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Abstract
Background Changes in the intestinal flora composition is referred to as dysbiosis, which is related to obesity devel-
opment, thus supporting the potential roles of nutrients acting on intestinal flora to exert salutary effects on energetic
metabolism of host. Dietary fiber has been known to affect the composition of intestinal flora. The aim of the present study
was to investigate the functional effects of konjac flour (KF) on obesity control in respect to improving inflammation,
metabolism, and intestinal barrier function, and the possible association of the effects with intestinal flora composition
changes.
Methods Mice (n= 30) were randomly divided into control group (n= 10), high-fat-diet (HFD) group (n= 10), and KF
intervention group (n= 10), followed by feeding for 12 weeks and with adding a KF daily supplementation for the treatment
group. Body weight, fat accumulation, inflammation, and energetic metabolism markers in multiple tissues and the gut
microbiota of the mice were examined at the end of the experiment.
Results The KF supplementation significantly reduced the gains in weight, fat mass, as well as adipocyte size of HFD
mice and lowered the serum TC, leptin (LEP), thiobarbituric acid-reacting substance (TBARS), IL-6, and lipopoly-
saccharide (LPS) levels in HFD mice. KF also upregulated the expression of intestinal mucosa protein gene Intection and
tight junction ZO-1 in HFD mice, as well as upregulate the expression of energy metabolism genes PPARα and CPT-1 as
well as the fat metabolism gene HLS in livers and fat tissues, and downregulate that of fat synthesis gene PPARγ (p <
0.05). The KF treatment increases the α-diversity and change the β-diversity of the intestinal microflora in HFD mice and
boosted the abundances of some obesity-related beneficial microorganisms (such as Megasphaera elsdenii) in the
intestinal microflora of HFD mice, while reduced those of harmful microorganisms (such as Alistipes, Alloprevotella,
Bacteroides acidifaciens, and Parabacteroides goldsteinii). The abundance of Alistipes was positively correlated with
weight, fat mass, serum TC, TG, LEP, IL-6, and LPS contents as well as PPARγ gene expression; while notably and
negatively related to the expression of CPT-1 and HLS genes (p < 0.01). KF remarkably increased the abundance of
Aerococcaceae, while reduced that of Alistipes finegoldii (p < 0.01).
Conclusions Supplementation with KF achieves favorable effects on treating obesity, improving inflammatory response,
metabolism, and intestinal barrier function, by regulating intestinal microfloral structure in HFD-fed mice.
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Introduction

Obesity is defined as a disease related to a number of
health problems and shortened life expectancy [1]. An
increasing amount of evidence demonstrates that obesity is
closely correlated with chronic mild inflammation (it can
induce insulin resistance, type 2 diabetes mellitus, cardio-
vascular disease, obstructive sleep apnea, fatty liver disease,
and cancer) [2, 3]. Currently, the high prevalence of
obesity is the major threat to public health, and the world
has witnessed an approximate of 0.5 billion obese and
1.4 billion overweight people [4]. Therefore, preventing
obesity is the major challenge in the modern society.

Growing evidence has suggested that change in the
intestinal flora composition is related to obesity and the
associated metabolism disturbance [5]. The intestinal
flora includes trillions of bacteria, which are beneficial to
nutrient collection and energy regulation [6, 7]. The
increased proportions of the major phyla Firmicutes/
Bacteroidetes, as well as alterations of several bacterial
species are likely to contribute to obesity development in
dietary and genetic model mice [8, 9]. The animal model
study indicates that intestinal dysbiosis induced by obesity
resulted from environment or genetic factors will damage
the intestinal integrity [10, 11]. Such process will result
in the release of Gram-negative bacteria endotoxin lipopo-
lysaccharide (LPS) from the intestine to the blood flow [12],
thus resulting in insulin resistance and metabolic inflam-
mation in obese mice [13]. Furthermore, long-term LPS
injection can result in mild obesity and insulin resistance
in mice [13].

A large number of studies suggest that regulating
the intestinal flora may be an effective strategy to treat
obesity. Therefore, dietary intervention is the potential
measure for regulating intestinal flora and improving
host health status [14, 15]. The therapeutic effect of pre-
biotics on obesity and the associated metabolic disturbance
has been verified in human study and animal model.
Prebiotics are non-digestible, fermentable carbohydrates
and fibers, which can decrease the body weight and
play the anti-inflammatory effect through elevating the
abundance of specific salutary bacteria discovered in
the intestinal tract [16, 17]. Prebiotics can not only
change the intestinal flora but can also improve the integrity
of gut tight junction and reduce LPS-induced blood
endotoxemia [10]. Consequently, prebiotics may show
beneficial anti-inflammatory effect on the obesity-induced
inflammation.

Konjac flour (KF) is abundant in the konjac tuber
(Amorphophallus konjac), which mainly contains konjac
glucomannan (KGM) [18]. Over the past several centuries,
KGM is consumed in the manner of rubber jelly, noodles,
and other foods in Asia. KGM is a complex carbohydrate

constituted of D-glucose and D-mannose units and connected
by the β-1,4 glucosidic bond [19]. KGM shows high visc-
osity and swelling capacity, which can withstand the
digestion in small intestine [20]. Besides, it has been ver-
ified to change the colon/stool flora compositions in rats
[21], adults [18], and sows [22]. However, a little infor-
mation is available regarding the effect of KF on body
weight, obesity-related disease, and intestinal flora, as well
as the correlation of intestinal flora with metabolic para-
meters after dietary supplementation of KF so far.

