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ABSTRACT: 
Whether knowingly or unknowingly, humans have 
been consuming probiotic microorganisms through 
traditionally fermented foods for generations. This 
review provides a comprehensive overview of the 
current state of probiotic research, covering a wide 
range of topics, aimed to explore the impact of 
probiotics on therapeutic applications, including 
intestinal barrier, related immune function, 
inflammation, microbiota composition and its future 
directions. Advancements in multi-omics approaches 
and in nanotechnology, especially 
microencapsulation and electrospinning, will provide 
a deeper understanding of the mechanisms behind 
probiotic functionality, allowing for personalized and 
targeted probiotic therapies. This review aims to 
update the present knowledge, advanced research 
area and new technology used in to determine the 
potential role of probiotics for better tomorrow. 
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1. Introduction: 

“Probiotics are foods and/or dietary 

supplements that contain non-pathogenic 

microbes such as bacteria and yeast that 

colonize the gut and may potentially provide 

various health benefits1.” Including Balancing 

gut homeostasis by eliminating or inhibiting 

microbial flora2,3, Strengthening of the immune 

system4, Treatment for celiac Disease5, and 

many more. In recent years, Consumers have 

become more concerned about health, diet and 

food safety for a better quality of life6. 

Traditional fermented foods including dairy 

products have been incorporating different 

strains of probiotics in them for a long time, 

Some of these products are yoghurt, cheese, ice 

cream and fermented milk7–11, This is due to 

their distinctive physicochemical and 

nutritional capabilities which offer them the 

buffering capacity in the harsh acidic 

conditions of the stomach (pH 23) for a viable 

number of probiotic survival rates in the lower 

gut (6 to 8 log CFU/mL) assisting them to apply 

potential therapeutic effects12–16. 
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Therapeutic Effects of Probiotics 

The various benefits of probiotics for 

maintaining a healthy human life. It highlights 

the wide range of potential applications of 

probiotics throughout the body, showcasing 

their versatility in promoting well-being.   

1. Gastrointestinal Tract Health: Probiotics are 

well-known for improving digestion, reducing 

cholesterol levels, and inhibiting the growth of 

harmful microorganisms in the gastrointestinal 

tract. Bifidobacterium, for instance, contributes 

to mucosal barrier defense17–19. 

2. Diarrhea Treatment:  Probiotics have 

demonstrated effectiveness in managing 

different types of diarrhoea, including 

traveller’s diarrhoea, antibiotic-induced 

diarrhoea, and rotavirus-related diarrhea in 

children20, 21. 

3. Inflammatory Bowel Disease: While the 

exact cause of conditions like ulcerative colitis 

and Crohn's disease is not fully understood, 

clinical studies have shown that probiotics can 

lead to remission in ulcerative colitis patients. 

However, their efficacy in Crohn's disease is 

less established22. 

4. Immune System Support: Probiotics can 

strengthen the immune system, particularly in 

allergic conditions, by impacting gut lymphoid 

cells and altering dietary protein 

immunomodulation23. 

5. Atopic Dermatitis: Probiotic consumption 

has been linked to a reduction in the intensity 

of eczema and various processes associated 

with the condition24. 

6. Urinary Tract Infections (UTIs): Probiotics 

like Lactobacillus rhamnosus GR-1 and L. 

fermentum B-54 with RC-14 have shown 

potential in preventing the recurrence of UTIs 

in women25. 

7. Cholesterol Reduction: Some evidence 

suggests that probiotics may contribute to 

lowering blood cholesterol levels, which could 

be beneficial in preventing obesity, diabetes, 

cardiovascular diseases, and stroke26. 

8. Dental Health: Probiotics hold promise in 

preventing dental caries by inhibiting the 

growth of cariogenic bacteria like Streptococcus 

sobrinus. They can also play a role in 

improving periodontal health and addressing 

halitosis27. 

9. Microbial Dysbiosis: Probiotics are used to 

counteract microbial dysbiosis caused by 

factors like antibiotic use, bacterial infections, 

and dietary changes. They can help restore the 

balance of beneficial bacteria and inhibit 

pathogenic growth28. 

10. Antibiotic-Associated Diarrhea (AAD): 

Probiotics are effective in preventing AAD, a 

common consequence of antibiotic use, and can 

also help address diarrhea caused by 

pathogenic bacteria like Clostridioides 

difficile29. 

