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Abstract: This review explores the multifaceted roles and applications of probiotics, emphasizing their significance in maintaining and
enhancing host health through microbial interactions. It includes the concept of holobionts and the symbiotic relationships between hosts
and their microbiomes, illustrating how various microbiota can enhance immunity, support growth, and prevent diseases. It delves into
the customization of probiotics using molecular and genomic techniques, focusing Enterococcus, Bifidobacterium, and Lactobacillus
species. Furthermore, it discusses the symbiotic effects of symbiotics which aids in enhancing the survivability and beneficial effects of
probiotics. The role beneficial microbes in gut is emphasized, noting its impact on preventing diseases and maintaining a stable microbial
community. The potential therapeutic value of probiotics includes the ability to treat gastrointestinal diseases, as well as to strengthen the
immune system and reduce the number of free radicals that are present in the body. Additionally, it explores secondary metabolites
produced by bacteria in the gut, such as bacteriocins and exopolysaccharides, and their effect on the health of human, particularly in the
gastrointestinal tract. The review concludes by addressing the use of probiotics in traditional medicine and their potential in novel
therapeutic applications, including the treatment of endangered wildlife species and various human ailments.
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Introduction

Most organisms depend on their innate microbiome, which gives rise to the term “holobiont” or “metaorganism”. By
supplying nutrients, encouraging growth and development, detoxifying, and reducing disease, microbes support host
health and development in several ways. For instance, certain bee microbiota can affect host immunity, certain rhizo-
sphere bacteria can help plants tolerate drought, and the human gut microbiome can help prevent disease. Together with
their significant metabolic potential, microbiomes are also robust, adaptable, and quick to react to environmental changes.
These characteristics form the foundation for the successful application of probiotics and other microbial therapies to
modify host functioning.' Focusing on the intestinal microbiome and its resistome could be a promising way to address
this problem. “Probiotics are live microorganisms that give the host health benefits when consumed in sufficient
amounts.” The extracellular polysaccharides that are produced by lactic acid bacteria (LAB) have been chosen for
a wide range of applications. This is because microbial polysaccharides are generally accepted as safe (GRAS) and can
be utilised for biological activities in both in vitro and in vivo settings.” While their metabolites, known as postbiotics
and secreted by these microorganisms, can be significant as antimicrobials against a wide range of pathogenic bacteria,
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probiotics are known to promote health through stimulating the natural gut microbiota, host immunity, cholesterol
reduction, and several other functions.® Prebiotics, first described in 1995, are non-digested dietary ingredients that
support the expansion and activity of microbes in the gastrointestinal tract (GIT). They were redefined in 2004 as
fermentation components, benefiting the host’s health. FAO/WHO experts defined prebiotics as nonviable dietary
ingredients that modulate the microbiota, benefiting host health. Prebiotics can replace probiotics or support natural
gut flora, but their effects are specific to individual strains and species.* Recent research and clinical data highlight the
role that the intestinal microbiota plays in the pathogenesis of Inflammatory Bowel Syndrome (IBS). This has resulted in
the development of novel therapeutic approaches, including faecal microbiota transfer, probiotics, synbiotics, and
prebiotics, with the goal of modifying the gut microbiota to a composition that is beneficial for IBS patients.’
However, this research will focus upon the prebiotics that will be extracted from the wild plants to increase the efficacy
of probiotics as a treatment against multidrug resistance organisms.

Probiotics, Prebiotics and Synbiotics

Up until this point, various types of bacteria and fungi have been utilised for the purpose of improving human health. The
species of bacteria, including Bifidobacterium as well as Lactobacillus, have been investigated for their possibility as
positive probiotic agents. The most common species of Lactobacillus and Bifidobacterium are shown in Figure 1.
Lactobacillus, Bifidobacterium, and Saccharomyces boulardii are the three kinds of bacteria and fungi that are most
frequently found in probiotic product.® When probiotics and prebiotics are mixed into formulations, the resulting functional
goods are known as synbiotics. Synbiotics are mixtures of active cultures and substrates used by host bacteria to provide
benefits for health. Prebiotics can increase probiotics’ lifespan and include carbohydrate-based molecules like GOS
(Galactooligosaccharides) FOS (Fructooligosaccharides), inulin, and fructans. They offer advantages for the host micro-
biota and health.” The human body contains a vast array of germ and somatic cells, equivalent to the adult gut microbiota.
These microbiomes contain over 500 times as many genes as the human genome. A healthy microbiome includes a diverse
array of microbes and butyrate-producing.® Exceeding 400 distinct species of bacteria, the human GIT is a complex
microbial ecology. During infancy and childhood, the microbiota develops into a stable population of microorganisms in
adults. There are many things that can influence autochthonous bacteria, one of which is the food of the host individual.”
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Figure | Most common species of genus Lactobacillus and Bifidobacterium. Created in BioRender. Izzati, N. (2025) https://BioRender.com/026e467.
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Properties of Probiotics, Prebiotics and Synbiotics