The study aimed to evaluate the antiobesity and anti-
inflammatory effects of KF treatment, as well as its roles in
maintaining intestinal integrity and regulating the intestinal
flora in diet-induced obese mouse model.

Materials and methods

Animals and experimental design

Thirty male C57BL/6J mice aged 3 weeks bought from
Hunan SJA Laboratory Animal Co., Ltd. were fed in
transparent plastic feeding cages (five mice per feeding
cage), and kept in a controlled environment (12-h light-
dark cycle, 22 ± 1 °C as well as 55 ± 5% relative humid-
ity) provided with food and water ad libitum. After
1 week of acclimatization, the mice were divided in to
three groups (n= 10 per group): a control group, fed with
a control diet (TP23302, fat 10% kcal, carbohydrate 71%
kcal, protein 19% kcal; TROPHIC Animal Feed High-
Tech Co.) (CT group); a group fed a high-fat diet (HFD)
(TP23300, fat 60.00% kcal, carbohydrate 20.60% kcal,
protein 60% kcal; TROPHIC Animal Feed High-Tech
Co.) (HFD group); and a group fed the same HFD, but
supplemented with KF supplied by Engineering Research
Center of Sustainable Development and Utilization of
Biomass Energy Ministry of Education [23] (HFD-KF
group) (KF was administered in the drinking water al
libitum at the final concentration of 67 mg/ml). Since the
average water intake per rat was approximately 4.5 ml/
day, the dose of KF administered was 300 mg/day). The
drinking water was changed every day. Body weight was
recorded weekly. Food intake was recorded once in
2 days. After 12 weeks of KF treatment, blood and feces
were collected. Liver and adipose tissues (subcutaneous,
epididymal, retroperitoneal, perirenal mesenteric, and
interscapular) were removed and weighed. For real-time
PCR analysis, the liver, epididymal adipose as well as
colon tissue were immersed in RNA Keeper Tissue
Stabilizer (Vazyme, China) before keeping at −80 °C.
The study was given permission by the ethical committee
of Medical School, Kunming University of Science and
Technology.
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Next-generation sequencing and sequence pre-
processing

For the analysis of the gut microbiota, total genomic DNA
was isolated from the stool sample using the QIAamp DNA
Stool Mini Kit (Qiagen, USA) in accordance with the
manufacturer’s instructions. The bacterial 16S rRNA gene
V3–V4 region was amplified by forward primer F-5′-
CCTACGGGRSGCAGCAG-3′ and reverse primer R-5′-
GGACTACVVGGGTATCTAATC-3′. PCR method and
DNA purification were performed in accordance with the
Illumina Miseq 16S Metagenomic Sequencing Library
Preparation protocol. For the first round of PCR reaction,
PCR mixtures (25 µl) contained 12.5 µl of 2× KAPA
HiFiHotStartReadyMix (KAPA Biosystem, Woburn, MA,
USA), 2.5 µl of Microbial Genomic DNA(5 ng/µl), and 5 µl
of amplicon PCR forward (1 μM) and reverse (1 μM) pri-
mers, respectively. The PCR protocol was as follows: initial
denaturation at 95 °C for 3 min, 25 cycles of denaturation at
95 °C for 30 s, annealing at 55 °C for 30 s, as well as
extension at 72 °C for 30 s, followed by a final extension at
72 °C for 5 min. The products of PCR were visualized by
gel electrophoresis to confirm the size of the amplicon (550
bp). For the second round, the products of PCR were pur-
ified by the AMPure XP beads. Index PCR attaches dual
indices and Illumina sequencing adapters by the Nextera
XT Index Kit. Index PCR was carried out on all purified
DNA by a MJ Research PTC-200P Thermal Cycler (MJ
Research, Waltham, USA). PCR mixtures (50 μl) included
25 μl of 2× KAPA HiFiHotStartReadyMix, 5 μl of Nextera
XT Index 1 Primers (N7XX) (1 μM), 5 μl of Nextera XT
Index 2 Primers (S5XX) (1 μM), 10 μl of PCR Grade Water,
and 5 μl of purified DNA. The PCR protocol was as fol-
lows: initial denaturation at 95 °C for 3 min, 8 cycles of
denaturation at 95 °C for 30 s, annealing at 55 °C for 30 s, as
well as extension at 72 °C for 30 s, followed by a final
extension at 72 °C for 5 min. The products of Index PCR
were visualized by gel electrophoresis to confirm the size of
the amplicon (630 bp). The products of Index PCR were
then purified by the AMPure XP beads. Purified index PCR
product concentration was measured using a NanoDrop
ND2000 spectrophotometer (Thermo Scientific, Wilming-
ton, DE, USA), diluted to a working concentration of 20 ng/
μl by 10 mM Tris (pH 8.5), and equimolar amounts (100 ng)
pooled. Following separation of products through 2%
agarose gel electrophoresis, properly sized PCR products
were recycled and concentrated by a Zymo clean Gel DNA
recovery Kit (Zymo Research Corp., Irvine, CA, USA).
Final pooled DNA was quantified through the Invitrogen
Qubit platform (52.4 ng/μl).

