
 

 

 
 

 
 
 
 
 
 
 

 
Abstract 

Importance of probiotics for human health: A critical review 

B Stany1Anushka Das1 Shatakshi Mishra1 

Vellore institute of technology 

School of biosciences and technology 

Probiotics, prebiotics, and synbiotics have been studied for decades for their health benefits. Probiotics 

are live microorganisms known to confer a health benefit when administered in adequate amounts. The 

most common prebiotics are FOS, GOS, XOS, Inulin, and fructans. Synbiotics, nondigestible fibres, 

selectively increase particular microbe species' growth and activity, improving host health. Postbiotics 

are beneficial microbes or metabolites that induce T regulatory cell differentiation and synthesize anti- 

inflammatory cytokines, killing bacteria chemically and mechanically. Probiotic strains must pass 

multiple testing rounds to prove pathogen causation and monitor and investigate the illness. In vitro 

investigations for stomach acidity, bile acid resistance, antibacterial activity, and pathogen adhesion are 

recommended. Manufacturing and storage should include quality control and assurance, and 

effectiveness studies should focus on humans. These beneficial groups of microorganisms are a great 

boon to human health and are recommended for use in various prophylactic measures. This paper 

discusses the uses, properties, and functions of some probiotic strains used widely after confirmation 

with clinical trials. Next-generation probiotics production is one of the few advancements in the field 

of biology and has significant prospects. 

Introduction 

The health advantages of probiotics, prebiotics, and synbiotics have been extensively researched over 

the last few decades. These dietary supplements, functional meals, have been shown to change, modify, 

and restore pre-existing gut flora (Pandey et al., 2015). They also help the digestive environment run 

smoothly. Bifidobacterium, Lactobacilli, S. boulardii, and Bifidobacterium coagulans are the most often 

utilized probiotic strains. Prebiotics such as FOS, GOS, XOS, Inulin, and fructans are the most 

frequently used fibres that, when combined with probiotics, are referred to as synbiotics and can boost 

probiotic viability (Pandey et al., 2015). The current review concerns the composition and functions of 

Probiotics, Prebiotics, and Synbiotics in human health. Additionally, additional health advantages such 

as immunological modulation, cancer prevention, inflammatory bowel disease, and so on are 

highlighted. 

Probiotics have been utilized to aid in the prevention and treatment of various medical disorders. Some 

of their health benefits have been validated, while insufficient data back others. Probiotic effects are 

strain-specific, and probiotic products may differ, with more advantages found with one lot of probiotics 

vs. another due to the challenge of quality control with living microorganisms (Figure 1). Furthermore, 

combination agents might make it difficult to assess specific therapeutic advantages (Senok et al., 2005; 

Surawicz, 2008; Wald & Rakel, 2008). Probiotics have traditionally been used to treat gastrointestinal 

disorders, owing to their antimicrobial properties and capacity to repair gut flora. The most compelling 

evidence for probiotic usage is treating certain diarrheal illnesses, particularly rotaviral diarrhea in 

children. Clinical research has also shown probiotics to be effective in treating pouchitis (Pham et al., 

2008; Vanderhoof & Young, 2008). Data on the effectiveness of probiotics for antibiotic-associated 

diarrhea (AAD) and travellers’ diarrhea are inconclusive (Pham et al., 2008; Senok et al., 2005). Despite 

inconsistent clinical trial outcomes, probiotic medication may effectively treat Crohn's disease, 

ulcerative colitis (UC), irritable bowel syndrome (IBS), and Helicobacter pylori infection (Macintyre 

& Cymet, 2005; Pham et al., 2008; Santosa et al., 2006; Scarpellini et al., 2008). 

Prebiotics are primarily nondigestible fibres that benefit the host's health by selectively boosting certain 

microbe species' development and activity (Figure 1) (Gibson & Roberfroid, 1995). Lactobacilli and 

bifidobacteria are commonly found in the colon (Gibson & Roberfroid, 1995). An excellent prebiotic 
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should be resistant to the effects of stomach acids, bile salts, and other hydrolyzing enzymes in the gut; 

the upper gastrointestinal system should not absorb it and be readily fermentable by intestinal 

microorganisms (Gibson & Roberfroid, 1995). WHO defines Prebiotics as a non-viable dietary 

component that confers health benefits to the host through microbiota regulation. Prebiotics are a varied 

category of substances like carbohydrate components with unknown origins, fermentation 

characteristics, and doses necessary for health effects. Prebiotics can be found in breast milk, soybeans, 

