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Abstract

Probiotics are live microorganisms that enhance the health benefits of the host.
They are capable of colonizing the gastrointestinal tract by surviving gastric and
bile acids. It strengthens the host’s immunity and lowers the risk of urogenital
infections, allergies, cancer, and other intestinal issues that are common among
people. The mechanism of their action is through the production of antimicrobial
substances, and increased adhesion to the intestinal mucosa. It has several
immunomodulatory properties which enhance humoral and cell-mediated immu-
nity. In this chapter, we will learn about the health benefits of probiotics and their
potential therapeutic application.
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4.1 Introduction

Probiotics are live bacteria that provide health benefits to the host when administered
in appropriate doses (FAO/WHO 2002). Probiotic bacteria are safe for human
consumption and provide health benefits to the host, such as improving gut health,
boosting immunity, reducing urogenital infections, allergies, cancer and other intes-
tinal problems that affect a majority of the world’s population. Although there is
limited data to support their health benefits in humans, probiotics are an essential
component of functional foods. To maintain a healthy gut, specific beneficial
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bacterial strains must be introduced into the gastrointestinal tract (GIT) to prevent
disease. In the early 1900s, Elle Metchnikoff hypothesized that beneficial bacteria
may be administered to replace harmful microorganisms with healthy ones. In the
1960s, Lilly and Stillwell coined the phrase probiotic, which means ‘for life’.
Probiotics, on the other hand, contain live microbial supplements that improve the
microbial balance in the intestine of the host (Fuller 1989). Lactobacillus,
Bifidobacterium, Escherichia coli, Enterococcus, Bacillus, Streptococcus and Sac-
charomyces are some of the most often used probiotic microbes.

Microorganisms present on the skin, in the mouth and in the gastrointestinal tract
coexist with humans. The GIT, covering more than 400 square metres of surface
area, has the highest concentration of commensal microorganisms. Probiotic bacteria
present in the GIT and establish themselves rapidly after birth, are relatively stable
throughout life and are essential for human homeostasis. Interactions between the
intestinal microflora and the host during the establishment of the microbiota result in
the evolution of a unique and distinct intestinal immune system. Probiotic foods
account for 65% of the global functional food market, resulting in a wide range of
probiotic food products available in supermarkets and health food stores. Probiotic
supplements have been introduced to the market since they protect against
infections, reduce lactose intolerance, lower blood cholesterol levels and activate
the immune system. This has prompted more research into the identification of foods
and food components that provide unique consumer benefits. Prebiotic, for example,
is a non-digestible food component that benefits the body by activating one or more
probiotic bacteria in the colon. When a product has both probiotics and prebiotics, it
is referred to as a synbiotic.

The first probiotic to gain widespread clinical attention was Lactobacillus
rhamnosus GG strain (LGG). It was discovered in 1985, and used in the dairy sector
in the fermentation process. LGG boosts intestinal immunity by increasing the
number of cells that secrete IgA and other immunoglobulins in the intestinal mucosa.
It stimulates the local interferon release and facilitates antigen transport to underly-
ing lymphoid cells, resulting in increased antigen uptake in Peyer’s patches. Bile,
hydrochloric acid and pancreatic juice have no effect on it and it possesses anti-
carcinogenic properties (Gupta and Garg 2009).

4.2  Probiotic Microorganisms and Their Characteristics

Lactobacillus and Bifidobacterium, two major gram-positive bacteria species, are
widely utilized as probiotics. Other genera, such as Escherichia, Enterococcus, and
Saccharomyces, have been promoted as probiotics, while safety concerns persist
(Holzapfel et al. 2001). Probiotics are strain-specific, therapeutic benefits attributed
to one strain cannot be expected to be delivered by another, even if they are from the
same species.

According to the Food and Agriculture Organization (FAO) and the World Health
Organization (WHO), probiotics have the following characteristics (FAO/WHO,
2001):
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1. It must be able to survive passage through the gut by withstanding gastric acids
and bile exposure.

2. It should be able to survive both conjugated and deconjugated bile acids, as well
as low pH and high bile acid concentrations.

. It should be able to colonize and grow in the gastrointestinal tract.

. The immune system should be able to withstand it.

