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Abstract

The gut contains over 100 trillion microorganisms, including probiotics, which maintain physiological homeostasis.
Probiotics must be human-safe, resistant to stomach acid, bile salts, and pancreatic juice, and survive in suitable
concentrations to provide health benefits. Bile affects intestinal bacteria's function, suggesting isolated strains of
bacteria could be potential probiotic cultures for food industries. Lactobacilli, a crucial group, can inhibit harmful
microflora and restore gut flora, with these isolated strains showing excellent potential.

INTRODUCTION

In recent years, many studies have been conducted to gather scientific evidence for the positive effects of
fermented foods containing probiotic bacteria (M. succi et al., 2005). Traditionally, probiotics have been
utilised in dairy products such as milk or yogurt and it has been hypothesized that milk enhances probiotic
efficacy by providing lactose as a substrate (Varcoe et al., 2002).' With today's need for health-promoting
foods that provide nutrients, disease prevention abilities, and other health advantages, recent biological
discoveries have sparked growing commercial interest in introducing probiotic bacteria to fermented dairy
products. It has been proposed that diet can influence physiological processes other than feeding.” Lactic
acid bacteria (LAB) are a crucial microorganism in the dairy, probiotics, and food and beverage sectors
due to their generally recognized as safe (GRAS) status and unique features that make them suited for
certain uses.” Probiotics are used to treat an assortment of health conditions, including inflammation,
irritable bowel syndrome, bowel disease, acute diarrhea, antibiotic-associated diarrhea, constipation, high
blood pressure, allergy-related diseases, and diabetes; however, their efficacy is dependent on epithelial
cell adhesion, cholesterol absorption ability, tolerance to gastrointestinal diseases, bile salt hydrolysis, non-
hemolytic activity, and protection against viral genes.*’ In recent years, millets have been used as
probiotics and products, as well as milletbased beverages. Millets, grains, and legumes are rich in nutrients
such as fiber, probiotics, and prebiotics. Probiotic products are developed using these substances since
they provide nutrition for probiotic cells and protect them from dangers in the gastrointestinal tract.’ The
International Scientific Association for Probiotics and Prebiotics (ISAPP) defines fermented meals and
beverages as “foods made through desired microbial growth and enzymatic conversions of food
components” (Marco et al., 2021).7 It can be an appealing choice for diet as these foods are packed with
essential nutrients including B and E vitamins, protein, iron, carbohydrates, fiber, and various trace
minerals. Adding grains to your meals could help lower the risk of chronic diseases.® Lactic acid bacteria
have been used in food and alcoholic fermentation for 6000 years, and their anti-microbial substances,
such as alcohol, propionic acid and lactic acid, have excellent anti-fungal, anti-bacterial, and anti-viral
properties. Lactose synthesized toxins are antimicrobial substances that prevent the growth of closely
related bacteria by lowering pH levels and denaturing membrane proteins, thereby reducing membrane
permeability and stopping pathogen growth.”'°
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CLASSIFICATION

There are many different microorganisms currently used as probiotics. Probiotics are diverse
microorganisms with various nomenclature and classification. Bacteria are classified by their genus
(Lactobacillus) and species (delbrueckii), based on common characteristics like physical and metabolic
needs. Species are more precise, distinguishing them from other species. Strains divide individuals within

the same species into smaller groups based on various traits, further dividing them into distinct groups.
11-13

Lactobacillus spp. delbrueckii

plantarum

reuteri

fermentum
delbrueckii
Preliminary research suggests that Lactobacilli probiotics can stabilize the mucosal barrier, decrease
intestinal permeability, and potentially reduce the severity of chemotherapy-induced enterocolitis,
particularly L. plantarum, by lowering vaginal pH."*'” Hormone fluctuations during a woman's menstrual
cycle may hinder her capacity to colonize lactobacillus, however addressing low estrogen levels can restore
colonization without the need for supplements.'*"

Bile Resistance mechanism in lactobacillus:

