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A B S T R A C T   

The aim of this research is to investigate lipid-lowering influence of dietary ginger (Zingier offi-
cinales Rocs) polysaccharides (GPS) on hyperlipidemia rats. Rat models with hyperlipidemia was 
established by high-fat food diet (HFD). Comparing to GP-negative model group, GPS attenuated 
several effects of HFD feeding, including the levels of blood lipid biochemistry, serum inflam-
matory markers (tumor necrosis factor TNF-a, interleukin IL-6), antioxidant capacity (superoxide 
dismutase SOD, glutathione peroxidase GSH-Px, total antioxidant capacity T-AOC, propylene 
dialdehyde MDA), uric acid and immune index. 16 S rDNA gene sequencing of fecal samples 
showed that GPS increased the growth of Akkermansia muciniphila and decreased the proportion of 
Firmicutes to Bacteroidetes; This changes in microbial community structure can help prevent diet- 
induced metabolic disease. These results suggest that GPs may act on the gut, changing the 
structure of the gut microbial community, thereby reducing intestinal and systemic inflammation, 
thus improved metabolic outcomes.   

1. Introduction 

Hyperlipidemia is a kind of disease of lipid metabolism. The biomarkers of hyperlipidemia are high levels of total cholesterol (TC), 
low density lipoprotein (LDL), triacylglycerol (TG) and/or low level of high density lipoprotein (HDL) in the blood. It has now believes 
that hyperlipidemia is an important dangerous factors for coronary heart disease [1]. Epidemiological and research in vitro have 
suggested that hyperlipidemia/oxidized phospholipids may have adverse effects on the bones [2–4]. Hyperlipidemia-induced NALS 
(non-alcoholic liver steatosis) leading to remarkble cellular aggregation of hemostatic serpins in hepatic [5]. Increasing evidences have 
shown that hyperlipidemia can cause the body to be in an inflammatory state [6,7]. Inflammatory process plays a key role in the 
development of arteriosclerosis and occurrence of coronary heart disease (CHD) [8]. Hyperlipidemia, as well as hypertension, insulin 
resistance, and obesity, are a group of metabolic syndromes X (MSXs) that increase an interindividual risk of developing type 2 
diabetes and cardiac vascular disease (CVD). Recent studies have also found that these metabolic changes are closely related to changes 
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in the composition of the gut flora and rotator cuff tear [9,10]. 
The incidence and prevalence of hyperlipidemia are increasing all over the world, which has become an important public health 

problem in recent years. The study of blood lipid reduction drugs has also become a hot spot of research, especially in terms of herbal 
products and Traditional Chinese Medicine [11–16]. Ginger (Zingiber officinale Roscoe, Zingiberacae) is the fresh root of perennial 
herb ginger, also known as “ginger root”, “spicy cloud”, or “hook fingers”. Ginger has been used as a traditional Chinese medicine for 
more than 2500 years. Ginger is widely believed to have the gastrointestinal benefits of promoting digestion. It is a common ingredient 
for food and beverages in many countries. As studies towards ginger proceed, a new beneficial aspect of ginger has been revealed to the 
public. In addition to the traditional efficacy of ginger, it may also have positive effects in terms of weight loss [17], anti-tumor 
[18–20], anti-inflammatory [21], and anti-oxidant [22] functionalities. Ginger contains a variety of different compounds. The 
major constituents are carbohydrates (60–70%), protein (9%), lipids (3–8%), crude fiber, terpenes and phenolic compound. With the 
development of separation technology, the efficacy of active components in ginger has drawn more and more attention in research. 
Researchers have recently verified polysaccharides in ginger as a type of antioxidant while few research focused on other bioactivities 
of ginger polysaccharides (Wang et al., 2018). Ginger polysaccharide can improve the contractility of toad gastrocnemius muscle by 
improving the contractility of toad gastrocnemius muscle. At the same time, ginger polysaccharide can significantly reduce the content 
of lactic acid and MDA in toad gastrocnemius muscle, indicating that ginger polysaccharide has anti-fatigue effect (Xia et al., 2014). 
Song et al. found that feeding ginger polysaccharide to cerebral ischemia-reperfusion injury model rats can significantly improve the 
behavior disorder of model rats, increase the activity of SOD in serum and brain tissue of model rats, and reduce the content of MDA. 
And reduce the NO content and water content in the brain tissue of model rats. It shows that ginger polysaccharide has protective effect 
on cerebral ischemia injury, and its possible mechanism is related to the scavenging of oxygen free radicals and anti-lipid peroxidation 
by ginger polysaccharide (Song et al., 2015). These research offered significant basics for further understanding the pharmacological 
effects of ginger, and whether the effect of ginger on metabolic disorders (such as hyperlipidemia and obesity) is related to changes in 
the structure of the intestinal microbiota. 