. It must be free of any infectious, allergic or mutagenic/carcinogenic properties.

. It must have the administration sites that are desired.

. They must be safe as well as effective.

. It should remain effective and potent for the duration of the product’s shelf life.
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4.3 Mechanism of Action

Probiotics compete with pathogens for nutrition by inhibiting bacterial growth, as a
result, infections in the gastrointestinal tract become less common. Probiotic protec-
tive mechanisms include epithelial barrier improvement, immunomodulatory
properties, antibacterial activity and competitive adhesion to the intestinal mucosa
(Bermudez-Brito et al. 2012). A recent study finds that introducing probiotics to the
intestine may prevent the spread of potential infections by lowering luminal pH,
producing bacteriocins, releasing antimicrobial defensins in the intestinal crypts and
preventing bacterial adhesion to epithelial cells (Plaza-Diaz et al. 2019).

4.3.1 Production of Antimicrobial Substances

A good example of probiotic antibacterial action is the effect of Lactobacillus
species on Helicobacter pylori infection of the gastric mucosa (Homan and Orel
2015). Acid-resistant Lactobacillus species and commensal organisms persist longer
in the stomach than other bacteria. Lactobacillus acidophilus produces two bacteri-
ocin compounds: lactacin B and acidolin, which may interfere with H. pylori
infection or inflammation. An in vitro study found that lactacin and acidolin inhibit
the growth of H. pylori and enteropathogenic bacteria, respectively. De-conjugated
bile acids, which are bile salt derivatives produced by probiotic bacteria, have better
antibacterial properties than the bile salts produced by the human host (Ridlon et al.
2016). Gut bacteria produce a wide range of health-promoting fatty acids (Conlon
and Bird 2014). Bifidobacterium and Lactobacillus in the intestine have been found
to produce conjugated linoleic acid (CLA), a potent anti-carcinogenic agent (Den
Hartigh 2019). CLA-producing L. plantarum was reported to have an anti-obesity
effect in rats having diet-induced obesity (Lee et al. 2007). In mouse models,
CLA-producing Bifidobacterium and Lactobacilli were shown to regulate the fatty
acid content of the host’s liver and adipose tissue (Rosberg-Cody et al. 2011).
Lactobacillus produces fungicidal compounds like benzoic acid, methyl hydantoin,
mevalolactone and short-chain fatty acids. Lactobacillus coryniformis, for example,
produces antifungal proteinaceous compounds (Magnusson and Schniirer 2001).
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4.3.2 Increased Adhesion to the Intestinal Mucosa

Inflammatory bowel disease is caused whenever a pathogen or foodborne antigen
breaches the intestinal barrier and penetrates the intestinal sub-mucosa. Hence, the
effectiveness of the probiotics relies on their ability to adhere and colonize the
human stomach, which in turn strengthens the host immune system (Chichlowski
and Hale 2008). Many Lactobacillus bacteria maintain intestinal barrier integrity by
regulating and increasing the expression of genes, such as E-cadherin/B-catenin,
involved in tight junction signalling (Hummel et al. 2012). Several lactobacillus
proteins have been found to improve surface and mucosal adhesion by integrating
with glycoproteins secreted by intestinal epithelial cells, such as mucin, resulting in
the competitive exclusion of mucosal pathogens (Wang et al. 2016). Attachment to
the intestinal mucosa is required for colonization in host—probiotic interaction.
Lactobacillus possesses a mannose-specific adhesion mechanism that allows it to
adhere to human intestinal epithelial cells. When the probiotic adheres to the cell, it
triggers a cascade of biological events, including the production of cytokines and
chemokines. As a result, secondary functions in the host, such as activating mucosal
and systemic immune responses, were activated (Plaza-Diaz et al. 2020). Probiotics
increase gut mucin levels, which inhibit pathogen binding and induce epithelial cells
to release defensins. These small proteins help to maintain the integrity of the
intestinal barrier by exhibiting antibacterial, antifungal and antiviral properties
(Gong et al. 2021).