Bile resistance mechanisms in Lactobacillus represent a captivating area of study within the field of
microbiology, shedding light on the intricate ways these bacteria navigate and thrive in the harsh
environment of the gastrointestinal tract.”” Lactobacillus, a genus of Gram-positive, lactic acid-producing
bacteria, is a common resident of the gut microbiota and is renowned for its probiotic
properties.’*Lactobacillus, a bacterial species, has developed a unique resistance to bile salts, a component
of bile, by altering its cell membrane composition. This modification, known as the cytoplasmic
membrane or lipid bilayer, acts as a protective barrier, separating the bacterial cell from its external
environment. Bile salts can disrupt this membrane, causing cell damage and lysis. To counteract this,
Lactobacillus uses various mechanisms to fortify its cell membrane. One significant modification is the
fatty acid composition, which can be adjusted to enhance its stability and integrity in the presence of bile
salts. This involves increasing the saturation of fatty acids, which create a more rigid and less permeable
membrane. Additionally, the length of fatty acid chains can be adjusted to fine-tune the membrane's
physical properties. These modifications are dynamic, allowing Lactobacillus to quickly adjust to changing
gastrointestinal conditions.’’

Probiotics have three modes of action: modulating host defenses, directly affecting other microorganisms,
and affecting microbial products like toxins and host products. These actions are crucial for preventing
and treating infectious diseases, restoring microbial equilibrium in the gut, and inactivating toxins and
detoxifying host and food components in the gut. The action mode depends on metabolic properties,
surface molecules, and secreted components.”’ Because probiotics compete with pathogens for adhesion
sites, or cellular attachments, they have been shown to have advantageous effects. By acting as
"colonization barriers," probiotics can stop pathogens from adhering to the mucosa. For instance,
probiotics such as Lactobacillus rhamnosus strain GG and Lactobacillus plantarum 299v have been
shown to effectively inhibit pathogens that need to associate with the GI tract epithelium in order to
2l Probiotics can stimulate the immune response, leading to increased secretion of
immunoglobulin-A (IgA), increased natural killer cells, and enhanced phagocytic activity of macrophages.
This can decrease pathogenic organisms in the gut, improving the microflora. Probiotics may also fight
intestinal and urogenital pathogens, help with conditions like inflaimmatory bowel disease, pouchitis,
food allergy, and as an adjuvant to vaccination. They may also compete for nutrients, as seen with
Clostridium difficile, which can be inhibited by probiotics in sufficient numbers.*

An overview of bile production and secretion is given at the outset of this review, which is followed by an
explanation of the resistance mechanism in lactobacillus actions of bile, an analysis of variations in bile
mechanism in various bacterial genera, and an examination of the molecular mechanisms underlying
tolerance. Among its primary components are bile acids, cholesterol, phospholipids (mostly
phosphatidylcholine), and biliverdin (bili in Latin means bile, verdin in Italian means green).”**

A powerful antimicrobial property of bile also contributes to the body's physicochemical defense system.
The ability to survive in the small intestine and, consequently, to develop their probiotic function is
largely determined by bile tolerance (Lilley, Razzaq, & Dupree, 2002).”

colonize.
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BA toxicity is generally more pronounced in Gram-positive bacteria than in Gram-negative bacteria, as
the minimum inhibitory concentrations in the first group are significantly lower than in the second. In
some cases, the differences can be explained by the presence of lipopolysaccharide that constitutes the
majority of the outer leaflet of outer membranes, as well as proteins that function as efflux pumps and
proteins.”** The main proteins whose expression was controlled by bile in bacteria, according to earlier
and more recent research, are those involved in carbohydrate metabolism, fatty acid, amino acid, and
nitrogenous base biosynthesis, as well as transporters that can extrude bile salts and proteins involved in
general stress response.” > The key resistance mechanisms identified in intestinal bacteria include the
structure and make-up of the cell membrane, the existence of efflux pumps, the function of the BSH
enzyme, and the inherent ability of cells to maintain intracellular homeostasis.”” Specific proteomic
findings revealed the existence of protective mechanisms allowing an adaptive response to low pH
exposure that could also provide a cross-protection against other stress conditions such as the presence of
bile (Lee et al., 2008).**

Mechanisms of Probiotic Action on Viruses:

