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Abstract

As research into gut microbiota deepens, the impact of diet on the composition of human gut

microbiota and their metabolites has gradually become a focal point. This paper reviews recent

advancements in understanding how diet influences gut microbiota composition and their metabolic

products. Firstly, it introduces the basic concepts of gut microbiota and their role in maintaining

health. Next, it explores the effects of different types of diets (such as high-fiber, high-fat, high-protein,

and refined sugar diets) on the composition of gut microbiota and analyzes their impact on microbiota

diversity. Then, it discusses the influence of diet on gut microbiota metabolites, including short-chain

fatty acids, amino acid metabolites, and gases. Further, it examines the practical applications of

dietary interventions on health, especially their potential impact on chronic diseases. Finally, the paper

summarizes the limitations of current research and suggests future research directions and challenges.

Overall, the influence of diet on gut microbiota and their metabolites holds profound health

significance and provides important evidence for formulating scientific dietary recommendations.
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1. Introduction

Gut microbiota refers to the community of microorganisms living in the human gastrointestinal tract,

including bacteria, fungi, viruses, and protozoa. These microorganisms play crucial roles in maintaining

host health, such as aiding digestion, synthesizing vitamins, regulating the immune system, and
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protecting the intestinal barrier. However, the balance of gut microbiota can be influenced by various

factors, with diet being a key factor. Diet not only directly affects the composition of gut microbiota but

also influences host health by altering microbial metabolites. In recent years, with advancements in

research techniques, scientists have gradually unveiled the profound effects of different dietary patterns

on gut microbiota. For example, high-fiber diets typically promote the proliferation of beneficial

microbes and increase the production of short-chain fatty acids (such as acetate, propionate, and

butyrate), thereby improving gut health. Conversely, high-fat diets may lead to the proliferation of

harmful microbes and disrupt gut microbiota balance, increasing the risk of chronic diseases. This

paper aims to review the impact of diet on the composition of human gut microbiota and their

metabolites and discuss the potential health implications of these effects. First, we will outline the basic

concepts of gut microbiota and their roles in health. Next, we will discuss the effects of different types

of diets on gut microbiota composition and analyze the regulatory effects of diet on gut microbiota

metabolites. Then, this paper will explore the practical applications of dietary interventions and their

impact on health, particularly in the management of chronic diseases. Finally, we will summarize the

limitations of existing research and propose future research directions and challenges. Through these

discussions, this paper hopes to provide a comprehensive perspective on the study of diet's impact on

gut microbiota and offer scientific evidence for formulating healthy dietary recommendations.

2. Basic Concepts of Gut Microbiota

Gut microbiota encompasses a complex and diverse community of microorganisms inhabiting the

human gastrointestinal tract, including bacteria, fungi, viruses, and protozoa. These microorganisms are

not merely passive residents but play integral roles in maintaining the host's overall health. The

composition and function of the gut microbiota are influenced by various factors such as genetics,

environmental conditions, diet, and medication.Under typical conditions, the human gut harbors a

broad spectrum of bacterial species, predominantly from the phyla Firmicutes, Bacteroidetes, and

Actinobacteria. These bacterial communities are essential for several physiological processes. They

assist in the digestion of complex carbohydrates that the human digestive enzymes cannot break down,

thereby contributing to energy production. Additionally, gut bacteria are involved in synthesizing

essential vitamins such as B vitamins and vitamin K, which are crucial for various metabolic functions

and blood clotting processes. Moreover, these bacteria play a pivotal role in modulating the immune

system by interacting with gut-associated lymphoid tissues, thereby influencing the body’s immune

responses and maintaining a balance between immune tolerance and activation.The gut microbiota also

contributes to the integrity of the intestinal barrier, which is essential for preventing the leakage of

harmful substances into the bloodstream. A balanced microbiota helps maintain this barrier by

producing substances that strengthen epithelial cell junctions and by competing with pathogenic

organisms for resources and adhesion sites.In addition to bacteria, fungi, viruses, and protozoa present

in the gut contribute to its overall ecological balance. For instance, certain fungi and viruses can
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influence bacterial composition and activity, while protozoa may impact gut function and immune

responses.One of the critical functions of a healthy gut microbiota is the production of metabolites,

