
Article Not peer-reviewed version

A Comparative Study of the Effects of

Different Types of Dietary Fiber on Gut

Microbiota Metabolites and Insulin

Sensitivity in Diabetic Patients

Liang Chen , Maria González , Sophie L. Nguyen *

Posted Date: 17 November 2025

doi: 10.20944/preprints202511.1046.v1

Keywords: soluble fiber; insoluble fiber; butyrate; insulin response; gut bacteria; intestinal barrier; type 2

diabetes

Preprints.org is a free multidisciplinary platform providing preprint service

that is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0

license, which permit the free download, distribution, and reuse, provided that the author

and preprint are cited in any reuse.

https://sciprofiles.com/profile/4858541
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


 

 

Article 

A Comparative Study of the Effects of Different 
Types of Dietary Fiber on Gut Microbiota 
Metabolites and Insulin Sensitivity in Diabetic 
Patients 
Liang Chen, Maria González and Sophie L. Nguyen * 

School of Biomedical Sciences, The Chinese University of Hong Kong, Shatin, New Territories, Hong Kong 
SAR 
* Correspondence: s.nguyen@cuhk.edu.hk 

Abstract 

This study examined how soluble and insoluble fibers affect blood sugar control, gut bacteria, and 
intestinal health in mice with type 2 diabetes. Thirty C57BL/6J mice were divided into three groups: 
diabetic control, inulin-fed, and wheat-bran-fed. After 12 weeks, fasting glucose dropped by 31% and 
HOMA-IR by 45% in the inulin group, while the wheat bran group showed smaller drops of 18% and 
20%. Analysis of metabolites showed that inulin raised butyrate and lactate levels, while wheat bran 
increased propionate and valerate. The inulin group also had about 60% higher Occludin protein 
levels (P < 0.01), showing better gut barrier function. These results show that soluble fiber improves 
insulin response by supporting short-chain fatty acid formation and maintaining gut integrity, while 
insoluble fiber works mainly through slower fermentation. The study shows that fiber type plays an 
important role in managing blood sugar, offering evidence for choosing the right kind of fiber to 
support diabetes care. 

Keywords: soluble fiber; insoluble fiber; butyrate; insulin response; gut bacteria; intestinal barrier; 
type 2 diabetes 
 

1. Introduction 

Type 2 diabetes mellitus (T2DM) is a complex metabolic disorder characterized by chronic 
hyperglycemia, insulin resistance, and altered gut microbial composition [1]. Growing evidence 
suggests that gut microbiota and their metabolic products play a critical role in glucose regulation 
and insulin sensitivity [2]. Dietary factors, particularly fiber intake, have become a cornerstone of 
nutritional therapy for diabetes due to their ability to modulate microbial metabolism and improve 
glycemic control [3,4]. Among different dietary approaches, both high-fiber and low-carbohydrate 
(ketogenic) interventions have shown beneficial effects on blood glucose regulation, though their 
mechanisms differ—fiber acts primarily through microbial fermentation and SCFA production, while 
carbohydrate restriction alters lipid and ketone metabolism [5]. Understanding how specific fiber 
types affect microbial activity, fermentation patterns, and host metabolism is therefore essential for 
designing effective nutritional strategies for T2DM management. Dietary fibers differ in their 
physical and chemical properties, influencing how they are processed by gut microbes. Soluble fibers, 
such as inulin, are highly fermentable and can increase the production of short-chain fatty acids 
(SCFAs) like acetate, propionate, and butyrate, which are associated with improved insulin 
sensitivity and enhanced intestinal barrier function [6]. In contrast, insoluble fibers such as wheat 
bran have limited fermentability but contribute to increased stool bulk, accelerated intestinal transit, 
and potential indirect effects on microbial ecology [7]. Comparative studies suggest that soluble fibers 
may provide stronger metabolic benefits through selective stimulation of beneficial bacteria (e.g., 
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Bifidobacterium, Faecalibacterium) and upregulation of SCFA pathways, while insoluble fibers may 
support gut motility and reduce endotoxin absorption [8]. However, direct comparisons between 
soluble and insoluble fibers in diabetic contexts remain limited, and most studies have not 
simultaneously assessed microbial metabolites, gut barrier integrity, and insulin sensitivity within a 
unified experimental design [9,10]. 

