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Abstract 

Probiotics are live microorganisms that have gained 

significant attention due to their potential to improve 

human health. Nowadays, probiotics are widely used 

to prevent and treat gastrointestinal disorders, such as 

irritable bowel syndrome, diarrhea, and inflammatory 

bowel disease. In the past few years, probiotics have 

been explored for their role in immune modulation, 

mental health, and skin conditions. Probiotic strains 

from the bacterial genus Lactobacillus, 

Bifidobacterium, and yeast Saccharomyces boulardii 

have demonstrated positive effects on gut microbiota 

composition as well as overall health. Advances in 

machine learning models based on next-generation 

genomic sequencing information and microbiome 

research are unveiling new probiotic strains and 

supporting further development of personalized 

probiotic therapies tailored to individual microbiomes. 

In spite of their promising health benefits, many 

challenges still remain, including strain-specific 

variability, regulatory hurdles, and long-term safety 

and efficacy concerns. This review article covers the 

overall current market scenario, probiotic research and 

development, and new bioinformatics approaches in 

the discovery of new probiotic strain identification for 

health benefits. 

 

Keywords: Probiotic, Lactobacillus, Bifidobacterium, 

Health Benefits, Digestion. 

Introduction  

Probiotics are live microorganisms that confer 

health benefits to the host when administered in 

adequate amounts. This probiotic definition has been 

widely accepted and is also supported by various 

authoritative bodies, including the Food and Agriculture 

Organisation and the World Health Organisation [1,2]. 

For a long period of time, probiotics were primarily 

recognized for their role in enhancing gut health, 

modulating the immune response, and preventing 

gastrointestinal disorders such as diarrhea and irritable 

bowel syndrome (IBS) [3,4].   

In recent years, more research has been carried 

out on probiotics and has developed many probiotics-

based products that are good for health benefits. Many 

systematic reviews and meta-analytic research data 

have highlighted the efficacy of probiotics in managing 

IBS symptoms. For instance, Dale et al. (2019) 

conducted a comprehensive review confirming 

probiotics' limited yet significant effects on 

gastrointestinal symptoms associated with irritable 

bowel syndrome [3]. Similarly, another study also 

reported that probiotics can help restore microbial 

balance in the gut, which is crucial for alleviating 

symptoms of IBS [5]. The probiotics' main key factor is 

strain-specific efficacy, as different strains exhibit 

varying therapeutic effects depending on the clinical 

context [6].   

In pediatric populations, probiotics are frequently 
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used to improve digestive disorders, particularly 

following antibiotic treatment, which can disrupt the gut 

microbiota [7,8]. The specific probiotic strains can be 

beneficial for children with various gastrointestinal 

conditions such as gastroenteritis, colic, etc [4]. 

Probiotics and their metabolic pathway product showed 

beneficial effects in a multifaceted manner. For 

example, the production of fatty acids (particularly 

short-chain fatty acids) helps in maintaining gut pH level 

and promotes a healthy gut environment [9,10].   

Probiotics also compete with pathogenic bacteria 

for resources, thereby inhibiting their growth and 

reducing the risk of infections [11]. Few studies have 

reported that probiotics can produce some enzymes and 

their activities detoxify harmful metabolites and improve 

gut health [12-14]. Progressing research work explores 

the broader implications of probiotics to the other side 

of gastrointestinal health. For instance, many studies 

indicated that probiotics play potential roles in metabolic 

health, including obesity and insulin resistance [15,16]. 

The interaction relationship between the gut 

microbiome and overall health underscores the 

importance of probiotics in modern-day health 

strategies [17,18].  

Thus, this review article covers the overall current 

market scenario, probiotic research and development, 

and new bioinformatics approaches in the discovery of 

new probiotic strain identification for health benefits.   

   

Global market scenario and future predictions  

According to Polaris's market research report 

(2022-2030), the global probiotics market was valued at 

USD 61.15 billion in 2021 and is projected to grow at a 

CAGR of 7.7% throughout the forecast period. This 

growth is primarily driven by rising demand for 

preventive, consumer-focused healthcare and 

advancements in targeted probiotic strains. Nowadays, 

key growth drivers are increasing consumer awareness 

of probiotics and their key role in gut health [19].   