Probiotics enhance innate and acquired immunity by increasing phagocytic activity, regulating receptor expression, and
activating neutrophils. They also increase host tolerance to infections and reduce hypersensitivity reactions. Probiotics
improve digestion, food absorption, and gastrointestinal motility in farm animals. Probiotic Bifidobacterium is another
extensively used probiotic bacterium. It was shown to boost antitumor immunity and alleviate irritable bowel syndrome
in women.'” A perfect probiotic formulation should have a dosage of 5x10° CFU/day, Microorganisms that are
categorised as GRAS, decreased intestinal permeability, the production of lactic acid, anti-carcinogenic effects, and
resistance to bile, HCI, and digestive juice are all characteristics of this substance. It is also important that they can
tolerate the acidic and alkaline conditions that are present in the stomach and the duodenum. Foods for human
consumption such as wine, sausages, fermented milk, and cheeses are mostly made of LAB. Preparations containing
live microorganisms might be either single or mixed cultures.'! Bacillus species are popular in the feed industry due to
their stability and enzyme production. They can influence fish microbiota and mucosal immunity, and probiotics can
control antioxidant metabolites. Consuming Lactobacillus acidophilus Lal yogurt significantly enhances folate and
vitamin B12 levels in children.'* The GIT’s mucosa is the primary contact point for the immune system. Pathogenic
bacteria interact with immune cells and gut epithelial cells, promoting gut defences. Reduced gut microbiota leads to
increased antigen transmission. Probiotic microbes regulate immunoglobulin synthesis, strengthen mucosal immunity,
and increase cytokine profiles. Yogurt with fermented milk and probiotics enhances IgA production.’® Studies conducted
in academic institutions on the antioxidant characteristics of synbiotics are limited because the various processes that
synbiotics use to perform antioxidant activities need to be differentiated from those of prebiotics, probiotics, metabolites,
or bio-converted prebiotic.” The study evaluated the impact of Malva neglecta (MN) and lactulose as prebiotic
substances on Lactobacillus fermentum survival in half-fat synbiotic stirred yogurt. Results showed that increasing
MN and lactulose concentrations increased Lb. fermentum count, firmness, chewiness, and adhesiveness. Additionally,
incorporating MN and lactulose in yogurt formulation could create a novel functional product.'*

Colonising Microbiota and Host Microbial Interactions

The human gut microbiota, influenced by factors like human milk, is vital for maintaining health, preventing pathogen
colonization, promoting host cell differentiation, boosting immune system, and aiding nutrient breakdown.'> A stable
bacterial community that is resistant to disease proliferation and foreign bacterial invasion is formed by the typical gut
microbiota. This tendency is referred to as “colonization resistance”, having been identified in the 1950s. For instance,
bacteriocins are proteinaceous substances that can inhibit closely related species or species that occupy similar habitats or
resources. Both Gram-positive and Gram-negative bacteria can produce them at the ribosome level.'®

Multi-Omics Approach in Studying Host-Microbial Interaction

With the rise of omics technologies, more studies are using multi-omics profiling to track host tissue and gut microbiota
changes in IBD patients. Lloyd-Price and the other scientist’s part of the US Integrative Human Microbiome Project,
collected longitudinal multi-omics data from 110 patients with IBD (CD = 68, UC = 38) and 27 non-IBD controls over
a year, including intestinal tissues (bulk transcriptomics, epigenetic reduced representation bisulfite sequencing [RRBS],
and 16S rRNA gene amplicon sequencing) and stool samples. The open-access IBD Multi omics Database (IBDMDB)
(https://ibdmdb.org/) 19 found dysbiotic samples in IBD patients, with an enrichment of facultative anaerobes like

Escherichia coli and a depletion of beneficial species. Integrative study showed that Faecalibacterium prausnitzii was
strongly correlated with many dysbiosis-related downregulated microbial enzymes, while Escherichia coli was strongly
correlated with upregulated enzymes. Roseburia genus members were connected to bile acids and acylcarnitines,
suggesting a role in IBD carnitine and bile acid dysregulation. In addition, chemokines such CXCL6 and CCL20 were
negatively associated with Eubacterium rectale, Streptococcus, and Eikenella. The study pioneered longitudinal multi-
omics profiling to identify differences between IBD patients and non-IBD controls, but a heterogeneous population and

simple correlation methodology prevented mechanistic insights into specific HMIs contributing to IBD pathogenesis.'”"'®
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CRISPR Based Genetic Engineering of Probiotics

The introduction of CRISPR-Cas systems has greatly boosted probiotic engineering by allowing targeted gene insertions,
deletions, or alterations. This precision is essential for therapeutic probiotic development. CRISPR-Cas9 is frequently utilized
because it creates double-strand breaks at precise DNA locations, which are repaired by NHEJ or HDR processes. This
method allows regulated genetic alterations to improve probiotic efficacy in various applications. Engineering probiotics with
targeted genome editing addresses complex disease pathways. A type I-E CRISPR-Cas system has been added to Escherichia
coli Nissle 1917 (EcN), a model probiotic, to target and degrade antibiotic resistance genes (ARGs) and reduce gut
microbiome ARG transmission. This change promotes therapeutic efficacy and clinical safety. CRISPR systems are tailored
to reduce off-target effects, ensuring therapeutic safety. Beyond Cas9, other Cas proteins like Cas12 have wider protospacer
adjacent motif (PAM) compatibility, making probiotic genome targeting more flexible. The diversity of CRISPR-Cas
subtypes, including type I and type II systems, expands the toolkit for editing a wide range of probiotic species, supporting
the idea of probiotics as “living therapeutics” that dynamically respond to host environmental cues. In precision medicine,
probiotics must be adaptable to deliver therapeutics and respond to individual health demands."®