To evaluate the effects on hyperlipidemia and/or efficacy on the metabolic syndrome (MSXs) of dietary GPs, this study used 
experimental hyperlipidemia rats as a model, and studied the effects of daily consumption of GPs on their lipid biochemistry, uric acid, 
immune and antioxidant function, and monitored the structure of their intestinal microbiota. 

2. Materials and methods 

2.1. Chemical reagents and apparatus 

Reagents used in this study were ginger (Ginger provided by the Jiushan, Ganzhou (26.14◦ N,115.48◦ E). TG, TC, LDL, HDL, Cr 
(Creatinine), BUN (Blood urea nitrogen), UA (Uric acid), alkaline phosphatase (ALP), total bile acid (TBA) Content Testing Kitsupplied 
by Shanghai Cohua Biotechnology Co. Ltd., Blood SOD, GSH-Px, MDA, T-AOC, IL-6, TNF-α Content detection Kit supplied by Shanghai 
Herpen Biotechnology Co. Ltd. 4% Polyformaldehyde, HE dye, paraffin, and distilled water. 

Apparatus used in this study were fully automatic biochemical instruments (Beckman AU480), Enzyme Marker (Thermo), Mi-
croscope (IX37 Biomicroscope), Electronic Balance (AUY120 Sajima Analysis Balance). 

2.2. The extraction of ginger polysaccharide 

Ginger was washed out of sediment, precipitated into pulp, then received freeze-drying by Nanchang Wanhua Biochemical 
Products Co., Ltd. and finally crushed into powder, sieved over No. 60mesh. GPs were extracted by hot-water extraction (HWE). HWE 
was carried out at 90 ◦C for 4 h in aqueous bath. The extract was then centrifuged at 4000 r/min for 20 min and the supernatant was 
concentrated to 1/4 vol under vacuum concentration. Then the crude GPs were obtained by a series of steps such as deproteinization 
with sevage reagents (Chloroform: pentanol or butanol, mixed at a ratio of 4:1), alcohol precipitation and vacuum drying at 40 ◦C 
(Yang et al., 2018). 

Polysaccharide extraction rate (%) = (determined polysaccharide concentration × sugar liquid volume × Dilution multiple)/ 
Ginger powder mass × 100% 

2.3. Experiment animal 

Fifty male S. D (Sprague Dawley Rat) rats, weighing 180–220 g were provided by the experimental Animal Science and Technology 
Research Center of Jiangxi University of Traditional Chinese Medicine (Nanchang, China). In this experiment, barrier housing facility 
was used, which met the National Standard “Environment and Housing Facilities of Laboratory Animal Requirements (GB 
14925–2010) “. The rats were housed in acrylic cages lined with sawdust at a constant room temperature (23 ± 1 ◦C) and maintained 
in a 12 h: 12 h light/dark cycle. The nursing of the experimental animals and the operation of animal experiments were carried out in 
accordance with the provisions of Jiangxi University of Traditional Chinese Medicine committee. All animal experiments were con-
ducted in accordance with the arrival guide and British animal (Scientific Procedures) Act1986 and the relevant guidelines. The whole 
experiment passed the review and supervision of the experimental animal Ethics Committee of Jiangxi University of TCM. The 
experimental animal ethics review number was JZSYDWLL20200801. 
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2.4. Induction of hyperlipidemia rats 