A great number of reads of 16S rRNA gene generated by
Illumina Miseq sequencer was initially trimmed for quality
using the standard software tools from Illumina. The 16S

rRNA reads were processed in the light of a previously
described QIIME pipeline [24]. Briefly, sequences were
clustered into operational taxonomic units using 97%
homology with USEARCH and NCBI’s 16SMicrobial
dataset (https://github.com/mtruglio/QIIME_utilities) and
taxonomy.

Bioinformatic analysis

A Venn diagram was adopted to show core intestinal flora
species among 78% of the mice in all groups despite of
treatment. Principal coordinate analysis (PCoA) was adop-
ted to assess the beta diversity among the groups through
ade4 package, cluster packages, fpc packages, as well as
clusterSim package in R software (Version 2.15.3). The
analysis of molecular variance was applied to the weighted
UniFrac distance matrix in order to define if the overall
composition of the intestinal flora was significantly different
between different groups. T test was used to compare the
relative levels of intestinal flora among the groups. In order
to differentiate the abundant bacterial taxa, we applied the
LefSe analytic method for biomarker discovery. Pearson’s
correlation analyses were used to assess correlations
between taxonomy levels and obese indexes, blood para-
meters as well as gene expression.

Histological analysis

Subcutaneous and epididymal adipose tissues were washed
with sterile phosphate-buffered saline (PBS), fixed in 10%
v/v formalin/PBS, embedded in paraffin, sliced into 3 μm
sections, as well as stained with hematoxylin and eosin.
Images were obtained under a microscope (AxioObser Z1,
Germany) at a magnification of ×200. Cell sizes were
measured through DIXI3000 (Leica, Wetzlar, Germany).

Blood parameters

Plasma total cholesterol (TC), triglyceride (TG), leptin
(LEP), adiponection (ADP), thiobarbituric acid-reacting
substances (TBARSs), tumor necrosis factor-α (TNF-α),
interleukin-6 (IL-6) as well as LPS concentrations were
determined using an ELISA kit (Meimian, Jiangsu Kete
Biotechnology Co., Ltd, China).

Real-time PCR analysis

Total RNA was isolated from tissues (adipose and liver
tissues) through Trizol (Ambion, USA) in accordance with
the manufacturer’s protocols. cDNA was prepared with the
Maxima H Minus First Strand cDNA Synthesis Kit
(Thermo Scientific, USA). Real-time PCRs were carried out
on a 7500 Real Time PCR System (Applied Biosystems
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Inc., USA) using SYBR® Premix Ex TaqTM II (Tli RNaseH
Plus) (Takara Bio Inc.) in accordance with the manu-
facturer’s instructions. β-actin gene was used as reference.
Primer sequences of the targeted mouse genes are listed in
Table S1.

Statistical analysis

All analyses were carried out by applying the IBM SPSS
Statistics software 19.0 for Windows, and one-way analysis
of variance was adopted to assess inter-group differences.

Results

Effects of KF treatment on body weight, liver
weight, fat mass, and adipocytes in HFD-induced
obese mice

Weight gains induced by HFD for 12 weeks were 40.79 ±
4.26 and 28.05 ± 2.45 g, respectively, in the HF group and
CT group (Fig. 1a). However, after KF treatment, the HFD-
induced weight gain was reduced by 47% in the HFD
group (p < 0.05), and that in the HFD-KF group (11.83 ±

2.61 g) was less than that in the HFD group (22.18 ± 4.74
g) (Fig. 1b). Compared with the CT group, the food effi-
ciency ratio (FER; weight gain divided by food consump-
tion weight) in the HFD group was remarkably increased,
revealing higher efficiency of HFD on weight gain. On the
contrary, FER was decreased by 41% (p < 0.05) in the KF
treatment group (Fig. 1c) suggesting lower weight gain per
g food consumption. Moreover, compared with the HFD
group (1.50 ± 0.46 g), the liver weight in the HFD-KF
group (1.03 ± 0.13 g) was reduced by 31% (p < 0.05)
(Fig. 1d).

The fat mass in the HFD group 12 weeks later was
notably higher than that in the CT group (Fig. 1e). Mice
receiving KF treatment had low fat accumulation, since
the total fat gain in HFD-KF group (3.89 ± 0.44 g) was
46% lower than that in the HFD group (7.18 ± 0.75 g) (p
< 0.05) (Fig. 1e). Compared with the CT group, the adi-
pose tissue depots analysis in the HFD group suggested
high fat mass in superior mesenteric, intra-scapular, sub-
cutaneous, epididymis, retroperitoneal and perirenal
regions (p < 0.05) (Fig. 1f). Compared with the HFD
mice, the adipose tissue depots in the mesenteric, intra-
scapular, subcutaneous, epididymis, retroperitoneal and
perirenal regions of HFD-KF group was markedly

Fig. 1 HFD and KF effect on body weight, fat mass, and adipocyte
morphology. Effects of KF treatment on a body weight evolution, b
body weight gain, c food efficiency ratio, d liver weight, e total white
fat mass, f partial white fat mass, and g subcutaneous and epididymal

adipocyte morphology. Subcutaneous and epididymal adipose tissue
morphology shown at ×200 magnification. h subcutaneous adipocyte
mean area (μm2), i epididymal adipocyte mean area. *p < 0.05 versus
CT and §p < 0.05 versus HF
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reduced by 28% (p < 0.05) (Fig. 1f). Additionally, histo-
logical analysis of epididymis and subcutaneous adipose
tissues suggested that the adipocytes size outstandingly
increased in HFD group compared with that in CT group,
but that in KF-treated mice was markedly reduced (p <
0.05) (Fig. 1g–i).