Action Mechanism of Probiotics

Through four primary mechanisms—competitive exclusion of pathogens, enhancement of intestinal barrier functions, host-
body immunomodulation, and neurotransmitter production—probiotics may have a beneficial effect on the human body.
Probiotics make it harder for infections to survive in the gut by competing with them for resources and receptor-binding
sites. By generating compounds including hydrogen peroxide, organic acids, short chain fatty acids (SCFA), and bacter-
iocins, probiotics also function as antimicrobial agents by reducing the number of harmful bacteria in the gut. Additionally,
probiotics enhance the function of the intestinal barrier by promoting the synthesis of mucin proteins, controlling the
expression of tight junction proteins, such as occluding and claudin 1, and controlling the gut’s immunological response.’
The stepwise action occurrence of the probiotics can be seen in Table 1 and its mechanism of action can be seen in Figure 2.

Action Mechanism of Prebiotics

Since the enzymes needed to hydrolyze the prebiotics’ polymer bonds are typically absent from the human gut, they can
withstand small-intestinal digestion and make it to the colon undigested, where they are fermented by good bacteria like
Lactobacilli and Bifidobacteria. Dietary methods to alter gut microbiota are becoming more and more popular as they have been
linked to the pathophysiology of several GI disorders. Because the gut microbiota can metabolize several of these polysacchar-
ides, resulting in the generation of SCFAs (such as acetate, butyrate, and propionate), research has therefore concentrated on the
use of prebiotics. There is ongoing discussion over how prebiotics affect the diversity of microbes in the colon. In fact, conflicting
findings of SCFA levels were found in the limited human studies that have been carried out. The possible representation of action
mechanism of prebiotics can be seen in Figure 3.

Table | Stepwise Representation of Probiotics’ Action Mode

Probiotics’ mechanism of action References

Antibacterial activity [21-23]

Reduce luminal pH by secreting antimicrobial peptides

Bacterial invasion is prevented.

Prevent bacterial adhesion

Barrier function improvement [21-23]

Boost mucus production

Improve the barrier’s integrity.
P! grity.

(Continued)
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Table | (Continued).

Probiotics’ mechanism of action References

Immunomodulation [21-23]

Epithelial cell effects

Dendritic cell effects

Monocyte/macrophage effects

Lymphocyte effects [21-23]

B lymphocytes

NK cells

Thymus derived cells

Redistribution of T cells

Probiotics as Medicine

Throughout the years, probiotics have been utilised in human medicine, agriculture, and aquaculture with the purpose of
enhancing the health of the host which can be seen as its potential benefits in Figure 4. Recently, they’re being studied for
endangered wildlife species like bees, amphibians, bats, plants, and corals, aiming to conserve and restore populations by
addressing ecosystem-scale stress.' Traditional Chinese medicine, a healing system, uses herbal remedies, acupuncture,
and food therapy. Probiotic-fermented CHM for Helicobacter pylori infection improved gastrointestinal symptoms, and
reduced glucose levels in Japanese healthy subject.**

Impact of Probiotics on Intestinal Diseases

The gut plays a crucial role in maintaining the mucosal barrier, facilitating nutrient digestion and absorption, with
numerous commensal bacteria influencing human physiology.?> The microbes in gut can be changed by faecal trans-
plants, probiotics, prebiotics, and antibiotics. The metabolic activities of the intestinal microbiome are thought to have
both beneficial and detrimental consequences on the health of the host. When the precise balance in the microflora
(eubiosis) is upset, it can lead to both acute and long-term clinical conditions such as ulcers, IBS, IBD, and antibiotic-
associated diarrhea (AAD).?® Likewise, a very small number of researchers have expressed their support for the concept
that microbial dysbiosis plays a part in the development of specific cancers that affect humans.?’ To restore a healthy gut
When it comes to treating intestinal diseases, microbiota is an effective treatment method. Probiotics can enhance the
immunological microenvironment, stimulate the production of the enzyme lactase, contribute to an increase in the
richness and diversity of microorganisms, and enhance the permeability of the intestinal tract.*®

Gastroenteritis

The most important course of treatment is rehydration, which deaths worldwide needs to start right away. Following the
first round of rehydration, regular feeding should continue without interruption. Drugs are not required, yet some do
affect the length and symptoms of AGE. It is estimated that children in Europe who are up to the age of three have an
incidence of AGE that ranges from 0.5 to 1.9 occurrences per child on a yearly basis.?® Animal resistance to STEC was
found to be increased by the probiotic mixture of Lactobacillus acidophilus NP51 and P. freudenreichii in a 2007
systematic study.”® Probiotics have also been shown to dramatically lower faecal STEC levels in ruminant animals,
which are repositories for the pathogenic bacteria, according to a 10-year research.*” Probiotics’ beneficial benefits are
attributed to a variety of processes, including direct antagonistic interactions linked to the production of certain chemicals
like bacteriocins, competition with pathogens for nutrients and adherence to the epithelium, and host
immunomodulation.®' Prebiotic supplements in nursing rats improve rotavirus defence by inhibiting viral replication
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Figure 2 Demonstration of the action Mechanism of Probiotics. Probiotics serve as antimicrobial agents by producing bacteriocins and promoting gut barrier integrity, while
also modulating immune responses by stimulating anti-inflammatory cytokine production. Created in BioRender. Izzati, N. (2025) https://BioRender.com/d49e142.
Abbreviations: IL-I1B, —12, =2, Interleukin-| beta, —12, =2; TNF-0, Tumor Necrosis Factor-alpha; IFNy, Interferon-gamma; Th |, =2, T helper cell type I, Type 2; IgA,
Immunoglobulin A; IgG, Immunoglobulin G.

and altering the interferon signalling pathway. In vitro research suggests synbiotics as adjuncts to traditional therapy for
severe rotavirus enteritis, but more study is needed.*?

