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Abstract

Probiotics are live bacteria that provide the human body with health advantages when
consumed. The oral consumption of probiotics has been suggested as a potential preventive
measure for the common side effect of diarrhoea that may arise from antibiotic use.
Probiotics function through the restoration of an imbalanced gastrointestinal microbiota.
Probiotics are present in various fermented foods, yogurt, dietary supplements, and cosmetic
products. Several bacterial strains aid in the process of food digestion, eliminate pathogenic
cells, and synthesize essential vitamins. Several microorganisms found in probiotic products
exhibit similarity to the microorganisms that naturally occur in the human body. The health
benefits of probiotic strains belonging to genera such as Bifidobacterium, Lactobacillus,
Enterococcus, Saccharomyces, Streptococcus, Escherichia coli, Pedococcus, and

Leuconostochave been well established.

The present review article offers an outline of the current research status on probiotics and
probiotic products in the management of diverse medical conditions. The article describes the
probiotics' methods of action, including how they affect the immune system and the gut flora.
The authors investigate the information that is currently available about probiotics' efficacy in
treating a range of medical disorders, such as gastrointestinal ailments, allergies, respiratory
infections, and metabolic disorders. The literature review underscores the potential of
probiotics as a secure and efficacious therapeutic modality for a spectrum of health
conditions, while underscoring the necessity for additional research to fully actualize their

potential.
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1. INTRODUCTION

The etymology of the term "probiotic” can be traced back to its Greek roots, where "pro"
denotes "for" and "biotic™ pertains to "life." Hence, the term "probiotic” implies a substance
or agent that is beneficial for life. In 1965, Lilly & Stillwell established the initial definition
of probiotics as "substances that are released” by one microbe that encourages the
development of another. Probiotics are unquestionably the opposite of antibiotics, according
to the definition. Probiotics were first identified by Parker in 1974 as the organisms and
chemicals that support the balance of gut microbes[1].

According to Fuller, who concurs with Parker's definition [2], [3], probiotics are live
microbial feed supplements that benefit the host (animal or human) by balancing the gut
microbial flora. According to the Food and Agriculture Organisation of the United Nations
and theFAO-WHO, probiotics are live bacteria that, when given in the right amounts,
dramatically enhance the host's health. The ISAPP, an international scientific association for
probiotics and prebiotics, has endorsed this definition as the one that most accurately
characterises probiotics. Consuming advantageous microorganisms that are later added to the
gut microbiota is a component of probiotic therapies. Numerous helpful bacteria starve off
dangerous bacteria by competing with them for nutrients [4]. Probiotics have a vital role in a
number of physiological processes that benefit human health [5]. Numerous probiotic
bacteria from the genera Lactobacillus, Bifidobacterium, Saccharomyces, Enterococcus,
Streptococcus, Pedococcus, Leuconostoc, and Escherichia coli have been shown to provide
health benefits [6]. Because of the close ties between the gut microbiota, health, and disease,
there is a lot of interest in using probiotics (live microorganisms) or prebiotics (non-digestible
substrates) to change the gut microbiota in a way that would prevent or treat certain disorders.
[7] Synbiotics are dietary supplements that combine probiotics and prebiotics. To extend the
probiotics' intestinal persistence, prebiotics are added to the mix. It has been demonstrated
that consuming probiotics, prebiotics, and synbiotics can change the composition of the Gl
microbiota and restore the delicate microbial balance, potentially enhancing general health.
Live bacteria known as probiotics have been shown to provide a multitude of health benefits
when eaten in adequate doses. They could benefit digestion, immunity, reduce inflammation,
and women's health, as well as boost mental health. Probiotics may be found in fermented

foods and nutritional supplements[8].
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2. PROBIOTICS: Their role in clinical practice and advantages

The Greek phrase for "for life" that gave rise to the term "probiotic™" is "for life." Lilly and
Stillwell in 1965 "Substances secreted by one microorganism that promote the growth of
another" is how probiotics are defined. This definition's main objective was to distinguish
them from antibiotics by emphasising their opposing effects. In 1974, Parker used the phrase
"organisms and materials which contribute to gut microbial equilibrium” to define probiotics
[9], [10] Probiotics are "live microbial feed supplements, which beneficially affect the host
(animal or human) by improving its intestinal microbial balance,” according to Fuller's 1989
proposal[11].

Probiotics are officially describe as "live microorganisms that, when supplied in sufficient
proportions, impart a considerable health benefit on the host™ by the F. and A. Organisation
of the United Nations and theWHO [12].