Effects of KF treatment on blood parameters in HFD-
induced obese mice

Compared with the CT group, the serum TC, TG, LEP,
TBARS, TNF-α, IL-6, and LPS levels in the HFD group
were notably elevated (p < 0.05), while the serum ADP
level was dramatically reduced (p < 0.05) (Table S2).
Conversely, serum TC, LEP, TBARS, IL-6, and LPS levels
were markedly decreased in the HFD-KF group compared
to the HFD group (p < 0.05), while serum TG, ADP, and
TNF-α levels were no significantly different (Table S2).

Effects of KF treatment on gene expression in the
colon tissue of diet-induced obese mice

We assayed the expression of gene relating gut barrier
function in colon tissue. HFD uptake would dramatically
downregulate Intetion, ZO-1, and ZO-2 gene expression
(p < 0.05) (Fig. 2). However, HFD intake would not lead to
markedly different Occludin gene expression (Fig. 2). We
found that Intection and ZO-1 gene expression in colon
tissue significantly elevated in the HFD-KF group com-
pared with the HFD group (p < 0.05) (Fig. 2). However,
Occludin and ZO-1 gene expression was not significantly
different in the HFD-KF group compared with the HFD
group (p < 0.05) (Fig. 2). Altogether, these results suggested
that KF treatment can improve the intestinal barrier
function.

Effects of KF treatment on gene expression in the
adipose tissue of diet-induced obese mice

Subsequently, we had analyzed the expression of energy
metabolism-related genes in adipose tissues. HFD uptake
could markedly upregulate the expression of PPARα,
CPT-1, LPL, and PPARγ genes (p < 0.05) (Fig. 3). None-
theless, HFD uptake would outstandingly downregulate
the expression of HLS and FAS (p < 0.05) (Fig. 3). We
discovered that the HLS gene expression in adipose tissues
of HFD-KF group was notably higher than that in HFD
group (p < 0.05) (Fig. 3), whereas the expression of LPL
and PPARγ genes in HFD-KF group was notably lower than
that in HFD group (Fig. 3). In addition, PPARα, CPT-1, and
FAS gene expression was not significantly different in the
HFD-KF group compared with the HFD group (Fig. 3).
Altogether, these results suggested that KF treatment can
improve energy metabolism in the adipose tissue.

Effects of KF treatment on gene expression in the
hepatic tissue of diet-induced obese mice

We also analyzed the expression of energy metabolism-
related genes in the liver. HFD uptake markedly elevated
the expression of PPARα, LPL, HLS, and PPARγ genes,
while HFD intake markedly reduced CPT-1 gene expres-
sion (p < 0.05) (Figure S1). In addition, HFD uptake did not
differ outstandingly the expression of FAS (Figure S1).
Conversely, the expression of PPARα, CPT-1, HLS as well
as FAS genes remarkably elevated in the HFD-KF group
compared with the HFD group, while LPL gene expression
was markedly lower (p < 0.05) (Figure S1). In addition,
PPARγ gene expression was not remarkably different in the
HFD-KF group compared with the HFD group (Figure S1).
In conclusion, these results suggested that KF treatment can
improve energy metabolism in the hepatic tissue.

Effects of KF treatment on gut microbial diversity in
diet-induced obese mice

To construct the intestinal flora alterations resulted from
diet-induced obesity as well as the influence of KF therapy
on intestinal flora, we had carried out new-generation
sequencing of the stool 16S rRNA. Figure 4a indicates that
quantity of common species when applying 78% standard;
there were altogether 833 shared species among the 3
groups, and there were more species between two groups or
in each group.

To further assayed whether the overall composition of
the intestinal flora was dynamically changed, we first used
PCoA to cluster samples along orthogonal axes of maximal
variance based on weighted UniFrac distance. Difference in
the overall composition in the intestinal flora among

Fig. 2 HFD and KF effect on gene expression in colon. *p < 0.05
versus CT and §p < 0.05 versus HF
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different groups was statistically remarkable upon analysis
of variance test (p < 0.05) (Fig. 4b).

Effects of KF treatment on the gut microbiota
composition of diet-induced obese mice

The intestinal flora composition among different groups was
markedly different.

At the phylum level, compared with the CT group, the
relative level of Bacteroidetes, Actinobacteria, Acid-
obacteria, Gemmatimonadete, Verrucomicrobia, Chloro-
flexi, Synergistetes, Thermomicrobia, Planctomycetes,
Chlorobi, Spirochaetes, BRC1, and Deinococcus-Thermus
were markedly lower in the HFD group, while the
relative level of Firmicutes was notably higher (p < 0.05,
<0.01, or <0.001) (Fig. 5a). Moreover, difference between
the HFD group and HFD-KF group was not significant
(Fig. 5a).