particularly short-chain fatty acids (SCFAs) such as acetate, propionate, and butyrate. These SCFAs are

derived from the fermentation of dietary fibers by gut bacteria and play several crucial roles. They help

in the absorption of nutrients, serve as an energy source for colonocytes, regulate gut pH, and modulate

gut motility (Ramos, Sonia, & María, 2021). SCFAs also have systemic effects, influencing metabolic

processes and immune functions beyond the gut.However, various factors such as dietary changes,

medication use, and environmental influences can disrupt the balance of the gut microbiota. Such

disruptions, known as dysbiosis, can lead to a range of health issues, including inflammatory bowel

diseases, obesity, and metabolic syndrome. Therefore, understanding the fundamental concepts of gut

microbiota is essential for investigating how dietary interventions can affect its composition and

associated metabolic processes. This knowledge is critical for developing strategies to promote gut

health and prevent or manage related diseases.

3. The Impact of Diet on Gut Microbiota Composition

3.1 Effects of Different Diets on Gut Microbiota

Different types of diets significantly affect the composition and function of gut microbiota. High-fiber

diets are considered beneficial for gut microbiota. Foods rich in dietary fiber, such as whole grains,

fruits, and vegetables, promote the growth of beneficial bacteria like Bifidobacteria and Lactobacilli.

These beneficial microbes ferment dietary fiber to produce short-chain fatty acids (SCFAs) like acetate,

propionate, and butyrate, which help maintain gut health, enhance gut barrier function, and improve

overall microbial balance. Conversely, high-fat diets negatively impact gut microbiota. They often lead

to the overgrowth of harmful bacteria (e.g., certain Gram-negative bacteria) and inhibit beneficial

bacteria, reducing microbial diversity and increasing the risk of gut inflammation and metabolic

diseases. Studies indicate that long-term consumption of high-fat diets can disrupt gut microbiota

balance, further affecting the host's systemic metabolic state.The impact of high-protein diets on gut

microbiota depends on the protein source. Animal-based proteins (e.g., red and processed meats) are

linked to increased gut inflammation and disease risk due to the promotion of certain pathogenic

bacteria. In contrast, plant-based proteins (e.g., legumes and nuts) have a milder effect on gut

microbiota, making them less likely to cause significant microbial imbalances. Refined sugar diets have

a particularly noticeable impact, as refined sugars (e.g., candy, sugary drinks, and white bread) can lead

to the overgrowth of harmful bacteria and suppression of beneficial bacteria, increasing the risk of

insulin resistance and obesity. Overall, the effects of different diets on gut microbiota are complex and

varied, with high-fiber diets promoting healthy balance and high-fat, high-protein, and refined sugar

diets potentially causing imbalances and health issues. Understanding these effects aids in developing

effective dietary intervention strategies to promote gut health and overall well-being (Rajha, Hiba, et al.,

2022).
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3.2 Dietary Patterns and Microbial Diversity

Dietary patterns significantly influence the diversity of gut microbiota, a key indicator of its health

status. A diverse microbiota is typically associated with better health, while reduced diversity may be

linked to various diseases. Different dietary patterns alter the types and quantities of microorganisms in

the gut, thus affecting microbial diversity.High-fiber diets generally help maintain or increase gut

microbiota diversity. Dietary fiber serves as a food source for probiotics, promoting their growth and

reproduction, which in turn enhances overall microbial diversity. Studies have shown that long-term

consumption of fiber-rich diets increases beneficial bacteria such as Bifidobacteria and Lactobacilli.

These microbes not only boost diversity but also positively impact host health. The fermentation

products of cellulose, short-chain fatty acids (SCFAs), help maintain the gut environment, supporting

the growth of various beneficial bacteria.In contrast, high-fat and refined sugar diets negatively affect

microbial diversity. High-fat diets often lead to the proliferation of harmful bacteria and inhibit

beneficial bacteria growth, reducing diversity (Beam, Elizabeth, & Lei, 2021). The imbalance caused

by high-fat diets is associated with increased risk of metabolic syndrome and inflammation,

highlighting potential health risks. Refined sugar diets are another significant negative factor; excessive

sugar intake can promote the overgrowth of certain pathogenic bacteria, reduce beneficial bacteria,

lower diversity, and is linked to chronic diseases like obesity and diabetes.The impact of high-protein

diets on diversity is more complex, influenced by the protein source and type. Animal proteins are often

associated with reduced microbial diversity because they may promote the growth of pathogenic

bacteria, whereas plant proteins have a milder effect and help maintain microbial balance and

diversity.In summary, dietary patterns profoundly affect gut microbiota diversity. High-fiber diets help

increase diversity and maintain gut health, while high-fat, refined sugar, and some high-protein diets

may reduce diversity, impacting health. Understanding these effects aids in formulating scientific

dietary strategies to promote overall health.