4.3.3 Probiotics and the Immune System

Probiotic bacteria have long been known to have immunomodulating properties.
These bacteria can communicate with epithelial cells, dendritic cells (DCS),
monocytes/macrophages and lymphocytes. It can regulate the immune system by
increasing endogenous host defense mechanisms, including humoral, cellular and
non-specific immunity (Belkaid and Hand 2014). According to a recent study,
probiotics improve the natural killer cell activity and alter non-specific host defense
mechanisms in the elderly (Aziz and Bonavida 2016). Probiotics play important
roles in mucus production, macrophage activation, stimulation of secretory IgA and
neutrophil, suppression of inflammatory cytokines and stimulation of peripheral
immunoglobulins (Cristofori et al. 2021). Probiotics have different immune-
regulatory effects in healthy and diseased persons (Yan and Polk 2011). Probiotics
enhance phagocytosis in healthy persons, while they reduce it in allergy patients
(Huang et al. 2022).

4.4 Health Benefits of Probiotics

Probiotics promote gastrointestinal health and immunity; prevent urogenital
infections, allergies, cancer and certain bowel disorders (Binnendijk and Rijkers
2013). Several well-characterized Lactobacillus and Bifidobacterium strains are now
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available for human use to prevent and manage gastrointestinal (GI) infections.
Probiotics provide a number of health benefits, including:

1. Improved gut health through microbiota control and immune system stimulation
and development.

2. Increasing nutrient bioavailability by synthesizing and improving their
absorption.

3. Alleviating lactose intolerance symptoms and lowering the risk of certain
diseases.

4. It restores the normal gut flora, improving gut barrier function.

4.4.1 Disease Prevention and Treatment

Probiotic LGG, Bifidobacterium lactis BB-12 and Lactobacillus reuteri SD2222
were used to prevent and treat rotavirus diarrhoea in children (Shornikova et al.
1997). In children, the usage of LGG resulted in a significant reduction in diarrhoea
symptoms as well as a shorter hospital stay (Li et al. 2019). For the treatment of
rotavirus diarrhoea, LGG in milk or capsule form was used as an adjuvant to oral
rehydration therapy (Guandalini et al. 2000).

Necrotizing enterocolitis is a leading cause of morbidity and mortality in prema-
ture infants. In premature babies, a combination of two probiotic strains, Lactoba-
cillus acidophilus and Bifidobacterium infantis, was reported to reduce the risk of
necrotizing enterocolitis and death (Patel and Underwood 2018).

Probiotics play an effective role in the prevention and treatment of Helicobacter
pylori infection and other inflammatory bowel diseases, such as Crohn’s disease and
irritable bowel syndrome (Verna and Lucak 2010). Intestinal microbiota plays a
critical role in the pathogenesis of bowel inflammatory disease, and the use of a
combination probiotic strain proves effective in alleviating the symptoms (Hold et al.
2014)

Probiotics reduce cholesterol levels by deconjugating the bile salt. The bile salt is
deconjugated, which makes it less soluble and absorbable in the intestines and
excreted in the stool. Cholesterol is then used to make new bile acids, reducing
blood cholesterol levels in a homeostatic reaction. In vitro studies proved that
Lactobacillus gasseric reduce cholesterol in the laboratory media by adhering to
its cellular surfaces (Kumar et al. 2012). Probiotics, both living and dead, work in a
similar way to reduce cholesterol levels. Growing cells, on the other hand,
eliminated more cholesterol than dead cells. During the developmental phase,
some probiotics Lactococcus strain lower cholesterol levels in the blood through
the absorption and integration of cholesterol into their cellular membranes. Choles-
terol incorporation into the cellular membrane benefits the bacterial strain by
improving the membrane strength, which increases cellular resistance to lysis (Ooi
and Liong 2010).

The presence of Neisseria gonorrhoeae and Chlamydia trachomatis is indicated
by the absence of Lactobacilli in the vagina (Wiesenfeld et al. 2003). Direct



94 Y. Ganapathy et al.

instillation of Lactobacilli resulted in a significant reduction of Escherichia coli
growth, as well as a reduction in the severity of inflammation and risk of recurrent
urinary tract infection (Asahara et al. 2001). Probiotic Lactobacilli taken orally have
been shown to reduce the incidence of urinary tract infection, bacterial vaginosis and
candidiasis (Reid et al. 2003).