Probiotics and Mental Health

Gut microbiota impacts brain function through neuronal, endocrine, and immunological mechanisms, disrupting intest-
inal barrier and releasing cytokines. Brain regulates gut microbiota through neuronal, endocrine, and health habits.*
Elevated kynurenine levels in petrochemical workers can lead to brain illnesses and oxidative stress, causing damage to
DNA, RNA, and proteins. Treatments include a balanced diet, vitamin intake, antioxidant supplements, and probiotics,
which may help with mood and mental health issues.** Research suggests gut microbiota significantly influences
emotions and behavior, making it crucial in mental health treatment. Stress can disrupt gut balance, and psychobiotics
can enhance cognitive function in psychiatric patients. Gut microbial species produce neuromolecules regulating mood.*
The regulation of BDNF expression and the inhibition of histone deacetylase (HDAC) by butyrate produced by

1498  hees Journal of Multidisciplinary Healthcare 2025:18


https://BioRender.com/d49e142%E2%80%8C

Bhatia et al

q Prebiotic-rich

@ '.
b A @@ _—
4 s &,

Fatty acids and glycerol

Prebiotic-rich food
traverses the small
intestine intact, as the
specific enzymes  L.....
required to cleave its
polymer bonds are
absent.

A.}"s‘a,m]ns.Tff'Imﬁl anen e ﬁ\

Small intestine Villus
epithelium capillaries

Transported
via the portal
vein to the liver

Absorbed by the
intestinal
epithelium

Enters the large
intestine, where it
undergoes targeted
fermentation,
resulting in the
breakdown into
secondary
metabolites.

Figure 3 Representing the action mechanism of prebiotics. Created in BioRender. Izzati, N. (2025) https://BioRender.com/m78x231.

probiotics implies that they may have epigenetic potential in this context, even if no research has specifically examined

the epigenetic mechanism of probiotics in depression.>® In the early 1920s, interest in oral “bacteriotherapy” for mental

health resurged, with North American manufacturers advertising acidophilus milk. Probiotics with Lactobacillus

helveticus R0052 and Bifidobacterium longum RO175 reduced depression and anxiety, but did not improve schizophrenia
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Figure 4 Representing the potential role of probiotics. Created in BioRender. Izzati, N. (2025) https://BioRender.com/e|8hI33.

symptom.>* When given peripherally, gut-derived bacterial compounds like Staphylococcal enterotoxin B can make
people anxious. Robust investigations, however, indicate that systemic injection of LPS endotoxins is a critical element
of the gut microbiota-brain link. Acute anxiety, despair, cognitive decline, and increased sensitivity to visceral pain have
all been associated with low doses of liposomal protein (LPS; 0.4 ng/kg).>” Research shows that probiotics can be as
powerful as antidepressants. Probiotics offer few negative effects and are not connected with stigma. Probiotics have
been demonstrated in recent meta-analyses and systematic reviews to be beneficial for treating depressed symptoms.
Interconnected MGBA processes in the pathophysiology of depression have been connected to the antidepressant effects
of probiotics. Probiotics—more especially, Lactobacillus and Bifidobacterium species—have been studied in depression
for a long time. Probiotics’ efficacy raises the possibility that they could be a suitable medication for precision
psychiatry.>® Because of the close connection between the gut and the central nervous system, it may be helpful to
modify the gut microbiota in individuals suffering from depression or anxiety. Studies have shown that probiotics can
lessen anxiety and depressive symptoms. Probiotics have anti-inflammatory properties that make them a potential

adjunctive treatment for Parkinson’s disease.’®

Probiotics and Women Health

Probiotics are essential for maintaining a healthy gut microbiome, promoting female wellness, and preventing vaginal
infections. They are used in obstetrics to reduce preterm labor and preeclampsia. Probiotics can alleviate symptoms of
PCOS, improve insulin sensitivity, inflammation, and fertility, and contribute to overall health.>* The female reproductive
tract’s principal malignant tumour is cervical carcinoma. A study discovered that oral Lactobacillus curlicus can
influence the status. CST can enhance HPV clearance. Persistent high-risk HPV infection and changes in the cervical
microenvironment can promote the establishment of cervical precancerous lesions. Lactobacillus casei and Lactobacillus
rhamnosus activate NK and dendritic cell maturation, leading to anticancer activity.*® The vaginal ecosystem maintains
balanced vaginal health by preventing harmful organisms from colonizing. Lactobacilli produce antimicrobial molecules
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to stabilize the microbiota, but their role in preventing colonization has been misinterpreted, suggesting they are not
necessary for vaginal health.*! Probiotics, either as dietary supplements or vaginal capsules, can improve vaginal health
by balancing gut microbiota, preventing pathogens, and boosting the immune system, unlike orally supplemented
probiotics.*? Despite an increasing number of studies on probiotics and mental health in non-pregnant populations, as
well as probiotics and other outcomes (such as metabolic), there is a lack of data on the impact of probiotic consumption
on pregnant women’s mental health. A study found that probiotic Lactobacillus rhamnosus HNOO1 significantly reduced
anxiety and melancholy scores in the postnatal period when compared to placebo-treated pregnant women with a history
of asthma, eczema, or hay fever.*> The risk of preterm delivery or other pregnancy-related complications was not
increased or decreased when pregnant women were given probiotics. Researchers discovered E. coli, Staphylococcus
aureus, Bifidobacterium, and Firmicutes as possible obesity inhibitors.**

