomenon was observed in this study, where the
abundance of Blautia in the HF group was significantly lower
compared to those in the other five groups. KS, DK, KG, and
FKG treatments notably increased the abundance of Blautia,
with KS showing the greatest increase.

3.13. Correlation analysis

Dysbiosis of the gut microbiota can be caused by a combi-
nation of genetic and environmental factors. It has the poten-
tial to enhance energy absorption by altering gene expression
and leading to excessive accumulation of short-chain fatty
acids (SCFAs). Dysbiosis also influences central appetite
through various mechanisms, such as the gut–brain axis, gut
hormones, and neuromodulators. Additionally, it can regulate

fat storage through transcription factors and lipoprotein lipase
activity. Furthermore, it may contribute to chronic inflam-
mation by modulating inflammatory gene expression and lipo-
polysaccharide levels. Lastly, dysbiosis can disrupt the circa-
dian rhythm by affecting circadian transcription factors and
epigenetic modifications, as well as bile and SCFA synthesis.
These factors collectively increase the susceptibility to
obesity.49 Therefore, to explore the association between intesti-
nal flora, short-chain fatty acids, and obesity, correlation ana-
lysis was performed.

The results of the correlation analysis indicated that the
acetyl group was strongly positively correlated with viscosity,
suggesting that the acetyl group in KGM may be a pivotal
factor influencing its viscosity in the digestive tract. This

Fig. 13 The contents of short-chain fatty acids acetic acid (A), propionic acid (B), isobutyric acid (C), butyric acid (D), isovaleric acid (E), valeric acid
(F), and total acid (G) in mice feces (n = 8).
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finding aligns with previous studies and earlier sections of
this research.50 Furthermore, viscosity demonstrated a strong
negative correlation with insulin resistance, TC, LDL-C, TNF-α,
and the relative abundance of Romboutsia while showing a
positive correlation with most SCFAs and the relative abun-
dance of Blautia in feces.

SCFAs exhibited primarily positive correlations with HDL-C
and GLP-1 and negative correlations with biochemical indi-
cators including body weight, body fat, blood glucose, lipids,
and inflammatory factors (Fig. 15). These findings suggest that
SCFAs are beneficial for regulating glucose and lipid metab-
olism in obese mice.

Fig. 14 Venn map (A), PCoA analysis of β diversity (B), α diversity analysis (C–E), phyla level species abundance (F), genus-level species abundance
(G), Firmicutes relative abundance (H), Bacteroides relative abundance (I) and genus-level species composition heatmap (J) (n = 6).
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SCFAs were mainly associated with the relative abundance of
Faecalibaculum, while norank_f_Muribaculaceae showed a negative
correlation. However, there was a positive correlation between the
relative abundances of Lachnospiraceae_NK4A136_group,
unclassified_f_Lachnospiraceae, Blautia, Colidextribacter,
norank_f_Lachnospiraceae, and norank_f_Oscillospiraceae.

The relative abundances of norank_f_Muribaculaceae and
Faecalibaculum in the intestinal flora were significantly and posi-
tively correlated with body weight, body fat, blood glucose, and
lipid levels. These findings suggest that the enrichment of
norank_f_Muribaculaceae and Faecalibaculum in the intestinal
microflora is detrimental to weight loss and the maintenance of
glucose and lipid metabolism homeostasis. In contrast, the rela-
tive abundances of norank_f_Oscillospiraceae, Blautia,
Colidextribacter, unclassified_f_Lachnospiraceae, and
norank_f_Lachnospiraceae were significantly and negatively corre-
lated with biochemical indices such as body weight, body fat,
blood glucose, and lipids. These results indicate that the pres-
ence of these bacteria in the intestinal flora supports the main-
tenance of normal body weight, blood glucose, and lipid levels.

4. Conclusion

The intake pattern of konjac dietary fiber can influence the
weight of obese mice to a certain extent, regulate the homeo-
stasis of glucose and lipid metabolism, regulate the compo-

sition of intestinal flora, and improve intestinal flora dis-
orders. Overall KS had the best effect on lowering blood
glucose and fat. KS can increase the levels of fasting appetite
hormones GLP-1 and PYY; up-regulate the mRNA expression
of LDLR, GCK and G-6-pase; and increase the metabolic pro-
duction of SCFAs by the intestinal flora in mice, thereby
achieving better regulation of glucose and lipid metabolism.
This study systematically explored the effects of different forms
of KGM intake on body weight, body fat, glucose and lipid
metabolism, and intestinal flora in high-fat obese mice, pro-
viding a theoretical basis for the development of KGM func-
tional foods. However, the metabolic pathway of how KGM
affects glucose and lipid metabolism through intestinal flora,
appetite hormones, and inflammatory factors is still unclear.

Abbreviations

ALT Alanine aminotransferase
AST Aspartate transaminase
BW Body weight
C Control
CYP7A1 Cholesterol-7α-hydroxylase
DK Deacetylated konjac glucomannan
FBG Fasting blood-glucose
FINS Fasting insulin
FKG Frozen konjac glucomannan gel

Fig. 15 Correlation analysis of basic biochemical indices, short-chain fatty acids and relative abundance of intestinal flora at the genus level; *
indicates p ≤ 0.05.
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FXR Farnesol X receptor
G-6-pase Glucose-6-phosphatase
GCK Glucokinase
GLP-1 Glucagon like peptide-1
Glut4 Glucose transporter
GSK-3β Glycogen synthase kinase 3β
HDL-C High-density lipoprotein cholesterol
HF High-fat diet
HOMA Homeostatic model assessment
HOMA-IR HOMA for insulin resistance
IL-1β Interleukin-1β
IL-6 Interleukin 6
KG Konjac glucomannan gel
KGM Konjac glucomannan
KS Konjac glucomannan sol
LDL-C Low-density lipoprotein cholesterol
LDLR Low density lipoprotein receptor
MDA Malondialdehyde
OGTT Oral glucose tolerance test
PEPCK Phosphoenolpyruvate carboxykinase
PPARα Peroxisome proliferators activate receptor alpha
PYY Peptide tyrosine–tyrosine
SCFAs Short chain fatty acids
SR-B1 Scavenger receptor B1
TC Total cholesterol
TG Triglycerides
TNF-α Tumor necrosis factor-α
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