SCFAs serve as key intermediates linking dietary fiber fermentation to metabolic outcomes. 
Butyrate strengthens epithelial tight junctions (e.g., Occludin, ZO-1), suppresses inflammation, and 
promotes insulin responsiveness through GPR41/43 and AMPK pathways [11]. Propionate plays a 
dual role—it supports energy balance at physiological levels but may enhance hepatic glucose output 
when elevated [12]. Acetate and lactate, often precursors in cross-feeding interactions among gut 
microbes, influence butyrate formation and overall energy metabolism [13]. Differences in fiber 
fermentability can therefore lead to distinct SCFA patterns that differentially affect insulin action and 
gut integrity [14]. Nevertheless, existing research often suffers from methodological inconsistencies, 
including non-standardized fiber formulations, unequal caloric intake among groups, and 
incomplete metabolomic profiling [15]. Moreover, many studies rely solely on fecal SCFA 
concentrations, which reflect residual rather than total SCFA production or absorption, thereby 
underestimating systemic metabolic effects [16]. Few studies combine SCFA analysis with gut barrier 
protein quantification, leaving the mechanistic relationship between fiber-induced microbial changes 
and host insulin sensitivity insufficiently defined [17]. 

This study systematically compared a soluble fiber (inulin) and an insoluble fiber (wheat bran) 
in a controlled T2DM mouse model. Both groups were fed isocaloric diets to ensure comparable 
energy intake. We measured blood glucose, HOMA-IR, and gut barrier protein Occludin, alongside 
targeted metabolomics of SCFAs and lactate to characterize fermentation dynamics. The analysis 
focused on how distinct fermentation patterns correspond to improvements in insulin sensitivity and 
intestinal barrier integrity. This approach provides an integrated view of how fiber type influences 
microbial metabolism and metabolic health, contributing to a deeper understanding of gut-mediated 
glycemic regulation. By linking fiber fermentation, metabolite profiles, and host responses, this study 
offers new evidence supporting diet-based metabolic interventions for diabetes management and 
highlights how fiber composition can complement broader nutritional strategies such as ketogenic or 
mixed-diet approaches in improving glycemic control. 

2. Materials and Methods 

2.1. Animal Model and Experimental Setup 

Thirty male C57BL/6J mice, aged eight weeks and weighing 22–25 g, were obtained from the 
Animal Facility of Zhejiang University. Mice were housed under controlled temperature (23 ± 1 °C), 
humidity (55 ± 5%), and a 12-hour light/dark cycle, with free access to food and water. After one week 
of adjustment, type 2 diabetes was induced by feeding a high-fat diet for eight weeks and injecting 
streptozotocin (40 mg/kg, i.p.). Mice with fasting glucose levels above 11.1 mmol/L were included in 
the diabetic model. All animal procedures followed ethical standards and were approved by the 
institutional committee (Approval No. ZJU-T2DM-2024-10). 

2.2. Dietary Design and Control Groups 

After model confirmation, the mice were divided into three groups (n = 10 per group): diabetic 
control (DC), inulin-fed (IN), and wheat-bran-fed (WB). The IN group received a diet containing 10% 
inulin, while the WB group received 10% wheat bran as a replacement for starch. The total caloric 
value of all diets was kept equal. The feeding lasted for 12 weeks. Body weight, food intake, and 
fasting glucose were measured weekly. The setup allowed a clear comparison between soluble and 
insoluble fibers under similar nutrient intake and diabetic conditions. 
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2.3. Sample Collection and Analytical Procedures 

At the end of the trial, fasting blood was collected after a 12-hour fast. Fasting plasma glucose 
was measured using a handheld glucose meter (Roche, Germany). Serum insulin was determined 
using a mouse ELISA kit (Thermo Fisher Scientific, USA). The insulin sensitivity index (ISI) was 
calculated to evaluate insulin response. Fecal samples were collected for metabolite detection using 
gas chromatography–mass spectrometry (GC–MS, Agilent 7890B/5977B, USA). Intestinal Occludin 
levels were tested by Western blot. 
For quality control, each analytical batch included blank and mixed reference samples. Repeatability 
was checked every ten injections, and values with more than 10% deviation were re-measured. 

2.4. Data Processing and Equations 

All results were expressed as mean ± standard deviation (SD). Group differences were analyzed 
by one-way ANOVA followed by Tukey’s test. Correlations between SCFAs and insulin sensitivity 
were evaluated using Pearson’s r. 

The insulin sensitivity index (ISI) was calculated as: 

ISI=
10,000

(FPG×FINS)×(MG×MIS)
 

where FPG is fasting plasma glucose (mmol/L), FINSFINSFINS is fasting insulin (µU/mL), MG is 
mean glucose, and MIS is mean insulin. 

The total SCFA production efficiency (E) was estimated using the formula: 

E=
Cbut+Cprop+Cacet

Ctotal
×100 

where Cbut, Cprop, and Cacet are butyrate, propionate, and acetate concentrations, and Ctotal is the 
total carbon input from fiber fermentation. Statistical significance was set at P < 0.05. 