Probiotics, Prebiotics and Synbiotics in Paediatrics

Because breastfeeding has both short- and long-term benefits for early growth and development, it is advised for all-term
neonates. Bioactive substances found in human milk enhance immune system performance, microbial colonization, and
gut health.*” Gut microbes can influence the nutritional status of their hosts through a variety of processes. These
processes include the fermentation of food components that would otherwise be indigestible, the de novo synthesis of
micronutrients, the stimulation of hunger through interactions with the central nervous system, and the modification of
the assimilation and metabolism of nutrients by the host. Using this potential could help develop strategies for treating or
preventing child malnutrition, one of the most important global health concerns of our day.®® Childhood obesity is
increasingly linked to psychological issues, insulin resistance, hypertension, metabolic syndrome, dyslipidaemia, and
non-alcoholic fatty liver disease (NAFLD). The gut microbiota plays an important role in paediatric obesity by regulating
blood lipopolysaccharide levels, satiety, and fat distribution, as well as delivering extra calories.*® Pre-, Pro-, and
synbiotics may reduce inflammation by modulating gut microbiota, influencing immune function, and directly interacting
with immune cells and signalling pathways. However, the exact mechanisms are unclear. Probiotics can create short-
chain fatty acids, which show anti-inflammatory properties by inhibiting pathogenic bacteria and their products through
colonization resistance.*’

The gut microbiota affects inflammation and enteropathy, perhaps leading to growth issues. The gut microbiota
regulates IGF-1 and growth hormone synthesis, impacting growth. Changing the microbiota by nutrition, antibiotics,
probiotics, prebiotics, synbiotics, or fecal microbiota transplantation can promote healthy growth and development.*
Synbiotics successfully mimic milk-driven colonisation and the formation of a Bifidobacterium-dominated environment
in the infant gut. Synbiotics containing a 9:1 ratio of short-chain galactooligosaccharides to long-chain fructooligosac-
charides (scGOS/IcFOS) and B. breve M-16V have been shown to restore delayed bifidobacteria colonisation in
C-section infants25 and improve symptoms of IgE-associated atopic dermatitis2.*®

Synbiotics in Mental Health

Research on the gut and brain axis suggests dietary changes can affect gut microbiota, increasing health risks and disease
vulnerability. Depression is linked to altered gut microbiomes, lowering stress tolerance.>* The Gut-Brain Axis connects
gut microorganisms to the brain, prompting research for safer alternatives. Prenatal supplements such as pre, pro and
synbiotics are being utilized to minimize the risk of maternal mental health disorders during the perinatal period.
However, their effectiveness has not been thoroughly studied.*” For those with low prebiotic intake and mild psycho-
logical distress, a high-prebiotic diet can improve mood, anxiety, stress, and sleep. Adding a probiotic supplement to
a high-prebiotic diet did not improve mental health outcomes.’® Recent research indicates a connection between gut
microbiota and mental health. Gut bacteria like Bacteroides uniformis, Roseburia inulinivorans, Eubacterium rectale, and
Faecalibacterium prausnitzii support mental health through the production of short-chain fatty acids, amino acids,
taurine, and cortisol metabolism pathway.’’ A placebo-controlled RCT found that supplementing with Lactobacillus
and Bifidobacterium reduced self-reported depressed symptoms, inflammation, and metabolic parameters significantly.>*
The link between depression and gut microbiota modification or stress response activation is unclear, yet both play a role
in its pathophysiology.
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Clinical Applications

For most people with IBD, diarrhea is a prominent symptom and indicator. It might be the first apparent manifestation of
intestinal inflammation that alerts physicians to these patients, and it will continue to be a concern as the illness
develops.>® One of the most important factors influencing a child’s mortality and morbidity rate is diarrhea, a common
condition. In developing countries, this is the primary cause of death for children most frequently. More than a million
kids die from illnesses linked to diarrhea every year. Diarrhoea is India’s third biggest cause of mortality and morbidity.
Approximately 4-5 million deaths worldwide are ascribed to diarrheal illness annually. Within the first two years of life,
eight of their 10 fatalities take place. In India, around 20% of hospitalized paediatric cases are due to diarrhea.>*

Treatment and Prevention

Diarrhea management involves refuelling electrolyte and fluid loss, using Gatorade, Pedialyte, or diluted fruit juice, and
IV fluid rehydration. A simple “BRAT” diet can alleviate symptoms. Anti-diarrheal therapy, anti-secretory or anti-
motility medications, oral fluoroquinolone medication, empiric antibiotic therapy, and probiotic supplementation may be
recommended for severe symptoms. Avoiding these medications can exacerbate serious intestinal illnesses.””

Likewise, the common causes, symptoms and their diagnosis can be seen in Table 2.