Today, experts from all across the globe agree most onprobiotics. The ISAPP later approved
it. During probiotic treatment, these beneficial microbes are intentionally eaten and
introduced to the gut microbiota. As a consequence, a lot of beneficial bacteria compete with
harmful bacteria for nutrients, starving them to death [13]. Probiotics provide an effective
natural biological barrier that keeps away many harmful germs by adhering to the inner lining
of the intestines. As a result, adhesion is thought to be the starting point of colonisation.
Physicochemical factors determineeither specifically or randomly, bacteria and receptor

molecules on epithelial cells cling to the epithelium[14].

2.1 Typical Probiotic Microorganisms

Many different microorganisms are used nowadays as probiotics. However, bacteria from
the genus Lactobacillus are the most often used. Probiotics are the first and most common
class of microorganisms [15]. Numerous bacteria reside in the human GIT. In
contradistinction to other intestinal microorganisms, they are acknowledged to be devoid of
deleterious impacts [16].

It is worth noting that there are a variety of other Lactobacilli species, such as
L. acidophilus, L. rhamnosus, L. casei, L. delbrueckii ssp. bulgaricus, L. johnsonii, L.
reuteri, L. brevis, L. cellobiosus, L. curvatus, L. fermentum, L. gasseri, and L. plantarum
[17]. Some commonly utilized species include Bifidobacterium breve, B. animalis subsp.

lactis, and B. longum biotypes infantis and longum[18].
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In recent times, probiotics have undergone a significant transformation with the inclusion of
a more diverse range of lactic acid bacteria (LAB) from various genera such as
Streptococcus, Lactococcus, Enterococcus, Leuconostoc, Propionibacterium, and
Pediococcus. This development has expanded the scope of probiotics, making them more
effective in promoting gut health and overall well-being. However, a number of countries
are worried that certain Enterococcus species may spread genes for antibiotic resistance.
Aspergillus oryzae, yeasts (Saccharomyces cereviciae, Saccharomyces boulardii), non-
pathogenic E. coli Nissle 1917, and several spore-forming bacteria are some other unrelated
microorganisms that have been used [19],[20].

2.2 Mechanism of action of probiotics

The study of probiotics has revealed numerous mechanisms of action. This article explores
the various processes involved in the functioning of intestinal microbial communities.
These processes include immune system modulation, interaction with the brain-gut axis,
colonization and normalization of disturbed microbial communities, competitive exclusion
of pathogens, bacteriocin production, enzymatic activity, production of volatile fatty acids,
cell adhesion, cell antagonism, and mucin production. Understanding these processes is
crucial for maintaining a healthy gut microbiome in both children and adults. The gut
microbiota has been found to play a crucial role in regulating the immune system. This is
due to its ability to produce substances that possess immunomodulatory and anti-
inflammatory properties, which can activate immune cells. Probiotic bacteria have been
found to have immunomodulatory effects through their interactions with various cells in the
body, including lymphocytes, dendritic cells, monocytes/macrophages, and epithelial cells.
These interactions have been shown to play a significant role in regulating the immune
system and promoting overall health. Probiotics have been found to regulate the host
immune response, which is one of their key mechanisms of action. The division of the
immune system into innate and adaptive components is a well-established concept in
immunology. The adaptive immune response is heavily reliant on B and T cells due to their
strong attraction to specific antigens. These cells play a critical role in identifying and
responding to foreign substances in the body. The innate immune system is a crucial
component of the body's defense mechanism against various pathogens. It is activated by
specific elements called pathogen-associated molecular patterns (PAMPs), which are
commonly found in many diseases. Unlike the adaptive immune system, the innate immune
system provides immediate protection against invading pathogens without the need for