At family level, the relative abundance of Bacteroi-
dales S24-7 group, Prevotellaceae, Erysipelotrichaceae,
Pasteurellaceae, Streptococcaceae, Carnobacteriaceae,
Neisseriaceae, Clostridiaceae 1, Christensenellaceae,
Comamonadaceae, Micrococcaceae, Peptostrepto-
coccaceae, Clostridiales vadinBB60 group, JG34-KF-
361, and Haliangiaceae was remarkably lower in the HFD
group than that in the CT group, while the relative level of

Lachnospiraceae and Rikenellaceae was markedly higher
(p < 0.05, <0.01, or <0.001) (Fig. 5b and Supplementary
table 1). Moreover, the relative level of Clostridiales
vadinBB60 group notably reduced in the HFD-KF com-
pared with the HFD group, while the relative abundance
of Nitrospiraceae, JG34-KF-361, Haliangiaceae, and
Aerococcaceae was remarkably higher in the HFD-KF
than that in the HFD group (p < 0.05, <0.01, or <0.001)
(Fig. 5b and Table S3).

At genus level, the relative level of Rikenellaceae RC9
gut group, Lachnospiraceae NK4A136 group, Alistipes,
unidentified Ruminococcaceae, Tyzzerella, Lachnospir-
aceae UCG-006, and Ruminiclostridium 6 was remarkably
higher in the HFD group than that in the CT group, while
the relative abundance of Alloprevotella, Faecalibaculum,
Rikenella, Parabacteroides, Prevotella 1, Streptococcus,
Ruminococcaceae UCG-009, Ruminococcaceae UCG-014,
Aeromicrobium, and Haliangium was markedly lower in the
HFD group than that in CT group (p < 0.05, <0.01, or
<0.001) (Fig. 5c and Table S3). In addition, the relative
abundance of Alistipes, Alloprevotella, and Peptococcus
was markedly lower in the HFD-KF than that in the HFD
group, while Aeromicrobium, unidentified Nitrospiraceae,
Haliangium, and Aliivibrio were notably higher in the HFD-
KF than in the HFD group (p < 0.05, <0.01, or <0.001)
(Fig. 5c and Table S3).

Fig. 3 HFD and KF effect on
gene expression in epididymal
fat. a Energy metabolism, b
lipolysis, c lipid synthesis. *p <
0.05 versus CT and §p < 0.05
versus HF

Y. Kang et al.



At the species level, the relative level of Alistipes fine-
goldii markedly elevated in the HFD group compared with
the CT group, while the relative level of Megasphaera
elsdenii remarkably reduced (p < 0.05, <0.01, or <0.001)
(Fig. 6). In addition, the relative abundance of Bacteroides
acidifaciens, A. finegoldii, Parabacteroides goldsteinii, and
Clostridium sp. ND2 was significantly lower, while the
relative abundance of Aliivibrio fischeri and M. elsdenii
was markedly higher in the HFD-KF group than that in
the KF group (p < 0.05, <0.01, or <0.001) (Fig. 6).

Next, we further analyzed the phylum, genus, and spe-
cies (Figure S2) with notable differences among the CT
group, the HFD group, and the HFD-KF group (Figure S2).
Bacteroidetes, Bacteroidia, Bacteroidales, Bacteroidales
S24-7 group, Prevotellaceae, and Alloprevotella played
important roles in the CT group. In addition, Rikenellaceae,
Lachnospiraceae NK4A136 group, Alistipes, and B. acid-
ifaciens played important roles in the HFD group. However,
Firmicutes, Clostridia, Clostridiales, Lachnospiraceae, and
Rikenellaceae RC9 gut group played important roles in the
HFD-KF group.

Gut microbiota-associated obesity index, blood
parameters, and gene expression

At the phylum level, 10 phyla were significantly associated
with obesity index, blood parameters, and gene expression
(p < 0.05 or <0.01) (Figure S3a). Firmicutes, Bacteroidetes,
and Proteobacteria were related to obesity. For obesity
index, Firmicutes was notably and positively related to
body weight, fat mass as well as liver weight, while Bac-
teroidetes was remarkably and negatively related to body
weight and fat mass (p < 0.05 or <0.01). For blood para-
meters, Firmicutes was significantly and positively corre-
lated with serum TC, TG, LEP, TBARS, TNF-α, IL-6, and
LPS level, while Firmicutes was notably and negatively
related to serum ADP level (p < 0.05 or <0.01).

Bacteroidetes and Proteobacteria were significantly and
negatively associated with serum L-6 and LPS level
(p < 0.01). For gene in the colon, Firmicutes was notably
and negatively related to the expression of ZO-2 (p < 0.01).
For gene in the hepatic tissue, Firmicutes was notably and
positively correlated with the expression of PPARα, LPL,
HLS, and PPARγ (p < 0.05 or <0.01). Bacteroidetes was
notably and negatively related to the expression of PPARα,
HLS, and PPARγ (p < 0.05 or <0.01). For gene in the
adipose tissue, Firmicutes was significantly and positively
related to the expression of PPARα, CPT-1, LPL, and
PPARγ (p < 0.05 or <0.01). Bacteroidetes was notably and
negatively related to CPT-1(p < 0.05 or <0.01).