2.5. Ethics and Data Verification 

All animal procedures complied with the National Guidelines for Laboratory Animal Welfare. 
The number of animals used was minimized to reduce unnecessary suffering. Raw data were verified 
by two independent researchers. Outliers were rechecked using Grubbs’ test and replaced only when 
justified. All GC–MS files were screened for baseline shifts and noise peaks before analysis. Data files 
have been deposited in the NCBI repository (Accession No. PRJNA1064582). The study maintained 
strict control for analytical consistency and data accuracy. 

3. Results and Discussion 

3.1. Effects of Different Fiber Types on Blood Glucose and Insulin Response 

The inulin-fed group showed a 31% drop in fasting glucose and a 45% decline in HOMA-IR, 
while the wheat-bran-fed group only showed decreases of 18% and 20%, respectively. These changes 
indicate that soluble fibers have a stronger effect on insulin sensitivity than insoluble ones. Body 
weight and energy intake remained stable across all groups, confirming that the glycemic 
improvement came from metabolic effects rather than calorie restriction. Similar patterns were 
observed in clinical studies where soluble fibers enhanced insulin signaling through gut-derived 
metabolites [18]. These findings suggest that fermentation products from soluble fibers play a larger 
role in modulating glucose control than structural bulking effects from insoluble fibers (Figure 1). 
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Figure 1. Changes in fasting glucose and HOMA-IR after 12 weeks of inulin or wheat bran intake in diabetic 
mice. 

3.2. SCFA Patterns and Relation to Gut Barrier Integrity 

Gas chromatography–mass spectrometry showed that the inulin group had higher levels of 
butyrate and lactate, while the wheat bran group produced more propionate and valerate. Intestinal 
Occludin expression increased in both fiber groups, but the gain was nearly 60% higher in the inulin-
fed mice (P < 0.01). Butyrate is known to support epithelial barrier strength and regulate inflammation, 
which explains its close link with higher Occludin levels [19]. This result agrees with reports showing 
that SCFA-driven signaling helps maintain tight-junction proteins and prevents bacterial 
translocation. As shown in Figure 2, similar protective effects were observed in a human ex vivo 
model  

 
Figure 2. Link between SCFA concentration and Occludin expression in intestinal tissue. 
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3.3. Gut Microbial Shifts and Metabolic Outcomes 

Sequencing data showed that inulin intake increased the relative abundance of Bifidobacterium 
and Faecalibacterium, whereas wheat bran favored Lactobacillus and Prevotella. The rise of 
Bifidobacterium in the inulin group coincided with higher butyrate levels, reflecting enhanced 
carbohydrate fermentation. Previous studies have linked these microbes to improved glycemic 
control and lipid balance [20]. The correlation between Faecalibacterium and butyrate production (r 
= 0.79, P < 0.01) indicates that specific taxa are key contributors to the metabolic benefits of soluble 
fibers. However, some variability was observed among individuals, likely due to inherent 
microbiome differences before the intervention, a factor that limits reproducibility in both animal and 
human studies. 

3.4. Integrated Metabolic Interpretation and Comparison with Earlier Work 

Together, these results show that soluble and insoluble fibers affect metabolism through distinct 
gut–microbial–host interactions. Soluble fibers like inulin promote butyrate formation, strengthen 
gut barriers, and improve insulin action, while insoluble fibers mainly provide structural support 
and favor slower fermentation. This pattern agrees with prior reviews on fiber-specific microbial 
fermentation and metabolic outcomes. Compared with previous studies focusing on single-fiber 
interventions, our work directly compared two fiber types under equal energy intake, offering a more 
controlled insight into fiber–microbiome–metabolism interactions [21]. Yet, the study duration and 
limited sample size may constrain long-term extrapolation, and future work should include mixed-
fiber interventions and metabolite tracking in humans for translational validation. 

4. Conclusion 

This study compared how soluble and insoluble fibers affect blood sugar, gut bacteria, and 
intestinal barrier function in mice with type 2 diabetes. The results showed that inulin, a soluble fiber, 
lowered blood glucose by 31% and HOMA-IR by 45%, while wheat bran caused smaller changes. 
Inulin also raised butyrate levels and increased Occludin protein, showing better gut barrier 
protection. Wheat bran mainly increased propionate and valerate, with weaker effects on insulin 
control. These findings show that different fiber types work through distinct microbial and metabolic 
routes. The study adds evidence that soluble fibers help regulate diabetes by improving gut 
fermentation rather than simply lowering calorie intake. Still, the short study period and use of an 
animal model limit the broader meaning of the results. Future work should include longer human 
studies and mixed-fiber diets to confirm how fiber combinations support long-term glucose balance. 
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