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Abstract 

The human gastrointestinal tract is home to a vast and 
diverse community of microorganisms collectively known as 
the gut microbiota. These microorganisms, primarily bacteria, 
along with fungi, viruses, and archaea, establish a mutually 
beneficial relationship with the host and play a fundamental 
role in maintaining overall health. The gut microbiota 
contributes to the digestion of complex dietary components, 
production of essential vitamins, regulation of metabolism, 
development of the immune system, and protection against 
pathogenic microorganisms. It also helps maintain the 
integrity of the intestinal barrier and supports normal 
physiological functions. The composition of the gut 
microbiota is influenced by several factors, including diet, age, 
genetics, lifestyle, environmental exposure, antibiotic use, and 
stress. Disturbances in the normal microbial balance, known 
as dysbiosis, have been associated with the development of 
various chronic diseases such as obesity, type 2 diabetes, 
inflammatory bowel disease, colorectal cancer, cardiovascular 
diseases, allergies, and certain neurological disorders. Recent 
scientific evidence suggests that maintaining a healthy gut 
microbiota through a balanced diet, regular physical activity, 
and the use of probiotics and prebiotics may improve health 
outcomes and reduce disease risk. This review highlights the 
composition, functions, and clinical significance of the human 
gut microbiota and discusses its crucial role in promoting 
health and preventing disease. 
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1. Introduction 

The human gastrointestinal (GI) tract harbours a 
complex and dynamic community of microorganisms 
collectively known as the gut microbiota. This microbial 
ecosystem consists mainly of bacteria, along with viruses, 
fungi, archaea, and other microorganisms, which coexist in a 
symbiotic relationship with the human host. It is estimated 

that the human gut contains nearly 10¹⁴ microbial cells, 
representing more than one thousand bacterial species, 
making it one of the most densely populated microbial 
environments in the human body. Advances in molecular 
biology and next-generation sequencing technologies have 
significantly improved our understanding of the gut 
microbiota and its essential role in maintaining human health. 

The colonization of the gut microbiota begins at birth 
and continues to develop throughout infancy and early 
childhood. The composition of the gut microbiota changes 

with age, mode of delivery, breastfeeding, dietary habits, 
environmental exposure, genetics, medication use, and 
lifestyle. By approximately three years of age, the gut 
microbiota reaches a relatively stable adult-like composition, 
although it continues to adapt throughout life in response to 
internal and external factors. A healthy gut microbiota is 
characterized by high microbial diversity and a balanced 
interaction between beneficial microorganisms and the host. 

The gut microbiota performs numerous physiological 
functions that are indispensable for normal human health. It 
aids in the digestion of indigestible dietary fibres, produces 
short-chain fatty acids (SCFAs), synthesizes essential vitamins 
such as vitamin K and certain B vitamins, enhances mineral 
absorption, and contributes to energy metabolism. 
Furthermore, the gut microbiota plays a critical role in 
maintaining the integrity of the intestinal barrier, preventing 
colonization by pathogenic microorganisms, regulating 
inflammatory responses, and supporting the development and 
function of the immune system. Through continuous 
communication with the gut, immune system, and brain, the 
gut microbiota also influences metabolism, endocrine 
functions, and the gut–brain axis. 

Among the dominant bacterial phyla present in the 
healthy human gut are Firmicutes, Bacteroidetes, 
Actinobacteria, Proteobacteria, Verrucomicrobia, and 
Fusobacteria. Beneficial bacteria such as Lactobacillus and 
Bifidobacterium contribute significantly to intestinal health by 
producing antimicrobial compounds, maintaining gut pH, 
improving digestion, and strengthening host immunity. The 
diversity and balance of these microbial communities are 
considered important indicators of overall health. 

However, disruption of the normal microbial balance, 
a condition known as dysbiosis, may adversely affect host 
physiology. Dysbiosis can result from excessive antibiotic use, 
unhealthy dietary patterns, chronic stress, ageing, infections, 
sedentary lifestyle, and environmental factors. Alterations in 
the composition and function of the gut microbiota have been 
associated with the development of several chronic diseases, 
including obesity, type 2 diabetes mellitus, inflammatory 
bowel disease (IBD), colorectal cancer, cardiovascular 
diseases, allergies, autoimmune disorders, and certain 
neurological conditions such as depression, autism spectrum 
disorders, and Parkinson's disease. Increasing evidence 
suggests that the gut microbiota not only contributes to 
disease development but also influences disease progression 
and therapeutic outcomes. 
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In recent years, the gut microbiota has emerged as an 
important target for disease prevention and treatment. Dietary 
modifications, probiotics, prebiotics, synbiotics, and faecal 
microbiota transplantation are being explored as potential 
strategies for restoring microbial balance and improving 
human health. Understanding the composition, diversity, and 
functional role of the gut microbiota is therefore essential for 
developing personalized nutritional interventions and 
microbiome-based therapeutic approaches. This review article 
aims to provide a comprehensive overview of the human gut 
microbiota, its composition, physiological functions, factors 
affecting microbial balance, its association with major diseases, 
and the therapeutic approaches available to maintain a healthy 
gut microbiome. 