raw oats, unprocessed wheat, unrefined barley, bacon, non-digestible carbs, and especially non- 

digestible oligosaccharides. However, only bifidogenic, non-digestible oligosaccharides (especially 

inulin, its hydrolysis product oligofructose, and (trans) galactooligosaccharides (GOS)) meet all 

prebiotic categorization requirements (Gibson & Roberfroid, 1995). Prebiotics such as inulin and pectin 

provides various health advantages, including reducing the frequency and length of diarrhea, relieving 

inflammation, and alleviating other symptoms linked with diarrhea, intestinal bowel disease, and 

preventive properties against colon cancer (Gibson & Roberfroid, 1995). They are also related to 

improved mineral bioavailability and absorption, decreased risk factors for cardiovascular disease, and 

promoted satiety and weight reduction, hence avoiding obesity (Pokusaeva et al., 2011). 

A synbiotic product benefits the host by increasing the survival and implantation of live microbial 

dietary supplements in the gastrointestinal tract by selectively expanding the development and 

activating the metabolism of one or a small number of health-promoting bacteria (Figure 1). Because 

synbiotics imply synergism, they should be reserved for products in which the prebiotic compounds 

specifically benefit the probiotic organisms (Cencic & Chingwaru, 2010). Synbiotics were created to 

help probiotics survive. The justification for using synbiotics is based on findings demonstrating 

improved probiotic bacteria survival during transit through the upper digestive system. More efficient 

embedding in the colon and a stimulating influence on the growth of probiotics and ubiquitous bacteria 

help maintain intestinal homeostasis and a healthy body (Peña, 2007). 

Postbiotics are either metabolites or fragments of microorganisms that positively affect the host (Figure 

1). The structural variability of postbiotics suggests a plethora of approaches for postbiotic acquisition. 

Chemical and mechanical approaches can be used to kill bacterial cells. Enzymatic extraction, solvent 

extraction, sonication, and heat are examples of these procedures. Extraction, dialysis, and 

chromatography isolate and identify desired compounds (Zolkiewicz et al., 2020). SCFA stands for 

short-chain fatty acids. 

Postbiotics exhibit pleiotropic characteristics. Postbiotics restore the balance between the two primary 

arms of the immune system, represented by Th1 and Th2, by inducing differentiation of T regulatory 

cells and synthesizing anti-inflammatory cytokines (Zolkiewicz et al., 2020). Th2 lymphocytes are 

white blood cells. The balance of Th1 and Th2 cells is critical for immunoregulation, and its disruption 

causes various immunological illnesses, including atopic dermatitis. Antibacterial action is most likely 

mediated by postbiotics' influence on the molecular structure of enterocytes, which results in the 

intestinal barrier being sealed. Postbiotics' "statin-like" action and potential therapeutic use in metabolic 

and associated illnesses are significantly expected (Zolkiewicz et al., 2020). 
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Figure 1: Diagrammatic representation of Probiotics, Prebiotics, Synbiotics and Postbiotics (Using 

BioRender). 

Requirements for a strain to qualify as a source of probiotics 

The test probiotic strain has to undergo various levels of testing to qualify as a potential probiotic strain; 

these are achieved in multiple steps, which include characterization of the strain, safety level tests for 

intended use, usage of clinical trials on humans, delivery requirements to enter into the host, 

determining the dosage and also enhancement of the shelf life. In case the probiotic stain stands out 

with the characteristics mentioned. It is safe for humans and a prophylactic element for preventing many 

health conditions. ICMR-DBT has incorporated several guidelines to satisfy the above screenings, 

which are discussed below (Council & Icmr, 2015); 

• Identification of the strain is crucial for establishing causality between a pathogen and a 

particular health outcome and for conducting effective monitoring and investigations of the 

spread of disease (epidemiological). Phenotypic and genetic testing should adhere to 

established protocols. 

• PCR-based methods, 16S rRNA sequencing, and DNA fingerprinting are currently employed 

molecular approaches for identification, including ribotyping and PFGE (pulsed-field gel 

electrophoresis). 

• In vitro tests are recommended to screen potential probiotic strains for resistance to gastric 

acidity, bile acid resistance, antimicrobial activity, and ability to reduce pathogen adhesion. 

• These in vitro assays are predicated on the idea that the circumstances in the gut are 

unfavorable. These tests, taken together, determine which cultures are effective in the role of 

probiotics. And should be tested first on suitable animal models to ensure safety before being 

tried on humans in clinical trials. 