Prevention of Antibiotic-Associated Diarrhea (AAD)

AAD, a common consequence of antibiotic treatment, affects up to one-third of patients, causing diarrhea and can occur
weeks or months after medication is prescribe.”” The purpose of this study was to investigate the efficacy of
Lactiplantibacillus plantarum ELF051 in preventing colon inflammation and to establish its influence on the microbiota
of the gut in mice with Alzheimer’s disease. Following an exposure period of 14 days, the bacteria were found to

Table 2 The Most Common Causes of gastroenteritis, Their Symptoms and Diagnosis

The most common causes of Gastroenteritis
Causative Symptoms of infection Diagnosis References
agent/organism
Virus
I.a | Norovirus Vomiting, Diarrhea, Dehydration Stool Test [56,57]
I.b | Rotavirus Diarrhea and Dehydration Stool Test [56,57]
I. c | Astrovirus Diarrhea and dehydration Stool Test [56,57]
I.d | Adenovirus Diarrhea and Dehydration Stool Test [56,57]
Bacteria
2.a | Campylobacter Bacteraemia (Bloodstream infection), Guillain barre syndrome, Culture of stool sample, [56,57]
Reactive arthritis Culture of blood sample
2. b | C. difficile Food poisoning Stool samples [56,58,59]
2.c | E coli Severe Diarrhea, Abdominal pain, Traveller’s Diarrhea Culture of a stool sample [56,60,61]
2d Salmonella aureus | Nausea, Crampy abdominal pain Stool sample, Swab from [56,60,62]
rectum
2.e Shigella High fever (up to 106°F) sometimes with delirium seizures and Culture of Stool sample [56,63]
coma, Severe dehydration, or weight loss.
2.f Staphylococcus Bloodstream infections, Endocarditis, Osteomyelitis Culture of blood or infected [56]
aureus body fluids

(Continued)
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Table 2 (Continued).

The most common causes of Gastroenteritis

Causative Symptoms of infection Diagnosis References
agent/organism
Parasites
3.a | Giardia Abdominal Cramps, lactose intolerance. A stool test or endoscopy of [56,64,65]
the upper part of the digestive
tract
3. b | Cryptosporidium Abdominal cramps and watery diarrhea Stool test [56,66,67]

decrease the pathogenic modifications in colon tissue, increase the levels of IL-10, improve the levels of intestinal
SCFAs, and decrease the levels of IL-1p and TNF-0.%®

Prevention of C. Difficile Diarrhea

Clostridium difficile infection (CDI) is the most prevalent cause of diarrhoea that is associated with healthcare
procedures. It is possible that older people, who are the most susceptible to CDI, are the ones who are most impacted
by this infection. Probiotics have demonstrated the potential to reduce the incidence of CDI in the senior population.
Furthermore, Saccharomyces boulardii, often known as S. boulardii, was the strain that was most commonly associated
with favourable results.” Another study discovered that probiotic treatment significantly reduced the occurrence of
Clostridium difficile-associated diarrhoea (CDAD) and acute asymptomatic diarrthoea (AAD) in individuals. The type of
probiotic utilised was found to be more beneficial than the placebo. Lactobacillus casei was the most effective.”

Prevention of Radiation-Induced Diarrhea

Changes in the intestinal microbiome, endothelial cell remodelling and damage, epithelial cell injury and repair,
fibroplasia, and alterations in the enteric nervous system all interact dynamically to induce radiation enteritis. Two
elements comprise the fundamental pathogenic alterations: radiation-induced damage to the intestinal mucosa and
damage to the vascular endothelium cells that line the vessels. Research indicates that patients with acute diarrhea
following radiation therapy show significant changes in their gut microbiota, with lower Firmicutes to Bacteroides ratios
and microbial alpha diversity, suggesting microbial taxa may be a predictive marker of radiation-induced diarrhea.®®

Lactose Malabsorption

Elderly people have lower energy needs than younger people, yet they still need certain nutrients including proteins,
minerals, and certain vitamins. It is true that after the age of fifty, adults require more vitamins and minerals. Milk and
dairy products have been suggested by numerous experts as excellent sources of calcium and protein for older persons.
Because of this, milk and other dairy products can help with adult lactose intolerance as well as provide an excellent
nutritional supply for the elderly.”’ Lactose intolerance impacts more than 60% of the global population, as reduced
lactase enzyme activity hampers the process of digestion. Probiotic microorganisms found in milk products can alleviate
symptoms. Yoghurt and capsules containing exogenous Bifidobacteria can endure the presence of bile salt and gastric
acid. Supplementation of B. longum impacts the microorganisms present in the colon and increases the diversity of
bacteria. Additionally, it exhibits anti-inflammatory characteristics.”? Altering the makeup of the microbiota in the colon
and the metabolism of the microbiota can be accomplished by consuming fermented foods and taking dietary supple-
ments such as probiotics, prebiotics, and synbiotics. This will result in improved lactose digestion. Consuming dairy
products that include active and living cultures, probiotics, and the enzyme lactase, which breaks down lactose, may all
be beneficial for individuals who are lactose intolerant.”®
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Prevention of Systemic Infections

Probiotics can interact with the epithelial cells that line the intestinal tract, which helps to eliminate infections. In addition to
influencing the microecology of the intestines and the human body, they are responsible for the induction of intestinal crypt
cell proliferation. Lacticaseibacillus rhamnosus is responsible for the production of the p40 protein, which is responsible
for activating the epidermal growth factor and protects against damage caused by tumour necrosis factor.®®