11. Inflammatory Bowel Disease (IBD): 

Probiotics have been explored as potential 

treatments for IBD, including conditions like 

ulcerative colitis and Crohn's disease. 

However, their effectiveness varies between 

different forms of IBD30. 

12. Crohn's Disease (CD): Probiotics, while 

showing promise in some studies as adjuvant 

therapy for CD, have yielded mixed results, 

and further research is needed to establish their 

role. 

In summary, the text highlights the 

potential benefits of probiotics in various 

aspects of human health, from gastrointestinal 

and immune health to dental care and 

addressing specific conditions. However, the 

efficacy of probiotics can vary based on factors 

such as the specific strains used, dosage, and 

individual responses, necessitating further 

research to fully understand their effects and 

applications31. 

2. Recent advances in the field of probiotics 

Probiotics is at the peak of the moment. 

Many new advances have been seen over the 

period of time. Life-threatening infections such 

as Clostridioides difficile infection (CDI), 

which is caused by a gram positive bacteria 

intestinal pathogen C. The use of probiotics is 
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investigated to balance the gastrointestinal (GI) 

tract microflora32. Probiotics have also gained 

huge amount of attention in recent years due to 

its advantageous advances in biomedical 

applications such as antimicrobial agents, 

aiding in tissue repair, and treating diseases. To 

ensure the good bacteria performs well it is 

essential to have minimum of 107 CFU/mL or 

gram of the product being used33. 

In biomedical field, biopolymers have 

won hearts because of their excellent 

biocompatibility and regularity. Biopolymers 

are a class of biological materials which can be 

used in various domains like cell tissue 

engineering, drug delivery and biosensors34. 

Chitosan (CS) which is a cationic 

polysaccharide consisting of D-glucosamine 

and N-acetyl-glucosamine residues linked by 

β-(1 → 4) bonds35. Studies have shown that 

using CS as a coating material in alginate beads 

can ameliorate the survival of encapsulated 

bacteria in harsh conditions like the 

gastrointestinal tract and high temperatures36.  

Microencapsulation: 

Current microencapsulation 

technologies include layer-by-layer techniques, 

spray drying, emulsification, extrusion, and 

electrospraying37. Microencapsulation has put 

forward fruitful means of protecting probiotics 

from degradation. Initially, it's possible to 

formulate them to establish a tangible barricade 

that safeguards the probiotics from detrimental 

components in their surroundings, like gastric 

acid, bile salts, or digestive enzymes38 Next, 

they might be crafted with supplements that 

generate a conducive environment for 

probiotics resistant to acidity, manage pH 

levels, and support their growth39. Ultimately, 

microparticles can be tailored to trap particular 

compounds that boost probiotic viability and 

are subsequently released by the probiotics40.  

Electro-spinning:  

Electro spinning stands as a versatile 

technique employed for the continuous 

production of nanofibers spanning from 

nanometres to micrometres in diameter41. 

Initially pioneered by Formhals in 1934, electro 

spun fibres have found extensive applications 

in tissue engineering, energy conversion and 

storage, drug delivery and release, food 

packaging, sensors, catalysis, filtration, and 

virtually every realm of research42. In the realm 

of the food industry, electro spun nanofibers 

primarily find utility in the encapsulation 

(antioxidants, antimicrobial agents, enzymes, 

and probiotics) and packaging domains43. 

Nano-technology:  

Recent years have seen a promising 

growth in the field of research into the use of 

nanostructured systems for the treatment of 

infectious diseases that are resistant to 

traditional therapies like antibacterial 

medicines. Patient's quality of life and life 

expectancy have increased as a result of these 

disorders44. The ability of Nano emulsions to 

merge with the outer membranes of bacteria is 

thought to be the basis for the antimicrobial 

action and mechanism of nanoemulsions, 

according to molecular studies. They exhibit 

broad-spectrum activity due to the rupture of 

membrane bilayers and cellular permeability 

caused by electrostatic interactions between the 

cationic charge of nanoparticles and the anionic 

charge of microorganisms45. 

New discovery and research methodologies: 

Recent advancements in technologies 

and methodologies are driving significant 

progress in the field of prebiotics and 

probiotics, and these developments will 

continue to be crucial in the future. There is a 

growing emphasis on ensuring the 

reproducibility of microbiome results and 

eliminating biases introduced by various 

protocols. Challenges in this regard include 

interpretative variations at different stages of 

research, from sample collection and 

sequencing to data analysis. 

