
www.ijcrt.org                                              © 2025 IJCRT | Volume 13, Issue 12 December 2025 | ISSN: 2320-2882 

IJCRT2512222 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org b846 
 

Role Of Probiotics And Prebiotics In Gut Health 

And Immunity 
Author’s Name: Aqusa nayyer*, Manshi jaiswal*, Anchal saroj*, Shifa khan*, Suraj kannaujiya 

Nirmala Devi Pharmacy College, jaunpur 

 

Abstract  

The human gastestinal microbiome, made up of trillions of microorganisms, acts as a metabolically active 

organ that plays a crucial role in host physiology, immune development, and susceptibility to disease. 

Dysbiosis, which refers to an imbalance in microbial community composition and diversity, has been linked 

to various health issues, including inflammatory bowel diseases, metabolic disorders, neuropsychiatric 

conditions, and immune dysfunction. Probiotics, defined as live microorganisms that provide health benefits 

when taken in appropriate amounts, and prebiotics, which are non-digestible food components that stimulate 

the growth of beneficial microbiota, are effective methods for modifying the microbiome. This review 

summarizes the mechanisms and clinical evidence supporting the use of probiotics and prebiotics in 

maintaining gastrointestinal health and regulating the immune system. We explore major probiotic genera 

like Lactobacillus, Bifidobacterium, and Saccharomyces, their specific effects, categories of prebiotics such 

as inulin-type fructans and galacto-oligosaccharides, and synbiotic combinations. Strong clinical evidence 

shows these interventions can prevent antibiotic-associated diarrhea, manage symptoms of irritable bowel 

syndrome, maintain remission in ulcerative colitis, and shorten the duration of acute infectious diarrhea. 

Immunological mechanisms include strengthening the epithelial barrier, producing antimicrobial peptides, 

excluding pathogens, generating short-chain fatty acids, modulating dendritic cell maturation, and inducing 

regulatory T-cells. While generally considered safe, it’s important to pay attention to strain-specific issues, 

the number of viable organisms, storage conditions, and possible adverse effects in immunocompromised 

individuals. Global regulations differ, with changing requirements for proving health claims. Future 

research will focus on next-generation probiotics like Akkermansia muciniphila and Faecalibacterium 

prausnitzii, postbiotic metabolites, personalized microbiome interventions based on individual profiles, and 

broader applications in metabolic health, mental wellness, and immune regulation. 
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1. INTRODUCTION   

The human gastrointestinal tract contains a complex microbial ecosystem known as the gut microbiota, 

comprising approximately 100 trillion microorganisms, which outnumber human cells by a factor of ten. 

This community is composed of over 1,000 bacterial species, along with archaea, viruses, fungi, and 

protozoa, collectively encoding a metagenome rich in genes relative to the hu genome. Key bacterial groups 

in healthy adults include Firmicutes and Bacteroidetes, among others. Recent findings reveal that the gut 

microbiome functions as a metabolically active “virtual organ,” influencing host physiology through 

nutrient metabolism, immune regulation, and pathogen resistance. Dysbiosis in this microbial community 

has been linked to numerous health issues, including inflammatory bowel diseases and metabolic disorders. 

The practice of modifying gut microbiota for health benefits began with Elie Metchnikoff’s early 20 th-

century proposals of using fermented products to enhance longevity. This evolved into the modern 
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definitions of probioticslive microorganisms providing health benefitsand prebioticssubstances that promote 

beneficial microorganisms. The global probiotics market exceeded USD 50 billion in 2023, driven by 

increased awareness of gut health and ongoing research, though scientific consensus on strain efficacy and 

dosage remains varied. This review collates existing knowledge and clinical evidence regarding the efficacy 

and safety of probiotics and prebiotics in promoting gastrointestinal health and immune regulation, while 

suggesting avenues for future research. 

 

THE GUT MICROBIOME: COMPOSITION, DEVELOPMENT, AND FUNCTIONAL 

SIGNIFICANCE   

2.Microbiome Establishment and Development   

Microbial colonization of the intestine begins at birth. The delivery method significantly impacts which 

microorganisms a newborn is exposed to. Vaginal births primarily introduce the baby to maternal vaginal 

and fecal microbiota, such as Lactobacillus, Prevotella, and Sneathia. In contrast, cesarean births lead to 

exposure to bacteria from the skin and the environment, including Staphylococcus, Corynebacterium, and 

Propionibacterium. The colonization continues through different phases influenced by feeding modes 

(breast milk versus formula), environmental factors, antibiotic use, and dietary changes, stabilizing into a 

relatively consistent adult-like microbiome by about 2-3 years of age. 

