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Abstract: High-fiber diets have been widely studied for their benefits in managing type 2 diabetes (T2DM). However, the 

detailed molecular mechanisms by which they regulate glucose balance through gut microbiota remain unclear. This study 

uses metagenomic and metabolomic methods to examine the effects of a high-fiber diet on gut microbiota composition, 

short-chain fatty acid (SCFA) levels, and inflammation-related factors in a T2DM mouse model. Results show that a high-

fiber diet improves glucose balance by increasing beneficial bacteria such as Bifidobacterium and Lactobacillus, which are 

linked to anti-inflammatory effects, while reducing harmful bacteria like Escherichia. These findings provide scientific 

evidence for the use of high-fiber diets in diabetes management and highlight their potential role in metabolic health. 
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1. Introduction 
 

Diabetes is a long-term metabolic disorder that is increasing worldwide, significantly affecting health and quality 

of life. Among various types, type 2 diabetes (T2DM) is the most common and is closely linked to insulin 

resistance, pancreatic β-cell dysfunction, and metabolic imbalances [1]. Recent studies suggest that gut microbiota 

plays a key role in maintaining metabolic stability and imbalances in gut bacteria are strongly associated with 

T2DM development [2]. Dietary fiber is a type of carbohydrate that cannot be digested by human enzymes but can 

be broken down by gut bacteria. Research has shown that high-fiber diets help control blood sugar and improve 

metabolism in T2DM patients, but the underlying mechanisms are not fully understood [3]. Increasing evidence 

suggests that these diets may support blood sugar control by modifying gut microbiota composition and function 

[4]. However, the exact molecular pathways involved require further investigation [5]. This study explores how a 

high-fiber diet affects gut microbiota, SCFA production, and inflammation-related factors in a T2DM mouse 

model using metagenomic and metabolomic analysis. The findings provide insights into the role of high-fiber diets 

in diabetes management and their potential for improving metabolic health. 

 

2. Materials and Methods 
 

2.1 Experimental Animals 

 

Male C57BL/6 mice (6 weeks old) were obtained from a certified animal supplier. They were housed under 

controlled conditions with a temperature of (22±2)°C and a relative humidity of (50±5)%, with free access to food 

and water. After a one-week adaptation period, the experiment was conducted. 

 

2.2 Establishment of the Diabetic Mouse Model 
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Mice were randomly assigned to either a normal control group (NC) or a diabetes model group (DM). The DM 

group was fed a high-fat diet (HFD) for four weeks, followed by intraperitoneal injections of streptozotocin (STZ, 

35mg/kg) for five consecutive days to induce type 2 diabetes (T2DM). The NC group received a standard diet. 

After modeling, fasting blood glucose (FBG) and an oral glucose tolerance test (OGTT) were performed to confirm 

diabetes induction [6]. Mice with FBG ≥11.1 mmol/L and OGTT 2-hour glucose ≥16.7 mmol/L were considered 

successfully modeled as T2DM. 

 

2.3 Grouping and Dietary Intervention 

 

Mice with confirmed T2DM were randomly divided into a diabetes control group (DMC) and a high-fiber diet 

intervention group (HFD + HF). The DMC group remained on a high-fat diet, while the HFD + HF group received 

the same diet supplemented with 10% (w/w) dietary fiber (inulin). The NC group continued with a standard diet. 

The intervention lasted eight weeks. 

 

2.4 Sample Collection 

 

At the end of the intervention, mice were fasted for 12 hours. Blood was collected from the orbital sinus, and 

serum was separated for glucose, insulin, and inflammatory marker analysis. The mice were then euthanized, and 

colonic contents were collected for gut microbiota profiling and short-chain fatty acid (SCFA) analysis. Colonic 

tissues were also harvested to assess mRNA expression of inflammatory factors [7]. 

 

2.5 Gut Microbiota Analysis 

 

Gut microbiota composition in colonic contents was analyzed using metagenomic sequencing. Total DNA was 

extracted, and the V3-V4 region of the 16S rRNA gene was amplified for sequencing. QIIME2 software was used 

to process sequencing data and assess microbial diversity, including alpha diversity (e.g., Chao1 index, Shannon 

index) and beta diversity (e.g., Bray-Curtis distance) [8]. Taxonomic classification and relative abundance were 

also analyzed. 

 

2.6 Measurement of Short-Chain Fatty Acids 

 

Short-chain fatty acids (acetic acid, propionic acid, and butyric acid) in colonic contents were quantified using gas 

chromatography-mass spectrometry (GC-MS). After acidification, SCFAs were extracted with diethyl ether, 

followed by dehydration with anhydrous sodium sulfate before GC-MS analysis [9]. Standard curves were used to 

calculate SCFA concentrations. 