In this study, high fat diet (HFD) was used to induce hyperlipidemia in the experimental rats (Table 1). High-fat food formula: 
protein26%, fat 35%, carbohydrate26% (Table 1). High fat feed and normal feed are provided by Wuhan Wanqian Jiaxing Biotech-
nology Co., Ltd. 

2.5. Animal treatment and group-specific treatments 

50 SD rats were fed adaptively for 7 days, then randomly divided into 2 groups. 10 rats were treated as normal control group (one of 
them was disregarded in the final stage of experiment as no blood sample was obtained) receiving normal maintenance feed, 40 were 
used as experimental groups, receiving high-fat food diet (HFD). The levels of serum TC, TG and HDL-C of the 40 rats were determined 
after 2 weeks of HFD. Those with triglyceride levels above 1.9 entered the experimental administration. The selected rats (29 out of 40) 
were divided into 4 groups, namely the model group (M group, 8 rats), low dose (50 mg/kg) GPs groups (JL group, 7 rats), mid dose 
(100 mg/kg) GPs groups (JM group, 7 rats) and high dose (200 mg/kg) GPs groups (JH group,7 rats). The amount of intragastric 
administration in rat was 10 ml/kg. The control group (C group) was continually given maintenance feed, GPs group and model group 
received continuous high fat food. 

2.6. Sample collection and serum analysis 

After 8 week of intervention, the rats were sacrificed by CO2 asphyxiation. Blood from the femoral artery was collected into tubeand 
coagulated. Serum was collected by centrifugation at 5000 rpm for 10 min, and frozen at − 80 ◦C for biochemical analysis. Serum 
samples obtained from rats were measured on the levels of blood lipid biochemistry, serum inflammatory markers, antioxidant ca-
pacity, uric acid and immune index. After the rats were sacrificed, theirs liver and abdominal fats (from Peritesticular) were removed 
prior to weighing the livers and calculation for liver index. 

2.7. The tissue section observation 

The liver and adipose tissue samples from the rats were fixed in a 4% paraformaldehyde solution for 72 h. After fixation, the 
samples were embedded in paraffin. Slices of the embedded tissue measuring 5 mm in thickness were then prepared. These sections 
were stained with hematoxylin and eosin (H&E). Finally, the cellular structure and lipid accumulation of the liver and adipocytes were 
observed under a light microscope at magnifications of 400 × and 200 × . 

2.8. Intestinal microbiota 16 S rDNA high-throughput sequencing analysis 

To analyze the intestinal microbiota through high-throughput sequencing of 16 S rDNA, fresh fecal particles were collected directly 
from each rat near the anus. Three rats were randomly selected from each group, and their fecal samples were stored at − 80 ◦C until 
DNA extraction and 16 S rRNA gene sequencing. The DP328 Fecal Genome Extraction Kit (Tiangen Biochemical Technology Co., Ltd) 
was used to extract total DNA following the manufacturer’s instructions. Nanodrop 2000 was used to determine DNA concentration 
and purity. The V3–V4 regions of the 16 S rDNA gene were amplified using universal primers (338 F: 5ʹ-ACTCCTACGGGAGGCAGCAG- 

Table 1 
High-fat food formula.  