2.1 Microbiome Functions in Health   

The intestinal microbiome carries out important physiological functions: 

Metabolic Functions: It ferments non-digestible dietary components (like resistant starch and fibers), 

producing short-chain fatty acids (SCFAs)primarily acetate, propionate, and butyrate. These SCFAs serve as 

key energy sources for colon cells and act as signaling molecules that can modify host metabolism. Other 

metabolic roles include vitamin synthesis (such as B-vitamins and vitamin K), modifying bile acids, and 

metabolizing substances 

Barrier Function: The microbiome supports the integrity of the intestinal barrier by competing for nutrients, 

producing antimicrobial compounds, enhancing the mucus layer, and regulating tight junction proteins.  

Immune Education and Modulation: Beneficial microbiota provide signals necessary for proper immune 

system development and balance. These signals include supporting lymphoid tissue formation, enabling the 

production of immunoglobulin A, promoting regulatory T-cell differentiation, and balancing immune 

responses. 

 

PROBIOTICS: DEFINITION, MAJOR GENERA, AND STRAIN SPECIFICITY   

3.Probiotic Microorganisms   

While many microbial species are considered to have probiotic potential, the most extensively researched 

and commercially used genera include: 

Lactobacillus: This group of lactic acid bacteria includes several species known for their health benefits, 

such as L. rhamnosus (notably strain GG), L. acidophilus, L. plantarum, L. casei, L. paracasei, L. reuteri, 

and L. johnsonii. These Gram-positive organisms mainly inhabit the small intestine and produce lactic acid, 

bacteriocins, and other antimicrobial substances. 

 

Bifidobacterium: These are obligate aobic Gram-pria, prominent in the gut of infants and remaining 

prevalent throughout life. Key species include B. longum, B. breve, B. infantis, B. bifidum, B. lactis, and B. 

animalis. Bifidobacteria ferment oligosaccharides, producing acetate and lactate, which contribute to 

intestinal barriers and have immune-modulateffects. 
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Saccharomyces boulardii: This probiotic yeast is resistant to stomach acid and antibiotics, making it 

particularly effective for preventing antibiotic-associated diarrhea and managing Clostridium difficile 

infections. It works by damaging tors, promoting enterte health, and modifying immune responses.  

 

Emerging Probiotics: Other strains like Escherichia coli Nissle 1917, spore-forming Bacillus species, 

Enterococcus faecium, and Streptococcus thermophilus also have clinical applications. 

 

 

 

 

 

 

 

 

 

 

 

Strain Specificity and Functional Heterogeneity   

It is vital to understand that the beneficial effects of probiotics can vary significantly between strains. Many 

probiotics may have different adhesion properties, metabolic functions, and immune responses, even if they 

species. For example, L. rhamnosus GG is well-supported for preventing antibiotic-associated diarrhea, 

while other strains of L. rhamnosus might not show the same effectiveness. This differentiation highlights 

the importance of identifying and validating specific strains in clinical settings rather than assuming that all 

members of a genus behave the same way. 

4.MECHANISMS OF PROBIOTIC ACTION   

Probiotics provide benefits through several complementary mechanisms: 

4.1 Competitive Pathogen Exclusion   

Probiotics compete with harmful organisms for adhesion sites on the intestinal lining and mucus. They 

achieve this using their own adhesion molecules and surface proteins. Additionally, they compete for 

nutrients, limiting the ability of pathogens to establish themselves. Some probiotic strains produce 

antimicrobial substances, such as bacteriocins and organic acids, which lower the pH of the intestines, 

creating an environment hostile to sensitive pathogens. 

4.2 Epithelial Barrier Enhancement   

Probiotics improve the intestinal barrier in several ways, including increasing mucin production, boosting 

tight junction protein expression, and encouraging the secretion of antimicrobial peptides. These actions 

help decrease the movement of bacteria into the bloodstream and reduce systemic exposure to harmful 

substances. 