 

2.7 Analysis of Inflammatory Markers 

 

Serum levels of interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α) were measured using enzyme-linked 

immunosorbent assay (ELISA) [10]. The mRNA expression levels of IL-6, TNF-α, and nuclear factor-κB (NF-κB) 

in colonic tissue were determined by real-time quantitative PCR (qRT-PCR). 

 

2.8 Statistical Analysis 

 

Data were analyzed using SPSS 22.0 software. Results were expressed as mean ± standard deviation (x±s). One-

way analysis of variance (ANOVA) was used for comparisons among groups, and the least significant difference 

(LSD) t-test was applied for pairwise comparisons. A value of P < 0.05 was considered statistically significant. 

 

3. Experimental Results 
 

3.1 Effects of High-Fiber Diet on Blood Glucose Regulation in T2DM Mice 

Table 1: Blood Glucose Levels in Different Groups 

Group FBG (mmol/L) OGTT 2 h Glucose (mmol/L) 

NC 5.32±0.45 8.25±0.68 

DMC 13.56±1.23 20.12±1.56 

HFD + HF 10.25±0.98 15.34±1.12 
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Compared with the NC group, the DMC group showed a significant increase in FBG and OGTT 2-hour glucose 

levels (P < 0.01), confirming the successful establishment of the T2DM model. In contrast, the HFD + HF group 

had significantly lower FBG and OGTT 2-hour glucose levels than the DMC group (P < 0.05), indicating that a 

high-fiber diet improved blood glucose regulation in T2DM mice. The data are presented in Table 1. 

 

3.2 Effects of High-Fiber Diet on Gut Microbiota in T2DM Mice 

 

3.2.1 Alpha Diversity Analysis 

 

Chao1 and Shannon index analysis showed that gut microbiota richness and diversity were significantly lower in 

the DMC group than in the NC group (P < 0.01). In contrast, these indices were significantly higher in the HFD + 

HF group than in the DMC group (P < 0.05), suggesting that the high-fiber diet improved gut microbiota diversity 

in T2DM mice [11]. The data are shown in Table 2. 

Table 2: Alpha Diversity Indices of Gut Microbiota 

Group Chao1 Index Shannon Index 

NC 356.23±25.34 4.25±0.32 

DMC 289.45±20.12 3.15±0.25 

HFD + HF 325.67±22.45 3.86±0.28 

 

3.2.2 Beta Diversity Analysis 

 

Principal coordinate analysis (PCoA) based on Bray-Curtis distance showed clear differences in gut microbiota 

composition among the NC, DMC, and HFD + HF groups. The microbiota composition in the DMC group was 

distinct from that of the NC group, while the HFD + HF group showed a partial shift toward the NC group, 

indicating that the high-fiber diet altered gut microbiota composition in T2DM mice, making it more similar to 

that of healthy controls [12,13]. 

 

3.2.3 Relative Abundance of Key Bacterial Genera 

 

At the genus level, compared with the NC group, the DMC group had significantly lower levels of Bifidobacterium 

and Lactobacillus (P < 0.01) and higher levels of Escherichia (P < 0.01) [14,15]. The HFD + HF group had 

significantly higher Bifidobacterium and Lactobacillus levels and lower Escherichia levels than the DMC group 

(P < 0.05). The data are shown in Table 3. 

Table 3: Relative Abundance of Key Gut Microbiota Genera (%) 

Group Bifidobacterium (%) Lactobacillus (%) Escherichia (%) 

NC 12.56±1.56 8.45±1.23 3.25±0.56 

DMC 5.34±0.89 3.12±0.67 8.67±1.02 

HFD + HF 8.67±1.12 5.67±0.98 5.23±0.89 

 

3.3 Effects of High-Fiber Diet on Short-Chain Fatty Acid (SCFA) Levels 

 

Compared with the NC group, the DMC group had significantly lower levels of acetic acid, propionic acid and 

butyric acid in the colonic contents (P < 0.01). However, these SCFA levels were significantly higher in the HFD 

+ HF group than in the DMC group (P < 0.05). The data are shown in Table 4. 