Raw material name gm kcal 

Casein 200 800 
L-cystin 3 12 
Corn Starch 0 0 
LORD 245 2205 
Maltodextrin 125 500 
Sucrose 68.8 275 
Cellulose 50 0 
Soybean oi 25 225 
Mineral mix 10 0 
Vitamin mix 10 40 
Calcium Carbonate 5.5 0 
DiCalcium Phosphate 13 0 
Potassium Bitartrat 16.5 0 
Choline bitartrate 2 0 
total 773.85 4057  

gm% Kcal% 
protein 26% 20% 
fat 35% 60% 
carbohydrate 26% 20% 
Total kcal/kg 5240   
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3ʹ and 806 R: 5ʹ-GGACTACCAGGGTATCTAAT-3ʹ), with a 12 bp barcode added in PCR reactions. The PCR reaction consisted of 25 μl 2x 
Premix Taq (Takara Biotechnology, Dalian Co. Ltd., China), 1 μl of each primer (10 M), and 3 μl of DNA (20 ng/μl) template in a total 
volume of 50 μl. The length and concentration of the PCR products were assessed by 1% agarose gel electrophoresis. The PCR products 
were then mixed in equimolar ratios using GeneTools Analysis Software (Version 4.03.05.0, SynGene). The PCR mixture was purified 
using the EZNA Gel Extraction Kit (Omega, USA). Next, sequencing libraries were prepared using the NEBNext® Ultra™ DNA Library 
Prep Kit for Illumina® (New England Biolabs, USA) according to the manufacturer’s recommendations, along with index codes. The 
library quality was evaluated using the Qubit 2.0 Fluorometer (Thermo Scientific) and Agilent Bioanalyzer 2100 system. Finally, the 
library was sequenced on an Illumina HiSeq 2500 platform, generating 250 bp paired-end reads. The high-quality clean reads were 
obtained by applying specific filtering conditions to the paired-end raw reads using Trimmomatic (V0.33). FLASH (V1.2.11) was used 
to merge the paired-end clean reads based on their overlapping regions. Raw Tags were generated by combining sequences that 
overlapped with at least 10 reads from the opposite end of the same DNA fragment, with a maximum allowable error ratio of 0.1. 
Mothur software (V1.35.1) was utilized to assign sequences to each sample based on their unique barcode and primer, resulting in 
effective Clean Tags. The usearch software (V10) was employed for sequence analysis. Sequences with ≥97% similarity were grouped 
into Operational Taxonomic Units (OTUs), which potentially represent species. The most frequently occurring sequence in each OTU 
was selected as a representative sequence and further annotated using the Ribosomal Database Project (RDP) Classifier v.2.2 trained on 
the Greengene_2013_5_99 database, with a cutoff confidence value of 0.6. To visualize the differences in OTU composition among the 
samples, Principal Component Analysis (PCA) was conducted to construct a 2-D graph, summarizing the main factors responsible for 
these differences. Samples located close together indicate high similarity. Alpha diversity indices, including observed species, chao, 
ace, shannon, and simpson, were used to analyze the complexity of species diversity within each sample. The first four values are 
directly proportional to the sample’s complexity, while the simpson value has a negative correlation with the complexity. 

2.9. Statistical analysis 

All Biochemical data were expressed as mean ± standard error (SEM). Statview5.0.1 (SAS in statute Inc., USA) was used for sta-
tistical analysis. One-way analysis of variance was performed on data with homogeneity of variance. Dunnett’s t-test was used to was 
compared each group with the model group. P < 0.05 was considered statistically significant. Principal Component Analysis was 
conducted with R package (v3.1.1). 

3. Results 

3.1. Effect of die GPs on serum lipid indicators in experimental hyperlipid rats 

In this experiment, hot water method was used to extract ginger polysaccharides from ginger. The extraction rate of ginger 
polysaccharide was 6.5%.From Table 2, it can be seen that the TG content in the seurm of the model group was significantly higher 
than that of the control group, indicating that the experimental hyperlipidemia rat model was successful. Compared with the normal 
control group, the body weight and Lee’s index of the model group increased significantly, and the difference was significant(P<0.01). 
After intragastric administration of Gps, the weight of Gps groups decreased significantly compared with the model group, and reached 
significant difference (Fig. 1A and B). Compared with the model group, three dose groups of Gps reduced the content of TG, TC, LDL-c 
and atherogenic index, liver index in the rat blood (Fig. 1C,D,E). 