4.3 Immunomodulation   

Probiotics interact with the immune system on several levels: 

Innate Immunity: Probiotic molecules activate pattern recognition receptors on intestinal epithelial and 

dendritic cells, influencing cytokine production and shaping downstream immune responses. Different 
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probiotic strains create varying cytokine profiles, with some encouraging anti-inflammatory responses and 

others promoting pro-inflammatory pathways. 

Adaptive Immunity: Probiotics can affect dendritic cell maturation and function, which in turn influences 

T-cell differentiation. Specific strains promote the growth of regulatory T-cells, which are essential for 

maintaining tolerance to commensal bacteria and food antigens. They can also enhance the production of 

secretory IgA, contributing to specific immunity at mucosal surfaces. 

4.4 Metabolite Production   

Probiotic metabolic activities lead to the production of bioactive compounds: 

Short-Chain Fatty Acids: While prebiotics mainly drive SCFA production, certain probiotics also 

contribute to these pools, particularly butyrate. Butyrate serves as an energy source for colonocytes, induces 

regulatory T-cells, and has anti-inflammatory effects. 

Vitamins and Other Metabolites: Some probiotics can synthesize B-complex vitamins and vitamin K, 

along with bioactive peptides that have antimicrobial or immune-modulating effects. They may also produce 

neurotransmitter precursors, which could influence the gut-brain connection. 

 

 

 

 

 

 

 

 

 

 

 

 

 

PREBIOTICS: DEFINITION, TYPES, AND MECHANISMS   

5. Prebiotic Definition and Criteria   

ISAPP defines prebiotics as “substances that are selectively used by host microorganisms to confer a 

health benefit.” This definition focuses on the targeted fermentation by beneficial microbes and the 

necessity of demonstrating positive health outcomes. 

5.1 Major Prebiotic Categories   

Inulin-Type Fructans: These fructose polymers have (21) linkages and include inulin from chicory 

root and fructo-oligosaccharides (FOS). They resist digestion in the small intestine and reach the colon, 

where beneficial bacteria like Bifidobacterium and Lactobacillus ferment them to produce SCFAs. 

Galacto-Oligosaccharides (GOS): Created from lactose, GOS consists of -linked galactose chains with 

a glucose end. Human milk oligosaccharides, which are similar, promote Bifidobacterium growth in 

breastfed infants. Commercial GOS is effective for digestive health in adults and infants. 
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Resistant Starch: This type of starch escapes digestion in the small intestine due to factors like physical 

structure or chemical modification. When it reaches the colon, fermentation produces beneficia l 

butyrate. 

Other Prebiotics: Additional substances such as polydextrose, xylo-oligosaccharides, isomalto-

oligosaccharides, lactulose, and some pectins also exhibit prebiotic effects through selective 

fermentation. 

 

5.2 Prebiotic Mechanisms of Action   

Prebiotics benefit health mainly through: 

Microbiota Modulation: Selective fermentation boosts the amounts of helpful genera like 

Bifidobacterium, Lactobacillus, and Faecalibacterium, while possibly reducing harmful pathogens.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SCFA Production: Fermentation creates acetate, propionate, and butyrate in ratios that depend on the 

substrates features and the composition of the fermenting community. Butyrate supplies 60-70% of the 

energy needs of colon cells, improves barrier function, has anti-inflammatory effects, and may lower the 

risk of colorectal cancer. Propionate is metabolized in the liver, affecting gluconeogenesis and 

lipogenesis, while acetate enters the bloodstream, influencing metabolism outside the gut.  

Mineral Absorption Enhancement: The production of organic acids in the colon makes calcium, 

magnesium, and iron more soluble and easier to absorb. This is especially important for people with 

weak upper gastrointestinal absorption. 

Immune Modulation: SCFA impacts include the induction of regulatory T-cells through inhibiting 

histone deacetylase and activating G-protein coupled receptor signaling, which aids in regulating the 

immune system beyond the gut lining. 
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SYNBIOTICS: RATIONALE AND APPLICATIONS   

Synbiotics combine probiotics with complementary prebiotics to potentially create synergistic benefits 

by supplying both helpful organisms and the substrates they prefer. Design strategies include: 

Complementary Synbiotics: Pairing a prebiotic with a probiotic from a different lineage that does not 

specifically utilize that substrate, aiming for separate additive effects. 