2. The Healthy Human Gut Microbiota 

Gut microbiota refers to a heterogeneous group of 
microorganisms including bacteria, viruses, fungi, archaea, and 
protozoa that dwell within the gastrointestinal (GI) tract in a 
symbiotic interaction with the human host. The function of 
the gut microbiota in the human body encompasses 
maintenance of homeostasis, metabolism, immune function, 
digestion, and nutrient absorption. Most of the 
microorganisms found in the human gut reside in the large 
intestine (colon) due to favorable conditions for growth and 
metabolic activities. The establishment and development of 
the gut microbiota begin from birth through infancy and early 
childhood stages in life. The composition of gut microbiota 
depends on the mode of delivery, feeding, diet, medication, 
age, and environmental conditions. After about 2-3 years, the 
development of the gut microbiota results in a stable adult 
microbiota. 

In general, healthy gut microbiota is known to be 
highly diverse and well-balanced with respect to microbial 
composition. Some of the major bacteria phyla are Firmicutes, 
Bacteroidetes, Actinobacteria, Proteobacteria, 
Verrucomicrobia, and Fusobacteria. Firmicutes and 
Bacteroidetes are the two predominant phyla in the human gut 
microbiota. Gut microbiota has some beneficial 
microorganisms such as Lactobacillus and Bifidobacterium 
that produce short chain fatty acids (SCFA). 

Microbes are differently distributed in the GI tract. 
There are few microorganisms in the stomach because it has 
an extremely acidic environment, but the number of microbes 
increases as we move to the small intestine and reaches the 
maximum in the colon. It creates unique environments for 
different microbial functions. 

Thus, maintaining healthy gut flora is crucial for the 
proper functioning of the intestines and the body as a whole. 
Healthy diet that consists of fiber, fruit, vegetables, whole 
grains, and fermented foods helps to create healthy flora, but 
high consumption of antibiotics, fast food, stress, and poor 
lifestyle may affect it negatively. 

Figure 1: Distribution and functional characteristics of 
gut microbiota 

2.1 Gut Microbiota and Immune System 

The human gastrointestinal tract is continuously 
exposed to microorganisms, food antigens, and environmental 
substances. The gut microbiota plays a crucial role in 
maintaining intestinal immune homeostasis by interacting with 
epithelial cells and immune cells. A healthy microbial 
community strengthens the intestinal barrier, limits the growth 
of pathogenic microorganisms, and regulates both innate and 
adaptive immune responses. 

The intestinal barrier consists of epithelial cells, 
mucus, tight junction proteins, and immune components such 
as secretory Immunoglobulin A (IgA), macrophages, dendritic 
cells, T lymphocytes, and Peyer's patches. Beneficial bacteria 
support the integrity of this barrier by stimulating mucus 
production, enhancing tight junction function, and promoting 
the secretion of antimicrobial peptides. These mechanisms 
reduce the entry of harmful microorganisms and toxins into 
the bloodstream. 

Gut microbes also produce short-chain fatty acids 
(SCFAs), mainly acetate, propionate, and butyrate, through 
the fermentation of dietary fibre. Among these, butyrate 
serves as the primary energy source for colon cells and 
possesses strong anti-inflammatory properties. SCFAs 
regulate cytokine production, enhance regulatory T-cell (Treg) 
activity, and suppress excessive inflammatory responses, 
thereby maintaining immune balance. 