4. The Impact of Diet on Gut Microbiota Metabolites

4.1 Definition and Classification of Metabolites

Gut microbiota metabolites are a diverse array of chemical substances produced by intestinal

microorganisms during their metabolic processes, which have significant implications for host health.

These metabolites can be broadly categorized into several groups, each playing a crucial role in

maintaining the balance and function of the gut environment.One of the primary classes of metabolites

are short-chain fatty acids (SCFAs), which include acetate, propionate, and butyrate. SCFAs are

produced by the fermentation of dietary fibers by gut bacteria. These metabolites are essential for

various physiological functions. They provide a primary energy source for colonocytes (the cells lining

the colon), enhance gut motility, and help maintain the integrity of the intestinal barrier. SCFAs also

exhibit anti-inflammatory properties, which can help reduce systemic inflammation and prevent

inflammatory bowel diseases. Their ability to lower the pH of the gut lumen creates an environment
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that inhibits the growth of pathogenic bacteria, thereby supporting a balanced gut microbiota.Amino

acid metabolites are another critical group, derived from the microbial breakdown of dietary amino

acids. These include tyrosine metabolites such as tyrosine itself and phenylethylamine, and tryptophan

metabolites like serotonin and indole. Tyrosine metabolites can influence mood and cognitive functions,

while tryptophan derivatives like serotonin play a role in regulating mood, sleep, and gastrointestinal

motility. Indole, another tryptophan metabolite, can modulate immune responses and protect against

oxidative stress. The production of these metabolites demonstrates the significant impact gut

microbiota can have on the host's nervous system and metabolic processes.Additionally, gut microbiota

produce various gases, including hydrogen, methane, and carbon dioxide, during microbial

fermentation. The production and composition of these gases can affect gut function and overall

comfort. Excessive hydrogen and methane can lead to symptoms such as bloating and indigestion,

indicating potential imbalances in the gut microbiota or issues with the fermentation process.Other

metabolites produced by gut microbiota include biogenic amines (such as histamine and tyramine) and

organic acids (such as lactic acid and malic acid). Biogenic amines are involved in various

physiological functions, including neurotransmission and blood pressure regulation. Organic acids

contribute to the maintenance of gut pH and play a role in nutrient absorption and microbial

balance.Understanding the definition and classification of these metabolites is crucial for exploring

how dietary changes influence gut microbiota metabolism. By comprehending the roles of these

metabolites, researchers can better assess how diet affects gut health and overall well-being, providing

insights into potential therapeutic interventions for gastrointestinal and systemic diseases (Wu et al.,

2021).

4.2 Influence of Dietary Factors on Metabolites

Dietary factors have profound and complex effects on gut microbiota metabolites. Diet composition

directly affects microbial metabolic activity, altering the types and concentrations of metabolites, and

thereby impacting host health.Firstly, dietary fiber plays a crucial role in SCFA production. High-fiber

diets promote the growth and activity of beneficial gut bacteria, increasing the fermentation of dietary

fiber into SCFAs like acetate, propionate, and butyrate. These SCFAs provide energy to gut epithelial

cells, possess anti-inflammatory properties, improve intestinal barrier function, and help maintain gut

health. Research indicates that high-fiber diets significantly increase SCFA concentrations, reducing the

risk of intestinal diseases and metabolic syndrome.In contrast, high-fat diets negatively affect

metabolites. They often lead to an increase in harmful bacteria, whose metabolic activities may reduce

beneficial SCFA production and generate harmful metabolites like endotoxins and branched-chain fatty

acids. High-fat diets can also induce gut inflammation, further disrupting microbial balance and

increasing the risk of metabolic diseases.Additionally, refined sugar intake significantly impacts