• Evaluation of the acute, subacute, and chronic toxicity of exceptionally high doses of probiotics 

should be conducted for all possible strains. This evaluation may not be essential for strains 

with a documented usage history. This category comes under the in vivo tests dealing with 

safety levels. 
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• To verify in vitro effects, proper, validated animal models must be utilized before human 

testing. This category deals with the in vivo tests to determine the efficacy level. 

• Probiotics for human use should be evaluated with the following tests: determination of 

antibiotic resistance patterns, assessment of undesirable side-effects, and assessment of toxin 

production and hemolytic activity. Assessment of lack of infectivity by a probiotic strain in 

immunocompromised individuals is also an added measure. 

• Humans should be the primary focus of probiotic efficacy research because of the potential for 

similar health benefits. Improvements in condition, symptoms, signs, health, or quality of life; 

decreased risk of disease; an increased time before the subsequent incidence of sickness; or 

accelerated recovery from illness, all of which are statistically and clinically significant in 

studies. Every metric must be statistically significant while testing probiotics. 

• The probiotic strain's cfu/ml/day minimum effective dosage or quantity of viable cells in the 

carrier. Foods that exhibit functions that promote general health, overall wellness or specific 

health claims in the target group should be clearly labeled. 

• Essential details on a label (Gregor Reid et al., 2001; Saldanha, 2008)should be the genus, 

species, and strain names, minimum viable numbers of each probiotic strain, health claims, 

recommended serving size, and proper storage conditions. These details should be included in 

addition to the general information required by food legislation. 

• Quality control and assurance measures should be in place throughout production and storage. 

It is recommended that all factories follow GMPs. Guidelines for using hazard analysis and 

critical control points (HACCP), as outlined by the Codex General Principles of Food Hygiene, 

should be implemented. 

 

 
Probiotics used as an aid for irritable bowel syndrome 

Irritable bowel syndrome (IBS) is the most common digestive tract disease caused by an altered 

intestinal flora, the so-called dysbiosis. The intestinal flora consists of more than 2000 different types 

of bacteria belonging to the four main strains Bacteroides, Firmicutes, Actinobacteria, and 

Proteobacteria(Qin et al., 2010). Environmental and genetic factors determine the proper functioning 

of the intestinal flora (Wilson et al., 2019). It has various effects, such as abdominal pain and bloating, 

and is caused by loose stools accompanied by diarrhoea and/or constipation, ranging from mild to severe 

(El-Salhy et al., 2014; Schuster, 2001). Although irritable bowel syndrome does not result in increased 

mortality (Wu et al., 2022), it does have several extraintestinal symptoms, including headache, fatigue, 

fibromyalgia, poor social functioning, and emotional well-being (Böhn et al., 2013). This can 

sometimes lead to a reduction in a person's quality of life in daily work, leading to a financial burden 

on society (Hahn et al., 1999; Patrick et al., 1998). The main challenge in choosing a probiotic strain is 

the lack of clarity about the pathogenesis of IBS; However, several factors are responsible for the 

pathogenesis of IBS, mainly altered gut microbiota (dysbiosis) (Hong & Rhee, 2014), alternative 

enteroendocrine cells, previous infections, genetics, and diet (Mazzawi, 2022). 

Probiotics are essential in maintaining gut dysbiosis (Tamboli et al., 2004). IBD patients have increased 

intestinal permeability, which causes the invasion of pathogenic bacteria. A defective mucosal barrier 

promotes light exposure and triggers a sustained immune activation (Cain & Karpa, 2011; Gersemann 

et al., 2012; Seksik et al., 2008). This leads to a decrease in protective bacteria, such as Bifidobacterium 

and Lactobacillus, and an increase in the number of pathogenic bacteria, such as Escherichia coli and 

Clostridium species (Di Cagno et al., 2011; Macfarlane et al., 2004). It also reduces the synthesis of 

short-chain fatty acids (acetates, butyrate, and propionates)(Cain & Karpa, 2011). It increases the 

synthesis of toxins and the production of pro-inflammatory cytokines that cause inflammation and 

symptoms. On the contrary, probiotics offered a therapeutic treatment for these enteropathies 

(Vanderpool et al., 2008). The mechanism by which probiotics alter the gut microbiota includes a 
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reduction in luminal pH, competitive adhesion, secretion and induction of antimicrobial compounds 

(bacteriocins and defensins), changes in nitrogen metabolism, and cellular avoidance (Ng et al., 2009; 

Scott et al., 2015). The significant effect of these probiotics are analysed in the table 1. Pharmacological 

treatment of IBS has been observed as predominantly symptomatic and short-lived(Rao & Weber, 2014; 

Tack et al., 2016). Therefore, researchers have focused on nutritional management and probiotics to 

treat IBS over the past decade. 