Table 4: SCFA Levels in Colonic Contents (μmol/g) 

Group Acetic Acid Propionic Acid Butyric Acid 

NC 120.56±10.23 45.67±5.67 30.23±4.56 

DMC 78.45±8.90 25.34±3.45 18.67±3.01 

HFD + HF 98.67±9.56 35.45±4.32 25.34±3.89 

 

3.4 Effects of High-Fiber Diet on Inflammatory Markers 

 

3.4.1 Serum Inflammatory Marker Levels 

 

ELISA results showed that IL-6 and TNF-α levels were significantly higher in the DMC group than in the NC 

group (P < 0.01). However, these levels were significantly lower in the HFD + HF group than in the DMC group 
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(P < 0.05). The data are shown in Table 5. 

 

Table 5: Serum Inflammatory Marker Levels (pg/mL) 

Group IL-6 TNF-α 

NC 15.34±2.34 20.56±2.89 

DMC 35.67±3.56 45.89±4.56 

HFD + HF 25.34±3.01 32.56±3.56 

 

3.4.2 mRNA Expression of Inflammatory Markers in Colonic Tissue 

 

qRT-PCR results showed that IL-6, TNF-α, and NF-κB mRNA expression levels in colonic tissue were 

significantly higher in the DMC group than in the NC group (P < 0.01) [16]. However, these expression levels 

were significantly lower in the HFD + HF group than in the DMC group (P < 0.05). The data are shown in Table 

6. 

Table 6: Relative mRNA Expression Levels of Inflammatory Markers in Colonic Tissue 

Group IL-6 mRNA TNF-α mRNA NF-κB mRNA 

NC 1.00±0.12 1.00±0.15 1.00±0.10 

DMC 3.56±0.34 4.23±0.45 3.89±0.32 

HFD + HF 2.12±0.25 2.89±0.38 2.56±0.28 

 

These findings suggest that a high-fiber diet reduced inflammation in T2DM mice by lowering both serum and 

colonic inflammatory marker levels. 

 

4. Discussion 
 

This study used a T2DM mouse model to examine how a high-fiber diet affects gut microbiota, SCFA levels and 

inflammatory markers. The findings suggest that dietary fiber may help manage diabetes by improving gut 

microbiota balance. Gut microbiota plays a key role in metabolism [17,18]. People with T2DM often have 

imbalances in gut bacteria, including reduced microbial diversity, fewer beneficial bacteria and more harmful 

bacteria [19,20,21]. In this study, T2DM mice showed a significant decrease in the Chao1 and Shannon indices, 

indicating lower microbial richness and diversity. The relative abundance of Bifidobacterium and Lactobacillus 

also declined, while Escherichia increased. These results align with previous studies [22,23,24,25]. After high-

fiber diet intervention, microbial richness and diversity improved. Beneficial bacteria increased, while harmful 

bacteria decreased, suggesting that a high-fiber diet helps restore a healthier gut microbiota. 

 

Dietary fiber is fermented in the gut to produce SCFAs, including acetic acid, propionic acid, and butyric acid 

[26,27]. These compounds provide energy to gut cells and influence metabolism and immunity. This study found 

that SCFA levels were lower in T2DM mice but increased after dietary intervention. SCFAs may support glucose 

regulation by improving insulin sensitivity, reducing gluconeogenesis and influencing fat metabolism [28,29]. 

They also have anti-inflammatory effects, helping to lower inflammation in the gut. 

 

Chronic inflammation is a key factor in T2DM. Higher levels of inflammatory markers such as IL-6 and TNF-α 

contribute to insulin resistance and damage pancreatic β-cells. This study found that T2DM mice had increased 

IL-6, TNF-α, and NF-κB levels in both serum and colonic tissue. However, these levels significantly decreased 

after a high-fiber diet. This suggests that dietary fiber helps regulate gut bacteria, boost SCFA production and 

reduce inflammation, which may improve insulin sensitivity and support diabetes management [30,31]. Overall, 

this study shows that a high-fiber diet improves glucose regulation in T2DM mice by modifying gut microbiota, 

increasing SCFA levels, and reducing inflammation. These findings provide evidence that dietary fiber may be a 

useful approach to diabetes management. However, this study has limitations. Since it was conducted in mice, 

further clinical research is needed to confirm whether the effects apply to humans. Additionally, the exact 

molecular pathways linking gut microbiota, metabolism, and diabetes need further investigation. 

 

5. Conclusion 
 

This study used metagenomic and metabolomic methods to explore how a high-fiber diet affects gut microbiota, 

SCFA levels, and inflammation in T2DM mice. The results showed that a high-fiber diet improved glucose 
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regulation, increased gut microbiota diversity, adjusted bacterial composition, raised SCFA levels, and reduced 

inflammation. These findings provide a scientific basis for using dietary fiber in diabetes management and 

highlight its potential for developing new treatment strategies targeting gut microbiota. 
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