Probiotic bacteria are irreversibly attached to viruses, limiting their binding effect to the host cell receptor.
They can obstruct viral attachment on the epithelial surface through steric hindrance and inhibit virus
replication through mucin attachments. Probiotics also produce antimicrobial metabolites and contribute
to antiviral processes through dehydrogenase synthesis. Epithelial cells stimulate immune responses,
causing macrophages and dendritic cells to stimulate the immune response. Viral cells are destroyed by
CD8 T cells and T lymphocytes, leading to Th1 and Th2 helper T cells, and ultimately, Ig producing
plasma cells.”® Studies show lactic acid bacteria's potential for treating viral illnesses and infections, with
some showing health-promoting antiviral activities, including anti-influenza properties in mice,
demonstrating their potential benefits.”* Lactic acid bacteria are recognized as effective antidotes for
various viral illnesses, but developing effective medications like COVID 19 remains a significant challenge
due to the potential side effects of traditional antiviral drugs, which are the leading cause of death
worldwide.* The immune system, especially in high-risk groups such as the elderly and children, is very
vulnerable to viral infections due to weak immunological function. To solve these issues, it is critical to
use probiotic lactic acid bacteria as a weapon against viral infections. These bacteria and their metabolic
products can exhibit antiviral activity through a variety of ways, including direct viral contact, production
of antiviral inhibitory chemicals, immune system regulation, and stimulation. According to research, the
antiviral properties of probiotic lactic acid bacteria vary by strain. This method is critical for maintaining
public health and combatting viral infections.*

Hurdles to Overcome during Passage through the GIT:

The FAO/WHO (2002) Expert Group states that strain identification should lead to functional
characterization, which includes figuring out whether the strain can survive in the GIT. FAO/WHO
(2002) and Kiran et al. (2015) report that strains incapable of surviving in the upper and lower
gastrointestinal tracts will not be able to settle there and thus will not be able to fulfill their intended roles
in the body. Tolerance to high bile salt concentrations and low stomach pH are the two most crucial
factors to take into account when choosing probiotic strains. Probiotic bacteria need to be able to endure
in the human digestive system in order to be profitable.*Probiotic bacteria in food travel through the
esophagus to the stomach, producing 2.5 liters of gastric juice daily. The stomach's pH ranges from 4.0
to 3.0, with food causing it to rise. They break down proteins, rennet curdles milk proteins, and distribute
emulsified fats. Food stays in the stomach for two hours before moving to the lower digestive tract.
Probiotic bacteria face challenges during the gastric phase. Intestinal juice, produced daily with a pH of
7.0-8.0, is broken down by enzymes like pancreatic amylase, maltase, trypsin, elastase, lipase, and nuclease.
The pH of small intestine juice is around 7.0. Intestinal lipase is a enzyme that breaks down emulsified
fat on monoacylglycerols, fatty acids, and glycerols. It also breaks down aminopeptidase and
carboxypeptidase, disrupting peptide bonds. Bile salts, which have a bactericidal effect, increase bacterial
cell membrane permeability and lysis. Bile salt hydrolase (BSH) hydrolyzes bile salts, a natural defense
mechanism against their toxic effects. BSH typically cleaves glycine or taurine moieties from conjugated
bile salts (Vandenplas et al., 2015).*

Lactobacillus as probiotic:

The acronym "probiotic" is Greek in origin and means "for life." Lilley and Stillwell originally
implemented the term to describe chemicals released by one microbe that promote the growth of another
in 1965.%% The first to provide a scientific justification for the advantages of lactic acid bacteria in
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fermented milk was a Russian bacteriologist named Eli Metchnikoff (Pasteur Institute, France) in 1908.%"
* Since ancient times, the bacteria contained in fermented milk have been used as probiotics for
therapeutic purposes. Hippocrates and several other scientists utilised sour milk to treat stomach and
bowel disorders since they held the view that fermented milk could serve as both food and medicine.”” A
probiotic is a dietary supplement made up of living bacteria that are common in normal flora and have
little to no toxicity.”®*' Probiotics are currently defined as “live microorganisms which when administered
in adequate amounts confer a health benefit to the host” by the Food and Agriculture Organisation of
the United Nations (FAO) and the World Health Organisation (WHO).”*” Numerous gastrointestinal
conditions, such as infectious diarrhea, irritable bowel syndrome, inflammatory bowel disease, etc., have
been treated with probiotics. The effectiveness of probiotics, such as Lactobacillus sp., has recently been
the subject of much research. Clinical trials comparing Lactobacillus probiotics with placebos or standard
remedies have been done for a variety of gastrointestinal diseases, endeavors to control cholesterol,
bacterial vaginoses, and even attempts to control the immune system.”*

Other use of lactobacillus bacteria:

All vertebrate newborns require lactose, a disaccharide that is converted into glucose and galactose, among
other essential nutrients. Most the populace see a decline this at the age of five, which results in low
lactase levels from that point on.”® Lactate persistence is an inherited trait in humans which many people
manage to maintain throughout their adult life.”® Abdominal pain, bloating, flatulence, and diarrhoea
are some symptoms of lactose intolerance. Probiotic supplements or lactase tablets are highly
recommended in cases of poor lactase activity in people.”’™® Gyawali et al. (2020) have revealed that L.
bulgaricus strains could release the highest quantity of galactosidase, bolstering the use of lactic acid
bacteria as probiotics in the treatment of lactose intolerance.”