prior exposure or recognition. This system plays a vital role in the early stages of infection
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and helps to prevent the spread of pathogens throughout the body. In the realm of
immunology, it is widely accepted that pattern recognition receptors (PRRS) play a crucial
role in mediating immune responses to infections. These receptors are known to bind to
pathogen-associated molecular patterns (PAMPS), which in turn trigger a cascade of
immune responses. TLRs, or Toll-like receptors, are a crucial component of the innate
immune system. These transmembrane proteins are a type of pattern recognition receptor
(PRR), which play a vital role in recognizing and responding to various pathogens. By
detecting specific molecular patterns associated with pathogens, TLRs initiate a cascade of
immune responses that help to protect the body from infection. Overall, TLRs are an
essential component of the immune system's ability to detect and respond to potential
threats. The expression of these molecules is observed on a diverse set of cells,
encompassing both immune and non-immune cell types. These include B-cells, natural
killer cells, dendritic cells, macrophages, fibroblast cells, epithelial cells, and endothelial
cells. In addition to the aforementioned components of PRRs, lectins, adhesion molecules,
and nucleotide-binding oligomerization domains also play a crucial role in the recognition
of pathogens. These molecules are involved in the detection of specific pathogen-associated
molecular patterns (PAMPSs) and trigger downstream signaling pathways that lead to the
activation of the immune response. Lectins, for instance, are carbohydrate-binding proteins
that recognize and bind to specific sugar moieties on the surface of pathogens. Adhesion
molecules, on the other hand, facilitate the attachment of immune cells to the site of
infection, while nucleotide-binding oligomerization domains detect intracellular pathogens
and initiate an immune response. Together, these components of PRRs form a complex
network of molecular sensors that enable the immune system to detect and respond to a
wide range of pathogens. As per recent studies, it has been found that Pattern Recognition
Receptors (PRRs) are composed of NOD-like intracellular receptors (NODLRs). These
receptors, along with Toll-like receptors (TLRs), are responsible for safeguarding the
cytoplasm. This discovery has opened up new avenues for research in the field of
immunology and has provided a better understanding of the immune system's defense
mechanisms. In addition to the well-known PRRs, recent studies have identified several
other types of PRRs. These include C-type lectin receptors, formylated peptide receptors,
retinoic acid inducible-like helicases, and intracellular IL-1-converting enzyme protease-
activating factor [21]. These newly discovered PRRs have expanded our understanding of
the innate immune system and its ability to detect and respond to a wide range of pathogens

and danger signals.
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3. Advantages of probiotics

3.1 Probiotic as Functional Food

Probiotics have become increasingly popular in recent years, with many people
incorporating them into their diets either through food or non-food products. As a food
component, probiotics can be found in a variety of products such as yogurt, kefir, and
fermented vegetables. Non-food preparations, such as supplements, are also available for
those who prefer a more concentrated form of probiotics. Regardless of the form in which
they are consumed, probiotics are believed to provide numerous health benefits, including
improved digestion and immune function. Probiotics have gained widespread attention in
recent years due to their potential health benefits. Foods that contain these beneficial
microorganisms are often referred to as "functional foods." This term is used to describe
foods that offer additional health benefits beyond basic nutrition. Probiotic-containing
foods such as yogurt, kefir, and sauerkraut are examples of functional foods that have
become increasingly popular in the health and wellness industry. By incorporating these
foods into your diet, you may be able to support your digestive health and boost your
immune system. Functional foods have gained popularity in recent years due to their ability
to impact certain biological functions and enhance overall health. These foods contain
nutrient- or non-nutrient-rich components that provide various health benefits. [22]. To
provide a health benefit, a probiotic product's daily dose and number of live bacteria must
be enough. Because they have a high upper permissible level and are not known to be
pathogenic, probiotics might be promoted as a beneficial dietary supplement. Currently,
using probiotics to cure or prevent any illness is prohibited[23].

The two greatest methods to boost the quantity of good bacteria in the stomach are via
fermented meals and nutritional supplements. Fermented foods are the most organic
sources. During the process of lactofermentation, natural bacteria eat the sugar and starch in
the food, which leads to the creation of lactic acid. This process creates an environment that
safeguards the food and promotes the development of several beneficial bacterial species,
beneficial enzymes, vitamin B, and omega-3 fatty acid molecules. The specific kinds and
quantities of fermented foods that are helpful cannot be determined since there is no
recommended daily consumption for probiotics [24].

This article focuses on the viability and resistance of various lactic acid bacteria strains,
including lactobacillus, bifidobacteria, and Bacillus strains, as well as isolated probiotic
strains such as L. rhamnosus and L. plantarum. These strains are obtained from specific

vegetables and citrus fruits. The article explores the strains' ability to withstand different
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food environments, including orange juice, cheese, homemade bread, leaves of yams,
papayas, casseroles, sugarcane, and taro. Orange juice proved to be a stable medium for L.
casei despite the use of probiotic addition strategies. Soybeans have been found to be an
excellent support for L. casei cells due to their ability to maintain the vitality of the cells.
This characteristic is highly advantageous for their potential use in fermentation processes
and as a food ingredient. The preservation of cell vitality is crucial for ensuring the
effectiveness of the cells in these applications. Therefore, soybeans can be considered a
stable and reliable support for L. casei cells. In a recent study, L. casei was found to exhibit
probiotic properties in vitro, indicating its potential as a beneficial dietary supplement [25].
Furthermore, research has demonstrated that L. casei is safe for consumption, making it a
promising candidate for use in food products [25].