Disruption of the gut microbial community 
(dysbiosis) weakens intestinal barrier function and increases 
intestinal permeability. This condition allows harmful 
microbial products such as lipopolysaccharides (LPS) to enter 
systemic circulation, triggering chronic inflammation. 
Persistent dysbiosis has been associated with inflammatory 
bowel disease (IBD), allergies, obesity, type 2 diabetes, 
colorectal cancer, and several autoimmune disorders. 
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Recent studies have shown that probiotics and 
prebiotic-rich diets can positively influence gut microbial 
composition, improve mucosal immunity, and reduce 
inflammation. Therefore, maintaining a balanced gut 
microbiota through a healthy diet and lifestyle is essential for 
proper immune function and overall human health 

Figure 2: Role of gut microbiota in maintaining 
immune homeostasis 

2.2 Gut Microbiota Benefits to the Host 

The human gut microbiota provides numerous 
physiological benefits that are essential for maintaining health 
throughout life. Beneficial microorganisms assist in digestion, 
nutrient metabolism, vitamin synthesis, immune regulation, 
and protection against pathogenic microbes. These microbes 
form a mutually beneficial relationship with the host, where 
the human body provides a suitable environment while the 
microbiota contributes to normal physiological functions. 

One of the primary functions of gut microbiota is the 
fermentation of non-digestible dietary fibres. This process 
produces short-chain fatty acids (SCFAs), including acetate, 
propionate, and butyrate, which serve as an important energy 
source for colon cells. Butyrate also strengthens the intestinal 
barrier, reduces inflammation, and supports the repair of 
intestinal tissues. SCFAs help regulate intestinal pH, thereby 
creating an environment that limits the growth of harmful 
bacteria. 

Gut microorganisms also synthesize several essential 
vitamins, particularly vitamin K and certain B-complex 
vitamins such as folate, biotin, riboflavin, and vitamin B12. 
These vitamins contribute to blood clotting, energy 
metabolism, nervous system function, and overall cellular 
health. In addition, gut bacteria improve the absorption of 
minerals such as calcium, magnesium, and iron, thereby 
supporting bone health and metabolic functions. 

Another important benefit of gut microbiota is its 
role in protecting the host from infections. Beneficial bacteria 
compete with pathogenic microorganisms for nutrients and 
attachment sites within the intestine. They also produce 
antimicrobial compounds that inhibit the growth of harmful 
bacteria and maintain microbial balance. This protective 
mechanism, known as colonization resistance, helps reduce 
the risk of gastrointestinal infections. 

Emerging evidence suggests that gut microbiota also 
influences metabolic health by regulating glucose metabolism, 
lipid metabolism, bile acid transformation, and energy balance. 
A balanced microbial community has been associated with a 
lower risk of obesity, type 2 diabetes, cardiovascular diseases, 
and metabolic syndrome. Furthermore, gut microbes 
participate in the metabolism of plant bioactive compounds, 
increasing the bioavailability of polyphenols and other 
beneficial phytochemicals. 

Recent research has highlighted the role of the gut 
microbiota in the gut–brain axis. Microbial metabolites can 
communicate with the nervous system through neural, 
endocrine, and immune pathways, influencing mood, stress 
response, cognitive function, and mental well-being. 
Therefore, maintaining a healthy gut microbiota through a 
balanced diet rich in dietary fibre, fermented foods, probiotics, 
and prebiotics is considered an important strategy for 
promoting overall health and preventing chronic diseases. 

Figure 3: Gut microbiome and their health benefits 

2.3 Dietary Influence on Gut Microbiota 

Diet is one of the most important factors influencing 
the composition and function of the gut microbiota. The 
foods consumed daily determine the diversity and metabolic 
activity of intestinal microorganisms. A balanced diet rich in 
dietary fibre, fruits, vegetables, whole grains and fermented 
foods promotes the growth of beneficial bacteria such as 
Bifidobacterium and Lactobacillus. These bacteria produce 
short-chain fatty acids (SCFAs), including acetate, propionate 
and butyrate, which help maintain intestinal barrier integrity, 
regulate immune responses and reduce inflammation. 
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Conversely, diets high in saturated fat, refined sugars 
and processed foods decrease microbial diversity and 
encourage the growth of potentially harmful bacteria. This 
imbalance, known as dysbiosis, is associated with obesity, 
inflammatory bowel disease, type 2 diabetes and 
cardiovascular disorders. Long-term unhealthy dietary habits 
may also impair gut barrier function, increasing intestinal 
permeability and systemic inflammation. 

Prebiotics such as inulin and fructooligosaccharides 
selectively stimulate the growth of beneficial microorganisms, 
while probiotics introduce live beneficial bacteria into the 
gastrointestinal tract. Regular consumption of fermented 
foods, yoghurt and fibre-rich foods helps restore microbial 
balance and supports digestive and immune health. 
Polyphenol-rich foods, including berries, green tea and cocoa, 
further enhance gut microbial diversity by promoting 
beneficial bacterial populations and suppressing harmful 
species. Recent studies suggest that dietary modifications can 
rapidly alter gut microbial composition, with measurable 
changes occurring within a few days. Therefore, maintaining a 
healthy and balanced diet is an effective strategy for preserving 
gut microbiota homeostasis and reducing the risk of chronic 
diseases. 