Diabetes:

In research-based studies, it has been demonstrated that probiotics can positively affect the gut microbiota
and are therefore considered a promising treatment for diabetes.®® The microbiota of the gastrointestinal
tract is crucial in the pathogenesis of resistant insulin action (type 2 diabetes). Moreover, several research
on both humans and animals have hypothesized that the gut microbiome promotes body weight gain and
heightens resistance to insulin. Also, several research indicates that gut microbiota increases body weight
gain and insulin resistance and that these disorders are therefore spread with gut microbiota, as observed
in microbiota implantation experiments from obese to normal and germ-free mice.®"*’ In the intestinal
microenvironment, Gram-positive firmicutes predominate. These bacteria influence metabolic illnesses
such as diabetes in human.®*® It has been shown that the amount of Firmicutes species is considerably
lower in individuals with type 2 diabetes, which is favorably connected with the glucose concentration in
the plasma.®

Inflammatory Bowel Diseases and Irritable Bowel Syndrome:

Changes in normal intestinal flora produce inflammatory bowel illnesses such pouchitis and Crohn's
disease. Probiotics have been found to be a possible medicinal benefit since they may reduce such ailments
through gut microbiota alteration.®™® This study analyzed randomized clinical trials published between
1990 and 2014 on dairy products and probiotics in relation to inflammatory bowel disease, Crohn's
disease, and ulcerative colitis. The review focused on specific LAB and bifidobacteria results and explored
the possible probiotic mechanism of action in IBD. Nutrition is crucial in preventing malnutrition and
potential deficiencies in IBD and Crohn's disease. A varied diet rich in fiber and fruits may be protective.
Probiotics can improve IBD patients' quality of life by increasing intestinal biodiversity and improving
symptoms. However, no specific diet has been proven to prevent or treat IBD. Chronic inflammatory
bowel disease (CD) is treated with corticosteroids and maintenance therapy with aminosalicylates and
immunomodulators. Probiotics and prebiotics are considered therapeutic strategies for CD patients. 5-
aminosalicylic acid (5-ASA) is more effective than placebo in preventing relapses, but negative results have
been reported.®’

Cancer:

Probiotics have been researched in animal tumour models for their capacity to prevent colon cancer and
the beginning of various malignancies. Some gut bacteria may create carcinogens such as nitrosamines.
Understanding this phenomena is crucial since administration of lactobacilli and bifidobacteria decreases
absorption of dangerous mutagens as well as B-glucuronidase and carcinogen levels via gut flora change.™
According to research, L. casei Shirota and probiotic intestinal infusion may prevent cancer recurrence.’"
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Cardiovascular Diseases:

Recent clinical studies have demonstrated the therapeutic effects of probiotics in the management of
cardiovascular diseases, most notably hypertension. Probiotics have been shown to reduce systolic and
diastolic blood pressure in hypertensive people.” Diabetes, hypercholesterolemia, and other disorders are
frequently connected with cardiovascular disease. Changes in the gut microbiota frequently result in
elevated levels of trimethylamine N-oxide (TMAQ), which is related with an increased risk of significant
cardiovascular disease.”

Allergy:

A complex probiotic including Bifidobacterium breve, Lactobacillus rhamnosus GG, and
Propionibacterium freudenreichii given to pregnant mothers decreased the prevalence of atopic
dermatitis in children under the age of two.™ A research used three strains to avoid allergy illness
(Bifidobacterium longum subsp. infantis LA308, Lactobacillus thamnosus LA305, and Lactobacillus
salivarius LA307). “There is currently no evidence that probiotics can promote allergy tolerance,
according to Tang et al 2015.7

Probiotics in asthma:

There have been a few research that look at the usefulness of probiotic supplements in the prevention of
asthma. Although there was no statistically significant difference between the intervention and control
groups of children with asthma in one study using L. casei containing fermented milk, the probiotic group
had fewer rhinitis episodes, which led the authors to draw the conclusion that L. casei may help children
with allergic rhinitis but not children with asthma.”™