The market ecosystem of probiotics is segmented 

into two main sides: supply-side and demand-side 

players. The manufacturing units, regulatory bodies, 

startups, and distributors are supply side. Manufacturers 

are seeing increased R&D investment and strategic 

collaborations to innovate, enhance quality and 

personalised probiotic products. At present, major 

players are Probi (Sweden) (https://www.probi.com/), 

Nestlé (https://www.nestle.com/), ADM (US, 

https://www.adm.com/), Danone (France, 

https://www.danone.com/), International Flavours & 

Fragrances Inc. (US), Yakult Honsha Co., Ltd. (Japan), 

BioGaia (Sweden, https://se.biogaia.com/), General 

Mills Inc. (US), Chr. Hansen Holding A/S (Denmark) 

and Moringa Milk Industry Co., Ltd. (Japan). On the 

demand side, the ecosystem encompasses retailers, 

wholesalers, and companies in food & beverage, 

pharmaceuticals, and animal feed. Supermarkets and 

hypermarkets also play a key role in making probiotic 

products available to consumers.  

The Asia Pacific region leads the global market, 

driven by heightened consumer awareness and strategic 

moves by international companies. High demand from 

countries like China, India, and Australia, combined with 

rising disposable incomes and improving living 

standards, further fuels regional growth. Previously, the 

industry faced technological barriers, particularly with 

probiotics lacking room-temperature stability. However, 

innovations such as microencapsulation have 

significantly improved the shelf life and effectiveness of 

probiotic strains. Continued R&D aimed at developing 

heat-resistant, multifunctional strains is expected to 

support market growth further in the coming years.  

The probiotics market is segmented by source into 

yeast-based and bacteria-based products. In 2021, the 

bacteria segment held the largest share of the global 

market, driven by rising global consumption of dairy 

products. Bacteria-based probiotics are favoured for 

their proven health benefits, including improved 

digestion, enhanced immune response, and increased 

lactase production [20,21]. Probiotics are increasingly 

being added to enhance the nutritional profile and flavor 

of products such as baked goods, including probiotic 

muffins and health bars. The growing interest in 

preventive healthcare has led to greater consumption of 

these fortified food items [22,23].  

In the past few years, probiotic dietary 

supplements have gained popularity among consumers 

seeking natural alternatives for health management. 

Unlike synthetic pharmaceutical chemical options, 

probiotics offer a natural and less risky approach to 

supporting gut health, alleviating gastrointestinal 

disorders, and strengthening immunity [24].  

Innovations in formulations and delivery formats, 

such as effervescent powders, gummies, and chewable 

supplements, are further driving consumer interest and 

expanding market reach. In recent years, consumer 

behaviour has changed, and there's a noticeable shift 

towards nutrition-rich products over processed or junk 

food, particularly after the COVID-19 pandemic. In 

response to heightened health awareness and concerns 

over virus transmission across all age groups, 

manufacturers are now focusing on developing 

personalised probiotic solutions that deliver targeted 

health benefits [25,26].  

  

Research and key manufacturing players  

Several key players in the global probiotics market 

include Arla Foods amba, BioGaia AB, Chr. Hansen 

https://www.probi.com/
https://www.probi.com/
https://www.probi.com/
https://www.nestle.com/
https://www.nestle.com/
https://www.nestle.com/
https://www.adm.com/
https://www.danone.com/
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Holding A/S, Danisco A/S, Danone S.A., Ganeden Inc., 

General Mills Inc., Lallemand Inc., Lifeway Foods Inc., 

Mother Dairy Fruit & Vegetable Pvt. Ltd., Nebraska 

Cultures Inc., Nestlé S.A., PepsiCo Inc., Probi AB, 

Protexin, and Yakult Honsha Co., Ltd. One of the primary 

challenges in the probiotics market is the high cost of 

research and development required to create new and 

effective probiotic strains. Significant investment is 

needed in laboratories, advanced research equipment, 

and the recruitment of skilled professionals, creating 

substantial barriers to entry for new players [27].   

Scientific validation of probiotic efficacy is critical 

for manufacturers to achieve a return on investment, 

especially considering the high upfront costs. Industry 

leaders such as Probi (Sweden), Nestlé, ADM (US), 

Danone (France), and Yakult Honsha (Japan) have 

heavily invested in strengthening their R&D 

infrastructure to maintain a competitive edge, further 

raising the entry threshold for newcomers. Moreover, 

the development and manufacturing of probiotic 

products are governed by stringent international food 

safety regulations, which contribute to elevated 

production costs [28].  

These costs are compounded by the need for 

specialised packaging and distribution channels, distinct 

from those used for conventional food and beverage 

products. While consumer awareness regarding the 

health benefits of probiotics continues to grow, the 

premium pricing of these products remains a key 

challenge. The higher cost can limit broader consumer 

adoption, posing a significant hurdle for manufacturers 

aiming for mass-market appeal [28,29].  