Figure 4: dietary factors that affect gut microbiome 

3.  Gut Microbiota and Human Diseases 

The human gut microbiota plays a crucial role in 
maintaining health by regulating metabolism, immunity and 
intestinal homeostasis. However, an imbalance in the gut 
microbial community, known as dysbiosis, has been associated 
with the development of several chronic and non-
communicable diseases. Alterations in microbial diversity, 
reduced beneficial bacteria and increased pathogenic 
microorganisms contribute to inflammation, impaired 
metabolism and immune dysfunction. Recent studies suggest 
that maintaining a healthy gut microbiota may help prevent or 
reduce the severity of many diseases. 

3.1 Obesity 

Obesity is strongly associated with alterations in gut 
microbiota composition. Individuals with obesity often show 
reduced microbial diversity and an altered ratio of Firmicutes 

to Bacteroidetes, leading to increased energy extraction from 
food. Gut dysbiosis also promotes chronic low-grade 
inflammation and insulin resistance through the production of 
inflammatory mediators. Diets rich in fibre, prebiotics and 
probiotics help restore microbial balance and may support 
healthy body weight. Therefore, modulation of the gut 
microbiota has emerged as a promising strategy for obesity 
prevention and management. 

3.2 Diabetes 

Gut microbiota plays an important role in glucose 
metabolism and insulin sensitivity. Dysbiosis can impair 
intestinal barrier function, allowing bacterial endotoxins to 
enter the bloodstream and trigger chronic inflammation, 
which contributes to insulin resistance and type 2 diabetes. 
Reduced production of short-chain fatty acids (SCFAs) 
further affects glucose homeostasis. Dietary fibre, probiotics 
and healthy lifestyle modifications can improve gut microbial 
composition and support better glycaemic control. 

3.3 Inflammatory Bowel Disease (IBD) 

Inflammatory bowel disease, including Crohn's 
disease and Ulcerative colitis, is closely linked with 
disturbances in gut microbiota. Patients with IBD usually have 
reduced beneficial bacteria and increased harmful 
microorganisms, leading to excessive immune activation and 
chronic intestinal inflammation. Damage to the intestinal 
barrier allows pathogens and toxins to aggravate 
inflammation. Therapeutic approaches such as probiotics, 
prebiotics and microbiota-targeted interventions are 
increasingly being explored to improve disease outcomes. 

3.4 Colorectal Cancer 

Gut microbiota influences the development of 
colorectal cancer by affecting inflammation, immune 
responses and the production of carcinogenic metabolites. 
Certain pathogenic bacteria, including Fusobacterium 
nucleatum, have been associated with tumour progression, 
whereas beneficial bacteria producing SCFAs exhibit 
protective effects. Diets rich in dietary fibre, fruits and 
vegetables promote beneficial microbial populations and may 
reduce the risk of colorectal cancer. 

3.5 Cardiovascular-Diseases 

Gut microbiota contributes to cardiovascular health 
through its effects on lipid metabolism, inflammation and 
blood vessel function. Certain intestinal bacteria convert 
dietary nutrients such as choline and L-carnitine into 
trimethylamine N-oxide (TMAO), a metabolite associated 
with increased risk of atherosclerosis and cardiovascular 
disease. Healthy dietary habits, increased fibre intake and 
consumption of probiotics may reduce harmful metabolite 
production and improve cardiovascular health. 

3.6 Neurological Disorders (Gut–Brain Axis) 

The gut–brain axis is a bidirectional communication 
network connecting the gut microbiota with the central 
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nervous system. Gut microorganisms produce 
neurotransmitters and metabolites that influence brain 
function, mood and behaviour. Dysbiosis has been associated 
with neurological and psychiatric disorders such as depression, 
anxiety, autism spectrum disorder and Parkinson's disease. 
Maintaining a healthy gut microbiota through balanced 
nutrition and probiotics may positively influence brain health 
and neurological function. 