Table 1: Multivariant probiotics strains and its mode of action. 
 

Strains Mechanism of action Reference 

Lactobacillus paracasei subsp. 

Paracasei B21060 

Inhibiting blood CD4+ T-cell 

proliferation 

in patients with IBD. 

(Peluso et al., 2007) 

B. breve and Bifidobacterium 

bifidum strains 

Reduction of proinflammatory 

cytokines (IL-8). 

Increases the IL-10 synthesis in 

peripheral 

blood mononuclear cells. 

(Imaoka et al., 2008) 

B. breve, B. longum and L. casei Improvement of symptoms, such 

as diarrhoea and abdominal pain. 

(Fujimori et al., 2007) 

L. salivarius, L. acidophilus and 

B. bifidum strain 

BGN4. 

Disease activity index 

improvement. 

Reduction in the recovery time. 

(Palumbo et al., 2016) 

Lactobacillus delbruekii and 

Lactobacillus fermentum 

Improvement of mucosal 

inflammation and lesion. 

(Hegazy & El-Bedewy, 

2010) 

 
Probiotics used as an aid for Alzheimer’s and Parkinson’s Disease 

Neurogenerative disorders have proven to spread widely throughout the world (Bulck et al., 2019). 

Some of them are curable, while certain disorders remain to be uncured. Multiple factors lead to the 

development of such disorders. Environmental, genomic, and metabolic are some of the factors that 

lead to the development of these disorders. The two most common neurogenerative disorders include 

Alzheimer's and Parkinson’s disorder (Bulck et al., 2019). Alzheimer's is usually characterized by 

memory impairment, primarily due to the presence of neurofibrillary fibers and Aß (Naomi et al., 2022). 

Modern-day treatments use probiotics to treat this disorder in humans, and it has been observed that 

changes in gut microbial diversity also adversely affect Alzheimer's in humans (Naomi et al., 2022). 

Parkinson’s is the second stage of Alzheimer’s. It is progressive and has been characterized by both 

motor and non-motor nerves (Gazerani, 2019). 

Among the reports made, certain strains of probiotics, such as SLAB51 (Bonfili et al., 2018), which 

contains species of Lactobacillus and Streptococcus, regulated glucose and brain metabolism when it 

was injected into an animal model. The table 2 lists other prominent strains and their mechanism of the 

action below. 
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Table 2: Probiotics strains and its mode of action for Alzheimer’s and Parkinson’s disease. 

 

Strains Mechanism of action Reference 

 
 
 
 

 
Lactobacillus plantarum 

Regulates brain and glucose metabolism. 

Regulates neuronal activity. 

Regulates brain metabolism. 

Promotes the production of 

neurotransmitters like acetylcholine and 

acetylcholinesterase. 

Activates immune cells that leads to the 

stimulation of microbiota-gut-brain axis. 

(Bonfili et al., 2018) 

 
 
 

 
Bifidobacterium longum 

Regulates metabolic abnormality. 

Regulates metabolic abnormality and 

oxidative stress. 

Regulates presynaptic neurotransmitters 

in the brain. 

Regulates brain metabolites. 

Regulates serum metabolites. 

(Rezaei Asl et al., 2019; 
Rezaeiasl et al., 2019) 

 
 
 
 

 
Lactobacillus acidophilus 

Regulates brain and glucose metabolism. 

Regulates neuronal activity. 

Activates immune cells leading to 

stimulation of microbiota gut brain axis. 

Regulates brain metabolism and the 

intestinal microbiome. 

Regulates presynaptic neurotransmitters 

in the brain. 

(Abraham et al., 2019; 

Leblhuber et al., 2018; 

Rezaeiasl et al., 2019) 

Clostridium 

butyricum WZMC1016 

Regulates brain metabolites. (Bonfili et al., 2018) 

Lactobacillus 

helveticus IDCC3801 

Regulates brain metabolites. (Bonfili et al., 2018) 

 
To summarize, this study shows various evidence-based studies that have proven to help effectively in 

treating neurogenerative disorders in humans. Clinical trials associated with humans have shown that 

Alzheimer’s and Parkinson’s can be treated by the usage of probiotics (Figure 2). In addition, various 

other clinical trials are being conducted to detect the specific changes in the gut flora. This 

interdisciplinary approach can effectively help treat and prevent various neurogenerative disorders in 

humans. 
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Figure 2: Mode of action of Probiotics in Alzheimer’s disease (Using BioRender). 