4.5 Role of Probiotics in Healthy Individuals

Recent studies have shown that probiotics can modestly decrease the incidence and
duration of common upper respiratory tract infections in children and adults (King
et al. 2014). People who have a low amount of the intestinal enzyme
i8-galactosidase, the disaccharide lactose can cause severe intestinal irritation,
including bloating, gas and stomach pain. It restricts the use of calcium-rich dairy
products at a time when the elderly are in desperate need of them owing to bone loss.
Lactose digestion in lactose-intolerant people can be improved by probiotics, with
the majority of data suggesting that lactose taken in yoghurt containing alive cultures
is more easily digested than lactose consumed without live cultures (Oak and Jha
2019). Lactobacilli produce lactase, which hydrolyses lactose in dairy products to
glucose and galactose during fermentation, potentially benefiting lactose-intolerant
persons (Saqib et al. 2017).

The animals were given probiotics to help them gain weight on a liquid diet of
milk, yoghurt or milk fermented with S. thermophilus. The animal gut microbiota
was altered, resulting in a significant increase in weight gain (Goldin 1998).

The composition of the microbiota can influence the development of mucosal and
systemic immunity. Probiotics colonize the oral cavity naturally, reducing the
negative effects of bacterial infections, while also improving the inflammatory
cytokine system. Plaque growth can be inhibited by neutralizing free electrons,
affecting the systemic immune system and controlling mucosal permeability. Lacto-
bacillus bulgaricus, L. acidophilus, L. casei, L. Helveticus and L. lactis are the most
commonly used oral probiotics (Parul et al. 2020). Probiotics that stabilize the oral
flora are used to treat gingivitis (Gupta 2011). Acidic probiotic bacteria like
Lactobacilli, Streptococcus and Bifidobacterium produce antimicrobial substances
that suppress pathogens by aggregation, toxic by-product release and competition for
substrates (Markowiak and Slizewska 2017). Probiotics contribute to the treatment
of periodontitis by maintaining the oral microbiota. The majority of Lactobacillus
strains inhibit the spread of dermabrasion periodontal diseases (Haukioja 2010).
Recent studies have shown that the use of beneficial bacteria in addition to root
resurfacing inhibits the re-colonization of periodontal pathogens, which reduces
overall pocket depth and improve clinical adhesion (Retamal-Valdes et al. 2021).

Microbiota in the intestine produce enzymes such as glycosidase, nitroreductase,
azoreductase and f-glucuronidase, which control the onset of carcinogenesis and
protect against carcinogenic activity (Molska and Reguta 2019). L. casei strain
shirota was found to decrease the recurrence rate of superficial bladder cancer,
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indicating that probiotic consumption had a positive influence on cancer risk (Mutoh
et al. 2020).

The composition of a mother’s vaginal microbiota affects a baby’s asthmatic
condition. The administration of LGG to pregnant women and newborns resulted in
a significant reduction in the prevalence of early atopic illness in neonates (Sestito
et al. 2020).

The administration of LGG increased the levels of rotavirus-specific
IgM-secreting cells than the control and placebo groups (Maidens et al. 2013).
Similarly, the LGG group had significantly increased the IgA and IgM levels in
the control group. As a result, LGG is used as an adjuvant in a rotavirus vaccination
for children.

Acute liver diseases sometimes lead to liver failure. Probiotics significantly
reduce acute liver injury by up-regulating the tight junction protein gene, increasing
microbial flora, lowering bacterial translocation, minimizing endotoxin infiltration
and reducing pro-inflammatory cytokines (Xu et al. 2021).

4.6 Drawbacks

Probiotics are living microorganisms that can infect the host. The risk of probiotic-
induced sepsis should be evaluated against the risk of pathogenic-bacterial-induced
sepsis. Future studies should validate the benefits of probiotics such as the selection
of a suitable probiotic agent, dosage standardization, a complete understanding of
their therapeutic effects and long-term storage. Although more promising potential
health effects of probiotics are being observed in ongoing research, probiotic strains
should be examined for antibiotic susceptibility patterns, toxin production, meta-
bolic and haemolytic activities, infectivity in immunocompromised animal models
and adverse events in humans.
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