3.2 Therapeutic benefits of probiotics in various diseases

As soon as probiotic strains are delivered or ingested, the colonization process begins. A
small number of studies have focused on this phase, whereas the bulk have just examined
the key findings and drawn conclusions about how the use of bacteria affected them. In
healthy individuals, probiotic treatment increases the production of short-chain fatty acids
(SCFAs), fecal moisture, bowel frequency, and volume of stools [26].

The number of defecations, frequency, or consistency of the stool were unaffected by L.
rhamnosus PRSF-L477. It implies that the bacteria were accepted well. The discovery of L.
rhamnosus on the faces of individuals in the probiotic-treated group [27]. was of significant
concern.

L. salivarius CECT5713 was tested for tolerance in healthy people; the strain was tolerated
with no adverse effects noted, but no effort was made to look into intestinal colonization by
this strain [28]. People who are overweight or obese may get probiotic strains as individual
therapies or as multistrain mixes, and these treatments have consequences beyond just
enhancing health. On overweight individuals, a multistrain probiotic mixture known as De
Simone formulation has been tested. The De Simone formulation increased insulin
sensitivity, altered the makeup of the gut flora, and reduced lipid levels and inflammatory
markers such high-sensitivity C-reactive protein [29].

In individuals with obesity and high blood pressure, L. plantarum TENSIA decreased blood
pressure and BMI[30].

IBD is the term used to describe a group of systemic diseases that affect the digestive
system. In these conditions, the epithelium barrier's capacity to function is impaired, which

significantly contributes to the onset of the illness and other issues. IBD may start and
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progress because of changes in the gut microbiota [31]. Patients with ulcerative colitis who
use probiotics seem to have a higher chance of experiencing a complete remission,
particularly when using the De Simone formulation with a mix of Lactobacillus and
prebiotics. Trials of probiotic therapy in people with Crohn's disease (CD) did not show a
remission effect [32]. C. difficile-related diarrhea may be efficiently treated with probiotics.
[33]

The evaluated studies suggest that consuming multistrain probiotics for six to twelve weeks
may improve Gl index in persons with Type-2 DM. These probiotics need to include
between 7 and 100 billion L. Acidophilus, S. thermophilus, L. bulgaricus, and/or
Bifidobacterium lactis colony forming units [34]. By managing the microbiota in the gut
and lowering oxidative and inflammatory stress, probiotics may increase insulin sensitivity
and reduce autoimmune responses. According to recent studies, probiotics affect the host
by reducing intestinal permeability and mucosal immune response, using hormones that
regulate hunger to regulate eating patterns, and modifying the endocannabinoid (eCB)
system, which is connected to inflammation and diabetes. Probiotic supplementation may
be used to prevent and treat gestational diabetes, type-1 and type-2 diabetes, and both [35].
A variety of microorganisms, including bacteria, yeasts, and molds, contribute to
spontaneous fermentation. Probiotics are found naturally or eaten in fermented foods,
namely lactic acid bacteria like Lactobacillus, Bifidobacteria, and Streptococcus species.
Fermented foods may provide enzymes, peptides, antimicrobials, antioxidants, and other
probiotic properties. These products have been shown to be essential for both treating and
preventing cancer [36].

The mental health of humans is benefited by a distinct class of probiotics called
psychobiotics. Probiotics have been a popular topic in recent years, but have you heard of
psychobiotics? These specialized probiotics have been found to have unique benefits that
set them apart from ordinary probiotics. One of the key differences is their ability to
produce or promote the production of neurotransmitters, short-chain fatty acids,
enteroendocrine hormones, and anti-inflammatory cytokines. These compounds have been
linked to improved mood, cognitive function, and overall gut health. So, if you're looking to
take your probiotic game to the next level, consider giving psychobiotics a try.
Psychobiotics are a class of probiotics that have been shown to have a positive impact on
mental health. The most commonly studied psychobiotic bacteria belong to the families
Lactobacilli, Streptococci, Bifidobacteria, Escherichia, and Enterococci. These bacteria

have been found to improve mood, reduce anxiety and depression, and even enhance
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cognitive function. Research in this field is ongoing, but the potential benefits of
psychobiotics are promising for those seeking natural ways to support their mental health.
The impact of bacteria on the two-way connection between the brain and the
gastrointestinal system has been observed. The impact of gut bacteria on the delivery of
signals to the central nervous system is a topic of growing interest in the scientific
community. Recent studies have shown that the neurons of the enteric nervous system
interact directly with neurochemicals produced by gut bacteria, which can have a
significant effect on the transmission of signals to the brain. This interaction has important
implications for a range of physiological processes, including digestion, metabolism, and
immune function. As research in this area continues to advance, it is likely that we will gain
a deeper understanding of the complex relationship between gut bacteria and the central
nervous system [37], [38].