3.2. Effect of dietary GPs on biochemical index and liver index of experimental hyperlipid rats (X ± S) 

The GPs consumption can lower the levels of creatinine, urea nitrogen and alkaline phosphatase and liver index with noticeable 
differences (p < 0.05) (Fig. 2). 

3.3. Effect of dietary GPs on antioxidant function of experimental hyperlipid rats 

From Fig. 3, compared to model group, GPs fed group had noticeable increase in SOD, GSH-Px, T-AOC but GPs consumption did not 
affect MDA (propylene dialdehyde) (P > 0.05). 

Table 2 
Blood triglyceride concentration after model establishment (‾X 
±SD).  

Experimental grouping Triglyceride 

C 0.84 ± 0.25 
M 2.88 ± 0.24* 
JL 2.86 ± 0.40* 
JM 2.89 ± 0.58* 
JH 2.93 ± 0.86* 

*indicates significant difference with C group (P < 0.05). 
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3.4. Effect of dietary GPs on serum inflammatory markers in experimental hyperlipid rats 

As shown in Fig. 4, The GPs consumption was able to bring down these values, with differences in TNF-α level significant (p < 0.05), 
whereas in IL-6, insignificant (P > 0.05). 

3.5. The pathological observation of liver and adipose tissue slice in experimental hyperlipidemia rats with dietary GPs 

Under the microscope, the hepatocytes in the control group were arranged in a normal rope shape, with normal histological 
structure, no inflammatory infiltration, and no vacuolar degeneration. The liver tissue cells in the model group were disorderly ar-
ranged, with vascular fat droplets and inflammatory infiltration. Compared with the model group, the liver tissue cells in the low dose 
GPs group were disorderly arranged, lipid droplets were reduced, and the degree of inflammatory infiltration and vacuolar variability 

Fig. 1. Effect of dietary GPs on blood lipid index in experimental hyper lipid rats (‾X±SD) 
* indicates significant difference with C group (P < 0.05). ** indicates significant difference with C group (P < 0.01), # indicates significant 
difference with M group (P < 0.05). # # indicates significant difference with M group (P < 0.01). A: body weight, B: Lee’s index, C:blood lipid index, 
D:atherogenic index, E:liver index. 

Fig. 2. Effect of dietary GPs on biochemical index in experimental hyper lipid rats (‾X±SD) 
* indicates significant difference with C group (P < 0.05). # indicates noticeable difference with M group (P < 0.05). 
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were reduced. In the medium dose group, the liver tissue cells of GPs were disorderly arranged, but the degree of vacuolar degeneration 
was further reduced and inflammatory infiltration was reduced. The liver tissue lipid droplets in the high dose group of GPs also further 
decreased, the degree of vacuolar degeneration decreased to the lowest among the three dose groups, and there was no inflammatory 
infiltration, as shown in Fig. 5. 

Compared with the periepididymal fat of rats in the control group, the adipocytes in the model group significantly increased, and 
the number of adipocytes per unit area decreased. After intragastric administration of ginger polysaccharide, the number of adipocytes 

Fig. 3. Impact of diet GPs on serum antioxidant indicator in experimental hyper lipid rats (‾X±SD) 
* indicates significant difference with C group (P < 0.05). # indicates significant difference with Model rat group (P < 0.05). 

Fig. 4. Effect of dietary GPs on serum inflammatory markers in experimental hyper lipid rats (‾X±SD) 
* indicates significant difference with C group (P < 0.05). # indicates significant difference with Model rat group (P < 0.05). 

Fig. 5. Liver histopathological sections of rats after feeding GPs. Note:C, control group M, high fat model group. JL, low dose ginger group. JM, 
medium dose ginger group,JH, high dose ginger group. (HE staining x 400). 
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per unit area increased (Fig. 6A and B). 