Synergistic Synbiotics: Mixing a prebiotic that is selectively fermented by a co-administered probiotic 

strain, which may improve the probiotics survival, colonization, and activity. 

Clinical studies on synbiotic formulations show benefits in managing hepatic encephalopathy, 

preventing infections in certain surgical situations, and possible advantages in metabolic syndrome, 

although the quality of evidence varies across these applications. 

 

CLINICAL APPLICATIONS IN GASTROINTESTINAL DISORDERS   

6. Antibiotic-Associated Diarrhea (AAD) Prevention   

Antibiotic treatment disrupts the gut microbiota, lowering its resistance to colonization and allowing 

harmful bacteria to thrive, especially Clostridioides difficile. Strong evidence from meta-analyses shows 

that taking probiotics significantly cuts down the chance of AAD. A detailed meta-analysis of 82 

randomized controlled trials with 11,811 participants found that probiotics lowered AAD risk by 42%, with 

Lactobacillus rhamnosus GG and Saccharomyces boulardii showing particularly strong benefits. The 

number needed to treat is about 13, meaning that for every 13 patients taking probiotics with antibiotics, one 

fewer case of diarrhea occurs. 

6.1 Acute Infectious Diarrhea   

Giving probiotics during acute infectious diarrhea, mostly viral gastroenteritis in kids, proves 

moderately effective in reducing the duration and severity of symptoms. Meta-analyses show about a 

25-hour decrease in diarrhea duration with early probiotic use, with Lactobacillus rhamnosus GG and 

Saccharomyces boulardii providing the strongest evidence. Mechanisms include blocking pathogen 

growth, binding toxins, enhancing immunity, and protecting the gut barrier. 

6.2 Irritable Bowel Syndrome (IBS)   

IBS is a gastrointestinal disorder marked by abdominal pain and changes in bowel habits. It shows 

microbiota changes like reduced diversity and specific composition shifts. Probiotic treatments typically 

show variable but mostly positive effects. A meta-analysis of 53 randomized controlled trials involving 

5,545 participants found that probiotics significantly improved overall IBS symptoms, abdominal pain, 

bloating, and quality of life compared to placebo. Multi-strain formulations and Bifidobacterium species 

appear especially effective, although the best strain selection is still not fully understood. Prebiotics 

show milder benefits, with some trials indicating that they can worsen symptoms due to gas produced 

during fermentation in certain IBS subgroups. 

6.3 Inflammatory Bowel Disease (IBD)   

Ulcerative Colitis: The probiotic formulation VSL#3, which includes eight bacterial strains like 

Lactobacillus, Bifidobacterium, and Streptococcus thermophilus, has been shown to help maintain 

remission in ulcerative colitis, performing similarly to standard aminosalicylate therapy in some studies. 

For preventing pouchitis after ileal pouch-anal anastomosis surgery, VSL#3 cuts pouchitis rates from 

about 40% to 10% in randomized trials. 

 

Crohn’s Disease: Evidence for probiotics helping in Crohn’s disease is limited and unclear, with most 

studies not showing significant benefits for maintaining remission. This varied response may reflect 

different underlying mechanisms between ulcerative colitis and Crohn’s disease. 
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6.4 Necrotizing Enterocolitis (NEC) Prevention   

In preterm infants, using probiotics greatly reduces the risk of necrotizing enterocolitis, a severe 

intestinal inflammation. Meta-analyses of randomized controlled trials indicate that probiotics lower 

NEC rates by about 50% and decrease overall mortality. Multi-strain formulations including 

Lactobacillus and Bifidobacterium species provide consistent benefits, leading to routine probiotic use 

in many neonatal intensive care units worldwide. 

IMMUNOLOGICAL MECHANISMS AND SYSTEMIC EFFECTS   

7. Mucosal Immune System Modulation   

he gut mucosa houses about 70% of the body’s immune cells, making it the largest immunological 

organ. Probiotic interactions at this level greatly influence local and systemic immunity: 

Epithelial Cell Signaling: Probiotics interact with epithelial cell receptors (TLR2, TLR4, NOD2), 

affecting nuclear factor-kappa B activation and cytokine production. Different strains promote the 

production of anti-inflammatory or pro-inflammatory cytokines based on the context and characteristics 

of the organisms. 