Probiotics used as an aid for food Hypersensitivity 

The ingestion of a particular food or food additive that causes an immunogenic response in the body is 

known as food hypersensitivity or food allergy (Isolauri et al., 2002). This is mainly caused due to the 

release of IgE and other chemical mediators in the body that might lead to a classic allergic reaction or 

allergic anaphylaxis in the body. Allergies are primarily concerned with small children, and it has been 

noted that the gut flora of typical children is different from that of an allergic child (Isolauri et al., 2002). 

Most commonly, Lactobacillus and Bifidobacterium are the genera highly concentrated in humans' guts. 

After the first week of birth, infants compromise on various probiotics. Probiotics are maintained in the 

body with the help of prebiotics, the indigestible fibres that help nourish probiotics. Breast milk is said 

to be loaded with many prebiotics (Isolauri et al., 2002). Food hypersensitivity can be very well 

controlled by certain strains which are listed below in table 3. 

Table 3: Probiotics strains and its mode of action for food hypersensitivity. 
 

Strains Mechanism of action Reference 

Lactobacillus rhamnosus + 

Bifidobacterium lactis 

Helps in decreasing atopic 

dermatitis or eczema in children 

with food allergy. 

(Santos et al., 2020) 

Lactobacillus rhamnosus GG Decreases allergic asthma 

Increases fecal IgA levels 

(Pessi et al., 2000) 

Lactobacillus casei Decreases allergic rhinitis (Santos et al., 2020) 

Lactobacillus reuteri Increases the Th1 and Th2 

balance in the body and the Th2 

cytokines 

(Santos et al., 2020) 
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Bifidobacterium longum Decreases IL 10 production in 

the body 

(Santos et al., 2020) 

This topic remains controversial as few clinical trials have been conducted to check the probiotic's 

action in treating food hypersensitivity. Mixing one strain of probiotics with either a prebiotic or a 

mixture of whey can also affect the mode of action of these probiotics in the body. Probiotics must not 

be supplied to immunocompromised children, even though they are prone to specific food allergies and 

atopic dermatitis (Kilpi et al., 2002). To conclude, there is not much evidence to prove that probiotics 

help effectively treat and prevent food allergies in humans. 

Probiotics used as an aid for Oral Health 

Oral health has gotten much attention in the last decades. A pleasant and valuable dental structure that 

enables an individual to lead a fulfilling social life (Meurman & Stamatova, 2007). On the other hand, 

oral health is the state of being comfortable and pain-free, having a socially acceptable dentofacial 

profile, being able to chew and eat a wide variety of diet-related foods, speaking clearly, and having 

fresh breath (Meurman & Stamatova, 2007). Oral health can be controlled by certain strains which are 

listed below in table 4. 

Table 4: Probiotics strains and its mode of action for Oral health. 
 

Strains Mechanism of action Reference 

Lactobacillus rhamnosus 

GG + Lactobacillus casei 

Hamper the growth of Streptococcus 

which are associated with the 

development of dental caries in the 

mouth. 

(Ahola et al., 2002; Busscher et 

al., 1999; Hatakka et al., 2001; 

Meurman et al., 1994) 

S. salivarius Reduction 

compounds 

in volatile sulphur (Burton et al., 2005) 

Lactobacillus sp Helps to form a barrier to stop the 

colonization of pathogens due to the 

production of inhibiting substances 

(Boris et al., 1997; G Reid et 
al., 1988) 

Lactobacillus 

ATCC 55 730 

reuteri Reduction in the level of 

Streptococcus mutans 

(Caglar et al., 2006) 

W. cibaria Reduction 

compounds 

in volatile sulphur (Kang et al., 2006) 

 
It has been demonstrated that the oral cavity contains strains specifically designated as probiotics with 

its diverse microbial species (Meurman et al., 1994). More research is needed to identify the mouth's 

resident probiotics, delineate the process they colonize, and determine how they ultimately affect the 

oral environment. More research would be needed to determine how probiotics affect the harmony of 

the oral ecosystem. Studies on the combined effect of multiple probiotics used concurrently, examining 

the potential additive, cumulative, or competing modes of action in the oral environment may be of 

particular interest. The studies on the safety of probiotics mentioned here can be used as a starting point 

for further, in-depth research. The basic requirements for a strain to be classified as an oral probiotic 

may also change depending on its intended indications. Compared to the standards appropriate for the 

relevant strains in other regions of the gastrointestinal system, oral applications may need to be adjusted 

(Meurman et al., 1994). In other words, requirements for an oral probiotic may differ from those for 

other health purposes. To find the best candidate probiotics for oral and dental illnesses, systematic 

screening and identification of latent or resident probiotic microbes is required. Investigating probiotic 
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therapy's role in managing oral symptoms of various diseases, such as cutaneous disorders, is critical 

for understanding the mechanisms by which probiotic species modify oral immunity (Meurman et al., 

1994). There is no evidence that probiotics have any effect on autoimmune disease oral symptoms. 