  

Uses of probiotics and their health benefits   

Probiotics are living microorganisms that, when 

consumed in sufficient quantities, provide health 

benefits to the host. They are most commonly used to 

improve gut health and prevent various gastrointestinal 

disorders [30]. The most frequently used probiotic 

strains include members of the genera Lactobacillus and 

Bifidobacterium, which have been extensively studied 

for their health benefits (Table 1).   

Lactobacillus species, such as Lactobacillus 

acidophilus, Lactobacillus rhamnosus, and Lactobacillus 

plantarum, are among the most commonly used 

probiotics [30,31]. These strains are known for their 

ability to survive gastrointestinal transit and adhere to 

intestinal mucosa, enhancing their effectiveness in 

promoting gut health and modulating immune 

responses [32]. For instance, Lactobacillus rhamnosus 

has been highlighted for its role in preventing antibiotic-

associated diarrhea and improving gut microbiota 

balance [33]. Bifidobacterium species, including 

Bifidobacterium bifidum, Bifidobacterium longum, and 

Bifidobacterium breve, are also widely recognised for 

their probiotic properties and used for health benefits. 

These strains are particularly beneficial for infants and 

have been shown to support gut health and immune 

function [34].   

For example, Bifidobacterium breve has been 

studied for its efficacy in preventing necrotizing 

enterocolitis in preterm infants, demonstrating its critical 

role in pediatric health [35,36]. Other notable probiotic 

strains include Saccharomyces boulardii, a yeast that 

has been shown to be effective in treating various forms 

of diarrhea, including those caused by Clostridium 

difficile infections [37]. Additionally, Lactococcus and 

Streptococcus species are utilised in various fermented 

foods and are recognised for health benefits, particularly 

to gut health [32].   

The selection of specific probiotic strains is 

essential, as the health benefits and safety profiles of 

probiotics are strain-specific. This necessitates careful 

evaluation of probiotic products to ensure they contain 

the appropriate strains and viable counts throughout 

their shelf life [38,39]. Moreover, the World Health 

Organisation (WHO) emphasises the importance of 

using probiotics that have been validated through 

clinical studies to ensure their efficacy and safety [32].  

 

Table 1. List of the most commonly used probiotic 

bacterial and yeast strains and their health benefits.   
 

 Microbes  Class/family  Common Uses  Description  

Lactobacillus 
acidophilus  

Lactobacillaceae  
Digestive health, 
Immune support,  
Lactose digestion  

Found in yoghurt and 
fermented foods.  
Used for maintaining 
healthy gut flora  

Lactobacillus 
rhamnosus GG  

Lactobacillaceae  

Gastrointestinal 
issues, Immune 
support, Diarrhea 
prevention  

Used to survive 
stomach acid and bile, 
allowing it to reach 
the intestines 
effectively  

Lactobacillus 
casei  

Lactobacillaceae  

Digestive health,  
Immune system,  
Constipation,  
Diarrhea  

Ability to survive in the 
acidic environment of 
the stomach  

Lactobacillus 
plantarum  

Lactobacillaceae  
IBS, Bloating, 
Digestive health  

Ability to survive the 
digestive process, 
making it effective for 
treating various gut 
disorders  

Lactobacillus 
reuteri  

Lactobacillaceae  

Colic in infants, 
Diarrhea, 
Gastrointestinal 
health 

Produces reuterin, an 
antimicrobial 
substance that can 
help reduce harmful 
bacteria in the gut  

Bifidobacteriu 
m bifidum  

Bifidobacteriace 
ae  

Gut health, IBS,  
Diarrhea,  
Constipation  

A major early colonizer 
of the infant gut  

Bifidobacteriu 
m longum  

Bifidobacteriace 
ae  

Digestive health,  
Immune system, 
Inflammation  

It breaks down 
complex 
carbohydrates and 
helps to strengthen 
the gut barrier.  

Bifidobacteriu 
m breve  

Bifidobacteriace 
ae  

Infant gut health,  
IBS, and 
Inflammatory 
conditions  

Alleviating colic in 
infants and balancing 
the gut in adults  

Bifidobacteriu 
m infantis  

Bifidobacteriace 
ae  

Infant colic, 
Constipation, Gut  
health  

Helps develop gut 
health in infants by 
establishing the 
microbiome early in 
life  
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Bifidobacteriu 
m lactis  

Bifidobacteriace 
ae  

Immune support,  
Digestive health, 
Allergies  

It helps to support 
healthy digestion and 
protect against 
gastrointestinal 
infections  

Streptococcus 
thermophilus  

Streptococcaceae  
Yogurt production, 
Lactose digestion  

It helps break down 
lactose, making it 
more digestible for 
those with lactose 
intolerance  

Saccharomyces 
boulardii  

Saccharomycetac 
eae  

Diarrhoea, Gut 
infections  

Yeast-based 
probiotics, helpful for 
preventing and 
treating diarrhoea  

Enterococcus 
faecium  

Enterococcaceae  
Digestive health,  
Antibiotic recovery  

Aids in maintaining 
gut health and 
improving digestion 
after antibiotic use  

Source: Own authorship. 