 

 

 

 

 

 

 

 

 

 

 

Dendritic Cell Modulation: Gut dendritic cells capture luminal antigens and can be influenced by 

probiotics. Exposure to probiotics affects dendritic cell maturity, co-stimulatory molecule expression, 

and cytokine output, ultimately shaping T-cell differentiation. Some specific strains induce dendritic 

cell types that promote regulatory T-cell development instead of effector responses. 

Regulatory T-Cell Induction: Various probiotic strains boost the presence of regulatory T-cells in the 

gut, helping maintain tolerance to dietary substances and the microbiota while possibly affecting 

immune responses in other body areas. 

7.1 Systemic Immune Effects   

Probiotic effects reach beyond local gut immunity: 

Respiratory Tract Infections: Meta-analyses show that consuming probiotics lessens upper respiratory 

infections, their duration, and the need for antibiotics, especially in children and older adults. Possible 

mechanisms include enhanced immunity, better mucosal barrier function in the respiratory tract, and 

reduced colonization by pathogens. 

Allergic Diseases: Taking probiotics during pregnancy and early childhood seems to have some 

protective effects against developing atopic dermatitis in high-risk infants, although the effects vary 

depending on strain and timing. Mechanisms might include balancing immune responses and enhancing 

IgA production. Evidence for preventing or treating food allergies is less strong. 

YMs enhance both the resistance of probiotics against gastric insults and the delivery of living bacteria into 

PPs through M cells, which promote robust mucosal immune responses that can positively regulate the 
microbiome and maintain gut homeostasis 
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Vaccine Response Enhancement: Some studies suggest that probiotic use may boost antibody 

responses to vaccines, but results can vary and depend on the strain. 

 

EMERGING APPLICATIONS AND FUTURE DIRECTIONS   

8.Metabolic Health   

Growing evidence links gut microbiota to metabolic syndrome through mechanisms like the effects of 

short-chain fatty acids on energy use, gut hormone release, inflammation from lipopolysaccharide 

movement, and changes to bile acid metabolism. Probiotic and prebiotic interventions show modest 

improvements in glycemic control, lipid levels, and body weight in those with metabolic syndrome, 

though the results are typically small and clinical relevance is debated. 

 

8.1Mental Health and Gut-Brain Axis   

The bidirectional gut-brain axis, involving signals from the nervous system, hormones, and the immune 

system, positions the microbiome as a possible influence on mental health. “Psychobiotic” formulations 

show anxiety and depression-like effects in animal studies, with early human evidence suggesting 

improvements in mood and anxiety. Possible mechanisms include producing neurotransmitter 

precursors, enhancing vagal nerve signaling, modulating immunity to reduce neuroinflammation, and 

regulating the hypothalamic-pituitary-adrenal axis. 

8.2  Next-Generation Probiotics   

New probiotic candidates beyond traditional Lactobacillus and Bifidobacterium species include: 

Akkermansia muciniphila: This mucin-eating bacterium shows positive metabolic effects like 

improved blood sugar control and reduced weight gain in early studies. Human trials indicate that heat-

killed A. muciniphila is safe and improves metabolism. 

 

Faecalibacterium prausnitzii: A significant producer of butyrate, this bacterium is often low in 

inflammatory bowel disease and shows anti-inflammatory properties in research models. However, it 

has strict growth requirements that can complicate commercial use. 

 

Engineered Probiotics: Genetically altered organisms created to deliver therapeutic substances 

represent future options, though they will need thorough safety testing. 

 

8.3 Postbiotics   

Postbiotics, which are non-living bacterial products or their metabolites that offer health benefits, are 

becoming a focus. They bypass the need for viable microorganisms and related regulatory issues.  

Examples include components from bacterial cell walls, secreted proteins, organic acids, and 

bacteriocins. Heat-killed probiotics can still have some immunomodulatory effects while being more 

stable and safer. 
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SAFETY, QUALITY, AND REGULATORY CONSIDERATIONS   

9.  Safety Profile   

Probiotics are generally very safe for healthy people, with side effects usually limited to mild, short-lived 

gastrointestinal issues when starting. However, rare serious complications, such as blood infections, have 

been recorded mainly in severely immunocompromised individuals or critically ill patients. 