Bioactive Substances Produced by Probiotic Flora

One creature uses ribosome synthesis to produce antimicrobial peptides known as bacteriocins, which can kill other
species.”* Two domains manufacture these bacteriocins: some Archaea members and bacteria. Gram-positive and gram-
negative bacteria of the bacterial category both create bacteriocins. The cytoplasmic membrane region of receptor
binding on bacterial surfaces is where the bactericidal mechanism of bacteriocin activity occurs. Furthermore, unlike
antibiotics, these bacteriocins are non-toxic peptides that are susceptible to protease.”” Through probiotic organisms,
biofilm, dendritic cells, naive T cells, and B cells, bioactive substances affect the health of their hosts. By inducing
secretory IgA, stimulating dendritic cells, activating naive T cells, and modifying the immune system, these substances
eventually stop harmful bacteria from colonising.76 Several probiotic bacteria produce important bioactive compounds,

as outlined in Table 3, including bacteriocins, short-chain fatty acids, and exopolysaccharides.”®"®

Immunomodulation

Probiotic modulation affects the immune system by increasing cytokine production, mucin secretion, phagocytosis
activity, activating T and natural killer T cells, stimulating immunoglobulin A synthesis, and decreasing T cell prolifera-
tion. Intestinal microbiota influences Th17 and Treg cell development, potentially reflecting immune system changes.®
Probiotics produce energy by fermenting nondigestible prebiotics. They are effective on the brain and nerve system and
possess antipathogenic, antiobesity, diabetic, anti-inflammatory, anticancer, and angiogenic qualities.”” Gut microbes
promote health through soluble substances secreted by bacteria. Identifying physiologically active chemicals can improve
biotherapeutic formulations and allow purified fraction administration. Intestinal IgA targets commensal microorganisms’
proteins.®® Research on collagen-induced arthritis in mice reveals probiotics and prebiotics’ immunomodulating cap-
abilities are strain-specific and prebiotic-dependent, highlighting their potential to enhance gut microbiota composition
and immunological reactivity.®' Probiotics have been shown to improve intestinal flora balance, lactose tolerance,
B-complex vitamin production, calcium absorption, and overall intestinal homeostasis. Other benefits include anti-

Table 3 Representing the Bioactive Compounds Produced by
Different Probiotic Bacteria

Probiotic bacteria Bioactive compound | References
Lactococcus lactis Bacteriocins [76-78]
Enterococcus casseliflavus | Enterocins [76]
Bacillus Coagulans Exopolysaccharide [76,77]
Lactobacillus spp Lactic acid [76]
Fprausnitzii Butyric acid [76,78]
Lactobacillus gasseri Inulin [76]
Clostridium spp. Lysine [76]
B.adolescentis Folate [76,78]
Lactobacillus spp. Amylase [76]
Lactobacillus reuteri Vitamin B, [76-78]

1504 https: Journal of Multidisciplinary Healthcare 2025:18



Bhatia et al

mutagenic and anticancer action, cholesterol-lowering, anti-pathogen secretion, and immune system strengthening.®* The
host’s gut mucosal immune system defends against foreign antigens by inducing inflammation and triggering an adaptive
immune response. Gut microbiota provides crucial immune cues, but alteration can lead to inflammation-related
disorders, such as decreased IgG and IgA levels in germ-free mice.*®

Enhanced Probiotic Viability

Prebiotics can enhance probiotic growth, improving their survival and colonization. Consumer demand for healthier
foods necessitates functional components like prebiotics and probiotic bacteria. Lactobacillus helveticus, a safe, thermo-
philic lactic acid bacterium, is ideal for dairy applications due to its high lactic acid levels.*® Fruit peels, high in pectin
and phenolic compounds, have been utilised to increase probiotics’ biological efficacy. Fruit peels—orange, passion fruit,
and pineapple—increased consumer acceptance, hardness, and Lactobacillus counts in fat- and sugar-free probiotic
yoghurt while reducing syneresis, as previously noted.®> Sesame seeds, rich in health benefits, can enhance probiotic
stirred yogurt quality and customer acceptability after 28 days of cold storage. Both raw and roasted sesame can affect
bacterial growth, but yogurt starter culture remains unaffected, especially when stored for extended periods.®
Lactobacillus acidophilus was encapsulated in whey protein isolate, sodium alginate, and antacids such as CaCO3 and
Mg (OH)2. The viability of microgels under demanding settings was investigated. Additionally, for a duration of 28 days,
dried apple snacks were evaluated as a probiotic carrier. Ultimately, the results shown that probiotics’ viability can be
greatly extended under stressful circumstances by using alginate microgels containing CaCO3.%’

Encapsulation of Probiotics

Emulsion cross-linking, spray drying, LBL (Layer by Layer) self-assembly, hydrogel, and freeze-drying and biofilm are
the main probiotic encapsulation methods. Antioxidants, tea extract, and fatty acids can be encapsulated with probiotics.
Encapsulation materials include sodium alginate (SA), chitosan, carrageenan, gums, gelatin, whey protein (WP), and
starch. The encapsulating materials employed affect probiotic viability throughout storage/processing or in the GIT. The
capsule-forming ability, strength, and increasing survivability of a substance, along with its cheapness, availability, and
biocompatibility, determine its effectiveness. Thus, convenience and cheaper packaging costs may offset the expense of
encapsulating one or more components.*®