Gut-Brain Axis:

Probiotics have been found to improve human health, notably in the treatment of gastrointestinal
problems. They serve an important function in colonizing the gastrointestinal system, which aids in the
prevention and treatment of several diseases. However, there is considerable interest in understanding
how gut microbes affect the brain and the overall central nervous system. The gut microbiota and the
brain communicate bidirectionally, with regulatory signals transferred between the two. Clinical studies
have demonstrated that probiotics can improve children's academic performance as well as their eating
habits.™"

Acute Diarrheal Disease:

Probiotics can shorten diarrhea by 13 hours and reduce treatment failure by 38%, making them useful
for avoiding diarrhea in children. A Cochrane review of 63 randomized and quasi-randomized controlled
trials found that probiotics reduced diarrhea duration by 25 hours, reduced the likelihood of diarrhea
lasting >4 days by 59%, and decreased stool frequency by one bowel movement on day 2. Another meta-
analysis found that L. rhamnosus GG was more effective than placebo at reducing diarrhea symptoms in
children with rotavirus.**

Lactose Intolerance:

Lactose, a crucial nutrient in all mammals, is broken down into glucose and galactose. Most humans'
lactase activity declines during middle childhood, resulting in low lactase levels. However, many people
maintain high lactate levels throughout their adult lives. Lactase persistence is a dominant trait, whereas
lactase non-persistence is recessive. Lactose intolerance or lactose malabsorption occurs when the small
intestine fails to produce adequate lactase after consuming milk. This condition affects small intestinal
digestion and colonic fermentation, resulting in clinical symptoms.[-galactosidase, a bacterial enzyme
found in the colon, breaks down unabsorbed lactose. This produces glucose and galactose, which are
converted into lactate and short-chain fatty acids.
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This results in increased osmotic load in the colon, potentially leading to diarrhea due to the formation
of microbial biomass, lactose, and intermediate and final products. Lactose intolerance symptoms include
abdominal pain, bloating, flatulence, and diarrhea. Probiotic supplements or lactase tablets are
recommended for low lactase activity in humans. Overproduced B-galactosidase mutants alleviate lactose
malabsorption symptoms. Milk containing L. acidophilus improves lactose absorption. Probiotics can
improve colonic microbiota population, potentially treating lactose intolerance.***’

Advantages of Milk as a Primary Ingredient in Probiotic Food Production:

The basis for dairy products that go through fermentation using specific LAB starter cultures is whole
milk or reconstituted milk powder with modified fat content. Traditional fermented milk products such
as buttermilk, kefir, sour milk, yogurt drinks, and whey beverages fall into the first group; drinks made
with carefully chosen probiotic starting cultures go into the second. Dairy products are a common
component of probiotic diets due to their high nutritional content and ease of access. Given the current
status of the dairy business, creating so-called synbiotic products—made with prebiotics like oligofructose
or inulin—is the only method to promote the growth of probiotic strains in fermented meals.*

Probiotics can pass through the
digestive system more readily
when milk balances the acidic
pH of gastric juice.

) Dairy beverages contain more
: probiotics due to their cold
storage conditions and short

shelf life.

Benefits of milk for probiotic
survival and growth.

A natural habitat for the
growth of lactic acid
bacteria is milk.

Lactose intolerant individuals
are advised to consume dairy
products due to the use of

_prebiotics to grow patural
disaccharids feund in milk.

The most widely consumed probiotic dairy products are various types of yogurt and acidophilus milk,
whether sweet or sour. According to Mituniewicz-Matek et al. (2013), the probiotic strains that are
primarily used to make these beverages are Lactobacillus rhamnosus, Lactobacillus acidophilus,
Lactobacillus casei, Lactobacillus paracasei, Lactobacillus johnsonii, Bifidobacterium bifidum,
Bifidobacterium longum and Lactobacillus plantarum,. Furthermore, LAB isolated from conventional
fermented food products is used in products currently in production.®™*

CONCLUSION

The COVID-19 pandemic has highlighted the importance of natural remedies like probiotics and lactic
acid fermented foods for enhancing the immune system and preventing viral infections. These natural
food products can boost immunity and serve as a first line of defense against the virus. Live vaccine
prophylaxis could benefit from lactic acid bacteria, which can deliver antigens to the immune system and
generate specific antibody responses. Further clinical investigation is needed to fully understand their
potential.¥”
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