metabolites. Refined sugars (e.g., candy, sugary drinks, and white bread) increase the abundance of

certain pathogenic bacteria, whose metabolic activities can produce harmful gases (e.g., hydrogen and

methane) and inhibit SCFA production. Excessive sugar intake may also cause gut inflammation and
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insulin resistance, affecting overall health.High-protein diets have a complex impact on metabolites,

depending on protein source (Procházková et al., 2023). Animal proteins are often associated with

increased production of harmful metabolites like hydrogen sulfide and amines, potentially negatively

impacting gut health. In contrast, plant proteins have a milder effect on metabolites, favoring microbial

balance maintenance.Overall, dietary factors influence microbial metabolic activity, altering metabolite

types and concentrations, directly impacting gut health and potentially affecting systemic health.

Understanding the effects of different dietary factors on metabolites aids in developing scientific

dietary intervention strategies to promote overall health.

5. Impact of Dietary Interventions on Health

5.1 Relationship Between Dietary Changes and Gut Health

The impact of dietary changes on gut health has become a significant research area in modern medicine

and nutrition. Diet, as a major factor affecting gut microbiota composition and metabolic activity, can

regulate the balance of gut microbiota, thereby influencing gut health. Appropriate dietary interventions

can improve gut health and prevent and treat various diseases associated with gut microbiota imbalance.

Firstly, high-fiber diets are widely recognized as beneficial for gut health. Dietary fiber, serving as a

primary food source for probiotics, promotes the growth of beneficial bacteria like Bifidobacteria and

Lactobacilli. These beneficial microbes ferment cellulose to produce short-chain fatty acids (SCFAs),

such as acetate, propionate, and butyrate, which help maintain gut barrier function, reduce

inflammation, enhance the immune system, and improve gut motility. Studies show that high-fiber diets

significantly reduce gut inflammation, decrease constipation, and are associated with lower risks of

colon cancer. Conversely, high-fat diets negatively impact gut health. They often lead to the

proliferation of harmful bacteria and a reduction in beneficial bacteria, causing microbial imbalance.

The increase in harmful bacteria promotes endotoxin release, triggering systemic inflammatory

responses and increasing the risk of intestinal diseases and metabolic syndrome. Research indicates a

close link between high-fat diets and the occurrence of chronic diseases like obesity, diabetes, and

cardiovascular diseases (Fan & Oluf, 2021). The impact of refined sugar diets on gut health cannot be

overlooked. Excessive refined sugar intake promotes the overgrowth of pathogenic bacteria, inhibiting

the proliferation of beneficial bacteria, reducing microbial diversity and function. Excessive sugar

consumption is associated with gut inflammation, insulin resistance, and increased risks of obesity.

Additionally, refined sugar intake may affect gut microbiota metabolites, further exacerbating

metabolic syndrome and other metabolic diseases.High-protein diets have a complex impact. While

plant-based proteins have a milder effect on gut health, promoting microbial balance, animal-based

proteins may be associated with gut microbial imbalance and the production of harmful metabolites

like hydrogen sulfide and amines, potentially negatively impacting gut health. Therefore, choosing

appropriate protein sources and controlling intake levels are crucial in dietary interventions.Overall,

dietary changes significantly impact gut health. Adjusting diet composition and patterns can improve
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gut microbiota composition and function, promoting gut health and preventing and treating diseases

associated with gut microbiota imbalance. Scientific dietary intervention strategies are crucial for

maintaining overall health.

5.2 Practical Applications of Dietary Interventions

Dietary interventions have broad and effective practical applications in improving gut health. Through

scientific dietary adjustments, gut function can be significantly improved, and various health problems

can be prevented and treated. For example, high-fiber diets are a common and effective intervention

strategy. By increasing the intake of whole grains, legumes, fruits, and vegetables, beneficial gut

bacteria growth is promoted, enhancing short-chain fatty acid production, thereby improving gut health.