3.6. The OTU PCA analysis in the feces of experimental hyperlipidemia rats 

We performed 16 S rRNA sequencing to describe the composition of the gut microbiota and used a Venn diagram to show shared the 
number of shared and unique OTUs. There were 379 co-ownership OTUs, 41 specially owned OTUs is ascribed to the matched group, 
11 unique OTUs to the HFD group and 6,3,6 specially owned OTUs to the L, M and H dose GPs groups respectively (Fig. 7A). Based on 
OTU abundance information, the relative amount of each OTU in each sample would be numerical, and the OTU was analyzed by PCA 
of using the relative abundance value. As shown in Fig. 7B and C, control Group (C) was the farthest from M, JL, JM, and JH groups, 
indicating the significant difference of intestinal microbiota abundance between group C and the other four groups. At the same time, 
the distance between the three samples collected in each group is relatively short, which indicates that the differences in intestinal 
microbiota abundance among the three samples in the same group were small. Species Accumulation (SA) analysis Used SA plots to 
show an increase in OTUs detected after each sample was added. The curve obtained using all OTU data is shown in the diagram 
(Fig. 7D). 

Fig. 7B The numbers in brackets represents contributions of principal components to the differences between samples. Fig. 7C OTU 
based PLS-DA analysis. Fig. 7D In the analysis of species numbers detected. 

3.7. Alpha variety analyze of variety 

Alpha diversity is referred to the variety in a specified area or ecosystem. Common used measurement include chao, ace, shannon, 
simpson. Chao and ace indices are generally used to reflect community abundance, and shannon and simpson indices reflect microbial 
diversity. Community richness and diversity changed after HFD and ginger polysaccharide feeding, but the difference was not sig-
nificant (Fig. 8). 

The boxplot was used to visually display the differences in the alpha diversity between groups. The five elements from bottom to 
top are the minimal value, the first quartile, the median, the third quartile and the maximum. A: shannon index,B:Simpson index,C:Ace 
index, D:Chao index. 

3.8. Influence of GPs on the floristic composition and abundance of gut microbiota in hyperlipidemia rats 

Total amountfive phyla were detect from in the intestinal feces of five groups of rats, including Firmicutes, bacteroideta, verruco-
microbiota, desulfobactereta, and Proteobacteria, accounting for more than 98% of the total number of bacteria in the fecal samples of the 
five groups of rats (Fig. 9A). Compared with the control group, the fat-rich diet decreased the abundance of Firmicutes and verruco-
microbiota, while increased the abundance of bacteroideta. After eating low, medium, and high doses of ginger polysaccharide, the 

Fig. 6. Adipose histopathological sections of rats after feeding GPs (HE staining x 200) (6A). 6B the number of adipocytes per unit area.  
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abundance of bacteroideta decreased. The abundance of Firmicutes did not increase significantly, but that of verrucomicrobiota was 
increased, with a marked difference comparing to the HDF M group (P < 0.05) (Table 7). 

At the genus level, it involves the changes of 47 bacterial communities. Among them, muribaculaceae, akkermansia, prevotellaceae, 
oscilillospiraceae and lachnospiraceae are the main dominant flora (Fig. 9B and C). Compared with the blank control group, the rich of 
muribaculaceae in the intestine of HFD M group was significantly higher than that of the C group (P < 0.05), while its abundance in 
akkermansia, lachnospiraceae and oscilillospira decreased from the control level (P < 0.05). After eating various doses of ginger poly-
saccharide, the levels of muribaculaceae and prevotellaceae in the intestine of rats almost fell to the normal level, the abundance of 
akkermansia increased significantly, even beyond the level of the C group, and the abundance levels of lachnospiraceae and oscilillospira 
increased (Table 8). 