 

As was discussed earlier, among the most 

commonly utilised probiotics are strains from the genera 

Lactobacillus and Bifidobacterium. For instance, 

Ahmadian et al. (2022) reported that a daily dose of 109 

CFU of probiotics, including Lactobacillus acidophilus, 

Lactobacillus rhamnosus, Bifidobacterium longum, and 

Bifidobacterium breve, effectively reduced blood glucose 

levels and insulin resistance in adults with type 2 

diabetes mellitus [40,41]. Similarly, a systematic 

review concluded that Lactobacillus species are effective 

in improving glycemic control in managing type 2 

diabetes [42].   

Furthermore, a meta-analysis indicated that the 

administration of Lactobacillus during pregnancy may 

help prevent atopic dermatitis, highlighting their 

versatility in addressing various health issues [43]. In 

addition to Lactobacillus and Bifidobacterium, probiotic 

yeasts such as Saccharomyces boulardii and 

Kluyveromyces marxianus have also been recognized for 

their health benefits. Saccharomyces boulardii is 

particularly noted for its ability to enhance gut health 

and combat gastrointestinal disorders [44]. 

Kluyveromyces marxianus has demonstrated anti-

inflammatory properties and is being explored for its 

potential in managing conditions like colitis [45].   

The use of these yeasts is gaining traction, 

especially in aquaculture, where they are employed to 

improve fish health and growth [46]. The effectiveness 

of probiotics can be influenced by several factors, 

including the specific strains used, their dosage, and the 

health condition being targeted. A systematic review 

emphasized that the efficacy of probiotics is strain-

specific, underscoring the need for careful selection 

based on the intended health outcome [47].   

Moreover, the survival of probiotics in the 

gastrointestinal tract can be enhanced by their 

incorporation into food products, such as yogurt and 

fermented milk, which may buffer stomach acid and 

facilitate better colonization in the gut [42]. In 

summary, the landscape of probiotics is diverse, 

encompassing various strains of bacteria and yeasts, 

each with distinct health benefits. The choice of 

probiotics should be tailored to the specific health 

condition being addressed, with a focus on strain-

specific efficacy and appropriate delivery methods to 

maximise health benefits.  

 

Role of Bioinformatics in the field of probiotics  

In the past few years, the amount of bacterial 

genome sequencing information has increased 

exponentially. This genome sequence information, with 

the integration of advanced bioinformatics and an 

artificial intelligence approach, provides invaluable tools 

and methods for exploring probiotics' genetic makeup, 

functionality, safety, and interactions [48]. These 

computational prediction tools allow for deeper insights 

into how probiotics work, how they can be optimised, 

and how they can be personalised to target specific 

health concerns.   

As we continue to gather more genomic and 

microbiome data, bioinformatics plays an important role 

in the development of next-generation probiotic 

therapies (Figure 1) [48,49]. At present, numerous 

potential probiotic bacterial genomes have been 

completed or draft genomes sequenced. For example, 

the most commonly used probiotic bacterial genus 

Lactobacillus 5,282 and Bifidobacterium 7,265 genomes 

sequence information are available in the NCBI genome 

assembly database. That information would be helpful 

for the design and identification of new probiotics.    

 

Figure 1. An overview of the bioinformatics strategy for 

the identification of new probiotic strains.  

 
Source: Own authorship. 

 

Wu et al. (2024) created a language model–based 

tool called metaProbiotics to find probiotic-related 

genetic bins in metagenomes quickly. It performed very 

well in tests using simulated data. When applied to gut 

samples from people who had taken probiotics, it 

identified both the expected probiotic bins and new ones 

not seen in the training data, including a bin similar to a 
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plasmid. Further analysis showed different probiotic 

functions in these bins and suggested that the bai 

operon could be a useful marker for probiotic 

Ruminococcaceae [50].  