This intervention helps alleviate constipation and reduces colon cancer risk. For irritable bowel

syndrome (IBS) patients, low-FODMAP diets are an effective intervention method. By reducing the

intake of fermentable carbohydrates, symptoms like abdominal pain, bloating, and irregular bowel

movements can be relieved. Additionally, for inflammatory bowel disease (IBD) patients,

anti-inflammatory dietary strategies that increase the intake of omega-3 fatty acids and antioxidant-rich

foods can reduce inflammation markers and improve gut function. Low-sugar diets are suitable for

patients with metabolic syndrome, obesity, and diabetes. By reducing refined sugar intake, blood sugar

levels can be controlled, microbial balance improved, and weight reduced. With the development of

personalized nutrition, individualized dietary interventions based on personal genomics and gut

microbiota are becoming mainstream. This approach analyzes individual health data to develop tailored

dietary plans, optimizing gut health and overall health levels. In summary, through scientific and

reasonable dietary interventions, gut health can be effectively improved, preventing and treating

various related diseases, and enhancing overall health quality.

6. Future Research Directions and Challenges

As research into the roles of gut microbiota and their metabolites in health and disease deepens, future

research directions and challenges are becoming apparent. Firstly, the development of personalized

nutrition and precision medicine offers new perspectives for future research. Individual differences in

gut microbiota composition and metabolic activity necessitate exploring how to develop personalized

dietary interventions based on individual genomics, microbiomes, and lifestyles. Although initial

progress has been made, effectively integrating multiple individual characteristics and applying them to

practical dietary recommendations remains a major challenge.Secondly, despite extensive research on

the impact of diet on gut microbiota, further exploration of the specific mechanisms of different dietary

patterns on gut microbiota is needed. For example, how micronutrients and functional foods in the diet

affect microbiota and how these mechanisms relate to host health require further investigation (Perler,

Elliot, & Gary, 2023). Additionally, the dynamic changes of gut microbiota and their interactions with

dietary factors are crucial future research directions. Furthermore, studying how to effectively modulate

gut microbiota through dietary interventions to treat and prevent diseases is a significant challenge. For
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example, how to improve the pathological state of complex diseases like obesity, diabetes, and cancer

through dietary interventions requires more in-depth clinical trials and long-term follow-up studies.

Additionally, assessing the long-term effects and potential side effects of dietary interventions is key to

ensuring the safety and efficacy of these measures.Finally, advancements in technology and data

analysis will provide new tools and methods for future research. Utilizing high-throughput sequencing,

metabolomics, and big data analysis can offer a more comprehensive understanding of gut microbiota

structure and function, revealing the complex relationships between diet and gut health. However, this

also brings challenges in data processing and interpretation, requiring interdisciplinary collaboration to

address these issues.In summary, future research needs to make progress in personalized nutrition,

dietary mechanisms, disease intervention, and technological innovation to better understand the impact

of diet on gut microbiota and their metabolites, ultimately achieving scientific and reasonable dietary

intervention strategies to enhance human health (Illiano, Roberta, & Cinzia, 2022).

7. Conclusion

Diet has a profound and complex impact on gut microbiota and their metabolites, significantly affecting

the overall health of the host. Research indicates that dietary factors such as dietary fiber, high-fat diets,

refined sugars, and protein sources play crucial roles in gut microbiota composition and function.

High-fiber diets improve gut health and reduce the risk of various diseases by promoting the growth of

beneficial bacteria and increasing SCFA production. Conversely, excessive intake of high-fat diets and

refined sugars may lead to microbial imbalance, increased inflammation, and higher risk of metabolic

syndrome. Protein sources and types also differently affect microbial diversity and metabolites.Dietary

interventions have shown positive effects in practice as an important means to improve gut health.

Strategies such as increasing dietary fiber, implementing low-FODMAP diets, anti-inflammatory diets,

and low-sugar diets can effectively improve gut function, alleviate symptoms, and prevent and treat

diseases related to gut microbiota imbalance. The rise of personalized dietary interventions also offers

new opportunities for developing more precise and effective health management plans.However, future

research still faces multiple challenges, including applying personalized nutrition in practice,

understanding the specific mechanisms between diet and gut microbiota, evaluating the long-term

effects and safety of dietary interventions, and leveraging technological advancements for deeper

insights. In conclusion, the relationship between diet and gut microbiota is complex and far-reaching.

Scientific and reasonable dietary interventions can significantly improve gut health and enhance overall

health levels. Future research will continue to explore this field to achieve more precise and effective

health management strategies.
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