4. Discussion 

HFD is a method of making experimental hyperlipidemia models. By contrast with the model group, dietary GPs attenuated several 
effects of HFD feeding, including the serum lipid, blood inflammatory markers (such as TNF-a, IL-6), antioxidant capacity (SOD, GSH- 
Px, T-AOC), uric acid and immune index in our study. Previous research has shown that GPs can lower blood lipids and improve 
antioxidant capacity; Ahmed et al. (2000) and his fellows reported that administration of Zingiber officinales Rosc (ginger 1%, w/w) 
reduced markedly malathion-derivant lipid peroxidation and oxidant stress in these rats. The results of this experiment showed that 
high-fat diet also led to the decrease of SOD and GSH-Px, and the increase of T-AOC activity. After feeding with ginger polysaccharide, 
SOD, GSH-Px and T-AOC were close to normal levels, while MDA content was not significantly affected. The results showed that 
dietary GPs could increase the antioxidant ability of hyperlipidmia rats in some degree. 

The high-calorie diet in modern society not only leads to hyperlipidemia, but also increases the accumulation of fat. The increase in 

Fig. 7. Effect of HFD and Gps on the distribution of common/specific OTUs in rats (7A). PCA based on OTU abundance (Description).  
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fat leads to an increase in the secretion of fatty factors, which is the main factor of the body’s chronic inflammatory response. Dietary 
ginger can significantly reduce IL-6 and TNF-a levels of experimental hyperlipidemia rats. Among them, the level of decrease in TNF- 
alpha achieved significant differences. Based on the results of our study, combined with the pathological results, blood lipid indicators, 
antioxidant indicators, and decreased levels of inflammatory cells, one can conclude that dietary GPs improved the inflammatory 
responses of the HFD model. 

Hyperlipidemia often leads to abnormal metabolism. The ALP and TBA in the HFD M group are higher than those in the C group. 
After GPs was fed, the values have decreased and approached the normal control level. Because serum ALP and TBA are sensitive 
diagnostic indicators for parenchymal liver damage and digestive system diseases, once liver cells have lesions or intestinal-hepatic 
circulation disorders, it can cause total bile acid to increase. The decrease of ALP and TBA content in this experiment shows that 
dietary GPs can reduce the content of ALP and TBA. The degree of liver damage on experimental hyperlipidemia rats was induced by 
HFD. Uric acid is a product of purine metabolism. Under normal circumstances, the rate of uric acid production and excretion is 
relatively constant. The change in uric acid content in body fluids can reflect the body’s metabolic and immune status. Due to the 
intake of high-fat and high-purine foods, Hyperlipidemia and the extend of obesity may also increase abnormally. Abnormal uric acid 
metabolism can lead to hyperuricemia and eventually induce ventilation. In this experiment, we found that in terms of the blood 
biochemical index of uric acid in rats, the JL group and the JM group had lower levels than the C group, indicating GPs might reduce 
the uric acid content in the blood of hyperlipidemia rats. 

Gut microbiota enhances the host’s ability to obtain nutrition and energy from food. Under normal physiological conditions, the 
metabolic activity of the intestinal flora helps to extract calories from the intake of dietary substances and store these calories in the 
host adipose tissue for future use. Bacterial lipopolysaccharide in intestinal microbiota can cause low-level inflammatory response, 
which makes it easy to associate inflammation with HFD induced metabolic syndrome. In HFD induced hyperlipidemia rats, the 
dominant gut bacteria were also Firmicutes and Bacteroides. Compared to the C group, the number of opportunistic pathogen such as 
gram-negative Bacteroides in the hyperlipidemia model group increased significantly, and akkermansia, oscillospiraceae and lachno-
spiraceae, which are negatively related to obesity, on the contrary, decreased significantly. Through the analysis of gut microbiota 
level, we found that Akkermansia decreased markedly in the HFD M group, but increased after given GPs. As a symbiotic genus of the 
Verrucomicrobia phylum, Akkermansia contains only one member: Akkermansia muciniphila. A. muciniphila degrades mucin and is a rich 
member of the human intestinal microbiota [23]. Colonization of A. muciniphila has been reported to have a protective effect on 
diet-induced obesity [24], ability to promote mucosal wound healing, and can increase antitumor responses during anti-PD-1 
immunotherapy. Akkermansia muciniphila inversely correlates with the onset of inflammation; it can adjust adipose tissue metabolism 
and metabolic disorder during obesity in mice [25]. We also know that oscillospiraceae can produce short chain fatty acids (SCFAs) 
such as butyrate, which is beneficial for improving the metabolism of hyperlipidemia. The abundance of Bacteroides had no significant 