At family level, 31 families were significantly associated
with obesity index, blood parameters, and gene expression
(p < 0.05 or <0.01) (Figure S3b). Enterobacteriaceae
was correlated with obesity, while Clostridiales
vadinBB60 group was related to KF treatment. For
obesity index, Enterobacteriaceae was significantly and
negatively related to body weight, fat mass, and liver
weight (p < 0.01). Enterobacteriaceae and Clostridiales
vadinBB60 group were significantly and negatively related
to serum TC, TG, LEP, TBARS, TNF-α, IL-6, and LPS
levels (p < 0.05 or <0.01). For gene in the colon, Clos-
tridiales vadinBB60 group was notably and negatively
associated with the expression of ZO-1 (p < 0.01). For gene
in the hepatic tissue, Clostridiales vadinBB60 group was
remarkably and negatively correlated with the expression
of CPT-1, HLS, and PPARγ (p < 0.05 or <0.01). Enter-
obacteriaceae and Clostridiales vadinBB60 group were
notably and negatively associated with the expression
of LPL (p < 0.01). For gene in the adipose tissue, Clos-
tridiales vadinBB60 group was remarkably and positively
correlated with the expression of PPARγ and FAS, while
Clostridiales vadinBB60 group was notably and negatively
associated with the expression of CPT-1 and LPL (p < 0.05
or <0.01).

Fig. 4 HFD and KF effect on gut
microbiota structure. a Venn
diagram of overlap in species
shared by the mice from each
group, b β-diversity
demonstrated that samples
tended to cluster together
according to the dietary
conditions

Konjaku flour reduces obesity in mice by modulating the composition of the gut microbiota



At genus level, 27 genera were notably associated with
obesity index, blood parameters, and gene expression (p <
0.05 or <0.01) (Figure S3c). Alistipes and Alloprevotella
were related to KF treatment. For obesity index, Alistipes
was significantly and positively associated with body

weight, fat mass as well as liver weight, while Alloprevo-
tella was remarkably and negatively associated with body
weight, fat mass as well as liver weight (p < 0.01). For
blood parameters, Alistipes was notably and positively
associated with serum TC, TG, LEP, TBARS, TNF-α, IL-6,

Fig. 5 Phylum, family, and
genera strikingly different across
groups. a Relative abundance of
the top 35 different phylum; b
relative abundance of the top 35
different family; c relative
abundance of the top 35
different genera. The abundance
profiles are transformed in to Z
scores by subtracting the
average abundance and dividing
the standard deviation of all
samples. Z scores are negative
(shown in blue) when the row
abundance is lower that the
mean. *p < 0.05 or **p < 0.01
versus CT and §p < 0.05 or §§p <
0.01 versus HF

Y. Kang et al.



and LPS levels, while Alloprevotella was notably and
negatively associated with serum TC, TG, LEP, TBARS,
TNF-α, IL-6, and LPS (p < 0.05 or <0.01). Alistipes was
remarkably and negatively related to serum ADP, while
Alloprevotella was notably and positively associated with
serum ADP level (p < 0.01). For gene in the colon, Alistipes
was notably and negatively associated with the expression
of Intectin, ZO-1, ZO-2, and Occludin (p < 0.05 or <0.01).

For gene in the hepatic tissue, Alloprevotella was remark-
ably and negatively associated with the expression of
PPARα, CPT-1, LPL, HLS, and PPARγ (p < 0.05 or <0.01).
Alistipes was significantly and positively related to the
expression of LPL and PPARγ, while Alistipes was notably
and negatively related to the expression of CPT-1 and FAS
(p < 0.05 or <0.01). For gene in the adipose tissue, Allo-
prevotella was significantly and negatively related to the

Fig. 6 Relative abundance at species level across groups. a Bacteroides acidifaciens, b Alistipes finegoldii, c Parabacteroides goldsteinii, d
Clostridium sp. ND2, e Aliivibrio fischeri, f Megasphaera elsdenii. *p < 0.05 or **p < 0.01 versus CT and §p < 0.05 or §§p < 0.01 versus HF
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expression of PPARα, LPL, and PPARγ, while Alloprevo-
tella was remarkably and positively associated with the
expression of FAS (p < 0.05 or <0.01). Alistipes was notably
and positively associated with the expression of LPL and
PPARγ, while Alistipes was remarkably and positively
associated with the expression of HLS (p < 0.05 or <0.01).

At species level, 27 species were significantly associated
with obesity index, blood parameters, and gene expression
(p < 0.05 or <0.01) (Figure S3d). Clostridium leptum 1,
Bacteroides fragilis, and Akkermansia muciniphila were
related to obesity, while A. finegoldii and B. acidifaciens
group were related to KF treatment. For obesity index, A.
finegoldii and C. leptum 1 were significantly and positively
related to body weight, fat mass as well as liver weight,
while B. fragilis and A. muciniphila were significantly and
negatively associated with body weight, fat mass as well as
liver weight (p < 0.05 or <0.01). For blood parameters, A.
finegoldii and C. leptum 1 were significantly and positively
related to serum TC, TG, LEP, TBARS, TNF-α, IL-6,
and LPS levels, while B. fragilis was notably and
negatively associated with serum TC, TG, LEP, TBARS,
TNF-α, IL-6, and LPS levels (p < 0.05 or <0.01). C. leptum
1 was remarkably and negatively related to serum ADP
level, while B. fragilis was notably and positively asso-
ciated with serum ADP level (p < 0.01). For gene in the
colon, A. finegoldii was notably and negatively associated
with the expression of Intectin and ZO-2 (p < 0.01). B.
acidifaciens and A. finegoldii were notably and negatively
associated with the expression of ZO-1 (p < 0.01). For gene
in the hepatic tissue, B. acidifaciens and B. fragilis were
remarkably and negatively associated with the expression of
PPARα (p < 0.01). B. acidifaciens and A. finegoldii were
notably and negatively associated with the expression of
CPT-1 (p < 0.01). A. finegoldii was remarkably and posi-
tively associated with the expression of LPL, while B. fra-
gilis was notably and negatively associated with the
expression of LPL (p < 0.01). C. leptum 1 was remarkably
and positively associated with the expression of HLS and
PPARγ, while B. acidifaciens, B. fragilis, and A. mucini-
phila were notably and negatively associated with the
expression of HLS (p < 0.05 or <0.01). B. acidifaciens was
remarkably and negatively associated with the expression of
PPARγ (p < 0.01). A. finegoldii was notably and negatively
associated with the expression of FAS (p < 0.01). For gene
in the adipose tissue, C. leptum 1 was remarkably and
positively associated with the expression of PPARα and
CPT-1, while B. acidifaciens, B. fragilis, and A. muciniphila
were significantly and negatively related to the expression
of PPARα as well as CPT-1 (p < 0.05 or <0.01). A. muci-
niphila was remarkably and negatively associated with
expression of LPL (p < 0.01). A. finegoldii was notably and
negatively associated with expression of HLS (p < 0.01).
C. leptum 1 was remarkably and positively associated with