Studies on people with lichen planus, pemphigus vulgaris, cicatricial pemphigoid, or aphthous 

stomatitis may be useful in this area. Probiotics have traditionally been administered through dairy 

products, the vast majority of which are produced through lactic acid fermentation. Species that ferment 

sugar and reduce oral pH harm the teeth (Meurman et al., 1994). 

Probiotics as an aid for child health 

Probiotics are bacteria that are advantageous to the host's health. Hypothesized processes include raising 

the mucosal barrier's resistance to the migration of bacteria and their toxins by strengthening intestinal 

cell junctions, modifying the host's response to microbial products, and boosting immunoglobulin 

levels. A mucosal response, enteral nutrition improvement to avoid pathogen growth, Competitive 

exclusion of potential pathogens, and antimicrobial protein production. In published meta-analyses and 

systematic reviews, the effects of probiotics on essential neonatal clinical outcomes are discussed 

(Szajewska, 2016). Human health and the activity and makeup of the gut microbiota are becoming 

increasingly linked to intestinal and systemic illnesses. In full-term newborns with mild hypoxia on the 

first day of life, Lachnospiraceae and Clostridia predominate, related to decreased brain development 

and communication at 6 months (Szajewska, 2016). Antibiotic-resistant bacteria in preterm neonates 

increase the risk of infection and negatively impact neonatal growth and development (Bresesti et al., 

2022). Probiotics have increased intestinal Bifidobacteria and the functional capacity to utilize human 

milk oligosaccharides while reducing enteric inflammation and antibiotic resistance. To investigate gut 

microbiota as a predictive biomarker and develop targeted therapies, it must be known if dysbiosis 

causes or results from significant disorders. Probiotic strains such as lactobacillus rhamnosus GG, 

saccharomyces boulardii, lactobacillus reuteri DSM 17938, Bifidobacterium animalis subsp. BB12, E 

coli nissle 1917, and Bifidobacterium lactis DN173, along with rehydration therapy, are used frequently 

in neonatal treatments and for the prevention of conditions like acute gastroenteritis, antibiotic- 

associated diarrhea, nosocomial diarrhea, allergies, inflammatory bowel disease in the children 

(Szajewska, 2016). 

Probiotics as an aid for cancer 

Probiotics improve apoptosis in cancer patients (Śliżewska et al., 2020). In mouse and human colon 

cancer, HGC-27 and colitis Lactobacillus rhamnosus GG suppresses proliferation and promotes 

apoptosis in Caco-2, DLD-1, and HT-29 cells (Orlando et al., 2012). Probiotics and their metabolites, 

such as butyrate and pyridoxine, may fight cancer in preclinical trials (figure 3). SCFAs provide colon 

cells with energy, keep the gut acidic, restrict secondary bile acid generation, and promote cancer cell 

acidosis and death (Kahouli et al., 2013). Butyric acid balances colon cell growth, division, and 

apoptosis. Colorectal cancer patients have lower stool butyrate levels than healthy persons because 

colon cell metabolism produces 70%–90% of itc(Macfarlane & Macfarlane, 2003). 

Due to individual variances, gut flora may not create enough SCFAs to prevent colorectal cancer. Thus, 

probiotics boost SCFA production. SCFAs suppress pathogen development. In vitro, propionic acid and 

butyric acid prevented Salmonella typhimurium from attacking healthy cells by inhibiting its invasive 

genes (Gantois et al., 2006). SCFAs also modulate systemic and intestinal immunity. SCFAs cause 

intestinal epithelial cells to generate antimicrobial peptides and tight junctions to sustain intestinal 

barrier function. SCFAs interact with intestinal G protein-coupled receptors to balance inflammation 

and immunological response (Soel et al., 2007). Both conjugated linoleic acid (CLA) and LA can 

stimulate apoptosis genes, including Bcl-2, caspase 3, and caspase 9, preventing colon cancer cell 

spread (Lu et al., 2021). According to previous research, Lactobacillus, Bifidobacterium, Streptococcus 