Probiotics, which are live microorganisms, may reduce diarrhea by balancing the gut flora,
a side effect of antibiotic usage. This study evaluated the advantages and disadvantages of
probiotic use in outpatients to avoid antibiotic-associated diarrhea. The PubMed database
search turned up 17 randomized controlled studies with 3631 subjects. The main finding
was the incidence of AAD, and the meta-analysis revealed that 8.0% of the probiotic group
and 17.7% of the control group had AAD. Both L. rhamnosus GG and S. boulardii, two
distinct probiotic strains, were equally effective. The studies' level of quality was
nonetheless average. There were no discernible differences between the intervention and
control groups in the meta-analysis of adverse events. As a result, probiotics seem to be
safe to use and may be helpful in preventing AAD in outpatients [39].
Table no 1.Probiotic products and their clinical benefits:
A table no 1, summarizing some commonly used probiotic microorganisms, brands,

companies, and clinical uses is given as follows:

S.N | Probiotic Brand Name Company Clinical Uses Reference
Microorganis S
m
1. Lactobacillus Culturelle, Culturelle, Improve digestive | [40]
acidophilus Florastor, Bio-K+, | Biocodex, health,  manage | [41]
Bifilac, Vizylac, | Bio-K+, allergies, support | [42]
Lactobac, Tablets immune  system,
Enterogermina India, manage diarrhea
Sanofi, and constipation,
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Alkem boost immunity
Labs,
Abbott
Healthcare
2. Bifidobacteriu | Align,  Probiotic | Procter & | Improve digestive | [43]
m lactis Pearls Gamble, health, reduce | [44]
Integrative | inflammation, [45]
Therapeutic | support immune
S system
3. Lactobacillus Culturelle, Culturelle, Reduce risk of | [46]
rhamnosus Florastor, Biocodex, antibiotic- [47]
Econorm, Sporlac, | Sanofi, associated [48]
Bifilac Zuventus, diarrhea, improve
HP,Enterogermina | Tablets gut health, boost
, India, immunity
Abbott
Healthcare
4. Streptococcus Threelac, Global Improve digestive | [49]
thermophilus Florastor, Dabur | Health Trax, | health,  manage | [50]
Probiotic Biocodex, lactose
Dabur India | intolerance
5. Saccharomyces | Florastor, Darolac, | Biocodex, Reduce risk of | [51], [52]
boulardii Bifilac Sachet Aristo antibiotic-
Pharma, associated
Tablets diarrhea, manage
India inflammatory
bowel disease,
improve gut
health
6. Bifidobacteriu | Garden of Life, | Garden of | Improve gut | [53]
m bifidum BioGaia Life, health,  support | [54]
BioGaia immune system
7. Lactobacillus Kyo-Dophilus Wakunaga | Reduce [55], [56]
plantarum of America | inflammation,

Eur. Chem. Bull. 2023,12(10), 6868-6884
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support immune,
may be effective
in controlling
COVID-19,

system, improve

gut health

8. Lactobacillus BioGaia BioGaia Improve gut | [57]
reuteri health,  manage | [58]
colic in infants,
positive  benefits
of L. reuteriin a
murine  acquired
immunodeficienc
y syndrome
(AIDS)

Conclusion:

The utilization of probiotics and related products has exhibited potential in the management
of diverse maladies. Probiotics are living microorganisms which, upon being administered in
sufficient quantities, bestow advantageous effects upon the host's health. The advantageous
outcomes are facilitated by diverse mechanisms, encompassing the regulation of the gut
microbiota, fortification of the intestinal barrier function, and regulation of the immune
system.A plethora of research endeavours have delved into the prospective utilization of
probiotics for the purpose of mitigating diverse afflictions, encompassing gastrointestinal
maladies, respiratory infections, allergic ailments, and even psychiatric disorders. Whilst
certain scholarly investigations have yielded favourable consequences, others have generated
inconclusive findings.It is imperative to acknowledge that the quality of probiotics varies
significantly, and distinct strains may elicit diverse outcomes. Henceforth, prudent
contemplation ought to be bestowed upon the strain, dosage, and span of probiotic
intervention whilst electing a therapeutic course of action. Furthermore, it is imperative to
note that probiotics cannot serve as a replacement for conventional medical intervention, and
it is incumbent upon patients to seek counsel from their healthcare practitioner prior to
commencing probiotic therapy.On the whole, probiotics and their corresponding products

exhibit potential as a secure and efficacious supplementary treatment for an array of
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maladies. Nevertheless, additional investigation is imperative to enhance our comprehension
of their modalities of operation and to pinpoint the optimal strains and quantities for
particular ailments.
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