Fig. 8. Alpha diversity index statistics of five groups of fecal samples.  
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effect in the intestinal tract of rats after low, medium and high dose intake of GPs. Interestingly, the number of akk bacteria of verruca 
increased significantly, suggesting that GPs can positively adjust the gut micro inflammation caused by HFD diet by increasing the 
abundance of intestinal oscillospiraceae, lachnospiraceae, especially uncreased akkkermansia flora. This ginger polysaccharide can 
improve the metabolism of HFD by increasing akk bacteria, which needs to be further verified later. 

Fig. 9. Effect of HFD and Gps on abundance of gut bacterial microbiota of rats. A: Effects of HFD and GPs on abundance of intestinal flora at phylum 
classification level of rats 
B: Effects of HFD and GPs on abundance of intestinal flora at genus classification level of rats. 
C: The relationship between specimens and species. The visual circle chart diagram reflects the distribution proportion of predominant species in 
each (or group) sample and the distribution ratio of dominant species in different specimens (groups). 
D: Principal component analysis (PCA) was used to construct two-dimensional map to summarize factors causing this difference. If the two samples 
are closely, the similarity is high. 

Table 7 
Effects of HFD and GPs on abundance of intestinal flora at phylum classification level of rats(‾X ± SD).  

Phylum C M JL JM JH 

Bacteroidetes 36.01 ± 12.67 50.27 ± 8.08* 35.81 ± 6.58 38.33 ± 10.81 34.80 ± 2.75 
Firmicutes 55.46 ± 10.44 43.12 ± 4.88* 44.50 ± 11.77# 35.76 ± 9.95# 41.43 ± 8.45# 

Proteobacteria 1.15 ± 0.59 1.16 ± 0.62 1.88 ± 0.21 2.23 ± 0.31 1.06 ± 0.46 
Tenericutes 0.02 ± 0.01 0.28 ± 0.15 0.05 ± 0.03 0.06 ± 0.04 0.05 ± 0.04 
Verrucomicrobia 7.23 ± 4.52 4.91 ± 5.02* 19.06 ± 17.57# 23.20 ± 20.22# 22.25 ± 10.99# 

* indicate significant difference with C group (P < 0.05). # indicate marked difference with M group (P < 0.05). 
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5. Conclusion 

Unhealthy dietary patterns, especially high fat diet intake, can lead to the development of various metabolic disorders, including 
obesity, hyperlipidemia, and other metabolic disorders. HFD can accelerate de novo fat synthesis and increase LDL levels. Gut 
microbiota is closely related to metabolic disorders induced by HFD, and dietary intervention of intestinal microbiota is an effective 
treatment strategy for these metabolic disorders. Polysaccharides derived from plants are sources of polymeric carbohydrate mac-
romolecules and fermentable dietary fiber, and exhibit excellent biological activity in the prevention and treatment of HFD induced 
metabolic diseases. Many reports suggest that natural polysaccharides are one of the most effective modulators of intestinal microbiota 
composition. Polysaccharides are also one of the main functional and active ingredients in ginger, and have broad development value 
and application prospects in the fields of medicine, health, food, condiments, and cosmetics. We have found that Oral administration of 
GPs in the industry can change the internal gut microbial community structure and reduce metabolic abnormalities caused by HDF 
diet. This study has a good reference value for the role of ginger polysaccharides in regulating intestinal flora and further developing 
and utilizing ginger polysaccharides. 
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