expression of PPARγ, while B. acidifaciens and A. muci-
niphila were significantly and negatively related to
expression of PPARγ (p < 0.05 or <0.01). These findings
demonstrated that these phyla, families, genera, and species
play vital roles in obesity development.

Discussion

This study evaluated the effects of KF on the obesity,
inflammation, metabolism, intestinal barrier function, and
intestinal flora. KF treatment reduced body weight gain,
fat mass gain as well as liver weight gain in diet-induced
obese mice. The relationship between specific diet-
based food intake and weight gain is of great importance
to nutritional intervention research. On this account,
FER is used as the index of the specific food efficiency.
Compared with HFD mice, the KF-treated mice had
lower FER. Meanwhile, compared with HFD mice, the
KF-treated mice had markedly decreased weight gain
and total fat gain. These findings suggested that KF plays
a certain role in suppressing HFD-induced weight gain.
Noteworthily, fat accumulation remarkably reduced in the
mesenteric fat depot for the KF treatment group. There is
some evidence to indicate other oligose also reduce the
size of adipocytes in the rat mesenteric adipose depot,
which may be partially attributed to its adjacency to the
gastrointestinal tract [25, 26]. Notably, a longer oligose
therapy duration may also result in greater alterations in
visceral adipose depot.

In addition, KF treatment improved serum lipid, meta-
bolic markers, and inflammatory factors in diet-induced
obese mice. Mice treated with KF had a greater reduction in
serum TC level than the HFD mice, which is consistent with
the results from previous studies in the human and mice
[27]. Furthermore, mice treated with KF showed a greater
reduction in serum LEP and TBARS level compared to the
HFD mice. LEP is a protein hormone secreted by white
adipose tissue, which can enter the blood circulation to
modulate the satiety, energy consumption, inflammatory
and immune response, carbohydrate and lipid metabolism,
and intestinal nutrition absorption [28]. Serum LEP level
has been found to be increased in obese patients [29].
Serum TBARS reflect lipid peroxidation that is the oxida-
tion of polyunsaturated fatty acids and lipid [30]. Lipid
peroxidation can seriously damage the cell membrane,
lipoprotein, and other lipid-containing structures, such as
making the membrane fluidity and permeability change,
damaging DNA and proteins, and thus affect the normal cell
function [30]. A large number of studies suggested that
obese patients have significantly increased lipid peroxida-
tion [30]. These results suggested that KF treatment can
improve lipid metabolism under HFD.
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Chronic mild inflammation is a feature of obesity.
Numerous studies suggested that obese patients had sig-
nificantly increased inflammatory cytokine TNF-α as well
as IL-6 level [31]. The same results were found in this
study. In addition, mice treated with KF led to a greater
reduction in serum IL-6 level compared to the HFD mice.
Several potential mechanisms may account for the reduction
in pro-inflammatory cytokines in KF-treated mice.
According to report, the pathogenic intestinal flora can
irritate the LPS production and release from the gut epi-
thelial cells, which can subsequently bind with the cytokine
receptor that can trigger the release of pro-inflammatory
cytokine [32]. Reports suggest that the intestinal barrier
function can be improved through consuming oligose, thus
reducing the secretion of LPS from gut epithelial cells,
resulting in decrease in the production of pro-inflammatory
cytokines in the blood [33]. Nevertheless, it is important to
evaluate whether oligose will result in the reduction in
inflammatory cytokine production due to intestinal barrier
functional change or other factors. Not surprisingly, in this
study HFD mice had significant increase of serum LPS level
compared to the CT group. However, mice treated with KF
led to a greater reduction in serum LPL level compared with
the HFD mice. Moreover, KF treatment improved intestinal
barrier function in the diet-induced obese mice. Mice treated
with KF had significant increase of expression of colonic
Intetion and ZO-1 genes compared with the HFD mice.