             The use of 'omics' technologies has led 

to notable breakthroughs, transitioning from 

standalone data generation to integrated 

systems biology approaches46. These 

technologies are being refined with better 

bioinformatics tools and the integration of 
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machine learning and artificial intelligence for 

more holistic predictions. 

              The decreasing cost of molecular 

methodologies, driven by microfluidics and 

nanofluidics, is generating a wealth of data. 

This includes techniques like droplet 

quantitative PCR reactions, allowing for 

absolute quantification of molecules with 

minimal sample volumes47. Advances in 

sequencing quality, such as single-molecule 

real-time sequencing, enable finer 

characterization of microorganisms at species 

and even strain levels. 

              Novel cultivation methods, like 

microfluidic encapsulation and multiple 

culture conditions, are revealing new microbial 

species with potential benefits48,49. These 

isolates can be comprehensively characterized 

through sequencing and analysis techniques. 

                Bioinformatic platforms and parallel-

computing workflows are enhancing the 

conversion of sequence data into usable 

information, facilitating the creation of 

probiotic databases and large-scale strain 

analyses50,51. Improved software interfaces are 

also simplifying analysis procedures. 

               However, it's important to note that in 

vitro information from these technologies 

might not always translate directly to in vivo 

effects. The challenge lies in bridging this gap 

and ensuring that in vitro mechanisms align 

with clinical outcomes. To address this, 

researchers are developing humanistic models 

that simulate interactions more accurately, 

such as humanized animal models, organoids, 

coculture experiments, and 'organ on a chip' 

models. While these models aid in discovery 

and prediction, in vivo assessments remain 

essential to confirm the efficacy of probiotics 

and prebiotics 

3. Future of Probiotics research: 

The opportunities in the fields of 

probiotics and prebiotics are rooted in 

understanding their effects on the microbiota 

and their interactions with the host. This 

perspective is informed by early career 

researchers who participated in the 2019 

meeting of the International Scientific 

Association for Probiotics and Prebiotics - 

Student and Fellows Association (ISAPP-SFA). 

Probiotic and prebiotic research is driven by 

genetic characterization and modification of 

strains, advanced in vitro, in vivo, and in silico 

techniques, and metabolomics tools to uncover 

their effects on the host. These tools provide 

unparalleled insights into how probiotics and 

prebiotics function within the host ecosystem.52 

Young scientists need to acquire diverse skill 

sets or collaborate in interdisciplinary teams to 

conduct comprehensive experiments and 

analyze data systematically. This is crucial for 

understanding microbial structures and 

interactions across body sites and for 

determining how administered probiotic 

strains and prebiotic substances impact the 

host. Implementing such strategies will help 

bridge the gap between research findings and 

real-world health outcomes. 

Considerations for Probiotics Research 

Genetic Characterization and Modification of 

Probiotics 

 In the realm of probiotics research, the genetic 

characterization and modification of probiotic 

strains have gained significance, aided by 

bioinformatics and in silico techniques. Whole 

genome sequencing (WGS) has become more 

accessible and should be a standard practice 

before introducing new probiotic strains to the 

market53. Genomes should be rigorously 

annotated and deposited in central databases 

for transparency and safety assessment. WGS 

helps identify genetic elements and predict 

their functions, shedding light on safety 

concerns such as virulence factors and 

antibiotic resistance. 

             Genetic manipulation is a valuable tool 

for studying probiotic mechanisms54 and 

potentially enhancing strains55. However, 

limited genetic tools, legal frameworks, and 

ethical considerations hinder progress. 

Encouraging the sharing of genetic constructs 

through repositories would expedite research, 

especially for creating safe vectors and tailored 

probiotics56,57. Strengthening genetic and 
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bioinformatic skills is crucial in advancing 

probiotics research. 

           In vitro models are increasingly relevant, 

reducing dependence on animal models for 

preclinical assessment. While humanized 

animal models are used, in vitro human cell 

and tissue models, like organoids and organs-

on-chips, offer promising alternatives58,59. 

These models allow researchers to explore 

probiotic effects on human systems with better 

relevance and precision. The shift away from 

mammal studies by regulatory bodies opens 

avenues for the development and 

implementation of innovative in vitro models. 

          In summary, probiotics research is 

embracing genetic characterization, 

modification, and advanced in vitro models, 

driven by bioinformatics and interdisciplinary 

expertise. The focus is on enhancing safety, 

understanding mechanisms, and developing 

more relevant testing methods that align with 

changing regulatory perspectives. 
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