Liu et al. (2023) developed ProbioMinServer, a tool 

that helps researchers find detailed information about 

probiotics, including their safety (like resistance to 

antibiotics or presence of harmful genes) and 

functionality (such as enzyme activity and metabolite 

production). Since probiotics are considered functional 

foods, understanding their safety and benefits is 

important for health. Genomic tools have become key in 

studying these aspects [51].  

Another machine learning tool, iProbiotics, was 

created by Sun et al. (2022) to identify probiotic features 

from whole-genome sequences quickly [52].  The NIZO 

FOOD RESEARCH BV in the Netherlands led a project to 

develop tools for sequencing and analyzing probiotic 

strains. They focused on bacteria from Lactobacillus, 

Lactococcus, Streptococcus, and Bifidobacterium to find 

genes linked to helpful traits-like flavour production for 

cheese or gut health benefits for probiotic use. 

Researchers also worked on identifying molecular 

markers to predict certain traits. All the data from this 

project was made publicly available through the 

GENOBOX platform. GENOBOX has already helped 

improve fermentation processes and track specific 

probiotic strains in mixtures. Small business partners 

confirmed the predictions in lab tests. Since foods like 

cheese, yogurt, bread, and wine are common in diets, 

this research has strong economic and health relevance. 

In the future, the food industry may use this data to 

create personalized foods tailored to individual health 

needs.  

  

Probiotics Formulation Types   

Probiotic formulations are typically designed to 

deliver live beneficial bacteria (or yeast, in some cases) 

to the gut. These formulations are based on their 

intended use and the types of strains included. 

Currently, several methods are used for probiotic 

formation for better health, such as capsules, tablets, 

and powders. Fermented foods like yogurt are often 

used for ongoing gut health maintenance [53]. 

Capsules or chewables containing strains like 

Lactobacillus rhamnosus are useful for boosting immune 

function. Formulations containing Bifidobacterium 

longum and Lactobacillus helveticus may help support 

mental well-being. Probiotic suppositories with strains 

like Lactobacillus reuteri and Lactobacillus rhamnosus 

can help restore vaginal flora balance. Topical probiotics 

can help support the skin microbiome and treat 

conditions like acne or eczema [54].  

At present, common strains in probiotic 

formulations such as Lactobacillus species (e.g., 

Lactobacillus acidophilus, Lactobacillus rhamnosus) for 

digestive health, immunity, and vaginal health. 

Bifidobacterium species (e.g., Bifidobacterium bifidum, 

Bifidobacterium lactis) are used to support gut health 

and immune function. Saccharomyces boulardii is a 

yeast probiotic often used for preventing or treating 

diarrhea. Streptococcus thermophilus aids in lactose 

digestion and may support gut health. Enterococcus 

faecium is used for balancing gut flora and supporting 

intestinal health [55,56].   

There are a few key points that are considered for 

probiotic formulation, such as (i) Strain-Specific Benefits: 

Different strains of probiotics offer unique benefits. For 

example, Lactobacillus strains are typically linked to 

digestive health, while Bifidobacterium strains may be 

more associated with immune health. (ii) CFU (Colony 

Forming Units): this indicates the potency of the 

probiotics in the formulation. A higher CFU count does 

not always mean better, but you should look for a product 

that offers a sufficient number of CFUs for the desired 

benefits. (iii) Survivability: probiotics must survive 

stomach acid to reach the intestines, so formulations with 

enteric coatings or delayed-release mechanisms are 

beneficial. (iv) Diversity of Strains: multi-strain 

formulations may offer broader health benefits compared 

to single-strain products, as they can address a wider 

range of gut microbiota imbalances [53,57,58].  

  

Conclusion   

The most commonly used probiotics include 

Lactobacillus species for example L. acidophilus, L. 

rhamnosus, and L. plantarum), Bifidobacterium species 

for example, B. bifidum, B. longum, and B. breve, and 

Saccharomyces boulardii. These probiotics have been 

extensively researched and are widely recognized for 

their beneficial effects on gut health and overall well-

being. This review discussed the current market status, 

overall health benefits, and the role of bioinformatics 

prediction models based on genome sequence 

information and the discovery of new potential probiotic 

strains. Probiotics represent a natural and promising 

avenue for enhancing health through the modulation of 

the gut microbiome. Probiotics application in clinical 

practice is supported by a growing body of evidence 

demonstrating their efficacy in treating and preventing 

various gastrointestinal disorders, particularly in 

vulnerable populations such as children. As scientific 

research continues to evolve, the future of probiotics will 

likely see greater integration into personalized medicine. 

Probiotic therapies can be used not only for general 

health maintenance but also as targeted treatments for 

specific conditions, providing tailored solutions to 

optimize health at an individual level. 
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