Meanwhile, KF therapy improved the expression of
genes taking part in energy metabolism in the diet-induced
obese mice. Mice treated with KF had significant increase in
the expression of hepatic PPARα as well as CPT-1 genes
compared to the HFD mice. These results suggested that KF
treatment may reduce fat accumulation by increasing
mitochondrial oxidation of long-chain fatty acids as well as
fatty acid oxidation in liver [34, 35]. In adipose tissues and
liver tissues, lower expression of LPL gene as well as higher
expression of HSL gene in the KF-treated mice demon-
strates that oligose therapy may decrease fatty acid intake as
well as enhance lipolysis [36, 37]. Mice treated with KF had
significant decrease in the expression of adipose PPARγ
gene compared with the HFD mice. These findings indi-
cated that KF treatment may promote the deposition of fatty
acids in adipose tissue and the differentiation of adipocytes
[38]. However, further research is required to determine
whether oligose has direct influence on the energy meta-
bolic genes, or that the oligose effect is mainly mediated by
alterations in intestinal flora.

Oligose can regulate gut microbiota structure, which may
explain that KF treatment improved obesity-related indexes.
KF treatment remarkably improved the diversity, richness,
and evenness of the gut flora in diet-induced obese mice.
Meanwhile, KF also regulate intestinal flora structure
in diet-induced obese mice. At family level, the relative

abundance of Nitrospiraceae JG34-KF-361, Haliangiaceae,
and Aerococcaceae remarkably elevated in the HFD-KF
group compared with the HFD group, while the relative
abundance of Clostridiales vadinBB60 group notably
reduced in the HFD-KF group compared with the HFD
group. At genus level, the relative abundance of Aero-
microbium, unidentified Nitrospiraceae, Haliangium, and
Aliivibrio markedly enhanced in the HFD-KF group com-
pared with the HFD group, while the relative abundance of
Alistipes, Alloprevotella, and Peptococcus significantly
decreased in the HFD-KF group compared to the HFD
group. Clarke et al. [39] also found that the relative abun-
dance of Alistipes notably elevated in obese mice. Obese
mice treated with vancomycin or probiotic Lactobacillus
salivarius UCC118 producing bacteriocin not only reduced
weight gain but also reduced the relative abundance Alis-
tipes and Peptococcus [39]. In addition, some studies found
acquired immune deficiency syndrome patients showed
remarkably elevated relative abundance of Alistipes com-
pared to healthy subjects [40, 41]. Recent studies had
shown that Alistipes was associated with health risks [42–
44]. Therefore, Alistipes may be an important genus asso-
ciated with obesity. Louis et al. [45] also found that weight
and the relative abundance of Alloprevotella significantly
reduced in obese patients after weight loss treatment. At
species level, the relative abundance of A. fischeri and M.
elsdenii notably elevated in the HFD-KF group compared
with the HFD group, while the relative abundance of B.
acidifaciens, A. finegoldii, P. goldsteinii, and Clostridium
sp. ND2 remarkably decreased in the HFD-KF group
compared with the HFD group. Petriz et al. [46] also dis-
covered that compared with Wistar, the relative abundance
of B. acidifaciens in obese rats is higher. Recent studies
demonstrated that B. acidifaciens plays a vital role in pro-
ducing the immune globulin (IgA) in mouse large intestine
[47]. Therefore, it may exert the adaptive function in the
intestinal mucosa immune system [48]. IgA is increased
during metabolic disturbance; as a result, the relative level
of B. acidifaciens may be related to the role of intestinal
flora in obesity-specific inflammatory signal transduction
in obese rats [49, 50]. Liu et al. [51] also found that
P. goldsteinii was significantly positively correlated with
obesity-related indexes. Some studies found that body
mass index and weight significantly decreased, while
M. elsdenii remarkedly increased in obese patient after
Roux-en-Y gastric bypass surgery [52, 53]. M. elsdenii
is the most important lactate utilization bacteria in the
rumen. Recent studies have shown that Megasphaera
spp. can reduce lactic acidosis by using lactate to produce
propionate, acetate, and butyrate [54, 55].

The abundances of Clostridiales vadinBB60 group,
Alistipes, Alloprevotella, A. finegoldii and B. acidifaciens
were significantly associated with body weight, fat mass,
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blood lipids, serum metabolic factors, serum inflammatory
factors, serum endotoxins, and the expression of genes
taking part in intestinal barrier function, and energy meta-
bolism. Clostridiales vadinBB60 group was positively
correlated with serum TG and LEP, ZO-1, PPARα, and
CPT-1 gene expression as well as LPL and HLS gene
expression, while Clostridiales vadinBB60 group was
negatively correlated with FAS gene expression. Alistipes
was positively related to body weight, fat mass, serum TC,
TG, and LEP as well as PPARγ gene expression, and
negatively with serum ADP and CPT-1 gene expression.
Alloprevotella was positively correlated with FAS gene
expression, negatively with PPARα, CPT-1, LPL, and HLS
gene expression. A. finegoldii was positively related to body
weight, fat mass, and serum LPS, and negatively related to
Intectin, ZO-1, ZO-2, CPT-1, and LPL gene expression. B.
acidifaciens was negatively related to PPARα, CPT-1, and
HLS gene expression. These results suggested that these
bacteria play important roles in the development of obesity.

Conclusions

KF treatment could improve the obesity-related indexes,
inflammatory state, intestinal barrier function, and energy
metabolism in diet-induced obese mice. Furthermore, KF
treatment could also increase the diversity and improve the
structure of intestinal microbiota. KF treatment could pro-
mote the production of beneficial bacteria and inhibit the
growth of harmful bacteria. Taken together, these findings
suggested that KF treatment might regulated the intestinal
flora and supply a natural alternative for antiobesity.
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