Specific groups that should be cautious include: 

- Severely immunocompromised individuals 

- Critically ill patients with central lines 

- Preterm infants weighing under 1000 grams 

- Patients with short bowel syndrome or intestinal problems 

9.1 Quality Considerations   

The quality of probiotic products varies widely. Key quality factors include: 

Strain Identification: Accurate identification to the species and strain level using genetic techniques ensures 

consistency and supports clinical evidence. 

Viable Count: Products should have the stated number of colony-forming units (CFU) at the end of their 

shelf life, not just at production. Typical therapeutic doses range from 108 to 1011 CFU daily, depending on 

strain and purpose. Probiotic viability during storage relies on temperature, humidity, and exposure to air. 

Refrigeration, blister packaging, and enteric coatings can improve stability. 

Absence of Contamination: Products must be free from harmful organisms and undeclared species. 

9.2 Regulatory Landscape   

Regulatory requirements for probiotics differ worldwide: 

Food/Dietary Supplement: Most regions classify probiotics as foods or dietary supplements when health 

claims are general rather than specific. This requires a safety assurance but not proof of effectiveness before 

marketing. 

Drug Classification: Claims focused on treating diseases may lead to probiotic classification as drugs, 

requiring extensive clinical trials. 

Health Claims: The European Food Safety Authority has dismissed many health claims regarding probiotics 

due to insufficient evidence, complicating communication in European markets. Some other areas allow 

structure-function claims with varied requirements for evidence. 

PRACTICAL RECOMMENDATIONS   

10.When using probiotics and prebiotics based on evidence, consider: 

Strain Selection: Opt for products that feature strains with proven clinical effectiveness for the specific 

intended use instead of relying on general effectiveness. 

Adequate Dosing: Ensure the products provide clinically established doses, usually between 109 and 1011 

CFU daily for most uses. 

Quality Verification: Choose products from trustworthy manufacturers that offer third-party tests 

confirming strain identity and viable counts. 

 

Timing and Duration: For preventing antibiotic-associated diarrhea, start probiotics at the same time as or 
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right after beginning antibiotics and continue during treatment and for several additional days. For ongoing 

conditions, long-term use is often necessary. 

Dietary Prebiotics: Promote fiber intake of 25-35 grams daily from whole grains, legumes, vegetables, and 

fruits to naturally supply prebiotic materials that support beneficial gut bacteria. 

 

CONCLUSION   

Probiotics and prebiotics are well-supported, evidence-based approaches to change gut microbiota 

composition and activity. They show clinical benefits across various gastrointestinal and immune-related 

situations. Strong evidence backs probiotics for preventing antibiotic-associated diarrhea, reducing the 

duration of acute infectious diarrhea, managing IBS symptoms, maintaining ulcerative colitis remission, and 

preventing necrotizing enterocolitis in preterm infants. The mechanisms involve blocking harmful 

pathogens, enhancing the gut barrier, producing antimicrobials, and regulating immune responses through 

their effects on dendritic cells and regulatory T-cells. 

Prebiotics specifically feed beneficial gut bacteria, promoting the production of short-chain fatty acids, 

which lead to metabolic and immune benefits. Synbiotics, which combine probiotics and prebiotics, may 

offer complementary advantages, though clinical evidence is still developing.For optimal use, recognizing 

strain-specific effects is crucial and demands precise identification and validation rather than assuming 

efficacy based on genus. Key quality aspects such as viable counts, product stability, and contamination 

prevention significantly affect clinical results. Although probiotics are typically safe for healthy individuals, 

specific considerations should be taken for those who are severely immunocompromised. 

Future developments include next-generation probiotics like Akkermansia muciniphila and 

Faecalibacterium prausnitzii, applications of postbiotic metabolites, tailored microbiome interventions based 

on individual profiles, and broader use in metabolic health, mental health conditions, and personalized 

nutrition. As understanding of the mechanisms improves and more clinical evidence surfaces, probiotics and 

prebiotics are likely to become integral to evidence-based medical practices that promote digestive health 

and immune balance. 
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