salivarius, and Propionibacterium freudenreichii subspecies can create CLA in the terminal ileum, 

which colonic cells can absorb or interact with to benefit (Śliżewska et al., 2020). These strains can be 
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used alone or alongside cancer drugs. Immune surveillance against cancer achieved therapeutic 

goals(Zhang et al., 2019). It is also observed that TGF-b receptor blockers and probiotics enhanced the 

antitumor immune response, decreasing tumor development (Shi et al., 2019). Probiotics' anticancer 

mechanisms include positive control of intestinal flora, metabolic activity, binding and degradation of 

carcinogenic chemicals, immunomodulation to reduce chronic inflammation, decreasing intestinal pH, 

and inhibiting enzymes that create potential carcinogens (Molska & Reguła, 2019; Reis et al., 2019). In 

animal models, probiotics cure cancers (Li et al., 2016; Ranji et al., 2019). Abnormal gut flora increases 

colorectal cancer risk (Fong et al., 2020). Colorectal cancer patients have more gut bacteria that induce 

gastrointestinal inflammatory disorders and create toxins and carcinogenic compounds (Yang et al., 

2017). SCFA-producing bacteria and probiotics decrease. Inflammation increases cancer risk. Under 

the colon mucus layer, Clostridium spp. invaded the submucosa and caused chronic local inflammation 

(Molska & Reguła, 2019). Colorectal cancer tissues had elevated Clostridium spp. and a profile of 

inflammation-related genes and proteins, such as COX-2, NF-kB, TNF-a, IL-6, IL-8, and IL-12, and 

matrix metalloproteinases 3 and 9, which contributed to tumor development and transfer (Reis et al., 

2019). It’s been discovered that Lactobacillus rhamnosus GG, acidophilus, or celecoxib decreased NF- 

kB, COX-2, b-catenin, and K-ras carcinogenic indicators in a colorectal cancer animal model (Chandel 

et al., 2019). Colorectal cancer patients have a distinct microbial structure and lower diversity than 

noncancer individuals. Probiotics boosted mucosal bacteria diversity and structure. Pyrosequencing 

showed that probiotics reduced Fusibacter genus abundance, previously linked to cancer. Another 

preclinical investigation suggested that Bifidobacterium bifidum and L. acidophilus might change gut 

microorganisms to prevent colon cancer. Probiotics may prevent or treat colorectal cancer in high-risk 

individuals (Lu et al., 2021). 
 

Figure 3: Mode of action of probiotics on cancer occurrence and attenuation of cancer. 
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Next generation probiotics 

Over the past decade, gut commensal bacteria research has outpaced pathogen research. Many 

researchers have examined gut microbiota dysbiosis. Chronic inflammation causes intra- and extra- 

intestinal chronic inflammation-related illnesses, including colitis, obesity/metabolic syndromes, 

diabetes mellitus, liver diseases, cardiovascular diseases, cancer, and neurodegenerative diseases 

(Chang et al., 2019). Altering gut microbiota structure has been extensively investigated to overcome 

these hurdles. It has revealed more about treating inflammation-related illnesses (Chang et al., 2019). 

Next-generation probiotics are showing promise as preventive and therapeutic agents, whereas 

conventional probiotics frequently have relatively moderate advantages. Prevotella copri and 

Christensenella minuta regulate insulin resistance. Parabacteroides Goldstein, Akkermansia 

muciniphila, and Bacteroides thetaiotaomicron reverse obesity and insulin resistance, Faecalibacterium 

prausnitzii protects mice from intestinal diseases, and Bacteroides fragilis reduces inflammation and 

fights cancer (Chang et al., 2019). New anti-inflammatory drugs will be released soon. Intestinal 

integrity and homeostasis depend on next-generation probiotics and gut microbiota necrobiosis. 

One of the best ways to treat diseases caused by leaky gut syndromes is with the help of probiotic drugs. 

The main reasons why probiotics are given may include making the intestinal epithelial layer stronger, 

boosting IgA production to its highest level, controlling the production and release of homeostatic bile 

acids, and making more antimicrobial peptides (Olveira & González-Molero, 2016). Generally, well- 

known conventional probiotics like Bifidobacterium spp., Lactobacillus spp., and many others were 

chosen by chance or by putting together personal experiences. But the overall effects and functions on 

improving illness are statistically insignificant, even if most are safe for biological use. Some may work 

to improve the condition. Traditional probiotics, however, don't treat any particular diseases. Because 

of this, it is essential to find and describe new NGPs specific to the disease (Bottacini et al., 2017). In 

addition to safety concerns, the NGP will need to know a lot about the conditions they are trying to treat 

and the genetic and physiological aspects of bacteria, such as how they grow and respond to antibiotics. 