Safety

The FDA classifies probiotics as dietary supplements in the US, requiring less stringent safety, efficacy, and purity
requirements. Some strains are generally safe, while others are not. Clinical trials have not reported cases of bacteraemia
or fungemia, and no reports of sepsis in healthy individuals. Probiotic use is popular for treating diarrhea and short
intestine.® Ongoing research will undoubtedly reveal new long-term safety implications that must be included in safety
assessments. However, using biomarkers and other outcomes commonly employed in short-term assessments may not be
adequate for addressing long-term safety concerns. If a strain colonizes the host, greater long-term studies are advised.
However, assessing microbiome changes is likely insufficient for this task because the therapeutic implications of these
changes are unknown. More research is needed to determine which high-risk groups deserve closer long-term follow-
up.”® Likewise a tabular representation is demonstrated in Box 1 which are granted with QPS status.

Ecological Applications

Researchers are just beginning to study probiotics for endangered species. The devastating white-nose sickness (WNS),
caused by the fungus Pseudogymnoascus destructans, threatens North American bat populations. The earliest probiotic
applications in wildlife were to cure infectious disorders. Probiotics have reduced WNS severity and boosted brown bat
(Myotis lucifugus) survival in laboratory and field experiments, making them a possible WNS treatment.! Through in-
hive Bio Patty supplementation, this study showed how Lactobacilli can be used to increase honeybee survival and hive
resilience against P. larvae, the spore-forming bacterium that causes AFB (American foulbrood). In contrast to vehicle
controls that received only the base pollen patty ingredients, honeybee larvae treated with the Bio Patty exhibited much
lower pathogen load and activity, according to endpoint measurements taken after the 12-day field study during which the
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Box | Represents the Species of Lactobacillus Which are
Granted With the QPS Status (Quality Presumption of Safety).”

Lactobacillus species granted QPS status

Lactobacillus kefiranofaciens, Lactobacillus gasseri, Lactobacillus aviaries,
Lactobacillus reuteri, Lactobacillus plantarum, Lactobacillus acidophilus,
Lactobacillus rhamnosus, Lactobacillus pentosus, Lactobacillus brevis,
Lactobacillus paracasei, Lactobacillus paraplantarum, Lactobacillus
diolivorans, Lactobacillus cellobiosus, Lactobacillus panis, Lactobacillus
casei, Lactobacillus buchneri, Lactobacillus animalis, Lactobacillus
curvatus, Lactobacillus kefiri, Lactobacillus coryniformis, Lactobacillus
mucosae, Lactobacillus hilgardii, Lactobacillus crispatus, Lactobacillus
amylovorus, Lactobacillus helveticus, Lactobacillus amylolyticus,
Lactobacillus delbrueckii, Lactobacillus sakei,L.salivarius Lactobacillus
fermentum, Lactobacillus collinoides, Lactobacillus farciminis,
Lactobacillus alimentarius, Lactobacillus johnsonii, Lactobacillus
gallinarum, Lactobacillus pontis

AFB epidemic unintentionally occurred.”’ The study evaluated five yeast or bacterial candidates’ anti- N. ceranae
activity in honeybees. The probiotics were administered two days before N. ceranae infection, and a Pediococcus
acidilactici (PA) strain was administered two days after infection. The experiment also examined the effects of the PA
strain on bees exposed to pesticides. RNAs were extracted from honeybees’ midguts to evaluate gut microbiota
composition and transcriptional changes. There isn’t another treatment for the parasite N. ceranae because the antibiotic
fumagillin has been taken off the European market. A growing number of researches have examined the effectiveness of
probiotic therapy due to the significance of the gut flora.”

Future Prospectives

According to comparative microbiota assessments, next-generation probiotics are live bacteria that, when given in
sufficient quantities, boost the host’s health. However, LBPs (Live Biotherapeutic Products) are not vaccinations; rather,
they are biological products that include living organisms and can be used to prevent, treat, or cure human diseases or
conditions. These items represent microbial genera and species that have never been utilized in the food or pharmaceu-
tical industries before and are the result of next-generation sequencing and bioinformatics study.”’ Studies show that
fermented foods, including cheese, yogurt, and dairy sweets, contain health-promoting substances. The dairy sector uses
these fermented goods to transport probiotic microorganisms. However, the growing demand for vegans, high cholesterol
individuals, lactose intolerants, and dairy-allergic individuals has led to a surge in demand for non-dairy functional foods
and beverages.”* Probiotic strains vary in properties and potential health benefits, so incorporating them into a balanced
diet is recommended. Probiotic formulations, combining beneficial bacteria, have shown efficacy in improving human

health outcomes. These strains, often yeast or bacteria, have positive impacts on gut microbiota and general health.”>

Conclusion

The lora in gut is crucial in GI diseases, and probiotics are a viable therapeutic intervention technique. According to the
accompanying technical review, current evidence suggests that using specific probiotic strains or probiotic strain
combinations may help adults and children on antibiotics avoid C difficile infections. Rapid onset medication resistance
and the lack of effective immunization programs push people to choose a different approach to preventing viral illnesses
from recurring. Because the viral particle is biomimetic, it can inhibit the host immune system by altering the activity of
immune response cells. Nonetheless, enhancing the gastrointestinal and respiratory microbiota of the host may aid in

lessening the complexity of viral infections.
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