Table 1. Relationship between gut microbiota dysbiosis 
and major human diseases 

S. 
No.  

Disease Gut 
Microbiota 
Changes 

Major Health 
Effects 

1. Obesity Increased 
Firmicutes, 
decreased 
Bacteroidetes 

Increased energy 
harvest, chronic 
inflammation, 
weight gain 

2. Type 2 
Diabetes 

Reduced 
SCFA-
producing 
bacteria, 
dysbiosis 

Insulin resistance, 
impaired glucose 
metabolism 

3. Inflammatory 
Bowel Disease 
(IBD) 

Decreased 
beneficial 
bacteria, 
increased 
pathogenic 
bacteria 

Chronic intestinal 
inflammation, 
gut barrier 
dysfunction 

4. Colorectal 
Cancer 

Increased 
Fusobacterium 
nucleatum and 
other 
pathogenic 
bacteria 

Tumour 
progression, 
chronic 
inflammation 

5. Cardiovascular 
Diseases 

Increased 
TMAO-
producing 
bacteria 

Atherosclerosis, 
cardiovascular 
risk 

6. Neurological 
Disorders 

Altered gut–
brain 
microbiota 

Depression, 
anxiety, autism, 
Parkinson's 
disease 

3. Strategies to Improve Gut Microbiota 

Maintaining a healthy gut microbiota is essential for 
optimal digestion, immune function and overall well-being. 
Several dietary and lifestyle interventions can positively 
influence the composition and diversity of gut 
microorganisms. The following strategies have been widely 
recommended to improve gut health. 

4.1 Probiotics 

Probiotics are live microorganisms that provide 
health benefits when consumed in adequate amounts. 

Common probiotic bacteria include Lactobacillus and 
Bifidobacterium, which help restore microbial balance, 
improve digestion, strengthen the intestinal barrier and 
enhance immune function. Regular consumption of probiotic-
rich foods such as yoghurt, kefir and fermented vegetables has 
been associated with improved gastrointestinal health and 
reduced risk of infections. 

4.2 Prebiotics 

Prebiotics are non-digestible food components that 
selectively stimulate the growth and activity of beneficial gut 
bacteria. They are naturally present in foods such as garlic, 
onion, banana, oats, chicory root and whole grains. 
Fermentation of prebiotics by gut microbes produces short-
chain fatty acids (SCFAs), which support intestinal health, 
reduce inflammation and improve mineral absorption. 

4.3 Synbiotics 

Synbiotics are combinations of probiotics and 
prebiotics that work together to improve gut microbial 
balance. The prebiotic component serves as a food source for 
the probiotic microorganisms, enhancing their survival and 
activity in the gastrointestinal tract. Synbiotics have shown 
beneficial effects in improving digestive health, strengthening 
immunity and reducing symptoms of gastrointestinal 
disorders. 

4.4 Healthy Diet and Lifestyle 

A balanced diet rich in fruits, vegetables, legumes, 
whole grains and fermented foods is essential for maintaining 
a diverse and healthy gut microbiota. Regular physical activity, 
adequate sleep, stress management and avoiding unnecessary 
antibiotic use also contribute to gut microbial homeostasis. 
Limiting processed foods, excessive sugar and saturated fats 
helps prevent gut dysbiosis and reduces the risk of chronic 
diseases 

5. Future Perspectives 

Research on the human gut microbiota has expanded 
considerably in recent years and continues to reveal its 
important role in health and disease. Advances in molecular 
biology, metagenomics and microbiome analysis are expected 
to improve our understanding of the interactions between gut 
microorganisms and the human host. In the future, 
microbiota-based diagnostics may help identify disease risk at 
an early stage, while personalized nutrition and targeted 
microbial therapies could become valuable approaches for 
disease prevention and treatment. Although promising results 
have been reported, further well-designed clinical studies are 
needed to establish standardized guidelines for the safe and 
effective use of microbiota-based interventions in routine 
healthcare. 

6. Conclusion 

The human gut microbiota is a complex and dynamic 
microbial community that plays a central role in maintaining 
gastrointestinal health, immune regulation, nutrient 
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metabolism and overall physiological function. Disturbances 
in the gut microbial balance (gut dysbiosis) have been 
associated with several chronic diseases, including obesity, 
diabetes, inflammatory bowel disease, cardiovascular 
disorders, colorectal cancer and neurological conditions. 
Evidence suggests that a balanced diet rich in dietary fibre, 
along with probiotics, prebiotics, synbiotics and healthy 
lifestyle practices, can help maintain microbial diversity and 
support overall health. Continued research in this field will 
enhance our understanding of the gut microbiome and 
contribute to the development of more effective preventive 
and therapeutic strategies for improving human health. 
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