Also, it's essential to understand the molecular pathways that lead to improvement. To do this, cutting- 

edge NGS (next-generation sequencing) and bioinformatics technology platforms must be used to 

screen and isolate the NGP and then do strict functional validation of the novel probiotics. In terms of 

how they work, these methods are very different from those usually used alone or with traditional 

probiotics. To choose good probiotics, it would be necessary to do cross-sectional (or even longitudinal) 

studies and more in-depth bioinformatics analysis of the microbiota composition, metagenomics, and 

the host's responses, such as the metabolites/metabolomes that are made. After that, potential probiotics 

or the consortium could be chosen based on the analysis done by the many multi-omics big data groups. 

After that, the selected probiotics are tested to make sure they work. This can be done with in vitro cell 

lines, ex vivo animal models, in vivo animals, or even clinical trials with people. Also, it may be 

necessary to improve the quality of the samples to be analyzed to get more valuable and relevant results. 

These samples could come from nearby mucosa loci or feces that are easy to get. It is important to stress 

that strict design and execution of standardized processing processes for sample collection, ideal storage 

conditions, and complete sequencing and bioinformatics analysis will be needed. To get a biochemical 

result that looks at the big picture, different extensive data findings from studies of large amounts of 

blood/serum, tissues, urine, and feces samples under other environmental conditions, such as different 

diets and drug treatments, must be combined. Then, these results can be used to show how the host and 

bacteria interact in more realistic ways (Hiippala et al., 2018). 

Some of the prominent examples suitable for next-gen probiotics include Bacteroides fragilis. 

Faecalibacterium prausnitzii (Duncan et al., 2002; Park et al., 2018; Wrzosek et al., 2013), Akkermansia 

muciniphila (P D Cani et al., 2014; Patrice D Cani & de Vos, 2017; Everard et al., 2013; Plovier et al., 

2017; Wang et al., 2018), Prevotella copri (Fu et al., 2005; Hu et al., 2009), Bifidobacterium spp (Bilen 

et al., 2018; Delcenserie et al., 2007; Russell et al., 2011). Several techniques, such as bioinformatics, 
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computational biology, 16srna sequencing, biochemical characterization, strain improvement 

techniques, and genetic engineering, could be followed and practiced to work the next generation of 

probiotics successfully. 

Risk factors involved in the use of probiotics as health supplements 

Probiotics are widely considered to be safe (GRAS) and are added to a variety of meals, primarily 

yoghurts, as well as beverages and other common food supplements (Floch, 2013). They are often 

offered over the counter and are not regulated beyond the control of marketing claims. However, there 

are potential infection risk factors that should be considered prior to probiotic administration, such as 

immunocompromised and preterm infants (Floch, 2013). Minor risk factors for heart valve dysfunction 

include the presence of central venous catheters, impaired intestinal epithelial barriers, administration 

of probiotics via jejunostomy, concurrent administration of broad-spectrum antibiotics to which 

probiotics are resistant, properties of high mucosal adhesion of known pathogens, and cardiac valve 

disease. Boyle et al., 2006 and his colleagues found that these risk variables were substantial despite 

their limited prevalence. Whelan & Myers, 2010 conducted a systematic analysis of case reports, 

randomised controlled trials, and nonrandomized studies, and found that the extremely low frequency 

of problems in individuals receiving nutritional assistance did not constitute a contraindication for their 

usage. Prior to administration, probiotics should be subjected to a risk-benefit analysis and regular 

adverse event monitoring should be performed. There is a long history of safe use of probiotics in meals 

and as supplements, and the Food and Drug Administration and EFSA generally consider them to be 

safe (Ferreira et al., 2010). 

Conclusion 

Probiotics, prebiotics, and synbiotics have been studied for their health benefits, and this paper discusses 

the uses, properties, and functions of some probiotic strains. Next-generation probiotics production is 

one of the few advancements in biology and has significant prospects. Probiotics are GRAS and are 

often offered over the counter, but there are potential infection risk factors such as immunocompromised 

and preterm infants. Risk factors for heart valve dysfunction include central venous catheters, impaired 

intestinal epithelial barriers, administration of probiotics via jejunostomy, concurrent administration of 

broad-spectrum antibiotics, and cardiac valve disease. Prior to administration, probiotics should be 

subjected to a risk-benefit analysis and regular adverse event monitoring. 
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